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LOT NOI AU

Trong giai doan hi&n nay cdc ky su thigt k& d6i mét vdi nhimg tha
thdch mdi: yéu cdu sif dung mé phéng tinh todn, doi hoi rit ngdn thoi gian
thiét k& san phdm — tir y tudng ban diu dén thi truong, do tin cdy, an toan
va chat luong cao, it anh hudng dén méi truong. Do can thiét san phidm
phai ¢6 tinh canh tranh cao, do phic tap thigt k& k¥ thuat gia tAng va ban
chat thay déi cde dai lugng trong ky thuat, doi héi ngudi k§ su 6 cdce kién
thite edn thiét dé dng dung xdc suat va thong ké todn vae phin tich va thiét
k& ky thuat. Tinh thay d6i c¢6¢ mat khdp noi trong moi giai doan cua qua
trinh thiét k& va phat trién sdn pham hofc hé thdng ky thuit nao dé bat
ky Do dé cung vai cde kién thue vé thigt k& thi cde kién thic xde suat
théng k& toin rat cAn thiét cho ngudi cdn bd nghién ciu va k¥ su thiét k&
gidgl quyét cdc bai todn thiét k& phuc tap. Thi€t k& theo phuong phdp xdc
sudt ngay cang duge ing dung réng rai va phan quan trong la phan tich va
thiét ké& theo d6 tin cay.

Qua kinh nghiém gan 10 nam gidng day mén hoc nay cho sinh vién
nganh co khi, hudng din cdc dé taj hoe vién cao hoc va thuc hiégn mot sg dé
tai nghién ciu theo husng dé tai nay, ching tdi da bién soan va ngay cing
hoan thién hon cuén sdch nay dé phue vy cho cong tdc dao tao va nghién
ctu cho sinh vién cde nganh k¥ thuat, cdn b§ giang day va nghién ciu.

Cudn sach duge Nha xuidt ban Khoa hoc va Ky thuit xuat bin niam
2005 vdi mue dich gitip cho cde ban doc cé thém tai liéu tham khdo vé lanh
vyt nay.

Chiing tdi xin chén thanh cdm on cde v kién ddéng gép, phé binh
nhitng thidu s6t clia sach dé ching t6i c6 thé nang cao chat lugng tai liéu
trong cdc ldn xuat ban sau. Moi v kién déng gép, phé binh va thdc mic xin
gui vé dia chi :

Nguyén Hxu Loc, b mdn Thiét k& may, khoa Co Khi. 268 Ly
Thudng Kiét, quan 10, trusng Dai hoe Bach Khoa TP Hé Chi
Minh.

hoae email: phlcad@yahoo.com

TP Hé Chi Minh, 10/2005
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CHUCONG 1

TONG QUAN

Hién tai cdc k¥ su thist k& d6i mat véi nhitng thyu thach mai: yéu
chu s dung mé phdng tinh todn, déi hdi rit ngdn thdi gian thiédt ké san
phiam — tif ¥ tudng ban ddu dén thi trudng, dé tin cdy va chat lugng cao, it
anh hudng dén méi trudng. Do cdn thidl sdn phdm phdi ¢6 tinh canh
tranh cao, ting 46 phitc tap thigt k& k¥ thuat va ban chat thay d6i cdc dai
lugng trong ky thudt, ddi héi ngudi k¥ su ¢é kién thdc cAn thisdt d& ng
dung xac suit va thdng ké todn vao phéan tich va thiét ké k¥ thuat. Tinh
thay d8i c6 mat khidp noi trong moei giai doan cua qud trinh thiét ké sdn
pham va hé théng k§ thuat bat ky. Hién nay trong thiét ké san phidm
mdi thi viéc dng dung cdc phuong phdp x4c suit théng ké la phan khéng
thé tich réi trong thiét k& va phan tich. Do &6 ciing vdi ecdc kién thie vé
thiét ké thi cdc kién thdc xdc sudt thong ké todn rdt cdn thiét cho ngudi
ky su A& gidi quyét cdc bai todn thidt k#& phuc tap. Thidt k& theo phuung
phdp x4c suat ngay cang duge ng dung rong rai vd mdt phan quan trong
1& phén tich va thiét k& theo 46 tin cay.

1.1. KHAI NIEM

b6 tin cdy 1a tinh chét cia d6i tugng (chi tift mdy, mdy, cong
trinh...) thue hién dugce chitc nang, nhiédm vy da dinh, duy tri trong mét
thdi gian cdc chi tidu s dung, cde théng s lam viéc trong gidi han guy
dinh tuong ng voi ché d6, didu kién van hanh, cham séec va slia chia cu
thé.

D6 tin c4y la mdt trong cdc thanh phén chat lugng cha bit ki hé
théng k¥ thuat nac. Midc d6 clia dé tin cay chd y&u la xdc dinh sy phdt
trién cia k¥ thuit theo cde hudng chinh: tu déng héa sdn xudt, tAng cudng
qud trinh san xudt va giao théng, tidt kidm nguyén va nhién lidu. Cac
phuong tién k9 thuat hién dai hién nay gdm nhidu co ciu, thiét bi va
dung cuy ¢6 guan hé méat thiét véi nhau. Vi du: mdi td hop can kéo tu dong
bao gém hon 1 triéu chi ti&t. Mt ha théng thiét bi didu khién tén lia
bing dién t bao gém vai chuc tridu phén ti¥ trong khi dé cac thist bi dién
ti d4u tien chi khodng vai chuc d&n vai tram phén ti. Su hu hong cia bat
o phén tif nao trong hé thong (néu khéng cé dy trir) kéo theo sy hu héng
hoin toan hé thing.



Chuimg 1

Pd tin ¢av khéng du cua mdy dédn dén: Chi phi swva chaa lén,
ngimg mdy, lam ngung tré viée cung cip cho ede khu dan cu dién, nude,
khi dot. phusnyg tién giao théng. Trong vai truong hgp ddn dén tai nan
lam cha thiét hai kinh té ldn, phd hdy cde cing trinh, thiét hai vé con
N

Su phat trifn nhanh chéng khoa hoo vé d6 tin cAy trong hién nay
Hén quan dén:

- Tu dong hda, sdp x6p mdy moc trong cde ddv chuyén sdan xuat ldn.

- Gldl quyél ede van dd lién quan dén edng nghé khong sif dung sic
con nEudi {su dung ngusi may).

- Khéng ngimg tang cudng su lam viée cla may, giam lugng ticu hao

kim {oal cua may, tang cudng cuiing dg su dung cia may.

1.2. NOI DUNG DO TIN CAY MAY

Phan tich 1y thuyét mét hidn tugng, gui rinh chng nghé, chife
nang va kil edu may dua trén co sd chon edc méd hinh xde dinh hode su dd
tinh. Khi dé chii ¥ dén cdc nhdn t& Anh hudng va bé qua cde nhan t it bi
anh hudgng. Hién ton tai hai phuong phdp phan tich: don dinh va xdc sudit
{théng ké) Theo phusng phdp ddu tién tdl ca cic nhin t6 dnh hudneg dén
mo hinh duye xem nhuo 14 don dinh, Cdce bai todn don dinh chi ¢d mé
nghigm duy nhat. Trong thye &8 thi cde k&t ludn ril ra W0 cde mé hinh
don dinh khdac xa vdl k&t qua quan =dt thue nghiém. Mét trong cde
nguyén nhan chi yvéu la do mét 56 lugng ldn ede nhan t6 khong kidm sodt
durie, Wweing quan phite tap dnh hudng dén trang thdi cua hé thong thuc
Do dé, trang thdi hé Lthong thue mang tinh ngdu nhién.

Ung dung cdc phuong phdp xde sudt 48 gidi cde bai todn dj tin cay
gip rat nhidu khé khin v& tam Iy va ki thuat, dac bigt vdi cdc he thong
phic tap, san xudl don chide va cde thiét bi ¢dn ed d6 an toan cao. Cdc mé
hinh xdc suat thufing rat phue tap, cich duy nhat thu duge kél qua w0
chinh xde la mé hinh hod théng ké, eon goi la phuong phdap Monte Carlo,

Trong 1% thuyét dé tin cay tén tai hai hudng, ching ¢d ndi dung va
hé thing khdi niém chung nhung cdch tién hanh khdc nhau, Hudng thy
nhat & 1y thuvét todn (hé thang) dd tin cdy, huéng thd hail goi 1a 1y
thuyét vai 1¥ do tin cay. D81 tugng eda 1y thuvét todn (hé thdong) do tin
cdy 14 cde phdn o tdc dung ldn nhau d4m bio kha ning lim vice theo so
dd logic: so dé, cay hong hdc.. Cdce dir lidu ban dau cia 1Y thuyét todn (hé
théng) do tin cAy thu duoe bing con duimg xu 1y thing ké cde két qui thue
nghitm va cde di héu gud trinh van hanh. Cae b todn Iy thuyét todn (hé

thilmg) d6 tin ciy dude giai trong khudén kho 1y thuyét xdc sudt va thong



Téng quan

ké todn, nghia 12 khéng chi ¥ d&n cidc md hinh vat 1y hing hée hode cdce
hién tugng vat Iy lién gquan @&n héng héc.

Nit lidu 1y thuyét vat 1y da tin cay ¢é thé tim trong cdc cong trinh
lién quan dén hé s& an toan khi tinh todn cdc két efu k¥ thuat. Pac tinh
néi bat cOa 1y thuyét vat ly dé tin cay la 4@ duy tri khd nang lam viée hé
théng vi hdong hoc xual hién la kil qua cia sy tde dung 1an nhau cda hé
thang va tdc déng tr baén ngoai (tai trong van hanh, diéu kién mai trudng
l[am viée.) v& cde qud trinh ed hoc, vt 1¥ va hod hoc xay ra trong cac
phin i hé thiang trong qud trinh van hanh. Ngoai trir 1¥ thuy8t todn xdc
suit thang ké, 1y thuy&t vat 1y do tin cAy con st dung cic md hinh va
phudng phap cda khoa hoc tu nhiégn va ky thuat khdc nhau.

LAnh vuc dng dung chi y&u cia 1y thuyét todn (hé thang) dé tin
cay: tu déng hda, ki thuit dién, k¥ thuidt mdy tinh, théng tin. Lanh wvuc
ting dung chd yéu clia 1y thuyét vat ly dé tin cidy: nganh xay dung, it hon
la trong nganh hang khéng va tau thiy, trong nhilng nim gin day duge
ting dung réng rai trong nganh ché tao mdy.

Hai hudng ly thuyét bd sung cho nhau: cdc khai nigdm 1y thuyfét
todn (hé théng) 46 tin cay duge dua vao trong Iy thuyét vit 1¥ bing cde
thudt ngd mé hinh vat ¥ tuong dng. Ly thuy&t vit Iy dé tin iy xem nhy
Ia phan md rang cia lv thuyét todn va thém vao cde mé hinh vat 1v. Theo
nhing kién thie tich lay vé ban ¢hal vdt ¥ hong héc trong cdce hé thing
khang ¢ khi pham vi tng dung cda 1y thuyét vit 19 dé tin cdv ngay cang
pho bién han trony edce lanh vue tw déng hoa, ki thudt mdy tinh .

Trong cdc mdAy va hé théng mdy hién dai bao gém nhiéu phin tu
khéng co khi (dién, dién t0. cong nghé thdéng tin ) Khi dé can phai sg
dung ca Iy thuyét tadn (hé théng) va vat ly do tin cdy. Cdc chi tiéu didnh
gia do tin cay cdc chi tiét co khi va hé théng co khi dua trén co sd cde mé
hinh vt 1y, tuy nhién d& ddnh gid d6 tin cAy mdy vi hé thédng mdy ta su
dung cdc mé hinh 1¥ thuyét todn (hé thang) d6 tin cay thudng xuyén hon,

M6 hinh d6 tin ciy

Mé hinh todn eda 1§ thuyat dé tin cay chia ra hai nhom:

- Nhém ddu tién 1la mé hinh cau tric, né dua trén so dé logic téc
dung lan nhau cha cdc phdn tr hé thimg vdi mue dich dam bdo kha nang
lam viée hé thang. Khi do st dung théng tin thang ké vé d6 tin cay cdc
phin ti khing chi v dén tinh chAl vat 1y cda vat ligu. chi tiét va méi
ghip, dén tdi trong ngodi va tde ddng lin nhau gida chung va dén co ché
tac dung 1an nhau gifa cdc phdn ti. Md hinh cdu tric bigu didén dang su
dd khdi va bidu dé tvi du cdy su ¢d), thoéng tin han diu duye cho bigt dudi
dang gid tri xdc sudt 1am vide khéng hong cde phan tt, cuding 4o héng..



Chifagng 1

- Nhém mé hinh todn khde cda ly thuydt 4o tin cdy la cdc qud
trinh ca hoc, vat 1y va cdc qud trinh thyc t& khdc dAn dén thay déi tinh
chét déi tuong va cde thanh phan cia ching. Cdc md hinh nhu thé coa co
hoc k&t cau duoc vng dung réng rdi khi thiét k& mdy va két cdu. Tde dung
qua lai dong hoc va tai trong cda cde chi tiét mdy va két cdu mang dac
tinh phdc tap. Trang théi cde déi tugng nay phu thudc ddng ké vao moi
trudng chung quanh, dac tinh va cudng 46 cdc qué trinh van hanh. D€ dy
dodn duge trang thai chi it mdy va cdc phan td cdn phdi khioc st cde
qud trinh bién dang, mai mén, tich liy hdng héc va phd huy khi tdi trong
thay d8i, anh hudng nhiét d6 va cdc tdc déng khdc. Hudng chi yéu dé
ddnh gid cde chi tiéu do tin cdy cGa hé thing co khi: cde cong thite tinh
todn 1y thuyét, dua trén cdc mé hinh val Iy va cdc dif lidu thdng ké tuong
ing vdi co tinh vat lidu, tdi trong va sy tuong tde ldn nhau.

Miy va k&'t cdu nhu la hé théng co khi

Mdy va k&t ciu mdy duge xem nhu ld mét hé thing co khi. Céc bai
todn do tin cdy l14n ddu tién duge lap khi tinh todn hé thing cu khi 1a gidi
thich théng ké hé s& an todn va ng suft cho phép Trang thai cdc 46
tuong nay phu thude ddng ké vio méi trudng chung quanh, ddc tinh va
cudng do cde qud trinh van hanh. D& du dodn dugc trang thdi chi tidt mdy
vil cdc phan td cdn phai khéo sdt cdc qud trinh bién dang, mai mon, tich
Iy héng héc va phd hiy khi tadi trong thay déi, dnh hudng nhiét &6 va
cdc tédc dong khdc. Hudng chil y8u dé ddnh gid cde chi tidu 46 tin ciy cua
hé théng cd khi: cdc cdéng thic tinh todn 1y thuyét, dua trén cdc md hinh
vit 1§ va cde dir lidu théng ké tugng ¥ng v cg tinh vat liéu, tai trong va
s tuong tdc ldn nhau. D& ban luin vé edc chi tidu khéng héng va da hén
ldu ciia d6i tugng cdn thiét phdi bidt cdc chi tiéu cde phdn td riéng biét.
Mdy va hé thong mdy duge sdn xudt don chiée, cde block va cum may rat
to 1én va d4t tién, do dé rat khé khan dé tich lay cdc théng tin thdng ké
ddng tin cay dua trén thyc nghiém. Hudng chu yéu 48 ddnh gid cdc chi
tiéu dé tin cdy clia hé théng co khi: cdc eéng thie tinh todn 1y thuyst, dua
trén cdc md hinh vat 1y v& cde di liéu théng ké tuong dng vdi co tinh vat
lidu, tdi trong va su tudng tdc ldn nhau.

Tinh trang hién tai cda co hoc vat lidu va két cau (I thuyét dan
héi va déo, co két cdu, ¢ hoc phéd hiy.) va tham chi cdc phuong phdp dng
dung € tinh todn mdy va két cdu cho phép du dodn tinh trang hé thdng
cd khi véi mie d9 tin cdy cao ndu nhu biét trude co tinh vit lidu va tai
trong tdc dung. Trong tinh todn do tin cdy cha hé théng co khi thi cg tinh
vat lidu va tdi trong ngodi tde dung duge xem 1a cdc dai ligng ngdu nhién,
do d6 trang thdi (tinh trang) cGa d6i tugng ciing mang tinh ngiu nhién.
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Yéu cau tidu chuin va didu kién k¥ thudt van hanh lam han ché& xdc dinh
cdc dai lugng nay. Bai todn chd yéu dé tin cdy — ddnh gid xde sudt lam
viéc khéng héng trong mét khodng thol gian ndo dé dan d&n hai todn qud
trinh ngdu nhién.

Né&u loai bd cdc nguyén nhdin giy nén cac hang héc cia mdy va kit
cau do qud tai dét ngdt, tdic dong thién nhién ma khéng kiém sodtl duge,
16i nghiém trong khi thiét k& va vdn hanh thi tat cd cde trudng hop khdc
dat dén trang thdi gidi han ¢d thé phan thanh 2 nhém chinh:

- Nhém déu tién cdc trang thai gidi han dat duge 14 do tich lay
dan dan trong vat lidu cdc vét ran nut, ddn dé&n sinh ra va
phdt trién cde hong hde 1dn. Thong thudng ede vt nit nay
sinh ra 1a do qud trinh ché tac khéng hoan thién, cé sdn trong
chi ti#t trude khi thue hién chizc nang. Nguyén nhan cde doi
tugng bi héng 1& do cdc v8t hdng nay phat trién deén kich
thude nguy hiém (kich thudc khéng mong muén) va trong mét
s6 trugng hop ddn dén tail nan.

- Nhém thit hai: trang thdi gidi han 14 do mon bé mit lam viée:
bé mét tiép xic gida hai chi i€t hode véi méi trudng chung
quanh.

Co s0 1y thuyét d& du dodn cde chi tidu dé tin cay do tich lay va
phdt trién cde v&t hdéng 1a cd hge phd hdy. Cidc nghién eitu vé ¢ hoc
phd hdy tién hanh tir nhimg nam 20 cia thé ky trude, nhung vai nim gin
day mdi duge quan tAm ddc bidt do cdc nguyén nhén:

- Trong thoi gian dai cdc nha thuc nghiém khong hé théng hod
va gidi thich duge cde két qud thuc nghiém vat lidu va két cdu
khi tdc dung tdi trong, nhi¢t.. Do dd cdn thiét phdi c¢é co sd 1y
thuy&t ving chidc dé mé td co hoe phd hay.

- Muc dd ky thudt quan sdt va ddnh gid tinh trang lam viéc khi
van hanh va khi héng héc duge ning cao.

Tém lai, 1y thuyét dé tin cdy 14 mét mén hoc téng hgp hao gdm
cic phdn sau: Co sd todn coa d6 tin cay, do tin cdy theo cde tidu chudn
héng hdc, tinh todn va du dodn 36 tin ciy, cdc bién phdp dé nédng cac do
tin cdy, téi vu héa, thif nghiém 44 tin cdy {(thi nghiém, kiém tra théng ke,
td chifc quan sdt ...) va chdn dodn ky thuat do tin cay, nguyén 1¥ phuc hdi,
kinh t& d% tin cay.. Ly thuyét d§ tin cdy 1a mén ¢o 56, két hgp gida cde
phuong phdp ca hoe vat lidu va kat cdu vdi 1y thuydt qud trinh ngdu nhién
tan nén co sd cia 1y thuyét hién dai: dé tin ciy cdc hé théng co khi
hoiic 1y thuyét 46 tin cay may.
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1.3 PHAN TICH VA THIET KE THEO bQ TIN CAY
Trong tinh todn ta phan biét tinh todn thidt k& v4 phdn tich. Phan
tich d tin cdy )1a mét qua trinh tim hiéu va udc luong sy anh huong tac déng ciia
dd khong tin cdy cia cac bién dau vao ddi véi cae bién dau ra. Chi khi hiéu ro vé
van dé nay (hi nguoi k§ surmdi co thé xoay so va lam giam sy lién két ciia nhimg
tac dong v& do khong tin ciy gilta cdc bién thiét ké dbi véi cac bién diu ra, bing
cach chon lua mét céch phtt hop cac bién thiét ké trong qud trinh thiét ké. Theo mét
cach khac, théng qua quéa trinh phin tich dé tin civ d6i véi mot thidt k& nhit dinh
ndo dé ngudi k¥ sured the ude fuong vé mire do thoa man cua thiét ké do ddi vai tat
ca che yéu cau vé dé tin cdy duge dat ra. Vi du ngudi kv su biét duoc ring thiét ké
d6 ¢ an toan, cd bén vitng hay khang va mie do an toan cua thiét ké do. Do vay
viée phan tich dd tin edy [a cin thidt va cdp bach rony qud trinh thi¢t ké theo dé tin
cdy.
~ Gia tinh todn thigt ké va phan tich ¢d sy khic nhau: -
Phén tich Thigt k& 1

{ Qud trinh gidi quyét vdn dé _Ciua trinh ra quyé’t_.dinh

Lai gidi cho van dé sdn cd L# giai cho vidn dé mdi hode nhidu loi

gidi mdi choe van dé sdn ed

| Chi duy nh&t mot 13i gidi Nhiéu hon mét Io gidi

Trong qud trinh thiét k& gdm nhidu budc phan Ltich thinh 1.1} Vi
du gidi phuogng trinh todn hoc 14 bai ledn phéan tich, nhung xdc dinh
phuvng phip dé gidi bai todn 1a bai todn thiét ké.

!

Plifin tich

KET qua
Hdt hé

Eli¢u elunh thiét k&

Hinh 1.1 Thidt ké bao gém phdn tich
Do sy phat trién cong nghé théng tin lAm nang cao kha ndng tinh
todn va yéu cdu rit ngdn thoi gian thiét ki sdn phaAm, ngudi ki su thidt
k& dya vao cdc md hinh todn va mé phdng ngiy cang nhidu dé ddnh gid
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san phdm trude khi thue hién md hinh vat 1¢ cho sdn pham d6. Cdc quyét
dinh cho qua trinh phidt trién va ché tac san pham ngay cang dua vao cic
md hinh mé phong thay vi sit dung cde thir nghiém thue.

1.4 bOI TUONG PO TIN CAY
Trong |y thuyét do tin cdy la khao sdt cde doi tugng sau:

- Sian pham: Puge sin xuit bdi xudng hay nha may. Vi du: O lan, dai,

banh rdng, mdy ¢dng cu, 816 ..

- Phan td: La thanh phén tao nén san phidm, phan t¥ bao gdm nhiéu
chi tidt.

- Hé théng: T4p hyp cde phan tir hoat déng cé ich dung dé thue hién
ddc lap cde chic nang dd cho.

Khai niém phan t va hé théng chi 1a tuong ddi va phu thuéde vao
nhiém vu ma né thue hién. Vi du mét mdy bat ki khi ding ridng ¢6 thé
khdo sdt nhu la mét hé théng bao gdm nhidu phin td rigng biét nhu: Cide
¢g cdu, cde chi tiét ... nhung nd ¢ thé xem nha 14 mét phin td néu nhu
khio sdt nd trong mot day chuyén tu dong. Vi du k¥ su 6 td xem dong co,
hop s6.. 14 cdc phdn ti cia mat 6 th, tuy nhién nhd san xudt donyg co lai
xem dimg g 13 mot ha thong bae gdm nhidu phin tr nhu: piston, xée
mang, xi lanh, truc khuyu..

("de sdn pham duge chia ra; sdn phdm khhéng phue hiéi duge 14
nhitng san pham khéng thé phuc hdéi duge bdi ngudi s dung va cdn phdi
thay th&, vi du nhu bing dén dién va dién t, & lan ... San phdm phue
héi duge 1a san pham cd thé phuc hdi duge béi ngudi st dung vi du nhu:

may cdng cu, 6t5, may hdt ..

Hang loat cdc chi tiét khong phuc hdi duge bdi ngudi st dung nhu
& lan, nhung ¢é thé phuc héi duge ¢ cde nha mdy dac biét. Cdce san phadm
phite tap la phue hdi duge bdi vi nd (ao thanh tir nhidu phan i, bdi Wi chi
vai chi tiét trong phdn tU bi hing con cdc chi tiét con lai vdn c¢on kha
nang lam vide. Cde sdn phadm don gian duge chd tao hang loat Lhong
thudng 13 cie san phidm khong phuc hii duge.

Trong trudng hop cdc sdn pham tidu ding nhu guat dién, may
gial, may sdy quin o, ti vi, 6té... Tudi tho sdn pham duge dinh lrong thii
gian kiém tra sdn phim. Sau thgi gian kiém tra sdn phdm s& duge phan
phii dén ngudi tidu dung. DH tin cay sdn phidm lién quan dén gid thanh
sdn phim. Ngudi tidu ding mua cdc san phim déng thdi ho ciing biét
ring cdc san phdm nay s& huy hdng theo théi gian. Mic do nha san xudt
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¢ dua ra thoi gian bdo hanh cho sin phdm trong giai doan s dung ban
d4u, tuy nhién néu ¢d nhidu sy hong héc s& gdy ra su bat tidn cho ngudi
st dung va gid thanh cao d€ sda chita cho cdc nha sdn xuat. Ngoai ra, nfu
san pham ¢é nhiéu héng héc trong hodc sau thoi gian bdo hanh sé lam
gidm uy tin va anh hudng dén viée kinh doanh cia nha sdn xuit trong
tuong lai.

Mait khdc gid thanh thiét k& va ché tao ting theo sy ning cao d¢
tin cay va chi phi van hanh cia thiét bi ¢é dé tin cdy cac gidm xudng, do
dd ta phdi tim gid tri nhé nhat cia chi phi téng céing (48 thi hinh 1.2).

Gis thaph ché tao,
thiét ké

Giid thainh C

Gid thinh may

Chi phi van hinh

Ropr 1

Xde suit khing héng téi v Xde suit khiing hing R
Hinh 1.2 Phy thudc gid thanh vdo d6 tin cdy

1.5 LICH SU KY THUAT b0 TIN CAY

K¥ thuit dé tin cay ducc tdch ra thinh mén hoc riéng tai My
vac d4u nhitng ndm 1950. Sy phic tap cla cdc van dé phdt sinh trong
chign tranh thé gidi thd 11 vao nhimg ndm 1940 d4 ddn dén su phat trién
cia 1y thuy&t dé tin cay. Trong thdi gian nay khoang 60% thiét bi bay
vin chuyén dén ving Vién Déng bi héng khi d&n noi. Khodng 50% chi
tiét dy trid va thiét ki trong kho bi héng trude khi duge st dung. Vao nim
1949 khodng T0% cdc thiét bi dién ti¥ thude hdt quan khéng hoat ddng tot.

Vao nam 1950 luc lugng khing quan My thanh lidp nhém nghién
ciu vé dp tin cay cde thigt bi dién tif. Vao thdng 8 nam 1952 nhém tu vdn
vé d6 tin cAy cde thiét bi didn td (AGREE - Advisory Group on Reliability
of Electronic Equipment) duge thanh l4p va nhém nay dd dua ra cdc tidu
chuin ddu tién vé d6 tin ciy, trong dé viéc kidm tra dd tin ciy 1a bo phdn
khong thé tdch roi khi phdt trién sdn phdm mdi. Thiét bi mdi duge doi
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hdi kiém tra trong vong nhidu gir déng hd trén méi trudng dng sudt cao,
nhiét do thidp va cao, trong diéu kién duge d& hoge rung déng. Y Ludng
nay duge s dung d8 phidt hién cdc thidu s6t thidt ké trong giai doan ma
ta e thé sua déi chiing trude khi sdn xuit san phdm hang loat.

Két cdu ea khi ngay cang trd nén phic tap hon va bat ddu dat ra
nhung van dé khd khin hon dac biét trong cic dng dung khéng gian va
quian doi. Khang gidng nhu cdc thidt bi dién t duge sd4n xudt hang loat va
cdc di lidu v& hong hée ¢6 thé bist trude duge, cde dif lidu vé d6 tin cay
cla cdc k&t cau co khi va cong trinh la rat hiém hol. Hudng nghién ciu
két cdu theo d6 an todan dude nghign edu vao nam 1929, Tuosng Ly nghién
cdu vé tudi tho mol cda vat lidu va van dé lién quan vé 1y thuvét gid tri
cue tri Ung dung duge doi vdi site bén vat lidu va tdi trong bdil dau vao
gilta cdc nam 1930, Déng gop vao bat dau gidi quyét do tin -ay edc ké* cdu
tinh duge thue hién béi Freudenihal va Pugsley. Sau d6 khi nghién c:iu
dao déng cde may bay phdn lue Birmbaum va Saunders dua ra mé hinh
thong k& cho tudi tho cta cde két cau dudi tac dung tai trong dong.

Trong khi nghién oty thiét k& may va két cdu trén oo s¢ dé tin
ciy ta tim hidu su lién quan gifra cac héng hée co khi va két cau vdi sd

ngudi thiét mang do cde tal nan nay gay nén.

_B_ri_ng 1.1 _
Ngilyén nhan N 86 ngusl thiét mang (rén 1 triéu ddn
Mey bay 9
Tau hoa 4
Giao théng trén nudc 9

' (Giao thong trén bo 300

. Ngd doe 20
Chiédu sdng 0.5
Héa hoan 40
May maée, thidt bi 10

| Héng héc két cau 0,2

Céc héng hic may va céng trinh gay ra thiét hai khéng diéng ké vé
ngudi, tuy nhién giy thiét hai lén v8 kinh t&. Cho nén cdc nha thiét ké ¢d
ging dat duge dd tin cdy cao doi véi thist bi vi két cdu eong trinh. Thi du
dién hinh 13 vao mia mua bio nidm 2000 giao théng duding bd Nam Bic
nudc ta bi giin doan hang thang do méit doan dudng trén déo Hai Van bi
16 ma khéng ¢é con dudng du trir nao thay thé. Cdu Binh Bién hoic cau
Bén Lie bi su cd lam giao théng gida cde tinh mién Tdy d&n thanh phé
Hé Chi Minh bi gidn doan gay thiét hai 1¢n vé kinh t&. Su c& nha mdy ga
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Dinh 8 khéng cé dd nguyén lidu do tau Ba Vi bi nhd neo jam dai soéng
hang ngay dan ching cd nudc 4nh hudng do thiéu ga sinh hoat.. Nhiéu tai
nan thuong tAm xdy ra chi do mét vai chi tidt trong mdy khéng dam bdo
dé tin cay.

1.6 QUAN LY PO TIN CAY

b5 tin cdy clia hé thing hoac chi tidt khong thé dat duge mét cdch
ngdu nhidn. Né tich tu duge dan din trong hé théng hodc chi tigt. Pd tin
cdy thia hudng ddc tinh cda hé théng, tuong tu kha ndng tai cia hé théng
hodc céng sudt danh nghia. P& tin cdy cdn xdc dinh trong mdi giai doan
dé phd4t trién sdn phdm hodc hé thang bao gém: thiét ké, ché tac, kiém
tra va van hanh. Trong giai doan thidt k&, phuong phidp thiét k& ding
ddn lién quan 38&n cde chi ti&t, var )idu, qud trinh, dung sai.. dugc lua
chon diy &i. Cdc muc tidu eta giai doan nay duge ddm bdo rdng cde trinh
tu thiét k& da cd tit 1au duge tng dung, cdc vat liéu va qud trinh dad bist
duge s dung va cde lanh vuc khéng chdc chdn dugc ddnh ddu dé thue
hién sau dé. Sau khi cdc thiét bi ché tao da chudn bi sdn sang, ki€m tra
cdn than mot ldn nda k& hoach, trinh ty thuc hién va cde dit liéu d4 chon
trong giai doan thiét k&. Trong qud trinh ché tao ta phdi sit dung cdc k¥
thudt kiém tra chét lugng dé8 dam bdo chédt lugng sdn phdm theo thigt k&
Ta tién hanh thém cdc budc kifm tra dé loai tri cdc chi tiél ¢é chat lugng
thdp. Cac dit liéu lya chon, phin tich va bdo dudng phing ngita va hiédu
chinh duge thuc hién trong sudt thsi gian 1Am viée ciia sdn phim. Pa tin
ciy thde t& duge so sdnh vdi dé tin cdy du dodn va néu cdn thidt ta tién
hanh cdc budec hidu chinh. Céc dit lidu nay sé duge sit dung d& phit trién
cdc sdn phAdm mdi trong tuong lal.

Trong nhiéu trudng hgp hé thing duge kidm tra va bdo dudng bdi
con ngudi. Trong cde trudng hop nay do tin ¢iy cla ngudi van hanh cin
phai dugc xem xét khi ddnh gid 49 tin cdy cia toan bé hé théng, Néi
chung, dé tin cdy cia ngudi van hanh cidn phdi hean thién bing viéc thist
k& su ldp rdp, thao tdc, vin hianh cang don gidn cang tét. Cdc nhdn t&
khidc anh hudng d&n dd tin cdy cia ngudi vin hanh la céng tdc dao tac
tot, mide d6 cing thidng lam viéc thap va cdc vi tri cde thiét bi do va didu
khién hgp 1. Khi phét trién, thiét k& va ché tac sdn phdm cdn ddm bdo
tinh phdp Iy cda sdn phdm d¢ lam tang trdch nhiém cda nha sdn xuat khi
¢6 nhimg su vi pham hodc thidt hai do s dung sdn pham.

P5 tin cdy cé thé du dodn khi thi nghiém sin phdm trude khi héng
hée. Khi thit nghiém cang nhiéu thi dé tin cdy du dodn cing chinh xdc.
Do thi nghidm ddi héi nhidu thdi gian va chi phi, nén cidn phdi ¢é sy

18



Téng quan

dung hoa gitta thit nghiém, dé tin cAdy va gid thanh sin pham. Do d6, 4é
thye hién va quan 1y chuong trinh 46 tin ciy toan bd cho san phim cin
phdi ¢6 cdc kidn thite v& phueng phdp thigt ké, kinh t&, vAn d& giao dién
hé théng, kiém tra chat lugng va k§ thuat thir nghiém va cdc nhan té con
ngusi.

1.7 CAC DANG HONG CHI TIET CO KHI VA KET CAU

Binh gid khd nang lam viée va 46 tin cdy cla cdc chi tidt mdy va
hé théng dya theo cdc dang héng héc (hinh 1.3).

¥ng sudt

Cac tinh chll Xéo

Kich thude va hinh

£é bén chdng gay dang vEt ndt

Hinh dang vat

Nhgt dé nd by it

B4 buic xg Cuding 446 titrang

Cac tinh chit mé Ghu &y tdilrong

B¢ tin cdy = Xdc sudt (D6 bén vdt liéu > Tai trong tao cde vét niit)
Hink 1.3 Xdce dinh d6 tin cdy theo sy hinh thanh dang ho'ng

Tat ed cdc chi tidt co khi va két cau duge goi 14 héng khi né khing
cdon thue hign duge cdc chife ning theo ydu cAu. Mot treng nhitng nguyén
nhin cia héng hde cha chi tidt 14 cuing dé va dang cda tdi trong tdc
dung. Cd cdc dang tai trong: tdi trong tinh, tdi trong dong, tdi trong va
dap (hinh 1.4) va tdi trong thay déi theo chu ky. Dudi tdc dung cia cdc
dang tdi trong nay ta cé cdc dang hdéng sau: udn doc, rdo, nit, nghién,
rdch, ndt va, trdy va mai mon, tréc ré bé mat.. [17, 20, 29, 30, 32, 44, 45,
46, 51].

Mét trong cdce nguyén nhan hdéng hde khdc 1a do ri hodc an mon
héa hge bdéi méi trudng. Lam lodng, vét rd, 16 héng, gion do hydro va an
mon gida cdc tinh thé 1A cdc dang héng do ri (4n mdn) g4y nén. Thong
thudng cdc dang héng thudng xuit hién dong thai.

Nguyén nhan héng héc duge chia ra: nguyén nhian ngiu nhién va
nguyén nhin hé théng.

Nguyén nhdn ngiu nhién: Qud tdi khong ludng trude duge, cde vét
héng cla vit lidu va sai sé ché tao ma khéng duge phdt hién khi kidm
tra sai sét cla ngudi didu hanh hay 1a sy héng héc hé théng didu
khién.
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Hinh 1.4 Chudng b niit do tai trong va dap gdy nén

Nguyén nhin hé théong: They cdc hién tugng dinh sian, gay nén su tich
lay tir cde vét hang: su dnh hudng cua mai trudng, thoi gian, nhiét da.
ri sét, 1d0 hda, mai, tif hién, mai mon...

a) Vdn tée truat lin

s F
1 7% % it )

b) Vin toc trugt nhé
Hinh 1.5 Cde vét nut & vi tron bé mat rdang do ing sudt tiép yiie

Tusng vng vdi cdc nguyén nhan trén, véi tinh chat phdt trign va
su xudt hién cdc hong hdce duge chia ra: bat thuimg (héng do qud tai, va
dap, dinh), phat trién tir ti¥ va xudé hign bat ngd (pha hiy do méi,
chdy bang den, chiap mach do ldo hda vat cach dién) va fr tir (mai mon,
10 hoa, ri sét ...). Héng héc bat ngd nguy hiém hon hdng hoc tir tir. Hong
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hoe tr tir 1a do cdc thong sé vugt qud gidi han cho phép trong qua trinh
vin hanh.

Theo nguydn nhan sinh ra hong hée c6 thé chia ra: két eau (do
thidu sot két cau khi thiét kél, cong nghé (do vi pham céng nghé gia
cong hodc khong hoan thién cong nghé) va van hanh (do van hanh
khong ding)

Cédc hding hde tuong ung vdi ban chat vat ly chia ra: phda huay chi
tiét hodc 1a bé mat cia ching (va, troc rd, mon, gi, hda gia) hoac khong
litn quan dén phd hiy (lam tdc 6ng ddn nguyén lidu, {am tdc ddu bai tron
trong cdc hé thong thuy lue, 1am y&u méi ghép, lam ban cong tdce dién..).
Véi cde chi tidt nay ta phdi thay thé hodc diéu chinh hodc lam sach
ching.

P& phdn tich mdy thanh hé théng ta si dung cdu trie cay dang
héng (chuong 9), do d6 viée xdc dinh cac dang hing chi tiét mdy va tir do
suy ra chi tidu tinh thich hgp déng vai trd quan trong trong phéan tich va
thiét ké may theo dé tin cay.

(CAc dang hong quan trong duoe liét ké dudi day:

1. Hong héc do tdi trong tinh giay nén. Khi ¢ng sudt do tai trong tinh
giy nén vugt qua gidi han bén thi cde vat liéu bi nit.

Backup ratio = 3 3 " Backup ratio = | 0

Backup ratio = 0.6

1 ;
That nghiern ' T doan The ngmu._,}"’“ﬂﬂl"
: 1 - -

Hinh 1.6 Gay chédn ring theo dy dodn vd thie nghiém

2. Héng hée moi - Khi chiu tde dung cda tdi trong theo chu ky, vat lidu
chi tiét by nidt khi ma do 1on eda dng suat thay déi nhé hon rat nhidu
so vdi gid tri gidi han chay (hinh 1.6).
Céc v&t héng bt diu biing cdc v&t nidt nhd xuat hién tai nhimg noi ¢
sy tap trung dng sudt va ching phdt trién thanh cdc vét nit ldn phd
hdng cdc chi tiét. Héng héc do méi chia 1am hai giai doan: giai doan 1
duge goi 1a giai doan hinh thanh cae vét nit. Giai doan tha hai duge
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goi 14 giat doan phdat trién khe nut. Néu N duge coi la s6 chu ky lam
viée cha dén lic héng thi 60 dén 90% chu ky (A nguyén nhdn bat ddu
cdc vl ndt va 10 dén 40% chu ky phat trién cdc khe mit. Cdc vt niit
do méi théng thuong xudt hién trén bé mat cua chi tiét khi ma ing
suit 1a ldn nhat, Noi cd khuyét tat vat lidu va cde thd duge chéng da
yéu nhat. Cdc vét xutge bé mdt, cde tap chat, bot khi, dd nhap nhd bé
mit gia cong. sy thay dii tiét digén ngang, géc lugn, ranh then va cdc
16 1a cde vi tri tao nén ede vét ndt. Cde vét nit ban ddu qud nho va rat
kho khan cho viee phat hién bing mat thuong hode bang cde phuung
phip kiém tra tidu chudn. Mot khi cde vét ndt xudt hién, tap trung
g suit cuc bo trén bé mat sé tde dong dén sy phadt trién cia ching.
Bén mit lue nao dé tigt dién m:it cit ngang gidm xudng ddng ké, (ng
suat tang lén va sy hong hée tie thai xudt hién s& lam chi tiét b hong
hoan toan. Hinh 1.7 14 cde chi tiét mdy bi gay do mai.

Sum

Bién dung

Daognr ngung |

Vet e
=

bi Buléng ¢l Truce
Hinh 1.7 Cdac dang héng do mai
Hong hde do tréc ré bé mat sinh ra khi cdc bé mat true tidp tiép xic
v nhau, Cde vt nut t& vi sinh ra trén cde ving cb Ung sudt tiép xide
[dn hon tng sudt tiép xic gidi han. Lau ngay cdc vt nidt niy phat
trién thanh trée (hinh 1 .8).

Hinh 1.8 Hinh thanh dang trée ré bé mdl
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4

7.

Hong héc do rao. Rio thuéng xudt hién trén nhing dong 6n dinh kim
lnai dudi tde dung cia tai trong lau dai. Cdc vét hdng do rao tiép tuc
phat trién néu nhu ede bién dang vugt qud mde cho phép hode xuil
hién ciac vét dut.

Hong hoc do ri. Ri 12 sy hily hoai b& mat kim loai trong thifi gian luu
kho hode van hanh dud tde dung cda cdc phan dng héa hoc va dién
haa cua vit Lidu vd1 mdi trudng ngoai.

Hinh 1.9

Hong hée do ri 88 tang the khi b8 mat e6 tai trong tdc dung, Su
gion do hydro, tinh déo cua kim loai duge tdng lén la do su hdp thu
hydro Khi d6 chi tiét bi gay gion dudi tdc dung cia tai trong tinh khi
bién dang nha hoac bi ndt dudi tde dung cda tai trong va dap khi hién
dang ldn.
Hong hée do mai mon, Mbdn xdy ra khi hai bé mit lam viée tiép xie
vdi nhau va trugt 1én nhau. Mon xudt hién trén tat ca ecde dang tiép
xue: truot, lan va va dap (hinh 1.10),

Hinh 1.10 Cac dang hong do mon

D& khéng én dinh. Khi tdi trong ngoai tde dung lén chi tigt vugl gud
gid tri ndng lugng bién dang thi hé thong sé bi mat 6n dinh va sinh ra
cédc hién tugng uon doc.

Trong thuc t& trén mdt chi tiét ¢ thé xuat hign cling mét lic

nhiéu dang hdng khdc nhau.
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1.8 TINH HINH NGHIEN CUU

Trong nhitng nam gin ddy phuong phdp thiét k& xdc suat duge déc
biét guan tdm. Phuong phdp thiét ké xdc sudt bao gém: thiét k& theo d§
tin cdy, thiét k& bén vitmg va thiét k& 6 sigma. Trong phuung phdp nay ta
nghién ofu tinh todn theo su phian phéi xdc suit cdc dai lugng thiét k&,
thay vi chi st dung cdc gid tri don dinh. Phuong phdp thift ké xdc sual
nay ddm bdo dé tin céy cho trudc, an toan, chit lugng va tinh kinh t€ san
pham.

(Cdc nghidn cltu chia lam hal huéng chinh: hugng thi nhit nghién
cttu 1y thuyét todn dé tin cay va hudng thia hai di vao dng dung ly thuyét
dé tin cdy d€ gidi cde bai todn thuc té.

Thong thudng ta sit dung ba loai phuong phap dé€ tinh todn db tin
cay theo ham trang thdi gidi han:

- Phuong phdp tht nhat dua trén cd sd 1dy maAu thu ngdu nhién hay
goi la phuceng phdp md phing Monte Carlo [8, 25, 31]. Khi md
phéng &8 ta phdi sit dung mot s6 lugng lén cdc méu thit d& ddnh gid
ham trang thdi gidi han va sau d6 s dung edc phuong phép théng
ké thu duye cde dac tinh xdc sudt d& phidn tich db tin cay.

- Phuong phédp dua trén mé hinh gidi tich dé tin cay két cdu. Khi dd
ham trang thdi gidi han g(X) duge xdc dinh va su dung cdac phuong
phdp x4p xi d€ ddnh gid dé tin cay: phuong phap mémen thich hap,
phan tich trudng hop xdu nhat, phuung phdp khai trién chudi
Taylor bac nhat (goi tdt 1a FORM), tim kiém diém xdc sudt lén nhat
(goi tdt 14 MPP), phuong phdp khai trién chudi Taylor bac hai (goi
tdt 1a SORM), phan tich nguge db tin cdy, phan tich d6 nhay..

- Dang phuong phdp thi ba la st dung mé hinh thay thé dé& thay thé
cdc ham trang thdi giéi han g{X) biAng quy hoach thuc nghiém.
Nguyén nhdn sir dung phuong phdp nay la do su dung cdc ham
trang thdi gidi han ban ddu (d&i vdi cde mé hinh phie tap) dé ddnh
gid do tin cdy ton rat nhidu thoi gian va cong suc, do dé phai tim
md hinh khéc don gidn hon d& thay thé,

Phan tich va thiét k& mdy va chi tiét mdy trén co s§ dé tin cay chi
duge chd ¥ vao nhitng nim gin day.
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CHUONG 2

HAM PHAN PHOI CAC DPAI LUONG
NGAU NHIEN

Trong tinh todn dd tin cdv cde dai lugng duge khao sat nhu 13 cdce
dai lugng ngdu nhién. Céc sy héng hoe bat nge duge xdc dinh bing cdc sy
két hgp khéng thudn loi ngdu nhién cda nhiéu nhdn té. Tinh ngiu nhién
lidn quan dén cdc nguyén nhin cia cdc su kién, ma cdc su kién nay la bi
mat d61 vdi ching ta. Phin tdn tudi tho, theo tiéu chudn bén méi (ddnh
gid theo 1 s@ gida tudi tho cao nhat va thap nhat) ddi vdi 6 1an 40, 483 vdi
bé truyén banh rdang 10+15. Phdn tdn tudi tho theo d& bén mdn cling ral
16n. '

C6 nhidu dang ham ngdu nhién dé dién td su phén phdl cia cde
dai lugng ngdu nhién déc 14p hodc phan tdn. Ching ta chon dang ham
phan phéi ngiu nhién phy thudc vao:

1. Bdn chit cua vdn dé.

2. Cdc gid thuyét co ban lién quan dén phan phdi.

3. Hinh ddng 44 thi giita ham phan phdi Fix), him mat 45 phén phai
fix) theo x thu duge sau khi vé dé thi dua vao cde dir liéu sdn cé.

4. Sy thudn tién va don gidn duge tao bdi sy phan phdi cho cde ldn

tinh todn sau d§. .

Sau ddy chuing téi xin gidi thiéu cdc dai lugng nglu nhién va vai
dang phan phdi dién hinh duge sif dung trong tinh todn thiét ké ky thuat.

Trong tai lidu nay chdng $61 gidi thidu cde md hinh todn d& mé td
dé tin cdy cua cdc phdn tk va hé thong. Cdc mé hinh todn bao gém 4 ham
xdc sudt lién quan: ham dé tin edy Rix), ham phan phdi tich 1y Fix), ham
mat 46 phdan phéi fix) va him cudng dé hong hi(x) vdi x la dai lugng ngau
nhién. Ta c¢é thé st dung chiing dé tinh todn d6 tin cay. Ngoai cdc ham
trén ta con su dung cdc dai lugng khdc nhau nhu: thé gian lam viée trung
binh cho dén ldc hdng, diém phan vi clia phdn phéi héng..

2.1 CAC PAI LUGNG NGAU NHIEN

Su phdn tdn ddng ké cda cdce dai lugng trong tinh todn thist k&
theo cdc chi tiéu vé khd nang 1am viée bao gdm:
- Tdi trong tac dong.
- Cdc ddc tinh co cha vat lidu va chi tiét.



Chudng 2
- Dung sai kich thudec nhin dugc treng qud trinh che tao cde chi tidt
lip ghép (1dp 6 khe hd va dp déi)..

Do dé trong tinh todn d8 tin cdy cde tham s6 duge khdo sdt nhu la
cde dai luong nglu nhién, gid tri cia ching cé thé thay d8i trong mit
mién ma ta khéng thé biét trude cu thé duge. Cdc dai lugng nay cé thé 1a
rin rac hodc lién tue.

Déi vdi mbi sd hang x trong mién thay ddi cda dai lJugng ngdu nhién
X tén tai mot xdc sudt xde dinh P(X<x) sao cho X khéng vugt qud x. Su
phu thude P{X<x) = F(x) dugce goi 14 ham phan phéi hoic ham xdc suat
tich liy cia dai lugng ngu nhién X (hinh 2.1a).

Flx}

fix)

Hinh 2.1 a} Iam phdn phdt tich iy Fix); &) Ham dd tin egy; o) Ham mdl
ds xde sudl fix) va cdc ddc trung s6 cto tdm whom dai liong
ngdu nhién: 1- Diém trung vi, 2- Mot; 3- Ky vong fodn.

Ham si F{x) 1a ham s& khéng gidm {ting don didu 481 vdi qud trinh

lidn tue va tang theo bac dé1 v§i qué trinh rdi rac). Trong gidi han cia dai
lwong nghu nhién X nd thay déi tir 0 dén 1.
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Ham phdn phdi...

dEix)
X

Pao ham cia ham phan phdi theo x: fix)=

duge poi la méat 46

phan phéi (hinh 2.1c). N6 ddc trumg tdn =6 13p lai cia gid tri cho trude
cia dai luong ngiu nhién. Trong cde bal todn do tin cdy né duge s dung
rong rdi nhu 1a mat d6 xdc sudt.

bBic trung mat cdch tuong 481 ddy d4 phian phdi dai lugng nghu
nhién bing cic dai lugng s6 (hinh 2.1c). K¥ vong todn {gid tri trung binh),
mdt va diém trung vi, ddc trung bdi vi tri cdc diém tAm nhdm cdc dai
lugng ngiu nhién theo truc s8. Phuong sai, sai léch binh phuong trung
binh, h# s0 bidn phan, dac trung sy phan phdi dai lugng ngau nhién.

Cde déc trung duge st dung trong ludn thuyél théng ké (dé xu 1y cdc
két qua quan sdt) va trong ludn thuy&t xdc suat (dé 1y giai du doan dd tin
cay).

K% vong fodn (gid tri trung binh) m, - 1a dic tinh chd y&u va don gidn
nhat cta dai lugng ngdu nhidn X. Gid tri ky vong todn theo két qud quan
sdt ddi vdi cdc dai lugng r&f rac cling nhu lién tuc duge goi 1a wée luong
k¥ vong todn hodc wée lugng gii tri trung binh X.

izzi‘l\—; hogc Zﬂs— 2.1

trong dé: N - téng s6 cdc quan sdt; x, - gid tri dai lugng ngdu nhién; p; - s6
cdc gid tri x; giéng nhau.

Trong cong thic ddu tién ta xde dinh téng cua phan ti, trong
truémg hgp thu hai p; cdc phdn i véi cde gid tri x; gifing nhau. Khi s6

quan sdt (thd nghiém) du lén ta cd m, = X .

Trong cdc bai todn xdc sudt ngudi ta xde dinh kY vong todn theo
su phy thudc vac mat 46 phan phoi fix) (48] vdi cde gid tri lién tuc) hodc
xdc sudt p; xuat hién gid tri x; (481 vdi cde dai lugng phéan tan).

m, = Ixf(x)dx : m, = Ipx; (2.2)
Phiong sai dai lugng ngdu nhién - k¥ vong todn clia binh phuong cdc sai
léch dai luang ngAu nhién ndy so vdi ky vong todn ciia né.

Uéc lugng phuong sai dai lugng ngéu nhién - gid tri trung binh
binh phuong hidu s§ gitta gid tri dai lugng ngdu nhién va gid tri trung
binh cia chung:

D= Ll iF note LYeb o ew
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Thuit ngd "phuong sai” ¢6 nghia 14 4§ phén tdn v& dac trung bdi
do tan man (phd n tdn) dai lugng ngiu nhién.

Pai vdi cde dal lugng ngiu nhién lién tyc:

D, = I(X-mx)zt‘(x)dx {2.4)

—o;

P61 vdi cde dai lugng ngdu nhién phan tdn:
Dx = E{x; - me2pi (2.5)

Phuong sai ¢6 thid nguyén bing binh phuong dai lugng ngdu nhién.
D€ st dung thudn tidn hon dac trung dé phén tdn cé cling thi nguyén vdi
dai lugng ngédu nhién, ngudi ta thudng st dung dic trung la sai léch binh
phuong trung binh 13 cdn bic hai cia phuong sai:

S, = D, (2.6}

Pé ddnh gid d6 phan tdn nhd vae mét dai lugng khéng thit nguyén
ngudi ta st dung hé s6 bién phan bang ti s§ giia sai léch binh phuong
trung binh va k¥ vong todn, tdac 1a:

S

v =S (2.7)

X
m,

Phuong sai va sai léch binh phuong trung binh dic trung 4§ phén
tdn dién hinh hon cde dai lugng khde nhi gid tri trung binh cdc dai lugng
ngau nhién.

DPiém phdn vi duge goi 1a gid tri cia dai lugng nglu nhién tuong
ing vdi xdc suit cho trude,

bidm phan vi tuong Jdng véi xdc suat 0,5 dude goi 1 diém frung
vi. Bi€m trung vi ddc trung cho vi tri ctia tam nhém dai lugng ngiu
nhién. Dign tich 45 thi ham mat 48 phan phéi duge chia bdi trung vi
thanh hai phan bing nhau ¢hinh 2.1).

Pé dac trung cho dé phin tdn dai lugng nglu nhién ngusi ta s
dung thém sai l6ch xdc sudt, biing mét nda hidu cdc diém phan vi X715 va
Xuys tuc la gid tri dai lugng ngidu nhién tuong tmg vdi xdc sudt 0,75 va
,25.

Mét dai luong ngdu nhién duge goi 1a gid tri khi-ma mat dé xdc
sudl ldn nhat,

Cae dai luong diém trung vi va mét, tuang tu nhu cde dai lugng
vira k&, dugc chuyén thanh cdc thuit ngit trong luan thuyét thang ka. Do:
vdi cdc phan phdi déi xing (phin phdi chudn) thi k¥ vong todn, mét va
diém trung vi trimg nhau.

28



Ham phdn phdi..
2.2 CAC SU PHU THUOC CHU YEU

D6 phan tdn dAng ké cdc théng s& chi y&u d6 tin cay dinh trude
su ¢An thi& phdi khao sat ching theo quan didm xac sudt.

Nhu da trinh bay trong phdn vi du cde dédc trung phan phéi, cic
théng sé dé tin cay duge sit dung trong ludn thuyét thong ké dé uwée
ligng trang thai va trong ludn thuyit xde sudt dé du dodan. Cdc théong
80 thd nhat bidu dién bdi cdc 88 rdi rac, trong 1y thuyét thdng ké va ly
thuyét du dodn d6 tin cdy goi la uée lugng. Khi s& lugng cdc thit nghiém
ldn thi ching dugc xem nhu 14 cdc dde tring thaf coa do6 Lin cay.

Ta khdo sdt 88 lugng 1dn N cdce chi tigt trong thi glan thit nghiém
hodc vdn hanh t d& danh gid d6 tin cdy. Gia s d8n cudi théi gian t tha
nghiém hodc vian hanh con lai N.t} chi tiét com khd nidng lam viée va
Ndt) chi tiét hong. Khi d6 s§ lugng tuong 467 cdc chi tiét hong:
N (1)

N

Flu= (2.8}

Né&u thit nghiém duge tién hanh mdt cdeh o6 chon loc thi Fii) cé
thé duge khdo sdt nhu la woe lupng thong ké cdae xac sudt hong hoic
néu N tuong d61 1dn la xde sudt héng.

N&u trong trudng hygp khi cdn thiét nhidn manh su khdc nhau caa
udc lugng xdc sudt vdi gid tri xdc sudt that thi ude lugng sé duge ky hidu
thém mot dd'u ¥, cé nghia la F*(t).

Xic suit lam viéc khéng hdéng hodc goi la ham dé tin cay
{hinh 2.1b) duge ddnh gid bing 56 lwung tuong A6i cdc chi tiét con kha
ning lam viéc
N M (2.9)

N
Vi hong va khdng héng la hai hién tugng d8i nghich nhau, do d6

Rit} =

téng Xdc sudt cta ching bing 1:
Rty + Fit) = 1 (2.10)
Tit sy phu thude trén ta suy ra:
Khit=0;n=0;F{t}=0vaRit) =1
Khit=on=N;Fit)=1vaRit)=0
Phan i hong theo théi gian duge ddc trung bdi ham mit 46 phan
phéi hong fit).
Theo ludn thuyét thing ké:
iy = 2N AP (2.11)
NAt Al

Theo ludn thuyét xde sudt:
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dF{)
dt
trong d6: ANy v AF(t) - s8 gia cdc chi tiét hong va tuong dng 1a xdc suit

héng trong thoi gian At
X4c suat hong va lam viéc khong héng theo ham phan phéi fit)
duge bidu dién bing sy phu thuje sau:

flt) = {2.12}

Fit) = If(t}dt Kkhi t = o thi F(t) = J’m;m: 1 (2.13)
4]

7]

[} o
Rity=1-F(t) =1 - If(t)dt: J'rmat khit=w=thi R(t)=0 (2.14)
M [

Bdng 2.1 Quan hé gitta cdac ham ddnh gia dé tin cdy

Ham Rt} Fit) fit) hit)
Rit) - 1- Fit) t - o
1- Jf(t}dl: It‘(t)dt e'!’“”‘“
0 1
Fi{t) 1 - Rit) t :
J'r(t)dt - Jruna
l-¢ *
1
ﬂt) _glﬂ_[l @ . —Ijh‘[]lll
dt dt hit)e *
rh(t) 1 dR@ 1 dF(1) £(6)
R(r) 4t - F{t) dt =
If {t)dt
1

Vidu 2.1
Ham mat d% phin phéi cla dai lugng ngu nhidn T 14 thdi gian

cho dén lic héng (tinh bing giy) cia may nén cé dang:
0,001

£ =1 (0,001t + 1)
0 khi t<0

120

Hay tim d$ tin cdy sau 100 h lam viéc.
Giai:

F‘(t)=j 0,001 gt -1 ) 1
(0,001t +1)2 {0.001+D), (BP0 +1)

1
1 000n
(0,000 + 1} (0,000t +1)
B tin cay sau 100h lam viéc:
]
T 0001100+ 1)

Va Fit)y=1-Rit}=1-

R{100) =0,509
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Thai gian thiét k& 1a thoi gian 1am viéc cho d8n ldc héng ty tuong
ing vdi xd4c sudt lAm viée khéng héng R duge xdc dinh theo diéu kién
Rityx}=R. Vi du xdc dinh théi gian lam viée cho dén lie hdng 48 dd Lin cay
dat dugc gid tri R = 0,95.

0.95

R(ty)= ————— =0,
() (0,001, +1)

Tiur ddy suy ra:

te = 1000 ———1]=52.6n
095

Xdc sudt héng trong khodng thai gian (t), t;) ¢é thé xdc dinh theo
cbng thie sau:

h
Pit < T<ty)= Fity) — Fity)= R(t,) - Rity) = _[fmm (2.15)

Theo vi dy 2.1 ta tinh xd4c sudt héng trong khodng thé&i gian tir 30
dén 120 h theo cdng thic sau:
P(30= T<120)= F(120} - F(30)= R{30) — R{120}
_ | 1
T (0,001.30+1) (0,001.120+1)

=0,077075

2.3 HAM CUONG PO HONG

Tién hanh th& nghiém cde phén t giéng nhau véi cing didu kién
lam viédc nhu nhau. Gid sif goi N 14 téng s6 phdn ti gidng nhau duge thit
nghiém, N,it) 56 cdc phdn tf cdn khd ning lAm viéc tai théi didm t, va
Ngt) 14 58 cdc phdn tif bi hdng trong théi gian t. Néu tiép tuc thi nghism
thi s§ cdc phdn t{f con kha ndng lam viée s& ngay cdng it di va 6 phén tud
héng hdc s& tang lén. Khi dé d6 tin cdy cla phdn t& tai thoi didm t duge
xdc dinh theo cong thic:

Rm=Nb(t}=N—Nj-(t)=|_N,-m (2.16)
N N N
Khi N khong ddi thi:
dRey _ 1 dN (1) = =f() {2.17)
dt N dt

Cudng d¢ héng hodc cdn goi 12 ham may rdi hodc cudng dd
may rii, k¥ hidu 13 hit). Khde vdi mat 46 phan phdi, cudng 46 héng hit)
duge so sénh vdi s8 cdc chi tigt N, con khd nang lam viéc ma khéng phai
vdi téng s8 cdc chi tiét. Tuong Ung trong luan thuyét théng ké:

AN,

h{t) =
0 N At
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va trong luan thuyét xdc sudt tinh dén R =

ey N0 N dNp !
N, d N,

)

Ndt Rity di

ta co:

drR(t) _ i}
Rt

Chutong 2

{2.18)

T day suy ra su lién hé gifa xdc sudt l[Am viéc khong hong va

cudng do héng hit):

hode:

dRi1) _
Rit}

-.[n[mu

Rity=e

L
~hindt, suy ra [nR(t) = —J.h(l]dl

1

{219

Biu thie nay la mét trong cdc phuong trinh chd yéu cua ly

thuyét d6 tin cay.

Cuing 46 héng con cé the bidu dién theo quan diém ham phin

phéi xdc suit cta tudi tho cia phdn tif. Ham phan phéi cua tudi tho hoedc
thai gian héng T cia phan tu duge xdc dinh bdi:

L
Fpit) = Jt‘-r(x)dx

4]

(2.20)

D4 tin cdy cia phdn ti7 duge xdc dinh theo cong thie:

L
Hodc o[l - Fpi0)] =—[hix)dx

0

1
—[hrxnds

RIV=P(T>0=1-PT<=1-F)=¢ "

(2.21)

Bdng 2.2 Cuang d¢ héng ctia mét sé chi tiét mdy va sdn phdm

Chi tigt Cuimg dé hong Hé thong Cuimg d6 hong
) trén 1 giy } trén 1060 h
Buléng, truc 2.10°19 Méy nén ly tam 1,5.107
Vong dém 5.107 May phat diézen 1,2-5.10
M&i han éng 5.107 Tii lanh gia dinh | 4-6.10°"
Ong nhita 4.10% My tinh lén 4-8.107
Van 2,10 M4y tinh c4 nhan | 2-5.10%
Tam mach in 7-10.10"

Lay dao ham hai v&, ta thu dugc:

nghia Ja:

B fr(1} _
1~ Frtt)
(0 )

h(t) =
R() 1-Fpn)

-h{1)

(2.22)

Trong cdng thic trén d8 don gidn ta thay thé f{t) va Fr{t) bing
fit) va Fi1) tuong dng 1a bam mat dé xdc sudt va ham phin phoi cia T,
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Ham phén phai..
Trén hang 2.2 trinh bay cudng 4§ hdng trung binh cua cde chi tiet
va bé thong khac nhau.

2.4 HAM PHAN PHOI PEU

Véi dai lugng negau nhidn duge phan phdi déu thi mat dé phan
phdi ¢6 gig iri khong déi trén doan (a,bi ITam mat do phan phdi ¢6 dang
sau:

! —— uas=St<h

b—a

: 2,23
l(} khi t<ait=h

fiey =
vii a va b xdc dinh gidi han trén va dudi dai lugng ngiu nhién.
Gia tri trung binh va sai léch binh phuong trung binh xac dinh
theo cdng thic sau:

- a4 b_
T _
] 5 (2.24)
S,'\' _ (h- a)
' 12

Vidu 2.2
(Gigi han bén cua gang lién hé vai dé rdn bé mat do bing phuong
phédp Brinell nhu saw:

o, = 1,6HB - 86,18  (MPa)

Néu HB phan phéi déu véi gid tri nAm trong khoiang 140 + 150,
xde dinh ham mat 36 xde sudt cia o,
Giai:
Eat d¢
a=an ghd. it

vaa [T 7T |
|
|
#
i}
a —t—
] a |1 | A t
|
Ham 1
prdn pké fin l

1

fa) o




Chuong 2
Vi HIB phan phdi déu trén khodng 140150, do d6 oy, 38 phan phdi
déu trén khodng 137,82%153 82.
Khi 46 ham mat dd xdc suit:
{0,0625 13782MPa <5, <15382MPa

flo,)=
@) khi @, <13782:0, > 15382

2.5 HAM PHAN PHOI MU

Trong giai doan van hanh binh thudng (lAm vide 8n dinh) cia
thigt bi thi cdc hdng héc ddn dén chua xdy ra va 4§ tin cdy duve ddce
trung bhdi cde héng héc bat ngd. Chc hong hdc nay duge gdy nén bdi su két
hap nhidu y&u té khéng thudn loi do dé cé cutmg do khdng déi:

hit) = 4 = const (2.25)

trong dé6 L = —- wdi m, - thti gian lam viée trung binh cho dén lic héng
m,

{théng thudng tinh bang gid).
Gid tri » biéu dién s§ hong héc trong 1 gidr va cd gid trl rat nhd.
Ham 46 tin cdy {(xdc suit lam viéc khéng hdng}:

- &t

Rity=¢c " =g™ {2.26)

Chiing tudn theo quy ludit phdn ph&i mo thdi gian lam viée khéng
hong va giéng nhau trong mdi doan th&i gian trong giai doan vdn hanh
binh thuing.

Ham 8 phdn phsi dang mi cd thé xdp xi thoi gian lam viée
khong héng cho da sé cdce chi tift: cde mdy mée quan trong lam vide trong
théi gian lam viée én dinh, cdc chi ti&t thiét bi dién (0, cdc mdy vdi sy
thay thé lién tuc cde chi tiét héng, mdy mde vdi cdc hé théng truyén dong
thiy lue va dién va cdc hé théng didu khién, cdc doi tuong phidce tap, cdu
tao tif nhidu chi tiét (khi ma héng hdc méi chi tiét khéng dnh huéng dén
toan bd hé théng).

Ta din ra cdc vi du sy k&t hop diéu kién lam viégc khéng thudn lgi
cla cdc chi tidt mdy gdy nén hién tugng héng héc bat ngd (gdy). Vdi bd
truyén bdnh ring cé thé xdy ra khi chiu tdc dung tai trong qud tai tdc
dung trén rang yéu nhit khi dang 4n khdp tai dinh rang, cing hic dé do
sai s8 ché& tao trén vong 4n khdp chi ¢6 mdt 461 rang 4n khdp. Truimg
hgp nay chi cé thé xdy ra trong thdi gian nhidu nidm van hanh hogc hoan
toan khéng xay ra.



Ham phin phdi..

Vi du két hgp cac didu kién lam vidc khéng thugn lgi gdy nén hién
tugng gay truc ¢ thé xdy ra khi tic dung cua tdi trong "ldn nhat” tai vi
tri ma truc chiu tai trong cé tidt dién bé nhat trong mat phing tdi trong.

Né&u it = 0,1 thi conpg thde dol vdi xde sudt lam viée khéng hong
dure rut gon bing két qua clda viéde phén tich ching ra dang ddy: '

Rity=1-it + @—%k.,wl-lt (2.2'7)
Mat 4 phan phéi:
fity = - dRity _ e (2.28)
at
(Gid tri xdc suit 1am viée khéng hang (hinh 2.3) phu thude vao:
MBI s —
ni,
Su quan hé gitta A{t)t va R(t) cho trong bdng sau:
I 1 | o1 | o0 0,001 0,0001 |
R | 0368 | 09 | 099 0,999 0,9999

Khi —— =1 xdc sufit Rit) = 0,368, tic 1a 63,3% héng hoc xuat hién
m,

trong thii gian t<m, va chi 36,7% xudt hién sau dd. Do dd, L bang s8 ligu
trén dé ddm bdo xdc sudt lam viéc khong hing 0.9 hode 0,99 thi ta s
dung chi mét ti sd nhe thdi gian phuc vu trung binh (tuong dng 0,1 va
0,01}

R{t); hit): K1) -IgR(1)
Rt o
0.364
hift :
L ) i
i ‘ ‘

Hinh 2.3 Hdam xdce sudt khéng Hinh 2.4 Xdc dinh xde sudt
héng Rrt), mat dé xdac sudt fit) khéng hong theo két qud thue
v cuong dé hdng Aft) nghiém bdng do thi

Né&u sy lam vige cde chi ti€t xdy ra & cdc ché 46 khdce nhau va do
cuing 46 hong &, (theo thoi gian t,) va i, (theo thdi gian t,) thi:

RiL) = ¢ " hhimhos (2.29)
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Charong 2
Su phu thudce nay nhan duge bang phép nhan xde suat. D& xic
dinh trén co sd cde thue nghiém cuiing 46 hong ngudi ta ude luong thn
gian lam viéc trung binh cho d&n e héng:

- 0
m.x)u:ﬁZt, (2.30)
trong d6 N - téng s6 cde quan sdt.

Khi do: A= ! {231

1
Cé thé st dung phuong phdp 48 thi thinh 2.4) d& dua ra diém thuc

nghiém theo toa dé t va -lgR(t). DAu trir duge chon vi Ritk<1, do dé IgRil)
la dai lugng am.

Khi d4 14y logarit bidu thic ddi vidi xde sudt lam vice khéng hdng.
lgRit) = - itlge = -0,43435¢ (2.32)
1o dé gde nghigng dudng thdng di qua cdc diédm thue nghiém:
tgo = 0.4343% tr dd & = 2.3tpa {2.331

Theo phuung phdp nay ta khong cdn thiél phai tién hanh dén cubi
thit nghiém 14t cd cdc mau thy (chi ¢An hai diém)

S¢ dung quy luat phan phdi thes ham ma ta ¢6 thé dé dang xdc
dinh trung binh cdc chi tiét bi héng trong mét thiti gian da cho va trung
binh cde chi tiét N, con khd nang lam viée. Khi 2l £ 0,1:

n = Nit; N, = N(1- it) (2.34)

Vi du 2.3

Xde dinh xdc sudt R{t) khéng xdy ra cdc héng hoée bt thudng cla
. - . ., |
et cdu trong thoi gian t = 10000h né&u cutng d9 hdng L = — = ﬁ
ni, T h

Giai:

Bdi vi At = 107™.10"

167"« 0.1 ta st dung su phu thude gén ding:
Rit) = 1- 2t = 1-10"" = 0,9999
Tinh todn theo sy phu thude chinh xdc R(t) = e trong gidi han
bén s& thap phin ¢6 két qud tuang tu.

2.6 HAM PHAN PHOI CHUAN

&1 vdi giai doan hong hée din ddn cdn thiét phai ¢é cde quy luat
phéan phai thai gian lam vige khang hong. theo quy ludt nay ddu tién cé

30



Him phin phéi..
miat 46 phan phdl thdp, sau dé dat dén gia vd 1dn nhat va oiép luc la
giam ddn lién quan dén sy gidm s6 cdc phan W cdn khd niang lam viée

Lién quan dén sy da dang cua cde nguyén nhan va diéu kién phat
sinh cde héng héc, trong giai doan nay d& md td do tin cady ngudi ta su
dung mét vai quy lwat phan phoi thu duge biing con dudng xap xi cdc két
gua thi nghidm hay quan sdt trong qud trinh vin hianh.

Quy ludt phan phéi chudn 14 quy ludt phd bién va thudn tién nhat
va dude st dung phé bign nhal trong tinh todn (xem hinh 2.5. 2.6},

Phan phoi luén Iuon tuan theo quy ludt chuian néu nhu anh huwding
dén sy thay doi dai lugng ngiu nhién 1a cde nhan té gdn nhu cang gid tri.
Thist gian cho dén le hong cia nhidu chi tict phue hdi hode khéng phue
héi duge tudn theo quy ludt phidn phdi chudn. Ngoai ra, kich thude va 40
bén cia cde chi tidt cing tudn theo guy ludt nay.

Ham mat dg phan phai:

| ] fi-m ¥
(ft) = ——=0v % (2.35)

S\flﬁ

Phan phdi ¢é hai tham sé dic lap: k¥ vong tedn m, va sai léch
binh phudng trung binh 8. Ngusi ta ude lugng gid tri cdc tham 6 m; va S
theo k&t gqud thue nghiém theo ¢dng thie:

_— [:;i (2.36)
hY
Sxs5= \fﬁ%[z((i_-i]l {2.37)

trong 4o t va 8 - wide luong k¥ vong todn va sal 1éch binh phusng trung
hinh.

1

1 35 28 § 0 5 25 38 ¢
Hinh 2.5 Ham mdt dd phén phdt vé ham dé tin cay phdn phdt chudn

Sy xap xi gitfa cdc tham s& va cde ude lugng coa ching duoce tdng
lén vdi vide tAng s6 mau thue nghiém. P61 khi thudn tién hon khi dua
trén phuong sai [} = 87
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Chudng 2

Ky vong todn xdc¢ dinh trén dd thi (hinh 2.5) vi tri dudng cong va
sai lach binh phuong trung binh - chiéu réng duimg cong. Khi S cang nhd
thi dudng cong mait d6 phan phdi cang nhon va cao hon. Né thay d&i ti
t = - d48n t = 42, Tuy nhién né khéng ding k& khi ndm ngoai khodng
(m, -35, m+38), bdl vi xdc suit héng khodng thdi gian dén m, -35 chi
bing 0,14% va thong thudng duge bd qua khi tinh todn. Xdc sudt héng
dén m, -28 bidng 2,175%. Gid tri lén nhat cia tung dé dudng cong mat do
phén phdi bang 0,399/3.

Ham tich phan cia phan phéi 14 ham xdc suat héng:
1
Fit) = _[1‘(1)(11 (2.38)

Xde sudt lam vide khéng hong duge xdc dinh tuong dng:

Rit) =1 - F(t) (2.39)

Ngu#i ta thay thé viéce tinh tich phdn bing cdch s dung bang tra.
Cédc bang tra d5i vai phan phdi chudn cla ham s& theo (t-m,) va § rdt
phttc tap vi ¢6 hai tham s& doc ldp. Cé thé thay th& bang cic bdng tra
phan phdi chuin, ma khi dé m, = 0 va S, = 1. Déi vdi phan phdi nay ham
mat dé phan phéi:

. _E
f(j(l’() = LC Z {2.40)

J2n

chi ¢6 mot bién s0 x. Bai lugng x 13 dai lugng trung tAm bdi vi m, = O va
chuan hda 8, = 1. Ham mdt dé phdn phdi duge vidt trong toa do tuong déi
vdi goc toa & trén truc A6 xing dudng cong.

Ham phan phdi - tich phian cia mat d6 phan phdi.

Fo(x) = Jlf“(x)dx (2.41)
Suy ra; Fy(-x) = - '[l},(x)dx = J.l'[,(xjdx (2.42)
,,. X
Tit phugng trinh nay ta suy ra ring:
Fylx) + Fu(-x) = 1, tir day Fyi-x) = 1-Fyi{x} (2.43)
D€ s dung bang ta s& dung su thay thé x = t—;n, ; khi d6 x duge

goi 14 diém phan vi c¢da phan phdi chudn hoa va duge ky hiéu 1a z,.

M4t do phan phéi va xdc sudt 1am viée khéng héng tuong tng:
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Ham phin phéi.

fity = fotx) (2.44)
Fit) = Fyix}, Ril) = 1 - Fofx) (2.45)
Trong dé mat 586 gida tri f,ix) va Fo(x) duge 18y £t bang 2.3,
Bing 2.3 ~ _
x| o] 1 | 9 3 4
r_ Lix) . 0.3980 02420 00540 | 00044 0.0001
IR0 | osooo | 08413 00772 | 0986 | 09999 |

Théng thuing st dung ham s& Laplace thay cho ham s6 tich phén
phan phai

X b

hix) = jl‘.-;.{xlclx = —fl-- = jc T dx (2.46)
i V2T [

b
nity }
kI
5=05,
=1
B =20
L 1 L 1
Gy !

Hinh 2.6 Cde ddc trung chi yéuw phdan phdi chudn khi cde gid fri khdc
nha clua cdc sai 1éch binh phuang trung binh: a) Mdt dd xde sud!
fre); b Xae sudt fam vite khong hong Rit); c) Cuong do héing hit)

8o sdnh cde chi L&t vai cing thai gian lam viée cho dén lic hing
véi cde gid tri sai léch binh phuong trung binh 8 khdc nhau, cAn thidt
phii nhan manh ring mac diu gia tri S 1dn vAn cé cdc chi tidt ¢é tudi tho
cao, nhung gia tr1 S cang nhd thi chi tiét c6 chit lugng cang cao,

Ngoal bai toan udc lugng xdc sudt 1am viée khéng hong trong thoi
gian lam viée cho trude, tén tai bai tedn nguge - xdc dinh thai gian lam

viée Ldng Ong vdi xde sudt 1am viée khéng hong cho trude.
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L

Churdng 2

Nguin ta xdc dinh gia tri cia thi gian lam vide nhd vao didm phdn
vi cia phan phéi chudn chuiin hda t=m,+2,5.

Gid (ri di€m phdn vi duge dua ra trong bang 2.4 phu thube vao xdc
suit theo véu cdu, cu thé 1a xdce sudt lam viéc khong hong.

Bang 2.4

CLopoo Joiese [ ovess §owaee |omoso |
Udc phép todAn vidi phan phdi chuan dun gian hon cdae phan phii
khdae, do dd nguti ta thudng thay thé eic phan phdi khdc bdi phan phéi

chuan. Khi gid tri hiétn phan v = - - nhd thi phan phdi chuan thay thé

m,

1ot boi cic phan phdi da thie Poisson va phan phai logarit chuan,

Vidu 2.4

Ude lugng xAce sudt lam viée khong hing Rt treng thai gian
t=1,5.10" h wia mdi ghép bi mdn néu tudi tho theo do man tudn theo quy
luat phan phai chudn vdi cde tham =4 m,=4.10" h va 8=10¢'h.
Giai:

Ta tim diém phan vi:
LS10% a0

1o’

Tit d6 suy ra Rit) = 0,9938.
Vi du 2.5

Thi nghiém tién hanh khdo sdt tudi tho 100 ho thang xe H 10
khdc nhau thu duge gia 1ri m= 566695 km va sai loch chudn S = 12393,5
kim. (Gid su tudi tho tudn theo qui ludt phan phdi chudn. Tim xdc svAt
héng thing e khi t < 50000 km.,

Zy = = —2,5

Giai:
Bidm phan vi: z; = tomy  0R0O-S6607T | sy
S 1239364
Theo phu lyc 1:
Fity = Plz < -0,5181) = 1 ~ P{z <0,5391)
=1-0,7054 = 0,2946
Vidy 2.6

Use lugng 1udi the tys xde sudt khong hong 80% cia banh xich xe
kéo. Bitt ring tudi tho banh xich duge gidi han theo dd man, tudn theo
quy Juit phéan phdi chudn vdi cde tham s& m, = 10*h, 8=6.10'h.

Giai:

40
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H:im phin phéi...
Khi Rty = 0.8; z;=-0,84
t yu=m+ z,;5=10%0,84.6.10* = 5,10°h.

Vidu 2.7
Mot nha may tu dong san xudt & bi. Pudng kinh trung binh con
lan 1a d = 6,38048 mm. Sai léch binh phuong trung binh duong kinh con
lan 8,= 03175 mm. Kich thude phin phéi theo qui luat chuan. Xac dinh:
a) Xdc sudt dudng kinh con lan d < 6,35 mm.
by Xde suat dusng kinh ndm trong khoing 6,53796 va 6.38048 mm.
Giat:
a) Xic dinh diém phén vi chuan:
x-m, 035 0633048
s, oams
Tra phu lue 1 ta ¢6 Plz < -0,09)= 0,4641 va Pz < -0,101= 0,4602,
N&i suy khi z = -0.098 ta ¢o R = 0,4618. Do dé 46,18% duting kinh con lan
nho hon 8, 35 mm.

0.096

X—, GARAE - 638048

by Khid =6,38048 mmtacd »= -
0.3173

- tong g

Rt

R = 0,50000.

M, 653796 03R48
S, 0317

X

Khi d = 653796 mm ta co 2- X - 050

il

tuong ung R = 0,6915.
Do dé xde sudt kich thude dudng kinh nim trong khodng 6.53786
va 6,38048 14 0,6915 — 0.5000 = 0,1915 hodc 19,15%,

2.7 HAM PHAN PHOI LOGARIT CHUAN

Néu logarit cua dai lugng ngiu nhién phéin phdi theo quy ltuat
chudn thi dai lugng ngiu nhign d6 duge phan phdi logarit chudn. Do phan
phdi ede dai lugng duong, ching chinh xdc hon quy ludt phan phai chuan
khi md ta thai gian 1am viée cho dén hic hang cic chi tigt theo dé bén
moi. Ngoai ra, ching cé thé duge sit dung d& ma ta thai gian lam viae cho

dén lic héng cla & 1an, dén dién tir va cdc chi tigt khae.

Quy ludt phan phdi logarit chudn thuan tiégn s dung cho cdc dai
lugng ngdu nhién, 1a tich eta s8 lugng dang ké cac dai luong ngdu nhién.
Tuong tu nhu phan phéi chuin su dung thuan tién cho tong cdce dai lugng
ngiu nhién.

N&u x = Int tuan theo qui luat phan phéai chudn:
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Chitgng 2

fl) = — e B (2.47)
S2m

thi mat dé phan phdi (hinh 2.7) cia t 1A phan phéi logarit chudn va duyc
mé td theo sy phu thude sau:

L mi-m, ©
| )

e T (2.48)
15, +/2n
trong dé: m, va S, - cdc tham 58 duge ude lugng theo két qud thue nghidm.
Khi thit nghiém N chi tiét che dén hic héng:

fit) =

Zlnl, ( ] _ o }
m, = :—f\— S, zs:vm—l—Z[lnt, —u*) {2.49)

trong dé: 1’ va s - ude lugng cdc tham sé m, va 8,.
Xdc sudt lam vige khong hong cé thé xde dinh theo bang d6i vdi
phan phdi chudn (bang 2.1) phu thudc vaoe gid tri diédm phéan vi.
(int-m,}

2= (2.50)
S

LY

Gid tri trung binh thdi gian 1am viéc cho dén ltc hong:

(2.51)
{2.52)
Tl hai céing thie trén suy ra:
s, Y I
87 =1In [-—'} +1| va m, =tm, -=§; {2.53)
n, ' 2
Hé s8 bién phan:
VR TN (2.54)
m,

Khi v, £ 0,3 ngudti la dat v, = S,, khi dé sai sd < 1%.
Théong thudng ngudi ta bidu dién sy phu thudc phan phoi logarit
chudn theo logarit co s6 10 (x = 1g{i)).

gl Y

fit) 0,4343 c 251
B lSKJZ_n

Vdi cac tham s8 lgty v S xde dinh theo k&t quéd thuc nghiém:

{2.55)
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Him phin phéi..

gty = lgt,™ = Z!gti e M J-—I—Ztigti —lgl,‘}}3 (2.56)

N-1

Rit}
140

[y

Hinh 2.7 Ddc trung chid yéu cia phdn phéi logarit chudn véi cde tham
86 khde nhau: a) Mde d¢ phdan fit); b} Xde sudt lim viéc
khing hong Rit)

K¥ vong todn m,, sai léch binh phuung trung binh S, va hé s8 bién
phin v, thai gian 1am viée cho dén ldc héng tuong (ng s bang:

m1 = t|| Czlh_ﬂsi (257)
S, = m, {‘H 1 (2.58)
1

Khi v < 0,3 chon v, = 2,35,

Vidu 28

Thi nghiém tién hanh khdo sdt tudi tho 100 bé phanh xe & to
khdc nhau (nhy vi dy 4) thu duge gid tri m,= 566695 km vA sai léch
chuin § = 123935 km. Gid si tudi the tuAn theo qui ludt phdn phdi
logarit chudn. Tim xdc sudt hong cla phanh xe khi t < 50000 km.
Giai:

Péu tién ta xdc dinh cdc gia tri 8, va my;
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' 1 i . ":
. (S0 12303
STNNTIN [ U R P e LAY [ | YGRS
My L CTETCLy |
B [ i VoW W |
d - 1
X [ 46T -
va m, - Inm, —2 S; - InfSOnngs) - ——J‘—- S100450 D234 - U210

Bigm phan vi z; duge xde dinh theo cong thie:
.- {Int—m.) _{In50000-109216)
T 0.2162

kS

=--04710

Xde sudt hang (1 theo phu lue 1:
Fit] = Plt <« 500001 = Piz « -0,4710) =1 - Plz <- 0,4710)
=1 - 0,6808 =« 0,3192

Vi du 2.9
Pinh gld xdc suat R(t) khong xvat hién cde vét hdng do méi cia
true trong thai gian t = 10'h, néu tudi the phan phéi then quy ludt logarit
chuan vdi cdc tham s6 lgt,= 4.5; S,= 0,25,
Giai:
[ PE e : HERETTR 5 !
Rity = F,, gt - lut, -F ! ]_EH' _4:

RER A e
ST boonl2s

2.8 HAM PHAN PHOI WEIBULL

Cang v4i quy luat phédn phéi logaril chuin, ham phan bd Weibull
thda man hoan toan vitc mé ta thdi gian lam viéc cho dén lic héng cua
chi tiét theo phd huy moi, thai gian lam viée cho d&n hie hong cua & lan,
dén dién uy.. Ham phan ph#i Weibull duge sit dung A& ude lugng 36 tin
cay cdc chi tiét va cum chi tiét, cy thé& 14 6t8, thigt bl ndng chuyén va cdc
mdy mde khic. Ngoai ra nd con duge st dung dé€ ude lugng do tin cay theo
cic héng hde trong qud trinh chay i

Ham phan phdi Weibull ba tham s cho thdi gian hing 1 ¢d dang:

=l
v, )

Fin=t-¢ e (B (2.6
trong dé: ta la gid iri ¢d thé eé nhd nhdt cia 1 (L > 0); 0 14 tham =& ti 16 (0
= iy} va [ 14 tham sé hinh dang (b>0) 14 ba tham s& cda phan phdi.
Né&u tudi tho nho nhat t, ta 14y bing 0 thi phuung trinh (2.60) trd
thanh ham phan phoi Weibull hai tham sé:

A 1

_ 1
Fiy=1-¢ w (2.61)
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Ham phiin phdi...

(1)
- =102 G112
o — -~
- L= g=12
7 t=1

t

Hinh 2.8 Ham mat dé phdan phdi Weibudl

Phugng trinh {2.60) cé thé viét dudi dang:
Cre
. T .

V-Fliy=¢ (2.62)

Ham miét dé phan phdt hong (hinh 2 8)
NIRRT
. 1-1 T
(i) = _l [_ij =T (2.6}
O-t,lB-1, )

2.9 HAM PHAN PHOI GAMMA
Ham phan phdi Gamma hai tham s& si dung d8 mé (4 cde bién
ngdu nhién duge gidi han & mat dau.
1y
14
1.2
10
0.8
0.6
0.4

0.2

0 1 2 3 4 5 6 U
Hinh 2.9 Ham mdt dg phdn phéi Gamma

Ham phan phdi ¢é dang:
)..‘]IT]_I eyl
f(u =L tz0 A>0, n=0 {2.64)
oy



Chuoug 2

trong dé: Tty - ham Gamma M) = Il”"e"dt ; 11 - tham s& hinh dang; * -
0
tham s& ti Jé.
Toy thudc vao cdc gid tri cia hé s& hinh dang 1 va hé s ti 1é A ta
¢é cde duong cong phan bé khac nhau nhu hinh 2.9, Phan phéi ¥ va phan
phdi mi 14 cde trudng hap dac bigl cda phin phal Gamma.

2.10 BAI TAP

2.1 Ham s& mat dé phan phdi f{x) twéi tho mdi ctia méi ghép ren duve xdc
dinh bdi:

x - 600

: _ o000
EOXD = 9 g -
Toag~ v TN = x < 80N

vii 600< x = 700

Tim ham phan phéi (xdc suidt phan phéi) Fix,) vd ham mat dd
phan phéi fix,) tuong dng véi dé bén mdi 1én nhat clia n mdi ghép ren.
Ve dd thi ham F(x,) va fix,) vdi n=1, 10 va 20.

2.2 Gidgi han bén cta gang lién hé vai dé rdn bé mat do bang phuong
phéap Brinell nhuy sau:

G, = 1,6HB — 86 {MPa}

Néu HB phan phdi déu véi gid tri ndm trong khodng 140 dén 150,
xac dinh ham mét dd phan phdi cla o,

2.3 Ti 5 luc cang trén bé truyén dai r = e™ véi {14 hé 6 ma sat va a la
goc 6m giita dai va banh dai. Tim ham mat d6 phan phdi cia r khi
dugc phéan phéi déu trong khodng 0,2 dén 0,3 va ¢ = 3 rad.

2.4 Tim ham méat d6 phan phdi clia x = sinf véi & phan ph&é déu trén
khodng -rn dén +n.

2.5 Tim ham mat dé phan phdi cda y =+x khi ham mét 8 phan phéi clia
x duge xdc dinh:

fix) = e véix 20
2.6 Mat d6 phéan phdi coa hai dai lugng nghu nhién ddc ldp duge xac dinh:
N Lhi
fy (%) = Ae khi x;20
‘ 0 ki x; <0
vdi i = 1, 2. Tim ham mat 45 phan phéi cia dai lugng:
Y=3x + 5%y
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CAC PAI LUGNG NGAU NHIEN
TRONG TINH TOAN

Khi phén tich va thiét ké cdc k&t cdu co khi va xay dung theo d§ bén
thi ba dai lugng dnh hudng chi yéu: kich thude ho#c hinh dang hinh hoc cia
chi tiét, 46 bén vat lidu va tdi trong tde dung.

Kich thuée chi tiét phy thuge vao 46 chinh xdc mdy cong cu, phu
thude vao tay nghé gia céng cia comg nhan, nén ludn ludn cd sai s6 va ching
ta goi la dung sai.

Sy phdan tan cd tinhk vat lida (dng sudt gidi han chi tidt) 1a do:
khong déng nhat vé thanh phdn héa hoc trong vat liéu, hinh dang hinh hoc
chi ti&t va do vét liéu ché& tao tir cde qud trinh khde nhau hodc trong cdc
thiét bi khde nhau (goi chung 14 didu kién gia cong)

Ngoai ra, ¢éi trong tdc dung dnh hudng dé€n 43 bén chi tigt. Nhu ta
da bidt tai trong bao gbm tdi trong tinh va tii trong déng, 1di trong va dip,
tai trong do méi trudng: gid, dong dAt, tuyét . Thanh phidn tdi trong tdc
dung chia 1am tdj trong khong d6i va tai trong thay déi tdc déng 1én chi tiét.

Trong chuang nay 14n lugt ta khio sét cde dai hugng ngdu nhién ké

trén.

3.1 KiCH THUGC HINH HOC CHI TIET
3.1.1 Sai léch kich thudc ecdc chi tiét

Trong thi&t k& cd khi cde théng s6 hinh hoc nhy dudng kinh truc,
dudng kinh mai khoan, bién dang bdnh ring va cam, khodng cdch gida cdc
truc ... 6 vai trd riat quan trong. Trong gud trinh gia cong cdc chi tidt thi cde
kich thudc niy luén ludn thay déi chung quanh mét gid tri ma ta goi la danh
nghia (kich thudc dua theo chuic nidng). Khi d4, ta do kich thude thuc cida chi
tiét va gid tri nay ludn ndm trong mét khodng gid tri nao dé va duge gidi
han bdi kich thude gidi han.

Tuy vao phugng phép gia céng ta ¢é cdc khodng sai léch khde nhauw:
Phuong phdp | Phay Khoan Mai béng
Sai léch ] *0,025 mm + 0,060 mm + 00,0051 mm




Chugng 3
Thong thudng ta khao sdt kich thude hinh hoc chi tiét 14 mot dai
luong ngdu nhién va phan phéi theo quy ludt chudn (hinh 3.1}

oo~ m, j:

| ¢ 3.1

Sy2n

Khi t= m,, suy ra f{t) = S

fit) =

i

= 0,339/5

Matdd
phan phis f(t)

l
I
i
e

) t
Hinh 3.1 Ham mat dé phdn phdi kich thude

Khi 8 cang nhé thi f{t) cang ldn: kich thudc ¢6 sai léch nhé. Khi 8§
cang ldn thi fit) cang nho: kich thude ¢é sai léch lon.
(Gid thanh gia céng chi tiét phu thude vao dung sai (hinh 3.2).

Gia cong thé | Mai tho Mai tinh _{

+ 0,75mm | £ 0,026mm 0,00125mm
100-150 | 300-500 2000-4000 |

Dung sai

]_Gizi thanh

G4 thanh
tuang déi

0 Dung sai
Hinh 3.2 Gid thdanh gia cdng phu thude vao dung sai

3.1.2 Sai 56 chudi kich thude

Khi mgt s6 chi tiét duge ldp treng bdn vé 1dp thi sy thay dai kich
thude va cde thong sé hinh hoc cda ching duge xde dinh. Néu Z 12 ham téng
bide nhdt cua ede dai lugng X;:
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Cic dai lwong ngiu nhién..

2=¥x,
e

Hose 7 -4X,+X,% .tX, (3.2

Khi d6 gid tri trung binh:

7=3X {3.3)

S, = s (3.4}
Néu X, = X, +t=m; +t (3.5)

. 1 > .
thi 8= SyZt (3.6)

Vi du 3.1

Mét chudi kich thudc gdm 4 kich thude gidng nhau ¢é gid tri l; = 12 +
0,2. Tinh chitu dai chud; kich thude nay.

Giai:
Chiéu dai cda chudi kich thude:
l=1; +ly+ 13+ 1
v L, =12+02(i=1,23 4
Khi d6 gid tri trung binh:
1= 2l =41, =48
Sai léch binh phuong trung binh:
3 1 2
S = Y28 :;,HEI;
Vi t|=t2=t3=t4=0,2
Suyra § = %#4_0‘23 = 9%—4
) A
Chiéu dai cia chudi kich thude:
1=1238 =48+ 04
Vi du 3.2

Mot tAm tron cd 2 chat (hinh 3.3) dé€ l4p vao 2 16 A va B. Cdc kich
thudge cho trén hinh 3.3. Xdc dinh xdc sudt sao cho khodng cdch gitta hai tAm
ch6t dai hon khodng cdch gifta hai tam 13.
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Chudng 3
e 98015

-

Chi tigt 1

Chi tig1 2

Hinh 3.3
Giai:
Khodng céch giita hai 16 A va B (hinh 3.4) duge xdc dinh theo bidu
thifc sau:

d =4/d; +d]

trong d6: di= 200 £ 0,12 mm va dz = 150 + 0,06 mm.
Ay .

g‘. | &
]
3 | \
=
o |
4 < B
o
dl= 200+0,12

Hinh 3.4

Gid tri trung binh duge xde dinh theo céng thic (4.8)

3-y3i+dl
Sai léch binh phuong trung binh duge xéc dinh theo cong thite (4.9):

Sd= a-lzjij— —E——%S%

af +a3

Vi kich thude tudn theo quy luat phan phdi chudn, do d6 sai léch binh

phuong trung binh c¢6 thé xac dinh bAng 1/6 mién thay d4i kich thudc:
012
Si= =5 =004 i S;= 28002

Do 46 gid tri trung binh va sai lé&ch binh phuong trung binh duge xdc

d =200 +150% =250

dinh:
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Cic dai lygng ngdu phién.,

2007 0.042 +150% 0,02°
Sa= =0,034
200° +1502

X4e sudt ma khodng cdch gita cdc chét 1 1én hon khodng cdch gita
cdc 156 AB (d) la:
Plzd)=P(l-d2z0)

Pat X=lodvazs= 22X a6
X
Pl2d)=P(X20)=P [z=£—_’ﬂa_i}
SX SX
trong d6: X ___l:d_’
Sx 8 +5;
—_— {),
Vi [ = 249.8 va §, = —;Lo.os ,
Suy ra:
X 2498250 0,2

S R = =308
Sx 0,052 +0,034> 00604

P(l > d} = P(z 2 3,308} = 1-0,998965=0,1035%

3.2 TAI TRONG TAC DUNG

Viéc phan tich va thi&t k€ céc chi tidt mdy cling nhu ké't cdu cdn phdi
ké dén cdc y&u t8 cha mdi trudng chung quanh, d6 la tai trong. C6 céc loai
tdi trong anh hudng dén vige thiét k&€ may va chi tiét mdy: tdi trong khéng
d5i, t4i trong déng, tai trong do moi trubng: gié, ddng dAt, tuyst rai..

Tai trong khéng ddi

T&i trong khong 481 hay 14 trong lugng cia mdy va k&t cdu. Tai trong
nay tdn tai trong sudt thoi gian lam viée (tudi tho) cda mdy va duge xde dinh
bing trong lugng cha chi tist. TAi trong nay thudng duge mé td bing ham
phén phéi chudn.

T4i trong thay d4i

T4i trong cé gid tri thay d6i theo th#i gian va khéng gian. N6 la mot
dai lugng thay d8i mot cdch ngAv nhién. TAi trong tdc dong 1&n chi tigt mdy
hic khéi déng, luc chay binh &n va khi cé tdi 124 khdc nhau. Tai trong tdc
déng 1én thang mdy (hinh 3.5), tai trong tdc dong l&n cde chi tigt cda 6t6 12
cdc tdi trong dong.
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i) 2400 N by 8OO N ¢l 7200 N/m*

Hink 3.5 Tt trong tic dong len thang mdy tay thuoe cao sé Ldong ngu

Tai trong gié

Van tée gid cung ¢ anh hudng dén kha nang lam viée cua may va
cac cang trinh. No la mot dai lugng thay doi ngau nhién mot cdch lién tuce
Do A6, kha thigt ke may va e¢dng trinh chiu Anh hudng cua g6 thl phai ke

dén tal trong do gio gay nén.

Hinh 3.6 Chu Tacoma Narrows bt sdap do tal trong gio

Tham hoa sap cau Tacoma Narrows xdy ra do tai trong gié gy nén
vao ngay 7 thang 11 nidm 1940 (hinh 3.6). Hong héc nay 1a mot trong nhing
hdng hée dién hinh cia ciu va nd gay su tap trung cha ¥ cia moi ngusn nhat.
Pay A chiée cau dai tha ba trén thé gidgi tai théi diém xdy ra tham hoa.
Nhip cau chinh duge treo cd chiéu dat 853,44 m. Ngay budi sdng xdy ra tham
hoa van toc gid dat dén 67,6 km/h. CAu bi héng la do dao déng nhip cau
chinh vugt qua muc cho phép. Dam cdu duge gia ¢ cdng, nd bi udn doc mac
di ¢6 nhimg ranh xé khi néi vdi cdc nhip cdu trude va sau. Cac nha thiat ké

da khong tinh dén day du nhan t6 méi trudng nay.

tn
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Cac dai lugng ngiu nhién..

Tai trong do dong dat

Péng ddt sinh ra dao ddng. Dao dong nay anh hudng dén mady, chi
tigt may dang lam viée va cdc ebng trinh dang siv dung. Hién tugng dong 44
¢6 thé sinh ra cing hudng trong mdy, lam hu hdong chi tiét va thiét bi. Do do,
ta phai tinh dén 18n s6 riéng cha may dé tranh xdy ra hién tugng céng
hudng khi c6 dong dat. G Viéet Nam tif nim1964 cac nha khoa hoc da nghién
ciiu vé dong dat. Hudng nghién ciu chi y&u la tap trung ddnh gid mde do
nguy hiém cia déng dit, thiét 1ap tidu chudn qui pham x4y dung khdng chin
déi vén cac edng trinh xay dung thuy dién tai ving cé khad néang xay ra dong
ddt. Vao nam 1976 cac chuyén gia Lién X6 va Viét Nam sau mot thai gian
nghién citu da két ludn nguy cd ddng dat ¢ thiy dién Hoa Binh dén cdp 7,
¢Ap 8 (theo thang Chau Au gém 12 cap). Khi d6 cac nha thiét k& chéng dong
d4t cdp 8 cho edng trinh. Dédng th¥i cdc chuyén gia cing dy bdo vi tri ding
dat ¢ khu vuc dap 1& dut gay chg Bo vai 5,3 4§ Richter. Sau khi dip hoan
thanh thi vac nam 1989 mit trdn dong ddt 4,9 46 Richter dd xudt hién dong
vao vi tri du bdo. Dai vdi thiy dién Son La két qud dénh gida nguy co déng
dat manh cidp 8 da duge dua vao du dn kha thi cong trinh. Ngay 8/11/2005
hai con déng ddt vao lae 1 h vadi 5,1 d6 Richter va 14h55 vdi 5.5 do Richter
lam rung chuyén cdc cong trinh trén cic thanh pho 16 Chi Minh, Ving Tau,
Phan Thiét.. Do do cde ¢ong trinh xay dung phai tinh dén tai trong do déng
dat gAy nén.
Tai trong do tuyét

Tuyét roi va bam trén mdi nha lam lang 1di trong tic dung. Ngay
15/02/2004 tai Moscow (Nga), do 16p tuyét rai qud day nén madi che bing
kinh clia mét ehng vien nude sip xudng lam 24 ngudi chét va hang tram
ngudi bi thuong, k&t ludn su bd cho thdy nguyén nhan 1a khi thiét ké chua ké
d&n taj trong do tuyét gy nén.

Ngoai ra ¢dn cé tai trong do séng thdn, 1a lut giy nén..

3.2.1 Péc trung tai trong cia may theo quan diém xac sudt

Khé nang tai cua may va cdc chi tiét ridng bigt khi tinh todn 46 hén
moi duge dic trung boi cde phd tdi trong Lvong (ng, nghia 13 tap hop cdc ma
tri ma tai trong ¢6 thé nhan duge. Phé tdi trong cé thé la réi rac hoac lién
tuc.

Théng thudng cac phd rai rac (hinh 3.7) duge bigu dién theo cie true
toa do: tdi trong L, khodang théi gian p tugng 481 duy tri tdc dung tai trong
(hinh 3.7a) hodc la theo truc toa d8: téng thai glan tuong d6i Ip; tuong dé
duy tri tdc dung tai trong va tdi trong I, theo mue d6 gidm dan thinh 3.7b).
Dang thir nhat 1a dang khd vi, dang thit hai 1a dang kha tich.

in
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Chuong 3

Péi vdi cdc ph8 lién tuc ciia tdi trong ngudi ta dua ra ham s6 mat do

L
phan phéi f(L) (hinh 3.8a) vA ham s& kha tich P(L)= J'r(L)dL. Ham s6 P(L)
o
ky hiéu cho khodng thoi gian tdce dung cda tdi trong nhd han mét dai lugng
cho trude hay la tudng dng véi xdc suadt ma khi dé tai trong nhé hon mét dai
lugng cho trude.

o] L

Ll .
pl

L ]

...... ]
i Ls S I R IOV D .: g N _—
PR T " p i 2P
a) b)

Hinh 3.7 Hinh dang vi phén (a) va tich phdn (b) cia phdé tdi trong phdn tdn
Trén thuc t&8 thuyng hay s dung 48 thi kha tich cda su phan phsi
lign tuc (hinh 3.8b}), khi d6 tdi trong phAn phdi theo truc toa dé va theo
hodnh d§ l&d ham s8 1 - P(L), tuong dng vSi thai gian tdc dung clia tdi trong
l¢n hon dai lugng d4 cho hodie 14 xdc sudt tdi trong 16n hon dai lugng da cho.

N . L - .
_ ] 3
L\Q |
— L bq
AW |
] |
[ .
PN ST
/| Z bs
A . . L ! |
o b Jar AN Le]
a) b)

Hinh 3.8 Hinh dong vi phdin (a} vd tich phdn (b) cig phd tdi trong lién tuc

Trong nhiéu trudng hop tinh todn sif dung phd tdi trong lién tuc
khong duge thudn tién, cho nén dé don gidn cdc ham s6 fiL) va 1 - P(L) duge
thay thé& bing cdc dudng cong bac ¢(hinh 3.8). Khi d6, ngutri ta chia khodng
thay d8i ¢6 thé c¢d cta tdi trong thanh nhiéu doan bing nhau AL, Gid tri
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Cic dai lugng ngiu nhién..,

trung binh cua tdi trong trén doan thy i duge k¥ higdu L. Khi dé khodng thin
gian tugng d6i tdc dung cla tdi trong L; sé bing p;= fiL)aL.

Phan tich théng ké tdi trong tdc dong lén nhidu loai mdy khdce nhau
thi trudng hap tdi trong thay d8i lién tuc ¢d thé quy vé cdc ché d6 dién hinh.

Ham sd mat 46 (171, va ham s8 khad tich 1-P(L/1.,.,) duge trinh
bay trén hinh 3.9. Cdc truong hop ché€ 49 tdi ning (dudng cong 1 hinh 3.9),
ch#& dé tdi nhe (duting cong 4) va d&c biét nhe (dudng cong 5) ta s dung ham
phan phdi vy, d5i vdi ché& 46 trung binh déng xde sudt (dudng cong 2) 1&2 ham
&0 phan phéi déu. Con trudng hgp trung binh chudn (dudng cong 3) 14 ham
50 phdn phdi chudn.

Tuong dng vdi cde ebng thie tinh todn do bén méi, néu bién dé tdi
trong thay déi thi cdc phd tdi trong thuan tién duge xdc dinh bing cdc
mémen ban ddu pi. Chi s6 k = 1, 2, 3,.. ky hiéu tuong dng vdi bic cda
mémen ban d4u.

Mémen ban d4u bdc k duyc xdc dinh theo cong thic:
- Bl vdi phd tdi trong rdi rac:
B = X (Li/Lmax)k B (3.7)

- D6i v4i phd tdi trong lién tuc:

= I(Lfl,nm)"'f(LfLm._m (/L

|1|;mJ (38)
L/ Lot L.,
/h
=
N !
o 5 1 os \\ 2 ™
18 / /—‘{ / 0.6 \\\
' o
[ ~ YN
/ N NN
12 0.4
' <]
If/l 1! \ \\ \\ 2 \\\\ ~
os If \ IS
/| AR
]
o s 04 o6 08 Llian ol ¥ 508 M,
aj b)

Hinh 3.9 Ham mdt dé phdn phéi (a) va ham phdn phét (b) cde phé £di trong
tiong ing voi cde ché dg tdi1 dién hinh

Cdc mémen ban dau ddc trung cho cdc tinh chdt chd yéu cia phd:
mdmen ban dAu bac nhit biing vdi gid tri trung binh va dic trung cho tdm
nhém tdi trong cla phd; mémen thd hai - tuong dng vdi d6 phan tdn (phuong

55



Chugng 3
sai} cua tdi trong déi vdi tAm nhdm; mémen thd ba - d6 khong doi xing clda
phan phai tdi trong ...

Trong tinh todn chi tiél mdy theo d6 bén méi ta dua trén gid thuyst

tdng tuyén tinh cdc vt hong (chi tidt bi héng khi Z:— =1). Khi xdc dinh s&

chu k¥ dng suat tuong duong ngudi ta sif dyng hé s chu k¥ tuong duong Key
=ug. Khi xdc dinh tdi trong tuong duong ngudi ta sif dung hé =8 ch& dé tdi
trong tusng duong K.y = 4/, vdi bac clia mémen ban dau 1a k duge chon phu
thude vae bdc cla dudng cong mdi trén truc toa d6 o - N. D& vdi dng sudt
udn t 1& thudn vdi tdi trong k = my, con vdi ung sudt tiép xic k = my/2 (do ti
& vdi cdn bdc hai cia tdi trong).

(id tri mémen ban ddu bac k déi véi phé tdi trong tudgng (ng vdi cde
¢hé& dé tai trong dién hinh cho trong bhang 3.1,
Bing 3.1 Cic ché do tdi trong

Bac ciia mamen ban dau py
Cheé do 1 2 3 6 9 12
Nang 0.772 | 0.615 | 0.501 0.300 0.200 0,142
Trung binh déng xdc suat | 0.50 0,333 | 0.250 0,143 0,100 0,0769
Trung binh chudn 0,50 0288 | 0,179 00651 | 0.0358 | 0,0266
Nhe 0.423 | 0,218 | 0,127 0.0384 | 0,0164 | 000845
Dac biét nhe 0.310 | 0,128 | 0.0622 | 0.0126 | 0.00408 | 0,00169

P& tinh t{odn thec dd bén, tai trong duge cho trude dusi dang tii
trong lén nhdt l.,., va ug tuong dng. Trong khi xét dén tinh chdt ngiu nhién
cua tdi trong cd hai dai lugng d6 bén va tai trong duge khdo sdt theo quan
diédm xAc suat,

3.2.2 Ban chdt ngiu nhién cuia tai trong

Ban chdt ngu nhién cla tdi trong théng thuémg lién quan dén nhidu
nhan t&. Sau day gidi thiéu cdc nhan t& anh hudng dén dé phan tdn cia tdi
trong d8i vdi mét s may thong dung.

May cong nghiép: Phan tdn cde 441 tugng sdn xudt trong gidi han cla tinh
vyn ning cla may va théng thudng cdn phdi md rong pham vi st dung
mdy;

- 8% dung mdy trong cdc dang sdn xudt vdi quy mé khde nhau: nhd,
vira, trung binh, hang loat.

- Phan tdn tinh chat cia phéi: luong du gia céng, hinh dang chi tiét
gia cong, dé rdn.

- Phan tdn trang thdi cta dung cu cdt: gdc cdt, do tu ...
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- Suthay ddi cda quy trinh cong nghé.

- 854¢ dung khing dding: ting cuing ché 46 1am viéc qud gidi han cho
phép, gay dung cu cdt, cat sdu vao phéi, lam ngudgi phoi khi gia
cing mdy.

Midiy vin chuyén: Phan tdn cua ché dé van hanh theo tai trong va van toc.

- S0 dung mdy trong cdc lanh vue khde nhau: s dung ¢d nhin, trong
xay dung, khai thdc mé, lanh vue néng nghiép ...

- Phéap tdn trang thdi dudng x4: béting, nhua, d4t. dudng mién nui,
déng bang, thdi tidt. gié, séng ...

- Anh hudng cia t4n s8 thdng va md mdy, tay nghé coa ldi xe.

- St dung khong duing tiéu chuan: di duing khong bing phéing,
thang gdp, khi tdi ¢6 va dap ...

Gid tri bing s6 cla hé 56 bi&€n phan 1éi trong v, = == cho cdc loai may

khdc nhau bing cde chuyén gia hay 14 cg quan nghién cdu. Hé s6 bién phéin
trung binh nim trong khodng v, = 0,1...0 15

Trong tinh todn d6 bén mdi thi hé s& bién phén cia Ldi trong tudng
tmg vii hé s& bién phan cia tdi trong wwong duong L, tue 14 ché d§ tdi trong
tinh tuong dugng:

L= Lmax Kl'll dﬁ\d = ]'m;nc 3.9
NH

trong d6: L., - tai trong 1dn nhat cia phé tai trong; N. - tdng 86 chu ky ung

sudt thay dai trong sudt thoi gian phuc vu; N, - 56 chu k¥ co sd duding cong
moi; Ko = 41, - hé s6 tuong duong ché dé tdi trong; k - chi 50 mi (k = m,

vdi m - chi s§ mi dudng cong mol néu Ung suit i 1& thudn vdi tdi trong, k=
m/2 khi tinh todn tng sudt tiép xtc vi ung sudt ti 1é can bic hai cia tai
Lrong).

Hé sd bién phan cla tai trong tuong dugng L nhu 14 tinh Ledn cta hai
dai lugng ngdu nhién doc 14p L. va K duge xde dinh bing cin bdc hai clia
téng cdc hé s& bifn phin cla tdi trong ldn nhét L., cia phd tdi trong va hé
s& hién phan cia ch& 46 tdi trong v

?
Val

S (5,10

Mién phdn tdn cua hé s0 tuong duong cdc ché do tai trong cé thé
ddnh gid nhu 1a ti s6 cla cde tdi trong tuong duong cla hai dang tal trong
gan nhau hay 134 hai ch®& d6 tdi trong khéng k& nhau nhung gdn nhau.
Trudng hop tinh todn thid hai 1a déi vdi may van nang va mdy cong nghiép.
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Tuang (ing véi cdc trudng hop trén ta céd hé s& bign phan v, cda hd 8¢ tuong
duong ché d6 tdi trong la 0,04+0,06 hoic 0,01+0,1. Pdi vdi trudng hop sd chu
k¥ tuong duong ldn hon s8 chu k¥ cog 56 Ny >N, thi mién phdn tdn cua hé s6
tuong dugng ché dé tdi trong K.; 58 nhd hon ddng ké va ¢6 thé ddnh gid
biing ti s8 cdc hé s6 tdng gidi han mdi dai han cda hai ch& dé ké nhau hode
hat ché& d6 khong ké nhung gin nhau. Khi 43 hé s4 bién phin v, c6 thé chon
trong gidi han 0,03+0,04 hay la 0,05+0,07.

Dace tinh cha tdi trong cde chi tist mdy ¢é thé duge xde dinh bing con
dudng qui d8i cdc phd tdi trong tuong dng thu duge theo k&t qua do tdi trong
trén cdc b phén céng tde hay 1a trén truc ciia dong co. Da chinh xdc quy d8i
khong phdi lic ndo cling dat duge (vi do tinh khing xde dinh cta dong luc
hoc cdc bd truyén dén), do 46 trong cdc truding hap quan trong cin phdi do
trie tidp Ung sudt thuc trén cde chi tiét khao sdt.

Bitu dé dao dng vdi qud trinh mo 4 cia su thay d8i dng sudt theo
thti gian duge xit 1y thong k& vdi muc dich so 45 héa qud trinh. Tde 1a thay
thd qué trinh chiu tii thye t& bing ché dé Ung sudt thay d6i theo dudmng sin
tuong duong.

3.3 PO BEN VAT LIEU
3.3.1 Théng ké tinh chat dan héi viat liéu

Tat ca cdc kim loai vA cdc loai vat lidu k¥ thuat khdc cé cde tinh chat
khdc nhau do su khac nhau ngiu nhién vé thanh phdn héa hoe, nhiét luyén
va qud trinh gia cong chi tiét. P§ bén tinh duge xde dinh khi tdi trong tdc
dung 14 khong déi. Cdc loai thép két cau déu duge tiéu chudn theo ma s
ridng biét vi cde ddc didm k¥ thuat sau: M6dun dan hdi Young khi kéo va
khi nén (E): 2,1.10° MPa; hé s& Poisson: p = 0,3; mddun dan hbi trugt: G =

E

=0,385E.
20+ )

Cédc d4c tinh théng k& cda co tinh vat liéu duge quan sdt theo thyc
nghiém va cho trong bang 3.2 [42].
Bing 3.2 Cde ddc tinh co chda vdt lidu déo

Cdc hé s6 Gid tri Hé =4 bién phan v 58 mau thit nghiém
E {kéo) 2,078.10% MPa 0,01 67
_Ei{nénl 2,079.10° MPa 0,01 67
i (x0dn) 0,296 0,026 57 )
i (nén) 0,298 0,021 41 B
G 8,44312.10" MPa 0,042 81
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Ung sudt gidi han 1a tinh chidt chi yéu dnh hudng dén thidt ké két
ciu xay dung va cd khi. Ngudi thigt ké chon leai vat liéu st dung trong thidt
ké theo gid tri gidi han chdy. Gigi han chay cia thép phu thube vao thanh
phan hda hoc cda cde hop kim va phuong phép ché tao.
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Cdc gidi han chdy, gidi han bén cda vat liéu 1a cde dai lugng ngdu
nhién. Trén hinh 3.10 va 3.11 14 hiéu dd mat d6 phan phdi gidi han bén va
£1d1 han chay.

Trén bang 3.3 1a két qud quan sdt duge trong sudl thdi gian khodng
40 nidm t¥ nam 1957 ddi vdi loai thép tron xay dung ASTM A7 va A36 tir cic
nha mdy luyén thép khidc nhau cda My [42].

Bing 3.3 Gior han chdy cae logi thép tron ciia M3

| Ngudn (iid tri trung P oGid tri 1y Ti a6 Ha s bién 5S¢ mau
.! tham khdo | binh nha may | thuyét o, P Rl [ I phéan quan sat
# | 6" MPa MPa
Theo Julian 280 231 121 0,09 3,794
| Theo Tall 2758 23] 1,21 0,08 3,124
va Alpsten

Trén bdng 3.4 gidi thidu gidi han bén va chiy cua mét s vat lidu phd
hién trong thiét k& [42].

Bdng 3.4 (Gidi han bén va ehiy ctia cde logi vét Hisu si dung phd bién

Giidgi han chay 10" (MPg) Gidi han bén 10 (MPa)

(i trg Sat lach binh Gid trl Sai léch binh

Loai thép trung binh phunng trung trung bink phueng trung
hinh binh
Hop kim nhém 2014 443,27 15,689 492,52 13,30
2024-T6 hop kim nhom 352,65 20,05 447,49 17,66
Hyp kim Tiban Ti-6Al-4V 9189 50,66 953,38 47,14
Thép carbon C10006 251,185 5,63 359,84 3,66
Thép carhon C1035 348,282 37,7 606,65 27,58
Thép két ciu da hén cao 306,77 25,54 541,07 14,82
Thép gid 202 351,1 9,29 687,42 18,99
Theép gié 301 1173,6 65,93 1345028 40,95
Thép duc 245,56 10,34 375,72 18,86

3.3.2 Cac mé hinh théng ké cho dé bén vat liéu

Ba dang mé hinh théng ké duge sir dung dé mé td 4§ bén cla cAc vat
liéu khde nhau: md hinh vat lidu gion, mé hinh vat liéu déo va mé hinh
chium sgi. VAt lidu gion bi héng khi mot diédm riéng 1é bi héng. Dai vai vat
litu déo, bién dang bdt ddu khi tdi lrong trén diém dat dén khad ndng chiy.
bi€m 1i€p tuc mang tai trong bién dang va bat ci tdi trong thém vao nao
dugc chuyén sang cdc didm khdc trén mat cat. Mt cdt mang tdi trong ldn
nhét khi tat cd cde diém déu bién dang. Trén mé hinh chim sgi, héng hée
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ctia difm ¢ nghia 1a kha nang tdi cia diém dé khéng con mia. Ké tir dé tai
trong sé phan phéi lai cho cde diem khde. Qua trinh nay tiép tuc dén khi tit
¢a cdce difm déu bi hing,

3.4 GIGI HAN MOI

3.4.1 Gidi thiéu

Héng hée do mdi sinh ra la do dng sudt thay déi. Khi gia tri dng suat
thay dai ldn hon gia tri gidi han méi thi bat dau la hinh thanh vét mit té vi,
sau dG cdc vél nit nay phat trién ldn din va xudt hién hong hoee do moi,
Nhimg cho bat dau hong hoe do moi 14 nhing chd o6 su tap trung dng suat
cao.

Nhtt ta da biét cdc chi 68t co khi va wic cdng trinh bi hong dudi tic
dung tai trong thay ddi, 1ap lai, dao dong va ngau nhién, tuy nhién dung sudt
lén nhat khi hing déu nhé hon gigi han bén hoac gigi han chdy cua vat liéu.
Cde dang héng nay dudge goi 1a cdc dang hong do méi.

a) Grat doan hinh thanh vét mit b) Grat doan plit trién vét nit
Hinh 3.12 Phdt trién cde vét héng do nmoi

Hong hée do méi chia lam hai giail doan: giai doan 1 duge goi 1a gian
doan hinh thanh cac vét nwt thinh 3.12a). Giai doan thi hat duge goi 1a giai
doan phat trién hhe mit (hinh 3.12b). Néu N duge coi la sd chu ky 1am viéc
cho dén lic héng thi 60 dén 90% chu ky 14 nguyén nhan bdt ddu cde vét nit
va 10 dén 40% chu ky phdt trién cdc khe nit. Cdc vEt nit do mdi thong
thuéng xuat hién trén bé mat cia chi Lét khi ma dng suat 1a Ion nhat. No
¢6 khuyét tat vat liéu va cdc thd duge chong do yéu nhat. Cdc vét xude bé
mat, cde tap chat, bot khi, dé nhap nhé bé mit gia cong, sy thay déi tiét
dién ngang, gdic lugn, rdnh then va cde 16 1a cdc vi tri tao nén cdc vét niit.
Cdc v&t nut ban ddu qud nhd va rat khé khan cho viéc phdt hién bing mdit
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thudng hoac biing cdc phuong phdp kidm tra tidu chudn. Mét khi cdc vét ndt
xudt hién, tdp trung iing sudt cyc b trén bé mit s& ldc déng d&n su phat
trién cda ching. Dén mdt luc nao dé tiét dién mit cdi ngang gidm xudng
ddng k&, 'ng suvit tdng 18n va sy hdng héc tic thdi xudt hién s& 1am chi tiét
bj héng hoan toan.

Khi thit nghiém méi truc quay chiu uén, chi tigt dudi mémen uén
khong déi, ng suit sinh ra thay d6i theo chu k¥ d8i xing va chu k¥ nay
khong thay ddi theo thdi gian (hinh 3.13).

Ung suat &

6max I

Hinh 3.13 Ung sudt thay déi theo chu kyp

Khi d6 phuong trinh dutng cong moi:
6N = const = C
Né&u ta 14y logarit hai v& phuong trinh:

mins + 1nN = InC

mlno =1n (E]
N

Ing = - (InC - InN)
m

e

]

107 (N - i

Hinh 3.14 Buding cong mdi theo logarit

Tuong ing vé1 mbi xdc suit khéng héng khdc nhau dudng cong méi
nay cing cho cdc gid tri khac nhau. Puiing cong méi theo logarit biéu dién
nhu trén hinh 3.14. Theo dudng cong nay chi tiét s& khéng bi hdng khi dng
sudt sinh ra ndm dudi duing nim ngang, bit ké s§ chu ky lam viéc 1a bao
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nhiéu. Ung suat tuong tng véi dudng thing nim ngang goi 14 gidi han maéi

o,. Vdi cde dir lidu thiue nghiém, 48 phin tdn cia cdc diém dir lidu thue

nghiém ndm chung quanh dutng cong ¢ - N dang quan sdt (dung cong o -N

con goi la bidu d6 Wohler sau khi ma k¥ su ngudi Budc August Wohler cong he

nghién ctu v& d6 bén méi vao nam 1870). Cdc dir 1iéu mdi théng ké cdn thiét
cho thiét k& xdc sudt dugce tdp hgp theo hai hudng sau day:

1. Pudng bao dit lidu théng ki o -N cé thé khai trién cho vat lidu bang cdch
vé sif phan phéi cia chu ky lam viéc che dén lic hdng theo bién do ung
sudt. Theo k&t qué thuc nghiém cdc di€ém phan phdi cho trén hinh 3.15.
Su phén phéi xdce suat chu ky 1am viée cho dén lde héng theo mot gid tri
bién 46 ing sudt gdn véi qui luat phan phdi logarit chudn. Ngoai ra ngudi
ta con xay dung duding cong phdn phdi cde dif lidu thit nghiém méi theo
dudng cong Weibull ba tham sé:

pi 1P
B (t-t, ) & )
t) = ——| ——~ e 3.12
) B—tn[e—to (3.12)

In&S «. 10% khéng hdng

50% khdng héng

90% khdng hdng )

InN
Hinh 3.15 Puing cong méi theo logarit vdi cde xde sudt héng khde nhau.

Théng thuing s& dung cdc gid tri trung binh Elim va Sy, gida cde
dai lugng niy c¢é sy lién hé sau:

Gtim =1, +(9—io)r(l+é) (3.13)
5. - %im -l v6i 0,7 < B < 10,0 3.14)
alim — b“"’w‘ ; , .

" - ham s§ gamma

I(x) = jy""e"dy (3.15)
{
Né&u x 1A s6 nguyén:

I(x) = (x-1) (3.16}
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trong d¢: 8, t,, B 1a cdc tham s6 ham s8 Weibull.
Cdc tham 53 6, t,, B dd) vdi mdt s& loai thép va nhém ¢d gid tri nhu
bang 3.5 [42].

Bing 3.5 Cec di li éu dg bén mdt ti thi nghiém uodn xodn

(:id1 han mdi n=10* n=10" n=10"
vat lidu t, 1007 ] a1 T 1 [i L It )
{ih.-‘ril];} [ibfin® (Il me™)

Thep ATS! tMB | 74 wE0 ¢ R H7 2,75 T3 667 2AG H1.66
oo ; ‘
MU thep dung cu | 152 SHT L 1857 13 2T 163.7 117.0 2.7 144

a, = 430 1y | N e .

ATST 240 &7 44 1 94 h 4.4 K185 6.1 4.4 TG
o= 12 1 :

Nheim 2014 BT.HG 1,78 filt 4K 44 1636 4,81 4144 I, 522 4541
e, = GR-TH TOM

Nhim L1t} 5077 447 74148 2 U6 346 4,757 1,414 546 5092
o= 1ot

2. DPudng bao di liéu théng k& o -N eé thé khai trién cho vat lidu bing cdch
vé sy phian phéi cia iing suit khi hong theo s0 cdc mie 46 chu ky céd
dinh. Dién hinh la thuc nghiém cdc diém phan phdi cho trén hinh 3.16.
Gidi han moi tai cdc chu ky ¢8 dinh duge phdn phéi gdn vé1 qui luat phan
phéi chudn.

Trén hinh 3.16 ta ¢6 ba dudng phdn phéi. Phan phéi gidi han moi theo
dutng cong C st dung khi thi&t ké& cdc chi tiét co khi va két cau xdy dung
theo ch& d6 mdi dai han (1én hon 10° vong quay). Phan phéi tudi tho mdi
theo dudng cong A ing dung khi thiét ké cdc chi tiét nhu § lan. Dudng cong
B dugc dng dung khi thié&t ké chi tiét theo gidi han mdi ngin han.

Ins Budng cong A

. budng cong B

Budng cong C

InN

Hinh 3.16 Cde dudng cong mdéi ung dung trong thiét ké




Cic dai lugng ngdu nhién..,

3.4.2 S dung cic phuong phap théng ké déng dang dé xac
. dinh dé#c tinh méi cta chi tiét may

Vi tht nghiém mdi cdc chi tiét mdy ddi héi nhiéu th&i gian va gid
thanh cao cho nén ngudi ta chi Lién hanh cdec mau thit nhé. Do dé van dé
quan trong la tir cde két qud thd nghiém cdc miu thd nhd nay ta tim duge
dic tinh moi cua chi ti€t mdy. Mot trong nhing phuong phdp nay 1a phuong
phip théng ké déng dang cdc hong hdc do moi cla Seresen-Kagaev.

Cdc nhén t& cd dnh hudng dén dé bén mdi va dé bén gion la: kich
thude chi tiét, dang tdi trong va sy tap ifrung dng sudt, ranh d4 mai, géc
lugng, ranh then.. P& vdi cdec kim loai khdc nhau thi sy dnh hudng cing
khdc nhau. D& gidi thich didu nay ngudi ta dua ra ly thuyét xdc suit, dua
trén hai gid thuyét:

- Khd ndng tdi cia cdc phdn 1 ca ban cia chi tiét déc ldp vdi nhau.

- 8u héng cua chi tift xuit hidn khi héng héc it nhat mot phdn 0 co

ban.

- (4c gia thuyét trén ding vdi cde vat hdng do méi (dén sy xuat hién
vét héng thit nhat). Do dé 1y thuydt théng ké s dung rong rdi dé
biéu di&n qui luat cia sy héng hdc do mdi. Tuy nhién gid thuyét
khong duge théa man khi phan tich dé bén cha vat liéu déo néu
nhu khi tinh todn xét dén bién dang déo cuc bé.

Ly thuyét déng dang pha hiy mdi Seresen - Kogaev

=

Tidu chudn chi yéu déng dang 1a ti s8 = vdi L — chu vi tiét dién
T
nguy hiém hay la phan cé dng suat l6n nhit, G= ! %q]— la gradient cia
Fimax X

Ung sudt chinh thi nhdt § mat cdt nay, trong d6 Oyma Ung sudt chinh thui
nhat cia didm cé dng sudt Idn nhat theo chu vi cla tiét dién nguy hiém. Ti

4 % ti 12 vdi thé tich chiu Gng suit trong dd ¢6 thé sinh ra cdc vét héng.

P81 vdi cdc chi tidt ¢d ti€t dién ngang khi udn va khi kéo thi theo chu
vi cd dng sudt bing nhau va L=nd. D&i vdi chi tiét ¢6 tiét dién ngang hich
chi¥ nh4t (rang ca bdnh rdang) khi uén phéng thi phin ¢d tng suat ldn nhat
{theo chiéu réng vanh rang) L=b néu quay 1 chidu, L.=2b néu quay hai chiéu.

Péi vdi true bidc vdi cde duing kinh d, D v gée lugn p thi gradient
khi uén theo 1y thuyét dan hédi s& bing:

) i)

—= 23 2
Gz__'-_(1+1p)+_' (3.17)
f d
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1 p-d
t= )

] B
22 Jup -t 2

Dé3 vdi cde mAu thi ¢ha ede ranh dang duting hyperpol khi uén:

. D . D
trong dd¢: khi %2 L5,y =0, khi IE 1.5 thi ¢=

G=2.2 (3.18)
n od
D61 vdi cdc mau thit cia cde ranh dang dudng hyperpol khi kéo va
nén:
G-2 (3.19)
p

Céng thife d€ xdc dinh gid tri trung binh gidi han méi cha chi tiét
Okm V& hé 88 bién phan v, biéu didn dudi dang 1dn nhat chi tiét duge ché
tao tif vat lidu ctia mét mé ndu cé dang:

ahm =f5, E—I{] +1} (320)
R
Vim zw‘ (321}
2il+ 1y
trong do: | = 12fw {—‘-—i] {3.22)
£, 883G

Trong céng thuce trén dua vae 4 théng s6:

T_,- Gi4 tri trung binh cia gidi han mdi mAu thit khi uén c6 dudng kinh
7.5m.

v, - Hé 86 thuc nghiém.

£, - Hé 56 xét dén dnh hudng kich thude,

8 - Sai léch binh phuong trung binh logarit cia dai lugng (ogh- u) vdi u la
gid tri nhé nhét cda o,

BR3-latisd % d61 véi miu thit dudng kinh 7.5mm:
L_75n
G 2

Khi tinh todn sg bd cd thé ldy: v, =~ 0,1; &, = 0,5 - d6i vdi thép, hgp
kim mau va gang; S = 0,045... 0,06 - ddi vdi thép: S = 0,05...0,06 - d&i véi
hgp kim nhém va magie.

Céng thie (3.20) va (3.21) lam xAp xi cdc gid tri theo qui ludt phén
phéi chudn cla gidi han mdéi tuong ing véi 2 diém -~ khi diém phén vi z;=0
(Ung vdi xdc sudt 50%) va z, = -2 (Ung vdi xde sudt 99,7%) véi phén phai
chudn logarit cda dai lugng ngdu nhién .., - u.

Céng thive (3.20} va (3.21) bdo ddm chinh xde mé ta cde qui ludt cua
cdc vl héng do mdéi cla chi tist ¢d cdc kich thude hinh hoc khdc nhau va
dang tdi trong dya irén viée lua chon cdc gid tri eta 4 tham 86 &_,, va, &, 5.
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Cic dai lugng ngiu nhién...

Vi du 3.3

Xdc dinh gia tri trung binh va hé s6 bién phan gidi han mdi cha chi
tiét hinh tru c¢é ridnh p = 0,169 mm va dudng kinh ¢ tiét dién nguy hiém
d=15mm ché& tao tir thép 40Mn va chiu Ung suit udn xodn néu gid tri trung
binh cta gidi han méi miu thir véi duing kinh d= 7,6mm 1& & | = 850 MPa.
Giai:

Tim chu vi tiét dién nguy hiém:

L=nd=mnl16=4712 mm

= 2 2 2 2
Gradient; G- —+—= +==1197/mm
pod G169 I3
Déng thei ta chon: v, = 0,1; £, = 0,5; 5 = 0,047
Khi dé ta cé:

g -, 05/ 5704

1= ___L_f(_l‘,k_ = _Ii_" ._l_ﬂ =1.36
e, L883G 05 8831197

Do d6 gia tri trung binh va hé 8 bién phan clia gidi han méi chi tiét

x&c¢ dinh theo cdng thic:
Ghunar = 6,0 {1+ = 0.5.850() + 136} = 1003 MPy

=10 (-0 36

T S TR T S
va néu so sanh vdi cdc két qui thue nghiérh true tiép cdc chi tiét nay thi
Ty — HOODMP2 V& Vi = 0,05, ¢6 nghia 12 két qua thue nghiém va tinh todn gin
bing nhau.

Phugng ph4p déng dang Seresen-Kagaev duge st dung rong rai khi
danh gid gidi han mél cda cdc chi tiét mdy bay, mdy cdn kim loai, cdc may
tau.. Tuy nhién s dung phuung phdap nay chua xét dén dnh hudng clia mét
s8¢ nhan td dén anh hudéng db bén moi,

3.5 BAI TAP
3.1 Chidu dai cdanh tay mdy (hinh 3.17) cé gia tri:
l, = 254+ 2,54 mm; 1y = 381 + 762 mm ; |5 = 304,8 £ 5,08 mm.

~

Hinh 3.17
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Chuong 3
Tim xdc suit d& diém cudl P dat duge vi tri ¢6 khoang cdch 942Zmm tir
diédm O.
3.2 Thing hép gidy cé chidu dai 500 + 5 mm. Néu sit dung hop dé chuaa cde
chi ti&t ¢6 kich thudge 100 + 1,25 mm thi hiy x4c dinh xdc suat dé chia 5
chi Li&t trong hop.

3.3 Trén mai ghép giita hai chi tiét a vi b (hinh 3.18) ta chen mét chét c.
Néu nhu kich thuge A va a duge cho tuong dng la 30,48 + 2 5mm va 27,94
+ 1.274mm. Xdc dinh xdc suit cham nhau giita chi tiét A va B. Gid s
ring dung sai tuong ting véi gia tri 38 (3 lan sai léch binh phueng trung

binh}

c) Chét C

(< 1 R —
1 I . . i L L
1\ o I b} Chi tigt B
a) Chitigt A
Hinh 3.18

3.4 Luc tde dung F lén 3 day c6 gia tri nhu nhau theo hinh 3.19. N&u dng
suit va dé bén cia mdi day tudn theo phan phdi chudn véi cde thong s6 &
= 200 N; 8, = 50 MPa; 5, = 90 MPa; 8,, = 10 MPa. Xdc dinh xdc suit

héng cia hé théng.
- . / - S

Day 1 Day 2 Day 3

Hinh 3.19
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CHUONG 4

HAM SO CUA CAC PAI LUQGNG
NGAU NHIEN

Trong ki thuit da sd cde hién tugng lién quan ham s& ma trong dd
mdt bién phu thude duge bidu didn dudi dang mét hodc nhidu bign déc lap.
Vi du (ng sudt sinh ra trong chi tiét mdy 142 ham sd cia tdi trong va tiét
dién mat cdt ngang. N&u bdt ky mot bién déc 14p 1a dai lugng ngdu nhién
thi bién phu thude ciing la mét dai lugng ngdu nhién. Trong chuong nay
ching ta khdo sat sy phu thude ham s& gita cde dai lugng ngdu nhién.

Nghién ciu quy iludt phan phdi va tich lay cdc gid tri s6 cla cdc
tham s& phdn phéi cdc bign sé trong 1y thuyét dé tin cdy cling nhu trong
cde lanh vue k¥ thuat khde don gidn hon rdt nhiéu so vdi sy quan hé ham
56. Tuy nhién, sy quan hé ham 8 gitta cdc tham =8 1a rdt cdn thiét trong
vide gial quyét cde bai todn 46 tin cdy. Su phu thude ham s6 trong ly thuyél
dé tin cdy cdn thiét dé€ udc lugng do tin cdy cla hé thong theo cdc tham s&
dd tin cdy cde phdn tu.

4.1 HAM SO cUA MOT BIEN SO

Madt trong cdc vi du di€n hinh cda tinh todn theo tiéu chuin bén 1a
xde dinh quy ludt phdn phdi ung sudt tai tift dién nguy hiém cia chi tiét
theo quy luat phdn phéi cia tai trong.

Giad sir che trugc mat dé phén phéi fi(x) cia dai luong ngiu nhién X
va yvéu cu xdc dinh mat dé phan phdi fily) cia dai lugng ngdu nhién Y, 1a
ham s8 ¢ cda dai lugng X, tire 14 y= o{x).

R6 rang ring xdc sudt roi cla dai lugng ngdu nhién Y trén phédn
doan dy bang xdc sudt roi trén doan dx cia dai lugng X, tue li:

P (y<Y<y+dy) = P (x<X<x+dx) (4.1)

Hoje la:
fily)dy = fi(x)dx (4.2)
Khi d6 mat d¢ phdn phéi dai lugng nglu nhién Y nhdn cdc gid tri
dugng, duge xdc dinh theo ¢éng thue:
d

foly) = f1(x) i f|[W()’)l'g[—w—Q—) (4.3)
dy dy

trong dé: wiy) - ham ngge cia ham 8 @(x) cho trude.



Chuong 4
Ta khdo sat ham s§ tuyén tinh y = a + bx véi a va b 14 cdc hang s6
cho trugce.

Ta tim ham nguge x = ()_;‘1.’, dx 1

va dac ham cda ching — =— . Khi dg
dy b
ham 56 cdn tim 12 ham mét 46 phan phéi dai lugng ngiu nhién Y duge xdc
dinh theo bidu thikc:
1 .{y-u
fy) = Ff](yh }
Trong trudng hgp phidn phdl chudn dai lugng ngdu nhign X, mit do
phén phdi f(x) bing:

Sxom

fi{x) = l c 2

S.V2n

trong d6: m, va S, - cdc tham s& phan phéi.

Mat dé phén phéi dai lugng ngdu nhién Y:
I
fuly) = bemL
Bigu thic cudi ciing chiing té riing dai lugng ngdu nhién Y dude
phéan phdéi theo quy luat chudn vdi cde tham s8 m, va S
. m,=a +hm, vi 5,=h5,
Vi du 4.1
Ung suit ti€p xdc op trén bé mat tiép xide cap banh rang ti 18 vdi
can bac hai cia moémen xodn T, nghia 1a o, = b/T vdi b 1a hé s& i 16, Xdc
dinh mat 46 phan phéi dng suit tidp xtc, néu mémen xodn la mot dai
lugng ngdu nhién phéin phdi theo quy ludt chudn vdi cde tham s6 my va Sy
Giai;
Mit dé phdn phdi mémen xodn nhu la mét dai lugng ngiu nhién,
phan phéi theo quy luat chudn duge xdc dinh theo bidu thue:
_o e
£(T} = S-r\/ﬂe

Ta tim ham s8 nguge vdi o = b T :
2doy
h2
Khi dé mat dé phdn phéidng suit tiép xdc:

_ o A
T= 2 suyra dT =
b-

coaooa 2
i. Ay g

- hosl
=y -

-0 —==C
b2 S/

dT |
dGH

2
Ty
=

b2

f;g(ﬁ“) = fl
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Him s6 dai ltong ...
Nhu th&, phin phdi (ng sudt tip xic khde vdi quy ludt phan phéi
chudn, mac du phan phéi tai trong 14 phén phdi chudn.

4.2 HAM SO PHU THUOC VAO NHIEU BIEN SO
4.2.1 Phy thude tuyén tinh

Phugng phdp phan tich truc tiép bing con dudng lay tich phan dé
xdc dinh trie tiép (theo cdc st phu thude tdng qudat cia ly thuyét xdc sudt)
mat dé phan phéi theo ham mat d4 phan phéi theo cdc bién s6. Tuy nhién,
két qud cudi cing c6 thé nhan-duge chi trong vai trudng hgp riéng 1é.

Ta khdo sdt truong hop don gidn nhat - két hgp hai quy luat phan
phéi, tife 1a guy luat phan phéi 16ng Z clia cac dai lugng ngdu nhién doc lap
X va Y khi da biét mat do phan phsi cda chang la fi(x) va fi{y).

Z=X+Y
gz)= {[x0f; (7. - x)dx (4.4)
Hoac: g(7)= J.t'l(z—yl!g(y}dy (4.5)

K&t hgp cdc phan phdi chudn 1a mét quy luit phdn phdi chudn.
Phan phéi t6ng cac dai lugng ngiu nhidn déc lap

Néuu =x + y + z la td hop edc phan phéi, khi cdc dai lugng thanh
phan X, Y, Z duge phan phdi chudn, thi U cing la mdt phdn phéi chudn.

Ky vong todn va phuong sai cta dai lugng ngdu nhign U:

.mu =My + I, + M, t4.6)

Sy =8; +87+5] (4.7)
trong dé: m,, m,, m, - k¥ vong todn cdc dai lugng ngdu nhién X, Y, Z; s:,
S;, S; - phuong sai cla cde gid tri nay.

Thiét l4p quy ludt phan phai cia ham s6 c6 thd bing cdc phuong
phdp théng thuting cia théng ké todn theo cdc gid tri s riéng 18 cia ham
88, duge tinh khi gid tri cia cdc bidn s6 tU ddy s6 ngdu nhién, vi dy theo
phuung phip Monte-Carlo {chuong 8).

Vidu 4.2

Tim ham mat dd xdc sudt cda téng hai dai lugng nhiu nhién déc
lap phan phdi chudn z = x+y vdi x, v 1a cde dai lugng ngdu nhién phén phdi
theo quy luit chudn.
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Giai:

Chuong 4

Gid 50 X va Y 1a cdc dai lugng ngaiu nhién phin phdi chudn, khi dé

{g=m, )
. 2k
fi{x}= e U
SeV2n
'{‘j"_;my}:
I 252
Liy)= e v
: S, +2n

Thay thé hai ham phin phéi trén vao c¢dng thite (4.5) ta ¢d

tz—y-m, " w—mlll

i
Jo~

fizy= ¥ de

SySy2m 4

Biéu thic trén cé thé viét lai ¢ dang sau

Muemmo® w2y (e .Ti\
. 1 2| 8! 8: 2l s; Lsf]si"“'s-‘
fiz)= C ’ ch ’ !
5.5, 2n

P ldy (vd2-1)

. m -
va ¢ =|—+ z ;n"
sz 8

Khi dé bifu thuc dudi dau tich phan cla cang thic (vd2-1} cé thé
viét dudi dang sau:

o m e yTo2 ,+r !_Ifi:.\:]
I——uy —2&;}]); J' ‘[ < [r,] Lu,,J

dy (vd2-2)
Pinh bién ngiu nhién méi w:
2
w=y-—-—%
¢

Biéu thic dudi ddu tich phdn (vd2-2) cé dang

[fz_] 2 1 ) [i
e 2¢, Ie"z"i“" 2n Py

dw

L J béi vi fe ™ dw = |28 (vd2-3)
— cl . C'l

Tit cong thde (vd2-1) va (vd2-3) ta suy ra

{x-m,) m, S yHr—m, jS S ‘;
t 2 —.si 2nSy S2 52 s-
flz)= - £
5,8

ik s siss; ] (vd2-4)
(S" + ‘%
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nam sé dai lugng ...
Sau cdc phép don gian ta thu duge:

1 [I—f m,+m, ) !

1 | Fean i

J2MST+ ST

Tir phuong trinh nay ta suy ra z 1a hién ngdu nhién phin phéi theo
qui luat chuan véi:

f(z) = VIR (vd2-5)

m, =m, + m,
h L 2
5, =58.+5;

Vi du 4.3

Kha nang tdi S cia chi tiét mdy va tdi trong tdc dung L duyc phan
phéi theo quy luit chudn. Xdc dinh quy luit phan phdi ham s6 Z = 5 - L.
Tinh xdc suat P (Z>0) dude goi 14 xdc sudt khéng hdng hoic xdc suat lam
vigdc khéng hdéng néu nhu gid tri trung binh (ky vong todn) cia kha ndng
tdi va tdi trong tugng ng sé bdng mg=3.10* N, my =1,6.10°N; sai léch binh
phuong trung binh S va L tuong ving sé bing Ss= 0,5.10°N va §;, =0,3.10°N.
Giai:

Phian phdi cia hiéu Z duge mé td bing cdc quy luat chudn vdi cdc
tham sd:

my =mg-m;=3.10°-16.10" = 1,4.10°N

S, = JSS +8¢ :J{(J.5.103)3+(0\3.I03)3 =0.583.10°N
Mat. d9 phan phéi clia higu Z.
_z-mg
flz) = : e

Sp2m
Ham phan phdi:

2
F(z) = jt(z)dz=l=0(z|)
trong d6: Fy(z;} - ham phén phdi chuin tra bang (khi z; = -2,4 thi Fy(-2,4) =
0,0082); z; - diém phan vi phdn phéi chudn chuin héa,
Diém phan vi:

2, = Z2Me
5,
3
Khi 2 = 0 thi diém phan viz, = - Tz.. 10 . 54
S,  0583.10°

Trong khi tinh P(Z < z) = F(z} ta thu duge.
P(Z < 0) = F(-2,4) = 0,0082
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Chudng 4
Suy ra xdc sudt lam viéec khong hdng (tra phu luc 1),
PZ>01=1-PIZ<0}=1-0,0082=0,0918
Vi du 4.4
Thoi gian lam viée cho dén hic héng t 14 hAm =6 ctia dng sudt o va
duge bidu dién bing sy phu thude (phuong trinh dudng cong theo quan diém
xde sult)
lgt = blgo + US, + A
trong dé: b, 8, A - cdc hang s6 dugc xdc dinh theo két qua thi nghidm mdi;
U - dai lugng ngdu nhién chudn héa, phan phdi theo quy ludt chudn vdi m,
={val, =1
Xdc dinh mat d6 phan phdi thai gian lam viéc cho dén hic héng néu
logarit Gng sudt lgo 1A dai luung ngdu nhién, phin phéi theo quy luat chuin
vdi cdc tham s§ my, va Sy
Giai:
Logarit thdi gian lam vidc cho dén lic héng 1a ham tuyén tinh cua
hai dai lugng ngdu nhién cua cdce dai lugng phian phéi chuidn lgo va U 13
phan phdi chudn vdi cde tham sé:
my, = bmy,+ m,S, + A=bm, + A

va Si = DShe + SIS2 = Jb7ST + 53

M4at 35 phan phdi chudn logarit thai gian lam vidc cho dé&n lac

héng:
gt my i

fllgt) = 1o i
2n

lut
M4t dé phan phoi thdi gian 1am viéc cho d&n hic héng:

rlgt -my, ¥

04343 T8,
=]

tSy V21

4.2.2 Phu thudc phi tuyén
Trong thue té&, cdc dai lugng ngdu nhién S va L lai phy thuge phi

fit) =

tuy&n vao nhiéu yéu t& khdc nhau nén d& xdc dinh gid tri trung binh va sai
léch binh phuong trung binh ta s dung nhidu phuong phdp. Vi du mé
phong Monte Carlo {chuong 8), phan tich chudi Taylor {chuong 5), .., cdc dai
lugng ngiu nhién S va . phu thudc vao nhidu bién s6 z = g(X,, X;, ., X,) ta
st dung xdp xi bic nhat hodc bac hai cla day Taylor dé xdc dinh gid tri
trung binh m, va saj léch binh phuong trung binh 8,° clia ham kha vi z =
g(Xy, X,,.. X,) cta cde bién ngiu nhién dée X, X,, ., X,.. N&u ham g(¥X,, X,, ,
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Ham sé dai lugng .,
X} xap xi bac nhdl trén mién nao 46 trong pham vi vai sai léch binh
phuong trung binh v gid tri trung binh (my,, m.., ., m,,) cia (X, X,, , X,),
sau dé xAp x1 bdc nhat s& duge ude lugng thoa, PE ude lugng chinh xdc hon
ta cé thé su dung xdp xi bac 2.
XAp xi béc nhit

Gid tri trung binh:

m, = glmy, , Myy , ..., My, ) (4.8}
Phuong sai:
r . 2 - 2
8, b= ‘E l . 8 v+ —Lg—‘! st 4.9}
‘Vf\'_Jnl N Lﬁxl-m N {‘}X”_m " {
Xip xi bae hai
Gid Lri trung binh:
2,0 T o] g |
m,=glmx;, My, sm,\'n]*’%” [TET Sl:l +] i ’r: Sil ++’Vi t: S_:n ! (4.10)
ALz, e, Laxi ],
Phuung sai:
Dt fe il o | (4.1
R el B B B BT 1D
1{_"‘ IJm I RIXJ Jm ) I v n Jm )

3 ’ 1 i
1 [ e = L,T‘!‘L,—’ N M
_I _T~! 3\-1 +,.V = | 5_\'2 + .. *'!V AJ ‘S.\'n
| Lt m :

L{..X S IJ:‘\E JIm
trong dé: X, Xy, ., X, - cdc dai lugng ngiu nhién doc 1lap; myy, me,..., my, -
cac Ky vong todn cda ching; Sy, Sye, ..., 8y, - cac phugng sat cda ching. Chi

f o

iX J ¢é nghia & ngudi ta xdc dinh gid tri 86 cia
[,
m

50 m,, lai dao ham

p———a,

1
Y

ching vdi X; = m,,.
Khi d6 i s6:

m, “Uﬂ LUSESILIY (4.12)
§ w

R

duge goi 14 chi 56 d6 fin cdy theo gia tri frung binh mdmen thit hai bde

|;"|||I

nhdt: _
- Bie nhdt vi ta s dung khai trién chudi Taylor bac nhat
- Mémen thit hal vi la s dung chi ¢d gid tri trung binh va phuong sai
- Gid trf trung binh 12 do ta khai trién chudi Taylor chung quanh gia

iri trung binh.



Chuang 4
Né&u cdc ky vong todn cla cdc bign s6 khong tring vdi cdc gid tri
danh nghia cha chdng, duge chi ra trong cdc tai liéu k¥ thuat, thi cdc tham
s8 phan phdi cia ham s§ c¢6 thé xdc dinh qua cdc gid tri danh nghia cia
ham s6 y,, cde bién 886 x4, Xg,, ... X VA cdc gid tri dac ham riéng ciia ham
s v6i cdc gid tri danh nghia cda bién s0.

Khi dé:

7Y
+Z(}.__J SL(x,, ~m ) (4.13)

(4.14)

vl
- |
1l
o
] i T
s
72}
R

Vidu4d.b

Usc lugng bang phucng phdp tuyén tinh héa cdc dic tinh s6 coa hé
50 an toan d5 bén n, bing ti sd kha ndng tdi S va tdi trong tdc dung L. Cdc
gia tri trung binh 8 va L tuong ung biing mg = 4.10° N va m;, = 2.10* N, hé
56 bién phdn vg = 0,12 va vy = 0,15.
Giai:

Gid tri trung binh (k¥ vong todn) cda hé sd an toan d6 bén duoc goi
14 hé s8 an toan theo tdi trong trung binh

- mg 4.10°
n= ——=——=
m, 200
Sai léch binh phudng trung binh cia ham s6 n = %:
82 a2 2
S, = (@] s§+(ii) §? = & S‘m*
5 1" el m; ml I“L
., ey . Sg SL
Néu thay gid tri hé s8 bién phén vg=—= va v =—= thi ta nhin
mg my

dugc biéu thifc d8i vdi sai 1éch binh phuong trung binh cia hé 56 an toan:

S, = AyvE +vE =2y012%2 40157 = 0384
4.3 PHAN TiCH TUONG QUAN TRONG CAC PHU

THUOC PO TIN CAY

Vi Iy thuyét xdc sudt dya trén cdc dai lugng ngiu nhién cho nén
trong ly thuyét nady ngudi ta sl dung cdc phu thudc xdc sudt ngdu nhién
thay cho cdc phu thude ham sé.

76



Him s# dai lugng ...

Hai dai lugng ngdu nhién, nhu da bigt la dée 1ap vdi nhau, néu nhu
mdi quy luit phan phdi cia dai lugng nay khéng phu thudc vao gid tri cia
dai Jugng ngiu nhién khdc. Cdc dai lugng ngiu nhién nay ¢ thé la gidi
han méi vat lidu chi tiét va hé =0 tap trung vng sudt 1y thuyét tai ti&t dién
nguy hiéd'm cda chi tiét.

Cidc dai lugng duge goi 1a phu thude ham sé néu nhu ta bit duge
gid tri ca mdt dai lugng thi suy ra mot gid tri cu thé da bist cda dai lugng
kia. Vi du cho su phy thudc nay 1a tng suit va bién dang trong céc chi tiét
bién dang dan héi.

Cudi ciing, cdc dai lugng goi la quan hé theo su phu thuée xac
sudt hodc ngiu nhién néu nhu theo gid tri da biét clia mét dai luong
khéng luong Ung vdi mot gid tri cu thé ma tudng dng vdi quy lual phain
phéi cta dai lugng khde.

Cdc sy phu thuée xdc suat khéng chi phu thuée vio cdc yéu td tong
quiét ma con vao cde yéu t§ ngdu nhién khde nhau. Cde s phu thude xdce
sudt ddc trung béi xu hudng thay déi cia mét dai lugng ngau nhién trong
sy phu thudc vao sy thay déi cia dai lugng khdc. Ching ¢ thé chat ché
nhiéu hon hodc it hon trong gidi han khéng cé su phu thude va cé su phu
thuéc ham s6. Thi du dién hinh c(a m6i quan h@ xdc sudt cd thé 1a su phu
thudc gita khéi lugng va chidu cao con ngudi.

Trong k§ thudt cdc m8i quan hé xdc sudt rat phé bign {vi du lién hé
giifa cdc dac tinh vat lidu va gilta cdc tham s6 cum mdy ri éng bist).

Nghién afu sy phu thudc xde sudt gida cde dai lugng ngau nhién la
déi tugng cda phan tich tueng quan.

Thong tin diy di vé sy lidn hé xdc sudt cia hai dai lugng ngdu
nhién 1la mat 4% phan phdi chung fix, y) hodc mat dé phan phdi (cé didu
kién) fix/y}, fly/x) tite 14 mat d6 phdn phéi cde dai lugng ngdu nhién X va Y
khi cho trude cdc gid tri cy thé x va y tuong (ng.

Mit dé chung va mait d6 phan phéi ¢d diéu kién lién hé bsi cdc bigu
thie dudi day:

fixy) = 1‘[1] Ii‘(X-y)dy {4.15)
x —un

fix,y) = 1‘(1] Ii‘(x.y)(lx {4.16)
Y =

Déi vdi cac dai lugng ngdu nhién déc 1ap mét do phdn phéi chung
f{x,y) bdng tich cdc mat &5 phan phéi cdc dai lugng ngdu nhien X va Y:
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fix,y) = f,0f,(y) (417
Cdc ddc tinh cht v8u cla cdc sy phu thude xde sudt Ja covarian va
hé sd tueng quan.
Covarian: Covarian cia hai dai lugng ngdu nhién X va Y xdc dinh theo cdc
cong thic sau:

P6i vdi cde dai lugng ngdu nhién rdi rac

coviX, Yi= ZZ(xi —m Ky —m.p; {4.18)
1

1

Bdi vdi trudng hop lién tuc:

cov(X, Y) = J' _[(x-m,(ny—myuxdy {4.19)
trong dé: m, va m, - k¥ vong todn cla cdc dai lugng ngdu nhién X va Y; py -
xdc suAt ob gid tri riéng 1é x; va y;.

Covarian dic trung doéng thii sy lién quan gida cdc dai Jugng ngéu
nhién va dé phin tdn cda ching. Theo thd nguyén ching tuong Ung vdi
phuong sai cdc dai lugng ngdu nhién doc lap.

Néu cde dai luong ngdu nhién 1a déc l4p thi covarian bing khéng
bdi vi chiing ¢é thé bidu dién nhu 14 tich cdc mémen trung tidm cla cdc dai
lugng X va Y, ma cdc dai lugng nay c6 gid tri bdng 0.

Né&u mit trong cde dai lugng ngdu nhién ¢6 ddo phan tdn nhd thi
covarian s& nhoé mac ddu c6 sy quan hé chat ché gifa cde dai lugng ngiu
nhién cho nén dé& it ra cde diic tinh quan hé gida cde dai lugng nglu nhién
ta chuyén sang hé s8 tudng quan:

olX, V) = cov(X, V) —— (4.20)

trong dd: S, va S8, - sai léch binh phuong trung binh cdc dai lugng ngiu
nhién X va Y.

Hé 8 tuong quan dac trung cho mie 46 chidt ché su phu thude va cd
thé thay déi treng mién giéi han -1 p < 1. Gid tri p = 1 va p = -1 tugng
iing sy phy thudc ham s6, gid tri p = 0 tudng tng sy khéng tuong quan cdc
dai lugng ngdu nhién. D61 véi cdc dai lugng ngdu nhién déc ldp ta ¢é p = 0.
Tuy nhién p = 0 khéng thé k&t Wwan ching déc 1ap.

Ta khdo sdt sy tuong quan gifa cde dai lugng ngdu nhiédn cing nhu
gitfa cac sy kién va tuong quan tAp hgp. Dic trung cda mdi quan hé gida
nhiéu su kién va dai lugng ngdu nhién.

Béng cdch phan tich tuong tu sy lién hé xdc sudt ngudi ta xdc dinh
ky vong todn ¢ didu kién cdc dai lugng ngdu nhién m,,,, m,, tdc 1a k¥ vong
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todn cdc dai luong ngdu nhién Y va X tuong (ng vdi cde gid tri cu thé x va
¥ cho trudc.

Su phu thude k¥ vong todn cé didu kién my, vao x goi la phép héi
quy Y theo X. Su phu thujc my, vdo v tuong dng duge goi 1la phép hdi quy X
theo Y.

Déi véi cde dai lugng ngdu nhidén phan phdi chudn Y va X, phuong
trinh hdi quy cé dang:

My = My +p o x-my) (4.20)
béi vdi phép hdi quy X theo Y:
S
My, = My + pﬂ—‘(y—my) (4.22)

¥
trong dé: p - hé s6 tuong quan; m,, m, va 8,, S, - k¥ vong todn va sai léch
binh phuong trung binh cde dai lugng ngdu nhidn tugng iing.

Lanh vuc ding dung quan trong phén tich tugng quan trong cde bai
todn d6 tin cdy 14 x( 1¥ va téng két cdc két gua guan sdt khi lam viée (vin
hanh).

K&t qua quan sat cde dai luong ngdu nhién Y va X dugce biéu dién
bang cdc cép gid tri v, X; ctia l4n quan s4t thg i, trong d6 i=1, 2, ..., n, v&8i n
1a s& cde quan sdt.

Uéc lugng v cia hé sé tuong quan p xde dinh theo céng thic:
X ST
B (n—1)sys,

r (4.23}

trong d6: p,, i, - tuong Ung ude luyng k¥ vong todn m,, m,, tic la gid tri

N N 1 . .

trung binh tir n quan sdt: pu, =le]- DBy ==Y ¥i; 8 Sy - tuong Ung udc
1 Y n '

V
luyng cdc sai léch binh phueng trung binh S, va 8,

Sy = 1/:11?2(){-‘ T (4.24)

SﬁJ ! TR (4.25)

n-1

Pt ude lugng cde ky vong todn o6 diéu kién my, , my,, tuong dng 13
My VA pyx, phuong trinh héi quy thuc nghigm Y theo X va X theo Y duge

viét dudi dang sau:
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3
Y=py+rf1(x—px) {4.26)

X
s
X=p, +r3(y-p,) (4.27)
Sy ’
Tuy nhién chi ¢6 mét trong hai phuong trinh hdi quy k& trén cd ¥
nghia thue 1€
Nhan xét rding khi hé sd tuong quan r = 1 cdc phugng trinh héi quy
1a déng nhat.

4.4 BAI TAP
4.1 Hidu sudt n ciia bd truyén vit me — dai 6¢ (ren hinh thang can) dugc xdc
dinh bdi céng thdc:
ey

s —————-
Ly +p')

trong do6: y - géc ndng cua ren; p'=urcigl’= m'clg{ f BJ- gdc ma sdt vdi f

cos
- hé a3 ma sdt va f§ - nita géc dinh ren,

Néu v, p va f 13 cde dai lugng nglu nhién vdi gid tri trung binh va
he s6 bién phan: p = 30" y=10":f =0kv, =005v, =0,05v, =04. Xdc

dinh gid tri trung binh va sai léch binh phuong trung binh cida n.

4.2 Chiéu dai dai | cda bd truyén dai det (hinh 4.1) xdc dinh theo céng thidc.

I=7a+ n{dl +d:-)+(i:_‘dl)l
2 Ja

treng dé: a - khodng cdch true; d,, d; - dudng kinh banh ddn va bi dan.

N&u a, dy, ds 14 cde dai luong nghu nhién v6i d; = 100 mm, d» =
200 mm; Sg; = 1 mm; Sy = 2,5 mm; a = 1000mm S, = 50mm. Xdc dinh

gid tri trung binh v sai 1éch binh phuong trung binh cia chidu dai dai.

Hinhk 4.1
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Ham sé dai higng ..

4.3 Ung suat tiép xdc ldn nhat gida hai hinh tru bing thép dudi tdc dung
cia lue F duge xde dinh bdi:

FRE( ~dy)

Yol - T

Sy =

trong dé: F - madun dan héi; | - chiéu dai tip xic doc trye.
Néu (F.S;) = (10000, 20000N:(LS,) = (0.2, 0,002)m; (E.S,.) = (2,06,
LOBIL0°MPa; (1.8 )= (0.3, 0,015k (d,.8, )= (0.1; 0,0Dm va (d,.8, )=

(0,25: 0,025m. Xdc dinh gig tri trung binh va sai léch binh phuong

trung binh cila ing sudt tiép xuc.

4.4 Hai thanh ca chidu dai X, va X, duge ndi nhu hinh 4.2. Néu X, va X,
phan phdi déu trong khodng tuong iing (0,2) va (0,3). Xdc dinh ham
phan phdi xdc suit cia tdng chidu dai X; + X,.

Tim xdc sudt d& téng X, + X, 2 3,5.
//
Z

¢

4.5 lafe qudn tinh T trén déng co piston (hinh 4.3) duge xdc dinh theo cing
thire:

Hinh 4.2

. k
F=mro”cosel+m cos 2wl

trong dé: m- khéi lugng piston: r — chidu dai tay quay; 1- chidu dai thanh

truyén; w- van tdc goc cla tay quay va t la thé gian,

- .

Tay quay

Thanh truvén
Hinh 1.3
Tim gid tri trung binh va sai léch binh phuong trung binh cia F khi
t = 0,003333 s. Biét rang cdc m, r. m va | | cde dai lugng ngdu nhién
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doc lap vdi gid tri trung binh vi hé sf bién phan cé cde gid tri sau

i =tkg v

=0t =75em v, = 0,051 =30cm; v; =005 0 = 1500vg/ phr v, = 0,10,

4.6 Banh rdng duge 1dp vao truc véi méi ghép c6 4o dsi nhy hinh 4 4. N&u
nhu dudng kinh truc d = N(50,254, 0,127) mm va dudrng kinh & D =
N{49,53, 0,127) mm. Xac dinh ham mat 4 phan phdi cia moi ldp cé 46

dd1 gifa hai chi tiét.

Tryc

.
_——_

Hinh 4.4
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CHUONG 5

THIET KE VA PHAN TiCH THEO PO
TIN CAY BANG CAC PHUONG PHAP
PHAN TiCH XAP Xi

5.1 GIOI THIEU

Trong phucng phdp thist k& truyén théng, con goi la thiét k& don
dinh, ta thi€t k& cdc chi tiét mdy theo cde chi tiéu v& khd ndng lam viéc, d§
an toan cla chi tiét co khi hodc k&t ¢du 12 hé s6 an toan. Tuy nhién trong
thie t& cde dai lugng thiét k& 1a cdc dai lugng ngdu nhién, sy thay déi ngéu
nhién 13 do ba nguyén nhan chinh: su thay d8i cdc théng s6 {(su gia cong
khéng chinh xde, tdi trong ngoai thay ddi ngiu nhién, co tinh vat lidu.), sai
s6 md hinh tinh todn (vi du céng thdc xde dinh dng sudt thu duge theo
nhidu gid thuy& khdc nhau ), sai s6 do phuong phdp tinh (sai s& giita
phuong phdp s6 va phuong phdp gidi tich..). Trong thiét k& cdc hé théng
phuc tap su thay ddi nhd cdc théng s§ ddu vao 14 nguyén nhan dan dén mA4t
mit chdt lugng hodc khong ddm bdo dé tin cdy, an todn (gdy nén cdc sy
kién hdng héc nghiém treng) cho sdn phdm.

Mgt cdch don gidn ching ta cé thé chia cdc phudng phdp phéan tich
theo d§ tin cdy ra 14 2 nhém: phén tich dd tin cdy theo todn hoc va phan
tich db tin cdy theo vat I¥. Phdn tich 4§ tin cdy theo todn hoc thi d§ tin cay
cia mat hé théng hay mét thanh phdn sé duge xdc dinh bing cdch thd
nghiém. Hé théng va cdec thanh phin dac biét théng thuimg sé duge thd
nghiém d€n héng héc. Thisi gian héng hde, leai héng héc va thdi gian sta
chita duge lwu lai. Cde théng tin vé thoi gian dimg sit dung théng thuing
ciing sé duge luu lai va dua vao co sd dit liéu. Sau d6 qud trinh phén tich
théng ké s& duge sit dung dé& xdc dinh d4 tin cay cia hé théng, ude lugng rii
ro va ndng cao d6 tin cdy. “Kiém nghiém” va “thir" 1a cdng cu viéc phdn tich
dd tin cAy theo todn hoc va né di dugce dng dung trong cde linh vue k7 thuit
hién hanh trong nhidu nim qua.

Thuc t& thi thiét ké k¥ thuat da c6 nhilng bude phdt trién ddng ké va
chiing ta d4 ¢4 mét phuong phdp thiét k& mdi ti€n bé hon d6 la phuong
phdp thigt k& thec d6 tin ciy trén cg sd vat Iy véi si hd trd béi cde phuong
phdp mé phéng va tdng hgp hién dai. Theo phuong phdp nay dd tin ciy 6
thé duge tinh todn théng qua cdc cong thic vat 1§ va qud trinh mé phéng



Chudng §
bang miy tinh df xdc dinh trang thai hédng hée. Vi du ¢ hinh 5.1 14 hinh
anh cua 6to, qua trinh mé phéng théng qua cdc md hinh phan t& hou han
tuyén tinh hay phi tuyén sé& duge tao ra dé ude doan cdc hanh vi (bao gém
cd cde truding hap hdng hde va tai nan) va do tin cdy c6 thé duge tinh toan
mat cach chinh xac dua trén cdc mo hinh mo phong.

i
oY

Hinh 5.1 Mé hinh tinh todn phwonyg phdap phdan ti hitw han

Chu y rang cdc dac tinh xac suat duge néu ra d day khong phai lde
nao cing gidong nhau déi vdl tat ca ede bai toan phin tich do tin cay. Phu
thude vao cde ung dung khdc nhau cde dae tinh xac suat khae nhau sé duge

x4

st dung.

Mién hong hice g( Xi<0

Ham trang thai gidi han g(X)=0

Mién an toan g(X)>0)

Hinh 5.2 Khar niém ham trang thai giai han

Trong méat s6 trugng hop chung ta khang thé c6 cac thang tin vé& ham
phén phoi cba cac bién ddu vao ma chi biét cdc cde gid tr1 mémen (vi du
nhu: gia tri trung binh, sai léch chuén ). Khi dé bai toan phan tich dé tin
cAy: tim kiém cac gia tri mémen cdc bién dap ung (bién dau ra) Y = g(X,,
X., . X,) khi ching ta da bigt trude gix tri moémen cia cde bidn dau vao X =

(Xy, X. .., X0,

84



Thiét ké vi_phiin tich theo dé tin ¢y bing cdc phugng phd p phéin tich x5 xi

Ham trang thai gidi han ¥ = g(X) 14 mét ham bidu dién méi quan hé
giita ddc tinh Y va cdc bién ngdu nhién ddu vac X. Khi gid tri cia ham
trang thdi gigi han vugt qud mét ngudng nio dé thi trang thdi cua thiét bi
sé¢ thay d&i tif trang thai an toan sang trang thdi hu hong. Néu ching ta 13y
mic 0 nhu la ngudng cda ham trang thdi thi ham Y = g(X) = 0 s& chia
khéng gian cia bi€n thiét k& ra lam hai ving: ving an todn va ving héng
hic. Vi ly do trén nén ham diac tinh Y = g(X) cdn dude coi 14 ham trang
thdi gidi han trong qud trinh phédn tich va thi&t k& theo do tin cay. Hinh
5.2 ¢chi ra ham trang thdi gidgi han d6i véi cdc bai todn 2 chidu

Vi du, néu ham trang thdi gidi han ¥ = gX) =8 - L v61 S va L tuong
ing la do bén va dng sudt thi ta c6 Y = g(X) = § = L = 0 14 ham trang thdi
gidi han va ving Y = giX) = 5 — L > 0 duge goi 14 ving an toan, con vung Y
=gtX) =5 - L < 0 duage goi 1a vung khong an toan.

i
oty

AN

N y

Xdc sust héng F Xic suidt khéng hong

Hinlt 5.3 Khdi niém dé tin cdy

Trong tinh todn theo dé tin cdy trén cd s& vit 1y, chng thie xdce dinh
46 tin cdy duge trinh bdy nhu sau:

R =P(g(X) > 0) {5.1)
Xdc sudt hong la:
F=1-R=PgiX)<® {5.2)
Nhu ta dd néu ham trang thdi gidi han 14 ¥ = g{X) = § - L va d% tin
cdy la:
R=PgXi>0=PS-L>0 (5.3)

dé chinh 1& xdc sudt ctia vng sudt gidi han 1¢n hon dng sudt tinh todn thue

té.
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5.2 TONG QUAN QUA TRINH PHAN TIiCH PO TIN CAY

Muc dich ctia viéc phén tich 86 tin ciy la d& tim ra dac tinh xdc suét
cia ham trang thdi gigi han Y = g(X) dugc cho béi phan phéi cia cdc bién
ngau nhién X. Ké tiép n&u khong yéu cdu thi ching ta xem tat cd cdc bién
thiét k& 1a doe lap tuyén tinh.

Ham phén phéi tich liy duge xdc dinh thee cong thire:
F,(y) =P (gX) <y) (5.4)
Tir céng thite (5.1) ta 6 xdc sudt hoéng héc 13 gid tri cla ham phén
phéi tich lay tai gid tri y=0. )
F = P(g(X) < 0) = F,(0) (5.5)

Theo ly thuyét thi ching ta ¢ thé tinh todn gid tri cda ham F(y)
theo cong thic sau:

F_‘.(y)=j... J.fx,,xw..._x,,{xl-xz ..... X e ds . dx (5.6)
piXizy

Ham dudi d4u tich phan fxi,xz,.x. 12 hdm hgp clla ham mat 46 phan
phéi cia bién X va duge cho bdi céng thic;

n
fx,. x...x, =nfx,(’*a) {5.7)
i=l

v6i fy; 14 ham méat do phan phdi cha bién X

Né&u gia tri clia hAm phéan phéi tich lay Y = g(X) 1a lién tuc thi dya
v&io ham phén phdi tich liy nay ching ta sé dé& dang xac dinh duge cdc dic
tinh gdc xudt clia ham nay.

Trong thuc t& thi viée ude lugng cong thic tich phan (5.6) gip rat
nhidu khé khan. Vi thuiing thi cde ham trang thdi gidi han Y = g(X) 1a cdc
ham phi tuyén cta bién X, do vdy didu kién bién cda tich phan cing phi
tuyén. Vi s bi€n ngdu nhién trong cdc dng dung thuc t& thudng 18n, cho
nén phdi st dung tich phan nhiéu 1§p. Khi dé vide tinh todn truc tigp gia
tr] ¢lia ham trang thdi gigi han tif cac edng thic tich phin trén gip nhidu
khé khan va doi héi mat nhiéu thai gian. Thy thudc vae mie d phic tap,
ching ta rat hiém khi tim théy gidl phédp téng thé co thé sit dung dé tinh
todn cde cdng thic trén ¢ cde trudng hop khdce nhau. VA viéc sd dung cac
cong cu tich phan s§ dé gidi quyét cdc van dé niy cing thusng gip phdi cde
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van dé rat khé khan. D& gidi quyét vdAn d& nay ngudi ia da phai sit dyng cdc
phuong phap xdp xi d8 tinh todn.

Nhu dd gidi thigu 4 mue 5.1 dg tin cdy duge dinh nghia 13 xdc suat cla
ham dgc tinh (ham trang thdi gidi han) g(X) » 0, tuong dng vdl gid tri xdc
sudt cda cdc bién ngdu nhién X = (X, X,,..., X,} ndim trong ving an toan va
duge xdc dinh boi g(X) > 0. Xdc suit hdong la xdc sudt cla ham dic tink
(tham trang thdi gidi han) g(X) < 0, tuong ung véi gid tri xdc sudt cua cde
bign ngdu nhién X = (X4, X, ..., X,) ndm trong ving khéng an todn va duge
xac dinh bdi g(X) < 0. X4c suat héng duge tinh td cong thide (5.6) vdi y = O

F=PX)<0)= [f(xudx (5.8)
(X et

Va dé tin cdy duge xdc dinh theo cdng thuc:

R=1-F=PgX)»0)= ff,((x_ldx 5.9}

g X =0

Phuong phdp md phdng Monte Carlo ¢ thé duge sit dung dé ude lugng
cdc cong thic tich phan trén, tuy nhién viéc st dung cong cu nay dbi hai
ton nhidu thdi gian va nd cing bi han ché bdi tée dé xir 1¥ eda mdy tinh va
khi d6 chi phi cho vige tinh todn cdc cong thidc tich phin nay s8 rdt cao. T
nhimg thap nién gdn day cdc phuong phip xdp xi dd dugc nghién ctu, Ung
dung cho viée tinh todn cdc cong thic nay cling nhu iing dung trong viéc
trong vidc tinh todn dd tin cdy cla két cdu va cdc lanh vue ki thuat khéc.

Cdc phuong phdp phd bign thudng duge sid dung trong viéc phén tich
dd tin ¢4y la phuong phdp momen thich hop, phuong phdp x4p xi bac nhdt
va phuang phdp xdp x3 bic hai .. Néi dung chinh ela cdc phuong phdp nay
d6 chinh 14 1am don gidn gud trinh tinh todn cdc cong thdc trén théng qua
viée 1am don gidn hod cde cong thic dudi ddu tich phén f(x) va xdp xi ham
trang thdi gidi han g(X). Thong gua cdc k¥ thuit 1a don gidn héa va xdp xi
thi viéc tinh todn cdc cong thie tich phan trén s& dé dang thuc hién duge.

T4t cd cde bién ngAu nhién X trong cdc phuong phdp nay dugce gid
dinh 12 doc lap. Cdc phuong phép nay cing c6 thé duge ding dé gidi quyét
cdc bai todn vGi cde bién thiét k& ¢4 quan hé tuong guan, sau khi cdc bién
nay duge chuyén déi thanh cdc bién dge 14p.
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5.3 PHUONG PHAP XAP Xi BAC NHAT

Tén goi cia phuong phap nay xuidt phdt tir vide sif dung dang xdp xi
trong qud trinh tinh toan: ham trang thai gidi han g(X) duge xdp xi bai ky
thuat khai trién chudi Tailor bac nhat.

bé dé hinh dung céng thie tich phan (5.8) va (5.9) ¢ trén ¢d the duge
bigu dién trong khong gian ba chiéu nhis hinh 5.4. Hinh trén 1a hinh hiéu
dién ham mat dd phan phdi {(x) va cde chu tuyén — hinh chiéu eda (x)
trén mat phang X, — Xu.

Do tin cay duge dinh nghia la xdc suat cla ham trang thdi giéi han

gtX) > 0, tueng tng v6i gid tri xdc suat cac bién ngiu nhien X = (X, Xu ..

X,) ndm trong vung an toan, duge xac dinh theo cong thiec:

R=PgX)>0)= If\mnlx 5.1y
P St

s il o

phiu phé

o R T . i
. el aldey
Mien anoin

Chu tuven

T _ —— -
[ - T I |

> .- Miey héng e . ——

S gy e i g L i .

Hinh 5.4 Tich phan xdae sudt

Phuong phap xap xi bac nhat gom hai bude: ddu tién chuyén cde
bién ngdu nhién ban dau sang khong gian chuan, tiép theo la xdp xi ham
trang thdi gidi han [21, 22, 111

Dé chuyén cac bién ngau nhién tit khong gian ngiu nhién ban dau
sang khong gian chudn thi ddu tién ham dudi dau tich phan fix) duge don
gian hoa bing ¢dch bién dbi c4c bién ngau nhién. Khang gian cua cac bién
ngau nhién ban dau X = (X;, X.. .., X,) duge goi 1a khéng gian X (hinh
6.5a), Chuyén tat ca cac bién nglu nhién thigt k& tir khong gian X sang
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Thié't k¢ va phin tich theg dé tin ciy biing cdc phitgng phd p phén tich x5 xi

khéng gian chuan U vdi gid tri trung binh cla cdc bién nay bing 0 va sai
léch chuan béng 1 (hinh 5.5b).

B, tx;1 =iy véi X = my, + Ui, hin

Lix) i

%,

HE)

d)l{ull I

1), sy

h} |

Hink 5.5

Sau khi bi&n d6i ham trang thdi gidi han nay cé dang Y = g(U).
Khi 46 46 tin ¢dy duge xde dinh theo cong thdc:

R=P(1)>0)= [py(uiu (5.12)
gillp=0

Vi cdc bién u; la d6c lap, nén ham ¢ y{uw) duge xac dinh:

rad | =I-I

¢U(u}—nJ_n (5.13)

Chu ¥ riang sau khi chuyén 48i thi ham dudi dau tich phéan (5.12)
trong khéng gian U la tuong ty nhu ham dudi ddu thice tich phén & cdng
thitc (5.9) trong khong gian X va qud trinh bién déi d6 khéng lam gidm d6
chinh xdc cia k&t qud tinh todn, tuy nhién cde dudng chu tuyén cda ham
f,(U) sé duge chuyén dai thanh cdc dutng tron déng tAm (hay 14 cdc duirng
siéu cAu d8i vdéi cdc bai todn da chiéu) va duge biéu dién ¢ hinh 5.6 trang
sau.
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Cbu tuyén ROxxa)=D

Mién an todn

alxi x>0 Miin héng hie

Xi

L L L —

Hinh 5.6 Tich phdn xdc sudlt trong khéng gian thiét ké
Dé& viéc tinh todn ham tich phan ¢ céng thde (5.12) duge don gidn
han thi ham trang thdi gidi han g(U) = 0 duge xdp xi thanh ham tuyén tinh
qua phép khai trién Taylor bic nhit.
2(Uy = L{U) = giu*y + Vgiury U —us)T (5.14)
trong dé: u* = (u;, ug, ..u, ) la difm khai trién, T la ky hiéu ma tran

chuyén vi va Vg{u*) la gradient ¢ta ham g(U) tai u*,

Gradient Vg(u*) xdc dinh theo ecing thie:

{5.15)

Vg(u*)z[og(U) (L) 8g(U)]

au, " eu, 7 au,

e
P& lam gidm sai 88, cich don gidn nhit ]a ngudi ta tién hanh khai
trién ham g{U) tai difm xdc sudt 1dn nhat (MPP), khi dé tich phan cé gid
tri lén nh4t. Bai todn tim diém xdc suit 16n nhat, 13 di€m thude mit g(U) =
0 va ¢6 mat d¢ phan phdi theo U ldn nhat:
Tim gid tri lon nhit:

LT {5.16)

Jan

vai didu kidn g(U) = 0.

Bai todn trén tuong duong:
Tim gid tri nhd nhdt |uf ver:

Jul = yuf +ui+..+0; (5.17)
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Thiét ké& va phin tich theo d6 tin cdy biing cic phudng phip phéin tich x4p xi

ta dé dai ciia vécto u.

Khoang cédch =|‘u'

| duoe goi 1a chi s6' d6 tin cgy. theo hinh 5.7 la

khodng cdch ngdn nhat tir bé mat g(U) = 0 dén goc toa dé trong khang gian
.

3 T L} L}
u, alu,.u )=0
i ~
Fridm wie s W nhit
1 ol
I

0 - -

AF .
afu -“.-) =0
2k W ar nan g!u‘.u‘) <0 -
Micin g b

-3 i L ' 1 i

-3 -2 -1 0 i 2y 3

Hinh 5.7 Tich phdn xdc sudt theo xdp xi bdc nhdt
Tai diém xdc suét 16n nhat u* thi g(U) =0, cho nén:

n 1 U
L{U}:Zr'g{ )
- ]

n

(U,—u:)zan+Za‘U| (5.18)

au

= u =1

|
! r - ‘: . -
Vil a, = —Z og(Lh) U, Vi a = ou) (5.19)
= au, e ! 'oau, L

Tir cong thifc (5.18) ta thday ring ham L(U) 14 mot ham da tuyén v

cdc bién tuan theo qui luat phan phdi chuan, do vay ham L(U) cting 1a phan
phéi chudn véi gid tri trung binh va sai léch trung binh duge xde dinh:

n

de(U)
—

u; 15.20)

j=l

(5.21)

Do vay do tin cay R sé duge x4p xi theo eéng thire:
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R=pPILILy=uh- -l 20—y

(S IR (R
=1- i, |-l—¢>(du Ty
B
. Varu'
vii IRV PR SRR I & (5.2:3)
”\ sl r”
la vécty don vi clia ham Viu') va
[ 1
U, l
;= o ""——I_i=l,2 ..... n (524}

Theo hinh 5.7 thi diém x#dc¢ sudt lén nhat u chinh 1& tidp diém cia
ham trang thai gidt han va duding tron c6 bdn kinh 142 B, do vay véets don

u

vi doe theo véeto u' c6 gia tri ,u_ =— bing vdi gid tri eda véeto dan vi a:
'u | s
].l,: 1 - -
[_5_ = q hoic u = -fla (5.25}

Do vay ham 40 tin cdy & dude xde dinh qua céng thae saw:
ES HESUNE | Ty F T
B{L(L) .). Dlau ) (5.26)
S D—flaa o - @b
Chi ¥ rang:
T =Y o =1 (5.27)
i

(’6 rat nhidu phudng phap s& da duge phdt trién dé thuc hién edng
vide tim diém xde suat 16n nhat. Gidar thual tim kiém difm xdc sudt ldn
nhil nay =i dung mat chng thie hdi quy vA né dya vao tuyén tinh hoa ham
trang thai gidi han. Gid tri diém xdc sudt ldn nhat ¢ vong lap tha k la o
duge xdc dinh theo cong thie:

gty = ey TpruF ettty =0 (5.28)
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Thi&t ké vii phan tich theo dd tin ¢iy hiing ciic phiidng pha p phiin tich xd'p xi

Hinli 5.8 Tim diegm xde sudt Lon nhdt
TU cong thic (5.25) ta od:
u* = -ptat
¥i a la vécto don vi, tir hinh 5.8 ta cd:
[ (A (5.29)
Thay the u* va u*! vao cong thic (5.28) thu duge:

gt )+ Vg yab Tt - gy

_ _ (5.3
= g(o* )+ [Verut et - gy =0
T diy suy ra:
b
N S 1 glu'} (531}

o
P& sit dung cong thite {5.31) ta cdn phai cé mot diem khgi ddu u'' va
théng thudng u" = 0.
Cdc didu kién hoi tu duge sif dung dé két thic vang lap:

Huh—l _ u""s . ”Bk+1 N Bk!) < £y va HVg(u“')—Vg(uklhé &

vdi £, £2, €4 €O gid Lri rdt nho.

Trinh ty thuc hién:
1. Lap ham trang thdi gidi han g(X).
2. Chuyén tir khéng gian X sang U.

3. Chon u’ la didm khéi dau.
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4. X4c dinh g(u®) tir ham trang thdi giéi han.
5. Xac dinh Ve(u")theo cong thie (5.15).
6. Tinh “Vg{u“ )H: \#(Vg(u“)]z .
. i
7 Tinh ti 6 a° = &Y )
e’

8. Xac dinh gid tri p° =Uu”ﬂ.

9. Vang lap ké tiép bil diu vdi
Lot
R ﬂ” . glu’)
Few]

18, Thyue hiégn cdc bude 1-9, néu thoa man cde didu kién hoi tu thi dimg. Néu
khéng, lap lai trinh ty tinh véi k = k+1.

(Gidi thuit tim kigm MPP dudc trinh bay & trén rat don gidn khi s
dung, téc dd héi tu rat cao trong rat nhiéu trudng hop. Do vay gidi thuat
nay d4 duge st dung rdng rdi trong rdt nhidu linh vuc phan tich dd tin cay
cia cdc két cdu va trong cdc k§ thuidt thiét ké xdc suat. Tuy nhién gidi
thuat nay cing cho két qud khéng héi tu trong mot s& trudng hop vi du su
dao dong gilta hai hay nhidu didém ma khong héil tu hay gidi theat duge
chon 14 phan ky. Néu s phan ky xdy ra, mot phuong phédp khéic khong can
sit dung phudgng phép tim ki€m MPP c¢6 thé duge sit dung dé la phugng
phdp md phdng Monte Carlo (MCS) 48 uéc lugng true tiép do tin cay.

Vi du 5.1

Ta khéo sat tai diém B {hinh 5.9) truc déng cu dién hodc truc truyén
dong bat ky, khi dé ta xem cdc dai lugng oy, Frva T 12 cdc dai lugng ngau
nhién vol F, = N(792, 79,2)N, T = Ni(181380, 18138) Nmm, oy,=
N(111,078, 16,3874} MPa. Cdc dai luong ¢dn lai xem nhu don dinh: b =90
mm, d= 30 mm!

Khi phén tich thee phuung phép tim diém xdc sudt |dn nhat. Ham
trang thai gidi han ¢é dang:

3 2
g(X)= o, ~ ‘—Q?Jh%{ +0,75T°
il ”

Khi chuyén sang khong gian U ham trang thdi giéi han cé dang:

£0X) = (11 LOT8+ 16.3874U )~ 723116010+ Up,y P + 3511662010+ Uy )2
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Thi&t k& vi1 phin tich theo d6 tin ciy biing cic phudng phdp phéin tich x4p xi

Fy
Fr1
A
= ps
C
2 ]
| -
Hinh 5.9

Qua 3 vong lap cdc két qua hoi tu tai chi s8 dd tin ciy B = 2,659740
tuong tng R = 0,99609 nhu bang 5.1.

Bdng 5.1
Buée lap B (U,, Up, Uy) |
1 0 0, 0, 0)
2 2,660849 (-2,52212,0,17102,0,83053) '
3 2,659768 (-2,51909,0,16206,0,83802) |
4 2,659740 (-2,51902,0,16184,0,83820) |

Vi theo bang thi ta thay ddi s6 vong 1ap phai thue hién 1a 4, trong
d6 6 cae budc mé phéng i;rong phueng phap mé phéng Monte Carlo (MCS)
12 24900 lan (tham khdo chuong 6), do d¢ ta dé dang nhan thdy phuang
phép x4p xi bac nhit véi tim ki€m didm MPP hiéu qua hon rdt nhiéu 1an so
vdi phuang phap MCS.

5.4 PHUONG PHAP XAP Xi BAC HAI

Trong phuong phédp tinh todn dd tin cdy bic hai (SORM) hodc ham
dic tinh duge xdp xi théng qua phép khai trién Taylor b4c hai.

g(U) = q(U) = g(u*) + Vgtu*)(U —u")T + -;—(U —u*)H(uw* U — a7 (5.32)

Trong cong thuc trén H(u®) la ma tran Hessian tai MPP va dugc xac
dinh theo cdng thie:
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rﬁ%_:_ Oy LR _!
j cul oL cULA
T e
Hiu'i- Ir"l,’:r"UI s ' UL ' (5.33)
= |
P _ o Ly
UL AL CULA At

Sau khi khai trifn, mat ham x&p xi tuyén tinh ¢ duge thist lap va
khi dd ham trang thai gidi han ud thanh:

Gili= U, —f11+-[ v |
kY 2 :

Vai D 1a ma tran dudng chéo {n-1) x (n+1), tat ca cide yvéu td dude
xde dinh bt ma tran Hessian Hiu* va U = Uy, U, Uy, U0

U.-% Xip xi hic 2

e={}

a=i)

Pidm ke sudt Len
nhili u#

g_‘_:-l'_'ll

8]

Xip xibie i

Hinle 310 So sankh gitka phuong phap xdp xi bde T ea bie 2

Khi B du ldn, gia tri x8p xi cda xdc sudt hong ¢é thé duge xde dinh
qua cing thife saw:

n- [ .
F = PlacX) < 0)= B[]0+ fix;) (5.34)
V=l

vl k5 14 d6 cong eda ham giu) tai didm xac suit 1dn nhat.,

Thong thuong phuong phdp x&p xi bac hai tét han phuong phap xip
xi ke nhat thinh 5.10), d6 chinh xdc cua phuong phdp xdp xi bhac hai cao

hon phuong phdp xAp xi bac nhat. Phuang phap bac hai lai yéu cdu phai

YyHh



Thi&t k& va phin tich theo d tin ¢y biing ¢dc phugng phip phan tich xap xi

tinh todin ma tran Hessian bic hai, do vay nd s& khong hign qua hon
phuong phap bac nhdt khi chung ta ti€n hanh khai trién theo phugng phap
s6. Néu nhu ching ta si dung s bude lap ham trang thdi giéi han ddnh gia
mifc dé hiéu qud cia hai phuong phdp thi di nhién la phuong phap béac hai
s& hiéu qud han vi Tudn yéu cdu s ving 14p nhé hon,

5.5 PHUONG PHAP MOMEN THICH HGP

Né&u nhtr dau vao che ta bidt hai gid tri mémen {gid tri trung binh va
sai léch binh phudng trung binh} ela bign thiét ké thi chung ta c6 thé su
dung phuong phiap mdémen thich hgp dé& uvdc lugng gig tri trung binh va sai
léch binh phuong trung binh ctia ham trang thdi gigi han. Gid thiét ring
cdc bign ngiu nhién thiét k&€ X = (X, Xz,., X,) vA cdc gid tri sai léch binh
phuong trung binh ela ching 1lan gt & m = (my;, mys.... my,) va
§ = (Sx» Sx3+s Sxp)- Tuyén tinh héa ham dic tinh xdc sudt qua phép
khai trién Taylor tai gid tri trung binh m = (iny, mys...., my,} la:

X

X =1 X)=gm)+ Yy £
?é‘x] m

(X — ;)= ot + VX -y (5.35)

Sau dé gid tri cha ham g(X) thay bdi ham tuy&n tinh LX) va dugc
tinh tai gia tri

m, = g(m) (5.38)

Sai iéch binh phuong trung binh:
) 8% {5.37)

Gia sir ham dac tinh tudn theo quy luit phan bd chudn khi xdc suat
hing hée co thé duge xdc dinh nhu sau:

( \

[ i - -\] —
FaP{LU) <0} = ﬂ g —gm (5.38)
5 )

(i thiét trén cing tuong duong vai gia thidt 14 14t cd cdc bign thiét
k& cing tudn thea quy luat phén bé chuan. Theo gid thuyét nay thi ta b
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ham tuyén L(X) trong cong thic (5.1) cang tuan theo luat phan bd chuan vi
né lam két hop cia cdc bién tuan theo luat phan bé chuan.
Mien tich plian

- /. xde suit xdp xi )
Xt ¢ J Mién tieh phan

/ xAc suat thfe ré

_eiXi=0

2iXi>0

gl «‘\g(ln)(.\:-ullT:O
S gXi=gtm)>

P

X,

Phan phoi =

g Phan phai xap xi
X&p X1 Phan phoi ban dau L z

Hinh 5.11 P}I-Mmllg phap xap xi momen thich hop

Phuong phap momen thich hygp cing ¢ thé xem nhu la phuong
phdp xap xi bac nhit va momen thir hai khi né bao gom khai trién bac mit
va momen thif hai, Nhu trong hinh 5.11 ching ta thay hai xap xi duge si
dung trong phuong phdp mémen thich hgp: phan phéi cia cdc bién ngiu
nhién X = (X,, Xy, .., X,) duge xdp xi thanh cdc ham phan phdi chudn vi
ham trang thdi gidi han duge khai trién thanh chudi Taylor bac nhat tai
cde gia tri trung binh. Nhu trén hinh 5 11 xac suat héng trong phuong phap
momen thich hop duge ude luong bdi tich phan xac sudt trén vang 16 dam
va n6 ndm phia trén bén phai cta cdc duong thang gm+VamX-m'. Ving
tich phan xac sudt thue té la dién tich ving sang nam phia trén bén phai
cia dutng cong (X) = 0. Bdi vi stf dung cac phuang phap xap xi nén két qua
cua phueng phiap momen thich hgp sé thiéu chinh xdc déi vdi cde ham phi
tuyén vai cac bign ngdu nhién khéng tuan theo quy luat phan phéi chudn,

Vi du 5.2
Thiét ké theo phudng phdp momen thich hgp. VEi cde s6 lidu nhu vi
du 5.1 ta giai bai toan thiét k&, xdc dinh duong kinh true d.

Chi s6 do tin edy xdc dinh theo cang thic:
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Thi€t k& vii_phén_tich theo d6_tin ciy biing cdc phueng pha p phin tich x4p xi

_ gmy
Xl | e
x|
=l m

iz

T

32 3 3
=111.078 H'_d‘— 9p%.792% +0.75.181380°
e

=1 110781 757029,?3—%—

d

Sai léch binh phuong trung binh ham trang thdi gidi han:

< piX)
B

5: {4 T Z
I, +| 24T ST

'l
| omat ] BFL 07T V™) BTFZ 07572

f}zrﬁ?‘

™

1
2 2
J SX. - Sﬂlm- +
m

2 : 2 P 1 2
{ L 32908792 792 913800 13
- Ifi,3874‘+{ 207792 | (241813

nd® ) 90R792° +0750813807 \ nd’ 9027927 +0,75.181380°

N Jm.axuz . 2-]28?6932!()
d
Vdi do tin cdy R = 0,99, thay thé gid tri trung binh v& sai l&ch binh
phuong trung binh vdo céng thire chi s6 44 tin cay fi (vdi p = 2,33) ta thu
duge phuong trinh theo d*:

111,078 -1757029.73 IT
d-

233=
2 221287932
Jloana? o A0
Gidi phuong trinh trén ta thu duge d = 29,34167762 mm.
Vidu 5.3

Bing phuong phdp mdémen thich hap hiy xdc dinh 46 tin cdy véi céc
86 li6u nhu vi du 5.1,

Khi phén tich theo phuong phap mémen thich hap:

32 3
g(X) =0y, - —i—,lw F2 +075T2
nd ”

(Gid tri trung binh ham trang thdi gidi han:
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32

gm)=111,078 — J902?922+4175J813802

n30°

= 111078 — 65,075 = 46,003 MPa
Sai lach binh phuong trung binh:

-2

42

T - b= 2 f =2
f§:|ng: O P L M. (2TY__ st
\li -|1 O P md' | BTED +075TH mJ‘J bPFY «0,75T?
g0l 793 Y 79,22 : 181347
= J163874% + 3290 ,392 — . : +(24.|81_:.3m_. s -
i 9027927 + (1,75, 581380 3ot ) ount792? 1075181380

= ﬁﬁ,]ﬂ?a‘b: + 1. 23476R205 + 2912022934 = [ 72248774891
Chi s¢ d6 tin cay:
g(im) 46003

= = =266085882
2 17328877891
m‘|

Tuong dng dé tin cdy B = 0,98609,

5.6 PHUGNG PHAP PHAN TIiCH TRUGNG HQP XAU
NHAT

Trong vai trugng hop théng tin vé cdc bi€n ngdu nhién bi gi¢i han,
khi d6 ta chi biét cdc khoang gid tri thay déi cda bidn ngiu nhién. Céc
trudéng hop sau ddy su thay déi duge dic trung bdi khodng gid tri.

- Gidi han théng sd vat 1y, dung sai, udc lugng sai s0 tinh todn..

- Thiti gian héng eda chi tiét hodc hé thong do phai kiém tra dinh ky.

- Cée gid tri do.

Trong truéng hgp chi biét khodng gid tri cia dai lugng ngdu nhién

thi ta sit dung phdn tich trudng hgp xau nhit 4 tim khodng gid tri cla
ham trang théi gidi han.

(id st dai lugng ngdu nhién X, la [a;, b], gid tri trung binh xdc dinh
theo edng thite:

— a+h
X =52 (5.39)
khodng cach giita gid tri trung binh va diém cudi X; duge xdc dinh:
Ay =b, % =%, —a = (5.40)
1Y _X'i _X1 i = 2 .
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Thi€t k& vi phan tich theo dé tin ¢4y biing cic phudng phap phén tich x4p xi

P4u tién ta khai trién ham trang théi gigi han theo chudi Taylor bac
nhat tai gid tri trung binh X = (X, X .., X

g0~ Y ER %) (5.41)
i Ix
Gid tri trung binh ham trang thdi gidi han duge udc lugng tai cdc gid
tri trung binh X =(X,, X3, ..., X
X =gX) (5.42)

Po léch ham trang thdi gidi han so vdi gid tri trung binh x4c dinh
theo céng thde:

R SHX
ag—gmgm;a;

Bdi vi ta tinh cho truding hgp x4y nhat nén ta 18y gid tri tuyét d&i cda
d9 léch trén va st dung thay ddi 16n nhat cla cde dai lugng ngdu nhién A,
Sai s0 cla trudng hep xdu nhdt cla ham trang thdi gidi han duge xdc dinh
theo cong thic sau:

(X, -X) {5.43)

X

rg= a&—l x’ e (5.44)
a‘X’ X !—J .

Cho nén ham trang thai gidgi han s thay 461 trong khodng sau:

[@—Ag@@]{@—i‘? 8%, gole’@. } (5.45)

1=l

Né&u mién an toan duge xdc dinh bdi g(X) > 0, trudng hop x4du nhit ela
ham trang thdi gidi han g-ag > 0.

Phuong phdp trifing hgp x4u nhat chi 14 phueng phdp xdp xi. Lai giai
phuong trinh s& cé sai s6. D€ xdc dinh trudng hgp xau nhat ciia ham trang
thdi gidi han thi gig tri 1¢n nhat hodc nhé nhat tim duge ¢6 thd ndm ngoai
khodng cdc dai luong ngdu nhién. Cic phuong phdp t8i uu ¢é thé thuc hién
trong trudng hop nay.

Vi du 5.4

_ Thiét ké theo phuong phdp trudng hgp x4u nhédt vdi cde 6 lidu nhu
vi du 5.1, Bai togn xdc dinh dudng kinh d cia truc.

Ham trang thdi gidi han xdc dinh theo ¢dng thie:

3
2X) =64 —% b2F2 +0,75T
- o
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Gid tri trung binh ham trang thdi gi¢i han:

EX)= 111078 - %Jﬁ)z.?gzz £0,75.181380
=

175702973

=111,078 - 3

Gradient cda g tai gid tri trung binh:

a

12 bk 32 0.75T

T3 = = g o —
md” jbiF2 40757 nd Jb~F{+0,75T~

T

Vg=|1

_ 1378,8]86 8.0328KRO
R q? ' aq°

Tir ddy suy ra:

32
Ap = [1 446134 3 BRLEE hyg gy M.SJAH]
i d
el
= 44613+ ——-—5270'%‘2"5 22

Trong teudng hgp xdu nhat g-Ag> 0, cho nén:

1757029,73 527033,1522

L1078 - = —44,613—7—?_(1
2
66,465 — gam%(:-ﬂ 20

Tir ddy suy ra: d 232,5116 mm.
Vidu 5.5
Phin tich 45 tin c4y theo cde s§ lidu nhu vi du 5.1.

Khdo sdt bai tedn tinh truc dong ca, ham trang thdi giéi han xdc
dinh theo cong thude:

32
gX) =Gy — '—d‘—Jszf‘ +0,75T?
" )

trong 46 F., nim trong khodng [554,2, 10296] N, moémen xoén T =
[126966, 235794] Nmm va gidi han moéi oy, = [66,465, 155,691] MPa.
Khodng cdch giita gid tri trung binh va difm cudi:
AF,, =2374N; AT = 54414 Nmm: Acy;, = 44,613 MPa
Gid tri trung binh ham trang thdi gidi han:

B(X)=111.078- %‘/9027922 +0,75.1813807
30

= 11,078 —65,075= 46,003MPa

Gradient cla g tai gid tri trung binh:

102



Thiét ké vi phiin tich theo 48 tin cdy biing cie phudng phip phén tich xap xi

32 b*F 32 0,757

‘C‘g:

nd’ JHFL +075T? nd* \\u'lhzfi +0,75T"

= (L 0014030318, (1L0002075134048)

T day suy ra:

Ag = (144,613 + 0013030318 2374 + 0 0002975144048, 544 14)
= (44613 + 3330797493 + |6.1R§UIR]2) = 6413274632

Mién thay ddi ham trang thai gidi han;
Ap=(g-2g F+ag)
= (46,003 - A4,13274632, 46,003 + 64,13274632)
= (= 18129746, 110,135746 )MPa

5.7 PHAN TIiCH PO NHAY

Né&u mat thiét ké ¢é dé tin cay nhé hon d& tin cdy yéu cdu, thi ¢ ba
cdch duge st dung &8 néng cao dd tin cdy cla thiét ké, hay néi cdch khac 1a
c6 ba cdch 1am gidm xdc suat hding hdc dlia thigt k&

1) Lam co ham phan phoi.
2) Lam dich chuyén ham phan phéi.
37 54 dung ca hal phuang phap trén.

Cde cach lam trén duge md td ¢ hinh 512, Trong trudng hap s8 bién
ngdu nhién nhidu thi ta cAn phai phan tich dé nhay d€ xdc dinh bi€n ngiu
nhién nio dnh hudng nhit va tir d6 tim bién phdp dung dé ndng cao d6 tin
cay.

Phan tich d6 nhay 14 x4c dinh miic d6 anh hudng cdc thong s8 dai
lugng ngiu nhién (gid tri trung binh va sai léch binh phugng trung binh)
dén xdc sudt héng thosic do tin cdy). Goi p la tham s& phian bd cha bién

ngdu nhién X, 46 nhay duge xdc dinh hdi:

s =E=£‘I_’(:E)=?i’(i‘_ﬁ)@:_¢(_ﬁ)@ (5.46)

T p BN ¢ ap '
Pao ham riéng chi 56 dé tin cdy theo tham s8 p:

BB ] (5.47)

p r""u;: p

Mat khéc:
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Chudng 5

B _ ¥t W b (5.48)

AT R 5

Gidm mién phan by Thiét ke ban déu
| )

Dich chuyén phin hi

Bd un cay R

Xdc sudthing
N ’

X

0

-

*y

Hink 5.12 Cac phuong phdp ndng cao dé tin cdy

T cdng thic (5.11) ta ¢

u =¢"[Fm(x§‘)l= w(p) (5.49)
vdi wip) 14 ham s cda tham s& phén bd p.
Bai vi:
B_w v (5.50)
ép B ap
Cho nén;
* ow
s =_~=~¢( Bl Bl (5.51)
P B p

S0 dung cong thifc (5.51) dé ddnh gid dé nhay cha gid tri trung binh
va sai lach binh phuong trung binh bién ngdu nhién X;:

aF
S VI . T 5.52
S Amy; o B) [3 amx, ( )
oF Pw
= - e H 553
“Sxi T b B) B B (5.53)

P&i vdi bign ngdu nhién chudn X, = N{my;.Sy;)
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Thi&t k& va phan tich theo d6 tin ¢dy biing cic phigng pha p phfin tich x4'p xi

wlmy;.Sx; )= [FXI(X }] [@["5 X ﬂ: al ;m’“ (5.54)

Sxi

'
Do dé:
qﬂw -t (5.55)
erXi lTlx,
W =_X::—mxa =_i (5.55)
Sy S Sxi
Tl day suy ra
AF *
. =— {(5.56)
g [ﬁ“XI o B)qu.
Bk '
SSX‘- - v = —f(— B)%_ql (5.37)
Txi S Xi

Vi du 5.6
Phan tich 4) nhay cde tham s8 phdn béd c¢ho vi du 5.1.

Giai

D4 nhay cde tham s6 phén bd cla cdc dai lugng nglu nhién oy, Fie
va T duge xde dinh theo cong thuc:

oy * -7 Y
s, = oF = pi-B)—glin__ 001160816, — 250902 _ ¢ 7088107
o B BSq 1 2,659740.16,3874
. « R 2
sg = oF =—¢(-—B)M=O,01160816. (2,51902) =1,6899637.1073
alim (‘15 atin BSU lim 2,659?40 16.38?4
S = = () Sb2 k2 001160816 — 1184 _g9183577 107
" mpe BSp 2,659740.79.2
ot * . 2
g = F =_¢(_B)("F—r?t=0,ouﬁnxm,ﬂﬁ”‘4—=1,44334110""
el ag s BSg2 2,659740.79.2
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3k 1 . 382 .
S = BT = 001160816, — 2038205 569 1077
' Amy BST 2,659740.18138
/ 7
SF : 20"
s = —F :—¢(—B)M={},(]Ilﬁtlxlﬁ_MzI.ﬁQl}SSS,l()'?
e TS BSt 2659740 18138

Céc 6 1idu u; va B tra tit bang 5.1, Tif céng thic (5.13) ta suy ra:

| | -~ .
PPr=——=c * =——e 2 =001160816
vin N2n
T cdc két qud trén rit ra nhan xét ring sai léch binh phuong trung
binh gi¢i han mdi 4nh hudng 16n nhit dén 4§ tin cay truc, k& tiép la gid tri

trung binh gidi han mdi. Gida lye hudng tdm F; vA mdémen xodn T thi lye
F.; 4nh hudng nhiéu hon.

5.8 PHAN TICH NGUGC PO TIN CAY

Trong mét s6 bai todn thiét k& theo 44 tin cay ta can phai xdc dinh
gia tri ham trang thai gidi han tuong ung vdi 4 tin cay cho trude. Pay con
goi 1a bai todn phdn tich nguge dd tin cay. Bai toan duge phdt bidu nhu sau:

Tim gid tri ham trang thai tdi han g¥ tuong ung xde sudt héng F:
F = Plecx) <¢F) (5.58)
Sau day trinh bay phuong phdp ude Wugng gF theo phuong phdp x4p xi
bac nhat. Tl edng thic (5.58) ta ¢6 ham trang thédi gidi han mdi:
gX)=gX)-g" (5.59)
Gid sit MPP cia ham P(g(X)<0)=Plag(X) <"} 13" u*. Theo phuong

phédp xdp xi bac nhdt, néu xdc sudt F duge biét thi chi s§ dg tin cdy p xdc
dinh theo cong thde sau {stt dung d4u tuyét d6i do B 1a khodng cdch luén
duong):

B=|o~' ) (5.60)
Trén hinh 5.13 diém MPP u’ 14 diém tiép xdc dudng tron ban kinh g’
va ham trang thdi gidgi han gX) — g = 0. Hay néi cdch khde d6 1a diém

tiép xudc xdc dinh khodng cdch ngdn nhit tir gée toa 46 0 khang gian U dén
mat cong ham trang thdi giéi han g(X) - g" = 0.
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Thi¢t ké va phan_tich theo dé tin edy biing ¢idc phudng phap phin tich xdp xi
U, 4
pXh<gf
*
X =giX)-a2" =0
4X)> 8" wXy=gl
1] .. [5't
Hinh 513 Tim MPP theo phdn tich nguoe dé tin edy
Tai MPP theo cong thite (5.29) ta o
u'F = (u"f’ 2’ =’ (5.61)
Trong vong lap thi k:
u*' = pak
Ve(u* -
irong do ak = —g(u—) (5.62)
vetut J(!

Céc didu kién hoi tu duge s dung dé két thie vong lap:

“u'”' - u'“H <6, VA

JVgul'”' - \Tg(u“ } ]|]<_~ By

vai gy, €2 co gia Lrl ral nhd.

Cong thie (5.61), (5.62) 1a giai thuat dé quy dé Lim MPP cho bai todn
phan tich nguge d6 tin cay.

Sau khi xdc dinh MPP u* gia tri g" duge x4c dinh theo cong thic:
g = glu™) (5.63)
Trinh tu thuc hién:

1. Lap ham trang thdi gidi han g(X).

o

. Chuyén tir khéng gian X sang U.

o

. Theo xdc suat F cho trude ta xdc dinh p=|® ](1«')% (cing thace 5.60).

4. Chon u" la diém khéi déu.

o

. Xac dinh g(u") tir ham trang thdi gidi han.
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6. Xdc dinh Vgu")theo céng thuic (5.15).

7. Tinh HVg(u" )H: »J(Vg(u'} )]1 )

vau'")

8. Tinh ti 86 a"=_—=" "
o)

9. Vong lap k& tiép b4t ddu vdi u' = —pa”.

10. Thue hién céde bude 1-9, néu théa méan cde didu kién hdi tu thi dimg. Né&u
khéng, lap lai trinh ty tinh vdi k = k+1.
Vidu 5.7
Vdi cdc s6 lidu nhu vi du 5.1, xde dinh gid tri g© tuong dng vdi xdc
sudt hong F= 0,005 ( R= 0,995).
Giai: Khi phan tich theo phuong phdp tim difm xde sudt ldn nhat. Ham
trang thii gidi han e¢d dang:

3
2X) =0y, - —23,/th{ +0.75T?
T[d r=

Khi chuyén sang khong gian U ham trang th4i gidi han ¢6 dang:

g(X) = (111078 + 163874 U ) - \[7,231 L6(10 + Uy, ) +35,11662010 + U )?

Tinh todn theo trinh tu da trinh bay. Qua 5 vong lidp cde két qud hoi
tu tai u = (-2.43999,0.15702,0.81166) nhu trong bdng 5.2. Ham trang thdi
gidi han g¥ tai u*: g" = glu®) = 1,444848,

Bdng 5.2

Budc lap g Ve(u) (U, Us, U}
1 46.002825 | (16.38740,-1.11120,-5.39632) | (0.00000,0.00000,0.00000)
2 1.445287 | (16.38740,-1.11120,-5.39632) | (-2.44192,0.16558,0.80412)
3 1.444848 | (16.38740,-1.05592,-5.44996) | (-2,44003,0.15722,0.81148)
4 1.444848 | (16.38740,-1.05458,-5.45122) | (-2.43999,0.15702,0.81166)
5 1.444848 | (16.38740,-1.05455,-5.45125) | (-2.43998,0.15702,0.81166)

~* -
59 KET LUAN

Ta st dung cdc phueng phdp xdp xi vira ké trén d& ddnh. gid d6 tin
cay két cfu va chi tiét mdy mét cdch hidu qua. Po chinh xdc theo phuong
phdp x4p xi béc nhit cao nhat, sau 46 1a mdémen thich hgp va phén tich
trudng hgp xdu nhat. D& tinh todn thidt k& ta st dung phuong phdp mémen
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Thi€'t k€ va phin tich theo 46 tin ¢4y biing cde phwdng phdp phén tich x4 xi

thich hgp va phén tich trudng hgp x4u nhdt. P& danh gid sy dnh hudng cdc
tham 6 dai lugng ngiu nhidn ta tién hanh phan tich 43 nhay.

5.10 BAI TAP

5.1 Thanh cé tist dién ngang hinh chit nhat chiu tdc dung luc F va duge 43
bdi cde gid tya nhy hinh 5.14. Luc tde dung F, chiéu dai thanh ! va
khodng cich a tir di€m dit lyc ddn mét ddu 14 cde dai lugng ngiu nhién
¢¢ gid tri nhu bang 5.3.

Bing 5.3
Bai lugng ) Gia tri trung binh | Sai léch binh phugng trung binh I
Lurc tdc dung F, N 30000 2000 {
Chiéu dai thanh 1, mm 3000 10 |
Vi tri dat lye a, mm 2000 10
| Ung suét gigi ban o, MPa | 400 20
¥
F
— I
A f %B x—-—/ Pl
- ' b=h/2

Hinh 5.14

Gid s( rang chidu rong b cda tiét dién ngang bing % chiéu cao h va

dung sai kich thude 14 + 3% (68, = 0,03h).

a) Xdc dinh 45 tin cdy theo phuong phdap FORM k&t hgp tim kiém
MPP vdi m;, = 20 mm.

b) Theo phuong phdp moémen thich hgp va trudng hop xdu nhat, xde
dinh b va h véi dé tin cdy R = 0,9999.

¢} Phén tich dd nhay bai todn trén.

5.2 Mot ddm bing thép cé két cau nhu hinh 5.15. 8 dung cdc phuang phap
xp xi d& x4c dinh gid tri trung binh va sai lach binh phuung trung
binh (ng suat va bién dang tai vi tri A, sau dé xdc dinh 49 tin cdy R.
Bi&t riing tdi trong F va cudng d6 tdi trong q la cdc dai lugng nglu
nhién déc lip phan phdi theo qui luit chudn véi m, = 40000 N, Sp
= 4000 N, m,= 50 N/mm, 8,;= 5 N/mm. Kich thude thanh b = 60 mm va
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h = 100 mm duge cho la den dinh. Madun dan héi vat lidu thanh E

=2,1.10° MPa.
I h |' : : , ]
oo dy oov v e i bowy boe |
TaA e 1
S 7 =
/./. : Ay 1
! 1=1000 i (_.b_-

Hinh 5.15 Dam bédng thép chiu uén

5.3 Ddm coéngxén cé tigt didn ngang hinh chit nhat chiu tde dung luc F, va
F. nhv hinh 5.16. Gid tri cdc dai lugng ngéu nhién cho trong bang 5.4.
Chiéu dai thanh 1 = 1000 mm 1a don dinh.

Bdng 5.4
[ Bai lugng 7 Gid trj trung binh | Sai léch binh phuang trung bmh
Luc téc dung Fu N | 800D 1000 <1
| Luye tde dung Fy, N 6000 l 800
Chidu rong ddm b, mm 20 ( 0,01, {
Chiéu cao ddm h, mm a0 0.01my I
[ﬁidi han chiy o.,, MPa _ 500 ‘ 50 ,

1. Xdc dinh d6 tin cay dam thec cdc phuong phap khédc nhau.
2. Xade dinh kich thude ddm dé dé tin cay R = 0,999,

FY lFY
ks s
e I (7% W™
,.-" . e
; | : 1
- .. M=to00 b

Hinh 5,186
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CHUONG 6

PHAN TiCH THEO PO TIN CAY BANG
PHUONG PHAP MO PHONG VA BE MAT
DAP UNG

Mb phong la sy bAt chude mét hé théng thyc bing cdch tinh mé hinh
todan ciia hé thong dé, thudng la trén mdy tinh. Khi dé gia tri cua mét vai
tham sd cia hé thong thudng thay déi hodc cdc tham s6 tuan theo quy luat
phan phdi xdc sudt. Diu ra cfia hé théng s& khac nhau méi lan mé phdng
bdi vi gia tri cac tham s8 d4u vao khdc nhau. Néu thuc hién dd sé mo
phong, phan phéi xdc suat thong s& dau ra thu duge 4G tin cay dé gidi
quyét cg ban nhimg van dé cta hé théng nhap vao.

Viéc md phong cé thé sit dung dé du doan do tin cay cla san pham
bat ky v6i cde bién chat higng hodc bién duge biéu dién dudi dang tham sé&
thiét k& theo mé hinh todn hoc. Vai phin mém mé phéng yéu cau mé hinh
tinh todn nhu mét bang biéu. Viéc mé phéng tuong duong véi viéc san xuat
hang ngan san pham va sau dé kiém tra chat lugng. Mé phéng sé thi ngugc
lai véi md hinh hod thi nghiém (cé thé mat nhiéu thoi gian va tién bac) va

cho két qud chinh x4c va phit hop hon dai vdi bai toan t8i uu thuc t€.

6.1 PHUONG PHAP MO PHONG MONTE CARLO

Phuong phap Monte Carlo duge dé xuat nam 1944 bdi John von
Neumann - gido sif todn tai hoc vign Advanced Study — va Stanislaw Ulam
khi ho cling tham gia nhém nghién aiu xdy dung mé hinh tinh todn phan
(ng nhiét hach trén may tinh dién tir ddu tién ENTAC tai vién nghién citu
khoa hoc Alamos, mé hinh nay ding cho viée nghién cu san xuat vi khi
nguyén t& phuc vu chién tranh. Trong qua trinh lam viée, v6i nén tang
kién thdc todn sdu rong, Stan Ulam y thic rng kv thuat thong ké mau trd
nén 16i thoi vi tén nhiéu thoi gian va buon chan. Nhimg véi nhimg kha
ning ky didu cia ENIAC (so vdi lae bay git) cing vdi nhing chuong trinh
ma éng dang suy nghi da gitip éng nhan thuc ring k¥ thuat thang ké phai
duge hédi sinh. Stan Ulam da thio luan y kién vdi John von Neumann va
dan téi su ra dgi clia phuong phap méd phéng Monte Carlo,



Chudng 6

Ngay nay md phéng Monte Carlo tré nén phd bién va dude dp dung

rong rai ti nhitng dng dung don gidn nhu tro choi, mit mé tdi dng dung
che mé phéng cdc qud trinh phife tap cua tu nhidn nhu chuyén déng cde
nguyén ty, electron, chuyén dong cdc ludng khi luu trong khi quyén, tinh

todn ket cau ...

6.1.1 Khai niém

Gia sif ta c6 thong tin vé N thu nghiém, va gia si ta dit N két qua
thit vao tii nhy hinh 6.1. Bay gid ta cdn ¢6 n két qua thua nghiém. Thay vi
ta thyc hién thém n thd nghigm ta cé thé chon ngdu nhién n tr N két qua
the nghiém tir wii. Trén hinh 6.1 phuong phdp thit nghiém trén goi la
““phuong phdp dac bist” (36).

Bidu di

(SR

Sts

K& qua e

nglidm 33t

-?U{_,l‘] A7

s 3

5 a5
., N

XA

Tay e KCY g thif ngfudm ngdu nhicn
Vit s A0 i Ay g v Tn e Jir g B0 sy
yuydL ey hii wodn phie L Tnin

T chion npdu shicn ndy daele thary
Mic o biving cic phodeg phap die bict

Hinti 6.1 Biéu d6 phuong phdp Monte Curlo

Phuong phap Monte Carlo 12 phuong phdp dic biét ¢6 thé si dung
dé tao ra vai k&t qud s6 ma khéng can thiét phai thue hién thG nghiém
that. Ta c6 thé su dung két qua i cde thir nghiém trude dé (hoac théng tin
khac) dé thiét 1ap cdac phan phoi xdc suat cho cde théng s6 quan trong cia
bai toan. Sau dé ta si dung théng tin phan phél nay dé tao cde cac mau di
lidu sé.

Trong mdi thi nghiém gid tri clia cac bién ngdu nhién dau vao X
= (1X,. X, .., X)) duge lay mAu dua trén cdc phan phéi cia ching. Sau d6

cdc bién ngau nhién dau ra Y duoe ude luong qua ham trang thdi gidgi han Y
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Phan tich d¢ tin ¢y phuong phip md phong

= g(X) tai cdc gid tri mau bién ngau nhién dau vao. 86 mau cang nhiéu thi
mé phéng cang chinh xdc.

Phuong phdap Monte Carlo sif dung trong cdc trdng hgp sau:

1. D& gidi c4c bai toan phic tap khéng thé giai dude hoic thuc hién
duge nhumg rat kho khan bang phuong phap giai tich. Vi du, cae
bai todn xdc suit bao gém cdc mé hinh phan uy hitu han phic tap
et thé gidl bang mé phéng Monte Carlo véi didu kién 1a céng cu
tinh todn hidu qua khi cac théng tin dau vao dugc bidt.

2. Dé gidi quyét cdc van dé phic tap (¢6 thé gin dung) dugc bidu
dién dang céng thdc néu nhy nhiéu gia thuyét don gian duge dua
ra. S dung mé phong Monte Carlo, céc bai toan ban dau duge
nghién citu khéng can cdc gia thuyét nay, va nhiéu két qua hién
thuc ¢ thé thu nhan duge.

3. Dé kiém tra két qua theo cac phuong phdp khic.

Hinh 6.2 minh hoa ¢ho trinh tu mé phéng Monte Carlo.

|

.
Bude 1: LAY miu cdc bién nglu nhién
Tue mitu cic bién ngdu nhién

]
Y |

Budc 1: Thit nghi¢m siy M# hinh phir tich
Udc luisng hinn trang thii i hun Y = 1X)

/

Budc 3: Phin tich théng k& mé hinh ddu ra |y
Rut ra théng (in xac suil

Phin bt chic
biC‘n dau vao

Pac tinh xie suit
clia cie biEn ddu ra

Hinh 6.2 So d6 thue hién mé phing Monte Carlo

Gia s ta tién hanh leat thd nghiém thuc d6i véi thanh chiu kéo de
xac dinh giéi han bén kéo o). Biéu dé tan suat xuat hién lién quan duge ve
theo cde dit liéu va phu hop véi phan phdi xdc suat logarit chuin nhu trén
hinh 6.3,
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f(x)

Ham logarit chuin

, 7 .
[ f.

Hinh 6.3 Ham mdt d¢ phan phoéi logarit chudn
Bay gi¢ ta tinh dén thanh hinh tru. Kha nang tai nén Fy,, xdc dinh
theo coéng thie oA, trong dé A 1a tiét dién ngang cia thanh duge cho la
don dinh. Gid s ring tdi trong tdc dung F phan phéi theo quy luat chudn
vdl gia tri trung binh mg va sai léch binh phuong trung binh Sg.
Dé xdc dinh x4c suit lam viéc khong héng Ry ddu tién ta xic dinh
ham trang thai gidi han:
Y=Fin-F
trong do Fy,, = g,A.
X4c suat khong héng la xdc suit Fi, > F:
Re=P(Y>0)=P(F), -F >0
Trong truing hop nay ham phéin phdi cua Fy,, khong la phan phéi
chuin (14 phan phéi logarit chudn} trong khi dé F 1a phan phéi chudn. Mac
du gid tri trung binh va sai léch binh phuong trung binh ¢é thé xdc dinh,
tuy nhién ta khéng thé cé dugc 10i giai tron ven dé xdc dinh mat dé phan
phéi clia Y. Khi dé ta cé thé gidi bai toan bing mé phéng Monte Carlo.
Trinh tu gidi nhu sau:
1. Tao cdc gid tri o, mdt cdch ngiu nhién (sit dung théng tin phan
phéi xdc suit ¢ trén) va tinh Fy,,, = 6,A.
Tac ngau nhién cac gid tri F st dung phan phdi xdc suit.
Tinh ¥ = Fy,. - F.
Luu cde ké&t qua tinh Y.
Lap lai cdc bude 1-4 dén khi nao tao ddy dAa cac gid tr1 Y.

S

In cdc gia tri md phdéng trén gidy xdc suat logarit va s dung dé thi
dé du dodn xac suat héng. Khi s& lugng cdc gid tri mé phong tudng
déi dAy da, xac sudt khdng hong hodic dé tin cay duge xdc dinh theo
cong thic;

R=— Sol'an‘(>"0 (6.1)
Tong 56 md phong N
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Phén tich d6 tin ciiy phudng phap md phéng

Ta c6 thé bé qua mét s6 giai doan, nhung trinh tu duge thyc hién
nhu trén.

6.1.2 Tao s6 ngiu nhién

S& ngiu nhién cé itng dung trong nhiéu linh vuc: mé phéng, tro choi,
mAt ma, théng ké miu, danh gia tinh todn su di chuyén nguyén ti, notron,
tinh két ciu. C6 nhiéu cach dé tac s6 ngau nhién, tuy nhién méi cach cé
nhimg vu diém va nhuoe diém khic nhau.

Tu¥y thude vao cac ung dung khac nhau cé 3 loai chudi 86 ngau nhién
duge su dung:

Chudi s6 ngdu nhién thdt; Chudi s& phat sinh biing mét tién trinh
ngau nhién that suy.

Chubi ngéu nhién pseudo: phdt sinh bing mét qud trinh bat chuge
qué trinh ngau nhién, cé bé ngoai tréng giéng chudi ngau nhién that nhung
khéng thé thod man tat cd cdc yvéu cdu quy luat cha su ngau nhién, né cé
kha nang ldp lai mau. Tat ca chudi s6 ngiu nhién hién tai duge tao bing
cach s dung thuit todn nay.

Chudi ngdu nhién quasi: La day s duge tao ra ma khéng doi hoi
tudn thi nghiém ngit quy luit nglu nhién, nhung né quan trong dé xdc
dinh trude tinh chat cia chudi ngAu nhién. Chudi ngAu nhién quasi xdc
dinh nhu su dién day tinh lién tuc clia khéng gian phan tan. Cho vi du, xét
khéng gian s6 nguyén [0, 100] chudi quasi sé& dién diy khong gian 1a 0, 1,
2, ..., 99, 100. Mot chudi khac 1a 100, 99, 98,... 2, 1, 0 hodie 23, 24,... 98, 99,
100, 1, 2, ... 21, 22,

Ca sd cia tat cA trinh tu mé phéng Monte Carlo 1a tao cde s6 ngiu
nhién phan phdi nm trong khodng tur 0 dén 1.

S8 ngau nhién pseudo u, theo quy luit phan phéi déu c6 thé duge tinh

ra tir chudi s& nguyén duong x, theo biéu thdc:
X

=t (6.2)

m
trong d6 m la sd nguyén 1dn nhét ma dé lén cia né xde dinh bdi gidi han
cia mdy tinh sit dung.
Mot chuéi s6 ngau nhién gia lap cé thé duge tao biing mét quan hé:
Xiy = (ax;+ b} mod m) (6.3)

trong d6: x4 14 s& du khi chia ax;i+b cho m; a va b 13 s& nguyén duong bat
k¥ nam trong khoang 0 dén m-1.



Chugng 6

Néu n; 14 ky hiéu cho phan nguyén ti s 4x; F b , co nghia la:
m
h
n; = int egel[iJ (6.4)
om

Tir day suy ra s6 du x;,; duge xdc dinh theo cong thie:
X1 = ax; +b — mn; (6.5)
Bdng 6.1 Gid tri m6 phéng sd ngdu nhién phdn phdi déu ndm gita O va 1
! 2 3 4 5 6 7 8 9 !
[ 0.020309 0.033127 0.000130 0.678368 11749901 0.004410 0,786896 0.758240 0.145653
(1.430480 0.701210 0.806671 0920792 0413284 0.620277 0.665642 1.326591 0469284
0483521 0.127167 0486504 0.519569 0.661201 0.054749 0.04441R 0.091293 0 806K3]
(1042076 (1302696 0.625565 0.618134 0.559570 0.643761 1.884529 0411232 0234232
0102127 0.848404 0059792 0.487358 0700465 0.973251 (.214172 0336700 0.117424
0767555 0.482552 0875122 0.929%35 0.465866 0.879158 0.306175 0.578148 0.012344
0.420074 0.739807 0.407494 0.035835 0406410 0447418 DAR8541 (724930 0764931 |
(1L428215 0.939995 0242844 0509277 0.050140 0.013969 0.181557 0.714058 0461121
| 0.864120 0.406845 0.217110 0408165 0.826256 0.164749 0.880219 (.548950 0.436852
0L321907 0.936745 0.416229 0.267532 0.292862 0735695 0.425713 (.268181 0.27%06]
(L056335 0.517487 0176140 0199074 0605721 0812744 0034714 0.164230 0.820680 |
0.285545 0.297020 0.082779 0686066 0.237000 0.731834 0.180244 0.252235 0.150665
' 0.626602 0.802200 0.972084 0417351 0.944023 0.078903 0.542847 0.988739 0.6(3935
0.257607 0407539 0.929993 0.629135 098022 (.68988% 0875816 1.240440 0.766431
0525116 0053955 0292442 0.048347 0602882 0.650726 0753250 1502945 0.474008
0.340630 0.217522 0.645370 0.656311 0.71389% 0.297356 (794655 0.369514 0.812860
(0.834885 0.125220 0824715 0116478 0.906317 0.215714 Q084869 0.249817 0.118675
(1.363716 0.238686 0.916412 0.834976 0.645096 0.241737 0133049 0338676 077363
(L084229 0.942963 0.256401 0.247719 0741646 0.461365 (.KIV462 1.834824 0.225166 |
~0.945030 0.545250 0.430618 0052826 0.074585 0210533 (.563850 0.409645 0.947723
0059280 0.478633 0.275002 0.732109 0.557487 0.075180 0.514099 0.925934 0481071
1.054298 (1.773933 0875488 0.830368 0357834 1.891243 (1298973 0.406630 0.411 148
0116486 0.778259 0.568016 0.086250 0365761 0.744659 0.613663 0253616 (.573891 |
0.075310 0.123955 0938522 0.633423 0912811 DYTIA6T 0.651894 0.716377 0055237
0.995102 0947250 0.822945 0.115807 0.740685 (1157303 0.963348 0.610830 0.191124
Trén bang 6.1 1a bang s6 ngdu nhién tao theo ¢dng thice (6.1)<(6.4)
véiceot 1,4, T:a=181,b = 309 vam = 131072, x5 = 13; cdt 2, 5, 8: a = 233,
b=4109 vam=131072, xo = 1;¢61 3,6, %y a=33, b = 17T va m = 131072,
Xp = 0.

Khi tao sd ngau nhién can cha y:

1. Pa =50 cdc bd tac s6 ngau nhién dbi hoi ngudi sit dung nhap gia tri
hat gifng. P4 14 s& nguyén va sit dung thu tuc d4& bat dAu gidl thuat
md phong. Khi chon gid tri hat giéng khde, ban ¢é thé tac tap hop
cdc s6 ngau nhién phan phdi déu khac. Do d6, khi ban chon cing
mét gid tri hat gidng thi ban ¢d thé tao tdp hop cde s6 nghu nhién

phan phéi déu nhu nhau.
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2. Khi st dung cde bd tao s6 ngdu nhién can phai can than. Vi mét vai

giai thuat cé két qua tot hon.

6.1.3 Gia tri bién ngiu nhién phan phéi chuin

Tu cde 6 ngau nhign phan phoi déu trong khodng tir 0 dén 1 trén
muyc 6.1.2 ta xdc dinh cdc bién ngau nhién dau vao theo phan phéi cho
trudge. Vi phan phdi xde suat chuin déng vai tro quan trong trong phan tich
dg tin cdy cda két cdu, kha nang md phdng cde bign ngiu nhién phan phoi
chudn la rat quan trong. Bé tao tap hop cdc gid tri bién ngdu nhién phan
phéi chuan z,. z,. .., z, ddu tién ta can phai taoc tap hgp cdc 86 ngadu nhién
phian phdi déu uy, us, ., u, phan phsi gitta 0 va 1. Sau d6 vdi méi gid tri u; ta
c6 thé tao gia tri z; sit dung bidu thiic:

z = O w) (6.6)

trong doé &' 1a ham nguoc cua ham phan phdéi tich lay chuan tiéu chudn.

Hinh 6.4 biéu dién su quan hé nay bing dé thi. Ta cé thé su dung
bidu thifc sau diay dé xde dinh ham nguge &

_eratrat aiicos (6.7)

z=mMu) = -t + ;

T4 dt+dat” +d,r

trong dé: ¢y = 2,516581; ¢, = 0,802853; ¢, = 0,010328; d, = 1,432788; d.,

= 0,189269; d, = 0,001308 va (=+/-In~ ).

A

=D

1
1
1
1
|
|
|
|
|
i
1
L

fl — -
0o 4
Hinh 6.4
Khi u > 0,5, ¢ duge tinh theo u* = (1 — u), sau d6 ta sit dung mai
quan hé sau:
z =P () = -0 (u*) (6.8)
P61 voi phan phéi chudn bat k¥ ta tao cde gid tri mau nhu thé nao?

Gid st rang t c6 bign nglu nhién phan phéi chudn X vdi gia tri trung binh
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Chudng 6
my va di léch chuidn Sx. Quan hé co ban giita X va hé s8 bién phén tiéu
chudn ¢6 su quan hé sau;

X =my + 28y (6.9)
Gid st cho trude gid tri miu z; da tao, sit dung phuong phdp trinh
bay & trén, gid tri x; tuong dng duge tinh, si dung cong thie:
X = My + Z;5x (6.10}
Tir cde gid tri bién ngéu nhién ddu vao thu duge ta xde dinh gid tri
cdc bién ngdu nhién ddu ra y; theo ham trang thdi giéi han Y = g(X). Sau
dé xdc dinh gid tri trung binh va sai léch trung binh dai lugng ngiu nhién:

N N
My =%;yi va S, :\ﬂﬁ;{yi ~m,
Vidu 6.1

St dung mé phéng Monte Carlo dé xdc dinh (ng sudt trung binh va
sai léch binh phuong trung binh dng sudl v ham trang thai gi¢i han tai
diem B truc truyén dong hinh 6.5. Gia tri cac dai lugng ngiu nhién phan
phéi thee qui ludt chudn vdi my = 181380 mm, S = 18138 Nmm, mge = 792 N,
Spp = 79,2 N, mgy, = 111,078 MPa, S5, = 14,871132 MPa.

F:t1
F.r1

A B
— * — e

¢ |
d l.F.D "
L——--—'--—-'—J

Hinh 6.5

Ham trang thdi gidi han true tai vi tri B:

32 5 3 Y
g(XJ =C0ym ~ 0= Ty — ;;\;’B-Fr. +0,75T"

S 10‘-\/1 I5281F +0,10674166T"

S& dung mé phéng Monte Carlo d¢ xdc dinh gid tri trung binh va sai
léch binh phudng trung binh. S dung md phdng Monte Carlo d€ tim 10 gid tri
cla gidi han mdi Oy, 31 trong F vi mémen xoin T, Dicu d6 ddi héi ta phai ¢
30 88 ngdiu nhién phin phéi déu trong khodng tir 0 dén 1. Ta 1ay theo céc ¢ot 1,
2 va 3. mbi cor 10 s6 (bang 6.1). Cic dai lugng ngdu nhién xdc dinh: Fp = 792
+279.2; Ti= 181380 + 218138 va oy = 111,078 + 7;14,871132.
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Bdng 6.2 Két qud tinh theo phén phoi chudn cho N = 10

STT u, £y Fi1 u, z, I u, Z, Fum
1 0020308 [-2.047%39 646 SDOS [D33127 [ 1LR3TIIA [43236 3046 FOANKH30 {-3.052924 5121607
2 DATRIAR [ O462TE3 8453710 [0.74990] [0.ATARTT [RYTT2.0946 [0ON3410 {-2.019309 | AR 15335
3 (LFRERGO | O TU5493  (R47 4693 [0 TS82400 [0 HWIAT) 193808 6564 1O 145653 [-1053275 | 93 7H474
3 DA3048Y -0 TAFRY [RINFIR0 (020 | 0527487 [ TR TR JUROARAT L | ULRGASNY (12526212
3 DYANTY2 [ 1310670 |[F746TTR [(LA132K4 [-0.ZI8T715 | 206966, 7336 jU.6A20277 10305773 i 1R URER2
f HAGSe42 [ 0.427474 7504460 {(LA265%] [-0.448915 | 1RYI133 5244 (0469284 [-00T6K77 JHEININ
7 D4R3521 [-0041208 [FOLTI4K [NUI27167 |- 1 1394965 | 18DA32.5755 [o.48654 |-0.033744 | 11152503
b DS1Y569 | UAKXD42  [824 K922 {0 AGT201 [ 0415305 IR2267.7126 [O054749 |- LANTYY | K4.84506
El BdA4lR (S 1LT01943  JaRA23 L JU091293 (- E 333042 [ 1505 1L TAGR | O.R06K3T | (.806135 12527170
HE (042076 (- 17274700 (7511123 {26836 (20516259 | 1500471307 | .A25565 | 0,31968Y 11631687

Gid tri trung binh va sai léch binh phuong trung binh cit2 ung sudt

o xic dinh theo ¢ong thie sau:

|

m, = — ¥ ¢, =63,379409 MPa

10

2
G~ m,
S, = Z_(,_'___) = 7.077554 MPa
N-1
Két qua tinh theo phuong phdp mémen thich hop:
- (Gid tri trung binh:
32

Mg = Jh7F2 +0.75T*
T[d 12
3
= %J‘)oz.wzz +0,75.1813807% = 65.078 MPa

n30

- Sai léch binh phudng trung binh:
_ 2 2
32.90%F 24T

Sy = = Spa | + St

xd® [b2F? +0.75T2 nd-‘\/sz{ +0.75T2

-
L

_ 32.90%.792 702 4 24181380

n}(l-“jgn??ozz +0,75.1813807

= 55095 MPa

- Hé s& bién phan:
v, = 0,08466

rr.%()-‘\lguzwz2 +0,75.18 13802

18138

D& danh gia do tin cidy ta xdc dinh gi4 tri cla ham trang thai gidi
han, khi g(X)<0 thi chi tiét bi héng, Bai todn trén cé 2/10 trudng hop g(X)
< 0. Khi tién hanh vdi sé thir nghiém N lén ta s& thu ducc két qua chinh
xdc. Dua theo trinh ty tinh todn ching téi l4p chuong trinh mé phéng
Mocsim (Monte Carle Simulation). Cédc 8 liéu thu duge véi cdc sd thi

nghiém N khéc¢ nhau cho trong bang 6.3.
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Chyuong 6
Beng 6.3 Bang so sdnly theo phan phii chudn

~ Sa thi nghidm ] N=14 N:]UUT N=10t0 N=24000 | Nril_)lJUU'{.‘_
Gia try trung bink 63.370400 (1, 05262] f5.345245 6G5,177480 G5.17004
rT.H— leeh binh TOTTH54 0H.863604 R.O907 SAU9560 HARB242
thung trung binh |
" Dg tun ciy 0,80 (.97 0,992 GO956226 | DH9616
Kot qua duge minh hoa bing cdc hinh 6.6
T T

N6 lwng hec = 3
S4 mn ]thiug = J4Mp

Sé hang héc =2
So 16 phong = 10
Nace suit hong =02

Nac suat hong =003

AT Mien hang

Mién an toan Mien hang

NMien an toan

] g
0 Fra 0 Frs
AN =10 b N = 100
I T
So himg hoe = B Sn_hong hac =384
Sa md phong = 1000 I St phang = 100000
Ndesunt horip = 0.008 Nay sudl héng = 4,00184
: 7. Mien hong
Aién hong =) i
Afien an roan -
i Mg an toan
L] ]
F 0 F
I . )
I N = 1000 - i N = 100000 =

Hinh 6.6
S6 thi nghiém can thiét N dé dat d6 tin cay R = 0,996 xac dinh theo

cong thire:
R 099

!\‘: A E N :
VE(I=R) 00 {1=0996)

= 24900 thu nghiem

6.1.4 Gia tri bién ngau nhién logarit chuan

Gia air X la bién ngau nhién phan phéi theo logarit chuan véi gia
tri trung binh my va sai léch chuan Sy Dé tae gid tri mau x,, dau tién ta
tao gia tr1 mau u, cua 86 ngdu nhién phan phoi déu 0 < u, = 1. Sau d6 gia tri
mau z, phan phéi chuan tiéu chuin duge tinh theo cong thice (6.3). Cudi
cung ta cé su quan hé giira bién ngau nhién phan phoi chuan va logarit

chuan, ta thu duge x; thea biéu thue:
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X, =e(""|nx”i5|n.\'} {6.11)

Gid tri trung binh va sai léch binh phuong trung binh eia 1nX:

S2y =In{vi +1) & vi (v6i vy < 0.20) (6.12)

|
my,, =lnm, _“'.;Sf...\' =Inmy (vl vy < 0,20) (6.13)

Néu xap xi quan hé theo biéu thuc (6.12) va (6.13), phuong trinh
(6.11) ¢ thé dude vidt lai nhy sau:

X, =mye

(6.14)
Vi du 6.2
Gidi bai todan nhu vi du 8.1 véi téi trong F,; vA mdémen xodn la cac
dai lugng ngau nhién déc lap phan phdi theo qui luét logarit chudn.
Cac gia tri mo phong cia Fy; vA T duge tinh theo céng thee:
X, =mye % vhl vpe=vr=0,1
Cu thé 1a T, =181380¢"" va F, =792¢""  Cdac két qua tinh trinh

bay trong bang 6.4.

Bdng 6.4 Két qud tinh theo phdn phéi logarit chudn cho N = 10

STT u, 7, (1 u, 2 T 1, 7. Thia
1 [IRTHIEEY] S2AMTHIG WS | uf0RE 2T SELRITIIA 14T} BT LIV SAna2y24d SE2 AT
7y 1T IR a2t ARSI N R o 1167 I8TT | Hbny Busie | i | S1n1Y e AR LR135
1 BIRANR | TEs I way 43R | 10758240 [0 BT e AT | 11450 8 LAsaTs | uidndlx
4 134 31 Hy 41174741 A N N I R 1THI3T.3203 HRGET] L ILRGRSSL 12326212
5 13420 e L alinTn [FTh WASY | 1111284 12 RT1S ZLERKSLL 3T L HA2TT AT (LRGN
t LLBGSAG 2 0417474 [757.2422 | L3051 1134815 IR P IR AT | L ITERT? [PEILIE
? L ERM RENIR YA I AT [ IR 12T10T 1.1 34H5 IR 1§ 15 dEnAd 101371744 |1 82403
B P8 MENY 1101 g2 IS SRAK | 1] il 11413305 1220 KEES LI TY LRI B KAS1Hy
0 HESRERT RRIICTE WA ISTS | ) aus 1433042 15249 (479 LLEUBET | (LKA 18 125271710
11 11442076 L1 TN IEPAE L R -0, 51635 1 S2004. [ 354 025565 PRINLEE | |6 3| MAT

Gi4 tri trung binh va sai léch binh phuong trung binh cia iing suat
o xdc dinh theo cong thic sau:

m, = %Zc; = 63.764479 MPa

o]
|

= 6765801 MPa

Dua theo trinh tu tinh toan ching téi lap chuong trinh mé phdng
Mocsim (Monte Carlo Simulation) Céac sd lidu thu duge véi cdc s6 thd
nghiém N khac nhau cho trong béng 6.5.

Bdng 6.5 Bdng so sanh theo phén phdi logarit

8d thit nghiem N=I{ N=I{K N:]i}[!‘U N=24WK} WN=FHEHNN)
Gid tri trung binh 03704479 64 HETIY] 65,683729 3 302357 5, 495243
Sai l¢ch binh phudng trung binh h, 765801 5428870 5.064233 3.56017% 5.554705
EXitin cdy R 1,80 11,497 1.992 (LY95 1406 11,9995 1
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Chuong 6
6.1.5 Trinh tw tong quait dé tao gia tri bién ngdu nhién ti¥ mét phan
phéi bat ky
Trong cdc muc trude ta tinh d&n tao cdc gid tri maiu cha cdc bidn nglu
nhién cho mét s& ham phan phéi treng phan tich dé tin cAy két cdu. Trinh
tu tong quat coé thé 4p dung cho bat ki dang phén phéi nao.
Gid s\t réng bién ngdu nhién X v6i ham phéan phdéi tich liy Fy(x). Dé
tao gid tri mau x; cho bién ngdu nhién ta thye hién theo trinh tu saw:
1. Tao gia tri mau u; cho bién ngiu nhién phan phéi gita 0 va 1.
2. Tinh gia tri mau x; tir céng thic sau:
x, =Fx'(u,} (6.15)
trong d6 Fy' 14 ham nguoc cia Fy.
Trinh ty trinh bay & trén la tong quat. Tuy nhién trong mdt s6
trudng hop rat khé xde dinh ham nguge Fy' ctia ham phén phéi tich lay.

6.1.6 Do chinh xdc ciia xdc suit du dodn

Trong trudng hop st dung k&t qua md phéng d€ du dodn xdc suit
hdng thi xdc suat du dodn cang chinh xac khi 8§ mau thi cang Idn. Trong
phAn nay ta chd y d&n sy lién quan gida su thay déi cda x4c suat du doan
va s& md phong.

Xdc sudt hong du doan tinh theo cong thite:

= n
F=— 6.16
N (6.16)

trong dé N 12 téng s6 mé phéng va n la s& lugng (trong téng s& N} chi tiét
bi héng.

Piém du doan F goi 1a “du dodn méau”. Theo cich nay gi4 tri trung
binh tinh todn s& khac nhau qua mbi lan thit. Khi d6 xdc suvat du doan duge
xem nhu la bién ngiu nhién véi gia tri trung binh, sai léch chuin va hé sé&
bién phan.

Gia st F), 1a xac suat ly thuyét chinh xdc 14 ban ¢d gang dé tinh F.
Khi dé k¥ vong todn, phuong sai va hé s§ bién phin x4c dinh theo céng

thdc [36]: F
—Fy

3 1
‘ mg = Fjll; S = ﬁ[Fh (I_Fn )] Suy ra vg = N(Fh) (6.17)
Tiu ddy suy ra:
[l ”Fl ) R
N=—5—=— (6.18)
Vﬁ(pll ) Vﬁ(l - R)
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Phin tich d6 tin cdy phitdng phép md phong
Ta thdy ring su thay déi trong du dodn xdc suat giam di néu 38 md
phong tang lén. Tir cAc quan hé nay ta xdc dinh bao nhién mé phéng cin

thiét dé du dodn xac suat va gi¢gi han mién thay déi cha xac sudt.

6.2 PHUONG PHAP LAY MAU THEO LATIN
HYPERCUBE

Phuong phiap mau ngiu nhién va md phéng Monte Carlo da trinh
bay la mdt céng cu manh va hiu ich dé€ phan tich x4c suat. Ngoai ra trong
vai trudng hop, ddi véi bai todn phan tich cuc ky phite tap va thai gian cin
thié€t cho méi 14n thir rat Jau. Két qud 1a thai gian cdn dé thuc hién vai
tram ho#ic vai ngan mé phong thi khéng thé kha thi.

Phuong phap ldy méu Latin Hypercube 132 moét trong cac phuong
phap dé gidam sd mé phong dé thu duge két qud hop ly. Trong phuong phap
nay pham vi cdc gid tri €6 thé cla médi bién ngdu nhién nhap vac duoe
phan chia thanh nhiédu doan va méi gid tri to mét doan duge chon mét cach
ngAu nhién nhu la gia tri dai dién. Cdc gid tri dai dién cho mdi bign ngau
nhién sau dé duge k&t hop véi bién ngdu nhién khac. sao cho mbi bién dai
dién tinh dén mot va chi mot lan trong qué trinh mé phéng. Trong trudng
hop nay tat cd cdc gia tri ¢6 thé clia cdc bifn ngdu nhién duge trinh bay
trong méd phong.

Trong trudng hop cu thé gid sk ring ta cdn md phdng céc gia tri
¢fia ham Y md td baAng phuong trinh;

Y = X, X, ., Xg) (6.193
trong dé: fiX,, X,, ., Xk 12 mdt ham don dinh (nhung khéng thé biét ro
dang) véi X; {i = 1, 2, . KJ 1A cdc bi&€n ngau nhién diu vao.

Céc bude c¢ ban cia phuong phap ldy mau Latin Hypercube bao gdm:

1. Chia mién ctia mdi bién X, thanh N doan. Méi doan chia cé xdc
suat xuat hién X; la 1/N.

2. Cho mbi bién X; va mbi doan (trong N doan}, chon ngiu nhién gia
tri dai dién trén méi doan. Trong thuc t& néu s& lugng doan ldn
thi tAm diém (gid tri trung binh) cha md doan duge st dung, thay
vi ding cdc mAu ngau nhién.

3. Sau buéc 1 va 2 ta ¢6 N gid tri dai dién cho K bién ngiu nhién.
Ta c¢6 N¥ su két hop c6 thé ciia cde gia tri dai dién nay. Muc tiéu
cha 14y mau theo Latin Hypercube la chon N k&t hgp sac cho mbi
gid tri dai dién xuat hién mét va chi mdt lan trong N sy k&t hop.

4. P& nhan duge su k&t hop dau tién, ta chon moét cdeh ngéu nhién
mbt trong nhimg gia tri dai dién cia mét trong K bién ngau
nhién. D& nhan su két hgp tha hai ta chon ngdu nhién mét trong
N -1 gi4 tri ngau nhién cdn lai clia mdi bién ngau nhién. D€ nhan
su k&t hop thi ba ta chon ngiu nhién mét trong N-2 gia tri ngau
nhién con lai cla mdi bién ngiu nhién. Tiép tuc qua trinh lua
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“hudng 6
chon dén khi nio ta ¢6 N sy k't hgp edce gid tri clia cde bién ngau
nhién ddu vaoa.

Udc lugng phuong trinh (6.19) cho méi N su ké&t hgp cdc bién diu
vao da tao ¢ trén. N6 chi dén N gia tri cia ham, cde gia tri nay
duge xem nhu ld v, (i =1, 2, ., N).

ot

Trinh tu nay cung cdp dif lidu md phong. Sau d6 ta st dung dit licu dé
du dodn xdc sudl hoedic cde thong s6 thong ké cua Y. Cdc cong thice duge su
dung phé bién bao gbém:

N
(3ia tri trung binh dy dodn ciaY =Y = l—\ll-z:yi (6.20)

N
Momen bac m ude lugng cia Y :—!-~-Z(y-,)”‘ _ (6.21)
N 1=1
S§liny, <y

Ham phan phdi ude lugng F,,, = N

(6.22)

Vidu 6.3

Gidl bai todn trén vi du 6.1 theo phuong phdp ldy mau Latin
Hypercube. Tim gid tri trung binh va sai léch binh phuong trung binh ung
suit;

32 35 o ooed s
o= -2 b +0,75T! =107

[115281F2 + 0,10674166T"
d”

N
Bai todn ¢6 hai bién ngdu nhién, do dé K = 2. Gid tri trung binh va
sai léch trung binh mpop= 792 N, Spu= 79,2 N, mr = 181380 Nmm, S;
= 18138 Nmm.
Pé gidi bai todn ta dinh 4 doan cho méi bién véi cde 56 lidu cho
irong bang 6.6:

Bdng 6.6 )
| Fu, phan phéi chuin | (- o, 739.2) | (7392, 792) {792, 844,8) (8448, + o) |
', phan phei chudn | (- =, 739,2) | (169288, 181:180) | (181380, 193472) | (193472, + =) |

Trong cdc doan nay ta chon cde gid tri dai dién nhu bang 6.7:
Bdng 6.7

| F.,, phan phai chuan_ | (710} (750) [ 1816) | (875)
ui_ghfm phéi chuin |} (150000) (1750001 !, (188500) | {212000)

(6 tdt cd N* = 4% sy két hop giita cdc gid tri trén, ta chon 4 sy két
hgp vdi diéu kién mdi dai dién chi xudt hién mét lan;

(Fyp, T) = (710, 188500); (750, 150000); (815, 212000); (875, 175000)

Tuong iing mbi cip s8 ta tinh gid tri o:

oy - m'-‘\[l 152.81.710% + 0,10674166.188500° =66,1355

oy =107 \[ 1152.81.7507 + 0.10674166.1 500007 - 66,6425

oy = 107 vﬁz,m,msl +0.00674166.2120007 =74.5843
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Phén tich d6 tin ¢y phwidng phip md phéng

o, = 10"—\(1 152.81.8757 + 0.10674166.175000° =64.4328

Ude lugng gid tri trung binh ting suat:

n, = ;!1-(661355 + 66642574 5843 + 64.432K) = 67,9488 MPa

Gia tri nay gan vdi gid tri tinh bang céng thie xap xi, tuy nhién
chn sai s6 vi 56 doan ta chon chi c6 4. .
6.3 PHUONG PHAP DU DOAN PIEM ROSENBLUETH

Cac bai toan phic tap ban con cé thé sit dung phuong phdp du dodn
diém. Mac db c¢6 nhidu phuong phdp, nhung phuong phdp 2K+1 duge dé
xuat béi Rosenblueth 13 thuc hién dé nhat. Phuong phdp nay duge xem nhu
phuong phdp mé phéng N = 2K+1, v6i K la bién ngiu nhién dau vao. Y
tuéng chinh la uéc lugng ham s8 tai 2K+1 diém chd chét va sau d6 su dung
théng tin nay dé udc lugng gia tri trung binh va sai léch binh phueng trung
binh (hé s# bién phan) cila ham s8. Tuy nhién ham phan phoi tich lay
khang thé thu dugce tir phuong phédp nay.

Gia sd ham Y dugce mé ta bdi:

Y = fiX,, X, ., Xg) {6.23)
trong dé: f{ ) 14 mét ham don dinh (nhung khéng thé biét rd biéu thic) va
X =1, 2, .. K)la cac bign nglu nhién dau vao.

Céc busc co ban clia phuong phap 2K + 1 bao gém:

1. Xdc dinh gi4 tri trung binh (my) va sai 1&ch chuan (Sy) cho mai
bién ngau nhién nhap vao K.

2. Dinh y, nhu 1a gid tri cia phudng trinh (6.23) khi tat ¢d cac bién
dau vao déu ¢é gia tri trung binh, nghia la:

vy = flmy, Myy,.., Mxx) {6.24)

3. Udce lugng ham Y tai 2K diém bd sung nhu sau: cho méi bién ngu
nhién X; ta udc lugng ham tai hai gid tri cla X; 12 my; + Sy khi tat
ca cac bién con lai déu gan gid tri trung binh. CAc gia tri cha ham
thu duge ta goi la y© va y, :

vy = fimy), My, myx+Sx,,.. Myk) (6.25a)
y. = fimy,, myy, my-Sy,,.., mxx) {6.25b)
4. D#$i véi moi bign ngdu nhién, ta tinh hai dai lugng sau day:
g, D TR Y v, =37 (6.26)
2 YAy

5. Ta tinh gia tri trung binh va hé s8 bién phan udc lugng cia Y theo
cac cbng thie saa:
Ko —

= }.'“nﬁ vi v, =
v

=1t 70

=

(6.27)

Phucng phap nay c¢d hai uu diém. Thii nhat la khong can biét qui
luit phan phéi cta cdc thong s& ddu vao, chi can hai mémen (gi4 tri trung
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binh va sai léch binh phuong trung binh). Tha hai la s¢ lugng mé phéng

tuong

d6i nhd so véi phuong phap md phéng Monte Carlo va 1ay méu Latin

Hypercube.

Vi du

6.4
Giii bai todn trén vi du 6.1 theo phudng phap du doin diém

Rosenblueth. Tim gid tri trung binh va sai léch binh phuong trung binh

Ung sudt:
3?. 22 3 _ K] . Y . 2
g = ;F.\/h [*I_.‘. +075T =10 ,Fllﬁz.ﬁlk[_ + (L10674166T
1. Gi4 tri trung binh va sai léch trung binh mp..= 792 N, Sgu= 79,2 N,
mrp = 181380 Nmm, St = 18138 Nmm,
2. Tinh:
32 o= 32 TS ;
Gy = oy + 075T? = == J90%.7927 + 0751813807 = 65.078 MPu
md r:"()'
3. Uoc luong ham tai 2K = 2(2) = 4 di€m thém vao:
o' = *? HE +Spa f+n7'»T2 - —-_\/90 (7924 79.2)° +0,75.181380% = 66,232 MPa

T = ——‘[ + 0,75T% = ——JO() (792 -79.2)" +0,75.181380% = 64,011 MPa

32 1= - 2 32
Gy = ——‘\/bfi*z +075T+8¢) = 3
nd’ 730

22 40750181380 + 18138) =70.484 MPa

32

e = : —3 T
o) = T\ﬁ“Fz +075(T - §1)% = —— J902792% + 0.75.(181380 — 18138)” = 59.758 MPu
md paldy

4.

5.

Céc gi4 tri trung binh va hé sé bién phén:

o) +a;

5, = = 65.1215 MPa
2
5, = 22 : ! - 65121 MPa
ot
Vo = —‘+— =0,01705
U] +O'|
v =2279% _pogais
9 o} +05
Ude lugng gid tri trung binh va hé sd bién phan cho dng sudt o :

2

8:01,1—[(%—]:65,1645 MPa

; i

e

{n{l+\i }}—| = 0,08412

sch binh phuong trung binh:
SG =33, = 5481638
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Phin tich dé tin cdy phugng phap mé phang
6.4 PHUGNG PHAP BE MAT DAP UNG

Trong nhidu ung dung ky thuit viéc ude lugng ham trang thai gidi
han t6n nhidu thoi gian va céng sde. Phan tich sy thay déi eAn nhiéu cdce
uée Juang nay. Mot 13 giai cho bai toan nay la taoc mé hinh thay thé dé
thay thé& cac ham trang th4i td1 han ban dau. Khi u6c lugng hosc danh gia
ham thay thé s tén it thoi gian va céng sdc hon la ham trang thai gidi
han ban dau. Qua trinh thay th& nay duge thic hién bang phuong phép bé
miit dap ung. Khi da thu duge ham thay thé thi ta s& st dung cdc phuong
phap da khdo siat nhu médé phéng Monte Carlo, xdp xi chudi Taylor bac
nh&t, x4p xi chudi Taylor bac hai dé& phén tich dé tin ciy.

Trong phuong phap bé mit dap ung ta ean phdi xac dinh dang
phuong trinh thay thé (bac nhat, bac hai), cac difm thue nghiém va tim cac
hé s chuta bi€t ciia mé hinh thay th€. Ham thay thé& can phdi chinh x4c so
v6i md hinh ban dau va cdn s8 thue nghiém it nhit. Mé hinh bé mat dap
ung thich hgp cho cd¢ méd hinh nay, mé hinh nay cé dang da thic. Phuong
phdp bé mit dap (ng chia ra: bé mit dap ang phan tich, bé mit dap ing
thigt ké&. Khi thiét k& phan ra: bé mit dap dng toan cuc va cuc bd.

Trinh tu téng qudt cda phuong phép bé mit dip ung:

1. X4c dinh bién thiét k& (bién ddu vae) va bién ddp tng (dau ra).

2. Xde dinh diéu kién gidi han cia cdc bién thiét k&

3. Quy hoach thuc nghiém, bac gbm: s§ thuc nghidm, cic mdc bién
thidt ké&, su két hap cde bién thist k& vd dang bé mit dap dng.
Ngoai ra ta c¢6 th& st dung cdac phuong phap thit Latin Hypercube,
mb phéng Monte Carlo dé tién hanh thye nghiém.

4. Tién hanh thyc nghiém dé thu cdc bién ddp ung tai diém thiét k&
xdc dinh & bude 3.

5. Xdc dinh cdc hé sé chua biét clia mé hinh bé mat dap ing va thue
hién cdc phan tich khdc, vi dy phan tich 46 nhay.

6. S dung mé hinh bé mit dap ung d& phén tich dé tin cay.

Xét y&u td duge ky hiéu la Z,, ta ¢o:
Z”UIK + _Z’I-"I"
#U 4y i
S
trong d6: 7- mifc co s6, ZP™ - muc cao, 2™ - miic th&p.

Lj=1.k (6.28)

Cic gia tri ma héa x, va Z; c6 mdi quan hé saw:
- cpll
_ Zi =7

.V

(6.29)

X

Y 7rni|:

vét A7, =————' dugc goi la khodng bién thién ctia y&u t& Z; tinh ti

mifc co sd.
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6.4.1 Thyc nghiém yéu té tirng phan
Phuong trinh héi quy tuyén tinh cé dang:

[N
Y=o+ 3 b, (6.30)
1=

]
o | .
véi b = -}-;_-;_x”_\'l i=1.2, .k (6.31)
trong dé: k L& sé yéu td doc lap, N la s6 thi nghiém.
Vi du 6.5
S(r dung phueng phdp bé mat dap ung dé thay thé ham (vi du 6.1):

A —— ; o
= \ﬁ—ﬁkﬁ +0.75T = m"-‘\/| I5281F2 +0.10674166T> bing ham bac
T[d- L [

O =
nhat.
Thuc nghiém duge thuc hién véi cac 86 liéu cho trong bang 6.8:

Bdng 6.8 Mg tran quy hogel 2 yéu ti

Cac yé€u to theo ti 1& 1t nhién Cde yéu td trong hé na hda ]
STT F]-:_J_ T X X4 Xy a
1 1029,6 235794 + + + 84,5977
2 1029,6 126966 + + - 54,2474
3 5564,4 235794 + - + 79,3034
4 554 4 126966 + - - 45,5226 |
Xde dinh cdc hé s6 phuong trinh héi quy tuyén tinh:
N
l 4,59 542474 + 793034 + 45,5226
by = > X BT A58 AT+ Lo 6591775
r (BN 4
N
| 4 5077 + 54 2474 — 79 30034 — 45,5226
b= > Xy, = 84,5977 - ’ = 3504775
N £ i. 4
1=
N
l S977 - 54.2 3034 - 45522 . -
b, =—“ZX1,,V| _ _84” 377 - 54,2474 + 79,3034 - 4 4] 16037775
NS 4
Phuong trinh hdi quy ¢ dang:
g = 6591775 + 3.504775x, + 16.032775%,
Thay thé cac gid tri:
F,-792 T— 181380
2376 54414
vao phudng trinh trén ta cé:
fa — T2 T-1813
o = 6591775 + 3504775 1292 g angys T IBIN0
2376 54414

o = 079258 + 0.014750736F 5 + 0.0002946443T

Gi4 tri trung binb va sai léch binh phuong trung binh:
m,= 65,9177 MPa
8= 5,47046 MPa
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Phin tich dé (in ¢dv phugng phip mi phing

Néu xét ma hinh ddy dd hon thi phuong trinh héi quy tuyén
tinh diay dd c¢6 dang:

k k
y=by, + Zh]x] + thx,x“ {6.32}
1=

N
L=

(Cde hé 88 xdc dinh theo cong thie:
M

Z(Xi-“u )_, Y

hlll - _JT]\% viou = ]-v 2) ey k L633}

trong dé: k la s8 y&u t& doc 1ap; N 1a s6 thi nghiém.

Vi du 6.6
Gidi bai todn 6.5 véi mé hinh tuyén tinh day da.
Thue nghiém duge thue hién vé cdc s6 lidu cho trong bang 6.9:

Bing 6.9 Ma tran quy hogch 2 yéu 6

' Cdc yéu td theo ti 1é ty nhién | Cdc y&u t§ trong hé ma héa
~srT ! P T X X Xy XiXy G
1 10296 | 235794 | + ¥ + + | 845977
2 10296 1265966 + + - - 54,2474
: 3 554,4 | 235794 + - + - 79,3034
a4 | 5544 126966 + - | - |+ 1455226 |

Xide dinh cde hé s6 phuong trinh héi quy tuyén tinh day du:
M

Z(-‘]xz )i}"_i

by = = 0857625
- N
Phudang trinh hoi quy ¢é dang:
o =0591775 + 3A504775x; + 16.032775x, - DEI7625 x5

Thay thé cde gia tri:

VoooTer T - 181380
Ky WA X e ——
2376 ) 54414
vao phucng trinh trén ta co:

] By 792 ]
G =06591775+ 35047752 75 1 16,032775
2376

T—I51380

055762 {F, =792 T — 181380
- (085762
qL 2376 )l\_ 54434

0 = —RTIOSROT + D.O26TR2S12E,, + LOOORTII33T - 6.63346 1075 T ,

Gid tri trung binh va sai léch binh phuong trung binh:
m,= 65,91775 MPa
3, = 5,47046 MPa

6.4.2 Phudng 4n thuc nghiém cép 2
Phuong trinh héi quy bac hai eé dang:
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(6.34)

x % k
y=hy+ Zbixj + an"? + Zhluxixu
i1 =1

12U
ua=l

Téng 58 thi nghiém chinh: N = 2%+ 2k + n,
Céac hé s phuong trinh héi qui duge xac dinh (theo qui hoach dang

Bj:
N K N
by =Klzy_i_K2Zin‘_iyi (6.35)
i=! izt j=i
N
b, = K;Zx-._-,yj (6.36)
=l
N
biu = Kf,ZXiuxuij (637}
i=1
N ! k N
by =Kq D xay; +Ks D xiy; =K, Dy, (6.38)
= i=1 i=
Céc hé sd K, — K; cho trong bang 6.10.
Bdng 6.10
K Dang quy hoach thuc nghiém B
' By k=2, N=8§) B {k=3, N=14} | B, (k=4, N=24) | B; (k=5 N=42}
K, 1,25 0,40924 0,22917 0,15821
Ky 0,75 0,15624 0,0625 0,0332
Ks 0,6667 0,1 0,05556 0,02941
K, 0,5 0,5 0,5 0,5
K 0,25 -0,09375 -0,10417 -0,0918
Ks 0,25 0,125 (0,0625 0,03125
Vi du 6.7

(Gidi bai todn vi du 6.5 vdi mo hinh phuong trinh héi quy bac hai.
Ta tién hanh thyc nghiém theo phuong 4n quy hoach dang B véi

ma trdn quy hoach 2 y&u td theo bang 6.11:

Bdng 6.11 Ma tran quy hoach 2 yéu t§

STT | Cdc yéu td tu nhién | Cde yéu t8 trong hé ma héa
Fy T Xy Xy Xy X1Xp o
1 1029,6 235794 + + + + 84,597729
2 1029.6 126966 + + - - 54,247405
3 554 4 235794 + - + - 79,303444
4 554,4 126966 + - - + 45,652623
5 1029,6 181380 + + 0 0 68 802098
6 6554,4 181380 + - 0 0 62,177080
7 792 235794 + 0 + 0 81,595499
8 792 126966 + 0 - 0 49,435117
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Phén tich d¢ tin ciy phudng phap mi phong

X4c dinh cdc hé 36 phucng trinh héi quy:

h“—K]Zy} -X ZZ xly, = 65079597

i=l j=1
N
by = K3 D _xjy; = 34.35749476

N
= K3 D Xy = 16043908847
=1

N
biy = Kg DX, Xp%; = 085012426936
1

z

by, =Ky ) K7y, +KgiZN:xf]yl—K iy.=04099922641
1=l =i

=1 i<l

N k
b22:K4ZX2|Y|+KsZZ Xiy - Kzzy,—04'5‘5711222(]

i=1 y=I

Phuang trinh hoi qui bac 2 ¢6 dang:
y = 65,079597 + 34,35749476x,+ 160.43908847x, + 0,4099922641x,*
+ 0,4357112220x," ~ 0,85012426936x,x,

Thay cdc gia tri ma hod vao phuong trinh trén ta duge:
y = 0,098283 + 0,01488306F o+ 0,00029354T +0,0000072624 '32
+ 0,0000000001T2 — 0,00000006575 F,, T
Gid tri trung binh va sai léch binh phuong trung binh:
m,= 65,079597 MPa
S, = 5,21356 MPa
Tif eAc md hinh thay thé vira nhdn duge ta dé dang ddanh gia 49 tin
ciy két cdu.

6.5 KET LUAN .

Ta cé thé sir dung cdc phuong phap mé6 phéng sé d€ danh gia d¢ tin
cay két cAu mdy va chi tiét mdy, tuy nhién dé dat dé chinh x4¢ mong muén
thi cdc phuong phap trén doi héi khéi lugng tinh toan lén. Do dé chi thich
hgp ting dung lap cdc phdn mém tinh toan trén mdy tinh. P8i véi cac mé
hinh tinh phic tap ta cé thé sit dung phuong phdp bé miit ddp (mg d& thay
thé chiing bing cic phuong trinh hdi quy bdc nhat hofic bac hai, tir dé6 s
dung cdc phuong phép x4p xi dé dé& dang phén tich ho#c thiét ké theo dd
tin cay.

6.6 BAI TAP

6.1 Mot dAm bing thép ¢6 két cdu nhu hinh 6.7. Biét ring tdi trong F va
cutng do tai trong q la cdc dai lugng ngiu nhién doc lap phan phéi theo
gui luat chuin véi my = 40000 N, Sp = 4000 N, m,= 50 N/mm, S,= 5
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Chifang 6
N/mm. Kich thuéc thanh b = 60 mm va h = 100 mm duge cho 1a don
dinh. Maédun dan héi vat lidgu thanh E =2,1.10" MPa. Giéi han chay:
Mg, = 600 MPa, S, = 60 MPa.

q : F
/F | h
7 2l
L6

| 1=1000 _l

Hinh 6.7 Ddm bédng thép chiu uén
Yéu cauw

1. Xae dinh ham trang thai giéi han theo dé bén va do cing.

2. Sit dung mé phéng Monte Carlo dé tim xéc suit lam viéc khéng
hong dam. Vé ham mat d¢ phan bd dng suit o, gidi han chay o4, va
2%,

3. Tim bé& mat dap Ung dang phuong trinh héi quy béc nhit, bac
nhit ddy di, bac 2.

4. Véi bé mit ddp ing thu duge, sit dung mé phéng Monte Carlo xac
dinh xdc suat lam viéc khéng hiéng cho timg dang bé mdt va so
sanh k&t qua cau 1.

5. S dung phuong phdp 14y méau theo Latin Hypercube va dy dodn
diém Rosenblueth dé tim gid tri trung binh va sai léch binh
phuong trung binh dng suat.

6.2 Cac s6 liéu nhu bai tip 5.3.
Yéu cau:

1. Sit dung md phéng Monte Carlo d€ tim x4c suit lam viéc khong hong
truc. V& ham méat 4o phan bd Uung suit o, gidi han méi oy, va g(X).

2. Tim bé mit ddp dng dang phuong trinh héi quy bac nhéat, bac nhit
ddy du, bac 2.

3. V6i bé mit dap ing thu duge, si dung mé phong Monte Carlo xdc
dinh xAc suat 1am viéc khéng héng cho timg dang bé mit va so sdnh
k&t qud cau 1.

4. St dung phuong phap ldy mau theo Latin Hypercube va dy doan
diém Rosenblueth dé tim gia tri trung binh va sai léch binh phuong
trung binh tng suit.
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THIET KE VA PHAN TIiCH KET CAU
THEO PO TIN CAY

Trong chugng nay ching ta phan tich va thiét k&€ cdc két ciu trén co
so dé tin cdv theo cdc chi tidu kha nang lam viéc, Gilta cde chi tigt ed khi,
két cau cong trinh va cdc hé théng hodc linh kién dién - dién i cé sy khde
nhau ro rét. Pa s6 cde linh kién va hé thong dién, dién ti bi héng do tang
nhiét dé trong qud trinh lam viée hoic cdc 1y do tuong tu. D6 tin cdy cla cic
linh kién dién va dién tit lién guan dén tudi the cia hé théng. Thai gian chi
tidt bi hong 1a bién ngdu nhién chd y&u trong trudng hap nay. Nguge lai, cac
chi tiét co khi va k&t cAu xay dung bi héng xdy ra khi dé bén (hoae do cing,
d6 bén mon.} nhd hon gid tri tde dung. Ngoal ra cé sy khidce nhau la cac hé
thong dién, dién t duoe sdn xudt hang loat vdi s6 lugng 16n va do dé ching
déng nhat. Vi 1y do tén tai v6i s& luong 16n cde hé thong chuan déng nhat
nén c6 thé giai thich xdc sudt hong cde hé théng dién trong gidi han cua tan
suat lién quan. Cac hé théng co khi va két cau xay dung khong duge sdn
xudt hang loat, cho nén cdc di lidu vé chiing by han ché. Do ddé, phan tich d§
tin cay cia mdy va cdc két cdu xay dung cé thé thiéu rat nhiéu kién thic
lidn quan dén co tinh vat lidu va cdc bdn chil sy thay déi cua tai trong tde
dung trong théi gian lam viée.

Nhu ta da biét trong cdc hé théng phie tap, su hong hdc cla mot
phan ti dian dén cde hau qua rat nghidm trong. Do dé nhiém vu chd yéu cia
ky su thiét k& va chuyén gia vé d6 tin cay la chon cde thong sd chi tigt may
vt k&t cau tat nhat cho hé théng co khi khi tinh dén cde nhan t& nhu: gid
thanh, d9 tin cdy, khéi luong va thé tich. D€ dat duge muc tiéu nay can phai
tién hanh ude lugng dé tin cay cde phén ti trong giai doan thiét ké.

Ngoai d6 bén, kha nang lam viéc clia chi tiét may dac trung bdi mat
loat. cde chi tiéu quan trong khdc nhu: dé bén mon, dd cing, do chiu nhiét,
ds an dinh dao dong, doé chinh xdc ...

Cde bai todn trong chuong nay duge tinh todn theo cdc phuvng phdp
xdp xi da trinh bay trong chuong 5 va bing chuong trinh ty thigt lap
RADME. Khi thiét k& s dung phuong phdp mémen thich hgp, dé ddnh gia
d6 tin cay st dung phuong phdp tim diém xdc sudt 16n nhat (MPP).



Chudng 7

7.1 PHAN TiCH VA THIET KE TREN O sG PO TIN
CAY THEO PQ BEN

Tinh toan tién hanh theo cdc chi tidu riéng biét véi cdc dai lugng
gi6t han cilia ching: ddc trung d6 bén (giéi han bén, gigi han chdy, giéi han
moi), tai trong gidi han, tudi tho, chuyén vi t4i han (do dan héi, mai mon,
nhiét do), 46 chiu nhiét cha ddu va vit lidu, tan s8 va bién dé gidi han cia
dao dong, dé 6n dinh dong luc hoe ..

Cdc dai lugng gidi han cho trong cdc bang tra citu duge xic dinh
bing con dudng thuc nghiém ho#c qua qué trinh sit dung.

Dai lugng tinh todn L khi tinh todn d¢6 tin cay theo tiéu chuin bén
la (g suat tinh todn ho#c tdi trong. Tuong Ung véi cde dai lugng gidi han S
1a gidi han bén, gidi han chiy, giéi han méi holic khd n#ng tai.

HUNALY 4
14
- Céc nhan 18 Anh hudny Cac nhan t8 4nh hudng Ls
dé&n (ng sust dén do bén
; ; ; 1{x) A :
gy} Tap frung ung sudt e nh hudng kich thusc

.
’

g,ly,) Anh huang nhigl a6 Lix) D nham bé ma1

;
-

gy, Anh hudng 1&i igng fix) Phuang phap nhuyét luyén
1

e
-

Hinh 7.1 Puong cong phdn phét dé bén va ung sudt

Co s6 d4nh gia do tin cdy la mdi phén t{ cé d6 bén nhit dinh so véi
tdi trong tdc dung. Phuong phdp thiét k& théng thuong, dua trén viéc si
dung cdc hé s6 nhit hé s8 an toan d4 khéng quan tdm dén xdc suit héng cha
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Thiét k& va phan tich k&t cau theo d6 tin ciy

phén ti. Mot vai nha thiét k& cho rdng héng héc eda phin ti c6 thé leai tri
néu nhu ta chon hé s6 an toan cao hon mot gia tri nae d6. Trong thuc t& khi
chi mot hé s6 an toan thi xdc suat héng cia chi tiét c6 thé thay déi trong
mot pham vi ddng ké.

Sir dung hé s6 an toan cé thé ding trong truéng hgp khi ma gid tri
cia né dua trén cg s§ kinh nghiém lam viée nhidu nam trong diéu kién
tuong tu véi didu kién khi thiét ké&. Ngoai ra, cdc tham 6 k&t cdu la cac dai
Iutgng ngiu nhidn ma véi cac phuong phép thiét k& théng thudng ngudi ta
khong tinh dén.

Hinh 7.1 trinh bay déic tinh ngiu nhién cta ciac tham s6 thiét ké khi
xdc dinh d¢ bén va ing sudt. Néu nhu cde phin phdi nay duge x4c dinh thi
¢6 thé tinh todn x4c suit lam viéc khong hoéng cha chi tigt. Hinh 7.2 trinh
bay so db tinh theo phuong phap nay. Khi tinh toan dau tién ta xét dén anh
huéng cha cac hé s§ didu kién lam viée, béi vi ching la cdc nhan té quan
trong khi tinh todn Gng suat va dé bén. Khi tinh todn d3 bén can cha ¥ tinh
chit clia vat liéu sit dung va phan phéi xac sudt cla cdc nhan té nhua phudng
phép gia céng bé mit, dd nham bé mat gia cong ... Khi tinh todn Ung suit
can phai tinh dén cac di liéu théng ké vé tdi trong va cdc nhidn t§ 4nh
huéng dén dng suit nhu tap trung ing sudt va nhiét do ... Sau d6 tinh todn
gid tri ing sudt, dé bén va cac su phan phoi cia cdc dai lugng nay. Theo sy
phédn phéi nay ta s& xac dinh dé tin cay clia chi tiét ma cu thé 12 x4c suit
lam viéc khong héng,

Cac dit liéu thdng ké . . Cac di ligu thédng = .
vé tAi trong, thay déi THL"” t"g:‘ ké v& ing sudl |- ;‘;:J?ﬁ'}
tai trong va phan b gsu va phan b8 '
Cdc dirlidu thdng
k& vé a6 bén
va phan bé
Mdilign hé dén Ll Tinh todn céac ] .
céc phén tif, hé thdng f=f hé 56 &nh hudng Téghbg)r?n
con va hé théng khac [*| diéu kién lam viéc '
Cac di lidu thang k8| Cac dif ligu thang
vé hé sd anh hudng ké vé vatliéu va
diéu kieén lam viée sy phan bé

Hinh 7.2 So d6 tinh todn thiét k€ theo d¢ tin cdy
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DE sit dung phuong phép nay mot cdch c6 hidu qua cac k¥ su thiét k&

can phai c6 ddy di thong tin vé phan phai dé bén, ¢6 cdc dir lidu lam gidm
chi tidu bén va eac dir liéu v& phan phdi tdi trong ...

Qua trinh phén tich d6 tin cdy bao gbm cdc buéc sau:

1. Tién hanh thi&t k& sa ba.

2. Bdnh gid anh hudng eac nhan t6 bén ngoai.

3. Phan tich cde phuong 4n sg bé cda hé théng, bao gom tai trong
tdc dung 18n cdc chi tiét va sy phan phai ciia chang.

4. Chon vat liéu theo co tinh va phan tich gid thanh.

5. Bac tinh do bén va tai trong pha hiy bao gom ca cdc phan phéi
cua ching.

8. Uédc lugng gid tri dd bén ctia chi tidt va tdi trong pha hdy, cac
gia tri nay phu thudc vao co tinh vat liéu, hinh dang hinh hoc
cla chi tiét va tai trong tic dung.

7. Tinh toAn d6 tin cay theo do bén va tai trong pha hay.

N&u ta khdo sdat k& hoach day du bao dam do tin cay khi thiét ké thi
bao gém cac budc sau:
1. Dat van dé.
2. Xac dinh cdc tham s6 két cAu ho#dc hé thong.
3. Phéan tich tinh chit, hé qua va mitc d§ quan trong ciia hong hée
(hong héc cde phan tf gy nén hing héc cia toan bd hé thong).
4, Kiém tra tinh chinh xdc viéc chon lua cac théng sé quan trong
nhat.
5. Dinh dang ti s6 giifa cdc tham s& tdi han va cac tidu chudn xdc
dinh viéc xuit hiédn cdc hong hoc.
Tinh toan \ing suat lam xuat hién héng héc.
Lua chon phén phdi ing sudt lam xuat hién héng hoc.
Tinh todn do bén lam xuit hién hong héc.

w e

Luta chon phan ph6i dé bén lam xudt hién héng hée.

10. Tinh todn cdc chi tiéu dd tin ¢dy lién quan dén cdac phan phéi
nay lam xuat hién héng héc ddi v6i mdi dang hong tdi han.

11. Chu trinh thiét k& lap lai v6i muc dich dam bdo dé tin cdy cho
trudec.

12. T6i vu héa két cdu theo quan di€m cdc chi tiéu lam viéc, gid
thanh, khai lugng.

13. Chu trinh téi vu héa ldp lai d&i vé1 timg chi ti€t quan trong cla
hé théng,

14. Tinh toan cdc chi tidu quan trong cla hé théng.
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15. Lap lai cdc budc vita ké vdi muc dich téi vu héa do tin cay cia hé
théng.

7.2 THIET KE VA PHAN TiCH THEO HE SO AN TOAN
TRUNG BINH

K&t cdu va chi tiét may duge goi 1a an tean va ding tin cdy khi gia
tri gidi han theo chi tiéu tinh (@4 bén, cung, bén mén..) vugt qua gia tri tinh
toan. Do d6, dé tinh toan dd tin cdy cua k&t ciu va chi tiét may dbi hoi cac
hiéu bi&t vé bdn chat ngau nhién cia dé bén z (hodc dé cing, d¢ bén mon..}
va ung sudt y (hodc dé vong, luong mon. ). NEu nhyv ham phan bd xdc sudt
cia chiing duge biét 1a fi(z) va fy(y} nhy hinh 7.3 thi d$ tin ecay cGa ching
dugc uge lugng bing cdc bidu thde tich phan. Trong cac trugng hgp ma Z va
Y phén b theo qui luat chuén, logarit chuidn, haum 56 ma, Weibull.,, cac cong
thiic tich phin ¢é thé rit gon thanh c4c dang don gidn, Ham g(Z, Y) =2 - Y
goi 1a ham trang thai gigi han, chi tiét an toan khi g(Z, Y) > 0, hi héng khi
glZ, Y= 0.

Do tin cay cua chi tidt khi xde sudt dé bén vugt qua (ng suat véi tat
ca gia tri c6 thé cua (ng sudt (4o vong, luong mon ) duge xdc dinh theo cbng
thue:

R=Pg=(= de = Il':(y Iy,(z)dz dy = Jt'g(y){l -Fiiyildy  (7.1)

v

-r -

Ngoai ra, biéu thic ciia dd tin cay c6 thé thu duogc bing cach tim xAc
sudt cua (ng sudt duge 14y gid tri nho hon gid tri cGa do bén. Khi dé da tin
cay duge xdc dinh:

"

R=Pp>0= -[dl{: jl’ltz{ J‘fg{y)dyj}dz; Iﬂ{z)ﬁ(?)d?. (7.2)

s

({0 1)

f

Hinh 7.3
Gia si dd bén (Z) va iing suat (Y) phan bé theo qui luat chudn theo
cac ham mat dé phan bd sau:
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i e
frir)- —1.'——0 wova I':(}']-——-i:e. w Lo yod (7.3)
§,42n §,v2r
trong dé: m, va m, c¢é nghia 14 gid tri trung binh; 8; va By 14 sai léch binh
phuong trung binh eda cdc dai lugng nglu nhién Z va Y.
Khi d6 dd tin cdy ciia phan t ¢ thé bidu din bing bidu thic:
R=Plg=Z2-Y=2z0=Pilg=z0) (7.4)
trong d6 g = Z — Y 1a bién ngiu nhién mdi.
Vi Z 12 ham bac nhat theo cde bién ngiu nhién phan bd chuin, do dé6
g cang phan bd theo qui luat chudn. Ham mat dé phan bd cha dai luong
nglu nhién g (hinh 7.3) duge xde dinh theo eéng thie:
ey
flg) = l,_ﬁc B —XCP L (7.5)
Sy dn

Néu Z va Y la cdc dai lugng déc lap, gid tri trung binh va sai léch
binh phuong trung binh edla g ¢6 thé xdc dinh theo cang thde:

R /z 2
m, = m, - My VA Sg =57 +Sy

Da dé biéu thie (7.4) ¢6 thé viét dudi dang sau:

- o
R=P(g>0) = figng = fo 5 (7.6)
0 S;van
Néu thay the: 7, = g"g'“s (7.7
i
v6i 2z, goi 1a di€m phéan vi chudn.
D4 tin cdy ¢6 thé xdc dinh nhu sau:
-
R = J'c Y dz,= 1 - Dlg) (7.8)
00—, -
Khiz=0thiz = —£=.2220y _ g (7.9)
5 JQE +8%

Vi can dudi z, ta c6 thé xdc dinh theo gid tri trung binh va sai léch
binh phugng trung binh céde dai lugng ngdu nhién Z va Y. B9 tin cay cha chi
tié€t xdc dinh bang cach tra bang theo gid tri z; thu duge theo cong thie
{7.9). Nguge dau z, ky hiéu B got 1a chi s6 dé tin cdy.

Trong trudng hgp téng quat ta sit dung phuong phdp mémen thich
hop va MPP (chuong 5} dé€ thiét ké va phan tich theo dd tin cdy. Khi d6 dé
bén Z va iing suit Y 12 ham s8§ nhiéu dai luong ngau nhién Z = £1(Z,, Zs,.. Z,,)
= (X, Xo,. Xed va Y = (Y, Yo, Y= (X Xz Xuai) ta st dung x8p xi
bac nhéat hodc bic hai cita day Taylor dé xdc dinh gi4 tri trung binh va sai
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léch binh phiang trung binh m, va phuong S% ciia ham kha vi g(X) = g(X,,
X, Xo) v6i cdc bién ngau nhién dde tap Xy, Xy, X, va n = m+k.

Gia sit X;, X, , X, phan b8 theo qui luat chuan cé gid tri trung binh
m = {my;, Mys,., Mx,} v& sai léch binh phugng trung binh 8 = {54, Sxs.., 8
w). Sau d6 khai trién g(X) = g(X,, Xy,.. X,) thanh chudi Tavior:

g X)=L(X)= g(x*), x*y, ooy X5 )+

P roa 7 g
+ ﬂ(il X -n }+:—ti-g— (s -n + +l— iy [t*—m 1 (710)
[axi l { | Ty !;_'-}\'._. 1 Il_-(z} Ex J X, iy

m m = " dm

g(X) = LX) = gX) + i

L —my )= g(X*) 4 \?g(m)(X*—mx,]T (7.11)

{x

Néu ta khai trién chudi Taylor tai gig tri trung binh cdc dai lugng
ngdu nhién (x;,x5,.,%,) = {(m,;, Myy,., m,,) thi gid tri trung binh m, va sai
léch binh phuong trung binh S, xdc dinh theo cbng thite:

mg = glmy), Myy, ..., My, )= glm)

2 2 2 " 2
by Sir ol hy?
S.o= 1B g2 | g2, _i_-l gl - E LE g2 (712
“ J[E‘X | m )‘l (-YX 2 m X ) " ('PX- n j m Xn ‘"‘XI X] }

2 1= m

Xdc sudt lam viée khong hong xdce dinh theo edng thye:

R=PgX)>0) =1-PgX)<0)

2
E

Blals

i=l i

~1- c{_“‘b‘}l,w —EUMy Mg Wxn) | g Lz = 1- DB) (7.13)

Hé s6 bién phan hodc chi s6 dé tin cay:

2y == EUExI My Mxy ) (7.14)

vdi z, goi la diém phan vi va B goi la chi s d4 tin cay.
Khi tinh todn thi&t k& dé tin ciy két cdu trén cg s& dé bén thi:
g=4~-Y
trong d6 Z = f{(Zy, 2y, L) = (X, Ko Xnd va Y = £4(Y, Yo, Y = fulXn,
b, STIND S &

Chi s& 44 tin ciay B va hé s6 bién phan z, xdc dinh theo céng thic:
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oMy fiimy mya..... My, ' — [{m Y Mya. My, )

Js3+ 3 V[Z{;‘;J S5+ “’}\“'

i=1 b =1 !

Trong tinh todan thiét k& mét s& két cadu hode chi tiét may dai lugng
Z va Y phu thuéc vao cde dai lugng ngau nhién Z; va Y, dudi dang ham sa

it [
mi 7 = l‘[z‘;- va Y :]‘[YJ‘- véi o, B 12 chi s6 mil cia nhan t§ i. Khi d6 gia

111 trung binh my, my va hé s6 bién phan tuong dng vy, vy s& bing:

m k

- . - P,
m, = o, My = my,

A : (7.16)
111 K

1 70
Vg = Zu."?_il Yy ;\ZBINH:

1 1
véi v, - hé s8 bi&€n phén cda nhéan td x;.

Khi tinh todn theo d9 bén, ngudi ta xdc dinh do bén theo sy lién hé
gifta ing sudt tinh todn o va Ung suat gidi han oy, ma néu o > oy, thi héng
hée sé xdy ra. Néu ta thay thé 3 = oy, va L = o thi ta c6 cong thdc tinh
todn quen thudc nhu trong gigo trinh Chi tiéF ndy va Co sé thidt ké mdy da
khéo =4t [32, 511

Cae gid tri o va o), duge khao sdt nhu 1a cdc dai lugng ngau nhién
phan phai theo gui luat chuan. Ung suit ¢ va oy, duce ddanh gid theo cdc
dac trung bling s6 sau day: gid tri ¢ng suat trung binh o, o, ; sai léch binh

phuong trung binh 5, va S,;, hay & hé s6 bién phan v, vy,

Xdc suat lam viéc khéng hong theo tiéu chuan bén R duge xdc dinh
nhu la xdc suit sao cho gid tri xdc suat tinh todn o nhé hgn gid tri Ung suit
gi¢i han gy, tic la P (o < oy,). Gid tri xde suat lam viéc khong hong R tra
bang theo diém phan vi 2, hoie chi s8 d6 tin cay p:

S-L Slim =
2= = /“'2 02 (7.17)
\[S§ 5L \Slim +35
~ n-|
]’1-\";”m +Vc-s
trong dé 7=2I" ]3 hé sé an toan trung binh.
O

Pé thigt k& chi tiét m4dy ta thay thé céng thie xde dinh o va S,
theo cde bién thi&t k& vao cong thic (7.17), gidi phuong trinh ta thu duge
cdac kich thude ¢in tim.
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Trong cic bai toan thiét k& két ciu ta c6 thé xac dinh duge v, vy,
thi tir edbng thare (7.17) suy ra:

4

7 WV, + Vo= (i - 1) (7.18)

Gidi phuong trinh theo trén ta tim difge gia tri trung binh hé sé
an toan 1, tir day suy ra o va sau do 1a kich thuée cin tim.

Tuong tu ta gidi bai todn phan tich va thiét k& trén co sd do tin cay
theo do bén, d6 ciing, d6 bén mon, dd én dinh.. dua theo cdc dang héng chi
tiét may va két cau.

Trong chuong nay ta khao sdt cdc bai todn cu ban khi thidt k&
thanh, ddm.. theo cdc trang thdi img suat khdc nhau va so sanh két qud
tinh todan theo dd tin ciy vdi phuong phap itinh theo hé sd an toan (nhu
trong sic bén vat ligu). Ta khdo sit edc vi du cho cde trudng hop trang thai
ing sudt don va phic tap, tring hop dng suat khéng dai va thay déi.
Thong thudng chi tiét goi 1a ddng tin cay khi xdc sudt hong F < 107 déi vai
cde chi tiét héng hée lién quan dén idng suat, va 10" <« F < 107 dai v6i cac
chi tiét hdng héc khéng lién gquan dén Ung suit.

Trong cac tinh todn do tin cay theo dé bén ta thugng thay th& S bdi
cac dai lugng: giéi han bén oy, hén kéo oy, gi6i han chdy o, gidi han moi
... Ti trong L cé thé la: huc tdc dung F, mdémen xodn T, img suit o..

7.3 TINH TOAN THANH CHIU KEO

Trong muc nay ta khdo sat thanh cé tiét dién tron chiu kéo véi lue
kéo F 1a méot dai lugng ngau nhién. Dudng kinh d ciia thanh do sai 8 ch&
tao cling ta mdt dai luong ngAu nhién. Vi tinh chat vat liéu cong la mot dai
lugng ngdu nhién, do 46 gidi han bén kéo 1a mét dai lyong nglu nhién.

F I @_____________..v_;F___,_

Hinh 7.4 Thanh chiu kéo
Ung sudt kée xdc dinh theo céng thuc:
P _F (7.19)
A ad® @
trong dé A la tiét dién thanh.
Do d6 gi4 tri trung binh o va sai lech binh phuong trung binh S, ¢6
thé xdc dinh tir céng thite (7.19) nhu sau:

a3

G =-— (7.20)
-

141



Chueng 7

. 4 =2
2 el Sg+ a”F
sps SF_ BES 0 0 (7.21)
14 a=h h -4
m™r nr T

Thay thé cac biéu thie (7.20) va (7.21) vao céng thie (7.17) véi mg
= ('_Sm\ . S,»; = Snk- oy, = (;' . S'[_ = S.—, ta c6:

7, == nr

(7.22)

. T poany thanty chie koo

TINH TOAN THANH CH|U KEQ

Tt o v e Frgwn vwn fosa

FNmmy (4w Co — l

awiMBmy (W 5, NP W |

E LEC ) = £ (B

. s o e
Bl gan i i |

ot CRRETE AT o

- Lot it e I

1) IR Mz
+ 1
]

-’ == . €171 7NN
[ Kt s I Nhap L | Ihoa -

W T

al Tinh todn thiét ké

& Nints posn fhwends chili kew.

TiNH TOAN THANH CH|U KEO

Turevieia M b o _j Vs lman sac yusd =
To ks i e s
fidmmy (o b g+ 5000
tw AP (6 SMPa)
) b e
sesd S i wmy o, v '
S | '

B [ i ¥y

I I nmATEteen

£t (lud I Hhdio Loe Thaat

b) Phan tich dé tin cdy
Hinh 7.5
Véi cdc sb liéu ban ddu: F = 40000 N; Sy = 5000 N; &,, = 400 MPa,
S, = 50 MPa. Ban kinh r la dai lugng ngdu nhién véi 3S, = ar véi o

0,017, Véi xéc suat lam viéc khong hong R =0,9999 ta c6 z,
= 0,015 thi phuong trinh (7.22) sé trg thanh:

=-3,72 va néu a
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Thi€t k& va phan tich k&t cfiu theo d5 tin ciy

sy 4000
-372=— It (7.23)

50002 + 3(0.015 32.(40000)*

G0y + —— e
ﬂzfd

Sau khi don gidn phuong trinh ¢4 dang sau:
- 81,217+ 101142 =0 (7.24)

Phuong trinh nay ¢6 hai nghiémr =3,92 mm va § =8,12 mm.

Nghiém cudi cing § = 8,12 mm tuong dng vdi xdc sudt khong héng
R = 0,9999, con nghiém § = 3,92 mm tuong dng vdi xac sudt khéng héng
R= 0,0001 (hinh 7.5a).

Né&u gidi bai todn nay theo phuang phdp truyén théng véi gia tri ing
sudt cho phép [o] thi phu thude vao hé s6 an toin ta c6 cac két qud theo
bang 7.1.

Bang 7.1
Théng s& n=1 n=2 n=3
o], MPa 400 200 133,3
d, mm 11,28 15,96 19,54
T, mm 5,64 To798 9,78

Phu thuédc kich thudc vao dé phin tdn tai trong

Gia st rang khéng thay d&i gi4 tri trung binh tai trong, theo bang
7.2 thi kich thudc thanh phu thudc va dé phan tan tdi trong (S,). Mién
thay d6i tai trong cang lén thi kich thude cdn lén.

Bdng 7.2 Phu thudc kich thuoe vao dé phdn tdn co tinh vdt lidu

Sr. MPa Ban kinh r, mm Sp, MPa Ban kinh r, mm

0 7,72 7000 8,41
1040 7.73 8000 8,57
2000 7,79 D000 8,73
3000 7,86 10000 R,B9
4000 7.97 11000 3,05
5000 8,12 12000 9,22
6000 8,26 13000 - 9,38

Phu thuge kich thude vao dé phan tan cd tinh vat ligu

Gia st riing khong thay déi gia tri trung binh gi6i han bén vat liéu,
theo bang 7.3 thi kich thude thanh phu thujc va 46 phan tan co tinh vit
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lidu {S,). Mién thay déi co tinh cia vat lidu eang 1dn thi kich thuéc cang
Ién.

Bdng 7.3 Phy thudc kich thuvc vao dé phdn tdn co tinh vdt lidu

S, MPa Ban kinh r, mm 5.4, MPa Bdn kinbh r, mm
5 8,84 45 7,86
10 6,88 50 8,12
15 8,94 55 8.42
20) i 7.02 ] 80 8,80
25 7.14 70 9,80
30 7.26 80 11,30
35 7.4 90 14,10
| 40 762 . 100 21,17

Bai todn trén cé thé giai theo trinh tu sau:

Hé s& bién phan v,

= JVE+avT = ‘l_ +4 ()1’52+4(J(l(li‘A(ll”‘i’-l)‘)

Piém phan vi:

EM\—E H -l
L= ==

{2 2 =22 2
Sobk + 55 Jn Vo, tVe

trong dé o = Ok 1a hé 88 an toan theo ing suit trung binh.
G

Dé gidi bai toan thiét ké, nghia 13 tim gi4 tri trung binh dudng
kinh d, khi d4 & va v,1a ham s§ cia d. Thay thé cdc bidu thitc 1 va v
cdng thie xae dinh diém phan vi va giai phuong trinh theo @ .
?.?[ﬁﬁvim +"<21 y=({TT — 1)3
Tiu day suy ra:
Hz(zzl'v; —D+2n+27° \E, 1=0
_2 z 50 _ 2 )
n (37197 — | =D+ +3,719°.0L125389- - 1=0
A3
0,783891° — 2 + 0,782509394 = 0 .

Gial phugng trinh trén ta tim duge n= 2,0688718, sau 46 theo cong

Tk N T

thic (7.20) ta tim duge o = ——= = 193,342, tir day suy ra ¢:
n
d=1 i = 16.23mm
riged
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Sit dung trinh tu nay dé gidi cdc bai todan ma dng suat biéu dién

dang tich cdc dai luong ngau nhién.

7.4 TINH TOAN THANH CHIU UON

Trong muc nay ta khao sat dam cong xén c6 tiét dién tron chiu tac

dung tai trong F, 1a mét dai lugng ngau nhién. Tiét dién ngang ctia dam la

dutmg tron bdn kinh r 14 mét dai luong ngdu nhién.
F.

/) !

T 5

[

:
|
A
Ji!

Hinh 7.6 Thanh chiu uén
Ung suit ubn 16n nhat xdc dinh theo céng thie:
M _32Fa _4la
Wt

(7.25)

Vi F,, a v r la cdc dai lyong ngdu nhién, do dé ta xdc dinh gid tri

trung binh G va sai léch binh phuong trung binh S, theo cde cong thic

sau:

1 2 - N2
i< 2] si o[ 2] s (2]
' I oa or
BN —\2 — 2
4( al J 2F
| R %+[i’1] s? {Li] s
mr mr nr

Thay thé ecac gia tri vae céng thac (7.17) ta co:
- 4Er;
o -

nr

, 2V (4EY 12F.a )
24|, Sﬁr‘r[ J s; +(- 5;“} s:
mr y nr mr

1 2Tk =21 T2.a =it o, - - — -3
2 St +10(a S5 +F 8, +Fea o’ ) =4Fa —ounr

7)==
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Chudang 7

-1
bat r =t va binh phuong hai v&, sau khi nit gon ta ¢6 phuong trinh
bac hai sau;

=

aol-Fa)=0 (7.30)

¥
¥

(2}85n° — ot +8F, agnm + l(i(;:Sf;‘ +]?,:Si +F

bat A = lzf.‘?i;‘,hrt2 —Ef\nz); B = 8F,aanw va

C= 16 SE+F S +Faa-Fia)

V6i cac s6 lieu ban dau: F, =8000N.S,, =1000N . Khodng c4ch a la
dai lugng ngau nhién véi a=1000 mm, S, =3mm . Vi tinh chat vat liéu cing

la mot dai luong ngdu nhién, do dé gigi han bén uén a, la mit dai lugng
ngiu nhién véi o, = 600 MPa.S_, =50 MPa . Vai xac suit lam viéc khong héng
R=0,9999 va r la dai luong ngau nhién véi 38, = ar v6i « =0,015.

Thay thé cdc gia tri da biét vao phuong trinh trén véi z; = -3,72 khi
R = 0,9999, ta c6:

-3211792,30133868t* - 120637157913,6 t - 1.007744,10'"'= 0 (7.31)

Giai phuong trinh trén thu duge (hinh 7.7):
t; = 250226 suy ra r; = 29,26 mm tudng ting R = 0,9999
va ty = 12540,3 suy ra rp = 23.23 mm tuong ung R = 0,0001.

Két qua: Ban kinh thanh la r = 29,25 mm tuong dng vdi xdc sudt khong
hong R = 0,9999,

TINH TOAN THANH CHJU UON
1 SRR

Tinh inon theet ke iy marwa W

D v s v

Fomuy 00

| Aimml
wyr MPay 4

| R 0
» (LS

Vet g bwdilow

l_slt Duk l

Couun) T T 24973

‘ w73 ZATBII07D

Har et b

S 1 Ny | 1000

Somm) l
SHiMBER W L »
d = i1
- 2 1y

fa Uﬂl_‘”i——ﬂ:‘:;" M,

S ot g

BT e
o amemas

Nhbp Lo Thost | P 0T 418

Hinh 7.7
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Thi€t k& va phin tich k&t ciu theo db tin ciy

Do tng sudt tinh todn xdc dinh bing tich cac dai lugng ngiu nhién,
cho nén ta ¢6 thé sit dung cdc céng thitc (7.16, 7.17, 7.18) dé giai bai todn
thiét ké.

7.5 TINH TOAN THANH CHIU XOAN

Maét thanh tiét dién tron ban kinh r mét ddu duge gitr chit, mét dau
chiu tic dung mémen xodn T. Bi&t ring mémen xodn T. ban kinh r va ing
suat cit gidi han 1. 1a dai luong nglu nhién.

T

7 [
A R

L

Hink 7.8 Thanh chiu xodn
Khi thanh chju xodn, tmg suit xodn dugc xdc dinh theo cong thic:
T _leT 21 (7.32)

S T3 3

Wo nd’
trong dé: T 14 momen xodn, W, 14 mémen can xodn.
Tir ¢dng thace (7.32} ta xdac dinh gid tri trung binh va sai léch binh
phuceng trung binh theo céng thitc sau:

=L (7.33)
Tr

Sf :[_{i{_] S%\ +(£1 Sf

aT or
s (2 Y (6T
nr nr
Thay cde gia tri T va S, vao cong thite (7.17)
T-1

2y =~

NSRS

Vi du véi céc s6 lidu ddu vao: T= 800000 Nmm; Sr= 80000 Nmm,
X4c dinh ban kinh dam tai tigt dién nguy hiém vdi xdc suat lam viéc khéng
héng R = 0,9999. Bi&t rang ban kinh R la dai lugng ngau nhién véi 33, =
ar vaa = 0,015, ding suat cit giol han c¢é gia iri trung binh E =240 MPa vi
sai léch binh phuong trung binh S, =20 MPa . Ta cé:
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240 2. Sb0000

{1 S — ]

. (280000 :
‘(zn)- +( = ] (14 e )

v oowr

Chung 7

Khi o = 0,015 vao phugng trinh trén va sau khi rat gon ta et

-1 -1
r 3494148 + 23689 =0

Giar phuong trinh nay ta thu duge hai nghiém: r = 15.12mm va

;‘_‘ = 10,734 mm (hinh 7.9). Ta chon gia tri ;l =[53.12mm tuogng dng vd Xdc

suat lam viec khong hong 1la R = 0,9999.

= Tinh 1oan thanh chin xoan

TiINH TOAN THANH CHIU XOAN

Tinh toan thist ka 1 Tiok: Lo vz 7usd
s b vin Hirk merth T
o . o e
T (MNemared 1800000 5, ( Nam) {qu-
FOMPa B.MPa [ = | 1
—t O
R wn e Z rs / \
o 0 a1% |
|
Eal i brh e :
fimm 10 TIANET 9BTTRT PR
1 imm) [15 12243090067 i -
o ] |4 TERITIUA 04
[_xi ous by | Thall: I SN ST T

Hinlh 7.9 Thanh chiu xoan

7.5.1 Phu thugc kich thude vao sai léch binh phuong ban kinh

Néu thay dai gid tri « thi 1, s@ thay déi theo bang 7.4.

Bang 7.4 Phu thude R vio «

[ 0,001 0,010 [ 0,020

0,050 | 0,100 (

I_ Ban kinh 1. mm 14,68

==

14,69

" 14,70

14,78 15,04

|

7.5.2 Phu thude kich thude vao do phan tan vat liéu

Khi ta thay déi sai léch binh phuong trung binh gigi han bén cit,

thi kich thuge ban kinh thay d6i theo bang 7.5.
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1hiét k& via phin tich két ¢4 theo d0 tin cay

Bang 7.5 Phu thude ban kinit vdo di phdn tdn co tinh vat Ligu _
_Seii léch Sy, MPHJ Bidn kinh 1. mm 1 ’?ai léch 31, MPa | Ban kinh 1. mm 7

!- 0 14,07 F 30 | 15.46

[ 5 14,11 35 1597

J 10 14,23 ‘ 40 16,59 ‘
15 ' 14,48 45 17.34 /

| 20 ! 14,70 I 50 18,29 '.

', 25 I Y A . 950 |

7.5.3 Phu thuéce kich thude vao d6 phan tan mémen x0in

N&u ta thay dd) gid tri sai léch binh phuong trung binh tai trong Sy
thi xdc sudt lam viéc khéng hong s8 thay déi theo bdang 7.6.

Bing 7.6 Phu thudc bdn kinh vao do phan tdn mémen xodn

| Sai léch Sy, MPa | Ban kinh 1. mm 1 | Sai léch 8¢, MPa | Ban kinh 1, mm——‘
,‘ 0 11,21 | 100000 14,90

20000 14,24 ) 150000 15,43 )
r 40000 i4, 35 200000 15,97

60000 14,51 ( 250000 16,48 {

so0o0 | 14,70 J | 300000 1734

7.6 TINH TOAN DAM CHU 1 CHIU UON

Ta khao sdt didm c6 cdc géi tua tai cde diém A va B nhu hinb 7.10.
Khéi lugng dam khéng dang k€. Tai trong F, chidu dai dam 1 va khodng
each a tir diém dat lue dén diém cudi A 12 cac dai luong ngdu nhién. Xac
dinh kich thude cGa ddm vdi xdc suit lam viée khéng héng la R.

Mamen uén 16n nhat:
Fafl —a)
—

Ung suat 16n nhat sinh ta trén mat cdt ngang dam chir I tai phan
trén va phan dudi cing cia dam va duge xac dinh theo cong thic:

o= Me = M {(7.36)
I W

trong dé: o - ung sudt sinh ra trong dam; M - moment uén; ¢ — khoang cdch
tir dudng trung hoa dén thé ngoii cing; I — moment qudn tinh mat cat

M= (7.35)

ngang cia dam ddi véi dudng trung hoa.
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|’

.G
A = 1 - 8

| .
R, ‘t S S —-‘ )
T

N

M:Fo'{l- ab

Hink 7.10 Dam chiu uén
Tt ebng thic (7.35) ta x4c dinh gid tri trung binh moment uén M
va sai léch binh phugng trung binh Sy theo cong thie:
l\_/i _ F a(%— a)

-1 — -, 2= — —1-4
J = F(T -2
Sy = "“Tz‘” s2 4 ”Tz 4) s§+FT2 §?

a) Bién dang thép chit 1
Béi véi bien dang Wx8x67 (hinh 7.11) ta cé:

b, )
br_gge A o157 oo
t, ! d

“w

tw= 0,06369d; by = 0,924; t,= 0,1036d.

Do do:

wol_ bd* — (b, —t, )(d—2¢,)
C 6d
Gid st rdng sai léch binh phuong trung binh ctia kich thuée d 14 Sq =
0,01d, khi d6: W=008223" va Sy = 0,002466d .

y Ry

=0.0822d°

I
Iz
s

/

1]

1 tw

™ —
X

L4

L ibr |
Y
Hinh 7.11 Mgt cdt ngang cia thép chit 1
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Thiét k& va phiin tich k&t ciu theo db tin cily

Gia st cdc sb liéu ban dau: F = 40000N. Sp = 4000 N: | = 3000 + 90
mm, tdc la 1= 3000 mm, S = 30 mm; a = 1000 + 30 mm, tic 1a a= 1000
mm, S, = 10 mm.

Xace dinh kich thude cua dam vdi xac suat lam viée khéng héng la R
= 0,999. Biét ring dam dugc ché thao tir thép dinh hinh ¢6 gigi han bén &,

= 890 MPa va S, = 89 MPa.
Theo cong thic (7.36) ta co:

L M 21947201 19
=_M 329472004946
W T
PR
1?5 (=M . 33947201,1946
Se =y =3Sm+ Tz] WiE
W W d

Tuong tng véi xac sudt lam viée khéng hong R = 0,999 ta ¢6 z;
=-3,09. T phueng trinh:

o o~ 0
Sah + 55
Suy ra:
3244 12003,244
~ 8O0+ — 41 __'?9‘_'
-3.09 = d

33947201.1946 | 5
\/[_9 7_(5_1 19 6] .
d

TiNH TOAN DAM CHU | CHIU UON

Tk s thies b 1 ]

Ehor s i v Mk M st

Frdeum) 14000 Sy (N | 3000

. P

fowm? ¥ L (om) |®

- T | - 4 E
Apmmy 1000 S,unmj W

™
e hlPy) O LNy [ ik

[ o - atn - -
i ‘I!l [
FIT".I
"

A vy b SN P———
NCi11m) Toasa beriae & ) 2SR LA N
. |
S 0 L i.—-.\ﬂ‘q'n
EE At L Thals LY BT TANRE ST ;"
Hinlt 7.12
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Ll
bat 1= -10— sau khi don gidn va giai phuong trinh ta thu duge d,

d'

= 83,33mm va d. = 61,03 mm (hinh 7.12), Ta chon d = 83,33 mm tugng ing
véi xae suat khong héng R = 0,999,

7.7 TINH TOAN THANH UON DOC

Mgt thanh truyén cé chiéu dail va dudng kinh d chiu nén béi luc F.
Tai trong uén doc t6i han Fy, xdce dinh theo cong thite:

F, - ~E (7.37)

trong dé: E 14 mdédun dan héi; 1 — mémen qudn tinh mat cdt ngang.

Tinh tedan dutng kinh thanh véi xde sudt lam viéc khong hing R
= 0,999. Sai léch binh phugng trung binh duong kinh: $; = ad= 0,01d.
Piém phin vi trong trudng hop nay sé xdc dinh theo cong thie:

Fuw -F

o2 .t
V¥ Sem + Sg

trong dé: Fm, Sk, 12 gid tri trung binh va sai léch binh phuong trung binh

(7.38)

==

cda tdi trong udn doc tdi han; F,Spla gid tri trung binh va sai léch binh
phuong trung binh cda lue nén.
Vi thanh cé tiét dién tron, do do:
el
Ty
Thay gia tri vao cdng thuce (7.24) ta cd:
n*Ed*
647
Gid tri trung binh va sai léch binh phuong trung binh cta tai treng
udn doe t6i han duge xéc dinh:

Fth =

F - ?T"E(_]4 _ 11'1'.2,1,]055'1
" i 64.1000°

v (R o (Y e [ Yer |
St = (—(F"] St +["-_( 3 1 Si +(—Z"‘ ] S
L ¢E a id

2 Tt354 2 s —27[35(—14 2 2 47‘['1EE-‘ 3 1
Sk = = | S+ - S+ o 84
64l 641 04}

L.

Néu thay thé& cde dai lugng ngiu nhién trong bang 7.7 ta thu duge:

= 01017393453

152



ng 7.7

Thict ké& va phin tich k&t ciu theo dé tin ciy
a

]_ Pai luong Gia try trung binh | Sai léch binh phuang trung binh
Lue nén I, N 30000 3000
Chiéu Aai thanh |, mm 1000 20
| Médun dan hoi E, MPa 2,1.10° 2,1.10*
ESre S P Pl 3 St T R
Iz-m _ ad ) } 20.10%) +( -2 .2.].[(1 d J 207 +[4?‘E .2.i.|0qd ] 0012F
64, 1000° | 641000 6410007 |

d

2 5 -‘ l‘lhnr J ] ;" “:
Stin :w—d—[l] ' +[ “2 ) a2 +[i‘ nort
o 100077 | L 1000 |

w. Tinh toan than bon doc

TINH TOAN THANH UGN DQC
Tinh toan thiat ke 1 Trhtoan s i R
o Ly LoV 0 Vol Dua

Firomun) 200 § Nmmy| 00 d fom) = 3601 30001

b 10m S immy D A gmm oy |20 ORRORTOR e

EiMpag o Sp4MBp) N0

ok i U g oy
R b, 2 Lol E. IRITRE ST Ry a4
% [aer -d S SeE I d
. KkBtOua | HNhap Lot Thoat

Hinh 7.13
Rit gon ta thu duges$,,, =0.00584448043251d " .
Thay thé cdc gia tri vita xac dinh vao phuong trinh (7.38) véi z
=-~3.095 tuong img R =0,999 ta cé:

—d
017393454 -3
~309=— 01017393454 - 30000

J().U():’\ 8444804325° H” +1000°

Gial phuong trinh theo d ta tim duge hai nghi¢m: d,= 25,33 mm
tuong img R = 0,999 va d, = 21,74 mm tuong ing R = 0,001.

7.7.1 Phu thugc kich thude vao dung sai duong kinh

Néu thay doi gid tri sai léch binh phuong trung binh duong kinh S,
= ad thi duong kinh d sé thay ddi theo bang 7.8.
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Bdng 7.8 Phu thude d vao «
[a 0,001 0,010 | 0,020 | 0,030 0,040 | 0,050 |
@@mg Kinh d 25,13 2533 | 2589 | 2682 | 2815 | 30,10 |

7.7.2 Phu thude kich thudc vao d¢ phan tan tai trong

Khi ta thay doéi sai léch binh phuong trung binh tai trong thi kich
thuée dutmg kinh thay déi thee bang 7.9.

Bdng 7.9 Phu thude duimg vao d6 phdn tén tdi trong

L——SM lgch Sy Duong kinh d, mm Sai lech Bp Puing kinh d, mm
0 24,45 5000 26,15
1000 24,61 6000 26,56
2000 24,93 TO00 26,95
3000 25,33 8000 27,32
| 4000 25,74 | 9000 27,88

7.8 TINH THANH CHIU LUC PHUC TAP

Trong muc nay trinh bay phuong phdp tinh todn thiét k& xdc suit
khi thanh chiu lue phic tap. Vi du ta xdc dinh chiéu day t cda éng trong két
cdu nhu hinh 7.14a. Luc F tde dung ién tay quay. Truc duge xem nhu la dAm
cong xon ch€ tao tir thép dng AISI 4140. C4c dai lugng ngiu nhién trong bai
toan déu phan phéi theo qui luat chuan. Gi4 tri trung binh va sai léch binh
phuong trung binh cia cde dai luong ngdu nhién (x, Sx) theo bang 7.10.

Bdng 7.10
Bai lygng Gia tri trung binh | Sai léch binh phugng trung binh
Lue F, N 3000 300
Gidgi han chidy o4, MPa 600 60
Khodng cach Ly, mm 250 4
Khoz’mg cdch Ly, mm 200 2

Sai léch binh phuong trung binh duwgng kinh truc Sq=0,015d . Xdc
dinh kich thudce truc rong dé xdce sudt lam viée khong héng R = 0,999.

Bé truc rdng khong bi udn doc thi gita dudmng kinh d va chiéu day t
cé su lién hé d/t < 100. Ta chon t = d/10. Mémen cédn uén mit cdt ngang:

3 _agnd 3 4
w1 1—5‘1—?’— - l—[l-3 =0,05796d" =kd®  (7.39)
32 d 32 d



Thict k& va phan tich k&t ciu theo dd tin ciy

by

Hinh 7.14

Maémen cdn xodn:
Wo= 2W = 2kd" (7.40)
Ung suat 1én nhat sinh ra tai vi tri dudng kinh vong ngoai cia truc
rdng va tai vi tri lién két véi tuong. Ung sudt ubn o va xodn 1 c6 gia tri 16n
nhét tai ving nay. Ung suit tuong duong oy theo thuyst bén 4 c6 dang sau:

Gy = ,/03 +37° (7.41)

Tuy nhién:
c=M_ E_L_‘| (7.42)
W d
T FLE‘ (7.43)

Da d6, mémen 16n nhat tat vi tri dat luc:

F .
Oy = PWE \f4L3| + 3L33 (7.44)

a) Tinh theo phudng phap théng thudng
Tuong ing vdi hé s6 an toan n = 1 ta co:

d=3—F 4L; +3L3 =19.04 mm
4kao,, .

b) Tinh theo phudng phdp xdc suat
Gid tri trung binh dng suit tuong ducng:

300 7871069.5
Ty = ——y4L; +313 3___0_30___7 [4.250% +3.2007 =—t17:076?——
akd’ 4.0,05786.d- 4

Sai léch binh phuong trung binh cta g sudt:

2 2
s2, = ‘"""*] s§.+(—_‘”\-‘] SR SRR a"," §2  (7.45)
aF & 5 Ly 2 h L

r
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Béi vi:
i 3 3 - 2_1.
(:3" ZL"-‘{4 " +3L‘3: :—-a—l—_—_l‘a4,2502 +3.200° ZEE]:-"—?
cF o akd 4.0.05796.d d
3 SAF T -3.3000 = 23613208,5%
O - 4L+ 313 =—0«:I 4.250% +3.2007 :&1_%;“—
cd o dkd 4.0,05796.4 d
fo, KL, B 3000.250 2127316
o - { 7 - ) — 1 ] = R
L kd'Y4LT+3L5  0.05796.47,(4.250° +3.200° d
o, 3FL, 3.3000.200 127639

o S - A
Ly 4kd a2 4312 4.005796d° (4.250° +3.200°  d

Cho nén:
. a 2 _ - 2 . 2
5. = [—-2633"7] .300° +(3i-——0]320858} 0015°d° +f——*‘12_—”316} 47 +(——}27_63‘9] 27
o 7 4 3 3
d d J Loood vood
8676929

a‘i
Tiu ddy cac gid tri trung binh va sai léch binh phuong trung binh cta
ing suat tuong duong va gidi han chdy: G, =600 MPa; S,,= 60 MPa;
_ 78710695 _ §67692,9

o, = ———— V& S, . Twong Ung véi xdc sudt lam viéc khong
d o
hong R=0,999 ta ¢6 z; = -3,09. Ta xdc dinh didm phan vi theo cong thite:
B 600 — 7871_()(19:§
. -G, d’
Ll = = — 3109

¥
+5 ) 2
s JG{}2 + [ 8()736?29]

1
bat x = = va rit gon phuong trinh trén ta thu duge phuong trinh
ik

— O—uh
s

bac 2 v6i bidn 88 x nhu sau:

x* - 1,296096805.10%x + 5,946371153.10%= 0

Giai phummg trinh n;ﬁy ta thu dugc hai nghiém x, = 0,000124846744
tuong dng d, = 20,01 mm va x, = 0.00004762936511 twong dng d, = 27,59
mm (hinh 7.15).

Nghiém d, tuong dng xac suit khéng héng R = 0,001 va &4, = 27,59
tuong Ung véi xdc suat khong héng R = 0,999. Do 46 ta chon d = 27,59 mm,
tiu ddy suy ra t = 2,76 mm.

Bai toan trén néu ta chon truc dic thi d = 20,73 mm,
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h Tinh thanh chiu fuc phoc tap

TINH THANH CHIU LUC PHUC TAP

Duslmy Dauvae

FiNg sl S,p e

G=iMPay ¥ S_OMPa

S‘I me -E

(4 s - 2 L]

L immy 30 Sy fmmy A

Lowmmy 0 S.fmm) 2

e Tra Forg _‘.-; 1
Tow T b

b Dua

A lana MBI

o i f il = Ut U TS ek
K& Ouh tihép Lo Thoat |
Hinh 7.15

7.9 BAI TAP

7.1 Thanh c6 tiét dién ngang hinh chir nhat chiu tac dung lue F va duge do
bdi cac gid tua nhu hinh 7.16. Luc tac dung F, chiéu dai thanh 1 va
khoang cdch a la cdc dai [uogng ngau nhién c6 gid tri trong bang 7.11.

Bing 7.11
Dai lugng Gia tri trung binh | Sai lech binh phueng trung binh |
Luc tac dung F, N 30000 2000
Chiéu dai thanh |, mm 3000 10
Vi tri dat lire a, mm 2000 10
Ung suat gigi han ¢,, MPa 400 20
|y
{
F |
r——il——{ H7,
—i B

A — x____ r—_x_ s
VAN A
I | T Tg ;
|| b=h/2

Hinh 7.16
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Gid st rAng chiéu rong b clia tiét dién ngang bing % chiédu cao h va
dung sai kich thudc tiét dién ngang la + 3% (65, = 0,03h). Tinh bva h
vdi d6 tin cdy (xdc sudt lam viéc khéng hong) R = 0,9999. Sau d6 xéc
dinh su thay d8i ciia d& tin cay R cdc cdac tham sé sau:
a) 8ai léch binh phuong trung binh cda Gng suat gidi han S, (thay
ddi trén khodng 10..80MPa).
b} 8ai léch binh phucng trung binh cia tai trong Sy (thay d6i trén
khoang 500. 4000MPa).
¢} Dung sai kich thuéc ti€t dién ngang (thay doéi trong khoang
1..10%:).

7.2 Trong muc 7.5 ddi véi thanh tru trén ngodi tde dung mémen xodn con
chiu tdc dung mémen udén M. Gia tri trung binh c(a mémen uén M=
3390000 Nmm, sai léch binh phuong trung binh cla mémen uén Sy =

2260000 Nmm. S« dung cdc di liéu muce 7.5 hdy x4c dinh ban kinh truc
v@i xdc suat héng R = 0,999.

7.3 Tinh toan kich thudc dam duge dd bdi goi 49 nhu hinh 7.17 v6i x4c suit
lam viée khéng hong R =0,999. Cdce dai lugng cho trude trong bang 7.12.
Bing 7.12

Pai lugng Gia tri trung binh | Sai léch binh phuong trung binh
Luc tdc dung F, N 20000 2000
Chiéu dai thanh 1, mm 5000 200
Vi trf dat lge a, mm 3000 300
Ung suat gi¢i han o, MPa 500 30

Gid sl ring chiéu rong b cla ti8t dién ngang bing % chidu cao h va

dung sai kich thudc tiét dién ngang la + 3% (65, = 0,03 E ).

by
F
Q b
.
—
] | e=ns2
Y

Hinh 7.17

7.4 Tinh dam thanh chit I nhu hinh 7.18 biét réng tai trong duge phan phai
déu véi q = 584 N/m va S, = 29,2 N/m. Céc dir liéu cho trong bang 7.13.
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Bdng 7.13 .
Dai lwong _| Gid tri trung binh ] Sai léch binh phuong trung binh

Luc téc dung F. N 32000 ] 3200
Chiéu da thanh 1, mm 3000 20
Ung sudt gi¢i han o, MPa SO0 30

¥ Py

|

: -
@B o - o
™
!

Yoo s
L_Jy_u

—

Hinh 7.18

7.5 Tinh toan thiét k& truc chiu tic dung cac luc Fy va F, va duge de bdi cde
& A vA B phu hinh 7.19. Xac suat lam viée khéng héng R = 0,99. Ban
kinh r la dai luong ngau nhién phan phéi theo qui luat chudn véi sai

léch binh phuong trung binh S, = 0,01r.

F2

Hinh 7.19

Cac dai lugng F,, Fy, a, b, 1 va o, phan phdi theo qui luat chudn va
cdc gia tri trung binh va sal léch binh phuong trung binh cho trong hang
7.14.

Bang 7.14

Bai lugng (G4 tri trung binh | Sai léch binh phugng trung binh
Luc téc dung Fi, N 6000 500

Lue tde dung Fy, N 12000 1200

Boan céng xon b, mm 800 10

Vi tri dat lue a, mm 500 5

Khodng cdch 1, mm 1600 15

Ung suat gidi ban oy, MPa 800 50
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7.6 Dam coéng xon cd6 két cdu nhu hinh 7.20 chiu tdc dung cia tédi trong
F=N(10000, 1000)N. Dam cong xdén dugc ché tao tit thép AISI 1040 va
nhiét luyén véi gia tri trung binh giéi han bén kéo o = N(568, 58,6)
MPa. Tim hé s§ an toan.

s 12.5 F

<

2,

50 100

Hinh 7.20
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CHUONG 8

CO sG PHAN TICH VA THIET KE
CHI TIET MAY THEO PO TIN CAY

Cdc chi tiét co¢ khi duge goi 1a an toan va dang tin cidy khi gid tri
gidgi han theo chi tidu tinh (d6 bén, cing, bén mon.) vugt qud gid tri tinh
todn. Do d6, dé phan tich va thiét k& trén co sd dé tin cay cac chi tiét may
doi héi cac hiéu bit vé ban chat ngau nhién cha do bén S (hodic dd ciing,
4% bén mon..} va vng sudt L (hodc dé vdng, lugng mon..) dua theo cac dang
héng chi tift mdy va két ciu.

Theo co 8 tinh todn 46 tin cdy da trinh bay trong cdc chuong trude
va cAc 5§ lidu trong cAc tai lidu chi tiét may [32, 51, 531, trong chuong nay
ching t6i gidi thidu co sé tinh todn thiét k& va phéan tich cdc chi tiét may
theo dd tin cay. CAn chi ¥ ring trong nhidu chi tiét khi phan tich va thiét
k& theo 48 tin cay chung t6i x4c dinh theo hé 58 an toan trung binh n.

8.1 PO TIN CAY BO TRUYEN BANH MA SAT

Déi véi bo truyén banh ma sat véi Iuc ép khong ddi. DE bd
truyén lam viéc duge phai thda diéu kién khéng trugt tron:
R=PF,=F.f>F) (8.1)

trong dé: F, - luc ép con lan (gii sd la don dinh); £.F - gia tri trung binh
hé s6 ma sat f va lvic vong c6 ich F tai diém gidra ving tiép xde.
Diém phan vi phan phéi chuin:

oo Fl-F _ @l 8.2)
1 =" - .
\/S,z- +SIZ: ﬁzvf + v%
F f , )
trong dé: = %t - hé s6 an toan trung binh; S;, Sg, v, vr - tuong dng sal

léch binh phuong trung binh va hé s& bién phin cia hé s& ma st va tdi
trong ngoai.
P&i véi bd truyén banh ma sit véi luc ép F, didu chinh
duge, khi d6 Iuc ép F, ti 1é véi luc vong ¢6 ich F va hé sd ti lé ¢ (F, = cF).
Xdc sudt khéng truogt tron:
R = P{{cFf-F)>0] {8.3)
Hodc R = P[F(cf-1)>0]
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Diém phan vi phan phéi chudn:

. _ Flef-y) (8.4)

VS + 53

trong dé: S, :[%E-} S, =(cf— l.)!_:vp va S, =£%T—} S, =cFfv,.

S m

8.2 PO TIN CAY BO TRUYEN DAI

Ung sudt tinh to4n 1én nhat (bao gdm ung sudt kéo va uén) sinh ra
trong dai tai vi tri day dai bat dAu ti€p xic vdi banh dan:
o=E ¢ oo (8.5)
AeRop T ‘
trong dé6: F - luc vong cln truyén; A - tiét dién ngang d4y dai; o, - (ng sudt
udn trong dai trén bdanh dai nhé; o, - (ng sudt do lue ly tAm gAy nén; « - 1a

gbc trugt, gia tri 19n nhat cha chdng bing gée ém dai o = o3 £ - hé 58
ma st giita dai va banh dai, d8i véi dai thang la hé 58 ma sat qui d6i £ =
f/sin({y/2) véi v 14 géc chém dai.

Gid tri trung binh va sai léch binh phuong trung binh (ng sudlt:

+3, + 6, (8.6)

2 2 Y AT
e T e
of m, o m,. E-‘Gu m " (?OV w l

trong 46: Sy, Sp, 8.z vA 8,, - sai léch binh phugng trung binh hé s6 ma sit
f, luc vong F, iing sudt ubn va ung suat do luc cing phu giy nén.
Ta xac dinh gidi han mdi o), tit phuong trinh dubng cong méi:

/N
U“H'I = 0hlirﬂ“ By _]\_JU_ (8‘8)

trong d6: oy, - giéi han méi, tuong Ung s6 vong lam viéc co sé Ng; N -

tdng s6 vong lam viéc cua dai; m - chi s6 mil.
Gi4 tri trung binh va sai léch binh phuong trung binh (ng sudt gisi
han theo 4% bén:

_ — _IN . 3
Tiim = Clim,, “ﬁ“ﬁ va Sajim = Si imo + 33 (8.9}

trong d6: S.me - sai l&ch binh phuong trung binh ciGa ing suit giéi han

Oimo bi€t duge tit két qua thd nghiém mdi cdc day dai; S; = 2 S,
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]

mt

= Chm

! L
- [ (n %E-JSIH - sal léch binh phuong trung binh, tinh dén dé phan
S

tan cua chi 86 mi m,
Diém phan vi cda phan phéi chudn theo didu kién bén cia day dai:
CGln —C

Z'| - - S " 3 — {810)
v@ +5; +8;+85;

ahmu

N1

r = —_—
— 2

| r jﬂ " | Fug _ 1 N :
i_ |S§;limﬂ + 'tl'_("__hj"_é" + e. A +(ﬁlim : (I" Y Wsm || + 82 + SP
n\’ r'\(eru_,) A"y N

\

8.3 DO TIN CAY BO TRUYEN BANH RANG

Cdc dang héng chi yéu bé truyén banh riang 12 tréc ré bé mit ring
néu duge boi tron tét va giy rang do méi, tuong dng vdi vide tinh tedn
thiét k& va kiém nghiém theo chi tiéu bén tiép xiic va udén. Do oShiim, O,
Orim VA o 1A tich cia cde dai lugng ngdu nhién, nén theo edng thire (7.16}
ta d& dang xdc dinh duge hé s bién phan cia ching.

8.3.1 Tinh toan theo d¢ bén tiép xiic

Xac suat lam viéc khong héng Ry theo tiéu chuin bén tiép xic duge
xac dinh nhu 1a xde suat ma khi dé ung sudt tiép xic oy tinh todn nhd hoan

8.3.1.1 Ung suit ti€p xic oy

Ung sudt tiép xic oy duge xdce dinh theo cong thic sau:

2T(uz!
GH‘zZMZ”ZE\/h—(dz;—lI(AKH[,]KH[IK“V ,MPa  (8.11)

N
trong d6: K, - hé s8 tdi trong ngoii; Ky - hé 56 phan phoi khong déu tai
trong theo chiéu réng vanh ring; Kyy - hé s6 tai trong dong; Ky.- hé s8
phin phdi khong déu tdi trong giva cde ring; d — dudng kinh vdng chia
bdnh r&ng, mm; by - chiéu réng vanh réng, mm; u - ti & truyén; T -
moémen xodn danh nghia trén bdanh din, Nmm; Zy hé sé xét dén anh
huéng co tinh vat ligu; 7, - hé s6 xét dén 4nh hudng clia téng chiéu dai tiép
xde; Zy- hé 88 x6t dén hinh dang cia bé mat ti€p xdc.
Céng thitc (8.11) dugc viét lai:
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4
oy =ZMZHZEJ_—T2—KAKH[1KH{1KHV (8.12)
Vpadwl
b 2bh,, . .
vél g, =2 = % . hé 58 chidu rong vanh rang.
W a dluxl}) B

w

Gid tri trung binh cda Ung sudt tiép xuc:

N I ——
oH =ZMZH Ze [——S—KaKHpKHuKny (8.13)
Whad"*"ﬁ

Céng thic xdc dinh hé s8 bién phén Vo

' I 1 ! I I Y I 5 1
y = vi +\"5 +v.i +—v—24— +—\a|2( tovi o4— IK + vl +—v5 ++—v5 +—vy? (8.14}
Iy M gk ~ 4 4 %4 %4 K 4 Ry g 4 4 W

Sai 1éch binh phuong trung binh dng suit tiép xtc:
S =v_0©O (8.15)

a
% o H

Hé 56 ZM

Hé s8 xét dén co tinh vat lidu: Zy = ( 2;5,E2 -
mlE, (1 -y +E(1—p3)

Néu cap vat liew la thép: Zy = E . theo bang 3.2

n(l—pz)

E = 2,079.10° MPa, ve= 0,01 va p=0,298 va v,= 0,21 tir 46 suy ra:

= )
?M _ hbz _ 2,079.10 - 269.49
m(l-31") il - 0,298%)

2 2

| 2 ivE 2
SZM = = -3 SE + Sp
4nF(1-1*) fnu—ﬁ")-‘

2 2
A5
- . _ | om0t oon? o ST gy 0017 = 5,68
\[41:.2.079_10- (1-0.2982) . - 02950

Hé s6 xét dén anh hudng cta tdng chidu dai tiép xve Z.:

4-¢g,

Z = L vdi g, - hé s6 trung khdp ngang ¢6 giad tri tir 1,2+1,9 khi dé

- _12+19

By

:1‘9—1'2=0.1167.

=155 va §;
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Gia tri trung binh va sai léch binh phuosng trung binh:

‘/ & / —133 _0.9037

01167 =0,012426

Sp, =

S
6\/4 B 6f 4-155

Hé sé xét dén hinh dang cta bé miit tiép xie Z;;: 2= 2

sin 2o,

vai

.y 12 goe an khép cé gi tri trung binh &, =20" va hé s§ bidn phén

v,=0,1.
Khi d¢:
Zy = 2 1/ 217
sin2e,, 5in 2.20
S, = 2020y g 208 40( 20.0 1) 0,0838
" (sin2a,,) (sin 40)° | 180
Hé 35 KA

Theo IS0 thi K, duge xem nhu 1a mit hé s§ ddc 14p va duge danh
gid béi cdc chuyén gia nganh co khi, dua trén két qua thuc nghiém va van
hanh mdy khi gidi quyét cdc bai tedn dong lue hoc m4y.

Néu cho trude Kamin v Kapax thi Kava Vi, €6 thé xdc dinh nhu sau:

K. = KAmax +KAmin

Ka
2
SKA = KAmax;KAmin (8.16)
v _ SK:\ - Kx\max '_KAmin
K = AMmik AN

~ EA 3(KAmnx +K‘Amin)
Hé 50 phan phéi tai trong theo chiéu ring vanh ring Kgy:

Hé sd Kyy dige xde dinh theo cdng thie sau véi mién phan phéi
Kﬂﬁ fa Z(Kng - 1):

2

nm
trong d6: by - chidu réng vanh réng; Cy, - 4% ciing riéng téng cong cla cap
rang tiép xilc; v = v« + Ya - g6C Xoay téng cong cla rang vdi y,, - géc xoay do
bién dang dan hdi cla tAt cd chi ti€t nhu banh ring, truc, & va y, - géc
xoay ring do sai s& ch& tao; Kuyw - hé 58 tinh dén khéd ning chay ra cha
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riang; Foo = KaF, - luc vong tuong dugng (véi F*, la luc vong danh

nt

nghia).
Sai léch binh phuong trung binh:
1 2= ] i~
SK 235(1(% —‘)ZE(KHB - l) (8.18)

Tir ddy suy ra:
Ve = ELL”_‘Q (8.19)
e qKH]i
Hé 56‘ KHV

Hé s6 K;;y xét dén anh hudng tii trong déng cua chi tiét vi ti 1& véi
dd phan t4n sai s6 A buée rang:

Ky =1 +c¢X =1 + coya (8.20)
trong dé: ¢ - hé s& ti 1é thuan vdi van tde vong, khéi lugng qui dbi va ti 1é
nghich véi tai trong riéng duge truyén; ¢ - hé s6 tinh dén anh hudéng qua
trinh chay ra va tai trong déng dén 49 bén moi.

Hé s¢ bién phan vy cia hé s6 K,y nhd hon hé s6 bién phan v, cia

Kuv -1 ,
tdi trong déng phu b lan:
Ky
R-Hv -1
Vg == v,
1 KHV
Hé s& v, duge xac dinh theo biéu thie sau:
2 2
Vi =iV +(0,5v ) {8.21)
Khi da:
Kiv=~1 377
Vily = _IK'.V \-'[lr“ + (0‘5\"‘\ )2
Hv

trong dé v, la hé s6 bién phéan sai s6 busc rang A va v, 1a hé s6 bién phan
cua @.

Heé 56 bién phan v, xdc dinh theo céng thdc:
- 2( Pinax ~ Pmin )

3’S(meax + (pmin)
Khi 44 rdn bé mat H > 350 HB (¢ = 0,75..0,5 v& v, = 0,114):
Kuy -1
vy 017 — (8.23)
Knv

Khi dé rén bé mat H < 350 HB (¢ = 0,5.0,25 va v, = 0,19):

(8.22)

\"[r‘
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Kny -1
Vv 20,23 =~ (8.24)
Kuv

Hé s6 xét dén sy phin phdi khéng déu tii trong gilta cdc ring Kg,
Gia tri trung binh hé s6 Kue d6i vdi banh rang tru rang thing cho
trong bang 8.1.

Bdng 8.1
P9 rdn banh dan va bi dan Cap chinh xdc
5 6 7 8 9
H,>HB30( va H,>HB359 4—g
-“3—_ 0,8 0.9 1 1
H, < HB350 hoac Hy< HB300 4-c, ey
3 P 0.8 0.9 1

D61 voi bdanh ring tru rang nghiéng:
Ko = [((},942 —0,002v )+ (0,058 + 0,005v )1 4° “’] (8.25)
gﬂ.

trong dé: n la cap chinh xdc; v - van tdc vong, m/s; g, - hé sé trung khép
ngang. :

H# 58 bién phan dude xde dinh theo cong thifc:
— [KHU —aHu)

KH(I

trong dé: ayy, - dai lugng giéi han, phu thude vao hé sd trung khdp; by, - hé
s ti 1&, phu thuge vao tai trong riéng duge truyén, dé citng, chay ra ring,

Y
th

v, (8.26)

hé s6 trung khdp; A - sai s6 budc rang.

Néu gia tri Ky, tinh todn 16n hon 1 thi ta l&y Ky, =1, néu nhé hon
Khome thi ta 18y Kj, = Kiwmin.

Né&u 1 2 Kaa = Kitemin thi cdce hé s6 ap,, = 0,55 va v, = 0,25.

8.3.1.2 Gidi han moi tiép xudc onlim
Gidi han méi tiép xiic oy, duge xde dinh theo cong thite:

Frtim = Ot Ki ZrZyK Ky (8.27)
trong dé: Zy - hé $6 4anh huong d6 nham mdat rang; Zy - hé s& anh huéng
van toc vong; K, - hé s dnh hudng didu kién béi tron; Kxj; - hé sé anh
hudng kich thuée rang; Ky, - hé sé tudi tho; o, - gid tri gidi han méi dai
han cua mau th;

Céng thitc (8.27) duge viét dudi dang sau:
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Thtm = ThimZr ZvK Ky Ko, (8.28)
Gid tri trung binh gi¢i han maéi tiép xiic x4dc dinh theo cong thie:

S im = Ool tim ZR Zv Kt Kxn KHL (8.29)

Mat khdce @), ©6 thé %dc dinh theo cong thiic:

5! =K, faH+b) (8.30)

Hilim
trong d6: a, b - 12 cdc hiing s§ 481 vai thép thudng héa ho#c toi cai thién a
=2vab=70; H - gid tri trung binh d4 rdn bé mat rang; K, - hé s& xét
dén miu thi.
N&u do rdn bé miit cho gid tri Hoi, va Ho.w thi khi do:

ﬁannnx +Hm|l'| (8.31)
2
Hé sé xét dén mau thi K, duge xdce dinh theo céng thae:
K, = (8.32)

n
l+zv 4

Tt

trong dé: Vo

- hé s¢ bién phan cGa giéi han méi dai han cia miu; z,
I him
- diém phéan vi phan phdi chudn, phu thude vao xdc suat lam viéc khong
héng ctia mau thi khi xdc dinh gidi han méi.

Gid tri hé s0 bién phan cda gidi han méi dai han: v .

ol

0,1 (d61 vdi cde ring duge toi bé mit) va v, = 0,10 + 0,12 (ddi véi cdc

1 i

= (,08 =

rang duge ting bén bé mat).

Gid s khi thd nghiém x4c suit lam viée khong héng 0,5 va do 46
z, = 0. N&u x4c sust lam viée khéng héng 0,8 + 0,9 thi diém phan vi
7, =- (0,84 + 1,08). Hién nay néu tinh xdc suit lam viéc khong héng la
0,9 va 0,99 thi gi4 tri z, s& bing -1,28 va - 2,32.

Tit edng thite (8.28) suy ra hé s6 bién phan giéi han mdi tiép xic:

- 2 2 2 2 2 2
vcm.... ...\/\,rn?“““ Tz, TVZ, VK TR, +‘K:||. (8.33)

Sai léch binh phuong trung binh ciia gidi han méi tiép xuc:
Sﬂnluu = \IrolllnnaH]Im {8.34)

Khi tinh todn thiét k& hé s6 bién phan giéi han méi v, c6 thé

THim

x4c dinh gln ding theo cong thic:
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(v2 Y +0l° (8.35)

Fiihim Tilling

Xic suit lam viéc khong héng cia banh rang try phu thude vao

diém phan vi z; duge xdc dinh theo céng thitc:

7= EHlim"EH - _ EH_1 (8.36)
1 ‘qu’ q?_ 2 2 2 ’
1 T Vo \/nHvoH"m t VUH
Hé sé an toan ny theo ing suat trung binh:
iy = "g:m (8.37)

Pé gidi bai toan thiét ké, nghia la tim gid tri duomg kinh d, khi
dé W,va v] la ham s§ cia d. Thay thé cac biéu thic T, va vl vao
(8.36) va rat gon:

22 (Byve,,. +ve,) =@, -1’

Tis dﬁ); suy ra:

zvi““m

ap(z -+20y +20v, —1=0 (8.38)

Sh

Gidt phuong trinh trén ta tim duge n,, sau dé theo céng thilc

(8.37) ta tim duge By = —HIM | iy phyong trinh (8.13) ta tim duge d :
n

H
ZmZnZ: ) 4T
d=pfp SMoHoe ) T —KaKupKHo Knv (8.39)
OH YU

8.3.2 Phén tich va thié€t k& theo d$ bén uén
8.3.2.1 Ung sudt uén oy

Ung suit uén or sinh ra tai chan rang duge xac dinh theo cong
thiic: _
_2TK, KepKpaKey
- b,dm,

oF Y:Y;Y,, MPa (8.40)

trong d6: T - gi4 tri mémen danh nghia trén banh din, Nmm; by - chiéu
ring vanh ring, mm; d; - dudng kinh vong chia banh din, mm; m, —
médun phép, mm; Yr - hé s6 dang ring; Y, - hé s§ xét dén dnh hudng géc
nghiéng rang, véi rang thidng gi4 tri nay bing 1; Y, - hé s§ xét dén anh
hudng ciia tring khép ngang, véi rang thing gis tri nay bing 1.

Thay b, = wy,,m, vao céng thic (8.40) ta cé:
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Chuong §

K Y

2T K KK
e A (8.41)

d'\\

fa

ﬁf =

IFI Ly

Gid tri trung binh 1ing sudl udn:

_ '_)TZ'KAR_F(%EF:;KFV vy ]
OF = =3 Y FYIEYE (8.42)
Whmd”

Cac dai lugng mémen xodn trén bdanh dén, dueng kinh vbng chia
banh din, hé s6 tai trong la cac dai lugng ngiu nhién.
Hé $6 bién phan ung suit udn duge xdc dinh theo cong thic:

L ¥ ki R il .
CEVYLEVY RV H v vy (8.43)

.

|‘r 1 hal .l bl Rl
. — : I L : i
v ‘\f\"r+‘K.\+‘K,.,-\+‘RW+\K

Sat léch binh phuong trung binh ting suit udn:

S, =v, & {8.44)
Gia tri trung binh EFH xde dinh theo cong thire:

- { —1 \

Kep =1 +LK;-'[5 - ]}Ka:w (8.45}

trong dé: Kep - gid tri hé s8 Kyp trong giai doan lam vite ban ddu (chua
tinh chay ra); Kyw - hé sd xét dén chay ra rang.

Heé sd Ei}-‘[s duge chon phu thude Fu]m va hé s6 chiéu rong vanh ring
wim = bo/m theo tiéu chudn. Cdc hé s6 Kpw tra béng theo tiéu chudn hoiic
cho trudec.

Gia tri trung binh ctia hé s6 K, xét dén 4nh hudng tdi trong
déng phu thong thuémg duce cho trudge.

Gia tri trung binh Kr. xét dén sy phdn phéi tdi trong khong
déu gita cdc ring duge xac dinh theo cong thiic:

- Déi vdi ring thang:

i = 0,42 0,582 (8.46)

"Fm
trong dé: Fy, - e vdng quy udc bang luc vong F¥p, nhan cho cdc hé s6
Ka, Kep, RFT ; A - gi& tri trung binh sai s§ budc ring.
- bai véi rang nghiéng:
d+4(e, -N{n-5)

K, =~ a7 72 (8.47)
de

(£
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trong dé n - cap chinh xdc bo truyén.

Né&u hé s8 Kre tinh theo céc cong thic trén néu lén hon 1 thi ta
18y gig tri Kre = 1. Néu Kpw nhé hon Keemin thi ta 18y Ky = Krumin. Theo
1SO thi Ky, = 0,25 + 0,75 |

€

[

8.3.2.2 Xdc dinh gia tri gié¢i han méi uén
Gia tri gidi han moi uén o, duge xdc dinh theo cing thirce:

Tlim = G{l]-'limKZKFLYRYxY?\KFC {8.48)

trong d6: 'Fmin - gid tri gidi han méi cua mAu thif théng thudng la banh

rang c6 moédun m = 3 mm; K; - hé s6 xét dén anh hudng cha 86 rang cha

.
banh dﬁn; KFL - hé Sﬁl tUéi tho: KFL = rn’ SF” = |11/i1r;]1—0 {(m cd glé trl béng 4]
FFE [H

hodc bing 9); Kp¢ - hé 86 xét dén anh hudng khi quay hai chiéu dén db
bén méi: Kpe = 1 khi quay mot chiéu, Kpe = 0,7+0,8 khi quay hai chidu; Yy -
hé 56 xét dén dnh huéng cda d4 nham: Yy = 1 khi phay va mai ring, Yy =
1,05+1,2 khi ddnh bong; Y, - hé s& kich thuéc: khi téi bé mit va tham nito
Y, = 1,05 - 0,005m, 451 v6t gang x&m Y, = 1,075 - 0,01m vdéi m la médun
ring; Y: - hé s6 dé nhay vat liéu bdnh réng dén sy tap trung tai trong:
Y; = 1,082 - 0,172lgm v6i m la modun rang.
- Dai vér thép thuang héa hodc téi cai thién:

0"'Iz'lim = 1!8HB (849]
- Dat vdi thép tham Carbon va Nito-Carbon:
St pm = 800900 MPa (8.50)

Pé xdc dinh gis tri trung binh GFim ta nhéan op, Cho hé s6 K, nhu
trong trudng hgp dng suit tiép xdc, nghia 1a:

K= — 1+ (8.51)

IR
L+ N R

Hé s4 bién phén cda gidi han méi rang cd sé¢ (m = 3mm):
- Thép thutng héa va tdi cii thién V{f;.-....‘ = 0,08:0,1

- Thép toi tdn 8 cao - v, =0,1+0,14
- Thép tham Nits v, = 0,1+0,12.

Céng thdc xdc dinh gi4 tri trung binh gigi han méi uén &g, :
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— I v I v vak
Ttim = Orim Kz K Yo Y, Y5 Kec

Chuong 8
(8.52)

Hé s& bién phin gidi han méi udn x4c dinh theo cdng thiic:

v = \"2
™ n‘:‘lim

2 2

2 2 2
+VK7. +VK|:| +VY|< +\"Yx +VY,.—.

2
+VK|::-

(8.53)

Sif phan t4n gidi han méi cda banh ring dugc danh gis béi hé s6

bién phin v

RIS

ring va gilfa cac banh ring vdi nhau.
Khi tinh todn thiét k& ¢6 thé xdc dinh v, theo cong thie sau:

Vorm — \[(Ux"i,_,,m F +0.147

tinh theo su phén t4an gidgi han méi c4dc rang trong bdnh

{8.54)
Hé s6 Ky va oy dude xdc dinh nhu sau:
£

KZ = 1- MV:-]III"‘ ’ C{.’. = K—z (8'55)

trong dé: p va e - gia tri tra bang 8.2.

Bdng 8.2
S6 lugng miu thi B £ 86 higng miu thi 1l €

17 1,79 0,04 60 2,32 0,45
20 1,87 0,62 160 2,61 0,43
40 2,14 0,48 200 2,75 0,40
50 2,23 0,46 500 va I¢n hon 3,04 0,37

Gi4 tri cAc hé s6 Ky va ay d8i v6i sb ring z = 20100, phu thude
Va0 of,m(gid tri Kz va ay nhé tuong (ng v6i s§ rang 16n) nhu bang 8.3.

Bang 8.3

V(I;Iim 0,08 0,1 0,12 0,14
Kz 0,85 = 0,80 0,80 + 0,75 0,77 + 0,70 0,75 = 0,65
oy 0,62 + 0,54 0,65 + 0,57 0,68 = 0,60 0,70 = 6,66

Xac suit lam viéc khéng hong (phén tich do tin cay) khi tinh

toan theo d6 bén udn sé bang:

trong dé nF - hé s& an toan theo gid tri ng sudt trung binh.

_ nr -1
“a= —2 3 2
NFvg Vg

— _ SFlim

g =——
OF

(8.56)

(8.57)

D€ giai bai todn thi€t k&, nghia Ia tim gid tri duéng kinh d, khi
d6 m;va v, la ham s ciia d. Thay th& cc biu thite fi;va v} vao (8.56):
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Cd sd phén tich va thiét ké chi ti€t may..

P 2= 2
z (nFch.m +v, )= (np -1}

Tu ddy suy ra:
Mp(zeve  —D+28,+z0v] —-1=0 (8.58)

Gidi phudng trinh trén ta tim duge n., sau d6 theo cong thic

(8.57) ta tim duge Of *—-G—i“f”—. T phuong trinh (8.42), chon trudc 8§ ring
hip

z, ta tim duoc d:

Ty o

_ 2Tz KAK}: KF va_ —_

d =4 S T VY, (8.59)
Ybm OF

Hodc theo cdng thic:

_ PR A KeaK e Kpy — — —
d i/ ADTR R F Y N EY Y (8.60)
WbdOF

8.3.3 Po tin cay bo truyén banh riang trong trudng hop téng
quat

Ta xdc dinh xdc suit lam viée khong héng R cua bd truyén banh
rang nhu la tich xdc sudt lam viée khong héng theo cde tiéu chudn riéng
bigt. D&l véi da s6 cac bd truyén bdanh rang, ma ¢ dé dang héng do méi 1a
phé bién nhét, xdc suidt lam viéc khong héng sé biang:

R = RyRp (8.61)
trong d6: Ry, Ry - xdc sudt lam viée khong héng theo tiéu chudn bén mdi
khi tiép xie va khi udn.

Phép nhin don gidn cde xdc sudt nhé vao tinh tuong quan theo cdc
chi tidu khdce nhau cia kha ning lam viéc dan dén vide gidm xdc sudt lam
viéc khong héng. DE tinh todn chinh x4c hon, xdc suft lam viéc khong
héng duge gigi thiéu tinh theo sy phy thude gan ding dudi day:

-

= _ER—i—(n—l) (8.62)
trong d6: R; - Xdc sudt lam viéc khéng héng theo tiéu chuén thii i; n - s6
cdc chi tiéu tinh,

Vi du, néu Ry = 0,99086 va Ry = 0,99379 thi theo cong thic (8.61)
R = RyRr = 0,984707, Néu ta tinh theo cong thue (8.62) s& cho ra két qud:

L Y YY) S " D
R Ry Rg 0,99086  0,99379

=1,015473115
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Chudng 8
Tir diy suy ra: R = 0,98476.

8.4 PO TIN CAY CUA TRUC

Truc phdi théa man diéu kién dé bén, dé cing, do bén mon va do
én dinh dao déng. Theo diéu kién bén, ddi véi cdc truc quay nhanh thi gidi
han méi ¢é ¥ nghia quy&t dinh. Tinh todn dé tin cAy cla truc la rat caAn
thigét vi tai trong 14 ham ngiu nhién theo thoi gian va giéi han méi cung
thay déi bdi vi vat liéu dé ché tao truc cé tinh khang déng nhat. Pha hdy
do méi chiém tit 40+50% cdc hut hong cda truc. Khi quéd tai dot ngdt thi
truc ché tao tir thép thumg héa va toi cai thién ¢6 thé héng do bién dang
déo qud 18n, vat lidu tir vat liéu gidn va it déo - phd huy gion.

! fo-ay  fim)

Xac suat
hoéng |

|

|

|

l

|

|
f . .
0 Mg Mg, G, G,
Hinh 8.1 Pudng cong mdt d¢ phén phoéi bién db iing sudt o, va gidi

han méi o,

DPic diém ciia tinh todn dé bén méi cha truc 14 sy quan hé l&n nhau
gitfa Ung sudt udn va dng sudt xodn thay do6i theo cdc chu ky khde nhau
(ing sudt uén theo chu ky déi xitng, Ung suit xodn theo chu ky mach dong)
va theo chiéu doc truc tai cdc mit cit nguy hiém.

Tai trong tdc dong lén truc la tdi trong trén banh riang, banh dai,
dia xich, khép néi {do khéng dong truc)... va ta x4c dinh c¢dc phdn luc tdc
déng lén truc tai cac & truc. Didm dat luc phu thude vao két cau & truc.

Trén d6 thi hinh 8.1 1a céc dubng cong phén phéi giéi han méi ena
chi tiét o, vA bién d¢ dng sudt o, Cac dubng cong nay giao nhau, ¢6 nghia
la hién tugng hong hée ¢6 thé xdy ra.

Gidi han mdi chi tiét theo Ung sudt phdp va dng suit tiép lién
quan lan nhau va hé s8 an toan n, théng thudng nhoé hon nhiéu so véi 0.
Do d6, hé s bién phan gidgi han mdi cha chi tidt ¢6 thé 14y theo hé s& bién
phéan cia gidi han méi theo dng suat phap.

Déi v6i truc ¢6 nhiéu ving ¢6 su tap trung (ing sudt, phdn phéi theo
chiéu dai tryc. Théng thudng d4anh gi4 dd tin cay tién hanh theo mét ving
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nguy hiém ndo dé. Xac suit lam viéc khéng hoéng cua truc bing tich céc

xac suat lam viéc khong hdéng tai cdc viing nguy hiém:
1
R = [ [R (8.63)
1

Béi vdi truc truyén dong néu khéng ¢ lue doe truc thi chi cé bén
trudng hgp nhy hinh 8.2, Khi tinh todn ta tién hanh tai ti€t dién nguy
hiém cia truc theo gid tri mdémen tuong ducng:

M, = yM2 + M2 +0,75T (8.64)

Sai léch binh phuong trung binh cia mémen tuong duong:

2 . n 2
g2 _[ My §2 Mg g2 LMy §2
Moo laMy ) Mxo oMy ) MY oL

(8.65)
242 32 : 202
MRSy, HMYS, +(0.75T) 8%
M3 + M3 +0.75T"
Ung sudt tai vi trf béanh rang:
) i A A =]
32yMy + ML + 0,75 32M
o= NN Y St (8.66)
ad md’
Foi F
i : = e
FH FI
A A B
= x = x b
c c
a T a v}
| -l
- ! ;
j - htl

a) F.; va F.y nguoe chiéu b) F.;va F,p cing chidu

Ra
F
A Fn/mF” H A A ﬂiﬁl':m Fa B
- U = X b —

= o - Uc DU
I

1

c) F.; va Foy nguoc chidu d) F,, v F.y cung chidu
Hinh 8.2
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Chudng 8

Gid tri trung binh va sai léch binh phuong trung binh dng suat
tuong duong:

M,y :JFA‘;’ +M; +0,75T° (8.67)
M2ST 4 MIST  +075T°s}
S’Mld = JV MX )"— MY N T (8.68}
M,y
Vi = SML.tmm (8.69)
Gia tri trung binh cua ing sudt uon:

'|7—_
=t (8.70)

nd”

Sai léch binh phuang trung binh dng sudt:

- | ) | | Fd
s a(} Ll B da 7 2 321 2 32'3'Mul i a oy
o) +[?J] =) Sho[Fore) s e

Cing thie xdc dinh hé s bién phén Vs ¢

v (8.72)

) 3
Vi \VMM

Sai léch hinh phuong trung binh iing suit tiép:
S =v_ & (8.73)

a [

Cong thiae xdc dinh moémen tuong duong va sai léch binh phuong
trung binh xde dinh theo céng thuc trong bang 8.4.

Bang 8.4 Cong thuc xde dinh mémen va sal léeh binh phuong trung binh

Trudng T My, My va M, Smx Swmy
hgp
Hinh | Tai C R TR
Myl ¥el ¥l )
8.2a M _ l'}1“"m+ Frzb ) 1 : . H
Re==""——— @ *{Ll“‘_l“}_*"r;b] g +[h"_—‘ F”hu] s?
: | M I: ¢
Fy(1-a)—F,sbh
My = t! "'—3 x2 3 ;. WX
Ll 1 8 =[“_”"_‘) st Mt [——“E"] 5
R e, R —— — Myt 1 it 't T S L

e 3 3
Fpll~ ui+ kb {1-, U-w-tb Y o2 ) ) 2 : :
- TRy o M TR a1 ] -~ 2a1-F,, . Eyym+ ¥ _h &
My %[ : W y B L +{M'_"LM) o +[ ] e ] o2
- i1

12

My =y (F.3b) +(F;b)* +0,75T?
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Hinh
8.2b

Tai C

Mo __Ell' —a)= [',.«h
|
‘IYL _ [”“—n]"'l'laha

YL th (ﬁ!n-x;}n‘a_hu]‘mwj

e

1 -
s - i T
gt =[:l njn} 2 h_‘
My . | i i
+[.|".-|“"2III-F.-;'_7]'5, 4_(!".:""‘}:
1 .

2 3 ;
)s* sty 4-[“—1‘"—]
b = ht |
: 3 1 ¥, -
,,[Mrﬂ] 2 +[_!‘"_’_-,1_,

“ 12

$? =(l! —ala
i |

, Hinh
5.2¢

Tai B LSRNt B
- . Smys =g, b
My = Frab: My =Fab 2 .
A= vy 5M " _Q b
o w2 2 (e 12 )
Moair = (F,2b) +(F;b) +0.75T
Tai C S L L U L
Me, - Frtl-aFb L L e e U
T *[hn—lm-—l-,zh]'q: [Q,ML:_.EHJ:\J
] = 7 I B | £
My =—1‘”“ —_al*hzha i )
! §? :[:_I-ﬂ} 52 -h—.n!h' }(u_b,_:
Vi I'[E—L—r,,n Pttt atiEgh 3 e il ! el N |
=y i 1 : ,(il_l_l'z"’”-x*'r.ﬁ (tan= by Y
L ! a I
Tai D W, =l Wy Tl
b Myt ! 1
- 1’ X\
Myy; =81 Fighy, th-. [ w-r LN
- | K
Myp = Full= LH‘.‘z_hb S {t= "”'] sy hz..‘.:”

Ny = u

|,'|'”I| ai -k, zh ]
()

oy
IR :
LSy h-"(.f 751

|
(oo o

o[t srezng Y
I

e

5
[

i)

Hinh
8.2d

M

Mye =

Fil=al e 1 Y
Sl

r
\‘Mllx \I[_

Tai C

l"ﬂ[l—ﬂ]‘f‘l'}zha

1
f“n i '—ﬂll e ",':h o
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1
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GGigi han moi o, duge xde dinh theo cong thue:
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Chudng 8
Gidi han mdi o, duge xdc dinh theo céng thie:

a,&qP
Olim = KU Ko

(8.74)

o
trong dé: o, — giéi han mdi xdc dinh bing con dudng thuc nghiém trong
diéu kidn phong thi nghiém; e, - hé sd kich thude; B - hé s§ anh hudng
clia bé mat gia cong chi tiét; K - hé s8 tudi tho; K, - hé sd tdp trung (ng
Suft.

Gi4 trt o, duge x4c dinh theo gidi han bén ay,.

Khi nén Khi chiu luc kéo (nén) Khi xodn
0,5Gb 0,45(51) 0,29(513

Gid tri trung binh giéi han méi:

_ G EP

. Uf'lm = _K'GB KI, (875)

Hé s8 bién phan giéi han moi:

Vo = JVE eviaevi v (8.76)
8ai léch binh phueng trung binh:

Sa, = vu-limaliln (8'77)

Theo Marin [42] giéi han méi o, x4c dinh theo ecdng thie:
Slim = Urkfkskrklkmkc (878)
Cic hé s6 cong thic (8.78) duge xdc dinh nhu sau: :
Oy = G0y, - gidi han bén mdi vat ligu.
v6i: o, - giti han bén kéo vat ligu

b - hé s& ti 18, gi4 tri trung binh hé s5 ti 12 ¢ x4c dinh nhy sau:

Khi uén Khi chiu lye kéo (nén) | Khi xodn
0,5 0,45 0,29
Heé s8 bién phan v, duge xdc dinh: _
Khi uén Khi chiu kéo (nén) Khi xo0in
0,146 0,309 0,269

Trong médt s6 trudng hop chua c6 sé lieu ddy da thi hé sé
bi€n phin gigi han bén vat lidu v, c¢6 th€ chon trong khoang
0,03+0,04 vaGi thép thudng héa va tdi cai thién v, = 0,05+0,07 d61
v4i thép toi ting bén bé mit.

k¢ ~ hé s6 hidu chinh, xét dén 4nh hudng cia chat luong bé mat;
k= e opy (8.79)

v6i oy, - giéi han bén kéo cla vat liey; e,' f - hé 58 theo bang 8.5.
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Bdng 8.5
Phuong phdp gia céng Hé 56 e 56 mi f
Mai 1,58 -0,085
Gia cang cdt got hodic kéo ngudi 4,51 -0,285
Cén ning 57,7 -0,718
Khong gia céng 272 -0,995
Gi4 tri trung binh hé s8 k; = e o}, (8.80}

Hé s6 bién phan: vir = 0,098 — kéo néng; vy = 0,078 — r@n; vi5 =
0,131 — mit né&n; vy = 0,060 — bé miit gia cdng cit got.
ke — hé s6 xét dén Anh hudng kich thuéc;
k,=1néud <8 mm
k, = 1,189 d*'"* ngu 8 mm < d < 250 mm (8.81)
Hé s8 bién phan v, = 0. '
k, — hé sé xét d&n 4dnh hudng cha nhiét do:
k, = 1 khi nhiét d¢ lam viéc t < 21,1°C (8.82)
k; = 1,108 khi nhiét do lam viée t < 204,4°C
ky — hé s6 xét dén dnh hudng khé4c. Hé s8 nay phu thudc vao: img suat du
hién ¢6 trén chi tiét; bdn chat méi trudng An modn ma chi tiét dang
lam viéc...
Hé s6 bién phan cla cdc hé s6 k, va k,, thy vao trudng hop cu thé
duge cho trude, khong c6 cong thilc téng quat dé xac dinh cAc gig tri
nay. .
k. — hé 58 xét dén Anh huéng cla sy tip trung Ung suit va cla ranh, hé s&
nay duge xdc dinh theo céng thdc sau:
ko= L (8.83)
K
v6i Kr goi 14 hé 6 gidm d6 bén mdéi, gi4 tri cla hé s& nay phu thudc
vao dang va kich thuéc chia su tap trung ‘ng suit trén chi tiét. Kp
duge xac dinh theo cdng thiic:

. S (8.84)
I ]+E(KI-I_)J;
7K,
trong da:
33 461 vei 18 suét
O hk
Ja =4 :2—8-d6'i vdi bé mit chuyén tiép (vai tryc) (8.85)

Thi
21 . -
—=——dd&i vgi ranh vang
Ohi
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Pon vi cia oy 12 MPa, K, 1a h¢ s tap trung ung sudt hinh hoc; r
-- 14 ban kinh ranh, mm.
Hé 36 bién phan cia hé s6 Ky 14 vy vA cd gid tri nhu sau:
011 d6i vdi 18 sud
ve=1008 d6i vdi vai trye (8.86)
013 a8t vdi ranh
Ngoai ra néu ta bigt rd diéu kién thyc nghiém tim gigi han méi thi
cong thic trén thém vao k, — hé sd xét dén anh hudng 44 tin cdy, duge xdc
dinh theo bang 8.6.
Bdng 8.6
X4c sudt con khd nang lam vige, % | 50 90 95 99 999 9999 |
' Kk ] 1,00 0,90 0,87 082 075 070 |
Néu 6 chu ky 1lam viéc tuong dugng Ny < Ny thi trong eéng thiie

trén ta thém vao hé 58 tudi tho K;=u N—” v6i m - 86 m{ dubng cong maoi.
E
Gia tri trung binh G, va hé s& bi&n phan v, duge xdce dinh theo cong
thue:

Ehm = ki _k-s Er El Em }Zc &; (_Thk (887)

fa 2 2 2 2 2 3
Voalm Ty Yt T ¥k VPV T Vi Vi Ve F "41 (888)

Suf phan tdn cha giéi han méi chua duge nghién ciu day di. N6 doi
héi phai téng s6 thi nghiém can thiét dé€ dat duge k&t qua dang tin cdy.

Xde suat lam vige khong hong clia truc phu thude vao di€m phan vi
z; duge xde dinh theo edng thuc:

E}Tl'nn - n -1
2=~ = = = - — = (889)
JSiLesE At el
trong d6 ny - hé s8 an toan theo iing sudt trung binh n = 24
[a)

Dé gidi bai toan thi&t k&, nghia 1 tim gid tri trung binh duimg
kinh 4, khi d6 7 vi v21a ham s6 cia d. Thay thé cdc bifu thic 7 va v2
vao (B.89) va gidi phuong trinh theo n .

) +\"{27 y=id - I

sUy ra: nz(zzvf,m“ -1+ 2n+ ?_?vf, -1=0 {8.90)

Gidi phuong trinh trén ta tim duge 7, sau dé ta tim duge o . Blim

n

tir phuong trinh (8.70) ta tim duge d
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=22l (8.91)
TG jim

Pé danh gia do tin cAy bd truyén banh ring ta sd dung cong thic

(8.79).

8.5 PO TIN CAY O LAN

Xdc suat lam viée khéng héng 6 lan:

Ry =P(QL"™ < C) (8.92)
trong d6: Q tai trong dong quy udc; L - tudi tho tinh bing triéu vong quay
cho truée; m - chi s8 mi c6 gia tri bing 3 d6i véi 6 bi va bing 10/3 déi véi
8 doa; C — kha ning tai déng cha 4.

J day ta khAo sat Q nhu la mot dai lugng nglu nhién. Kha ning
téi dong cha § v6i x4c sudt 1am viéc khong hong 90% ta ky hiéu Cg,,.

Quy luat va cdc thong sé cua sut phan phdi tudi tho cta § theo ISO
duge xdc dinh theo phan phoi Weibull:

[ IL][ .9
R, =¢' (8.93)
trong dé: Lg, - tudi tho khi x4c suat lam viéc khéng héng la 30%; « - thoéng
s8 hinh déng cia ph&n phéi Weibull lién quan d&n sy phan phéi tudi tho
(theo tiéu chudn o = 1,5).

Hé s6 dé tin cay a,
Ti 56 L/Lgy, ngudi ta goi 12 71¢ s6 d6 tin cdy a;, duge x4c dinh:

L)
InR 2(—['—] In0,9=2af In09

InRy, (8.94)
In0.9

ddng C c6 quan he:

Vi a, =

L _.
Loy
Gilta L va kbha nang t
(8.95)
L[)H ( J!I)
Cho nén;

[C
<d; = - 8.96
" C‘J[] ( )

Tit su phu thuge gitta C va Ry, ta thdy riing kha ning tai déng ciing
nhu tudi tho phan phéi theo phin phéi Weibull. Tuy nhién trong tinh toan
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k¢ thuit ta c6 thé xem phéin phéi cia kha nang tadi dong gin v6i phin
phéi chudn, vi khi dé6 tinh todn xdc suit s& don gidn rat nhiéu.

Gié tri trung binh ciia kha nang tai déng C
D& x4c dinh gia tri trung binh cta kha nang tii dong C tuong dng
v6i kha nang tdi déng khi xdc suit lam viéc khéng hong 0,50 ta gan Ry
= 0,5. Khi d4:
! I
E _ [ In 0,5 )am Cg{] _ 6,58“'“ Cg{}

- D8iveiébi a=15m=3suyra C = 1,52 Cg

- Déivéiddiaa =15 m=10/3, suyra C = 1,46Cy,

Sai léch binh phuong trung binh cda kha ning tai dong S, xde dinh
theo hiéu s cha diém phén vi tuong dng véi xde sudt 50% la C va 90% la
Cy, nhu sau:

7, = _E:‘_(.:ﬂ (8.97
SL‘
Suy ra: §, = G (8.98)
1,28

trong dé 1,28 - di€m phan vi cia phan phdi chuén ing v6i xac suat 30%.
Hé s6 bign phén eita kha nang tai déng:

l——Cﬁ“
T W

C 1,28

N&u thay thé C = 1,52Cq; va C = 1,46Cqe, ta c6 hé s8 bién phan
cia khé ning tai dong ve = 0,25 déi vdi § dda va v, = 0,27 461 véi 8 bi.

¥

1

 (8.99)

Xdc suit lam viée khéng héng
Gia st rAng kha nang tai dong C va tai trong déng quy udc Q phin
phéi theo quy luat chudn hodic gidn véi quy luat chudn. Khi d6 xdc suit lam
viéc khong héng ta x4c dinh theo diém phan vi clia phén phéi chuln:
n-1

—2 3 3
n V(_- +\'Q

trong d6: n - hé s& an toan theo gi4 tri trung binh; vg va vg - hé s8 bién

Z,=—

(8.100)

phéan cua kha nang téi déng va tdi trong dong quy udc.
Hé s6 an toan n duge xac dinh nhu sau:
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C - gia tri trung binh cta kha nang tai déng; Q - gia tri trung binh cia tai

trong dong quy udc.
- Béi véi 6 bi:

= _1,52Cy4
- Ddi véi 6 doa:
= l.iﬁ(f‘m :
QL[LE

Trong trudng hop téng quat, tinh todn chon 6 lan xét dén su thay
déi cde dai lugng ngdu nhién duge tién hanh theo trinh tu sau:
1. Xdc dinh lue tac dung 1én chi tigt truyén dong.

2. True truyén théng thuéng c6 3 doan, céng thic xac dinh tai trong tdc
dung 1én hai & tai A va B va sai léch binh phugng trung binh theo bang

8.7.
Bdng 8.7
Truéng Gia tri trung binh luec Phuong sai lyc —’
hgp tic dung 1én § tdc dung lén 6
Hinh Tai A 5 =[”‘“J“5, + 2 [r—Jh’
S.2a Foo - il =a=Fab { ' '
AY = = . L) = 1
. . ! -[!.LJ_J § +[F-L’J"zz_ﬁ] g
FAK=F,|l1—u}—F,:b L I
| 1 1
1 F(1=al b s Fin ] .1
r ; 3 | A T S e M
F —Jan" 'Hj+f",:I1"l' -['F”ﬂ-a]-ﬁjh]' SI“ o ) N [ (! 3
AT
| | ] | c 2
F 3 F.ja+F b i
4L | g+ il t 5
+{_ [ } ! *[ ¢ .J]
TQIB §“ =[”_'E.'.) S -_sf‘_,_['F'_!].g
ﬁw:l"r:{l*b)—ﬁ.l : ! = b
1 Fo i e Foab=Fn AR
Fi(l+b14 Fa L[ ] 5 ¢ i J L
an ot I 1} 2 / ‘
= === 5 =]’{"—"’\JL5" y2- 8 Tlp—]q
Fh:{[".:ljih}—hpl} ‘(F;"EIHH-I'“.: W ] e =, !
J . I +'JI r_.l_1 }-SJ +l h:b"'Fn"']-S:
Ll =g " ' —‘
Hinh Tai A s _[Ll—n)‘,“Th_s ',Il:_J §?
B.2b PR 71 L Vi VL ' ! } v I
AY | [.F‘_‘]q (l—”utFrh}q
B Foll=a)« F,b 1 |- !
Fag ===

|
? a1
Fll=ar-Fsby (K v LA
h;\=|~[]”“ al F,_h| 'lIII” 111 Fab
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S.. =l||+lh.']:3;_. +“_s“ '[r-';J ] 5!
:FTII]rS:‘KI"hl;FfQJ:sf
G [lloh,']?‘Sr i\‘ *[-Fu ]:\.‘
o [ oy Ig‘,,_ L7 5
'JI fu |.S! ['I-"_h_hl.]"":
\ Ty T+ e

Tai A
Hinh | g, - Fad-w-Fh

mY. = ; .
: Fo) Fo £Fah ) s
8-2 + L‘J [ i [ .
’ PERL 11 ULl P | e e S
AX I i . - .
. - 4 . — @) . ] 2 3 A
.I.'l“-".]‘r-':h [ Fad-a +Eb l‘ln -[ ! J 5"m =3 *[ ; J =z
T [ | ] +[ i !
+[ F._l]':,-.- '[ I, —.I-',‘h]‘s:
S 1 i
Tai B ;

Fiy = |
Fa+ Fail —hi
F'II?( = ---—-—I-—

L -J[h"_h-'“'h']: [".i“‘\_-ll-hl
T e

Tai A

Fyll = @)+ F, b
Fay =~ = oh ot
thas T Fll —u)—Fsh
8.2d e

b= J[:—'“u = n!+Fr:h]' +[ F(1-aj=F b

I

Tai B

iy = f'—'".—I;M

|.'“=J[|-";.-r;,,||-h]: +_[f:l,d_},-;__”_h']:

1 . ]

S “-”] $3 0o T(ﬂg] $

Fan I " F" (133 | e
.[L]hsq M]:S:
| - i L

st () 0, (B

Vi | it = i : [ ;
»[E&J's—‘ [rﬂi_"Js
i o e ,

i, =[3) 5 s, (B

o '

Cén chd y:
gz _Fﬁl‘glz:)\l*“l_‘ﬁ}#;\y
Fay+Fi

(KT
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2 }Exspﬂx+llquﬁ8y
R - (8.10:3)
Fiy+Hx

Il

3. Chon & A hoac B d& tinh todn theo tri s luc [6n hen: F = I, hoac F
FrB-
T&i trong quy ude trung binh:

Q=F {8.104}
Sai léch binh phuong trung binh cia tai trong quy ude:
S, =S, (8.105)

Chon hé 88 bién phan kha nang tai dong ve = 0,27 (8 bi) hoac ve
0,25 (4 doa).
Hé s& bign phan tai trong quy udc:
S:Q
Q

4. Xac dinh hé s6 an toan theo gid tri trung binh t diém phan vi:

V.. =

¢ (8.106)

7 =zl (8.107)
= .

2
n VE- +\"Q

5. X4c¢ dinh kha nang tai dong trung binh:

C=nQL"" (8.108)
6. Xdc dinh kha néng tdi dong cda 8 v&i xdc suat lam viéc khéng héng 90%:
Con =S 51 véi 6 bi
1.52
. C pr oo
hoac Cyy =i dol véi 6 daa {8.109)

Theo gid tri vita tim duge ta chon ¢ &.

8.6 DO TIN CAY CUA O TRUQT

O trugt hong 1a do chidu day nhé nhat 16p ddu bdi tron h,. nhéd hon
chidu day lép dau t6i han hy,. P& ddm bdc didu kién bdi tron ma sat uat:
B £ S(Hzy + Ryy) (8.110)

Khd nang tdi F (N} duge xde dinh theo dudng kinh d (m), chiéu dai
{mm) cia &, s6 vong quay cda & n (vg/ph), 48 nhdt déng lue cia ddu p (Pa.8),
khe hé hudng kinh & {um):
1d’ 1
F:um—T(D:p?m >
) 308

Hé 58 kha nang tdl @ c6 thé xdc dinh gin ding theo céng thic

P - (8.111)
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LI (8.112)
[—x
trong d6: y - d& lach tam tuong d8i ¥ = 2¢/8 vdi e 1a dé léch tam tuyét dai;
m’ - hé s8 phu thudc vao ti s5 1/d [32).
Mi#t khdc litn hé y vdi 8 va chidu day nhé nhét h,,, cta 16p ddu
theo céng thue:

hmin =g(l_x} (8113)
N&u 14y h,,, = hy, ta cé:
:% (8.114)

Thay céng thie (8.114) vao (8.112) ta ¢d:

lD:m'[ —l] (8.115}

2hy,
Thay gid tri @ vira tim duge vao cdng thace (8.111) thu dugce:

:rm]cl"u &
F=m' —-1
3062 (Zhlh ] (8.116}

Su thay déi clia khe hd theo nhiét 46 (um)} duge tinh dén nhu 1a hiu
qud sy khac nhau clia hé s& gidn dai vat lidu cla 16t § va than &,

Tim gid tri F bing cdch tinh theo cong thic (8.116) gid tri trung
binh ctia khe hé hudng kinh & va do nhét dong lue 1.

. anld i

= m'{i-—l (8.117)
s 2hy,

Gid tri sai l&ch binh phudng trung binh S

2 2
b -2 d* m'[ &
5, = nn m'p| = - _21 S§+[nn —Ez"["’___ln sﬁ (8.118)
30 8 25°hy, 30 57\ 2he

D§ tin cdy & trugt xde dinh theo diém phan vi z;:
F - F

(8.119)

trong d6: F.va Sp, 12 gid tri trung binh va sai léch binh phugng trung binh
tdi trong hudng tam tdc dung lén 8.
Gid tri F 14 ham sd cda cdc dai lugng ngdu nhién & v p vdi:
5 =25, —2a.At{a - ag )l (8.120)

mn
b= “"[%J (8.121}

trong d6: &,.n,- gid tr1 dva p khi nhiét 4§ maéi trudng chung quanh t, t
- nhidt d8 &; At = t - t, - s& gia nhi&t d8; 2a - hai l4n chiéu day 16t 8; a,
- hé s8 gian dai cia vat lidu 16t & va ngdng truc; m - 86 md (m = 2,6 + 3,0).
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Gid tri 83 va S, la sai léch binh phuong trung binh cia khe hé va
dd nhét duge xdc dinh bing 1/6 mién dung sai §; va 3, cdc théng sé dé. Db
lach hudng kinh §; ¢6 thé xdc dinh bing céng thic gdn ding saw
Bs = L1yO], + 5] (8.122)
Dung sai cia do nhdt déng luc cia ddu duge xdc dinh b3ng cong
thuie;

411
\

N
B, =hul_(%J ' (8.123)
trong dé &, - dung sai cia d nhdt déng e tng vdi ghiét 4 to.
Khi nhiét d6 t thay déi thi § va p cing thay d8i, do d¢

a . . . .
[i}g—} ,(—;-F—J la ham s6 cda ché& da tdi trong, khe hd, d¢ nhdt cda ddu...
é A

8.7 O TIN CAY LY HQP

Muyc nay gigi thigu tinh tedn do tin cAy cdc loai ly hop ty dong (ly
hgp mét chidu) va ly hop an toan: chét an todn, ma sdt an toan, bi an toan..
8.7.1 D§ tin cay ly hadp mét chiéu

D81 vdi leai ly hop mét chidu (hinh 8.3) ¢6 yéu cdu cao vi ching lam
vige nhu cd cu banh cée, khi ma chuyén dong theo chidu ngude lai s& giy
nén nhiing hién tusng khéng mong mudn v& din dén héng mdy. Tinh todn
x4c sudt ly hop gdm: x4dc suit chuyén dong méat chidu va dé bén ly hgp.

Théng sé cht yéu cia ly hgp, xdc dinh didu kién lam vige la goc
chém cia con 14n a. Néu tinh d§ léch tAm cda truc va vong ngoai ta c6 bidu
thife quan hé hinh hec sau:

2b+d

o = arccos

(8.124)

trong dé: b - khodng cdch mit phdng lam viéc cta dia xich dén truc ly hop;
d - dudng kinh con ldn; D) - dubng kinh vong ngoai.

Xdc sudt chuyén déng mdt chidu xdc dinh theo didu kién con lan ly
hop 88 duge cai, néu nhy géc ma sdt p sé l6n hon 1/2 gée chém.

a
p=z E (8.125)

Tuy nhién gid tri ¢ cang ldn thi mémen truyén T sé cang ldn:

T= (I,SFZDsin% | (8.126)

trong d¢: 7 - 58 con lin; F - lye trong mai tidp xuc.
Do 46 d& ting kha ndng tai ta ting goéc chém (théng thuong a = 7%,
nhung khi dé ¢é thé xdy ra hién tugng ly hgp khong duge cai.
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Hinh 83 Ly hop mét chidu
Khéo sat két cdu tuy dong cda ly hop (hinh 8.3) vdi 3 con lin. Gid
sU gée chém va géc ma sat phéin phdi theo quy luat phan phéi chudn. X4c
sudt cai cia ly hop thy dong Re difa trén biéu thic (8.125) phu thuéc vao gid
tri trung binh cta géc ma sat p va géc chém «, va vdi sai léch binh
phudng trung binh S,va S cia sy phan tdn cia goc ma sat va goc chém

theo ly hop. Pai lugng S lién quan dén dé phan tan dudng kinh vong.

el

bigm phén vi z,, cua xdc sudt R, duge xem nhu 1a hidu sé cla cde dai lugng

ngiu nhién{p—%], phan phdi theo quy luat chuin cé thé ude lugng theo
L2

cong thue:

- u

P~

Z, = 2 (8.127)
g2 . 1g2
n 4 ol

Gia tri R¢ thuce t& khong bao gdm do phan t4n cde gid tri p va o
theo cdc con lan trong gidi han clia mat ly hop, béi vi sai s§ ché tao trong
ly hgp tu chinh duge ddnh gid theo gid tri trung binh.

Xdc sudt khong hing R ede chi tiét tiép xic xdc dinh theo Ung suit
tidp xdc phd hiy oy va téc dung oy Difm phian vi z; cda xdc sudt cdn tim
c6 thé tim theo cong thic:

_ E’R —c_sH - 1Sy

Zl = > =
(eSp ) +Sh

(8.128)
trong do: oR, ::H, Sk, Sy - gia tri trung binh va sai léch binh phudng trung
binh tng sudt phd hiy va tde dung.

Khi do rdn cdc bé mat HRC > 60 c6 thé 14y sd bd or = 1800 MPa,
Sk = 100 MPa.

Gig tri trung binh Ung suft ti€p xic on xac dinh theo cong thic
Hetz:
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- (M eTE
o = 0418 RTE (8.129)
7l
trong d6: E - médun dan hdi cdc chi tiét tiép xie, MPa; | - chidu dai con
lan, mm.

Hé & bién phan dng sudt Liép xde:

I 7 i ! 2
| =?\j\-i_ AT N N Y {§.130)

Sat léch binh phudgng trung binh Sy = Sy VL

8.7.2 D) tin cay ctia ly hgp chéot an toan

Bic didm cia dé tin cady ly hop chét an toan la phai tinh xdc suit
cda hai sy kidn mAu thufin nhauw xdc sudt khong héng cha ly hop khi tai
trong ngodi tdc dung va xdc¢ sudt hong cua chét khi tai trong tdc dung chua
dén gia tri gidi han.

Tinh todn xde suit lam viéc khéng héng cia ly hgp theo diém
phan vi z;:

Ly = - pe——— (8.131)

trong dé: n==" - hi 56 an toan theo ¢de gid tri trung binh; 1_",1, Ta- gid tri
trung binh cia mémen phd hiy va mémen tii; v,, v, - hé 58 bién phén cua
mdmen phd hidy va mémen Lal trong ngoad,

Mémen phd hady:
md” TR

LA
trong do: d - dudng kinh tiét dién nguy hiém cha chét; R - hdn kinh tir chél
dén tdm truc gdn khdp ndi; t - gidi han bén cdt: 1 = coy, vdi oy, - gidi han bén
vat lidu, ¢ = 0,95 chét ¢b ranh, ¢ = 0,75 chit khéng ¢6 ranh.
tIé 5§ bidn phan cta momen phd hiy bing hé s§ hign phan cua gidi
han bén vat Jigu chdt thang thudng <6 gid tri bing 0,06+0,08.
Xdc suat pha hong ctia chét trong lic qua tai xdc dinh theo z,:

ng -1

(8.132}

L= )
\'I‘

oo T I X P . - .
trong d6: ng =T_"—l - hé 56 an tean theo gid tri trung binh; T, - mémen qud
“

tdl, vugt qua gid tri nay thi chdt s& bi hong,

8.7.3 D6 tin cAy cua ly hgp ma s4t an toan

Difu kign khéng trugt cua ly hop véi xde suit cho trude:
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T-Tu+2z,5=0
Hodic: Fir, —Tu+2,8=0 (8.133)
trong dé: T = Ffrm gid tri trung binh ctia mémen gidi han; F - luc nén dia

ma sdt; r,, - ban kinh trung binh cia dia ma sdt; f- gid tri trung binh cia
hé s0 ma sdat; T.- gid tri trung binh cta mémen tdi trong ngoai;
$=+/82 +S? - sai lach binh phugng trung binh cta hiéu cdc momen T va T,;
5S¢ va 8, - sai léch binh phuong trung binh cde mdmen T va T,.

Hé s& bisn phan cda phan phéi chudn:

n—1

Z) = —— (8.134)
=222
n VJ- +\IT..
. - Fir f N ; ; i
trong dé: n=—=" - hé s8 an toan thec cdc gid tri trung binh; v, va v; - hé

£l

&8 bign phan cila tdi trong ngoai va cia hé s§ ma sit.

Theo gid tri z, ta tinh xdc suit lam viéc eda ly hop khong trugt.
Xde sudt phd hdy chi tiét khi tde dung bdi mémen qud tdi ta xdc

dinh phu thude vao diém phan vi z, = _2 , trong dé Mn=

¥r

e

8.7.4 D6 tin cay cia ly hop bi an toan

Mémen giéi han cda ly hgp, tifc 1a mdmen xodn T ma khi 46 b4t ddu
trugt dudi tde dung cda luc ma st gifa con kin va ranh:

FD ~ FD
2tg(a - ) -DIAd)  2(tga - k)
trong dé: ¢ = 1 + D/d; T - luc cda 1o xo0; D - dudng kinh vi tri tAm con lan; d
- duéng kinh trung binh phén rdnh cda true; « - géc tiép xic giita con ldn
vdi dia ma sdt; { = tgy - hé 56 ma sdt (hinh 8.4).

Xdc sudt 1dm vidc khéng trugt cia ly hop duge xde dinh theo diém
phin vi z;:

(8.135)

T-Ta+2,8 =0 (8.136)
trong dé: T.T., - gid tri trung binh mémen t¢i han va cla mémen ngodi tdc

dung; St - sai léch binh phueng trung binh clla mémen gidi han va mdémen
tai trong ngoai.

2 — 2
ary 2 ) c¢T 2 2
Se= 0| —| S5+85; = — | 8§} +8§; (8.137)
T [Efl ]m ! J[itgn -fc J ! !

trong d6: 8, S, - sai léch binh phuong trung binh ciia hé s§ ma sdt va
mimen ngoai.
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B

Hinh 8.4 Ly hop bi an toan
Tu day:

—|

P T - n-l (8.138)

eTf 2v2+vg$g eof 3v:+v1
tga—fc) e (tga—fc} toe

trong do: n = I hé s8 an toan theo gid tri trung binh.
A
Xdc suft phd hiy cua ly hop khi tdc dung mdémen qud tdi Ty xdc
dinh theo z,.

7, = E%_T = t;"l (8.139)
1go — fe ! lgd ~fe o
. - qu
trong dé: Np = 5
8.8 PO TIN CAY LO XO

8.8.1 Lo xo xo0in é¢ nén, kéo
L& xo xodn éc nén (hinh 8.5) duge tinh todn theo do bén va db cung.
Ung sudt trong day 1d xo dude xdc dinh theo céng thic:
8FK D
T=

nd?

(8.140)

trong dé: K, goi 14 hé 586 Wahl; F — lifc nén tdc dung 1én 1 xo; d - duong
kinh diy; D — duong kinh trung binh.
Hé sé Wahl K, x4c dinh theo cong thic;

_ {4e-1) +0,615
Y (de-4) C

(8.141)

trong dé: ¢ — chi s6 1d xo, ¢ = D/Ad.
Gid tri trung binh va hé s8 bié€n phén dng suit:
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KF : 2 2 gy
LS N NN (8.142)

b6 cung 1o xo:

L (‘.L‘l‘
s s1y'n,

(8.143)

trong do: n, ~ s& vong lam viéc b xo; G — modun dan hdi truct vat lidu.

_ =
Hinh 8.5
(id tri trung binh va hé s6 hién phan 46 cing:

F_J N 3 1 2 ¥
k= _HI va v, - \/v& +v 4OV 4 1OV (8.144}
8D 7, '

Né&u dng sudt duge phin phéi theo qui lugt chudn thi diém phan vi
duge xde dinh theo cong thice sau:
Ty — T -l
z,tz__}‘gm R (8.145)
NEHES & JT'V‘ +v]

LTS

Néu hé s6 dd cing duve phan phéi theo qui luat chudn thi di€m
phéan vi duge xde dinh theo cong Lhdc sau:
n-1
. e (8.146)
1|'ﬁ'1\'[\ + \-'i
Tit ching thuc (8.145), (8.146) ta xdc dinh gid tri trung binh hé 5§ an
toan, sau doé xde dinh kich thudce 1o xo.

8.8.2 Lo xo0 xodn éc¢ xoin
Ung sudt udén lén nhat xudt hién trén ddy 16 xo xodn 6c xodn (hinh

8.6) dugc xde dinh theo cong thie saw
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_ KT _ 32KT 814
'W‘_ 2 (8.147)
F F
i
Hinh 8.6

Gid tri trung binh va hé sd bién phan (ng suat:

_  32KT
G = —Q—3 va v, :N,‘v%+9vi

ntd -
B&i v6i 1b Xo xodn hé s& dd cing 16 xo dude xdc dinh theo cong thie:
4
_T__dE (8.148)
a 64[)“”

trong d6: T — mémen xodn; 8 - 4o léch goc 1o xo; d — dutmg kinh day; D -
dudng kinh trung binh; ny - s§ vong lam viée 10 xo; E — médun dan héi v4t

tidu.
Gid tri trung binh va hé s8 bign phan d§ cdng:

T4
AN ¥ P R T (8.149)

N&u tng suat duge phan phdi theo qui ludt chudn thi diém phan vi

duge xdce dinh theo cong thife sau:
O =5 _ n-| (8.150)

o = 2 T =22 2
N

Néu hé s& d6 cing duge phan phéi theo qui luit chudn thi diém

phén vi duge xde dinh theo cang thife sau:
Kok ot (8.151)
1 02

Zik = =
JSK+Sk v + v

8.9 PO TIN CAY CUA MOI GHEP REN

Tinh todn d§ tin cdy cla mdi ghép ren chi y&u dya trén méi lién
quan cua.dd phén tdn tdi trong, giéi han méi cha buldéng.. va vdi 4 tin cay
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cua cdc chi Ligt e dinh dai dc (chi tiét hdm). Ta s& khdo sdt d6 tin cay cia
buléng khi tai trong tinh va tdi trong thay ddi [52, 53]

Pac diém cia tinh todn méi ghép ren theo d6 tin cdy la tinh dén db
phin tdn cla lue xiét ban ddu va tinh todn chinh xdc dé phén tdn cda sy
tip trung ing sudt. Khi tinh todn ta chap nhan cdc dai lugng ngdu nhién 1a
tai trong ngoai, lue xiét ban diu, gidi han mdi cua vat liéu va hé s6 tap
trung Ung sudt d ren lidn quan dén bo phAn tdn cua bdn kinh cong rdnh
ren.

bg tin ¢ay theo xdc sudt lam viéc khiing héng cta mdi ghép bing
ren duge xdac dinh theo xdc sudl lam viéc khong héng clia cde tidu chudn
kha nang lam viée chu véu: khong tdch mai ghép, khéng trugt mai ghép, do
bén buléng (tinh, mdit B = RyR, R,

8.9.1 Xac suit lam viée khéng hong theo diéu kién khéng
tach bé mit ghép R,

NAc sudt khong héng R, khi 46 dng sudl nén nho nhdt trén msi
ghép sau khi tde ddng cua tai trong ngoai co gid tri lén hon khong.

Trong trudng hep don gian nhdt: M6l ghép ren chju tdc dung cia lyc
kéo doc bulong F (hinh 8.7} xdc suat R, xdc dinh tir didu kién:

R, =P[V/k > F(1-1)} (8.152)
trong d6: V - lue xiét: k - hé s6 tinh dé&n khd nang cé thé lam yéu su xit do
hé& mat moi ghép bi phd huy (mém héa) k = 1,3+1,5 khi ta} trong tinh, k =
1,5+4 khi tai trong thay d8i; (1-y) - hé s§ dac trung 141 trong ngoai tdc dong

lén mi ghép.
Vi yF

e

-

i

_)
—

ol

6\ "
N

phot
773N

8,

Z

|
|

-—r‘-/

3

Hinh 8.7 Mdsi ghep chiu luc doc truc buléng

B
-n

Xdc suat Ry xdc dinh theo die¢m phén vi z,;:

Ty, = - '_..‘:..— {8153)
||—2 N 1

YIIVy + VY

trong dé: n; - hé s6 an toan khong tdch mdi ghép xde dinh theo gid tri tai
trong trung binh:
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S (8.154)
KB = 2)

v6l: V., F va vy, vp - gid tri trung binh va hé sd bién phan cla cde dai

lUogng ngdu nhién I3 lve xiét V va tdi trong ngoai F.

8.9.2 Xac suat lam viéc khéng hdéng theo diéu kién khéng
trugt bé mit ghép R,

Xdc suat khong hong theo tidu chuan khéng trugt bé mat ghép cda
méi ghép buldng xiét chiu tdi trong ngang F (hinh 8.8}
R, = P(fV/k =F} (8.155)

=t

Y ima

%

|

Hinh 8.8 Méi ghop chiu lue ngang

F

NN

l
!
I

D& xdc dinh Ry ta tinh diém phan vi:

Hé¢é 58 an toan d6 khong trugt cia méi ghép theo tdi trong trung
binh va hé s& bién phdn duge xdc dinh nhu sau:
- IV
n2 = —-
kFE
Vi = Ve RV (8.156)
trong d6: T va v, - gid tri trung binh vA hé s6 bién phan cia hé s& ma sdt £
e s¢ ma sat déi vdi cdc tdm thép hodc gang o6 thé |4y
{ = 0,15+0,20, 481 vdi thép (gang) vdi béténg [ = 0,3+0,35, 481 vdi thép
{gang) véi go { = 0,25; k - hé s8 an toan, thung 1y 1,3+1,5.

8.9.3 Xde suit lam viéc khéng hong theo do bén tinh R,

Xdc sudt lam viée khang héng buléng theo tidu chudn bén tinh Ry:
Ry = Ploy, < a.) (8.157)
trong dé: o, - Ung sudt tinh todn trong tiét dién nguy hiém ciia buléng; oy, -
gidi han chay cda vat ligu buldng.

Ung suit tinh todn o, trong buléng cua mdi ghép ren (1 bulong)
chiu tai trong kéo doc buldng xde dinh theo cong thoc:
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Sit s ——(KV +xE) (8.158)
ndy
trong dé: d, — dudng kinh tinh todn cia ren bulong; K - hé s& xét dén sy
xofin cta buldng khi xi&t (khi khéng cé hign tugng xcay buléng khi xist K
= 1, trong cdc trudng hgp khde K = 1,3)

Gi4 tri trung binh clda Ung sudt tinh todn Oy xdc dinh theo oy

Eu = 4, (Kv-i—x;) (8.159)
nd;
Sai léch binh phuong trung binh cla Ung sudt tinh todn:
4 3 a2 =2
Su = B, Ve = — KWV 457 F v} (8.160)
mdy

Tir day suy ra hé sd bién phan:

’ 1 - =

20 oy, R =2E  g16n
Ty t+a Vy KY

L

Vi =

+
=l
<
A
=
»

Do gia tri a e6 gid tri nhé nén ta ¢6 thé 14y gin ding:
Vi = vy (8.162)
Xdc sudt lam viée khong héng Ry theo tiéu chudn bén tinh tim theo
diém phéan vi:
2= el (8.163)
AV, + vy
trong d6: o Vva v, - gid tri trung binh va hé s8 bién phéan gidi han chdy
cla vt lidu ch& tao buldng; n3- hé 56 an toan.
Hé s6 an tean n3 xdc dinh theo cong thuc:
- E-.'I'- Hdi?gch

Tyt 4{KV +XF)

8.9.4 Xdc suat lam viéc khong héng theo dé bén mdi R,

Xdc sufit lam visde khong hdng buldng theo tidu chudn bén mési Ry:
R4 = P(Ua < G.]h)) (8.185)
trong d6: g, - Ung suat thay doi sinh ra trong buléng; 5.y, - gidi han méi cla
buléng.

Gid tri trung binh dng suit sinh ra trong buldng:
Pt 4 =, Y5 =
Ty = —— 0,5 F+=1V +0.5 F (8-166)

| L

trong do: F- gid tri trung binh cda tdi trong l¢n nhat tdc dong 1én bulong
(tinh dén dic tinh ngdu nhién cia tdi trong); 0,5F - gid tri trung binh bién
dé tdi trong; y - hé 86 dnh hudng do nhay cia vat lidu dén tinh chét khang
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-~

d6i ximg cta chu ky; Kg- gid tri trung binh clGa hé s& tap trung dng sudt
phu thude vao gidi han bén g, cda vét ligu:
[

O ... 400 600 800 1000
Ko ... 3.0 . 3.8 48 5,2
hoac duoc xdc dinh theo chng thac:
Ke=l+¢gla -1) (8.167)

vdi: q - hé s6 do nhay cia vét lidu dén sy tdp trung Ung sudt: gq
= 0,5:0,6 dai vdi thép carbon va q = 0,7-0,8 d&i vdi thép hoyp kim;
¢ - @4 tri trung binh cla hé sb tdp trung (ng suat 1y thuyét,

Hé s& bién phan cta dng suat sinh va trong buling c¢é thé 14y bing
hé s& bién phdn cla tai trong ngoai vy.
(Gid tri trung binh gidi han moi cua buling:

Ooint = T =2 BB, (8.168)
Ko

trong d6:0_y - gid tri trung binh gidi han méi clia miu thi nhén (d= 7,510
mm); £, - hé 86 dnh hudng cia kich thude bulang; @ - hé s6 phu thuge vao
médi ghép ren: ddi véi mbi ghép tidu chudn B = 1, khi ghép c6 bd phin cing
ren B = 1,5+1,8; Pw - he s0 tdng bén bing phuong phap gia ¢dng ren: d8i vdi
buléng cd ren cat fy, = 1, dé1 véi ren 1an By, = 1,2+1,3.

H#é s6 bién phan gidi han mdi cia buldng v

Vaw = ViYL VL (8.169)

trong dd: vy - hé sd bidn phan gidi han moi chi tidt dude ché tao bing vat
litu cing 1 mé ndu, vy = 0,06+0,08; v, - hé s6 bién phan gidi han méi
bulong duge ch& tao bang vat liéu tif cdc mé ndu khdc nhau vy = 0,08; v, - hé
s§ bign phén tap trung ing suit.

Do 46 xdc sudt lam vide khong héng theo tidu chudn bén mdi R,
duoc xdc dinh theo digm phén vi 2,4

21a= -~ LI (8.170)
\’“f"?lm +"i
Va g =22 (8.171)
0il

8.10 PO TIN CAY MOI GHEP PO DOI

Do tin cdy mal ghép bing 4§ dbi duge tinh la do cd sy phan tdn 16n
cde dai luong nhu; dd d6i (hiéu s& gitfta dudng kinh truc va 4), hé s& ma sdt
{phu thudc vao trang thdi bé mat, cde tap chat (hat mon) roi vao méi ghép)
va tdi trong ngoai .. [51, 53l
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Xac suat lam viée khéng héng mdi ghép biang ds déi s¢ tinh bing
xdc sudt lam viéc khéng hong theo d8 bén mdi ghép Ry, (R, = P(T < T}
v xdc sudt lam vige khong héng clia 46 bén chi tigt R, (Ro= Plog<oa,).
R = RoRe (8.172)

XAc suit Jam viéc khong héng theo dé bén méi ghép Ry,
Xidc suat lam viée khong hong méi ghép R, theo tiéu chuan dé bén
méi ghép xdc dinh theo ¢ong thie z;:
7, = - hme o1 (8.173)
_’1

»
yin '“EV]un YT

I im

trong doé nmg =

Méomen xodn gidi han theo dd bén (Nmm) Ty, 14 mdmen 1én nhat cd
thé truyén cda mgi ghép ¢6 dudng kinh d (mm), chidu dai | (mm) dé dé&)
Ni{pm), dp sudt trén béd mat p (MPa) va hé 50 ma sdt f

- rd’Ipt

lim — 2K
trong 46 K = 1,5+3 - hé s6 tinh dén kha nang ¢d thé gidm luc dinh két theo
thai gian,

Mémen xodn gidl han Ty, duge khde sdt nhu 14 ham s6 theo hai dai

(8.174)

lugng ngdu nhién p va f. Gia tri trung binh T duge xde dinh theo gia tri
trung binh E) va I.
béit vai true dac dudng kinh d vdi mayg ¢d dudng kinh vong ngoai
dy, ¢d hal ¢ ciing modun dan héi E (MPa) va ha sd Poisson  nhu nhau, do
dé ta ¢d cing thie xdc dinh &p suét sinh ra trén bé méit sau:
_ Beurao

{8.175)
d(1+yn

trong dd: w 12 hé s8 xdc dinh theo cong thic w =

ghép, um; u - hé 4 didu chinh xét d&n vide san héng cdc 46 nhé&p nho bé
mat 1dp Rei, Ryw u = 1,2(R,,+Ry).
G4 tri trung binh P dudc xdc dinh theo {8.175) khi thay & béi 8.
Gi4 tri trung binh d6 déi & x4c dinh bing hidu cua gid tri trung
binh saj léch truc ¢ va 18 E. Trong hé théng 13 ¢6 thé bidu difn qua cdc gid
tri mi#n dung sai tra bang dutng kinh true t,, 15 t; va sai léch dudi cia true
el.
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§=c-E =ci+ 05 -t (8.176)
Dung sai di doi:

. 2
by = \,"l: + lr

Sai léch binh phutng trung binh 36 déi 5.
_

I = y
S, = s YioHIg (8.177)
\

Khi d6 hé s6 bién phan do doi v, = S/4.
Khi ¢hé tao truc la 16 theo cing mét cdp chinh xdc tide 14 t=ty = t:
i
= . (2 236 .
§ =iy va = Vel B0 (8.178)

Gl g

Hé 58 bien phin ap sudt p:
. BN L (8.179)
o - U | —ufo
trong d6: v, S, la hé =0 bién phan va sai léch binh phuong trung binh cfa
do din 4.
Név u ti 18 vdi 8 thi v, = v..
Hé s8 hién phan cia T, duge xdc dinh nhu sau:

N

V= vy

(8.180)
trong dé: v,,, vr1a he =0 bign phan cta dp sudt p va hé 88 ma sdt .

Theo k&t qud thuc nghiém, hé 86 bién phén cia hé sd ma sdt v, ndm
trong khoang ,08+0.125 (trung binh 0,1). Gid tri nho khi ldp bing phuong
phdp lam lanh truc. Gid tri nhé nhdt ndm ngoai khodng trén khi ldp bing
thiy lue. Ta khdo st bai todn téng qudt udc lugng d6 tin cdy cta mdi ghép
bang d6 doi dudi tic dung cla momen véi gid tri trung binh T va hé s&
bién phan v

Xac suat lam viéde khéng héng cda dé bén chi tiét R,

(Tng sudt nguy hitm sinh ra tai bé mat trong chi tift bao. Piéu kién
bén o, < o, trong do o, — Ung suit tuong duong ldn nhdt; a4, — gidi han
chay vat lidu chi tiél bao.

(3ia tri trung binh cua ing sudl tuong duong o bang:

p

Ow = —t (8.181)

II& s& bign phan vy cua Ung sudt o4 bing hé so bién phdn v, cla dp
sudt trén bé mit 1dp ghép.

Xdc sudt lam viéc khang hong R, theo do bén chi tigt xdc dinh theo
£y

199



Chugng 8

na - |

Zl = - ——-——-—-—) (8.182}
\}":l"ih + vf‘
trong dé: [, = ?'_“h - hé sb an toan theo gid tri trung binh cua gidi han chay
G

va dang sudt G ; v, - hé s bién phdn cda gidi han chay.

8.11 KET LUAN

Dua vao cd sd 1Y thuyét trinh bay 4 trén ta ¢é the ti€n hanh tinh
todn thiét k& va phén tich chi tiét mdy trén co sd dé tin cdy. Thiét ké tién
hanh theo phuong phdap mémen thich hop (gid tri trung binh va sai léch
binh phuong trung binh}, 48 ddnh gid d¢ tin cay ta ¢6 thé sit dung nhiéu
phuang phdp khdc nhau d4 trinh bay chuong 5, 6. Trong chuong 12 ching
téi trinh bay vi du tinh todn hé théng truyén déng cc khi trén co s§ d6 tin
cAy.

8.12 BAI TAP

8.1 Kha nidng tdi cda ly hgp con (hinh 8.9) dudi dp luc khong 463 duge xdc
dinh theo cdng thie:

| D' -a’
ot [ploat
Isina | P? - g?

trong d4: D - duting kinh ngoai mit con; d - dudng kinh trong cua cén, a
= nira géc con;, § - hé s6 ma sdt giffa trén bé mat con; F, - lye tde dung
doc truc.

Hinh 8.9
Déi vdi 1y hop trong trudng hop nay trén bé méit cén la 16p amian; d
= N(200, 2)mm a= N(20", 2"}, F = N(448, 45)N; f= N(0,3, 0,03). Néu
mémen xodn truyén qua ly hgp cdn ma sdt phan phdi theo quy Just
chudn vdi gid tri trung binh T = 45194 Nmm va sai léch binh phuong
trung binh St = 4519 Nmm. Tim du¥ng kinh ngodi mit cén D d& dat do
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tin cdy R = 0.99. Gid st tdng dudng kinh ngoai mat cén D = N(D,
0,05D).

8.2 Tim dd tin cay truc nhu hinh 8.10 sau cé 18 sudt dugng kinh a va chiu
tdc dung mémen xodn T = N{3400. 340)Nm. Gidi han bédn kéo ciia vit
lidu truc ¢b gid try trung binh ook = 1034,2MPa. Ha s6 L4p trung dng
sudt 1,62. Néu dudng kinh truc D = N(D, 0,113) va 16 a = N{&, 0,6) mm
x4ac dinh dudng kinh trung binh ciia truc D vdi hé 88 an toan 0 = 2.

Hinh 8.10

8.3 Tim dudng kinh trung binh truc D cda bai tap 8.2 dé dat do6 tin ¢dy R =
0,99 gid st ring Ung suit va do bén cha vat lidu tuan theo quy ludt phan
phdi chudn.

8.4 DAm ¢é chiéu dai L; va Liét dién ngang t va b duge han ¢ dinh vac mot
gid 4@ nhyu hinh 8.11. M#i han cé chidu dai L; trén mat trén va dudi dé
d5 tdi trong F. Méi han ¢6 dang tam gide voi ddy 1a h. Ung sudt cdt 16n
nhat trén méi han t duge xdc dinh theo céng thite:

e
= Jr'f,— + t'i,, +27: Ty cosa
trong dé:
F

T =
TR

Va:

Céc kich thudc méi ghép han va ddm L, = 625 mm, h = 50 mm, L; =
250 mm, t = 250 mm, b = 50 mm va td) trong phin phdi theo qui luit
chudn véi F = N(2500, 250) N. Néu gidi han bén cit cda mdi ghép han la
Ty = N(Ty. 8,30 = N(245, 35)MPa. Tim 40 tin ¢4y cda moi ghép han.
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8.5 Hai banh rang duge 1dp 1én truc ¢6 cde lue tdc dung theo hinh 8.12. Cdc
luc Fyy, Fus, Fr. Frp va cdc khodng cdch 1, 1o, 13 1@ cde dai lugng ngéu
nhién phan phéi theo qui luat chuén.

Cha biét: F| = 4500N + 450N; F,, = 1800N + 180N: F» = 6000N
+ BOON; Fru= 2400N + 240N; 1, =1, =13 = 80 + 5 mm.

Kich thude duirng kinh duge xem 1a cde gid tri don dinh. Gidi han
moi true 1a dai lugng ngdu nhién vii oy, = 200 + 60 MPa.

Xdce dinh dudng kinh true véi do tin cdy R = 0,994,

Ed
i

— X — bl
!

R U R FE

Hinh 8.12
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PHAN TICH MAY THANH HE THONG

May hogce ddy chuyén cong nghé duge phdn tich nhu 1a mat hé
théng. Sit dung ly thuyét todn (hé théng) do tin cay d& xdc dinh d6 tin cay
mdy theo cde phan tr. Do d6 phdn Lich cdu true cay hé théng rat quan
trong khi ddnh gid do tin cay may. Ty 49 tin ¢dy cde phidn ¥ ta xdc dinh
dé tin cay hé théng, ¢o nghia xdc dinh d6 tin cdy mdy. Nguge lai dé ddm
bdo dd tin cdy mdy thi mdi phdn td phai cé d6 tin cay nhat dinh, tir dé
thist ké ede phdn g vdi do tin cay cho trude.

Nguyén nhin vige hong héc cua hé thong khéng nhung 1a do héng
héc cua cdc phdn tir cha hé théng méa con do 16i cia ngudn vén hanh va
nhdn vién bao tri. Do d6, viée xem xét 131 eva con ngudi cling rdt quan
trong trong phan tich an toAn., Hong hdéc cua hé thong khéng nhitng gay
nén cdc bat tién trong cude sdng, gidm nang suil ma trong mét s8 trudng
hiap con gay nén thiét hai ldn vé ngudi va cua.

Nhidu phuong phdap xem xét an toan va thiét k& duge phat trién
dé giip hiéu duge tai nan xdy ra nhu thé nao, xde sudt xdy ra tai nan dudgce
ddnh gid nhu thé nao va biang phuung phdp nao gidm duge xdce sual xay ra
su kién. Cdec phuong phdp nay giip dd trong viée phan tich ¢é phuong
phap hé thong theo do an toan, trong viée phat hién ra cdc didm yéu tidm
dn c¢6 khd ndng ddn d&n mdi nguy hitm cho sy an toan va cdc vi tri noi
bat can ¢ cde su chd ¥y dic hiét trong thiét ké, san xudl, hoal déng va bdo
trl hé théng. Trong nhidu lrudng hep khao sat lai ban thigt k& cé thé
phal hién tit cd khia canh ctia thiét k& d& théa man chung. Viéc ddnh gid
lai thiét k& duge lap k& hoach va tién hanh tt s¢ ning cao hidu qua kinh
t& trong viée (hiél ké va phdt trién cdc hé thang ky thuat phic tap. Phé
hi&n nhat trong cdc phuong phdp khdc nhau c¢6 thé sir dung cho vige ddnh
gid lai thiét k& va an toan cua hé thdng phuce tap la cic dang héng va
phan tich hidu qua (goi Lt FMIKA), phan tich ciy su kién (goi tdt ETA) va
ciy dang hong (goi tat FTA).

9.1 PHAN TICH AN TOAN HE THONG

B tin cdy va an toan san pham lién quan chat ch® véi nhau. An
toan dinh nghia theo nghia réng 1a trdnh khéi cdc didu kign ma né 1a
nguyén nhan gay nén hong hde chi tigt, tdn thit nhdn mang hodc héng
hoe 1én vé trang thiét bi va mai trudng chung quanh. Cho nén trong tdm

¢ day 14 cdc héng hée tac nén nguy co cho an toan. Muc dich 1a xde dinh
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trong qud trinh thiét k& cdc dang héng nao s& xudt hién va thye hign cde
bién phap khdc phuc. Théng thuéng cde dang héng lién quan an toan c6
xdc sudt xuit hién thap va do d6 rdt khé ude tugng chiing. Thit nghiém d6
tin cdy ¢ muc d6 hé théng cé thé sai va tao nén didu kién khéng an toan.
Ngoai ra, cdc d4c diém an toan thiét k& vdi thanh phan hd trg ho#c du
trir, héng héc gdy mat an todn hé thing théng thudng c6 nguyén nhan la
két hgp cdc su kidn. Vi du k&l hgp héng héc thiét bi, héng hée do con
ngudi va héng hée hé thong bdo dong khi ndi hoi bdt ddu qud néng do
nguyén nhan tich ldy 4p sudt.

Ca hai phuong phdp dinh lugng va dinh tinh déu duge sif dung dé
phan tich an toan hé théng. Phudgng phdp dinh tinh giip cho ta hiéu bist
cdu trae logic cda cde dang hdéng khdc nhauw hé thong va méi tuong quan
giita chiing. Phudng phap nay cé thé chi cho ta hifu ridng cdc sy kién nao
dé ¢é kha nang xdy ra duge giam bét hodc loai trit. Nguge lai, phuung
phdp dinh iugng gidp ta sir dung cde dif {idu héng hée cta chi tidt, du dodn
th&i gian héng héc va 16i con ngudi va dy dodn xdc sudt xudt hién cdc sy
kién nao doé.

Trong thyc t€ sit dung dang phdn tich an todn hé thdng phu thuge
vao do phifc tap cia hé théng, khd ning sy dung dif lidu héng hée va miic
dé 4nh hudng cla y&u t6 con nguiri. Cdc dang khde nhau cla trinh tu phan
tich an toan hé théng dugc sit dung d& nhdn dang va xdc dinh s higng
clia an todn va tui to cla hé théng theo hai phuong phdp: qui nap va suy
dién.

Theo phuong phdp qui nap, phdn tich bat ddu ¢ mdc d4 chi tiét,
xdce dinh cde dang héng cua médi chi tidt va thiét ldp anh hudng cla méi
héng héc chi tigt d&n toan bd hé thong. Phan tich cde dang héng duge si
dung 4% khdo s4t mdi phdn ti cita hé théng va phdt hién su dnh hudng
dén hé thong cla cdc dang hong khdc nhau. Phuong phdp nAy mang tinh
chi quan do bdan chat dinh tinh cia phén tich.

Theo phuong phép suy didn, phan tich bit ddu tir viéc ddnh s6 cdc
méi nguy hiém tiém tang va phdn tich tir hé théng di xuéng dé xdc dinbh
cdc hong hée phan cing hé thong va 1561 do con nguéi 14 cde nguyén nhén
gdy nén cdc héng héc tidm tang. FTA vi cdy su kién thuse v& phuong
phédp phan tich héng hée suy dién. Trong FTA, thi cdc sif kién cao nhat
{goi 14 sy kién TOP), nhu la hong mdy, chdy.. 1a héng héc hoan tean cia
hé thong duge phdt hién ddu tién, va sau dé 1a tit ca cdc dang héng c6
thé. Phuong phdp phan tich nay 13 céng cu chinh xdc va cé tdc déng ldn
cho vide xdc dinh 88 lugng cde rdi ro. Phan tich cdy sy kign 134 mdt qud
trinh logic, dua trén cd sd¢ chudi nhi phén, trong dé su kién hodc 14 xdy ra
hodc khéng, chi tiét ¢é Jam vige t6t hay khéng. Gist han chinh ciia phuong
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phdp nay la khéng tinh dan cdc chi tiét hong héc dan ddn. Phuong phdp
nay su dung theo logic va né can thidt d& lam nguye lai v& ban chit duge

st dung trong phan tich cdy su kién. Dya vao sy xudt hién dang hdng cu
thé, cay dang hong nhan biét cdc két hop khée nhau va trinh ty cdc héng
hdc khde ma nd ddn dén sy kién TOP.

Ngugc lai, trong phéan tich cay S.l_I kién, ching ta bdt ddu tir vai sy
kién ban ddu va hdu qua clia nd 1a hang loat sy kidn xudt hién tisp theo,
dén khi sy kién cudi cing xudt hién. Khi gan mdi nhdnh xdc sudt xudt
hién, k&t qua cudi ciing la danh sdch dai cdc hau qua c6 thé cla sy kiédn
ban ddu trong dé mdi su kién ¢é xdc suit lidn quan dén mai két qud.

9.2 CAC DANG HONG VA PHAN TiCH ANH HUGNG

Cdc dang hong va phdn tich anh hudng (got tdt 1a FMEA) 14 thi
tuc phan tich duge st dung phd bidn trong giai doan ban ddu phat trién
hé théng. Muc dich 1a phdt hién cdc hdng héc va cdc dang hdéng khdc
nhau, xuit hidn & miic do chi tist, hé thdng con va hé théng va ddnh gid
hdu qud cia cde héng hdc nay. Né lién quan dén viée phdn tich hé théng
dé xdc dinh dnh hudng cia héng héc chi tiét hoic hé théng con dén toan
b hé théng va cé khd nang pha hop vdi cdac d8i tugng va yéu cdu thuc
hién.

FMEA bidt dau phat trién vao nhitng nam 50 cGa thé ky trude khi
phdt trién cdc hé théng didu khién chuyén bay cla lyc ligng khéng quin
M#. Thong thudng FMEA duge thuc hién trong sudt cdc giai doan thist ké
¥ tudng va thiét k& ban diu cha hé théng d& didm bdo du bdo t4t cd céc
dang hong héc cé thé xdy ra va cdc k& hoach thuc hién dé loai trit tat cd
cdc hong héc tiém ning.

Thinh thoang cdce phdn tich trang thdi tdi han duge thyc hién cing
vdi FMEA. Trong trudng hdp ndy bao gdm ¢4 chi 56 trang thdi tdi han va
tinh khdc nghidt cia hong héc. Phéan tich niy coén goi 14 cde dang héng,
phin tich dnh hudng va trang thdi tdi han (goi tdt 12 FMECA) va dugc
phidt trién bdi co quan hang khong va vi tru M§ (NASA). Thuc hién mét
cdch toan dién FMECA cho hé théng phuc tap 14 mdt céng viée tén nhidu
thdi gian. Tuy nhién tai M tha tyuc nay rat hiéu qud khi ddnh gid dé tin
cdy va nd 13 bat bude cho ede dy dn ma nha nude ddu tu.

FMECA h trg phan tich d6 tin cdy theo s¢ dd khdi va d6 thi du
dodn cho muc dich sta chita. Trén thue t&, cdng viéce tao trinh ty du bdo va
sif dung cdc s tay bdo tri d& hon ddng k& néu nha thist k& bigt ro cdc chi
tiét v& FMECA. Miic da chi tiét duge thye hién vdi FMECA dya trén myc
tidu cda né. Vi du nghién cdu tién khd thi etia hé théng ldn cd thé tidn
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hanh vdi hé thing con chie ning véi da s§ thiét k& chi tigt da duge thue
hién.

Sau d6 FMECA bit ddu duge tidn hanh véi cde hong hée lién quan
dén hé théng con va block. Khi thiét ké chi tict, FMECA sé& dugc cap
nhat, gitup cho xdc dinh cic die diém chi tidt cia hé théng. Pa s FMECA
duge tién hanh vdi cac dang héng héc riéng 1é. N&u mat vai dang héng
hée tdi han duge phat hién, dnh hudng ddng thoi cia chang duge khao sat
riéng biét.

Trinh tu thue hign FMECA nhu sau:

1. Xic dinh cac dang héng hée tiém tang cla hé théng.

o

Lién hé cac nguyén nhén, énh hudng va cuing dé cia méi dang

hong.

3. Uu tién cic dang héng lién quan dén xdec sudt xudt hién, tinh nguy
hiém clia chung va bién phdp khdc phue.

4. Bua ra cac hoat ddng tiép tuc thich hgp va hidu chinh maéi dang

hing hae,

9.3 PHAN TICH CAY SU KIEN

Cay su kién 132 su biéu dién dé hoa tdt cd sy kién co thé& trong hé
théng. No duge goi Ja cay bai gi bidu dién dd hoa duge trai rong ra tir tir cé
hinh dang cay vdi nhiéu nhanh tao bdi s& cdc sy kién ting lén. No dua
trén logic nhi phén, trong dé su kién duge cho ring cd xdy ra hay khéng,
cac chi tiét ¢é lam viéde t&t hay khéng lam viéc. Gidi han cht yéu cda
phuong phap nay 1& phén tir duge ha bidc timg phan khéng thé tinh todn
dén. Phan tich nay duge bat dau theo trinh ty nguoe vai FTA. Gia sii ring
cde sy kién TOP cu thé (héng hoc) xudt hién, cay dang hing xde dinh su
két hop khac nhau va trinh tu ede héng héc khdc din dén su kién TOP.

Trong phén tich cay sy kién, ching ta bat dAu tir vai su kién ban
ddu vi 1a hdu qui clia hang loat su kién tiép theo d&n khi su kién cudi
cung xudl hién. Khi gdn mdi nhdnh xdc sudt xuit hién, k&l quéd cudl cing
1a danh sach dai cdc hau qud cd thé clia su kién ban ddu trong dé mdi sy
kién cé xde sudt lién quan dén chiing. Trong nhiéu trutmg hop, ciu true
cla cay su kién cé thé duge don gian hon niia. Céc tinh hung nay xudt
hién khi mét sit kién riéng 1é nao dé ddn dén k&t qua cudi cing, khong
chu ¥ dén bat k¥ su kién trung gian nao xdy ra sau dé6.

Trong 1% thuyét hé th&ng 4% tin cay hién dai thi ta sit dung khai
niém sy kién thudng xuyén hon, héng chi la trugng hgp riéng cia su kién.
Cho nén trong thii gian gan day khi phan tich hé théng thudng thay thé
ciy dang hong bing ciy sy kién.
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Hu ke Miie 1 Muie 2 Muie 1

han dau

Hinh 9.1

Theo quan diém dé tin ¢4y thi cay su kién vi cay dang héng bidu
dién dudi dang so dé khéi chi minh hoa cho cdc mé hinh xdc sudt, Tuy
nhién ndé duge quan tAm dic biét khi van hanh va bdo tri hé thang. Theo
so dd nay ngudi k¥ su khéng cdn cé kign thite vé xdc sudt théng ké, ¢é thé
theo déi qud trinh va tim duge phuong dn phat trién su kién khéng thuin
lgi. Ta 6 thé dy dedn tinh mao hiém mong dgi néu nhu duge trang bi cdc
thiét bi théng tin s tuong tng. Theo edu tric cay su kién ta cé thé xdc
dinh xdc sudt xdy ra. Dang téng qudl cdy sy kién trinh bay trén hinh 9.1
Cu sd cla cay la su kién ban dau E, sau dé 14 cdc sy kién ¢ mije 1, ky hidu
Eun, Eu, o, By Trong bai todn d6 tin cdy thuing cd hai nhdnh E; va By
tueng ung su kién hong va con khd nang lam vide. Tugng dng ta cdé su
kidn cdc mife tiép theo. Cudi cay 14 mét day lién tiép cdc su kién va xde

sudt xay ra day sy kién nay thinh 9.2),

Khoyet it Kbuy@aat Toa thu khonp  Khuy3idt Hignwing  Tridt kb Xide st

Juitnr ray L han wif whif dunie chio ki cing hudny  dfing ray cad ciing
hY
YT 0.2
2
™
1.599 o <
o3 ’ Ty
“t_"\ ’
iy IR}
Yes .
0,999 L Ve gemd
LRI
- Yes
- - . R H)]
I T Yes :
AR ET] 001
Yes
Yes 0040
wind

Hinh 8.2 Cdy sy kién
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Cay sy kién chi minh hoa cdc cdng thic co bdn cha ly thuyét xde
sufit. Xac suat tung vi tri ky hiéu Ejy vdi chi s8 d4u tién la s8 sy kién, chi
&0 thi hai 12 mijc d6 su kién,
Vi du ta khdo sdt su kién toa tau trat khéi dudng ray. Trén hinh
9.2 la cay su kién va hinh 9.4 1a cay dang héng minh hga cho tinh huéng
héng nay. Su kién ddu tién la do khuyét tat cda dwng ray, khuyét t4t nay
chia ra t¢1 han va khong t& han. Trén cay su kién xdc sudt xudt hién cdc
khuyét tat d6 ta 0,001 va 0,999. Cdc s lidu chi chon twong 461 vi khéng c6
g6 lidu vé qudang duting di chuyén, thdi gian quan sdt..

9.4 PHAN TICH CAU TRUC CAY DANG HONG

Céng cu hitu ich d& thye hién phan tich an toan hé théng 1a phan
tich c&u tric cAy dang héng {goi tdt 14 FTA). FTA 1a k¥ thuat thiét k& dd
hoa, né quy dinh cdc lya chon so dd khéi dé tin cay. _

FTA duge su dung rong rai trong céng nghiép hang khong va hat
nhdn, do lién quan dén dé an toan cho con ngudi. Thu tuc FTA kan ddu
tién duge gigi thiéu trong cdc phdng thi nghiém cia Bell Telephone lién
quan dén phan tich an tean cia hé théng didu khién tén lia Minuteman
vao ndm 1962. Tiép theo d6 phuong phdp nay duge phat trién bdi cong ty
Boeing vao giita nhilng nam 1960. K& tir d3, FTA duge sir dung rong rai 48
nghién ctu 46 tin ¢y va an toan cia cde hé théng lon va phic tap cho cdc
ing dung chédn dodn.

Trong khi muc dich FMECA 1a d& phdt hién cdc dang héng va énh
hudng cé thé, thi FTA cho phdt trién ciu triic ma tir d6 cdc quan hé logic
don gidn ¢ th& sir dung d€ didn td sy tuong quan xdc suit gilfa cdc sy
kién khdc nhau, ma né didn dén héng héc cla hé théng. Trong thyc té&
FTA duge thyc hién trude FMECA trong cdc truong hop thiét ké, vin
hanh cia hé théng duge ude ldgng va s 1ién quan nguyén nhin va dnh
hudng dian d&n hdéng hic cia hé théng duge phat hién. FMECA tr& thanh
budc cdn thi&t d& hidu ban chat ciia hé théng ma khéng cdn lién quan dén
FTA va phén tich déd tin ciy.

Nhu thé, ching ta cdn phai bi&t hé théng lam viéc nhu thé ndo
trude khi xay dung cdy hé théng. Chic niang hé théng duge trinh bay bing
ham s6 hoac béng hidu d8 ti&n trinh, trén dé bidu dé théng tin, vat lidu,
tin hiéu va cde dich vu khdce duge biéu thi. Sau dé hidu 46 duge s dung dé
x4c dinh chudi chie ning khdc nhaw, tif gid tri nhap dén xuat. Tiép theo,
biu 46 logic duge chudn bi dé chuyén cdc quan hé chitc ning thanh cdc
quan hé logic gidta cdc phdn t khdc nhau cda hé théng. Mot khi sy quan
hé logic gitta edc phdn ti khdc nhau cia hé théng duge thiét lap thi sy
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lién quan giita nguyén nhan va dnh hudng khi vén

N 1 5 g/ gl:y .y s g . Sy kign TOP
hanh hé théng can phai duge nghién ciu va cay hé théng héng
dang héng cia hi théng duge phat trién. Trong tam T

la ching ta phai xdc dinh cdc hang hdc nguy hiém
va dua né lén thanh su kién TOP cGa so dé cdu trace
cidy dang hong. Phan tich chadt lugng gdm c6 phit l

hién cac su k&t hop khée nhau cac su kién 1a nguyén Céng AND/OR
nhan etia su kién TOP s& xuat hién. Né ¢6 thé kem
theo sy phan tich s& lugng dé ddanh gid xdc sudt xuit
hién ede su kién TOP. Ciu truc ciy dang héng dién
hinh ¢é dang hinh 9.3.

Sy kién téng hop

Hinh 9.8 So dé idng qudt
eliu tric edy dang hdng
FTA elia hé théng phiic tap doi hai phai cé khéi niém chinh xac vé
sy lign hé chic nadng cua tét cd cdc phén 1, nguyén nhan héng va hiu qua
cta ching.

Trét khéi
dudng ray

ﬁgmé

(3,00t 0,004 0,001

Xuit hién
cong hudng

P22 =0,005

huy€t 14t nguy

L Ciéc khuyét tit
hiém dudng ra

theo chu k¥

inh khéng sifu
chifa toa tau

P1i=0,001 P21 =0,8 P31 =0,001
Hinh 9.4 Céy dgng hdng

Cac ky hiéu sit dung trén cdy dang héng trinh bay trén bang 9.1.
Xay dung cdu tric cay véi hai ¢dng logic 1a AND va OR duge st dung dé
guan hé véi cde su kién la két qud, cd sd va trung gian ho#c cdc héng hoc
véi su kién TOP. Sy kién thdp nhat la eéng nhap, sy kién TOP 14 cing
xuit. Dang cfng xac dinh thy thujc vao tdt cd cde su kién nhap phai xay
ra thi su kién xudt mdi xdy ra (cdng AND) hode 1a chi mét sy kién thép
x4y ra thi su kién xudt sé xdy ra {céng OR).
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Bing 9.1 Cac ky hiéu cdy dung hdng

Ky hiéu

Y nghia

Hinh chit nhét: Miéu td su kién héng la két qud
tir sy két hop logic cdc su kién héng qua ddu vao
cia cdng logic.

Hinh tron: Biéu dién sy kién hdng co s& hodic dang
héng cda chi tiét ce ban. Xdc sudt xuit hién sy kién
hiong, dang hang va mde dé sda chiva thu duge tir
céc di liéu thyc nghiém.

Hinh thoi: Bi#u dién sy kién hdng ma cdc nguyén
nhan cua né khong duge phat trién hoan toan do
thiéu quan tam hodc thidu thang tin.

Tam gidc A: Bidu dién chuyén céng nhdp va duge
sit dung d€ tranh cdc phan doan lip lai cla cay
dang hong.

Tam gidc B: Bidu dién chuyén cong xuat va duge
st dung dé trdnh cdc phan doan lap lai cia cay
dang hing.

Céng AND: Biu dién su kién hong déu ra chi xuat
hién khi va chi khi tit cd ede su kién héng ddu vao
XAy ra.

—
S
S
A\
/X
G
;

Céng OR: Bigu dién su kién héng diu ra chi xuit
hién néu nhu mat trong cdc sy kién hdéng ddu vao

xdy ra. B

Thiét l4p cdy dang héng thuc hién theo trinh tu sau:

1. Budc ddu tién cia FTA 1a xdc dinh su kién TOP, su kién nay giy
nén héng héc nghiém trong cla hé thing.

2. XAy dung vai cdy dang hong khdc nhau nhung tuong duong cho hé
théng dang khdo sdt. Ngoai ra cdc sy kién TOP khdc nhau dan
dén cde cay su kidn khde nhau.

3. Cho mdi sy kién TOP riéng 18, méi sy kién c¢é thé duge khao s4t 6
x4y ra hay khéng, hofic ridng 1& hodc lién k&t vdi cde su kién khde
giy nén sy kién TOP. ’

4. Cidc sy kién ting hop dan dén sy kién TOP va edc sy kién tha cdp
gdy nén cac sy kién tdng hop duge xde dinh. Qud trinh tiép tuc
dén khi cdc hong héc thip nhit duge xdc dinh.

5. Tap hgp cde su kién khi x3y ra tat ca sé gy nén sy kién quan tdm
duge gdn céng AND.
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Phin tich mdy thanh hé théng

6. Tap hgp cdc sy kién khi mét sy kién ndo xdy ra s& giy nén su
kién quan tdm dude gdn cdng ORI
Sau diy s& trinh bay su chuvén ddi gita so dé khél va so dé theo
cdu trtic ciy dang héng. P8i véi hé théng gbém 4 phin i mdc ndi tiép ta
ed thé biéu dién 4 sg 4b tinh todn 46 tin cay (hinh 9.3) Hai sg d3 cé dang
s¢ dé khai (hinh 9.5a, ¢}, 2 sg dé ¢é dang cAu tric cdy (hinh 9.5b, d). Gach
trén cdc bién logic 1a sy kién d6i nhau. Ky hidu A va F 14 trang thdi ban
dédu va két qud (hdéng) cla hé. Néu ky hiéu X; |4 bién logic, tuong (ng vdéi
trang thal lam viéc chia phan to thd i, 8 la trang thdi lam wvidc cha ha
thdng thi so ¢ hinh 95b la cdu tric cdy héng cta hé théng, so dé hinh
9.5d 1a cdu truc ¢cdy kha ndng lam viéc cta hé théng.

Hinh 9.5
Phidn tich tuong tu cho sg dé hé thdng gébm 4 phan tif song song
nhu hinh 9.6.

Hinh 9.6
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Trén hinh 9.7a 14 so d6 cha hé théng hdn hgp. Trén cac hinh 9.7b,

¢, d 1a cac sg dd tuong duong dé tinh todn dd tin c4y. So dd hinh 9.7b 1a

ciy dang héng, so 44 hinh 9.7¢ 14 so dd khdi tinh d8 tin cay theo xdc suit
khong hong, sa d hinh 9.7d 13 cay khéng hong.

Hinh 9.7

Ung dung cde nguyén tdc trén ta lip sg dé khoi cho hé thdng cang
médy bay hinh 9.8a. Cau truc cay dang héng cé dang nhir hinh 9.8¢c. Sa ¢
hé théng d8 ddnh gid va phan phdi d8 tin cdy nhir hinh 9.8b.

R
| L
[ id |
| el N
1
R Ix LORENE
Nl ws L***R? Wi W2
| N R:

a) b)
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Héng héc hé thong
cang may bay

+

| 1
Héng héc hé N Héng héc hé W Héng hée hé R
théng truse théng trung tam théng sau

I 1

Hoéng héc banh Héng héc banh
trung tam 1 trung tim 2

HOOO OO0

| ]
Héng hée R Héng héc -
banh sau 1 : hinh sau 2 ’

6] 0

Hinh 9.8 Phén tich cdu tric cdy dang héng

Hinh v& 9.9b 1a edu tric cady dang héng cliia hé théng phanh trong
xe 6t (theo sa 46 hé théng phic tap hinh 9.9a).

WC
BP;
C

wC BP,

a) So db khoi hé théng phanh trén xe 616
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He thing
phanh hong

.

—

Hdng hé thing
phanh co

Hang hé thing
phanh thuy lue

Héng ha théng
bdnh plhanh

Hang hée dam
phanh phia saw

f I 1 ]

Héng phanh Héng phauh| |Hang phanh ]Hong phani
mr{sa trai trude ph‘il sau trm 24U phm

b) Phdn rwh edu trie cdy dwag hong hé thang phanh
Hinh 9.9

9.5 CUT-SET NHO NHAT
Mgt dang khdc cda phdn tich dinh lugng 1a sd dung cut-set nhd

nhatl {(goi tdt 1a MC). Cut-set la t4p hgp cdc sy kién ¢y s 1a nguyén nhan
xay ra su kién TOP. Khi tdt cd su kién trong cut-sel xdy ra thi sy kién
TOP mdi xdy ra.

Cut-sct la tap hgp cde su kién chinh, khi xudt hién la nguyén
nhén héng héc hé thong, cé nghia la xdy ra su kién TOP. MC la tdp hop
nhd nhat cac sy kién chinh lam sinh ra su kién TOP néu nhu tat cd cde su
kién cia tdp hgp xudt hién. Piédu d6 ¢é nghia la khong eé sy kién khéong
lién quan trong tp hop ma héng héce cia ching khéng gép phan vao sy
kién TOP. Péanh s6 trong MC 13 bude can thigl dé ude lugng ds tin cay cda
hé thong. Su thé hién MC dua dén nhém két quéd dinh tinh nhu 14 cde
diém yéu cha hé Lthéng, cac thanh phan du trir bi héng hoac 12 dnh hudng
¢tia phdn tir dd cho 18én toan b d¢ tin cdy hé thing. Cac phugng phip
khdc nhau duge s dung dé xdc dinh MC. Mot trong cdc phueng phap, nhu
phudng phdp qui nap thi MC xuit phdt tryc tiép t cAy dang héng. Lua
chon thit ba bt nguén mdt cdch tyr déng tir bidu dé khoi.

Trong phugng phdp ciy dang héng, MC dugc dinh nghia bing cdch
hién ddi cdy dang héng thanh biéu thie dai sd boole. Khi d6 médi bién dai
58 hoole duge gdn cho mai sy kién co sd. Sy kién xudt cua cdng AND dugc
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Phén tich mdy thinh hé théng

g4an bién dal s8 boole bng gid tri nhé nhat cia bién dai s8 boole cla su
kién dau vao. Sy kién xuat cia céng OR duge gdn bién dai s6 boole bing
gid tri 16n nhét clia bién dai s& boole cia su kign dAu vao. Cudi cung bidu
thife dai s6 boole thu duge tir sy kién cudt cing khéng mong muén nhu la
ham cia cde bién dai 56 boole lién quan dén mébi sy kién ca sd. NS g8
thuin tién khi xdac dinh “bién &a1 s6 boole” cho su kign dién hinh A, biéu
thi bing X4, gid tri X, = 1 néu nbu sy kién A xuit hién va X, = 0 néu sy
kien A khong xuat hién,

Tinh dén cdng AND véi n su kién ddu vao va 1 sy kién ddu ra A.
Né&u n su kién 1, 2, ., n 6 cac ién X,, X,.., X, thi su kién d4u ra A duge
xdc dinh nhu 1a tich cia n sy kién hodc ¢6 thé néi sy kien A s& xudt hién

néu tal ca n s kidn ddu vaoe xuat hién. Do 46 ta ¢6 thé viet:
1
X, =[x @.1)
il

Sy kiénTOP

OR

ML MO Mo . . . M(n
Hinh 9.10

Khi X, bidu dién nhu 1& tich cda 1 va 0, gid tri X, s8 1a 1 hodc 0.
Nhu thé X, ¢6 thé xdc dinh nhu 14 gid tri nhé nhat cha X,

Tinh dén céng OR vdi n sy kién diu vao va 1 su kién ddu ra B. Sy
kién ddu ra B duve xdc dinh nhu 14 t8ng cda n sy kién hoac ¢6 thé ndéi su
kién B s& xudt hién khi tit ca n su kién ddu vio xuat hién. Do d6 ta cd
tha viét:

1

Xy =1-TT0-x%) (9.2)

=l

Gid tri X = 1 néu tat cd gid tri X, = 1. Nhu thé Xy ¢6 thé xde dinh
nhu 1a gid tri 1¢n nhat cda X,

Khi MC dugce x:dc dinh, ta sif dung ching d&€ phan tich dinh tinh
cia cdy dang héng. Thee dinh nghia, MC bat k¥ cé thé din dén su kién
TOP. Do d6, ta ¢d thé xdy dung lai cdy bang cdach két néi sy kidn TOP va
cing OR, véi mbi MC bicu dién dir liéu duge dua vae bing cong OR (hinh
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9.10). Theo dinh nghia sy xudt hién cta MC dua dén héng héc cda tat ci
cde phdn td (cde héng héc co sd) ewa tip hop. Nhu thé cde phin tif riéng 1é
ctia moi MC duge két ndi qua coing AND. Do dé, theo thudt ngit MC, bat
k¥ cay dang héng nao c6 thé hiéu dién nhu hinh 9.11. Bé&i véi MC dién
hinh bao gém s phdn t ta cd thé viét:

Xmc, =nxlji] (9.3
=1

Su kicn TOP

[(Mc ] [Mcz] | [MCon] [MCa)
L il il

Ciic hing hoe Cic hong hoe L Ciie hine e Ciie hong hoe
s clin MOy catsfotla MCy e sdetln MG el s cliu MC,

Hinh 9.11
Tir cong thite (9.3), X'''1a bign dai sd boole cho phén tit thi j (héng
héc co s¢) néu MC va tat cd cdc phdn ti cia MC; duge cho 1a déc lap. Xdc

sudt xudt hién MC; duge xdce dinh theo cong thife:

Puc, = [ [P1" (9.4)
=1

trong 46 P}“la xdc sudt héng cta phén tif tha j trong i MC (bAng gid tri
mong dgi X[ji’ ).
Bién dai s0 boole tuong ing véi su kién TOP c6 thé bidu dién, s

dung MC, nhu sau:

1

Xrop =]_n(I_XM(':) (9.5)

Tl cong thic (9.4) va {9.5) ta thu duge:

Xrow =1 "ﬁ[] "ll[X[ii}] (9.6)

i=1 i=I
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trong dd phdn tr thya j cda MO X'ji'} duge xem nhu phan t ! cua
MG, X,

Trong trudng hap cdce phin tf riéng 1¢é 1a ddc Jp nhung MC e6 thé
khong doc lap. Khi vai cut-set déng gdép cde phdn tir nhy nhau, ching sé&
phu thude 14n nhau gitta cdc MC. Su phu thuée nay cd thé tinh dén khi su
dung quan hé sau:

XX = x0 (9.7)

Goi ¥ nay duge ude lugng blng tich kép:
T (9.8)

Ching ta cdn phdi nhan xdc suit tdt cd cdc phan ti chi mdt ldn
ma khong cn xét dén gid tri nhip vao tring nhau.

9.6 UNG DUNG PHAN TiCH HE THONG TRUYEN
PONG THANH HE THONG

Trong mdt mdy bac gém nhidu chi tigt, d8 tinh todn 4% tin cdy cia
m4y, trude tiér phdi phdn tich chding ra thanh mot hé théng bao gdm
nhiéu phdn t. Sau d¢ tién hanh phan tich cdu tric cady dang héng dé
ddnh gig 46 tin cdy ctia hé thing. Do dé thay vi xdc dinh d§ tin cdy cua
mdy thi ta s& xdc dinh 46 tin cdy cha he thang.

)
Bﬁ ) f‘ B,
B, 1 { 8,
BJ = 8,
\ )

e -

Hinh 9.12 8o dé dong ciba hé théng truyén déng

Ta tién hanh phan tich va thist ké theo d6 tin cdy cho hé théng
truyén dong co khi didn hinh la hép s& sdu cdp toc dé, bao gdm cde chi
ti6t dién hinh: truc, bdnh rang, 6 lan, then (hinh 9.12).

Dé tidn hanh tinh todn theo 4 tin ciy ta thuec hién thee trinh tu
nhu sau [43]:

217



Chwdang 9

s Can ci vao s¢ d6 dong tién hanh xay dung dd thi sd ving quay dé
tinh van t&e gdoc cho cde cdp tée dé.

e Phan tich céc chi tigt thude hé théng d&€ xay dung s¢ db khéi clha
hé thong truyén dong, tif d6 ddnh gis hé thing sé lam viéc theo so
dé song song, ndi tiép hay phic tap.

» (Can af vio cdc dang hong cia chi tiét trong hé théng vi so db
truyén déng hinh thanh cdu tric cdy dang héng clia hé théng.

+ Dinh gia d6 tin cay clia hé thang thee cdu tric trén,

Hinh 9.13 D& thi s6 vong quay

Theo hinh 9.12 hé thing gém 10 banh ring dugc 1dp trén ba truc,
trong dé 6 hai khéi banh rang di trugt trén trye T va true IT1. Nhu vay hé
théng cho sdu cdp tée dd véi cac vi tri lam viée sau:

- Vi tri 1 truyén dong tir b4nh rang 1-2-10-9 cho van tic géc n,
- Vi tri 2 truyén dong tir banh réng 1-2-8-7 cho van tbc géc ns
- Vi tri 3 truyén déng tir banh ring 3-4-10-9 cho van tdc géc ny
- Vi tri 4 truyén dong tir banh rang 3-4-8-7 cho van tdc géc ny
- Vi tri 5 truyén dong tir banh rdng 5-6-10-9 cho van téc géc ns
- Vi tri 6 truyén dong tif banh rang 5-6-8-7 cho van tdc géc ng

Do dé s d6 dong b tri 46 thi s6 vong quay nhu hinh 9.13.

Trong hé théng truyén déng trén, cdc nguyén nhan gay cho hé
théng hong 12 do thin mady, truc, then, banh rang va céc 6 lan hoéng.
Trong muc nay chi dé cip d&n cdc phan tir gay héng héc cho hé théng la
cdc chi tiét truyén déng: true, then, banh rang, 6 1an. Su héng hée cia cdc
chi ti&ét nay de nhiéu nguyén nhan din dén. Do d6, dé xét téng qudt cho
ca hé thong ta xay dung so d6 khéi nhu hinh 9.14, trong dé thé hin tién
trinh lam viéc cia hé théng. .

Do then cé dé tin cdy tuong ddi cac nén khi phan tich ciu tric cay
dang hong sé bo qua chi tigt nay vk xem bing 1.

T s¢ A6 hinh 9.12 trinh bay sd b cac vi tri lam viéc cia hé théng
tu diu vao dén dau ra qua cdc chi tiét truyén déng. Do d6, ta thay ring hé
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thing sé khéng hoat déng (hdng) khi mét trong cde sy kién truc (1, 2, 3),
cac then, khdi banh rdng (1, 2), nhém bdnh rdang (1, 2) hong. N&n hé
théng truyén déng duge xem 13 mét hé théng gdm cdc phin tif mic ndi
tiép. song song. Nhu vay dé& ddnh gid dé tin cdy cda hé thing ta phdi tién
hanh ddnh gid 46 tin cay cda tiing phan td trong hé théng dé. Mudén xdc
dinh db tin cdy cua tiing phdn tif riéng biél thi cdn e vao cdc dang hong
héc cua ching d# ddanh gid. Dua vao cic dang hdng hde d trén, 1a c6 su db
ciu tric cay dang hong nhu hinh 9.15.

béu Khiii
vIe Trye 1 BR | Tiue I
Pdu Khdi
. Trye 11 BR °

Hinh 9.14 S d6 kEoi ctia hé théng truvén déng

Trong sy d6 nay, hé théng héng la do truc, then, 8 lan, khéi banh
rang di trugt, cde nhdém bdanh rdng. Trong do truc héng 1 do mdt trong ba
truc bi héng, cdc truc duge xem l1a mac ndi ti€p nién s dung cdng logic OR
nhu so dé, xét tuong tu cho khdi bdnh rang di trugt. Déi véi cde nhdém
bdnh rang, su héng hdc cua mit lrong cdc cap bdnh rang 4n khdp hiong sé
didn dén su héng hde cua timg nhém, nén cdc cdp bdnh rdng 4n khdp duge
xem la médc song song. § day. su héng héc cua ting bdnh riéng trong cap
bdnh rdng 4n khdp !4 do cdc dang héng cia hdnh ring va § l4n cang ldp
trén tryuc véi bdnh rang dé gay nén. Vi vy 46 tin cdy cda cdc bdnh rang
tir 1 dén 10 duge xde dinh gdm 2 nguyén nhdn dugc xem la méc néi tiép
gay nén: dang hong cia banh rang do uén va do ti€p xdc. Mat trong ba
nguyén nhan gdy hong héc cho bdnh riang 1a do ¢ lan duge xdy dung nhu
sau: hé thdng ¢6 tédt cd 6 0 lan duge danh 58 theo so dé truyén déng hinh
9.12, do d6 su kién 4 lan hing 14 do mdt trong hai nhém & sé& héng 1a By,
B, hay By, By, B:, Bs. Chinh vi vay cdc ¢ nay duge xem 13 méic nédi tigp.
Cédc phéan tich trén diay duge xay dung thanh so dé cdu tric cdy dang héng
nhu hinh 9.15.

Pé phan phdi da tin cay vdi gia thanh cho trude ta phdi gidi bai
todn t6i uu {chuong 11).
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He thidng
hing

[ ] L l

Khai hinh Nheun § Nhiwn 2
ring himy lwing hing

Trige hinyg

i
Binh ring
hing ¢ 1-10n

é S lan heng

Hinh 9.15 Cdu tric céy dang héng cia hép tée dé: Tri (f = I = 3) true thu
2 Cotk = 1 = 2) khéE banh rdng di trugt thit k; G (i = 1 + 10) ede
banh rang thit i; B, (im =1 = 8) & lan ldp trén 3 truc; DH, (n = 1 +
2) dang héng ciia banh rang (theo dé bén tiép xic va db bén uén)

9.7 KET LUAN
Dya theo cdu tric cay dang héng ho#ic ciy sy kién theo phuong
phdp suy dién fa cé thé phan tich mdy hodc hé thong co khi thanh hé
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théng. Tuy nhién cdy sy kién duge quan tdm dae biét khi v&n hanh va bdo
tri hé thong. D€ ddnh gia va thiét k& hé théng co khi theo dd tin ciy ta
st dung cdu tric cdy dang héng. Sau khi phin tich mdy ho#c hé théng co
khi thanh hé théng ta phan tich dd tin cay ting phén tif hé théng dé xdc
dinh d6 tin cdy hé théng ho#c phan phdi d9 tin cay cho timg phan ti d&
dam bdo d6 tin cdy cho trude hé thing,

Trong chuong 10, 11 ching tdi s& trinh bay tinh todn thiét ké& va
phén tich cdc phan td hé théng (chi tiét may) theo dd Lin cdy d& dam bdo
dd tin cay cho truge hé théng hode ddanh gia dd tin cay hé théng sin ca.

9.8 BAI TAP
9.1 Phan tich cAu tric cady dang héng cho cdc hé théng truyén déng hinh
9.16.

d)

1- Pang ¢g; 2- B& truyén dai; 3- Hop gidm tac
4-Bd truyén xich; 5. N&i tryc dan héi; 6- Bang tai
Hinh 9.16 So dd he thong truyén dong cho bdng tdi
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9.2 Phan tich cdu tric cay dang hong cho cdc hop tée dd nhu hinh 9.17.

Tryec cong tac .|.
.‘.—x—..H-‘ BC
dj \. 7

Hinh 6.17 Co cdu banh riang di trupt
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CHUONG 10

PHAN TICH VA PHAN PHOI
PO TIN CAY HE THONG

Trong ki thudt thi cdc chi tiét hofic phan tif lién k&t thanh cdc hé
thong. Cdc thiét bi, qui trinh ¢éng nghé, k&t ciu ¢Hng trinh, hé théng giao
thong, thiét bi dién- dién t. dugc khdo sdt nhu 13 mat he thing k&t hop tu
nhidu phdn ti Cdc hé thdng phuc tap duge chia thianh cdc hé théng con.
Phan tich d¢ tin cdy hé théng rat quan trong trong qua trinh thigt k& ky
thuédt.

Hé théng theo quan diém d¢ tin cay e6 thé 4 ndi tiép, song song
hoac k&t hop. Vi du didn hinh nhdt cua hé théng néi tiép 14 ddy chuyén miy
cong cu tu ddng khéng cé cdc thanh phdn va kho chida dy trit. Tuy nhién,
khdi niém "hé théng ndi tiép" trong cdc bai tedn dé tin cay "rong hon" ma
chung ta nghi. Trong hé théng nay thi héng hdc cia mét phdn td ddn dén
héng héc cia cd hé thdng.

Cdc vi du cha hé théng song song la cdc hé théng nang lugng bao
gdbm cdc nha mdy phat dién (nhiét dién, thiy dién ..) trong mang ludi dién
quic gia, ngay 22/10/2005 Viét Nam khdnh thanh dudng ddy 500 kV mach
hai, tao thanh hé théng dutmg day cao dp song song ndi lién Bdc Nam, mdy
bay nhidu motor, tau cé hai mdy va cdc hé théng du trir

Nhidu hé théang duge tao thanh tir cde phdn tr, ma héng hée cda cdc
phin ¢ nay duge khido sdt déc 14p. Tuong dng vdi nhém nay la da s& cdc hé
théng khi khdo sdt chinh xde theo cdc héng hée tham sd cda chdng.

Hé théng c6 thé bao gdm cac phén ti. thay déi cdc tham s8 cia cdc
phén t nay xde dinh su hong hée cha hé théng tdp hop hodc 1a dnh hudng
dén khd nédng lam viéc cia cdc phan tir khdc. Tuong dng véi nhém nay 1a da
sd cdc hé thong khi khdo sdt chinh xdc ching theo cdc hong héce tham s&. Vi
du héng héce cdc mdy céng cu chinh xdc theo tiéu chudn tham s8, mat mat d§
chinh xdc, 14 thay déi tdp hap d6 chinh xdc cua cde phdn t riéng biét: true
chinh, dudng din hudng ...

10.1 PO TIN CAY HE THONG NOI TIEP VA SONG SONG
10.1.1 D§ tin cay hé théng ndi tiép

Mét trong nhitng sy phu thudc quan trong d6 tin cdy 13 su phu thudc
dd tin cdy ha théng vao d6 tin cdy cdc phan ti. Cde vi du hé thémg néi tiép



Chudng 10
trén hinh i0.1. Khi mdi phan td cda hé thong bi hong thi toan b ha théng
sé bi hong.

LS

¢! 8g dé hé thing néi tiép
Hinh 10.1 Hé théng nél tiép

Ta khao sdt d§ tin cdy cho md hinh tinh todn don gidn va ddc trung
nhit trong nganh ché tav mdy ti n cde phdn td mic ndi tiép, ma & dé hdéng
héc cia méi phdn tif 88 gay nén hdng héc toan bd hé théng va héng héc cde
phin tif duge xem nhu 13 dac 14p véi nhau.

Ta sif dung 1¥ thuy&t nhan xdc suat, theo dé xdc sudt cua tich, nghia
1a cla sy xuat hién déng th&i cde sy kién dée l4p nhau, bing tich xdc sudt
cha cde sy kién nay. Do dé, xdc sudt lam viéc khéong héng cia hé théng bang
tich xdc suit lam viéc khong héng cia cdc phén td riéng 16

Ru:(t) = Ry{t)Ry(t) ... Ru(t)= r[R-l(t) (10.1)
. i=1
Néu let} = Rg{t) = ... = R"(t) thl
Ri(t) = R (1) (10.2)

De d6, 49 tin cay hé théng rat thdp. Vi du néu hé théng bac goém 10
ph&n t v6i xde sudt lam vide Khong héng 0,9 (d&i vdi § lan) thi xdc sudt lam
viéc khong héong hé théng la:

Ru(t) = 0,9" » ¢,35

Théng thudng xdc sudt lam viéc khong hong cia cde phédn ti rat cao,
do dé néu ta bidu didn R,{t), Ry(t) ... R,(t) qua xdc suit hdéng thi theo 1y
thuyét phép tinh gdn dung ta co:
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Ri:(t) = [1-F {83 H1- Fott}] 11- Ftdl = 1 - [Fylt) + Folt) + ...+ F(0)]  (16.3)

N&u  Fiit} = Fyit) = .. = F(t) thi ta cé:

Ruft) = 1 - nFy(t) (10.4)

Vi du 10.1

Khdc sat hé thing mdc ndi tiép bao gdm n phdn t¢ bat ky. Né&u xdc
sudt hing cita m&i phan i la F; = 0,05, hdy xdc dinh xde suit héng F), cua
hé théng véin = 1,2, 3, 5 va 10,

Giai:
Sir dung cong thie (10.1) ta co:
Foi=1-R,=1~R"
=1-{1 - F)" = 1-—(0995)"

Tuong tng vdi gid tri n ta cé xde suit héng trong bang 10.1.
Bdng 10.1

}i. 1 2 BE: 5 10

Fi |005 0,0975 0,1426 0,2262 0,4013

| Ru | 0,95 0,9025 0,8574 0,7738 0,5987
Vi du 10.2

K&t cau gém hai phédn tit hinh 10.2a duge xem la mdc noi tiép. Két
¢du bi héng khi thanh AB hodc la diy BC bi hong. V4t lidu thanh AB cé gid
tri giéi han chdy trung binh &, = 248 MPa, mémen can uén 14 dai lugng don
dinh W = 36000 mm”. Phdn ti BC la ddy thép ¢6 dudng kinh trung binh d =
25 mm va gid tri trung binh gidi han bén &,= 400 MPa. Gia s ring lyc F =
6000N 1a dai lugng don dinh va khéai lugng cde phan tif AB va BC 1a khéng
ddng ké. Tinh dé tin cdy cia hé thdéng, biét ring dj bén thanh AB phan phéi
theo qui luat logarit chudn va ¢é hé s& bién phﬁn la vap = 0,13 va 4o bén day
BC phén phdi chudn vdi ha s& bidn phéin vin= 0,14,

&,_
e
F=6000N -
A. B J Thanh AB  Thanh BC
M 1800 X
a) Két cau by Sa dé tinh

Hinir 10.2
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Giai:
u) Xde dinh xde swit lam viée khing héng Rap thanh AB:
Khid nédng tdi theo mémen uén ctia ddm AB:
Mg =8, W = 248.36000 = 8928000 Nmm
Vi do bén ti 12 bde nhdt vdi mémen uin, do d6 hé s& bidn phan caa
tdi trong gidi han sé bing vy, t d6 sai 1&nh hinh phugng trung binh:
Syten= VapMgn = 0,13.8928000 = 1160640 Nmm.
Ngoai ra vi dé6 bén phan phdi theo logarit chudn, do dé mémen gidi
han cing phin phdi theo qui lual logarit chuAn véi sai léch binh phucng
trung binh v3 gid tri trung binh duge xdc dinh theco cong thie {2.53) va

{2.54)
S, =yl +v3,) = 0129

My, =My )~ 0585, =15996

wh

Mdémen Idn nh4t sinh ra trong thanh AB:

‘“‘4"‘-’. = 5400000 Nmm

Mpp=F ]Z = 6000,
Pifm phan vi thanh AB xdc dinh theo céng thi:

(LnInS _quL} o (mI”Mgn —mh'Mnuj

Ziam — = 5 — =
Sas * Si Siimg.
L —
L £15,996 — Int 5400000 - 383
0,129

Tra bdang trén phu luc 1 ta cd Rap = 0,99993593.

b) Xdc dinh xde sudt lam viée khdng hong R ddy BC:
P$ bén tinh theo tdi trong ma day BC c¢é gid tri trung binh:

3

= — d-
th = AGh = T[-“4—0'h

2
= n% 400 = 7833975N
Vi d6 bén ti 16 bac nhat véi tdi trong, de d6 hé s8 hign phdn cla tdi
trong gidi han s8 bing vye. Sai léch binh phuong trung binh cha tai trong
gidi han ;
Sren = Fun vpo = 7853,975.0,14 = 1199,5565N
Luc cing diy xdc dinh theo phugng trinh cdn bAng mdmen d&i vdi
diém A (hinh 10.2a):
F,.= 0,5F = 3000 N

Jiém phan vi day BC:
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(ms—ml_) _ (F\gh_ﬁﬂ(‘)
e ST TS T [
v'Ss +5; \/S'_".-r.
5 _
. {785 3,975___300[)) 3.4145
10995565

Tra bang theo phu luc 1 ta ¢6 Rpe = 0,999994831

¢} Dé tin cdy ciia hé thong:
Vi cdce phan ti AB va BC déoc 14p véi nhau cho nén ta cé:
R, = Ran.Rie = 0,99993593. £,999994831 = (,99993076

10.1.2 Pé tin cay hé théng song song

Trong hé théong khi néi song song cdc phan t ngudi ta quan tdm dén
Xac suit lam viéc khéng hong cia toan hd hé thing, tic 12 tean bd cdc phian
tir cla chang thoac la edc hé thiéng con), hé théng khéng ¢co mét phin ti,
khéng ¢6 hai phan tif,.. khéng ¢6 n phan tif _ trong gidi han van con gid cho
hé thing c6 kha ning lam viée, mic du cdc chi tidu khac bi gidm dang ké. Vi
du mady bay 2 déng cc co thé tiép tuc bay khi 2 déng co bi héng: ngay
18/08/2005 méy bay cua hang hang khéng Turkey Alrway bay tir Istambul
dén Brussel ¢é mét ddng co bj héng vin bay an toin d&n san bay Budapest.

Hinh 10.3a la ba ddm sdp xép canh nhau A& 4 thanh véi tai trong
ngoai F theo phuong thang dimg. Khi mdt ddm bi hdng thi thanh van con
ddng yén. Hinh 10.3b 14 day c4p gdém nhidu soi cdp nhé xoin lai. Khi méti
80i cap nho bi hdng thi ¢idp vAn con khad nang lam viée,

Khi d6 xac sudt hdng cia hé théng:

n
Fuit = Fi(0F,(t)..F. ) = [ [R® (10.5)
1

trong dé Fi(t) - xdc suit héng cua phan ti tha i
Khi d6 xdc sudt lam viée khéng héng cho cd hé:

Rut) = 1-Fp(ty =1 - [JE"@) {10.6)
l

Khi x4c sudt héng cua cdc phén tif giong nhau tue la: Fy(t) = Fi(t) va
Rit) =1 - F"(1).

Vi dy, khi n= 2; F, = 0,01, suy ra R, = 0,9999; khi n=3; F, = 0,001,
suy ra Ry = 0,999999,

Gif kha ning lam viéc cta hé théng tir cac phén ti gidng nhau duge
xéc dinh véi sy giup d& phan phéi da thue:
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[Rty + Feey
trong dé: chi 86 mi m bing s6 cdc phan tu lam viéc song song; Rit) va Fit) -
xdc suat lam vide khong héng va xdce sudt hong cia mbi phan b

l F
.l— - — Mat ¢at ngang
® _
III
()
=
. | v Fatt

o) Sodo hé thing song song

Hinh 10.3 Hé théng co thanh phdn mac song song

Ta viét cdc két qud khai trién da thae vt chi s6 ma 2, 3 va 4 tuong
ing cua hé thdng vdi thai, ba va bon cic phdn t lam viée song song):

(ReF)* = R* + 2RF + F* = 1
(R+F)' = R + 3RF + 3BRF* + F' = 1
(R+F)' = R* + 4R"F + 6R*F’ + 4RF'+F' = 1

(dc thanh phan dau tién trong cde da thie khai trién biéu dién xdc
suat lam viéc khong hdng tat ca cdc phan 41, cdc thanh phan thi hai - xdc
suat hong cua mot phdn W va xde sudt Jam vide khong hong cde phan td con
lai, hai thanh phan d4u Gién - xdc suat hong khong nhidu hon mét phan o
(khong hdng hoac chi hing mét phan tr). Thanh phdn cudi cing biéu dién
xdc sudt hong ciia tat ¢a cac phian un

Khi cde gia tri binh thudng cia vdc hé so bién phan coa tudi tho cde
phan ur v = 0,220,8 khéng can thi&l phai tinh cdc phan tr ma tudi tho trung
binh cda ching 5 lan 16n hon tudi tho trung binh cla phan tir ¢é tuds tho
thap nhat. Can chu ¥y rang ddi vdi hé thong nhidu phan t, tdi the cde phdn
t nay ¢ gid try trung binh gan nhau thi khéng cdn thiét phai tinh tat ca
cde phan . Pac biét khi hé sd bign phan tudi tho cdc phdn ti v < 0,4 ¢ thé
tinh khong gud 5 phan .



Phan tich va phén phdi 46 tin ciy hé thing

10.1.3 P4 tin cdy hé thong hén hgp
Mat vai két cau la két hgp cia cac phan tif méic néi tiép va song

song. Vi du h# théng trén so dd hinh 10.4 14 hé thong hén hop véi 1 va 2

mic song song va két hap cia 1 va 2 vdi phdn ti 8 14 hé théng mac néi tiép.

:
- N s N

Iinh 10.4
Vidu 10.3

Xdc dinh d6 tin ¢4y hé théng hén hap gdm 6 phan td nhu hinh 10.5a
vi: Ry =09, R, =0,8, R, =095, R, = R; = 0,9v& R, = 0,98,

F%'Ii! (Bd— A
i
(R}I—1{RJ- [R}—{R]

R
d)

Hinh 105
Giai:

Hé thong hinh 10.5a sé duge thay thé bang hé théng hinh 10.5d qua
cée thay the hinh 10.5b, 10.5c. Trong dé xde suit lam viée khong héng Ry,
ng;{, R.;.r‘, R]Q;M_’, dUUC Xac d]nh theO Cf}ng thl.YC Sau:

Phin tit 1 va 2 mie song song, do da:
Ri:=(1-Fp)=(1- FF,;) = (1- (1-F)(1-Fu)
{1-0,1.0,2) = 0 98

fl

Phdn tir 12 va 3 mde ndi tidp nhu hinh 10.5h, do dé:
Riz = Ri:Ry = 0,98.0,95 = 0,901
Phin w4 va 5 méc ndi tiép, do dé:

R.15 = R.;R;', = 0,90,9 = 0,81

Phin tir 123 va 45 méc song song nhu hinh 10.5¢, do ddé:

Rizaan = (1 - Frugas) = (1 - FiuaFy) = (1- (1 - Ryg 1 - Ryg )}
={1-0,069.0,19 = 0,98689
Phén tir 12345 va 6 mic ndi tiép nhu hinh 10.5d, do dé;
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Rhl_ = R]z;;_ng; = 0,986890,98 = 0,96?1522

Vi du 10.4

Ta khédo sat két cdu thép hinh 10.6. Cidc ¢ot d& duge ¢ dinh va dam
dudc lién két bing chét. T4 trong tde dung bao gobm tdi trong dimg F, =
5000 N va ngang 'y = 8000 N. D& don gidn tinh todn ta gia si ring dé bén
nén cde ¢ft AB va CD 1dn hon tai trong doc true tde dong 1én cdc cdt nay.
Gia sif réng tai trong la cde dai lugng don dinh va do bén 1a cdc dai lugng
ngiu nhién. Cho trudc hé s&§ bién phéan vap = 0,125; vge=0,14 va vep=0,125.
Hay xdc dinh gid tri trung binh va sai 1éch binh phuong trung binh kha
ning tai cia cdc thanh AB, CD va BC dé 46 tin cay két ¢cdu R = 0,999,

, N Al e

n Eind L
[A— L=9g0 __ rr—‘ Cot CD

a) Két edu vdi tii trong b} Mé hinh phdn tich dé tin ciy hé thong
Hinh 10.6

Giai:

D& phan tich d3 tin cay hé théng, k&t cdu cé thé bidu didn dudi dang
s0 46 nhu hinh 10.6b. Ha thang bi hdng khi dng suat sinh ra trong ddm ldn
hon 46 bén dim ho#c khi cd hai cot AB va CD bi héng.

Ta goi Fi, 1a xdc sudi hong ciia hé théng va Fap, Fae va Fep 14 xde
suit héng cla cdc phdn t AB, BC va CD. Vi AB va CD la cdc phén tif méc
song song. Khi d¢ xdc suit hing cda hé thding duge xde dinh theo céng thue
sau diy:

Fyo =1 - (1-Fae X 1-Faplfen}
Trong hé théng mdc ndi tiép tét nhat ta nén chon xdce sudt héng cia
cdc phan ti nhu nhau. khi dé:
Fe = FypFen
Tu ddy ta cd:
Fi. =1 - (1-Fgc)?
ViF,=1-R=1-0,999 = 0,001, do 46:
Bye = 1= 4f1-F, =1-/0999 = 500126.107*

Fop=Fop=0,022363497
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Suy ra. Rn(‘ = 0,999499874— Vi FANTE =-3,1
R,\]J,=Rf‘l?}2”.9776365 va Ziag = Zun =-2,0U5
— — 9
N MB(.‘ - I\. I:: MR(‘ — 30K —E{]
Mit khde diém phan vi 40 =-— ot 3 .. 3

Tu day gid tri trung binh va sai léch binh phuyng trung binh mémen
tai cho thanh BC: M. = 1987632.5 Nmm; Sy = 278268,55 Nmm.

— Fiy — H{IH)
Mep - TH O Moy ool 600
Tuohg tu ta cd: Liep = — = _. ~ 2 24005
\,{Si‘n “.l/_ﬁMB(-

Suy ra gid tri trung binh va sai lach binh phuong trung binh mémen

tai che thanh CD: M., = 3202668.89 Nmm; S¢y; = 400333,61 Nmm.

Vi du 10.5

Hé théng cang médy bay gbém 18 banh ldp trén 5 xe nhu hinh 10.7a.
Xe truéc N gbm 2 bdnh, 2 xe gitta Wi va W, nam gida thin mdy bay gom 8
banh va 2 xe cudi R; va Ry ndm gdn dudi gdm 8 banh. Hong héc xdy ra khi 2
bdnh trudc héng hoac 1 trong 2 xe giita bi héng hodc ¢4 2 xe phan dudi bi
héng. Xe trudc, hai xe gitta va cip xe dudi tao thanh hé théng néi tiép. Cdc
bdanh ctia mdi xe xem nhu cdc phdn tv mic song song (hinh 10.7b).

LR'

a) b)
Hinh 10.7

88 c4c phdn ti trong s db khéi cé thé nhidu hon s6 phan t& that cia
hé théng. Vi dy nhu gidn siéu tinh nhy hinh 10.8a gém 10 thanh va chiu lye
tinh dinh. Bac siéu tinh b&ng 1. Gian bi héng khi mét trong cdc thanh 1, 2,
3, 4 bi hong. Ngoai ra gian con bi héng khi mét cép tif cdc thanh 5, 6,.., 10
bi hdng.
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. 3
D¢ tin cdy cdc phdn ti tir 1 d&n 4 1a [‘[p:k (trong dé Ry 1a do tin cay
Kl
cla phan ti thd k). Xidc sudt khéng hong cda mdi cép Lif cdc thanh 5, 6,.., 10
la R;+Ry -RR, . Khi d6 d6 tin cay cia hé théng sé la:

10 Itk

R:ﬁRLH [Tk +&r, R}
k=t

i=5 k- ke

8¢ dé khai hitu dién gian tinh dinh trinh bay trén hinh 10.8b.

aj

b}

Iinh 10.8

10.2 DPANH GIA PO TIN CAY HE DANG CHUOI (DAY)
GOM N PHAN TU GIONG NHAU

Khi ndng tai ciia hé: théng thudng hé théng mic ndi tiép cé thé gdm
nhiéu phan t gidng nhau (xich kéo hodc xich té1 gém nhiéu mat xich, banh
rdang gdm nhidu ring ..},

Qui luat phian phai kha nang tai eda chudi bao gdm n phan tr gidng
nhau tugng ng phin phot s lugng nhé nhat miu, tic 1a day n s8 1ay bal ky
tif phan phdi chudn kha nang tdi cac phan td. Khi tang n thi k¥ vong todn
va sai léch binh phuong trung binh sé gidm thinhk 10.9).

Y tudng cia phuong phdp nay la x&p xi qui luat phan phdi khad nang
tai ctia hé théng bing qui lugt phan phdi chudn Phan phdi x4p xi va phan
phoi thue t& khong ¢6 su khdc bidt ddng ké tai ving trung tam bdi vi ving
phén phéi nay xdc dinh xdc sudt lam viée khéng hong cla hé théng.
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Q)

0.9 A

o [ | n=100

orb |

0.6 /\

e
\

0.4

IR NIREN
AT

; ,//L"\--'\w‘ \\i\

g LRI -1 0 1 b 4]

Hinh 10.9 Mdat dé phan phoi kha nang il ctia ehudi phu thude vao so cdc
phédn ti
Sau day ta trinh bay phuong phdp danh gid tugng d6i don gian va
chinh x4c hon dé dénh gid 44 tin cady ctia hé théng gdm nhidu phan t¥ gidng
nhau, khi kha ning tdi va tdi trong duge phan phéi chudn theo cd ha thing.

JM
£
4 L n=1
/ 1,0 —=r \
3 < 0.8 — |,
L~ 0
/] 06 el
2 / I '—_____'____——__—-'———_'__—50 1ﬂi
0.4 . —— i
1 / = 10
0.2
0 10 107 103 10% 105 N 0 r ) 3 Z,
() b}

Hink 10.10 Cac théng sé phin phéi kha ndng tdl cia hé théng:
a) vi tri; b) dé phdn tdan

Gid st quy luit phan phéi kha ndng tai cla cde phan tr S, va tdi trong
tde dong 18n hé thing L I& phan phéi chudn véi k¥ vong todn myx vaA m;, va
sal léch binh phuung trung binh Sy va S;. Khi dé, gid tri cia k¥ vong todn
myg va sai léch binh phueng trung binh Sy cia kha ning tdi hé thing s& nho
hon gid tri eda cdc phan th. Do d4, gid tri Sy va my cé thé xdc dinh bing
cbng thic sau:

Ilg = Migg ~ K SSk (10.7)
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S_L‘, = {'.Sf-‘,].; (108)

trong dé: g va £ - cde hé 86 {p »0; 1 = g > 0) phu thudc vao 56 phdn tif n cia
hé théng, ngoai ra & ¢con phu thudc vioe z, (hinh 10.10).

Ta goi u 1a tham s& vi tri va & 14 tham s& phan tdn. Gid tri p va e xdc
dinh theo d3 thi hinh 10.10, bang 10.2 hodc cé thé xdc dinh gan ding theo
cdng thic:

b= 148 lnm) - 0,69 (02 2)
pu=0(khin=1)
£=g,(1-0,1022} (khi g, 50,5}

£ = &j - (1 - Sn)Z] 0102 (khl £ >0,5)

Bdng 10.2
S

n p ) z=-0625 |2z=-1281 |z=-1,645 |2,=-2,326 | 2,=-2,575

{R=0,700) | {R=0,200) | (R=0,950) | (R=0,990) | (R=0,995)
1| 0,000 1,000 1,000 1,000 1,000 1,000
0,545 0,830 0,848 0,857 0,873 0,878
5 1,122 0,684 0,707 0,723 0,752 0,761
10 | 1,499 0,594 0,632 0,650 0,684 0,684
15 | 1,694 0,558 0,596 0,642 0,652 0,662
20 | 1,824 0,533 0,573 0,593 0,630 0,643
30 | 1,998 0,505 0,544 0,565 0,603 0,618
40 | 2,116 0,484 0,527 0,550 0,586 0,599
50 | 2,204 0,469 0,513 0,533 0,574 0,588
60 | 2,274 0,463 0,503 0,526 0,560 0,581
80 | 2,371 0,450 0,498 0,516 0,558 0,570
100 | 2,462 0,436 0,474 0,503 | 0,541 0,558
150 | 2,604 0,419 0,457 0,484 0,523 0,538
200 | 2,701 0,408 0,452 0,474 0,511 0,520
300 | 2,833 0,394 0,434 0,454 0,493 0,515
400 | 2,923 0,380 0,427 0,448 0,489 0,507
500 | 2,992 0,377 0,420 0,436 0,485 0,496
1 000 | 3,200 0,360 0,400 0,420 0,460 0,470
2000 | 3,300 0,350 0,380 0,400 0,430 0,440
5000 | 3,840 0,330 0,360 0,380 0,410 0,420
10 000 | 3,810 0,320 0,350 0,360 0,400 0,410
20 000 | 3,990 0,300 0,330 0,350 0,370 0,380
50 000 | 4,210 0,270 0,320 0,330 0,360 0,370
100 000 | 4,350 0,270 0,320 0,320 0,330 0,340
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Thang thudng khi xdc dinh p va ¢ ta chon 2z, =-1,28 (R = 0,9). Khi dd
diém phan vi d& linh xdc suit 1am viéc khong héng cho cd hé:

mg—m; My ~ RSy ~my

7, =~ = s~ (10.9)
VS S \/{L;S;k +57)
. . S S¢ 5 .
N&u thay thé: v = —% ; vy = —5; VT.=¢ va hé 58 an toan:
My, M ny,
E.‘.‘.‘ ]—lls—k
my
thi my = m};k(l- [.lV_t.;k) (1010)
EVgy
vs = (10.11}
—HBVsk
E(l— g 1 —1
2y =T (10.12)

\]I(aﬁ\-‘“)z v

Chu ¥ rdng p va ¢ phy thude vao z,, cde tinh todn theo cdc céng thiic
{10.9} va (10.12) tién hanh theo phuung phdp x&p xi tudn tu. Dé ldy gin
ding 14n ddu tién dé& xdc dinh p va s ta nhan duge z, = -1,281 (tuong dng xdc
sudt R = 0,9000).

K&t qua tinh todn theo céng thiic (10.12) biing cdch thay cdc gid tri p
va £ 14y tir bdng 10.2 vdi nhing gid tri n ., vex, v, khdc nhau duge dua trén
bang 10.3.

Bdng 10.3
n 1,5 1,5 15
Ve 0,05 0.1 0,1
v, 0,2 0,1 0.2
N 1 10 100 1 10 100 1 10 100
z 234 | -1,88 | ‘1,54 | 2,77 { -1,87 | 097 | -3.54 | 2,93 | -2,13
P(S=L) | 0,990 | 0,970 | 0,938 | 0,997 | 0,976 | 0,834 { 0,999 { 0,998 | 0,983

Bang gid tri trén cho phép ddnh gia dd tin cdy hé théng dang chubi
khi phédn tdn tai trong theo hé théng trong pham vi thay déi réng lén kha
ndng tdi cla cdc khdu trong chudi, tdi trong trén chudi va sé khiu trén

chuéi.

10.3 PO TIN CAY HE THONG CO THANH PHAN DU TRU

Trong ché tac mdy sir dung cdc bién phap vé két cdu, cong nghé va
van hanh vin khang dat duge dé Lin cdy cac cho cdc thiét bi. Khi d6 ngudi ta
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Chuong 16
phai s dung cdc thanh phdn du trir 48 ndng cac dé tin cdy. NhAt 1A ddi vdi
cdc hé théng phue tap nhiéu khi tang dé tin cAy cdc phdn tir vAn chua dat
duge 46 tin cdy cAn Lthidt cho hé thang.
Su duyf trit cho phép ta tdng dé Lin cAy hé théng lén nhiéu bac.

Ngusi ta thuong s dung cac phuong phip sau:

1. Sy du tri ¢& dinh vdi cdc phan tif du trir chay cing t4i nhu mdy bay 4
dong ca, thu thiy cd 2 mdy, may bay cé nhidu mdy dién, trong 616: 2 hé
théng béi tran: 2, 3 hé thang che chdn..

2. 5y du trd vdi cdc phan tir du trir khéng tdi: hé théng thang mdy gém 3
thang may d& dy tr khi ¢é 1 thang may bat kv hong hode ¢a 3 cing lam
viée gid cao diém; 2, 3 hé théng phanh trong xe hoi; cde role ty déng
trong cac hé thing cung cap dién..

3. Du trit véi cdc thanh phén du trdt lam viée vei ché d6 tdi teong nhe hon.

Vi dy cdc mdy mée quan trong trong mdt nha mdy thudng cé 2 hodc 3
mdy, trong cdc day chuyén tu déng eo cde bdn chia, kho du trir nguyén liéu,
bo tich trit 48 khi mot thiét bi trong day chuyén bi héng ddy chuyén van lam
viée binh thuiing. .

S dung cdc chi ti8t du trif § kho, sd dung ede banh xe du trit. Thist ka
cdc bén, tram xe gdm nhifu xe 14 mét trong ahing bién phdp ting 46 tin cay
trong giao théng van tdl.

10.3.1 Khi du trit ¢6 dinh (cdc phdn td mic song song)

Chung toi da trinh bay hé thdng méic song song Lrén muyc 10.1.2.

Trong trudmg hgp hé théng ¢6 a phan W mae néi tidp va b phdn t ¢d
cAc thanh phén du trit, khi dé do tin cay hé thang:

Theo 1¥ thuyét xde suat

Ry(t) = R,UR(L) {10.13)
D4 tin cay cia a phdn LW mic ndi tidp:

R\.‘m:nll,m
1

D6 tin cdy cua b phin 17 mic song song:
b
Ryt =[i- e
|
Do dé;

i b
Rytt=[ TRy fre-r oo (10.14)
t [
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Phéin tich va phan phfi dd tin cay hé thiing

a phdn

b phén i

Hinh 10.11 Hé thing o6 thanh phdn du trid tiing phén

10.3.2 Dy trid ¢é6 cde thanh phin du trit 1am viéc khi thanh
phan chinh bi héng

Sy déng md cdc phén t du trif ¢6 thé thue hién bang tay hodc tu
déng. Vi du nhu cdc bo dung cu cit du trit trong cdc méy cat kim loai, cdc td
hop du trit trong hé thang dién qudc gia..

Trong truéng hdp su hang héc phan phdi theo ham s6 mi véi gia tri
#t nhé khi dé tin cdy cdéc phdn t tuong déi cao thi xdc sudt héng coa hé
théng s& bang:

5]
| BGLS)
L

Fult) = (10.15)
n'
Néu céc phan tir gidng nhau Fi(t} = Flt)
:n ()"
Fp = Fro 20 (10.16)

n! n!

Céng thife trén chi dung khi tit mé cdc phin ti dy trif ¢6 4% Lin cay
tuyét d6i. Khi d6 xac suat héng n! 14n nho hon so vdi truong hop du trit c6
dinh. X4c sudt héng nho hon ¢6 thé gidi thich 1a do s6 cdc phan tif chiu tdi
song song it hon. Néu hé thong dong md cac thanh phan du trit khéng dang
tin cay thi ding hé thong du trir dang nay khong tot. Do @3, céc thanh phan
du trir phéi duge kiém tra dinh ky.

10.3.3 D$ tin ey hé théng c6 phan i thay thé trong thoi gian
phuc héi phin t bi hong
Gia st ta goi & - cudng do hdng cia phan o, A, - cusng 4 héng cia
phan tif du trit, tn - théi gian sda chia trung binh.
Xde sudt 1am viée khang héng:
!
Rit)=e " (10.17)

trong daé:
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PO D S (10.18)

| (v + LL,N_;_

Trong hé thing tu déng sit dung cde kho chidfa, cdce kho chifa nay chia
qui trinh cdéng nghé ra thanh cdc cum riéng 16. Khi dé hdng héc mdt phan ti
nao dé trong day chuyén cong nghé thi né khéng lam ngiung hoat déng toan
bé diy chuyén ma c¢hi lam nging hoat déng cia cum thidt bi chta phdn to
dé. Dé tin cay day chuyén cang cao khi kho chida cang ldn.

Vi du 10.6

Hiéu qua cua cdc phuong phdp du trir néu ra trong vi du sau: Tinh
toan d$ tin cdy gém 4 phén t§ vdi xdc sudt khang héng Rit) = 0,9,
Giai:
1. Mdc ndi tiép

D35i vdi hé thdng mic ndl 1iép:

’

Ry (t) = Ryt) = 0,97 = 0,65
Fi ity = 0.35

Rt R{1) A Rt

El

Hink 10.12 Hé théng mdc nét tiép

2. Khi mdc hé théng song song (thém 4 phan ti hinh 10.13)
Dé&i vdi hé thing méc song song:
Ryift) = 1- Fpi{t) = 1 - (0,35X0,35)=0,88
3. Khi hé théng co thanh phdn du trit khéng tdi va déng mé tuyeét dé6i tin cdy
Dé tin cay cia hé thang xdc dinh theo cbng thie:

2 0357
Ruft) =1 - Tl g 09 04
ot pal
Thanh phan chinh
— AW RJ“;_“ RN |i R t—
i
| |
| |
e T et T v B e O
S R -5 R po-g R oo RO

Thanh phan dy tris
Hinh 10.13 Hé thong co thanh phain dw triz la mot hé thong khic
4. Khi h¢ théng co cde thanh phdn du trit cho cdc phdn te riéng biét

P§ tin cdy cua hé théng xdec dinh theo cong thuc:
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Phin tich vA phiin phdi dé tin cdy hé théng
Ry (t) = (1- ¥ %)) = (10,19 = 0,96
Néu cde thanh phdn dy tri khéng lam viéc va hé théng ddéng md co
dé tin cdy tuyét doi.

019" 1. 0.08

2
Ry (t) = {1 - I—]{TQ P11 -

I Fa

Thanh phan chinh -
. Thant h
~T{ RO == RO '---_—.—1 R —r— R L

"l . _ ! III [ — III. L I
il [ 1 |
[ O e B T : B

FASTAR FobA Rm 2 b Ry

P L — — - | oo d | R —

Thanh phan du trii

| |
Lo
= T R.(.I)

Hinh 10.14 I théng c6 thanh phdn dy triz cho cde phdn i riéng biét

5. Khi hé thing co kho du tric

Néu ta dat khe vao gilta cdc mady trén thi d6 tin cdy nam gida 0,65 va
0,81.

Kho dy trif
R(t R(t R{t R(t
(1) {1) (1) (1)

Hinh 10.15 Heé thdng cd klo du tri

10.3.4 D& tin cay hé théng khi cdc thanh phian dy trif lam vige vdi
~ ché d6 tai nhe hon

Trong trudng hop cde phan uf di trd ¢é d6 tin cay cac véi X 14 cudng
do héng cua thanh phén chinh va &, 14 cuing 4@ héng thanh phan dy trin.
Khi d6 xdc suat khéng hong khi ¢6 1 phén td du trin:
Rit) = 1- 2024
2

Khi 2 phan (4 du trix;

Rety = 1 - MA£2I0 420
R
Khi 3 phédn tif dy trix:
Rit) = 1- J\(}..+i_|1(:«._+412;.'] }(“3}”}1

Khi m-1 phin t dy trix:

Rit) = 1- A()L+)..|}m[h+(lll'-n}._]]l

m'
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10.4 TINH TOAN DO TIN CAY CUA HE THONG KET HQP
PHUC TAP

Trong k¥ thuit ngudi ta thang thudng s dung méot hé théng két hop
phie tap, hé théng nay kbang nén dua vé dang hé théng mic néi tidp hodc
song song, vi du hé théng giav thing, hé théng cdce chi ti€t mdy trong cum
mdy hodc mdy, cac phan W trong hé thong truyén déng dién - dién td, thay
ltc va khi nén.. Khi d6 ta cdn mot sd phuong phap 4 xdc dinh db tin cay
ciia hé thang. Vi du nhy hé thang hinh 10.16, ddy 14 mot hé théng chd yé&u tir
2 phan t AA', duge dy trit béi hé thong BB'. Ngoai ra con cé thém mot phan
td du trid phu X, 1a phdn tir dy trif cho cdc phadn td A va B va lam cho hé
théng tré nén phuc tap.

Sau day ldn lugt ta s& khao sdt ba phuong phdp 48 xde dinh d§ tin
cay hé théng k&t hep phic tap gdm: phuong phdp xdc sudt e6 diu kién,
phuong phdp ddnh s6 va phuong phdp cut-set.

C A A AT —

, |
_,[ X / #
e

Hinh 10.16 H§ thong cd thank phdn dy tri@ phuc tap

10.4.1 Phuong phap xa ¢ suit co diéu kién

D& tinh todn ede hé thong phic hep tuong tu nhu vay ngudi ta si
dung dinh 1y v& xdc suft hoan toan Baves. Dinh 1¥ nay cé dang nhi sau:
Fp = Fr(X khéng hong)R, + Pl (X bi héng)F, (10.19)

trong dé: R, va F, — tuong {ng 1a xdc suit con khd ning 1am viée va xdc sudt
khéng cdn khd nang lam viée cia phan tir X. Cau tric cong thie d& hidu, bdi
vi R, va F, c6 thé hifu didn nhu phdn thdi gian tuong dng véi truding hop khi
phin tl X con kha néng va khéng ¢on kha nang lam vise.

Nguii ta xdc dinh xdc sudt hong cua hé théng khi phan ti X con kha
niang lam vide (hinh 10.17) la tich cua xdc sudt héng cha ca hai phdn tif A’ va
B’

Fi, (X ¢ khd ndng lam viée) = FuFp = (1-R4 H1-Ry) (10.20)

Xdc sudt hong cda hé théng khi phan tt X khong con khd nang lam
vige (hinh 10.173:
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Phén tich vi phén phéi d6 tin ¢cdy hé thing .
Fi: (X khong con kha nidng lam vilels FaaFpy = (1-RARAN1-RpRg)  (10.21)

Hinh 10.17 Phan tich sa dé xde dinh Qp,

Xde suat hong ctia hé thong trong dang tong quat:
Foi = (1-RAX1-Rp IR, + {1-R Ro N 1-RpRy)F,
= (1-Ra W 1-Rp IR, + (1-RoRa H1-RuRp X1-R,)
= (1- Rx -Ry + RyRg )R+ (1- RyRa-RyRy+ RaR4ReRp)(1-R,)
= 1- RARs -RuRu+ RARaRegRp + {- Ry -Ry + Ry Bp + RyRa +RgRg
- RaRyRygRy IR,
Ri: = RaRa +RpRyu-RaRuRaRp+RBRa+RRp-B RaRe-RaRRa -ReR Ri
+ RARrR; RaRp
Trong cdc hé théng phdc tap hon ta tién hanh s dung cong thie
Bayes nhiéu lan.

10.4.2 Phuong phap ddnh sé

Ca sé& c¢ha phuong phdp ddnh s8 dua trén sy quan sdt méi phan tif cia
ha théng dang & trang thdi lam viéc hodc trang thdi hong. Ching ta ddnh s6
tit ca cdc trudng hop ¢6 thé& xdy ra bing cdch k&t hop tdt ca cde didu kién
cia cdc phdn tf khdc nhau cua hé théng. Cédc trudng hop ma khi dé hé théng
¢on kha ning lam viéc duge xdc dinh khi kiém tra. Pd tin ciy cia hé théng
dude xde dinh theo d6 tin cdy cta tat ci cdc trudng hgp ma hé thong con kha
ning lam viéc.

St dung phuaong phdp nay dé xdc dinh dé tin cdy hé théng cho trén
hinh 10.16.
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Bdng 10.4
Mé td hé théng

Céc truting hop va didu kién
cho cac chi tigt khdc nhau

Trang thai hé théng
O - Khéng héng

I - Hong

Khéng chi tiét  bi
hang

1.

ABXA'B

O

Mat chi tiét bi hong

oo L WD

o

. A BXAB
.A BXAB
.AB X AR
. ABX A'B’
. ABXA' B’

Hai chi ti&t by héng

— .l
. ABXAF

ABXAB

. ABXA'B

. ABXA'B'
A BXAB
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.AB XA'R
_ABX AR
.ABX A'B'

QO S C o0

0o 0 Q2 000

o

Ba chi tiét bi héng

.ABX A'B'
ABXA'D
_ABXA'B

ABX A'B
. ABXA'B
.ABXASR
.ABX A'B

. ABXA'R
. A BXA'B
. ABXAB

o]

Bén chi tigt bi hong

_ABXA'B

. ABX A'B’
. ABXA'B

BXAR

g

| Nam chi tiét bi hong
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i
=

| o
]
|
|

i =
[ewh]
e

|| m A" "0 0 ™0
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Phin tich va phin phdi dé_tin ¢y hé thing

Gia sif ta goi kha ndng lam viée cua mét phan t X coa hé thong la X
va khi hong la X . Chc trung hgp xay ra ctia hé théng xdc dinh trén bang
10.4.

Do d6 d6 tin cdy cia hé thang sé la:

Ri. = Xdc sudl cde trudng hop: 1-15, 19, 23-25.

Biéu thie xdc dinh ¢é the vist dudi dang sau:
R = RaRsRxRaRy + (1-RORRxRARr + RA(1-By JRxRaRp
+ RaRy(1- RORyRi + RaReRx (1-Rp)Rg + RsRpRyRaf 1-Ry)
+ (1-RaX1-Rp)BxRaBy + (1- RAJRg(1-Ryx)RaRy + {1-R ) RsRx(1-RaiRye
+ RaRuRyRal1-Ri) + Ra(1-Rg) (1-RRs Ry + Ra(1-Ry)Ry(1-Ra)Rer
+ Ra(1-Rp)RxRa1-Ryy) + RaRg(1-Ry)(1-Rp)Re + RaRa(1-RORa(1-Rp)
+ Rall-RuX1-RORA(T-Rp} + (1-RRe(1-Ry)(1-Ry)Rp
+ (1-Ra ) 1-Rp)RxRa{1-Bi) + (1-R(1-BpdRx (1 - Ra)Rp

Sau khi rat gon trd thanh:
Ri = RaRa+RuRp-RaRpRa R+ Ry Ra+R, Ri- R RaRe-RaR, R
- RgR\Rp+ RsRpRy Ra Ry

10.4.3 Phudng phap cut -set

Né&u so vdi phuong phdp xde suat cé diu kién va phuong phdp ddnh
86 thi phueng phdp cut-set duge s dung réng rdi han khi tinh todn 4o tin
cay ctia hé théng. Phuong phdp cut-set duge sif dung thudn tién cho viéce ing
dung mdy tinh trong tinh todn thiét k& va mét hé thong phic tap duge phan
thanh cde hé théing don gidn hon. Phuong phdp cut-set dua trén chia cdt hé
théng thanh cdc tip hgp (set) bac gébm nhidu phan ti, ma khi tdp hgp (set)
nay héng 58 din dén sy hong hée cua toan bé hé théng. Tap hdp nhé nhat
duge chia ra bas gdm cdc phdn td ma khi tdp hyp cdc phan tif nay bi héng sé&
din dén sy héng héc cha toan bd hé th&ng. Didu dé ¢ nghia 1a néu mat phdn
iy bat k¥ cia tdp hgp nhd nhat khéng bi héng thi hé théng vdn khéng bi
héng. Trinh tu thuc hién sau day duge chdp nhan khi tim kiém 48 tin cdy
clia hé théng s dung phuong phdp cut - set.

1. Xdc dinh tAp hop nhé nhit cia hé théng.

2. Mé hinh cdc phdn t trong tdp hop nho nhat phdi song song, bdi vi
theo dinh nghia hé théng chi bi héng khi ma mdi phan t bi héng.

3. Gia sif ring cde tdp hop duge mic ndi tiép, vi hdng héc ctia mét tdp hgp
bat ky s& didn dén héng héc cha toan bd hé théng.

243



Chuong 10
4, Tim do tin cdy clia hé thong sif dung md hinh vira néi tiép vira song
seng nhu trén budc 2 va 3. Can chi ¥ réing khai niém cila hé théng
mic ndi tiép khong duge sit dung true tiép, bdi vi mit phan ti c6 thé
nim trén nhidu tap hgp khéc nhau,

Hinh 10.18

Ta st dung phuong phdp nay d€ xdc dinh d¢ tin c4y cla hé théng nhu
hinh 10.16 thec phuong phdp cut - set.

Thea khdo s4t thi ba tdp hdp nhé nhat trén s¢ dé hinh 10.16 la C,
(gdbm ba phin tir A, X va B), C, (gdm ba phén tid A’, X va B), C; (gbm ba
phén tit A va X va B’) va C, gdm hai phan ti A’ v B’ nhu hinh 10.18,

Theo 1y thuyé&t xdc sudt, xdc sudt héng cia hé thang noi ti€p cac
phén tif khong doc 1ap duge xic dinh theo cong thite sau:

Fro= PICu CouCpuCy)
= P(C)+PICH+PIC+PIC4)-P{C Cy)-PIC\C)-PIC T4 )-P{CyCy)
- P(ConCy)- PICanC+PIC,ACornCy )+ P(C nCanCy - PIC, ~CynCy)
+ P(ConCanCy)-P(CiNCorCynCy)

Xdc suélt hong cia timg thanh phdn duge xdc dinh theo cong thic:
P(C;) = F(A) FCOF(B)

P(C,) = FIAYF(X)F(B)

P(Cy) = FIAF(X)F(B")

P(C,) = F(AYF(B)

P(C,nCy)= PICIP(C,) = FIAF(BIF(X)F(A’)

P(C,nCy)= P(C)P(C3) = F(AF(B)F(X)F(B")

P(CinCy)= P(C)P(Cy) = FIAF(BIF(X)F(AYF(B)
P(CyrCa)= PIC)P(Cy) = FAFBIFXOF(ANF(B)
P(C,nCa)= P(CLIP(C,) = F(B)FX)FA'F(B")
P(C3nCy)= PICP(C,) = F(AF(X)F(A)F(B")
P(C,MCyNCa)= PICHP(C)P(Cy)= FIAF(BIF(XIF(ANF(B')
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Phén tich ¥ phén phdi d6 tin cdy hé théng
P(CCynCy)= PC)PICHPIC, )= FA)FBIF(XIF(ATR(B)
P{CiCynCy)= PICHPICIP(C, )= FIAIF(B)F(X)F(AF(B)
P(CCymCy)= P(CHP{CHP(C )= FIAF(BIF(X}F(A)F(B™)
P(C1CyunCaCi)= PICPICIP(C,)P(C,)= FIAIF(BIFCOF(ANF(B)

Trong cde cbng thidc trén FOO 13 xdc suit héng cia phin tir X. Can
chi ¥ ring néu mdi phin td ndm trén cdc tdp hgp khac nhau thi xdc suat
héng cia phén ti duge thé hién mat 1&n. Vi du phdn td B va X nim trén céc
tdp hop C, va C, cho nén R(C,~Cy) duye tinh che mdi mat F(B) va F(X) tdic
la R(CiC,)= FIAIF(BIFIXIF(AY)

Tt day suy ra:

Fi,= FIAMF(XIF(B) + FIAYFXIF(B) + FIAFXOF(B) + FIATF(BR’)
- FIAF(BYF(X)F(A") - FIAFBIFOOF(B') - (AFBIFXIF(A)F(B")
- FIAFBIFEOFAREB) - FBIFIX)FAYF(B') - (AF(XFADYF(B]
+ FIAFBIF(XOIFADYFEB) + FIAJFBFXIF(AWF(B)
+ FIAYF(BIF(X)F(AYF(B) + FIAFB)F(X)FAF(B)
- F(AFBFIXIFATF(B)
trong dé: F{X) = 1- R(X)

Ti day suy ra xdc sudt lam vidc khéng héng cia hé théng:
R}n_ = RAR,:\' + R}';Ru' - R!\RBRA'RB + R,‘Rg\' -+ R.‘RB - RxRﬁ'RR' - R,‘\RKRA'
- RBsRRy + RARsR, RaRp

10.4.4 Vi du

Sau day trinh bay cde vi du phén tich hé théng choe edc hé thong
trong mdy.

Vi du 10.7

Mot hé thdng phanh trong xe 6t bao gdm hé théng phanh thiy luc
va hé théng phanh co {phanh ditng). H& théng phanh thiy luc bi héng khi
xilanh chinh bi héng (sy kién M) bao gdm cdc dudng fdng thiy luc hoac ca
bén don vi banh hdm bi hdng. Dan vi banh ham bi héng khi cic bdanh thuy
lwe bi héng (sy kién WC,, WC,, WC,; va WC,) hodc bé phin dém phanh bi
héng (cdc sut kién BP,, BP,, BP; va BP,). Hé thdng phanh co bi hdng khi hé
théng diy phanh bi hdng (st kién C) hogc cde bd phdn dém phanh phia sau
bi héng (sy kidn BP, va BPFy). So d4 khéi edc phan ti hé théng phanh nhu
trén hinh 10.19. Vi hai hé théng phanh mé#c song song, tuy nhién cé hai
phan W BP, va BP, dung chung nén ta khao sdt ching nhu la mot hé théng
phtre tap. Gid st d9 tin cdy cta mdi bd phan bdnh thdy luc va dém phanh la
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Chyigng 10
nhu nhau va ¢é gid Lri tuong ing R(WC} = 0,895 va R(BP=0,90. B9 tin cady
R{(M) = 0,99, RIC) = 0,95.

'Wch:"' - {BPy -
B ._EWCZ.__.._. _Bpg',_. i
M _ . .
R __ '--————WC:J'----:"'-:BP;;] o
Gk e T T ;
e IWCy = BPg: —

Hinh 10.19 So dé khéi hé théng phanh trén xe 6t6

Ta sif dung phudng phdp xdc suit cd diéu kién. Trong bai todn niy ta
phan tich hé thing nay theo b&n truong hgp theo hai phin to B3P, va BP,
thinh 10.20):

BP; hong. BP, khong héng.

- BP; khéng héng, BP, hang.

BP, va BP, héng.
BP; va BP, khing hdng.

¢} Trudng hgp 3 d) Trudng hgp 4

Hinh 10.20 Cidc trucong hop khdo sat

Trudng hop I:

Gia st trong truong hgp I phin ¢t BP, héng va BP, khéng hong. Xdc
sudt xdy ra truong hop nay: Pi= [1-R(BP)R(BP) = 0,09. D§ tin cidy cla hé
théng phanh thay lue trong trudng hop nay:

Ri = ROMNH1-{1-R(WC)R(BP)I{1-RWC)]}

Thay cdc gid tri s8 vao ta cd: Ry = 0,988959262.

D§ tin cdy cia hé thong co la R(C) (d4 tin cAy cha day phanh) bdi vi
phén tif d¢m phanh BP, khéng hong.
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Phin tich vi phin phdidé tin cdy hé théng

Hai hé théng thiy luc va co lam vide song song, do d6 dé tin cay cla
hé théng duge xdc dinh theo cong thie:
Ry = 1-[1-R{I[1-R(C}] = 0,9999447963

Trudng hep II:
Gid sif trong trudng hap I phan t& BP, hong va BP; khéng héng. Béi
vi dd tin ciy elda mdi bd phin banh thiy luc va dém phanh 14 nhu nhau, do
46 trudng hyp 11 tudng ung trusng hop 1 va:
Pu=P, = 0,09 va Ry = R, = 0,9999447963

Truong hap 111
(3id str trong trudng hgp III phdn t BP,; va BP, bi héng. Xdc sudt
x4y ra trudng hop nay: Py= (1-R(BPY* = 0,01. Hé théng phanh cg khéng con
khd nang lam viée, do dé d6 tin cav cua hé théng bing @6 tin cdy cha hé
théng phanh thdy luc:
Rip= By = ROIMY1-[1-RIWCIR(BPY? = 0,96918525

Trudng hop IV:

Gia st trong trudng hgp IV cde phdn tr BP, va BP; khéng héng. Xde
sudt xdy ra trudng hgp nay: Pu= R(BPY=0,81. B§ tin cdy cda hé thdng
phanh thiy lue trong trutmg hgp nay:

Ry = RIMML-[1-ROWCIR(BPHI*[1-RIWC)H = 0,989947962

P45 tin cdy cia hé théng co duge xdc dinh phu thude viao d6 tin cay
ctua day phanh RI(C). D6 tin cdy cia hé théng xdc dinh theo d8 tin cdy cia ha
théng phanh thiy lye va hé thing ca:

Riv = 1- [1- RJ[1-RICY) = 0,99045
B tin céay cla toan bd hé thing:
Ru= PiRi + PuRu + PR + PrvRyv = 0,982956808
= 0,09.0,9999447963+0,09.0,9999447963+0,01.0,96918525+(,51.0,99045
= 0,991856
Vi diéu kién:
Pr+Pu+Pu+Prw=0,08+009+001+081=1
P tin cdy hé théng phanh thay luc:
Ry = RIMM1-[1-ROWC)R(BP))}* = 0,989562369
6 tin cdy hé théng phanh co;
Rin = RIC)1-{1-R(BP)*} = 0,9405

Né&u hai hé théng nay khéng ¢6 phan ti ding chung thi dé tin cay hé
théng duge x4c dinh theo cong thifc sau:

Ba = 1- (1-Rp(1-R,,) = 0,99937861
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10.5 NANG CAO PO TIN CAY CUA HE THONG

Van dé bé tri dé tin cdy cé quan hé vdi viéc xdc dinh do tin cdy cia
céc phAn tif riéng & sao cho d@ tin cdy cla toan b hé théng bing mot gid tri
nao dé trong khi théa man cdc rang bude vé khéi lugng, thé tich va gid
thanh. Van dé nay ta thuong gip phai trong giai doan thiét ké. Pé tin cay
cla hé théng duge nang cac tif gid tri hién hanh R, 1én gid tri R, + dR, bing
cdch ndang cao 49 tin cAy cia mdt hodc vai phan t trong hé théng. Trong
muye ndy ta nang cac dd tin cdy cia hé théng bing cdch ndng cao 46 tin cay
cta phdn tu d& bi héng nhat. Cde didu kién rang bude v& khdi lugng, thé tich
va gid thinh cdn duye xem xét d&n khi chon phdn tir thich hop dé nang cao
46 tin cay. Trong muc nay trinh bay cdc trinh tu ¢6 thé ndng cae dd tin ciy
ciia hé théng. Trong chuong 11 ching téi s trinh bay cde phuong phdp phén
phdi tdi uu db tin cdy hé thing.

10.5.1 Nang cao dé tin e¢idy hé théng néi tiép

Gid su ring dé tin cdy cia hé théng R, + dRy ¢ th& dat duge bang
cdeh nédng cao d6 tin cdy cia mot phan uf nao dé. Khi dé:
th + dR],,= Rl R,g ..,Ri_] (R,+dR,)Ri+]...R“
) i

]_”-[R-I+t ll[rz,-]uai; =12 .0 (10.22)
i1

i
i)

1

trong dé: R; 1a do tin cay cva phan tif thy j; dR; 1a khodng tadng do Lin cay cha
phén tif thit j.
Tuy nhién:

R =] R, (10.23)

Tu 46 suy ra:

R, =<0 ygii=1,2 . n (10.24)

ﬁRi

i=lji

1. Néu khdng c6 rang bube

Né&u khéng ¢6 didu kién rang budc, ta chon phén tir ¢6 46 tin cdy thap
nhat cta hé thing d€ nang cao 46 tin cdy. Ty s6 thay ddi do tin cay Ry, cla
hé thong lidn quan dén do tin cady Ry cia phdn tir thi k xdc dinh theo céng
thie sau:
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yiiin tich va phiin phéi dé tin iy hé thing

2]

R R . ;
S Tri==t veik=1,2,.n (10.25)
Ry ik Ry

Phéan td d& bi hong nhat (¢é do tin cdy thdp nhat) thd | si dung dé
nang cao 49 tin cay dugc xdc dinh theo cong thife sau:

Eﬂ: max [—Pi'-) (10.286)
R, k=t R,

Khi 406 tin cay cla phan t& thd i tang dR; thi @6 tin cidy cda hé théng
ting dRy;:

dry, =dR R, TR, (10.27)

J=li
2. N&u cé rang budc

Thong thudng nang cao 48 tin cdy cua tiing phin ti lién quan dé&n
khdi lugng, thé tich va gid thanh. Gid s rdng gia thanh trén mét don vi d6
tin cdy phdn tu thir i Ja ¢;. Khi d6 bai todn s& duge phat biéu nhu sau:

Tim khodng tdng dé tin cdy dR; phdn 1 thi { cdn thiét dé nang coo
dd tin cdy cda hé théng sao cho gid thanh odR, tang it nhdt.

Gia sU réng 44 tin cdy cla hé thing duge tang tit Ry, 1én Ry, + dR,,
hodc 1a tang 46 tin ¢Ay cda phan tir thd i ta R; 18n R; + dR;, hodc 1a phén tirj
tir R, 1én R;+dR;.

Theo cong thiie (10.24) néu khdng cd bét o rang budc nao:

dR,, =dR, an=dRi ]_[1::L {10.28)

k=l k=i k=lk#;
Tit dé suy ra:
_}_"‘ﬂ :deﬁﬂ_
R R;

dR,

Hodc:
R.
dR, = —LdR, (10.29)
RI
Gia thanh lién quan dén viée tdng dé tin cay hé thong Ry, + dRy,
duge biéu dién theo cang thitc:

¢,dR, =(°i§‘ ]c,.aR.F (10.30)
CiRj
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biédu d6 chimg té rang gid thanh lién quan viéc ting 49 tin cdy ciia
phén tif thi i 8 nhd hon phan tif thd j ndu nhu R < ¢R;. Do d6 phén ti thy
i s& duge chon do gid thanh ting nhd nhat, duge xde dinh thee cdng thie
¢,R, = min ¢R; {(10.31)

(R .
-h2..n

véi dR,; duge xde dinh theo ¢bng thie (10.24).

10.5.2 Nang cao dé tin cay hé théng méic song song

Po tin cay clia hé thong mic song song Ry, duge xéc dinh theo dd tin
cdy cdc phdn t thit i theo céng thie sau:

n
Ry =1-T]0-R) (10.32)
i=l

Gid su ring d6 tin cdy cia hé thong 6 thé dat dudge 14 Ry, + dRy,, nhe
vao sy tang d¢ tin ciy cita mat phan tif bat ky. Khi dé:
Ry + dRy =1 — (1-R)) (1-R)).. (1-R;.0) (1-R; -dR; ) (1-Ri, ). (1-Ry)

( L]
= ;—L (l—Rk)}u-Ri—dRE)

k=lk=l

n n
= i-JTJo-Rp+dRy| JJ0-R)pi=L2,,n {10.33)
k=1 k=Lk=i

Tl hai cong thic trén ta suy ra:
dRy,

| n}

k=lk#i

dR; = i=1,2,..n - (10.34)

1. Néu khoéng cé rang bude

Néu khéng cd didu kién rang bude, ta chon phan tir ¢6 dé tin cdy thap
nhat cliia hé théng d€ ning cao d9 tin cay. TV s6 thay ddi 46 tin cay Ry cla
hé théng lién quan dén do tin ci4y R, cua phdn td thi k xdc dinh theo cong
thue sau;

R 2 ]
It - H(I_RJ}: ht

“Rit. u6ik <1, 2, n. (10.35)
MRy obivk I-R

k

Phan tt d& bi héng nhat (¢6 do tin cdy thap nhat) thir i sir dung dé
nang cao dg tin cdy duge xdc dinh theo cdng thic sau:
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Ry (1-Ry, (10.36)
I-R, k:].?.....nkl_Rk

Khi d4 tin cdy cia phdn t thi i ting dR; thi 46 tin cdy cia hé théng
Lang dRhII

dry, =dr; TR, (10.37)

1=l
2. Néu cé rang budc

Théng thuéng ning cao dd tin cay cla ting phén t lién quan dén
khdi lugng, thé tich va gid thanh. Gid st rdng gid thanh trén mot don vi dé
tin cay phdn ti thd i 1a ¢;. Khi dé ta phai tim khedng tiang do tin cay dR;
phan tif thy i cdn thiét d& ndng cao do tin efy coa hé théng sac cho gia
thanh ¢;dR; tdng it nhat.

Gia sl rAng dé tin cdy cua hé théong duge ting tor Ry, lén Ry, + dRy,
hodic 1a tang d6 tin cay cda phén tif thd i tir R; 1én R, + dR;, hodic {4 phén tdj
tit R; 1an Ry+dR,.

Theo cong thic (10.34) néu khéng ¢dé bat cf rang bude naa:

Ry, =dr, [ Jo-r=ar, [To-r,» (10.38)
L=t ki h=l ket

T d6 suy ra:

“iRR ]ﬂ(l Rk)—-——]—[(l—R

Hoac: dR; = i:’R ;dl\| (10.39)

Gid thanh lién quan d&€n viéc tidng d6 tin cdy he théng Ry + dRy,
duge bidu dién theo cong thic:
ci1-R.)
¢dR, =2 4R a4
. cior, 9k (10.40)
bidu d6 ching tb rdng gid thanh lidn quan vide tang d6 tin cdy cia
phan tif the i $& nhé hon phdn t& thy j néu nhu ¢ (1-Ri)< ¢(1-R;). Do ds,
phdn t thy | sé duge chon do gid thanh ting nhé nhat, duge xdc dinh theo
cong thdc:
(I—R-\}z_llnin ¢{ll-Ry) (14.41)
=2 ’

vdi dR; duge xde dinh theo cong thde (10.34).
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10.6 PHAN PHOI PO TIN CAY HE THONG

Theo cde yéu cdu vé dic tinh lam viée cta hé théng, bac gém cd dd
tin cay, cdc chuyén gia vé& d5 tin cdy va cde k¥ su thist ké cdn phai lua chon
cdc yéu cdu ddc trung cho timg phén td riéng 1é cia hé théng, gém cd 44 tin
cdy. Bai todn dua ra cdec yéu cdu vé dd tin cdy phu thude vao cdc nhan td
ciing nhu mifc d6 quan trong cda timg phan td chi y&u trong hé théng,
phuong phap ma hé thdng thuc hién cdc chide ndng cia minh, dé phic tap
cla hé thong va phu thudc vao tinh chéat cla chic ning duge thue hién.

Cdc véu cdu dé tin cay va su phdn phdi gidta cdc phdn tu hé théng
duge thue hién theo trinh tu sau:

1. Nha thidt k& phai tim hidu va higu & sif 1ién hé gida cdc muge @6 49 tin
cdy clia hé théng, hé théng con va phan tr

2. Nha thiét k& cdn phdi khdo sdt db tin cdy ngang hang vdi cAc tham s6
khdc coa hé thang nhu khéi lugng, gid thanh, va cdce dédc tinh k§ thuit.

3. Khi dbdi héi 46 tin cay cao cla nguii 44t hang thi k&t cdu phai duge nang
cao, sif dung cdc phudng phdp gia céng, thit nghiém hién dai va sdp xép
cdc phan tir trong hé théng mét cdch hgp 1y.

Gita d9 tin ¢dy cia cdc phin i va elia hé thong cd su phu thude ham
g6 sau day:
fiR;, Rz, .. ., R} > Ry (10.42)
trong dé: R, —~ xdc suAt lam viéc khong hong cla chi tiét tha i; £ — quan hé
ham s cia 46 tin cay gita céc phén tit hé théng: Ry, - o tin cay yéu cdu cta
hé théng.

Déi vt hé thiing méc ndi tiép va song song thi quan hé ham sé gida
cdc phan tit d4 duge bidt. DAl vdi cde he thang phic tap thi xde dinh su quan
hé ham s8 nay rit khé khan va trong mét s6 trudsng hop ta khéng thé xdc
dinh dugc biing cdc biéu thidc todn hoc don gidn. Néu xdc suat lam viée
khong hong phu thude thdi gian, thi ta khdo sdt Ry, va R, 14 cdc ham phu
thugc vac thal gian t,

Gia thuyét riing cdc phan ti cia hé théng dac lap vdi nhau, va héng
héc elia bat k¥ mét phdn td ndo sé dAn dén héng héc cia toan bé hé théng
{c6 nghia la hé théng mdc néi tiép) va cudng 46 hdng ciia cde phdn tif la
khong ddi. Khi dé:

RiORt) .. Rty = Byt {10.43)

Giad s1f réing &; 1A cudng d¢ hong cda phan tu thi i, va iy, 14 cudng 49
héng eGa hé théng. Khi dé bat phuong trinh 10.43 trd thanh:
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Phén tich v phén phdidi tin cdy hé thing

e TIEE
c :

A =kl
e LT ze

Tiur day suy ra:
A+, v+ Sy

Sau day ta khdo sdt mét sé trudng hop phé bién phéan phai 46 tin cay
hé théng.

10.6.1 Phuong phap phan phéi déu

Theo phudng phdp nay cdc phédn tf trong hé théng cé d6 Lin cdy nhu
nhau. Néu da tin cay cua hé théng la Ry, va dé tin cdy cia timg phan tu la R;
thi ta cé:

¥
Ry = n R; =R}
[
|
Tir ddy suy ra: R, =(R,,)" {10.44)
Vi du 10.8
Mét hé théng théng tin lidén lac gdm 3 hé thdng con (mdy phdt, may
thu va thiét bi ma héa). P& ha théng 1am viéc thi mdi ha théng con phai lam
viéc. Gid s\ riing chi phi choe mdi hé thdng con nhu nhau. Mdi hé théng con
cAn c6 db tin cay la bao nhidu d& cho xdc sudt lam viée cho toan hé hé thing
1a Ry, = 0,.8573?

Giai:
Theo phuong trinh (10.44) ta co:
| |
R, =(R, )} = (085737 = 095
Do dé mébi hé théng con trong hé thing lidn lac cdn ¢é xdc sudt lam
viéc khéng héng la 0,95.

10.6.2 Phuong phap phan phéi c¢é6 trong sé (phucong phéap
Arinc)

Cdc hé théng con mdc ndi 1iép va cé eudng do héng khéng dsi. Khi
thyc hién theo phuang phdp nay ta phéi bidu dién do tin cdy cdn thidt qua
cudng dé héng. Néu A% 14 cuyng do hdng cda hé thing con thi i, va Ay la
cuirng 4o héng dai hdi cda hé thang.

DN <y (10.45)
i=l
Phuong phédap doi hot thuc hién theo cde bude sau:
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Chudng 10
1. Xée dinh cuyng 4% hong cua hé théng con ; theo két qua quan sat hodc
ddnh gid theo cde dit lidu sén co.
2. Dua vio trong s6 w; 461 v6i mdi hé théng con tuong tng vdi cudng dd
héng xdc dinh trén bude 1. Trong s6 w; xdc dinh theo cong thic sau:

w, = n’“i i=1,2 _.n (10.46)

S

Thod man didu kién:
n
2w =1
i=I

3. Tinh todn cutng dd héng yéu cAu cho hé théng con thiy i theo cong thdc
sau:
Mi=wiky,i=1,2 0,0
Do dé theo phuong phdp nay ta xdc dinh cutng d héng cho cac hé
thdng con theo cdc gid tri trong sd.

Vi du 10.9

Khdo sdt hé théng gdm ba hé théng con, cudng 4) héng tuong dng
vii méi hé théng con la: &, = 0,005, by = 0,003 va »; = 0,001, Xdac sudt lam
vide khong héng yéu ciu cla hé théng 1a Ry, = 0,95 sau 20 gi lam viée, Xic
dinh xac sudt 1am viéc khéng héng cdn thiét cia médi hé théng con.
Giai:

Theo cong thie (10.46) ta xdce dinh cdc gid tri w;:

S
wpm 0005 s
n 0,005 + 0,003 + 0.001
Z).,-
il
. 0,003 )
T 0,005+ 0003 +0001
i
i=l
o M 0,001 ol
* i 0005 +0.003 + 0001
7"’I
-l
Biét rang:

Ry, (20) =e '™ = 0,95

Suy ra: p, = 0,00258

Do d6 cuting dé hong cla cdc hé théng con cé dang:
A%y = wiky, = 0,555.0,00256 = 0,00142
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Phéan tich va phin phdi dé tin ciy hé thang
My = wohy = 0,333.0,00256 = 0,000852
A%y = wahy, = 0,111.0,00256 = 0,000284
Khi dé xdc sudt lam viéc khéng héng cua titng hé thing con s8 1a:
R;(ZO) - c[—!'.i][}l42.20} =0 97
R: (20) = e[_n_mnmszi =098
R(20) = o/ _ 1 gg
1 = =1

10.6.3 Phuong phip A GREE

Phuong phdp AGREE phie tap bon cdc phudng phdp da trinh bay,
dugc s dung trong tinh todn do tin cdy cdc linh kién dién td nganh hang
khéng. Gid s ring hé théng mic ndi tiép va cdc phan i héng doc lap voi
nhau va cé su phan phéi mi thdi gian 1am viéc cho dén lic héng.

Céc phén ti phic tap duge xde dinh tuong tng vdi su lién két theo so
d5. Chi s§ quan trong cia phdn tii va hé théng ¢on duge xdc dinh qua xdc
sudt hdng cla hé théng néu nhu hé théng con ey Lthd nao dé bi héng. Chi sd
quan trong ciia hé thng con w; = 1 ¢é nghia ta hé théng lam viéc hdng khi
hé thong con bi héng. Chi s8 quan trong w; = 0 ¢6 nghia 1a hdng hdc cua hé
théng con khong anh huéng dén khd ndng lam viée cita hé thing.

M5i phdn t cia hé théng con ¢6 mdt déng gép nhu nhau vio khd
nang lam vide khong héng cda hé théng. C6 nghia 14 cudng dé héng cia mbi
phén tir trong hé théng con la bing nhau. Néu i.t; nho thi ta cé thé tinh gdn
ding e ™" = 1-2t,, khi dé:

n —! Z?.i \1 ~Nw, ky 1
Ryt=[]Rjth=c " 7 =¢ ™

il
Tu day suy ra cuding do hdng déi vdi phdn tif thi i 6 dang:
=Ry, (1)
Nwil, )

}\.'

=12 {1{.47)

trong 46 t — khodng théi gian lam viée yéu cdu cia hé théng; 1, — khodng
thoi gian lAm videc yéu cau cia hé thing con thit i trong thai gian lam viéc
cha hé thong (0 < t; < t); n; — s6 phdn ti trong hé théng con thi i; N — téng
s8¢ phdn tir trong hé théng: N =Zni ; w; — chi sd quan trong coa hé théng
con thit i (xdc sudt héng cha hé thdng khi hé théng con thi i bi héng); Ry (t)
— xAc sudt lam viéc khong héng yéu cdu cia hé théng trong thoi gian t.

Kde sudt lam vidc khong héng cia hé théng con thd i trong khodng
thoi gian t; duge xde dinh theo cdng thde:
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m,

- iR, (D}

W

1

Ri(tj)=1- (10.48)

Cong thie trén s& khong chinh xdc néu nhu chi 58 quan trong cha hé
thong qud nho. Né cho két qua tusng déi chinh xdc néu nhu gid tri w; cia hé
thong con gan bang 1.

Vi du 10.10 _
56 lidu cha mot hé thong gém ban hé thong con trong bing 10.5.

Bing 10.5

36 hé théng con 5 phan td trong Chi 88 quan trong | Khoang thai gian

| héthéngconn, w; lam vige t;
1 15 1,00 10
2 25 0,95 9
3 106 1,00 10

¢ L o m ] _os 8 |
Xdce suit lam viée khéng hong clia mdi hé thing con 14 bao nhiéu dé ddm bdo
xde sudt lam vige khéng hdng cla hé théng Ia R = (0,96 trong thai gian 10 h.

Giai:

Tdng s phdn tif trong hé thdng:

1
N=>"n =210
=1

Cudng 46 héng nhé nhat cho phép déi vdi cdc hé théng con:
_15[-1n095]

b 2101010

25/~ 1n0.95]
2100959
_100[-In0.95]
© 2101010
70{-In 0.95]

* 772100908

Theo cdng thie (10.48) ta tim cdc gid tri xde sudt lam vige khéng

héng cta cdc hé théng con,

=0,000366
={0.000714

=0,002442

a

=0,002377

15

- 210
R,(10) = —'—LO‘?J—— = 099635

2

_ T
R.(9) = 1 - 10T 60994
2 0.95

+
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Phin tich va phén phdi db tin ciy hé thing
100 .

l—[0.95}3"'
1

Ry(10y=1- =0.97587

n
1-10,95]21%
0

R,(8) =1~ =098116

Dé kidm tra ta xdc dinh x4c sudt 1am viéc khéng hong cia hé théng;
Ry = 0,99635.0,99274.0,97587.0,98116=0,94723
Gid tri nay nhé hon do tin cdy ddi hoi do sai s& khi tinh todn va do
chi s& quan trong ctia hé théng con 2 va 4 nhé hon 1.

10.7 BAI TAP

10.1 Tim dé tin cdy cGa hé théng trén hinh 10.21. Khi R4 = 0,95; Rg = 0,98,
R=0,75; Rp=0,85 va Ry = 0,90,

Hinh 1021

10.2 S4u phén i giong nhau duge sdp x&p theo hai phuong phdp khéc nhau
nhu hinh 10.22. X4e dinh phuong phép nao ¢6 48 tin ¢dy cao hon,

o
& o

Hinh 10.22

10.3 X4c dinh 49 tin cay hé thong theo so dé hinh 10.23a va 10.23b

Hinh 10.23
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10.4 Xac dinh 4o tin cdy cta hé théng hinh 10.24.

Hinh 10.24

10.5 Tim dé tin cdy cta hé théng nhu hinh 10.25 sau s¢ dung phudng phdp
danh Sﬁ{ vl RA = RH = 0,95; R{“ = R]_} = RE = 0,99

Hinh 10.25

10.6 Tim do6 tin cdy c(a hé théng nhu bai tip 10.5 theo phuong phdp xdc
sudt co didu kién.
10.7 Tim d6 tin cdy cia hé théng nhu bai tap 10.5 theo phuong phdp cut-set,

10.8 Xac dinh d6 tin cay hé théng nhy trén hinh 10.26 s dung phugng phap
ddanh S(h)’ vl RA = Rn = R(- = R;_) = R]{j = RF = R(; = RH = 0,9

Hinh 10.26

10.9 Xac dinh do tin cAy he théng bai tdp 10.8 bang phuong phdp xde suit cé
diédu kién.

10.10 X4c dinh 46 tin ciy hé théng bai tip 10.8 bAng phuong phdp cut-set.

10.11 Tinh todn d9 tin cdy hé théng so 46 hinh 10.27 theo phudng phap cut-
set.
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Phin tich va phin ph#i d tin cdy he thing
Al

Hinh 10.27
10.12 Tinh d3 tin cay hé théng hinh 10.27 theo phuong phip xéc sudt cé
didu kién va phuong phdp ddnh sd.

10.13 X4e dinh dp tin cay hé thong nhu trén hinh 10.28a va b. Biét ring R.
= 0,85, Rp, = 0,9, R(‘_ = 0,9, Rr} = 0,95 va RE = 0,85

Hinh 1028
10.14 Xac dinh & tin ciy hé théng nhu trén hinh 10.29a, b, ¢ va d. Biét
ring R, = 0,85, Ry = 0,9, R. = 0,9; Ry, = 0,95 va B = 0,85, Ry = 0,92 So

sanh vi chon so dé tdt nhat.
—-—‘-7 | B
[ E | 5 [ F |

E
——{Cc+H+—1{DH
Hinh 10.29

10.15 Hai dang phan tif, mot dang c¢6 cudng 46 héng 1/10*h (dang A) va dang
khac ¢6 cutdng 46 héng 1/10°h (dang B) duge sdp x&p song song. Nam
phén t dang A duge sdp x&€p song song tao thanh hé théng X. Tim sé nhd
nhét cla cdc phan t& dang B 4é tao mét hé théng Y mac song seng va cé

dd tin edy nhu hé thing X.
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Chuong 10
10.16 Muoi phan tu giéng nhau mac song song dat duge do tin cay che hé
théng la 0,9. Xdc dinh 85 cde phdn tif thém vao hé théng song song dé 4o
tin cdy dat 0,95.
10.17 Hé théng mic ndi ti€p bao gdm 5 phén ti vdi cudng do héng tuong ing
la 0,0005, 0,0001, 0,0008, 0.0004 va 0,0002/h. Tim 4§ tin cdy cba hé
thong trong 200h.

10.18 Gidi bai todn 10.17 trong trudng hgp hé théng méc song song.

13,19 Mgt hé théng midc noi ti€p gébm 5 phdn td vdi cuding dd héng 0,0001,
0,0003, 0,0002, va 0,0008/h. Tim dé tin cdy hé théng khi lam vigc 100h.
Né&u ta tdng do tin cdy clia hé théng trong 100h lén 5%, chon mét phdn tu
v cubng d6 héng mdi cla né theo cdce didu kién sau:

a. Khi khéng c6 rang bubc gid
b. Khi mgt don vi dé tin ¢y duge ting lén k&m theo sy tdng l1&n cla
gid thanh 500000 VND, 400000 VND, 600000 VND, 1000000 VND va
800000 VND tuong dng véi cdc phédn ti¥ 1, 2, 3, 4 va 5.
10.20. Tuong ty bai 10.19 vdi 5 phdn ti mic song song.
10.21 Hé théng bao gdm 5 hé théng con midc ndi tiép. Xdc sudt lam viéc
khong héng cda hé théng 14 0,99 trong thoi gian lam viéc 10h. Cdc di
liéu cho trong bang 10.6:

Bdng 10.6
Hé théng con 86 cac phén ta, n; Chi 88 quan trgng, w, | Thai gian 1am viée, ¢
1 25 1,00 10
2 80 0,97 9
3 45 1,00 10
4 60 0,93 7
5 70 1,00 10

St dung phuung phdp AGREE tinh 46 tin cay cho cdc hé théng con.

10.22 Mot hé théng phuc hgp bao gém 6 hé théng con vdi cde chi tiét duge
dua ra trong biang 10.7:
Bdang 10.7

Hé thong | S0 phan | Thoigian lam | X4c suat hé thong bi héng do su
con (i) £ {n;) viée (t;, h) héng héc ciiz hé théng con i (w;}

1 4 10 1,0

2 12 5 0,95

3 8 20 0,8

4 20 15 0,90

5 16 25 1,0

6 6 30 10

Tim cudng 6 hong cia cdc phén t cia cdc hé théng con khdc nhau
dé do tin cAy cla hé théng 1a 0,095 s dung phudng phdap AGREE.
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CHUONG 11

THIET KE TOI UU THEO DO TIN CAY

Téi uu héa gitr val tro quan trong trong thiét ké hé thong co khi.
Trong thiét ké timg phén td ho#c hé théng ching ta quan tam tdi viéc dg
tin cay dat gid tri lén nhat khi ¢é cde rang bude vé khéi lugng hoac gia
thanh nhé nhat trong gid han cia d9 tin cay hé théng ca khi. Trong cdc
bai toan thiét ké két cdu co khi hodc xdy dung, 46 tin cay dua trén cg sd
d6 bén 1a rat quan trong.

b) Thiét ké téi vu var R = 0,99
Hinh 11,1 Thiét ké 161 wu trén co sd dé tin edy

Do su canh tranh thi truging nén cdc san pham thiét ké khang chi
théa man cac chi tidu vé kha nang lam viée, ma con phai thiét ké té1 wu
theo dé tin cay vdi muc dich dat d¢ tin cay, an toan cac nhat, vat liéu
duge st dung it nhat. Phuong phdp thiét ké t61 uu dua trén co sd dd un
cay (Reliability- Based Design Optimization — RBDO) khong nhing néing
cao chat lugng thidt k& ma con tang khodng tin cay cho thiét k&, lam
gidm gid thanh san xuat va cai tién mAu ma tét hon.
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Chuong 11

Ung dung phuang phdp thist k& t6i uu dua trén co s¢ do tin cay
trong cdc bai todn thi&t ké két cdu co khi trinh bay trén hinh 11.1.

Trong chuong nay d4u tién trinh bay vdn d8 t6i uu hod va cdce hai
todn thigt ké dua trén cd sg d6 tin cay duge trinh bay nhu 14 cdc bai todn
tdi uu hod. Téng kél cde phuung phdp khdc nhau hién cé dé& gidl quyét cde
bai todn thiét k& t67 uu. Qua cde vi du minh hoa trinh bay chi tist viée
tinh todn cdc phuung phdp 61 wu phd bién. Gidi thidu ede phuong phdp dé
thi, phuong phdp nhédn tr Lagrange, phuong phdp ham phat va phuong
phdp gqui hoach dong. Cdc vi du minh hoa lién quan dén thiét ké& t61 uu
trén co s& db tin cAy cla cde chi Liét may va két cau ¢dong trinh va phdn
ph&i d9 tin cdy 81 uu cho cdc hé théng nhidu phin td.

11.1 KHAI NIEM THIET KE TOI UU

11.1.1 Qud trinh thiét ké tdi vu

Tai uu hdéa 14 qud lrinh dat duge k&t quad tét nhat dua theo cdc
tinh hudng qui dinh. Muc dich cde trinh ty thist k& thong thudng 1a tim
ra thidt ké thich hgp va ching chi don thuin théa min cdc dai hdi chie
ndng bé&n trong nhing rang budc cua cdc gidi han sdn ¢é. CdAc trinh tu
thiét ké tdi vu nham vaoe vide tim kidm cdce bién thiét ké theo hudng tao
ban thist k& 16t nhdtl (trong cdc bdn thist ké& thich hop) théa mén L4l ca

cdce rang bude yvéu ciu.

Tao ma hinh thiét ¥& 151 uu
- Bign {higt ké
- Mug tigu thigt ké

- Rang budc thigt ké

"

Gidi bai toan thigt k& —|
- Phgng phap phan tich
- Phuang phap dé thi
- Phuong phap sé |
Phan tich két qua t&1 uu
- Su 180 U
© - Tinh kha thi
‘ - B4 nhay

- Sy cditign

|
Iink 11.2 Quit trinh thiét ké t67 uwu

11.1.2 Bai todn thiét ké tdi vu

Bai todn td1 vu 18ng quil ¢ dang sau:
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Thi&t ké t§i ...

i
\d:
T““X:{ 1 (11.1)
1]
dé f(X) dat gid tri nhd nhat
Bidu kign rang budc la:
h(X) < 0; j=1.2 .n,
lk(XJ = k = I,- 2,..., Iy, {11.2)

df=d =d¥; i=12,..n
trong d6: d; — bién thiél k& tha i; X - vécta cia cde bign thiét ké; f — ham
muc tidu; h; — ham bat ddng thde rang budc; I- ham ddng thie rang buge;
n- 86 bién thi&t ké: n; - s ham bat dang thdc rang budc va ny 14 s6 ham
ding thie rang budc.

Bién thiét k& hay con goi la bifn quyét dinh hodc bign didu
khién duge didu khién hoi ngudi quyét dinh va ¢é dnh hudng ldn dén 1o
gidi coa bai todn t81 uu. K&t hgp cdc bién thiét k& khdc nhau ta ¢é cdc bai
todn £61 wu khdc nhau. Cdc bién thiét k& cd thé la:

- Bién lién tuc.
- Bién la s& nguyén, vi du ¢ rdng hdnh ring va dia xich.
- Bién rdi rac tit mat day s tidu chudn, vi du dudng kinh than truc..

Muc tiéu thiét k& thudng biéu dién mong mudn cia ngudi thidt
ké, vi du lgi nhudn cao nhédt va gid thanh nhé nhidt. Muc tidu thiét ké ¢6
thé la;

- Gid tri 1dn nhdt cua do bén, dd bén man, dd tin cay, dé an toan..
- Gia tri nhoé nhdt gid thanh, thai gian ché tao, khai luong, xdc suat
héng..

Rang budce thiét ké cin thiét d& tim cdc 191 gidi cho cAc bai todn
t6i vu. Ham rang budc thigt k& 13 ham todn hoc theo cdc bién thiét ke
Cdc rang budc thiét k& cé thé 1a:

- Ung suét 1dn nha't nhé han d6 bén.

- Bién dang nho han gid tri cho phép.

- Xdc suat hong nhd hon mic 44 che phép hodc 4a tin ciy lén hon gid
¢ri mong muén.

- Chi phi khéng vuot qua ngin sdach cho phép

11.1.3 Cdc phuong phdp giai bai todn thiét ké t6i vu



Chuong 11

Khong mét phuong phdp don 18 nac e¢d thé gidi duge tdt cad cdc

dang bai todn tdi uu mét cdch ¢ hiéu qua. Phy thudc vao dang cda bai

todn téi uu, chi mét vai phuong phap c6 thé s dung mat cdch hidu qud dé
gidi ching. Phan loai cdc bai todn t6i uu chi ra trén bang 11.1.

Bang 11.1
Dang bai Cac dic tinh bii todn
todn Ban chit Ban chdt cua Ban chit caa Phuong phap giai
ciia bién ham muc tidu ham rang bude
thiét ké fiX) h;(X0) va 1,{X)
{xi)
Bal todn qui 88 thue Ham tuyén Ham tuyén tinh Phuong phap don hinh
hoach tuyén tinh coa x, cia X,
tinh
Bai todn qui 86 nguyén Ham tuyén Ham tuyén tinh Phuong phap et lap
hoach tuyén tinh cila x, cla x; Phlufong phap phin

tinh s¢ nhdrnh
nguyén Plhuong phap Zero-one
Pluong phip qui
. hoach
Bai todn qui 38 thue Ham bac hai Ham phi tuyén eta | Phuong phap bign thé
hoach bic hai eva x; X don hinh
Bai tedn qui 858 thue Ham phi tuyén | Ham phi tuyén Phudng phdp ham
hoach phi iong quat ctia x; | téng quit ctla X phat
tuyén Phuong phap dinh
hudng khd thi
.r—-Béli todn qui 35 thuc Ham da thue Ham da thue theo Phiting phdp difa trén
hoach hinh theo x; X ba't dédng thac hinh
hac sb hoe
Bai todan qui 54 thare Ham phi tuyén | Ham phi tuysn Quy hoach dong
hoach dong lioac si nhiéu giai doan | nhidu giai doan cia
nguyén cia x; X
Cidc phép Nhitng ham | Ham phi tuyén | Ham phi tuyén cia | Phuang phép sé
tinh cho cde thue x{t) cua x; dudi xi dudi dang tich
bién sd trong dé t dang tich phan | phan
13 tham sb

Céc phuong phdp chung d& gidi cdc bai todn t8i uu thong thusiny:
- Phuong phdp thi nhat la phuong phdp d6 thi, duge st dung khi
s& bién thiét k& la 1 hosc 2.
- Phuong phdp thd hai 12 phuong phdp gidi tich, dua trén co sd
tinh todn théng thudng s dung phuong phdp nhén td Lagrange
vl didu kién Kuhn Tucker, nd dugc s dung dé gidi quyét cdc bai

todn ¢é cdc rang bude 1a cde déng thie.
- Phuong phdp thi ba 1a phudng phdp s8, con goi 1a phuong phép
ham phat duge st dung d& gidi quy8t céc bai todn t81 wu tdng gquit
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da trinh bay trén phuong trinh (11.1). Phueng phdp nay dé tim lai
gi4i cho hang loat cde bai todn cyc tiéu khong rang budc.

Phuong phdp thd tu duge bidt nhu 1a phuong phap qui hoach
dong, duge sit dung d8 gidi quydt cdc van dé mi cau tric vit 1y cla
né cé dang ndi tiép.

Ta cAn chi ¥ riing tim gi4 tri 16n nhat cia ham fX) tuong dng véi
tim gia tri nhd nh&t cda ham - £X).

11.2 PHAN PHOI TOI UU DO TIN CAY HE THONG

11.2.1 Pinh dang bai todan t6i vu phéan phéi

Trong chuung 9 ching t8i da gidi thiéu phdn tich mdy thanh hé
théng. Phén phdi d6 tin ¢y hé théng la qud trinh gan d6 tin cay cho cédc
phén tif rigng 1é sac cho dat duge 44 tin ciy chi dinh cho toan hé théng.
D& tin cay chi dinh cho toan hé théng cé thé dat duge theo nhidu cach
khdc nhau. Ta s& quan tdm dén tim gid tri nhéd nhit mot tidu chudn hoac
ham mue tidu nhu 12 gig thanh, khsi lugng hodc thé tich trong khi dat
duge dd tin cdy toan hé théng qua mot khodng théi gian chi dinh nae dé6.
Nhitng bai todn nhu thé duge dinh dang theo nhidu cdch khidc nhau duge
minh hoa bing cac vi du dudi day.

Vidull.l
binh dang bai tedn phan phéi dé tin cdy siv dung tdng gid thanh
lam ham muc tiéu.
Giai:
Gid s ring gid thanh cda phan td thi i 14 ham s theo dd tin cay
¢ = ¢{Ry), bai todn t&i wu bi€u dién dudi dang sau:
R,

R'Z
Tim X =

R

n
dé fiX) dat gia tri nhé nhat: (X) = Zci(Ri)
P
Diéu kién rang bude: Ry, (R), Ry,.., Ra) 2 Reg
OERiél;izl,Z..,,n
trong dé: Req 14 dd tin cAy chi dinh ctia h thong; R, 1a dé tin cay cha padn
t¥ thit i va n 12 s8 cde phan t.
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Chuong 11
B tin cay cua hé thing phu thude vao su sap xép cdc phdn td trong hé
théng. P61 véi hé théng mie néi tidp:
Rty = []R (1)
il
Né&u euting ds hdng cde phan tir 14 2 thi phugng trinh trd thanh:

n
st [ —lhy Rt R
Rhi{t')= l_IL‘}‘ - I = ["‘! 4 "‘n]'l
1=1

Trong trudng hgp nay diéu kig¢n rang bujc bifu didn dudi dang:

n

S hi-hg =0
i=I

trong dé A4 14 cudng d6 hdéng tuong dng dé tin cdy chi dinh Ry cda hé
thong.

Viduy 112

Binh dang bai todn phan phéi dd tin cdy =it dung gid tri lén nhit
dé tin cdy hé thdng lam ham muc tidu,
Giai:

Bai todn td1 vu hoa bidu dién dudi dang sau:

R.]\Jl
dé fiXy = Ry, (Ry, Ru..., R,) dat gid tri 1dn nh4t.

n
Piéu kién rang bude: ¢y, = Zci(R-,) < Qe
i=1
0=<R;=1;1=1,2,.,n
trong dé: ¢ la gid thanh clia phan t4 thd I; ¢, 14 gid thanh chi dinh lén
nhit cia hé théng.

Vidu 11.3

binh dang bai lodn phan phdi dé tin cdy st dung gid tr] ldn nhat
dé tin cdy hé théng lam ham muc tiéu che hé thing né tiép — song song
nhu hinh 11.3.
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Thigt k& t61 vu..

R 1=

| _ R
| '} i
R RN E T
| : . :
‘l . :__! . .I—_ . - » | —
| I' i [ I; - i
L— n'_.'_l Lo n2!|_.4 _w |
Giai doan 1 Giai doan 2 Giai doan N
Hinh 11.3 Hé ihing mde néi tiép, song song

Bai todn 161 uu hda biéu didn dudi dang sau:
(R, )
R.!
TimX= | }

R,
N
d& fiX) dat gid tri lon nhdt Rp(X) = n[l - —Ri)"']
-l
biéu kién rang budc zci"i < ey

i=1

trong d6: ¢; 1a gid thanh cia phin tu thit i va ¢, 14 gid thanh 1dn nhat cho
phép cla hé théng.

11.2.2 Giai cdc bai todan téi wu phin phdi dé tin cay

Cdc phuong phdp gidi cde bai todn t6i uu duge trinh bay cu thé

trong cdc tai lidu v& t8i uu héa. Trong muc nay chang t6i chi trinh bay cdc
phugng phdp gidi bai todn (81 uu phan phdi d§ tin cdy.

11.2.2.1 Phuong phap db thi

Khio sdt bai todn t6i wn héa:
Tim X d€ {{X) 1a nho nhat.
biéu kién rang budc:
hX)<0,j=1,2,...m (11.3)
Néu mbi trong n bién, x; , duge tusng (ng véi mdt truc toa 4§, thi

két qua 1a khéng gian Pécdc n chidu duge goi la khéng gian thigt k&, Mai
diém trén khéng gian n chidu goi 14 diém thist k& va tuong ung vdi i

267 ’



Chudng 11
giai c6 kha nang thue hién hodc khing cé khd nang thuc hién cua bai
todn thist ké.

Thiét ké ¢6 kha nang thuc hién duoc phdi théa man tat ca cde
rang bude, trong khi dé ban thiél ké khong khd nang thye hién vi pham
mét hoac nhiéu rang bude, Cdc didm thiét ké ¢6 kha nang thue hién hode
khong cé khd nang thuc hién duoc ngan cach bdi mét mat cong dude goi
& mdt vong rang bude. DE hidu khai nidm mat cong rang bude ta khao sat
bat ding thdae rang bude h(X)= 0. Tap hop cdc diém thiét ké X théa man
ddng thue hiX) = 0 tao nén siéw dién trong khong gian thigt ke va duge
goi la mat cong rang budc. Mat cong rang budce chia khong gian thanh hai
phdn: mot phan vdi hi(X) < 00 va phan con lai 1a h(X) > 0. Nhing diém
nao ndm trén sidu dién hi(X) = 0 sé théa man mat cdch tdi han. Nhimg
diem ndm trén mién h!X) > 0 48 khong ¢6 kha nang thue hién va khing
thé chap nhan duge. Nhiung didm ma hi(X) <0 ¢6 kha nang thue hign va
chap nhian duge. Khi cic mit cong rang budc tuong dng vdi tat ca diém
rang bude h(X) < 0, j=1, 2, .. m duge khdo sdt thi ching sé chia khing
gian thiét k& lam hat mitn: mién duge goi \a khéng gian co khad ndng thue
hién duge ma trén 46 moi didm thiet ké X sé tuong tng vdi gid tri h(X) <
0 va mién khdc goi la mién klicnyg eé khd ndng thue hiégn ma trén dé mdi
difm thidt k& tuong ung vdi hX) = 0.

i Mign khing eo X
X KV kha nang thiue '”90.;}\_ S x Budng bao
t=c ‘, | e o S ‘:bt“(";\'\\\\\ XN ham muc tiéu

\,‘3*' MI&N co CSCFeseq€,

kha nang thuc hién e

-~ /
T Lay giai \ ;
_lul b
e (é;(
'.}-_ __:H“- ) [ Gac matcong

| rangbubc

ity 114 Phuong phap dé thi

Khi ham muc tiéu dugc vé vdi f(X) = ¢ = const, dé thj tao nén hinh
dang siéu dién trong khong gian thigét ké. Néu nhidu ham do thi dugc vé
vdi cac gia tri hang s6 ¢ khac nhau thi két quad mat cong dugc goi la cac
mat cong ham muc tiéu. Mot khi cac mat cong muc tiéu dude biét thi 1ai
gidi t8i uu clia bai toan co thé duoc nhan biét nhu la cac diém thiét ké trén
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Thiét ké t6ivu..
khéng gian ¢6 kha nidng thuc hién ma dem lai gia tri nhd nhat cho ham
myc tiéu.

Cac mat cong rang budc, cac mat cong ham muc tiéu véi 18t giai
tai uu clla bai toan 8 uu hai bi&n duge trinh bay trén hinh 11.4. Cha y
ri&ng néu sé cac bién 16n hdn hai hodc ba thi cdc rang budc va cac mat
cong ham muc tiéu trd nén phdc tap ngay ca cho viéc quan sat va bai todn
dugc gidi quyét hoan toan nhu 1a mbt bai toan todn hoc. Trong vidy 11.4
trinh bay trinh 1y thigt 18i uu theo phuong phap dé thi.

Vidu11.4

Hai phan td duve mic ndi tiép nhu trén hinh 11.5. Gid thanh
phan ti thi nhat 100R; trong dé R, 13 dé tin cdy phdn tu thd nhat.
Tuong tu gid thanh phdn ti thy hai 200R3 trong 46 R,1a db tin cay phan
tir thit hai. Tim 46 tin cay cdc phédn tif d& gid thanh 14 nhé nhat. P tin
cay clia hé théng cliing nhu cila cac phin ti khéng duge nhé han 0,7.

Giai:

Cédc bién thiét k& 1a d6 tin cdy cdc phin til:

X:{x, [ :{R] 1
X, [ R, [

Ham muc tiéu la tim gid tr nhé nhat cia gid thanh:

£0X) = 100R] + 200R;

C4c didu kién rang bude:
RiR; > 0,7 ¢6 nghiala (X} =07 - RR, <0
07«Ri€£1conghiald gX)=R;-0720vaggX)=R;-150
0,7 <Ry <1cd nghiala gy(X) = Ry-0720vaggX)=Rp- 120

SR
Hinh 11.5 Hé thing gém. hai phdn tik mde néi Hép
Cdc dugng bao trinh bay ti gy dén gy trén hinh 11.6. Ham rang
bude g, 1a dudng cong R, = 0,7/R,.

R 06 |065 |07 lo7s [os loss |09 o095 |1

R, 1,167 | 1,077 | 1,000 0,93“3 0,875 | 0,824 | 0,778 | 0,737 | 0,700

Budng bao ham muc tiéu:
f(X) = 100R; +200R; = ¢
dugc vé vdi cdce gid tri ¢ khde nhauw
Cdc diém trén dudng bao dude liét ké:

250- 100R;

100R} + 200R = 250 suy ra R, =
) : 200
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Hinh 11.6

R, |06 |op5 |07 Jo7s Tos Joss Joo loos [1
| Re | 1,034 | 1,019 | 1.003 [ 0984 [ 0,964 | 0,943 | 0,919 | 0,894 | 0.866
100R] + 200R? = 225 suy ra R, = ‘fw
- 200
IR, Jos Toss [07 lo75 (08 Jogs [09 [095 [1
R | 0972 [ 0,956 [ 0938 | 0919 | 0,897 [ 0874 | 0,849 [ 0,821 [ 0,791
T
D0R; + 200R . = 200 suy ra R. —_\JM
: 2on
R, [06 [065 |07 (075 [os [os8s Jog [095 |1
R, | 0.906 | 0,888 0,869 | 0845 [ 0,825 | 0,799 | 0.771 [ 0,741 | 0,707 |
I00R; + 2008 = 108 suy ra A, = RASII,
' 2440
R, |06 loes [o7 [o7s |08 [oss [og |08 |1
R, | 0900 | 0882 0863 | 0sdz [ 0819 0793 | 0765 | 0,734 | 0.700
S f S — [00RT
1OOR] +200R5 = |75 suy ra K, = 173 WO,
= 20
R, 06 |065 07 075 [o8 [085 [09 [095 |1
R, | 083408150794 [ 0771 [ 0,745 [ 0,717 | 0,686 | 0,651 | 0,612
alx)=tr ql—‘(}:o
. — /
10 | .,_\‘;’: dibiste |
. !7 A T~ =250 h
L I H@K S =225 \\ g{x)=0
T e e IN
T ‘“,f = L Mién co kha f
,/J < ! } néng '“”i.“"EE. ‘Jé
o [~ HM?‘. s PN ~ ~Y (BP?’:S.‘;:;I‘.L&J}W.JU?
=y \". ?’
7 e . =I5 ~ s
’4 < 2 “~
'”J T R
AL AT i
r i) N gjREe
e
. 2 8
O N g \ﬁ
0.5 = £,
08 DY 08 0.9 1.0

Cac duting bao duge trinh bay trén hinh 11.6 va c6 thé guan sdt

thay dudge rang cde gid L ham mue tiéu khéng thé giam dudi gid tri 198

khéng 6 bat ¢ mot vi pham vang bude dé tin cdy nae. Pigm tdi wu la
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didm tigp xdc ctia hai dung cong gi=0 va f =198 (didm A). Khi dé R,'=
0,99 va R,'=0,71 véi £, = 198,

11.2.2.2 Phuong phap giai tich

Cé rdt nhidu phuung phip gidi tich d& gidi bai todn t81 uu. Trong
mue nay ching t6i gidi thiéu phuong phap Lagrange vi diédu kién
Kuln - Tucker.

Phuong phdp nhin t Lagrange la phuong phdp gidi tich duge su
dung dé tim gid tri nho nhat cua ham nhidu bign khi cdic ham rang budc
14 cdc ddng thde. Bai tedn duge gidi quyét e thé trinh bdy dudi dang:

|

ds

Tim X = ¢ (11.4)
-
i;tI”J
dé fiX) dat gid tri nho nhat.
Diéu kién rang bude la:
LX) = 0 i=1,2,...p
Trinh tu gidi quydt bal todn kém theo viége tao mdt ham mdi duge
goi 1a ham Lagrange L(X,4) nhu sau:

L(X,h) = 1‘(X)+[Z)L_]1_](X) (11.5)
I
trong 46 A; 1a hing i chua biét va duge goi 1a nhén td Lagrange.

Can chu ¥ ring theo didu kién rang budc cé nhiéu nhin to
Lagrange. Gidi quyét bai tedn d4t ra 14 tim gid tri nhé nhdt khéng rang
busc eda ham L(X %) Cic didu kién cAn thist d€ tim gid tri nhd nhit cla
ham L(X, %) 1a;

AL(X.0) T

;g
o (11.6)
‘1-9( 2 0, j-L2..p

,-_"}-,1

86 cdc dai lugng khéng 1161 13 n+p (n bign thidt ké' x; vA p nhan ti
Lagrange &;) va 88 cdc phuvng trinh nhén duge ciing 1a n+p. Nghiém cua
gidi hé (n+p) phuong trinh phi wyén la X' va &', Mac di phuong phdp nay
tuong doi don gidn, tuy nhién gidi hé (n+p) phuong trinh phi tuyén rdt
dai dong. Mit khac néu cde ham f va |; khéng thé bigu dién dudi dang
tudng minh thi d& gidi hé (11.6) 58 rat khd khan. Tuy nhién, cdc phuong
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phédp s8 thich hop trong t8i wu héa nhu ham phat khdo sdt & muc ti&p
theo 58 duge sit dung 4 gidi quyét cdc bai todn tai uu.

Vi du 11.5

Hai phdn tir duge 1dp song song nhu hinh 11.7. Muén tim dd tin
cay cdc phan ti Ry va Ry dé téng gid thanh ] nhd nhit khi ma d6 tin cay
cta hé théng R =0,9. Gid sif vdng gid thanh cdc phan ti B, va R, tuong
ing s& bing 100R, va 200Ry
Giai: '

Bai tean duge phat bifu nhu sau:

Tim X véi:

{{2 Rz

Ham muc tiéu la tim gid tri nhd nhdt cda gig thanh:

£(X) = 100R, +200R, {vd5-1)
Cidc diéu kién rang budc:

Xy =1-(1-RX1-Ry)=R; + Ry, -R,R, - 09 =0
Ham Lagrange c6 thé duge viét dudi dang:

L= ]_ODRI + 200R2 + A (Rl + Rz —Rle —0,9)

trong dé X la nhan td Lagrange.

Cde diéu kién cdn thiét 48 t8i uu la:

%:IDUH\_(IuHZ):O suy ra k:—{}l_n;:) (vdbh-2)
52—’3— =200+A(1-R)=0 suyra i=- U?-OFO?,] (vd5-3)
%: R, +R,-R,R,-09=0 (vd5-4)
21
Exi)

Hinh 11.7 Hg thdng gém hai phdn ti mde song song

T biéu thite (vd5-2) va (vd5-3) ta nhan duoc:
2
“(I-Rp) (I-Ry)
Thay bidu thic (vd5-5) vao (vd5-4) ta nhan duge:
(2R, -1}+R, —R,(2R, ~1)=0,9 ¢6 nghia & 2R} -4R, +19=0

¢é nghia la R, =2R, -1 {vd5-5)
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Gidi phuong trinh via nhan duge ta ¢d R, =0,7764 va 1,2236. Lai
giai téi uu 1a Ry*= 0,5528 va Ry*= 0,7764 (vi R* < 1) vdi f,, = 210,56,

Mot trong nhitng phudng phdp gidi tich s dung phé bién la didu
kién Kuln — Tucker cé dang saw (bai todn 11.1):

7j I,

VEXD 4D w i Vh (K0 + D v VI (X =0 (11.7)
i=1 k=1

wih(X)=0véij=1,2 ., (11. 8)

>0 véij=1,2 ..,
L (X)=0véij=1,2 . m (11.9)
Gradient cde ham biéu dién dang sau:

SR - S
Coad, e T A,

L
A *;

vhoo=| 20 ch (11.10)
M[ L"U, f.'{.l“

a0, ad, "

n

al al
woo_[_ a ._}

Do d6 diéu kién Kuln — Tucker cé thé vist dudi dang sau:

i Xy @
H(X) fT, ( 3, (";(EX) -0 (11.11)
=1 k=] 1

w_ihi(X =0véij=1,2,.,n
w; = 0 v8ij=1,2, ., n
b (X)=0 véij=1,2 .0
Vi du 11.6
(Gidi bai todn 11,5 theo didu kién Kuln — Tucker.
Gidi:
Bai todn duge phat bidu nhu sau:
Tim X véi:

ol )
d, R,
Ham muc tidu 13 tim gid tri nhé nhatl cla gid thanh:
f(X)=100R, +200R,
Céc didu kién rang budc:

IX)=1-(1-R)1-Ry)=R, + R, - R R, - 09=0
Cdc dao ham riéng:
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o al al
i:iOU- —=200, —=1-R, y4 ——=1-R,
dR| " OR, " 0R, ¢R,

Theo didu kidn Kuln — Tucker ta c6 hé phuong trinh theo R), R,
VA Vi
=T o
iw, f’l =100+v,(1-Ry)=0
(qu [4 1
=) o
A 2004 v, (1-R)=0
:"JRZ 8R2
R +R; -RRy-09=0

(Giai hé phuong trinh trén ta thu duge (chi nhan nghiém v, Am}:

vy =—+ 200000 = ~447.2135955
200

R, =22 11 20,776303
¥

R, =1 105527864
v

11.2.2.3 Phuong phap s6 {phudng phip ham phat)

Muc dich phuong phap ham phat 13 dua bai todn qui hoach bi rang
buéce v& bai tedn khdng bi rang budc. Phuang phap nay duge gidi thiéu day
di trong cdc tai liéu vé t81 uu hoa, & day ching téi chi gidi thiéu cdc noi
dung chinh.

Pé gidi quyét bai todn tdi wvu (11.1) theo phuong phdp ham phat ta
phdi tac mot ham méi duge xde dinh bdi edng Uhite:

. o | I
d:kf)(,rk}—'HX)+rk.§m—}—-\fT§1j(X} (11.12)

trong do ry la hding s8 dueng, dude biét nhu 1a tham s& phat.

Bai todn trinh bay theo céng thie trén tréd thanh tim gid tri nhé
nhat cia ham ¢, theo trinh ty giam gid tri 1. Gig tri r, ban dau duge chon
bing 1, sau 46 giam din dén gid tri 0 sau mdi lAn tim gia tri nhd nhat
ham khéng rang budc. Piém bédt ddu dé tim gid tri nho nhat duge gid s
ring cd khd nang thuc hién lién quan vdi cde bat déng thie rang budce,

Trinh tif lap lai bao gom cdc bude duge lidt ké dudi day:

1. Bdt ddu vdi difm ban diu X; cé khd ning thue hién, thda méan t&t ¢i
cac bat ding thic rang budc véi diu bat ddng thic chat ché (<), cb
nghia chila g(Xy) < 0vdij=1,2, ..., mvagid tri ban ddur; > 0. Gdn
k =1.

2. Lam cuc tidu ham $(X,ry) bing cdch st dung phuong phép téi thiéu
khéng rang bude va thu duge nghiém X, *
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3. Kiém tra Xi* cé phdi 12 nghidm t81 vu cda bai todn (11.12) hay khéng.
Néu Xi® tim duge 14 187 vu thi két thic qui trinh. Néu khéng thi ta
tidp tue bude tidp theo.

4. 'Im gid tri eda tham s8 phat ry,;: rg; = cry trong dé ¢ < 1 {théng
thusng lay gia tri ¢ = 0,1).

5. Lay difm hit ddu mdi X, = X,*, gdn gid tri mdi k = k+1 va tiép tue
hude 2.

Su héi tu cia trinh tu tuong ting r, tidn vé gid tri 0 duge minh hoa
bing d4 thi hinh 11.8 va hai todn trd thanh don gian:
Tim X =|x;] sac cho ham fiX) = ax, dat gid tri nhd nhat,
Cdc diéu kién rang bude:
gXy=b-x,20 {11.13)
i —000) oo
So,{xg PO

— ¢3( xp rj}

ﬂ'& lf.rl f(xl) = ax

] i |
0 XF b XA XKD T

Hinh 11.8 Si Lot ty cia phiang phdp ham phat

Vidu 11.7

Dam cong x6n ¢6 tigt didn ngang hinh chif nhat chiu tde dung lue F,
va F, nhu hinh 11.9. Luc tde dung ¥, = 8000N, F, = 6000 N, chiéu dai
thanh 1 = 1040 mm, dng suit gidi han o4 = BO0MPa. Xdc dinh kich thudc
b, h dé dién tich A = bh 1a nhé nhat véi 10 <b = 100, 10 < h < 100,

Gidi:
Ham myc tiéu:
Xdc dinh gid tri nhé nhat cia ham:
A=bh
Biédu kién rang bude:

] 6| F E
gLX)=~h-ﬂ[—h"~+-r-T~] - 04 S0

10 <b =100
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10 < h = 100

Gidi bai tedn nay ta thu duge b = 37,736 mm, h = 50,479 mm vdi
fmg sudt 498,5 MPa.

FY F\’

L | 777

, N

o ewe L Lel
Hinh 11.9 )

11.2.2.4 Phuong phap qui hoach déng

Vao nhimg nam 1950 Richard Bellman phat trién phuong phap
quy hoach dong dé giai quyét bai toan quyé&t dinh nhidu giai doan nhu la
sy phdi hgp cia cde bai todn nhiéu giai doan riéng 1é. Trong da sd céc
trugng hop gidl quyét c4c bii todn t8i wu. cia N giai doan riéng 1& sé dé
dang hon khi so sdnh vdi viée gidi quydt bai todn tdi uu nhiéu giai dean.
Uu diém céng thém cia quy hoach dong 13 phuong phédp c6 thé xi 1§ cdc
bi&n rdi rac, khong 1684, lién tuc va cdc ham khéng khd vi ma khong cé bdt
af khé khan nao. Sif dung cde phuong phdp thich hgp dé gidi quyét trong
pham vi réng rai ¢dc bai tosn ra quyét dinh xudt hién ngay cang nhiéu

f1
Giai doan Giai doan
Sa 2 Sz 1 5,

X2 I)(—

1

trong cac bai todn d§ tin cay.

Tfn

Giai doan

Shet n
Xn

f2

Hinh 11.10 Bai todn quyét dinh nhiéu giaf dogn

Mat vi du trong nhimmg bai toAn quyé&t dinh nhiéu giai doan duge
trinh bay trén hinh 11.10, trong 46 cdc giai doan n, n-1, .. .,4,..., 2,1
duce ddnh dau theo huéng gidm dAn, Trang thai nhap cia giai doan i 1a
8.1 v& trang thdi xudt 14 5. Tham s& thidt k& trén giai doan i goi 1a x; va
déng gbp cia chung vao ham muc tidu 1a §=£(X).

Bai todn cdn gidi quydt 1a tim X = (xy, X9, . . ., X.)' d€ ham mue
tiéu dat gis tri nhé nhat:
PO =1+ LX) + ...+ £,(X) {11.14)
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Véi gid thuy8t ring: s = sd{s;,;, x);1=1,2,.. ., n
va cdc rang bude khéce chi dinh ¢cho x, va s (1=1,2, . . ., n).

Qui hoach déng bidt bude sif dung khdi niém t61 wu héa cue bo va
nguyén tdc tdi uu d€ gidi quyédt bai todn quyét dinh nhiéu giai doan. Thuc
hién theo trinh ty trinh bay dudi day. Phan tit cudi ciing (phan i duge
danh ddu 58 1 trén hinh 11.10} duge sir dung ddu tién che t&i wu hda cuc
bé. Néu trang thdi nhép cGa phin t& nay 12 s, duce chi dinh thi x, phai
dugc chon d€ ham fi(x;, s;) 14 nhd nhat. P4t gig tri nhé nhat cia f; 14
F *{s5):

' (s5) =j‘li" [f,(x,.52)] (11.15)

Biéu thic nay xdc dinh gi4 tri nhé nhét cta f; nhu la ham trang
thai nhap s, dudi dang tham s6. Sau dé, ching ta khing dinh hai phén
cudi eting {cdc phan tif ddanh d&u 2 va 1 trén hinh 11.10) eting nhau cho tdi
uu héa cuc bd. 0] day ching ta chon x; va xpsao0 cho ham:

F, (87 = £3(X.55)+ f(Xy,8,) (11.16)
c6 gid tri nhd nhat cho gid tri chi dinh s; bat k¥ ta thu duge:
F,(s;) =f:",,“(, [fy(x5.5) + £,(x,,8,)] (11.17)

Bdi vi s; ¢é thé duge tinh khi ma sy vd x; duge chi dinh, do d6
phudng trinh (11.17) cé th#& viét lai vdi su trg giip phuong trinh (11.15)
nhur sau:

3 (59) =00 [Fy (5050 + F G5y (11.18)

Qu4d trinh 81 vu héa cuc bd cé thé tidp tuc bang sy can nhic trén
bii todn tdi wu héa cuc bd thit n. Mét cdch téng qudt bai todn t81 uu héa
cue ba thy i ed thé phat biéu nhu sau;

By (5000 =00 [ x50+ FGs,) (11.19)
Trén bai todn té1 vu héa cuc bé cudi cung trang thdi nhap s,.; dugc
chi dinh thudng xuyén va vi 1y do d6 F, cAn phdi dugc tim cho mdi ldn
nhap duge dat tén 4 s,,,. Ngoai ra c&n chd ¥ ving chi mét bign thist ké

duge bao ham tai mét giai doan bdt ky. Vi 1y do dé t8i uu héa cuc bd duogc
mong dgi s& rdt don gidn.

11.3 DANG BAI TOAN THIET KE TOI UU KET CAU
THEO PQ TIN CAY

Bai todn t&i wu theo dé tin cdy cé dang sau:
Ham muc tiéu;
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Tim X = (11.20)

dq

dé f1X) dat gid tri nhé nhat.

Diéu kién rang bude la: )
PigiX,p)s0N=2R;j=1,2, ., n,
hX, m, ) <0; k=1,2, .0y
di<di=d®; i=1,2,., n
3 day d;, - bién thigt k& (co thé 1a don dinh hofic ngiu nhién) thi
i; X — vécto bidn thidt k& (bao gébm don dinh va ngdu nhién); p — vécto
tham sd ngiu nhién, hay cbn goi 12 cdc hé s6 nhiéu, ¢6 gid tri trung binh
mp: fld) ~ ham mye tiéu; g — ham trang thal tdi han tha j; n- 8 bién
thiét k&; ny- s6 rang bupc xéc sudt; R - do tin cdy mong muén; d;, 4" -
gigi han dudi va trén cia bién thiét k& tha i,

D& théa man diéu kién rang budc P(g(X, p) < 0} = R; thi ta phdi
phan tich d§ tin cdy. s dung phuong phap FORM véi tim kidm MPP, cé
nghia 1& gidi bai todn téi wu theo e¢dbng thic (5.16) va (5.17). Do d6 bal
toan thigt k& t6i uu theo d¢ tin cdy gdm 2 vdng 1ap tdi wu {dng vio nhau.

Bai todn t8i uu b thé vidt lai dudi dang sau:

Ham muc tiéu:

. g,
d,

Tim X = (11.21)

d

n

dé fiX} dat gid tri nho nhat,

bidu kién rang buac:
Plgld}z 0} - (PP =0,j=1,2, ., n,
hodd, mp)<0; k=1,2, ., ny
d'sd<d’;i=1,2,., n
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trong dé: ® 1a ham phén bd tich lay cia phan phéi chudn va B; la chi sd
dé tin cAy mong mudn cda rang budc thit j.
Ham xdc sudt héng PlgiX) = 0} xde dinh theo c¢ing thic (5.8):
0= beXo< o= [rods <ol-p,) (11.22)
BiX<lt
Qua phép bi&n d8i nghich dde @'(%) va F''(*) thi rang bude xde
sudt cd thé bitu dién dudi dang sau:
B = -® (Mg = B {11.23)
g, = E(@0p,)) 20 (11.24)

trong do: [iy; va g, la chi 56 do tin cdy va gid ham trang thdi gidi han dat
dugc ¢ rang bude thd j.

Cédc vi du dudi ddy minh hoa viéc dinh dang cdc bai todn thiét ké
co khi va k&t cdu nbu la cde bai todn t8i wu hda.

Vi du 11.8

Dam cong xén ¢é tiét dién ngang hinh chi nhat chiuv tdc dung luc
F, va F, nhu hinh 11.5. Luc tde dung F,, F,, kich thuge b, h, médun dan
hdi E, ung sudt gidi han la cdc dai luong ngiu nhién cé gid tri cho trong
bang 11.2. Chidu dai thanh 1 = 1000 mm.

Bdng 11.2

Dai lugng ] Cid  tri trung | Sai léch binh phusng
_ | binh _ trung binh

Luc tac dung F,, N % 8000 1000

Lyc tdc dung F,, N ' 6000 800

Ung suét gidi han o, MD%a 500 50

Xdc dinh kich thude b, h 42 tigl dién thanh 14 nhd nhat ddm bido do
tin cdy R = 0,999,
Giai:
Ham muc tiéu:
Xdc dinh gia tri nhé nhat cia ham:
A = bh
Pbiéu kién rang bude:

ot F Ty 1
I{Fi ‘ ?W- }—‘ - O gu): =R,
‘I\ 1

A
10<b =100
10 < h = 100
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Vi du 11.9

Xdc dinh chiéu day t va dudng kinh d cia dng trong két cdu nhu
hinh 11.11 dé dién tich mat cat ngang ¢é g4 tri nhd nhat. Lue F tdc dung
lén tay quay. Truc duge xem nhy la dim céng xén ché tao tir thép éng
AISI 4140, Cédc dai lugng ngdu nhién trong bai toan déu phan phéi theo
qui ludt chudn. Gia tri trung binh va sai léch binh phuong trung binh cua
cde dai luong ngdu nhién (x,Sy) theo bang 11.3.

Bang 11.3
Pai luong Gia tri trung binh | Sai léch binh phusng trung binh
Luc F, N 3000 300
Gidi han chay o, MPa 600 60
Khodng cdach L), mm 250 4
Khoang cdch Ly, mm 200 2

Sai léch binh phuang trung binh duing kinh true S,=0,015d. Xdc
dinh kich thudc true réng dé xdc sudt lam viéc khéng héng R = 0,999,

Giai:

Mémen cdn uén mit cit ngang:

b)

Hinh 1111

Mémen cdn xodn:
W, =2W
Ung sudt 16n nhat sinh ra tai vi tri dudng kinh vong ngoai cia
truc réng va tai vi tri lién két vé tuong. Ung sudt uén o va xodn 1 ¢b gid
tri 1dn nhdt tai ving nay. Ung suat twong dugng oy theo thuyét bén 4 cé

dang:
O = o+ 31

trong dé:
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M FL,
M= —=——
WowW
T FL ,
IT= —— = —=
W,

Tu ddy suy ra:

F 2.2
Sid :?R\f_ 4Ll+3L2

Ham trang thai gidi han:

F o fz 2
g(X) = Gy ~ Oy =iy Taw 4L + 3L

Bai toan t8i wu c6 dang sau:

Xidc dinh gid tri nhé nhdt cia ham:
A = ndt

Diéu kién rang budc:

P[c“m - ZPW ,/41}1 +3L% 2 OJ >R,

d/t £ 100

nd” (d-20* nd* ( 2t]4
t g W] ol 1= .
rong €0 32[ g P d

Vi du 11.10

Mot gidn hai thanh nhu hinh 11,12, Cdc thanh c¢é tiét dién hinh
vanh khén véi gid tri trung binh dudng kinh d va chiéu day t. M&i thanh
déu cé hai dang héng: udn doc va nén. Pinh dang bai toan xéc dinh gia
tri trung binh cla d va t d& tim gi4 tri nhd nhét eta khéi lugng cia gian
tuy thudc vao rang bubc theo 4o tin ciy cia thanh theo ufn doc va nén.
Cac dir liéu cta bai toan la: Fy = N(250000, 25000)N; Fy = N(150000,
15000)N; t = N(t, 0,011) mm; d = N(d, 0,01d } mm; oy, = N(210, 21)MPa;
Modun dan héi E = N¢2,1.10°%, 2,1.10YMPa; B = N(500, 25) mm; H =
N{675, 25) mm; p = N(7,9, 0,79).10° kg/mm?®; D6 tin cay tdi thidu chap
nhén Rym=0,9973,

Khodng gia tri ¢6 thé ché&p nhin duge cia d va t 1a;

25 mm < d < 125 mm
255mm=<t< 25 mm
Giai:

Gid si rdng ung sudt nén va 1ing sudt ubn dec trén mdi thanh
tudn theo qui luat phdn phéi chudn, d6 tin ciy t6i thifu trén mdi dang
héng tuang ng vdi diém phén vi z; = -3,0 (R=0,9973).
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Chuyng 11

Luc nén tac dung |én thank bén phdi xde dinh theo cdng thue:

. N HOfF B

" 2 LH B

Mat cat A-A

Hinh 11.12 Gian hai thanh
Ung sudt nén o, va udn o, xic dinh theo cong thic sau:
e e w 0 a2
GI]Z\,{H T”_}!‘;JFI”_H n°El mE(d™+17)
et 1 H B

Oy = - ) a4
L= mdt 8(B-+ 1)

trong d6: 114 mdmen qudn tinh mat cit ngang; L 1a chiéu dai thanh.
Kh#i lugng cua gian duge tinh theo céng thic sau:
W= Zprrdl“f'}%“ +H?
Ta xem cdc gid tri trung binh d va t la cdc bign thiét k& va gid
tri trung binh khéi lugng 14 ham muc ti6u W, bai todn d6 tin cay ¢6 thé

trinh bay nhu sau:

Tim X= |4 }: ?L
ld2f "¢ |
dé ham f(X)=2pndtyB’ + H dat gid tri nhé nhat.

Cde rang bujc:
[ 52 .
3 .
p(om _;}_.fﬁf_"[l_,_l:ﬂ})‘ﬂ >R,

2di H B

LS

dee g2 2
U )201)1{]

BT+ HY

b

25 mm = d < 125 mm
250 mm==t< 25 mm
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Thiét k& téivu ...
11.4 TRINH Ty THIET KE TOI UU KET CAU TREN CO
SG PO TIN CAY

Cdc bai todn thidl k& 18i uu theo do tin cay thong thufing cdc bién
thiét k& va rang budc lién quan d&n dé tin cdy. Trong mue nay chdng toi
trinh bay cdc phuong phdp chd yéu dé gidi bai todn thigt k€ tai wu theo do
tin ciy.
11.4.1 Phuong phap hai v ong lip

Theo mé hinh hinh 11.13 thi d6 tin cidy cia mdi rang budc dé tin
cay cdn phai ude lugng, va ta goi md hinh nayv la cong thuc 46 tin cay truc
tiép. Do tinh hiéu gua va chinh xac ta st dung phuong phdp xap xi chudi
Taylor bdc nhat vdi tim didm xdc sudt lén nhat 48 xdc dinh 48 tin cay
truc tié'p cho mé hinh nay.

Thét ke ban dau Th:et ke tdi mu
"F Tai i hurl

e\

. LT : Vong lap toi wu
Bign thist ke | e et

Rang bude dé tin edy

N ;-""'ﬁd—_—_n__x‘“x

Phén tich 46 tin cay
Moute Carlo

FORM
S0RM
~ ™,
AN AN
Bién tang budc Bign Rang buje
ngaun i1hién tin cay 11g'11| ihien tin eiy /‘
" - “
[ Mo hmh mb /
phuug ky thu.lt
o Ty
T

Vong lap phau vich dé tin cd
Hinh 11.13 Trinh tu thiét ké theo dé tin cdy

Bé tin cay ham rang bude g(d, X, p), 1 = 1, 2, .., n, duge udc luong
bing x4p xi bdc nhit nhu sau.

Dau tién ta chuyén cic bidn ngdu nhién ti khing gian X sang Uy
va P sang Up (vd1 1 14 rang bude thi 1) Ta xde dinh MPP cho mé hinh
sau:

min b= '[IUi” {11.25)
U silin Ly "
vdi didu kién rang busec gid, X, p) =0 11.26)
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_ Chifong 1t
Bai to4n trén c¢6 thé gidi bAng gidi thuat trinh bay chuong 5 hodc
bat ky gidi thudt tdi vu nao. Loi gidi 1a diém MPP (U, Ujp') va chi =6 dé

tin cdy:
B=“UiX'UiP" (1127]
Phin tich dé tin cay
FORM
. r- sEmEsTsssEEEm A
Tim kiém MPP
Téi thiéu: g = |]Ut||
Bi¢n thigt k&: d=d%my=my" Ui = (U, Ui
Tham sé& ngdu nhién: P (AU Upd = 0
Dé tin cay yéu cau: R Plg > 0= (D(ﬂ,-)
3
my PR d,my
--------------------------------------- l . e
Téi wu ! Ham t.,rang t}_'neu gidi han
] Udc lugng ham muc tidy don dinh g, = 1.2, ng
va ham rang budc R

Plg<0), 1=1,2..n;

Ham mue tigu don dinh
f{dm,,m,) v& cdc ham
gidl han don dinh
gld.m,,m}<0, j=1,2,.,n,

Hinh 11.14 So dd gidi bai todn thiét k€ 181 wu trie tiép theo dé tin cdy

Khi dé d6 tin ciy duge xdc dinh theo ¢ong thic:

R =P(g;(d, X, P)>0)=1-0(B;) (11.28)

Cén chd ¥ ring tim ki&m MPP cho mdi rang budc dé tin cdy va mdi
MPP che méi rang budc dé tin ciy dédu khéic nhau.

8 dung cong thie dd4nh gid d6 tin cdy truc tidp, ban cdn phai udc
lugng dé tin cdy R =P(g,-(d.X,P)>O] cho méi ham trang thdi giéi han
£;(d. X, P}, so 45 gidi trinh bay trén hinh 11.14. Trong trudng hop nhiéu
ham trang thdi gidi han theo &5 tin cdy, vai rang budc ¢6 46 tin ciy rdt
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Thiét k&€ t6ivu ...

cao va khdng bao gi¢ duge nhic dén trong sudt qué trinh téi vu. Trong vai
trusng hgp théa man mét rang budc dé tin cay nay s& thod man vai rang
bude d6 tin cdy khac vi ching cé ciing chung céc bi€n thigt k& va tham s3
ngau nhién.

St dung phin tich nguge d6 tin cay trinh bay muc 5.8 d& dua bai
todn t8i uvu theo d6 tin cay vé& bai toan tdi uwu don dinh.
Tim gid tri ham trang thdi gigi han g© tuong tng xdc suit héng ¥
F= P(g(d, X.P)<gF)
Hoaic: R:P[g(d,X.P))gF)
Tu cong thifc (5.58) ta ¢d ham trang thdi gidi han mdéi:

g(d, X, P)=gd, X. P)— ¢" = g(d, X* P¥)

Phan tich d6 tin ciy

_______ FORM _

Tim kiém MPP

Gia tri max: G(d, U, Uy}
U; = (U, Uyp) '
Uil=p=® (R

Bién thigt k&: d=d%my= my’

Tham s8 ngau nhién: P

F v
B tin cay yéu cdu: R g =gldX Py
&
my PR d,my I
T61 wu T Ham trang thai gidgi han
Usge lugng ham muc tiéu don dinh g, { = 1, 2,., 5

va ham rang budc 4

P(g, < 0}, i=1,

d,my” mdi

d,my. f Ham mue tidu don dinh
fld,m, m} v cdc ham
gi%i han don dinh

gfldm,m;)<0, =12 _n.

Hai tw?

Yes

Hinh 11.15 So dé gidi bai todn thidt ké t61 wu trén co sd¢ phdn tich nguoc
dé tin cdy
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Chuong 11
Giai thuat xdc dinh g¥ da trinh bay trén muc 5.8. Sau khi xde
dinh gf thi bai todn t6i wu trd thanh:

rdl]
|

Ham mue tiéu:

dat

Tim X = (11.20)

d n l

dé fiX) dat gia tri nhd nhét.
Diéu kién rang budc:
Plgid, X¥, P¥1>0n>R;j=1,2, ,n
hiX, m,1<0; k=1,2, ., o,
dl=d, =d*: i=12,.,n
S 45 giai bai todn t6i uu sif dung phan tich nguge d6 tin cay trinh
bay trén hinh 11.15. 8¢ dung phuong phap nay giai vi dy 11.8 thu duge
két qua B = 42,16mm, H = 56,7 mm.

11.4.2 Cac phudng phap khic gidi bai toan t8i vu

Ngoai phudng phdp hai vong lap trinh bay & trén, ta con s dung
cde phudng phdp dudi day d€ gidi bai todn thigt k& t4i wu trén cd s¢ d6 Lin
ciy.

Phuong phap x4p xi truyén théng (TAM)

Phuong phdp nay phdt trién vao cdc nidm 1980 va hién duge dng
dung trong cac phdn mém thi&t k& t8i vu k&t cdu ¢hinh 11.16). Y tudng
chinh !4 tinh todn ham s6 va dao ham cla chung tai ving lap ngoai, giai
bai todn tdi vu xAp xi & vong lip trong va ldp dén khi nao héi tu.

{Tim <& va i
Irgng dao ham

Téi v
Hinh 11.18 Sv dé phuong phdp xdp xi truyén théng
Mét bién thiét k&€ mét vong lip (SLSV)
Phuang phédp nay do Chen dua ra 13 phuong phdp hiéu qua thiét
k& xde sudt tHi uu vie nAm 1997, Sau d6 Wang va Kodivalam si dung

186



Thi€t k& tai vy_...

phuong phap tuong tu che cde dai lugng ngdu nhién 6 qui luit phan phoi
khéng phdi phan phdi chudn vdo nam 2002. Can chi ¢ ring tinh hidu qua
cha phuong phap nay phu thude vie diém chon ban dau. Sau dé Choi va
Wan (2001) két hogp phuong phép nay vdi phuong phdp tim kiém diém xadc
suat 16n nhat (MPP). So 48 tinh nhit hinh 11.17.

Phin tich e suat "
Tun © -
Tun 2;
m hes
.\U
sy P el
Tioh ehao linn v bude Vit "
l-ld i
It il djnh
T wian try ahio nhids [T

0 —

vl rang e lell-ﬁ‘h"n';"' o og= 1, 2,

.l'sd 5d”

Hinh 11.17 So dé tinh cho phuong phap SLSV
Phuong phdp hé sd an toan (SFA)

Nhip vio d

Phan tich xsic suat
Tim MPP vA Desien Shitt s cho tit ea g,

v

T61 vu don dinh
Tim gid tri nho nhat [,

véirangbude gl €0 j=1 2 n,
e :

4! <d <"

Hinh 11.18 Su dé tinh cho phuong phdp SFA
Wu va Wang (1998} va sau d6 Wu va cdac tdc gid khde (2001) s
dung khéi niém “rang budc don dinh xdp xi tuong duong” A€ gidi cdc bai
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Chuong 11
todn tdi uu trén co s& d6 tin cdy. Vi sg @b tinh don gidn va thuc hién
riéng biét hoan toan tinh toén 81 wu va phan tich 48 tin cay (hinh 11,18).
Phuong phap nay €6 hai uu diédm chinh:

1- K&t hop chat ché vdi kh4i niém hé s6 an toin timg phdn da quen
thudce véi cde nha thiét ké&.

2- N6 lam nang cao ddng ké sy tin tudng vao ban thigt k& trong giai
doan dAu tién vi giup nha thiét k& theo dai ban thidt k& cda
minh.

Phuong phap t6i vu va danh gia dé tin ciy lién tuc (SORA)

Du va Chen (2002) dé nghi phuong phdp ddnh gid db tin cay va
t61 uu lién tue (hinh 11.19). Phuong phap nay thuc hién vong lip don véi
hang loat danh gia 46 tin cdy va t8i wu lién tuc. Trong méi loat t8i uu va
dénh gid d6 tin cay ddc lap 14n nhau, khéng ¢é sy danh gid db tin cdy nao
duge yéu ciu trong qui trinh t8i uu va ddnh gia dé tin cdy thuc hién sau
khi t8i wu. Y tudng chinh clia phuong phdp nay la sy thay déi dudng bao
cua cdc rang budc don dinh bi vi pham,

Nhiip vao d

Phén tich xzc sust
oA ey .
im MPP va < =d-X oo cho R

61 uu don dinh
Tim gisi 10i nho what 1Y)

v rang buge {.‘.jl(l}l\ Shoj=L2.ony
shey

dlgd g d"

Hinh 11.19 So dé tinh cho phuong phdp SFA

11.5 BAI TAP

11.1 Khéo sat bai todn xdc dinh xdc sudt lam vide khong hong trong giai
doan thi&t k&, khi 46 dng suat L va 46 bén S phan phdi theo qui luat
chudn lam viédc khéng hong cha mdi phan tif R=0,99. Ham chi phi d8i
v6i 04 dai lvgng mg, Sg, my, 3., ¢6 dang sau:
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Thidt k& 16 uu ..

Cyfmed = (},()()EEm]:] 33 30000 = me < TA00OMPa
1Hmy 5 8

(S = ROOSHTTL 1000 £ 8 < 10000MPa

-[!,5[3: 1t

cylmy ) =89997m, 000 <m . £ 68000MPa

eS8 =3665." 500 =8, < 7500MPa

Tim cdc dai lugng ms, Sq, my, 5, d& chi phi 14 nhé nhat va do tin
cdy clia hé théng vin ddm bdo.

11.2 Khao sat cdc ham chi phi trinh bay trén bai 11.1. Xdc dinh gig tri
clia ban tham s nay dé xdc sudt 1am viée khong hong 12 16n nhat vdi
didu kién rang budc la téng chi phi khang vugt qua 100 don vi.

11.3 Khio sdt hé théng bao gém N nhém mac ndi tiép vl n; cdc phan ti
mac song song trén nhém j; j=1, 2,. . ., N. Mé&i phén tit clia nhém j cé
gig thanh ¢, trong lugng w, va 49 tin cay R,.

a) Binh dang bai toan xdc dinh dé tin cAy cia hé th&ng 1 Ién nhdt
theo cde rang budce vé gid thanh va khéi lugng cuia hé thong.
h) Gidi bai todn dinh dang trén muc a vdi céc di liéu trén bang 11.4.
Bing 11.4

Nhémj | R cj w,
1 0,9 5 3
2 0,7 6 1
3 0,8 8 2

Gid tri lén nhat cda gia thanh 100. Gia tri ldn nhat cda khéi ludng 50.

11.4 I1& thémg gdm N hé théng con. Gia si F; la xdc sudt lam vide khong
héng clia hé théng con thi j, j =1, 2, .., N. Khi d¢4 xdc suat lam viée
khéng hong ciia hé thdng c6 dang:

N Y
Ry, =1_IRi =1_I:I—Fi}
=1 =1

P6 tin cAy clia mbi hé théng con ting 1én bing cich dua vao cic
thanh phan du trir. Gid s n; s6 cdc thanh phan dy trit trong hé théng
con thi? j. Nhu thé xac sudt héng cla hé thdng phy thi j 1a F lién quan
dén xdc sudt hdng cda titng phin t¥ trong hé théng phu nhu sau:

F _ L‘]fll: +1

=9, n, oz

Gia s ¢; 1a gid thanh cia mdi phin t trong hé thing phy thi j, C
- 12 téng chi phi cho phép vA W khai lugng cho phép clia hé thang. Bai
todn téi vu héa nhu sau:

Tim gid tri 16n nhat cda ham:

N {n,+1)
Ry =[10-a,"""
)=l
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Chifong 11

Diéu kién rang bude:
N
chnj =C
it
N
=
(20

== —

trong dé 1y 1a 86 nguyén.
Gial bai todn t81 uu vdi dir lidu cho trong bang 11.5.

Bdng 11.5
S& hé théng Gid Khéi lugng | Xdc sudt khéng | Téng cho phi
con w; héng R, va khai luong
1 1,1 4,0 0,85 4‘
2 2,5 3.8 0,75 C=40
3 3.8 7.5 0,90 W=60
4 4,1 9,5 0,80

11.5 Khao s4at hé théng bao gdbm N nhém méc song song véi n; cdc phdn
tf méc ndi tiép trén nhém j; j=1, 2,. . ., N. M&i phén t ciia nhom j cé
gia thanh ¢;, trong lugng w; va 46 tin cay R;.

a) Dinh dang bai todn xdc dinh 49 tin cdy cla hé théng la 16n nhat
theo cdc rang bude vé gid thanh va khdi lugng eha he théng.
b} Gid bai todn dinh dang trén muc a v6i dit lidu trén bang 11.6:

Bing 11,6
Nhém j R; ¢ Wi
1 0,9 H 3
2 0,7 6 1
|3 0,8 8 2 |

Gia trj 16n nhat cia gia thanh 100. Gi4 tri 16n nhéat cla khoi lugng 50.
11.6 Tim loi gidi cho bai todn t6i uu sau day sif dung phuong phdp dé thi:
Tim gid tri ldn nhat cia ham fix,, x) = 3%, + x.,
Vi rang budc:
3x+2x, 2 6
X;+Xz < 8
2x,-4dx, £ 2
- 4x+3%, = 12
X20x20
11.7 Hé théng mic song song gdém hai phin tif cé cuwtmg dd héng 1a A, va
he dugc t61 uu theo gia thanh nhd nh#t. Gia thanh cde phén ti 1a
¢;=100/A; va ¢=200/%;. Tim cdc gid tri A; va iy 48 téng gi4 thanh 1a
nhé nhat vA dd tin cAy cia hé la 0,99.
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Thict k& toivu...
11.8 Ung suét xodn 16n nhat sinh ra trong 16 xo nén (hinh 11.20) duge xdc
dinh theo céng thifc:
(dec=1) 1615
Sl R
{4e -4 ¢

w

vidi: ¢ = D/d 1a chi 86 16 xo; D - dudng kinh trung binh; d- dudng kinh
diy; F- lyc nén.

bé cing k cua 16 xo xde dinh theo céng thie:

-
8D
vdi: G - médun dan hdi trugt va n — 88 véng lam
viée cua lo xo.

Lo xo duge s dung trong hé théng cd dd
cing k = 2 + 0,04 N/mm. Gidt han chdy cat 10 xo
T = 630 £ 700 MPa, khéi lugng riégng p = 79
kg/dm®, médun dan héi trugt G = 8.10% + 0.35.10*
MPa. Luc nén 16 xo F = 2000 £ 500 N. Gid s
rang tat cd cdc dai lugng trén tudn theo qui luat
phan phdi chudn. Ngoai ra hé s§ bién phin cdc
dai lugng a, D va n la 0,1. Pinh dang bai todn

tim a, D va n d€ khoi lugng trung binh 1& nhé

nhdt vdi rang bude dé tin cdy R > 0,99 theo d6
bén cing nhu theo d4 aitng cia 1& xo.

Hinh 11.20

11.9 8ir dung phuong phép dé thi gidi bai todn t6i wu 1o xo trén ca sd dé
tin cdy nhu bai t4p 11.8.

11.10 Truc hinh tru réng duogc thiét ké theo khdi lugng nhd nhat vdi rang
bugc d6 tin cdy 0,999 vdi mémen xodn T = N(100000, 1000) Nm. Gidi
han chay khi ¢dt 14 v,= N(350, 35) MPa, khi J¥ng suat 16n nhat sinh ra:

o To
I
trong dé: 1y 14 bdan kinh ngoai cha true, J 1a maimen qudn tinh dde cye
cla mit cdt ngang.

Dung sai ché tao bén kinh ngoai va trong cta truc 13 +0,1mm,
Chidu dai truc 1250 + 25 mm va khdi lugng ridng cta vat lidu la
7,9.10°47 9.10? kg/m". Pinh dang bai todn thist k& va gidi ching bing
phuong phdp 46 thi. Gid sif rdng gid tri cdc bién phan phdi theo qui
luat chudn va dung sai chi dinh bing 38.

11.11 Lye xidt Fy tdc dung trudc trén mbdi bulong M6 cia nhém gém 08

buléng cdch déu nhau (hinh 11.21), ¢& dinh d4u xilanh vdi vong dém,
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Chudng 11

¢6 gid tri 4000+400 N. Xilanh, d4du xilanh va buldng duge ché tao tu
thép e¢6 modun dan hdi E = 2,1.10° + 2,1.10* MPa. P$ bén buldng khi
thif nghiém 350 + 35 MI’a.

Vong dém co chidu day t, véi médun dan hdi 1750+ 175Pa. Ung
sudt sinh ra trén buldng duge xde dinh theo ¢dng thuc:

¢ F
G, = iM \_lh
trong dé: F 1a luc kéo tdc dung 1&n méi buléng; Fy ~ 14 luc xiét tde
dung lén mdi buléng; A, 14 dién tich ti8t dién buléng tinh Ung suat
kéo; y - hé sd npoai lue

Hé 88 ngoai luec ¥ duge xde dinh theo ¢ong thic

trong dé: 8, va 8, la d6 mém cia vong dém va buléng duge xdc dinh
theo céng thuc:

I -5h:__li_

8 h = N
A hh b A mn F‘m

vai: 1y, (1,) 1a chidu dai tinh todn cla bulédng va mdi ghdp; A, (A,) la
dién tich mét cit ngang buléng va mdi ghép; B, (E,) 13 médun dan hdi
cua buléng va méi ghép.

Ap luc bén trong xilanh 3500 + 350 Pa. Dinh dang bai todn tim 1,
va T, d& khéi liyng ddu xilanh Ja nhé nhat véi rang bude do tin cay

cia buléng 1a 0.999 va 12.5mm < 4{1:) < 25mm.

A
) 2502125 %.‘
- |
. 200125 S ]

L L Z

q  SERY NP\ e
=} ap xilan =
B — o
N __ilanh -
Buiong / R

,t/ 1504£7.5 |
t=tE0,75 W=00,25

Hinl 11.21
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CHUONG TRINH TINH TOAN THIET KE
VA PHAN TICH HE THONG CO KHI THEO
PO TIN CAY (RADME)

Trong chuong nay ching téi gigi thiéu két qua tinh toan thiét ké va
phan tich két ciu co khi va cdc chi tiét may theo do tin cay. Trong tinh toan
theo do tin cay ta k‘ha'u sat kich thude hinh hoe, co tinh vat liéu va tai trong
ngoai nhut la cac dai lugng ngau nhién va tinh toan theo cae gia tri giéi han.
Trén co s¢ ly thuvét trinh bay cdce chuong truge ching toi xay dung chugng
trinh  RADME (Reliability - based Analysis and Design of Mechanical
system) tinh toan theo do bén va do cimg. Chuong trinh gom 3 phan (hinh
12.1):

Tinh toan mot so két cau co khi.

D¢ tin cay céc chi tiét truyén dong: banh rang, truc, 6 lan.

- D6 tin cay cac chi tiét mdy khéc.
et b o W3 Ehess o Tin Ty )
RADME { PHAN TICH VA THIET KE CO' KHI THEO DO TIN CAY )

Tonh vaam ot compcu it | Tk o patbog v vhabn | Badeas ook e b

LacDwx 'pr Ty
i Tam et barrsf faa b P e s o) e Tt i fharth e s +.8 s
i o vt Tt e b Lo e o 1 S o o
Ty A 1, Frke Ao (00 L' [Pasd 0 Vi et paadn thmd v v J ke bis g

o D hanr P e by voeg (R e

Tilp Tuc Tham

Hinle 12.1
Cac chi tiét chi yéu hé thong truyén dong bao gém: banh rang, truc
va 6 lan (hinh 12.2) Trong muc nay ta tinh cdc chi tiét hop gidm toc 1 cdp
cho hé théng truyén dong hinh 12.2 [30]. Céc s8 liéu trong bang 12.1.

1 E
11t |
]

I — “t
== I[ T l,a
) (-

_/"—'/2
_,/‘

1- dong co; 2- bo truyén dai; 3- hop gidm téc; 4- bo truyén xich; 5- bang tai
Hinh 12.2 Hé théng truyén déng cho biang tdai
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Bang 12.1 Pac tinh ky thuat hé théng truvén déng

True
> Déng co I 11 I
Thong sd
Cong suat, (AW) 6,02 5,66 5,43 5
Ty s6 truyén 3.25 2,6 2,5

Mbémen xoan. (Nmm) 592391 181380

4348554 1001048,2

56 vong quay, (vg/ph) 968 298

119,2 47,7

12.1 TINH TOAN THIET KE BO TRUYEN BANH RANG

Dé tinh toan thiét ké bo truyén banh rang ta chon nit Tinh todn

banh rang, true va 6 Ian thinh 12.3).

o

RADME { PHAN TiCH VA THIET KE CO KHI THEO BO TIN CAY )

T toow et earim ki | Vo tnam hanh cang, s, va m ban | Dot cay ruc o ety e

v L s b e
Tt e i

T i o 2y

ol Ve Thuat

Hinh 12.3

Dya trén trinh tu trinh bay chuong 8 ta tién hanh tinh toan thiét ké
va phan tich banh rang theo dd tin cay. Tinh todn thiét k& banh riang theo
do tin cay duge thuc hién theo tiéu chuan bén tiép xuc (hinh 12.4).

St i hwms shey Bt Vs ha
Trliwm st Ly v LY iy Wi i B g Faar s
R {

« Tir uw.ﬂi-llslnlnmpfnunhl—l.—g

dmm) |

[N ey o Teasppomy
Tk o coa s s g oo covim b b 4
s
Pl Y ol L bty g P (i v

Al b

Tifp Tyc }

D3 tin cay bd truyén banh rang

Thatt

Hinh 12,4
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K&t qua tinh todin

Bién thiét ké ngiu nhién la d. Cdc tham s6 ngiu nhién cho trudc:
gid tri trung binh cdc hé so Ki =1 E;m = 1.15; Kuv = 1.2 Kua = 0,8; hé
s6 bién phan tai trong ngoai vy = 0,1. Gia tri trung binh va hé s¢ bién phan
cac dai luong khac: T= N(181385, 18138.,5); Zy= N(269,49; 5,68); Z = N(1,76;
0,0838); Z, = N(0,9037; 0,012426); Zz= N(1; 0,003), Zy= N(1,04; 0,0343); K,
= N(0.92: 0,03036); Kxn = N(1.03: 6.0339); Ky, = N(1; 0,033); u = N(2,5;
0,125)% . = N(04; 0,04). Banh rang duge ché tao tir thép toi cai thién, gia
tri trung binh va sai léch binh phuong trung binh cia gidi han moi
o}1 1 = N(625, 45) MPa. Céc dai lugng khac xem nhu don dinh. Cho biét 8,
= 0,01d va xédc suat lam viée khéng héng R = 0,99. Két qua tinh toan ta thu

duge d = 91,71 mm va Sy = 0,917 mm (hinh 12.5a).

o Thiln fveans wheiet e Dasioly ioomy Whwme b bir ramy Ui Dess D ban Yo st

-
- ' \ %
(ot K L 4 2, b b AR
% REE ¥ s [T
ey 1 5 s

%, du L, o0 Ky 100 8 BEIn
R ! 5y, Dan L 1 1) b, T
g ]
= ine W IR P B [ewtesa M ERLD

I ® - ¥ i by wrimond = Rig
»ou

I = s 1], IR = LTV E b )
5 S (O -

Rl Ouiy Tho

Tinh xt¢ sudt |Am vide knong héng bé truydn banh rang theo
tléu chudn bén tép xic
1% e —n
i < T K, T vea W
K [\ Foe A o 5. -
I [ e g 0 5, 0
F [ i bl u & wine
K, am 5 K% Ky VB & s
b 5 m W 5 s
i s, LY LS
N | 5 T D v e o T
3 . . o g Prpimaryil o
bl pa
P N T 4, W ., 1T
Zy Tinoma i SimEwo . EEE
i Oua " T hodl
b)

Hinh 12.5
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Chugng 12

Bai toan phan tich vdi cdc so liéu nhu trén ta xac dinh xde suat lam
viée khong hong banh rang theo d¢ tin cdy theo tiéu chuin bén tiép xace v d
= N(92; 0,92) mm. Két qua tinh todn R = 0,99086 nhu hinh 12.5b.

w, Titsh tewn tiviet e banls rang thee do tn cay theo teu cClaan bao e

Tinh todn thiét ké banh rang theo 84 tin cdy
theo tiéu chudn -.?
b ([ CONTTE S ¥ P Se, Ao
E 5. (& — == e T ]
K, b, ¥ 100 o
Ke 1 S nw B I 5, [
K. = S I y, T e, fwe
v 3 la Y, I ]
W, 0¥ 5. b v, fam
b ST Tl 1 w LI
M e [ K 6 o
ke,
Tk thee zee g 9 e
T (o $, fms T g BT S, W
7 i - o [ (il = ¥ i - [ [foaas
Vi W o
Vo ma n
he 1RO IS 5, esmaNeEn T W (TR
e AT v, WITEREVAD T Gy |6 09Tmezbz
Kot oud | Thuht

T A 5 s K S, D B
O a 1S - 5-\. fes = v, BUETN

K, N h 5, 67T Ve, W

Ky [1 8y, Jomn Ke (178 Sy, o
S 5 | P | N F

Y T W T Y, T s T
y, 0¥ s, @ [ 5, W
SawaZ ¥

- lekseki

X , Fo b e m -k 1} a; fos =
(= Trhires cec pa s

L (T 5, - AN ‘F_ o §, @ -
LI 5, fagm . & fooman
w, 0
talam o

9, [WiTEEEE v, Rowasnoe g, w0 Vi, PRy
W imeEe g, [TEenwum R, jomsse
81 Dud Thiokt

b)
Hinh 12.6
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K&t qua tinh todn

Tiép theo ta tinh todn thiét k& banh rang theo dd tin cay theo tiéu
chudn bén udn (néu by truyén dé hd) véi xae sudt khong hong R = 0,99, Ka
= 1; Hé sd bién phan tai trong ngoai Vi, = 0,1; Yg= N(1,065; 0,035145),
Y= N(1,01; 0,03333); Yy= N(1; 0,033331 Ky, = Ni1; 0,083); Kype= 1: T
= N(181385; 18138,5); wpe = NI0,8; 0,08); Ky = N(1; 0,033); Kpy = N(1,18;
0,103826); Yy = Ni3,80; 0,252), Cac dai lugng sau 1a don dinh: Kp=1; Y, =1;
Ky = 1; Yy = 1. Banh rang duge ché tao tir thép tdi cdi thién, gid tri trung
binh va sai léch binh phuong trung binh clia gidi han mai G?i.m = N(585: 45)
MPa. Cde dai lugng khdc xem nhu don dinh. Cho biét §,=0,01d. Két qua
tinh toan ta thu duge d = 47,093 mm va Sy = 0,471 mm (hinh 12.6a).

Tiép theo ta tinh todn xdc suat lam viée khong hong cua banh ring
try rang thing theo tiéu chudn bén moi udn vdi cac s6 liéu nhu trén va gid
tri trung binh va sai léch binh phuong trung binh dutmg kinh d = 42 mm, 8
= 0,42mm. Két qua tinh toan R = 0,9956 nhu hinh 12.6h.

12.2 TINH TOAN THIET KE VA PHAN TICH TRUC
Dua trén trinh tu trinh bay chuong 5 La tién hanh tinh todn thiét ké
va phan tich banh rang theo dg tin cdy (hinh 12.7). Pau tién ta tinh cho true

L.
THIET K& VA PHAN TicH TRYC
THEO B¢ TIN CAY
Truung hop 1 Timng hao T
- Nl THw i —|
B B g
(PR T wind) e g
‘ | H_\ !j _U
Frasnng hag 3 Yemang hop & .
Twwimic Teaing ’
Tawnil Tadud ¢ re
o= 'usml . I L
U 4
I
- - | = .
Tilip Tue Thast
Hinh 12.7

12.2.1 Tinh truc I

Gia sit ta chon truong hop 1 va tai vi tri C (lue F,; va F, nguge chiéu).
Céc thong s nhap vao: vat lidu chon ¢6 gigi han méi m, , = 255MPa, hé so bién
phan v, = 0,1, Cde dai luong ngau nhien la tai trong tae dung:
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= 1R1385 mumn, Sy = 18138 Nmm, myp,; = 1180 N, Sp,, = 118
= 79..3 N, Mgy = 3280 N, Syu
=180 mm, 8§ =2 mm, m, = 75 mm. S

= Trmariy hog 15 Tod wi wxl

Chuvng 12

N My = 792 N bF‘r'
= 328 N. Cac dai luong ngiu nhién la kich thutde m,

= 1mm, my, = 90 mm, §;, = 1,2 mm. Cac dai
luong lién quan gigi han méi- m, = 0.8, §, = 0,02; my= 1, §; = 0,02; mg, = 2,5; Sk,
=0,03; my = 1,1, S, = 0,033. Thigt k& véi do tin cay R = 0,999,

Két qua tinh toan thiét ké nhu hinh 12.8.

TRUONG Hm- 1Fnva r.,nawc cum: w v TRie

f..’

Vst psn thisl A T3 - 5 ik s s
ok ! e s
b S TTF , S e E Fw 5, . S H
e e - e R i [
EW & F LI £ & I |
b o — & 1 e & F i
(B e - ¥, Inw — o [ BEE =)
£y b & BE
g, M x'—’ _&,IET“_‘LII
(Bl b b~ T T ——"—*“— T i
M S n.,l—m 5 (e ||
“.__I:_:1'..“.‘ i _v,u‘fmnsiiu_m 'W__IT_ — ‘ ‘Té—_—rﬁm:::::: o ———
LA FIET o W (e v, e W fveessarr |
s, iew S T lﬁ%"i* 4 W Thitt

¥ Dud

Hinh 12.8 Tinh toan thiét ké truc

Sau do6 véi cdce 80 lidu nhu trén va 1ay dubmg kinh d 6 gia tri trung binh va
sai lech binh phuong trung binh ta tién hanh phan tich do tin cay (hinh 12.9).

= Youong bop 1 - Tei vt C

TRUGNG HOP 1 F,y vil F; NGUOC CHIBU - TAI V] TRI €
1t [ bn il [ [T —
. Do i s b ¢
R T T 7 e & I# I B
| ® s AT wmobm g, BE AR
F, | TR 3, B s = 5 F . M
b [ 8 [T | s % g A i
la 5, % . = s % = U &
N T s, fc@ & o 8, fe02
i se e —we ol U 4L
| B T T e = T — ——— - - -
M T s [mewse s fom S fran@nrs =
M W BT v IR R I
@ [wprand g [iiesaw o« fomoa W [ieznan ||
g MOOR 5, [leaitm IR L] ’l ﬁuv?nu:l. Kt i Tth

Hinh 12.9 Tinh todn phéan tich dé tin cay

Ung dung chudng trinh trén ta khdo s4t anh hudng cac dai luong ngau nhién
dén do tin cay va kich thude thiét k& Giéi han moéi o_; anh hudng lém nhat. vi du
khi cac gia tri hé 86 bign phan v, 1a 0,01; 0,1 va 0,2 thi kich thude duomg kinh d
tang dang ké tuong vng 30,7218, 32,6711 va 39,5186 mm va do tin cay giam dan
0,999971; 0,997744 va 0,96327. Do chinh xéc kich thude it anh huéng dén do tin
cav. Do dé6 trong mdt s6 bai toan ta c6 thé bé qua su anh huémg nay.
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K&t qua tinh todin
12.2.2 Tinh true I

Deé tinh toan cho truc 11 ta tién hanh tuong tu. Gia sir ta chon truong hop 2
va tai vi tri C (lue F,, va F,, nguoe chiéu).

= | B v T e
THIET K& VA PHAN TICH TRYS
THEQ B4 TIN CAY
[——" i Ll
daws | & Faamt
(™ ¥ _‘./: ) Torul L g *,
e (Ll /1
ﬂ |— 1 |
I a4
/; . |
: ) |
Botuterrd b 1 Trumng bum §
- i T o —-/
_'i*l-;' I Frel?
JNi ‘ i
T/ . -
3
Tidp Tun | Thomt
Hinh 12.10

Cac thong s6 nhap vao nhut true 1 (chi khéac lue Fo, tac dung true cia bo truyéen
xich): vat liéu chon cé gidi han moéi m, | = 255MPa. hé sé bién phan v, ;= 0,1. Cac
dai luong ngau nhién la tai trong tac dung: my = 4348554 Nmm, S; = 43485,54
Nmm, mgy = 1180 N, Sy = 118 N, my2 = 5160,74 N, Sjpe = 516,074 N, my; = 3280
N. Sy = 328 N. Céac dai lwong ngau nhién la kich thuée m; = 150 mm, S, = 2 mm,
m, = 75 mm, S, = lmm, my, = 90 mun, S, = 1,2 mm, Cac dai lugng lién quan giGi han
moi: m, = 0,8, 8, = 0.02; my = 1, Sy = 0,02; mg, = 2.5; Sk, = 0.03; my, = 1.1. S,
= 0,033. Thiet ke vai db tin cay R = 0,999.

Két qua tinh toan thigt k& nhu hinh 12.11 véi d = 42,54 mm.

&, o bep 2 tabod el 0

TRUGNG HQP 2 F,, va F,; CUNG CHIEU . TAIV] TRIC
Tt b it b 1 Ty b ot
Doy s s
T e 5 aHEw £ & R
Fe [ s AN [T & I
B Low € 1 1
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LA % ol u “t 5_' T
B 3, il K ¢ Y =
P
— - -

My Y S MnAs A N 6. Hi weos
MovEH SR 5y s (Re rar r Vi

- e & N A WEe L [P S0

(I (R M ULEE . 4 ) TS KAt Gk ! Than

Hinh 12.11
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Chudng 12
12.3 CHON VA DANH GIA PO TIN CAY O LAN

Theo trinh tu trinh bav trong chuong 8 ta ¢ thé chon 6 lan theo do
tin cay cho truge hoac xac dinh xac suit lam viéc khong hong 6 lin. Ta chon
a cho true I va 1. Pau tiéen chon nat 6 lan trén hinh 12.3, sé xuat hien hop
thoai nhu hinh 12,12,

&L Tl 10w o lan

CHON & LAN C VA TINH TOAN DO TINCAY R
= lusrgbep | feuong o ¥
L3
N - ,
\ = ohf
[ 2k
o W - - ' - ¥
g biogy Tuswg e
.
F AMr . s
A E F g [
) Em h | ﬂl ‘ I‘[I u
[ = Lu
=< UFp
-
L) -
_I'ilp'lm-. ] Thadl

Hinh 12.12

Chon nut Truang hop 1 dé chon 6 cho truc 1. Nhiap céc sé liéu vao
nhu phén tinh true, néu tudi tho 1a 8000 h va n = 298 vg/ph va do tin cay 6 R
= 0,99 véi tudi tho nhu trén ta cé két qua nhu hinh 12.13.

= T hegt | s 1 vm (67 nemos: chiet - _,_
TRUGNG HOP 1 VO Fa VA Fyy NGUGC CHIEU
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i) ' [T T ] i 2 1 s
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Hinh 12,13
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K&t qua tinh todn

Ta thuy duge C= 1824798 N, theo bang tra ta chon o 306 vdi d= 30
mm.

Tuong tu ta chon & cho true 2 véi Ly = 4000 h, n = 119,2 vg/ph. Két
qud ta c6 C =49308,47 N (hinh 12.14) theo bang ta chon 6 408.

& Trumeng Jooge 7 vorl I't.l.-:fa Ik ulnﬁtm " . _
TRUGNG HQP 2 VO Fuy VA Fiy CUNG CHIEU
i w b i P iwR
e ileg im
n T 3 v N
3 IR T ww 5, ‘J'F k, F. I
¥ = s O 5 4
1 ! | ‘o . {_!
T H " |_ |
N - . . -
[T - -
P Aman b A= lotpa oo PR TS T
£ weite A, B i 5, e
Pl Al sie S I &, AR
& y,  WEL i i S i
b F AT R, EEE TR T ) EM Ouh Thost

Hinh 12.14
Vdi cac loai 6 vita chon ta tinh toan lai do tin cay cua 6 khi chon nut
Tinh do ttn cay R.

12.4 KET LUAN
Tit két qua tinh toan thiét k& va phan tich trén ta cé cac ket luan:

- St dung chuong trinh RADME thuan tién phan tich va thiét ké mot
s6 két cAu may va chi tiét may.

- Phuong phap tinh toan thiét ké xac suat cho ta két qua chinh xie
hon, dam bao chat lugng, dé tin cay va an toan san pham phu thudce
vao su thay doi cdc dai lugng nglu nhién.

- Co tinh vat liéu anh hudng 16n nhat dén dé tin cay hode kich thude
thiét ké bo truyén banh rang, dé phan tan tai trong cung anh huong
lén dén do tin cay hodc kich thuée thiét ké.

- Su thay doi cac dai luong kich thude it anh hudng dén dé tin cay va
trong mot s6 truong hop co thé bo qua.

Ta cé thé =i dung chuong trinh RADME dé tinh todn thiét ké va phan
tich cum chi tiét may trén cg sd do tin cay: hop téc do, hop giam toe va cdc hé
théng truyén dong khic ¢cho may

12.5 BAI TAP
12.1 Tinh toan céac chi tiét banh rang, truc va 6 lan cho hé thong truyén
dong nhu hinh 12.15 véi cdc s lidu cho trong bang 12.2,
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Chuong 12

=

I

Hinh 12.15

Bing 12.2

F‘ True

—
X Déug ca 1 1 I
Thong s i
Cing sudt, (kW) 5,95 5,71 5,48 5
[ TV s truyén 3,25 L 2.5
L_Mémen xodn, (Nmm) 58701 —I 182088 439044 1001048.,2

| 8& vong quay, {vg/ph) 968 T 208

119.2 47,7

12.2 Tinh to&n cdc chi tiét bdnh ring, truc va 8 lan che hé théng truyén dong

nhya hinh 9.12. Céde thong s6 duge xde dinh i dd thi s6 vdng quay hinh
12.16.

{5-6)
T=73993
n=868
Do n=1219, T=58757, u=0,79 (8-7)
T=73992 1 n,=968, T=73993, u=0,79 (8-7)
n,=968
_ n=T67, T=93393, u=0,78 (8-7)
(3-4)
T=93262
= =11 =15 -9
i =609, T=117610, u=158 (10
u=126 .
(1-2) n,=484, T=147985, u=1,58 (10-9'
T=117610
n=609 n,=384, T=186523, u=1,58 (10-9)
u=158
Hinh 12.18
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TS. NGUYEN HUU LOC

THIET KE VA PHAN TiCH HE THONG CO KHI
THEO PO TIN CAY

Chiu tréch nhiém xuat bdn : GS. TS. T6 Pang Hai

Bién tap : Trinh Quang Trung
Sia ban in : Poan Thanh DPién
Trinh bay : Hitu Lac

Bia : Ngoc Minh Design

NHA XUAT BAN KHOA HOC VA KY THUAT
70 Tran Hung Dao, Ha Néi

CHI NHANH NHA XUAT BAN KHOA HOC KY THUAT
28, Déng Khéi, Quan 1, TP Ha Chi Minh.
DT: 8225062 - 8296628

6C5

72-2005/CXB
78 -39/ KHKT

In 1000 cudn, khé 16x24 cm tai: Cong ty Xuit nhdp khdu nganh in TP
Hé Chi Minh.

S6 gidy phép: 72-2005/CXB cdp ngay: 7/11/2005.

In xong va nép luu chidu: thdng 01/2006.



Tac gia sach “Thiét ké va phan tich hé théng cd khi theo dd tin cay”,
TS. Nguyén Hau Loc, dang cong tac tai bd mon Thiét K& may, Trusng Pai
hoc Bach khoa TP H6 ChiMinh.

Noi dung sach trinh bay vé mét trong nhiing van dé co ban cla
phuang phap thiét ké xac suat |a thiét ké trén cd s& do tin cay. Phudng
phap nay xét dén dac tinh ngau nhién cac daf lugng thiét k& vai muc dich
nang cao da tin cay, antoan va chat lugng cho san pham.

Sach bao gom 12 chuong:

Chuong 1Téngquan

Chugdng 2 Ham phan phdi céc dai lugng ngau nhién

Chiong 3 Cac dailugng ngau nhiéntrong thiét ké

Chuodng 4 Ham sé cla cac dai lugng ngau nhién

Chudng § Phan tich va thiét ké theo dé tin cay bang cac phuong phap

xap X

Chuong 6 Phan tich theo dé tin cady bang phuong phap moé phéng va

bé matdap ung

Chuang 7 Thiétké va phantich kétcautheo dé tin cay

Chuong 8 Cdsd phan tich va thidt ké chitiét may theo dé tin cay

Chuong 9 Phéan tich may thanh hé théng

Chuodng 10Phéan tich va phén phdidg tin cay hé théng

Chudng 11 Thiét k€ 18} uu theo dd tin cay

Chifong 12 Chuong trinh tinh toan thiét ké va phan tich hé théng co

khitheo do tincay(Radme)

Sach phuc vu cho edng tac dao tao va nghién cuu cho sinh vién cac
nganh ky thuat, hoc vién cao hoc, can bo giang day va nghién ctu.
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