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LOT G101 THIRU

O nuéce ta hién nay chuyén nganh « Di¢n khi hda xi nghiép» da dugc

mo tqi nhiéu treong dai hoc kij thudt va tuyén sinh voi moét so lugng ddng ke.

Soan thdo gldo trinh «Co so truyén dong dién tiy dong »-mol trong nhirng gido
trinh chinh ciia hganh—dang la mét doi héi cdp bdch.

Vi vay. tiép theo tap I, chiing t6i gdp rut bién soan tdp Il.cia gido trinh
ndy mong dap ung phdn ndao yéu cdu trén.

Pé cuong cia tdp sich ndy hoan todn thdng nhdl vai tap I va di dugc
gigi Lhiéu tdng qudt trong bdi mé ddu. Tuy nhién, dé lién theo doi, chiny (i
ddnh s6 cdc chuong muc mét ciach doc l@p khéng lien quan dén tdap ddu va
sdp xép lai mot vat vdn dé.

Néi dung tf_‘zp sdéch gom hai phdn: phdn I-Qud trinh qud d¢ trong truyén
dong dién, do dong chi Bui Dinh Tiéu bién soqn; phdn 11 — chon mdy dién cho
truyén déng dién, do dong chi Pham Duy Nhi bién soaqn.

Trong qud trinh chudn bj d2 cwuong vd hoan thanh bdn thdo, chiing t6i
nhdn dugc nhiéu § kidn giip Ao rdl hiéu qud cia cdc ddng chi trong litu ban
boi dudng va kiém tra kién thicc nghién ciu sinh rganh truyén déng dién cia
bo Dai hoc va trung hoc chuyén nghiép va cdc dong chi cdn bd giing day bo
moén Dién khi hda xi nghiép truong Dai Hoc Bdch khoa Hd ngi. Xin chan
thanh cam on vé su giup d6 quy bdl do. I

Do trinh d¢ va thoi gian ¢ han, cuén sdch chdc chdin con nhiéu sai sot
Rdt mong su gop y xdy dung ctia nguoi doc.

Cac pac gia






PHAN |

QUA TRINH QUA PO TRONG.TRUYEN PQONG DIEN

Chiong 1

PONG HOQOC CUA'TRUYEN DONG DIEN

§1-1. Y NGHIA cUA Q{JA TRINH QUA PO VA MUC PICH KHAO SAT

Qué trinh qua d¢ 13 m6t trang thai lAm viéc clita hé truyén ddng diém
khi tinh cin=bing co hoec ho#ic dién tir trong né bi pha va.

Twr phwong trinh chuy&n dong
d
M'l- Mc = — J( )
T

ta thiy néu vi mot Iy do ndo dé6 ma mdmen can va moémen dong co khéac
nhau, hofic mémen quan tinh clla hé thay dbi, thi hé s&¢ chuyén ddng co gia
tée. Khi @6 tdc dd cha truyén dong cling nhu mémen va dong dién cia dong
co d&u bién d0i theo thoi gian. Ngudi ta con goi qua trinh nay la phi tinh,
qué trinh 'khéng x4c lap hodc qua trinh d6ng.

Cé nhiéu nguyen nhian gay mit can biing trong hé rnyén déng dién. Ta
c6 thd néu lén mot s8 48 lam vi du:

- ti)ay ddi tin hidu diéu khidn nhur dong mach d& khoi dong. cil mach
d® dirng mAy, thay mirc dién ap dé didu ¢; |

— dao déng ngiu nhién cha thong sé ngudn nhw dién ap hoac tin sé;

— bién d0i phu tdi nhu #n tai, nha l4i, dao d0ng ngiu nhlen cha lyc
cin trong qua trinh lam viéc;

— bién d6i cac théng s6 clta hé thong nhue mémen quén tinh, dién trd
va dién cam, v.v..

Nhitng nguyén nhin (rén xuit hién cé thé do tac déng chld dong cla

ngudi didu khién, do nhirng dao ddng ngéu nhién trong noi bod hé thong hoic
do nhitng nhiéu loan tit bén ngoai dwa dén, ké ca cac sy cd phat sinh {rong

hé va trong ngudn dién.



Nhitng nhidu loan tir phia phu tdi, duoc goi 1a nhidu co hoe, 1am bié'n
ddi moémen cin M, hoic mdémen quan tinh J, edn nhitng nhiu loan & phia
ngudn hoiec trong mach dién cha ddng co (nhiéu loan dién tir) thi lam thay
d5i momen clia dong co M, va d&u dan dén tinh trang mil cin bang trong hé
thong dién co.

Tuy nhién, n&u h¢ thdng hoan toan khdng chira mét phin ti nio f:b quéan
tinh co hoc, quan tinh dién tir vd quan tinh nhiét thi sy mét can bang néu
trén chi lam thay ddi chuy®n ddng mol cach ddt bién, nghia 12 hé s& chuy@n
tir trang thai xac l14p nay sang trang thai xic lap khdc mdt céach tire thoi. va
khong xdy ra qua trinh qua d¢. Didu d6 khong co trong thwe té. Cac phin tir
quan tinh (co hoc va dién tir) trong hé truyén dong dién c6 tac dung nhu nhirng
kho dir trit ning lugng. Vi¢e tich nang lwong vao hodc phdéng ning lwong-tir
d6 ra ngoai déu xdy ra tir tir. Vi vay viée chuyén giao ning lurgng tir ngudn
dén tai cha Lruyén déng dién khOng thé xdy ratirc thoi ngay cd khico6tac dong
nhiédu loan do6t bi€n. Chinh d6 14 nguvén nhan truc tiép gay ra qua Llrinh
qua do.

Qua trinh qua d9 12 mot ché do lam viée quan trong cua truyén dong
dién. Nhirng diéu kién lam viéc nidng né va nhirng hién tuong vat ly dic biét
thuong phat sinh trong thdi gian nay nhue sy ting vot cla dong dién va mo-
men dong co, viée xudt hién luc ddng trong bd truyén, sy dao dong cuia tdc
do. Vi vay vi¢c nghién ciru qua trinh qua dé ¢o y nghia quan trong ngay ca .
ddi voi nhirng hé truyén dong dién c6 ché d lam viée it bién ddag nhit.

Hién nay nguoi ta sit dung phd bién cac hé truyén déng dién tu dbng,
nhd d6 c6 thé thuc hién dieu khidn cac qua trinh cong nghé bing cach Lrue
ti€p diéu khién truyén dong dién. Vi vay, quéa trinh qua do6 thwong x3iy ra.
trong théi gian lam viée cha truyén dong dién va y nghia clia né cang tré nén
quan trong hon.

Dya vdo mic do anh hudng clia qua trinh qua d¢ dén ché do lam viée,
nguoi ta chia cac hé truyén dong thanh ba loai:

- Nhfrng' h¢ c6 it qua trinh qua d6 nhw may bom li tam, quat théng
gi6 ham lo. Ching it khoi dong va him may con phu tai thi 6n dinh;

— Nhirng hé ¢6 nhiéu qua trinh qua dé nhu truyén dong ctia may xuc,
may bao giwdng, cin truc v.v... Trong qua trinh lam viéc ctia may, truyén ddng
dién phdi khoi d6ng, him dung. ddo chidu thuong xuyén, con phu tai thi
bi€n dong bat thudng,

—~ Nbirng hé luén luon lam viéc trong qua trinh qua dé nhu truyén
dong bla may, may nén piston. trye cia may cdn thép thuan nghich. Phy 3i clia
cac may nay tdng gidm chu ky mot cach lién tuc, hé truyén dong c6 thé phai
dio chitu thuong xuyén. Ngodi ra, cac hé thdng c6 mdémen quan tinh thay ddi
rong qua trinh lam viéc, nhu truyén déng cha true quin ma

i y xeo gidy hoidc
truc qudn coa méay can thép bidng, cling thudc loai nay. S

Cac may hudc loai thir nhat thi it gap. loai th& hai thi rz‘itiph'c‘) bién,
Nghién ciru qua Irinh qua @6, ta ¢6 thé tim duwge bién phap rut ngin thoi gian
cs n¥ t¥e ning cso ning suft may. tar droc nhing quy Iujt chuy?n dong"®
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thich hgp d& ting chit lugng gia cong trén may, tinh todn cic théng sé cln
thiét cho mach bao vé, on dinh héa hé théng, han ché duge gia t6c valye dong
cd hai cho cic b$ phan co hoc hodic ngudi sir dung, linh to4n phat nhiét dé
chon cdng suit ddng co truydn dong.

§1-2. PHUONG PHAP NGHIEN cU'U QUA TRINH QUA b0

1. S8 liéu cho trwéc va nhitng dai lwong can tim

Dé nghién ctu hoic tinh toin qué trinh qua do ctia truyén dong dién,
cin biét trudce cac diic tinh va s8 lidéu sau: dic tinh co (hoéc dic tinh dong dién)
ciia ddng co v clta may sdn xuit: so d6 mach dién clhia hé; cac sé liéu co
hoc nhor momen quan tinh, momen him cua phanh (néu ¢6)..., loai qua trinh
(khdi ddng, him, dao chidu, thay d4i tai,...); diéu kién ban dau (gia tri toc do.
momen, dong dién... tai thoi diem xdy ra qua trinh qua dg). '

Muc dich nghién c¢tru va tinh toan qua lrinh qua do la tim caec quan hé
theo thoi gian cua tde dd truyén dong o = f(1) dong dién dong co i = f(t), md-
men dong co M = f(t), hanh trinh clia bd phin lam viée Lgg hodic géc quay cia
truc dong«<o @4 sau khi két Lhic qua trinh qua d¢, thoi gian cua ua trinh tqq,...

2. Phuong phap nghién eciru.

D3 dat duoc muc dich nghién ciru néu trén, ta co thé st dung mot treng
cac phuong phap sau day:

a) Gidi tryuc tiép hé phuong trinh vi phan. Bit ky mot qua trinh qua do
niao cua bit ky hé nao cu\ng dugc mo ta bang cac phuwong trinh vi phan viét cho
phian dién va phin co clia hé. Chinghan ta xétqua trinh qua @6 khdi dong trong
h¢ F—D (hinh 1-1). Qua trinh bit dau khi doéng tiép diém K d2 ndéi mach
kich tir cia may phat F vao ngudn dién mot chieu. K€ dé 1a cac qua trinh
qua d6 dién ra trong mach kich tir ciia may phat, trong mach phin ing cla
miy phat—dong co va trong phin co cla hé truyén dong. Mdi qua trinh dé
dwroc dién td bing mot phuong trinh vi phan trong hé (1-1):

di
Uk_lkRk—l-Lk—dt—k'
“KOw+iR 5 +L <%
- vl rL— (1-1)
dt
dw
M=M +J—
MRRFT

trong do, R gz = R af T Rud;L ¥ = L ¢+ Lud — 16ng dién trd va dién cam cua
mach phin Ung may phat — dong co:

J — tdng mémen quan tinh cua hé truyvén dong khi dd qui doi vé tdc do
dong co:

w — téc do cha dong co. tic téc dd qui wdc dung dé qui d01 cac dai luong
co hoc khi lap mau co hoc cho hé.

~k.
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Cha y ring, lrong hé phuong trinh trén, giira mémen M va doéng dién
phin trng c6 méi quan h¢: f -

M = Koi,. | . (1-2a)
Con giita sdd e; v dong kich tir iy cia may phat c6 quan hé:
e[ = Klik- (I-Zb)

Mit khac, M va M, lai ¢6 quan*hé véi w theo cAc phwong trinh dic tinh
co. Ro rang 14, khi coi dién tr, dién cim trong cic mach dién va mémen quan
tinh ctia hé 1a hing s, thi cac phuwong trinh (1-1) 12 tuyén linh va ta ¢ thé
giai true tiép chiing dé tim cac nghiém M(t), iu_(t) hodc w(t). |

P6i voi nhitng hé théng phue tap, qua trinh qua dé dwoc mo ta bing nhidu
phwong trinh vi phan hon. Tuy nhién v& nguyén tic ta c6 th& bién doi chiing
thanh mot phuong trinh tdng quat dang:

Ax® 4 A _x®-D 3 L Ax+ A, = F(b), (1-3)
frong @6, F(t) — ham nhi€u loan.
x — dai lwgng cin tim nao d4, vi du M, iu_ hoic w.

Véi nhirng gia thiét c6 thé chdp nhian duge d6i voi da s6 hé (ruyén dong
dién, phuong trinh (1-3) 13 phuwong trinh tuyén tinh, nghia 1a cac hé sd Ay,
A,.... A, d&u la hing s6. Phuong trinh diic trung cta no la: '

Asa® + Apoe™ 4 oo + Ao+ A, = 0. C o (1-4)

Gidi phuwong trinh nady ta dugc gia tri clia cac nghiém a, 2, a3,..., @p

Cuébi cing, nghiém cta phvong trinh vi phan (1-3) s& c6 dang: |
X = Cle““ + Czeazl + ..+ Cneanl' (1-5)
trong dé C;, C,.... C; — Cac hings6 x4c dinh nh¢ diéu kién ban dducta qua trinh.

Cnua y rang, ciac nghiém a, as,... a; c6 thd 1a thuiin s8, hodic ham sd.
kodc phurc s0. Néu cac a 1A thulin sd thi quan hé (1-5) s& don tri, néu ¢é nhirng
nghiém « 1 s6 phic thi quan hé x(t) s& c6 dang dao déng (da trij).

K TL
= zl Ly I, [ . l
K F ﬂ .
174 R
RN [HT =
L . - —
ef]RU‘ ed'; R =1 = ==
L jf ,L wd i
U -y v
Phin dén wd ——J
| Phén co

Hinh 1-1. Hé truy®n déng ndi theo so 46 F~D. -

Phuwong phap giai (ruc ti€p cac phuong trinh vi phan dudc ung dung
cho nhirng hé tuy€n tinh khi ddc tinh co cla dong co va cda méj.r san xua‘ii la
duong thing hoic c¢6 phuong trinh don giéyn N6 dugejst dung thuan tién d6i
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v&i cac hé thdng c6 it phiin t& va didu khitn véng hd, dac biét 1a khi cho phép
bé qua quéan tinh dién U, Khi d6, qua trinh qua d9 duoc md ta biing hai holc.
¢hi m¢t phuong trinh vi phan ma 1hoi.

Vi dy, xét qua trinh qua 46 cta hé théng v& trén hinh 1-2. Qu4 trinh
xdy ra khi déng hoic mé tiép di2m K trong mach phiin &tng clia dong co. Sau
d6 qua trinh s& dién bién ca trong.phin diéu va phin co cha hé, va duge md
14 béi bai phuong trinh sau:

di
U=KOu+R,i, + L,
(1-6)

dw
M=Mc ‘]—a
+ dt

Pic biét, khi dién cAm mach phin ung clia 46ng co dli nhd ta c6 thé bd

qua qua trinh dién tir, do d6 qua trinh qua dd dugc md td chi bing phuong
trinh chuyén dong.

M= M, 4y Qo (1-7)

dt

R& rang 14, néu che quan hé M(ew) va M. (w) déu 12 nhitng dudng thing
hoidic 1a nhirng ham don gian, thi viéc giai hé (1-6) hoidc gidi phuong trinh (1-7)
la dé dang.
b) Gidi cdc phuong trinh vi
phan bing do thj. Néu dong co —_
- truy®n dong hodic may sin xait YT —‘
c6 dic tinh co la dudng cong :
phic 'tap khé bidu thi biing gidi
tich, thi nguoi ta thudong dung K
phuong phap dé thi d& (im
nghiém coa cac phuong trinh vi
phan. Ching han, néu ta c6 mét &-
hé théng don gian ma qua trinh
quia d6 cua n6 duge bidu dién | oo
| bing phuong trinh (1-7). Trong = 3 Pnanr dién Phan co

d6, mémen M cia dongco va M. Hinh 1.2. Ha truyén déng ding ddng co mot chiu
ctia may san xuit deu phu thudc

t8c do theo nhitng dudng cong phire tap nhu trén hinh 1-3. Bing A6 thi ta dé
dang dung duoc dudng cong My, = M — M, (géc phan tu thit.2 hinh 1-3). Tuay
theo dang cia dudng cong nay ta chia n6 ra nhiéu phin, méi phan itng voi mot
khoang 16c A0 Aw. Trong tirng phan ta coi hiéu M — M. ¢6 mét gi4 tri trung
binh khéng dbi. Vi du, trén hinh 1-3 ta chia dudng cong Mdg thanh ba phan,

'moOi phin ¢6 mot gia tri trung binh (Mag, M,,gg Mags) khong d6i. Khi d6, phuong
trinh (1-7) s& duoge viét theo tirng khodng cia (8¢ do:

M— M
T

!"‘—-"If—“\l
[ l
Cn———ﬂ——_{
B
L.

dw = . dt.




béi vai khoang tha i ndo do. ta ¢é:

Wiy tis1
J‘dwz Mag, J.dt.
J
0% ti
¢
hoac Aw = M;BI At;,
trong d6 Aw; 1a s6 dd biél.
Cudi cung ta co Al = ] Aw,. | | (1-8)
. degi

Quan hé (1-8) cho phép ta xac dinh duwogc toa dd cha mot diém trén mit
phing [, w].

Gidi phuong trinh chuyén dong cho tit cd cac phan di chia nhu trén, ta sé
dvoc quan hé w =f(t) can tim.

|

AwB,
=3
a,

\
3“:
] Mng
-~ M
3} :\Ldgf N ”
N P

CA),:(}

Hinh 1-3. Dung dudng cong Mag (w) bing 46 thi.

¢) Giai phuong trinh vi phan bing cdch sai phan héa. C6 thd nodi tit ci
cac hé truyén dong dién thuc té déu la phi tuyén, nghia la n6 chia mét hoic
nhiéu phén L& phi tuyén nhu may phat. déng co, khuéch dai tir,... Vi \"éy chc
phuong trinh vi phin mo ta hé théng ciing 1a phi tuyén. Khi gidi ching, 'ngufri
la st dung phuong phap sai phan dé luvén tinh hoa céac dudng cong can thiét,
nho d6 ma bién nhirng phuwong trinh vi phan thanh cac phuong trinh dai 56:
Phuong phap nay cang duge &ng dung cd cho cac hé tuyén tinh khi k-hbng
mudn giai cac phuwong (rinh vi phan.

Ta hay xét heé phuonglrinh (1-1) lam vi du. Ro rang la docac dictinh t&
héa cua mav phat va déng co déu cong. nén [, va L"E déu la nhitng dai hrong

10



bi€n thién, do d6 hé phuong trinh (1-1) 1a phi tuy&n. Tuy phién, néu ldy cac
gia s6 dd nhd cha c4c dai lugng twong rng v6i céc gia s6 Al ndo do, thi cae
_ phuong trinh (1-1) duoc viét thanh:

Ai
Uk = lkRk"I' Lk Altk ’
= K®Ouw+iR S Lu-Z AAht' : (1-9a)
Ao
M=M.+J—
+ At y

ti'ong do, Ly, LuZ déu coi la khong ddi trong sudt khoang thoi gian At dang xét. .

Viéc gidi chc phwong trinh dai s6 (1—9a) 1a rdt dé dang. Tuy nhién, d6i
véi cac hé phue tap, s6 lvong phuong (rinh 16n, thi pbuong phap nay doi hoi
phai tinh toan nhidu va dé lim lan. Miat khac, do khéi lwong tinh toan 16n
nén khong thé liy cdc gia s6 qua nhd, diéu d6 din dén nhirng sai s6 dang ké,

d)} Tuyén linh héa cdc phuong trinh vi phan. D3i v&i cac hé phi luyén,
mudn nghién ctu duge chinh x4c hon, ta phai tuyén tinh hoéa cac phuong trinh
vi phan nho chudi Tavlo. Trong mét viing dd hep xung quanh diém xac lap.
péu phuong trinh vi phan mé a2 cho modt phan t& hodic mot hé théng la phi
tuyén nhung don tri va khong ddt bién, thi ta c6 Lhé phan tich c4c ham s3 chira
trong phuong trinh theo chudi Taylo. Ching han ta xét phurong trinh sau day
ldy tir hé (1-1);

di,

er = KbOow + Ruzu-l-Lu,Z T

(1-9b)
Vé phai cia (1-9b) chira ba ham thoi gian 1a o(t), O(1) va i, (t) va co
thé viét dudi dang
Fifly . I, @, o] = FI° 4 Al,, I)°+AF_, 0° 4 A®, v + Aw],  (1-10)
trong do I:r. Al — dao ham cia dong dién phin rng va gia s6 cia no. Cac dai
Ivgng ¢6 chi s5 ¢ 0» déu trong ung véi gia tri xac 1ap.

Phan tich (l 10) theo chum Taylo la dugc:

Filly. I, ©, 0] = FifIS, (AL)°, 0%, o] + 2L AT, + 22U AT o4
I" 011 uw
oFi a2 2
L OFi g, 2F Am+al~L LN F,A¢2+0F,Aw2+
LIS o7 o1, 2P? 2

2 2 °F
+2( o*F, )AIU.AI'+2( o )mu.aow( °r’)m Do +
o]_lr o]u ) g a];IO(D OI O(J) r

2 2 2 '
il 2(_._9.._1.?_! ..... ) AT . A® +2( ik )AI Ao + 2( il )A¢.Aw+... (1-11)
Y aI:YOm adaw
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Gia tri cac dao ham riéng duoc xac dinh theo didm xac lap. Do do, Lur
phuwong trinh (1-9b) va (1-10) ta ¢6: ‘

oF, o[Fy ( aF, aFy \°
= = Kw,; =L,y = Kde. (1-12)
( ol ) By 2 ( 10] ) al”, ) vz ( dw ) ’

Mit khac, bd qua 14t cd nhf}ng sé hang chira gia s6 béc hai (hode tich’
hai gia s6) (rd 1én thi phuong trinh (1-11) duoc rut gon thanh: ;

Fl [lll"v ' on (0] i Luz(AIu)o + Rﬂ'2 Iou + Kq,owl -+ LUEAIU + RUZAIU o

+ Ko*Ad + KO°Aw. (1-13)
V& trai clia phuong trinh (1-9b) c6 thé bidu thj:
er = Ef + AE; . (1-14)

Néu AE, khong phai 1a ham bic thang theo thoi gian thi khi t =0 ta ¢6

AE = 0, con dao ham cda dong phin iung tai thaoi diém ban diu (AI’ ye =0,
So sanh (1-13) vai (1-14) \a thdy

\IZI:r 4+ K®ow® = E‘f’ (1-15)
va ' .
Luz AI;t + RuZAI o +K®°Aw 4+ Kw*AD = AE,, (1-16)‘

trong d6 cac hé sé déu coi khong ddi va bing gi4 tri twong @&ng tai diém xic
lap ldy lam goc cho cac gia sd.

Nhu vay, 1a di bién phuong trinh vi phdn phituyén (1-9b) thanh phwrong
trinh vi ph3n tuyén tinh (1-16). Hé gdm nhirng phuong trinh nay co thé giai
duoc theo phuong phap diu (muc a). '

ej Tim dic tinh qud d¢ bing phirong phdp mé hinh héa va mdy. tinh.
Mb hinh héa 1a phwong phap nghién ciru dong hoc rat c6 hiéu qui. N6 cho
phép khao sat cac hé tu dong twrong dSi phie tap chita nhiéu phan tr va c6
xét dén tinh phi tuyén clia hé & mol mirec do nhat dinh. Noi dung ctia phuong
phap nay la dya vado phwong trinh vi phan ho#ic him truyén cda tirng khiu
trong h¢ d2 ta \ay dung mét mo hinh toan hoc, trong d6 mdi khau trong hé
vat 1y (hé truvén ddng dién) duoc thay bing mot khau dong hoc tOng quat c6
cing ham’truyén. Bua md hinh nay lén may tinh dién t& tuong tu, ta nhin
dwogc cac dic tinh qua dd cdn thiét nhw w(t), M), i(1) v.v.. Khi ning u'ng
dung cia phuong phap nay phy thudc dung lwong clia may tinh.

P&i véi nhitng hé phite tap hon ho#c khi cin khio sat chinh x4c cac dic
tinh néu trén coé xét dén anh huong cta nhiéu théng s, nguoi ta dung may
tinh sd.

f) Dung dic tinh qud dé b&ng phuong phdp tin s8. P§i véi cac hé tu
d6ng vong kin tuyén linh la c6 thé dung dic tinh qua do bing phép tinh gﬁn
ding nhd dic tinh tin phin thue, l"ruorc hét, dya vao so dd cdu tric cia hé
toy dong ta x4c dinh ham truyén c@a né rdi suy ra phwong trinh ddc tinh
bhién — pha tin. Bién d0i phuong ftrinh ndy ta duoe phuong trinh die tinh tin
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 phén Ihuc Chia d4c tinh nay thanh cac hinh thang vuéng va dua vdo cac bing
chulln cia hinh thang don vi, ta sé xéc dinh dugc cac s6 liéu cin thidt d@
dung déc tinh qua dé. .

. Phuong phép tin s§ dugc sir dung rong rdi trong thiét ké truy&n dong
'dnén d® d4nh gia chfl lwong céc qua lrinh qua do

§ 1-3. QUA TRINH QUA P(Q CO HQC VA
QUA TRINH QUA bpQ PIEN-CO"
C6 thé phin lodi qua trinh qua do6 theo nhiu d4u hiéu, nhung cach phé
bién nhdt la theo tac, dung clia c4c khdu quan tinh trong hé. Thong thuong,
- mot hé truyén ddng dién c6 chira cac phin t& c¢é quan tinh dién tir, quan
tinh co hoc va quan tinh nhiét.

Quéan tinh nhiét .cda hé do nhiél dung cha cac vat thé, vi du clia dong
co dién, gay ra. Khi trang thai cin bing clla h¢ bi pha v&, dong dién trong
d6éng co bién ddi va nhiét do cla dong co thay ddi. Nhiét dung ctia doéng co
cang l6n thi sy bidn ddi clia nhiét d cang cham, nghia 14 quan tinh nhiét
cang 16n. Trong trang thai qua do6, nhiét d cla may dién thay d6i theo qui
ludt ham mi (theo thoi gian) — <em phén III:

t

8 = 0i1 + (Bpa — Bx)e  Tn | (1-17)
trong as Oy, 0;) — nhiét d6 ban d8u va nhiét do xac lap caa ddng co, [°C];
T, = —FA— — hiing s6 thoi gian phat néng citia ddng co, [s]; C — nhiét dung
ciia dong co, [J/d0]: A — hé s6 tdéa nhiét clia dong co vio moi tredong, [W/do].

Hing s0 thoi gian phat néng cua déng co T, phu lhude cong suil va
thudng rit lon (Irén vai chuc phiit), nghia la c6 thé coi v6 cing lon so vai
thoi gian cia qua trinh qua d§ co dién (dudi vai giay). Vi vay, khi nghién citu
qué trinh qua do 1a hoan toan c6 thé bd qua dnb huwdng clhia qua trinh nhiét.
Sau day ta khdo sat hai loai quan tinh chii yéu, tuong tng véi hai loai qua
trinh qua dé. ' .

1. Qua trinh qua 36 ce hoe.

i

Quan tinh co hoc do mémen quan tinh hodc khéi luong clia cdc vat the
chuyén dong giy ra. Vi bdt ki hé thdéng truyén ddng ndo ciing chira dung phin
co, nén ludn ludn ton tai quan tinh ndy. Néu quan tinh dién tir cia hé di nhod
¢6 the bd qua, thi ta coi qua trinh qua dd chi chiu anh hudng cla quan tinh
co hoc ma théi. Qua trinh qua d¢ loai nay duwoc goi la qua trinh co hoc.

Khi xét qua trinh qua dd co hoc, ta coi cac dai luong dién tir d8u bién
d6i Lac thoi, vi du dong dién .va momen dién tir cha dong co. Dé cho don
- gian, ta xét mdt hé truyén dong c6 phin co thugc méiu don khéi (hinh 1-4a),
Coi lugng vao cta hé 12 mdmen déng co M, luqng ra 12 téc do6 truyén dong o,
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lwong nhidu loan 1a M. Giad st cac dai luwgng d6 cd twong quan vEé chiéu
nhu da ghi trén ‘hinh 1-ta. Gid trj cha chung lién hé¢ v6i nhau qua phuong
trinh chuyén dong

q .

hodc viét theo dang toano tir Laplace:

M- M, = Mg =Jp (1-18b)
Ham truyén ctua hé sé la “
w(p) 1 (1-18¢)
W(p) = = .
P Mag(P) Jp

Ta biéu thi hé nay bing so dd cdu tritc don gidn nhu trén hinh 1-4b,

" S/ 1 w
L J L{u_/ M % —1— —
- ™ | _JP

M —_— MC
) =t

~—— M,
b
a;

Hinh 1-4. Mau co hoc vid so dd ciu trdc cia hé truygn déng don khéi.

Néu trong qua trinh ciua dd, Mag = const thi tir (1-18a) ta .tim duoc
nghiém w(t) nhu sau; b

w = J--bﬁg dt = at. (1-19)
J

Hinh 1-5 minh hoa cho didu
A M kién Mgg = const va quan hé (1-19).
~  Gia sir méy sdn xvit c6 phu tai loai
MM, M, M= M M. = const, va truéc khi xiy ra qui
“““““““““ trinh qua doé (t<<0) hé dx lam viée
9, ¢ xaclapvoiM =M, vi v = w; = const.
- . —  Trongqua trinh qua dé, dong co duy
w, tri mdt momen M = const vA 1én hon
momen can, do d6 xuit hién mot
at/ mémen d6ng dit vao hé My, = const
Wy / (hinh 1-52). Hé s& tang t6c theo qui
b, . . R luat dudng thing (1-19) nghia 1a c6

X IGP Qua do X /0P : gia tGc kh(‘)ng dabl ) 8 _

' !
0 tad a = Mag _ const.
Hinh 1-5. Qu4 trinh qua d6 co hoc J

trong hé¢ don khéi khi Mag = const Quy ludt 46 dwoc git nguyén cho dén

‘ khi m6émen dong co gidm (deét biéfl)
xuéng bing M. thi hé lai lam viéc xac lap véi gid tri t6c do moi w = w3.
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Digu kién Mgy = const néu trén thuong duge théa min trong cac hé tu
d6éng vong kin c6 di€u khién mémen hofic dong dién,

Da s0 cac hé didu khién vong héic6 mOémen ddng phu thude téc do theo

dudng thing (hinh 1-6a). Phuong trinh clia dic tinh moémen dong c6 thé viét
dudi dang:

Mdg = Mo - Bdgw. . (]’20)
trong d6 M, = moémen ddng (ng'véi gia tri téc dd w = 0
Bag — d0O cirng cua dic tinh Mg (@), [N.m]
deg - MO .
do o
wg — 16c ao xac lap khi Mg = 0,
Thay (1-20) vao (1-18a) ta duogc:

(1-21)

Bag =

hotic | I (1-22)

trong 46, % = w; — xac dinh theo (1-21);
dg
T. — hing s0 thoi gian co hoe, [s]:
o =3 (1-23)
- Bag
Nghiém cua phwong trinh (1-22) sé la:
t

W = g5 4 (Wpa — wy)) € Te (1-24)

trong d6 wpa — gia tri téc Ao & thoi diém ddu tién cha qua trinh qua do.

lw w, Aw W= W

- . /xl

]

T Te.
o " o 4

o T. 2T, 3T,

ay b)

Hinh 1-6. Qua trinh qud d6 co hoc lrong hé don khéi
khi Mgg = f(®) 1a dudng thing,
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Nhuw vay, khi My, phu thuéce toe do theo qui ludt ,dlwng"th:ing thi t6c 4é
truy&n dong s& bién thién theo dung ham mi trong théi gian qua trinh qua do.
Puéng cong w(t) theo (1-24) duoc vé trén hinh 1.6b. ' '

T (1-24) hodlc tir hinh 1-6b ta thiy t8c dd chi co thé dat &én gia tri xac
lap sau thoi gian vd cing lén, nghia 14 t§g = oo. D6 12 thdi gian li thuyét. Tuy
nhién chi sau mét khodng t = (3 — 5) T, thi w dat dén 95 — 99% w,., nén trong
thuc t€ ngudi ta coi tge & (3 — 5) T..

Hing s6 thoi gian co hoc 1a dai lvgng quan trong trong viéc khio sat
chc.qua trinh qua do. N6 13 thoi gian ciin thi€t dé dva tdc 40 truyén ddng tix
gia tri ban dau dén gia Iri xac lip khi mdémen d6éng dugc giir nguyén tri s6 M,
trong suét thoi gian d6. Thue vay, néu Mg, = M, = const, phuong trinh chuyén
dong dugc viét thanh | '
dw : f

M, =J—,
d
va do @6
J
f = —w
M,
Thoi gian d& cho téc do dat dén gia tri xac lap s& 14
J
tx] = — oy

Mii khac, néu thay wg = M,/Bsg theo (1-21) ta dwoc
I M, 3 | |
=2 = (1-25
Mo Bdg Bdg )
So sanh (1-25) va (1-23) ta thily T. = t,,.

t) =

Trén d06 thi, hing s6 thoi gian co hoec dwge xac djnh bing cach ké ti&p
tuyén v6i duong cong w(t). Khodng déng trén truc thoi gian k& tir didm ti€p
xic, toi giao di€m cha dwdng ti€p luyén véi dudng nim ngang w = e,,, c¢hinh
‘la T, (xem hinh 1-6). Thuc vay, néu ta chon diém g6c thoi gian (t = 0) d& ké
tiép tuyén nhur 43 v& trén hinh 1-6, thi '

tge = (1-2@)
}
trong d6 AB — do theo don vi thoi gian [s].
Mit khac, v& giai tich ta lai co
lgo = dw/dt,
trong do, v phu thudc thoi gian theo (1-24)-
Tir (1-24) ta ¢6:
t
de 1 T T,
at T, “n¢
— dw 1 .
Tal t. = O. ta c6 ('—t). = -"[Tc Wy - (1-27)
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So sanh (1-26) voi (1-27) ta thdy: T, = AB.

2. Quéan tinh dién tir va qua trinh qua dé dién co.

Nhiéu hé truyén dong ngodi quan tinh co hoc nhu da xét trén, con co
quan tinh dién tix da lén.

Quan tinh dién tir do dién cam trong mach dién gay ra. Khi dién cam du
16n thi quan tinh nay c6 dnh hudng dang k& dén qua trinh qua do. Ngudi ta
goi qua trinh qui d6 loai nay 1a qua trinh qua dé dién — co.

Ta xét hé truyén dong vé trén hinh 1-2, qua trinh qua do cua né dwoc
mo ta bing hé phuong trinh (1-6). Viét duéi dang toan tix laplace ta co:

U —BKO®w = ivRu(14Tup); .
/ J } (1-28)

— ig—I. = — wp,
_ k®
: M M. : s . C N
trong d6fiv= p s I, = K6 dong dién phin &ng va dong dién tai, [A];

— hépng s6 thoi gian dién tit cGa mach phidn &ng, [s].

o va chia” v§ phai cia phuong trinh thir hai véi (Ru/K®) ta duoc:
iR, - Ko

ir

iu—*lc:TC

p.w (1-29)

JRu J . R > «  aa

(D) = 5 hang so;lhm gian co hoc cua hé truyén d6ng.
Tu (1-28) va (1-29) ta ¢6 so dd cdu truc clia hé nhu trén hinh 1-7. Luong

vao cia hé 1a dién ap trén phin rng ddng co, lugng ra la téc do truyén dong,

con nhiéu loan la phu tai I..

trong do T, =

K -
|KPw :
v 1 Ly Ry 1 |
Ry(1+74P) - |k$ TP
I, ’

Hinh 1-7. So 48 cdu tric coa hg truyeén déng c6 qua trinh
qua d6 dién co

Rat iy tu (1-29) thay vao phuwong trinh thir nhdt trong (1-28) ta duec
mot phuong trinh chung:
U= K®w = T.KOwp + T,/ T'«K®wp? 4 Rul, + Tc’LlrIcP-
Vi |. = const nén T . Tul.p =0, do d6
U = K®o + K@T.wp + KOT TuwP? 4 Rel.. (1-30a)
Ho%c viét duéi dang ham gbc:

U = K®w + KOT, d

d

2
(;) + KOT Ty %} -+ Rul.. (1-30h)
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Nhu vAy qua trinh qua 44 dién co trong hé nay duge mé 1 bling phtfo'né
trinh vi phan bac hai, va phu thuéc vao cac hing s thoi gian T., Te.

Pé cho don gian ta xét qua trinh qua do khéng tai, (M, =0, I, = 0). Khi
d6 phuong trinh (1-30) duge dwa vé dang

U - dw d2e;
— = . — 4+ T.Tu—: (1-30¢
kd o+ 1 dt + lelw dt2 )
hodc
1 U 1 1 do +d2w

= w +
T.Tuw k® T.Tu Te dt dt?

Phuong trinh dic trung cioa no la

1
2 — —_—
e e

Nghiém cua phuong trinh dic trung la

1 1 1 '
o 2Tv 4Ti' TeTe

va nghiém ctia phuong trinh vi phan (1-30) ¢6 dang
w = Ae®!4 Be%at, (1-33)
trong 46, A, B — ciac hé s6 x&c dinh theo diéu kién ban diu.

T (1-32) ta th4y, néu
1 .
Tue<< —4— Te (1-34)

thi biéu thire duwéi edin cia (1-32) s& duong, cac nghiém déu I s6 thue, do d6'

ham qua dé (1-33) c6 dang khong chu ky. Puéng cong w(t) trong truong hop
nay lA don tri nhw dudng 1 trén

b ow hinh 1.8.
Néu
1 .

TU>TTC (1-35)
thi cac nghiém cia’ phuong trinhl dde
trung sé 14 s6 phuc dang

a= —p+ |Q

va nghiéin cla phu-ohg trinh vi phan
(1-30) ¢6 dang ham di&u hoa:

w = Ce *'(cosQt -+ jsinQLt). (1-36)

Hinh 1-8. Dic tinh qua 4o o(t) khi

1 .
Te <— Tc (dudng 1) va khi

1 ‘ Ham qua 46 w() trong irudong
o L dwong 9. h(_):p nay c6 dang dao déng nhu dudng 2
p tren hinh 1-8.
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si-1. DO ON PINH CUA TRUYEN PONG BIEN

Truyén ddng dién ciing nhu b4t ki mat hé vat 1y nao, né ¢6 the 6n dinh
hodic khong dn dinh. Mot hé dwoc goi la 6n dinh néu sau khi trang thai can béng
clia n6 bi fpha v, hé trdi qua mot qua trinh qua dd nhdt dinh, roi dat dén
mot trang thai can bing méi, nghia la sau mot thoi gian nhit dinh né lai lam
viéc & trang thai xac lap. DSi voi hé nay khi thoi gian qua trinh qua dd 1— e
thi gia s6 cha nhirng dai lwong vat 1y trong hé nhu gia s6 téc do Aw, gia s6
momen dong AM,, d&u tién téi khong (khi nhidu loan khéng con nita).

Nguoc lai, hé khéng On dinh thi sau khi trang thii can bang cua no bi
pha vo, cac dai Irong vat 1y trong no sé ting vo han ho#c giam vé khong.

DGi v6i cac hé truyén déng dién, ciing nhu hé k¥ thuat néi chung, nguai
ta'x€p khai niém v& dé 6n dinh thanh hai loai: on djnh tinh va on dinh d0ng.

1. On dinh tinh.

Khai niém 6n dinh tinh dwgc s dung khi sy chuyén bién clia hé théng
tr trang thai xac lap nay sang trang thai x4c lap khac dién ra tuong déi cham,
dén mirc ma vai tro cla cac khéi quén tinh va dién cdm trong hé khong co y
nghia. N6i cach khac trong truong hgp nay ta c¢6 thé bo qua tdc dd bién thién
cia ning lugng dién Lir va dOng ning tich liy trong hé.

Do ddc diém néu trén, khi xét @6 dn dinh tinh ta cin cir vao trang thai
ban dau va trang thai cudi cung cia hé, ma khong cin quan tAm dén dien bién
trung gian gitra hai trang thai d6. Cac trang thai ban diu va cudi cung ciia hé
truyén ddng dién déu la nhitng trang thai xac 1lap va duge xé4c dinh bdi su
trong quan giita dic tinh co cta ddng co va dic tinh co cia may sin xuit,

Nhu d3 chéng minh trong chuong 1 tap I, tiéu chudn 8n dinh tinh la 46
cing dic tinh co cla ddng co nhé hon dd eirng d¥c tinh co clia mdy sin xuét,

B< Bc' (1‘37)
Khi théa min diéu kién do, mét hé thong du khong c6 mét bd diéu chinh
ndo, vi du h¢ théng hé, van tu can bing duge.’
Cac qua trinb qua d6 khao sat lrong phin nay deu dua trén gia thiét
cac hé thoa min tiéu chuan (1-37).

1

2. On dinh déng

Khai niém 6n dinh dong dwoc duag khi sy chuyén bi&n trang thai cia
hé thdng xiyv ra mol cach dot ngdt hoic nhanh chéng, ma khi dé6 tdc 4o bién
thién cfia nang lwong dién tir va déng ning khong thé bé qua dwoc, nghia la

"quan tinh déng vai tro quan trong ddi voisu lam viée cua hé.

Khac voi truong hop trén, khi xét 46 6n dinh dong ta cin nghién ctu
dic diém lam viéc clia hé'trong Lhai gian chuyén tir lrang,thal xac lap nay sang
trang thai xac lap khac. Nhu vay, néi dung nghién ctu qua trinh qua dé thude
vé khai niém on dinh déng.
| ~ Khéo sat dé 6n dinh d¢ng, ta c6 co s& danh gia mot cach sau sic va chinh
xac hon cac linh chidt cua truyén déng dlen vé khd ning lam viéc 6n dinh
cia no.

19



Thuc vdy, nhiéu truong hop néu phén tich h¢ théng trén co s& 44 dn
dinh tinh ta thdy né khong the lam viéc dugc, ' nhung thye ra né lai c6 th? 1am
viéc binh thuong néu xét vin v& trén quan diém On dinh déng.

D& lam vi du, ta khao sat dd dn dinh dong clia dgng co khong dong bd,
khi dién ap stato giam xudng trong mét khodng thoi gian nhit dinh, sau d¢6 lai
duoc phuc héi.

Khi dién Ap stato la dinh mue, déc tinh co cua ddng co la duong M trén
hinh 1-10 ¢6 phuong trinh

M= M (1-38)

s Sih
+ —_

‘ Sih B
Khi dién 4p stato gidm xudng, dic tinh clia dong co sé la dudong M’ coé
phuong trinh: E
M’ = _sﬂ“% (1-39)
2 ok :
Sib S
Gia thiét dién ap gidm d&n miac lam cho M, <M. Trén quan didm do
dn dinh tinh ta thiy ddng co s& khong lam viée vi M <<M.. Nhung trong qua
trinh ddng, ¢an xét d&n Anh hudng clia quan tinh chia truyén dong. Sau khi dién
ap sut, dong co bi giam tdc vi mén men dfng cla hé am:
M — M, <0 (1-40)
Thoi gian cin thiét dé cho t8c do gizm tir v dén w, (twong @ng, do truot
ting tir s; d&€n sp) 14 t;. Néu thod gian duy tri tinh trang sul ap te, <t, thi
hé lam viéc hoan toan binh thudng. Ta cé thé tim dugc méi lién hé gitra gia
tri sut ap, thoi gian sut 4p va mémen can sao cho hé van lam viéc binh thudng.

Thuc vay, viét phuwong trinh chuyén déng cho hé sau khi sut ap ta cé

M — M, =] — = — Ju, -
— : o o+ (1-41)
Thay M' biing cac biéu thuc (1-39) va (1-40) va chia ci hai vé cho My :
2u*? Jw, ds
- Mo = — 1\;) — . (1-42)
S* + — th dt '
S.
trong do6
M= M. : s“‘:_i; u® = u )
c M Sth Usm
Thay ds = s, ds® va dat
JCUo s, = Tc; te — t
Mip T.
thi tur (1-42) ta duoc:
dre = A 8"+ 1/s%) ds* :
: (1-43)

Te M2 (s* 4 1/s%) — 2ue



Thoi gian gidm-t6c 30 tir wy dén w; s€ la:

S

' »
it
* 1 1/s%) ds*
(% = "‘ (s* 4 1/s%) ds (1-44)
12 A
51

[® (s* + 1/s®) — 2u®

Cac gia tri sJ va s duoc xéc dinh bing cach thay M = M. vao phuong
trinh (1-38): :

2M|h _ 2Mlh
L EL] s* + 1/s*
Sth 8

. ® 1 2 .
3%, = iV(_.l;_) — 1. (1-45)
' Mi Mc .
c

Thay cac gia tri s7 va s} tir (1-45) véo lJam cdn ctuia tich phan (1-44) ta

M, =

Ta c_6

tim dugce thoi gian t3,:

% =f (M:, u*). (1-46)

. 8,) =

CKE ‘__Mt'n E
| ”’§_ |

(5,)F —

f'MC
4 (170 C
' m
Hinh 1-9. Hé¢ truygn d¢ng dién tu dong Hinh 1-10. C4c dac tinh cta domg
' vong kin co vd miy sin xuft dung d& khie

sat d6 On djnh dong khi sut &p.

K&t qua nghién ciru cho & dang ho dudng cong trén hinh 1-11. Gi4 tr
thoi gian (tinh theo don vi séc) s& phu thugc vao mOmen phu tii M., dién ap
sut U, va momen quén tinh J cha hé. Khi dd bi€t momen phu tii va d6 sut
ap ¢6 thé c6, biéu thue (1-46) hodc ho dwudong cong 1-11 cho phép ta x4c dinh
dugc khodng thoi gian 16i da ma hé truyén dong c6 thé gir dugce trang thai
on dinh ddng. Dua vdo thoi gian d6, ngwoi ta tinh toan hé théng bao vé, vi
du chinh dinh role théi gian diing d& bio vé sut ap.
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§1-5. DPAC TINH CO PONG

Trong cic chuong trudce cua gido trinh (T4p 1) ta da lam quen voi dac

tinh co tinh ctta dong co hodc cia truyén dong di¢n. Do la quan hé giira toc
d6 vA mémen dong co & trang thai

¢* xac lap. Néi cach khic, do l1a tap hop
— g% cac di¢m hinh hoc (rén mil phing

M, @] khi cho hé thdng lam viée &

:: | cac trang Lhai can bing giira d¢ng co

/ l ] va phu tii. Pac tinh nay. giap ta khio

12 - sat cac trang thai xac lap va cad moét

10 e *19% / / / s6 trang thai qua d0 co hoe, nghia

Nos) 1 khi khong doi héi khio sat tinh

8 | / 0,6 ] chit d6ng bén trong phan dién cia
6 TV hé truyén dong.

4 ] }/ Pé nghign ctru cac qua trinh

2 — ' qué do mot cach day da, nhiéu trirdng

hop phéi s& dung dic tinh co dong
0 o1 g2 03 04 05 06 07 08 09 s"  cla dong co vacla hé,

Hinh 1-11. Quan he t], = f (M7, u®) dung 42 1. Pac tinh co déng

xhc djoh théi gian sut 4p cho pheép theo 40 Pic tinh co dong cia dong co

dn dinh déng. la quan hé gitta t6c 46 vA momen do

_ dong co sinh ra trong qua trinh quéa

d6. N6i cach khac, n6 14 quan hé giira hai dai lugng co hoc w va M tai tirng
thoi didm khi trang thai can bang trong hé da bi pha v&.

Dic tinh co @ong bidu thi quan hé M (w) cho truong hop tong quat nhét,
con dic tinh co tinh chi 1a mot truong hop riéng cta nod. Ung véi cac théng
s6 da cho c& dinh cha dong co va cha ngudn, mot hé truy&n dong dién c6 the
c6 vd s6 cac dic tinh co dong khac nhau. Dang cha cac dic tinh ndy phu thudc
vao ditu kién lam viéc ciia hé théng nhw loai qua trinh qua d9, di€u kién ban
dau, tinh chit va gia tri cda nhiéu loan v.v.. '

Vi trong qué trinh qua dd, phin co va phan dién cia hé truyén dong co
tac dung qua lai chiit ch& nén dic tinh co dong clia dong co phdn anh tinh
chit clia toan hé chir khong phai chi ciia riéng ddng co. Do d6 ta chi st dung
n6 d& phan tich hé théng.

P& lam vi du, ta xac dinh phwong trinh déc tinh co ddng cia dbng co
mot chidu kich tx doc lap va dung mot ddc tinh wng véi mot diéu kién
cu Lhé, '

T phuong trinh can bidng dién va phwong trinh mdomen clia déng co
khi coi mach kich (it dugc néi c¢d dinh: '

U =ieRu + Lu S ko .
d P (1-47)

t
M = K@iy,
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ta tim dwoc:
KoU - (Ko)? o - Le dM

—_—

NI = ’
Ru Re Ry dt

hodc

M=M,, —ﬂw—Tu%I- (]-48)
Bidu thic (1-48) chinh 14 phwong trinh dic linh co dong cha ddng co.
o) trang thai xac lap, dM/dt = 0, thi phuong trinh nay s& c6 dang clia

ddc tinh tinh da biét:

.M':Mnm"'ﬁwy
hoic
M ' |
w=w, ——
B

Néu trén truc doéng co ¢c6 mOt mOmen cin bié€n thién chu ky theo thoi
gian va gid thiét heé di lam viéc & trang thai xac lap dong thi mémen cta ddng
co ciing s& bién thién chu ky véi quy luat thich tng véi moémen cin. Gia sir
qui luit 46 Ia

_ M = M, + &AM sin Qt. (1-49)
Thay bidu thirc nay vao (1-48) ta duogec:
W= e ; Y - AMy sin Q1 — "——_QTuAMm cosQt = wp — Do, (1-50)
trong d6
' Mnm - Mtb
gy = ’
B
Do = oM sin Qt + QTu AM., cosQt.

Biéu thi cac dai lwong nay lén mit ph?mg co hoec [M, w] ta sé& tim duge
diic tinh co ddéng la duong elip bao quanh diém [My, wy] nhu trén hinh 1-12.

Tir (1-50) ta thiy, d6i véi g
trupnghop cu thE ndy, khi nhiéu f
cia mdémen di hoan toan xac -

dinh, bién d6 dao dong cha tic ] /';é
dd vin con phu thuoc,hﬁng 6 th
thoi gian dién ti Te cua mach

phdn &ng. Hing s nay cang lén

thi duéng 'déc tinh cang tron,
nghia 14 dao ddng tdc d6 cang

16n. & muc gi6i han khi Ty — 0
(hodc khi tin s6 dao dfng cla
moémen can Q — 0) thi dic tinh & M

ddng s& trung v6i dde tinh tinh. e Mg

D6 chinh 1a trudng hop b6 qua ., 140, pac tih tink (1), dac tinh dong (2)
quan tinh dién tir cha ddng co. cia ddng co kich ti doc lap.

am
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2. Dung dac tinh co déng.

Sau khi tinh toan qua trinh qua d6, viée dung dic tinh co déng trd nén
don gidn. P6 14 viée tim quy dao cta diém lam viéc clia hé trén mit phing co
hoc. Ciing vi vay ngudi ta con goi dic tinh nay la quy dao pha, |

Gid sir 44 bi&t cAc "quan hé w = f(1) vd M = f(t), ta sit dung t nhu mot
bién trung gian, thi s& tim dwoc dic tinh dong M(t) = f[w(t)] m6t cach dé dang.
b? dé hinh dung, trén hinh 1-13 trinh bay cach dung dic tinh nay cta hé khi
biét cac ddc tinh qua d6 M(t) va w(t),

RO rang 12 néu khong xét dén quén tinh dién tu trong hé truy&n ddng
va khi qua trinh qua 46 chi x3y ra tng véi mot duong dic tinh co, thi dic
tinh co doéng trang véi dic tinh co tinh. Khi do6 ta c6 thé 1am mot bai toan
nguoc, 1a dua vao mét dic tinh qua dd vi du dudng w(t) va dic tinh eo tinh
(tite qui dao pha) dé& tim ra ddc tinh qua do thu hai [vi du dwong M (t)].

Tuwong tu, ta thiy
wﬁ w ddc tinh co déng cia qua
f trinh khdidong dung bién
\ ); G trd tring véi tia dic tinh
@y dao co khéi déng, dic tinh
ddng ciia qua trinh him

> ngugc Vv.v..
Nhi&u trudng hop
qua trinh qua d6 dién
»« bién phic tap, vi du cac
M qui trinh trong hé¢ F—D,
(xem chwong III), dic
tinh co doéng khac voi
ddc tinh tinh, khi dé né
bidu thi mét caeh true
quan qua trinh chuygn

MY doi trang thai lam viéc
Hinh 1-13. Tim qui dao pha clia h¢ nho cic dic c?a dong co va cac phin
tinh qua d¢ da biéw, tr khic trong hé.
Chuong I

QUA TRINH QUA PO CO HOC

§2-1. PHAM VI UNG DUNG

Nhir da néu trong chuong 1 truyén déng dién Ia mot hé dién co pén
treng no luén ludn ton tai ed qua trinh qua d¢ co hoc lin qua Irinh qua d%
di¢n ta. Tuy nhién, trong mdt s6 truong hop cu thd, néu hing sd theoi .g.iaf;
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dién tir rdt nhd so véi hing s6 thoi gianico hoc, ta c6 the bd qua qua trinh
dién tir. Khi 46, qua trinh qua do cha hé, tré thanh qua trinh qua dé co hoc
va viéc tinh todn trd nén don gian. Gid thiét don gian héa nay c6 thé wung
dung duoc cho cic trudng hop sau day:

1. Cac qua trinh qua dé xAy ra trong mach phin ang chu may di¢n mot

‘ehiu khi c6 ndi dién trd phu. D6 la cac qua trinh khdi dong biing phuong

phap bi€n tré, him co han ché dong vi mOémen bing dién trd phu, ling hoic

gidm (8¢ d nho bién tréd mach phin wng. Do ndi dién (r& phu nén hing sd

thoi gian dién tir chia hé, tirc hing s6 thoi gian cha mach phiin @ng, trd nén
rit nho:

L

e (2-1)
Ru + Ru'p

Tu

2. Nhitng qua trinh qua dd x3y ra trong cac mach cua déng co khong

ddng bd roto diy qudn khi ¢6 néi dién (r&6 phu trong mach roto. D6 12 qua
trinh khdi ddng dung bién trd, qua trinh him nguoc va him déng ning cé
dién tro phu trong mach roto, diéu chinh téc d6 biing bién trd. Ciing nhu
truong hop trén, hing s6 thoi gian dién tir cla so do thay thé cla déng co
trang truong hop nay rét nhd: é

xnm

B Q(w+n,)
S

(2-2)

Ta

trong d6 Xom = Xj 4 X; — dién khing ngén mach cla déng co:
Q = 2xf — tAn s6 géc cua dong dién ludi.

3. Cac qua trinh qua d6 xay ra trong mach stato cia déng co khong
dong bd roto long séc khi khéong st dung dién khang phu. Dd la cac trudng
hop khéi ddng truc tiép, khéi dong diung dién tréd phu trong mach stato, him
ngiroc hoic him 'd6ng ning. Néu hing s6 thdi gian dién tir cia ddng co di
nhé, hode khong doi hoi k&t qua tinh toan chinh x&c cao thi cho phép bé qua
qua trinh dién tir trong ddng co.

4. Pa 36 cac qua trinh bi€n doi cac thong s6 co hoe, nhu dét bién cla
phu tai, bi€n thién cia mémen.quan tinh, dao ddng téc 40 do momen dan hoi
trong phin co cia hé. Cac qua trinh nay x3y ra khi mach dién clia hé khong
thay ddi. Mic da cac dai lwong co va didén trong h¢ ¢6 tac dung qua lai lin
nhau, nhung cho phép bd qua quéa trinh dién tir khi khao sat,

Nhw vay, phin 1dn cac qua trinh qua d¢ trong hé truyén dong tu ddng
vong h& c6 thé dua vE& dang qua d6 co hoc. D& tién khio sat ta chia ching
thanh cdc nhém sau: cdc qui trinh c6 quan hé gitta mémen dong va téc do
Mgg (w) 12 duong thing, céc qua trinh c6 quan hé Mg, (w) 12 dudng cong, chc

; qua trinh c6 théng s6 clia ngudn bi&n ddi va cac qua trinh dic biét. Cudi cung
" ta sé khdo sat mot s6 chi tiéu chung cia qua trinh qua d6 co hoc nhu niing
legng lam viée va tdn thit, ty sO truyén toi uu... '
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A - CAC QUA TRINH QUA DO KHI AP NGUON KHONG DOI
VA DAC TINH M.;(») LA DPUONG THANG

§2-2. QUA TRINH QUA PO CO HOC KHI MOMEN BONG
PHU THUOC TOC DO THEO PUONG THANG

Momen dong la hiéu cla momen ddng cu va mdémen can:
Mg, = M (0) — M (w) = f(w).

Quan hé¢ My, = f(w) sé 12 dudng thing hodc duoc coi la thing néu:
— cac ddc tinh co cha dong co vA clia may sin xudt déu thing;
— céc dic tinh co néu trén c¢6 tht tuyén tinh héa trong pham vi khéo sat;
— cé hai dic tinh co néu trén d8u cong, nhung c6 dang phii hgp nhau dén

mirc hiéu cia ching lai 12 mot duong thing.

Néu mcf)i s6 truong hop lam vi du: §

a) Khoi dong va him cac hé dung dong co mot chidu va dong co khong
dong bo roto day quin. Lic khéi dong va him, may thuong lam viée khong|
tai nén M, = const. Cén cac die tinh clia may dién, vi ¢6 ding dién tré phu nén.

hofe di 12 thing holc c6 the tuy&m tinh hoa dwec trong pham vi cac edp kbéi
d6ng (hinh 2-1a). .

rw |

Vung fuyén 17hh
hoa

Hinh 2-1. Vi du v& céc heé théng va cdc qui
trinh ¢6 quan hé¢ Mag =f(w) dwong thing.

"1
b) Qué trinh dot bién phw tii clia
truyén dong dung déng co mot chidu kich
lr doc 14p hodc déng co khong da6ng bO.
Né&u tai dot bi€n tir gia tri M,, d&n M., =const,
thl ddc tinh co clla may sdn xuit 1a duong
thang, c¢oén dic tinh cia may dién khong
ddng bo trong vimg 1Am viée c6 thd eoi 1a
dudng thing (xem hinh 2-1b).
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¢) Kh6i dong trye ti€p dong co khong ddng bo trong truyén dong quat
gi6 hoiic bom li tam. O truong hop ndy, d#c linh co clia dong co trong ving
khoi dong (tir s =1 dén s = si) 12 duwdng cong gan nhuw pha hgp voi dic linh
cg clia qual gi6, vi thé hitu M — M, ¢6 thd phu thude tuyé&n tinh voi téc do
(xem hinh 2-1¢). 1 ‘

Cac rudong hop néu trong muc a va b la rit quan trong vi thudong gip
trong tinh toan thuc t&. Do do, tiét nay khio sit mot cach tong quat d& tim
ham qua d9 w(t) va M(t), con nhirng triwong hop cu thd s& dwoc xét lrong cac
tiét §2'3o §2'4, §2-5. "

De cho tdng quat, ta ding phuong phéap gidi truc tiép cac phwong trinh
vi phan d¢ xét qua trinh qua dé trong hé khi momen gay chuy®n dong do
'ddng co tao ra 14 M va momen can la M, déu ‘phu thudc t6c do theo dudng
-thing.Pnhg trén hinh 2-2. “

" M
”nm
Wl i
: (2%
. / l . M
”Xl —
[ ~\
‘ == - Tt
0 Mco M‘)“r Mnm M 0.
6) /s b)

Hinh 2-2. Céac dic tinh tinh va ddc tinh qua d6 tdng quat
khi Mag = f(w) 1a duong thing.

Phuong trinh chia cac dic tfnh nay la
M = Mim — Buw; (2-3)
M, = M., + B.w. (2-4)
trong d6, M,, — mOmen ngin mach clia dong co;
M., — mOmen cdn cia clia may sin xudt khi téc dd w = 0;
. B.B. — do cung clia dic tinh co cla déng co va cha may san xuit.
D6i voi hé ¢6 miu co hoc don khéi thi qué trinh qua d6 co hoc duoc
m®d {a biing phuong trinh chuy&n dong

dw
M~-M =J—_ : -
J a1 (2-5)
Thay M va M. tor (2-3) va (2-4) vao (2-5) va dat

Mnm - Mco Mo

= = Wy, 2-6)
[3 + Bc Bdg l (
J J :
- =T, 2.7
B+B.  PBag (=0
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trong do:
IHnm - Mx 1\':Ix - Mc NIO
B"‘ch - _____ﬁ___',_ + o= ! d — — Bdg-

(.l);.;] ‘ (’)KI U')xl

Céc dai lwong w;, va T, la (6¢ 6 xAc lap va hing s6 thoi gian co hop

nhu da khio sat trong §1-3 [xem (1-26) va (1-22)].
Két qui, phuong trinh (2-5) tré thanh dang quen thudc cta*qua trinh

qué do co hoc tuong tu nhur phuong trinh (1-22):
o | @

wy=w+ T.——.

dt

Dé tim quan hé gitta moémen cha déng co véi thoi gian, ta thay vao
(2-8) gia tri cua o rat tw (2-3):

o= M_ oM (2:9)

B B B f

va Wy = ;\ID-U—]- —_ NI“ = Wy — ﬁ . (2-10)
B B B |
Sauykhi thay ta duoc phwong trinh vi phan viét eho M:

Mg =M+ T, %- (2-11)

Giai cAc phuong trinh (2-8) va (2-11) voi didu kién ban dau 12 khit =0
® = opg V& M = M4, ta droc c4c nghiém
t

———

w = wy] + (Wha — wy)e Te (@13
_t
M=M, + (Mpg — Mype Te (2-13)
trong d6, M, ¢6 thé x4c dinh bing cach thay oy tir (2-6) vao (2-3) :
Mot = Moy — g -Mom = Moo @-14)
(B -+ Be)

Cac didc tinh qua d6 w(t) va M(t) theo (2-12) va (2-13) v&i diéu kién ban
ddu wye = 0, Myg = M,,, dwoc vé trén hinh 2-2b.

§2-3. QUA TRINH QUA B0 KHOI PONG BANG BIEN TRO

Phuong phap khéi dong bang bién trd duroc (rng dung rong rai lrong*'
thuce té cho cac dong co moét chidu kich tur doc lap, kich tr ndi tiép. kich tur
hén hop va ddng co khdng ddng bo roto day quidn. Trong qua trinh khéi dong,
dién tro phu (bi€n trd khéi ddng) s& dwoc cit dan trng cip;, do dé tde do
dong co ting dan con mémen va dong dién ddng co dugc han ché trong gioi
han ¢6 loi. So d6 va cac ddc tinh khoi dong chia cac loai ddng co duwoc trinh
bay trén hinh 2-3. |
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» P8i véi ddng eco mot chidu kich tir doc 14p, ho dac tinh khéi déng 1a
nhitng tia thing (hinh 2-3a). Cac ddc linh khéi dong clia doéng co mot chiéu
ikich tir noi ti€p va dong co khéng ddng bo déu la nhitng dudng cong, nhung
trong pham vi bién thién cia mémen khdi dong, tir M, dén M,, ta c6 thé coi
chung 1a nhitng doan thdng, nhu di vé& trén cac hinh 2-3b va c.

w

Hinh 2-3. Ho d4c tinh khéi ddéng va so dd
ngi dién tré khoi dong cda cac loai dong ca.

2 Mit khéc, trong qua trinh khai
dong, phan 1on cac may san xuft déu,
Tpy khong tai, moémen can lic d6 14 mo-
men ma sat, nén M. = M., = const.
Nbu vay, qua trinh khdi dong cac
r déng co bing phuong phap bién tré
P1 déu thudc loai qua trinh qua d9 co
hoc ¢6 My, = f(w) 1a dudng thﬁng. Ta
sé ung dung cac két qua cha § 2-2 dé

phan tich qua trinh nay.

<) Xét mot truong hop chung nhat,

khéidong m cidp véim + 1 dudng die

tinh thing di qua mot diém (w,) mhu trén hinh 2-4a. Ta chia qua trinh khéoi
dong d6 ra lam m+1 giai doan ung vé6i m 41 doan d#c tinh khéi dong ndm
giita hai duong dong M;=const va M, = const. PGi v&i moi giai doan, ta xac
djnh hang sé Lhoi gian co hoc T, cac di€u kién ban ddu va diéu kién xac

"lap roi &ng dung cac biéu thuc (2-12), (2-13) ta dung dugce dic tinh qua do.

4
" Coi M. = coast, nghia la g. =0, ta ¢o hing sé thoi gian co hoc & giai

. doan i nio dé sé la

: , J JAw
- To= — =2
i Bi AM

trong dé B; — do cirng ela dac tinh co cia dong co trong giai doan dang xél.

(2-15)
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Néu.ia dong co mot chidu kich (i song song, sﬁ dung bi?u thire

§ o _(KOP
" Ru + Rup
ta co: |
T(;]: ](RU' + Rll'pl) (2_153)
(K®)?

béi voi dong co khong dong bo khi coi ddc linh co cua no la duong
thing, ta ¢

Mdm 1

Sam I J

1
B=—
7))
nén

1 = JwoSami (2-15b)
Manm

trong d6 sg,, — 40 truol trén dac tinh thi i khi M = Myn.

-}

Déi véi dong co mét chidu kich tir néi tiép va hdm hgp ta cé the xée
dinh T, theo (2-15) bang cach do cac khodng A« va AM trén do thi dic tink |
co. Vi du d6i v6i trudong hop vé trén hinh 2-3b ta co ,

Jw, _ Joyy — wy) ) J(w; — wa)

» C2 = T c3 —

A’I]—\lg 1\'1 — .'\"IZ I\"I] — R';Ig

Diéu kién ban diu va cac gia tri xac lap cua moi giai doan c6 Lhé xic

dinh trén do6 thi (xem hinh 2-4). Trong d6, chi y ring momen ban diu cua
tal ca chc giai doan déu 1a M;:

Te, =

|

I\/Ibdl = J\'Ibdz = .. = i\Ibdl = NIl (2'16)
fw :
t
w
0 L o “ecy = Nee(ms i)
X! }_\;».‘ ___________ e
= c) ) | Y ey
cc2 bds3 ‘ B m——
BT N Nt
XLt - - - ——mm————— *AY———— -
“bd > >
]
Mz'—_ — —
M7 Mo [~
W, 20 M i |
bds ~ 0 s
M. M, M’ i-ﬁ t, +—t2 —--'.-_ts-’. T
3 b
Hinh 2-4. lo dac linh co va dac tinh qua do khi khoi dong bing bién tr&.
Téc do ban ddu cia giai doan mol 1a wyy — 0, con cha cac giai doan
khac ¢6 thé xac dinh nho phwong trinh déc tinh e¢o khi cho M = M, f
Whdy = w 9 .]
/M — M, (2-17)
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blém cudi clia cde glai doan ddu irng voi M = M.

Cac gi4 tri xac l4p w,), M, clia mbi glai doan 1a toa dd cha diém xac I4p,
tirc giao diem ciia dwong dic tinh dang xét voi duong M, (xem hinh 2-4). Nhur
vy, trong truéng hop khoi dc}ng voi M. = const, momen xhc lap cla tit ca
cac giai doan d&u la M.: ,

1'wxll = Mx12 = w0 = Nlei = Mc- (2’18)
Toc d¢ xac lap cia moi giai doan cé the xac dinh bing cach thay M = M,
vao phuong trinh d3c tinh co twong ng.
Sau khi x4c djnh cac dai luong can thiét dd néu trén, thay chang vao
(2-12) va (2-13) ta duroc phuongtrinh cac dac tinh qua d¢ cia tirng giai doan:
__t (2-19)
Wi = g1 + (Wpai — wyp,) € Tei;

-t (2-20)
hli = l\/lc + (hl] - i\/IC) e Tei

- Céc didc tinh nay dwoc vé trén hinh 2-4b.

Thoi gian clia qua trinh khéi dong 1a khoang théi gian tang tée tir 0 dén
Tuy nhién, vi M; va M. chénh léch nhau khong nhiéu, nén ta cé the

)
xl(m4D°
coithdjgian khdidong 14 théi gian ling tée tir w=0dén O el l) (xem hinh (2-4):
m+1
tia =~ = ti, (2-21)

i=1

trong dé6, thdi gian moi giai doan t; dwoe xac dinh nho (2-20) khi cho M = M,
vat= ti:

t = Te, In 21 =M (2-22)
M, — M,
T (2-21) va (2-22) ta co:
_ m+1
tkd _—_ In \II_ Mc 2 Tei- (2-23)
27 Mle j=1

§ 2-4. QUA TRINH QUA PO HAM DUNG TRUYEN DONG DIEN

Pé ham dirng {ruyén déng dién ngudi ta thuong dung phwong phap him
ngwgc hoic him ddng niang. DGi voi dong co kich tir doc lap, dac tinh co &
nhirng trang thai d6 déu 1a dudng thing. DSi voi cac déng co mot chidu kich
tir ndi tiép, kich tir hén hop va dong co khéng dong bé roto day quin khi
thuc hién edc phuong phap him nay d&u ndi thém dién tré phy db4 lon vao
mach, do d6 dic tinh co ciia chiing déu cé thé tuyén tinh héa duoc.

Mit khac doi véi da s6 may san xudt, qua trinh ham x3y ra khi khong
tdi, nén moémen can lic d6 M. = const (B. = 0). Vi vay, ta khdo sat cac qua
trinh qua d9 him ding nhu mot truong hop riéng cla qua trinh qua do co
Mg, (w) 12 duong thing. D& d& phan tich, ta xét riéng hai truéng hop: him
nguoc vd him déng nang. \

' \
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1. Ham nguwoc.

Gid st xél mol qué trinh hdm nguoc do ddo cuc tinh dién 4p trén phin
ung cuia mav dién mot chiéu hode dao thi tu pha cha dién ap stato clia may
dién khong dong bé. Dic tinh co cia che dong co duoc ’vé trén hinh 2-5a)
trong dé dudng lhang { 14 cla dong co moét chiéu kich tir doc lap, dudng cong
(net dirt) 2 1a cfla dong co mot chiéu kich tir néi ti€p, duong cong 3 la cia
~ ddng co khong dong bo roto day quan. Trong pham vi cdia qua trinh him (Lt wyy,
dén w = 0) ta c6 Lh& tuyén tinh hoa cac duong 2 va 3, d& nhin dwgc mot dang
dudng thing chung di qua di¥m BD va CC. Piém ban diu BD dugc xac dinh
nhe toc do wpe lruwde khi hdm va momen 1é6n nhét cho phép trong qua trinh
him h'fbd = I\I,

Péi voi dong co moL chiéu, moémen cho phép thuong 14y theo digu kién
chuyén mach trén cd gép, va bing
M; = (2 =-2,5) Myg

Cén doi véi may dién khong déng bo
M; = 0,85M,;.
Dac tinh ham cita cac ddng co khi dd tuyén tinh héa déu duoc bidu lhl

bang phuong trinh chung sau:
M = Mym — Bo.

Thay M,m = — My: B = =l = M = A . ta duge:
w Whq

() = — Wy

M4 M, 2-340]
My — M, | -

Vi qua trinh xay ra voi gia thiét M, = const, nén diém xac lap s& 14
giao diém cha dudng M. = const v6i dudng dic tinh co cla dong co. D6 12
diém XL trén hinh 2-5a, ung voi cac gia tr; My = M, va wy,.

Co thé xac dinh wy, biing cach thay M = M, vao (2-24):

_ Mc _I‘ M2
P = — Whg L= (2-29)
Thay cac gia tri Myy = My, wpa, My = M,; va wy theo (2- 25) vao (2-12)
va (2-13) ta duogc cac phuong trinh clia dic tinh qua do:
t
Mi+ M. —+ M. + M
W = Why e — ) —c 72 2.
N M My~ M, >4
-
M.ooM —M + Moye T (2-27)
trong do
J Jo
T. = = = T | -
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CAe quan hé (2-26) va (2-27) dwoc bidu didn trén hinh 2-5b, Qua trinh
him k&t thic khim = 0 va M = — M,. Thay M = — M, vao (2-27) la s& xac
dinh dwoc théi gian ham:

t, =T, In o+ M. (2-29)
. ) Mz + M(.
Lw ‘ \,\- ‘ w} M
\8D = wb;iL Myt = Mc
w
_ht
th \\
Te— ~
N -
/Y\ v
/ ~
”
e
M
@t
3) b)

Hinh 2-5. Cac diac tinh cua qua trinh him nguogec.

2. Ham dong niing.

Pic tinh him ddng niang kich 1 ddc lap cha cac dong co mébt chidu la
- duong thing di qua gdc toa do nhu duong 1 trén hinh 2-6a, con khi ham
tr kich, dic tinh co s& 1a duong nét dirt 2. B8i voi déng co khong déng bo
roto day quén, khi cho dién trd phu da 16n vao mach roto, sao cho do truot

2 - . -~ w
16i han clia dic tinh him vy = —2

> 1. thi ddc tinh him déng ning cta né
w

s& c6 dang nhu dudng cong 3, Ta ciing co6 thé tuyén tinh héa céc duong nay
vé dang duong 1, di qua 2 diem BD va 0.

Tuwong ty nhu truéng hop him nguoe, toa do eia diém BD ciing duoe
x4c dinh bdi téc do lam viéc truéc khi him va mbémen cho phép M,

Céc gia tri oy va M; dugc xac dinh boi giao diém cla dic tinh co trong
trang thai ham véi duong M, =.const. '

Ta c6 the bidu thi dic tinh him bing phwong trinh duong thing

w=—0w —M— 2-30
= bdMl‘ (2-0U)
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‘i‘hay M= M, ta dyroc

Wyl = — Wphg —/— »

Mxl - Mc-

Hinh 2-6. Cac dic tinh cia qua trinh him déng
tinh co khi him déng nang haj cdp voi

ning (a va b) va dac
M1 = const),

(2-31)



\

! Thay cac glﬁ i!‘l Mpa, Mbd = —Lig. Wy = Cubd c/M] va M;] = Mc vao céc
bidu thire (2-12) va (2-13) ta dugc:

M, + MCI (- t/T M |
— e . ¢ — . 2-32
W = Wpa M, Wpa M, ( )
M=M,— (M, + Me~ V/Te, (2-33),

trong d6, T, = ] —¢

: ) M,
1 Cac quan hé ndy duwgc biéu di€n bing nhirng dic tinh qua d9 trén hinh
2-6b.

Qua ttinh him; tirc qua trinh gidm téc tir wyq d€n 0, s& két thue khi
M =0, Thay gia tri M = 0 vao (2-33) ta xac dinh duoc thoi gian ham:

Ml + M(‘
M

MOt s8 truong hop, khi mémen quan linh ¢ta hé lén, mémen cidn nhé
vd yéu cau hdim nhanh, ngudi ta thuc hién him ddng néng hai cap. Khi t6c do
giam dén mot gia tri nhit dinh roi, mot phin dién trd him s& dwoc néi ngén
di, nho d6 dong vA mémen him ting lén. Dic tinh co trong trudng hop nay
cé hai doan nhuw trén hinh 2-6. Thoi di8m chuyén cédp dién tréd him cé thé
xac dinh theo yéu cidu 18i wu vé théi gian (tirc bdo dam thoi gian him nhé
nhit) hodic t6i wu v& hanh trinh (bio @Am hanh trinh ham ngin nhit) hodc duy
tri mémen cure dai khong ddi (nhu truong hop néu trén hinh 2-6). D& khao sat
qué trinh nay 14 ciing chia n6’thanh hai giai doan va ti€én hanh twong ty nhu
di xét qua trinh khéi déng.

Thdi gian him léc d6 38 duwge xac dinh theo (2-29) — cho giai doan thi
nhdt va (2-34) — cho giai doan thir hai. Nghia la: .
le—'w'z In Mi+M, . | o M1+Mc‘

4+ J—=In
Mi— M, M+ M, M, M

t, = T. In (2-34)

(2-35)

§2-5. DPAC PIEM LAM VIEC CUA TRUYEN PONG DPIEN
'KHI TAI THAY POI KIEU POT BIEN CHU KY

Khi tii cia lru)en dong bién thién theo thdi gian, thi hé lu6n luén lam
viéc ¢ trang thii qua do. Ta sé pban lich dic digm lam viéc cla truyén dong
nay trén quan diém qua trinh qua d6 co hoc. Tru6e hét hay tim quan hé theo
théi gian ¢lia momen va téc dd ctua truvén ddng, sau d6 danh gia vai tro cua
momen quan tinh. .

1. Mémen cha ddng co va tdoc dé cia truyen dong dién.

Gia st dd thi phu tai cha truyén déng c6 dang bac thang'hai cip nhu
trén hinh 2-7. P6 12 d6 thi thuwong gip ¢ may bua, may can, . . 0 mbi Cap.
moémen can khdng phu thugc 18¢ do nghia la M. = coust. Khi tﬁi dot bi&n gia
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st tr M, dén.M,,, thi hé théng s lam viée & trang thai qua 46 co hoc, vh
néu ddng co cb dic tinh co 1a dudng thing, thi quéd trinh nay mang dic tinh
Mgg (@) kiéu tuyén tinh. Do d6, ta sé itng dung cic két qua trong §2-2 d& phan
tich su bién thién ca mémen dong co va (8¢ 49 clua truyén dong diénm,

Bidu thirc (2-13) cho thdy rdng, néu déng déng co vao ngudn ddng thoi
cho dn tdi vao chu ky diu tién, thi mdmen cha ddng co sé ting Lir 0 dén gi4
tri xéc lap M, = M, theo dudng ham mi. Pén cudi khoang thoi giaﬁ ty, phu
tdi ting d6t ngodt 1én M., nén hé théng lai chuyén sang qua trinh qua do khac,
vGi M;; = M., va hién thién theo dudng ham mii khac. K& qua ta dugc mot
dudng ring cua ting din nhu trén hinh 2.7.

fu
M.,
M(t)
oY) Mes / d
/ \ t
]
mL t' Atz- fti ‘tz -

Hinh 2-7. B3 thi mémen va van tdc cha truyén dong cé tdi d6t bi&n chu ky

O nhitng chu ky xa géc toa dg, duong ring cwa d6 nim trén mét khoing

tung @6 On dinh, nghia 1a cac dinh M., v My, khong ddi va do d6 gia tri-

trung binh cta momen M, s& khong d6i.

Tuong tu, tir (2-12) ta ciing nhan thdy t6c d9 dong co s& bién thién theo
duong ring cwa, nhung c¢6 pha nguoc lai. O nhirng chu ky xa g6¢ toa 6, che
dinh cia dudng ring cua t6c A4 wmin, wmay V2 gid tri trung binh cha né ciing
khéng doi. .

Nhu viy, truyén ddng ndy khong c6 'trang thai xac lap tinh ma chi cé

trang thai xac lap déng (hodc con goi 1A tua xac lap). & trang thai nay momen °

trung binh clia dongco s& can biang voi mémen trung binh cha phu tai, va téec
d6 trung binh s& khong ddi. Cén gia tri (e théi cha momen déng co va téc
d¢ truyén dong thl vin bién thién theo thoi gian,

Vi vay, d6i v&i hé thdng dang khio sat, viéc nghién ciru trang thai xic |

lap déng cé y nghia quan trong

Ta xét mét chu ky & xa géc toa d6. Khi hé da lam viée xac lap, theo

(2-12) va (2-13) thi
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— d8i v4i khodng t,, ta ¢c6 M, = M., nén:

M = M + (Mye — Mage "™ } 236
w = = wx + (wpar — wxn)e-t/Tc
< d6| v@i khoang t; ta c6 My = M, nén:
M = Mo + (Mg — Mg)e "™
2+ (Mo - Mez)e i } (2-37)
@ = wy2 + (wpga — wm)e e

trong d6 Mpg; = Meaa = Mpac; Mbaz = Mooy = Mg,
Ta c6 the xac dinh duge cac gia tri Mp., va My, bing cach thay t =t
vao (2-37) va t =t, vao (2-36): ’

11 -t Tc.
Mpo = M” | W Te,

= Mc2 + (Mmin - Mc?)e
""ll/Tc

t=ta
Mmin = M’l t=t = Mcl + (Mmax — M.)e

Thé hai phwong trinh trén cho nhau ta dugc:

M., (1\_e—t2/Tc) 1 My (i _e—-u/T..,) o1/ Te

Mmu = (2'38)
] _ e—tcleC
—11/Te /T —tfT.
Mmln — Mcl (l_e ) + Mc2 (1 € ) e (2-“)
l__e_tck/Tc

t\rong d(), tck = t; + tg

T. = J/B: B — 40 cttng didc tinh co cta dong co.

Cédc quan hé M = f(t) theo (2-36) va (2-37) dwoc vé trén hinh 2-7 (phia
bén phai). Trong khoing t;, phu tai nhd, mébmen ddng eo la ham gidm theo

théi gian nhung gia tri cia n6 M° > M. Trong khoéng t,, phu tdi 16n, mémen
dong co ting din theo thdi gian nhung gia tri cia n6 M” << M. MOmen cuc

dai clia dong co theo (2-38) s& nhd hon | w
Mz, cdn Mp;, > Ma. Nhu vay, d2 khic ‘
phue mot phu tai kidu dot bién nhdy cidp, '\

d0ng co truyén dong khéng clin thiél pbai
- sinh ra mdémen bao phl'dwge mémen -
phu tii. _ bd 2

“Wyli

Pe x4dc dinh cac quan hé cha tée W4,
d6 theo (2-36) va (2-37) ta dua vao dic
tinh co ¢lia ddng co d& tim cac gia tri 12
xéc lﬁp ®g)1, Wxi2 VA cac gié tl’i dinh Wpa1,

2. Trong dé wyy; twong wng véi M, l
wxu—Mcz wpa2 Ung voi My, cOn wpa — 0 > ﬁ; - —
Mp.:. Céc gia tri dé duqc ghi trén hinh T cr Mmin MpgxMe;
28, con duong cong oft) thi v& trén  pinn 2. Xac dinh cdc gia tri t6c do
. hinh 2-7. nh¢ dic tinh co cla déng co
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2. Y nghia ciia méomen quan tinh va do triret cua banh.da dai voi Fhé
d¢ lam vigée ciia dong co. !

D6 thj hinh 2-7 cho thiy ring, trong khi mémen t&i bién thién nhéy cdp
thi momen d6ng co lai bién thién ham mu bing phdng hon. Hing s6 thoi gian
co hoc cha hé cang lén, nghia la momen quan tinh cang 16n, thi dudeg cong
- M) lai cAng dwgc san bing. Nhu viy, phin co cia hé truyén dong da dong
vai tré mot b loc phing d6i véi cac nhidu loan phu tai.

Thuc vAy, trong khoang thoi gian t; mdmen tai tir 16n gidm xudng nhé
va L6c do truyeu dong ting LIt wym,, d€N wya.. Du trir dOng ndang tich vao cac
khéi chuyén dong trong thoi gian do sé la:

2 2

‘ w ®w_ .
Aw — J max - min > 0' (2'40)

Phin nﬁng luong nay do momen déng M’ — M,; truyén vao hé thong.

Trong khodng thoi glan t,, do moémen can ting 1én, nén téc 44 dodng co
giam xudng, phin d0ng ning da tich luy dugc trong cac khéi chuyén dong lai
phong ra, hé trg cho dong co d2 khic phuc phu tdi M.. NO bing v& tri sd
nhung nguoc ddu véi AW néu trén: '

2 2

w__. w .
AW’ = J min ; max<0.

-t

Phin d6ng ning tich phéng nay cang 16n thi diéu kién lam viéc cua
dong co cang nhe nhang. Néi mot cach khac khi 45 thi phu tai da cho trudc
Aw cang 16n thi cong sudt yéu ciu clia dong co cang nhé. Bitu thire (2-40) cho
thdy, dur trir d0ng nang AW ty 18 vai mobmen quin tinh J cia hé vA mtc chénh
léch tée¢ 40 wmax — wmin trong mot chu ky.

P% ting du trir d6ng ning, ngudi ta sir dung banh da lip trén truc ddng
co theo so do’don gian héa trén hinh 2-9. P6 12 cdu trac phd bién cla may
bva, may dap,... Binh 43 lam ting momen quan tinh cia hé¢ va do dé cho
phép gidm cong sudt lip dit cia dong co. '

Co the ting du trir d0ng ning bang cach lz‘im mén dic tinh cia dong ca
truyén dbng. de lam tdng thanh phin (w — e, ) trong bidu thae (2-40). 0

min
cac hé¢ truyén dong tu doéng, ngudi ta si. dl_mg nguyén tic diBu khidn theo
ham clia dong dién (ham cua tdi) d& git cho dong co lam viéc & dic tinh co
cirng trong thoi gian nhe tai t; va te dong chuydn sang lam viéc & ddc tinh
mé&m hon khi tii nang (thoi gian t;). Nhu vy, m6ét m§t bédo dém c6_dugce du
trit d0ng ning 16n, mit khac tao cho may cé téc 40 1lam viée (khi tai nhe) cao
d¢ nAng cao ning sudt may.

D& d4nh gia mirc do phu thudc cla du trit dong ning AW véi d9 chénh
léch etia téc dd ®maz — Wmin, ta st dung dai legng tuong dbi

aws = AW (2-41)

max
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trong d6 Wy, = ]

Tir (2-40) va (2-41) ta c6:

| AW® = 543 (2 — saa), (2-42)
~trong d6
Sqa = —max " Tmla _ 44 trugt cha banh da.
Wmax

Quan hé (1-42) dugc bidu dién thanh dudng cong trén hinh 2-10. Khi do
truot ciia banh da sea ting tir 0—0,2 thi,dy trit dong ning trong né ting rét
nhanh, con & ving saa > 0,2 sy phu thugc AW(sea) trd nén yéu di nhi€u. Vi
vay, ngudi ta chi s dung nhitng dic tinh co twong ddi mém cho loai truyen
dong dang khio sat.

3. Khai niém v& mdi twong quan gixa djng co va banh da

Bitu thirc (2-38) cho thdy ring d2 khic phuc phu 1ii loai dot bién nhu
d6 thi da cho (hinh 2-7) ddong co phii c6 kha ning tao ra duwgc mét mOmen
cuc dai 1A Mpn,.. PS8i v6i dong co khong ddng bo thi didu ki¢n dé chon dong
co la

Mmul < Mth- (2-43)
_ Béanh da cang 16n, nghia 124 momen quan tinh va hing s6 thoi gian co
hoc cita hé cang 16n, thi M. cang nhé va cOng sudt yéu cliu _cha dong co
cang nho. »

T (2-38) va (2-49) ta tim duge diéu kién chon twong quan gita cOng
suit (hofe mémen) cia dong co vA mdémen quan tinh ctia banh da.

aw /

Y
T
B rsd - - .
anh a"a 0,5 St
~ Hinh 2-9. Hg Iruyén d¢ng dién ding Hinh 2-10. Quan h¢ giira dy tritr dong ning
banh da. (twong d6i) va d9 trirgt elia banh da.
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. _ : _ o
Th()ng llur(‘yng, lg = (-l— - 1—]0) I, nén ta co thé bo qua cac sO hang chtra :

)
e—‘I/Tc

e~lek/Te ppi a6 bidu thire (2-38) duroc vidt la

va
Mugay = Mcp — (Mg — Mp) € - to/Te
Do d¢
t;

M., — M.
n

hl(ﬂ - Iﬂmax
Dung didu kién (2-43), ldy Mps. — My = AMgpn. ta ¢6:
L

T, =~
l

- 2-44
T‘. Mc2 - Mcl ( )

In

hodc
ts

o 2-45)
J B M, — M. ( )

In

trong d6, B — d6 cirng cha didc tinh co cia dong co:
Véi d@ng co cho trirée, thi theo (2-45) ta ¢6 thé xac dinh mémen quéan
tinh cia banh da-
Jdﬂ =1J - Jhl

frong d6 J,, — mOémen quan linh cia hé thdng (khong k& bhanh da) khi da qui
ddi v& téc do ddng co).

Néu chua cho dong co, ta c6 thé ty chon gia tri J, roi xac dinh AMgm,
cu6i cung duwa vao. gia tri nay dé chon dong co.

Trén day ta phan tich trudng hop c6 dd thi phu tai t6i gidn gom 2 cép.
Néu d6 thi phu tai nhidu cdp, thi dva vido phuong trinh (2-13) ta vé duge
quan hé M (t) cho toan chu ky — va xac dinh dwogc gid tri Mpy.,. Cac thing sd
co hoe ctia hé théng ciing nhu c& dong co s& dwoc tinh toan dua vao gia tri
M. lwong tu nhir da xét trén.

B — CAC QUA TRINH QUA PQ KHI AP NGUON KHONG DOI
VA DAC TINH M, vy LA DUONG CONG

§2-6. CAC QUA TRINH QUA PO TRONG TRUYEN PONG KHONG
pONG BO TUONG UNG VOI PHAN DU’O‘NG CONG cUA PAcC TINH coO

Ta khio sat hé truyén ddng dung dong co 10ng séc. Da s6 cac qua trinh
khéi dong, him nguoc, dio chi€u quay va him ddng niing d8u dwoc thue hién
bing cach chuy®n mach & phia stalo, con mach roto duge gilt nguyén. Qua
trinh qua do xiy ra teuong ng v6i todn bd hodc mot phln nio d6 cha dic
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tinh co, nhung déu bao gdbm doan lam viéc va doan khong lam viée, nghia 14
mét dwong cong rit khé tuyén linh héa. Nhu vay, ngay ci khi mémen phu
tdi hing s6, quan hé giita mOémen dong clia hé véi téc dd My, (w) ciing 1A
dudng cong. Trén hinh 2-11 trinh bay dang dic tinh co cta ddéng co trong
cac truong hop thudng gip nhu khédi dong truc tiép dong co khdong déng bd
(a), ddo chi®u quay (b) va ham déng niing (¢). Tir difm ban diu (&ng voi diém
BD trén diic tinh co) dén diém cudi chia qué trinh qua do (ung véi diém CC),
die tinh co dén la nhitng duong cong. Néu M, = const thi dic linh Mg, (w)
ciing 12 duong cong c¢6 dang tuong tu.

Mot s6 qua trinh qua d6 khac clia truyén dong nay xidy ra khi cé diéu
khi¢n trong mach slato, nhu qua trinh kh&i d6ng hodc ham dang dién trd phu
stato, qua trinh diéu chinh t6c do bang dién khang phu stalo, .... cling c6 cae
ddc tinh co cong tuong ty nhw di néua (rén hinh 2-11.

1 R
fw an lw
——
[ ——
H( /
—=
// N
L M \2-1 >\":‘ cc " M 4
0 M, 8p . 0 M,

Hinh 2-11. Cac qud trinh quad do c6 diac tinh Mag (w) la duwong cong

De khdo sat cac qua trinh.qua do loai nay, thuan tién nhit la dung
phurong phap @6 thi. Tuy nhién, khi ddc tinh co cia dong co M (w) va dde tinh
co clia may sin xuit M, (w) c6 the biéu thi bing cac bidu thirc don gian thi ta
c6 thé dung phuong phap gidi tich d¢ gidi truc ti€p cac phuong trinh-vi phan
va tim quan hé cia téc d§ ciing nhr moémen theo thoi gian.

1. Khao sat bang phwong phap do thi.

Ta xét mdt qua trinh khéi dong truc ti€p dong co khdng dong bd khi
mdmen can M. = const. Cac déc tinh co ¢6 dang nhu trén hinh 2-12. Quan hé
giita momen déng va t6c d6 dugc xac dinh nho dd thi, bang cach trir cdc hoanh
dd cua hai dudng cong M va M. cho nhau, d6 la dudng Mg,

‘T phuong trinh

dw
Moo =050

.ta c6 biéu thirc sai phian hoa
' JAw
Mae = 74,
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] - (2-46)’

NVI

Hinh 2-12. Xé4c dinh quan hé w(t) bing phuong phap dd thi.

Pe st dung (2-46), ta ¢chia dudng cong Mg, (w) thinh cac khodng tuong

ing v&i nhiing gia Iri Aw chon truéc. Néu dudng cong cé dang bién d6i déu
din thl cac khodng Aw duoc ldy bing nhau. Nguogce lai, khi dudng cong bién
lhién phire tap thi fa chia n6 thanh nhitng khoang khong d8u: & ving bién ddi

nhidu

(40 cong 16n) ta ldy Aw nhd, & vang cong it ta 1y Aw 10D hon,

Hinh 2-13. Xéc dinh quan h¢ M(t) béng phuong phap dd thi.
Trong mdi khoéng da chia, ta 14y mot gi tri trung binh cia mémen ddng.

Mag. V2 coi 1a khong ddi trong su6t khodng d6. Bidu thire (2-46) dwgc viét lai

cho mot khoang thir i bat ky 1a:
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dg.ibi

‘ At = Aw;.. (4-46a)

Bidu thitc (2-46) cho phép ta xac dinh duwoc kho:}ing thoi gian tu'orns ng
vGi gia s8 tée do Aw;. X4c djnh lién ti€p cac gia tri At {tng véi cdc khodng Aw
ke nhau, ta duwgc nhitng didm 1, 2, 3 ..., trén hinh 2-12. NGi ching lai ta ¢6
duang cong cln tim w (t).

Piéc tinh qué dé M (t) duoc xac dmh bing cach két hop dudng w(t) véi
dic tinh co M(w). U'ng v&i mol thoi gian t, da chon, theo dudng w(t) ta tra duwoc
wy, rOi tir w, dong theo dic tinh co ta tim dugc M, (theo cac dudng dong ghi
miii tén trén hinh 2-13). K&t qua ta c6 dwong cong M(t) nhu trén hinh 2-13.

2. Khao sat bing phuong phap giai tich.

Ta s& khio sat qua trinh qua do cta hé c6 déng co khong déng bo khi
pbu tdi M. = 0 va dic tinh co cla dong co duwoc bigu dién béi phuong trinh
Cloos gin dung:
2My;,

S Sth

. Sih S

P6i véi cac qué trinh qué d¢ ciia truyén dong kbong ddng bo, day Ia
trudng hop don gidn nhit v ta ¢6 the khio sat bing cach gidi truc tiép phuong
-trinh vi phan (phuong trinh chuyén déng). Két qué phan tichjkhéng nhitng cho
“ta chc quan hé o(t), M(t) nhu kbhi khdo sat bang phwong phéap do thi,/'ma con cho
phép ta nhan xét tdng quat v& anh huong clla d6 trugt téi han dén théi gian
cla cac quéa trinh qua d9, tir A6 co thé tim duogce gia tri téi wu cha dé truogt toi
han (trén quan di®m thoi gian).

Tt phwong trinh chuyén déng, cho M. =0 va thay M béing bidu thitc
(2-47) ta cb

M= (2-47)

L"‘s _ y v | (2-48)
S, S dt
Sth S
Viw = w, (1-s), nén dw/&’l = —wyds/dt, do do tir (2-48) ta rut ra
Jw, [ S S
dt = — ds.
’2Mth ( S T Sth )

- Thoi gian cia qui trinh qua d§ dang dién bién sé |tu-orng irng vdi sut bién
thién clia d9 trugt tit gia tri ban du sy dé€n gia tri dang xét s nao d6, nén:

8.

Jwy, 7 Sy s
t = — -+ ds. 2-49
| _[ 2Mm( s Sth ) . (4-4%)
Spa '
Jo,

Ly tich phan va dit =T,.,—hing s6 thoi gian qui uéc, ta duoc:

My
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2 .
1 s, ,—§?% 8b4 ~ O BN
(= Teo{ 2L 4 sutn =) - (2-50)

Cho s nhirng gia tri khiac nhau, ta s& xac dinh duge cac gia tfi t trong
ing va v& duoc duong cong s(t). Trén hinh 2-14 14 dudng cong biéu dién quan
hé (2-50) khi cho s,; = 1 (qua trinh khé&i dong). Quan hé w(t) duge suy truec
ti€p tir duing s(t) bing cach dbi truc s sang truc w = w,(1—3). Con quan hé
M(t) tim duoc biing cach thay ch gia tri s, twong tng v6i céc gia tri t cho truée
vao phuong trinh ddc tinh co.

Thoi gian k&t thuc qua trinh qua do s& luwong rng voi su bi€én thién cia
dd truot tir spq dén gia tri cudi cung s... Thay s = sc. vao (2-50) ta duoc:

2 2

s ,— S '
tea = = Teo (b_d_ce + syln 28 ) (2-51)
2 2Sth Sec i

Bidu thirc nay cho thiy ring, khi sps va s, da cho, nghia 1a khi da cho
loai qua Lrinh qua dd, thi thdi gian clia qua trinh phu thudc vao dd truot téi han
s;n cia dong co. Quan hé ty = f(siy) theo (2-51) 12 quan hé dudng cong c6 cure’
tri (cwe tidu). D& lam vi du, ta thay syq = 1 va s ~ 0,05, nghia 14 xét qua trinh
khéi dong, tir (2-51) ta dwoc |

- 2 ¢
lqd — % (I__O'OL + s'hln _1). (2-51&)

Tco 2Slh 0.05
Quan hé (2-51a) dugc biéu thj bing duong cong trén hinh 2-15

Binh c4ch 14y dao ham dtge/ds,, clta (2-51) réi cho bing khong, ta xéc
dinh duoc gi4 tri tdi vu S

2 2

Spq— S _
Sth.iw = _bd  cc : (2-52)

s
9ln 24
Sce

Nhu viy, ta c6 the dua vao spa va s, d& x4c dinh syp.te theo (2-52) d&
bio dam cho qua trinh quia do két thuc nhanh nhit. Bing (2-1) liét ke ké&t
qué tinh toAn si.ie cho cac qua trinh khdi déng, him nguoc va ddo chiéu. Chi
y riing, d8i véi cac qué trinh khdi déng va ddo chidu ta ldy s.. =~ 0,05 phu hop
voi thue 1€ ky thuat va gid thuyét tinh toan coi w.. sai khac véi gia Lri xac ldp
khodng 5% (xem §1-3). '

i y
Tt sibie ta xac dinh duoc dg truot dinh mice t6i wu sgm.e theo quan hé
Sth = Sam(A + YAZ—1)
- hodc

1 1

Sdm.tue Sth.ty ™ T Sth.te . (2'53)

R WY P ey
Cac gia trj sam.1z x4c dinh theo (2-53) cling duge ghi trong bang 2-1,
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Bdng ?-i

Gid tri t6f wa eua 40 tfagt toi hgn d6i vei cac qua trinh khéi dong,
ham ngwec va dio chien

Loai qua trinh Sbd Sece Sth.tu Sdm.tu
Khoi dang 1 0,05 0,407 0,103
, Ham nguoc 2 1 1.47 0,39
Pdo chiéu 2 .03 0,74 0,190
J
w
wa:. ’ L. Vé y nghia vat ly, tathiy dic
0 ~a-05r- tinh.co @ng véi 49, trwot téi han
’ Sth.te 14 durdng c6 gia tri momen tac
dung clia dong co trong qué trinh
05 qua d6 1a 1én nhit. Gia tri d6 duoc
‘ biéu thi bing dién tich gidi han bdi
dudng didc tinh co M(s) va cac truc
toa dd. Thuc vay, so sanh 3 dudng
! cong trén hinh 2-16, ta thdy duong
0 o p 7 2 (¢ sy, = 0,407) bao dién tich 1on
¢4 nhit trong ‘gi¢i han tir s=1 dén

Hinh 2-14. Dudng cong s = f(t) dung theo

(2-50) &ng v6i qua trinh khéi dehg

Teo ‘min ,
0,407

4,407

—_—

0 Sth. tv

Hinh 2-15. Quan hé tgqa = f(sn)

Gng véi qua trinh kh&i déng.

Sth

s =0, nghia 14 no bao dam thoi
gian khdi ddong nhd nhit.

s A

! e

v

0

M

Hinh 2-16. Dang cic dic tinh co vng

véi cac dé truegttsi han khéc nhau

§2-7. QUA TRINH QUA PO DO MOMEN CAN BIEN THIEN
THEO HAM CUA GOC QUAY HOAC HANH TRiNH

Mot loaico cdu sdn xuat, nhu cac may piston-va may ¢6 co cdu truyén
luc kidu thanh truyén — tay quay, mémen can trong qua trinh lam viéc bién
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adi phu thudc goe quay cula tryc dong co holc hanh trinh cla co cdu ch1
hanh. Truong hop chung, la ¢o {h® bidu thi mémen niy thanh ham sé:

|

n

M. = Mo + = Mcpsinka khi 0 <<a<<Cado. (2—54),
k=1 BEUAE.

M. = Mo khi a,<Ta <&k 1 (2-50)

trong d6.a. — goe quay rng voi mot chu ky bién thién cila tai;
— goc quay khi b4t diu vao giai doan 1am viéc.

Truong hgp don gidn nhit, M. bién thién thuin sin theo géc quay trong'
giai doan lam viéc, khi d6 (2- 54) c6 dang |
M. = M., + Mcmsine. (2-59)
M, |
f Cac quan hé (2-54) va (2-55)
duge bidu dién trén hinh 2-17.
Phuong trinh chuy&n dfng
cia hé théng trong truong hop don

gidn nhit nay cling c6 dang nhusau;

M —M.y—Mcmsine = J%‘:— (2-562 ’

cM
‘ Mo Néu la bién ddi v& phai

] de ] de da dw

P dt ; da  dt da.
0 = - 11 > thi phuwong trinh chuyén déng dwoc

0 ‘GCK,:Z” Viét lai:
Hinh 2-17 Dang tiéu bi2u cha mdémen can phu M(w) — M., — M psina = Jo do
thuoc géc quay. co cm da

(2-57)

Thong thudng cac co cdu sdn xudt loai nay cé mdédmen quan tinh ctia
bd fruyén bién doi theo goe quay. I‘uy nhién, gi4 tri cta n6é kha nhd so voi
mémen quan tinh cla dong co va clia b phan lam viée, do d6 trong tiét ndy
ta coi J =const.

Cin thdy ring, mdc du da coi J = const, phuong trinh (2-57) van la
. phuong trinh phl tuyen ngay ci khi ddc tinh co clia d6ng co /1a dwong thing.
Do a6 khong the gidi truc tiép phuong trinh vi phan nay.

Ta cé hai cach giai gin dang sau day:

1. Phwong phap d6 thj.

St dung phwong phap d6 thi déi voi trudn 1
ghop nay phic tap hon truon
hap da xét trong §2-6. o] ddy, s6 liéu cho trude cling 1a céc duorlig congr N;,(wﬁ
cia ddng co va M.(a) clia may san xudt nhung quan hé gi¥a « va o lai chuwa
bi€t. Quan hé 46 phu thude thoi gian, ma thoi gian lai chinh 14 dai lwong can

tim. Vi vay viée giai béng a5 thi phai tién hanh theo ph
ron h&
lién liép. NOi dung ctia phwong phap nay nhu sau: P g phap gin ding
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Sa phﬂn héa pﬁuong trinh (2-56) ta &uqcé

MM, =18 (2-58)
At
Ty chon Iy gia s6 Aw; va gia s Aa;, ta xac dinh dugc M va M, theo
cac duong cong M(w) va M.(a), 13i theo (2-58) tinh ra gia sé thoi gian At

Sau khi di c6 At ta c6 the nghiém lai Aa; da 'ch(_)n theo quan hé
Aa.i, = (wbdi + % AU)i) A‘i, (2-59)

trong d6 wpa: — téc do & dhu khoing tht i,

Néu két qua phi hop véi gia tri Aei da chon, thi cac gia s6 Aw; va At; 12 ding
va cho ta mot diém trén dudng cong w(t) cin tim. Nguoc lai, néu két qui
khéng phu hop, nghia 1 Aay, == Ae; thi phii chon lai Ae; va tinh lai tat ca.

Viéc dung duong cong w(t), a(t) va M(a) dugc gi¢i thiéu trén hinh 2-18.
Truée hét ta vé quan-hé M(a) 1én goc phiin tu thit 1 va dic tinh co M(w) 1én
géc phan tu tha II.

Gia thiét Lruoce lue bude vao giai doan lam viée (a=0) hé dang lam viéc
xac lap voi t6c A0 w va My=M,, [diém 1 trén duong M(w)]. Bt diu to diem
nay, ta chia dudng diic tinh co thinh cac khodng ung véi chc gia s6 Aw chon
trede. Trong mdi khodng ta 14y mot gia tri trung binh M, va coi 12 khong doi.
b6i véi khoang thir nhédt ta cd Awyp My

Mit khac, to 2 = O trén truc a, ta ldy moét gia s6 Ae; va xde dinh M
trong khodng nay, nhu d3 ghi trén g6c phan tw thi I
Theo (2-58) ta tinh-dwoc

A= —3 Aw, (2-60)

th1 — Mclbl

P2 kidm nghiém gia s Aa,, ta dung bidu thirc (2-59):
- .
Ad]. = (0)1 + '——é— Aml )Atl'

Gia sir gia s8 géc quay da dwoc nghiém ding, nghia la Aay, = Aa,.

Pit gia tri At; 1én truc t (ké tir gée 0). Cac gia tri Awy va At; cho ta mot
didm trén dudng cong w(t) (géc phin tu tink I11), con cac gia tri Ay va Aty cho
ta mot diém trén dudong cong a(t) (g6c phin tw tha IV).

Tir diém 2 trén duong M (o) va didm a, + Aey trén truc a, ta xc dinh
. duoc didm a trén dudng M(a).

Sau d0, tién hanh twong ty cho khoing Aw,. Acu3 ta s& v& dwoc todn bo
- cac duéng cong o(t), a(l) va M(a).
Quan hé M(t) s&¢ duge suy ra tu dudng w(l) va M(w) da co.

2. Phuong phap giai tich.

Néu mémen cin cé phuong trinh dang (2-54a) thi ta c6 thd giai phuong
trinh (2-57) mot cach gin dungbing phuwong phép gidi tich. Noi dung chia phwong
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bhép nay la thay thé phuong trinh dac tinh co ca déng co M(w) bing méth !
86 gin ding nao do, sao cho khi thay vao (2-57) thi bién duwoe ghu'ong tri
nay vé dang tuyén tinh.

M?Mc
i M (x
M(w ‘ r - C( )
J b M ()
: -
2 - ~ T a
[l ]
r; A fMtbz :0 3 |
/ oo [ = - p
Awla, Mo, avy |ax,| €0 o
g 1 r Y A
-w’ Y Y At, =0
Aﬂt;ﬁL
o (1)
w(t
[ ¢t

Hinh 2-18. Dung cac dudng cong qua do o), a(t) va M(a)
bing phuong phip dd thj

Muén thé, ta thay dudng dic tinh co cla dong co bing dudng parabol
gin dung, nhufdudng nét ddt trén hinh 2-19. Puong nay cé phuong trinh
Mg,

2
W,

M = My, —

w?. (2-61)

Gia tri My, tai dinh cta
duwong parabol dwoc chon luyj
theo loai dong co va cé 4nh
hudng téi Ao chinh xac cla vige
thay thé dic tinh co. Péi voi!
doéng co mot chidu kich tir (?locj
lap. ta ldy , g

Mo (262
28am (1 —Sam)

tl‘Oﬂg dé Sam = (W, — Wam)/We.

M g, =

Map M Khi d6, sai s§ v& momen’

khéng vuot qua tr ham

Hinh 2-19. Thw thé dic tinh co cia dong ng vuot qua 5% trong P ¥
co [khang d8ng bo (1) va mét chisu ()] vi bién thién fe M =0 dén M = g
bing dudng parabnl, 2,5My . 1
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D8i voi dong co khong dong bo ta ldy
0.8My
Sih (]. “0,25 Sth) '

Khi do sai s6 v& mémen khong vugt qua 15% trong pham vi bién thién tir
M=0 dén M = M,,. C& hai trudong hop. sai s6 vé téc dd déu khoéng dang ké,
T (2-61), 14y dao ham dM/dw ta duoc:

M My

dw w?
Bi&n 40i bitu thirc nay. ta co: |
dM da 9 Mdl’
o = T 4 m,
da dea w?
: 2 y
hoiic w32 _ @ dM (2-63)
de 2My, de
Thay quan hé nay vao (2-57) ta dwge mét phuongtrinh vi phan tuyén tinh :
0, am +M=M, + Msina (2-64)
do
trong d6 g — hé s6 dic trung cho t6c d6 bién thién clia momen Lheo géc quay:
§ 2
Bo=J—= =T..w, 2-65
Mg, N (2-59)
Nghi¢m clia phuong trinh trén I3
a
-5

M., .
M=M,4+ m sin(a — arctg 8.} + Ce

Hing s6 tich phan C dugc x4c dinh theo diéu kién ban diiu M = M, khi
a=0:

C = _Mi'f_sin (arctg8.) = M., cosWsin ¥, trong d6 ¥ = arctgs..
V1 + 62

Thay hiing s6 C vao biéu thirc
M, ta duogc két qui cudi cung:

‘M =M, + M., cos¥[sin(z — ¥) +
a
+ sin Ye 0. ]. (2-66) - ]‘
Ta c6 th& phan chia vé phai ‘.,ﬁ"\ Mmax
cfia (2-66) thanh ba thanh phin:
thaAnh phin khong ddi M.,, thanh M, ",
- phin hinh sin My cos¥sin(a — V), ‘ i,

va thanh phin him mi Mcycos¥ ' o ) 'S
"'br.’f r--"-,‘ ,",' -y ; -~ ’
e sin,l.‘lfe—“/ec. Quan hé (2-66) va cac Ktocrg ¢/ e jo- Khoang A‘/wng,#‘“ar |
thanh phin clia moémen dugce biéu Hinh 2-20. Dd thi cda mdmen cAn vid modmen
dién trén hinh 2-20. dong co thco ham cia goe quay,
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Trong khodng'thoi gian may lam viée khong !5i (M, = M_,), mOmen dé,o._'
co. bién ddi theo qui luat ham mil, twong ty nhu da xét trong tiét §2-2, Chl
cin chu ¥ rdng, & day ta viét quan hé M = f(a) thay cho quan h¢ M = f(l)nlhé
khong dung hiing s thoi gian T. ma ding hé sé 6.: o

a

el
it

M= Mco + (Mo - Mco)e 8. (2-6

hi

a 1
o194
A0

o e S

.lrong d6 M, — mémen ddng co & cudi khodng Lhdi gian c6 tii (a = ),

Bxéu thic (2-66) cho,thdy ring, moémen cia d0ng co dat cue daj f
, tite 12 khi . a = —E—arclgﬂ = an,. Thay gia tri d6 vao (2-66) ta dlz

a—¥ = —
2 2. ;f.
T s,
M T ] (2-68)
_ cm 1 _ e ] L5
Mmax - MCd,+ -'\/_l + 69 [ -\/l + eg . .

L1
o

Rd rang 1a khi 6.+ 0, Mp., <M + M —didu d6 haan toan tuong tu
nhu trudng hop di xét trong §2 — 5 1a quan tinh co hoc da ¢o6 tac dung lp .

!

nhiéu loan phu tai. y
Tir (2-68) ta viét dugc bidu thirc clia dinh momen déng co theo dom v

twong d6i nhu sau:

T arctgh,

RN TS S
Mcn R + 6% o+ V1 + 62 e

Quan hé nay duogc biéu thi tré.
1 \ hinh 2-20 theo dang dudng conyg suy gidm_

-M
Hmax~ Meo 8. cang lén thi dinh momen cang nhb

cm nghia 14 mémen déng co cang duoc san
1 béng.

"3.'

’ Quan hé (2-69) va dwdng cong hinh®

2-20 ciing cho phép la dya vao s6 lidu ef j;-?..

| \ . doé thi mémen tai va h¢ s6 6, chia he, :

0,2 {— | thé tra ra My, roi dua vao d6 d ch
, : 8, ~ dOng co, ma khong cdn phai tinh to4n qu

;‘ trinh qua 4o,
¢ 2 4 6 8 10 .

‘1-7— '::'

Cudi cung, cin lvu § ring, céc k

Hinh 2-21 Quan h¢ gitra mémen cyc 1UAN trén day chi ding khi ta thay da
dai cla d6ng co va hé s6 O, tinh co ciia dong co béng dudng parabu
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C-CAC QUA TRINN.QUA PO CO HQC KHI THONG SO
'CUA NGUON BIEN THIEN THEO THOI GIAN

\ Nhigu hé thdng c6 qua trinh qua dé xAy ra kém theo su thay ddi mot
thong s6 ndo d6 cha ngudn dién ¢6 tac dong truc tiép ddi voi momen dong
co. Hién twong nay rdt phd bién trong cac hé truyén dong tu dong. Vi du lrong
‘hé V—D, khi khédi dong hodic ting t8c nguoi ta déng hodie thay ddi tin hiéu
daf U, trén diu vao clia h¢ didu khiZn ctia b bidn ddi, r8i do thc dung clia
"cAc hdi ti€p ma tin hiéu didu khidn thay ddi theo thoi gian (chit khong dot bién)
' theo quy luat da djnh. K&t qué 1a sdd cla bd bién ddi sé thay ddi theo thoi
‘gian. Cung lic d6, phin co cha hé truy®én ddng ciing nim trong trang thai
qua do.

- Hién tugng nay cling quan sht thdy cd trong cac hé ty dong vong hé
nhr hé F — P, Do quan tinh dién tir cia mach kich tir mAy phat, ma cac qua
trinh qua d6 d8u dién ra khi sdd clia may phat thay d6i tir tir.

Tuy nhién, d& dé phan biét, ta x&p cac qua trinh qua 49 trong hé F—D
vao loai qua trinh dién tir (dé thdy) va s& xét trong chuwong 3. 0] dAy ta chi
.xét cdc qua trinh co hoc cia nhitng hé c6 thong s ngudn dugc didu khién
theo qui luit biét trude. Khi do, quin tinh cla toan bd phiin dién ctia hé truyén
ddng, bao gdm hé didu khi&n va thiét bi bién doi lJam ngudn cho déng co, duoc
eoi la cho truéc va the hién trong qui luat bién thién cta thong s6 ngudn. Bdi
vdy, ta khong cin xét dén qua trinh qua 46 dién tir clia hé, ma chi xét qua
trinh qua d6 co hoc ma thoi.

§2.8. QUA TRINH QUA PO TRONG HE BQ BIEN DOI—
PONG CO MOT CHIEU

Trong hé nay, thong sd didu khién c6 thc dong d6i véi mdmen ddng co
chinh 1a sdd cta bd bién ddi. Ching han, khi khdi ddng, ngudi ta déng dién
4p didu khién, va do d6 sdd clia bd bién doOi e, ting din; khi him, ngudi ta
cit dién ap diéu khién va sdd e, gidm din. ‘

Vi sdd ngudn, hodc dién 4p trén phin tng dong co, khong ¢6 Anh hudng
dén 6 cirng cha dic tinh co, nén qua trinh qua d6 clia hé sé xdy ra voi mot
ho dic tinh co thing c¢o do cirng B = const. Néu modmen tai phu thudc tuyén
tinh voi t8¢ do, thi truong hop nay c6 thé tng dung mot phan két qui khao
sat & tiét §2-2, nghia 12 ta st dung phuong trinh vi phan tuyén tinh (2-8) dé
mo ti qua trinh qua do:

: do
we = o + T at

Pi¢m khéc co ban véi trudng hop trong §2-2 14 & day do dién 4p ngudn
bién thién -theo thoi gian nén wy phu thudc thoi gian. Gid st M, = const, ta ¢6

B | Mc ép(t) Mc

wx = wo () — —B— = W“‘F . (2-70)
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Khi biét ham ¢, = {(1). ta r4c dinh duoc ham m,, = f({) va giai duge
phuong trinh (2-8). R3 rang la nghiém cla phuong trinh nay phu thudc vao
Jui {uéit bién thién clia sdd cda bo bién ddi.

bé larn vidu la khio trudng hop khéi dong khi ey, bi€n thién tuyén tinh

theo thai gian, nghia la:

e, = el khi 0<7t <t (2-71)

e, = Ebdm khi t > [(,.

Quy luat nay duoc biéu thi bing dudng gdp khic e, trén hinh 2-22, Théi
gian t, dugc xac dinh theo cac sO liéu cho trude:

Eb.d m (2_72) ,

t. =
: 3

Tée d6 khong tai Ii tudng cia dong co sé bién thién theo qui luat tuwong

v nbu e:
€p € .
w, = — = —+t = al khi 0 <t <t
IF-<(D Ko (2-73)
W, = ;z"q")'“ = woum = consl  khi > t..

Quan hé w,(t) cing duoc bieu dién trén hinh 2-22 (dudng w,).

Khi ti c6 tinh phdn khang va c6 tri s khdng d6i, qua trinh khoi déng
bao gom ba giai doan:

1. Giai doan 1 tir t = 0 dén thoi di€ém U tvong trng vi lic M = M. Trong
giai doan nay, vi M << M, nén déng co chua quay, nghia Ia v = 0, E=K®w=0,
dong phin ung chinh la ddong ngidn mach viA mdmen dong co ciing chinh 14

mdmen ngdn mach. Ta cé

M = M, = KOl,, = Ko & = K\ (2-74)
. R R ,
trong d6, R = R, + Ry — tOng dién tré mach phin tng BD—D. Quan hé (2-74)
la quan hé duong thing, d6 1a doan 0—1 trén dudng M (hinh 2-22),

Cho M = M,, ttr (2-74) ta x&c dinh dugc Lhoi gian t, cha giai doan .nay:

M, R 2-78
Ko | (2-79)

1=

Thay t; vao (2-73) la tim dugc gia tri w,; & thoi diem CUOI cla giai doan 1, ‘

tirc la gid tri ban diu cua giai doan 2:

ey’ MR A
ol = s we, 3
' Koy (2-76)

Gia lri d6 dang bang sut 8¢ linh do tii M, gy ra.

2. Giai doan 2t 1, dén t., 1a giai doan ting i16¢c It w = 0 khi e, lﬁng
tuy&n tinh theo théi gian. ‘
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b D& cho dan gian, ta doi gée thoi gian vé di¢m t,, lic d6 bi€n thoi gian
il '=t—1t, hoic t=1t+t, (2-77)
Vlét lal quan hé w.(t) theo bién t’, 1a ¢6:

_ we =,at = al’' + w, = al' + Aw.. £2-78)
thi hop cac quan hg‘ (2-8), (2-70) va (2-78) la duoc:

| ¢ Tc% + o= al - @719
_“-I'thiém riéng ciia phuong trinh nay la

w = al' + A

Hing 86 A duwgc xac dinh bing cach thay chinh w, va dw./dl’ vao (2-79):

A= —T..

Nghlém tr do ciia phuong trinh (2-79) 1a

wg = ce LT,
vfi xighiém_chung sé la: _

W=, + oy = al; — T.a+ ce—t/Te

| Hing s6 C dugc xac dinh bing cach thay didu kién ban diu (v =0 khi
t' = 0) vao bidu thirc nghiém chung. Ta c6:

C=T.a
Cubi cing, nghiém cua phuong trinh vi phan (2-79) ¢6 dang.
) © = al — aT (1 — e~ HTy), ‘(2-80)

Theo (2-80) ta vé duoc doan 1-2 trén duwong o (hinh 2-22).

Momen ciia déng co tim dwge nhd bidu thire

M =M, 433
'l dl .

 Ldy dao ham de/dt’ tﬁ' quan h¢ (2-80) .roi thay vao bidu thitc mémen
ta duoc: -

t

M =M, +al (- e t/Te), (2-81)
trong d6. thanh phan sau clia v& phii chinh 12 momen déng :
Moy = aJ (1 — e~ tTe), (2-82)

‘Quan hé (2-81) duoc biéu dién bing doan 1-2 trén dtjrdng M (hinh 2-22),
Nhir trén di néu, giai doan nay két thac khi t = t,, nghia la khi

) M, |
tr = te— 1, = Boam _ MR (2-83)

£ sKO

Thay gid tri t, vao 2 80) va (2-81) ta x4c dinh duwoc gia tri cha téc dé
‘w3 v mOmen M; & cubi giai doan 2, lirc ]a cac gid tri ban diu cda giai doan 3.

K '-'I .
» _ a3

i .
A /



]
i

- & Giai doan 3 tir thoi diém t =t. cho dén khj ©-»> m. ... hodc ‘VI-—rM
Hay doi géc thoi gian dén diém t., ta s& duge qua trinh qua d6 véi dién ép
ngudn e, = Ep.am khong ddi. Thed két quéa §2- 2ta ¢6; a

W = wxl-cc + (wpas — mxl-cc)e_t"(Tc (2'84“
M = M, + (Mpas — M;)e "t/ Te '.' (2-85):%
trong d6 wy).cc — gia tri xac l4p cudi cing cla téc do:

g

-~

) ﬂ-':" L=

Wxl.ce = W0.dm — ch:

wbass Mpas — gia tri t6c dé vA mémen & dAu giai doan 3, tirc & cudi glar
doan 2.

. .

1" =t -t,— bi€n thoi gian 14y theo gbéc moi,

Chc quan hé (2-84) va (2-85) dugc bidu dién bang doan 2-3 trén céc du'(’mg
cong w vd M (hinh 2-22a) 1

Cha y ring trong 3 giai doan qua dd xét trén, giai doan 2 chiém phan
lrong 16n nhél, nghia 12 né quy&t dinh thoi gian va dic digm cla qué trinh
qua dd, Tir (2-82) ta thdy moémen dong clia h¢, va do d6 ca gia tdc cha lruyénl
dong, chi phu thudc vao a va T, tirc phu lhu@c vao tinh chit etia ban thin t['uy'éll"i
ddng, chit khéng phu thudc vao mémen can. Dura vao dic didm nay, ta co the
thong qua qm luat diéu khién b0 bién d0i d& lao hinh cho cac qua trinh qu&‘
dd theo yéu cdu céng nghé.

Hinh 2-22. Céc d4c tinh qua 46 (a) va quy dao pha (b) cia hé BP-P. 1

Tir cac dwong cong M(t) va w(t) ta tim duge quy dao pha (dac linh ca
d(,na) rt1a hé nhu trén hinh 2-22b, Trong giai doan 1 die¢m lam viéc cla hé dl
chuyén trén truc hoanh (mii tén) sau a6 tiép tue di chuyén, trén vo sb dubng
dac tinh co tinh va tién téi diém x4c 1ap cudi cing. Cac doan 01, 12, 23 trén
qu¥ dao pha 13 twong Gng véi ba giai. doan.khdi dfing da trinh bAy. trén.
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§ 2-9. QUA TRINH QUA B TRONG HE BIEN TAN — PONG CO
KHONG DONG BO

H¢ bi€n tin — ddng co khdng ddng bd vé hinh thire - diéu chinh toc do
va di2u khi&n cic qua trinh qua do hoan toan twong tu nhu hé Bo bién ddi —
Pong co mot chiéu.

., Thye vay, trong qua trinh qua dq, tin s8 ra cua bd bién tin ciing bién
ddi theo thai gian véi mot qui luat nhit dinh twong tv sdd cha bo bién ddi
xoay chiéu — mot chidu. Vi tdc do tu trudng quay cia dong co ty 1¢ véi tAn
s clia ngudn dién slato.nén ndé s& Lip lai qui luat bién thién cta tin sb, giong
nhr quan hé w, (t) trong truy&n dong mot chiéu (§ 2-8).

Hon nira, khi didu khién
cac qua trinh qua d¢ bing tin

| b qud de ¢ fw |
s6, thi didm lam viéc (qui dao  “odm

pha) clia dong co chi di chuyén " 3

trén doan lam viéc chia ho dic XL . cc

tinh co bién tAn ma thoi. Khi do \
ho dic tinh nay co th& coi la

inhirng dudng thing twong tu

mhuw ho dic tinh co bién doi dién W,
Ap ngudn cta dong co mot chidu

(xem hinh 2-23).

Pe lam vi du, ta sé& khao
sat qua trinh khéi dong cha dong J__,,
0

co khi tin sO ngudn ting tuyén ;7T N "
tinh vé&i thoi gian va M, = const 2
c6 tinh phan khang. Hinh 2-23. Quy dao pha clia hé BT-D
Ta co: '
f =et khi 0<<t<ty, ’ (2-86)
f = fan = const khit >ty (2-87)
Téc do tir trudng quay s& bién thién theo qui luat twong tw, nghia la
o= ~Xf= 28\ _atkhi0<t<t, |
P ﬂP - (2-88)
khit > t; -

Théi gian t; ciing du'(_)c xac dinh tuong ty nhu (2-72)
tr = fam (2-89)

“Ciing twong ty nhu §2-8, qua trinh nay ciing c¢6 ba giai doan; — Giai
doan 1 tir t = 0 dén t; &¥ng véi khi M = M.. Trong giai doan nay vi M < M,
nén o =0. M = M. Coi doan ddc tinh lam viée cia dong co khong ddng bod
1a-dudng thﬁng ta c6

M =M,, = po, = B.at, (2-90)
trong @6 B — 40 cang cia ddc tinh co (doan lam vige).
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Quan hé (2 90) dwoc biéu thi bang doan thang. lu'c»ng ter nhu doan 0--—*1ﬂ
trén dudng M caa hinh 2-22. *%,J

bdi voi cac giai doan 2 va 3, phwong phap khdo sat va Két qua’ nhﬁmql.
duge ¢iing hoan toan giéng nhu cac phan trang wng néu trong §2-8.

3
Quy dao pha cia hé duge vé trén hinh 2- 93. Pidm 1am viée clia hé khong%

di chuyen xuéng phin cong cia dic tinh co tmh do d6 qué trinh qua d6 co*1
hoc clia hé nay hoan toan giong v6i hé BD — D.

\ .
D-CAC QUA TRINH QUA P) CO HOC DAC BIET

- ."-‘_ -
it o R S e

—
-

S~ 5

Trong nhém nay ta xét hai truong hgp: qua trinh qua do khi momen '_
quéan linh clia hé bién ddi theo hanh trinh cén mdémen dong thi phu thude phl
tuy&n theo tdc dé va qua trinh qua d6 trong hé lu'Gng khéi.

§ 2-10. QUA TRINH QUA P( TRONG HE CO
N e v AP
MOMEN QUAN TiNH BIEN POI
Thuc té co nhiéu truy&n dong lam vide voi mémen quan linh bién dbi.
b6 14 cac thiét bi quidn ma dudong kinh true quay to din nhu truc quin thép:
can, truc quin vai, quin giav v.v..: cac co cdu khuju trong d6 c6 mot :16

phan chuyén ddng tinh ti€n; cac co cdu c6 ty sb truyén tor ddng co dén
phan 1am viéc bién do6i.

P6i voi nhém may nay, truyén dong ludn ludn lam vide trong lrarig thai |

qua d6. D& viéc khio sat dugc tién hanh cu the, ta ldy vi du mét co cdu kleu
khuyu

‘(- K&t ciu co khi clia bd truyén dwoc trinh bdy mét cach don gidn lrén-
hinh 2-21. GiA thiét truc khuyu quay v6i téc d6 khong ddi w = const. Thanh:
truyén [ s& dua con trugt T chay di chay lai. B ph4n lam viéc duoc néi voi
con truot nay.

Moémen cén ciia co cdu nay. nhw di xét trong §2-7. ¢6 dic tinh dao dong
phu thude goc quay cla truc khuyu.

Momen quén tinh cia toan hé phu lhudec momen quan tinh cfia con truot
T (va nhitng bd phan chuyén dong tinh li€n ndi ciang véi nod) cting bién thién
theo ham cia géc quay. Trudc hét ta xae dinh momen quan linh.

1. Momen quan tinh cia hé
Tt hinh 2-24 va gid thiét di néu, ta cé;

|
— momen quan tinh eda truc khuyu va cac khox ndi cung voi né la hang:!

sé J, = consl;

.~ ,— momen quén linh cia con trugt sé la dai ]uong bién don va du:aci
xac dmh nhu sau: '
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Ta tinh d6i du trit dong niing clia khdi m chuyén don‘g tinh tién véi téc
dd v thanh du triv ddng ning clia momen quén tinh J; khi no quay voi tée do
qui ddi w:

llIV2 J.w2 v?
— J == —
5 5 hojc J; = m o
(2-91)

Dua vao hinh _2-24 la xac-

dinh duogc v nhu sau:
ds

Ve ——

T

trong do
s = AD 4 DC = rcos8 + lcosp.

r .
Vilsinf=rsing, hodc sinf = T sind

nén | - cosp = VI — (%)2sin29

Thong thuong { > r nén c6 thé tlinh gan ding:

Hinh 2-24. Glan db clia co ciu khuyu.

s =T cosb +IVI - (-l;-)~sin29 ~ r cosf + [.

Do do
v = __d_s_ = —r sinBﬂ = — rw sind.
dt dt
Thay gia tri cua v vao (2-91) ta duoc
J, = mr?sin®0 =: J; sin?, (2-92)

trong d6 J; — mémen quan tinh qui dGi cda khéi m.
8 — géc quay cua truc khuyu (lic truc dong co).
Mémen quan tinh téng clia hé s& la:
Je =J,+ 1. = J, + J; sin?.
Sau khi bién d8i lwgng giac ta dwoc bidu thirc cudi cung

J>:=J0+J—2‘—J, 50—523‘1 (2-93)

Nhu vay, mémen quantinh 3
clia toan hé hién doi -dang sin
theo goc quay, nhu biéu tri trén
hinh 2-25.

N

2. Phwong Irinh chuayeén
dong.

Theo két qua néu trong
chwong 1 (tap I), khi mémen quan . -
tinh bién thién theo gbéc quay 7 | ’ 2N @

thi Phu_ong trinh chu.yfﬁn d‘:m,g Hinh 2-25 Quan hé gita mémen c[uéﬁ tinh cia hé
duoc viét dudi dang tong quat ¢é bo truyén khuyu va géc quay cha'truc déng co.
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MM, =Jg o2 4 & 4z o 2:94)
T T T Tan ‘T
Thay vao (2-94) céic gia tri clia Jy tor (2-93) vd dao ham clia n6
-ﬂz— = 2], sinf cosb ﬂ- = Jiw sin20 §:
de dt 4 \
ta duoc
M—-M.,={,+ 1], smze) — -|- —- J; w3 8in26. (2-95)

DPay 1a phuong trinh vi phén phi luyén va khong {he glal trye ti€p bing.
cach ldy tich phan. Ta cé thé gidi n6 hipg may tinh hoic dung phuong phip

do thi,

3. Dyng céc ddc tinh qua &6 bﬁng dé thi

Pé gidi phuong trinh (2-95) béng do thi, ta viét né thanh dang
M —-M, - —é- Jiw?sin20

do _ : - (2-95a)
dt Jo + Jysin?0 ]

roi sai phin héa

J, + J:sin?0

At = Aw. (2-96)

C(M=M,)— ;—J.. wsin20

Pitu kfen cho trude 12 cde quan hé M, = [(0). M = f(w) va J = £(6).'V8
cdc quan hé nay lén cAc gb6c phiin tur trén hinh 2-26. Trén hai goc cdn lai, ta
dil hé true [w, t] va [0, t]. Muc dich khio sat la lim cac quan hé w (1), 8(1)
va M)

Gia thiét khao sat qua trinh khdi dong, bit diu tir ® = 0 ta chia dic
tinh e¢o cha ddng co thanh cac doan rng v6i nhirng gia tri tiy ¥ Aw,. Trong
indi doan ta 14y mot gia fri trung’binh cﬁa moémen ddng co My, Gia st vao
diu qua lrinh truc dang ndm & vi Iri 6, tvong &ng voi gia tri My va Jy, Ddo
do. Thay cac gia lri nay cung vdi gia sd t6c do diu lién Awy vao (2-96) ta xae
dinh dwge At,. D3t Aty 1én iruc {, roi két hgp véi Aw; ta xac dinh duoc mét
diém Irén dirong w(l) cin lim.

Ti€p theo ta xac dinh gia s géc quay twong ung

AB; = (nu,lA[g -— O;'-*-ziml A[]

Dat gfé 1ri ‘A8 k& voi 6, ta xac dinh duge géc quay ciia truc & giai doan

thad hai:
0, = 6; + Afy. ’

Tlr cip gia tri Aty va 0, ta xéc dinh duge mdt diém trén duong B(t)

M3t khac, (ir 8, va M, lrén ddc tinh co (xem hinh v&) ta tim dugc mét
didm trén dic tinh M(8).

Sau dé, twr 6; dong Ién dudng My(0) ta dugce gia iri My, va dong 1én duéng
Js ta duge ng' r6i dang gia tri Mg, My, Iy, vi Awxnthay vao (2-96) ta lai
xac dinh dugc Aty, v.v... :
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Trinh tu dung cic d%c tinh qua d¢ va dang ctia ching trinh bay trén
hinh 2-26. |

ke

L)
Hinh €-26. Dyng céc dic 1inh qui d6 khi mdémen quan linh va
mémen cdn bién th:én theo ham cia géc quay.

§2-11, QUA TRINH QUA DO CO HOQC TRONG HE LUING KHOI

Tinh dan hdi clia kh4u lién lac co hoc gifta hai khdi chuy@n dong trong
hé ledng khéi 12 nguyén nhén giy ra lyc din hdi v lam cho qué trinh qua
dd tr& nén phic tap.

1. Dic tinh qua 46 va ham truyén

Ta s& khao sat mdt qua 'rinh qua do don gidn nhit, dé 1a qua trinh khoi
déng khong tai (M, =0) kb moémnen dong co khdng d6i sudl lrong thoi gian
khoi dong.

Nhur da biét, chuy&n ddng ctta hé ludng khdi duge mo 13 béi hé phuong.
trinh sau: |

Aoy

M- Ma = Jl'm" ,
Mgy —M, = I, ‘1":’ (2-97)

Magr=c(pr —@2) =¢ f(wr - ) dt,

trong dé6, Ji, J; — mdémen quén tinh lia cac khdi chuyén déng linh d6i v cing
mgt tée do (thuong ldy téc d9 dong co):
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My, wy — gik tr1 tire thoi clia téc d¢ & phia dong co va phia lai (nghia ‘

12 & hai ddu phin t& dan hoi); 1
- M4n — moOmen dan hoi; o v
¢ — dd cieng cha phin tir dan hdi;
@1 @2 — goc quay & hai diu tryc cha phﬁrr' tir dan hoi.
Cac dai lqung trong hé phuong trinh (2-97) dwgc ghi chu trén hinh 2-27,
D& cho d& so sanh, cac dai lirong mémen va téc do duge bidu di&n bing cic

‘veclo. Nhiin don gidn cach viét khi bién ddi cac phuong trinh, ta ding ki hiéu
todn t& p thay cho d/dt. Tt hai phuong trinh diu ctia hé (2-97) ta c6

M -~ M, = Jlel -+ szwz

Thé phuong trinh thit ba vao phuong trinh thir hai ta rat ra bidu thire
cﬁa wy .

c

— Wy = Mc
(p)z == p - . .
CLp + — | ;
p : - |
Thay gia tri nay vao dang thuc trén va cho M, = 0 fa dlroc phu'ong trinh
viét cho wy:
3 2 .2 Ji 2 . S
hoidc ’
1 d° d M L
&;' + 2= 1 d \;I + 1 (2-98a)
Q2 dt dt 7,02 dt I+ 1, . '
12 12
lrong d6 Q3 — tin s6 (goéc) dao dongtu do clia hé:
le = v C Jl + J2 = 1/9192 | -° (2;99)
JiJ2 | \
_ VE 0, — -\/z — tin 88 dao ddng rieng ciia khéi
L' T VT, thir nbat va kh6i tha hai. .

Né&u trong qué trinh qua d¢ M = const, thi phuong trinh (2- 98) co dang
don gian hon:

1 d° d |
" d:‘;‘ + d":‘ = a, (2-100)
12 |

-

A
I+ 1o
Phuong trinh ddc trung cda (2-100) 1a
1

trong do, a

12
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Nghiém clia no sé 1a
pr = 0,
P23 = =4 j Qe
Nhu vdy, nghiém tu do eha phuong trinh vi phan (2-100) c¢6 dang
wa = A cosQst + Bsin Q.

Nghiém cudng bic cla pﬁuong trinh vi phan phu thude vao thanh phén
# vé phii, nghia la

(2-101)

Weh = Atp t‘g
Nghiém chung ctia phuong trinh sé 1a
Wy = A cos Qut +: B sin Q]gt + apt.
Dung didu kién ban diu: khit =0, v, = 0 va dor _ M = 2uth £ 1)

| TR I
ta s& xac dinh duoc céc hiing s6 A va B. Cudi ciing, pghiém «, ¢6 dang
o = apt + S gin Qpt, v (2-102)

1=c12

Bing cach twong tu, tir hé (2-97) viét phwong trinh vi phan cho w, va
_ gxax ra ta nhan duoce nghlem wz nhu sau:

Aty
wy = apt — — sin Q.t. ‘ ' (2-103)
sz
wil
“2
%t
< I o w,
4 % ¢2 ' Nwz
M, a—- - -MC
dh - _k
Wy ——> ks - 0 t
Hinh 12-27. So db thay thé cia hé co Hinh 2-28.. Quan h¢ gika t8c d¢ cha cac
hoc ludng khéi . kh6i va thoi gian khi khoi déng khong téi

va M = const

Cac quan hé (2-102) va (2-103) dwoc biéu dién thanh cac duong cong (rén
hinh 2-28. D6 1a cac dudng dao dong ngugc pha nhau xung quanh dudng
thing trung binh aut. Nhu vay, cdc hdm t6c dd bao gom thanh phin trung
binh at bién lhlén b4c nhit theo thoi gian va thanh phén bién thién didu hoa.

Biéu thtre (2-102) cho thdy, bién d6 cta thanh phin bién thién diéu hoa
ciia tGc 46 phia dong co w,.khéng nhirng phuy thude vio mémen quan tinh cla
khoi phxa dong co J; va tin sd dao dong tw do Qyp cia hé, ma con phu thude
viao momen quan tinh cua khdi chuyén doéng phia phu tai J,. Khéi nay cang
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nhd thi dao déng téc do cla iruc dong cu cang nhé., Khi J, khéng dang kg td
c6 the coi 18c dd ting tuyén tinh theo théi gian, nghia 1a né blen thién theo .
qui luat giéng nhu trong hé don khoi (xem §1-3). v

Nguoe lai, su dao déng cia (3¢ d¢ phia phu tii w, lai khong phu thuﬁc d
vao mémen quan tinh cla cac khdi, ma chi phy thudc vao gia tdc trung binh
clia hé théng a, va tin s6 dao donyg Ly do Qi Ngay cd khi J, - 0, w, van giit
nguyén tinh chit dao dong [xem bicu thire (2:103)].

D8 khao sal cac qua trinh déng’ lrong hé ludng khéi duoge thuan tlén
ngudi ta thuong st dung so d6 ciu lrac caa hé va cdc ham truyén. - i
T hé phuoang trinh (2-97), ta cé thd viét cac phwong trinh duéi dang -
toan tir laplace: _ -
M — Mgy =Tipay

Man = M. = J,po; : .
dh c ep2 : (2-97a)

Map = — (w3 — wz) ) ¢
p 3

Dya vao hé phuwong trinh nay ta lip dwoc so dd ciu truc clia hé luﬁrng ;
khéi nhu trén hinh 2-29.

Hinh 2-29. So 488 ciu tric clia h¢ co hoe lxdng kh6i.

Néu coi lugng vao 12 M, lurgng ra 13 w, (khi ciin khio sat w) cho M.=0
tir so dd cfu tric ta ¢c6 ham truyén la .

- 2
P? + Q
Wuip) = u_,_n(p) = Jo+Jd, 1 5

Lp(p? + Q%)
Ro rang la tir (2-104) ta viét duwgc ngay phuwong trinh (2-98).
Néu coi lugng vao 1a M, lugng ra 1a v, ta s& ¢6 ham truyén thi hai:

wa(p) Q2 | A
Wep) = — = ' - (2-105)
M(p)  pd; + Ja)(p? + 912)

Dya vao diy ta viét dugc phuong trinh vi pban theo w, va gidi du'oc
k&t qui (2-103). 1

Khx coi lrgng vao 14 M, lugng ra lan mémen dan hoi Mgy, ta.co

(2-104)

I | il

wMah (p) = =
M(p) p? + le
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Tuong tu nhu viy ta cé thE viét duge ldql ham truyén khi coi tin hiéu
vao la mémen phy tai M,:

2
: p Q
W, (p) = ;I"(P) W(P) = = (2-107)
() P+ Q)
. 2 4 (10 4+ D)2
W oo P) = wfp) _ P*+ U/ _,2] 12 (2-108)
Me(p) Lp(p? + Q)

2. Hién twong can diu.

Cac biGu thirc (2-102), (2-103) va hinh 2-28 chi ding véi trudng hop bd
qua cac luc can diu trong hé. Kni do, 16¢ d0 & hai dau phan (& dan hoi dao
dong khong tit.

Thuc té. trong hé luén lubn t6n lai cac luyc ma sat nhét va luc bién dang

lam tiéu 1dn ning lugng dao dgng co hgc. Ta c¢6 the ldy vi du cac lue (mOmen)
sau day:

_ — moOmen ma sat nhét do c4e phiin t chuyén dong trong dAu va trong
khong khi. N6 1y 1& bac nhdt véi 16¢c d) va hudng nguoc véi tée do:

Mma = =7 Wy, M:sm = —-—T(uz. (2'109)

— Mdmen bién dang phat sinh trong cac 1hiél bi co khi khi c¢6 bién dang.

N6 ¢6 chitu nguoc vai l6c d¢ bi€n dung va céd gia tri 1y 1&é voi tde 4o nay,
nghia la:

Miys = —T(w; — w)). (2-110)

— Gia s6 mémen clia déng co. Vi dic linh co chia ddng co c6 do cirng
nhdt dinh, nén khi 16c d§ thay doi, mémen ddng co s& bién ddi mét luong.

AM = —Buw, (2-111)

Vé gia tri ciing nhu vé chiéu, né hoan todn gidng mOémen ma sat nhot

M,n[xem (2-109)]. Y nghin val ly cta linh cin diu do AM giy ra dugc giai thich
nhu' sau:

Khi tdc dd cha tru¢ dong co dao déng, momen doéng co sé thay ddi mot
cach tuong ung. KéL qua la dong dién clGa dong co bj dao dong va giy ra cac
t6n Lhdt nhiét trong mach di¢n va mach t&r. Nhu vay, dong co di bién ning
lu-ong cia dao ddng co hoc thanh nang lugng dién Lir va tiéu tdn nd trén dién
trd va tir tré cha minh.

RO rang la néu do cirng cla déc tinh co B = 0 thi mébmen va dong dxén
ddng co sé khdng Lhay ddi theo 8¢ d¢, nang lugng ciia daoddng co hoc sé khong
duoc bign ddi va tidu tan trong dong co. Luc d6 ddng co khong co6 tac dung
can diu doi voi dao dong co hoe.

| Cac mOmen cin dju néu Lrén lam cho dao dong trong hé mang tinh chit
tit din.

Ching han ddi véi trudng hop khio sat lrong wmuc 1, ta ihdy AM =0
(vi coi M = consl), thanh phin M, thudng rit nhé nén c6 the bd qua, thanh
phin M., s& c6 tic dung cdn diu cht yéu.
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Khi xét dén M,,, hé phuong trinh (2-97) c¢6 dang

\

M - Mdh = I T
d.wz
My, — M, =1, =

(2-112)

M’ | = ]\'Idh + Mbd = 'C f((ul—-—(uz)(“ + T(wl - (s)g).

Bién ddi phuong trinh nhu da tién hanh & trén, ta duge phu'orng lrmh."

vi phan viét cho o nhu sau:

1  d3ow 20.q

d?e dew;

(2-113)

v + = dtby
2 ded 2 dt? dt
@ Ry
trong d6, w.q — hé s6 can diu: . |
S e @2-114)
2 ’ J] J-_», .

&

Nghiérh ctia phwong trinh vi phan (2-113) sé c6 dang

mp =apt +c

trong do,

t
¢ (Acos Qj51 + Bsin Q7 1),

IQ, = 2 — 2 .
i v 22 = G

Cac hing sd A va B ciing dwgc xac dinh theo diu kién ban diu khi.

M
t‘-'—-“'O, W = 0 va dw,]dt: -J—.
1

9

< T

lw',wz ] %‘ :

0 . .ovt

Hinh 2-30. CAc duong cong téc do (1)
va 04(t) khi xét dén tac dung cdn dju cla he
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Bi¢u thire cubi cung clia nghiém w; 14

Jaayp

JiQ

wp = ay t 4

-cht . N 4 i
e  sin let (2-115)

'
W

Bing cach tuong tr ta tim duqc

quan hé my(t) ‘nhw sau:
L

ap " %edt
wy = 3t ——— e

Q;,, sin Qizt. (2-1’153).;
Cac bidu thire (2-115) va (2-115a) -
duoc biéu dién lrén hinh 2-30. |
So sanh (2-115) va (2-115a) voi |
(2-102) va (2-103) ta thdy mdémen (hodc =
hé s0) cin diu lam cho cde dao dong” i
téc do tat dén va lam gidm tin sG clia

dao dong (Q), < Q). Chu y rﬁng thong |

 thudng mbmen cin diu c6 gia tri khong

lon, nén qua trinh tit din cham. g.*’-

4
F

1 r
i'!



v - ) ¥
E-TY SO TRUYEN TOI UU VA QUAN HE
NANG LUQONG TRONG QUA TRINH QUA DQ

: g
§2-12. TY SO TRUYEN TOI UU

/

Cac chi licu chit lugng quan trong clia qua trinh qua d¢ 1a thot gian két
thjic ciix qua trinh va do 16n cha moémen hoiic dong dién dong co trong qua
Arinh d6. Khi ciin biio ddm niing sudt 1am viéc cae thi phdi gidm thoi gian cac
qua trinh qua dé dén nhd nhét, con khi yéu ciu giit gia tc cha hé théng &
mot gia tri cho trude nao do6 thi cin phii cho dong co lam viéc voi mémen
va dong dién cuc tidu.

, Neéu két cflu co khi clia may va tdc d6 clia bd phan lam viéc dii cé san,
gid thiét da du kién so bé mot s thong sé cha dong co thi hai dai lwong néu
trén phu thude vao ty sd truvén tir truc dong co dén bo phan lam viée. Ta
¢6 the tim ra mot gia tri t6i wu cha 1i sé truyén iw theo diéu kién thoi gian
hodc moéOmen.

1. Theo ditu kién thoi gian.

., D& thuan tién cho viée xac dinh ty sé truyén tdi wu, ta dung miu co
hoc co6 td8c A0 quy d6i 1a t6c d6 cua by phin lam viée. Khi do ta phdi quy
d0i momen vaA momen quan tinh clia dong co i 16c A0 w VE tde dd wyy -

qu = l’T]M Jqd = Jdl (2 116)

Nhur vay, néu hé théng c6 so dd dong hoc nhu trén hinh 2-31a thi méu

thay thé ctia né sé nhu trén hinh 2-31b.

Jg,M,w ;
N4 T B 4 Iy T4 \ |
7 _Jrrn M/quyfqd‘ %—‘Tqﬁf"’[”% \
aul LV ,._.. - My,
_——’-w
- ]Iu,Mlv_,wW lv
‘._ | a) b)

L
Hinh 2-31. So dd dong hoc (a) va miu co hoé dung téc d6 qui d8i 12 ™, (b)

Phuong trinh chuyén dong viét cho miu co hoc nay s& la

dw]_v

dt

- . _‘_t qu - Mlv - (Jqd '+' le)

hoic

(2-117)

dmlv _ i IM - M']v
dt '2J'd + le
trong d6, ddu + trudc M va My ding cho trudng hop dong co giy chuyén

ddng (ting tdc), ddu — Gng v6i trudng hop dong co ham chuyen dong (giam
tée); cm b6 truyen c6 hiéu suit 1= 1.

: (2-118)
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b& bio dam thoi gian cfia qua trinh qua do nho nhét, la phii xac dinh -

ty s6 truyén i sao cho gia toc dw;,/dt dat duoc cuc daii Mudn vﬁy, ta ldy dao
bam vé& phii clta (2- 118), roi cho bing khong dé tim cue tri clia de)y/dt.

Két qué ta tim duoc bitu thirc cla ty sb trdy”e‘n t8i wu nhu sau:

- e = + Mlv + V( My ) + ?: . | (2-119)

Néu cho Ji,/Js = const, thi i phu thube ty s6 M;/M. Quan hé dé drge

- bitu dién béng hai dudng cong trén hinh 2-32. Nhur vay, ré rang la khbng the
chon mét 1y s& truyén 16i wu théa min cho moi qua trinh qua d va moi gid

tri phy tai. D6i véi moi truyén dong dién ta chi c6 the chen mdl gia tri i

cho trudong hop khong tai (M, = 0). Gia tri dé 1a chung cho ca qua lrinh ting

t6c cling nhw qua trinh gidm téc :

fte.o = v Jiv (2-120)
J
#‘Iu | D6i v6i cac co cau thuong
_ xuyén kh&i dong va ham khi hanh

trinh 1am viéc ngén, thue t& hé s@

Ting tre lap. D6 thi téc d9 theo thoi gian

“lr giac nhur hinh 2-33. Di2d kién t8i
Ty Giam #6c | wu lic d6 14 bdo dim cho tdng
— thoi gian khéi dong tya va thoi
- gian hidm t, nho nhit.
0 Mip/ M T (2-118), biing cach Iy
Hinh.2-32. Quan he gifra {1y s6 truy®n t&i uu tich phan bidu thirc clia dt, ta tim
" vA mbmen phu tai (gid tri twong d4i) duge tbng SO tya + ty:
1 1 ‘
t th = (J)y 4 %] ve 2-121
= O 10 (g + ) @ 1R

Liy dao ham vé phai cfia (2-121) réi cho bing khéng ta duge:

. 1 le Mlv le Mlv le Mlv ; J !
g = — 4 . 2'122

Twong tv nhu (2-1P9), néu cho M, = 0 thi ta ciing duge gia tri iteo

ahu (2-120).

2. Theo diéu ki¢n mémen,

Mot s6 heé truven ddng dién do diéu kién cong ngheé, doi hdi pth c6 mot

gia téc nhdt dinh, Ta coi d6 la mét s& liéu cho truée d& khio sat qua lunh

qua do. Dieu kién chon ti s6 truyén t6i wu & day la dam bio gia Lri nho nhﬁt 4

cho mémen déng co.
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T (2-117) la ¢6 the viét lai phuong trinh chuyén dong du¢i dang:

M o= dt__ . (2-123)

Béng chch tim cyc tri clia momen, ta xac dinh dugc

ite = 1/Jw L My (2-124)
Ja Ja(dewy/dt)

Néu My, = 0, thi twr (2-124) ta ciing nhan duge cong thire (2-120).

Nhur vay, quan hé (2-120) la dic
trung chung cho lrang thai téi vu lheo didu w b
ki¢n thoi gian hodic momen. Didu do6 la
hoin toan diang vi thuc chit hai diéu kién
néu trén chi la hai cach di€én dat cia mét
vian d&. Pidu kién thi nhit c6 y nghia la:
néu cho M-= const thi khi i =i gia 1dc

ciia hé s& 16n nhét; con diéu kién thir hai

la: néu gitr gia t6c dw/dt = const thi khi 0 f 7

R
i =i momen cla dong co s& bé nhit. = t g t,

Khi thay i = w/aythi L (2-120)  Hink 2-33. DB thi téc d0 ki2u tam gic,
ta rat ra quan hé

A cu2
Jdmz lv 1y

= . 2-125
> 5 ( )

" Nhu vay khi chon ti 8§ truyén 1a i, ,thi du trir dong ning cla khéi

chuy&n dong trén truc dong eo bing dy trir dong nang cda khdi ldp trén truc
lam viéc. |

52-13 NANG LUONG LAM VIEC VA NANG LUQONG TON THAT
TRONG QUA TRINH QUA PO CO HOC

1. Quan hé gira cac phan nang lwong trong hé truyén déng dién.

Ta khdo sit quan hé ning lugng trong cac qua trinh qua d9 khi bd qua
‘quan tinh dién tir doi vdicde hé truyén dong dién c6 16¢ d§ khong tai Iy tudng
thiru han, vi du truyén déng dung dong co mot chidu kich tir déc lap, kich tur
“hén hop, dong co khong doéng by va dong co dong bd.

Qué trinh qua d% trong cac hé thong néu trén thuwdng dwoc biéu hién
bing su thay doi tdc do khong tai ly tm?mg Chiang han, qua trinh khéi dong
14 do ting doOt bién tdc do khong: tai 1 tedng tix 0 dén w,; ddo chiéu la do thay
adi tire thoi téc do khong tai 1y tudng tir w, d&n — v, v.v... Sau khi dot bién
gia tri clia o, duge gitt khong doi sudt trong thoi gian cﬁa qué trinh qua d4é.
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Mac du e 46 khong tdi 1y twdng dét bién, t8¢ A6 cha truyén dong vin
thay ddoi b tir do quan linh co hoe. T8¢ d6 khong tai li tudng o, dic trung
cho mire ning lwong cia ngudn dién dua vao hé thdng, con tdc dd w cha true
lam viéc thi ddc troung eho mic¢ niing lwong co hoc ma khéi chuyén ddng thu
nhan dugc. Nhr vay., ning lugng ciia ngudn dién dwa vao hé thdng mot cach
lirc thoi, cdn ning lwong truyén cho phin co chia hé ting tir tir. Phin chénh
léch giira hai mirc nang lugng do sé bi milt di modt cach vo ich, ta goi 12 ton that,

D2 cho tong quat, ta hiy coi mirc ning luvgng tirong trng véi v, do nguon
dién tao ra teong tw nhu dong nang cua truc 1 do mat d@ng c¢o nao d6 quay
vii t6c 6 w, = const (xem hinh 2-34). Truc lam viée 3 mang khéi chuyen ddng
J s& tiép nhan ning lugng tir truc 1 va thay doi din didn t6¢ dé cha minh de

c6 quan tinh co hoc. Sy chuy®n dbi mach dién cha dong co truyén dong d&

gay qui trinh qua d¢ trong hé thuc té€ dwoc thay bang thao tac déng ciat khéop
li hop 2 trong hinh 2-34. Nhur vay, ta da bién ddi qoa trinh qua dé trohg hé
dién—co thanh qua trinh twong duong trong hé thuin co.

Néu hé thyc dang ddng co khong dong bo, thi truc 1 ‘bidu thi cho nidng
lvgng clia Lir truong quay khi tAn s6 vA sd cue khong db6i (w, = 2nf/p = const).
Néu dung dong co mot chidu thi truc 1thay chd ngudn ning luwgng dién tir do
dién ap U tao ra khi tu thong dong co khong ddi (w, = U/K® = const).

Khi déng hoidic cil khép 2, niing lugng tir truc 1 lruy&n vao truc 3 s& la:

to t2
AW, = [Pdt = [Moedt, (2-126)
t,. t) = p
trong d6 P = Mw, — cong sudt cha true 1 (cia ngudn);
M — mémen trén true 1.

D6i véi hé thyuc, néu coi qua trinh qua do xdy ra khi khong tai M, = 0
thi tir phuong trinh chuyén dong ta cé
M = J de/dt.

Thay gia tri cua M vao (2-126) ta duogc bidu thic clia ning lrong do
ngudén dwa vao hé nhu sau:

Wee B
AW, = [ Jodo = Joowe — wpa), 2-127) |
Wpd B
hoac . | .
AWy = JoF (Spa — Sco), (2—127a) :
trong d6, 4 !
Wo — Wpq Wy — Wee
Spg = See = —m—2C
o w,

™pg, W — €AC gid Iri ban diu va cudi cung clia tde d6 trong qua trinh.
qua do dang xét.

Nhu trén da néu, ning lugng do ngudn dwa vao s& duoe chia thanh hai
phin, mot la du trit dong ning cho khdi chuydn dong Ade va hai la ton

that AW, :
AW ng = A\Vdg + AWy, (2-128)
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Dy trir ddng niing elia mot khéi dang quay voi t6c d6 o sé 1a
- 2

hoic
dWag = Je. | ] (1-129)

Khi téc do bién thién tir w,s dén w., dur trit dong ning sé thay doi
moét luong:

Wee mz . mz
AW, = J' Jodo =~ (2-130)
Whda )
hoic r
AW Jw? |
g = [Sce (See — 2) — Spa (Sba — 2)]. (2-130a)
T (2-128.) (2-127) va (2-130) ta x4c dinh dugc ton thit ning luong
AW, = J(wo ~ %“’_) (¢ — Wba) | (2-131)
hoic
AWH =] 2o 2 (s bd — s2). (2-131a)

Thay cac gia tri wpg, w hodc Spg, See Va0 cac biéu thirc trén, ta xac dinh
dwgc AW, cia cic qué trinh qua do khéi @dong, him nguge dao chiéu ghitrong
bing 2-2. :

Bdng 2-2

Tdn th4t ning lweng trong cac qua trinh qua do
Loai qua trinh Sha Sce Wu
-~ 2
(1Y
Khoi dong 0 1 "T
- <
Al i o
Him "nguoc 2 1 5d Py
| g
Pio chiéu 2 0 -

b P4c biét chu y ring, nang luong lam viéc va ning lwong t6n thal khong

phu thudc vio thong s6 dién clia hé va hinh dang cic ddc tinh qu4a dé, nghia
la khong phu thudc vao phwong phap thue hién qua trinh qua do. Ching chi
phu thudc vao cac théng sd co hoc 1a J, wpa va .

i Pé thdy rd mdi quan hé gil":a ba phin ning luong néu (rén, ta xét mog
qua lrinh khoi dong voi nhitng s6 liéu ghi trong bang 2-2. Khi d6, AW, = Jo,,
Ade = Jw/,2 va AW.. = Ju?/2. N&u o, = const, ta c6 thé bi¢u dién AW, band
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dién tich hinh chit nhat Jw, X w, trén hinh 2-35. Tia Jo = f(w) chia d6i hinh

chit nhal nay thanh hai phin bang nhau tuwong ing véi luong AWa, = Jo?/2 va:

AW, = Jw?/2. Phin gach soc irén hinh biu (hi cho 18n thit lrong hé th6ng<

RO rang la trong qua trinh khéi dong, 16n thdi bing ‘ning lugng hiru ich,

nghla 13 hiéu suft cia hé trong qu4 trinh nay. |
: n=0,5.

Cin chi y rang, nhirng két luan trén day dugc rat ra cho (ruwdng hop
w, khong dbi trong qu4 trinh qua d6 véi gia thiét 'coi J = const.

Jw A
| 1 P il
y 5 A1
w = Const ‘ A]
w
— [ ]| 5 L= g [
3 0 (R
| s 2 '
Hinh 2-34. So db thay thé cda he dién . ||
co d& nghién ciru quan hé ning luong - (L1 L1l ' e
trong qua trinh qua dé co hoc. : [/ - .'l w
, wn 5o

Hinh 2-35. Bieu di&n quan hé¢ giira AWn
AWag va AWy trong qua trinh khéi
déng.

:

2, Ton that nang lrong trong dong co.

. Tay theo loai qua trinh qua dé, t6n thit AW,, duge Lrich tir ning lu'orng4
AW, do nguon dién duva vao, hodc 14y tir dong ning Ade tich liy trong hé, -
Hinh 2-36 minh hoa su chuyén hoa ning lwong trong qua trinh khéi dong (a)_.f_
va qua trinh him nguoc (b). Lic khéi dong, mot phin ning lwong tir ngudn’
dién dugc bién thanh dong nang, phin cdn lai 1a {6n th4i; khi him ngwge, cé |
ning luong lay tr ngudén lan ddng ning du tri trong phﬁn co cua hé délr;a"
bi&n'thanh 16n th4t. 4

D6i vai so d0 thay thé co hoc hinh 2-34, 1dn thit AW,, s& dwrge tién tan»
trong khop ndi 2 duédi dang nhiél do ma sat trurgt gitia hai phin quay ctia khép. ;4

Péi v6i ha truydn dong thuc 18, tdn (hit ning lurong duoc tiéu tin trong
dong co dudi dang nhiét do dong dién phin rng hoic d(‘mg roto gay ra trénj
dién tro.

Thyc vay d6i véi déng co mot chidu, khi khéi déng khéng tai ta co"
quan hé.

dw ‘ !
M=K®0ly =] ——, o
w at 2 1327@

Vi b6 qua quan tinh dién tw (xét qua trinh qué dao co hoc), nén don%
phidn 1tng duoc xac dinh theo :

U—Kbow. &

Ty = ——————
u- e | _ (2- 13ﬁ)

e A

maill:
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T& hai bidu thic trén ta co:

2 U do dw
RIT=J—e———Jo—™r,
o Ko dt - dt
hodc ‘ |
\ R 1% dt = Ju,de — Jnde. (2-134)
v Lay tich phan ca hai v& clia dfing thwe trén v6i can thoi glan te O dén

oo, lrong {rng voi cdn t8c d6 tir O d&n w, ta dwoe gig tri cha tdn thét
ning lugng:

We Wo Wy
AW, = Ry J‘I; dt = Je, J.dw - JJ. (2-135)
4] . 0 » 0'

Déi v6i déng co khédng déng bo, tén thit trong mach roto AW, ciing
dwgce xac dinh tuong tu. Tir quan hé

3],’, R, = sMw,, _ (2-136)
= | |

thay M=

ta cé

31‘2235 dt = Je, sdaw.
Do d6

i
-
)
;3
w
Q.
£
I
-
g
e

Awuz = 3R J'l: dt - (2-1365)
s ‘

Cac biéu thirc (3-135) va (2-136) phu hop voi (2-131) da chirng minh cho
truéng hop chung.

Chu y. ring ddi véi dong co khéng ddng bo, ngoai ton thit trong mach
rolo nhr di néu & {rén, con c6 to6n thit trong mach stato, Luong ton that nay
duoc xic dinh nhu sau:

oo

AW, = '[31'2 Ridt = J' L2 Ryat. (2-137)
' 0 . O

4 Néu nhan va chia vé& phdi cda (2-137) cho R, réi so sanh voi (2-136)
_ ta duoc: _ *
‘ } Rl l‘

. ‘ AWm = 'R— AW . . (2-13‘)

2

Nhu vay ton thdt chung trong déng co khong déng b6 khi khéi ddng s 1a

AW, = AWy, Do (1 4 R ) (2-139)
2

"



Cac bidu thue (2-136) va (2-138) cho thiy riing, trong khi ton thét &
mach roto cla dOng co khong ddng bo khong phu thude vao dién tré cla cac
mach dién, thi ton th4t trong mach stato lai phu thude vao ty s Ry/R,. Blen
tré roto cang l6n, nghia 14 ddc tinh co cang mém, thi 10m thit trong mach
stato cang it, va do d6 tdn thdt chung trong dong co cang nhé. Ching han,
néu khéi dong dung bién tré phy trong mach roto, thi 16n° thil Aw,, giit
nguyén nhu khi khdi dong tryue tiép, con Awyy lai gidm di nhigu l&n. Dura vao
nhan xét nay, ngudi ta ché tao cac dong co c6 dd trugl lon d& dung cho
nhirng truyén dong thuong xuyén lam viée trong trang thai qua d9. |

Fe===7 r="="2 o poeeen {--'--,,;j-]
: i ] A
" 'F'"uaw,, ' -
\ 1 - -
|
|
[
- : ‘
Ph. diéncua Ph.co Ph.dién cua Ph.co
déng co  eua hé déng co¢  cua hé
a» -

* Hinh 2-36. Phan b8 nang luvong cha hé truyén dong dién trong
qua {rinhk khéi dong (a) va ham ngugc (b)

3. Ton that nang luong trang qua trinh qua dé co tai.

T4t cd nhitng két ludt néu trén déu duwoc tim ra trong truapg hop khong
tdi li twdng. Dua vao nhirng két luin do ta c6 the danh gia duoc’ Anh hudng
cia qua trinh qua d9 déi vai tinh chdl ning lugng cla hé.

Tuy nhién, thye té€ cac qua trinh qua do lubén ludon xay ra khi hé ¢o
mang mOt phu tai nhdt dinh, it nhit ciing 14 do mdémen tdn thit nda sat trong
bo truyén gay ra. Ngoai ra c¢6 nhieu hé thdong lam viéc ning 14i trong qua
trinh qua do.

Khi do, ngoz‘u ton thit ning lugng do chinh qua trinh qua do gay T4,
coén c6 phin 16n thit do tai. Mdmen phu tai ¢6 tac dung lruc ti€p d6i voi gia
tri cha momen dong, lam thay ddi thoi gian clia qua trinh qua 46, do dé lam |
thay doi quan hé ning lwong trong hé. Mirc A6 anh hudng cha tai—ddi véi
ning lwgng ton thit phy thudc vao phuong phap thut hién qua trinh qua do.
Nhan xét ndy nguoc vai truong hop khéng 1ai. |

Thire vay, néu gia thiet trong qua trinh qud d0 momen dong cu co gia
tri M = const (gia tri trung bmh) va mémen tai 1a M, = const, thi phuong
trinh chuyén dong phai vi&l & dang day da :

) .
M =M, +J_—d(: (2-140)

hodc . ;
J J

dt — d . .;_ 4 -

MM w l(.z -1403)

PR
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St dung cac bi¢u thic ndy k&t hop vai (2-134) hodc (2-136) ta s€ tim

duoc 10n thit niing luong trong qua lrinh qua do c6 tai véi cung mol két qua
nhu nhau.

—Chéng han, néu st dung (2-136) ta co: ’
Sha Sbd
AW, = [ 31:223:,(1[ = f sMo dt .

Sce Sce

Thé gia tri dt tir (2-140a) vao dfmg thite trén ta dugc

Sha )
AW, = Jo? J' (1 + ML_JM) sds
Scc
-sau khi tich phan '
2
' Y 2 2 M. '
. AW = T —2 (syq - scc)(l + M_Mc) e

So sanh (2-141) v6&i (2-131a) ta thiy khi ¢6 tai tdn thit ning lwong khong
nhirng phu thuéc M. ma cdn phu thuéc ca vao mémen dong co M nghia la
phu thudc vao phuong phép thuc hién qua trinh qua do. N§u nhu trong trudong
hop khong tai, khéi dong dong co khong ddng bo bing cach déng dién truc
tiép, hodc gidm nhd dién 4p stalo d&u co tOn thdt ning lugng Ja Jwg/2
nhu nhauy, thi khi ¢6 1ai lai hodn todn khac nhau. Trudng hgp gidm nho dién

“4p slato mémen dong co giam xudng, do dé thanh phéan

/

M. ) trong (2-411)

“tiing lén, va kél qua Aw, ting lén.

§2-14. CAC PHUONG -PHAP GIAM TON THAT NANG LUQNG
TRONG QUA TRINH QUA PO CO HOC

O nhiéu hé truyén déng dién thoi gian cla cac qua (rinh qua do chiém
mé6t phan luong lon trong toan b thoi gian lam viée. Didc biét, ¢6 nhirng hé
thong chi lam viéc trong trang thai qua dd ma thoi. Khi d6, viée lam gidm ton
thit ning lugng trong qua trinh qua do ¢6 y nghia quan trong. N6 khoéng nhirng
cai thién chi tiéu ning luong ctia hé, ma con lam gidm nhiét do phat nopg dong
co do d6 tang tudi tho cho ddng co truyén dong. C6 nhiéu bién phap giam
ton thit.

1. GiAm mémen quan tinh cua hé.

Biéu thirc (2-131) cho thiy, néu gidim moémen quén tinh cta hé thi AW,
giam mot cach ty 1é. C6 tht lam gidm mémen quén tinh cda hé bing nhirng
cach sau day: \
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— Chon ddng co c6 dudng kinh roto nhd. Mot cach ghn dung ta c6 thé
chung minh dugc rdng, cong sudl dinh mirc ciia ddng co ty 1é véi lap phuong
ctia dudong kinh roto, ¢c6n mdmen quan tinh cda né thi ty 1é véi dLrCmg kinh
rolo mii 5: |

Pijw =D3: J=D°

Khi céng sudt dd cho trude, ta co thd xac dimh ly 1& thich hgp giira .
dwong kinh va chiéu dai roto, sao cho vira bdo dim cdng suit da cho, vira bdo,
dam moémen quan tinh nhd.

~ St dung két ciu truvéh dong hai dong co, Néu diung hai dong co cé
cong suit P/2 thay cho mot dong co co cong suiat P thi mdmen quan linh ¢é
thé giam di khoadng 20—30%.

— Dung khép li horp cit roi dong co khéi bo truyén va co ciu lam viée.
Bién phap nay cé hiéu qua déi véi truong hop bd phin lam viée ¢6 mdmen
quéan tinh 16n. Tuy nhién, né chi dugc sit dung khi cong nghé cha may sin xuft
cho phep.

2. Chia qua trinh qua d¢ thanh nhiéu cap.

Trong tiét §2-15 ta chi khao sat qua
JWy, trinh qua d6 mot cp. nghia la khi t6c Ao khong
1ai li tudng dot bién mol cidp va gilt gia.tri
khong d&i suél trong thoi gian qua do.

Néu trong qua trinh qua dé. ta cho w,
bién thién nhiéu lin, mdi lin dot bién mot
khoé’mg Aw = wgofns thi biéu d0 16n thit nang
9 lugng s& nhw trén hinh 2-37.
3 — .Ton (hit trong todn bd qua trinh dwoe
bieu thi bing dién tich gach soc. So sarnh véi
———» hinh 2-35 ta thiy & day t6n th4t di duoc giam

, @w  di dang k&.

D Y-t Yo “or  S& dung bidu thic (2-131), tinh AW, cho
khoing Lhir i ndo d6, nghia la thay

Jw

|
Hinh 2-37. Bieu dd tdn thdt nang _
luong trong qua frinh qua d¢ Wo = Gois Wha = Woj_1; Wee = Woj

khi @, bién thién nhiéu cép.

va dﬁl Wi — Wyi~-1 = Aw = Qoo
n
Ta duoc:
o
2 W
AW, ,. —_-.J.Aw _ _L 00
/ 2 2 n?
Tdn thit chung trong toan bd qua trinh sd 1a ‘ | o
n .
] o
AW = = AW,; = — 2. : (2-142)
i=1 2 n '

So sanh biéu thirc néy voi (2-131) ta thiy tdn th4t gidm dwoc n lﬁn
(n la 50 c’ﬁp bi€n thién tls w,).
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s~ . » ~ a '\) ’ 2
AW Néﬂ“ cho w, bién ddijlien tuc, sé cdp n — oo thi ta duge két qua li tudng:
ty —> U,

oS 'I;h‘.l'c té, khi sﬁ' dung ddng co khéng ddng bo hai hodc nhidu tée 49,
kﬁ&i dAa lhuc?ng khai qug va him nhi&u cdp. Hinh 2-38 minh hoa trudng hop
- ong hai cdp, va k&t qua 1a tdn thit ning lurong gidm duoc hai Iin so v6i
raong th khoi dc‘mg m(}l cﬁp

Khi ding truyén dong hai dong co mot chidu (néi truc: hoic khong nébi

: ;l(')l.lc). khi khéi dc}ng“ngudi ta thuong thuye hién chuy®n ddi kidu néi tiép —
| nglsong- Dhllr $0 do hinh 2-39, Khi d6 qu4 trinh duoc chia thanh hai cédp:
0 —— 4 — o - ' .

D wov o Wy ~= (g, ‘ T

3 —_V Y
a
[ 1
- ‘L;VQ;.?‘ e A 5
M Y
\
Hinh 2-38. Minh hoa cho qu4 (rinh Hinh 2-39. So d5 chuye&n ddi mach
khdi dong déng co khéng ddng bo dién hai déng co khi khoi dong hai
hai téc 49. cép.

bé6i voi cac hé BD—D nhu hé V-P, F—D, ciing nhu hé bién tin — dong
co khong dong by, dién 4p hoic tAn sd thay doi lién tuc trong thoi gian qua
do. Khi d6 ta duge kél qua gin nhu li tudng: W, — 0.

Chuong 1l

QUA TRINH QUA PO DPIEN CO TRONG HE TRUYEN DONG DIEN

§3-1. KHAI NIEM CHUNG

Chuong II da khdo sal cdc qua trinh qua dd cha truyén déng dién khi
bé qua quan tinh dién tir trong phan dién cda hé. DE phéan tich cac qua trinh
d6, ta coi momen clia déng co bién ddi tice thdi khi tin hiéu nhiéu loan hoic
tin hiéu diéu khién dit vao hé théng thay ddi. Néi cach khac, ta chi khio sat
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qué trinh ddng xAy ra trong phin co cha truyén dong dién ma thdi. So d6 cdu
trie cla hé trong 'rudng hop nay biéu dién méi lién hé dong hoc giira moémen
cia doéng co, momen tai, téc 4o 1am viéc cla truvén dong va nhirng théng so
co hoc khac (xem cac hinh 1-4,°2-29). Né&u chia hé lruyén dong thanh phién co
va phan dién, thi M 12 luong ra cta phin dién. N6 chinh 14 momen dién tir
dat 1én roto chia dong cg (ma trong tinh toan ghn dang ta coi bAing momen trén
\I-‘l_lc dong co). Dua trén mé hiah nay, ta di mo tad qua trinh qua do co hgg'
trong hé don khéi bing phuong trinh vi phan béc'nhit, con hé¢ ludng khéi
phuong trinh vi phan bac 3. ,. P

Thyc t&, nhiéu truong hop khong cho phép bd qua quén tinh di¢n tir cia
phin dién. Khi d6 moémen M cta dong co chi 13 mdt dai luong trung gian,
con diu vao cha hé phdi 1a mot dai luong dién nao d6, vi du dién ap phén @rng
cba dong co hojc dién 4ap didu khién cta bo bién ddi. Trén Bihh 3-1 v so do
chirc ning clia hé dung dong co mot chidu khi didu khidn dién 4p phin @ng,
O day, mic du U dot bién, mdémen déng co vin bién ddi tir tir (c6 quan tinh),
va téc do cua truyén dong thi bién thién cén chim hon nira.

o4

P S S M 3 i oW
fht{n dién | Fhan 24
cva B coa hé

’ [}
HinR 3-1. So db chirc nang cia h¢ truyén dong
khi xét dén quan tinh dién t&r cda phin dién.

DGi voi hé don khdi, qua trinh qua dd Lrong phin co duge md 1A bdi
phuong trinh ]

M—Mcz.]d—wc
- dt

hodc M — M, = Jpo. (3-1)

M4 ta toan hoc cua phdn dién phu thudc vido cdu trie cda dong co va bd
bi€n ddi nang luwong cung cdp cho ddong co. Néu st dung dong co mot chiéu
kich tir déc lap mndi vao ludi dién pban xudng thi qua trinh qua do'dién tir
trong phin dién cda hé chinh la qua trinh xdy ra.trong mach dién cta ddng co.
Phuirong trinh mo6 ta noé sé la:

U=K®w + Ruiv + Lu div s
+ dt
hoac ' U —Kgow = Ru(l + Tup)iv ;z (3-2)
va M = K‘Dilr.
Tua (3-1) va (3-2) ta ¢6 so.d0 c4u tric cta hé nhu trén hinh 3-2.
R .
, K |
Kdw
X$/ Ry | N / w
1+TpP JP
M. ) .

Hinh 3-2. S0 d6 cdu 1ric cia hé dung déng co
mot chidu kich tw doc lap.
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N\ A ‘a : 9 ~ ’ l
Néu phin co la mét hé leong khéi, la chi cdn Lhay céu tric Io trong su
p
d6 hinh 3-2 bing cdu tréic d3 néu trong § 2-11, ta duge so 46 hinh 3-3.
B

K

Mah f wy

v /Ry |M 1| N -
14 T,-P " |I2P J2P
b "

o

Hinh 3-3. So dd cdu tric cia truyén dong mdot chitu c6 phin co ludng khoi.

Ham truyén cta hé thong va cac ham qua d9 duge x4c dinh nhd nhiing
so dd cau truc nay.

Khi dung dong co khong dong bo, qua trinh qua do dién tir xdy ratrong
ddng co rit phuc tap va s& duoc xét ky trong §3-5. Két qua phédn tich cho
thdy ring, néu coi ddc tinh co trong dean lam viéc la dudng thing c6 do clrng

3= DM

moslh

thi qua trinh qua do dién tir dwgc m6 ta bing phwong trinh
(Tap + DM = B(wo — ) o (3-3)

1 hing s thoi gian dién tir.
27(1‘5”]

tl’ODg do Td/=

Coi w, hoic f 12 luwgng vao, M la lugng ra ciia phian dién, ta c6 thé bidu
thji phrong trinh (3-3) bing phin dau trong so d0 cédu truc hinh 3-4. Cdu trie
nay bao dam do chinh x4c cin thiét trong pham vi bi€n thién cia momen —_

~ 0,8M;, <M < 0,8My.. -~

AR Y, N _ﬁp EREC
P i+TaP JP

Hinh 3-4. So 43 cdu trac cua truyén doéng khéng ddng bod
' (ph&n co don khdi).

Poi voi nhung hé théng ¢d sit dung cac bd bién ddi, qua trinh qué 46
cdn bao gém ci qua trinh dién tu xdy ra trong hd bin ddi nira. Ching han,
d68i v6i hé F — P, ta can xét dén quan tinh dién tr trong mach kich may phﬂt
quan tinh dién lir trong mach phin ng chung F—P va quan tinh co hoc cua
hé. Nhu da xét trong §1-2, qua trmh qua dé cua hé ndy dwoec mo6 t2 bédi hé
phuong trinh sau:
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Uy = Ru(1 + T pix
ikKl = €
ey — e = Ru(l + Tup)ia (3'4)
KO =M
M-M, = me

Twong tng, ta cé so dd ciu tric trén hinh 3-5.

Kéw v

v,
K[ w /R]% K$/ Ry,

M ! w|
7+TKP Iff‘,P
Mec

Hinh 3-5. So db cfu tric cia heé F—D.

y
©
1r

Néu T¢ > Tuta c6 thd bd qua Tuva cdu tric cha hé trd nén don
gian hon. '

Céc vi dy trén day cho thdy khi d3a xét dén quan tinh dién tir, qua trinh
qu4 d6 cha lruyén dong dién duge mod ta bing phuong trinh vi phan bic cao,
it nhdt 12 bac 2. Do d6, nhu da trinh biy trong chuwong I, hAm qua do cha hé
c6 thd mang tinh chit dao ddng.

Sau day ta khdo sat mot s6 qua trinh qua d6 dién hinh trong cac hé
thuong gip.

[

§3-2. QUA TRINH QUA P) PIEN CO TRONG TRUYEN PONG PIEN
MOT CHIEU KHI DPIEU KHIEN MACH PHAN UNG

Pé¢ don gidn hoa viée khio sétfqué trinh qua d6 dién co cla dong co
mot chiéu, ta gia thiét mach tir clia né khong bao hoa, nghia 13 coi dién cim

phan tng Lv = const; b qua phén ng phin tng vé khong xét dén anh hudng -
cua dong xoay trong cac ria cuc .

Khi tir thong ca déng co khong ddi ta cin xét dén quan tmh dién tir
cia mach phin ng trong cac truong hop khéi d0ng truc ti€p va thay ddi phu
{ai. Khi d6, do khong c6 dién Lrd phu nén hing s thoi gian dién tir c6 gia tri
d4 16n, c6 thé so sanh dugc véi hiing s6 thoi gian co hoe, Trude hét ta khio
sat qua trinh khoi dong.

1. Qua trinh khéi dong khong tai.

Poéi voi cac déng co cong suiit nhd, co_du6i 1kW, nguoi ta cho phép
déng triyc tiép phin ¥ng cda n6 va ngudn dién, cdn mach kich tir thuong duge
dong dién sin tr trude, So do nguyén Iy cua hé dwge vé trén hinh 3-6.

1
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Qua trinh qua dé eha truyén dong duoc mo ta bdi cac phuong trinh can
bing dién va co:

Usr K¢w+Ruiu+Lu~%i—:~r-?
l |
M-Mo=1 e (3-2)
e dt
M = K®iu; M, = KOL,.

Néu khéi d6ng khéng tii, M, = 0, thi tir (3-3) ta c6 the bién ddi dé ral
ra phuong trinh vi phin viét cho w ho#ic iy nhu sau:

d%w dw .
TuT, T + T, T + w0 = w,. , _ (3-6)
, d?ie diu . .

Hai phwong trinh trén c6 dang gidng nhau. Phuong trinh dic trung cua
chiing 1a

2 = 0. 3-8
T et - (4-5)
Nghiém cua (3-8) 1a
ang= — —— 4 YT = Tu/T, (3-9)
2Tu' 2[‘u - ‘

~ Nghiém cda phuong trinh vi phan (3-6) va (3-7) phu thudc vao d4u cla
bidu thirc dioi cdn trong (2-9) Ta chia ra hai truong hop:

1

a. Néu Ta < -&I—Tc, thi 1 — 4 Tu/T,>> 0, nén ay, déu la s6 thye va am. Khi do,
cac phirong trinh (3-6) va (3-7) s& c6 nghiémla:

| 0 = w, + Ae®*:1! + Be%2! o (3-10)

" { g = Ce®it 4 'Ded2t, | | (3-11)

D? tién t6i xAc dinh cac hing sé tich phrén, ta 14y dao ham cac bi¢u
thire trén: ‘ '

@ = Aaje®! 4 Bage®?!, - (3-12)
| i;r = Cc:uecllt + Daye™* | (3-13)
I Cac hiing s A, B, C, D dugc xac dinh theo diéu ki¢n ban diu: khit =0
dw M die U -
=0; g =0; — =—=0; —=—, (3-
. o at ] dt  Le ©-14)

trong d6 de/dt va div/dt dugce xac dinh nho (3-5) bing cach cho o = 0, iu= 0,
M -_— O, Mc —_— O. / : : .
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Thay (3-14) vag (3-10) = (3-13) ta dwoe

\ = Wy %2 : B= — Wy @y
of — O xy — %2 (3-19)
C U U
B Lu(a;—oay) ’ Lu(al—aﬂ)-

Cudi cung, thay.cac gia tri cia A, B, C, D vao (3-10) va (3-11) ta dwoe

cac ham qua do¢
(agealt _aleaz_l)J

t .
—e°L2 )

=W, [1 -l I(S'lﬁ):.‘

i u (e
r = ——
Lu(a,—a;)

xy— &2

ast

(3-17)

Nhirng quan hé nay duogc bitu didn bing c4e dudng cong dang khong chu
ky trén hinh 3-7. Nhu vay, trong qua trinh khéi dong, t6c do ting don tri,
con dong dién phin tng thi c6 diém cuc dai. Liy dao ham cua (3-17) theo thoi
gian, rbi cho bing khong ta s& xac dinh dwoc gia tri cta thoi glan va dong
dién twong @ng vai didm cuc dai doé:

j W, &4
I
A\
\ am \
\
“o 5 '
\\ /
| )
T-l- Y —gr . i
Iu:m
|
- K ) LA
T—l v B—0 u:
/
CK — -
YV 0 L, ¢

‘Hinh 3-6. So 'dd nguyén ly
khéi dong truc tiép dong co
mét chigu kich tr doc 1ap.

Hinh 3-7. Cic quan hé¢ «(t) va iwv (1) khi
khéi dong true tiép dong co mot chidu cb

hoac

1 .

Tll.’<_Tc. b |

_ oy — o
In(ag/e)

ay
lum= _— U (ﬂ)al_az
a2LB - |
ay
e — e (52Ye
a2Tu

4 i

(3-18)

]

|
(3-19)

troné d6 Iym = U/Ry — dong ngin mach cia ddng co.
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Bléu thuc (3-19) cho th&y ring. nh& inh hrdng cha dled ¢dm Luw, dong
di¢n cye dai trong thoi gian khdi dong ludn ludn nhéd hon dong ngén mach 1y
Cin nh¢ réing I, chinh 1a.gi4 tri cuc dai cla dong dién phin ang khi khdi
déng khong xét dén &nh hudng cla L.. D& dé so sanh, Lrén hinh 3-7 ¢6 biéu

Lhi gia trj Ip, mol cach djnh tinh. Néu thay gii tri cta g tir (3-9) vao (3-19)
ta duoc

lew _ 2 p— |
3-20
. ]nm 1 - -\/ ] - 4T'lr /T ( ) ( )

Te

Ty s6 nay chi phu thudc vao lj’f s0 Tu/T,.; T
. [

cing lom thi doéng cuc dai
cang nho. | |
b) Khi T.,'>—1— T., bidu thirc du61 cin ciia (3-9) 4m, nen nghiém cla

phuong trinh dc trung (3-8) la s6 phu’c c6 phin thuc am:

ana = B4 (3-21)
trong dé i '

' T = = ———, ’ 3-.22
2T ( _ )

PN ¢ ey - o

R=—1 22 _ 3-23

2T v Té : ( )

Luc d6, nghidm cdia cac phuong trinh vi phdn (3-6) va (3-7) cé dang:

, o = w, + e*‘(Aco§Qt + BsinQt); (3424)
ig = e"(CcosQt 4 DsinQt). (3 25)

Twuong tr nhu frén, tim dao him o’ va iy, rdi si dung didu kién ban
d3u (3-15) ta x4c dinh duoc cac hing sd tich phan nhu sau:
A=—wy: =\—er0 ; C=0; D=—U-. (3-26)
Thay gia iri cla cac hing sé A, B, C, D vao (3-24) va (3-25) ta duoe cac
quan hé o(t) va ic(t):

0w {1 — L7 (cosQt + % sin Q1) |; (3-27)

e = S;U eT'sinQt. : (3-28)

/
Nhirng quan hé nay duwgce biéu di€n trén hinh 3-8b bing céc dudng cong
dang dao ddng. Mic do tAt din cha céc d4o dOng nay phu thudc vdo gia tri
phﬁn thye |7/, nghia 1a phu thudc vao hdng-s6 Lhoi gian dién tir Te.

Tir cAc quan hé w(l) va iv (1) la c6 dic linh co dqng 12 duong xoén 6c nhur
trén hinh 3-8a. Pidm lam viéc cia hé¢ thong dich chuyén qua ca hai géc phin
tr cha mat phﬁng dic tinh co, nghia 1A trang thai lam viéc cta déng co ludn
lubn thay d03i, tir trang thai dong co sang trang thai may phat vd ngwoc lai.

8~-CS/T2 81



b6 1a do két qua cha qua trinh trao d4di ning lrong gitta hai kho: Kho déng
o .2
ning J% va kho ning lvong dién tir Ly -])“— Kho thir nhidt chinh 1a khéi quan
tinh J clia hé truyén dong, kho thir hai la dign cadm Le clia mach phin iing
ddng co. ' _ -
Khi d6ng déng co vao ngudn dién, mirc chuin cda ning luong ngudn
cung cidp cho dong co chi tuong unYg voi w, (xem §2-12). Ban ddu do w =0
nghia ]a s.d.d. ¢tia dong co E = 0, nén dong di¢n ting nhanh. Ning lrong cia
nguon moét phian dwogc truyén vao phin co va lich lity dong ning cho khdi-J,
m@t phin tich liy vao cuén khang L. duwdi dang ning lugng dién tir. Phan
dong niang ting lén bao nhiéu, thi phin ning lugng dién tir gidAm di b4y nhiéu.
Do do, khi tdc do dat dén mét gia tri nao do thi dong dién s& gidm. Khi tde
d¢ dat dén w,, nghia la dat dén mirc chuin do ngudén dwa vao, thi vi ning
lvong dién tir cdng tac dung voi ngudn va déu duge chuyén hoéa thanh dong
ning, nén téc do ti€p tuc lang qua m,. Khi dong dién iy = 0, nghia la ning
lugng dién tir bi tri¢t tiéu, thi ddng ning dat dwge cuc dai, twong ung véi
.dinh cao nhit ciu dudng cong w(t). Vi miec dong ning nay lon hon mirc do
ngudn cung cdp (w > w,), nén khoéi quan tinh J s& phéng ning Iwgng v& ngudn
dong thoi tich liy cho cudn 'khang. Noi cach khae, lic nay déng ning duy tri
tinh trang quay roto clla dong co trong tir trudng stato voi tée 40 w > w,, vi
vay no bién dong co thanh may phal, v.v... Qua trinh trao d6i néing lugng d6
duogc thé hién trén hinh 3-8.

~Jw fOte
|
§ | @o /;\ /N
. ” : —
st NS
\ b : : : l
L T :
biry Pt | ' | |
P b
{ | l’[\ | ]
| ! I
| L~
!
d) b_)

Hinh 3-8. Puong dic tinh co déng (a), tuong &ng 1a cac
quan he w(d) va i) (b) khi khéi dong tryec tiép [dong co

mol chidu ¢6 Tu > —i— Te

2. Qua trinh thay d6i phu tai

C6 thé ndi qua trinh qua do dién co trorig d@hg co moét chiéu khi thay
doi tai thuong gip hon qué trinh khéi dong tric ti€p da khdo sat. Du cho tai
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thay d06i d6t ngot, hay bién doi theo ham tuin hoan, rong truyén ddng comg
sudt nhd hay cong suft 16n, 4nh hudng cla dién cAm mach phin ng véin la,
dang k&. Vi viy, khio sat qua trinh nay 13 mot yéu ciu thue té.

Gid st truyén dong dang lam viée xdc lap & diém BD véi tai 1a M,
(hinh 3-9a) thi mémen can dét bién thanh M. Qua trinh qua doé cing duod
md td bing hé phuwong trinh (3-5), chi cin chd y day ‘1a qua trinh qua do co
tai, véi M, = M.

D¢ khdo sat qua trinh nay, ta ciing bi€n d6i hé (3-5) thanh cac phuong
trinh vi phan viét cho téc d¢ va dong dién hodc momen, tuong tu nhu (3-6)
va (3-7), nghia la:

d?w dm )
Tu Tc -y ’l‘c = X 3-29
az e Teses (529
d?i. dig
'ru' Tc T u — I 3-30
a Tt (-9

~

trong do, w, = w, — Nf;z — téc dd xde 1ap khi tai 1a M,,.

I — Mc2
7 KO
Viéc gidi c4c phuong trinh nay hoan toan gidéng trudng hgp khéi dong,
chi khac vé didu kién ban diu cha qua trinh, nghia 14 khac v& gia tri cla cac
hiing s6 tich phan, ta hiph 3-9a va hé phuong trinh (3-5) ta thdy, khit = 0

— dong tai.

Mcl dw Mcl - Mcz '
. — = w

=i fo=la= ot 0 = =5 =g (3-31)
diu _ U — Kd’wbd—Ru Icl' =i s
at - Lu uhd *

trong d6 w, , vai ;.
Mc = Mc21 e = Icl-

duge x4c dinh nho (3-5) khi thay @ = wpsy M = M,

w |
Dang dic tinh qu4 d6 cling phu 1
- thudc vao tinh chit clia nghiém phuong W, 4 _
trinh dic trung?[bi€u thic (3-9)].
: AW Aw

Néu T, << 1 T,, nghiém &6 14 s6
4 Ul T
thue va am thi qua trinbh qua d6 co tinh

khong chu ky. Cac ham qua do sé 1a:
- ]t at ,
w ="wy + Ae -+ Be H (3_32) 0

iy = Ic2 ~+ Ce*t! + De=2.
' o _ Hinh 3-9. Pic linh co (a) va c4c quan h¢
Khi do, t6c d9 sé ting don tri it «(t), i () (b) trong qué trinh lhay asi

o u tron
wpa 4€n wn twong tw nhu tr g qua phu tdi khi Te> %1(.

trinh khéi dong da xét.

t



i

N&u goi hiéu gitra toc do tuc (hoi va toe do ban dau 14 sut 16c dong:

Awgg = @ — ona, _ (3-33)
thi rd rang trong qua trinh nay no6 ludén ludn Lho hon sut Loc linh
Awgg < Doy, (3-34)

Mo = Moy sut tdc tinh. Cac quan hé (3-33) va
B
(3-34) duoc minh hoa trén hinh 3-10.

lrong do Aw, = wee — wpg =
ey | r w, m
w —_— T T s e e ) w |
S bd
bd b '
N s
q /‘_'\ w
\}/ \/ ) )

) !

a; b} '
Hinh 3-10, Quan h¢ (1) va sut t6c (rong qué trinh thay ddi
1
phu il khi Tue < TTC'

Xudt phat tr nhan xét trén day, ngudi ta it quan tdm dén trudng hop

1
T[[ _Tc
< 4

Khi Te> i—Tc, quan tinh dién td khong nhirng inh hudng dén thoi

gian ciia qué trinh qua do, ma con giy sul'téc dong lon dang ké, ma trong
nhiéu trudong hop cén tinh to4n va kiém Lra.

Thuc vay, khi Ty > 71— T., nghiém cta phuong trinh dic trung (3-9) 1a
s6 phitc ¢6 phin thue Am, nén ham qua dd ¢é dang

— Tt 3 .
Aw w = wy + e (AcosQt 4 B 31.n Q) ; f (3-35)

t t iv = Iz 4+ ¥ (Ccos Qt 4+ D sin Qt).
[ - .
g 5 , Aw/‘.’q aul, | Cac quan hé nay dwgc bidu dién trén
- .hinh 3-9b, va tuong @ng la dic tinh co dong

\ ‘ -/aw NS trén hinh 3-9a,

dg .
T (3-33), vd quan hé w(t) trén hinh
3-9b ta suy ra quan hé Aewg, = f(1) nhur trén

Hinh 3-11. Quan h¢ girra d6 sut t6¢  hinh 3-11. Sul tdéc dat duge cuc dal Awggn
1 :hi 1oc dé ieu. Vi qua tri adom

dong va théi gian kbi Tu>> — Te. l\,hl locﬁd(_) cuc lieu. Vi qua trinh qu dg mang

' 1 tinh chéat dao ddng, nghia 14 w dao d0ng xung
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quanh trj s6 xac l4p mot s8 chu ky, nén Awsg.mn xudt hién & chu ky diu tién
V4 6 gia tri

Awag.m > Acw,. (3-36)

§3-3. QUA TRINH QUA DO PIEN CO CUA TRUYEN PONG BIEN
MOT CHIEU KHI BIEU KHIEN TU THONG

Ta khdo sat hé truy&n déng diung ddong co mét chidu kich tir doc lap khy
Uil_rc hi¢n chuy®u ddi trong mach kich (ir cia ddng co. Thuc &, qua Irinh nay
xay ra khi di€u chinh (§c d¢ clGa truyén dong phia trén gia tri co ban, khi
hdm dién, tir (3¢ db cao v& téc co bin v.v.. Nhu di biét, mach kich tir cha cac
may dién c6 dién cAm rit 16n so véi mach phiin ng, nghia 13 hing sé thoi
gian dién tir clia mach nay cé the so sanh dugc voi hing s6 thdi gian co hoc
cla truyén dong, do dé cin phii xét dén né.

Dé cho don gidn, ta'bd qua dién cAm clia mach phin tng, coi phin tng
phin rng duoc bu hodn toan vad khong xét dén dong xody trong cic ria cuc
tir. Ta s& khao sat trudrng hgp thay ddi dién fré phu hodic thay 4di dién 4p dit
vdo cudn kich tir theo cac so d6 hinh 3-12,

9 b)

Hinh 3-12. So dd cliia h¢ truy®n ddng mdot chidu cé
didu khidn tir théng:

a — ding dién tré phu: b ~ dung ngudn 4p diéu chinh Uy & var.

Qua trinh qua d6 chia hé truy&n d6ng khi tir thong clia dong co thay doi
dwoc md i bing hé phuong trinh téng quat sau day:

Ui = iiRe + W ‘1;':’; (3-37)
U = K®w + i, Ru+ Le ((ii_lttr H (3"38)
K®ie — M, = J %" (3-39)

trong do, Ux — dién ap dit vao mach kich tir; U — dién 4p trén phin irngf
W — s6 vong ddy clia cudn kich tir.

T Bé phurong trinh trén, két hop voi duong cong tir hoa ciia ddng co,
{a ¢4 the phan tich qud trinh qui dé biing gidi tich hodc bing d6 thi.

R+



1. Phwong phap giai tich. :

Hé phuwong trinh néu (rén la phi tuvén. D2 khdo sat qua trinh qua d¢
nay, la phdi tng dung mot trong cac phép tinh gin ding, vi du phuong phap
tuyén tinh héa nhd chudi Taylor (xem §1-2) Khi do, phuwong trinh (‘3-37.) duge
viét thanh dang tuyén linh cho cac khodng A®, AUy, Aiy tirong ung voi n_hau.
Trong ﬁhoéng dé, dic tinh tir héa cua dong co ®(iy) dugc coi la thing, nghia la

A® = KAiy. (3-40)

Phuong trinh (3-37) duge viét thanh dang:
d(Ad)

’

AUk=—BiA¢+W
\ K]
hoic

AU, = T]:L (1 + Tup) AD, | - (3-41)
1 .

trong 46, Ty = “I;K‘ = Il;k — hiing s6 thoi gian dién tir cira mach kich tir d¢ng co.
k k
Dung phuwong phap khai trién Taylor, cde phwong trinh (3-38) va (3-39)
dwgc viét thanh dang;

AU = Lu‘ d(gtIu) 4+ RuAu + K®°Aw + Kw?AO; (3-42)
) d(dAt“” ={K®* Al + KI2 A® — M, (3-13)

t'.'°ﬂ8 d6, Ad, Aw, Alr — chc gia s6 twong trng clia khoing dang xét,
¢°, w°, I:_ — gia tri x4c lAp cha cic dai lugng twong ung véi khodng
dao ddng dang xét. ’
Trong hai phuong trinh trén, ta coi U = const, nghia la AU =0 Ly =0, M.=0,
nén sau khi bién déi, ta duoe:

. o° v |

AD = — ~ (1 + ch)p) Aw . | L (4-14)

" J JRy e , R |
trongdo T, = = — hing s6 thoi gian co- hoc ng v6i 1ir thong Po;

b Bdo) (K(be)? ‘
B;’) = (KRQ ) _ dé cirng cha dic linh co wng véi tir thong ®o.
- , .

Dwa vao (3-41) va (3-44)
ta ¢6 so d6 cdu iric cia hé khi

AU ° ¢
“ kSR |28 | @/$7 | 2% gy Khitn tr thong nhyr trén
| Tk PHT l_[‘("! Pt1 hinh 3-13. Nhu vay, khi coi ligng

vao la dién ap kich tir, luong ra
Winh 3-13. So dd cdu true cua hé e¢o dién Lhitn 1a t8c do, thi ham truvén chia hé
- tir théng. . e S y -

thong sé la

Aw(p) _ Kiw°/Ry®@°
AUL(p) ~ (1+Tp) (14+Tegp)
Dya vao ham truy&n nay la s& tim duoe ham Aw(t) va sau dé suy ra Ai(t).

L

Wo(p) = ' (3-45y

N



2. Phwong ph&p do thi.

Nhu di biét, phuong phap d6 thi dwoe thue hién trén co s& sai phan hoa
cac phuwong trinh vi phan (3-37) va (3-39):

A
Uk = iRk + W A% , (3-46)
Aty
Ry Aw Ry
- i 3-47
U=Kbw+1J K Al - M, NG ) ( )

trong d4, phuong trinh (3-47) duoc rat ra nho (3-38) va (3-39) khi cho L, =

Tur (3-46) ta ¢6
W A¢| . (3_48)
Ri  Tixt — Lwi '
lrpng dé A®; — gia s6 cua tir thong duge chon tuy y; _
Iia = U/R — gia tri xac lap ctia dong kich tur;

Litni = Lipas + Aiki

At =

— gi& tri trung binh cfia dong kich tur trong khodng dang xét

‘ Lipai — gi4 'tri ban diu cta dong kich tir & khoang dang xét.
Dé tinh Al; ta chia diic tinh tir héa ctia déng co thanh nhitng khodng A®
nhw trén hinh 3-14. Trong mdi khoang, ta liy gia tri trung binh clia dong
kich twr Ig.p, r6i thay vao (3-48). Trén hinh 3-14 dwa ra mdt vi du cach dung
duong cong ®(t) khi gidm tir thong tir giad (ri ban dau ®ug, dén &, Pudng
cong nay sé dugc st dung dé giai phuong trinh (3-47).
Dé tim quan hé w(t) ta st dung phuong rinh sai phan héa (3-47). Sau
khi bién d6i n6 ta dugc

wo®@* = 0d* + T. —2—(” + A, (3-49)
trong do ©* = — gia tri twrong d6i cia tir thong,
dm
JRII & o - “~® o . . N . ’
T. = ———— — hidng s0 thoi gian co hoc khi tix thong dinh mic:
(K¢dm)2 )
wo = U/K®yq, — téc 4 khong tai lf twong khi tir thong dinh mire;

Ao, = Me Be sut 18¢ tinh tfén ddc linh tu nhién khi phu tai 1a M..

(K(de)2

Trong khoang sai phan dang xét, ta cho w; = wpa; + @i vacoi tir théng

c6 gia tri trung binh kh()ng doi @* = ¢ . rdi thay vio ding thirc (3-49) ta
rit ra

¢. - ch — @Wpqdi Q). .

Aw = bi thi, (3-80)
--T_c _]_ D»2
At 2 i

87



Bing cach chia dudng cong ®(1) trén hinh 3-14 ra lam nhidu khodng véi
nhitng At tay y, trong mdi khodng 14y mél gia iri @, roi thay vao (3-50) la
xac dinh dugc gia s6 Aw; twong ng. Tinh toan nhidu céip gia tri Aw,At nhu
trén, ta s8 dwgc dudng cong w(l). Trén hinh 3-15 vé dang mét dudng cong tée
d6 theo thoi gian khi gidm tir thong.

\¢
$ B!
bJO A¢'
4 T
|
i
t
£ :
)
|
: ) _
I At,
B
0 — -J At

Dethe Tethr ix O
Hinh 3-14. Dung duéng cong ®(1) bing phuong phap dd thj

- Quan hé cha dong dién phin &ng theo thoi gian iv(t) s&€ dugc suy ra
nhd cac dudng cong @(t), w(t) va phuong trinh (3-39).
Thyc vay, sai phan héa (3-39) ta duoc

1
i J M 3-51
ly = Ko At + ] (3-91)

Troag mdi khodng At tuy y, ta tra dwogc gia tri trung binh clia ® nho
dudng cong ®(t) va gia s Aw twong wng nho dudng cong w(t). Thay nhirng
gia tri 46 vao (3-31) ta linh duge mot gid W iv. Dang duong cong in(l) duoc .
biéu dién trén hinh 3.15.

'—UI $ | w, [,
L ! w
x{
(73]
v
%‘n
1.
= T -
0 I, I, 0 ' 't

Hinh 3-15. Quan he o(0.Tie(t) va quidao pha khi gidm tr théng
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T hai quan hé w(t) va ix(l) ta dung duoc qul dao pha cla hé khi giam
tr thong nhu trén hinh 3-15.

§3-4. QUA TRINH QUA PO TRONG HE MAY PHAT — PONG CO

1. Phuong trinh téng quat,

,. He may ph4t — dong co — mot dang cha hé BP—P — duge Gng dung
rong rdi trong thuc té, khong nhitng d& digdu t8c truydn ddng trong giai réng,
ma con dé tao hinh cin thiét cho cac qua trinh qua d6. So d& nguyén ly clia
né dwot gléf thiéu trén hinh 3-16,

+ @
Rx
R e Lk
11U,
. K R fg CKF

Hinh 3-16. So dd nguyén 1y cia h¢ F —D.

Trir nhitng quéa trinh #n tii va thao tii, cac qua trinh qua a9 clia h¢ F—P
deu dugc thwe hién nho nhirng thao tac trong mach kich (it cia may phat, vi
du khdi d6ng bing cich d6ng mach kich tir clia may phat vao ngudn, ditng
may: cil dién mach kich tir may phal, ddo chidu: ddi cye tinh cla dién ap
kich tr may phat, diéu téc: thay ddi gia tri dién ap hoic dong kich tir
may phat. | |
Nhir da biét, mach kich tir cha may dién c6é dién cdm rit 16n so vai
mach phin &ng. Nhitng may phat c6 cong sudl khodng 10 — 100 kW ¢6 hdng s
thai gian kich tir bing khodng 6,5 — 1s, cdn cac may phat Lix 100 kW dé&n hang
" nghin kW thi hang s6 thoi gian kich tit ¢6 thé dén 2 — 4s. Phin lén truong
hop, hang s6 (hoi gian dién tir nay 1dn hon hing sd thoi gian co hoe, do d6
luén ludn phai xét dén né khi khao sat qua trinh qua do. |

Qua trinh qua d6 clia h¢ F — D duge md td bdi he phlrong trinh (3-4)
dia néu trong §3-1, NLitng phuong trinh ndy dugc viét véi cac gia thiét gin
ding sau: coi mach tir cha may phat khéng bdo hda, bd qua phan ung phin
irng cha dong co, khéng xét tir tré va dong xoay trong mach tir cla may phat
va coi tir thong ddng co khong doi.

. S¢ d0 cdu tric cda h¢ khi xét dén quédn tinh dién tir cia mach phan ung
F — P da trinh bay trén hinh 3-4.
Tuy nhién, dién cidm cla phin Gng ddng co va may phat cé gia tri rit
nhé so véi dién cdm c¢lia mach kich tir may phat Lg nghia Ia

Ltr}: = Lu'ﬁ + ‘Lu_f < Lk'



Do d6, ta bd qua quan tinh dién tir mach phin tng. Khi d6 phuong trinh mo
'td hé Ihdng s& la:

U = Ryiy + Li ((iillk (3-52)/'
ikKl = €y (3'53)
e = K®u +i R | (3-54)
i KO =M (3-59)
M-—M, =] do_ ‘ (3-56)
dt 4
trong dé R =R ;=R — dién tré tong clia mach phin rng.

Chuyen hé phuong trinh trén sang dang toan tlr Laplace bing cach thay
d/dt bing p, ta duoc so d6 cdu tric lrén hinh 3-17.

K

g Ry / k¢ w
Te P

Y Ky / Ry

TeP+1

Hinh 3-17. So dd cdu tric cta h¢ F — D khi khéng xét dén
quan tlinh dién tir cha mach phin ung. '

Khau thir nhit trong so d6 nay biéu thi dong hoc trong mach kich tr
cua may phat:

Wypy = &@ _ KR - (3-57)

Uup)  Tup+1
Biéu thire nay dugce ral ra tir hai phuwong trinh (3-52) va (3- 53) De cho
dé thdy, ta viét lai (3-57) dudi dang phuong trinh vi phén:

\

U dl g

Ki - =er+—-- (3-57a) '

k ji

Nghiém cta phwong trinh ndy la mét hAm mii cla thoi gian: ;

t \ A

er = Ef.xl+ Ce Tk, (3-58) ‘

trong d6, Ef.a:l = K, U _ gia tri xac lap cha s.d.d. may phat. _ -*

k
Hang 88 lich phan C duoc xic dinh theo ditu kién ban dau: khi t=0,
l( Ef bd » ta dll'O'C ) ' 4
C=Etw — Erxi X :
Do dé, (3-57) duoc viét lai 1a
t
=Bt Brpg —Epgpe T - (3-59) ¢

9 | | b

B LE |



Cac kh4u con lai trong so dd cfu tric 3-17 bidu thi déng hoc va cac
quan h¢ dién co trong mach phin tng F—D va phin co clia hé. Tir so d6 ta cé:

R __/KO
0 = —url—‘?— (iu — 1)
1 °P (3-60)
i = R (er — Kdw).
ry

Viét gop hai phwong trinh nay lai va bidu thi toan tir p qua d/dt, ta
- duge:
do € | Ruz (3-61)

— _ I,
i T°T Xo K

c

R
Thay er bing bidu thire (3-59) va dit Kl::;: I. = Aw,, ta c6:
t

do ‘ Tk -
rII‘c dt To=u0v,+ (mobd — o) € — law., (3-62)
t : Ef.xl . . A » é. ’ »
“trong do, Wy = <o gia tri xac lap cua téc 49 khong tai li tuong.
Efbd cp gt 3 » e d h 2i 1f tud
® pq = e gi4 tri ban ddu cua téc d9 khong tai li twong.
O vé phii clia (3-62) 1a c6 thé bién ddi cac thanh phin:
Woxl — Dwe = g (3-63)
®obd — Woxl =— (mbd + ch) — (wx1 + ch) = Wpga — Wxl. (3-64)
Do d6, phwong trinh vi phan (3-62) dwoc viét lai la:
| Tc% + @ = wx + (wpa — wx1) e_UTk (3-69)

- Nghidm ctia phuong trinh niy c¢6 hai thanh phin cudng bitc va mél thanh
phin tu do: ‘ ‘

= g + Ae YTk 4 Ce UTe .‘ (3-66)

I:IE'ing 86 tich phin A dwoc x4c dinh bing cich thay riéng nghiém cudng

bitc wep, = AeHTk vao phwong trinh vi phan c6 vé phai twong ‘tng véi nod:

T, ?;t) + w = (wpa — wx1) e—UTk
Két qua ta dugc:
" Wx] — Whd Ty
A= T _TL = T. - T. (wx] — wpg)- (3-67
'I‘k
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‘Hiing s6 tich phian C dwoe xac djnh theo di&u kién

w = wpe. Két qua 13

ban diu, khi t =0,

T
C = — z < . (3-68
(wpa — 1) T—T. )
Cubi cung, sau khi thay A va C vao (3-63) ta dwge:
0 = g 4 8T (o "UTk o ~tTey (3-69)
T, — T, , |

Trén hinh 3-18 v& mét dwong cong o(t) theo bigu thire (3-69) khi tiing
dién 4p kich tir may phat tr Uy dén Uy, tuong tng 1 sdd cia méy phal ting

t En dé’n E]‘xl:

K] Kl
Efn= — Uiy E¢ = — Uia, (3-70)
f R, kt fx1 R, k2
va t6c do khong tai li tudng clia hé théng ting It we d€n wox:
En El’xl ”
ol = — = 3 a4 = ] (3-71)
@' = Ko ol T Ko
j w J w)l:w
“t’)x!‘
' “Xi _
“t '
w
‘ L. max
Wobd \
wp i
% N
o Ic Inin. b Inmx.l ["0 tm t

=7

k.

Hinh 3-18. Bic tinh co dong (a) ciia hé F—D khi thay d8i dién 4p kich
tr clia may phat tx Ug, d&n Uk, v4 chc quan h¢ (i), ie(t) (b)

Cac didu kién ban diu va xic ldp cla qui trinh ndy duwoc bidu thi trén
hai dudng ddc tinh co 1 va 2 (hinh 3-18). T6¢ do ban dAu va t6ec dd xac lip
déu duoc x4c dinh twong tng véi phu tai M.:

Wha = We1 — ch =

Gyl &= Wex] ch =
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| Déng dién phin &ng va mémen céa déng co duge x4c dinh nho phuong
trinh (3-55) va (3-56). Trude hét, ldy dao ham cha t6c do theo biGu thuc (3-69),
rbi thay vao (3-56) ta duoc:

—-‘ ) —/T —1/Tk
M=M6+J(_wﬂ*_w_“_ e UTe _ o~UTk (374
Tk"'Tc )(

Chia cad hai vé€ cho K® ta cé: |
| J (wbd — Wy ) (e~ lTe _ o~ UTs

ir =1, . (3-73
v=let ko \ T, -1, ’ >r)
. - v . ». .. RuX KO
Bi&n d06i (3-75) bing cach nhin s6 hang thit hai trong v& phai voi N
. N u;‘:
sau do6 4it:
JR E
) (K;)Zz = Tc: K(Dwobd = Efpas KbOw,y = Efxl; B::; = lombas
Ef!l —_— I
— damxb
RuX.
ta duoc:
e =L+ T laamt = L) (7T eV, (3780

Tk—T

Quan hé ir (t) theo (3-75) hoic (3-75a) duwoc bidu didn trén hioh 3-18&
béng dudng cong c6 cuc ri. Gia tri cuc dai lu.mi; dwge xac dinh biing cach lay
dao him cia biéu thirc (3-75) theo thoi gian va cho bing khong. K&t qui ta
tim duge thoi gian t, twong rog véi dicm cuc tri clla ham ix (1):

Tk' : Tg b
tm -_— l . 3-76
To—T, ( T, ) (5707

Thay t,fn vao (3-75) ta duogc
Iu max — I + (]nmxl - Inmbd)(

)Tk/’l‘k (3-77y |

Ty
Cac dai luong le.maxs lomextr Inm.ba V3 tm d€u duwoc chi dan lrén hinh 3-18,

Quan hé M(l) hoan toan tuong tu nhwr i,(l), tim dugec bing cach nhan
(3—75) voi Kd)

Cin cha y.ring, hé F — P van mang tinh chat dbng chung cta cac hé
BP — D, 1A mémen déng va gia téc khong phu thuc vio moOmen phu tai
(xem § 2-8). Thue vay, tir (3-75) ta c6:

Mgy = KO(ia— 1) = J (i‘”’"——“’-—‘—) e T — YT (378
T, — T.

Bitu thitc nay cho thdy Mg, va do dé ca gia t6c cha hé % chi phu
thudc vao cac thong sé cia ban'thdn hé théng (Tk, Te) va tin hiéu digu khién

dﬁl vao he ma théi (wohd. iuoxl).

Dua vao cac két qué trén day, ta c6 thé khio'sat cac qua trinh qua a6
cu thé, nhur khéi dong. ham dirng. ddo chiéu v.v... bing cach xac dinh cac didu
kién ban dau va xac lap twong wing.
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2. Cac qua trinh quad 49 thuwong g{tp.-

a) Khéi dong. Qua trinh khéi dong duoc thire hi¢n bing cach déng mach
kich tir cia may phat vao nguon. Gia trj xac lap cta téc d9 duge xic dinh
bdi dién 4p kich tir va4 moOmen phu tai khi khoi dong theo (3-73) va (3-70).

DPidu kién ban diu tuong rng véi Uy, = 0 vi phu thudc tinh chit phu tai.

— Néu phu tai thude loai Lth& ning, thi khi t =0, Uy, 2=0, E; = 0, nén
truc dong co duoc quay dudi tdc dung cia tai M. Do d6 diém lam viéc ban
diu BD ndm trén dac tinh hdm déng ning tng véi tai M, (xem hmh 3-19).

Nghia 13

tepa = 0 '
MR

Wpa = — Aw, = — L2 (3-79)
(K®)?

Inm-bd= 0

Thay cée gia tri ndy vao cac bigu thitc (3-69), (3-75a) ta duge cic quan
hé w(t) va ig(t) nhu trén hinh 3-19.

— Néu phuy tai thudc loai pban khang, thi qué trinh khéi dong phai chia
lAm hai giai doan.

w

W)
oxl

8D

Hinh 3-19. Cac ddc tinh qua d6 va quyj dao pha cda hé F-b khi.
khéi dong voi tii thé ning.

Giai doan 1 duoc k& tir thoi difm t = 0 dén thoi didm t, ung voéi lie
M = M.. Trong giai doan nay do o = 0, nén qua trinh didn bién theo qui luat
khac véi cac két ludn trong mue 1 :

w=0;
. ) e Efg ¢ - ;
i = iy = Bf = R” (1 - t/T") , (3-80)
UZ lrz |
Ko
M = I\Inm = K(D le = T Efxl (1 t/Tk). - (3"_81)
ul / -
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Cac bidu thuc (3-80) va (3-81) duuce rut ra hang chch thay e; boi (3-39) va
cho E¢.pe = 0.
Nhu vay. lrong giai doan 1 dong phan und va momen ddng co tang lheo

luat hdm mi, gidng nhu ef(l) Co the¢ xac dinh duge thoi gian két thie giai
doan t, bing cach thay M = M¢ va t = {; vao bicu thie (3-81).

- *Giai doan 2 linh tir thai digm t; cho dén khi qua trinh dat dugc xac lap.
b8 tinh toan, ta doi gdc thoi gian v& di¢m t, trén truc hoanh (xem hinh 3-20),
_nghia la sir dung bién thoi gian
, t=t—t (3-82)
thay cho bién t trong cac biéu thic néu & muc 1. |
{L “ w, ‘:U'

[
ww( | “X1

n a Y05 e
0 0 o
. IC‘Inmbd’c H

Hinh 3-20. Céc dic tinh qui do vz‘i qui dao pha clia h¢ F-B khi
khéi dong voi tdi phan khang.

T4t ci cac quan hé cin khéo sat trong giai doan nay déu la wng dung két
qui truéng hop chung da xét & trén. !

Piéu kién ban dau la: khi t' = 0 |
,Wpa = 0; Iimba =l - (3-83)

Cac gia tri xac lap la: |
E¢.xa Aw. = K, Uy McRuE

We] = - We = - 2
Ko RKO (KO 3-8)
Inm.xl = Ef.ﬂ ' |
Res

Thay céac didu kién (3-83) va (3-81) v6i bidn t’ vao cac bitu thtre (3-69),
(3-75) hodc (3-75a) ta dwoc cdc quan hé¢ w (1) va i.(t). Trén hinh 3-20 v& dang
chc dudng cong tGc do va dong dién theo thoi gian trong ca hai giai doan khéi
dong. Trén hinh nay ciing dan ra cdc didc tinh co cin thiét dé minh hoa cho
didu kién ban diu, diéu kién xac lap va quy dao pha clia hé.

b. Dirng méy. Qua trinh dirng may dugce thue hign bing cach cit dién
mach kich tir mﬁy phat. Nhur vay, gi4 tri xac 14p cla sdd may phat va tde dd
khong tai li tudng sé 1a

Ef-xl = 0; Myl = 0. | (3'85)



Trong qua trinh giam t6c, moémen phu (4i c6 tac dyng ham chuyén déng,
do d6 né céd xu thé lam cho truyén dong quay nguge mol khi mémen dong co
khong con di dé duy tri chidu quay cdi. Dua trén nhan xét ndy la xac dinh
dugc digm xac lap cia h¢ s& 1a did x| trén dac tinh ham dong nang [lrng voi
di€u kién (3-83)] nhu da chi dan trén hinh 3-21, Nhan xét dé dang ca voj tai
thé ning lan t4i phan khang. Tuy nhién, khi tdc d¢ (ruy&n dng bi triet tiéu
(o = 0) thi gia tri M, s& phu thu¢c tnh chit cla tai, va do d6 dic tinh qua do
& giai doan cudi cung sé& Lhay ddi tuy Lhudc vao loai phuy ai.

— D4&i véi tai th8 nang, diéu kién xac lap sé la:

o = —Aawe (3-86)
Inm-lx = 0. ‘

w } jw

8o : 5

a s P
x1

Hinh 3-21. C4c d#c'tinh qui d6 vA qui dao pha ctia he F-D khi hdm dirng.

Thay cac diéu kién ndy vdo céc biéu thire (3-69) va (3-75) ta xac dinh,
duroc quan hé m(l) va ig (D). Cac dudng cong nay dugc dung trén hinh 3-21,
twong (rng v6i ching 13 quy dao pha duoc vé & phia bén trai. Chu y ring,
dudng M(l) ciing chinh 1a dudng j« (t) néu ta nhan truc tung véi K®. Nhin vao
cac dudng cong nay ta thdy qua trinh hiim ding c¢6 thé chia thanh bén g1a1 doan:

Giai doan 1 tir 0 dén t;, @ v& M cung ddu, c6 nghia 14 dong co vin lam
viée & trang Lhai dong co nhung vi M <<M., nén hé gidm téc do tac dung cia tai.

Giai doan 2 tir t; dén t;, t6c d0 va mémen ngugc chiéu nhau, ddng co
lam viéc & trang thai ham tai sinh, may phat chuyén sanglam viéc & trang thai
dong co, ning lugng duge bién doi ngugc dé trd vé ludi xoay chidu.

Cha y ring, & giai doan nay, t6c 40 dong co gidm nhanh dudi tac dung
him cta momen dong co va mdmen tai, Tir thoi diém I, thi sdd cla dong co
dt nhd, va tréd nén nhd hon sdd cia may phat: |[E|<<|E|. Do dé déng dién
va mémen déng co ddi chiéu, qua trinh chuyén sang giai doan 3.

96



* Giai doan-S tir t, dén t; M 'va o lai cung chiéu. POng co tro vé trang
thai dOng co, nhung M <M., do dé t6c d6 tiép tyc gidm. =

) Giai doan 4, tir t; cho dé€n khi két thiic qué trinh qua dﬁ Tai t3, toc do
d6ng co @ = 0 (va sdd cia dong co E = (). Néu khong c6 bién phap ghim true
ddng co la} thi dudi tac dung cia momen cdn thé ning, dong co sé quay nguoc
va lam viée & trang thai him ngwoc, va cudi cunu chuy@n sang trang thii hidm
déng ning & ditm xac lap.

. — D6i véi tai phan khang, didu kién ban dau va x4c lap cling gidng nhu
déi véi 1di thé nang. Ba giai doan diu, nghia la khi téc 49 chwa gidm dén
khong, di€n bi€n clia qua tunh him hoan toan gidng truong hop tai thé ning,

Tai t;, = 0 va do d6 M, = 0. Khac véi truong hop trén, & day dong co
s&¢ khong quay ngugc ma giit & trang thai ngén mach. Dong di¢n vad moémen
dong co duge tao ra do sdd cia may phat (lic nay e; dang gidm din vé (), nén
c6 dang ham mi suy gidm nhu doan™nét dit pk trén hinh 3-21.

¢) Dao chiéu. Pdo chidu quay dong co trong hé F-D dugc thuc hién bing

cach d0i cuc tinh dién ap kich tir cia may phat.

Cing nhir \cac tru'orng hop trén, cac dic tmh qué’do caa hé théng phu
thufe tinh chit phu tai.

— Khi tai thé ning, qua trinh qua do chi c6 mot didu kién ban dau (diém
‘BD trén hinh 3-22) va mot djéu kién xac lap (dtém x1) duy nhit. Cac dic tinh
qua do va qui dao pha clia hé¢ nhu di trinh bay trén hinh 3-22,

S w Y, 1, (M) b
¢ 89 W

bd

1 1,

Hinh 3-22. Cac dic tinh qud d0 va quy dan pha clia h¢ th6ng F—D khi
ddo chi¥u vd&i tii thé ning.

'

— Khi tai phan khang, qua trinh qu4 dé ddo chidu duoc chia thanh hai
‘giai doan vé&i hai diéu kiédn dau va hai didu kién x&c lap khac nhau.
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Giai doan ! trng v&i 0> 0. Pidu kién ban dau hg véi di¢m BD! trén
ddc tinh co khi chwa c¢é Iénh dao Chléu Diéu kién xAc lap ng véi diém zl; trén
didc tinh co & chidu quay nguwgc kbi tii 14 +M, (xem hinh 3-23) Tuy nhién,
giai doan nay két thic khi w=0. Sau d6, ddong co quay ngugc, mdmen cin

dbi chidu, nén diéu kién xac lap thay ddi, va do d6 qua trinh chuyZn sang giai.

doan \2.

G doan §

,.\\
~

1/

Hinh 3-23. Cac diic tinh qu4d 40 vA quy dao pha cua h¢ th8ng F—D khi
ddo chidu véi tai phdn khang.

\

Giai doan 2 rng v6t « <<0. Diéu kién ban diu cia no 13

wpaz = 0
i“’bdz = Ich; Mh(]2 = Mr-h. z (3—87)

con diBu kién xac lap thi ung véi diém xl, (khi tai 1a —Mc).

Cac dic tinh qua do va qu§ dao pha cua he théng trong trudong hop nay

dwge trinh bay trén hinh 3-23.
\

3. Cu'ﬁ'ng bire gua trinh qua dg.

Nhr da néu, qua trinh qua @b trong hé F—D bao gdm ch yéu qué'
trinh dién ti trong mach kich tir clia may phat va qué trinh co hoc. Khi cbng
suidt may phat khodng chuc kW tré 1én, thl hing s§ théi gian dién tur Ty 16n
hon nhiéu so v6i hing s Lhoi gian co hoc cia hé. N6i cach khac, quan tinh
dién t cta mach kich tir may phat c6 anh hudng quyét dinh dén thoi gian
clia cac qua trinh qua do. Vi Tx 16n, c& hiang sec, nén cac hé F—D thuoig cé
do tic dong nhanh thép. Q /

Dé giam thoi gian cac qua trinh qua 4, ngudi ta tién hanh cudng buc
kich tir nghia la rat ngin thoi gian kich tir va kh tir may phat.
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Tw phuong trinh (3-51) ta tim dwoc
quan hé giita dong kich tir va theéi gian:

iy = Ikx‘l + Ukpa — Ikxl)ét/Tk- (3-88)

trong d96, Iy = —gl‘- —dong kich tir xéc l:ip:
k

Isa — dong kich ti ban diu.
Quan hé (3-88) dwoe biéu thi bang
Hinh 3-24. Quan he ix(D khi kich tx (1) ¢4c duong cong trén hinh 3-24, dudng 1
va khir tir (2). ung voi treong hop kich tir, dudng 2 —
. khe tir, ' ,
, | ,
Tiu bidu thirc (3-88) ta thiy co th® cudng bic qua trinh kich tir bing
hai c4ch: giAm hiing s6 thoi gian Tk va tdng gi4 tri xae lap chia domg kich tu
[kx1 trong thoi gian ddu cia qua trinh qua dd

a. Gidm hiing s thoi gian kich tir. Noi dung cha phuong phédp nay la
dwra thém mot dién trd phu Ry, vio mach d& lam ting thanh phin dién trd
trong mach kich tir, do @6 hing s8 thoi gian dién tr Tk s& gidm xudng. Dién
tré d6 dugc ndi ¢ dinh ci trong thoi gian qua do 1in thoi gian lam viéc xde
lap. do d6 ngudi ta con goi phuong phap nay la cudng birc lién tuc. So dd
nguyén 1y efia mach kieh tir dwge trinh bay trén hinh 3-25.

Trong so dd ¢6 dién -trd phong dién Ry, ding d2 bio vé qua ap cho
cudn kich tir khi m& ti€p didm K, N6 duwoc chon khodng:

Rry = (3 + 5)Rs. | (3-89)

Pién tr& R, ¢ tac dung gidm Tk trongqué trinh'qua d9, nhung ddng théi
lai giy sut ap trong mach. Do d6, d& cho khi x4c lap, dong kich tir vin c6 gia
tri 12 Ig., thi ngudn phai c6 gia tri dién ap lén hon so véi khi khéng dung
cudng birc:

Ui( = ally (3-90)

trong @6 « — hé sd cudng burc.

P2 x4c dinh hiing s6 thoi gian dién tir clia
mach, ta thay so d0 hinh 3-35a bing so 406 diang
tri hinh 3-25b, trong dé

Ry,

Ugy = aly ——— (3-91)
/ _ * x Rcb + ng
Ra M, (3-92)
Rcb + ng
Hing s6 thoi gian dién tir cha mach s& 1a
. LK | 9 ‘
T = =T (3-93)
k ﬁdp + Rq Kl + Rey Reg Hinh 3-25. So d0 mach kieh
: : Rk(Rcb+ ng) {ir may phat
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Bidu thic nay cho thiy T: < Tx (Tx la hiing s5 thoi gian dién tir cfa 'bin’

than cudn kich tir). NEu biét trude thoi gian mong mudn cta qua trinh qui
dd ta ¢o (hd w6e tinh hing s6 TX va sau dé ciin cir (3- 93) ta x4c dinh dwgc dién
tré6 cudng birc Ry

Hé 36 cudng bic « phéu xac dinh sao cho khi xéc lap doéng kich tir lé"l

Ik.x1 gi6ng nhu trudng hop khong cé cudng bire, nghia la:
Uk Ua

—

Rk Rai + Ry ;
Thay Ug, va Rq tur (3-91) va (3-92) vao bidu thirc trén va blen do: ta duoc:

~

Ikxl =

1 -
=14+R _+_) 3-94) °
a + hep ( R, Rr, | (3-94)
T d6, ta co6 thé x4c dinh duge dién ap ngudn ciin thiét :
Uk = =~ U, (3-95)

Str dung (3-93), (3-95) va (3-88) ta c6 the suy ra dudng cong 1K(t) ikhi

cudng birc kich tir bing phuong phap nay nhu trén hinh 3-26 (duong 1). P&

dé so sanh, trén dé dugce vé cad dudng ix(t) khi khdéng dung cudng birc (duang 2),

Hai dudng c6 chung gia tri x4c Jap Icz, nhung khiac nhau v& hiing s8 thai gian, .
(

\' . b. Tang dong x4c l4p trong thoi
, ! gian qua d4. Noi dung ctia phuong phap
x Tx nay la trong thoi gian qua dg, ta dit

v -mot dién ap 16n (diéy ap cudng bire

:T'
bt [ aUy) 1én cudn day kich tir, cOn hing s6 -

o 2 . thoi gian dién ti ctia mach (Tx) thi
7 duge gitt nguyén giéng nhu khi khong
7 cudng bire. Nho d6 dong kich tir ting

o tx 7 ap tré vé tri s6 tuong Gng voi Ixx. Vi
’ vy, ngudi ta con goi phwong phap nay

Ia cudng birc céd ngit.
Hinh 3-26. D8 thj ik(1) khi c6 cudng buc P& thwe hién phurong phap lren,

lien tuc (duo 1) va 'khi khoéng dun
o Cu‘énggbl-,c‘ (vdu'(\vngl ). 8O dung so dé hinh 3-27a. Tiép diém CB

do dé:
TY = =X =T, (3-96)

nghia la cing gia tri nhu khi khong dung cudng bwke. Gia tri xac lap cla d()ng
kich tir khi ué’p diem CB dong s¢ 1a:

PRI S S (3(97) :

Kxl Rk
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- nhanh. Khi ig =~ Ik thi ta giam dién

déng trong thoi gian qua d9, va md ra
khi ix = Ix..i- Nhu vay, trong qua trinh qua d6, dién trd Ry bi ndi ngén maqh '




Pudng cong ix(t) trong truong hop
ndy c6 dang nhu dudng 1 trén hinh
3-27b. D& d& so sanh, trén hinh nay
dugce vé A duong cong ix(t) khi khdng
dung cudng bire (dwdng 2). Hai dudng
cong c6 cung gid tri Tx nhung khac

nhau vé gia tri dong xac lap (I, va

Ixx1). / . a >
Qua trinh qua d¢ kich tu két

thic khi igx = Iga. Ta c6 thé xac dinh 1k

dwgc thdi gian nay nhé céc bidu thire Ll T ,f

(3-88) va (3-97) khi thay t = tl’(' va ) /

ix = Igz.

Kk = lgn I

Tail thoi didm % dién trd R,

dugc nbi vao mach, dong kich tir sé kxl |y [
duqc duy tl‘l\ & gié. tl‘i Ile. 2

Viée phﬁn\hch trén day cho
thiy rané néu biét’trude gia tri yéu

ciu cia thoi gian qué trinh qua d¢, al 4 - B
gt , \l

ta ¢6 thé wéc tinh duoce tg (théi gian i L e

kich tir may phat), rdi sau 46 tinh ' . byt - s

ra g - va h¢ s6.cudng bic «. Dién | ) :

” . . . . . Hinh 3-27. So 38 mach kich tir may phat (a)
tro cudng bie Ry, dugce xac dinh nho vi quan hé ik(1) (b) khi ding cudng bire
biéu thire (3-94) khi coi « di biélt. » c6 ngat. ~

\

§3-5. NGHIEN CUU PAC TINH PONG CUA TRUYEN DONG
DUNG PONG CO KHONG PONG B0

Khi xét qua trinh qua dd cla truyen d6ng khong domg bo, thudng
ngudi ta bd qua quanAinh dién tir trong ddng co (xem §2-2; §2-6). Tuy nhién,
diéu d6 c6 thé din téi nhirng sai s6 16n, ddc biét 14 sai s6 vé momen.

Quan tinh dién tir clia cic mach dién trong dong co thuc té da giy ra
tinh dao dong ddi v6i cac qua trinh qua d9. Do d6, frong nhiéu trudng hop,
mdmen clia ddng co co thé dat dén gia tri rdt 164 so v&i mdmen tinh (twong
wng vai dic tinh co tinH), gidv ra nhitng chin ddng khong cho phép trong phan
co clia truyén dong dién. Didu d6 doi hdi phii khao sat’ cd qua trinh qua do
dién tu trong dong co khdong dong bd. \

* P& nghién ciru qua trinh qt'm do dién co cua truyén ddng khdng ddng
bd, ta leu ¥ dén nhitng gia, thiét co ban @i néu khi phan tich dic tinh co cda
loai djng co nay (xem churong 2—tap ). So 4 ndi day cia~ddng co duge v&
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lai trén hinh 3-28a, Gia thiét day quin ba pha cilia may dién dugc bé tri tap
trung, 1¢énh nhau m¢t géc 2x/3 trong khong gian, ta c6 gidn d6 thay thé trén
hinh 3-28b. Trong d6, dién 4p ngudn dit vao cac pha stato duogc coi 12 d6i xL'rn_g\:
Uh4+Us+Uc=0 (3-98) -
b Gia thiét may dién cé
) cdu truc ddi xirng, déng dién
va tir thong méc vong trong
cAc pha ciing c6 bic¢u thire
twong tu nhu (3-98).
T Vo e Cin cir (vdo gidn db
hinh 3-28b, ta c6 th® vidt cac
phuong trinh cin bing dién
4p, x4c dinh tir théng m6c vong
qua eic cudn day pha, viét
phuong trinh clia moémen dién
te chia dong co va phuong
trinh chuyén déng ciia truyén
dong dién, cudi cing c6 thé
gidi hé phwong trinh d6.trén
d) - b may tinh d& im cac dic tinh
- qua dé. \ '

Minh 3-28. Sodd ndiday (a) va gidn dd thay thé(b) .
cia dong co khong ddng bo ba pha. Tuy nhién, hé phuong
| trinh d6 sé& la phi tuyén vacé

rit nhidu bi&n, nén cach lam tryc tiép nhu vy sé& gip nhléu khé khin va thue

té€ la khong gidi quyé&t duoc. ,

Do d6, d& nghitén ciru qua trinh déng (rong ddng co khong dong bd, ngudi
ta dung phuong phap suy luan gi4dn ti€p. Truéc hét ta thay thé may dién ba
pha (hinh 3-28) bing mot'mAy dién hai pha li tirdng—goi 12 may dién tOng quat,
sau d6 viét va bién ddi cdc phwong trinh cda may nay d& tim quan hé theo
thoi gian cha cac bién thay th&, va cudi cing ding mdt phép tiép doi nguoge
d® suy tir cac bién thay thé trén may dién tdng quat vé cac bién thuc cha may
ba pha thong thudng.

Nh¢ phuong phap dd ta tim duwge nhirng phuong trinh vi phdn don gian
hon, it bién hon, thim chi 66 thé 1a phurong trinh tuyén tinh. Do d6, mot mit
ta rat ra cac ham truyén don gian mo ta tinh chit dong cia doéng co dé dung
trong tinh toAn cac hé truyén dong tw ddng, mit khae co6 thé gidi truc ti€p
chc phuong trinh vi phan d€ xac dinh ciae quan hé cin tim. ‘

Trudc hét hidy nghién ciru cic quan hé dién tr va dién co trong may
¢idn tdng quat. :

1. May dién téng quat.

May diéntdong quat lam)t mo hinhli tudng clia may dién xoay chidu hai
pha. Trong li thuyét truy®n dong dién nguoi ta ding né d2 thay cho cac loai
m4ay dién thuong gip (k€ cd may dién moét ehidu) khi phan tich nhitng quan
hé dién tir va dién co.
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Qua may. nay ta c¢é théiviéi dugc cac phuwong trinh 18ng quat vdi sb
lugng it v don'gidn hon, 1am gidm nhe viéc phan tich. Pidu d6 ¢6 ¥ nghia
t quyét dinh ddi v&i viée nghién ciru ddng hoc clia dong co khong ddng bo.

Hiy twdng trong may dién tdng qual nhu mot may xoay chidu hai pha.
0 mbi phia (stato ho#c rolo) cac pha d6 léch nhau mol géc 90°. Day quin eac
pha dugc phin b6 déu dén mirc. khi ndi ching vao ngudn thi sé tao ra trén
- b2 mit stato.vd roto nhirng «16p dong» hinh sin 1éch nhau 90°. Nhirng 16p
dong hinh sin d6 s& tao ra tir thong hinh sin trong khong gian. Nhu vay trong
miy khong 1dn tai cic séng hii bac cao cla tir khong.
May dién tdng qual ciing c¢6 loai cuc 16i va loai cuc An. D& cho don gian,
& dAy ta chl xét loai circ &n. Gidn d0 khai tridn cla miy cwc An duwge vé trén
hinh 3-29a. Hai l6p dong stato twong wng voi hai pha diay qudn stato la hai
dudng hinh sin léch nhau 90°. O rolo ciing c¢é canh lwgng twong tu nhu vay,
- Giira stato va roto cac 16p dong ting do6i mot 1énh nhau mét géc ¢ do vi tri
twong ddi gira roto va stato quyét dinh. P
' ' A

107:’ d«;.r;:g pha
Lop dong pha f . ;

'l _9«""" | Khe ho k. kbi’

Rédo

10}! don
g pha
Lop ‘dang pha d'

Hinh 3-29. Gidn 40 khai trida (a) va gidn dd thay thé& (b) clia may dién tdng quat.
P .

- D&dé& hinh dung, ta bi2udién diy quidncéc pha & dangtap trung nhu trén
hinh 3-29b, Truéng hop tdng quat nhit, cdc pha slalo va rolo ddu duogc cung
cdp tir nhung ngudn tuong ung Ui, U, Uz, qu Cac truc cia cudn.diy cac
pha stato (va roto) léch nhau 90° dién, con truc clia cic cudn day roto va statlo
tirng d6i mot 1éech nhau mot goc @q. Tren hinh vé nay ta dung cac c¢hi sé «1 »
dé ky hiéu cho stato, s8 « 2» cho roto, cac chir «, B, d, ¢ d& ky hiéu truc cda
.cac cudn diy tuong @ng. Vi du u;, —dién 4p dat vao cudn day stato ndm trén
truc a; ipq v dong dién trong cudén day roto ndm trén truc q. Ta cé thé dung
ky hiéu twrong tue nhu vay cho tir thong méc vong trong cac cudn diy (W), hé
86 tw cam va hd cAm L, v.v... [ ‘

~ Tir hinh 3-29b ta th4y hé tryc toa do frwc giao a«, p duwoc gin eirng voi
slate nén dang yéa trong khong gian, cdn hé truc d, q dwge gin cing vai
roto nén b4t ddng so véi roto nhu-ng lai chuyén ddng vdi téc d0 wg so voi

déy quﬁn stato. T6c dd quay cla né duge xéc dinh:
' ag = Pot W, (3-99)
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lrong d6 w — t6c 4o khbng gian cua roto, wg — tc 49 dién cha day quén roto
Pa — 86 ddi cwe tir cua stato.

Dong hoc cha may dién tdng quat dwge mod ti nhd hé phuong trinh cén
béng dién 4p viét cho cdc mach véng va cac phudng trinh momen. Tir hinh
3-29b ta viét dugc cfic phuong trinh Kierchoff. :

Uw. = R i]er. N p‘}'w .
Uip = Ryiie + p Wie , (3-100)
U = Raiza + pVaa o

Usq = Raiaq + pW¥2q

trong d6, R, —dién tré clia cudn day stato; R, — dién tré cda cuﬁn day roto;
p = d/d{ — toan tir Laplace.

D& cho don gian ta wigt mot cach 16ng quat he phuong trmh trén bing

mét phuong trinh
Ui = Riii + p.q'ri, ‘ (3'1003)

trong d6, i lan luot thay cho la, 1B, 2d, hodc 2q.

Tir thong moc vong W, cha méi cudn day bing tdng tir thong do tir cAm
va hd cdm voi cac cudn con lai: \

» - / - '
i Yis = Ljsssite 4 Lis,ipitg + Lis,2aiaa + Lis,2qizg

1}"“; = L]p ]ui]u. + Llps]ﬁilp + LlP’Zdi2d + LIP 2Pi2q (3-101)
Waqa = Lag,1eita 4 de.mhp + Lad,2di2a + L2d,2qi2q
Waiq = Lagaeiis + qu.iplns + Lig,2ai2a + qu,quzq

trong d6; Lis,a, Ligaes L2g,2a0 Logiaq — hé 88 tu cdm cha cac cudn day le, 1B,
2d, 2q ; cac dai lrgng con lai déu 1a hé s6 h6 cam giira cudén nay va cudn khéc -

C4ac ding thirc trén duge viét tdng quat thanh

i=2q
"{f. = 2 Lijij : /(3-1013)
j=1a
trong d6 i va j thay cho ky hiéu la, 18, 2d, 2q Vi du, trong dang thic thu
nhit cta (3-101), i = I, con j 1an ligt bing la — 2q; & d&ng thic thi hai thi
1= 1, J:loz—2q, V.v..
((a¢ hé sd ty cdm deu khong d6i khi may dién lam viéc:

L]u.,w. = L]p:lp — Ll = CODS; (3-102)

L2d,24 = Lagqiaq = Ly = const

Hé 86 ho cAm gita cdc cudn stato v&i nhau va gitra cdc cudn roto voi
nhau déu bing khong vi true cla ching thing goc voi nhau,:

Livgs = Lipe = 0

'l?ll.zq = [12‘1'2|] = 0

(3-103)

Hé 86 hd cam giita cuon day stato va cu¢n day roto thi phu thudc goéc
quay cha roto. Khi may dién lam viée, vi tri tuong d6i cla ching thay ddi do
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d6 hd cam thay ddi. Chu ky bidn ddi ciia chc hé s3 hd cam nay 1a ¢ 2g =t
(Géc dign g = pct(p) Ho cim dat tri s cuc'dai Li; kKhi truc cua hai cudn day
trung nhau, sau d6 gidm din theo cospg. Ta ¢6 :

Liz,2a = Lagns = Liacoseq |

Ll°‘.2n = Laqus = Lyjcos(pg 4+ 90°) = —Liacosqqe ; (3-104)
Litaq = Laqip = Lizcospq "
Ligiaa = Lagas = Ligsingg

1

"~ Thay céac bidu thie (3-102) = (3-104) vao (3-101) ta dwoc:

Piga = Lli]u, + Li2 cos @qiaq — Lia sin. Paizq

= Y1y = L1|1p,+ ng sin (palgd 4 ng cos (P(I]2q : | (3_105)
P24 = Lzlzd + L2 cos @aiy, + Lia sin @aiy,
'tpgq = Lalgq — L]g Sin deh“ + ng cos (Pdllp-

St dung cac hé thue (3-103), ta c6 thd viét lai cAc phuong trinh can bing
dién ap (3-100) & dang cu thd. Tuy nhién & diy khéng cin biéu dién cu thé nhu
vay, ma chi cin lvu y phuong trinh tdng quat (3-100a).

Thay (3-101a) vao (3-100a) ta ¢6:

i=2q-

! Uj = Riii 4 P 2 Lij ij, ‘(3'106)
Jj=la ‘
hodc bidu thi theo dang phuong trinh vi phan:
i=2q 1=2q =2y
U= Rii+ & S Lyij=Ri; + S L, 14 5 o,
d j=la : j=1~1 dt —]d. o0 ot
/ -
Vi —3(% — téc do clia roto, nén:
?
i=2q 1=2q
Ui = Biii + 2 Li] —ﬁ + w ‘G—Ll!” (3-107)
j=ta d j=1a 20

Momen dién tir theo li thuyét may dién bdng dao ham riéng theo goc ¢
ciia tong dir trix nang lugng dién tir trong cac cudn diy cua may dién, nghiala

: o [ 1A 1 129 Gy,
M = [——- 2 1 1[),] = — 2 1 — (3-108)
\ o0 L2 i=ja 2 =tz 09 |

Thav y, tir (3-101a) vao biéu Lhic trén ta duge:

i=2q  j=2q L,
M= = =262 (3-109)
2 i=la J 1ot OCP . v
Thay gia lri géc khéng gian theo gbc dién: ¢ = __1_ Pa, ta diroc
_ pct
/ |:2q J=-‘(L
. ] L . .
M= ';“pct = i = i) 1y (3-109a)

i=1la  j=1a 9Pa
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Néu viét biéu thic nay & dang khai trién cho may cuc in, rbl thay Lip
theo (3-102) = (3-104) ta dugc: |

M = pu Lu [(i1pi2a — i1, igq) COS Qa — (i1p i2q + 1, i24) sin Pal. (3-110?

Cu6i cung, k&t hop cAc phuong trinh can bing dién 4p (3-106), phuwong
trinh mdémen (3- 100) va phuwong trinh chuyén ddng ta dugc hé thdng (3—111)
mo tA dng hoc clta truy&n déng dién:

i=2q i=2q 1
Ui:Rll+2Llj—+ zau /
j=1la dt j=1z 99
s SRl Y | (3-111)
M=— 2 i 2 —j
2 i=le  j=la o0
MM =3 ; )

2. Bién 46i hé truc toa d¢
Hé phuong trinh (3-111) duge viét theo cae bién thuye, tirc 14 cie dong

(

4

dién, dién 4p, hé s4 cAm tir clla cac cudn diy. Cach viél mhu vdy cho phépta |

quan sat truc tiép cac dai lugng vat 1y trong hé, tuy nhién cac phuwong trinh
trén d&u 13 phi tuyén do cac tich i; i, va cAc hé s& bién thién L;;(9) gy ra.
Vi vay viéc gidi cac phwong trinh nay hét sirc khé khin, ngay cd khi dt‘mg
may tinh dién ti.

P& don gian héa hé phwong trinh (3- 111), ta sit dung mot hé truc toa @6
[u, v] chung cho ci stato va roto, quay trong khong gian véi t6ec dé w nao dé,
d% thayv cho hé truc «, B va d, q. Mt bién thwe ndo d6, vi dy dién 4p u, dong
dién i hodc tir thong mo6c vong ¢ duge coi la vecto tdng hop ciia hai cudn
day stato hoic hai cudn day roto. Cac gia tri tuong trng cua bién nay trpng
modt cuon day nao d6 khi ding hé toa d6 cil (a, B, d, q) s& 12 hinh chiéu clia

veclo long hgp d6 trén cac truc trong ing. Néu, dung hé toa dd [u, v], ta chiéu’

vecto tong lén hai truc nay, sé xac dinh du'qc cac thanh phan tu'ong rng.

D2 cho don gidn ta dung vecto X (hodc Xz) d& biéu thi cho cac bién cin xét
(U, 1, ). Chi sd«1» ding d& chi vecto clia cic cudn day slato, chi s6 «2»—roto.

Hinh 3-30 minh hoa viéc x4c dinh cic thanh phian cha bién X; trénhé
truc toa dd cil @ B va trén hé truc moi u, v. Thanh phidn x,, chinh 12 tdng
hinh chiéu clia x;, vA X, trén truc u, con x,, 14 téng hinh chiéu cta x_ va X1p

trén truc v. Chd y rdng x;,, %, 12 nhitng bién thyc chia trong cudn day stato’

a va B (vi du uy, uy, hodc iy, i, hodc v, wlp), Cac bién x,,. X1y la nhirng dai
lwong qui d0i dung dé tinh toan cho don gidn. Nhu vay, ta da sir dung céc dai
luong Xy, Xiv dang tri v&i x,,. x;, lrong tinh toan. Piéu kién ding tri phaila
Léng suit khong d46i. Ta s& k:ém nghiém diéu kién nay . sau khi tim duge cOng
thic qui doi tu X1, Xip SANE Xpy, Xiv- :

T A0 Lhi vecto trén hinh 3-30 ta thdy ngay riing:
X1y = X, COS ent -4 x;, sin et i (3-112)
X1y = —X), 8in ot 4 xq5 COS it. :
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Tuong tv nhur vay, vé vecto Xz bidu thi cho mét bién nao do6 cla hai
cudén diy rolo, chidu no lén cac truc d, q, va u, v ta duge:

Xau = X2d COS (it — @g) + Xaq SiN (wit — @a); (3-112a)
Xgy == —X2q 8iD (it — @q) 4 X2q COS (it — Pa).
Nhitng cong thire nay chg phép ta dua vao céac bién cla diy quin x,,
X1 hodic x34, X3 d& x&c dinh bién qui ddi ding tri x;,, x;y hofic x3,, X3, ma

khéng cin biét vecto tdng X; hoiic X,.

Hinh 3-30. Minh hoa cho phép qui ddi L Hinh 3-31. Phép d8i nguge tr hé true:
he truc o, B v& hé truc u. v. u, v v& he truc a, B.
e

Nguoc lai, khi biét cac bién xy,, X;, hofic xa,, X5, ta ciing c6 thd xéc dinh
dugce cac bién thuc x,_, X3, hodc X, xgq'bﬁng mot phép suy luin nguge. Hinh
3-31 minh hoa cho truéng hop ndy. Gia st ta c6 vecto X, bidu thi cho mot
bién tong hop ndo d6 trong hai cuén day stato. Hinh chi€u ctia né trén cac truc
u, v 13 x4, va x;,. TOng cac hinh chiéu clia x;, va x;, trén truc B chinh 13 x,
con tong cac hinh chidu clia x;, va x;, trén truc o sé 14 x; . Nghia 1a:

X1, = Xiu c-os ol — xq, Sin wt i (3_115)'
Xip = Xp, Si et 4 xyy COS wit.
Tuong ty ta ¢6 thé im duge cde cong thire xac dinh xu, Xzq khi biét
Xou VA Xoy:
Xoq4 = X2,C08(wt — — Xy Sin(ut —
2d = X2,C08(wt — @y) avSIN(wt — @g) (3-113)

N Xgq = x,usin(unt - (Pa) + X2VCOS(w(t — wd)
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Khi dung bién qui doi &ng v6i hé truc u, v, ta c6 thé viét lai cac phuong
trinh can bang dién 4p clia _may dién va phuong trinh momen. Thay (3-113)
vao hai phurong trinh diu cua (3-100) ta duge:

UluCOSwnl—Ulvﬁinwlt= 1(11eCOSmk — igySineyt 4 —i—(‘i’,ucosmt--—‘}’,vsinw,t) (3-114),

;
Upusinot + Ujycosmt = Ry(i1 8inet 4 ijycoswit) + ,
d . . ‘ (3-115)
C 4+ ——(Yusinwt + ¥icoSwy).
\odt \ - )
Ldy dao ham cac ham s8 lugng giac trong (3-114) va 3-115) ta cé:
Upueosit — Ujysinat = Ry(iju€0swit — ijyoAnet) -|—F11P‘!“ coswit — -
. (3-116)
—q’mw:ﬁnwgt — v Sin(.!)gt — ¥iywcosmt , : |
* d¥14
UsuSinat + Ujycoswt = Rl(llusmwt + ijycosmyt) 4 kil sinwt4
dt (3-117)

dy¥ ' .
+ ¥ia0cosmt + — coswt — ¥y msinot.

Nhan phuorng trinh (3-116) v&i coswt va phu-ong trinh (3-117) v&i sin ot
roi cong 'két qua véi nhau ta duge: j

U = Riiju + d‘;,:“ — oWy , (3;118)\ -

Néu nhan (3-116) v&i —sin wit va (3-117) v6i~ cOSm. roi codng k&t qua lal
thi La ¢6:

dqjlv

Uiy = Ryl + + o V1. - (3-118a)

Bang cach tuong ty, thay (3-113a) vao hai phwong trinh sau cia (3-100)
liy dao ham va bién ddi ciac ddng thirc, ta dwoe hai phrrong trinh cin bing dién
4p cla mach roto viét theo hé truc u, v.

1

Két qua ta ¢6 4 phuong trinh sau day:
- Uiy =anilu + plplu — oY1y,
Ulv = Rlih.' + plplv + wlq'rlul; ‘ (3_119)
Uy = Ralau+ pWau — (@ — 0)Way; " )
U2v = R2i2v + ply2v + (wy — wd)l{f2u.
trong d6 p = d/dt. |
N\ .
Cing sir dung cac phuong trinh (3-113) va (3-113a) viét cho tir thong moc
vong, roi thay vao (3-105), sau 46 thuc hién phép bién ddi trung gian biing cich
nhin cac phwong trinh véi cosmt hode.sinet tuwong. lgy nhu khi rat phuong
trinh (3-118) ta dugce:
Yiu = Lalyy 4 Ligiay .
Wiv = Liisy + Lizlay, | T (3-120)
Vau = Lalay + Laziyy ’
Wiy = Lyizy 4 Luiys,
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" Thay (3-120) vao (3-149) ta dwoc hé phuong trinh sau day:

J

u;, = (R + pLy) i)y + pLiaiay + Liwiyy + Lizw,izy (3-121)

U2y = (Ra + pLa)isy + PLigli — Lis(oy — wy) ity — La(wr — wa) igy )
2y = (R2 + pLa) i2y + pLiziiy + Lia(wg — wq) iy + Lo(w: — wq) iz,

uy, = (Y + pLy) iy 4 ]_)lei2u — Lywiyy — L12w|i2! Z

Nhu trén da néu, didu kidn qui ddi cac bién thwe ung véi cac truc day
quiin. e, B, d, q v& c4c bi&n ding tri trong hé truc u, v 13 cong suil lruy&n tai
trong may dién khéng ddi. Pén day ta cé thé kidm tra diéu kién d6. Déi vdi
may dién khong déng bd uyq = uyq = 0, nén codng suit do nguén dién chuyén
vao stato la:

01 = U, i]u + Uiy ilF' ‘ (3-122)

Thay cac bién u; , uy,, i, , i), theo céng thirc-(3-113) ta dugc

Sy = (uy, coswt —uy, sinwt) (ij, cosw t—iyy sinwt) + (U sinmlt+u,\,cpsw.t)
(i1a sinent 41, coswt) = uyy iy, (cos?mt +sinewt) +
+ ulvilv(cos2wlt+3in2wll) = Uy ilu + Ugy ilv . (3'123)

So sanh (3-122) vai (3-123) ta thdy digu kién bdo toan cong suit di duoc
“théa man.

Ta c6 thé viét phuong trinh mémen theo cac bién qui doi bing cach
thay quan hé (3-113) va (3-113a) vao (3-110):

« M = pa Liz cospg [(1,u sinet + iy, cosmt) [iz, cos(ent — @g) — iz, sin (wit = cpd)] —
—~ (ity cosent — iyy sinant) [iz, sin (et — @q) 4 i2y cos (wit — @a)] | —
— Pret Lz sin@g § (ira sinwit 4 iy, cosent) [izy sin (ot — @a) + iz, €0s (et — a)] +
+ (i1, cosant — iy sinant) iy cos (ot — @q) — igy Sin (0t — @g)] ‘ =
= Pt Li2 (iyy i'.'u — i i2v)- ’ . (3-124)

Hé théng phuong trinh {wong dwong vai (3-111) gom (3-119), (3-124) va
phuong trinh chuyén doéng. md ta qua trinh dong clia truyén dong dién thong
qua cac bién qui ;@di. Tuy nhién, & hé pay nho viéc sit dung hé truc u, v
chung cho ci stato va roto, nén cac phwong trinh tré nén don gidn hon. V&
y nghia vat ly, khi dung hé truc nay ta da coi cac cuén day roto va stato cung
quay v&i mot 16c dd, nén cac hé sd bi€n ddi chu ky khpng con nira.

AN

Chuy ring, truong hgp nay may dién khong sinh cong co hoc vi l{héng
c6 chuyé&n ddng tuwong d6i gira cudn day stato va roto..Cong cohoc d6 4i duoc

qui ddoi vé dién do thanh phin sdd phu dwa vao mach roto:
€y = Qg wZV
€v = — w4 Y2q-

(3-125) |

b6 14 ‘cac 88 hang thw 3 trong phuwong trinh can bing dién ap mach
roto (3-119).
Mic du di duwoc don gian hoéa, hé phuong trinh (3-119) va (3-124) van
Ia phi tuyén nén thuc {€ viéc nghién ciru qua trinh dong dua vao ching van
riat kh6 thuc-hién.
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D% don gidn hon nira, ngudi ta ding bién phitc d& bidu thi cac dai
leong dién. Ta coi truc o la truc thue, truc v 1a truc 4o. Khi d4, mdt vecto

tong hop X nao d6 sé duoc vidt 1a: |
‘E= Xt + jxlv o (3-126)

Xy = Xou + jx2v-'

Néu nhén phuong trinh thir hai cla (3-119) véi j, roi cOng tirng vé véi
phiurong trinh thir nhit, sau d6 ding (3-126) d& bién ddi két qua nhan duge, tacéd:

U= uy + juy = Ryiy + PY1 -+ jox ¥r.

Bién adi twong tu nhw vy cho tit ca cdc phuong trinh (3-119) va (3-124)
ta duoc:

ug = Ryi; + .Pﬁ;; + j(wr — wa)P;
_ M = paLuln (& X i} ),
trong doé i:— bidu Lhirc phic lién hop cia i,
Cling bién ddi twong tw nhu trén eho hé (3-120) ta cé
Ex = 1P1l.1_+ j'tJszt.)_= Lll—l + Liz i, { _ (3-128) g
P2 = Lai; + Lpi;. :
Thay (3-128) vao (3-127) ta dwoc hé phuong trinh dong hoc sau déy:

u; = Ryiy + (p + jou) (Laiy + Ligip) }

u = RyTi 4 pyi + jouds
} (3-127)

u; = Roiy + [p + j (o — wa)] (L2 13 + Ligip)

4 (3-129)
M = palilm (i X i7 ).

Néu coi td¢ d6 dién wg = const thi hai phuong trinh diu 14 tuyén tinh
nén c6 thé gidi chiing dé tim cac quan hé i(t) va ixt), tir d6 xac dinh duge
ddc tinh momen M(t). J

Trén diy di duwa ra ba phuong phap khao sat tinh chdt dong clia may
di¢n tong quat: Phuong phap dung truc cia cdc cudn diy ladm hé truc toa do,
phuong phap ding hé truc quay théng nhit [a, v] va phuong phap ding bién
phirc rng v&i hé truc [u, jv]. Khi chuy®n tit phuong phép nay sang phuong
phap khac, ta chi thay doi cac bién s§ dién va tir, con cac bién co hoc w va M
thi dugc giit nguyén. Diéu.d6 rdt thuan lgi trong thuc té tinh toan, 'vi pbin
l6n trudng hop ta chi quan tam dén cac bién co hoe, do d6 khdng cin qui ddi
qua lai du sir dung phrong phap nay hay phuong phap kia.

Dung bién phic dd lam don gian héa mot cach dang k& viéc tinh toan.
Trong cac phuwong trinh nay, t6c do quay cia hé truc w, c6 thé chon tuy y.
Thong thuong ngudi ta chon w =0 hofic w, = wes = pot . w, = 2f.

Khi chon m = 0, hé phuong trinh (3-129) s& c6 dang:
uy = RE + 151?1 ,
u, Raiy + p_qf2 ~ jug'¥, } (3-129a) -
M = pctLI2Im(ilxig)-

1l
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hodc

u = Rii; 4 p(Lii; + Lizﬁi:) : }l

uz = Raiz + (p—jwa) (Laiz + Ligis ; (3-129b)

M = paLil, (iy X i§):

Khi d6, viée qui doi c6 y nghia nhu sau: cac bién ella diy quén stato
duge bigu thi trén hé iryc ding yén « va B giéng nhu cac bién thuc. N6i cach
khac, ta chon hé truc u, v tring véi hé «, B. Cac bién clia roto trén hé truc
d. q s& dwoc qui doi v& hé truc «, § gin cltng v&i stato. Nhu vay, tir (3-119)
néu thay w, = 0 va dung ky -hiéu e, g» thay cho «u, v» ta s&¢ dugc cic
phuong trinh c4n biing dién 4p ddng nghia voi (3-129):

Ute = R]im -+ plpxu
ue = Ryte + p¥ie

Uge = R2i2u + p.LFZG + deF2B,
Usp = Bziﬁﬂ -+ qugp — wa¥sa.

(3-130)

Khi chob w; = w, ta thye hién qui d6i cac bién thue trén truc «, B, d, q
vé moét hé truc théng nhit x, y quay vdi téc @6 cuia tir trudng stato. Nguoi ta
goi phuong phap qui ddi nay la phépbién doi x, y. Khi d6, -néu dién ap dit
vao hai cudn diy stato 1A hinh sin va d6i xirng, nghia la

Uje = UjnaxCOSwoat
' -13
Uy = UimazCOS (wodl — 1) }' (3-131)

2
thi tir cong thirc bién ddi (3-112) khi cho w, = woq ta c6
Uy = U]nnxcoszwodt + UlmaxSinzwodt. = .Ulmax i (3_132)
Uiy = —UjnaxCOSwoatsinwyat + UimaxSinwegtcoswoat = 0.

Phuong trinh cdn bing dién 4p dwoc suy ra tir (3-119) s& c6 dang:

\ Uy = Rlilx + PWu — wodlply = Ulmax
uyy = Rilyy + pYiy + @0a¥ix = 0 3133
[ Uyy = B2i2x + quZx — (mod - wd)q'rfly ( )
ug; = Raiay + pWay + (woa — wa)W¥as

P& tim pbuong trinh mdémen ta c6 the st dung (3-124) bing cach thay
ky hiéu « x » cho «u» v « y» cho « v». Tuy nhién, d¢€ cho thudn tién khi phan
tich, ngwoi ta thuong dung dang bién d6i khac. Néu bidu thi cac dai lugng déng'
dién trong (3-124) théng qua tir thong n\16c vong theo (3-120) thi:

L
= If’—‘b(w,ywh—wu%,). (3-134)
1127 L2

/
Hé phwong trinh gdm (3-133). (3-131) va phuwong trinh chuy&n dong dugc
ding A8 mo ta ciac qua irinh ddng clia dong co khong ddng bd (xem muc 4).
D& irng dung cac phuong trinh trén day vao viéc nghién ctu déng co
khong ddng by ba pha, ta phai tim phép qui d6i tir ddng ca ba pha vé may
dién 16ng quat.
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3. Qui déi méy dién ba pha vé dang may dién tong quélt.

‘Ngudi la da ching minh dugc ring, mot may dién d5i xirng c6 s§ pha
bt k) (vi du m pha & stato va n pha & réloy déu c6 thé thay ddi cac bién d@
qui vé dang may di¢n 18ng quét va trng dung duogc cie phuong trinh ddng hoe
da néu trong cac muc 1 va 2,

DGi voi miy khong dong bo ba

a o pha, cic bién thuc clta n6 dugc biéu

thi tuong wng v6i hé ba truc a, b, ¢

lénh nhau 120°. Hinh 3-32 biéu dién

cac bién x; nao d6 cua eic cudn

z V3 day slato (x thay cho dién ap u, hoidc
1b A / 5 L e R A

. - ong dién i hodc tir théng ¥). Trén

f I[P hé truc la, 1b, lc ta c6 cic bién thue

g J b, Xia» X1ps X1¢, Vi du dOng dién trong cac

<o 7 ¢ te cudn day twong &ng i, i, i.. D€ qui

L Ny e ) dséi vé may dién téng quat ta cin

¢ ¢ chuyén cac bién trén vé hé truc truec

| giao « va.p, ching han chon a tring

Hinh 3-32. Minh hoa cho phép qui ddicac  véi truc a nhir trén hinh 3-32. Viéc qui

bién cda may c‘ilL()é:n Zi;é':_ha vé may dien_} .d?i S~§ duoc g.ié’li ‘qu)”ét n.é;u ta tim ra.

° hé s6 tinh doi tir cac bi€n thue xi,,

Xib» Xjc Sang cac biéh ding tri x,_, x,e. Didu kién tinh d6i vin 12 bio toan cong

sufit truyén tii trong may dién. : \

Bing phuong phap di dung khi qui ddi cac hé truc trong muc 2 1a coi
chc bién thyc 14 nhitng vecto thanh phiin cia mot vecto tdng hop X, thi cac
bi&n qui ddi x,,, x;p s& 12 hinh chidu cha vecto X; d6 trén cac truc « vi p.
Nhu d3a minh hoa trén hinh v&, bién x;. chinh 13 tdng cic hinh chiéu cha x,,,
X1bs Xje trén truc a, ¢On x;p 12 t0ng cac hinh chiu cla cac bién tharc nay trén
ruc B, nghia la: -

o—d

e (VE YT
1P = ph(Txlb —,)—-ch)

dd

1 1
Xgoe = Kph (Xla - Exlb— o xlc)
(3-135)

trong d6 K,, —hé s6 phi hop, duge chon theo diéu kién bdo toan.cong ayit.
Ta xét trudng hop don gidn nhat khi

Xia + Xi1p + Xy = 0. (3-136)

Khi d6 (3-135) dugc bién d6i thanh

3
X1g = 2_Kphxlu
/3 ' (3-137)
X1p = Kph(xlb"‘xlc)-

~
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D6i véi mach roto ta ciing ti&n hanh tinh ddi nhu viy :

| 1
X2d = Kph (Xza - —2— Xab - —2- X2c )

» VT JT (3-138)
__ ¥2q = Rep | TgXpp = g Xa
Hodc
J )
X4 ‘= '5- Kph X2g
/7 (3-139
\ . qu = ——2—- Kph(xzb - ch)f

.. Nguoc lai, néu da biét cac bién qui 43i trén hé tryc «, B ta c6 thd bién
doi nguwgc d& tim bién thuc cha mday dién ba pha. Viéc bién ddi nguwoc duge
minh hoa biing hinh 3-33. Tir d6 ta thdy:

Xy = Kphxla

‘ 1. 3.
Xip = Kph (——Tllu +'.VT119)
1. VE,
x1e = Kpn (—72—11, —!Tllp)-
(3-140)

bé xée dinh K,;, ta viét bidu
thitc clia céng sudt tirc thdi tir ngudn
truyén vao stato cia miy dién ba
pha theo edc bién thue:

St = Ui dia 4 Uip dip + Uge e (3‘141)7 Hinh 3-33. Minh hoa cho phép qui ddi nguoc
Thay céc bién u va i bing quan ¥ cac bién cda mAy dién tdng quat sang
hé qui ddi trong (3-140) ta dwoc: cic bién thyc cda mdy ba pha.

. 1 V3
81 = (Kphulu)(Kphllu) + [Kph (-— — U= + Tulp)] X

2
' 1. V3, | vy
¥ X Kph(—-_zhu'{'TllP)}"’[Kph(— TUIG — 5 )ng] X
[ 1. R 3 . ) .
X | Kpn (— 5 o — 5 Itp )] =5 [\:,h(ulu. ife -+ Ugpigp)- (3-142)

Ttr (3-141) va (3-142) ta thdy, mudn_théa min diéu kién cong suat khong
ddi, nghia 12 '
‘ Uy d1a + U dgp 4 Ugedie = Ugadie 4 Uiy

K, = V%_ (8-143)

Trudong hop may dién khong déi xing, nghia 12 khi
X1a 4 X + X3 = 0

thi
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thi khi qui doi vé may (dng quat, ngoai cac Lhanh phin x;«, x;, €¢On c6 thanh
phén thir tu khong. Tuy nhién, thanh phin nay khong gay 4nh hudng gi dén
momen ctia dong co, do d6 ta c6 the 1dé qua né khi khlo sat tinh chdt ddng
cia truyén déng dién.

t. Qua trinh qua dé dién tir trong déng co khéng déng ba.

Sau khi di qui d6i eéc bién cia may dién ba pha vé dang may dién tbng
gquat nho (3-135) va (3-138) ta c6 thé ung dung mot trong cac hé phuong
trinh dong hoc da néu trong muc | dé khio sat qua trinh qua do cha truyén
dong dién.

khi stt dung phép bién d6i x, y (hé truc toa do quay vai t6c dd wy=w,q),
ta ang dung hé phuong trinh (3-133) va (3-134).

Néu bitu thi cac dai lwong dong dién thong qua tu thong moe vong
nho (3-120) (trong d6 thay ky hiéu «u» bing «x» va «v» bing «y», cho
Uz, = Uy = 0, ta dU’(_)C:

Ri L

P‘le = U;x — 2— Yix - Yox + wodlyly
LiL,— L3, LiL,-L3,
R:;L R,L
p¥iy = wy — l—gwly + 1—12,, Yoy — woa ¥ix
L,L;»—--L12 LILQ—LIZ
P\é L1 B,2L12
p¥Wa = — — Yoy + B Wix 4 (wga— wa) Wy (3-144)
L1L2" le L‘Lg—ng .
Ré L1 B'2 Ll2
p¥Yay = — 5 Wy + 2 ¥y — (oa— wa)Wax
LiL.-L7, LiL,—L%,
a L
M= pl—12°' (qfly llf2x - lle quy)'
L,Lz—L‘l'2

trong d6, théong sé R, da dugec tinh d6i vé mach stato (xem chuwong 2, tap 1).

Két hop hé phwong trinh trén day v6i phuong trinh chuy®n déng
cua hé:

M — M, = Jpw = pJ pwg (3-115)
ct

ta dwge so dd cdu tric cua hé th6ng nhu trén hinh 3-34.

Trong cac phwong trinh trén, L, dic trung cho toan b tir thong mée
vong trong cudn day stato, bao gom tir thong chinh méc vong tir stato sang
rolo Wy, va tir thong tin ¥,,. Nhu di trinh bay trong chuong 2 t4p 1, tir thong
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méc vong giita stato va roto Wy, duoc biéu thi bing mach tir hda (xp) con tu
thong tin ¥, duoc dic trung béi dién khang x,. Do d6 fa c6 thé suy luan:

_ X|+.\p

Woy

(3-146)

I ]
I | _RiLy Ifrz.r
/-11-2"-?2
i .
v
ey
| |
wd ) R,er w.‘)y i j,t
9% X e S— Lylo-Li2 X
[ ¥ Yy 1
R5L, ~
::Nm
"‘11'2'-"‘!2 ~ \.‘
| ™
] | Y L U3
l 2 .
I . )QE' /.]2 @I o =
L 7 b3
] _
/x”g Ly
| ———
}f '/-iL_"LJ?Z ';
. i Y2y -|&
2 .-F - h
| | Ry Lyp | %y
2
__l ko Lz
3 |
- Re ™

Hinh 3-34. So db cdu tric cua truyén dong dién dung déng co khéng dong ba.

Twong tu, ta ¢co:

(3-146a)
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Hé phuwong trinh (3-144) tvong wng véi so dd ciu trie hinh 3-34 hoin
toan ¢o thé giai dugce (rén may tinh. Tuy nhién, hé phuong trinh néu trén con
ril phuc tap, khong cho ta nhitng nhin xét trye quan. |

Dé don gidn hoéa, la gid s chi xét cac qué trinh qua d9 khi tée d6 bién
thién trong mot pham vi hep, nhuw cac qua trinh twong tng véi sy di chuyén
cia didm lam viéc trén doan dac tinh cdng tac (ctia dic tinh co). Rhi d6 tir
thong téng cla dong co co the coi 1a khdng ddi: ¥, = const, ¥;;, = cons!, Néu
dong thoi coi I}y & 0 thi tir (3-144) ta duoc:

Wod U (3-147)
Ujx ax
Wod Woqa

trong dé ta di sir dung (3-132), thay u;; = 03 ugr = Ujpax (Urmax 12 bién dd clia
dién 4p ddl vao cac cudn day stato). Ta thyc hién Ihém mot phép bién ddi
phu nira: ' ‘

B'z L, R.:, woa(Xp + Xyp) ®,a Ré
5 = 5 ™ = WyaSth. (3-148)
L1]_2—L]2 [(XP-'*‘XI)(XP +Xé) _XU-] X3 + xé .

Thay céc bidu thirc (3-147), (3-148) vao (3-144) ta dwoc:
plp2x + woa St'h Yo — Wed Sq;zy =0

L
quﬂy + wodsthly2y + wodsqjh = - slh\'zlE Ulmal
L : (3-149)
M = m‘_"z ¥, Wi
L1L2-—L12
trong do, s — d§ truot:

_ Wea — Mg - Wg — ®

Wod Wo .

Médc du hai phuong trinh diu eclia (3-149) 13 phi tuyén, ta ciing c¢6 thd
bién d0i ching (v6i diéu kién giir nguyén bac cha phuong trinh vi phan — tire
s6 mii clla p — trong phuong trinh bién ddi va phuong trinh xudt xir). Rut Yoy
tr phuong trinh thir nhét, roi thay vao phwong trinh Lhir hai ta x4c dinh duoc
V,,., sau do thay ¥, 'df?l tim ra va ¥;, ' (3-147) vao phuong trinh thir ba,
ta dugce:

M = Pet ]—512 Ulmax (LIZ/LI) Sth U!mam

(3-150)

— ; .
(Lile = Liy)  ®ea (5 4 0a80) [ 1 (p + wodsu,)] + woas
M6aS,
Ta 44t hing s6 Lthoi gian dién ta la
1
Ty = (3-151)
0od Sty .

!
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vd mdmen téi han cia déng co 1

' (L2 L)U2
M,y = L o 12/ max (3-152)

2 2(1) d(L]Lz— ,12) \

Thay L;, La, L2 bdng cac bitu thire (3-146), coi x> X, va Xp > Xy, bién

d8i Ujpax thanh dién 4p pha cla: may di¢n ba pha Up theo cong thie bién
nguoc (3-137):

Ulmax — '_;“ I(ph Ufm'lx = V d LIfmnt = -\/ 3 [
khi'd6 bitu thirc My, s& c6 dang don gidn sau:
, 3U2 Uz
Mlh - f = f

200 [X1 + X}, + %1%}, (2, + xé)/xi + X /%p] 20,(x1 + xp)
T'ha}* (3-151) va (3-152) vao (3-150) ta dugec

M = 2M,, . (3-153)
(1+Tdnf¢ﬁa+Twr+—-

Sth
D6 chinh 14 phuong trinh dic tinh co dong clia ddng co khong dong bo.
Néu cho p = 0 ta sé duoc phuong trinh Closs nhu trong chwong 2 (tap 1).

Bién ddi (3-153) va viét lat & dang phwong trinh vi phén (thay p = d/dy)
ta duoge:

s dM S

—:‘..2 —»
L dt R

(3-154)
Trong doan lam viéc clia dic tinh co, ta c6 thé tuyén tinh héa phuong

trinh (3-154) nhé& chudi Taylo (xem §1-3). Sau khi phan tich thanh chubi va
bién ddi ta duge:

(1+——)M+zn +&d:§1—Tr§%iM

1 ds
S s d

2
d ¢

o2 2 82 _ S"2 52
(] + s )AM+2T.,dAM AT :IdAM - 2Mt,,( 2th As+Tq — th dAs)
lh des St U sy o+ s sgpts” a4t

(3-155)

Trong doan 1Am viée cia didc tinh co, ta coi s%/s;, > 1, s%h/(sfh+s°2) ~ 1,
s°2/(s + 8°2) =~ 0, Khi 46 twr (3-153) ta duoc

2Miv A (3-156)

Wo Sth

(Tep + 1) AM = —

‘ ¢ P
Néu ldy diém xac lap (khi tuyén tinh héa) 1a didm khong 1di li tudng
s® = 0, thi Aw = &, — v, AM = M, nén (3-156) c6 dang
(Tep + DM = B(w, — w), (3-157)
2Myy

W, Bth
did¢m khong tai li tudng.

trong d6 B =

— dd cirng cha dic tinh co khi tuyén tinh hdéa xung quanh



Két hop (3-157) véi phuong lrinh chuvén dong, ta duge so do clu truc
cia truvén dong dién khéng ddong bé nhu trén hinh 3-35. Nhur di néu, ham
truy&n (3-157) bao dam d6 chinh xic cin thiét trong pham vi dao ddng clia
momen tir — 0,8M,, dén + 0,8M,,. Cdu tric hinh 3-35 dwgce st dung khi khéo
sat cac tinh chit doéng clha hé c6 diéu khién tin s6 hodc cac qua trinh thay
d0i tdi rng v6i doan lam viéc cha dic tinh co, Khi didu khién tin s6, quidao
pha cla cAc qua trinh qua d6 nhu khdi dong, ddo chiéu,... nim irong pham
vi doan lam viéc cha ho ddc tinh co lac bién tin. Hon nira, viée diéu khién
tan s6 luén luon duge thye hién theo qui luit Coxtenco (xem chuong 5 tap 1),
nén fir thong ®, = const, nghia la théa min gia thiét da néu trong muc nay:
¥ix = const, ‘F,) = const.

-m
o e

f 27 o B M U
Pct 1+ 74P J__P____ ]
“ o

Hinh 3-35. So dd cdu truc cta truy2n déng dién dung déng co khéng ddng bod

K&t qud trén day ciing c¢6 thé wng dung dé khdo sit cac qua trinh khdi
dong, ddo chiéu vd him may cua dong co roto day quin,

So sanh (3-157) véi (3-2) hodc (3-5) ta thdy qua trinh qua do dién co cha
dong co khong d6ng bd khi diéu khién tdn s hodc khi bién ddi phu tai, rit
giéng voi dong co mot chiéu kich twr"doc lap khi digu chinh dién ap.

5. Qua trinh qua do dién co trong truyén déng dung doéng co long séc.

Doi véi dong co 1dng séc, cdc qua trinh khdi dong, him may va dio
chiéu d&u xdy ra {tng véi toan bd dudng dic tinh co, ké ci doan lam viée va
doan khong lam viéc. Puédng dic tinh cong nhu vay khéng théa man cae didu
kién da néu khi rat quan hé (3-156), do d6 ta khao sat cac qua trinh qua do
ciia dong co nay bing phuong phap khac.

Thuan tién hon ca la dung bién phirc trong mit phang [u, jv] va chon
téc do quay cua hé true la o, = 0. St dung (3-129b), cho u, = 0 ta c¢6:

uy = Ry + p(Liiy + Li2i3)
0 = Rﬁ:; + (p — jwa)(Lai3 + Lyaiy)
M = paLple (i X i_’g"'
M — M, = Jpo
trong dé R3, i3 dd dwoc tinh ddi v roto v& mach stato.

Vi qud trinh qua d¢ dién tir xdy ra nhanh so v6i qua trinh qua dd co
hoc, nén nguoi ta chi phéin tich chung véi gid thiét w = const. Vi du déi vai
qua trinh khdi dong truwc tiép, ta chi cin quan tam dén giai doan diu, lac
dong dong co vao ludi, nghia 12 coi & = 0 (wg = 0).

Khi d6 hai pher'nU trinh dau clia (3-158) tré nén don gian hon:

wm= Ryl + [4[)‘2 + leplz
0= R212 ~+ Lop iz + 1412 Pl]

(3-158)

(3-159)
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Hé phuong trinh trén 1a tuyén tinh, Ta c6 thé dwa ching vé dang phuong
trinh vi phan bac hai, d® tim oghiém i;(t) vd iz (t). Sau d6 ldy bieu thirc lién
hop cia i} d8 xic dinh quan hé M(t) theo phuong trinh thu ba trong (3-158).

Két qud phan tich M w p w
cho thdy moémen ddng co u {_N'
dao ddng rdl lon. Dang tieu %97
bidu cda cic dic tinh qua
dé khi khi déng khong tai
voi Ty~ T, duoc vé trén

hinh 3-36a va qui dao pha M
cia hé truyén déng — hinh o
3-36b. BDioch mdémen 16n nhit wdm

xudt hién trong chu ky dao , ,
dong diu lién (thdi gian cla Hinh 3-36. Dyng ddc tinh qua d¢ khi
; N > : khdi déng khong 1ai.
chu ky nay nho hon chu
Ky dién ap luéi) va 16n hon
rit nhiéu so véi gia tri mémen trén dic tinh {inh (duong nét dat).

Thoéng thuong dao dong cla moémen tit trude khi tée d6 dong co dat
dén o ~ 1?(1)0. Sau d6, dac tinh co déng gin trang véi ddc tinh tinh. S6 lan
dae ddng clla moémen cang nhiéu khi médmen quan tinh clia hé cang lén va
moémen can cang lon.

bic diém vira néu trén cda qua trinh qua 46 trong dong co 16ng séc la
mot nhuwge diém rit [quan trong cua loai dong co nay. No lam giam do tin
cdy lam viéc clia dong co, gAy 4nh hudng x4u d6i voi phin co cta truyén
ddng va han ché cong suft tai cia hé.

Chuong 1V

CAC PHUONG PHAP KHAO SAT QUA TRINH QUA P0
TRONG HE TRUYEN PONG Ty DPONG VONG KIiN

§ 4-1. HAM TRUYEN cUA HE THONG

Ngay nay cac hé truy&n dong dién diéu chinh d&u dugc tu déng hoa
kigu vong kin. Théng dung nhit 1a cae hé ty ddng duy tri téc do, nhu da trinh
bay trong chuong 7 tap 1. Trén hinh 4-1 14 so d6 nguyén li cda hé théng
BD-P xay dung theo nguyén tic d6. Khi chdt lugng diéu chinh va cac chi tidu
dong yéu clu cao thi s6 lugng phin tir trong hé¢ sé 16n,vad do d6 sé lwong
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phuong lrinh vi phan moé ta qua
trinh dong c6 thé ting lén dang
ké. Gidi trye ti€p hé phuong trinh
nay sé gap khé khin, do d6 ngudi
ta st dung nhitng phuong phép .
gidi gian tiép dua trén cosd ham
truyén hodc ddc tinh tin. Truée
h&t ta xét ham truyé&n cuaa hé.

Trudng hop chung, by bién
ddi 12 mot khau quan tinh voi ham

Hinh 4-1. So @b nguyén li cia hé N
BD-D tu dong. truyen :

epa(P) _ Kpa ] (4_1)"
Uv(p’ dep+ 1

Néu bo bién doi 14 mAy phat mot chidu, thi
Kva = KyyBRg va Tpa = Tk = Lg/Rk, nhu dd khao sat {rong § 3-4.

béi véi bo bién ddi van, ham truyén c6 dang

Wya(p) =

—Tmaxp
Wi g(p) = ot -2
Taxp + 1
trong d6 cpax = 27 — thoi gian tré 16n nhidt cha chinh lru, (m — s lin
Mweq

ddp mach cla dién ap chinh lwu lrong mot chu ky cha dién ap ludi;
w,a = 2nf— tin s6 gbéc cua ludi xoay chiéu);
Tax — hiing 88 th&i gian cia mach diéu khién van. Khi §& dung hé didu
khién ban din'thi coi T4 = 0.
Néu khai trién ham e* theo chudi liiy thira va ldy e* e 1 4 x, thi (4-2)
c¢h dang gan dang:
Kpav ’
Wpa(p) = ———— (4-3)
, TmaxP + 1
Khi ding hé¢ didu khién van c6 cac phan té tir thi cAn xél dén hiing s6
theri gian Tqi. Dé cho don gidn ta coi:

Wya(p) ~ Koav

(Tmax + Tdk)p + 1 .

Chu y rdng khi rng dung cac phuong phap tin s6, hé s6 truyén phtrc
cita may phat co6 dang

(4-3a)

Kbd _
ijdQ-l—l ’
nghia la vé hinh thae W(jQ) tim duge bing cach thay toan U p trong ham
truyén bing jQ.

Wia(jQ) = (4-4)

Con d6i voi bo bién ddi van khi Ty, = 0, s8 1a s
Wiav(jQ) = Kpay. (4-9)
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Thoi gian tré 1., trong ham truy&n cla bo bién doi (4-2) va (4-3) chi
xudt hién khi lin hiéu vao d6t bién bic thang. Néu luong vao 1a ham diéu hoa
nhw dinh nghia ctia hé s6 truy&n phire, thi b bién 461 lai 12 mét kbau khuéch
dai thudin, khi d6 tri trung binh cta sdd cla b bién dbi van ciing 124 mét ham
di€u hoa cing lin s6, cung pha véi lvgng vao.

Néu xét dén héng s6 thoi gian cha hé didu khién van thi

% Wbd(jQ; = — Kpav (1-5a)

Sir dung so d56 cdu tric ciia dong co dién mot chigu khi didu khién di¢n
ap phidn rng trén hinh 3-2 [hé phuong trinh (3-2)], ta duwge so do cdu trac
chung ctia hé théng nhu trén hinh 4-2,

Vs ~Uv | _Kpd
TbAPH

M 1| w.
el
M

-

Hinh 4-2. So db cfu tric ctia hé BD-P tu doéng c6 hoi tiép tde do.

Hé théng c6 hai dAu vao tuwong Gng véi

tin hiéu didu khi¢én Us va tin hiéu. nhiu loan- U w
2 w, (P) bud
do tai M.. h
Ta c6 thé khao sat riéng biét hai qua
trinh qu4 d6 khi thay dbi tin hidu didu khién Upt
va khi thay ddi (4i. Khi khio sat qu4 trinh hay e

thi coi lugng vio kia bing khong.
) . . e Hinh 4-3. So db cdu tric t6i giln
Vi du, khi xét qua trinh khoi dong, ta cia hé ty dong vong kin.
diat M. =0 va duogc so 406 cdu tric mot diu vao
la Ug. Bién d6i so d6 dé dwa vé' dang t6i gidn nhu hinh 4-3, trong d6 ham
truyén ctia hé hé, bing tich ham truyén clia c4c khau trong mach thuén:

Wi(p) = Wra(p)Wa(p). (4-6)
Ham truyén cha hé kin s& la
W
Wi(p) = p) (47

L+ Wa@Wn()) .
trong d6 Wy(p) — ham truyén cta khau hdi tié€p. B3i véi hé théng dang xé|
ta ¢ Wii(p) = K,. -

Trén co 86 ham truyén (3-7) hodc ham s6 twong tu véi né 1A phwong
trinh diic tinh tAn !ién pha, ngudita tim ra nhitng phuong phap dung die tinh
qua d6 don gian.
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§ 4-2. DUNG PAC TINH QUA PO BANG PHUONG PHAP TAN SO

Phuong phap tin s6 dwge ng dung rat réng rai dé phin tich cic qua
trinh dong cta hé truyén dong twy do g vongkin loai tuyén tinh. bé dung dic
tinh qué do x(1) nao dé nhu w(t), i(t), M), ta dua vao dic tinh tan phin thue
P(Q)) cha hé kin khi coi dai lwogng cin dung la lurgng ra, sau dé thay dudng
cong lién tuc P(Q) bing dudng gip khic tuong tng véi cac hinh thang thanh
phiin P,(Q). Mdi hinh thang thanh phin, sau khi dvge qui dbi v& hinh thang
don vi ¢6 chidu cao P,; = 1 va chiéu rong Q,=1 ta sé tra dwoc mdt dudng cong
h.(l) trong tng. Theo nguyén tdc xép chodng, dic tinh qua do x(1) sé i 1@
viri 1dng cac dudng cong h; thanh phin. Trudc hét ta phai tim dic tinh P(Q).

1. Péc tinh tan phan thue.

Pic tinh phian thue P(Q) c6 the xac dinh bing gidi tich hodic do thi.

a) Phuong phap gai tich: T ham truyén cln hé kin (4-7) thay p béng
j© ta duge phuong trinh cua dic tinh tin bién pha.
Wi(iQ) _ A+ B

Wi(jQ) = . — = .
14+ W,(jRQWn(IQ) C+ ijD

(4-8).

Nhan tir s6 va mau s6 cti1 (4-8) voi Iwong phie lién hop C — jD, ta sé
chia dwoc W,(jQ) thanh phin thuc va phin ao:
Wi (iQ) = PQ) + jQ(Q).
trong d6 P(Q) — phuong trinh ddc tinh phian thye, va bang

PQ)= ——— (4-9)

C4c biéu thire A, B, C, D déu la ham cua tin s6 Q. Thay lién ti€p cac
gia tri Q. ta tinh duwor cac gia tri twvong ttng cuia P, nhd d6 vé duge dudng
cong P(Q).

by Phuwong phap d5 thi: Die tinh tin phin thuc cia hé kin c6 thé duoc:
suv ra lr dic tinh thn bién pha W,(jQ) hofc dic tinh tin bién logarit L,(Q)
cia hé hé. Phwong phap nay té ra thuan tién néu trude khi ti€n hanh dung
dic tinh qud 19, ta i c6 sdn c4c ham W (jQ) hofic Ly(Q), ching han truée d6 ta
d3 tim cac ham nay dé phan tich so b6 6n djnh clia hé.

Phiwrong phap d6 thi dugc dung nhiéu nhit la phuong phap cua
NXolodovnicov. Bing mot phép bién do6i don gidn, ngudi ta 83 tim dwgc quan
hé gitta P(Q) cha hé kin v4i ham logarit 1.(Q) va pha ¢(Q) cia hé hd :

P(Q) = f [1.(Q). o()]. (4-10)
lrong 46 1(9Q) = 201g kA(Q). '
kKA, Q) — phuong trinh dac tinh tin bién va dic tfnh tin pha cla
hé hd, diroc xac dinh nhé W, (jQ):

Wy(jQ) = kA(Q)e-iq’(Q) (4-11)
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Quan hé (4-10) duoc bieu dién dudi dang do thi goi la d6 thi cuc logal‘if
(hinh 4-4), thuc chit 1a mo6t ho duong cong L. = f(g) ng véi nhitng gia tri
P = const.

Néu c6 sdn dic tinh tin bién logarit L(Q) va didc tinh tin pha @(Q) cia
hé ho, gia st nhu trén hinh 4-5, thi @ng voi mol gia tri thn s§ Q;, ta tra dugc
L; va @i. D4t cdp gia tri nay 1én do thi cuc logarit, ta dugc mét diém i trén
miil phing [L(Q), ¢(Q)]. Puong cong P = const di qua diém nay xac dinh gia
tri P tuong &ng (xem hinh 4-4). Lam nhu thé véi cac gia tri khac ca tin sb,
ta dung duoc dic tinh tin phian thuc P(Q).

L
db

20

7
o
N
)
|
-
i
J

1

't

|

A&\_‘
NS
o N e
:
D
el
=y
&=
Q//

.
A
/12

10

\\\\\ C

-10 ///,(//’
/(I

/ )\\\ -10 mmﬁ%ﬂ&“\ \ 1.100°

20 > \ °
- / \ __// \ -20 T \ 200
360° 300 240 180° 120° 60° -Y | -
Hinh 4-4. Dang cta dd thi cuc logarit Hinh 4-5. Pac tinh tan bién logarit va

g dic tinh tdn pha cda h¢ hé

Hinh 4-6 gi6i thiéu mot s§ dang thudng gip cua ddc l{nh tin ph'ép }hl_rc;
CAc théng s dic trung cho ddc tinh nay la P(0) — g’lé tri phan thuc kh.l tin so'
lrong vao Q = 0, né tuong wng voi gid tri xac 14p cua luong ra x_, (khi t—oce);

p P4
g S, .
P
Ro) (©)
g - _\K
e - 15
Wonin_ Ce\ ~"
b) <)

Hinh 4-6. Cac dang lhubr{g ghp cta dic tinh tAn phén thue
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Prax vA Ppy, — gia fri lon nhdat va nhé nh&t cha phan lhuc; Q, — tin sO gi6i
han ving gi4 tri dwong clia P. N6i chung, khi tAn s§ ling; gia tri phin thyc sé
'gidm, tuy nhién d® bdo ddm do chinh x4c cho dic tinh qua dé h(l), dudong
cong P(Q) cAn vé dén viang c6 P > (5—10) % P(0).

2. Dung dgc tinh qua dé. '

Gia s d#c tinh tin phin thuc cia mét hé nao d6 c6 dang hinh thang
P(Q) nhu trén hinh 4-7. Theo li thuvét diéu khién tu dong, quan hé gitta dic
tinh tin phan (hyc hinh thang va ham qua d¢ h(t) tuong tng v6i nd 1a

oo

h(t) = —2 f p‘g}.) sin Qt dO. (4-12)

) 4
6]

Biéu dién quan hé P(Q) theo cac gia tri ghi trén hinh {-7 ta cé

P(Q) =P, khi 0 <<Q << Qy
Pi@) = P, 2= ki 0, <Q<Q, ({-13)
P =0  khi 9> Q,
Thay (4-13) vao (4-12) ta duoc
Qq Q,
ht) = —2—P°[ J‘sith o + j‘ 0o—8 stt 4o (4-14) |
4 Q Qo— 4

bé 1ap duge cac bing miu van ning vé .quan hé gitta ham h(t) va diic
tinh P(Q), ngudi ta bieu thi lung dd va hoanh dé cta P(Q) theo don vi twong
d6i, nghia 13 dit

P,=1; Q =1, n=_2.
Q,
Khi d6 (4-14) duoc viét lai l1a
% 1 ' ‘
2 sin Ql sin Qt
h (1) = ',?” J dQ ] (4-15)
o] “<
Sau khi ldy tich phan, nguoi ta dura quan hé (4-15) v® dang ham s6
h, = f(1, %), (4-16)
trong do
h ‘
hK = F; X = $ T o= Q.. (4-16a)

Quan h¢ (4-16) Huoce biéu thi duoi dang bing s& mAiu, goi 1 bing ham h.
b6 la mot ho bang, m61 bang ung voi mot gia tri x. Khi c6 ddc tinh phin thue
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hinh thang, ta xac dinh x theo (1-16a) d¢ tim bdng tra luong g, sau do fy
cho céc tri 7, la tra duge cée iri h,, cudi cung theo (4-16a) la tinh ra h vat
dé dung duong h(t) cin tim:
T
h =P, hx; t = o, .
Tuy nhién, ddc tinh phin thuc cla cic hé truyén ddéng déu li nhirng
duong cong lién tuc nhu da gi6i thiéu trén hinh 4-6. Do d6 d¢ wng dung
phiwong phip tra bing ham h, ta cin i€n hanh nhur sau:

Thay duéng cong P(Q) bing dudng gidp khic gin ding s’ao cho dién tich
bao bdi né va cac truc toa do, khéng 40i;

— Dvua vao dwong gip khic nay ta
chia dién tich bao né thanh cac hinh thang
vudng (hodc tam giac) tvong ng, moi hinh Fo
la m6t dac tinh P; (Q) thanh phin;

— St dung bang ham h va (4-16a)
tim quan hé h; (t) @ng voOi cac hinh thang
thanh phan.

— Cong dai sé tung Ao cic dudng

P )

hi(t) d& dugc dac tinh chung cha hé hq). f;L N, 2, Y
— Bién doi dai lvong h vé dai lugng Hinh 4-7. Dic tinh tin phin thyc
vat ly dang xét d& duge didc tinh qua 44 hinh thang

x(1).
Hinh 4-8 minh hoa cho viéc xay dung d#c tinh h(t) va x(l).

pi ) ()
| \/—::-:
/ r(t):= Z h,(t)
Fa(t)
ﬂ
K/«/(;

Hinh 4-8. Hinh thang ho6a dac tinh P({2) (a) va cfng cac
dic tinh qu& d6 h(t) (b).

Pai luong vatly ty 1é vai h:
X = kqdll.

(4-17)
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Hé s8 ty 1¢ kya duoce xac dinh theo trang thai xae lap, nghia la dua vio
cac sO li¢u tinh toan tinh. Vi du déi véi truedng hgp néu trén hinh 4-3, luong
vao IA tin hi¢u didu khién U,, legng ra x 14 tdec d§ cha truydn dong . Theo
tinh toan tinh ta x4c dinh duoc gia tri U,.,.. Lwong ng voi Omux = Gam, do
d6. hé s6 khuéch dai eha hé théng 1a

Xr Wam

k = =

Xy Ud-max

Ung véi luong vio lrong trudng hop khao salla Uy, gia tri xAc lap cha
luong ra sé la

oo = uy] = K“d‘.
Gia tri do sé twong ng v6i h__ = h(t)/ {—> oo
Do d0, cong thire qui doi (4-17) s& c¢6 dang:
Wy) h — KUGI
h h

Nhu vay, néu nhan tung do cha db Lhi hmh 4-8b voi K” =

. h. (4-18)

_ kUq, thi

dudng cong h (t) ciing chinh 14 dic tinh qua dé o)(t) cAn tim.

§4-3, KHAO SAT QUA TRINH QUA PO BANG PHUONG PHAP
MO HINH HOA

1. Piac diém cua phwong phap mé hinh héa.

Mo hinh héa la phuong phéap tién tié€n rdt thuan loi trong viée nghién
ctru dong hoc chia cae hé truvEn dong tu dong, ddc biét l1a cAc hé phi tuyén.
So v¥icac phuongphaptinhtoan khac, né cé nhidu wu diém co ban nhu: gidi
quyét dwge nhiéu bai toan ma khong cén thay doi phép tinh, vi du quan sat
duge nhidu dic tinh qua do, phan tich hodc téng hop hé thong khio saf tOng
quat hodc khdo sat phan i, v.v..; xét d€n tinh phi tuyén cta cac phin t¥ mot
cach don gian.

Mo hinh héa thuec chdt 14 mét phwong phap thue nghiém, diung mét mod
hinh gdm chll yéu cac phin tir dién tir c6 phuong trinh vi phan giéng nhu clia
hé théng truyén dong dugc khao sat, cac dai lugng vat ly clia hé thyc dwoc
thay thé bing dai lugng dién 4p c6 cung qui luat bién thién. Ta quan sal duge
dai lrong dién ap nay trén man anh cia mot 6ng phéng dién tir.

Cac phan t&r dién it ding d& mé phdng hé vat ly duoc thiét lip trén co
s ctia bo khudch dai thuit toan cé san trong may tinh tuong tuw

Khuéch dai thuét toan Ia bd khuéch dai mot chi®u c6 hé s6 khuéch dai
lon ¢& trén 10% lam viéc & ché d6 ¢6 phan hodi Am sau.

Trén hinh 4-9 vé so d6 mot by khuéch dai thult toan, trong d6 Z; 1a
di¢n trd dau vao, Z, — dién tré hoi tiép. Hé s6 khuéch ddi cha khau nay duoe
x4c dinh gan dung:

' K ~ Z, (p)

- . 4-19
Zy (p) ( )
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Bing nhitng so do néi dic biét, lir phin tr co ban nay ta c¢6 thé tao
du¢ge nhitng khiu ddng tuy y, dap tng yéu ciu md hinh héa. Cha ¥ rang, luong
vao va luong ra cia khiu miu nhu trén deu 14 dién ap.

2. Viét phuwong trinh may.

Mot phin ti boic mot hé théng vit ly, déu duge mo td bdi nhirng phuong
trinh vi phin. Cac phuong trinh nay c6 moét bién ty do la thoi gian, con
cAc bi€n khac 14 nhitng dai luong vat ly nao dé6 nhu t6¢c d§, moémen,
dién ap, v.v...

Muén lap duge mot mo hinh thay cho hé théng do, 1a phai ddi céc bién
néu trén cho phu hop véi cac dai lueong c6 trén by khuéch dai thuat toan.
Viéc lam do goi 1a viét phuong trinh may.

Trong phuong trinh may, bién d6c lap cling 1A théi gian nhung co6 thé
thay ddi duge. Cac bién con lai duoc bidu thi bing dién ap.

Thuc chit viée viét phuong trinh may 1a lim cac ti xich phu hgp de d6i
cac bién thyc thanh bién may.

Goi U, 1a bién ra cta may (hofc ctia mot khau maiu), x, la bién thuc
trén diu ra cia hé vat ly, ty xich luong ra sé la:

U,

m, = — (4-20)
Xr

Tuwong tu, ta ¢é ty xich legng vao m, va ty xich thai gian m, la
my ='El: my = % s (1-21)

Xv
va tirong @ng, toan tr laplace p cliing duoc chuyén thanh:

- P (1-22)

I
(Uy, Xy — luong vao clia may va cda hé vat li; z — thoi gian may),
'Vi diéh ap lam viéc clia cac bo khuéch dai trén da s6 may tinh 1a 100v,
nén ty xich cla bién ra m, phai chon sao cho.
‘myx, < 100 V
Mudn thé, truoe hét phai xac dinh so bo gia tri x . c6 [hé co trong
qua trich 1am viéc ké ci luwong quéa diéu chinh

F4
néu co6, tir d6 ta chon o(P)
= . 4-23 v
i Xrmay ( ) 71 U
Chu y ring, ngudi ta it chu y dén 1y xich ?

cla lwong vao, vi thucchdt lrong vao cia mot L
phin t& nao do lai chinh la lugng ra clia phén Hinh 4-9. Phin t& co bin cda
tl'ir dl'l’ng phia tru’(’]c- thiét bl md hinh héa.
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Ty xich thoi gian (bién ty do) duge chon theo véu ciu quan sat. Thong
thuong, ngudi ta muon kéo dai qua trinh d& dé phan tich, khi d6 chon ty xich
thoi gian my > 1, d¢ cho 1> t. Tuy nhién, néu ¢6 yéu ciu rat ngdn qua trinh
khao sat, thi chon m, <1,

Mt khae, gia tri cac ty xich ¢6 4nh hudng dén hé s6 khuéch dai clia
cac khau. Trén may khong cho phép hé¢ sd khuéch dai clia cide khau 16n hon
10. m, cang nhé thi hé sé khuéch dai cang l6n. Do d6 thudng chon m, = 10.

Thay cac dai lugng thye bing cac quan hé (4-20) = (4-22) vao phuong
trinh vi phan cta hé thue, ta dugc phuong trinh may. Trong phwong trinh nay
s¢ xudt hién hé s6 khuéch dai ciia cac khau mo phong. Khi d6, trudc hét phai
kiem tra lai diéu kién. |

K < 10,

sau d6, tr hé s6 khuéch dai, ta xac dinh dwoc cac dién trd trén diu vao cia
bo khuéch dai theo (4-19).

3. Hai phwong phap mé hinh héa. |

Cé hai cAch mé hinh hé6éa hé thong: moé phong phuong trinh vi phim
tdng quat cia hé vd m6 phdng cfu triuc ctia hé. Ta xét tirng phwong phap.

a) LAp mo hinh theo phuong trinh vi phin tong quat cda hé.

Trinh tu tinh toian dwoc chia thanh cac buéc sau:

— Tim phuong trinh vi phin cho cdc phin t& trong h¢ thye.

— Viét phuong trinh vi phan tdng quat cta hé. Buéc nay duoc lhl_I'C hién
bing cach thé din cac phuong trinh trong hé d& dua vé mot phwong trinh lién
quan gitta lugng ra va luong vao, Dang cda no nhur sau :

(agp” + ap1p" ' +.. + aip + a,) w = bU,, (4-24)
trong d6 w — luong ra ctia h¢ (khi mudn khao sat téc do);
Us — diénap chi dao (khi cin khédo sat tac dung cha tin hiéu diéu khién).

2, a,, b — cac hé s6. 12 nhirng bi2u thire clia hiing s6 Lhoi gian va hé
s0 khuéch dai cta cac khau thue.

— Viét phuong trinh may: chia cd 2 v& clia (4-24) cho a,, thay -

Ul‘ ‘Uv
w = : Ug = , t::ivép:m(P.ta duoc:
m,; my Iy
p"U, = L U, — ﬂiP“-‘Ur — a“‘? Pr=2y, — ...
a,,m\,m? a,m anmf
d ao
— r: 1 PU, — U.. (4-25)
dnml‘ am
hodc
P'U, = K;U, — K,P"'U, — K,P"—?U, — .. — KU, (4-26)
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trong ¢6 cac hé s khuéch dai:

'Kl=__tﬂ___; K, =

n
a,m,m Anlhy a,m

o . K3 _ ap—2
| 2

t

L

— LAp mé6 hinh: Mo6i s8 hang & v& phaii cita (1-26) turong (ng 12 mot
dau vio cla bd khuéch dai cOng. Tong cla chung s& la P"U,. Duwa tin hiéu
nay lién ti€p qua n 4 1 b tich phin ta sé& nhian duoe U,.

Hinh 4-10 gioi thiéu mot moé hinh dung cho phuong trinh (4-26) khi n=4.
0] day ta dung bo tich phan I d& lam bé cong, do ‘d6 trén diu ra cla né co
ngay PU.. (' cac dau ra cta bs Il va 1V, vi tin hiéu ¢6 ddu duong, do d6 phai
ding thém cac by ddo ddu V va VI dé l4y tin hiéu phan hoi.

Hinh 4-10. M6 hinh héa phuong trinh vi phan tdng quat.

Phueong phap moé hinh héa vira xét 1a khong linh hoat, né chi dua ra
moét dai lugng (vi du w), ma khong khio sat dugc céc dai lugng trung gian
ddc trung cho su lam viée cha cac phin tir trong hé Ihuc, do d6 chi thich Urng
v6i mot loai bai toan phan tich (vi du phan tich chdt lugng cha qua lrmhqué
dd) ma khong thuan tién cho bai toan tong hop (vi du xac dinh théng sé va
vi fri cia mach hiéu chinh).

b) LAp mé hinh theo cdu triic chia hé.

No6i dung ctia phuong phap nay la lip mé hinh theo hé phuong trinh vi
. phéan xuit xi& cta hé, ma mdi phuong trinh mo tA qua trinh qua d¢ trong moét
khau caa heé thuc.
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Trinh ty ti€én hanh nhw sau:

— Viét phuong trinh cho cAc phin t, lap so dé cdu truc cha hé thyue:

— Thay tirng khéiu trén so d6 cfu tric bing mét khau miu tuong duwong
hren may tinh,

Chon ty xich va hé s6 khuech dai cho cac khau mau.

Nhu vay, thuc chit clia vdn dé la khdo sat viéc mé hinh hoa cho cae
khau déong hoc dién hinh: khdu ti 1&, dao d4u, cong tich phan, quan tinh, vi
phdn, dao dong v.v...

Do uu diém vé ciu tao, nguoita chi chon khau ty 1é va cac khau cé
tinh tich phan lam nhitng khiu co ban trén may. Cac khau c6 tinh vi phin déu
duoc lai ghép tir nhirng khau co bian ma ra.

Mo hinh héa cac khiau ddng duoc trinh bay trong nhiéu tai liéu vé may
tinh twong tu va didu khién ty dong, con viéc chon ty xich va hé s§ khuéeh
dai thi da néu & trén.
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PHAN 11

TINH CHON MAY DIEN CHO TRUYEN PONG DIEN

Chirong V

TINH CHQON CONG SUAT PONG CO TRUYEN PONG

§ 5-1. KHAI NIEM CHUNG

-Nhw ta da biét, dong co 1a ngudn dong luc chi yéu cua hé théng truy2n
ddng dién, n6 c6 nhiém vu bién dién ning thanh co ning dé lam chuyén déng
cac bo phin lam viéc cha may san xudt. Vi viy mubn hé thdng truyén dong
dién ldm viéc an toan, dam bdo duoc cac chi tiéu ky thuit va kinh té&, thi mot
trong nhirng yéu t8 quan trong la phai tinh chon diing déng co va cac may
dién cua hé thdng.

N6i dung clia cong viée tinh chon may dién cho hé théng truyén dong
dién bao gébm : tinh chon cong suit déng co cho nhirng truyén déng khong diéu
chinh &ng véi phu tai dai han, ngin han va ngan han lap lai; tinh chon cong
suidt dong co cho nhirng truvén dong diéu chinh; chon so b may dién theo
chc yéu ciu k¥ thuat; kiém tra lai dong co da chon so bo theo diéu kién qua
tai, khéi dong va phat nong. |

‘Tinh toan cOng suft dong co Lheo yéu ciu cia phu tai 1a didu kién quan
trong d& tién hanh chon ddng co cho truyén dong dién. Cong suit clia ddng co
dugc tinh chon theo ché d§ Jam viéc cta phu tai. Nhirng didu kién lam vidc
cha cac may sin xuit cang khac nhau; cong sudt truy&n dong yéu ciu cang
16n thi viéc tinh chon cong suit dong co cho truyén dong dién cang phirc lap.

Tinh chon ding cong suit cia dong co s& ddm bio cho hé théng truyén
déng ‘'dién lam viéc an toan va kinh té€. Néu chon cong suit dong co qua lon
so v6&i yéu ciu clta phuy tai thi kich thwoe va trong lugng cia ddng co sé& bi
ting l&n, din t6i ting von diu tu ban diu. Mat khac, dong co ludn ludn lam
viéc non tai, do d6 hiéu sudt thip, DGi v&i cac ddng co xoay chiéu khi lam
viéce non tai hé sp cong sudt cos s& thidp, anh hudng dén ludi dién chung.
Nguoc lai néu chon cong sudt déng co qua nho so voi yéu ciu clia phu taj (hi
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ddng co st ludn luén 1am viée qua tai, cae bo phan & bén trong cia dong co,
nhil 14 cac cudn day sé& phat néng qua mire, cach dién chéng gia, tudi tho cia,
may giam,

bé tinh chon duoc cdng sudl cua d(’mg co truyén dong ta dua vao dé
thi phu t41 da qui ddi vé truc déng co: M, P, = f(1) tinh cho ‘mdt chu ky lam
viéc. K&t hop v6i cac yéu cllu cha truyén dong la c6 diéu chinh t6c d9 hoic
khong diéu chinh tdc do. D3di voi nhitng truyén dong diéu chinh thi pham vi
diéu chinh t6¢ dé D 1a bao nhiéu, tri s8 téc do cuc dai va cuwce liéu, trong giai
digu chinh yéu ciu giir cong su:dt khong ddi hay moémen khong ddi, diéu chinh t6e
dé thue hién biaung cach thay d6i thong s6 gi cia ngudn hodc clia dOng cq v.v..

5-2. QUA TRINH PHAT NONG VA NGUOI LANH CUA MAY BIEN

1. Khai niém.

Trong qua trinh bién d6i dién ning thanh co nidng hofic nguoc lai, mot
phiin ning luong s& bi liéu tan ngay 6 bén trong may dién. Phin nang luong
d6 dwoe biéu thi & dang céng suil 10n thit toan phin AP. Cong suit tén thit
toan phan nay s& bién thinh nhiét ning dot néng may dién. Trong qué trinh bi
dét nong nhiét do cia may di¢n s& ting dan Ién, va theo ly th) €l, néu may
dién khong téa nhiét ra moi lruedng xung quanh thi nhiét do cua noé sé ting
dén v6 cung, Nhung thuc t& trong qué trinh bj d6t néng may dién (da nhiét
ra moi truong xung quanh qua miat ngoai cda nd. Nhiét lwgng téa ra maoi
truong 1y 1& voi nhiét d9 cha may dién nén han ch& duge su phat néng cla
m4y dién. Sau mot thoi gian xac dinh, nhiét do bén trong may dién sé dat téi
tri s& On dinh. 0] trang thai 6n dinh nhiét, nhiét lwong téa ra méi truwong Xung
quanh bang nhiét lwong sinh ra trong may dién. Muén dat t6i nhiét do dn
dinh may dién phai co tai dai han.

Néu xét toi 14t ca cdc hién twong xdy ra trong qua trinh phat nhiét thi
viéc nghién ciru s& gip nhiéu kho khan. B&i vi may dién dwoc cdu thanh bdi
~ nhidu vat liéu khdc nhau nhu: thép ky thuat dién, dong, chit cach dién v.v...
Cac bo phin lai ¢6 nhirng diéu kién 1am viéc khac nhau, ¢c6 bd phan tinh, cb
bé phan quay. Qua trinh trao ddi nhiét gitra cac bo phan ciing rat khac nhau
va rit phitc tap. Vi vay mudn nghién ciru qua trinh phat nong cla may dién
dugc dé dang, ta phdi gid thiél may di¢n 12 mot hé gdm nhidu val thd ddng
nhit c¢é trao doi nhiét voi nhau. Vi du, 46i v6i dong co khong ddng bo ta cé
thé xem n6 la mét hé gom: Dong stalo, va rolo, thép stato va rolo,,chung
dugc ngin cich boi nhing vat cach dién, con moi trwong lam mal 1a & trong
nha. Voi nhirng gla thiét nhur vay va néu xem t6n that khong bién ddi Lhi qua
trinh phat nhiét clla dong co ciing phai biéu dién bdi hé phwong trinh vi phan
phirc tap. Khi phu tai bién doi thi viéc giai he phwong trinh vi phan do rét
khé khdn va thuc 1€ khong giai duoge.

Dé don gian hoéa qua trinh nhiét d6t néng stato va roto ta c¢é the coi
ring qua trinh dé khong phu thuéc vao nhitng didu kién khac nhau. Do6i khi
ta ¢c6 thé qui vé viée phdn tich qua trinh d6t néng cda hai vat thd khac nhau.
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Ching han qua trinh dét néng ro1d va stalo ed thd xem 1a qua trinh trao doi
nhiét gitta dong va thép duwoi tac dung clia cac ton thit twong ¢ng. Tuy nhién
viéc lam d6 cling da doi hdi phii biét kha nhidu s8 liéu vé cfu tric clia may
di¢mr va chc tham sd kh4c nhu : sy trao doi nhiét giita cAc phin t& b4l ky cha
“cudn day stato; trao ddi nhi¢t gitta déng va thép stalo qua rinh, qua céach
dién vd moét loat phiin t& khac. Nhirng tham s6 dé khong cho trong cac so tay
shodic 1y lich cia may. Vi thé phuong phap nay ciing khéng duoc st dung.

Thyc t& ngudila thuong ding cac phuwong phap don gidn d& tinh toan
SO ,jbo qua trinh phat nong cua may dién. Mot trong nhitng phwong phap dé
la phwong phap tinh toan dya trén cic gia thiét: xem may dién 12 mot vat thé
ddng nhit c6 hé s6 din nhiét vé cing [6n va nhiét Ao & moi didm la nhu
nhau ;' nhiét dung va do tda nhiél cha vat thé khéng d6i; Do téa nhiét ty 1é
bic nhit v&i hiéu s6 nhiét dd gitta may dién va moi trubng; Nhiél dé mdi
truc‘rng khong thay d6i va khong phu thuéce vao nhiét d6 ctia may dién. Nhirng
gid thiét d6 doi hoi khong nhung may dién la 1y tudng ma méi trudng ciing
phai 12 1y tudng. Sau day ta dung phuong phap nay dé nghién citu qui trinh
phat néng va nguodi lanh cha may dién.

2. Phrong trinh can bang nhiét va caec dwong cong phat néng ngudi lanh
cita may dién.
May dién lam viéc v&i phu tai cé cong sudt 1a P thi ton thit cong suft la;
AP=P tﬂ . | (5-1)
g
Nhiét lwong sinh ra & bén trong may dién trong théi gian dt la:
AP . dt. [J]
Nhiét lrong nay chia thanh hai phin: mét phan dét néng may dién lam cho
nhiét do cha may dién ting lén. Phiin con lai téa ra méi trudng xung quanh,
phin nay xem nhu ty lé véi hiéu sé nhiét dd gita may dién vd méi trudng.
Phuong trinh cin bing nhiét cia may dién la:
AP . dt = ¢ dr 4 Azdt; (5-2)

trong dé:

o

0
t_tmd-t

mt — Nhiét sai gitra may dién va méi trudng.

C — nhiét dung cha may dién, la, nhiét lugng cén thiét dé ning nhiét do
cta may dién lén 1°C (J/d0).

A — Hé s6é 16a nhiét, la nhiét lwong téa ra mit ngoai ciia may dién trong
théi gian | giay khi nhiét do cia n6 Ién hon nhiét 44 moi trudng xung quanh
1a 1°C (W/do).

Giii phuong trinh vi phdn (3-2) vén diéu kién khit = 0, 1 = Ts¢ ta dugc
nghiém:

r= 1,501 — e 8y 4 gyge~tO; (5-3)
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trong do:

8 = % — hiing sO Lhoi gian phat néng (s).

Cay = 9—13 — Nhiét sai 6n djnh
od
T — Nhiét sai ban dau
T (5-3) ta vé duoc dang duong cong phat néng ctia may dién nhu hinh
5-1a. Dudng 1 Lrén hinh ung v6i 1,0 = 0 con dudng 2 ang vOi Ty = 0.

z ) ¥/
Csq " ==~ == ==z,
!
2
Ot g
o 7

)
Hinh 5-1. Cac duong cong phat nong (a) va ngudi

lanh (b) cua may dién.

L (5-3) la linh duoc:

t = 81ln M (5_4)
Tod — T

Nhu vay vé 1y thuyét, thoi gian cin thiét d& nhiét Ao may dién ling
dén tri s6 on dinh (1 = Tea) 14 v6 cung, thuc t&é may dién dat t6i nhiét do on
dinh sau khoang thoi gian t = (3 =-95) 6.

% , AP o ) : .
Bieu thire 1,4 = e cho ta biét cach s dung may dién thé nao la hop

Iy nhat. That vay néu mday dién duoc chon dung thi khi c6 tai dinh mirc nhiél
do chia no s& dat t6i tri s6 nhiét dd cho phép 16n nhit cha cach dién la:

T _ Apdln
6d.dm A )

I :

Apdm = Pdm - Mlam
Tlr‘lm

ta ¢oO:

Ndm Ndm
Pdm - APdm —_ - AT —om -
1 — MNam od.dm l—Tld‘m (0 5)

Tir (5-5) ta thdy hiéu sudt dinh mic g, cang lon thi Py, cang lon. Mit
khac cang ting bé mat lam ngudi cia may dién (tdng A) thi Py, cang 16n. Nhu
vay ting Mgm v A s& tdng duoc kha ndng chiu tdi cia may dién. Thyc té 4@
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ting A nguoi ta dung quat gio dé lam ngudi may dién; d&i véi cac may dién
xoay chiéu v6 ngoai duge ché tao thanh nhitng canh khia 42 ting dién tich
lam mat. Ngoai ra ¢on cé bién phap khac d& ting cdng suit dinh mirc cha dong
co 1a dung cach dién cé nhiét dd cho phép lén.

Pang 1dm viéc néu cit may dién khdi ngudn dién thi nhiét A6 cia né sé
gidm tir tri s8 6n dinh nio d6 dén tri sd ban dau. Pay 1A qua trinh ngudi lanh
cia may dién. Vi gid thiét didu kién lam mat khong ddi va t,q = 0 thi dudng
cong nguoi lanh dwoc bidu thi bdi bidu thire:

T = »r6¢e-t/9, , (5-6)
va dang cla n6 bidu dién trén hinh 5-1b.

(' digu kién lam mat khong thay doi, hing s6 thoi gian phat néng 8 c6
th& xac dinh theo duong cong phat néng. Tir phwong trinh (5-3), voi gid thiét
Tea = 0 ta c6:

~1/g, _ AP

)= — (1l — e

A ( |
voi mot tri s6 t nao d6 theo duong cong phat néng ta xac dinh dwoc 1, biét
AP, A la s& xac dinh duoc 0.

—t/g

T = .’éd(l — ¢ )

Y nghia clia hing s8 thoi gian phat néng: gia st may dién khong trao
d6i nhiét véi moi trudong xung quanh, nghia 1a A = 0 thi t&r phuong trinh can
bing nhiét.

APdl = Cd+ + Ardt

la co:
APdt = Cdr (5-7)
Giai (5-7) ta duogc:
r= A0y (5-8)
C

Tir (5-8) ta thiy, khi khong c¢6 su trao do6i nhiét véi moi trudng xung
quanh thi qua trinh phat néng cha may dién bién d6i theo quy luat tuyén tinh.
AP

Khi = ‘od = —A— thi:

C _AP C
d AP A AP

C
t = = — = 0. (5-9
! A
Nhu vay hidng sé thoi gian phat nong 6 la thoi gian cdn thiét dé dwa nhiét do
clia may dién tir tri sé ban dau (6i tri s6 6n dinh. khi khong c6 sy trao doi
nhiét véi moi trrong xung quanh.

Thuong hing sé thoi gian phat néng clia may dién dwoc xac dinh bbi
hiing s8 thoi gian phat nong cha b phan quan trong nhit biéu thi cho nhiét do
chung cha may. O cac may dién mot chidu ngudi ta x4c dinh 6 cia phin irng.
G cace may dién khong dong bd va dong bd ngudi ta ldy 6 caa slato.

X4c dinh 6 bing gidi tich m4t nhiéu thoi gian va ciing chi dwoc két qua
‘gin dung. Vi vay mudn duoc 8 chinh xac ta phdi xac dinh bing thuc nghiém.
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Bing thuc nghiém ta vé duong cong ~ = f(t) rdi xac dinh 8 bing cach v& tiép
tuyén véi dudng cong tai mot diém bt ky nhu hinh 5-2. Khi phu (i thay ddi
sq €02 may dién thay ddi,nhung 6 khong thay ddi. Ching han trén hinh 5-2,
T khi phu tai bé ta c6 T4, Khi phu tai
16n ta c6 Tod, con 0 khong ddi. Nhu

viy hing s6 thoi gian ph‘ét néng
khong phu thu6c vao nhiél d6 6n dinh
ma chi phu thudc vao cd may va didu
kién 1am mat. P&i v6i ciing mot kidu,
.may dién c¢6 kich thwde cang lén
(nhiét dung C cang l6n) thi 8 cang
lon. Piéu kién 1dm mat cang x4u (hé
s6 16a nhiét A cang bé) thi g cang 16n.

- D6i voi chac may dién ty lam mat,

* didu kién lam mat bi x&u di khi khai

Hinh 5-2. Cach xac dinh hing s6 thoi dong, hdm, gidm tGc hodc ngirng quay
gian phat néng. nén hiing sé théi gian phat néng.

ngudi lanh thay doi va c6 gia tri lon.

Vi du: DB&i voi cde may dién mot chiéu tu quat gi6 khi phan @ng khong
quay 8 ting gdp 2 = 2,5 lin so v&i khi quay. Con ddi véi cac may dién khong
dong bo thi ting gip 4 = 4,5 lan. '

Cac may dién do Lién X0 ché tao thudng c6 hing s6 thoi gian phat nong
8 nhu sau:

Déi v6i phin wng cla cac may dién mdt chiéu ki€u hé ¢6 dudng kinh
tir 160—-600mm thi 8 = 25— 90 phut.

DGi voi phiin ang cta cac may dién mot chiéu ki€u kin ding trong ciu
truc M dudng kinh tir 100 = 400mm c¢6 6 = 65 = 70 phat. D6i véi déng co
khong dbng bd long soc ty quat gié duong kinh roto tir 105 +—140mm cé 6 =
= 11 —+-22 phut. _

béi véi cac dong co khong dong bo roto quin day kidu hd ¢é 0 chia roto

gin nhu 8 cia phin tng maiy dién mot chidu.

Can cha y ring nhiét doé ctia may dién bién thién theo quy luat ham
mil nhu di néu chi dang khi coi may dién 1a mét vat thd dong nhit. Thue té
qua trinh phat néng chia méy dién phire tap hon nhidu. Khi lam viéc may dién
bi 6t néng chl yéu la do cac t6n thit trong déng va thép. Cac cudn day dong
trong may dién c6 khdi luong nhd, d din nhiét cao, tdn thit lén nén s& phat
néng nhanh hon. Con 15i thép stato c6 b8 mat lam mat 1én, tdn thit lai nhod
hon, nén phat néng cham hon. Vi viy trong may dién s& c¢6 su trao ddi nhiét
gitta ddng va thép, 0] giai doan diu nhiét d6 cla cdc cudbn day sé& tang nhanh
hon, do d6 dwong cong phat nong thue nghiém clia may dién s& d6c hon dvong

ham mi. Mat khac cac cuén day phat néng nhanh hon s& lruyén nhiét sang 15i
thép nén nhiét di clia dong ting thi nhlet do6 cha thép ciing ting lam cho qua
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trinh trao doi nhiét chim lai. Két qua & cudi qua trinh dudng cong phat néng
thue nghiém gin trung véi dudng him mil (xem hinh 5-3).

ol
G5
g ¢

Hinh 5-3. Dang dudng cong phat nong theo Iy thuyét (1)
va thuc nghiém (2).

§5-3. PHAN LOAI CAC CHE PO LAM VIEC, CUA TRUYEN BONG BIEN

Cidn etr vao dic didm va thoi han lam viéc, ngum ta chia ché dQ lam
viée clia truyén dong dién thanh 3 loai: DAi han, ngin han va ngén han lip lai.

1. Ché 3% dai han: Ché& d0 lam viéc cha Lruyén dong dién dwgc goi la
dai han néu phuy tai duge duy tri trong thoi gian dai. Trong thoi glan d6 nhiét
d9 cia dong co du dat téi tei s6 dn dinh. Phu tai dai han khong ddi va duong
cong,phat néng cda doéng co c6 dang bidu din trén hinh 5-4a. Vi du cac may
bom, nén khi, quat gi6 v.v... lam viéc & ché& d6 dai han.
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Hinh 5-4. Phan loai céc ché d¢ 1am viéc cha truyén dong di¢n.
a) dai han; b} ngin han; ¢) ngdn han lap lai.

2. Ché& d9 ngén han: ché @6 lam viéc cha truyén dong dién duod goi la
ngén han, néu phu tai chi duy tri trong théi gian ngan con thoi gian nghi dai.
Trong théi gian 1am viéc nhiét do cla dong co chua dat t6i tri s6 &n dinh thi
dong co da mdt tai. Thoi gian nghi dai nén nhié¢t d¢ cta dong co du gidam
[6i tri 86 ban diu. Phu tai ngén han khong d6i va dudng cong phat néng
ngudi lanh cha ddng co co6 dang biéu dién trén hinh 3-4b. Pidc trung cho ohé
dd lam viéc ngan han la thoi gian lam viée ty,, thudng t, < 90 phut.

Vi du cac dong co déng md canh cilta didp nuéc: Dong co nang, ha xa,
xiét xa trong cac may cat kim loai v.v... 1am viée & ch& do nay.

i
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3. Ché do ngén han lap lai: ché d0 lam viéc cia truyén dong dién duge
goi la ngin han lap lai khi thoi gian ¢6 1ai va nghi xen ké nhau, ti€p dién nhiéu
l&n. Trong thoi gian lam viéc nhiét do cha dong co chira dal téi tri s6 On dinh
thi ddng co mdt tai. Trong théi gian nghi nhiét do clia dong co chua gidm téi
tri s ban diu thi dong co lai c6 tai. Phu tai ngin han lip lai khong d0i va
duong cong phal nong, ngudi lanh cda dong co ¢6 dang biéu dién trén hinh 5-5e,
Dic trung cho ché d9 lam viée ngian han ldp lai la thoi gian déng dién tuong
d6éi  hodc e :

tie Ly
§ = =
||\.—}-—I° Lok
hoic s = l—lv— 1009,
lck

trong do; t, — thai gian lam viée (co tai); t, — thdi gian nghi; t — thoi gian
cia mot chu kv

Thudng quy dinh t, <10 phut.

Vi du céc truyén dong nang, ha tai cua ciu truc, tdi v.v... thuoc ché do
lam viéc ngin han Lip lai.

Trong thuc té phu tai dai han, ngédn han Lip lai co thé bién ddi theo
thoi gian nhu dang biéu dién trén hinh 5-5.

T | A A
F} 5
P P.
4 LP_z_‘ ?
-y .
Py | L : Py . P5
| | o I ! ! '
[ . |1 | _ ,
Y L l e ¥ s L T 1 -
t -t
a, b) <

Hinh 5-5. Do thi phu tai bién thién theo thoi gian cda cac ché do
a) dai han; b) ngin han: ¢) ngén han lip lai

§5-4. PO THI PHU TAI CUA TRUYEN DPONG DIEN

Xay dung d6 thi phu tii cia hé thng truyén dong dién 1A nhiém vu
quan trong trong tinh todn, thiét ké truy&n dong dién. Pd thi phu t3i 14 co
so dé tiah toan xac dinb cong suat va chon may dién truyén dong.

Do thi phy tai cha truyén dong dién dwoc chia thanh hai loaj: d5 thi
phu tdi cla may san xudt va d6 thi phu tai cha dong co. Cac dd lﬁi phu tai
niay c6 thé & dang linh khi chua tinh dén cac giai doan qua do, holic & dang
dong khi di tinh cd cac giai doan qua do.
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Do thi phu tai clia may sin xufit 1a quan hé gitrta momen hodc cong suit
can tinh voi thoi gian: M, P, = f(t). M, hoiic P. do ddc tinh 1am viéc, yéu
ciu cong nghé clia tirng may quyét dinh, xac dinh chung thuong don gian. Vi
du, cong sudl ctia cac may bom phu thudce vao khoi lugng va t8e do chuycn
dong clia ch&l 16ng cin bom; cong suft clia che co cfiu ning ha tai duoc xac
dinh bdi tai trong va t6c do ning ha; coéng suit lrurén dong truc chinh cla
cac may cit kim loai duoc xac dinh theo luc sél va tée do cét v.v... Dang dic
tinh phuy tai cha cic may san xuit di dugc néu & chuong 1, trong tip 1 cua
- tai liéu nay. Sau khi dd quyét dinh dwge phuong an truyén dong, xac dinh
dugc phin co cilia nd. ta quy doi do thi phu tai tinh v¥& lruc dong co. Do thi
nay la co s& dé linh toan xac dinh céng suit va chon so bo dong co.

. D6 thi phu tai cia dong co 14 quan hé gitta m6 men hoific cong sudl cua
dong co v¢i thoi gian:

Mdo Pd = f(t)

Néu do thi phu tai duge xdy dung trén co s& da tién han tinh toan cac qua
do nhu khai déng, ham, diéu chinh t6¢c do vv... thi goi la do6 thi phu tai dong
cita dong co. P6 thi phu tii dong thudng duge st dung dé tinh toan kiém tra
lai_ dong co @a chon so bd ban diu, theo diéu kién qua tai, khdi dong, phat
noéng; tinh chon va kiém lra c4c thiét bi diéu khién v.v...

Quan hé gittra momen cua dong co theo thoi gian & trang thai dong dugec
x4c dinh tir phuong trinh chuyén dong chia hé théng truyén dong di¢n la:
Mg = M, 4+ 1 3¢ (5-10)
dt
ti'ong d6: M. — mémen cin di quy ddi d¢ truc dong co;
J — mémen quan tinh cia toan hé thong da quy doi vé truc dong co,
w — 18c d6 quay cua dong co.

Trong mot s§ truong hop nguoi ta céd thé xady dung dé thi phu tai dong
cia dong co theo nhirng phuong phap tinh toan gin ding. Mot trong nhitng
phuong phap d6, la thay cac dudng cong bién thién lién ‘uc theo {hoi gian cha
mémen hoic dong dién ddng co bing dwong bac thang. Nghia la gid thiét mo-
men hodc dong dién cia dong co trong tung khoang thoi gian xac dinh 1a khong
ddi va bingtri s6 trung bink cia n6. Néu moémen cén khong doi thi voi gia

de

thiét trén, gia 16c clia hé trong cac qua trinh qua &6 sé khong thay doi (JF -
= const) ) con t6c dd cua dong co sé bién thién theo quy luat tuyén tinh.

D6i voi nhirng truyén dong cé thé bé qua cac giai doan qua do thi do
thi phu tai ctia dong co trang voi do thi phu t&i tinh cia may san xual da
quy doi vé trie ddng cor: '

Ma(t) = Mo(t); Pact) = Po(t).

Pé minh hoa cho phuwong phap xay dung do6 thi phu tai dong bang cach

tinh toan gian dang ta ldy vi du sau day:
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D6 thy tdc d6 va momen cintinh da quy ddi vé truc dong co clia truyén
dong ban may bxo giuong c6 dang biku dién trén hinh 5-6a, b.

o,
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Hinh 5-6. Do thi phu
tdi dong cia may bao
givdng xay dung theo
n phwong phap gin ding.

g~

Trong d6:

W sma cme e m—— e —

-

tka  — thoi gian khdoi
dong.

| -

i—.a_

Y

et e ——

i

i
I (N

tod.t théi gian lAm
viéc 6n djnh &
hanh trinb
thuidn (hanh
trinh cit got).

~Y

tac = théi gian ddo
chiéu tr hanh
trinh  thuan
sang hanh trinh
nguwge vd
nguge Igi.

tednge — thoi gian 1Am
viéc on djnh
& hanh trinh
nguge.
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Néu bd qua cic giai doan vao dao, ra dao thi d6 thi mémen va

cong sudt cha dong co theo théi gian duwogec xdy dung trinh tu theo céc
hinh 5-7¢, d, e. '

Trong do:

dw
Mag = § 2 Jiga
18 dt ge

a — goc lao bdi dic linh o =

f(t) v6i truc hoanh & cac giai doan qua d¢
(hinh 5-6a);

Md = Mc+ Mdg;
Py = M; . w.
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§5-5. TINH CHON CONG SUAT DONG CO LAM VIEC DAl HAN
CHO NHUNG TRUYEN PONG KHONG DIEU CHINH

O ché d6 lam viéc dai han chon dung cong suit dong co la phai dam
bao trong pham vi phu tai cho phép, du lam viéec dai han dén déu thi nhidt
dd cla dong cd ciing khong dwoe vuot qua tri s6 gidi han cho phép. Vi vay
mot trong nhing nhiém vu quan trong frong yiée tinh chon déng cou cho truyén
dong dién la phai kiém tra lai cong suil dong co theo diéu kién phat nong
(s€ néu ¢ phén sau). Trong tiét nay chi néu cac phuong phép tinh loan xéc
dinh c6ng sufit yéu cau cta dong cu cin chon tir do thi phu tai di cho.

1. Tinh chon céng suat ddng co khi phu 1ai dai han khéng dai.

Nhirng may san xudt ¢6 phu tai trén truc khong doi hode bién dobi it nhu:
cac bom nudc, quat gio, nén khi kiéu ly tam,
cAc may nang béc van ehuyén v.v... Dic tinh phu A
tai c6 dang biéu dién trén hinh 5-7, & ché dé nay
do thoi gian lam viéc dai nén cac giai doan qua
d6 khong anh hudng nhiéu dén qua trinh phat
nong cua dong co. Vi vay dé tinh toan cong suft
yéu ciu d8i voi dong co cin chon la st dung do
thi phu tai tinh cda may sin xuit da quy doi vé -—
truc ?@ng co & dang M., P, = f(1). ¢

PRV

oo

Pong co can chon phai cé cong sudt dinh  pipp 5.7. Do thi phy tai dai
mirc : han khong ddi.

. Pdm > pL"
thuong chon Py, = (1 = 1,3) P..

be sang té hon ta ldy mot vai vi du cu thé:

Vidu 1: cong suit trén truc cia dong co quat glo duoge xac dinh. theo
bieu thuec:

Py = —2 M wy (o-11)
1OOUT]q-'T]u-

trong do:

Q — luu lugng gio (con goi 1A niing sudl cua qual), (m3fs); H — Tong ap
lyc (N/m?); mq — hiéu sudt cia quat; m = hiéu suit cia khau truy én luc gitta

dong co va quat.
Vi du 2: cong suit trén truc dong co bom duoc xac dinh theo bitu Lhirc:
TQ(H + AH)

Py = (9-12)
1000 e Nty

trong do:
T — t¥ trong chdl 18ng cin bom (N/m?)
Q — luu lugng chil 1dng (niing sual cua bom) (m’/s):
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H ~ chiu cad cin bom, bing téng chidu cao hit va chidu cao day (m):
AH — d9 giam ¢4t nuéc trong ()’ng dan chinh (m);
. - hiéu sudl cia bom:
N — hidu sudt eua khau truyén luc gitta dong co va bom.
2) Tinh chon cong sudt dong co khi phu tii dai han bién doi.

Khi phy tai dai han bién déi thi nhiét do ctia dong co s& thay déi theo
mire do thay d6i cha tai. D& tinh chon dwge cdng suit dong co ta phii dua
vao do thi phu lai da quy do6i v& truc dong co trong mol hode nhiéu chu ky
lam viéc.

Vi du do thi phuy tai dai han bién d6i cé dang nhur hinh 5-8. PO thi nay
r mdi chu ky bao gom n c¢ip phu tai tuong ing véi cac thoi gian ty, Ly,..., ta va
mot doan khong tai M, t,. Khi t;<0, M, =0 ta duga chu ky phu tai bién ddi

v p c6 thoi gian nghi.
cl’c M, Khit, =0, M, <=0 ta

» M, — duoc chu ky phu tai
M, bi€én ddi c6 doan
, " khong tai. Khit, = 0,
M ! M, = 0 ta duoc chu

AR SO : ky phu tai bi&n dbi

| | | ; khéng c¢6 thoi gian

,|L t,+ tn+ t, - t'"l' nghi va khéng tai.

er . D& chon duge
Hinh 5-8. Db thi phu tai dai han -dong co tir do thi
phu tai ta tinh ra

tri s& trung binh ctu momen hodic cdng sufit theo biéu thirc:

M,

~Y

r

1

1 |

.
71+ t1+ t2 1Lt3

o

n
> M, t,
Myp = — (5.13)

n
>t

Pp=°>— 5 14)

Pong co chon phai ¢co:

Mam = (1 = 1,3) My,

Panm = (1 - 1,3) Pyy.
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Cling co thé chon ddng co theo momen dinh mirec duwoe xdce dinh boi

bidu thue:
o 9 (- 15)
hoac Mg = VM- My
trong do: M, xac dinh theo (5-13),
Mgr — tri 86 quan phuong cha momen tdi xac dinh tie do thi phy Lai la
/ n
> Mt
i\lql' = o (.PJ-]‘J)
n
=t
(4]

§5-6. TINH CHON CONG SUAT PONG CO LAM VIEC NGAN HAN
CHO NHUNG TRUYEN PONG KHONG BIEU CHINH

O ché do nay van d& quan lrong la phdi x4c dinh dugc cong suiit phu
tai trong thoi gian lam viéc. Nguoi ta thuong chia phu tii ngin han thanh 2
~loai: khong doi va bién doi trong thoi gian lam viée.

1. Tinh chon cong suit dong co khi phu tai ngan han khong dbi.

D6 thi phu tai ngidn han khong d6i di quy d6i vé truc déng co, c6 dang
bi€¢u dién trén hinh 5-9.

bé truyén dong cho phu i loai nay, ta ¢o thé tinh chon cong suit dong
co dai han hodc ngin han,

a) Tinh chon céng sudl dong co ddi hgn phuc vy cho phu ldi ngan han
khéng doi. Pong co dai han duoc ché tao dé khi lam’ viéec vai phu tai dinh
mitc trong thoi gian dai thi nhiét dé clia né dat tdi tri s6 6n dinh. Vi vay khi
truyén dong cho phu tdi ngin han néu ta chon d6ng co c6 cong suit dinh mmire
bing cOng suit yéu ciu cta phu tii: Pq,, = Py, thi sau thoi gian lam viée ngan
nhiét do clia dong co chi dat toi tri s «, nao d6 nhé hon zed nhu dudng 1
trén hinh 10-5. D& tin dung hét ¢ong suil va kha ndng chiu nhiét cia déng co,
ta cho né lam viéc qua tai. Nghia la c6 (hé chon dong co dai han ¢6:

Pam < Pnon.,
sao cho & cudi thoi gian lam viéc nhiét do clia dong co dat toi tri s6 6n dinh
cho phép clia cach dién nhu duong 2 trén hinh 5-10.

Céng sudt dinh mirc cua ddng co dai han can chon, dugc xac dinh qua hé
s0 qua tai vé nhiét 6 :

APnh rgd

6 = = (9-17)
APy, Tod
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{rong do:
AP,, — ton thil cong sufit cta phu tai ngin han;
AP4pn — t6n thit cong sudt dinh miac cha dong co dai han:

T, = nhiél,sa'i on dinh ma dong co dai h:;'n sé dat t6i né€u lam viéc'véi
phu t4i ngin han trong thoi gian dai.

Toa — nhiét sai 6n dinh cho phép cta cach dién da st dung trong dong

co dai han.
¢
PC ! Fr h
B ]
. > t |
— t‘l’}j, _1,_ . t[y

Hinh 5-9. D06 thi phu tdi ngin han Hinh 5-10. D0 -thj phu va cic dudng cong
khong ddi. ph4t n6éng ngudi lanh ectia dong co & ché

d6 ngan han.

Pé xac dinh hé sd qua tai nhiét & ta ti€n hanh nhu sau:
Trong ché do dai han khi 1am viée voi phy 13i dinh mirc thi nhiét 44

cia dong co s& dat t6i trisd cho phép clia cach dién, tuong wng ta c6 nhiét sai
AP, '

Ter = Toa =

(5-18)

Khi lam viéc voi phu tai ngin han, nhiét d¢ clia dong co s& dat toi tri
s6 on dinh cho phép sau thoi gian lam viéc, nghia la:

Tod = —Apnh (1 ~ _ll"'/e)
A
—t;v/0
=, (1—e” "0 (5-19)
ter (3-19) ta xac dinh dugc hé s6é qua tii v& nhiet::
pot 1
Tod 1 — e-tiv/0 (5-20)

Dua vao (5-20) néu biét t;,, # ta s& xic dinh duoc s, nguoc lai bi€t 6 va 0
ta x4c dinh dugc théi gian 1dm viée clia dong co la:
]

tly = 91[] .
6—1

(3-21)
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_ Qu;m_he gitta hé s§ qua tAi v& nhiét & voi ty sé'ti,/8 c¢6 dang bidu dién
{rén hinh 5-11. ' ‘

Cing sudt dinh mirc cua dong co
(lai han ciing cé thd xac dinh duoc khi
da hiét hé s& qua tai v& co &:
' E — I)nh
P(Im
§ dwrge xac dinh qua bigu thite:

_ AP K+ 8Vam _ YT+
L: : . 1 ] - _Apdm K + Vdm T + 1 .
' 1 2 3 t[y/e (5-22).

Hinh5-11. Quan h¢ gia he s6 qua tdd T (5-22) ta c6:
ﬂhiet 8 v6i tSf' sé U\-/B & ché dO ngén han, . Ez vb (‘r + 1) -7 (3_23)

Thay gia tri cta 6 (5-20)\ vao (5-23) ta dugc:

E _ 1 +4- Te"“v/G (1-24)‘
1 — e—liv/® ,

. ]
trong d6: K — t6n thdt khong d3i; Vim — tdn thit bién ddi dinh miec;

T = rL — hé sO ton tht cong suit dinh mire.

: dm
Pdi véi cac dong co binh Lhudng, tri s6 T phu thudc vao téec dd quay dinh
mirc., phwong phip kich tir.-va thuong bién déi. trong gioi han 7T=0,5 = 2.
Quan hé gilta hé 88 qua tdi co & vai ty s6 t,,/8 (tng voi cac gia tri ¥ khae nhau
cé dang bitu dién trén hinh 5-12. . |

Tém lai dé xac dinh
cdng suidt dinh mac cua Fr
ddng co dai shan, phuc vu
cho phutaj ngin han tatién 4
hinh nhu sau:

Tir 6 thi ghu tdicla 4

e e it u;_.___.,

may san xuit da quy ddi vé ‘&i _ Y
truc- Adong ¢o ta .xdc dinh ; ;."*:':. I~ 1,
codng sudl .ngan han P,, va _\:‘:‘:« s~

thoi ‘gian lam viéc ti, két : T e

hgp véi cac diéu kién kv
thuit khac d% so bd chon 0 |
kidu va pham vi cong suft ‘ :
ciia d0ng co dai han, tir do 9,25 0,50 9,75 t&’/e.
xdc din,h df{‘-’c T 'Vé 6. Dya Hinh, 5-12. Quan h¢ gita ‘iu_% s6 qui tai co & vol 7 s6
vao cac bieu thiac (5-20); v/0 rng va&i che tri s8 T khac nhau.

(5-24) holic d8 thi nhu hinh )

5-10; 5-11 xac dinh 6 hode'E. T & hoic & xAc dinh cong sudt dinh nittc cia

ddng co can chon.
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Khi chon ddng co dai han cho phu 1ai ngin han, ngoAi khi niing qui tAi. .
vE nhiél va co ta céin chu y t0i khd niing qua tii vé momen va dong dién ciia '
n6. Cac hi s6 qua tdi nay dtrgc quyét dinh bdi cdu tao clia maiy va khong
phu thudc vao ché dd nhiét. Hé s qua tai vé dong dién cha ddng co dai han |
khi lam viéc v&i phu tai ngan han nhd hon khi né lam v1éc v6i phu tai dai
han dinh ‘mic. Didu dé dwge chirng mifih nhu sau:

Khi 1am viéc v&i phu tdingin han hé s6 qua vé dong dién ctia dng co lé

Imnx /

Atoh =
" Inh

Khi lam viéc v6i phu tdi dai han dinh mic, hé s6 qué tai v?: dong dién
cia dong co la:

Maw = Imax
Iam
Trong d6: Ina — tri 6 dong dién 16n nhdt mA dong co cé thd chiu duoc,
Vi | Pon > Pam va I > Ign |
nén | Aton << Atame

Ngoai ra sit dung ddng ca dai han cho phu tdi ngin han ta chwra tan
dung hét khid ning chiu nhiét clia nod. O tudi thoi gian lam viéc ngin han cae
bo phin ciia dong co sé dat téi nhung tri s6 nhié¢t d6 khac nhau. Vi du d6; g
vii ddng co modt chiéu thi & cudi thoi glan IAm viéc ngan han nhiét d¢ ctia cudn-
kich tir dat cao nh4t, & vanh gép trung binh, con clia phin wng 1A thi&p nhit. ;

b) Tinli chon cdng suit ddng co ngin han phyc vu cho phu tii ngén han
khong ddi.

Pbé tan dung hé&t kha nang chiu nhiét va kha n#ing qua tai cla dﬁng ¢o,

nguoi ta ch& tao loai dong co ngan han chuyén phuc vu cho phu tai ngin han.
Nhitng dong co nay thudng duge ché tao v6i thoi gian 1am viée titu chuin 14

15, 30, 60 va 90 phut. : . | i
Dua vao do thi phu. tai ta chon ddng co ngin han ¢’
Pam‘ = (1 = 1,3)Pe,
va ¢6 thoi gian lam viée tieu chuﬁn biing hofic gin bang thdi gian lam viée
cua d6 thi phu tai (hinh 5-9).
2. Tinh chon cong sudt ddng co cho phu tii ngin han bién ddi.
Dang d6 thi phu t3i ngin han bién,d3i duwge bidu dién trén hinh 5-13.
P& truydn dong cho phu tdi ngan han loai nay, ta ¢6 th® chon cong suft
dong co dai han hodc ngan han. Cac buée tinh chon hoan toan gidng nhu &

trubng hop phu tai ngin han khong doéi, nhung phﬁl linh coéng sudt phu tai
déng tri trong toan bd thbg gian lam viéc. ¢

Vi du ddi voi phu tai ngan han hinh 5-13 ta e6;

P, = VP‘;t,+P§tz+ Pity
b+ t+ts
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[ W]
B

*t:on thdi gian lam viée dquc hnh ia Py

l:' N tiv—‘tl+t2+t3
« Ngodi ra, trong mot s6 trudng hop ta co A
+the thon dong co ngin han lAp lai cho -
~phu tii ngin han. Pong co ngin han lip -
lai dwoe chon phai dam béo:

- Pdm > Pnh v Pd‘t
con thoi giaj'n déng dién twong ddi phdi ’

twong (rng voéi thoi gian lam viée cla
cia phu tdi ngn han nhu bang 5¢1.

. Bdng 5-1 .
l tiy [ 30° 60 | W | . ty s
l % I 15% | 5% | 40%. Hinh 5-13. Db thi phu 1ai ngén han
bién ddi. :

: §5-7. TINH CHON CONG SUAT BONG CO CHO PHU TAL
O NGAN HAN LAP LAI KHONG pIEU CHINH TOC PO.

| A ~

Phu 1ai ngin han lip lai ciing c6 the khong ddi hodc bién ddi.

e

1. Tinh chon eéng suat déng co khi phu tai ngén han lap lai khéng d0i.

1o Do thi phu tai ngin han lip lai khéng 438i di quy d6i vé truc dong co ¢6
" dang bi2u didn trén hinh 5-14. Trén hinh con v& ci dudng cong phat néng va
' ngudi lanh clia ddng co. Qua n chu ky, khi n.t; > 40 thi nhiét 49 cia ddng co
- dat t6i lrang thai twa xac lap (tri s6 trung binh clia nhiét do khong thay doi).

P
A S
i . e
’ [ ﬁ N
Godt -1~
5 7
5/ 1
1 .ty ) to T
radl tcx_‘! ‘

i F
Hinh 5-14 D3 thi phu tai ng#n han lap lai kh()ng ddi va cac
duéng cong phat m‘mg nguéi lanh cta ddng eo.
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D& truven dong cho phy tai loal nay ta ¢6 the tinh chon cong sufit déhg \
co d:ii han hoidc ngin han lip lai. -

w) Tinh chon céng sudl déng co ddi han cho phu lii ngin han lap lai
khong d6i. N&u chon dong cu dai han cé6:

Pim > Py, thi déng co ludn ludn ladm viée non t: ai, nhiét d6 ctia n6 khong
bao gid dat téi tri s6 on dmh cho phép.
Dé tan dung hét kh¥ niing chiu nhiét cua giong co, ta chon d6ng co
dai han cé; .
Pdm < Pnls
Nghia 1a cho ddng co lam viéc qua tai. °

Cong sudt dinh mue cha dong.co dai han duorc xac dinh tir hé s6 qud
tai- vé nhiét 6 :
13 :
4 = Apnl = od (5-25) ¥
Apdm Tmax
trong d6: AP, — t6n th4t cong suidt cua phu tai ngan Jlan lip lai da quy dal
vé truc dong co.

APsn — tOn thit ¢dng suit dinh mirc cﬁa déng co dai haﬁ.'
v, — Nhi¢t sai d¢ On dinh ma déng co s& dat toi néu lam viée
dai han v6i phu tai ngim han lip lai.
'max — Nhiét sai 16n nhit cho phép clia cach dién.

- APnl APdm )
—_— A .

L ONn ipmuy =

Tu d6 thi Hinh 5-14, & cudi théi gian 1am viée:
‘-11\'/9

tmax = Tmin€ + T;d (I — e__lIV/o ). (5?26) 1
& cudi. thoi gian nghi:
. —_ '—'to/eo ’ v
Cmin = Tmax€ (5-27)
Thay (5-27) vao (5-206) ta dugc:
- v 8 | 0 —
Tmax = Tmage (M e /9“)--—{— Ta(l — e /).
L 4 =1 1— e‘—-tIV/g .
‘ L (/8 + 1a/,) T (5-28)
—e e o 2
tir (5-28)tacod:
5 - 'szd/ _ 1 — e—(tlv/e +‘to/90) ‘
- ~(5-29
Tmax 1 —e t1v/0 _ . ( )
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3 ~ )

DE thuan uén cho viée llnh toar, thire té ta bién ddi s6 mii & t& s6 ciu
7 (5-29) nhv sau:

l]v to | ' 0
— = —| t, to —
| e:l__e° e(‘+°eo)
\ . ¢ t]v tl\' + Bl l[\-‘
_ = e 5-10
0 tIv e’ﬂ ( )

* trong d6:

. tlv [ s ) ~
= = ———— — thoi gian déng dién tuwong d8i co xét dén diéu kién lam

b + Bl mat bi xau di khi nghi;
B = - _ hé sé xét dén didu kién 1am mal bi xiu di khi nghl.
B0 8, — hing s6 thoi gian ngudi lanh.

Déi véi cdc may dién mot chiéu B = 0,5, d6i voi ‘chc may dié¢n khéong

~déng bo g = 0,25, .
- Cu6i cung ta duge biéu thirc xac 51
dinh hé sd qua (4i vé nhiét la: '
l_e-ll\’/e'e o

8§ = . (3-31)
l'— e—llv/B

Quan hé giira 6 voi &' ung vai cac
gid trj khic nhau cua 'ty s6 t;,/p cé dang
biéu dién tré&n hinh 5-15.

Tém lai d& tinh chon cong scAt dong
co dai han truy&n d6ng cho phu tai ngin
“han lip lai ta ti€n hanh nhu sau:

Dua vao ‘d6 thi phu tai di quy doi - -
v& truc dong co (hinh 5-14) xdc dinh Py, o a
tiv, t,. T P,, két hop v6i nhitng yéu ciu 0 o1 02 03 0+ 05
khic ta so bd chon loai, pham vi cong
sudt dinh mic cia dong co diai han d& Hinh 5-15. Quan h¢ giira 8 véi & tng

| , . ) 0 vOi cac gia tri khéc nhau cda ty s6 1./0
biét. dugc 0 va 0,. Tinh t,,/p; p = p 5 clia phu tai ngén han lip lai.
&=t roi thay \éo (5-31), hodic dua vao dé thi cé dang nhu hinh 5-15

tlv + B
d? xiac dinh hé s6 qua tii vé nhiét 8. Tt 6 xac dinh AP,, theo (3-25) va suy ra

¢dng sudt dinh muc cita dong co dai han cdn chon.

b) Tinh chon céng sudt dong co ngin han lip lai cho phu ldi ngan han
I(‘ip lat khong adi. D& tan dung hét khé ning chiu nhiét caa ddng co, nguoi la
ché tao ra loai dong co ngin han lip lai, chuyén ding cho phu tdi ngin han
Iap lai. Nhitng dong co nay c¢6 dic diém: PO bén co khi cao, quan tinh co
hoc nhd vi phai khdi ddng va him luén; kha niing qua tki lon, d6i véi cac
ddng co khong dong bo hé s6 qua thi v&8 mdomen cé gia tri Arong khodng ;

}\M = 2.3 - 3.6
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¢6 hé s8 déng dién twong d4i tiéu chulin ; ,
_ e% =15% ; 25% : 40% : 60%. 3
Voi phy thi ngdn han lip lai khong ddi (hinh 5-14) thi dong eo ngn
han lip lai cin chon phéi cb: | ./ " '
Pow = (1 +~1,3) Py, .
va hé s3 doéng dién twong d6i tiéu chuldin phi hop voi hé s6 dong dién tirong

d6i eda phu tai: { .

My
ern % = ! 100%.

Iv 0 \ )
2. Tinh chon cdng sudt dong co khi phu t3i ngén han gip lai bién doi.
Phu tdi ngin han lip lai bién ddi cé dang nhu hinh 5-16a hoidc 5-16c.

P1s A Pt p, A Py B
P \LPi | Py i ] 1|
2 ‘ - | Fo 1.k
‘ Ps
AAR T L : B N , ‘
' t, ;..:[ TGt Tt e [te | to2 e, Te [t r{l.# ;
B fy g s F B
1 ody fa 1.
P / N
' |
\ X - 4 o .‘ - ] ']
|"tlvdf,+ta"'{ lve | flVWz T T fedl e ¢

b) d)

 Hinh 5-16. Db thj phu tai ngin han 1ip lai bién ddi: ‘
‘Bén ddi lip Iai @Bu (a), ddng trj (b); Bién doi lip lai khong deu (c), ding tri (d).

Trong trudng hop nay, viée tinh chon cong sufit dong co dai han hoic
ng4n han lip lai, tién hanh twong ty nhur di néu & trudng hop phu tai ngin
han lip lai khong ddi, nhung phii tinh cong suflt va thoi gian dong dién tuong
a6i ddng tri cho moL hodc nhidu chu ky. Ching han ddi véi A5 thi phu (i
hinh 5-16a ta cé6: - ' ' B

=

\/P'g’t,+P§t2+P§t3
Pa = -

S h St 4ty L v
5% = 10@% '/. ”
L+ta+t+1, .
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Con d8i voi.dd thi hinh 5-16c ta c6:

=P,
- | Py = 19
=t
o (5-33)
| St
s % = 5——p—100%
| *Ith+.1§‘.t.,x

) .
Cac bi¢u thire (5-32), (5-33) c6 nghja 1a, thay phu tii ngin han lap lai
bi€n 45i bing tri;sd ding tri khong ddi nhu hinh 5-16b, d rdi dra vao dé tinh
. chon cOng sudt ciia dong co.

Trong thuc L& tinh toan, thuong gip trudong hop hé s6 déng dién tuwong
~d6i tinh toan tir dd thi phu tai, khong trung voi mdt trong cac h€ s6 dong dién
twrong d6i tiéu chulin clia cic ddng co ngin han lap lai di ché tao, Hodc di ¢6
sin loai ddng co ngén han 1ip lai vai ¢% khac vdi tri s6 yéu ciu tha phu tai.
Trong nhitng trudng hop ndy ta cin phai xac dinh lgi céng sudt dong co cob
¢% thuc t& theo wmot trong hai phuong phap sau:

- Phuong phép giai tich: co s& clia phwong phap gidi tich 12 dua vao digu
ki¢n dam bao cho dong co khéng dugc phat néng qua nhiét @ cho phép. Nghia
12 ddm bdo cong suit ddng tri cla ddng co trong mot chu ky lam viéc khong
* thay d40i.

~ Gii s tr dd thi phu tiita x4c dinh dugc cong suit yéu ciu P;, thoi
gian lam viéc t;, thoi gian nghi t,. Cin chon déng co ¢6 thoi gian lam viéc 1,
théi gian nghi t,, thi cong sudt dmh méc P, clia n6 theo didu kién trén dwoc

x4c djnh nhu sau:
Pgtz. - P‘i)'ti-
tI + t02 - t + tol

| PVe = PVar
suy ra: ‘ | _
P2 = Pl _El (5"343)
' €2 _ )
hoiic " P, = /2% (5-34b)
%

Mot cach tdng quat: tir d6 thi phu tii ngin han lip lai ta xac dinb duqc
~ ¢Ong sudl yéu ciu P,, thoi gian déng dién twong d0i e;. Néu chon ddng co ngin
han lip lai c6 thoi gian déng dién twong déi tieu chuln la 15%, 25%, 40%

ho:ilc 60% thi cong sudl dinh muc clia n6 xac dinh theo biéu thic sau:

¢’ o
151



. By €x % )
] 0,15 — Px vm - Px 15
., (\5'3.53-)
€x 1
Py, = P -\/m
P0040 Px v EX .
0.40 (5-35b)
= P, /X
Po.so 0,60

Tu cac bicu thuce (5-35) ta rutra k&t ludn: Khi dong co ngin han lap lai
c6 hé s§ déng dién twong doi nhé hon tri s6 yéu ciu thi cong suit dinh mirq
ciia n6 can phai lén hon cong sufit yéu ciu. Nghia 1a phdi cho dé)n.g co 1Am
viée non tai. Nguogc lai néu dong co c6 hé so0 dong diéx:’ twong déi 1én hon-
tri s6 véu ciu thi ¢ong suit dinh mirc ctia no6 chi cin nho hon cong suit yéu
ciu. Nghia la dong co duoc phép lam viée qua tai, d¢ tin dung hét kha niing
chiu nhiét cua dong co.

Phuong phap dd thi: D&i voi tung loai déng co ngin han lip lai néu

t nha ché tao di cho san he dudng cong
Pxw) Pim=f(e%). Ta c6 thé dya vao ho dudng
f cong d6 d¢ xac dinh cdng suft dinh mirec
ol B N ! ctia dong co luong Ung voi hé s6 dé
S , N ng g ng voi hé s6 déng
! ! dién tuong d6i yéu ciu,
80} \L\\}\ o ! _ ng doi yéu ca . ,
N \uf { Vi dy hinh 5-17 cho ho duéng cong
E0r ! P '— : Piw = (¢%) cla cdc dong co khong dong
w0l j ‘ "\T\.\j\\‘: MT-71-18 b(t) roto (lu&n dﬁy lém Viéc 6 ché d(} ngan
%__.,\"_:;’, A {“m':_"_""‘%--n! Mr-63-10 han lip lai chuyén ding cho cin truc va
gl 4} Tl ZTTIMT8200 0 may can luyén kim kitu MT do Lién Xo
b ‘ } san xudt. ;
_L._l !‘ | {—n- [ N ’ n; . i
R TETIYENT) 100 £% T ho duong cong ay ta tién hanh

Hinh 5-17. Quan h¢ gifra cdng sudt va
hée sé déng dién tuong d6i ctia cac dong
co kidu MT do Lién X6 ché tao.

xac dinh cong suit dinh mirc cha dong co

can chonnhu sau: Dya vio cong sudt yéun
ciu di xac dinh duge tir A0 thi phu tai,

ta chon loai dong ce'cd cong sudt x.ﬁ‘p x1.
Pit hé sé dong dién twong d6i dia xic dinh duogc tir d6 thi phu tai, hode dj
quy v& tri 88 tiéu chuinlén truc hoanh va xac dinh cong suiit dinh mirc clia
dong co theo duodong c6 mili tén trén hinh 5-17.

§5-8. TINH CHON CONG SUAT PONG CO KHI PI1U TAI
POT BIEN CHU KY L

Trong thure t& sin xuit c6 mot sd.may thuong phai 1am viée, voi phuy tai

Aot bién. nhiing may nay trong doan lam viée, momen phu tai dot nhiép’

ting lén dén tri s§ cyc’dai theo mot quy luat nao do, sau 'do lai gidm xudng
- "@_ . ! :
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bing mémen khong tii. Sy bién thién cia mﬁmcn can tinh loai nay thuong
x4y ra ¢6 tinh chét chu ky. Vi du phu (di clia may can khong ddo chi®u, may
‘biia, may. ép, may nén khi v.v..

| D thi phuy tai tinh 4ot bién chu ky M4 M.
c6 dang don gidn nhit bicu dién trén

hink 6-18. / J /“*/ -

Do hé thdng truyén dong dién c¢o M

M
quén tinh nén klii mémen phu tii dot bién /\\2/
thi momen va (8¢ do cha dong co sé bién N -

M
thién theo quy ludt ham mi. i "y Mo
) d
Trén mot dac tinh co xéc dinh, & : U Myt
doan c6 tdi momen cua dong co bién et bty ! ¢

thién theo gquy luat ham mi duoge xac
‘dinh b&i phwong trinh:
My = Mt - ¢ / ).+ Myae ) kv cac dudng cong bién thién tde do

(2-36) vd mOmen cla dong co.
Con & doan khéng tai:
M, = Myl — e7VTey 4 Mye—tTe, (5-37)
trong cac phuong trinh trén:
T, = I ©aSdm__ hing s0 thoi gian co hoc cua hé théng;

dm
Mbd. My, — momen ban d w va két thic cda dong ¢o & doan c6 tai.

v Thay t trong cac phuong trinh (5-36) va (5-37) bbi t,, hoidc t, twrong u'ng
ta co:

M, = Mc(l —e=t/Tey 4 MyseTt1v/Te) (5-38)

. Mg = My(1 — e~ to/Tey 1 M, et/ Te, (5.39)
‘Bi&n ddi (5-38) va (5-39) ta dugc:

' M. (1—e ~to/Tey 4 M_e=to/Te(1 — e —tiv/Te)

Mya = | | — e—tek/Te (5-40)
hl(" 1_ —h\'/Tc) ]\-]’0 -—»tl\'/Tc 1__ -—to/Tc)
M, = oi=e J+Mee W7l e (5-42)
1 — c_lck/Tc
irong d6:
' t. = tiv 4 t, — thoi gian cia mét chu ky.
Thay (5-40) (5-11) vao (3-36) va (5-37) rdi bién ddi ta s& dwogec:
| (M, — Mo)(1 — e~ to/Te)
=M — —t/T. By
N, . T e (5-42)
—to/Te
M, =M, + JUSS'NIE ) _ o —t/Te (5-43)
| —0 Lk/T(
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“Momen dﬁng tri cha dong cor trong mot chu ky lam viée duoc xﬁc dlnh .

theo biéu thire: , L

iy t -
2 J34 :
Ma< |/ Mt uiae 5-id),
0 0 ‘ : )

llv + to'
Thay gié tri cia M;(5-42) va Mj(5-43) vao (5 44) va tinh-iiép ta duwoc:

tex t k(1 — e tck/Tc) :

M2t,, I\’I‘"t 1 — —tiv/Te 1 — "to/Tc i
Mdg —V v ¥ —(Mc—Mo)z ( © )( ) (5-45)

Trong truong hop ly tudng néu xem hé 1a khdng céd quan tmh co hoc,
nghia 14 T. = 0 thi (5-45) tror thanh: ‘

Mé tiv + M2t, ' : , (5-46)
tek -

D6 chinh la gia tri quan phuong trung binh cua ‘momen cn trong moét chu
ky lam viéc.

Tt cac bidu thic (5-40), (5-41) ta thiy rahg, khi ting hiang s6 théi gian co.

~ hoc T, ciia hé¢ th6ng thi Mys ting con M, gidm nhu dudng nét dit trén hinh

.5-19. D& ti¢n so sanh trén hinh vé ci duong cong ¢ia mdmen dong co khi chua

ting T, (dudong net licn).

M
' ddng co cang giam di, va duang cong bi€u dién nérsd

1in din 16i dudng thing ¢6 tung dé 1a mdmen trung
binh x4c dinh bdi bidu thire:

Mctlv + Moto
tlv + t

De ting hing s6 thoi gian co hoc clia hé thong,
trong nhirng truyén déng 1am viéc véi phu tai 46t bién
. _ ngudi ta thuong 14p thém banh xe da.trén truc dong
Hinh3-19. Budng congbién ., Banh xe da cé nhiém vu san bing phu tdi cho déng
thién mOmen cia déng co
lam viéc v6i phu tai dot € khi moémen cin djt ngét ting lén hay glam xudng.
bign chu ky khi tang hing Khi phu- tai tang lén, téc dd dOng co glam xuong. phﬁn
s6 thoi gian co hoc T.. d0ng ni’mg banh da di. tich liy dwgc s& chuyén dén
' truc ctia dong co, giup dong co khfic phuc phu tai. Néu
l6c 4o hé théng giam tir tri s§ khong 14 w., dén tri s§ c6 1ii w, thi phiu ddng
ning phoéng ra cta hé la:

My, =

2 2
m-—m

W = Jht

\

\" Khi phu tai giam, t6¢ d6 cia he thong téing lén, ddng ning du trir cla

banh da dugc ting lén 1am cho moémen trén tryc cla hé thdng ting 1én, Dong -

y
Nhr viy cang ting T thi sy dao dong cha méme_n -
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eo s& mang mot phu tai ¢6 tri s6 16n hon mOmen khong 14i Mo Nhu vay nho
: anh da ma mémen va tdc 40 cua déng co s& bi dao dong fit, khi phu tai
d@t bi&n.

Pdéi vai nhi}ng hé truyén ddng nay viéc tinh chon so b6 dong.co va banh
da tién hanh nhu sau:

T db thi phu tdi dd quy ddi vé true dong co, xac dinh momen-ding tri
- Mg théo bidu thirc (5-46). Tir My, t6c d6 yéu ciu va cac diéu kién k¥ thuat
khic ta so bd chon dong co c6:

Mdm = (1=~ 1,3) Mg..

‘D chon so b banh da ta cin x4c dinh moémen quéan tinh yéu chu déi véi né.
T @b thi hinh 5-17 ngu coi rdng khi dong co dat téi tri s6 mémen két thic
My, thi cling 14 Iic né lam viéc irng véi mOémen qua tai cye dai. Né&u -xem

Mbd = M ta co:
_ Mu = A Mam = Mo (1—e~W/Tey 4 M e~ tv/Te (5-48)

trong d6: Ay vA Mgn — hé so qué tai v® mOémen Vﬁ. momen djnh mire cia dong
co dd chon so bo.

"Tvie (5-18) ta co:

T, = — v , (5-49)
In M.—M, \ |
f M. — Ax. Manm -
' hay
©WoSdm tiy
v O v S VO
dm -
A In M - AMMdm
vay: ;
e mtlv .
Jh[ = - d . (5'50)
W, Sgm Lt M. — M,
="M, = Ay Man

Momen quéan tinh cia banh da la:
Jdﬂ -_E Jhl - Jld'
trong d6 Ji4s — mdémen quan tinh chia hé truy&n dong con lai.
Jwm — mdémen quan tinh cta toin hé thdng.

Sau khi da tinh chon dwoc banh da ta XAy dung dudng cong mdémen cua
dong eo phu thudc vao thdi gian theo cic biéu thie (5-42) va (5-43). Dang cua
n6é nhu dx biéu dién trén hinh 5-18. Dua vio cic dudng cong nay ta* kidm tra
lai dong co va. banh da theo difu kién phat néng (phu%ng phap kiem tra sé
néu & phﬁn sau), didu kién san bing mdémen va téc do:

Mbd = Mkl y Wpha = Wkt.

.*  Ciing c6 thd gidm b6t mémen quan tinh cda banh da (chon banh da nhe .
* hon) bing cach chon ddng co cé @6 truot dinh mic 1én:

Sam = 0,1 -0,1; 8 = 0,15-7-0.20.
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Tuy nhién viée chon dong co ¢6. s4, 16n khong phdi wu viét lim vi dong co'
s¢ lam viée & t6c do xic lap thip dnh hudng dén nﬁng suit clia may. Cung co
the tang Ser biing nhitng bién phap k¥ thuat khéc d2 khéi dnh hudng dén ning
sudt cua méy Vi du ding cac bién phap as ting dién trd phu trong mach rote.
(phan ttng) ctia dong co khi phu tdi dot bi€n xu4t hién. 4] giai doan khong tii
dién tré nay dugc loai trir d& dong co lam. viée voi téc do cao, dd truot bé,.

banh da sé duogc tich dong ning & téc do cao.

$5-9. TINH CHON CONG SUAT DPONG CO
CHO TRUYEN DPONG PIEU CHINH

1. Khai niém:

béi véi cac truyén dong diéu chinh, viéc tinh chon dong co thudng xuft
phéat tir yéu ciu dam bdo cho dong co cé kich thude nho nhét. Kich thu'orc clia
dong co x4c dinh chd yéu bdi mémen dinh miec cira nd.

bé tinh ehon dubc cong suit dong co cho truyén dong diéu chinh ta
phii bi#t duge tri s phu tai'trén mdi d¥c tinh didu chinh. Trong nhiéu truong
hop cie phu tai nay c6 tri sd rit khdc nhau. Treng thuc t& tinh todn ngudi ta
chia phu tii thanh hai nhém co bén sau:

Nhém thir nhit & moi t6c d6 didu chinh mémen cin khong ddi (Mc_const)
con cdng sudt P, ty 1¢ bac nhdt véi téc d6 nhu hinh 5-20a.

Nhém tht hai ¢ moi t8¢ d6 didu chinh cdng suft khOng doi (Pc=consl)_.
con moémen M, ty 1¢ nghich vdi téc d60 nhu hinh 5-20b. '

max
i

min =

a © Mg pPe by Mrr’?c_.

Hinf 5-20. Bd thi céng suit vA mbémen cidn tinh cha cdc truydn déng dign‘
- ditu chinh véi Mc = const (a), va Pc<= const (b)

Trong tiét nay ta nghién ciru cac phwong phap tinh chon cong suﬁt dong
co voi gia thiét tai moi toc do, dong co déu co6 the lam viéc dai han va dam
hiao nhiet do dong co dat téi tri sé dn dmh cho phép. Nhu vay tinh chen cOng
suil dong co phai ddm bio & mot téc d6 bit ky phu tai khong duoe vuot qua
tri s6 cho phép vé phuong dién phéit néng.

P&i v6i dong co dién cac phuong phap didu chinh toc do theo pbu tai
" cho phép dugce chia thanh hai nhém:

156



. "Nhom tht nhit, diéu chinh (8¢ do/ voi mémen cho phép clia dong cou
kh(‘)ng thay doi & moi toc do. Thirong goi la phuong phap diéu chinh ¢6 ménien
- cho phép khong ddi: M. = consl, ¢bn cong suit cho phép Py = My.w t3 1¢
b.ac. nhit v6i téc do nhu hinh 5-21a. Cac phuong phap nay thudng duoc {hl_l'C
hién ‘bﬁng cach thay ddi dién 4p hode dién tré phu mach phin tng cha ding
co dién mot chidu kich tu ddc lap; thay ddi dién trd phu trong mach réto hoac-
thay ddi s6 do6i cye & mot s6 truong hop cia dong co khong déng bd v.v...

T e

S8 b

Hinh 5-21. Db thi cOng suit vA mdémen cho phép cua doéng co & che phuong
phap digu chinh tdc dd c6 Mcr = const (a), va Per = const (b).

Nhém thir hai, diéu ¢hinh téc do véi cong suit cho phép khong dd8i & moi
téc d0. Thudng goi 1A phuong phap ditu chinh c¢6 cong sudt cho phép khéong

ddi: P.; = const, cOn moémen cho phép: My = FPer ty 1é nghich véi tdc 46 nhu
o

hinh 5-21b. Céc phuong bhf{p‘ nay thuong duoc thue hién bing cach gidm tir thong
clia ddng’co mot chidu kich tir doc lap; thay d6i s6 doéi cuc & mot sé truong
hop clia ddng co khong déng bo v.v...

_ Ta s& 1in luot nghién ciru cac phuong phap tinh chon cong suit dong
co cho cac nhém phu tdi @i néu & trén. ¢

2. Tinh chon céng suat déng co cho ahirng truyén dong didu chinh ¢é
.=const (hinh 5-20a).
Trudng hop nay ta«cé thé tinh chon cong suit ddng co theo phuong phip
diéu chinh t6c 40 ¢6 M. = const hoidc P, = const.

a) Véi cdc phuong phdp diéu chinh c¢6 M. = consl thl dong co chon
phat cé : ' ,
* Mdm = Mc.

vi c4c phwong phap diéu chinh ¢6 M, = const thuong chi thue hién & nhitng
dd thip hon L6c d0 co ban, nén dong co chon phai ¢6 téc d¢ dinh mire béng
téc tdc do lon nhil clia gidl diéu chinh:

Wim == Wmax
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Nhu vay cong suat dinh mire ¢lia dong co phii la:
\ Pdl’ll = Mdm « Ogm : M(‘ » Wmaa = P(-man
trong dé
Pemex — ¢Ong sudt cue dai cia phu taj,

b) Véi cdc phwonq phdp diéu chinh c6 Pe = cons! thi déng co chon

phdt c6:
pdm =‘Pcma\: = Nl + Wmax

Vi cac phuong phap diéu chinh téc dd c6 P = const Lhudng chi thuc
hién & nhirng tdc do cao hon tdc do co ban nén dong co chon phai cé tée dé‘
dinh mc biing t6c A9 nhod nhit cha giai diéu chinh:

“Wdm = Omin.
Nhu viy mémen dinh mic clia dong co phai la:

Mdm - Pdm — pcmnx — NIC Wmax — Mc . D,

Wim Wmin Wmin

trong do:

D = 2m* _ 5iai didu chinh t6e do.

Wmin

Két qua trén cho ta thdy: voi nhirng truyén dong digéu chinh yéu clu
M. = const néu chon ddng co theo phuong phip diéu chinh téc do 6 Pcf_const
(khong phit hgp v6i yéu ciu clia phu tai) thi s& [Am cho mdémen dinh mic clia
d0ng co ting D ldn so véi M., din 16i tang kich thude va gia thanh cia dong
co. Con néu mudn gidm moémen dinh mic caa dong co dé gidm kich thuée
clia no thi giita truc dong co va truc may san xudt phai @4t mot bo bién tée c6
ty s@ truyén bing D va phai chon ddng co c6 8¢ dd cao, kich thurdc s& nhoé hon.

3. Tinh chon cong sudi déng co cho nhirng truyén déng diéu chinh co
P. = const (Hmh 9-20b).

Trudong hop ndy ta ciing ¢6 thé tinh chon cong suat déng co theo. phtrong
phap diéu chih t6c dd.c6 P = const hodic M, = const:
\ a) Vdt nhitng phuong phdp diéu chinh dé P, = const (phu hop véi yeu
ciu phu tai) thi dong co chog phéii cé cong suiit dinh murc bing cong suit cha
phu tai .

Pdm = Pc
Moémen dinh mire clia dfng co dugc xac dinh theo téc Ao dinh mire la:
\ e
Mdm — Pdm .
Wam

Trong trudng hop sit dung ddng co mot chléu kich ttr ddc lap, vl phuong
phap diéu chinh c6 P = const chi thye hién & nhitng téc d¢ cao hon tdc 40
co ban bing cach giam tir thdng ciia d()ncr co, nén dohg co chon phai ¢ te dg -
dinh mirc bing toc 40 nho nhit cia giai didu chinh: ,

Wgm = ('Jmin.
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Khi_'d() mémen dinh mire cta dong co 1:
L P,

Maim = —— = M max
Wmin

b) Vor: cdc plurorng phdp diéu chinh c6 My = const (khéng ,phu hop vol

yéu eclu cta phy tai) thi déng co chon phii ¢c6 mdmen dinh mirc bing mémen
16n nhét cua phu tii:

Mdm = Mcman . /
véi !
Mcmax = Pc 1
' Wmin

din t6i tang kich thuoc cia dong co.

Vi ciac phuong phép diéu chinh tdec d¢ cé6 M = const thuong chi thuc
hi¢n & nhitng t6c d9 thip hon tdc dd co ban, nén dong co chon phai b tic
46 djoh mirc bing 18c dd 16n nhit cla gidi didu chinh tdc do:

Wam = @Wmax

coOn cong sudt dinh mirc clia dong co phai la:

Pdm —_ Mdm Wdm = P Omax = P DJ

Wnin
Nhu vay'cong sudt ghnh mirc cia déng co 1én gidp D lin cdng suit cla
phu tai yéu ciu. O moi tée do diéu chinh dong co sé lam viéc non tdi ca va
modmen lan cdong suit. Mirc 46 non tai cua dOng co s€ cang 16n ‘khi gidi didu
chinh t6c d6 yéu ciu cang rong: Hi¢a suit cia déng co ludn ludn nhd hon tri
. 86 dinh mirc, hidu suit cang thip khi D’cang réng.
Véi phu tai loai ndv néu si dung @déng co mot chiéu kich tir doc lap

theo hé may phat — dong co (F—D), viéc diéu chinh téc 46 déng co cé thd
thuc hién bing hai cach:

4 nhitng tdc do thip hod tdc d6 co ban ta thay doi diép 4p dit vao
phiin ung dong co, s& duoc gxal didu chinh téc do 1a Du. O nhitng téc do
cao hon téc d co ban ta gidm tir thong cua dong co, s& duge gidi didu chinh

tée a0 1a D¢ , thi déng co chon phai cé téc do dinh muc 1a:

Wam = mml'n-Du

hoic O = 2L
| Dg
Céng sudt dinh mirc cua ddong co phai la:
Pimn = P.. Dy

Can chu y rang: trono tit ca cac trudng hop tinh chon di néu trén kh1
s dung dong co tu lam mat, thi é ving tdc do thdp vi diu kién lam mat bi
x4u di nén d& dam bio diéu kién phat n6ng ta phai gidm phu tai hodc phai
chon dong. co ¢6 mémen dinh mic lén hon méomen phu tii cyc dai:

Mdm > Mgmnx

K&t qua cung doi hoi lang cong sudt dinh mitc cia dong co. Dong co
¢ luon 'luén lAm viéc non tai cd v& mémen ldn edng suit.
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Chuong V1
KIEM NGHIEM VA CHON DONG CO

A = CAC PHUONG PHAP KIEM NGHIEM
GONG SUAT DONG CO -

O trén da trinh bdy cidc phwong phap tinh toan céng sudt va chon ddng
co dién, xong day md&i chi 1A cac buée tinh chon so by déng co. Bube quan™
trong cudi cung cla cong viée tinh chon may dién cho truyén dong dién 14
phai kiém tra lai dong co da chon so b theo di€u kién phat ndng, qua taii,

"kh&i dong va cac yéu ciiu dic biét khae.
§6-1. KIEM NGHIEM PONG CO THEO BIEU KIEN PHAT NONG

Theo didu ki¢n phat néng dong co chon phai ddm bio khi lam viéc voi
phu ldi cho phép, nhiét 49 6 bén trong ddng co khong duge vugt qua nhiét do
cho phép cla cach dién. D& kiém tra dong co theo diéu kien’nay ta c6 the sir
dung mét trong cac phuong phap: Nhiét sai cuc dai tn.,; t6n thit trung binh
AP, chc dai luong dang tri nhu: Dong dién d'fmg tri Id, momen dang tri Mm,

cdng suft dang tri Py,

1. Kiém nghiém dong co theo nhiétl sai cwe dai.

Pong co chon phai ludn luén ludn dam bao diéu kién:
Tmax < Ter .- ' - (6-1)
| . x

trong do:

Tmax — Nhiét sai 1on nhidt ma déng co -dat toi trong qua trinh lam viée
vGi phu-tai thay ddi trong pham vi cho phép:

T — Nhiét sai cho phép cua dong co, né phu thube vao cdp cach dién
da stir dung cho dong co.

bé xac dinh duge 1., ta dua vao do thi phu tai chmh xac da xay dung
cho mét hodc nhiéu<thu ky lam viéc.

O doan phu tai thir i ndo 46 do chénh léch nhlet do (nhlet sai) cla dong
co duwge xac dinh theo bitu thirc:

Ti = Todi (1 — e_t/e + Tbai e_'/e '
- AP, (1 . e—t/B) + ‘[bdi':e_llel (6'2)
AP, — (6n thit cbng sudt & doan thir i cua do thi phu tai chinh xac:

. %oai — nhigt sai o6n dinh Lrng vGitdn thit cong suit AP;;
7pai — nhiét sai ban diu ¢ doan thé i clha dd thi phy tél

160



Nhu viy néu do thi phu tii da biét c¢6 dang duong cong lién tuc thi ta
_phai bién né thanh dudng bac thang nhu hinh 6-1. Diéu kién thay thé la di¢n
lich cia dudng bac thang bao phéi

bing dién tich cua duwédng cong lign 3 R

tuc bao d61 v¢i tru hoanh.
Tw bidu thire (6-2) va hinh 6-1 | p
ta thiy rdng duong cong phat nong , \
l

cua tit ca cac phu tai s& vé dugce néu /

hiét dugc nhiét sai ban dau & doan
g
'

Imax

bit ky nao d6. B&i vi nhidt sai cudi /
cia doan trudc la nhiét sai diu cla

doan sau. -
? — At -
]

-

|

|
Pad

|

|

' |

' l
A

i

! |
pé tim duvoc tri sO Th.; chinh : ! o
x4c ta phai vé dudng cong bién thién ¢
cia nhiét sai theo thoi gian &ng véi
nhiéu chu ky phu tai cho dén khi cé
trang thai xic lap ve nhiét 49, nghia
la nhiét sai & diu va cudi cia mot chu ky ¢é tri s6 bing nhau (xem hinh 6-1):

——

Hinh 6-1. bo thj phu tai va duong cong phat
néng cia déng co dé xac dinh Tmpa,.

Néu ta bién d8 thi phu tai thanh nhirng doan bac thang cé chidu réng
biing nhau, nghia la At = const va k&t hop vdi trang thai xac l4p vé nhiét do
thi nhiét sai ban diu cha doan phu tii thar nhét s& la:

Ag A
(l-——e— l/) Z.Odic 8
1

Thal = T oted ' (6-3)

trong d6 m — s6 doan phu tai.

Duwa vao duong cong v = f(t) di vé dwoc xac dinh Tma, va dem so sanh
voi 1. néu:

Tmax < Ter thi dong co chon so bd ban diu la ding. Néu cp,y > 7 thi
phai chon lai déng co co cang suit lon hon mot cép.

Phurong phap kiém tra ddng co theo nhiét sai cuc dai doi hdi phai tinh
toan nhiéu, mit thoi gian vi vay né it duoc sir dung trong thue t&.

2. Kiém nghiém dong co theo phuong phap 16n that trung binh AP,

Xudt phat tiv phwong phap nhiét sai cuc dai, khi c6 trang thai on dinh
v8 nhiét (6-3) c6 dang:

tek ~ 1  Lk—(ti+1ta)
tbd(l — .n"rk/e) — Todl(l - e_ll/g)e B + TOdQ (] — p—tZ/e) e 8 +

. -tm/’B
+ oot pgm(l — € )., (6-4)

lrong d6: Tha — nhié¢t sai ban ddu, cing bing nhiét sai cuai cung cua chu ky xél;
m — s0 doan phu tai ¢6 trong chu ky xél.
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Néu gid thiét 7,¢ la do t3n thit trung binh APy sinh ra va tﬁajr

= AP . vao (6-4) ta c6:

rtf)c!m

k=l tek—(t1+12)

AP'b(l _ e—tck/G): .&(] e e—hlo)e 8 4 APi(l—e—tzla)e 8 +
A A ‘
4o g BPoy ey (645)

Nhu vay qua trinh lam viéc cia dong co véi phu tai bi€n doi, co the
thay ddng tri bing qua trinh lam viéc véi phu tdi khdng ddi sao cho didu kién
phat néng 14 nhu nhau.

P& ¢6 duoc bidu thirc tinh APy, ta pbai khai trién ham mii & (6-5).

N&u khai trin ham mil e~ thanh chudi Macloranh:

X 4+ 2 "' ... va chi 14y 2 s8 hang dau thi (6-5) tr& thanh:

11 21 3
AP[b. tek AP] t Apg i, Apm tm
L i AL BT —= 4 .. — 6-6
A 8 A 0 t A 8 Tt A ;] ¢ )_
Gia thiét A. 8 = consl tir (6-6) ta cé:
Ap'h _ AP1t1 + AP2t2 + e + APmtm | (6-7)
bty ol U ,

Ta APy, ta so sanh néu:

APy, << APgar, thi dong co chon 30 bd ban diu 1a dung.

bé xac dinh APy, theo (6-7) ta tién hanh nhw sau: Dya vao 46 thi phu
tai P = f(t) va dudng cong hi2u suiit cia ddng co da chon so bd 1 = f(P) nhu
hinh 6-2 ta x4c dinh cac gia tri Py, Mg, ty va tinh duoe:
I — N

Hinh 6-2. Pudng cong hiéu suit clia déng co (a), db thi
phu tai (b) vd cach x4e¢ djnh Mm.
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Tdn that c6ng suft dinh muc cia déng co duge xac dinh theo bidu thiec:

Apdm - Prtm 1 — MNam
Nap
Phuong phap (0n that trung binh cho k&t qua kha chinh xac va ¢6 thé
sir dung cho b4l ctr dong co nao. Tuy nhién trong nhitng tredong hop déng co
lr quat mat thi trong biéu thie tinh AP, (6-7) can phai thém vao nhirng hé

s6 xét dén didu kién lam mat bi xdu di khi dong co thay ddi t8c d6 hoic
ding im.

Vi du: Pdng co tu lam thp
mat c6 dd thjtdn (hit cong sudl
AP va d6 thitéc 46 w bién thién
theo thoi gian nhu hinh 6-3, thi AP,
tdn th&t trung binh tinh cho mét P
chu ky lam viéc s& la: S w=fety ™ <
_ APy, 4 APy, + APt 7 \
APw = (L 4 t :
ally + t3) + t2 4 By o .y
R e
trong d6: o — hé so xél téi diéu
kién lam mat bi .
xdu di khi khai AP | -'
ddng va him:
., .. Hinh 6-3. D3 thi 18n thit cong suit AP va t6c do w
‘ Véi cac dong co mot chiéu bién thién theo thoi gian trong mét chu ky lam
thuong « = 0,75, ¢oOn vdi cac viéc cia déng co.
ddng co xoay chidu « = 0,5.

A Py AP1
~ P

!

B — Hé s6 xél 16i diéu kién lam mat bj x4u di khi ddong co ngitng quay ;
vai cac dong co mét chiéu B = 0,5, vdi cac dong co xoay chiéu g = 0,25.

3. Kiém nghiém dong co theo phwong phap cac dai luweng ding tri.

Dé kiém nghiém dong co da chon so bo vé phuong dién phat néng ta
c6 thé st dung mot trong 3 phuong phap cac dai lvong déng tri la: dong dikn
ding trj I;,: momen ddng tri Mg va cong sudl déng tri Pdt |

@) Phuong phdp dong dién ddang tri I4.

Phwong phap dong dién ding tri duge suy ra tir phwong phap ton thit
trung binh.

Cong sudt ton thit toan phin AP hao gém hai phin: ton thit khéng bién
ddi K va ion thit bién doi V. Nghia la:
Céng sudt 16n thit khong bién ddi K bao gdm ton thit trong 15i thép, ton thAt
do ma sat co khi giita cac & truc, ma sat gira phin quay va khong khi, tén
thit do tu qual mat v.v.. cac tén thdt nay hiu nhu khong phu thuoc vao dong
dién phu tai, n6 bién ddi rdt it theo toc do, dién ap, tan s6 v.v., vi viy ngudi
ta xem K khoéng bién d6i va Juon ludn bing tri s6 dinh miec.
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Céng suit tdn th&t bién ddi V phu thudc vao dong dién phu tdi, chi yéu
la tdn th4t trong cac dAy quén cla ddng co khi cé ddng dién phu tii chay qua,
thuong goi 1a tdn th4t dong: -

V = bl

trong d6 b — hé s tinh d&n dién tr& cda cac cudn diy trong déng co.

Ta c6 thé xem t3n thit trung binh APy, la do mot dong dién déng tri Iy
sinh ra” Con ton thit bién d6i iwng v6i mot dong dién phu 1ai ndo d6 la:

P, = K 4 bl’ (6-84)
Bigu thire tinh AP, (6-7) dugc viét thanh:

b(Ijts + Lty + o 4+ L tn)

2
K +bl;, =K +

t 12 + o+t
Voi gia thiét K, b = const la cé:
L =‘l/1?t1 + Iglz + ..+ I?ntm (6-9)
b+ ts 4 oo 4 o
hoic )
m o tck2
St [ 15 at
=) e =} (6-10)
2 tx 2 tx

1 1 ) o
v6i to — thoi gian cia 1 chu ky.

Sau khi tinh duwoc 14 ta so sanh néu:
Ist < Iy thi ddng co chon so bd ban diu la ding.

Khi si dung phuwong phap déng dién ding tri d8 kidm nghiém déng co
theo diéu kién phat néng ta cin chu y thém cac di2m sau:

— Biéu thirc (6-9) sit dung cho nhitng déng co c6 didu kién lam mat
khong ddi. D6i voi cac dong co tu lam mat bidu thic (6-9) cin ph;ii tinh thém
cac hé s8 xét dén didu kién lam mat bj xdu di khi téc d¢ déng co thay ddi
hofc ditrng im 12 va g nhu & phwong phap tén thit trung binh.

Gia str c6 @5 thi bién thién theo théi gian cla dong dién va téc a6 trong
mét chu ky lam viéc coa d?ng co tr lam mat co dang gidng nhuw hinh -6-3, thi
bidu thac tinh dong dién dang tri trong mél chu ky lam viée s& 1a:

2 2 2
. =l/11t1 + Lo+ 13 611
a(ti+13) +ty 4Bty ) "

— Do thi I = f(1) néu la duong cong lién tuc nhw hinh 6-4 thi ta phai
bién n6 thanh dwong bic thang (dwdng 2 trén hinh 6-4). Néu I = fit) 1a dudng .
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cong c¢6 dang bit ky nhw hinh 6-5 (dwéng 1) thi ta phéi bi€n né thanh duong
gy khac (duwdong 2 trén hinh 6-5). Duong gy khiic nay bao gdm nhitng doan
tiém clin véi dudng cong 1 = f(t). |

I’ ‘12 l )
4
|
| { |
1\ s | '
| 1 I i ! 7 !
[ 4 ! : : .
| ! ! [ |
| | : II ! I I | !
| | 1 BRI b
| 5 | |
} i l | | 1 | ! b i | ]
l | ' ! oo g oo | i
! | i . |
N b | \ o Lo | 5
T R P 1Y ; ;
P B ¢ 1tz 13 4t e t; 1t ty
!‘Hlnh 6-4. Db thj I=f(t) c6 dang duong Hinh 6-5. Dd_thi I=1(t) ¢6 dang duérng cong
.tong lignZtuc (1), va dang bac thang (2) bit ky (1), va dang gy kbt (2)

Sau khi d& c6 dwdng giy khue, ta tinh dong dién d?mg tri cho tirig doan
cudi cang tinh dong dién déng tri cho toan chu ky lam viéc.

Dong dién ding tri cia doan giy khic thw i nao dé duwoc xac dinh

theo bidu thiec :
stife gt
lai = —ot— (6-12)
i

bt tim dwoc bidu thic eu thé linh Ia; ta ‘ _
. bién ddi (6-12) nhu sau : ;1

O m&i doan gly khiic, dong dién bién thién
theo quy luét tuy&n tinh nhu hinh 6-6 va dwoc

|
!
f
|
bi¢u dién b&i phwong trinh : | ‘T‘ 1S
‘ . - |
I = Idi + cht Id* t (6-13) 'H,u I
i 1
| Y .
trong d6: Iy va I; — tri s6 déng dién & diu va ~5 7. | t
cubi cua doan giy khuc ' ¢
thir i: Hinh 6-6. Poan giy khic thir i
o , o clia dd thj dong dién bién thien
t, — thoi gian vng véi doan gay theo thoi gian

khic tht i
Ldy vi phan (6-13) ta c6:

dl = Lot = 1ot t‘ lai g
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suy ra:

dt=—Y% 41 (6-14)

]ci - ]di

Thay'(6-14) vao (6-12) ta dugc:

IL.
L
I = dt (6-15)

lci - Idi
Idi
(iidi tich ph&n trong cin cuaa (6-15) s¢ duouc

3 3 2 2
Lus = ]/ Li — T4 _ vldi+ldil°i+lci
' 3Ty — La) 3

Thay I = I4i + Al vao va bién d0i ta c6*

_ 2 (Al)?
Lai = v Idi + g 3

la = Vlm i + ——— (6-16)
voi Al = 1 — 4.

Trwong hop Al < 0,25 Iy thi trong bidu thirc (6-16) ta ¢6 bé qua s6
hang AI*/3 nghia 1a:

(Al)?

= vIdi(Idi +Al) +

Loy =~ VIa. L (6-17)

— Phuong phéap 14 st dung chinh xac d8i véi nhitng ddng co ma trong
qué trinh l1am viéc dién trd clia c4c cudén diy khong thay ddi hodic thay ddi
khong &Ang k&. DP8i véi nhirng dong co khong d6ng bd rdlo rinh sdu hoic
roto 16ng soc kép trong quéa trinh khéi ddng dién tré ctia mach réto thay ddi
nhidu. Néu khi dong co phdi khdi dong vA him nhidu trong quéa trinh lam
viée thi phuong phap dong dién ding tri s& cho két qui kém chinh xac.

by Phuong phdp mémen ddng tri M.

Phuong ph4dp mémen ddng tri duge suy ra tr phuong phap dong dién
ding (ri. Néu trong qua trinh lam viéc momen cha dong co t§ 1& véi dong
dién nghia . la M = CI (C — hé s6 ty 1é) thi tir (6-9) sau khi nhan ci.hai v& v&i
C ta duoc:

2 2 2
Mo \/Mlt, + MAut .t M2, (6-18)
tl+t2_+ .n+tm
1 m o,
hoic Mg = n > Mx tx - (6-19)
ck 1

Sau khi xéc dinh duge Mg, theo (6-18) cho mot chu ky lam viéc, ta so
sanh néu:
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Mai K Myw thi dong co da chon so bo la d&hg. Néu khoéng théa mén diéu
kién trén- thi phdi chon lai dong co v6i cong sudtl dinh mire tdng 1én mot cap.

Phuong ph4p momen déng tri sit dung chinh xac ddi véi nhitng may
dién mot chidu kich tu doc 1ap khi lam viée voi @ = const vi né dam bao
-didu kién M = KOl D&i v6i cac dong co khong ddng bd moémen cua dong ca
.dwgc x4c dinh theo bidu thuc: '
o M = KMIQ‘DCOSCPQ

nghia Ia m6émen clia dong co ngoai tir'théng ® nbd con phu thudc vao cosg;.
C‘Dsf Hé s6 cong sudt cos ¢, phu thudc vao cong
* 2 suit trén truc clia dong co 1a P, dang nhu
f hinh 6-7. Nhr vay 4% s& dung phuong

phdp Mg, ngoai diu kién ® = const con
phii c6 cos ¢; = const. Tir d6 thi hinh 6-7
ta thdy ring trong mot pham vi cOng sudt
nao dé (P, - P3) co the xem cospp=const

- va M =CI;, pham vi P;—P, thudng dao
dong xung quanh cong sufit dinh mirc Pym.

.l

!
)
1
!
!
|
|
|

!
I
!
|
|
)
P, B ;;_ ¢) Phuong phdp cébng suiit ddng

tri. Pdg.
Hinh 6-7. Quan h¢ gita hé¢ s6 coOng .. .
suitcosPz v6i cOng sut trém truc clia P8i véi nhitng truyén doéng trong

dong co khong ddng bo. qua trinh 1am viée téc 46 ft bién doi
' nghia 13 w = const, cOng sufit s& ti 1¢ véi

mémen P=M.w = CM. T bidu thic tinh Mg, (6-18) ta cé:

2 2 2
Pdt'=VPltl -+ P2 ‘t2+... +me|n | | (6-20)
h+te+.. +in |

b Pim

- — uiL
‘hOic Pdt = 1 !2 P2 ty (6'21) ﬁ
. ) ck 1 %
Pong co chon dungla phii dim bam di2u kién: : < P=f(t)
Pa < P . AR
Dédi véi nhitng trudng hop ddong co lam viée ' ,/‘f/L"“l\
v&it6c d6 thay ddi, Chdng han xét d&n c4c giai doan L MaftE) N @ f(t)

SN ¢

khdi déng va him may thidd thi P=f(t) s8 duwoc suy
ra tir @3 thi M=f(t) vd o = f(t) theo cOng thirc:
P=Muw. Sau khi c6 P = f(t) ta phdi tinh c6ng suit
déing tri trong cac doan c6 P = Var, sau doé tinh
cong suft ding tri cho ¢ chu ky lam viéc rd
dem so sfinh v6i Pan.

~ Biku théc tinh cbng suft ding tri cho tirng V
doan twong tu nhu bidu thie tinh I, (6-16).

. . . Hinh 6-8. bp thi M=f(t), m=
Hinh 6-8 bidu didn d5thi P=f(t)dugcsuy ra; .» P=ft) fﬁ‘;g%géumoi( )chu:1 l;(;)

tir 45 thi M=f(l) va w=[(t) cho m§tchu ky lam viéc.i lam viéc.
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$6-2, KIEM NGHIEM DONG CO THEO DPIRU KIEN QUA TAI
VA KHOT PONG

Khit niing qua 1ai cha déng co vé momen duogc ddc trung béi hé s8 qua
tai Ay
Mmax
Mam
vOi: My, — mOémen l6n nhdt ma ddng co c6 thé lam viée duoc.

Kha ning qua tai cha dong co v& dong dién dwoc dic trung bodi hé s6
qua tai Ap:

?\M:

Al: Imax )

Iim
v6i I, — dong dién cue dai ma doéng co ¢6 thé chiu dgng duoc.
Cac hé s3 Ay, A cho trong 1y lich clia may hoic trong céc sé tay.-
bdng co chon so bé phii dAm bio diéu kién qua tai sau: o
-;\M «Mam > Momax
am > Lemax, ©
trong d6. M . VA Ty, — mOmen va dong dién lon nhdt cha phu tai da quy
ddi v& truc déng co.

boi voi cac dong co khobng ddéng bo 1dng soéc, nguoi ta thudng cho hé
s6 khoéi dong vé mdmen:

' (6-22)

Myq
Akam =
Mdm
va hé s6 khdi dong vé dong dién:
1
Aga.1 = kd
dm

trong d6: Mys va ;o — momen va dong dién khéi dong cha déng co. B6 1a
gia tri cia mémen va ddng dién ng v6i » = 0 trén dic tinh khéi dong.

Nhirng truy€n dong di¢n yéu ciu-khdi ddng co tii thi didu ki¢n d& didm
bio cho ddng'co khdi ddng duwoc dén t6c A6 xac lap la:
Akd'M . Mdm > Mu
Acacr e Tam > 1

v6i M., I, ~ mdmen va dong dién ctia phu tdi dd quy doi v& truc & trong giai
doan khéi dong.

(6-23)

§6-3 XAC PINH TAN SO PONG BIEN CHO PHEP CUA
PONG CO KHONG DONG BO LONG SOC

Dong co khoéng dong bo 18ng s6c duwoce s dung kha rong réi cho truy&n
dong c6 ché do lam viéc ngin han lip lai. Nhitng truyén dong nay thudng
yéu ciu ddng co lam viéc véi dién 4p dinh mic va tin s6 dong dién (s lan
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d6ng cit trong 1 gio) khodng tir 1000 — 2000. Qua4 trinh phat néng chia dong co
khi kh&i dong va ham rit phic tap. O cdc giai doan khéi dong, him va xac
Map déng co lam viée vai cac tri s6 cong suét khac nhau va khac véi tri s6 dinh
mirc Py,. Cac phuong phap kiém nghiém déng co theo cac dai luong déng tri
khdng dam bio dwoc dd chinh xac cin thiét cho nhirng truyén dong nay. Vi
vdy ngudi ta thuong sit dung phirong phap cin bding nhiét lugng va tinh loan
80 ;sAnh s6 lin dong dién cho phép trong 1 gid voi thn sé déng dién thuc té de
ki®m nghiém dong co theo digu kién phat néng. N6icach khaccan xac dinh tin
s6 déng dién cho phép d& nhiét d6 dong co khong vuot qua giol han qui dinh.

‘ Xét truong hop don gidn, do thi bién thién cta t6c do theo thoi gian
trong m@t chu ky lam viéc cia ddng co cé6 dang nhu hinh 6-9

o

—l l =
zd l[_ Ly e ly—~ ¢

tc ke

—

~
x
Q,
T;,_-_____
~

Hinh 6-9. Bd thj w = f(t) trong m6t chu ky lam vi¢e clia
dong co khOng ddng bo 1dng séc

SO lan déng dién trong | giod dugc x4c dinh tir trang thai can bing nhiét:
Nhiét lwong sinh ra clia ddng co can bing v&i nhiét luwgng d6t néng dong co
va nhiét luong téa ra moi truong xung quanh.

- Trong mot chu ky lam viéc nhiét sai trung binh cla dong co 1a 1. Khj
T biing nhiét sai cho phép clia cach dién 1., thi ddng co duoc sir dung hoan
todn v& phuong dién nhiét. 0 18c do lam viéc xdc lap bing hodc gin bing téc
dd dinh mic thi nhiét lugng téa ra moi tradng xung quanh trong thoi gian xac
lap t,;1a: APgn .ty

Trong thdi gian nghi (khéng quay) t,, nhiét lwong tda ra mdi trudng
xung quanh la:

B.AP,, . t,.
Trong giai doan khéi dong va ham la:

l ]
B+ APap(tia+ts).

N#ng luong 16n thit cha dong co trong mét chu ki lam viéc:
AAck - Akd + A;\h + Ale[xl (6'24)
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vGi AP, — 16n thdt cong sudt & 16c dO quay xac lap;
ta — thoi gian lam vi¢g xac lap;
Ays — niing luong tdn thdt khi khéi déng;
Ay, — ning luong tdn th4t khi ham.

Theo diéu kién can béng nhi¢t lugng ta co:
AAkri + AAI: + Alet!:l - B + ! APdm(lkd + th) + Apdmlxl + B' Apdm . to-, (6'25)

2 .

Gia thiét d6ng co lam viéc véi z chu ky trong 1 gio thi thoi gian cia 1
c¢hu ky la:

: 3600
ek = tka + o+t + £, = .
Thoi gian déng dién trong 1 chu ky (thoi gian lam viéc) la:
3600
llv —_— 5‘.
z

vOi e — thoi gian déng dién twong déi.
Thoi gian dong co 1am viéc voi tdc do xac lap trong mot chu ky 1a;
3600

e — (lka — tp). (6-26)

txi
Théi gian nghi trong moét chu ky la:
t,b, = LBEZQQ (1 —¢) (6-27)

Thay tx, (6-26) t, (6-27) vao (6-25) ta c6;

36
AAM + AAh + Apxl [ 00 E—(tkd+th)] - [3—';__1 Apdm (tkd + th) -+
3600
+ APyp, [ € — (tka + tn)] +B. AP, 36ZOO (1 —¢). (6-28)

giai (6-28) ta duoc:
(APym — AP, ¢ + APun . p(1—c)

Z = 3600 1
AAra+ DA, — (tya+ 1) (AP, + "—g— .APg).

(6-29)

R
Néu lﬁy B = 0,25 va APXI = APdm thi:
APy, + B—;—l APun = 0,625 APy .
Vi cac dong co khong ddng b 16ng soc thudng ¢6 thoi gian kh&i dong
va him bé nén s6 hang: '
(tka + ) (AP + P

1 . .
5 APan) < (2 +4)% (AAia +-AAy)

Néu ldy 3% thi miu s6 chia (6-29)75 |A
097 (AAkg + AA,),
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va

7 = 3600 (APan = APwe + APunB(l — ¢)
0'97 (AAkd -+ AAh)

th"i‘n lich 56-30) ta thiy ring dé nang cao sé lin dc’mg dién cho phép
tron.g 1 gio (?) cua dong co cin phai gidm ning lrgng tdn thit trong qua trinh
kh&i dong, ham, va ting nhiét lwrong téa ra méi treong xung quanh Lrong glai
doan nghi (ting BAP,,).
s

(6-30)

B— CHON MAY DIEN THEO CAC YEU CAU KY THUAT

O chuong truée moi chi gidi thiéu cac phuong phap tinh toan xac dinh
cong sulit yéu ciu ma dong co phai c6. D2 ti&n hanh chon dwgc mot dong co
cy thé ta con phdi cin cir vao cac didu kién kinh té, ky thuat khac nhu : loai
mi’éy dién xoay chidu ho#ic mot chidu; cdp dién ap; téc d¢ dinh mirc; pham vi
toc d6 co the didu chinh dwoc; kha ning qua tai, khoi dong ; kitu chu true v.v...

§ 6-4. CHON MAY DIEN THEO LOAI DONG DIEN VA
CAP PIEN AP

Theo tinh chil clia dong dién ngudi ta ché tao may dién thanh hai loai
mot chi€u va xoay chiéu.

D6i véi nhitng truyén ddéng yéu ciu pham vi diéu chinh t6c d6 rong,
qui trinh didu chinh tron (v6 cdp), lam viéc thuong bi qua tii 16n, khdi dong
6 tdi, thudng xuyén phai khéi dong va dirng may v.v.. nguéi ta thuong ding
may dién mot chidu. Tuy theo tinh chdt cda phu tdi, yéu cu cla qué trinh
cOng nghé, ma st dung may dién mot chidu kich twr ddc lap, kich tir ndi tiép
hodc kich tir hén hop. Pic diém cla tirng loai may dién ndy da néu mét phin
& churong dic tinh co cla truyén déng dién.

i P& cung cdp cho cac may dién mot chidu & xi nghiép phii ¢6 ngudn mot
chidu, hosic phai c6 cac by bi€n d6i tir dién xoay chi®u thanh mét chidu nho
ciac may dién quay hodc cac van tinb,

- B48i véi nhirng truyén d6ng-yéu ciu pham vi diéu chinh t6c dd khdng
I6n 1dm, diéu chinh ¢6 cdp, tAn s6 d6ng cit khoéng cin cao lAm, ngudi la thudng
sir dung cac may dién xoay chiBu. C4c ddng co khdng déng bd 16ng séc cé ciu
tao don gidn nhdt, v4dn hianh bio quan dé dang, lam viée chic chin, kich thude
nhd, khdi luong nhd, gia thanh ha. Cac mAay diém xoay chidu con c6 wu viét

14 c6 thé ddu truc tiép vao ludi dién xoay chiéu ba pha ma khong cin qua
cac thiét bi bién ddi.

D8i v6i nhirng truy&n dong yéu ciu pham vi didu chinh tde 46 tuong
d6i rdng, momen khéi ddng cidn lén con dong dién khéi dong cin nho, cac dic
tinh qua do yéu ciu tét v.v.. Nguai ta thuong st dung ddng co khong dong
bd réto quin day.
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DGi v6i nhirng truyén dong c6 cong sufit trung binh va 16n, khong yéu
ciu di&u chinh L6c dd thi hgp ly nhit 14 ding may dién dong bo. Loai may
dién nay con c6 wu viét 1a ¢6 the b céng sudt phin khang cho luéi dién.

T4t nhién dé di dén quy&t dinh chon loai may dién nao cho truyén dong
di¢u, ta phal tién hanh so sanh cac chi tiéu kinh t&, ky thuat dé phu hop véi
thue 1€ cda co sb sin xuA4t. '

D& chon dugc cdp dién ap dinh mic cha may dién, ta cdn cir vao cdp
dién Ap cfia ngudn didn. Cac cdp dién 4p quy chuldn thuong s dung trong

cong nghiép duoc ghi & bang 6-1.

Bang 6-1
Loai dong diéln cdp dién 4ap (V)
Noay chiéu 12 36 127 220 380 500 3 000 6 000 10 000
Mot chidu 12 24 110 220 440 800

Cac may di¢n mot chiéu thuong dgoc ché lao voi cac cdp dién ap dinh
murc: 110, 220, 400 va 800V. Cac may dién mét chiéu c6 cong su#l nhd thudng
duge ché tao & cdp dién 4p, dinh mirc 110 hodc 220V. Cic may dién mot
chi€u cong sudl trung binh va 16n thi dién 4p dinh mirc thuwong la 440 800V
va 1on hon.

Cac miy dién khong déng bo ba pha co cbng suit nhé va trung binh
thuong duoc ché tao cé cdp dién ap xoay chiéu dinh mte 1a 220 V/127 V hodc
380 V/220 V, tuong tng véi chch dfiu day cha stato 1a Y/A.

Cac may dién khong dong bd va dong bo c6 cdng suit trung binh va lon,
thuong duogc ché tao vdi cdp dién ap xoay chiéu dinh miec la 3000V 6000V
hosic 10.000V.

bién ap dinh mtc cia dong co duoc chon phai phu hop véi dién ap
dinh mirc clia lu6i dién sdn ¢6 & nha may. Trong trudong hop mudn s dung
nhiéu may dién v&i cac cdp dién ap khac nhau thi phii so sanh cée chi tiéu
kinh té, ky thuat vé nhirng phuong 4n cung cdp dién cho ching.

§ 6-5. CHON MAY PIEN THEO CAU TRUC

Thuc té€ cac may sin xuét c6 th& phai lam viéc trong nhirng didu kién
moi truong khac nhau nhu: khé rido sach s€ : byi bdm Am uw6t; nhiét 4o cao;
c6 khi an moén: cé6 khi nd v.v..

bé dam bao cho dong co c6 ludi tho cao van hanh an toan, lin cly, gia
thanh hop ly khi lam viéc trong cac méi truong 4y, ngudi ta ché tao cac méy
dién theo 3 kidu phd bién: h&, bio vé, kin.
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- Céc may dién ki®u ho khéng cod chc bo phin ngan chiin sy tiép xuc eha
cac phidn tir bén ngodi véi phin quay ciia no, khong bio vé duoe méy dién khi
¢6 cac vat ben ngoai roi vao bén trong né. Loai nay thuong dwoc sit dung &
nhirng noi khd rio, sach s&, khéng c¢6 khi &n mon, khi ddt v.v..

Cac may dién kidu bio vé 1a loai c6 vO bao, chén. ngin chin khéng
cho cac vat & moi trudng lam viée roi vao bén trong may dién, khong cho
sedc giol nurde roi tir trén xudng hodc roi xién vao bén trong may dién, khong
dé ngudi va phdi bo phan quay cia né.

Cac méay dién kidu kin ¢6 cdu lao phirc tap nbat, ching thuong dueoc ché
tao theo 3 loai:

~ Loai kin dwoc thong gié bang ong dan khi sach tir ngoai vao. Loai nay
thuong duoc sit dung & moi tredng nhigu bui, Am wdt hoac cé hoidn mon v.v...

Loai kin ¢6 bd phan chdng chay, chéng no. V6 boc cia né duge ché tao
dic biét dé khong bi hong khi bén trong may dién xdy ra chay, nd. déng thoi
n6 ciing ngin chin khong dé ciac ngon Ita phat sinh tr bhén trong miy dién
lan ra mdi tredng lém viéc. Loai nay thuong duoc sir dung & nhitng noi cé
nhidt do cao. cé khi nd, him md v.v..

Loai kin c6 bé phan chdng mua._chéng nwoc ngdm vao bén trong may
dién. Loai nay c6 vo rit kin, nho cac tim dém cao su, cac dau ra cua truc thi
dugc chui qua nhitng vong chén dic biét. Cac may dién nay cé thé lam viéc
sdu & trong nuwdc hodc dé & ngoai troi.

O nhitng viing nhiét doi cé nhiét do cao. do Am cao dé phat sinh nim
moc ngudi ta ché tao loai may dién d3i dwoc nhiét déi hoéa.

Ngoai ra theo hinh thic lAm mat cac may dién cing c6 cac cédn truc khac
nhau. Nhirng may dién co cfu tao thong gié tw nhién thi khong ding mot thiét
bi riéng nao d¢ lam mat. Loai may dién ty lam mat c6 hé théng canh quat
gin trén diu truc cia né. Cudng do lam mal cha hai loai nay phu thudc vao
tdc d6 quav cha roto, khi téc do thay ddi thi diéu kién lam mat thay déi. Tée
d9 eang th4p thi sir 1am mat cang kém. khi khéng quay di€u kién lam mat la
xdu nh4t. Nhirng may dién co lam mat doc lap thi luén ludn duoec quat mat
bdi mot hé théng bén ngoai hoan toan riéng biét. Ching han hé thdéng quat
do mot dong co khéc kéo. Didu kién lam mat cia nhirng may nay ludon ludn
duge gitt khong ddi, vi vav khd ning qua tai cho phép lon,
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Phan I
QUA TRiNH QUA PO TRONG TRUYEN DPONGC BIEN

Chuong 1
PONG HOC (;l’JA TRUYEN BONG DIEN

Y 'nghia cua qui trinh quid d6 va muc dich khio sat

- Phuong phip nghitn ciru qua trinh qua do

. Qué trinh qué4 dé co hoc va qua trinh quid d6 dién co
b6 3n dinh cta truyén deng dién

Biic tinh co dong

Chuong 11
QUA TRINH QUA PO CO HOQC
Pha'm vi Gng dung .
A. Cac qua trinh qua d¢ khi dap ngudn khong ddi va dac tinh Mag ()
Ia dudng thang

Qua trinh qua @6 co hoc khi mémen d¢ng phu thudc t6c @6 theo dudng lhing
. Qu4 trinh qua do khoi dong bing bién tré
Qua trinh qui do him ding truyén dong dién

Pic di®m lam viéc cda truyen dong dién khi tai thay ddiki¥u dot bién chu kv

B. Cac qua trinh qua 46 khi ap ngudn khéng ddi va dic tinh Mag ()
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phin dudng cong cia dic tinh co

Qu4 trinh qua d6 do mdmen can bién thién theo ham cia géc quay hoac

harh trinh
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QUA TRINH QUA PO DIEN CO TRONG HE TRUYEN DONG DIEN

khil niém chung
Qua trinh qua d6 dién co trong lruyén dong dién mot chidu khi dign

khi€n mach phin wug
Qua trinh qua d¢ dién co trong truyén déng dién mot chléu khi dléu

khién tu théng
Qua trinh quéa d¢ trong hé may phat — déong co
Nghi¢a ctru dic tinh dong etta truyén déng dién dung dong co khdng
ddéng bo
Chuong 1V
CAC PHUONG PHAP KHAO SAT QUA TRINH QUA p) TRONG.
HE TRUYEN DONG BIEN Ty BONG VONG KIN

Ham truyvén cia hé thong
Dung dic tinh quéa d) bing phuong phap tdn s8
Khao sat qua trinh qui d6 bing phuong ph4p mé hinh hoéa

Phin Il
CHQN MAY DIEN CHO TRUYEN PONG DIEN

Chuong V
TINH CHON CONG SUAT PONG CO TRUYEN DONG

Khai nigm chung

Qua trinh phat néng va nguoi lanh clia may dién
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chinh t8c do

Tinh chon cong suat dong co khi phy tai d6t.bién chu ky

Tinh chon cong suit déong co cho truyén déng diéu chinh

Chuong VI
KIEM NGHIEM VA CHON PONG CO
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