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LGOI NOI PAU

Sie phar tricn cua nganh ché tuo mdy yéu cdu khong ngimg nang
cuo chdt Iitong cia mdy, trong dé mot van de quan trong ld ndng cuo t6e
Ao v giann irong fong mdy. Didu ady lan yudt hidn nhiéi bai todn maoi
vat phite tap vé dong e Néu truece day viée (inh todn va thiét ké mdy chii
trong whiéu vé hail todan wong hop dong hoo thi ngay nay do cde véu cau
néu trén, dde bidt vou cdn vé sdn xudt link hout thi van dé dong hic mdy
cang diwoe el trong.

NoOI dung cuon sdach nay idp trung vao viée xdy dumg mo hinh
dong lue cia mdy: mo hinh pidy cting (dong co not cing voi bo phan co
khi diece goi tdt la bo phdn co ) va mé hind mday mém (dong co néi voi ho
phdn co bang co cdu truven dong o6 ké dén dan tinh, nhung khot fvong
ctia 06 diroe ba gua). Mday nfur vay dicoe goi la may 16 hop. Viée khdo sdr
nheint me phong cde tinh chidt dong luc (cde dac mivén) ciia cde bo phan,
reong tde gifta cde b phan va trung thadd clijn tal caa ching rong gid
trinh van hank cia mdy 16 hop: qud trinh chuyén tiép ( md may va i
mdy b, qud trinh binh én ( qud rinh cong de ).

Ngoai ra cudn sdach ciing dé cap trong puve do “nhdp mon™ mot
phan hién dai cua dong hie hoc iy chuvén dong may dwoe diéu khién
clniong trinh va o1 un hod chivén dong cuaa nuty.

Sdch dirge dimyg cho sinh vién cde nganh co ki cia cde trieong
dai hoc va cing la wai éu tham khdo hitn {ch cho cae k§ s lam viée
trong cac nhd may.

Tdae gid xin cdm on thae st Nguyén Quang Hoang. ci nhan
Newyén Vidt Ha da givip 43 trong viée hoan thién bdn thdo.

Tdc gid xin cdm on cde dong nghiép trong bé mon Co hoc Ung
dung. triwomg Dai hoc Bach khoa Ha Noi vé nhiing trao dor rdt bo ich cho
néi dung cua cuon sdoh.

Ddc bist, tde gid xin cdm on su hd o cia Chirong trinh Nghicn
citu Co ban trong Co hoe.
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CHUONG 1
CAC KHAI NIEM CO BAN VA PINH NGHIA
1. QUA TRINH CONG TAC, MAY VA MO HINH CAU TRUC MAY
1.1 Qua trinh cong tac

Trong sdan xudt cdn thyc hién cac cong viéc khice nhau. Cac cong
viee nay duoe got i qué winh cong tac. D6 1 qué trinh cong ngh¢ nham
bicn cdc nguyén vat liéu thanh bin thinh phim: qud tinh van chuyén dé¢
di chuyén cdc nguyén vat ligu va ban thanh phiam dén dia dieém gia cong
tiép theo: cdc thanh pham dén not tieu thu qué trinh bin doi ning lugng
(r dang niy sang dang khic; quit tinh thong tin (tu liéuw, tai liéu k¥ thual,
ban v&...); qud trinh didu khién. Cdc qud trinh naty dugc thuc hi¢n nho cac
chuyén dong co hoc bing tay (thu cong) hodc biang may.

1.2 Miy

Mady la mot hé thong ding dé thuc hien cic chuyén dong co hoc
clia qui trinh cong tic. Tuy thude dac thh cua qud tiinh cong tic. mdy
duge chia thainh mdy cong nghé, may van chuyén, mdy nang lugng., mdy
thong tin, v...v. Trong san xudl cong nghiép c6 nhimg may thuc hicn cic
qua trinh cong tdc, nhung khong lien quan truc tiép vol chuyén dong co
hoc (vi du, cdc qud trinh hod, nhigt..). D61 tugng khdo sdt trong cudn
sich khong bao gém cdc may loal sau cung nay.

1.3 Mo hinh cita céic bo phan cau thanh may

Mdy fa mot hé
thdng phic tap bao gdm

e BPC CVvM

phiéu hé con nhu dong

¢, co cau truyén dong.
bo phan co hoc, he thong
diéu khién... Mdy ¢6 thé
o6m t6 hop cdc hé théng Hinh 1.1 Sv dé mdy gt dong co

. C e a o2 PC - Pong co,  BPC - Bé phdan co
duge goi 2 mdy to hop. CVM - Cong vide my

C6 loai médy 16 hgp mot DK - H¢ didn khién

dong co (hinb 1.1), ¢o DKCT - Didu khién chirong rinh

loai mdy t6 hop nhicu dong co (hinh 1.2). Chuyén dong co hoc cua may
luon luon kem theo su bién déi dang nang lugng. Vigc bi&n ddi duoc thuc
hién nh&s chuyén dong.
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Tuy thudc Q1 P,

vao dang nang luong * pc, | @ P,

duge bién doi ma ¢6

cic loai dong co | BX | w 2 BPC i

khdc nhau: dong co “r BC | % X CVM
dién, dong co nhiét, w, X

dong co thuy luc, BC, | ©n #n

dong co khi nén.... "
Cdc chuyén dong cd [ <

. . 1328
hoc cua mdy duge

thue hién nhd bo
phan ¢o hoc. D6 1a Hink 1.2 Sodé mdy nhiéw déng oo

mot hé ca hoc gdm cde vat the (cde phin rin, bi€n dang, thuy khi) néi
véi nhau. Bo phan ¢o duge ndi véi dong co bang co cdu truyén dong, né
c6 nhiém vu tao ra cic t6¢ dé lam vige thich hgp cia may.

DE 6 thé thich tng véi cdc qud trinh cong tdc khéc nhau clia méy
hotic véi ¢dc bign dong ctia qud trinh cong tic do cdc tac nhan khic nbau
(cé thé ién dinh hoac ngdu nhién) ngudi ta st dung cdc hé¢ thong diéu
khién va diéu chinh. Cdc hé thong nay hoat dong nhd céc tham s6 diéu
khién u, (i = 1.2....0), tao nén cdc chuyén dong chuong trinh, lam giam
cdc sai 6 hoac 1am on dinh hod cic qua trinh chuyén dong cia mdy. May
khong diéu khién hoat dong dng v6i gid tri hiing cla cdc tham s6 diéu
khién u, = u’ = const. Cic bo phan chi yéu cua mdy Khong dicu khién la
dong co, bd phan co duge néi v6i nhau bang cd ciu truyén dong, dugc goi
tit 1a cu cdu truyeén.

2. MO HINH MAY HAI KHOI LUGNG

O day s& khao sdt khao sat mdy trong mo hinh don gian nhat
nhung rit co ban d6 1d mdy hai khoi lugng. N6 la mot he théng gom hai
phin tir 6 quén tinh 12 dong co v bo phén co hoc (goi tat 1a bo phéan co
hojc co cau chap hanh) dugc ndi véi nhau. NGi khic di, aé xay dung mo
hinh nay cdn bo qua quén tinh cla co cdu truyén. Co cdu truyén chi c6
nhiém vu tao cho co cdu chdp hanh ¢ toc do theo yéu ciiu. Do d6 co cdu
truyén cén dugc cu triic gon nhe nhat, nén gid thi€t bo qua quén tinh clia
co cdu truyén, trong viéc mo phong mdy trong gn ding thi nhét 13 hop
ly.

Cé thé xem co cdu truyén 13 phin ti khong qudn tinh va khong bi
bigh dang. Trudng hop nay mdy dugc xay dung trong mo hinh la mdy co
6



hai khoi luong duge gan cing véi nhau. Mo hinh nhu vay duge gor 1a
mdy cung hai khot lugng (hinh 1.3). Trong truong hop khong thé bo qua
dé bién dang ctia co cdiu truyén, tiic a trong truding hop dé bién dang cla
ca cdu truyén anh hudng dén chuyén dong ciua may thi can xay dung mdy
trong mo hinh har vat cing cd quidn tinh duge ndi véi nhau bang yéu 16 ¢é
tinh dan hoi, nhung ¢6 the bo qua qudn tinh cla yéu t6 dan héi nay. Miy
trong mo hinh nhu vay dugc goi la mdy hai khéi lugng véi co cdu truyén
dan haéi, né duge goi tat 1a mdy mém hai khéi luong (hinh 1.4). Phin wr
dan hoi duge xay dung trong mo hinh tuyén tinh.

May duge xay dung theo mo hinh ndo tuy thude vao yéu ciu cla
bai todn thue t€. Thong thudng dé phuc vy cho thigt k€ va tinh todn so bo,
mdy dugc xdy dung trong mo hinh miy cding hai khéi luong. Ta sé di sau
vao viéc xay dung mo hinh tirmg bo phén cia may.

C

BC BPC De _/VVV\/_ BPC

Hink 1.3 Mday citng hai khot liwong Hinkh 1.4 Mdy mém hai Lhol luong
2.1 Dong co

Pong co 1a bo phan ding dé bién déi cdc dang nang luong thanh
co nang nhy dong co dién, dong co nhiét, dong co thuy lue, dong co khi
nén... Qud trinh bién doi 1 nho cdc tham 56 diéu khién. Dai véi dong co
dién. tham s& diéu khién a thé hiéu {(déi vai dong co dién mot chidu), 1dn
s6 cua thé hiéu (d6i vai dong co dién xoay chiéu). lvu lugng (d6i véi
dong co thuy lyc), luong nhién licu (d6i véi dong co nhiét)... Thong sé ra
cua dong co thuong i toa do khiu ra cGa dong co : khau quay hodc khau
tinh tién.

Mo hinh dong luc cla dong co duge xdc 1ap dua theo mdi quan hé
gilia cdc thong s6 dau ra cia dong co {toa do q va ¢ van tdc¢) va lge do
dong co tao nén va truyén di Q. Luc Q duge goi [a luc phat dong cia
dong co (c6 thif nguyén cua luc khi khau ra [a tinh ti€n va thd nguyén cia
ngdu lyc khi khau ra 13 khau quay). M6&i quan hé gifta cac thong s6 dong
hoc va dong lyc cia dau ra ctta déng co duge goi la cdc dic tuyén cla
dong co.

Xét bén mé hinh co ban sau [5], [15].



a. Pong co voi ddc tuyén dong hoc Iy tirong

DGi vai dong co thuoe Toai nity quan he gitra thong so dau vao va
ddu ra c6 dang:

G = Hw (1.1}

trong dé: 1 - mot ham xdc dinh.

Mo hinh niy thich hgp vdi loai dong co ma van toc cua dao ra phu
thuoe rat il vio tii, vi du nhu dong co ¢6 cong sudt rat [én.
b. Pong co voi ddc tuyén dong luc ly tiong

Khi lyc suy rong cla lye phdt déng khong phu thude vao chuyén
dong cha khau ra cGa dong co va duge xdc dinh chi theo cde gid tri cua
thong s6 vio cua dong co, ta ¢o dac tuyén dong luc 1y trdng:

Q= Q(u) (1.2)

Fac tuyén loai nay thich hop vol cde dong co ¢ luc suy rong cla

lue phat dong phu thude chi yéu vie van tdc, vi du, loal dong co dot
ong.

Cic dic wyén ly tong cua dong co thuong dugc su dung trong
giai doan dau ctia vice thit k¢ may khi chi cdn biét loai dong co va can
xdc dinh cong suat yéu ciu.

D6i véi logi dong co khang didu khién, tic u =y, = const, dsi véi
trudng hop dic tuycn dong hoc ly tuong thi:

q=fy{uy)=const =g, (1.3)

Tiie 1. khau ra ciia déng co ¢é chuyén dong quén tinh, vi du, quay déu
do1 voi domg co dién.

Trong trudng hop dac tuyén dong lue 1y wong s€ co:
Q =Quy)=Q, = const (1.4)
Te Ta bue suy rong cla lue phit dong khong déi.

N&u che tham s6 didu khidn khong thé khéng ché duge mot cich
chiit ché & ché do khong doi ug, tée tham s6 diéu khién bi leéch doi véi ché
do hing u, véi tugng rat bé hi c6 thé sir dung quan hé gian ding, vi du,
trong gin ding thif nhit ¢o:



. dt,, _
q:[U(ul])+al_(uLj)(Ll_u[}) US)

d .
QZQ{UL))+"1Q'(11[,](LI -Ug) {1.0)
du

Cac phuong trinh (1.5). (1.6} dugc goi la cdc dang tuyén tinh hod
hoi chinh 13 phan dudng cong cua dac

cua (1.1) v (1.2). Dang tuyén tinh
tuycn tai lan can diém (u,.0,) hoac (u,.Q) duoc thay bang mot phin cua

tiep tuyén clia dac tuyen qua cic diém nay.

¢. Pong co co ddc tuyén tinh

Hinh 1.5 Cdc ducnyg ddc teven cra dong o

Né&u hé thie gifta thong s6 dong hoc « va lue suy rong Q cua fuc

phit dong ¢ du ra clia dong co ¢ dang:

g="f (uQ) (1.1
hoic trong dang tuong duong:
Q=0Q(u,q) (1.8)

trong d6 u - tham s8 ditu khién.
{ - van toc cua khau ra dong cd..
Q - luc phét dong clia dong co.
thi dong co o6 duge goi la lam viee voi dic tuyén tinh. Céc dac
tuyén (1.7) va (1.8) thuong |2 phi tuyen.

Trong trudng hop dong co khong diéu khién, tic u = u, = const,

thi:
(1.9

(1.10)

q - f1(u(‘nQ)
hoac Q - Q(u(]sq)

9



Trong trudng hop tong quat, fuc suy rong cha luc phat dong phu
thude ca vaw toa do va van t6e cla khao ra dong cd, ca vio thdm $6 diéu
khién, tic:

Q=0Qu,q,9) (1.10)

Céc quan h¢ trén ¢6 thé duge cho trong dang giai tich hoic trong
dang do thi. Trén hinh 1.5 12 d6 thi bi¢u dién mdi guan he (1.7), (1.8) va
cde duting cong nay duoc goi 1a dic tuyén chia déng co.

Trong thue (€, may thudng lam viée & ché do rit gan véi ché do o6
cdc thong s6 khong déi (u = v, =const, q = ®,= const,Q ~ Q, = const).
Trong truong hop nhu vay ¢6 thé sir dung dang tuyén tinh héa ctia chiing:

of of
= f[(llUsQ(})+ a—ul(uo-Qu)(u - U(])+E£(uf_J’Q{) HQ _Q[J)

1
=y +y(u—u,}——(Q -Qy) (1.12)
8
. . of|
trong do : gy =1, (u,,Q,)=const; Y =——(uy,Qp) = const
du
- of,|
5 I:*%(UO .Q, )= const (1.1

Tuong tu nhir vay nhan duge:

Q= Q(U(}sm())+ Q(Uusm())(u uo)"'%?l'(u()’mn)(q_mﬂ):

=Qq +r{u—uy)—s(q-w,) (1.14)
trong do
Qs =Quy,m,) =const ; rzg(uo,mo):const,
S:_ﬁq (ugy,wy) = const (1.15)

He s6 s dugc goi la do cong cia dac tuyén tinh cla dong co tai
diém 1am viéc (u,,0,) cha dong co (cdn duoc goi 13 do cing tinh cha né).
Thong thudng vigc tang tdc d¢ s& lam giam luc suy rong cia luc phat

10



dong cia dong co, nén ¢Q/ oq thuome 1y gid tri am. Do d6 s ¢d cic gid

tr1 duong.

DGi vai may khong diéu khién v = u, = const, 1a co:

. ]

q=w, ——(Q-Qy) {1.16)
b3

Q=Q, —stq—wy) (1.17)
d. Pong co 6 dde tuyén dong luc

Pic tuyén (inh phan dnh che do tam viee tinh cua dong coLtrong
46 cac thong s6 u. {, Q hoac ¢6 gid i khang doi hodc thay dot edt cham.
Trong thuc t& van toc khiu ra chia dong co phu thudc khong nhiing vao
fuc suy rong cua juc phit dong mi con phu thude vio toc do thay dot clia
n6. Trong gan ding thd nhilt ¢6 quan he saw

q="0wQ+1Q.q) (1.18)

Tir day ¢6 thé nhan duoe quan hé sau:

tQ+Q=0Q,(uq.q) (1.19)

Trong d6 : Q,(u,q.q)- luc suy rong cha lue phdt dong trong ché& do tinh.
T - hiing 6 ri¢ng thdi gian cua dong ¢d.

Né&u dic tuyén tinh khong phy thude vao toa do g thi dac tuycn
dong luc co dang sau:

=0 (u,Q+ Q) (1.20)
hoic  tQ+Q=Q, (0@ (1.21)

Cic diac tuyén dang (1.18) = (1.21) a61 véi mot so loai dong co
phan anh tuong doi day du ché do dong luc chia ching. C6 nhitng loai
dong co dai lugng q thay déi trong gidi han hep thi ch€ do dong luc cua
ching khong phit hgp véi cic quan hé dugc néu & trén. ‘Trong nhiing
trudng hop nhu vay cin xdy dung cdc dic tuyén cb dang phu hop khic.

e. Pdc tuyén ctia mot s loai dong co duoc sit dung trong cac may hién
dai

- Dong co dién mot chiéu voi kich déng doe lap



Chuyén dong quay ciia khau ra (r6to) ciia dong co do twong tic
cia dong dién trong cudn diy va tir trudng duge tao ra do cudn day kich
dong (hinh 1.6).

Khi rote quay trong cudn day sinh ra suit u
dién dong, duge tinh theo cong thite sau:

E=kéq  (1.22)

Trong d6 ¢ -tlr thong cua cuon day kich dong,

k - hé soty & m

Khi khéng cé su mat mit the hi¢u trong

cuon day cia 1i thi: Hinh 1.6 Donp co dién
U= E=k¢q
|
“Tirda 1=—0U 1.23
y q ko { )

Cong thic (1.23) la dac tuyeén dong hoc 1y tudng cua dong co.
Khi khong cé tai (Q = 0), tic, trong hanh trinh chay tron, dic tuyén thuc
duge xem nhu trang voi dac tuyén ly tuong. Khi dat tai v6i momen hang
Q 1&n roto, trong cudn diy cua nd sinh ra dong dién khong ddi 1, theo
dinh luat Ampe, I duge tinh theo cong thitc sau:

i

I:k_d)Q

(1.24)

Ky hiéu R 13 dién trd cta cudn day cha 161, phuong trinh cia

mach di¢n. duge viét nhu sau: U=E+IR =kdq + %Q

1 R
Tir day nhan duoc 1=—U- (1.2%)
y nhan dug q ko Kol Q

Cong thuc (1.25) c6 dang dac tuyén tinh.

Trong truong hop moémen phdt déng la ham cua thoi gian,
Q = Q(1), dong dién trong 16i cling s& thay déi. K hiéu L [ tir cdm cia
161, phuong trinh mach dién sé la

: R L.
U=E+IR+ IL=k¢q+—(Q+—
+IR + ¢q+k¢(Q+RQ)

12



Trong trudng hop nay nhan duge dac tuyén dong lue nhu sau:

rQ+Q:%U-—kh§h g (1.26)

vdi 1 -hdng $6 riéng thdi gian (dién tir) cha dong cg, T= LR

Nhur vay dac tuyé€n cia dong co dien mot chiéu véi kich dong doc
tap c6 dang tuyén tinh véi r=k¢R™'; s=k*$’R"; t=LR".

Cac thong s6 k, ¢, R, L dugc cho trorg sé tay vé dong co dién mot
chiéu.

Mot dic trung quan trong clia dong co 12 higu suat, dé 1a ti 6 giia
cong suat khéau ra vi ¢cong sudt cha ngudn ning lugng.

Cong suat G khaura W,

W, = Qg
Cong suit cia ngudn nang lugng véi dic tuyén tinh:
W, = Ul = Qkéi+ 2Qy=0q + —X_q? =Qq+s'Q°
ngo k¢l q kq} q k2¢)2 4 | . 4
Vay hiéu suat i s€ Ja:
W ' _
ne ooy, O
Wie Qq+s7Q° sq

Tir day 6 thé thdy trong cdc gid tri cho trude chia luc phdt dong va
vin 6c goe cha roto trong ché do tinh, hidu sudt tang cling vé6i su tang
cua d6 cong cha dic uyén dong co. Dac tuyén dang (1.25) ¢6 thé vist
trong dang sau:

=0’ -s'Q (1.27)
trong dé " 1a van ¢ g6c cha hanh trinh chay tron, ” = q\Q:U
Hi¢u sudt c6 thé dugc viét theo cong thiic
n=4 (1.28)
®

- Dong codién khonyg dong bo

Quid trinh vat Iy xay ra trong cdc dong co dién khong déng bo rat
phitc tap. O day chi xay dung dic tuyén clia ch& do finh va ché do dong

13



fue gin finh. Hoat dong cta dong co drén khong dong ba 1 do (i truong
0 veetd cudng do quay véi van toc g0c¢ bing 1y s6 cia tan $6 v cia dong
dién xoay chiéu sinh ra frong cudn day stato vi so doi CUC p- Cla no.
Trong hanh trinh chay tron (Q =0) dudi anh hudng cia tir truomg niy roto
quay cung vGi van (e gée chia hanh tanh chay tron;

Y

o = (1.20)
Pc

Néu coi v 1a théng 6 vio cua dong
co thi he thitc nay hidu dién dac trung dong
hoc 1y tudng. Trong trudng hop ¢ i, row
S¢ quay cham hon so véi tr trudng quay
dugce dic trung bing hé 6 truot o:

o=1- }{_ (1.30) Hinh 1.7 Bdc tuyén tinh cria
03 dong co dién khong dong hg
Bac tuyén bicu thi quan he gita @i
va hé 56 truot cho trong cong thie chinh xidc Klossa (4}
2M, (14 aG, )

Q= T (L3
CyS  +00, +2ac,

Trong dé: M, - momen cue dal (té han),
- h¢ s6 trugt tng voi momen cuc dai,

a -ty s6 trd khdng trong stato vi roto.

Cie dai lvong a, o,, M, duoc cho trong $oO tay tra clu vé dong co
di¢n khong déng bo. Phan lam viee cla dong co tng véi didc tuyén tinh &
trong mién cde gid trj o < 0,56, (hinh 1.7).

Trong che do deng luc néu cic gia tri cia o khong vuot ra khoi
mién niy thi ¢é thé sir dung dic tuyén dong luc tuyén tinh dang:

rQ+Q:——iU—£9® (1.32)

G, v

trong 46 t=(vo,) ' Ia hing s6 thai gian di€n tir ciia dong co.



- Dong co thuy hiee didu chind khei,

Béng co gém ¢ bom | dé diéu chinh P
lwu luong va mo 1o thuy luc 2. Thong s& vao ‘
cla mo 1o thuy tue 12 luu lugng coa bom, trong :
gdn ding thi nhat duge xem (i khéng phu <

thudc vao 46 ha iip py (hinh 1.8). Hinh 1.8 Dong co thuy

. lwe dicw clienh khai
Trong hanh trinh chay tron (Q = 0) van C e

t6¢ g6c clia moto thuy lue ty 1e vai Ly Juong

W,

q= .
1 k(i

(1.33)

trong do k, - hé s& dic trung khéi ciia moto thuy luc,

He thie (1.33) chinh I dac tuyén dong hoc ly twéng. Trong
truding hop c6 tai Q sé xdy ra hién tugng ha dp gitra ddu vao va ddu ra cia
moto thuy lue:

p :2
i kd

Ha dp gay nén su ro ri khéi chit I6ng [am viéc. Do dé ¢6 su ton
hae luu lugng do b ri:
Wr = grpd
trong dé : g, - hé¢ 56 rd i,
W, - luu lugng bi 1o 1,

Cong thitc (1.33) bay g0 sé la:

. W, -W | g
== W, -2 Q (1.34)
K kd kni " kﬁ .
Tir day nhan duge: Q=g"k,W, —k2g'q (1.35)

N6 c6 dang (1.14) véi r=g 'k 35 = —k2g "

Viay (1.35) 1a ddc tuyén tinh chia dong co thuy luwc. Néu ké dén do
thay déi clia tai Q theo thoi gian (tic Q) v lugng ha dp (p,) thi can tinh
d€n ¢4 su nén ciia chat long. Trong trudmg hop nay luu fuong mat mat ty
1¢ véi p,:
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V V., .
Wo=_—t%g .Y
n E pd Ekd Q

trong do : W, - luu luong bi mat do chat long bi nén,
E - modun dan héi the tich cia chit long,
V, - thé tich bén trong ctia duong dng din dp lyc cao ké ca
hom vii moto thuy hue mic vao nd.
Trong trudmg hop nay (1.33) duoc viét nhu sau:

vV, .
‘}-‘} Q
Ekj

i

) t | g
q:_(wb _Wr _W!ﬁ):'_wb “_LQ_
k k k)

d i

V .
né ¢6 dang (1.21) véi 1=-—1 v Q, =tW, - 5q.

d

Ndi cach khdc, dace tuyén dong luc ciua dong co thuy tue cd dang:

V. .
A Q+Q=1W, -5q (1.36)
Eg,

- Bong co thuy lite loal van b (van tiét licu)

So dé ctia dong co thuy luc
van tiét dugc cho trén hinh 1.9

3 4 5
Thong s0 vao u cua dong co la A [
thong so dinh vi cua van diéu tiét 3 -

By

1

¢6 nhiém vu diéu chinh luu luong
qua van nhe dé diéu chinh duoc vin
t0c cua khau ra cua dong co. Bo
phan di¢u tiét 4p luc 2 ¢6 nhiém vu
ailr khong doi dp luc qua van do
bom 1 tao nén. Bubng phan phoi

Hinh 1.9 Déng co thuy hwe van
16t Hiu

chat long 4 thyc hién chuyén dong dao chiéu clia méto thuy luc loai roto
hoac pittong 5.

Dic tuyén tinh cua truyén dong thuy luc tiét luu duge xay dung
dua trén dinh ludt dong chay qua van. Lugng nudc qua van ty 1€ véi can
bac hat cua dé ha d4p qua van nén

2 —
Wd = I’lf(“‘)\j% pb - pd



trong dé: 1t - he 6 huu lugng qua van, phu thude vao hinh dang tiét dién;
f(u) - him dic trung, phu thude ciia dién tich 16, vio thong s6
vao u, 1d¢ v1 tri cua van,
p - mat do khoi ciia chét long fam viéc;
P, - 4p sudt vao van tiét luu, duge gid thiét 13 hing s6;
p, - 4p sudt trong budng lam viéc clia dong co thay luc.
Van téc suy réng g ciia khau ra (van téc goc cua roto hoac van
t6c¢ dai cha pittong) duge tinth theo cong thic:

.
q=—W;-W))

d
trong dé: W - luu lugng bi ro ri trong déng co thuy lye;
k, - dung tich dic trung,

Khi thay py =—1—Q; W_ =g p, vio biéu thitc q ta nhan dugc dac

d
tuyén inh ctia dong co thuy luc:
. 1 2 Q 1
q=pf(— =Py —7 & 5 Q (1.37)
k(l p kd k(zi

Khi Q = 0 nhan duge dac tuyén dong hoc 1y tuong:

: . 1 |2
q=m(u)——v1/—pb (1.38)
kd p Q
Ppsi véi ché do tinh A
{u = uy, = const, Q = Q, = const,
q = w, = const) c6 thé sir dung dac
tuyén dong luc tuyén tinh
Q-+ AQ =rAu —sAQ (1.39)
trong d6 A ,
4z 92 4y q
Hinh 1.10 Cdc ddc tuyén iinh

AQ=Q-QuAu=u-u,Aq = G -0y,
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=2k ) =2 (py 22

du f(uy) k
P, -,
mf(ug) Y

Trong d6: V,, - thé tich bén trong dudng ong sau van ké ca phén lap vao
dong ca thuy Juc,

E - modun dan héi clia chit long.

Cadc dac tuyén (1.36) + (1.39) ding vdi cde gid tri cua Q khong
vuot gid tri gi6i han duge xdc dinh do thiét bi diéu tict dp suat. Gid tri gidi
han nay phu thudc yéu vao q.

Néi chung & cdc dic tuyén tinh ¢6 dang duge chi trén hinh 1.10,
¢6 phin BC (ng vai cong thite (1.36), phan AB dugc xde dinb do su dicu
chinh clia thiét bi diéu uét dp suat.

- Dong co Khi neén.

Trong cdc dong ca khi nén sir dung khéng khi bi nén. Do tinh nén
ctia khong khi déng ké nén rat khé thuc hién céc chuyén dong chuong
trinh ciia co ciu lam viéc. Théng thudng cic truyén din khi nén dugc su
dung d¢ tao lue, ching tic dung tén co cdu chip hanh (thi du pittong) cac
lyc theo yéu cdu, gia tri clia né duge xic dinh nhd dp sudt trong budng
lam viéc cua xylanh.

9
Trén hinh L.11 12 so d6 cia dong ke —
co khi nén don gidn nhat véi mot budng
lam viéc. Cac thong s¢ vao la toa do cha B

thiét bi (van kéo. van didu ti¢t), diéu
khién viéc nap khong khi nén vao budng
lam viéc. Theo céc gia thiét vé dac trung ' o, \ ( o F
clia cdc qud trinh nhigt dong luc, khi bo ’
sung khi vao budng lam viéc luu lugng Hink 1.11 S0 dé dong co khi
khai ctia khong khi qua 16 duge tinh theo nen don

cong thie sau:
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G = uf(g. [2p, P F(-) (1.40)
Ph

trong do: p - hé 6 huu lugng, gid tri cta nd phu thudc vio ciu triic clia
van tiét luu, cé thé thay doi trong khoing 0,75+0,9;

f(u) - dién tich ciia tiét dién;
P, - mat do khi trong dudng éng chinh dan khi;

Py Ap sudl cung cdp; p - 4p sudt trong budng lam viéc.

2 Aol
F(,&)k{(p/pb)k “(pip) ¥ ] khi £ 50528

ph k-1 B Ph
2
LR ( 2k J“ khi L <0528
P, k+Illk+l1 Ph

Trong d6 k - ty s6 gira nhiét dung trong di€u kién 4ap sudt hing
vdi nhiét dung trong diéu kién thé tich hing (doi véi khong khi k = 1,4).

Khi p/py, > 0,528 ludng khi qua cira van tiét luu la trude téi han,
conkhi p/p, 0,528 - trén téi han.

Céac déc tuyén ctra dong co khi nén 1a phi tuyén, Tuyén tinh hod
ching lan c¢in ché do ding nao d6, thi du, u = u,, p = p,s, q = h, (hinh
I.11) ¢6 thé nhan duoc dic tuyén dong luc dang:

TAQ +AQ = ru —sq (1.41)

. Shug ( 6G
oday AQ=Q-Q,=Q -spy 1= Lg(o ]
4]

RT \ dp
i
o ', __Suene [0
0 i, - RT | dp

trong d6 : S - dién tich cua pitiéng;

G

r=—5——

du

-1
} (1.42)
0

R - hing s& khi van nang,
T - nhiét do tuyét dog;

XK
du

. OG
va —

3 duge xdc dinh tir (1.39) khi thay u = u,; p=p,.
0 P

0
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2.2 M6 hinh dong lyc cua b6 phan co

Phin co 12 mot hé co hoc gém cédc vt thé fién két véi nhau ¢6
nhiém vu thuc hién cdc chuyén dong co hoc theo yéu ciu. Cic khau cha
bd phan nay hiu hét Ja cic vat thé rin (vat rin tuyét doi) va vat thé bién
dang bé thinh thodng ¢é khau mém (bién dang 16n) nhu dai truyén,
xich,..., vt cac khau long trong cdc truyén déng thuy lyc.

Xay dung mo hinh dong luc cua phan co la moé hinh hod cic khau
va cde khép thude bo phan nay, nd thudng duge xdy dyng theo hai mo
hinh sau :

a. Co cau voi khau ctng
M6 hinh nay duge xay dung dita trén cée gia thiét co ban sau:

1) Cdc khau thé ran dugc xem la vat rin tuyét doi, cic khau mém
duge xem 12 khong bi din. cdce khau léng duoge xem [a khong bi nén.

2) Cic khdp thuc hién chinh xdc cdc phuong trinh lién két, khong
c6 khe hd, mit tép xic cdc khdp cdp cao khong bi bién dang. N1 khac
di, cdc khép dong 1a cdc lién k&t holénom va gii.

M4y ma bo phan co gém cdc cd cdu véi cac khau cimg duge goi
Ih mdy cimg. Trong mdy cing sO bac tr do cua mdy tring véi s bac
dong. Trong trudng hop riéng cha may cltng mot dong co, cac toa do bé
cdc clla cdc chdt diém clia né déu 6 thé biéu dién 1a ham cua mot toa do
suy rong, tirc 1a;

X, = X (@) v, = yq) 7z, =2(q) véi k=12,..N

b. Co cdu voi khau dan hoi

Mé-hinh mdy cimg trong nhiéu trudng hop khoéng dap ing dugc
cdc yéu cdu cha k¥ thuat nhu trong vi¢e tinh todn d bén, dd cling ving
(dao dong) cha mdy. Pac biét trong cdc mdy hién dai, cic bién dang va
gan lién vai chiing 1a cdc chin dong (dac dong din héi) ¢ ¥ nghia rit
quan trong déi véi do chinh xic, tubi tho cha may. Trong trudng hgp nhu
vy, cdn thiét phai xay dung mo hinh phifc tap hon, vi du, cén phai ké dén
bién dang cOa cdc khiau hoac mot so khau. Mdy duge xay dung theo mé
hinh nhu vay duoc goi 13 mdy vdi khiu dan hdi va goi tat (2 mdy mém.
Néu mdy pdm c¢é cdc khau ciing va cdc phan tlr dan hoi khong quin tinh
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thi ¢6 mo hinh roi rac, con trong trudng hop khong bé qua durge quan tinh
coa cdc phan tir dan hoi thi ¢é méd hinh vdi cic thong s6 phan be.

Vige xdy dung mdy theo mé hinh nae 1a vin dé it phite tap, trude
nhat né phu thuoe vao yéu ciu cia k§ thuat vi tiép thee phu thude vio
kinh nghi¢m cta viéc khdo sdt cic loai mdy tuong ty va sau ciing phu
thude vao kha nang va kinh nghié¢m tich lu¥ ciia k¥ su chon mo hinh.

Thong thudng viéc chon md hinh duge tién hanh qua nhiu buéce,
trong glal doan tinh todn, thi¢t k& so bo thudng st dung m6 hinh may
cing. Co s¢ vio do tinh duge cong sudt dong co, cdc phan luc tai cic
khigp dong. Mo hinh mdy mém duoc dé cip khi cin phai quan tam dén
cdc qud trinh dong lue nhu chdn déng cua cice phén tir, cic qud trinh chu
ky vé&i tan s6 thip. Dao dong véi céc tan s cao thudng duge tinh d6i véi
cdc khau riéng biét. Le di nhién tiéu chudn dé khiang dinh mic dé ding
din cla moé hinh duoc xay dung 12 thuc nghiém v thuc t&.

3. CAC DAC TRUNG CUA QUA TRINH CONG TAC

Dé thue hién cdc qud trinh cong tic clhia mdy, vi du, cdc qud trinh
cong nghé, cic dong luc phdt dong cdn phai thing cdc dong luc can,
chinh chilng dic trung cho qud trinh cong tdc. Céc dong luc can la cdc tai
lam viée, cdc lue can vo ich nhu cdc luc ma sdt va ca trong luc dat [én cdc
khau ciia mdy.

3.1 Tai tam viéc

Khi thuc hién qud trinh cong tdc cua mdy s&€ phdt sinh cidc dong
luc duoc goi la cdc tai lam viée. D6 1A cédc lue (ngau lue) tac dung 1én cac
bo phan may. Chiing thudng 1a ham cua thai gian, cdc thong s6 dinh vi va
ca dao ham theo thoi gian cua cdc thong s6 dinh vi:

P, = P(t.X) X0 K| Kp0)  S= 120 (1.43)

Chiing duge goi 1a cic dac tuyén cua qud trinh cong tic. Viéc
nghién cdu cic dic (uyén cua ting qua trinh coéng tic thude cdc mon
chuyén sau nhu: nghién ciu dic tuyén cha luc cit khi gia cong kim loai
trong mdy coéng cu duge dé cap trong 1y thuyét cit; diac tuyén cha lue tdc
dung trén roto mdy phét - trong 1y thuyét mdy dién....d day ching ta s&
~ khao sat dac tuyén vai loai may.

21



a. Mdy ndng ha

Trong truong hop nity tai 1am viéc chinh la trong lye vat can nang.
Luc nay ¢6 gid tri hang trong ¢i qua trinh ning. Nhu vay:

P = P, = consl (1.44)
b. Quat thong gio

Tai lam viéc [a momen M, clia céce lyc khi dong tde dung Ién cdnh
quat, ngau lyc nay phu thudce viio van tdc géc clia roto, nd ¢é thé bidu
dién (gin ding) trong dang sau;

Me=—(a+ b\o)| + e’ Jsigno (1.45)
A : ®
O day abc>0 signw = —
o)
trong dé: ® - vin téc goc cua roto, thanh phin dau do ma sat kho tic
dung trén 6 truc, signo - phin dnh viée thay doi chiéu quay.

Cdc ddc tuyén ctia mdy bom ly tam va mot s6' mdy ciing ¢6 dang
fHong .

Xét mot I8p cdc miy ¢6 dic tuyén quéd trinh cong tac tdng quit
hon:

M. = —F(u)signe  (Fa) > 0) (1.46)

Cong suat ctta lue can trong qui ludt ciia chuyén dong twy ¥ uon
ludn am.

Thuc vay

We = Mo =-F(o)signo.o = —qu|)‘—z-“m = ~F(])|e] < 0

Cong sudt am chi ra ring qud trinh cong tic yéu cau chuyén lién
tuc nang lugng cho doi (uong cin gia cong. DS 14 dic trung 1 nhit cla
mdy cong nghé, vi du, qui trinh cit got kim loai.

c. Mdy phdt dién mdt chiéu voi kich déng doc lap lam viéc véi tro
khdng ngodi khong doi (hinh 1.12)

Nhu da biét sut dién dong ty 1€ véi van t6c gbc cha roto:
E=kéw =I(R,+ R) (1.47)

trong d6 : ¢ - tir thong cta kich dong,
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I - dong dien trong 160, k-h¢ 56 ty le,
R, - dién tr& cha cuon day 16i.
Mar khdc theo dinh juat Ampe thi:

M = kol (1.48)
Khi thay (1.46) viao (1.47) ta nhan duoc:
M = K'0%R, + R) o (1.49)
} Ca(, d%tc — R, R,
tuyén cua  may R

phat tng vdi cic
gid i khidc nhau
cua R dugc cho

trén hinh 1.13. Dé
dang thay ring cdc o

dic tuyén nay cé
dang (1.45),
d. May nén khi

(1]

Hinh 1.12 So do mdy Hinh 1.13 Cdac ddc tuvéh
phat dién mior chiéu cua mdy phdr ting voi Ry

So d6 mdy nén khi cho trén
hinh 1.14,

Pittong | thuc hién chuyén
dong tinh tién doi chiéu. Khi pittong
chuyén sang phai, khong khi frong
xylanh bt nén lam cho dp sudl tang Hinh 1.14 Gidn dé mdy nén khi
Ién cho d&n khi van x4 2 chira duoe md. Sau d6 khéng khi duoc nap vao
va dp sudt trong buéng khi duoc giif gdn nhu khong déi. Trong hanh trinh
nguoc lai khong khi duge hit qua van 3, & d6 dp suat thap hon dp suét khi
quyén. Gidn d6 chi thi thiét 1ap quan hé gitta dp sudt va ¢4 lue P tic dung
lén pittong (bang tich cia dp sudt va dién tich pittong) theo vi tri Xp cua
pitténg (hinh 1.14),

Pe =Pe(xp,signxy )

D6i véi trudng hop x; > 0, sign(x;) = 1 tng véi nhdnh phia trén
clia difc wuyén, khi Xy < 0, signXy = -1 tng v&i nhanh phia dudi. Dién
tich S duogc gidi han bai dic tuyén (theo ty 18 xich cho) la cong cua luc P,

(hinh 1.15).
S= 413(:(1)(3



P ! a
]
?
. — xg O X
. 1-r Xai Xgy %g ¢ A X
Hinh 1.15 Bdc tuvén ciia mdy nén ki Hinh 1.16 Déc tuvén

ctig mdy xung

e. Mdy lam viéc theo tdc dung xung (vi du, mdy bita rén, ddp, dong
coc...)

Qui trinh cong tic cta mdy nay ¢ dac trung va cham. Dac wyén
clia cde qué trinh nhir vy dugc cho trén hinh 1.16.

3.2 Luc ma sat

Luc ma sat 14 lyc cdn sinh ra trong céc khép dong. Thong thuong
bo qua céc luc ma sdt trong khi khaoe sat dong lue mdy, tic 1a xem co cilu
Ia cdc hé véi lien két 1y tuong, Tuy nhién c6 phitng co cdu trong dé tyc
ma sdt déng vai tro va ¢6 anh hudng guan trong dén cic dac trung dong
lyc clia co hé, vi du, trong cong nghé mai. Trong nhitng trudng hop nhu
vay khong thé bo qua cdc luc ma sat vi may dude xem nhu co hé khong
iy tuong.

3.3 Trong luc

Trong khao sit dong lyc cin thict phai chi ¥ dén trong luc cac
khau ma trong chuyén dong cia mdy, trong tam cila cdc khau di chuyén.
Loai luc ndy thudc loai luc cd thé va trong qud trinh chuyén dong cua
mdy c6 thé sinh cong duong trong giai doan nay clia chuyén dong va sinh
cong am trong giai doan khéc clia chuyén dong.
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CHUONG 2
CHUYEN PONG CUA MAY CUNG MOT BAC PONG

1. MO HINH MAY CUNG MOT BAC DONG

Trong trudng hop ¢ cdu truyén dong di ciing, ¢6 thé mo hinh cua
né 1A trong dang phan tir cing tuyét d6i khong khéi luong. Trong dicu
kién nhu vay cé thé xay dung mdy trong mo hinh mdy hai khoi Tugng :
doéng co va bo phan co ndi cing véi nhau (hinh 1.3). bé xac dinh ta khao
sat trudng hop dong oo o6 khau ra 1d khau quay, toa d¢ cua né dugce ky
hidu qua q. Goi T la dong nang cia may, bi¢u dién qua toa do va van toc
khéu ra, tiic T = T(q.q) vd Q - luc suy rong clia cdc luc tic dung lén mdy
ing véi toa do suy rong q, nd thuong cd dang Q = Q(t,4.q).

Phuong trinh chuyén dong cita mdy duge viét dudi dang phuong
trinh Lagrange loai 2:

aor or
dt éq ¢q

(2.1}

D¢ trién khai phuong teinh nay cin thiét phai tinh cdce bicu thic
dong ning cua mdy va luc suy rong Q.

1.1 Biéu thitc dong nang cua may
a. Biéu thirc clia moémen qudn tinh thu gon

Biéu thic dong nang ciia may duge tinh theo cong thic:

l 2 l .3 .2 -2
T:Ekav; :Eka(x; + ¥y +7y)

trong do: m, - khdi lugng ciia phan tr M,
v, - vin 18¢ clta nd
X Vi Z, - 102 dO cua phin tu nay.
Vi méay 1a oo hé ¢6 mot bic tu do nén toa do cac phdn tir déu biéu
dién duoc qua toa do suy rong, tirc la:
X, = X @y = yela) 7 =24 (Q)

G @) dn e dey g

Xk
dt dg dt  dqg
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Mot cich tuong tu ta ¢o:

_ dy, . _dz o
Vi o= =@ 2 = ()
dq dg

Biéu thifc dong ning cha mady duge vict nhu sau
.

| L dx, 5 dy, dz, > ], |1 .3
T==2N"m, | (2 4 (225 4 (=R g7 == - 2.2
22 .\L( T (dq) (dq)J“ Siwa 22)

Dai lugng J(q):ZmJ(EﬁJ‘— P+ (El-y—“f +(9~?f“—)21 (2.3)

dg dq dq |
dwoc goi 1a momen qudn tinh khéi lugng cha mdy thu vé khau ra cla
dong co, duce goi tat A momen qudn tinh khéi luong thu gon. b6 la ham
clia cha toa do cua khau ra ctia dong co va 1a ham tudn hoin doi v g, vi
sau khi truc dong co quay duge mot s6 vong thi cac Khau cua mdy trG vé
vi tri xuat phat. Gia thiét raing chu k¥ ctia mdy ng v6i mot vong quay clia
dong c¢o. D¢ thuan tién mémen quan tinh khot hrgng thu gon cua may
duogc viét trong dang sau:

Kqy=J,+7 (2.4)
trong dé Jy= 5]— J‘J(q)dq (2.5}

0

dugc goi 1a gid tri trung binh cha momen quén tinh thu gon clia may
trong mot chu k¥, né 1a thinh phin khong doi cia momen quén tinh thu
gon cua mdy, ¢on

In

~ ]
T=0)-Ty =3H@)- == [Jgdq (2.6)
2n 0
11 do leéch ciia momen qudn tinh thu gon cia mdy doi voi gid tri trung
binh ctia né. Day 1a 14 thinh phin bién doi cia moémen quan tinh thu gon
cuia may.

Vi rang

2

121‘t~ l’.’rt 12,1
1 gdg == [iqidg-J, =— [Hqydq-— [Hq)dg=0
zﬂnftqqznﬂfq)q A 211Jqq quq

n
2m
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nén gi4 tri trung binh trong mot chu k¥ cla thanh phan bi¢n doi clia
moémen quin tinh thu gon cha mdy bang khong.

Dudi day khao sat mot s6 thi du. }J
Thidu?2.l:

zw_/

Khio sdt mot mdy gdém
cdc khau cing duge cho trén
hinh 2.1.

Gia su dong co <o
momen qudn tinh khoi Iuong
d6i v6i truc quay riéng cta né 14 I, néi voi cdc bo phan cong tdc 5 nho
cdc banh rang 1, 2, 3. 4. Ching cé momen qudn tinh doi vGi truc quay
rieng ctia minh lan luot 13 J,, 5, J5, J,. Co cdu chdp hanh 5 c6 moémen
quéan tinh dai véi truc quay riéng cua né la J,.

Hinh 2.1 So do mdy cho thi du 2.1

Cho cdc ti sO truyén dong:

q .. @,

1 vl =

Dong ning cha médy duge tinh theo cong thic sau:
. 1 2 l 2 l bl l 3 1 bl l ]
T==J,00 +=J 0] +=J,0; +—J05 +=J,0; + —J;0;5
2(J021I222233244233
trong d6 ©, =q

Chu y rang:

w @

L2 b
Wy w; O q B
— =iy > Wy === 05 =0, =T
Oy Ly 1y Il EREE

Tir d6 ta nhén duoc:

] I, ] J I ,
Te=—|Jg+], + 24 4=+ 210"
5 2 2 2.2 T2
I, ij2 gl Ialag

Vay mémen quén tinh thu gon khéi lugng cua mdy la:

l .
@ =T, +3, +{J, +J3)T+(J4 +J5) 5

iy 1283,

= const

27



Thidu2.2:

Tinh mdmen qudn tinh thu
gon vé tay quay cla co ciu tay
quay-con truot. Hink 2.2 cho biét
momen qudn tinh clia tay quay déi  _J
vél truc O la J,, mémen quan tinh | . 5
ctia thanh truyén doi vai khoi tam C e
ciia nd 1), vh khoi lugng cua no la
m,, kKhéi luong cia con trugt la m..
Khoi tam cia tay guay do duge can bing nén nam tai O, khoi tam C cua
thanh truyén nam cich A mot khoing bang a, OA=r, AB=1

Hinh 2.2 Co cdu tay quay -con 1ruot.

Pong ning ciia ¢ cdu bing tong dong nang caa cic bo phan cua
nd, tic la:

T=Tyy +Tap + Ty

. , | I

trong dé: Ty, - dOng nang cla tay quay OA, T, = EJ q”
. 3 . 5 ! L 2
Tap - dOng ning cua thanh truyén AB, T, = —myve + ‘2‘529)5

, 1 1
T, - dong ning cua con trugt B, Ty = Em_‘vf,,

Dé dang chi ra rang:

. dy . . 5
Wy =W :d—lq (y - géc dinh vi cla thanh truyén AB so
q
v§i dutng trugt cua con trugt),

Biéu thic dong nang clia co cau duge viét trong dang sau:

dx ¢ Iye o dy , dxy 5| .o
T:l[Ji 1M, (_'X'(_)2+(E‘")_L)_ +J1(i)“+m3(—B Y qT

q
dx - d d d 3
Do ddé J(g)=1J, + m, (L 2 +(_)’_c_)2 +Jg(—\p)2 +m3(ﬁ)“
| dg dq dq dq
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Tt hinh 2.2 ta cé:

f{—l A,
Xjg =1Cosq+4/1" —r-sin” g

0,575,— /\ I
| |
VL :
= z-u'csm(-i-- s q) 0,55 .

a ——
X =reosy +"'l'“'\|||]2 ~17 sin? q D525

J (kGm?)

g, S0 —— 1. .. . R
¥ = r(l —-E-l-)sin q 0 /e i 2 i
¢ | Hinh 2.3 Momen qudn tinh ciia oo cdu
inle 2.2

Vi vay

dx _ I COSC dy rcos
—ﬂz—rsmq [4— R A s S

I 2 2 3 3 ]
dy YI' =rsin?q ) dq VIT —r7sinT g
dxX - ar cos dye

S ar — 1 — A eoc
—(E& rsingl |+ : mﬂ/ dq =r{l : Jcosq
Tren hinh 2.3 cho d6 thi J(q) véi chc thong 6 cha co cau nhu sau:
r=0,065m;1 = 026m;a = 0,091m;J, = 0,5kGm?>
m, = 1.8kg:J, = 0,0138kGm?
b. Cdu triic ciia momen qudn tinh thu gon

Trong truomg hop dng qudt momen quéan tinh thu gon ctia may la
ham phi tuyén déi vai toa do cta khau ra ciia dong co nhu trén hinh 2 4.

D¢ ¢6 the nhan 16 anh hudng quén tinh cia tirng bo phan, cu thé
la cua dong co va cla bo phan co, biéu thic moémen quén tinh thu gon
dugc viét trong dang

Ha) =T, (@ +J(q) (2.7
0 day J{q) - moémen qudn tinh cta dong co thu vé khau ra cia no,.
Je(g) - mémen qudn tinh cia cdc bo phan cla may (rir dong co.

N6i chung cdc thanh phan J,(q) va J.(q) [a nhitng ham phi tuyén
va tudn hoan déi véi toa do q.
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Gia sir khau ra cila dong co ¢6 chu ky 27, tic sau khi truc dong ca
quay duge mot géc 2m thi (it ci cdc khau khéc ctia mdy trdr vé vi tei xuat
phat. Név ti s6 truyén dong tir khau ra ciia dong co dén Khiu vao cua bd
phan co 1a 1 thi

cd cau chap hanh

Hinh 2.4 Déng co va co cd chap hanh ciia mdy

Trong d6 T va T" 1a chu k¥ khau ra ciia dong co vi khau vio cua
bo phan ca tuong ng. Do do néu chu k¥ khau ra cua dong cd la 2n thi
chu k¥ T khau vio cua bd phin co 1a 27i. Nhu vay néu Jy(q) 1a ham ¢
chu ky déi véi g 14 2n thi J{q) 12 ham ¢é chu Ky 2zi. Do tinh chu ky cua
chiing nén cdc ham nay ¢6 thé viét trong dang sau:

Ja@)=Jgo + thﬁ Jel@y=J¢o + Tc (2.8)
trong do
1 2= 1 2
Jiw=7 jJ J{qydq =const; J¢oy = — ].JC (q)dq = const  (2.9)
27 2n g

2

— 1 :
Ty = 1@ Jao =Ja@ -5 [y

2n g

2mi
~ 1
Je=lc@y=—Jep = Jel@)— = IJc(Q)dq
2 s
3, VA Jg L& cdc gid tr trung binh trong mot chu ky cua momen
qudn tinh thu gon cta dong co vi ciia bo phan co, chiing 6 gid tri khong
ddi, con 3, va Jo M cdc o lech ciia momen quén tinh thu gon cua dong
g vii clia bo phin co d6i vdi gid tri trung binh J, coa no:
To=Jao +Ico (2.10)
J, dugc goi la gid ul trung binh moémen quén tinh thu gon cua
may.
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1.2 Luc suy rong

Cac lue dp vio mdy (luc hoat dong) gém cdc luc phat dong, cic
lue can ¢6 ich va lye cdn vo ich (hao gém ca cac trong luc), Luc phat
dong dat ¢ khau ra dong co. cde luc can cé ich dat trén co cau chdp hanh,
Cac lue can vo fch va trong lue dit én ci dong co v hé co (trong do ké
ca co cdb chip hanh). Cic trong lue trong nhiéu trudng hgp dong vai tro
ca tue can ¢d ich va lue can vo ich.

Luc suy rong trong phuong trinh (2.1) duce tinh theo cong thire

sau:
0=YF ﬂ_zﬁ dr (2.11)
“ * g :
. de, dr, -
Virang Vi :iq neén “‘rk—zq_l"’k
dq dg

Bicu thifc fuc suy rong Q ¢ thé duge viét nhu sau
Q=q 'Y Fv,=q"'w (2.12)
o day W 1a 16ng cong sudt cba cdc lue tic dung lén mady.
Bicu thitc luc suy rong Q cé thé vict
Q=0Q,+Q (2.13)
ddé  Q, - luc suy rong ctia luc phit dong. Néu dong co ¢ khau ra la
khau quay thi Q, = M (M, 1A mémen dong co).

Qe - lue suy rong cha cde lue tac dung 1én bo phan co gdm céc luc
can c6 ich, fuc cén vo ich va ca cde trong lue, Trong trudng hop khau ra
cha dong co fa khau quay thi Q. 12 ngllu lye suy rong cla cdc fue cin thu
vé khau quay. Chu ¥ rang néu toa do suy rong ¢6 thit nguyén dé dai (thi
du, khau ra cta dong co 1 khau tinh tién) thi cdc luc suy rong cé tha
nguyén luc.,

Gia st rang khau ra cua dong co 13 khiu quay va cac luc suy rong
cua ching la cdc ngdu luc thu gon.

De thi du ta tinh ngdu lyc suy rong cha cdc luc can trong thi du
2.1. Tinh luc suy réng ng vdi ngau luc can M dat 1én khau ra cia co ciu,
nguoc v6i hudng quay ctia khau nay.

Vi vin t6¢ goc « cha co cdu chip hanh la:



M
-oonén W =M= 4

0y = - —
Tinlay U2ty
. . . W M
I'heo cong thic (2.12) tinh dugc My =—=_—"_
S I FEY P

Trong thi dy 2.2 dé tinh momen thu gon cua cdc hte can (gém cic
trong Iyc Gy. G, vixlue P ta tinh nhy sau:

dye, . dye, dx

W:_'G|y( _G'}).r'r(\‘ _PXB :—(Gl (}1_" - +P )q
! S dg T dg dq
W dy e dy., d
Do dé M. =— =G, yC +G, .ﬁ:~_+pnﬁi_)
4 dq © dg dy

Dua vio hinh 2.2, dé dang tinh duoc:

G : 5
Me=~=L+Gy0 -3 -y 1S9, rsinq
2 l \/l—gﬂrzsinzq

Tu céce thi du tren ¢o nhin xét rdng : ngdu lue cin thu gon la ham
phi tuyén cua toa do suy rong. Trong truong hop téng qudt, ngdu lue can
thu gon 13 ham phi tuyéh cla toa do, van téc, gia t6¢ thu gon v thii gian
t. Tuy nhién mot cich phé bign, ngdu lyc cin suy rong I hiun phi tuyén
cla toa do va van toc suy rong, tie

M
M, = Mg.q4) 1
(2.14)

Gid st riing cde e cin déu
tdc dung lén khau quay cita co ciu 2
chap hanh, con g 1a géc quay cua
khiu ra cta déng co. Trong truding

hop nhu vay néu khau ra cla dong 5 =
. - . ) G

¢0 €6 chu ky 1a 27 thi ngdu fue can

ta ham tudn hoan chu ky 2, trong Hinh 2.5 Momen cdn thy 2oN M?

dé i la ti s6 truyén dong.
Tuong tu véi (2.4), (2.5) v (2.6) ta c6 the viet:

Mc(4.Q) = MU(@) + M(q,4) (2.15)
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Im

, _ | ,
o day M{:{q) = j.MC (a.9)dq (2.16)
{

duoc goi 14 gid u trung binh cua momen can 1thu gon va

- ' ' 1 2 .
Me(a. Q=M g. Q-5 IMC{q. qdq (2.17)
fi

2m

duoc goi 1i do léch ciia momen can thu gon doi vdi gla tri trung binh.

Thong thudmg néu tang van e thi gid trj trung binh cua momen
can thu gon ME(Q) & tang nhu trén binh 2.5 (duong cong ). Nhung
ciing c6 truong hop khi tang van tGe thi ¢id tri trung binh cua momen can
thu gon ij(q) giam, sau d6 mdi tang theo cling véi sy tang vin 16¢ nhu
trén dudng cong 2.

Piéu nay duoc gidi thich nhur sau: lye ma s4t tinh 16n Hon nhiéu so
v6i luc ma sdt dong nén trong giai doan dau viéc tang van 16¢ gy nén
viée giam lyc ma sit do d6 lam giam ca momen can thu gon.

2. CAC CHE PO CHUYEN PONG CUA MAY
2.1 Phuong trinh chuyén dong cita may

Dé viét phuong trinh chuyén dong cia mdy, ¢ day st dung
phuong trinh Lagrange loai [1. Pong nang ¢6 biéu thic (2.2) con luc suy
rong c6 bifu thite (2.13). trong d6 Q =M, va Q¢ =M, (M- mémen

phdl dong ciia dong co, M. - momen cdc luc can).

Phuong trinh chuyén dong ctia miy s€ la:
.1 d 2 i
J@+=—J@)4" =M, +Mc(g.9) (2.18)
2 dy

Phuong trinh ndy $& mo ta hoan toan chuyén dong clia may néu
bict duoc qui luat thay ddi ciia momen phét dong M,. n6 duge tao ra do
cdc qud trinh vat 1y x4y ra trong dong co, ma qud trinh nay trong truong
hop téng quit lai phu thudc vao qua trinh cOng tdc cua may.

Nhu da biét, qud trinh vat 1§ xdy ra trong dong co dugc mo phong
qua biéu thitc momen phdt dong M, duoe goi 1a dic tuyén cla dong co.
O day khio sdt mdy lam vigc vai cdc loai dong co ¢6 cdc diic tuyén sau:



a. Péc tuyén dong hoc Iy fong:
q = f(w

b. Pdc tuyén tinh:
M, =M, (1.q.9)

trong d6 M, (1.4, q ) 1a ham di biet clia céc thong s6 u. 4. 4. no o
thé duoc bidu dién trong dang gilii tich, nhung thong thuong duge cho
bing 4o thi.
¢. Pdc tuyén dong luc:

™ d + Md = Mm (u,q, Lﬂ

Trong trudng hop nay M, thod man mot phuong {rinh vi phan vt
hiing s thoi gian T cha dong cd 4 bict va ham My(u,q,q ) da duge xdc
dinh. RS rang néu khong K& dén téc do bien doi clia momen dong co (loai
dong co c6 momen dong co bién déi rat cham, it nhat trong mot chu ky)
thi:

M, = M,{uq.4)

Nhy vay dac tuyén tinh clia dong co tng vdi vai qua trinh ma
trong d6 momen dong o thay ddi cham. Ham M, trong mot $O trudng
hop khong phu thudc vio 10a 46 q (thi dy, dong ¢o di¢n roto) va trong
mot 6 trudng hop la ham chu ky doi voi gbe quay, chu ky cua n6 phy
thuoc vio chu ky cta dong co.

Chon q sao cho iing véi mot chu trinh ctia dong co g thay d6i maot
gée 2m. Nhur vay ham M, ¢6 chu k¥ 2m. Vi du, dong co dot trong 4 thi,
trong mot chu trinh Umg v&i hai vong quay chia truc khuyu nén chon g
bing nira goc quay cla khiu ra.

Vi M,, 14 ham chu ky nén ¢d thé viét:

M, (u0.q,q) = Mg (@) + M, (1,q.9) (2.19)

o T .
 day Mo (@) = o M, (u,4,9)dq (2.20)
0
duoc goi 1a gid 1 trung binh ciia mdmen phét dong va
1n
v . ! .
7 (0,0 @) = My (0,0 ) =5 [M (00,099 (2.21)
0
duge goi 1a do léch cha momen finh cha dong co d6i véi gid i trung
binh.
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boi v cac loai dong coroto: M, (u.q,q) = ME;I{U,(.]) (2.22)

(e la Mg (ug.q)=0
2.2 Phuong trinh chuyén dong cua may doi véi timg loai dic tuyén
a. Truong hop mady voi dong co co ddc tuyén dong hoc Iy tuong

Trong trudng hop niy ¢ = f{u) nén chuyén dong clia may dng
vdi quy ludt dicu khién xic dinh u=u(l) duge xdc dinh true ticp qua
phuong trinh:

L i

qr) = J-qdl ~qi = J‘f{u)dt +q{0) (2.23)

o] 1

Vi chuyén dong clia miy da duge xédc dinh tir (2.23) nén tir (2.18)
¢ thé tinh duge momen phit dong clia dong co can thict dé duy tri che
do (1.1}

. 1 dl S .
M ()= J[q(l)Jq(l)+-§ %—[q(t)lq‘ (1) - M _[q(1), 4] (2.24)
dg

b. Trudng hop mady voi dong co co ddc tuyén tinh
Phuong trinh chuyén dong cia mdy phithop v6i (2.18) $€ la
. bd L2 . . -
J(q)q+;d~J(q)q‘ =My (uq,q)+M{q,q) (2.25)
2 dyg
Vai qui Tuat diéu khién xdce dinh u = u(1) thi phuong trinh (2.25)
trong dieu kién cho ban ddu, s& cho nghié¢m dang:
q=4a{qy,qy-07 §=40q,.q;.1) (2.26)
né mo ta chuyén dong cia mdy.
¢. Truong hop mdy véi dong co cé ddc tuyén déng luc
Chuyén dong ctia miy duge mé ti boi hé phuong trinh vi phan :
U .3 .
I+ —— 3@ =M, +M (4. §) (2.27)
2 dg

TM:{ - M(I = Mm(qsq) ’ (228}

Gidi hé phuong trinh nay trong diéu kién ban dau cho trude s& tim
dugc:

g=qthy, qgq=q{) M,=MJD (2.2
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tite xde dinh duoc chuyén dong clia may va momen phdt dong can thigt
dé duy i ché do chuyén dong nity.

2.3. Céc ché do chuyén dong cia maiy

Khio sdt dong luc mady trude hét cdn fim va phén tich cdc nghiém
riéng cua phuong trinh vi phan chuyén dong cla mdy, ching phu thuoc
vao cic ché do chuyén dong cta mdy. Qua4 trinh [am viée cua mdy thong
thutng qua ba giai doan,

a. Qua trinh mé mdy

Miy tlr trang thdi ding yéen dugc dua vao 1am viee. Quad trinh nay
luong iing véi su thay déi van 16¢ géc tir @ = 0 den gid trj o = w, (néu che
do tam viéc la quay déu). Qud trinh nay xay ra trong khoang thoi gian ri
ngdn. Viéc rift ngén thai gian mé mdy [a mot trong cdc bien phap dé tang
ning sufit ciia mdy. Tuy khoang thoi gian md mdy rat ngan nhung trong
qua trinh ndy thudng x4y ra cic hieu ing dong luc xau,

b. Qud trink binh én

Day 1a qud trinh méy thue hien cic yéu cau clha qud trinh cong tc
cia my. Qua trinh nay chidm khoang thdi gian dai nhat trong chu trinh
lam viec clia may.
¢. Qud trinh tdt mdy

Qua trinh nay la dua mdy tir trang thdi tam viéc binh 6n vé trang
thal yén nghi. Qud trinh nay dng véi su thay déi van t6c gde tir gid tri coa
no trong ché do binh dn vé gid tri khong, Qud trinh ndy cling xay ra trong
Khoang thai gian ngdn.

Qué trinh m& mdy va tit méy thuoc qud trinh chuyén tiép 1a qud
trinh rong dé cdc tham s6 trang thdi thay d6i ding ké trong khoang thdi
gian ngan. Qud trinh binh én 1 qué trinh lam viéc cha may trong khoang
thoi gian dai, trong dé cdc tham s& trang thdi hodc khong thay déi hoac
thay d6i it. Day 3 qud trinh quan trong nhat trong chu ky lam viéc ca
mdy. Pic tinh cda qua trinh binh én 1a -

+ Cdc tham 8 diéu khién nhan duoc céc gid tri xéc dinh:

u, = u;” = const

+tw=,=const hodc w=w,+ ¢ véi M << Wy = const

Can luu ¥ ring c6 nhing loaj mdy khong c6 sy phan biét rd cic
giai doan, (vi du nhir méy nang ha) hoac cdc giai doan I6ng vio nhau do
cdc tuong téc ngdu nhién cla cdc qud trinh chuyén ti€p xdy ra chinh trong
qud trinh binh én.
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CHUONG 3
PONG LUC CUA QUA TRINH BINH ON

1. CHUYEN PONG BINH ON CUA MAY VOI PONG CU CO PAC
TUYEN DONG HOC LY TUONG

Khdo st trudng hop dong co clia mdy 1am viee véi dac tuyén
dong hoc 1y tudng:

q = f(u

Doi vor mdy khong diéu khién u = u,, van t6¢c géc clia khau ra
clia dong co & c6 gid tri khong déi:

w=q =fu)=0,; ¢=0 (3.1)
Véi diéu kién ddu q(0) =0 tht  q=w,t (3.2)
Moémen phit déng cua dong co ¢é bidu thic:
Md(t)zéj—:(mﬂt)mf, - M (m,t,0,)
Khi str dung (2-15) ta nhan duoc:

l (U A ~
M,(t)= —Mf(mn) +§a(m0t)ma —M_ (04t )

Ttr day ta nhan duoc gid tri trung binh ctia mémen phit dong:
M (1) =-M{ ()
va d6 léch cha momen phat dong doi véi gid tri trung binh:
~ 1 dJ Y
2 dq
dugc goi la thanh phin dong luc cia moémen phét dong.

Trong trudng hop déng co réto, L(t) 1a ham ¢6 chu ky 2mifw, vi
~ i, ~ . - \ o
do J; =0nén ﬂz =, J. va M_(q.9) déu c6 chu ky 2ni d6i véi q.
dq dq
la chu k¥ cua khau vao cla b6 phan co.
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Momen dong lue truyén vao ¢ ciu truyén, trong do thutmng bao
aOMm Cace truyén dong bénh rang riit nhay doi véi cdc i dong tue. Vivay
vice xde dinh momen dong lye 10 la riit quan trong dé tinh todn do bén
cua truyén dong banh rang. Piéu quan trong la gid tri cye dal cila momen
dong e khong dudce vudt qud gid ut trung binh ctia momen trong <o ciu

ruycin; MC (), tie cin thue hien dieu Kign:
8]
L(t) < -M {o,)

do dé M) = -M{(@,) - LiD > 0 (3.3)

NEu M, (1) thay 4éi dau sé dan dcén tbay doi huang truyén cua
momen duoc frayén qua cic banh ring vaudo do gay ra sy sip x€p lai khe
hat trong truyén dong bénh rang: lic mal rang ndy, lic mat rang kia lam
vice. Dicu nay lam giam kha nang lam viec chia truyén dong.

2. CHUYEN DONG BINH OGN CUA MAY VOI BONG CO CO PAC
TUYEN TINH
2.1 Xac dinh ché do chuyén dong bink on

Dura vio (2-7), (2-8), (2-9). (2-10) v (2-1 1) ta cO:

) =y + gt ST

trong 4o @ I, 3[1(L1) ,Hjc(q)duqc tinh theo (2-9) va (2-10).

Phuong trinh chuyén dong coa may (2-18) dugce Vi€l trong dang
SaU°

e it .. Il d o= d ol oA
o+ Jalad+ J. (g +—{—Jy(g)+—— INGHNN
2 dg dq

:M‘JltumqwMi(q>+ﬁ{.t(umq,q»ﬁ\?uq,q)
Tir day ta nhan duoc:
J,q= Mm(un,q)#\f{ [q)—[] (q)+] (o,)]ql-H\.‘lm(uU §4.q)+
+ M (q.Q) -—l——J (q)+—al (@4’ (3.4)

D& ding thay raing néu khong cé bén s6 hang cudi trong vé phai
cla (3.4), tc néu momen qudn tinh cia may khong ddi va vang
che momen Mg, M, thi mdy c6 (hé c6 ché do quay déu voi van to¢ goc

{q = o
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Thuce vay. phuong teinh

o = Mg (uy.q)+ MU(q) (3.5)
'C6 thé 6 mot nghiém riéng dang:

G =, =const; q =@, (3.6)
Vi @ thod man phuong trinh sau:

Mg (U, )+ MY (@) =0 (3.7)

Vay néu mdy ¢é phuong trinh chuyén dong (3.5) thi né c6 thé
chuyén dong binh 6n tng véi (3.6) duoc tim tir (3.7).

Nhu viy chinh bon s6 hang sau cung trong v& phai cla phuong
trinh (3.4) lam cho may chuyén dong I¢ch doi vai trang thdi quay déu véi
@, 12 nghieém cia phuong trinh dai s6 (3.7). Bon 6 hang sau cuing trong
v€ phdi ctia phuong trinh (3.4) 13 khong 160 nén trong gén diing thit nhat
6 thé bo qua va xem mdy chuyén dong véi ch€ do (3.6).

Tuy nhién, trong thuc & t8n tai bén s hang sau cing trong vé&
phai cua phuong trinh (3.4) du 1a bé, anh hudng cha chiing 12 thm mdy
chuyén dong véi van 6c goc @ # w, nhung ri gin ©,. Do d6 ¢é thé xem
®, la nghi¢m gin ding bac “0” cla phuong trinh (3.4), (3.6) 1a ché do
binh on bac “0” cha chuyén dong cua mdy. Tir dé hy vong ring tim
nghi¢ém gan ding (iép theo ciia phuong trinh (3.4) s& cho chuyén dong
binh 6n ¢6 dé chinh xdc 16t hon. PE tim cdc nghiém gan ding 6t hon cia
(3.4) ta st dung phuong phap gin diing lien tiép.

Ki hi¢u ¢ 12 nghiem gan diing bac “i” va g 1 nghiém gén diing
bac ‘0~

9" =0yt 4" = wy; § =0 (3.8)

bé tim nghiém gan ding bac “17, ky hiéu q“’,q“’,q“’ ta thay
q=wol, q=wy{=0 vao v& phdi ctia phuong trinh (3.4), né 13 ham
cla t v duge ky hieu L (1):

I d -~ ~
Lo () = [=——J (0gto; + My (g, 0yt o,)] +
2 dqg

| (3.9)
+-=——T (@0l + M (wo1,0,)]
2 dq
Nghiém gan diing bac “1” 13 nghiém cla phuong trinh sau:
Jod = My (ug.4) ~ M2 (q) = Lo (1) (3.10)
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Gia st phuong trinh nay cho nghi¢m dang:

q“} = q{”(l)‘ q“} = q[”{l). i-‘l(” = q“}([) {3.i l)

Pé tim nghiém gén ding ti€p theo fa thay (3.11) vio v& phai cua
phuong trinh (3.4). Ta nhan dugc phuong trinh:
1o~ M (u,q) - M@ = g =TI ol o
LldTy al o M
LI LR PNUTT e RS AR
’Jidq 4 dq J{‘ l
VIR TRCITR LI P VI 0,4 0) (3.12)
Nghiém clia phuong trinh (3.12) duoc xem 1a gan diing bac hal.
Neéu quéd trinh 1ap hoi tu, tic cling véi sy tang ciia budc tinh todn ma

q™t - g“™(1) tién dén khong véi moi t thi cé thé nhan dude nghigém
chinh xdc cua phuong trinh (3.4).

Tuy nhién trong thyc t€, nghigm gin ding thit nhat trong s 1on
truding hop c6 do chinh xéc thoa min cic yéu cdu cha b todn ky thuat.
2.2 Sy 6n dinh caa cic nghiém trong gan ding bac "0"

Chuyén dong binh én clia mdy trong gan ding bac “0” tmg vai
nghiém cita phuong trinh dai s0 (3.7).

Phuong trinh dai s6 ndy, trong ruong hop 18ng quat 1a phi tuyén
6 thé c6 mot s6 nghiém. Tuy nhién trong thuc & chi xdy ra ch¢ do
chuyén dong binh 6n, n6 g voi nghiém 6n dinh cua phuong trinh (3.7).
Khii nicm vé 6n dinh cua chuyén dong dugc trinh bay trong nhiéu
chuyén khao {7, 10, 12]. (& day chi néu ra mot cach vaAn 14t ¥ ¢o bin cua
khai niém nay.

Gia sir may dang quay deu voi van toc gbc o, do mot tdc
nhan nio dé tai thoi diém xdc dinh, thi duy, sau thdi gian t, mdy
chuyén sang ch¢ do chuyén dong v6i van toc goc o, gin vdi o, WIc
Aw = | W, - w“1 << Wy Liic do .

_ Ché do chuyén dong o, duge goi 1a én dinh (tiém cAn) néu sau
tho gian t, mdy xac 1ap lai ch¢ do chuyén dong véi van t6¢ géc o

- Ché do chuyén dong o, duge gol 1a én dinh (nhung khong tiém
can) néu sau thdi gian t, mdy Xac 1ap ché do chuyén dong véi van tdc goc
o gan, nhung khong dong nhat voi o,
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- Che do chuyén dong w, dugc goi la khong 6n dinh, néu sau thdi
gian t, mdy xdc 1ap ché do chuyén dong khac xa voi ché do chuyén dong
Wy

DéE khao sdi su on dinh cha ché do chuyén dong binh on ing vdéi
m, 1 mot nghiém nlo dé ctia (3.7) ta ¢o the dya trén phuong phdp do thi
hodc bicu thie gidi tich o nghicm.,

a. Khdo sdt su on dinh ciia nghiéem cua phuong trinh (3.7) bang
phicong phdp do thi (hinh 3.1)

P¢ khao sdt sy on dinh M
cla nghiém o, cua phuong trinh
(3.7) ta viet iai phuong trinh
(3.5) trong dang |

dw j !
Ty === My + M (313 ;
dt ' |
| Uh Wp2 :
\*"E_ly van 16¢ gée o ting ACA A B"BB’
(d® > 0) hay giam (d& < 0) 1a
tuy thudc vao mémen phit dong Hinh 3.1 Nghiém @, ctia (3.7].

M}, 16n hon hay bé hon momen
can MY, Gid sir phuong trinh (3.7} ¢6 hai nghi¢m Ung vdi cdc diém cit
nhau cua hai dudng bidu dién MY, (u,,q) v M{(q) (xem hinh 3.1},

Déu tién khio sdt tinh én dinh cta nghiem o, (ing véi diem A
trén hinh 3.1).

Gia sir do mot tde nhan nio dé mdy chuyén tir ch€ do quay dcu
@, sang ch€ do chuyén dong ing véi o, (ing véi di€m A’ vé phiu phit)
rat gdn véi o, Tai didm A ta cé My> -M!. wic Aw > 0. Do d6 w »C
tang vi diém A ti€p tuc rdi xa A vé phia phai, Néu mdy chuyén sang che
do chuyén dong dng vdi o, rit gan w,, (Ung vai diém A ¢ bén trdi cha
A) thi tai A7 ta ¢6 MY < -MY, tic Aw < 0. Do dé & s€ giam va diém A7
t€p tuc roi xa A vé phia trdi. Nhu vay dit kich dong khd bé, chi du de
chuyén déng cha may sai J¢ch rat it v6i ch€ do chuyén dong o, thi
chuyén déng clia mdy ngay cang léch xa véi che do chuyén dong o,
Viy nghiém oy, la khong én dinh.
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Nguge lai tinh hinh s& hoan toan khic véi ch€ do chuyén dong
éng Vi ©, (ng v6i diém B trén hinh 3.1). RS rang khi mdy chuyén sang
ché do img véi ©," (img véi didm B’ nam bén phai diém B), tai di€ém B’
ta c6 MY < M2, tic Am <0vadodo © s& giam va diém B’ tién lai gan
didm B. Néu may chuyén sang ché do chuyén dong img véi ®,” (ing vOi
diém B O bén trai clia B) thi tai B” ta ¢ M4 > MY, tic AG > 0. Dodé ®
s& tang va diém B” tién gan dén B. Mdy s¢ lap lai chuyén dong ngay
cang gin ché d0 chuyén dong g N6i khic di o, 12 nghiém o6n dinh.
Nhu vay may s& 1am viée véi ch€ do binh 6n ®;.

b. Diéu kién gidi tich ciia on dinh ctia nghiém ctia phuong trinh (3.13)

Dua vio dai lugng v(t) dic trumg cho dd léch clia chuyén dong doi
v§i ché do binh én @, = const.
| G0 = 0 + V() (3.14)
Nhu vay v(t) 12 bién phan cua nghiém.
Te@B1d)tacé  G=v

Phuong trinh (3.13) trong gdn ding thi nhét (tic bd qua cac sO
hang tir binh phwong tr& len) ¢6 dang:
Jov = MG (ug, @5 + V) + M (wg + V)

dMm? dM?
M (g, 00g) + — (11, @)V + M@0} + — == @0V
dq dq

Vi @, 13 nghiém cha phuong trinh (3.7) nén ta co:

0 0
Jov = de (ug, W)+ dN_[° (o) |V (3.13)
dq dq
Theo (1-15)
0
s=—dmd (Ug. 0g) (3.16)
dq

s 1a do cong cla dac tuyén dong co khi q = Wy

Q
—de (©g) (3.17)
dq

v =
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v 12 do cong clia diic tuyén cia momen can trung binh khi g = ;.
Do d6 phuong trinh (3.15) ¢d thé viét nhu sau

Jov+(3+v)v=0 (3.18)

Nghiém téng qudt cta phuong trinte (3.18) ¢6 dang
v=Ce™ viio=(s+v¥J, (3.19)

Néu o < 0 thi v — = khi 1 ting, tic nghiém § = @, khong on dinh.
Néu o > 0 thi v — 0 khi t ting. Vay §= o, 12 nghiém 6n dinh,

Do dé diéu kién dé ché do chuyén dong binh 6n g véi § = o,
6n dinh sé la
s+v>0 (3.20)

2.3 Pé nhay ciia gua trinh binh 6n

DéE danh gid sy thay ddi ctia @, khi cdc luc cn thay doi ngudi ta
dua viio hé s6 nhay « duge xdc dinh nhu sau

(3.21)

& day Ao, 13 gia s6 clia van toc géc o, Gng véi gia s6 AM cua luc can.

V6i ciing mot lugng thay doi tai
AM. néu do nhay 16n thi bi€n déi van M
téc goéc on. Mdy ¢ do nhay bé thi do L L
én dinh clia chuyén dong binh 6n duoc Y - o

xét cang t6t. Do d6 do nhay 1a mot AM

trong cdc chi s6 quan trong nhit dé — e —
ddnh gid chat luong clia ché do chuyén .

dong binh on. 0 o ;

Tir hinh 3.2 dé dang nhan dugc: Hink 3.2 Xdc dinh d nhay c

Awy, = - AM/(s+v)
Do dé a= lim 200 1 (3.22)

AM—0 AM s+ v

He s& nhay o cdn duge goi 1a do nhay do tal thay ddi cha ché do
binh 6n dugc khdo sat.
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Mat trong nhimg bién phap dé giam do nhay 1a ding bd didu 16¢:
khi tai thay d6i 1am giam van t6¢ géc thi bo diéu toc s lam tang gid tri
thong 56 ddu vao dong cg va do 46 lam thay ddi dac tuyén clia no (ung
v&i duodng nét dit trén hinh 3.2). Nho d6 khoi phuc duge gid tri yéu ciu
chia van tdc goc. .

Mot bién phap khic [am giam do nhay la lap vio dong co mot hop
¢ do. Khi ting momen can (hi ti s& truyén tang va lam tang momen phét
dong & truc ra cua cd cau truyén.

2.4 Xay dung nghiém trong gan ding thir nhit

GiA sit @, 12 nghigm gan ddng bac “0” én dinh, bang vi¢c thay
1=t q=0p 4= 0 vao vé& phai ctia phuong trinh (3.4) ta nhan dugc
bidu thitc L(t) dang (3.9). Da1 lugng nay nhu dd biét, néu widt tiéu thi

miy gquay déu. Nhu vay dai lugng ndy ia kich dong gay nén chuyén dong
khong quay déu cla may.

Phan tich dai lugng nay thanh 2 thanh phan :

+ Thanh phan gay nén do tham s& va qué trinh hoat dong cuia dong co:
1 d = ~
L) =——— T, (0ot)0h + M (Ug. 00t 0) (3.23)
2 dg
+ Thinh phin gay nén do co céu chip hanh va qué trinh cong tac:

L ()= ,12%1 (@03 + M (@1.0g) (3.24)

Trong trudng hgp dong co roto thi Ly(t) = 0, con trong truong hop
téng qudt L) 1a ham tudn holn véi chu ky T = 21/, Khong chira thanh
phin hing. Trong trrdng hop nay nd 6 thé duoc biéu dién trong dang
chudi Fourier:

Ly0= D Ly coslogt+ ) (3.25)

r=1

Ham L (1) 1a ham tudn hoan c6 chuky T' = Imfv, & day v - van 1o¢
gée clia khau vao oila 0 ciu chdp hanh. Dé dang chi ra rang

T =Ti (3.26)

trong d6 1= /v 1a ti $6 truyén dong.
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Ham L (0) ciing 6 the duoc biéu diégn trong dang chuéi Fourier
L. (1) = ZLCJ cos(Ivi +§, ) (3.27)
I=]

Gid thigt ring chuyén dong quay khong déu duoc khio sat khic
rat it 50 v chuyén dong quay déu oy, tiic g thay d6i 1an can ®,. Trong
frudng hop nhu vy, ta co

0 Ly 0 dMSr : _
Mdu(umq)“ Mmfuusﬂ)u)Jf aq (Ummo)(q_‘@u)*
=M3,(uo,mn)—s(q—m0) (3.28)
. dM? .
M@ = M2, ) + dq° (0o )4~ w,) =
=M (w,) - V(G ~a,) (3.29)

doan thang ti¢p tuyen véi cdc dac tuyén tai o,

Phuong trinh chuyén dong clia mdy (3.10) bay gitr duac vié’t'tmng
dang:

Jog “Mgl(uo,mn)'”(q “mn)‘Mgn(Uo-wo)+ V(G- ) =

=L,(0+L (1) (3.30)

bé danh gig do lech cha chuyép dong khao sit so v chuyén
dong quay déy @, ta dua vao bigh me; W

V=q- o V=4-0, §=g (3.31)

Néu xem chuyén dong quay déu @, 12 chuyén dong chuong trinh
thi v duge xem 1 sai s0 dong luc theo gée quay, con vy duoc xem 13 sai
6 dong luc theo van t6¢ gée. Khi chy ¥ rdng @y [ nghiem cig phuong
trinh (3.7) nen (3.30) 1ay dang:

Tolp + (s + vy =L,()+L,(1) (3.32)

Nghiém téng quat ciia phuong trinh (3.32) gom tdng ciia nghiém
tong qudt cga phuong trinh khong v& phai va nghiém riéng ciia phuong
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(rinh c6 vé phai. Vi o, 1a nghiem én dinh nén c6 (3.20) va do dé nghigm
téng qudt clia phuong trinh khong v& phai tat dan theo thoi gian.

Ppé fim nghiém riéng clia phuong trinh (3.32) ta su dung phuong
phap toan tir Laplace. Trong dang todn (U, phuong trinh (3.32) c6 the viet:

(7,p° +(s+ vplw = Lo O+ LA (3.33)
o day pEE— va p° —:E;}—
dt dt’
Tir (3.33) ta tim dugc
wip) = W, [Ly)+ L (V)] (3.34)
|
W, (py=—"7 — (3.35)

Jop2 +(5+V)P
W.,(P) dugc goi Ja ham truyen.
Vi vé& phai ctia phuong trinh (3.33) c6 thé duoc viét trong dang
(3.25) va (3.27) nén 6 thé tim nghi¢m clia no trong dang chudi cdc ham
didu hoa, tmg voi mot thanh phén diéu hoa 6 thn s6 @, nghi¢m dude tim
trong dang:

Y = Aysing (3.36)
rong do
] | |
W 1(0)\ S e .\: T 2 Lo (3.37)
"J()m +{s+ v)0) [4}] ]%mz +(S+V)2
con
p= ot + Sy v Dy = 'dl‘ng,a(jﬂ))
D& dang nhan dugc:
Oy (w) = i arccos_._—-—sjj-—-—-—-— (3.38)
2 JiRe? + G+
Vay nghiém cha (3.32) 1
. ‘ N L cos(Ivt +
= z La cos(rayt+7v,) - Ly c:)s( vi+9) (3.39)
= rogyI3rtop F+V)T el tvy J302VE (5 + v)?
G day '
¥, =0 F argW ,(jron); 3, =B+ argWy(jiv) (3.40)
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Nhur vay nghiém trong xp xi thi nhat s& la:
g = ogt + W) (3.41)

Trong nhiéu trudng hop (3.41) thod madn yeu cAu cha k¥ thudt.

2.5 Sai s0 dong luc

Dai luong v theo (3.39) ¢6 thé dugc xem 12 sai s6 dong lyc cua
goc dinh vi d6i v6i ché Ao quay déu w,. Con sai s6 dong luc vé vén toc
goc sé la

20

‘i’:‘z L, sin(rogt+v,) _i L sin(lvt+8)) (3.42)
1=t

r=| \JJ%TZCU% +(s+ V) Z -J.T%lzvz +(s+ )

Céc sai s6 dong lyc duge tinh theo (3.39) va (3.42) mac du duge
tinh theo xdp xi thi nhat nhung trong thuc t€ k¥ thuat ching duge xem 1a
dii chinh xédc. Do d6 khong can phai tinh theo xdp x0 thit hai vi cdc chubi
Fourier trong (3.39) va (3.42) hoi tu rét nhanh do cac dai lugng L, va Ly
giam khi cc chi s6 1 va | tang, Hon nua trong miu s8 clia cdc biéu thic
chia (3.39) va (3.42) chira cacchisdrval

Trong mot s§ trudng hop trong cic biéu thic (3.39) va (3.42) chi
cn giit lai cdc diéu hoa dau tién hodc chi hai diéu hoa dau tién.

Trong ky thuat cdn thi€t phai khong ché cdc sai so dong luc.
Nham muc dich nay ngudi ta duarahé s6 khong déu cho phép '
- W max W min
n i —————
@y

(3.43)

Trong trudng hop ngudn kich dong chi do co ciu chdp hanh
[L,(t) = 0] va trong (3.42) chi giif lai diéu hoa diu tién, tic

L, sin(vt+98,)

W =
1]]%\!2 F(s+v)°
. "= 2Ly (3.44)

g TV’ +(s+ v)?

Tix (3.44) tinh dugc momen quén tinh J, cén thiét tmg v6i hé s6
khong déu cho phép '
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[ B
LS
Toz— 5=y (3.45)
Vv(o[‘,ﬂ"

Trong trudng hop 1ong quil viée xac dinh h¢ s6 khong déu trong
chuyén dong binh én clia mdy la rét phie tap do cdc lech pha v, va 8. D¢
tranh diéu niy ngudi ta dua ra chi 0 khdc dé danh gia do khong déu cua
chuyén dong khong phu thude vao pha, vi du, ti s6 gilra gid tri binh

phuong trung binh cta W v,

Thyc t&€ tinh todn cho thay ring d¢ chinh xac cua nghi¢m
irong x4p xi thi nhat dugc dém bao voi cde gia tri cia he sO khong
déu khong vuot qua 0.2:-0,25. Sui 0 tuong AGi ciia he s khong déu pén
bing gid tri cha h¢ s6 nay. Vi du. trong pan ddang thit nhét tinh dugc
n =02 thi c6 thé chdp nhan trong thuc t¢ ¢6 thé [dy n trong pham vi tu
n=1(02-02.072)=0,16 dénn =(0,2 +0,2.0,2)=0.24.

Thue t€ ciing cho thay ring chi trong trutdng hop luc can c6 ich co
dac trung xung (trong mdy €p. mdy bia...} thi méi cin thi€t ké dén céc
diéu hod bac cao {bat diu tir bac 4).

Pé giam sai s6 dong lue vé van 16c ¢6 thé tang thanh phin khong
d6i J, clia momen quén tinh cua mdy bang cdch lap vo lang & truc ra clia
dong co, vi du theo cong thic (3.43). Ciing ¢6 thé giam sai 56 dong luc vé
van 8¢ g6e biang con duding giam d¢ nhay « = (s+v)"' clia mdy, vi du tang
(1o cong cua dac tuy€n dong co.

Can vach thém rang do khong déu cha khau ra dong co khong anh
hudng dén cdc may Jam viée c6 chu ky. Anh hudng quan trong clia no 1a
ody nén tai thay ddi trong ca ciu, mi nguy hiém nhét 12 déi véi co céu
truyén. Ngodi ra nd ¢6 anh huding x&u dén ché do lam viée cua dong co vi
né gay nén thanh phan bién thién ctia momen phat dong, 1am giam hicu
suit clia dong co. Do quay khong déu cia r6to clia dong co va chuyén
dong quay cua vo ling lip trén truc dong o cd thé lam tang cdc thanh
phan bién ddi clia momen tdc dung 1én vO va nén. Vi vay dung bién phap
nio dé piam do khong déu can phai dya trén hiéu qui cla phuong phap
d6i v6i viéc giam thanh phdn bi¢n thién cha moémen dong co va clia cd
ciu truyén,
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2.6 Xac dinh mémen phat dong l6n nhat

Da6i vai mdy khong diéu khién (u = u, = const) biéu thitc cua
momen déng co (2-19) két hop véi (3.28) ¢6 thé duoe viét trong dang

M, (1) = M§ (uy,4) + Mg (ug,q.9) =

0 L
= My (ug,05) + sy + My (ug, 0qt,04)

< MO (g, ) + 5 Z g sin{rogt+v,) Z L sin(lvt +6,)
at *
NE

2
m Ur 03{, +(s+v)° v+ (s+v)

+ fdl{!(uo,(x)(]t,(x)ﬂ) (3.46)
Vay

M, (1) = M, + M (D) (3.47)
& day M, =M} (uy.04) (3.48)

sin(rogt + v, ) g Sin{lvt +9))
M, =5 Z dr ot t Y, Z\/J |

J{,r wp + (s +v)? Ulzv2 + (s + v)?
+ M (g, 008, 00) (3.49)

Nhu vay mémen phét dong gém thanh phin hing M, c6 biéu thirc
(3.48) va thanh phan bign thién (3.49). Viéc lam giam thanh phan bién
thién (3.49) 1a diéu rit quan trong d6i véi dong co roto, dic biét d6i voi
dong co dién. Trong trudng hop Ly, = 0, My (ug.0gt.eg) =0, ta cd

M, "‘"’"""Z e Lo sin(ivi+3,) (3.50)

2EvE 4 (s + vy

Tur (3.50) nhan thdy rang viéc tang J, dan dén viéc giam thanh
phin bién thién cha mémen phat dong va do d6 1am tét 1én che do lam
viéc clia dong co. Con viéc tang do cong s cla diic tuyén dong co s€ lam
tang thanh phan bién thién ctia moémen phat dong va s& tam x&u di che do
lam viéc cua dong ca.

Trong cdc 1y lich cua dong co ¢6 cho cac dai lugng nhu moémen
phéat dong dinh muc va cho phép. Néu xudt phdt tir moémen dinh muc va
14y momen dinh mite 12 M, = M,"(u,,0,) va yéu cidu qud tai khong duge
16n hon hai 14n moémen dinh mic thi ¢dn phai thue hién diéu kién
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< MY (ug,m) (3.5

max

.

27 Anh hudng cua do khong déu cua chuyén dong quay ddi vdi viée
tieu hao cong sudt cua dong co

X6t truong hop dong co dién roto clia dong dién mot chiéu vai
kich dong doc lap. Doi voi truong hop nay theo (1-24) ta cé:

M,
I= [Mf;I + My (0]

k¢ kd,)

Vay cong suat trung binh tiéu hao trong mdt chu trinh a:

2w Anlv

(W e ——;— IRI dt = 2" IRIZdi = kR¢2 . IM dt =
T s
0 0

]

miv 2niv

\) —
[Mgl(u(, 0)]2+2Mgt I )dt+—— IMﬁl(t)dt
] .

0

1
S
S6 hang dau _[Mm (ug, 0y )]2 13 cong sudt tiéu hao cho ché do

y déu cua roto, so hang thit hai bi triét tiéu do n6 khong chia thanh

qua
phan hing. Khi thay Mg (0 bing biéu thitc (3.50) ta nhan dugc
{ miv - 1}
— V —
W, ), = IMZ dtzsz d (3.52)
(W) sam “ IRV + (54 V)]
Cong suit dong cg dugc cip s& bidng:
W, = Mg a0y
& day o) - van téc géc cha hanh trinh khong tai ciia dong co.
Vay hé s6 ton tht s& [a:
E — (wlh )1'0 - (W{;h )lb | (353)
W, My @
Trong trudng hop kich dong do co c#u chap hanh 14 ham diéu hoa
(L = L,cosvt) thi:
2 2
&-‘___ ST Wg '_Tl ( éU) (354)
Mo %o

&day &, - hé sG mat mat trong ché do quay déu vdi van t6c goc oy,
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N - hé s6 khong déu.

Néun =0,1; & =0,1 tht £ ¢6 thé dat dén gid tri 0,08 tifc 1a lugng
mat mat cong sudt do ché do quay khong déu c6 thé bd qua dugc.
2.8 Tai trong dong trong co cau truyén dong
a. Xac dinh momen dong luc

Momen ddng luc tde dung 1en co cdu truyén M, s& c6 gid tri bing
va ngugc chiéu lai momen dong Iuc mi co ciu truyén tdc dgng lén dong
co.

Viét phuong trinh vi phan chuyén déng ciia cum dong cota cod
. bd . .
Fa(@d+——J,(q)9” = My, (ug,9,9)~ M, (3.55)
2 dq

St dung (2-8) va (2-9), phuong trinh (3.55) duoc viét nhu sau:

1 dJ

. . . I, ., o~ .
Jed -~ MG, (ug, @)+ M, =—Jd(q)q—2 d; @4° + My (ug.q.9)  (3.56)

Gia st , 12 ch& d6 binh 6n én dinh. S&r dung két qua tuyén tinh
hod bi€u thirc M u,.q) va trong vé phéi cha (3.56) thay g = o, 4 = w,,
q =0, con trong V& trii chand thay § = , q = @, +vr, phuong trinh
(3.56) cd dang:

e . 1dJ .
ng—Mﬂl (Ug, wg)+sy+M,, =—5—d—§-(mul)w§ +My (ug, opt.m)=L (0 (3.57)

Tir day (im duoc
M, =My (1y,0) — I3 —sy+ L, (1) (3.58)

S6 hang diu tién trong (3.58) la thanh phdn hing cla momen
truyén, nd bing gid tri trung binh cta moémen can thu gon (xem (3.7)),
e la;

M, =M (g, 05) =M (@) (3.59)

S6 hang con lai 12 thanh phén bién thien ctia momen phit déng tac
dung Ién co cdu truyén. Vay

M, =-J QU =S+ Ly, (1) (3.60)
L,+L.

Jgp2 +{(s+v)p

Khi chi y dén (3-34): y(p) =
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L,+L, . (L, +L)

p(p) = ;
v Jop+(s+v) Jop+(s+v)

(3.61)
ta ¢o

S(L’({ + LL) _ Jd'[]p(["(l + LL)
Jop+(s+v) Jap+(s+ V)

_ v+lep L. _ S+ Jgop :
s+v+)p ¢ s+v+J,p ° (3.62)

Vay cdc hiim truyén 6 dang:

li‘/w[lr'(p) ==

+L,(t)

v+1]. ' s+J a1
W[d(p):' coP W= - df_]p

y W (3.63)
S+v+J,p s+v+J,p

Ching cho biét anh hudng riéng ré cha cdc kich dong do dong co
va co cdu chdp hanh lén momen truyén,

Vay thanh phan bi€n déi M, (1) clia momen truyén ¢6 dang:

- 3 AR RTINS
M,0=>L, S

2
ol \/(s+v)‘ Jrjél‘szJ

cos(ragt+¢€,)—

2

2 s+ 120132
- Z L cos(lvt+§) (3.64)
p— NCERULIS FIEVE

€ =0, +arg Wy (joor) & =B, +arg W_(jvl) (3.65)

trong dé

b. Anh hudng cia vo ling doi véi tdi trong dong trong co cdu truyén

Tir (3.64) cho thdy khi tang J,, (cing véi lap thém vo6 ling trén
triic dong co) s€ gidm duge thinh phin ciia mémen truyén gay nén do
kich dong ciia déng co.

Thuc vay tir (3.64) ta xét mot thanh phan diéu hoa tng vGi tan so
® nao do:

‘ v’ Jr.lfoco2 v? +Jz[}ﬂ.)2
Wi (o) = —= = : —
(s+v)* +J 0 \/(?+v)*+(JdO+JC0) o

s€ giam khi tang J .

(3.66)

Tuy nhién cin chi y réng khi d6 thanh phin gay nén do cum co
cdu chdp hanh trong mémen truyén c6 thé tang. Thuc vay, ta xét thanh
phén diéu hoa
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W (o) = 1’52 +Ji0m2 _
W, o] = ——= — (3.67)
V(s+v)‘+(J(m+J(0)‘m

s& dat duge cye tiéu khi

£ 1 a 7 2
Yoo = ;—2[— (2sv+v© +J:{,wz)+ (25\-’4—\’2 +Jinm2 ¥k 4]3052(1)2] (3.68)
o

=<

Trong trudng hop v =0, ta cd
2

J. )2 §°
) SR LA A A 3.69
40 2 \J 4 (I )

Nhu vay khi tang J,, ma vugt qui I, thi momen truyén s¢ ting
lén.

C6 thé giam thanh phin gdy nén do kich dong clia co cdu chip
hanh trong momen truyén bing céch tang 1, (tirc Jap them vo ldng trén
truc ra clia co cau truyén). Tuy nhién bién phép nay khong hop 1y, vi true
va clla ¢ cdu truyén thudng rat manh. Hon nita mudn l&p trén truc ra cla
co ciu truyén vo lang ¢cé momen qudn tinh khéi lugng thu gon vé 1ruc
dong ca I, thi trén tryc ra cua co ciu truyén phai 1ap vo lang c6 momen
qudn tinh khoi lugng biang 2], (& day i 1a ti sG truyén).

¢. Anh hudng ciia do cong cua ddc fuyén dén momen truyén
Dé dang nhan thdy rdng Khi s ting thi thanh phan (3.66) trong

momen truyén s& giam. Thanh phén (3.67) dat cuc tiéu 1ai

* ] 2 a2 2 2
g :2—{— [(v‘ +w2(J() —JE“-})]-{- \[{(TZ +w‘(J% -Jau)]2 +4mev2u)2} (3.70)

W

Do d6 khi chon dong co c6 dac tuyén ma do cong ctia n6 1én hon
s* thi momen truyén sé tang cling voi s. C6 {hé giAm momen truyén bing
cdch tang do cong cua dic tuyén ctia momen can. Tuy nhién bién phap
nhu vay khong c6 ¥ nghia thyc € vi déc tuyén clia momen can phy thudc
viio qud trinh cong téc clia may.

Nhu vay viéc giam do khong déu ctia chuyén dong truc ra cua
dong co bing bién phdp thay 4éi cdc tham s6 J,, .., cAn phai chd ¥ dén
viéc dam bao diéu kién lam viéc clia co cdu truyén. Viéc tang tai 1én co
ciu truyén lam tang bién dang va Kkéo theo lam tang do khong déu cla
chuyén dong quay. Vi vay cin chd y dén cdc gid tri t6i v Iy, vas” duoe
x4c dinh theo cdc cong thifc (3.68), (3.70). Tuy nhién cdc gid tri nay phu
thudc vao o, tic phu thude vao cac s6 hang diéu hoa kich dong.
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2.9 Céc bién phap lam giam cic kich dong (bién d0)

Viec giam céc bién do kich dong L, va L s€ lam giam cdc sai 0
dong lyc theo goc, van t6c gbe va cling lam giam tai dong luc trong <0
cdu truyén. Vi vay phuong phip nay
duge xem la c6 higu qua nhat dé cai
thien cic dac trung dong luc clia may
trong ch& do binh on.

Theo (3.23) v (3.24) viéc giam
cic momen kich dong ¢ thé dat duge !
bing cach giam thanh phin bién thién ...
cha  moémen  quan  tinh (tic

3,(q).T.(q)) va cia chc ngau Iy thu

gon tic My (1,6,4) V2 M, (q.9)- D&

giam ﬂlud(q).pl‘c(q) cin phai giam cac R

khéi luong dong, con dé gidm cac thanh Hinh 3.3 Co cdic cam
phin bién thien clia cac momen luc thu

gon tic My (u0,4)% M (q.4) 0 thé |
vudt thing cac dac tuyén, vi du, bing ||
con dudng st dung dong co nhidu ky. ©
Ngoi ra c6 thé sl dung cdc thiét bi dic

biet. Sau day s€ trinh bay ba trong 0

cdc thi€t bi nhur vay: Hinh 3.4 So dé dém dan hoi
a. Co cdu cam

Dé giam kich dong L (1) gay ra do van t6c goe v khau vao cua cd
c&u chap hanh ta lap co ciu cam trén truc cla nd. Can hdm co cau cam
tao ra ngau luc c6 momen M, = P.h; duge tao nén do 16 X0 dé can bang
v6i L(t). Bang cdch nhu vay thanh phén bién thién moémen tdng s& triét
tieu (hinh 3.3).

b. Pém dan hoi

Trén hinh (3.4) dua ra mot s d6 dem dan hoi. L(‘). xo dugc not
tryc tEp vao con truct clia co ciiu tay quay - con trudt OAB. Phuong trinh
chuyén dong cta pittong B s€ 1a

xp{) = 23.] cos{ivt + o))
1=0

& day a, va o, 1an lugt 12 bién do va pha cla diéu hoa thu L.
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Bo qua phan luc cua thanh truyén AB tdc dung lén piitong, ta cd
mXp = —CXp

Tir day ta nhin duge

ca, cosdy + Z(c ~mv21%)a, cos(ivt + ) =0
=i
Nhu vay 10 xo dé tao nén luc da tai

P, = cZa= cos(lvt + o)

i=0

Bang céch chon 10 xo c6 do cing c=mv2i2, véi 1 1a mot s8
nguyén nao do, co thé khir thanh phin diéu hoa thif |. Thong thudng chi
can khit thanh phan diéu hoa diutien ) = 1, uic chonc = mv?.

c. Bo tdt chdn dong luc

Viéc sir dung gidm téi bing co cau cam va dém dan héi c6 thé 1am
tang tai truyén lén vo may. Dé khéc phuc diéu nay c6 thé sir dung bo tit
chéin gébm khdi lugng phu lip vio khau ra cua ¢co ciu truyén va 10 xo ¢o
do cimg ¢, Trong wruong hop kKhau quay thi lap khoi lugng quay 4]
moémen qudn tinh J, va 1o xo xodn cé do cing c,, con ddi vai khau tinh
tién thi 14p khai luong phy m, va 1o xo thiing c6 do cing ¢.

Cy [ & ///////}:////////1 = m.
ﬂ _____ ﬁﬁﬁ- -. F m R CA

____.._p.‘ \n\\ ......

Ll v Ll L

TTTTE T i ]
) L,

X, Xp

Hinh 3.5 Khiu quay Hinh 3.6 Khau tinh tién

Piu tién khao sat trudng hop khau quay (hinh 3.5). Phuong trinh
chuyén dong cia mdy bay giv s& 1a:

Ty + (54 VW = L0+ L () +¢,8 (3.71)

& day 6 1a géc xoay ciia kh6i luong phu doi voi truc ra clia cg cau truyén.
Phuong trinh chuyén dong cla khoi lugng phu c6 dang

3 (W +6)=—c,0 (3.72)
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Cdc phuong trinh (3.71) va (3.72) dugc vi€t trong dang todn (i
nhu sau

[J[-:P2 +{s+ V)p}w -¢,0=L;(+L (=L
Jpy+(J pP+c,)0=0
Biéu thiic sai s¢ dong luc vé goc trong dang todn tir ¢ dang

I,p° te,
[JUp2 + (s + v)p](J,&p2 +tc )+J, c.p

y(p) = 7L =W, (pL

Dé khir sai 56 dong luc v img véi diéu hod ¢6 tén 56 © cdn lam cho bién
d6 cla né triét tiéu, tic

2
c, —~Jo ‘

W, (o) = =0

(s + Vo —Ty0 e, ~J,0%) - c 0’

Dicu nay dat duge khi chon c, = Jxmz. Nhu vay nho tit chan
dong luc s& tat duge thanh phan diéu hod ® cla kich dong. L& tit nhién
bo tat chan dong luc khong thé dap tit hoan todn kich dong dong luc.
Tham chi khi bo tit chan lam gidm ddng ké taj déng lye tic dung lén co
cdu truyén thi lai ¢6 kha nang lam tang dao dong cia ban than né.

B¢ tat chdn dong luc chi c6 hieu qua chi khi ¢c6 mét thanh phdn
di€u hda ndo d6 4t hin cdc thanh phin diéu hoa khéc.

Trong trudng hop khau tinh tién (hinh 3.6) duéi tic dung cla luc
Ftaco

mi, = F-c(x, - x,) (3.73)
mpii2 =c¢(x; —Xx,) (3.74)
Chiing ¢6 thé duge viét trong dang todn tir
(mp’ +C)X, ~cx, =F
CX, —(mpp2 +o)x, =0
Tir day

(mpp2 +c)F cF
XI ad ;x2 =

4 2
mm,p” +c(m+m,)p

mm,p* +c(m+m,)p’
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Vay

i, 2
_mmp +¢(m+m,)p

= 5 X,
m,p~ +¢

Khi pittong chuyén dong theo Judt x = acoswt, ta chon
c{m-+m ) 3 .
E— =" thi F=0.

mim

P

Chit y:

+ Cdc bién phép néu trén cé hiéu qua cao nhat chi khi van toc goc
trung binh o, 1a khong doi.

+ Do ma sat khi sit dung cdc bién phdp trén ¢6 thé xudt hién them
cAc momen can ma sat vi do dé 1am ting thém tai doi voi dong co.

+ Can phai dat thiét bi giam tai va tit chan dong luc cang gan
nguén kich dong cang tot. Trong trudng hop ngucc lai xich dong nim
giita ngudn kich dong va thi€t bi duoc lip thém chiu toan bo tai L(t).

Thidu3.l:

Tinh toan cdc thong s6 dic tuyén cla qua trinh binh on ciia mot
mdy nén khi hai ky ¢6 so d6 cho trén hinh vé& 3.7.

Chuyén dong clia pittong 3 dugce truyén nhd dong co qua truyén
dong cap banh rang 1-2 ¢d ti s6 truyén i = 2 va co cu tay quay - con
truot O,AB. Co cdu chap hanh ¢6 momen quéan tinh khai luong va momen
can thu gon vé tryc quay O, dugc tinh theo cOng thic nhu sau:

J, = 0,538 + 0,008cosp kgm?*; M, =-90,58 - 17,41cose - 6.49singp Nm

Cac thong so
cia dong co dugc
cho nhu sau: cong
suat  dinh  mic
W, = 7000 W, toc

do dinh mrc T o
n,, = 960vong/phut,

toc do chay tron X

n. = 1000 vong/phiit. Hinh 3.7 So do cho thi du 3.1

Momen quén tinh khéi lugng ctia dong ca cing v6i cdc chi tiét lap
trén n6 1 J, = 0,576 kGm’.
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Hay xic dinh :
- Bac tuyén tinh cta dong co (dang tuyén tinh)

- Van toc gée clia dong co va tay quay O,A trong ché& d6 binh on
{xap xi khong)

- Sai 56 dong luc trong gdn diing thit nhat.
- Mdmen déng luc trong co cau truyén dong.

Dde tyén cria dong cor
Mgt (ug,q) = Mfii(uﬂ’mdm }._ (G -y, )
trong d6 M (u,,, @4y ) 12 mémen dinh mifc ctia dong co.
Dau tién tinh van toc goc dinh mifc o, v van téc g6c khong tat
o, cua dong co

O = 229~ 100,335 10, = 21 = 104,725
30 30

Tir day tinh duge moémen dinh mic cha dong co

M([:t (Ufl s Wy ) = _W'dll = 69,63 Nm

dm

Trong hanh trinh chay khong tai momen dong co biing khong. Do
do:

{l , —
Mdt (UU’ Gym ) — 3w, — Cim )=0

- M::I (u(] ¥ m{]m ) - 69,63

Tir day $
M4 — Wy, 4,19

=16,62Nms

Dac tuyen tinh cla dong co s& c6 dang
M (ug, Q) = 69,63 - 16,62(q - 100,63)Nm
Vin toc goc rrung binh w, cia truc dong co.
Dua vao cong thite (3.7), ta co:
0

M::I (UU’ W ym ) - “(q - (‘Odm ) = _lc_
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i

]l— M(}
Tur d&y Wy = Wy +‘[Mf{}|(u(]‘m )+__L_:l = 1023_1
5 1

Vin tde géc trung binh v clia tay quay O,A v = o, i'=51 5.
Momen kich dong

Theo cong thirc:

l ul bl .
Lo =—[(M, -0,5) v )cosvt + (M, +0,5T v )sinvt|=
i
= =8,705cos 51t + 8584 sin 51t = 86,27 sin(5 1t — 0,101)
Sai 56 dong hree

Theo cong thite;

W, = L%“q'_-—cos(vl+81):0.029c05(51t—0,]009])
v\/:lf,v' +°

L’L‘J

W, =- sin{vt +8,) = -1,479sin(51t - 0,10091)

22 2
Jove +5
Momen dong hic trong co cdie truyén

Theo cong thic:

v \,’Ji{,vg +s°
J 2

= ———

o L., cos(vi+& ) =-49,17 cos(51t + 0,029)
JIEvT +s

3. CHUYEN PONG BINH ON CUA MAY VGI PONG CO €O PAC
TUYEN PONG LUC
3.1 X4c dinh ché do binh 6n

Trong truding hop khong thé bé qua duge t6c do thay déi theo thai
gian cua momen dong co, tic dM/dt ¢6 gid trf ddang ké thi cdn sir dung
mo hinh may véi dong co ¢é dic tuyén dong lyc. Trudng hop nay trong
phuong trinh chuyén dong cia mdy (2.18) mémen dong co la dai lugng
chura ¢é bidu thace xic dinh, chi biét né thoa min phuong trinh (2.28).
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Phuong trinh chuyén déng ctia mdy phit hop véi (2.27) va (2.28)
bay g1y sé 1a :

[J +J<|(‘1)+J (Q)]qu—{—qJ (q)+ qJ (Q)} =M, +M_ (q.q)
TMd + My =My (uy,9.9)

o] day M(q,q) 12 mémen can thu gon vé truc dong co, né ¢
dang (2.14) con M (u,, q. q) a2 moémen doéng cd Gng véi moé hinh dac

(uy€n (inh. Khi sit dung (2.15), (2.16), (2.17), (2.19), (2.20), phuong trinh
chuyén dong clia mdy cd thé duoc viét trong dang:

d~ -7 0,0, 1 .
] +J( )+J =t —T @ +—T, =M, +M(@)+M_(q,
[ o+tlalg (q)]q [d aty) m (q)]q M A@+M(q.9) (3.75)
™ +M = M (u,4)+ M (ug.0,9)
Gia slr chuyén dong cla roto trong chuyén déng binh 6n khdc rit
it vdi chuyén dong quay déu. Cic tdc nhan lam cho réto quay khong déu
1A cdc thanh phéan bién thién trong biéu thitc moémen quan tinh, moémen

cin vd momen dong co (dic tuyén tinh), D lam rd diéu nay ta viét (3.75)
trong dang sau:

Toid - M, —-M%@)=- J@fi-7 -
ol — Q) [d(q)+ (q)]ﬂl Lq (q” (C’)} 1(3.?6)

+ML(Q»Q)+TM +M M{J:(U{]&q)zMd[(u(}sq!q)

Vi chuyén dong binh 6n khdc v6i ché do quay déu rét it, do dé
cdc s6 hang ciia vé& phai clia cdc phuong trinh (3.76) chi déng vai trd thi
yéu ducc thé hién qua céc s6 hang bd sung trong viéc xdc dinh ch€ do
quay binh 6n.

Phil hop vdi diéu dd néi ta xéL hé phuong trinh sau

Tod - M, —M(@)=0
r:.q d (@) (3.77)
™, + M, ~ Mg (ug.4)=0

nghiém cila né sé cho phép xédc dinh thanh phén chit y&u trong bicu thic
vén t6c gée cha ché do binh on. |
Hé phuong trinh (3.77) ¢6 nghiém dang

4 =, = const, ¢ = m,l, M,=M,= const (3.78)
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va n6 dugc goi 1a nghiem gin ding bac khong cua he phuong trinh
(3.76), trong do cdc dai lwong tuong Gng véi ché do binh én duge xac
dinh t&r hé phuong trinh

M, + MZ(w,) =0 } (3.79)

M, - Mgt(unvwo )=0
Tir (3.79) dé dang tim duge
M?(m(] )+ Mgl(ull’mﬂ) =0

NG tring v&i phuong trinh (3.7) xéc dinh ché do quay déu trong
truong hop dong co ¢6 dac tuyén tinh. Nhir vdy van tdc gdc trung binh
cia réto trong gdn diing bac khong khong phu thuge vio hing s6 thoi
gian T cua dong co v c6 gid tri nhu trong trudng hop dong co c6 dac
tuyén inh. Do d6, dé xdc dinh nghiém trong gin ding bac khéng dau tién
ta xdc dinh o, tir pheong trinh (3.7) nhd céc phuong phap dd néu tong

2 clia chuong 3, con gid tri M, duoc xdc dinh tir bidu thac sau:

M, = Mg (ug,m,)=-M’(0,) (3.80)
3.2 S 6n dinh ciia nghiém gan ding bac "0"

Dé khdo sdt su 6n dinh cia nghiem cia h¢ phuong trinh (3.79)
cdn xét cdc dai lugng nhidu v va p;

V= Q- oy Ky =M, - M,

Khi thay cdc dai lugng nay vao (3.77) va chd ¥ dén (3.79) ta nhan
duoc sau khi bd di cdc vo cling bé tir bac hai tré 1én:

JoV+vw—p, =0; i, +p, +sv=0
Dinh thic dac trung cla hé phuong (rinh nay la.

Joh+v =1
=0

s T +1
va phuong (rinh dic trung c6 dang
oA +(Jy +vDh+s+v=0 (3.81)

Diéu kién 6n dinh tiém can cla nghiém (M, @,) dua vao diéu kién
Hurwitz, 1a cic nghi¢m cha phuong trinh (3.81) ¢6 phén thuc am. Tir d6
ta nhan duoe
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v+s>0; J,+vr>0 (3.82)

Didu kien thit nhét tring vai (3.20) 1a diéu kign on dinh khi dong

¢o [am viéc v6i dac tuyén finh. Diéu kign thir hai s& duoc tu thoa man khs
v > 0. Chi trong trudng hop v < 0, thi ngoai diéu kign da nhan duge trong
trudng hop dic tuyén (inh, cin thém diéu kién J, >

vit.
3.3 Sai s dong luc
Gia str (M,,. ®,) la nghi¢m én dinh ciia (3.77) va 1a nghiém gin
diing bac khong clia (3.76). Gia sir nghiem cla (3.76) co dang:
q =yt +y(t): M;=M;+ 1y

né duge xdc dinh nhd phuong phip gan ding lien ti€p dd dugc néu
trong 2 cla chuong 3.

Thay (3.78) vao v€ phai cta (3.76) va sir dung dang tuyén tinh cia
cdc dic tuyén (3.28), (3.29), ta nhan dugc:

.. : 1hd ~ d ~ ~
Jow+vw—Hy :_;h& J(,(m01)+d—q ju(mot)}”% + M, (wyt, 0p)

Ty + by + 8= M, (U, 04t 0)
Ching dudgc viet trong dang todn I nhu sau:

1| d~ 3
(J.p2 + vphy — g1y =——| — J (@) loy +L A0
oP PR =y Z{dq 110 ] 0 (3.83)

spy + (tp+ Dy = ﬁIdl(un,mnt,m“)
Trong dé L.(1) ducc tinh theo (3.24).
T dé tinh dugce
W:WH(P)(LIdJFLc)+Wi21:d (3.84)
g = Wy, (P)(Ld +L)+ szL”d

\ : ] d~ v
o day Ly :'Ea J4 (mol)m%; Ly =My (ug,01,00)

mp+l |
3 P ;W|3(P)
Jop~ + vp)(tp+ 1) +3p

W, (p)y= = >
utp Jop~ +vp)(xp + 1} +sp
-8 Jop+Vv

W, = ‘ ; Waip)=
2 (P) (]Up+v)(1’p+l)+s 2(P) (Jop+v)('rp+1)+s

Xét trudng hop kich dong chi tie bo phin chdp hanh (tde L,=L,=0)
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P+l
(Jop° +vp)(tp+1) +sp
p+i

w=W, (p)L. =

(3.85)

b =pW, (p)L, =—
¥ = PP Jop+vHp+ D +s

Khi sir dung biéu thife (3.27) cla L (1) ta nhan duoc

VI TPVIL cos[]vl+Bl+argW“(jlv)]

W= j

o Ivaf(s -}—\‘f—JU'cl‘\:2 )2 +{J, +vr)2 i2v?

V(1) = “2 1+ t":l:’v—zLL‘I Sin[lvt+[3] +arg W, (jIv)]

=1 \/(5+V—J(,Tlgv2)2+(JU+VT)211V3

3.4 Bic trimg bién do - tan so

Khao sat chi tiét sai s§ dong luc vé vin tée goc qua dac trung bién
dé - 4n so:
2 2

. . 1
Alw) = ‘J(DW”U(OH = o

(s+v-1 T’ )2 +(J, +vi) o’
0 0

Pay 1a t1 56 gilta bién do cua v (t) viL bién do clia thanh phan diéu
hoa tan s6 o cha kich dong L (1).
Iy

Dua vao thong 56 Ty = (3.86)
S+ V

dugce goi 14 hiing s6 thdi gian cd cha mdy, nd c6 thi nguyén thdi gian.
Khi d¢é ta nhan duoc

VI+ e’

Alw) =
(s + v)\/(l —trot)t + [’EM +v-r(s+v)"]2c02

(3.87)

Thong thudng vi{s+v)' << 1,, nén trong (3.87) thanh phin
vi(s+v)"' duge bo qua,

Do thi cha (3.87) phu thuoc vio ti s6 t/ty, dé dang thiy A(w) dat
, . 2 2
cuc tri tai: (® )2=~l—; —T+—T;-——l
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N 2t t?
Vi (@")? phai  dwong  nén —+—>1 tirc
T T .

L 212041

™M
(5+VIA{w)
Trén hinh 3.8 dé [hl bién dﬁ r ’tsz 30,41
tin 56 dugc  xay dung véi cdc gid
, N 21 /Ty <041
tri v/, < 0,41 vd 1/t > 0,41. /
. p N =0
Véi 1/t > 041 céc duong /] T
cong c6 cuc dai tai ® = ®". Hién
tuong nay ducc goi 1a hién tugng
cong hudng dong co, né chi ¢é dai 0 w* W
;m dac tuyén dong lue. C6 the tinh Hinh 3.8 Bién do 1an s¢
HgC

|
[i5 + VIA@)],,, = m[(a/l +2IM o J_M_)} i
T T T

Cac gid tri [(s+V)A(®)],,,, V@ ©'t Gng v&i céc gid tri khac nhau
clia 1/1y cho trong bing 3.1.
Bang 3.1

t, 0411 05 | 1 2 4
®'t 0 10343 | 0,856 | 1,352 | 1,975
[(s+V)A@),. | 1 | 1,029 | 1,468 | 2,468 | 4,478

Su phu thuoce ciia A{w) vao , khong don diéu. C6 thé chi ra gia
tri Ty, tai d6 A(w) dat cuc dai

Ty =T/l + T°w)

(trong triong hop ndy, ciing nhie trén, bé qua dai higng vol(s + v) trong
(3.87).

Néu tiang ty nhung vin bé hon 'y thi A(w) s tang theo. Vi vay
khi tang mémen quén tinh trung binh ciia mdy (ma T, < t',,) thi A(w)
tang va do d6 lam tang do quay khong déu cla roto. Nhu vay viéc lap
thém vo lang trong diéu kién vira néu ¢6 thé din dén viec tang do quay
khong déu. Vi vay cin luu ¢ ring vi¢e sit dung mo hinh dac tuyén nio
(dac tuyén tinh hodc dic tuyén dong luc clia dong co) tuy thuoce vio gid
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tri cua dai luong t/1,,. Khi t/1,; > 0,41 cdn thiét phii sir dung dac tuyén
dong tue, néu khong s& vap phai sai s6 16n do ¢6 cong hudng dong co.

Npoai ra sau khi tinh i, tir (3.84) ¢6 thé bi¢t duge nén st dung mo
hinh nao. Néu 111, >y, mi su dung dac tuyén tinh thi s& pham phai sai
jam ldn. Ngodai ra khi L, = 0 con thanh phin diéu hod diu tién trong bidu
thitc cla kich dong L (1) rdt 16n thi cling ¢6 thé sir dung mo hinh dic
tuyén (inh néu tv << 1.
3.5 Momen dong hue trong co cau truyeén

Gia thict L™, =0, L”, =0, dua vao (3.84) ta tinh dugc
~8

By = W, (pIL, = = L.
Jomp Uy +vOp+s+v

Tir phuong trinh chuyén dong cla cum dong co:
‘]{!(]q} =My~ Mir

Ta tinh duoc thanh phan bién thién K}[n- cla momen truyén:

M, =1y = Tgo¥
v né duge vidt trong dang todn tr nhu sau:

s+ Jgopll +pO)
J[,rp2 +{Jy +viipts+v

=

v =R~ FgopTw=- L. =W, (L. (3.88)

Khi thay L (t) tir {2.27) ta nhin duoc

ﬁ“m:i\j(s—JmT]?\,?)E + 12,13 vE coslive + By +arg W, (jIv) (3,887
1-1

\;[s +v—JgtPvi 4y + vy’ 12y

Gia thiét T, >> vt/(s + v), Khao sdt dac trung bién do - tin s6 cua
moémen dong lue trong ¢o cdu treyén:

2
\/(]-Itdmz)g +taw2 $

\Wclr (_](D)‘ = (389)

J(l —try0t) F Ty’ STV
a day T, =% (3.90)
duoc goi 12 hiing s6 thdi gian co hoc cia dong co.

Cé thé chiing minh' ring [W (joo)| dat cuc tri tai

el

635



1

e l a2 E
=0, :—\/;—"“—[(fd T n )Ti\/(rd Ty )T 21Ty T (Ty "'Td)]

2Ty TyT

Nghiém bé nhat tr hai nghiém tim duge chi ton tai khi
T, + Ty < 21 vi khi 1, > 1, nghiém bé nhét ng vdi cuc ti€u, con nghiém
16n nhét dng véi cuc dai chia | W, (o) | . Khi 1, < 1, ching ta nhan duge
cic két qua nguoc lal. Khi 1, = 1y thi | W () | = si(s + v).

Trén hinh 3.9 d6 thi cho cic dudng cong bién do - tdn s6 cla
momen dong luc trong cg cdu truyén ting vdi cdc gid tri khdc nhau cua
cdc hiing s0 thdi gian t,, Ty va T.

Tir d6 thi ta ¢6 thé nhan truc ti€p cdc két fuan sau vé viée giam
cdc momen dong luc trong co cfu truyén duge gy nén cho co cdu chap
hanh, tic do L.{t):

+ Momen dong luc trong ¢o ¢du truyén gy nén do L(t) s€ giam
khi t, + Ty > 2T VA T, < Ty (Ung vdi trudng hop 5 va 6 trén d6 thi). Khi
ting J,, thi T, ting manh hon 1, nén néi chung s&€ 1am tang momen dong
lic clia co ¢cdu truyén (Gng vé cac dudng 2, 3, 4 trén do thi).

+ Khi ting J, s& lam tang
T, ma khong lam tang 7, nén sé
lam giam M, . Cdc tinh chit nay

%]

(52015t L) ;
[

di thu duge khi dong co lam viéc
véi dac tuyén tinh. D¢ gidm céc
gid (r1 cuc dai clia |Wm(jm)\ cin
chon céc 1, vd Ty ¢6 gia tri gdn

nhau. Khi ching bing nhau thi: ! ,
v/s = Jo/Yoo
Néu 1,+1,>2tvat < 0 ' w

Ty, thC Jyov < T s thi vOi mot 818 Hink 3.9 Puomg cong bién do tdn so

tri cua o sé ¢o:

., =1
; 20T, Ty Tyt Ty > 2T
. 5 d SR M

\ W (o) i s — 3T, T T+ Ty < 2T

. 4.1,>1,:1=0

Nhu vay bang cich chon 5.1,< T T=0
thich hdp cdc thong s6 clia dong 6. T, <Twi Ty + Ty > 2T
T T <Tyy T, +T, <27

co va clua co cdu chap hanh cé
thé giam moémen dong luc trong co cdu truyén.
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V&i cac gid tri bé cha T (21 < 1.+ 1) thi diéu kién
vis < § (3.91)
¢6 thé thuc hién bang cdch gidm J,, hodc tang .

Néu kich dong do cum déng co khée khong (L, # 0) thi dé co
duoc cac tinh chét nhu trén diéu kién (3.91) cén duge ldy nguoce lal.
Thidy3.2:

Xic dinh sai s6 dong luc theo géc, van toc goc va tai trong dong
luyc trong ¢o cAu truyén cla may 16 hop da khao sat & thi du 3.1 trong
trudmg hop déng car lam viée véi diac tuyén dong lue vai hing s6 thoi glan
cua dong cot =005 s.

Sir dung céc két qua cla thi du 3.1. Véi gid thiet v =0 va gir lai 3
thanh phan diéu ho ddu tienva phit hgp véi (3.85) ta nhan duge:

\/—Jr‘r m’v [ Ly costmvt +& - .Z)-‘er sin(mvwé_,;)Jl

'q_f = . - ,
mel mv\/{l _anz\,z)_ +1:_2\,,m2v:2
Z l+t°m*v” [LLm cot;(mvt +5)+ Ly sin(mvt+i)]
Y=
el s\a(l~ tr.\,m *viy? +r“m 2y?
o day

&= drg[jva”(jmv)]z

2.2
3 3 sl I-trm-v
=arceos|l+ 1 m v —ArCCos

2 2
y(! —ttymivi)+ tMm2v2

Momen trong ¢o ciu truyén duge tinh theo cong thic (3.88) khi
giit 3 56 hang diéu hod dau tién vi ldy v =0, 1a ¢d:

3 2,242, 2022
-ty m v ) +m v

M, =

m -l

(- 1:t_\_.im:v3 )+ "ri_imzv:

X [Ltm cos(mvt +arg W, (jmv)+ L sin(mvt + arg W (jmv)]
G day

1— rtdmzv2

‘dl'g[W“. (jm\’)] =T + arccos - _
\/(l - TTdeVZ )+ Timzvz

1.2
L -11,m v

— drccos

2 a3
Yl —‘U:“m“v2 7+ 1::“\,|m.2v2
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CHUONG 4
PONG LUC CUA QUA TRINH MG MAY VA TAT MAY
1. QUA TRINH MO MAY

Qud trfinh m& may thutng duge goi la qui trinh khdoi dong hoic
qua trinh 1dy da cla mdy. N6 [a mot dang cua qud trinh chuyén tép.

1.1 Qua trinh mé may v6i dong co cé dic tuyén tinh
a. Qui ludt chuyén dong ciia mdy trong ché do mé mdy

Trong qud trinh m& mdy, van téc goc clia khau bi dan thay déi gid
it q =0dén q= w, (o, li gid tri cia van téc géc trung binh ctia qui
teinh binh 6n). Qui [uat chuyén dong cia mdy trong qud trinh nay duoc
xdc dinh qua nghiém cfia phwong trinh chuyén dong ciia may (2.25) Gng
voi dieu kién daut = 0, q(0) = 0 va q(0). Dai lugng cudi cing thudng [
chua biet. Tuy nhién dai lwong nay anh hudng rat it dén qui luat thay doi
van tée gée va do d6 né c6 thé 1dy gid tri tuy y, vi du q(0) = 0.

Sau khi dd xdc dinh duge cdc gid tri dau ta c6 bai toin Cosi,
nghiém caa né ¢6 thé tim duge trong dang giai tich nh¢f cdc phuong phéap
tich phan, hodc trong dang s6 nhe cac phuong phip tich phan s, thi du
nhut phurong phap Runge-Kutta; v...v. Tuy nhién viéc tim nghiém trong
dang s6 lam khé khan viéc d4nh gid anh hudng cha timg thong s riéng ré&
dén dac trung dong fuc hoc clia may. Diéu nay rdt cdn thiét cho bai todn
tong hop chuyén déng ciia may. Vi 1y do d6 trong phin nay chi khio
sdt dong luc hoc clia qud trinh mé mdy vi tit mdy dua trén quan diém
giai tich va gidi han trong trudng hop médy khong didu khién, tic
u=u,=constkhit> 0,

Gia str qud trinh md mdy duoc thuc hién mot cdch dii cham sao
cho trong méi vong quay coa dong co (it g thay déi tir 0 dén 27) van té¢
gdc trung binh thay déi khong déng ké, tic Awy, <<y, VJi cdc gid thiet
trén, trong théi gian mé mdy c6 thé sir dung dac tuyén finh clia dong
€O va gial bai todn Cosi véi didu kién ddu “khong” (titc q(0) = 0 va
q(0)=0).

N6i cich khdc d€ tim qui luat chuyén dong ciia qué trinh mé may
cén tich phan phuong trinh:
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Jod — Mﬂl (ug,q) -~ MY(q) = -_{”f\l Q)+ ”jc(q)h _
Il d-~ d~ .2 o . -~ .
*Ehﬂn(qﬂah(q)]q‘ + My (ug.q.9)+ M (q.q) 4D

Do su thay d6i cham clia § nén trong gén ding thit nhat cho phép

bé qua cdc s6 hung ciia v& phai clia phuong trinh (4.1). Bing cach d6 ta
nhan duogc

Jy flaw)
- ~dw = dt
Mm(u(,,m)+M ((u)

odayw=q.

Tir day ta tim dugce

095w, «
dw =t(w) (4.2) Hinh 4.1 Thot gian md mdy
(‘,[ dt(uu,m)H\/l () ’
Thai gian m& mdy t, duge tinh nhd bidu thikc:
] J iy
t,, = J' 5 L da=1I, If((:))dm (4.3)
; Mg (ug, 0+ M (w) :
, 1
G day f{m) = p 5 (4.4)
My (u,, o)+ M (w)

Vi o, 12 van t6c gdée ctia qud trinh binh &n duge tinh tir (3.7) do d6
no lam triét tieu mau s6 ham f(w) va tich phan (4.2) 1a tich phan khong
rieng. CS thé chi ra rang vdi (s + v) # 0 thi t,, — oo. Thong thudmg théi
gian m& mdy [4 khoang thoi gian may dat duoc van 8¢ goc gan bing ),
nhung khong bang né. Trong thuc & vin t6¢ gée d6 thudng dugc 1ay bing
0,95w,. N6i cdch khédc thdi gian mé médy duge tinh theo cong thie:

0,950,
n =J0 j.f(m)d(n (4.5)
0

t

Néu sir dung phuong phdp do thi thi thdi gian m& mdy t, bang
dién tich dé thi dudc gidi han bing truc tung va dudng song song véi truc
tung va cich né mot khoang bing 0,95w, theo mét 1i 1€ xich cho trude
(hinh 4.1).
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Tir cong thire (4.5), thdi gian m& mdy ¢ 1e vai J,. Do d6 dé giam
thoi gian mo mdy can phai giam J,,. DS v6i cde loai mdy cé thoi gian md
mdy chi€m i [¢ quan trong trong toan bo thai gian 1am viée clira may (thi,
du. cdc mdy cat kim loai) thi day la bién phip rat quan trong dé nang cao
nang sudt mdy. X&t truong hop dac tuyén cha may ¢é dang tuyén tinh, e

M’ =M, -s(o- o) M’ =-M, - v(o-o,) (4.6)
o diy M, = M{]d[(uﬂswu) = -M.(m,)

Khi thay (4.6) vito (3.5), ta nhan duoc

Jow+(s+viw-o;)=0
[

Nghiém clia phueng winh nay cd dang sau @ =, + Ce ™
¢ day C la hang s6 tich phan, duoc xédc dinh tir diéu kién dau. Dua vio
di¢u kién dau  w(0) = 0, ta tinh dugc C = -,

_ 1
Vay o=w,(l-c ™) (4.7)
Thai gian mé& mdy dng vér o = 0,95, s€ bang:
1, = -Tyuln0,05 = 31,, =3 /(s + v)

Nhu vay hing s6 thdi gian t1,, x4c dinh hoan toan thdi gian md
mdy trong truong hop cdc dic tuyén cia dong co va bd phan chip hanh
c6 dang tuyén tinh. DE gidm thoi gian mé mdy hoac giam J, hoic ting do
cong cua dac tuyén dong co. Ki hiéu géc quay clia réto dong co trong
thoi gian md mdy 1a ¢, ta ¢6:

1

t 1

nm

[Iﬂ m
Pn = j&)d[ =Wy j(l —e ™ = U _TM(I —e ™ )= OJU(lm _TM)
0 0

Vi thei gian mo may t, =31, tacéd ¢, = 20,Ty,.

Vay s6 vong quay cla réto dong co trong thoi gian ma may N s&
bing:

N, = 20,T,/21 = w,T/m (vOng)
Bién thién ca van toc goc trong thoi gian md mdy [A Aw, = o,

tuong ng véi s& vong quay N = 0,1/ Vay lugng bién thién van tdc
gde sau mot vong quay sé bing

Awy, = T O,Ty = /Ty,
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Nhu vay dé c6 thé bd qua cdc s6 hang cla v€ phdi cua (4.1) thi
cdc dai lwong M, (uy.9,d).M_(q,q) thay déi bé trong khodng thdi gian
¢ thay déi luong Aq= w/Ty,. My 1

b. Momen déng licc trong co cdu truyén
Mo

Phuong trinh chuyén dong cua bé
phan co /

Jod =M, + MO@ =M, - My —v@-05) >
Tir day ta nhaa duge Hinh 4.2 Momen tde dong

: lén co cdu truyén

Mll' = MO + V(q _0)[))+ Jc(}q
| 1

Dua vao (4.7) q=w(l—¢ ™), §=—2e¢ ™) va thay ching vao biéu

Ty
thirc cua M,, ta nhan duoc:
1 1
v on T
_ - M a ™™
M, =M, -voze ™M +],—¢
T
I ‘ Jos-] ‘
o &= J v C
= ( 0 _ V)(l)oe ™ + MU = MU +_LU _“_do - (l)UC ™
Tnm Jo

Mémen dong luc trong co cdu truyén thay déi tuy thude dau cua
hieu J o5 —J4,v. Trén hinh 4.2 1a d6 thi cho su phy thudc momen dong
luc téc dung lén co ciu truyén theo thoi gian. Doi véi co cdu truyén tot
nhit 1a M, = M, . D& dat duoc diéu nay cdn phii  Js <Jgv, the s/v >
o/ wor

Trong trudng hop téng quat khi cdc dic tuyén 1a phi tuyén thi w
hé phuong trinh (3.5) ta tim dugc '

1
j= ———(M§ + M)

Jao t o
Tir day

—@—(Mﬁt + MS)_ M‘C’

er = Jcﬂq_ME =
- Joo + 1o

|
= T(JcUMiL ~JoMY) (4.8)
4]
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: ] s -
Khi thay M = M, (0} M! = M, (®) vao (4.8) ta nhan duoc
biéu thic clia mémen dong Iuc cla co cdu truyén 13 ham theo van toc
eoc, the 1a;

J.
M, () = TL“- M, (u,, @) — %l M (w) (4.9)

i [
1.2 Qui trinh mé may voi dong co ¢6 dac tuyén dong luc
a. Qui ludt chuyén dong cria may
Khae sit dnh hutdng ciia dae tuyén dong luc clia dong co dén qud
rinh mo mdy. Gidi han khao sit d6i véi trudng hop céc dic tuyén ¢6

dang dudng thang (hinh 4.3). Qud trinh m& mdy duoc mo ta bing he
phuong trinh sau:

Joo =M, +M, +vio~w, ) =0
0 | 0 '(}J } (4.10)

TMu + M, ~M, +s(n ‘-‘m[,)zo

Tai thoi diém ddu dé c6 thé mé may duoc, dong co cén phai tao
dwge momen khai dong biing M (0).

Di¢u nay dan dén qud trinh mé may duge chia lam hai giai doan:

Gial doan |. Trong khoang thoi gian tL']’ déng co cdn tao nén dirge
mémen dong co MY =M, - va, dé khic
phuc mémen cin ban dau M, (0),

Giai dogn 2. ng véi khoing thai gian
2 mdy duge dua tir trang thii o(0) = 0 vio
trang thdi binh 6n véi van e géce trung binh
.

Trong giai doan 1 ta cé phuong trinh

O<t<tD vapu) = 0 Hinh 4.3
th +M, =M, +s0,
Phuong trinh nay c6 nghiém dang
M, =Ce """ + M, + s,
Tait=0 M(0)=0nénC = -(M,, + st,)
Nhu vay trong giai doan 1, mémen dong co sé la:
M = (M, +sw,)(1-e) 4.11)
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Thét  gian md  may t{ni’ dugc xdc dinh tr diéu kicn
MM =M, - veo,, tic

(Mg + s, )(1 —e " )= My ~- v,

. (8 + V),

M, + 5o,

= 1]

(4.12)
Khoang thoi gian 1 ciia giai doan 2 (inh duge nhd vao viée tich
phan phuong trinh ddu cha (4.10) véi didu kién dau
t=0, o0) =0, My(0) =M, - veo, (4.13)
Cu the tir phuong trinh ddu cha he (4.10) ta tinh dugc
Mi=Joo+ M, + V(o - w,)
Do dé My =J,é+ v

Thay biu thic ndy vao phuong trinh thit hai cia (4.10) né ¢6

dang
TIyO+ Ty 0+ 0=, (4.14)
o day Ty=Ty+1 (4.15)
V+s
Diéu kién dduclha (4.14)1a  o(0) =0, o(0) =0 {(4.16)

biéu kién w(0) = 0 duge suy truc ti€p tlr nhan xét la trong ca giai
doan 1 (thc O0<t<t!")y o(1) = 0 va do do w(t)=0 trong giai doan niy).

Ciing c6 thé suy diéu kien (4.16) tir diéu kién vé mémen dong co trong
giai doan 1.

M (0) =M = J,@(0)+ M, ~ var, = M, — vao,,
Tieds Joan0)=0— a(0) = 0,a(0)= 0.
Phuong trinh (4.14) ¢6 nghiem dang: © = o,

D¢ tim nghiem t6ng qudt cia phuong trinh khong v& phat cia
phuong trinh (4.14) ta viét phuong trinh déc trung cda n6:

T A + Ty A+1=0
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Phuong trinh niy c6 nghig¢m:

: R

‘ b2
?.vl,):—iki—t J] _1_M_ ___l..._
"~ 21Ty \ 21ty Ty
+ NEU (t'yy )2 > dry thi &), %, déu thye vicam. Lic d6 nghiém tdng quat
cua (4.14) ¢6 dang
® = o, + C e+ Cye’?!
Sir dung diéu kién (4.16} ta nhin duoe
0=, +C +Cy 0=C A +GCh,

A
Tu day tinh duge €, = 7&20)_0_.(: _ Mo

I T W

Vay trong qué trinh m& mdy (giai doan 2) qui lut thay ddi van
toc goc s la

A, *
0)=m0(l+vk y e _1—1;&_612{] (4.17)
A T

RS rang trong qué tiinh md may o < @y, Thuc vay dé xdc dinh ta
giastt 0> %, > h, Tu@d.17) ta cd: ’

W, =0 = Y “lz (l et — % en )z [l — Ao “'"”)'}: >0

?&—?&

Biy gio hdy tinh thoi gian m& mdy t? g véi ng,

(0(12“}) = 0,95, Tu 0> A, > hytaco i le M e llzlc:‘ﬂ

Vay tif (4.17) ta nhan dugc

0,05 = 2 ghta’ = paf 1 L
R W W My =y it 20
P~||‘|n::|
Do dé lkzl =S
Ay —hs 20
Ay 2y _
Suy ra in " = |t - 1n20= I3 3=
1= A
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Tir day tinh duge thai gian me mdy

eI BUSEL T {4.18)

|J".. \ f.,] - f\.7 /J

Qud trinh md¢ mdy véi qui Tuat (4.17) duge got la & chu ky
(hinh 4.4}

+ Néu (‘EIM )y < 4ty thi phuong trinh dac triag clia (4.14) ¢6 nghigm:

)\.Lj = -l) _ll: k‘}
G day
Tu_ k = L Ly (TM)z1
21ty | 4
TTn \ TTay Tty

(uT

RTINS
/

0 mkv
Hinh 4.4 Hinh 4.5

=y

Phuong trinh (4.14) ¢é nghiém

o=, +Ce ™sinkt + Coe™ coskt

il

@ = ~C,ne ™ sinkt + C ke ™ coski - C,ne ™ coskt - C, ke ™ sinkt

Sir dung diéu ki¢n ddu (4.16)tacé  0=w,+C, 0=Ck-Cn
Tit day nhin duoe C, = - en/k; G, = -y,

Nghiém cua (4.14) s€ la

W=, —0ge " (coskt +Esin kt) 4.1
Tai thai diém t = /k van 16c goc o dat cuc dai

. -nafk
O = Ol +e )

75



Théy ring w,,, > @, Nhi vdy van t6c géc o theo (4.19) cd dic
trung tat ddn v van tée géc trong qud trinh m& mdy ¢é thoi diém dat gid
tri [6n hon van t8c goc clia qud trinh binh én. hinh 4.5, Pay 1a diéu khong
(61, Lién quan dén viin d¢ ndy dua vao he 5@ vurot van toc &)

Oy — u}ﬂ — e—n.‘t;"k

L=

oy,
Néu v << s thi 1"y = Ty, v cdc cong
thie nhan dugc rt don gian.

V{ du, diu kién d¢ phat sinh ché do

dao dong 8 1a 1y < 41, con he $0 vuot

e " ’4—1— 1
Ty

Thoi gian mé mdy duge tinh nhu

van toc g s¢ la

g

Sau;

nt .

095w, = my{e -1

(4.20)

O

D]

Hinh 4.6 Duong ddc tmyén
phi tiyén

Tir diy —ni,, =n005=-3
33

Vay t, =—=— 2Ty = 61
0 Ty

Titc thisi gian md mdy gip 6 1dn hang 3 thoi gian T ciia dong co.

Van toc géc m& mdy vuot van t6c gde trung binh cla qué trinh
binh 6n 12 diéu khong mong mudn. D tranh hién tugng niy cdn phai dap
it dao dong, tic cin thye hién dicu kién 1y, > 41,

Tit 6 ty/t> 4

Pé thuc hién diéu kién nay c6 thé
sir dung céc bién phap sau:

- Tang ti s6 T),/t. Mudn vay hodc
1ang Ty, tic tang J, (ting momen quin tinh
khoi lugng thu gon clia may) hodc chon
dong co ¢ hing 6 thai gian be.

- Sir dung dong co ¢6 dac tuyén phi
wyén, cé do cong s bé img véi gid tri van toc
cin mién 1am viée clia van 16c goc (hinh 4.6) .
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Dé dat diéu nay sir dung bien phip diéu khién khi m& mdy, bing
cach tang dan u(t) dén v, dé dam bao dudng dac tuyén duge tron trong
mi¢n 1am viéc (xem hinh 4.6).

Luu ¥ rdng viéc thay déi dic trimg cta qué trinh mé mdy s& m
tang thot gian md mdy.

b. Momen dong luc trong co cdu truyén

D€ tinh mémen dong luc do dong co tdc dung I&n ¢co cdu truyén ta
vi€t phuirong trinh chuyén dong cua cum dong cor

JL'UU] = Md - N‘l“.
Tir day va tir phuong trinh diu cda (4.10) ta nhédn dugc

M“,. - Md ""Jdod)z.li}cl_)'i" MO +V(Uj—mn)—J(|nfb
=J o0+ M;+vio-n,) (4.21)

+ Trudng hop mé mdy ¢6 dic trung 4 chu ky
(Ty ) > 411y,

Trong trudng hop nay thay o trong (4.21) bang (4.17) ta nhan
duge

Wy
r kl _ kz

[(V+ Jooh Ve —(v+ JCDIJLZ)}.lcJLII (4.22)

Khi t — o0 thi M, - M, khi t =0 thi M, = M, - vay,, day I
momen dong ca trong giai doan I truyén vio co ciu truyén,

Biy gi0 ta s& (im diéu kién dé M, < M, trong sudt thoi gian mao
mdy. Mudn the ddu tién ta xdc dinh thai diém * ma M, dat cue tri. DE
dang chi ra ring '

(VT e — (v Tghy e =0 (4.23)
J. st
Tir day ta nhan dugc AREFTTRIRC (4.24)
v+ A,

DéE xdc dinh, ta gid thiet 0> A, > A, Khi d6 0<e®™ % o »a
dieu kien (4.24) chi duoc thod man néu v+ J A, <0 — P> viT,.

Vi diéu ki¢n ndy momen truyén dat cuc dai va dé thi clia né cho
trén hinh 4.7 (itng véi duding cong 1).
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Vay dé M, < M, can thiét phai ¢d [l <v /Ty
+ Trudng hop ma mdy cd dic trung dao dong rat din

Trong truong hop nay, trong (4.21) van tée gdéc o duge thay bing
bicu thite (4.19), ta dugc

b

;
M, =M, + o™ {i ol (-”k— +K) - ‘;—“ lcoskt + Esin Kb (4.25)
' i Y

Viy gid tri cyc dat cda momen truyén ludn vuet gid tri M, (trén
hinh 4.7 tng v&i dudng cong 2),
¢. Cdc nhiéu dong

Qui ludt thay d6i cua van t6c g6c trong md may nhan duge trong
dicu kién lay trung binh coa lyc sau mot vong quay cia roto. Trong diéu
kién nhu vady v€ phat cta phuong trinh (4.1) dude xem 1a bing khong.
Tuy nhién ¢6 thé lam chinh xdc hon qui luat nay nhes phuong phdp xap xi
lién tiép,

Virang J,(q) va J.(q) ¢6 gid tri trung binh bing khéng, nén ¢é
the xem biéu thitc van t6¢ gée tim & trén (tic nghiém cta cdc phuong
trinh (4.10)) 1a nghi¢ém gan ding bac khong va dua vac dé dé xay dung
nghiém gan ding lién ti€p, nd thé hién dnh hudng céc nhiéu dong dén qua
trinh md may.

Xét truong hop dong co tam viée véi diac tuyén dong luc va cdc
dac tuy€n can va dic tuyén finh duge viét trong dang khai trién lan can
l..] - (O“.

Phuong trinh chuyén dong clia may bay gidy la
Toi~ My + Mg +v(d - 0g) = T, @+ T, (@fi -

{EL @ +ifc(q)}q2 SRL@ ) (4.26)
dt dt

™+ M, =M, +5(d ~0,) = ﬂd[(un,q,(l}
Thay nghiém cta phuong trinh (4.10) vao vé& phai cua (4.26), tic
trong do ta thay

Gd=00, 4=o60, q= J.UJ(t)dt

4]

78



thi (4.26) bay gid co dang

Jog-M +My+v(g-w y=F (1)
o | 0 q' 0 1‘ 4.27)
™M, + My~ My +8(q—0) = F,{t)

Giai hé phuong trinh vita nhan dugc véi diu kién dau

t=0, q0)=0 M) =M, -vo,
ta tim duge nghiém chinh xdc hon o) va M,(t) va qud trinh tinh gin
ding lién ti€p cb thé igp tuc. Qua trinh tinh s& duoc dirmg ai khi v& phai
clia (4.26) 1a kha bé vai mol L.
2. QUA TRINH HAM

Qué trinh ham mdy duge thue hién bang cdch hodc ngat lam viéce
ctia déng co hodc tang momen can (vi du, nhd h¢ théng phanh). Viéc
khio sdt qué trinh nay tap trung vao viéc tinh todn thoi gian ham may va
momen dong luc téc dung lén co cdu truyén.
2.1 Thoi gian ham may
Gih thiét 1a van t6c gdc thay doi cham, khi tién hanh trung binh

hod vé phdi cha phuong trinh (4.1) ta nhan dugc

1,4 = MU@) - M, (4.28)
& day M, 1a momen ham, gid thict Ia hiing s6. Tir (4.28) ta tinh dugc

i
1
t=1J, I—-U————— do
g

Viy thoi gian him duge tinh theo bicu thic:

vy

}
Jo 0
g M. (@) + M,

th:

do {4.29)

D¢ tinh thoi gian him 1, theo (4.29) ¢6 thé dung phuong phap do
thi (néu trong 1., chuong 4}.

D& nhan duoc bidu thic gidi tich tinh thoi gian ham ta xét trudng
hop dac tuyén la dudng thing, khi dé:
MO (q) = M2 (w) =-M, - V(e - w)
Thay bicu thic vira nhin dugc vao (4.28) ta c6:
M, + M,

hodc T+ =0y — = (4.30)
v
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Trong do T =Jy/v
Nghiém ciia phuong trinh (4.30) ¢é dang:
M, +M,

v

0=, - Ce™t/™

Dua vio diéu kién dau t = 0 va o(0) = @, ta tim duge hing s6 tich
phan C va do dé nhan dugc qui luat thay doi cia van toc géc o trong thoi
glan ham:

M, +M
w=0,-———(1-e"T) (4.31)
\J
VO,

Tir diéu kién oft,) =0, ta tinh dwge t, =—11n|1-
o + My,

} (4.32)

2.2 Momen dong luc tiac dung lén co cau truyén dong

Gi4 sir riing mémen ham tic dung 1én cum dong co, phuong trinh
chuyén dong ctia cum bo phan chap hanh sé 1a

Jo0=M, + Ml @)=M, -M; —v(©—04)

& day sur dung dac tuyén clia mémen cin cé dang dudng thang,

Tirday tinh dwoc M, =] 0+ M, + v(0o—0y)

Thay biéu thitc {(4.31) clia van tSc gée vao, ta nhan duge

Jeo

M, =- (Mg +M)e™™ —(My + M)+ Mg +(M, + M, Je /" =
VIg

" JJ(A(MU + Mh )e_”r'l' - Mh
)
MOJdO “thco
Jo

Khit=0tacé M, =

Khit-—> o thi M, — -M,.

Trong qud trinh him M, thay d6i don di¢u trong khodng gitta hai
gid tri trén clla momen truyén. Néu M, =M, thi 1 M"\ & nho hon M,,.

Thuc vay trong trudng hgp nay

M
‘Mn (U)‘ = "Ji‘Jdo - Jcoi <M,
0
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Trong trudng hop nay (M, = M,) momen truyén trong sudt thdi
gian ham nho hon momen trung binh trong qua trinh binh én. Diéu nay
c6 nghia la trong qué trinh binh 6n khong gay ra cdc tai (rong phu téc
dung lén co ciu truyén,

Thai gian ham trong trudng hop nay s& bing:
Ve
t, =—1¢ In(l - —2)
0
trong truong hop v = 0, titc mémen can khong phu thude vao van 16c gée
w, ta co

Joo=-My —M,

M
Tir day o= MMy et
JO
trong trudng hopnay t, = Jo0g
S HHORE AP b = M,
Khi d6 (v=0) thi;
: J. J oMy, —J M
er = Jc[)m+ MO = -0 (Mg + Mh)+M0 — _do OJ ¢ h
0 0
Néu chon M, thod man diéu kién J, M, —J M, = 0, tic la
J. .M
M, ="%—L thi M, =0

wl)

Trong truong hop nhu vay co cdu truyén duge do tai hoan toan,
con thoi gian hdm s& bang:

t, = Jowe  _ Towg _ Je09%
MU+Mh MU‘+‘]d}JMU MU
¢l

Viéc ham mdy c6 thé thyc hién bing loai dong co lam viéc trong
ché do tdi tao nang luong. Phuong phip nhu vay duoc goi 1A him dong
hue, dang duge dp dung rong rii trong cdc truyén dong dién hién dai.
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CHUONG 5
PHUONG TRINH CHUYEN DONG CUA MAY VOI CO
CAU TRUYEN PONG DAN TINH

1. BAC TRUNG PAN HOI VA CAN CUA CO CAU TRUYEN PONG
1.1 M6 hinh dong hre cia may

Trong trudng hop khong thé bo qua dan tinh clia co cdu truyén
dong thi phai xay dung mo hinh mdy gém hai khéi lugng (dong co-bo
phan co) néi véi nhau bing phan tir dan hoi khong qudn tinh (mo hinh
cla co cdu truyén déng). Mé hinh duoe xay dung nhur vay 1a hop ly vi
dong co va bd phan co ¢d s6 do qudn tinh kha Ién so v6i s6 do quan tinh
cia ca ciu truyén dong. Co ciu truyén dong chi ¢6 nhiém vu ddm bdo ti
56 truyén dong nén cang gon nhe cing tot.

Bo phan co cdu truyén dong thuomg gom cdce chi tiét nhy bénh
rang, truc, dai truyén.v...v. Do d6 khi xem co ¢du truyén dong ia mot
phan tir thi dé 14 phan t ghép. He s8 cing va hé s6 can clia phan wr ghép
nay I& ta1 nhién la h¢ s6 cing va hé s6 can wong duong. DE tinh duge
chiing cin phdi biét cach tinh d6i véi timg loai chi tiét va doi vai mot he
théng cac chi tiét noi ghép véi nhau,

f
1.2 Do ciing ciia co can troyen dong M.
a. Do citng ciia chi tiét A \ !
) ., . . . : . - d ......----.......':.... B
- Do citnyg cia trye tam vide ki xoan. ; §
-

Gia thi€t truc ¢d tict dién fron, ™
vGi duong kinh d., cé chiéu dai 1 va
chiu tic dung mo nén xoan M, (hinh
3.1

Hinh 5.1 Chi tiét vruc

M, I

Géc xoan 9 dugc xdc dinh theo cong thuc 0=
*

trong dé6 : G - modun dan hoi loai hai,
I, - momen quén tinh doc cuc cua i€t dién, [, = nd* /32
D6 cing ¢ theo dinh nghia, 12 momen xodn cin thict dé gay nén

g6e xoan don vi.
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Viy c=M/0=Gi/l (5.1}

Duai lugng nguge vai do cing goi la
dd mém déo cia y&u to dan hoi, duge ki
hi¢u lae: P

¢ = l/c=VGI, (5.2}

1%

— f -E

|
J;’F”_—‘ vz ﬁ !

- D¢ cing cia thanhy lan vice ki kéo va  gipp 5.2 Moi ghép ren.
nén (vi du truc vit dan dong). '

Nhu di bigt dé thanh thang ¢6 chiéu dai | dan (hodc co) mot luong
Al thi luc kéo, nén N s€ 14

N = EFAl/l
Do dé ¢ =N/Al = EF/I (5.3}
- D¢ cimg cua moéi noi rei.

Tac dung luc doc P 1én moi ghép vit-écu (hinh 5.2) & [am cho vit
bién dang. Trong trudng hop vit va écu déu bang thép thi do ciing cia
moi ghép nay sé {a

c=KkS 5.4
Trong d6 S - dién tich cua mot vong vit,
k,= (1 +2)10"Nfem”
- Pd cing ciia truyén dong banh rdng:
| C6 thé sit dung cong thifc sau
dé tinh do citng cho truyén dong banh:
c=kd’B
trong dé : d - dugng kinh vong co so
cua banh ring.

B- chiéu rong ctia vong binh
rang.

kK - h¢ $6 duge xdc dinh tir
thuc nghi¢m c¢6 thé 1dy bing 375.10°
N/em?® déi véi banh xe bing thép (hinh
5.3).

Hinh 5.3 Truyén dong bdnh rdang

- D6 ciing cia néi then va chém.
Do cing cta méi ndi dwoc xde dinh theo cong thiic
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¢ = kdlhz (5.5}
trong d6 1 d - dudng kinh truc,
{ - chiéu dai cua then hay chém,
h - chiéu cao,
7 - $0 then hoac chém,

k - h¢ so thuc nghiém thudng duge
liy k = 15.10" Njem® d&i vdi then ldng tru va
k=15.10" N/fem® déi voi mai néi chém (hinh 5.4
va 5.5}

- Do cimg ciia truyén dong dai da va truyén
dong xich.

Goi ¢, 1a do clng cla dai truyén hodc
xich khi dan. Khi khau bi din quay mot goc ©
lam xudt hién luc cang P trong nhdnh cang cua
khau din : P = ¢, 18 (¢ day r 1a ban kinh clia
truc bi dan: puli hodc dia xich). Momen cta luc
nay d&i vOi truc tam ciia tryc bi dan  bang
M = c,°6 trong truyén dong dai da ca hal
nhanh dai da déu b cang, do
momen ngoai lyc sc cang cha
mot trong hai nhanh day s& tang
con trong nhanh khic s€ giam. Vi ..
vay khi xdc dinh do cing cua
truyén dong dai da momen, M
duoc tinh 1én gap doi. Nhu vy

Hinh 5.3 Noi then hoa

c=M/B = c 1’

Hinh 5.6 Truyén dong dai

& day j = 1 doi voi trudng hop
xich, con j = 2 d6i vdi trudng hop dai da (hinh 5.6).

- D¢ cimg ciia cde ndl trye dan hol.

Khai n6i ndy 1h khdp yéu 16 mém nhét cla co ciu truyén. B¢
cimg x04n ciia khép nly duge tinh theo cong thie dugce cho trong tai li¢u
[11].

b. Pé cimg thu gon ctia co cdu truyén dong thu vé truc dong co
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Gid st cic true ¢6 dé cimg 12 Capy Co3 VA €45 Cap binh rang 1-2 ¢6
do cing thu gon vé bdnh rang I 14 ¢, cap bdnh rang 3-4 ¢6 do ctng thu
vé bdnh rang 3 1a Cyy Vi truc dong ca chiu tdc dung ngoai fuc ¢6 mémen
M. D¢ tinh do citng thu gon vé truc déng co ta xem truc 5 bi kep chat
(hinh 5.7) va tinh cdc géc bien dung cua cdc phdn 1 thu vé truc dong co

vit do d6 tim duge gée
bién dang 6 ctis toan co
cdu thu vé truc dong co
bing tong cla cic gée
bién dang thu gon cia
cidc phan tir the vé truc
dong co.

Do cdng thu
£0on ¢ cua co cin s& la
c=M/B

5
0 1 4 I
Can /___/1 L] Gase bus ,/
M o w LA
; Cib
— T | | Caa Baa
% lA-J X
5 -1 {0
| iCn by T N3

Hinh 5.7 Cor cdiv trivén dong thi vé truc déng co

R6 rang 1a dudi tdc dung ngiu luc M truc dong co bi xodn mat
goc Oy, = M/c,,, va 1am cho bdnh | quay mot géc ¢, = 0, d6i v&i khau 0.
Banh ring 2 bi bién dang mot géc ma khi thu gon vé truc dong co c6é

bing ¢,,=0,,= M/c,,.

Truc 2-3 duge truyén nglu luc ¢6 momen M, = Mi,, va $& xodn

mot gdc

0,, = M,./c,; = Mi,»/c,y

va s€ 1am cho truc dong co xodn mot géc tén hon i, 1an, tuc 1a:

— - o -2 N
P = 0531, = Mi 12/Ca3

Binh rang 4 chiu téc dung ngiu luc

M, = M,iy, = Myiy, = Mi i,

N6 lam cho banh ring 3 (gan vé6i nd 1a truc I va banh rang 2) xoin

mot gaoc:

0.5 = My, = Mi iy /ey,

va géc xoan thu gon vé truc dong ¢d dng vdi nd la

Py =041, = Mi, iy, /o4,

Truc H chiu mémen xodn M; = M, va s& bi xoin mot gée
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8, = M.jc, = Myc, = Mimi.u/c.ﬁ
[am cho truc I xofin mot gdc biing
05 = Osis, = Mijzizl/c-m

vit g6 xodu cla true dong co tng véi gée xodn niy <G bing

L |
: Mir, it
— s 1213
Pos =051, = ——12 4

Cas
Viy géc xodn thu gon vé tru dong co s& biing
P =Qu + Qpa + @y + @, + Pus
.2 .2 .3
- MM M, Mibiy ML

= + _
Cor Cpy Cay Cay Cus

.2 i P
_ ] { Ly 15 iy
Mi-—-— 2 2 Jinlsg

Cor €2 Gy oy oy

3

Tir do ta tim dueoc h¢ $6 citng thu gon clia co cay thu vé true dong

cqQ
M ] ] ] .2 L7 -
s t i513
C=— = — + +—I_‘:_+ 12 + 2734 (5-?)
P o T Cp3 Cyy ooy

1.3 Hé s cn ctia co cdu truyén

Khi cdc phin tir caa mdy bi¢n dang thi phit sinh ca luc dan hoi va
luc can. Lyc dan héj thudc loat Iue ¢é thé, con luc can thude vio l6p cic
Iue ticu hao, né 1am tieu hao CO nang clia mdy vA tac nén cdc dang nang
luong khic, chang han nhiéy ning.

Luc tiéu hao duoe phan chia thanh hat loai: luc ma sat trong xuat
hién do bé mit ciia cdc phan tir micro ciia vt [téu trugt doi véi nhau va
lue ma sdt cdu tric xuat hién tai cdc khép noi giira cdc bo phan clia may.

Vidu, lyc ma st ciu tric dugce cho trén hinh 5.8. Do 1ap cing chi
1ié1 vao truc quay, nén xudl hién & beé mat tiép xdc gitfa chi tiét va true cic
ap sudt p. Khi lam viéc do chiu tdc dung clia cdc mémen X0dn, truc s& b
bién dang va do d6 phat sinh lyc ma sdt, Ma sit cqu tric cling c6 thé duge
1o nén do cdc thiét bi dac biat dugce goi 1a giam chan.
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Thi¢t bi giam chan ma sat kho duoce cho trén hink 5.9,
Vé ma st
bén trong ¢ thé
khao sat mo hinh |
don gidn sau (hinh 1
5.10a). Xét mot .
yéu t6& b bhién
dang do dan hdi v
lve cian, Gia su
B0 1a géc xoin Hinl 5.8 Ma sar cdu e Hinh 5.9 Thict hi gidm
clia phén e chdn ma sdt khé
Momen xoan M,
cO dang sau:

M, =cH+bo (5.8)

O day b6 [a luc can, duge xem la ty 1¢ bac nhdt v&i van t6¢ bicn
dang, trong do b 1 hé 6 can thuong dudc xéc dinh bang thuc nghiém. Dé
xdc dinh hé s6 can b ¢d thé tao ra dao dong xoin diéu hoa 6 = §,sinw,t
cua phan tlr khdao st va nho thuc nghiém thi¢t tap mdr quan hé gilra
momen xodn va goc xodn, tic M(0). Do ¢6 Tuc can nén quan hé M, (0)
khdc nhau d6i véi truding hop 6 > 0 va 6 < 0 va vé duge d6 thi M(8) (hinh
5.10b) duge goi la vong tir tré, Trong trudng hop ndy vong tir tré 1a duong
elip. Thue vay, khi 9 = 8,sinwt thi

M, = chsinot + b o8 coswt = cf + bo Bf} —g°

Pay ta phuong trinh elip ¢6 true do1 xdng xoay mot gée déi vdi he
truc (M_.0 ). Dién tich cua vong tir tré bang

2ale 2afe

S = J‘MK[G(t)]dE}: IMJB(t)JGdt:
0 0
2niw

= }(cB, sinot + bwbd, coswt)bnbd, coswidt = thnd;
0

Vai ty 1& xich chon trude, ta ¢é cong thitc tinh luc ma sét
trong A = Tbw8}.
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A

T d6 b= (5.9)
by

Bang thyc Mz |
nghiem c6  thé 2\ 66
xdc dinh duge SNy \Mx A ,
cong A vi nhd . ' T / 8y 6
bidu thic (5.9) 7 v
tinh hé s0 can b. * a) b)

Tir (5.9)

. s . Hinh 5.10 Mu sdt trong
thiy ring hé s6 nh a sdt trong

can b tim tir thuc nghiém phu thudc ca vao bién do va tin s6 cha bién
dang. Vi vay hé s6 can duge tim tir mot ché do dong luc nao d6 (thi du
thay d6i téi rdt cham trong thi nghigm) cd thé khong phii hop d6i véi che
d6 dong luc khdc.

Pé tinh dén anh hudng cla lyc ma sét trong, trong ky thuat sit

dung hé 6 hao tan & bang ty s0 gitta cong v gid tri cyc daj ctia the ning
dan hoi.

& = A/,
0y
& day 1, = IchG = 0,5¢6;,
Al
Do d6 5 = “bm8§ _ 2rbe (5.10)
0.5¢8; <

Nhiéu thi nghiém cho thdy trong da s6 trudng hop hé s6 hao tan S

13 hiing v2 nam trong khoang 0.2 <8 < 0.6. Vi vay trong thiét k& so bo ¢o
thé 1dy

b = 0,004c/w .11

Chd ¥ riing cong thitc ndy chi dp dung dugc cho trudng hop bién
dang clia cac phdn tir dan hoi c6 dac tung 12 didu hoa hay gan diéu hoa.
Trong nhimg trudng hop phirc tap hon cdn tra khao trong cdc chuyén
kh#o. thi du [11]: ¢6 thé xdc dinh hé s6 can cha timg phén tit clia cg céu
truyén.

He 6 can tuong duong (thu gon vé truc viio ctia co cilu truyén)
dugc xac dinh theo cong thirc tuong cong thire (5.7). bo la:
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7.7 -1

I N T TR

b=l — 2l | Toly (5.12)
b[_]! h[2 bZR b_i-‘l b45

0 day cdc dai luong b, (r = 1.2,....5) 14 cdc hé s6 can cua cic khau riéng
re,

2. PHUONG TRINH CHUYEN PONG CUA MAY VOI CU CAU
TRUYEN DPONG PAN HOJ

Khao sdt may véi truyén dong dan héi ¢6 haj béac tu do. Chon cic

toz do suy rong 1a g6 dinh vi ¢ ciia khau ra cga dong co va géc dinh vi §
cua co cfiu chap hanh (hinh 5.11).

Biéu thiic dong nang cla mdy sé la:
| |
T=T,+T,= —2—J(,(p2 +10

trong d¢ Ji=Jy@) ). =10

Vi co cfu truyén déng dudc mo hinh frong gid thi€t 14 bé qua
qudn tinh clia yéu 16 dan héi con hé $6 ciling xoin cla né 1a ¢ nen the
nang cua cd hé sé ia

1 2
IMT=—c(p-~-6
24@ )

va ham hao tdn ¢6 dang ¢ = —;— b(p - 6)2.

Hinh 5.11 So do may véi co cau dan hei

Céc Iye suy rong g véi cic luc khong theé gdm momen dong co
va momen cén ¢é ich ng véi cdc toa do suy réng ¢ va 9 s& 13

Qo =M,; Qo = ML-(O»G)
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Sir dung phuong trinh Lagrange loai 11 ta nhan duge phuong trinh

chuyén dong ctia may.

Lo 1d ‘ o
Jd((p)q)+5-[i’gld((p)(p2 =M, - blo-6)-clo—9) (5.13)

. 1 d . . .
JC(8)6+5-561C(9)81 = b(p- )+ c(p—0) + M (6.0) (5.14)
Phutong trinh (5.13), (5.14) ciing v6i phuong trinh dac tuyén dong

¢co (cac phuong trinh (1.3), (1.8), (1.21)) s& 1a hé phuong trinh mo ta
chuyén dong cha may. Tit d6 cho phép xdc dinh cac dai fuong chua biét

o, 0 va M.
Co céu truyén dong s& chiu momeh dong juc duge tinh theo cong

thitc sau
M, =b(e-0)+clo-© (5.15)
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CHUONG 6

CHUYEN DONG BINH ON CUA MAY VOI CO CAU
TRUYEN DAN TINH

. CHUYEN DONG BINH ON CUA MAY V01 PONG CO CcO PAC
TUYEN DPONG HOC LY TUONG

1.1 Quy tuat chuyén dong

Trong trudng hop mdy khong diéu khién thi, u = u, = const, nén
v&i déng co c6 dic tuyén dong hoc 1y tudng ta cé

¢ = f(u,) = v, = const
tdc, truc ra cha dong co quay déu ¢ = wyt

Phuong trinh chuyén dong cila bo phan co (co céu chép hanh)
trong trudng hop nay s€ ¢ dang

1.(0)8 JF%E‘%JC((-))G2 = bl - 0) + c(wgt — &)+ M, (0,0) (6.1)

Khi tich phan (6.1) véi diéu kién ddu cho, ta nhan duge chuyén
dong cha cd cdu chdp hanh.

Phuong trinh (6.1) néi chung la phuong trinh phi tuyén, ¢6 thé
nhan duge 101 gidi nho phudng phap tich phan s.

Trong thuc & do cimg (thu gon) clia co ciu truyén dong kha 1on.
Do d6 ¢6 thé gia thiét rang khau vao cfia cg ciu chap hanh c6 van 16¢ 20¢
Kkhie rat it véi chuyén dong quay déu. Dua vao diéu nay ta c6 thé st dung
cdc biéu thitc

1,(0) =3 +1.00) M. (6,6) = M2 () + M (0.0)

Trong 46 Jco,TC(O),ME(G),ﬁC(G,G) duge tinh theo chc cong
thic (2.9), (2.16), (2.17).

Phuong trinh (6.1) by git cd thé duoc viét trong dang:

Jwé+b(e—m0)+c(e—mot)—mi(e):
- = l d“j 2 ~ :
=T (0 - ——= (00 + M (6,6 (6.2)
(8) >7do (©) (8,6)
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Cédc 56 hang cha v& phai cua (6.2) ¢6 vai trd thit yéu. Do d6 ¢6 thé
b6 qua chiing khi tim quy luat chuyén dong cta mdy trong ch& do binh én
trong gin ding dau tien.

Viy trong gdn diing thit nhat chuyén dong ciia co cau chap hinh
dugc mo td nhd phuong trinh

VB +b(0—0,)+ cB-wyt) - M (6) = 0 (6.3)
Dé dang thay ring phuong trinh (6.3) ¢6 nghiém dang:

8, = 0.0, =0 t— A 6.4)
¢ day A=- MYw)fc (6.5)

Nghiém (6.4) xdc nhan khau vio cia o ciu chdp hanh quay déu
cling v&i van t6c géc o, ciia khau ra coa dong co. Gée quay cira hai
khau téch nhau mot géc khéng déi A do tic dung ciia momen xoén hing
M? (®,). Nhu vay momen xodn M? (0,) dd 1am xodn co ciu truyén maot
26c A,

C6 thé xdc dinh quy luat chuyén déng ciia co cau chap hanh chinh
xac hon nhd phuong phap xap xi lién Li€p. Vi muc dich nay ta dua vio
an méi duge xde dinh nhu sau

y=0-(0pt-A); y=0-0,§=0 (6.6)

Cdc dai lugng y. ¥ cho biét do lech cia chuyén dong clla co ciu
chdp hanh so véi chuyén dong quay déu cta khau ra ciia dong co. Trong
an méi, phuong trinh (6.2) ¢é dang

Joo¥ +by + c(-A+y)-M%(w, +y) =

dJ. v
- _é dJé {wpt - A)(D% +M (0t~ A o,) 6.7)

Do y bé nén c6 thé sir dung
- M@+ §)~- M) + vy

Tuong tu véi trudng hop mdy ciing, ta dat

dJ ~
&?12- dBC (mUI—A)m% + M (wgl-Aw,)=

ch(t——A—)=ZLC, cos(Ivt +B', ) (6.8)
=1

Wy,
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. , IvA .
o day Pi=B -— (6.9)
Wy
Con B, ¢é cling ¥ nghia nhu treng (3.27).

Phuong trinh (6.7) bay gity ldy dang:

Joo§ +(b+v)y 4oy = ZLC, cos(Ivt + ') (6.10)
1
Nhu da biet nghiém (ong quat cia (6.10) [a tong cla nghiém téng
qudt clia phuong trinh khong v hai tuong 1ing v6i nd va nghiém riéng ciia
phuang trinh ¢6 vé& hai. Trong trudng hop luc can bé, ta c6

y=¢""(C, cosk 1 +C, sin kzt)+z Lo costvi+ [y +4,) (6.11)
T Ve =1V 0% 1 (b +v)2 122
v b+\«" 2 2 ] b] Cc
o day n= JKi =k -n"skg = (n<ky) (6.12)
JL‘O JCU

& =argle~ v o —(b+v)ljv); j=v-1

Céc hdng s6 tich phan dugc xde dinh 1ir didu kién ban dau. Thanh

phén dao dong tu do (ing véi cic s6 hang chifa cde hing s6 tich phan C,,

C,) s€ bi dap tat nhanh do luc can, nén trong chuyén déng binh 6n chi con
N L cos(vt + B, +E,)

y :Z (6.13)
IR, (el SLVEH JUO LG R E Y ENE

Khi thay (6.13) vao (6.6) s& tim duge nghiém gén ding dang
B = w,t+y (0-A, B =0, + ¥ (1) (6.14)
1.2 Méomen dong lue trong co cdu truyén dong (hinh 6.1)

Momen déng lyc do dao dong (6.13) gdy nén cho co cdu truyén
dong, theo (5.15) s& bing

x 2 292,.2 .
M, =cy” + by’ 22 Lave” +b71°v" cos(lvt +x,) 6.15)
TNV ) (b4 v)? 122

Ta xét mot thanh phan nio d6 ciia (6.15), vi du, thanh phin ing
vdi tan s& o:
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(ﬁllr)mux \'Cz ‘*’bz(l)3

e - _ (6.16)
Lcm \/(C“—COEJCU)z +(b+\«")2 mz

Pai lugng &, mot mat cho biét bién do Jog
clia momen dong tuc gdp bao lan bién do cia . b y
kich dong, mot mat cho biét dac trumg bién do -
tin 6. D6 thi, ctia quan h¢ (6.16) dwoc cho trén &
hinh 6.2. A
Khi o> V2k,thi g, <1 (6.17) Hinh 6.1 Cor ci
Thuc vay: truvén dong

Jel +2b%k2

) \/(c —2e) +2(b+v)P ki

é" Ln:ﬁkt, <1

Va khi @ tiép tyc tang thi £, gidm don di¢u va ti€n dén khong.

2

2k
Quan he (6.17) diing cho trudng hgp v* > =L
]

Viay khi v > 2k% cdc bien do cla tat ca cdc s6 hang trong diéu
hoa clia M, déu nhd hon bién do cla s6 hang diéu hoa tuong ing cila
kich dong ().

Diéu nay duge dp dung vao viee %
bio vé co cdu truyén dong dé chong lai
momen dong tuc tic dung lén co cdu
truyén dong.

. . . . N 1

Khi d¢ cing clha co cdu truyén \
dong khong dam bao didu kién v > 2k, \
thi cé tl?é' nQ’i tiép co cdu truyén dong vé6i O k. »ﬁ o
mot phan tir dan héi ¢6 do ciing ¢,. Lic v
dé, 4o cimg tdng cong clia may ¢, sé duoc Hinh 6.2 D0 thi cia biéu
tinh theo cong thitc: thitc (6.16)

1 1 1 cCy
—=—+— suyra c,=
C. € ¢ c+ ¢y

Khi dé tin s6 riéng cia co cdu truyén dong, ky hiéu 1a k. € bing:
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_ cecy

Joo Jeole+¢y)

Ay s e 3 2¢c
Piéu kién v > 2k? dugce thoa man néu v- > 0

Joole+cy)

Do cing cdn thict cta phan tir dan hdi cdn ghép vao s& bing

1.3 Sai 56 dong luc

Cdc dai luong y, y trong (6.6) ¢6 thé xem 12 cdc sai s& dong luc

vé goc va van téc géc. Sai s6 dong luc vé van t6c gée duge tinh theo cong
thirc sau:

(6.18)

() = _i L vicos(ivt +{',+&,)
= e = 12021 )% +(b+ v)2 12V

Ta s& khao sdt chi tiét sai s6 dong  an,,

lyc vé van t6c gdéc nhd dic trung bién d6 -
tan sd cua nd.

et]

Mudn thé ta xét mot s6 hang
diéu hoa ndo do, vi du, s6 hang diéu hoa
lv = . Bién d0 cua thanh phan nay sé la:

LC(U('O

\{(Cvszco)?‘ +(b+v) w?

a(m) =

(6.19) 0 —

_ m t

Trén hinh 6.3 1a d6 thi cho méi Hinh 6.3 Do thi ciia biéu
quan hé (6.19). thirc (6.19)

Khi 0= |— =k, (6.20)
JO

tire khi tdn s6 kich dong tring véi tan sd riéng X, cia co cdu chdp hanh,
thi ty 56 a(w)/L., dat gi4 tri kha I6n, rdt gin véi gid tri cuc dai cia né.

Trong thuc t€ gid tri d6 dugc xem 1a cuc dat va xay ra hién tuong
cong hudng:
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o]

Cong hudng do dao dong gay nén lam ting mémen déng luc trong
co ciu fruyén dong. Dé dang tinh duge gid tri momen nay khi cong hudng
theo (6.16).

R

\ 6.22
ko(b+v) ¢ )

Khi @ = v ta ¢6 cong hudng cd ban. D6 la cong huong nguy hiém
nhat.

Trong thue t& ty 58 (M.} | /L., c6 thé dat tir 10-20. Do d6 cdn
thiét phai dp dung cdc bién phdp d¢ tranh cong hudng. Cé may bién phap
chinh sau:

mas

a. Cho mdy lam viéc tride cong huong, tic k,>> v

Thong thucng mdy lam viéc trude cong huong néu chon k, > 2v.
Pé thue hién diéu kién ndy ta can phai cé:

¢ =4y, (6.23)

Tuy nhién dé mdy lam viéc trude cong hudng thi, néu tranh dugce
cong hudng co ban né ¢ thé bi roi vao cong huong bac cao (k, = 1v).
Trudng hap ndy duge goi la cong huong boi bac i .

b. Cho mdy lam viéc sau cong huong, tic lak, << v

Trong trudng hgp mdy ¢ hanh trinh nhanh (v > 150200 1/s) thi
khong thé chon ch€ do lam viée trude cong hudng vi trong trudng hop
nhu vy mdy cdn do cimg rdt 16n. D6i v6i trudng hop nay phai chon ché
do 1am viéc sau cong huong,

Thong thudng chon v > 2k, tic do cing cta miy phai thoa mén
diéu kién:
c<l V4 (6.24)
May lam viéc sau cong hudng c6 thé xiy ra cong hudng trong qua
trinh m& mady. Dé tranh diéu nay cin ting tdc trong qda trinh m& may
nhd ting cong sudt dong co.
Pé c6 mot quyét dinh ding dén trong viéc chon mé hinh dong luc

ciia mdy, hiy so sdnh sai s6 déng luc vé véan t6c géc trong trudng hop
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miy ¢6 ed el truyen dong dan hoi fam vice véi dong co ¢o dac tuyen
dong hoc 1V tuong vi vdi may cing m vice véi dong co o dac tuyen
tnh.

+ Khio sat truding hop kich dong dicu hoa.

DG vai trudmg hop mdy cing ¢o dong co Jam vige voi dac fuycn
tinh. sai s6 dong lue duge tinh theo cong thie (3-42):

y ek

Rt =
l- | EINFRN

\U‘u T R A ST T 0 4 (s V)

+ Con trudng hop mdy vit co cau truven dong dan hoi theo cong
thie (6.19). tic

Y = alo)=—Em—— —_—_—
'I(L - (1) J e r{h+\) o

-(JJ Ve vy o
Do do -g_l . V(L o) ( —)—' (6.23)

¥ue 07 \I(.]l,]-i-.] [,) @ (s V)

Tir day nhan xét ring vot cung ﬂ_iﬁ tri cha cic thong sO clia miy va

y tire 1 do dan héi cua oo

.
cling tin O o, néu & << | 1hi |'.|rI <Y
[ATRRY

HEAS
ciu truyén dong anh hueng rat 16m dén do khong déu cua chuycen dong
gquay. Nhu vay, trong trudmng hop niy khong duog st dung mo hinh miy
cung.

Neuoc lai, néu & >> 1. do din hoi cua co ciu truyén dong khong
déng vai tro quan {rong, it nhat trong vige xde dinh sai 56 dong luc vé van

1oc gac. Tu thye (& tinh todn cho thay chi khi o > Kk, /3 méi cin thi€i phat
k& dén tinh dan hoi coa ¢o cau truyen dong khi tinh toin sai 86 dong luc.

Can uu ¥ thém ring trong micn sau cong hudng, e v o >> K
thi & << 1, buo gOm ca truong hop 0 — X thi & > Jeo/lo

3. CHUYEN PONG BINH ON CUA MAY CO CO CAU TRUYEN DONG
DAN HOI YOI PONG CO LAM VIEC VOI DAC TUYEN TINH

2.1 Phuong trinh chuyén dong cua may

Trong trutmg hgp dong co {am viée vdi dac tuyén tinh thi momen
dong co la him da bict cta thong s6 diéu khicn, toa do viv van oc¢ gde el
khau ra cita dong co. tic L

M, = M, (L0, 9)
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Phuong trinh chuyéen dong cia miy khong diéu khién, theo {3-
13), (5-14), s8 1a -

. bd o , .
‘]d((p)tp +;'d_(q;‘]d((P)q)_ = Mtll(uﬂ'(p’(p)-—b({p - e)MC((\D_G)

. 1 d . o .
J 00+ ——1 (0)6° = ble-0)+ clp-0)+ M (6,0)
2 di
Khi str dung cdc két qua duge néu trong chuong 2, cdc phuong
trinh duge vigt trong dang sau

J o ® + b(ep - 8) +o(p-0)—-M E;[ (u,,®) = —le((p}f{ﬁ - U.S-j‘;i ((p)(f)2 + }\ﬂ;Im (U, 0. ()
Jcoé+ b(® =)+ c(B - @) - M?(Q) =

=T (86~ 057" ()07 + M_(6.6) (6.26)
S 11 ~ 3]
O b

Cung nhu trong trudng hop mdy ciing, cdc thinh phédn cia vé phai
trong phurong trinh (6.26) gay nén chuyén dong quay khong déu, Do dé
deé tfim chuyén dong binh 6n ta khao sat hé phuong trinh sau

](|[]Fé+b(fb—0}+c((p—9)—MS[(U[],({)):U } 627)
T+ b0~ ) +c(0- @) - M (¢) = 0
Hé phuong (rinh (6.27) ¢ nghiém dang
@y =gl G, =t - A; Py = u\)(,;'E'}U =0, (6.28)
0 day cdc hang 6 o, va A duge xdc dinh tir cde phuong trinh sau
cA = Mg (uy.wy) =M’ (w,) (6.29)

Nghiém (6.28) tng véi chuyén dong quay déu cta khau ra cia
dong co va khau vao clia co ciy chap hanh. Gid tri o, tim duoc tir (6.29)
rd rang tring véi van 16c gée quay déu clta may citng. Nhu vay do dan
hoi cua co cdu truyén dong khéng anh hudng (trong gin diing thit nhat)
dén gid trj trung binh ciia vin t6¢ géc trong ché dé binh dn.

2.20n dinh cua chuyén dong quay déu
Phuong trinh dai s6 phi tuyén (6.29) c6 thé ¢6 mot s& nghiém. Chi

€6 nghi¢m 6n dinh méi tuong ing véi chuyén dong thyc clia may.
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Dé khao sét tinh 6n dinh ciia nghiém ctia phuong trinh (6.29), ta
dua vio céc dai luong nhiéu L va ot

E=@-a 0=0-(oft-A) (6.30)
Tir day

éz(b—mo;ﬁ:i@;t's:é—mﬂ;é:é (6.31)
Khi thay cdc dai lugng tir (6.30) vi (6.31) vao (6.27) ta nhan duge

T E+bE &) +cE—a)+sE=0

05+ B(E Gl') co(§-o)+sg (6.32)
J 6 +b(G-E) +c(c—E)+vE =0

Phuong trinh dac trung cta hé phuong trinh nay 1a:

T2 #(b+s)h+c ~(bA +¢)

—(bA +c) T oA +(b+VIA+c
N6 duoc viét trong dang khai trién nhu sau:
3 3oJ oot +(0 + W) gg + B +5)T oW (6.33)
F[JT g +T )+ bls+V)+sVIR +(s+Vv)ch =0

Phuong trinh (6.33) c6 mot nghiém khong, tmg v4i ché do quay
do cuia méy. Céc nghiém con lai c§ phén thuc am néu tat ca cdc hé s6 cla
ching déu duong va thod min tiéu chudn Hurwitz:

Tsod oG+ VIc<[(b+ v}y + (b+s)J (T 4o +To)c+bls+ v)+5v]

Dé dang chi ra ring nghiém o, cia (6.27) la dn dinh néu thuc

hién céc diéu kién:

. aMO t MU .*

5= ——2 (uo.mn)>0:\’=*a < (wo)>0 (6.34)
_ 00

Nhir vay ta nhan duge diéu kién dii (6.34) dé cho nghiém w, cla
(6.27) 1a 6n dinh. Khi 46 mdy s€ quay déu véi van téc goc @, -

2.3 Sai s6 dong luc

Khi 4p dung phuong phdp x&p xi lién tigp dé tim nghiém chinh
xdc hon clia phuong trinh (6.26) ta viét nghiém cta né trong dang:

=@t +Xx; O=wgt—-A+
P % N y . (6.35)
P=w,+%X O=X =0+, 0=y
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a do:

w, 1a nghiém 6n dinh cta (6.27);

x, y |2 nhimg ham cha thdi gian cin xdc dinh, thém vao dé X, ¥
duoc gia thiét 1a bé so vdi w,.

Dé 4p dung phuong phap xdp xi lién tiép ta thay (6.35) vao vé trai
ctia phuong trinh (6.26), con trong v€ phai cha nd ta thay céc biéu thic
(6.28).

Tuyén tinh hod céc dac tuyén My(u,¢) va M2 () tan can
¢ =0 = w, va st dung céc két qua trong chuong 3.
J ¥ +{(s+b)x+cx—by—cy=L
JZZ; +Ev + b)))'f +cy —l::));( - c); = de((tl)— Aflwg) } (6.36)
& day: Ly(t) dugc tinh theo (3.23), con L (t-Afwg) dugc tinh theo
(3.24), trong dé t dugc thay bang t - Afwy,.

Heé phuong trinh (6.36) dugc viét trong dang todn t nhu sau

[J 0P + s+ b)p+cix—(bp+c)y =Ly } 6.37)

~(bp+c)x + [T op> +(v+b)p+cly =L (t—Alwg)

Heé phuong trinh (6.37) ¢6 nghiém dang

x = Wy, (p)Ly + W (pP)Le;y = Wy (P)Ly + W, (p)L. (6.38)

% = pWy (p)Ly +pW  (PIL 5y =pWy, (P)Lg + PW,, (P)L, (6.39)

& day

W (p) = D;p)[ldop2 +(v+byp+c] 3

W, (p) = Wy, (p) = B:B(bp +e) | oo
W, (p) = sz)udgpz +(s+D)p+e]

D(p) = [ op? + (s + B)p+ ] [T gp? +(v+ b)p+cl=(bp+c) )

Xic dinh bién do clia sai s6 theo van téc goc ¢ khau ra clia ¢o clu
truyén dong trong trudng hop sau:

L,=0; Lc=L,cosot; b=v=0
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Tir phuong trinh thit hai cia (6.39) ta nhan duoc:

‘c —J 07 SJO) U}L]

(1))

= wl.,

W, (i) =
' ‘(c Im(- +8jo(c JU(J J—c” )|

,l' ° k] '|- - .-j_
-t )y w5 o L
- L AN il —— =K ()L, (6.41)

202 122
{L(I“,Jrjm} Tad o Fo” +(c=J 0 )
o day
~ ) Al 1 ki 'Tl. _1
| - - 3=
oy -k;yo )y +t 7k, w
Ketor= (T #3007 [——— N 4= N (6.42
=K "o ) o+t (l-km )
Vi
L S O K2 Wy +1) 1
e K= '
[
0 JCU Jlif]']k'[i L (6 4’,;]
) o +J |
_ iy, _dn ot
Ty =7 1Ty =— -
h 5

Trén hinh 6.4 xiy dung do thi cia dudng dic trung bien do - tan
s0. Cde dudng duoe xay dung véi cac gid tri nhu nhau cia thong s6 dony
co va do clng cua co cdu truyén dong, chi khic nhau vé id tri cua J . T
do thi rat ra cac ket luin sau:

+ Cong hudng phy thude vao ty 56 J,, vir I, Néu Jy>> 1, dong
cadnh huong yeu ddi vai dao dong phit sinh trong bd phan co, vi mac du
tang momen qudn tinh cba dong co khd 16n nhung phit sinh dao dong o
¢ cdu chip hinh [y ddng ké (chii ¥ rang dé thi cho trén hinh K, (e da

duge nhan tén vai (J,, + 1.,)).

+ Cong huong trong tridng hop ndy xay ra rdt gdn véi tan s6 k i
1an $6 riéng cua he hai khoi luong.

Khi J, <<, dong co dip tat cic dao dong cong huong. Do cong
cua dic tuyeén dong co ¢6 anh huong 16n dén viée phat sinh dao dong

cong huang. Tir (6.42) cho thiy khi s ¢6 cic Em tri Kha bé (s = 0) cong

huang s& phit sinh néu w° = el = K7, tite k2 khi tén s riéng
cua hai khoi lueng va tan so kich dang triing nhuu. NEu s— thi tir (6.42)

ta nhan duoc:

vy = oL, fc—1 ,m%) (6.44)
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Trong . Ky (w){Jyg+Ip)
truong hop nay “ 44

cong hudng s& -~ I ) \ ‘ ]
phit sinh khi - .
- o 015 . e —_— e ]
© = k, Vige | p |
dap tat ¢6 hi¢u ' ‘
- o i 04 \ ; ;

qua nhat cdc ‘
dao dong cong
huong dei ~v&+ 03 ——
tit ca cdc-tan”r - | '

sO xay ra duge
thue hign itng

véi mot s6gid. Z
tri trung binh S|
cua d6 cong

cia dac tuyén ;

dong co Y _ s 10 15 20 wiinV
2.4 Momen Hinh 6.4 Duong ddc trung bién do - tin 5o

. 1=0,05s
1. 3= 30 1 =0.067%; k,2=12.10% % ki=16.10%2
. 2. L=doi ty=0,15; k=4 10752 k*=8.10%
ciu - truyén 3. 1=0.330 i 1y=0,25; k2= 1,33.10%% k2=5,33.1 0%
dong S

dong luc tﬁc‘
dung ién co

Gm s X vl y 1a 496 tech clia chuyén dong quay cua truc déng co
va cd cﬁu chap hémh $0 vdi ch€ d6 quay déu clia chiing, tic [

(p = u;,,r+ x._. B=wt-A+y
Tir day tinth duge gde bién dang coa co cdu truyén
():";f"':ipn-9,=_'(o"”t+x-mﬂt+A-y=A+x -y, X=X-y

Momen dong lyc tic dung lén co cdu truyén déng duge tinh theo
(5-15): ’ :

| 'M_1,=_ca+*ba =CcA+c(X—y)+ b(x—¥) =CA +c& + bé
& day : “;'x'x ¥ ﬁ X~y
Bneu thit ctia memen dOng luc trong co céu truyén dong viét
trong dang todn tr s& a:

M, (p) =cA + (bp + c) =cA +(bp + ¢)(x-y)
Vi - X -y = [Wo(p) - Wo,(p)IL; + [W(p) - W (p)IL,

nén M, (p) = cA + (bp + ¢)[W"(p)L, - W (p)L,] (6.45)
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o day W'(p) = W, (p) - Wy (p); W (p) =W (p)- W(p)
Dua vio (6.40) ta cd )
Wi (p)=Uop” + vpID ™ (p); WS (p) = (U 4op° +sp)D ™" (p) (6.46)
Thanh phdn dau trong (6.45) 12 mémen tinh tic dung lén co cdu
truyén, hai thanh phén con lai 12 momen dong luc 1\71H. Khao sdt cdc tinh
chét cia né trong trudng hgp L, =0, v=b=0; L = L,coswt. Kh1 d6 ta

nhan dugc:

_ c(J 4op> +5p) L =
D(p) )

ey (J 50" + s> L, cos(ot +&)

ir

= (6.47)
JleU o +7.0) =T 10T 002 P 0? +(c - T g02)’s?
& day g = arg[(-J, ®° + sw)HD ' (jw)] (6.48)
Khi dua vao cic ky higu (6.43) ta cé:
‘M“-(t}mux _ 1+T§0‘)2
T2 2 ~2 232 2242 (6.49)
L, o (1-k“0 ) +(1-k;j o)
Trén
» . l ~
hinh 6.5 cho L[i, )
do thi x4c lap 20
méi quan hé |
(6.49)  theo ; |
gid tri cdc 5 —_ o
thong s6 T,
1, k% K%, dd
st dung dé 0 1 —
x4y dung d6 3 2
thi trén hinh | J
6.4. Cong § / \
huong xay ra \
khi tn s6 @[S N — ]
kich dong © ° 5 10 5w 25 wind
tring v6i tén Hinh 6.5 D6 thi ciia biéu thic 6.49,

s§ riéng cula
he hai khéi lugng (e khi o = k).
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2.5 Mémen phat dong (m'(')men dong co)

Dé xdc dinh momen phit dong ta sir dung bidu thic tuyén tinh
hod ciia dic tuyén tinh caa déng co

M, » Mgt(uo,mo)—s((p~m0): Mgr(uo,con)—sx

Thay biéu thitc cha x tir (6.39) ta nhan dugc
Md (p) = MS[ (UO ’ 0‘)0 ) - Sp[wdx (p)Ld + ch (p)LL] =

= Mg, (U, @, )~ spD™"! (P op” +(v+b)p + clL, +(bp+ o)L ]
(6.50)

gl tri trung binh cia momen phdt dong,
phén dong lue bién thien cha né. Ta khao
hopL,=0;b=v=0. Khi dé:

Thanh phin dau x4c dinh
con thanh phan thy hai - thanh
sdt thanh phdn san trong trutmg

scp
M (p)=- L .=
P (JaoP? +sp+ ) op? +¢)—c?
- . 5S¢ - L, = (6.51)
JaoTcoP o +Te)p+5 op? +5sc

|
= feap(o? 1K2 4 1y 4 p2 /e +f'L,
Ung v6i kich dong diéu hoa L. =Lcosot, ta nhin duoc

~ -1/
Mty =scL, cos(mt+a)ic(]d0 +J0)=140] g

00212 0? +52(c—100m2)2}
1/2
=Ll[r§,,m2(1~m2 1K%Y +(1-? /kg)zf

cos(ot +at) (6.52)
o day

a=n+arg(l -0’ /kf +ryjo(l -0 /k2)]

Bién d0 cia moémen phét dong 4y gi4 tri 16n khi 0 = k, va cd khi
o=k,

Trong'trudng hop ddu, titc ¢ = kg, ta cé;
(f1,) - b Ldy (6.53)
koI -k5/k?)  tykoI,

Thong thudng T™mKo>> 1, nén bién
khong qua 16n, thim chi khi J,>> Jio-

do trong trudng hop nay

. Trong trudng hop tht hai, tic ¢ = k, thi:
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~ L L,J

(Md )m”x = = T s (6.54}
kh/k() -1 J(IL]

Viay trong truong hop nay bi¢n d$ cua moémen phdt dong luon

ludn 16én hon hién d¢ cha kich dong. Néu 1ang J, (bing cach lip thém vé

lang trén truc ra ddng cg) thi [lﬁd]

max

giam va tién d€n giGi han L,. Néu
tang J, s€ lam tang momen phat dong.

Khi so sdnh bién do cua M, va M, ta thdy ring (ng v4i moi gia
tr cua o ludn xdy ra (M d )m“ < (M o )"m.

Tir day rit ra két luan la: khi thue hién diéu kién (IC/I“.) <M,

JIHES
M, = cA d€ dam bao M, khong thay déi ddu thi gid tri cuc dai ctia momen
phat dong [M, + (M, ). ] khong thé viot qua hai 1n gid tri ciia momen
tinh theo nhu quy dinh.

Thidu6.1.

Khao sit may co so d6 nhu hinh 6.6. Dong co dién truyén dong
cho tay quay clta co cdu tay quay ~ con trugt véi ty s6 truyén dong i = 2.
Gid st dong co  lam  viée vai  dic tuyén ¢ dang
Myou,,®)=1740-16,64¢0. Dong c¢co ¢6 mdémen quin tinh
J.= 0,576 Nms®; I, =0. Culit ¢ khéi luong m,= 10 kg, con truot ¢6 khéi
lugng  m, = 2,5 kg truc quay 0 cing vdi cédc chi tiét lap trén nd ¢ khoi
tam roi vao truc
quay vd ¢d
mémen  qudn
tinh d6i véi truc
quay O la
0,977 Nms?,
bin kinh tay
quay r=0,1m.

Lwc P
tic  dung lén
culit theo phuong ngang

Hinh 6.6 So Jdo mdy cho thi du 6.1

P=P,+Psignkx-pBx
¢ day
P,= 1000 N;
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P, =800 N :
B = 160 Ns/m;
X - toa d§ cua culit,
Ham sign % duoc dinh nghia:
o Ikhi x>0
sign x = o
~lkhi x <0

Cu cau truyén dong duge mé hinh hog 1 phin 1t khong qudn tinh
¢4 do ciing xodn ¢ = 1400 Nm va h¢ $6 can nhét b= 1 Nms. Bo qua ma
sdl tal cdc Khép dong, con tay quay chiu tic dung ngau luc M = S0 Nm.,

Hay xdc dinh van téc goc cta ché dé binh 6n, do bi¢n dang tinh
cba cd cdu truyén v phuong trinh chuyén dong ctia m4y.

Dau tién tinh dong nang T clua mdy
|
T==J,90"+T.
2 ¢ 5
trong dé J,; - mdémen qudn tinh ciia dong co,
T, - dong nang cla co ciu chdp hanh.

Chon toa d6 suy rong li ® va 8, trong d6 ¢ la goe quay ciia dong
cd; B la gbée quay cia co ciu chap hanh

¢ - van t6c géc cia khau ra clia dong co:
6 - van t6c g6c¢ cua khau vao co ciu chap hanh,
Dong nang cia co cau chap hanh s& 1
1 ) 2 dx 2 dy b dx 2
Te= =<1,6° + m,r (== + (=) {+m (=)
¢ 2{ ‘ ? [:(dt) dt o
Vi X =rcosB, y=rsind

Néen T.= %éz[h +(m, +E2i)r2 -—%rz 00529:'

Mdmen quan tinh thu gon cla co cdu chip hanh v€ truc ra cla
dong co sé la

Joo={, +mye® + O,Sm_‘rz)_—l; = 0,268
2
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~ 05m,e” 2

“—

J(0)=-——F. ::os—_(2 =--0,0125¢c0s0
H |

Biéu thirc cua lue P o the via trong dang

P=-P, + P sign(sin0} + Bro sind

Momen can thu gon vé true ciia tay quay sé 1a
2 :, d, . . S
M (8,0) = _PE!_%_ M, =~Prsin6-p, risin Gil ~PBri6sin? 0 - M,

Khai trtén ham [sin@|lr0ng chudt Fourier chi giit lai 6 sG hang
dau ta nhan dwoc

* . P - -~
M (6,0)=-M, 2R ~Pri0 - P rsind + il~I:—)'—r(%cos 20 +
m n

+ %C(}Sﬁlo + 3—1‘3—00369 +..) + 05806 cos 20

Tir day tinh duoc momen cin thu gon v¢ dong co:;

. =
MY (¢) = %(—MS ~§P, r— O,SB—:—G) = (50,45 + 0,2¢) Nm

1l . 2
_%: _dl_w_ﬂg =05p—
do do de 1°

~ 2 1 4 6
MU(QP,@}:i[—-P“I'Si[]E_E-FiPII‘(%COS Ll o, | 2P
i O

-+ —COS—+ — (05

s )
i 15 i 35 i

+ E]i—BrE(bcos%(E] =-50sin -;i +16,98cosp +3,4cos20 + 1,46 cos 3¢ + 0. 2dcos o
Van tdc gée cia ché do binh én duge tinh theo cong thifc:
Mgl(u(,.mu)z Mf(m{,)
Vay 1740 - 16,640, = 50,46 + 02w,
T day tinh duge  ©, = 100,32 s
D¢ bién dang tinh A cila co cau truyén dong:

A Me(ug00) 1740 -16,64.100,32
c 1400

=0,05304 rad

107



Phuong trinh chuyén dong cua may s€ la:
0,576+ (@ —6) + 1400(p ~ 6) 1740+ 16,64 =0
0.2680 + (6 — ¢) + 1400(0 — @) + 50.46 + 0.2¢ =
= 0,0125cos68—0.5.0,01255in 86" — 505in 0,50 +
1 16.98c0s0 + 3,4 0520 + 1,46 05 30 + 0,26 c0s 6
Chi ¥ ring tan s6 riéng cta hé hai khoi lugng bing:

c(J o +Je0)
Jaodco

k = =87,55""

Tin $6 ndy nim gilta cdc tan s6 kich dong v = 50.16 s va

2v =100.32 5. Tuy nhién anh huéng cla diéu nay dén viée méit mat van
t6c gée trung binh clia hé la khong ding ké.
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CHUONG 7

PONG LUC HOC CUA QUA TRINH CHUYEN TIfp
1. PHUONG TRINH CHUYEN PONG

Qud trinh chuyén €D trong mdy véi co cqy truyén dong dan hoi
dugc khio sat véi cic gia thiét say

1) Qui lugt chuyén dong
cla tryc dong co o(t) duge xem 13
da cho. Pidy nay twong duong voi
gia thigt 13 déng co lam VIEC vii
dac tuyén dong hoc Iy tudng

2) Mémen quin tinh thu  Hink 7.1 Mé hink déng lue cia may
g0n cua co ciy chip hanh J.(6)
duoc xem I3 hing s6.

Phi hop v6i cde gia thiét da néu mo hinh déng hee cia may ¢é so
do nhu trén hinh 7.1 Phuong trinh chuyén dong clia may duoc vist trong
dang

Je, b= —b(Q—(j))—C(G~(p)+Mc(9, 6) (7.1)
Khi dua vio bign o= g . ¢, phuong trinh (7.1) lay dang
Jo,6+b6+co=~1. §+M, [o+o(),6+9(0)) (7.2

2. QUY LUAT CHUYEN PONG TRONG QUA TRINH MG MAY
KHONG €O TAI (M. =0)
2.1 Chon quy luat chuyén dong cira truc dong cg

Trong trusng hop khéng ¢6 i, phuong trinh (7.2) s& tr¢y thanh
C+2n6 + ko = —ii(1) (7.3)
& day n=b/J, k>=c/), (7.4)
Quy luat thay dé; gi 8¢ gée (1) cla truc dong co phy thuée vio
dac trung cla qud trinh chuyén tigp.

Trong m& may quy luat chuyén dong clia truc déng co cdn thog
mén cdc diéu kién sau:

1Y Khi t =0 thi ¢ (0) = 0; ¢(0) = 0
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2) Khit=t, thi ¢{,)=®

& day 11, - thoi glan MG mdy; ©,- van e goc clia qué trinh binh on.

Cic diéu kién nay c6 the dugc thoa min khi dung phuong phap
md may c6 dieu khién bing cdch thay ddi thong s0 vao u.

Trén hinh 7.2 va 7.3 o )]
dua ra hai phuong dn cua quy T £
luat gia toc gde thod man cic |
didu kién da néu. |

l.___ t

Quy luat duge chi trén O i, 0 t
hinh 7.2 tuong tng v6i phuong
phdp 1ao nén trong qua trinh Hinh 7.2 Quy ludt Hinh 7.3 Quy luat
mé may truc dong cd ¢6 gia mer mdy chit nhi me ndy hinh sitt
toc goc khong doi

m

qb:a[] :w{l){tm (?S)

Dé dang chi ra ving quy luat (7.5) thoa min hai diéu ki¢n trén khi
chi ¥ rang

2

Q=w,; =L = gol (7.6)

] —

Trén hinh 7.3 1a quy luat mo may hinh sin
B(t) = g sin(mt/Ey) 37

Pé quy luat nay thod man hai diéu kién trén cin chon g thod man
hé thie:

80 = Ny /21111 (?8)

. e o . Wy T
Theo gquy luat nay ta €o: 0 = —2—(1 -cos—1)

m

C6 trudng hop ngudi 1a stt dung dang 16 hdp cua hai quy ludt néu
trén, vi du trong truong hop ctia loai mdy boe xép. PGi véi loal may nay
khong ¢6 su phan biet qud trinh mo may vi qua trinh binh dn. Yéu cau
d6i vdi loal may nay la:

1) Khit=01thip(0)=0. ¢0)=0

2) Khi t =t thi ¢(t) =", ¢ 1) =0
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Trong do:

. L . £y N 0 (p
la thot gian dé di @ :
a e = }‘0
chuyen doi tugng, ¢
la goc quay ciia truc W2 o ty/2 t.

dong co tuong ing

IR o o[ — >0 —
vOi khoang thoi gian
nay. “ty
-Eg

DC thod man  pripp 7.4 Quy ludit
hai yéu cau vira neu, chie nhdt dé mer Hinh 7.5 Quv ludat hink
¢6 the ding qui luar mdy boc xép sin md mdy hoe xép
duge ¢hi trén cic '
hinh 7.4 va 7.5.

D61 v6i qui ludl duge néu trén hinh 7.4 can chon g, tir hé thic

gy =4y’ /1 (7.9)
Con trong (g vdi quy ludt néu trén hinh 7.5 thi g, duoc chon nhu
Sl
- 12
¢=g; sm[——ntw (7.10)
m J
s . t 2
Khi dao: p(1) = Folm [ —cos —nl
2TE lm
£t t, . 2
vit: Q(1) = 20 | m o Ty
2 2t

2.2 Phuong trinh chuyén dong

Chuyén dong trong qud trinh m& mdy trong truong hgp khong tai
tim dugc khi tich phan phuong trinh (7.3) véi diéu kién ban dau [a:

a=0 &60)=0 (7.1
Nghi¢m cia phuong trinh (7.3) duge tim trong dang:
o= (7.12)
E

o day n & bién mai,
Tir (7.12) ta céd;

6=-F0 0 50 O (7.13)

k* k?
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Khi thay (7.12) (7.13) vao (7.3) ta c0:

. ‘ 2 1 .t
n+2m]+k“n:w?[qﬁ{4){t)+2nq}(t)] (7.14)

Phép bieén ddi (7.12) ¢6 y nghia 1 téch tir bién o thanh phan
(—¢(t)/k?), né thay déi rat cham theo thoi gian, dugce goi la $6 hang 4

finh ¢6 anh hudng rdt it vio quy luat thay doi cha bién o duge xdc dinh
nh® phuong trinh (7.3). Diéu ny dugc gidi thich dya vao tinh chat sau:

Chu k¥ dao dong tr do T=2n/k bé hon nhiéu lan so véi thai gian
m& mdy. Do d6 k khé 16n vi s6 hang (— $(1)/k*) kha bé.

Nghiém cia phuong trinh (7.14) dwoc tim véi di¢u kién dau:

n0) =00y + 23 = 252, 30y = 6100+ ER_E2 aas)
a. Triwong hop quy ludt mo mdy chit nhdt (7.5)
Theo quy ludt ndy @ (1) = &, = hang.
Tir d6
(3 ()
p =0, ¢=0 (7.16)
Phuong trinh (7.14} trong trudng hop ndy ¢6 dang
fi+2n+k*n=0 7.17)
Piéu kién dau cla (7.17) dua vao (7.15) s€ la:
nO) =c, /K> n(0) =0 (7.18)

Nghiém téng qudt clia phuong trinh (7.17) trong trudng hop n <k
¢O dang:

n = Ae " sin(k,t + o) (7.19)
7= Ae [k, cos(k,t + &) - nsin(k,t+ o0)]

gday k, = Jk?-n®, con A v o 1a cdc hdng s6 tich phan duge xac dinh
dua vao dicu kién dau (7.18):

£, /k* = Asina; 0 = A(k, cosa—nsina)
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Do diéu kién A # 0 nén tr hai phuong trinh nay ta tim duge:
tgo = k/n; A = e/kk,

Thay két qua nhan dugc vao (7.19) va chd ¥ dén (7.12) ching ta
co:

E & k
o(t) = - —% + e sin(k 1+ a); toq = —L 720
K2 KK, L g2 N { )

vol 0 <t <t

Qui luat thay ddi cha géc bi€n dang cla cd ciu truyén dong
o(t) = 0 - ¢ duge cho trén hinh
(7.6). Tir day cho thdy truc clia
co cau chdp hanh ¢é dao dong
tit déan so v6i chuyén dong cla
truc dong co. Do do trong qua —
trinh md may kém theo dao
dong tht din. Toc do tat dan _EJ nﬂr\nn
duoc xac dinh boi hé s6 can n. k ]U yue” ll

Qua khodng thoi gian L o ‘
t, =3/n bién do cua dao dong (ST".QL.-]
tit dan giam di 20 lan.

2

Hinh 7.6 Quy fudt thay doi ciia gbe bien

Thuc vay dang o (1}
A(I;)ZZO_)e_"1l __e™
A([z) e—nt-: e—n{1|+la)

Tirday e"™ =20-—>nt, =in20=3
Viay t.=3/n

Thong thudng n/k, 1dy gid try trong khoang (0,03+ 0,1) nén t. =
(30-100)/k,.

Khi so sénh véi chu ky cha dao dong tét dan T = 2n/K; ta ch

Ei:(30+100)#1—-~=(30+100)J—:5+1-5
T k,(2n/k,) 21

Vay dé bién do giam 20 lan cin khoang thdi gian tit 5 + 16 chu ky
clia dao dong tu do.
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Mat dac diém can chi y 14 dao dong tat dan khong ket thic ta
(i diém cudi clia giai doan nd may. Hon nifa tai thoi diem két thic mo
miy, gia toc khdc khong va gay nén kich dong dao dong. Pé don gian ta
chi xét hiéu ting do tic nhan cla gia t6c, nén gia sir tai t = 1, dao dong bi
tat, Teds n(,) =0, 3,)=0. Tu(7.20) taco
o(t,) = -g/k*va &(1,)=0 (7.21)
Vi sau khi md mdy, mdy lam viéc véi ché do binh dn nén
@)=, = 0. Do d6 qud wrinh chuyén dong sau mo may (tifc t > 1)
duoc mo 4 bang phuong trinh (7.14), trong d6 : =6 =6MN=0;
B(1) = 0;¢ (1) = 0. Nhu vay chuyén dong ciia médy khi t > 1, duge mo ta
bing phuong trinh:
G+2u6+k’o=0 (7.22)

Phuong trinh (7.22) ¢6 cung dang phuong trinh (7.17) chi khdc
pdc thdi gian va diéu kién ddu. Dé dang chi ra rang phuong trinh (7.22)
vai diéu kién diu (7.21) ¢6 nghi¢m dang
€y

o(t) = =" gin(k Ot - t,) + al; t!i-’(l:h (7.23)
kk, n

b. Truong hop qui ludt mo mdy hinh sin (7.7)
Trong trudng hop nay:

2
e i T . T[
Q= 20 cos(—t) (p”’ =-— Y sin{—1)

m m m ! m

Phuong trinh (7.14) bay gid lay dang

ﬁ+2m‘~|+k2n= :%—{211ncos(j—l)—£sin(-lt)} (7.24)
t

m m m m

Vi riing khoang thdi gian md mdy gip nhiu fan chu ky cua dao
dong tu do cho nén khi t,, > 207/k (wic khoang thdi gian mo mdy gdp 10
lan cha chu k¥ dao dong tu do) ta cé

2
)

k212

m

<< 0,0025
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Vi vy doi voi truong hop ¢6 hé $6 hao tdn bé (n << k) thi cdc s6
hang cha vé& phai ctia (7.24) 12 khong dong vail tro quan trong va do dé ¢o
thé bo qua duroc.

Do dé phuong trinh (7.24) c6 dang:

fi+2m+ kin=0 L (7.25)
vai diéu kién dau
70y =p0) /K> = 0:7(0) = §(0) /K =me, /K7L, (7.26)

D& dang tim dugc nghiém cda phuong trinh (7.25) véi diéu kién
diu (7.26):

Nt = ——0 ™ sink,t (7.27)
. Itm
Do do:
(t)——L)Jr (t)—— Sll‘lll"i' ZTta(, e "sinkt  (7.28)
k? k? t, koKt
Nhan xdét:

- Bsi v&i qui luat mé may hinh chi nhat, dua vio (7.5) ta ¢6
T, =@, /t, ,con doi vdi qui ludt m& may hinb sin, tacd g, = o, /2t
Vay cing thoi gian m& mdy t,, dé dat dugc ché€ do binh én vdi van toc géc
@, thi £, /8, =7/2,

Nhu vay gia toc géc khi siv dung qui ludt hinh sin [6n hon 7/2 lan
qui luat hinh chtr nhat.

~ Bién do dao déng khi dung qui luat chir nhat 4 =g, /kk, theo
cong thitc (7.20), con khi dung qui luat hinh sin theo (7.28) ¢o bién do
a4 = 7g, [Pkt

Vay a/a=2k, /n’=40/n=13

G day khao sdt trudng hop khoang thdi gian md may gap 10 chu
ky dao déng tu do.

Vay bien do khi sit dung qui luat chir nhat s& gap 13 lan khi su
dung qui ludt hinh sin. Piéu nay gay nén do c6 budc nhay gia toc khi
1=0.
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Khi két thic 18y di van On tai dao dong bé gay ra do budc nhay
clia dao hiim bac 3 cua gée quay cta dong co, do:

H0) = §(0)/k? = me, /K7L, %0

Tir (7.28) ta nhan dugc:

ne ot
O‘(Im):%e Mo gink,t,,
kK, t

1l

Diéu nay da thu duge trén do thi cla hinh 7.7.
c. Truong hop su dung qui luat {6 hop

Trong trudng hop su dung
qui luat chir nhat, sur thay d6i clia
$(ty 1am phit sinh dao dong tat
din véi tan 6 k, tai thdi diém
dau, tai thoi dicm t = 1,2 (tai thdi
diém ndy gia t8c gdc bién doi tir
g, dén - g,) vi ca sau khi ket thic
qui trinh dich chuyén. Khi st -
dung qui luat m& mdy hinh sin
(hinh 7.7) su thay doi cla gia toc Hinh 7.7 Quy ludt ma mdy hinh sin
clia dao dong sinh ra tai thoi diem
diu va cudi cia qud trinh c6 bién do khd bé.

Nhur vy viec chon qui luat mg mdy ¢6 dicu khién c6 anh hudng
ding ké dén qud trinh chuyén dong cha mdy sau khi mé& mdy, tic anh
hudng dén qud trinh binh on doi véi loai mdy hoat dong lien tuc vi dén
do chinh xédc d€ dat duge muc tiéu dgi véi loai mdy dich chuyén.

3. QUA TRINH CHUYEN TIEP CO KE PEN TAI
Khao sat momen can ¢d dac tuyén:
M, =-M, - vB=-M, - V(S +0)
Phuong trinh chuyén dong clia bo phan chip hanh s& la:
J,06+(b+ V)& +co =-J (1)~ Mg = vi(t)
N6 ¢6 thé duge viél trong dang sau:
G+2(n+n,)5+ kzcz—i{)(t)——Zn]('p(t)——I;% (7.29)
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g day n,=v/J,

(7.30)
Nghiém ctia (7.29) tim duge dudi dang:
(p(t ;L M
G(I):_ED%_l(p(t)_—-ier:cy”(t)w*-x (?-3])
k ¢ C
. ety v, M
O’dﬁy G{)(l):‘g(-z—)—-—(p(l)—-—o— (7.32)
k C C

dugc goi 14 thanh phén tua tinh con x [a bien mdi.

Kht st dung phép bign d8i bién (7.31) va chd ¥ dén (7.32),
phuong trinh (7.29) duge viét nhu sau:

X+2(n+n, )% +kx =

{4

(7.33)

1 )
- k_g[q’ (O +2(n+ 0 )H(t) + 4(n +n, )n, (1)

Trong trudng hop n/k va n/k bé thi cic s6 hang clia vé phai ¢6
anh hudng y&u. Vi vay trong s6 I6n trudng hop c6 thé bod qua, tie chi cin
tim nghiém ctia phuong trinh:

X+2n+n)x+k*x =0 (7.34)
né 6 déc trung cia dao dong cao tin.

Khéo st truomg hop sir dung qui luat mé mdy hinh sin:

N T

Tir (7.31) ta nhian duge  x = 5 - o,(1)
Chayring o0)=H) =0
nén c{0} = 0(0) - 6(0) = 0; 5(0) = PO) - B(0) = 0

Vi vay nghiém cila phuong trinh (7.34) duge tim véi diéu kién ddu
nhur sau ;

x(0) = 5(0) - ou(() = - 0,4(0) = My/e

l ... T
—0(0)=—
k* k-

Nghi¢m coa phuong trinh (7.34) c6 dang;

(7.35)
£y

X(0) = 6(0) - 6,(0) =
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x(t) = Ac™""" M gin(k. + @)

(7.36)
K(1) = Aefmrm [k* cos(k t+a)—(n+n,)sin(kat + OL)]
Dua vao diéu kién dau (7.35) ta co:
Asina = M fc: [k'l cosa —(n+n,)sin (1]A = thja.“
) 41
Tir day tim duoc:
1 ’ ] nl
I 5 M : “Eg
A Mo nan, ) e BN g TS (7.37)
<’ kKot ¢ |

Khdc véi trirdng hop khong can, khi cé can bién do tang thém mot
Juong gin bang M,/c .

Phit sinh diéu ndy 12 do tai thoi diém diu t = 0 phén tr dan hoi
chira bi bién dang va trong qué trinh mé& mdy nd chiu bién dang tinh bing
M c.

4. CAC BIEN PHAP GIAM SAT SO BONG LUC

Pai luong ¢ = ¢ - 0 xdc dinh do sai léch cua chuyén dong cua
khau ra dong cd déi vdi khau vao clia ¢o ciu chip hinh, nén 6 thé xem
o(1) 1a sai s0 dong luc.

Theo (7.20) va (7.28) bién do cla sai s6 dong luc déu ty & véi
g,/kk,. Trong trudng hop can bé ¢6 thé xem k, = k vi bién do A cua sai s6
dong fuc 1ay dang:

Ey

A=g-2
k..

Trong d6 £ 14 hé s6 tuy thuoc vio dang cla qui ludt md mdy, con
£, 12 gia (8¢ gbée cua qud trinh mo mdy.

£,= Bw,/t, doivéi trudng hop mo mdy.
g, = YP. /12 d6i v6i logi mdy dich chuyén.
& day B. v Ii cic hé so phu thude vao qui luat thay ddi ciia gia tdc chuon
y By 2 53 phu thuoe vao qui luat thay 2 g

trinh.

Trong trudng hop mé mdy thi A = E_EEA
-tl'ﬂ
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Con trong truong hop may dich chuyén A = . «{(p*T

sau

[} Thay déi quy luat didu khidn gia t6c. C6 ping chon quy luat
khong cé bude nhay,

2} Tang khodng thei gian mo mdy. Khoing thoi glan md mdy
cang Idn thi saj sa dong lue cang bé (v cung gid tri o, hay ¢.).

Vi vay c¢in hry ¥ ring bien phdp rang nang sudt bang cach giam
thot gian mé may néi chung s& dan den tang sai s6 dong luc.

3) Tang tan sg riéng ctia mdy. Phuong phdp nay duge xem 13 hop
Iy nhat. Theo bien phdp nay can phai ting do cling ctia médy hoic giam
moémen quan tinh khe; lwong cha chi riet (phin dong co va can chdp
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CHUONG 8
PIEU KHIEN CHUYEN PONG CUA MAY THEO
CHUONG TRINH

1. CHUYEN PONG CHUGNG TRINH CUA MAY
1.1.Diéu khién theo chwong trinh

Trong cAc mdy hi¢n dai cdc bo phin cong tiac cla may cén thuc
hién cdc chuyén dong duge dinh sén goi la cde chuyén dong chuong trinh
va miy duge goi la mdy diéu khién theo chuong trinh. Théng thudng cdc
qua trinh cong tic 6 dac trung chu ky nén chuyén dong chuong trinh
cling c6 dac trung chu k.

Trong chuyén dong chuong trinh clia cdc loai may gia cong, su
thay do6i cdc chi tiét gia cong tren mdy kém theo sy diéu chinh cic
chuyén dong chuong trinh.

Dac biét d6i v6i cdc phuong tién giao théng van tai cdc chuyén
dong chuong trinh khd phitc fap nhu viée van chuyén nguyén vit hiéu, cac
thinh pham va bén thanh phdm, chuyén dong cta cdc robot cong nghiep
phuc vu cho cdc nhém mdy cong cu, ...

Sau khi xdc dinh qui luat thay doi cha thong s6 ddu ra cha dong
cd, ching han v6i dong co 1am viée véi dic tuyén dong hoc 1y tudng, ta
co:

4y =gy [u; (0]

|
qk:qﬂ-i-'[qk[ui(t)]dt k=1,n

Iy

+

g do: ay =g ()
Khi d6 toa d¢ cha cdc phan tir cha médy ¢6 dang:
1
x5 (1) = X509, (0] = x,5(q} + qu[u,-(l)Jdt) (8-1)
1y
Bing céch chon qui luat u(t) khdc nhau, tir (8.1) chiing ta nhan
dugc chuyén dong c6 cic tinh chat mong mudn, vi du theo cdc qui dao
cho sadn.
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1.2.Phuong phap tao cic chuyén dong chuong trinh

Thong ‘thuding c6 hai phwong phdp tao chuyén déng chuong trinh
dura trén céc hé thic (8.1 ).

Phuong phdp thit nhat: sir dung cho cdc mdy cong nghé lam viéc
¢6 chu trinh. D6 véi loai mdy nay thong s6 ddu vao clia dong co ¢6 gia
tri khong déi, tic u; = u = hing.

Trong trudng hop nay d€ thyc hién chuyén dong dinh sin déi véi
cac bo phan cong téc & dua vao vi¢c tao ra bo co cdu truyén thich hop.
Loai mdy nay duoc goi 12 mdy khong didu khién.

Phuong phap thi hai: thay déi cac thong s6 diéu khién u(t) dé cdc
bo phan cong téc ¢ chuyén dong phi hop vdi chuong trinh yéu cdu. Mdy
loai nay duoc goi 1a mdy diéu khién chuong trinh.

Trong phuong phap tht nhat viec thay ddi chuyén dong chuong
trinh doi héi phai thay déi c4u hinh ciia cg cau truyén, con trong phurong
phép thit hai diéu nay khong cin ma chi cén thay d6i qui luat diéu khién
va do d6 don gian, nhanh va thuan tién. Di€u nay 1a vu the€ d6i véi cdc
day chuyén mdy hién dai vi d6i véi loai ndy cin diéu chinh nhanh, gidm
thoi gian lap dat cho chu trinh ke tigp,

Tuy nhién cin chd ¢ ring d6i vai phuong phap thi hai khi thay
d6i luat didu khién & ddu vao kéo theo su thay ddi qui lust chuyén dong
cla tét ca cdc by phan mdy va do d6 lam thay d6i c& su phan b6 dong lyc
trén cde bo phan clia mdy. Diéu nay doi héi phii tién hanh khio sat cin
than van dé dong luc trong céc méy diéu khién chuong trinh.
1.3.H¢ thong diéu khién chuong trinh

H¢ thong diéu khién chuong trinh gém cdc thiét bi dé tao nén
chuyén dong chuang trinh. Mot trong céc bo phan d6 14 thiét bi chuyén
chuong trinh yéu cdu thanh tin hiéu didu khién u,(t).

Trong trudng hop hé mé cia didu khién chuong trinh, khi déng co
nhan duge tin hi¢u diéu khién u,(t) c6 thé lam mdy khéng thuc hién ding -
ma l¢ch khoi chuong trinh yeu cdu. D6 lech nay duge goi 1a sai s6 dong
lyc clia cdc qui luat chuyén dong. Nguyén nhan gay ra cic sai s¢ dong luc
do nhiéu yé&u t6, vi du, do mé hinh duoc xay dung khong tuong thich véi
thyc t€, ching han khong ding véi he thie (8.1),

Trén hinh 8.1a, do léch §(t) = x(t) - x,, dugc dua vio bd phan
diéu chinh tao ra tic dung diéu khién Au dé hiéu chinh lai qui luat diéu
khién [u(t) = u_(t) + Au] va nhd d6 lAm giam sai s6 dong lvc.

Tren hinh 8.1a cho so d8 clia hé didu khién 18 hop. :
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Trén hinh 8.1b 12 so d6 ciia he tuy dong.

Trong trudng hop nay khong 6 thigt bi tao nén tin hiéu ma diédu
khi€n u (1) duoc tao toan bo do tin hidéu cla sai s§ dong lue. Cic hé nay
duge goi la ¢ diéu khién vai lien he nguoc,

q <t
PKCT 2% DY b F— gpe

Au

i LHN <+

a) He diéu khién t8 hop
q
bC [ —* BPC

Q

ct

LHN | &
b) Hé tuy dong

Hinh 8.1 Hé diéu khién lién hé nguoc { LHN )

Nguyén 1y cia lién he nguge duge dp dung khéng chi cho may
diéu khién chuong trinh ma ci d6i véi may khéng diéu khién. Déi véi
trutmg hop sau né duge ding dé én dinh hod van t6c géc ciia déng co
hodc van toc cia co ciu chap hanh khi c6 xuat hién do léch van toc dei
vGi van t6¢ chuong trinh. Khi do dong co s& nhan duogc tin hiéu ra lénh
diéu chinh gid tri cha diéu khién u(t).

Dai véi bai todn diéu khién vi trf thudmg goi 1a chu tuyén, yéu clu
dat ra 14 céc b phan cong téc cdn chiém dugc cde vi tri dinh sén ( vi du,
mdy nang chuyén, robet cong nghi¢p, mdy cit kim loai, ... ). Loai nay
bac gom ca loai diéu khién theo qiii dao dugc dinh sin trong khong gian.
1.4.Céc phuong ph4p diéu khién
a.Diéu khién bing luc:

Lién hé¢ nguge ¢6 thé thuc hién nh& lve hoidc mémen luc tic dung
truc ti€p lén cdc bo phan co cla mdy dé 1am gidm cdc sai s6 dong luc
(hinh 8.2).
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b.Piéu khién dong hoc.

Loai diéu khién ndy dua vao nguyén tic tao thém béac chuyén
dong bo sung, né chi hoat dong khi xuat hién tin hi¢u sai s va tao nén
chuyén déng bé sung q', né hdp véi chuyén dong ciia dong co chinh lam
cho chuyén dong clla co cau chip hanh phl hop vé6i chuyén dong chuong
trinh theo yéu ciu. .

X

q cl
DKCT [“a BC | BPC |—
Q
U €
LHN

Hinh 8.2 Hé diéu khién hee
Thiét bi diéu khién dong hoc duge dp dung cho cdc mdy cd yéu
cAu dich chuyén chinh xdc. D& ddm bao cdc dich chuyén bd sung bé
thudng stt dung bo chuyén doi ti€p xic pizo hodce tr, dong co budc hodc
ddng ca rung (hinh 8.3).

| DCBS [¢—— LHN «—

»

q

Y[ pc CCVS (| CCCH | X

q

Hinh 8.3 H¢ diéu khién dong e,
DCBS: déng co bd sung, CCVS: co cdu vi sai, CCCH: ¢o cdu chap hinh

c.Diéu khién bdng kich dong.

D61 v6i loai mdy ma yéu t6 gay ra do léch khoi chuyén dong
chuong trinh 1a cdc luc phét sinh trong khi thuc hién qua trinh céng téc
thi diing lién hé nguoc dé tao ra cdc tin hiéu bd sung Au dé gid tri cic luc
& déu ra cha hé co trd nén phit hop (hinh 8.4). Vi du, trong céc mdy cit
kim loai, van téc clia cdc bo phan cong tic duge diéu chinh theo lyc an
dao. Nhu vay trong trudng hop ndy, cdc diéu khién chuong trinh khong ¢o
nhiém vu gilt nguyén chuyén dong dinh sin ma chiing thay déi theo céc
théng s& clia qué trinh cit, nghia 12 ching thay d6i theo diéu kién cua
moi trudmg lam viéc. Pidu khién nhu vay duge goi la diéu khién thich
nghi.
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u, X
PKCT ()Y ‘ PC BPS Y cvm

Au

Vi

LHN |

Hinh 8.4 He dicu khven bang kich dong
2. CHUYEN PONG CHUONG TRINH CUA MAY VOl CAC KHAL
CUNG.
2.1.Phuong trinh chuyén dong

Khio sdt chuyén dong may mot dong ¢o véi khau cung, lim vicc
voi die tuyén dong luc, phueng trinh chuyén dong cé dang:

. | dJ 4
JDg+=—(q)q- =M, + M (q.4)
D5 5 (@47 =My + Motag (82)

T™M, + M, =ru-sq

Gia sur qui luat didu khién chuonge trinh 1a u,.

X¢Et hat bai todn sau

+ Bai jodn thugn: xic dinh chuyén dong clha may tng vai didu
khién chuong wrinh di cho u (1) va diéu ki¢n cho ban dau.

Chuyén dong cta midy duoc xdc dinh nhv tich phan h¢ phuong
trinh chuyén dong (8.2). Trong trudng hop rieng khi u_ ()= u, = const bai
todn da duge khio sdt trong chuong 3. Trong truding hop tong quil ¢d thé
su dung phuong phap sé.

+ Bai todn ngupe: xac dinh diéu khién chuong teinh u, (1) dé thue
hi¢n chuyén dong chuong trinh cho trude nio dé q.(1).

Bai todn nay nay sinh trong van d¢ tong hop diéu khién chuong
trinh. Vé nguyén tac viée giai quy#l bii todn nay khong ¢é khé khan,
Mudn the can thay (1) vit cdc dao ham ca né vio cie phuong trinh diu
cua hé phuong trinh (8.2) d¢ tinh mo men lue thue hién chuyén dong
churong trinh.

Mg (0 = Jlq. (1§ () +0,50'[q. ()]G (1) - M [g.(1).q.(1}] (8.3)
trong do g.(1) = q,,
Thay (8.3} vao phuong trinh cudi clia (8.2 ) ta nhin duce diéu

khién can co;
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u*(t)=%[t MS(I)+M;(I)+SQ*(I)] (8.4)

Tuy nhién trong thic & ¢6 thé xay ra céc tinh hudng sau:

+ Cdc dieu khién fim duge dang ( 8.4 ) vé mdt k§ thuét khong c¢6
kha nang thue hién dugc,

+ Khi truyén cho déng co diéu khién tim duge u,(t) dang (8.4) thi -
may khong thuc hién ding chuyén dong chuong trinh yéu cdu. Pidu nay
1a do chuyén dong q.(t) chi 12 nghiem riéng cia heé (8.2), né ng véi diéu
ki¢én ddu xdc dinh ma viéc thyc hién ching khong duge dim bio bing
diéu khién dugc chon. _

Viéc chuyén déng clia mdy khong nhic lai chinh xdc chuyén
dong chwong trinh yéu cdu 13 do cic saj s6 dong luc gay nén.
2.2.Phuong trinh nhiéu dong.

DE bigt do sai lech ciia chuyén dong X4y ra so v6i chuyén dong
chuong trinh di&n bién nhu the ndo cé thé dya vao phuong trinh nhiéu
dong. Nhur di biét cdc sai lech dugc goi la sai s6 dong lyc duoc gay nén
do céac kich dong khic nhau. D6 13 d6 sai leéch gitta diéu khién thuc u.(t)
va di¢u khién chuong trinh u.(t) hodc do céc nhidu vé lue kich déng AL
dd duge bd qua khi xay dung mé hinh khio sat. DE nhan dugc phuong
trinh nhiéu dong tir d6 xdc dinh duge sai 56 dong luc, ta dua vao céc dai
lwrgng sau:

W=9-q.(t) AM, =M, - M, (8.5)

Céc dai luong & (8.5) dugc gia thiét 1a bé.

Nho (8.5) cdc phuong trinh (8.2) dugc viét trong dang:

r
oo 1. (oM Y] T ., (M
Jy+| 1.4 _[—*L—] Y+ e +0,5].q5 —[—-C—J W=
]» aq * 6(.! *
=M +A My + M. —J.§. + 057,92 + AL: (8.6)

rAMd+AMd+S\p=ru*-sq‘—tM;—Mz +r1Au

& day dau hiéu “ * “ 13 céc dai lugng twong tng véi chuong trinh di cho,
vi du: :

Jo=Jlgu] 5 M =M, [q.(1),4.()];..
Céc phuong trinh ( 8.6 ) duoge goi 1a cdc phuong trinh nhiéu dong.
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Néu M va u. thoi man cdc hé thic (8-2) va (8-3) thi trong vé
phai cua ciac phuong trinh (8-6) chi cdn céc kich ddng AM,, AL va rAu.

Hé (8-6) la cac phuong trinh vi phan tuyén tinh véi he s6 bi€n di.
Viéc tim nghiém clia cic phuong trinh ndy rit phyc tap.

Chiing ta chi gigi han viéc khao sit d6i v6i trudng hop cdc hé s6
hing, ching tng v4i trudng hop cic momen quan tinh clia mdy 1A hang,
momen tai 13 ham tuyén tinh d6i véi ¢, c6 dang:
trong d6 M, v 12 céc hang s6.

Trong trudng hop nay phuong trinh nhidu dong cé dang:

I,y +vy-AM = AL
o'“’ li" 4 8.8)
sy +TAM, + AM  =rAu

Viét cic phuong trinh (8-8) trong dang toan tr va giai chiing, ta
nhin dugc:
y = Wi (PIAL + Wy (p)Au,
& d6: W,, va Wy, tuong ing 12 cdc ham truyén ciia he theo kich dong va
didu khién, ching c6 dang:

Woy )= (cp+ Dfis+ vpetyp® +Typ D] B9)

' 1
W, (P) = r[(s+v)p(t TP +tMp+l)]' (8.10)
trong do: Ty = S—{f: - hiing s thdsi gian co clia mdy (8.11)
L TV
Ty == . (8.12)
s+v V+s
Sai s@ van téc s€ la:
¥ = pw = WS (PIAL + Wy (P)Au, (8.13)

véi: ‘
Wfd (p) = PW(P) = (1: p+ 1)[(s+ vip(t ‘ch2 + t'Mp + 1)]_I (8.14) .

: 1
W3 (p) = PWy (P) = r[(s +v)p(t 'rMp2 +TyPt 1)]- (8.15)
Khi xay dung mo hinh dong lyc, khong tranh khoi cdc sai s6 dong
luc, khi tao nén cic diéu khién chuong trinh tuong Gng véi chuyén dong
chuong trinh cho sén. Thi du, néu dya trén dac tuyén 1y tudng cia dong
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co, tuong Gng vai M, = 0. diéu khién chuong trinh & ti [& v6i vin 16¢ cla
chuyén dong chirong trinl.

1.
u, (1) = —sq. (1) (%.16)
r

Khi dé trong vé phai ctia phuong trinh (8-8) xuat hién cic $0 hang
phu, ching han khi vang luc can ( M, =0, v =0) ta nhan dugc:

Japiw - AM, = M —J,G. + AL
aP Y ! d uq' ' ) 8.17)
spy F(tp+ DAM, = —tM; —M, +rAu
Vi MZ =J4q- (diéu niy dugce rat ra tir (8-3)), con AL=Au=0
thi phuong trinh (8-17) ¢6 dang:
vy =-R, (PMi: ¥ =-pR (p)g: (8.18)
& do: |
R, (p)=Tty(Tp+ Dp'(ttyp? +Typ+ D~ (8.19)
Cic phuong trinh tuong ¢ng véi didu khién theo chu tuyén, trong
d6 tai chinh dat lén dong co (a do cic luc qudn tinh.
Trong cdc mdy diéu khién chuong trinh, thoi gian thuc hién
chuong trinh theo chu tuyén, vi dy, thoi gian boc xEp cla cdc rdbot cong

nghiép 16n hon nhiéu lan chu ky dao dong T= 2—131— . Do dé thoi gian cua

dao dong tat ddn bé hon nhién 1an thai gian thie hién chuong trinh. Nhu
da bidt van tée tat dan duoe xdc dinh theo cong thitc tinh do tat logarit:

l.

A
§= 20 —ZT{ﬂ—lJ (8.20)
k ™

Nhu vay sau mot chu k¥, bién do dao dong giam e’ ldn. Vi du,

,T . B e s . N o s
neu —— =05 thi e® =535. Didu nay ching 16 rang dao dong & bi tit
Ty

, s , - . . . 2n .
trong khodng thi gian b¢ hon nhiéu so von chu ky dao dong o Do do

dao dong tit ddn khong anh hudng dén diéu khién chuong trinh theo chu
tuyén.

D¢ giam dao dong co thé chon qui ludt thay déi gia toc chwong
trinh c6 dang bing phang va khong chifa cic bude nhay.
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Trong truiing hop miy ctng diéu khién chuong rinh vang lye can
y finh €O ¥ nghia quan rong.

hi sai 8O
ay dol gia toc thi

Trong trudng hop qui ludt th chuong rinh ¢ dang:
= 4. () (8.21)

u trong kKhedang thoi gian [ 0.4 ) vl 16n tai phép bien Aot

né kKhong uict ué

Fund:
l.

o) = j'ﬁ (Dexpl=jendt.

1

(8.22)

l. 1{\ ||I

AR (r70.25Tw)

\.__ ..

lI|

(1<0.2573)

0)

onyg trinh va ddc tuvon bicn do- tein 8o cria ¢

Hinl 8-5 Phd bion do gld TS
ng nua mat phiang bén tril

R, (M ¢ diém cue 1o

Ham tuyen p
1 v = () veo dang:

nén ton tai phép bign dai Furi¢ déi véi ha

oy = R, oo " (o). (8.23)
Sai 50 van e duoe tim ahds phép bicn doi Furié nguoc:

Wity = j](!) R, (|m) 2oy expl (jo dom (8.24)
Dua vio (8-19) xity dung do thi cua hiéu thic:

Ty Vit T’
IJ(s)R\g(JmM —=== __'__'___T_ﬁ:._._w_—_—ﬁ: (8.2
(l Ty )t Tn

iam don dieu khi 1< 0251

ay thay 461 bing phing, g
khi T>025Ty

huong dong ¢o Cud Ty

filam n

hoic ¢ eue it 1an 50 cong

(xem muc 3-4, chuong R)E
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"Trén hinh 8-5 biéu dién mot dang phu thude dién hinh \E“"”(j(n)\ .

So véi ham truyén pR, thi e(r) la qud trinh véi tn 56 thap.

Mién tdn s6 w trong do g (ju))‘\ c6 gid tri ddng ké dugc xdc dinh theo

he thite jo R, (jw) = Ty - Kbi dotir (8-24) w cd:

P ox Tye(t) = Ty e (O (8.26)

Khi tich phan (8-26) vét chd ¥ {..(0) = 0 ta nhan dugc:

W =Ty G (1) (8.2

3. MAY VOI CU CAU TRUYEN PAN HO1
Co cdu truyén duge xem 1a phén tir dan héi ¢6 do cimg ¢ con khéi
luong duge ba qua. Gia thi¢t, momen quén tinh khoi cua dong co vii may

12 hiing, con momen tai co dang:
MU - MU - Ve

Phuong trinh chuyén dong cta may ¢6 dang:

195+ b(p -0y + clo-0) =My
J‘jé+b(9—¢)+c(e—{p):-M”~ve (8.28)

TM, +M,;=ru-s

Gi thi€t chuyén dong clia mdy vai co cilu truyén dan hoi khic rat
it doi véi truong hop mdy cing, cdn dong co [am viec véi dac tuyén dong
hoc 1y tudng. Khi dé, ta c6:

(p,-cl.: B =g« (1) (8.29)
M, = (Jﬂ + JE}.’]* +M, + V4.
Cic dai luong nhiéu dong co dang:
X=Q—Gs y =06-(s; &Md:Md—Ml (8.30)
Vi cac dai lugng nhiéu la: ALy, AL,,Au

Thay (8-30) vao phuong trinh chuyén dong (8-28) ta nhan dugc

phuong trinh nhiéu dong sau:
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|

JU bR = ) +elx — ) - AM =24 + My +vds + ALy, | \
19 by ) Fely —x) = =304 - v G = Mg+ ALy -V, (8.3

SX+TAM, +AMy = - + 190 +4.) = v(Tds + G ) =My +rdn
Tir cac phuong trinh nhan duge ta tinh cic sai s6 dong lue trong

dang todn tir;

|
x=W_(pXL, + AL )+ W_ (p)(L, +AL )+ W, (p)(L  +rAu)i
: ) 5 |

1(8.32)
y = W (pXL, + AL )+ W (p)(Ly + AL )+ Wy, (p)L g +rdu):

g dé:

L, =T,4+ + My +vq.2 L},.:—Jwi,]*—\«'q=;=—Mn
Ly =—U 40+ Jp)tds +8) - v{tde 4+ 14 = My)
W_“(p):(rp-kl)[l op® +(b+ \«')P+ClD_'(P)

W p)=(tp+ 1)[1{",;)2 +(b+s)p+C]D"(p)

W, (p)= W, (p) = (tp + )(bp + ©)D ™' () (8.33)
\?\fdx(p):[]mp2 +(b+v)p+c}D”1(p)
W, (p)=(bp +c)D " (p)

Di{p) = [J dUpZ(J L,OpQ +vpy+(J dUpZ + Jd,p2 +upi(bp + c)}r p+1)+

+[pr2 + (b+v)p+c)};p ]

Céc ham r W, (p) va r W, (p) xdc lap m6i quan he giita cdc sai
s6 x VA y vdi kich dong didu khién Au dugc goi la cic ham truyén dicu
khién, con cic ham W (p), W (p), W (p), W, (p) — cdc ham truyén kich
dong.

Trong truding hop ving tii ngoai (M, = 0, v =0 ), cdc nhi¢u dong
X,y ¢ dang:

x = W, (p)js + W, (DAL, + W, (DAL, +1Wy, (pAu,

(8.34)
y =W, (p)« + W, (PAL, + W (pyal, + Wy, (p)Au



d dé:
Wip)=-(rp+1) JL.UJd,;,p2 + Ty + T4 Hbp + cj]x

. 9 i . i1
x(hp+c)‘krp+I)p“lJC”Jd'p“ =y + T bp -+-cJ]+sp(Jmp2 + hp+c)J’
=—Tyltp-+ 1)(r]2p2 +25T,p+1ix

I

. . . 3 “ -1
x<{tp+ Dtyp (t;p° +28T,p+ l)+p[(r?} p2 +281,p+ l)}
L

i 7 2 (-. .
W}.(p):—[rm(r P+ 1NTip” +2Z1,p+ )+ (r{[’ ) p‘}x (8:35)
x 'irMpz(‘L‘p + I](l‘fp2 +251,p+ U""P{(T?}:P? T2 Tp+ I]} /
VOl
Y .a). T, .
2 — ¢ 40 : (T?)E — Tel ‘ 2§T| — _{1 (836)
cUep +J40) ¢ <

Dé tinh thanh phdn tra tinh cla cdc sai so dong luc gay nén do
chuyén déng gia toc chuong trinh, trong bidu thie saj 6 dong luc s& giit
lai cdc s6 hang bac mot va béac khong déi vdi todn tir P 0 mau va tir 86 cia
cdc ham truyén, ching c6 dang;

X = =Ty — Ty (28 1, + 1)4.
‘ (8.37)
. - .. 0,2..

Yo = 7Tl Ty (281 + 1§, ~ (1)),

Thanh phan - r,,q. dic trung cho sai s3 gay nén do tinh khong Iy

twong cia dic tuyén dong co, con thanh phin — (1) 4. xdc dinh lugng

bicn dang cia co cau truyén gay nén do momen luc -J 4.
C6 thé chi ra ring trong sai 0 tua tinh ¢é su tham gia cua cac dao
I
ddng tat dan vdi tin 58 gan bang k = [(T Ty )" -—(41:2)_'}2 va k=1,
Tan s6 k tring véi tan s6 dao dong tat ddn trong may cing, con k, triing
VOl tan s6 riéng clia may hai khai lugng.
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) CHUONG Y
HE PIEU KHIEN VOI LIEN KET NGUOC

Mot nét rat dac trung cha tdt cd cde hé théng dong duoc dicu
khién chuong trinh 1a si dung bo didu chinh dé do cdc sai s& clia chuyén
dong chuong trinh v tao ra cdc 1dc dung dé gidm cdc do sai léch. Trong
mot s& trudng hop bo diéu chinh two nén cdc fuong bd sung vivo cdc dai
lugng diéu khién (hinh 9-1), con trong mét s6 trudng hop khdc i tao nén
toan bo tiac dung diéu khién.

Hic¢u qua cta cac hé thong dong duoc dicu khién phu thude rat
quan trong vao chitc nang cua bo diéu chinh v dac trung dong lyc cia
nd. Trong da sd truong hop ba diéu chinh duge xem 1a h¢ tuyén tinh, cic
tinh chat ctia né duge xdc dinh qua him truyén noi gitta dau ra vh diu
vio, tifc néi giira (in hiéu didu khién véi sai s6 do duge (i qui fuat chuyén
dong cia may.

Duoi day sé khio sdt mot s6 bo dicu chinh don gian.

1. BO PIEU CHINH ON PINH HOA VAN TOC CUA CHUYEN PONG
DUNG

Ser dé cdu triie cia bo dicu chinh ndy duge cho trén hinh 9.1, & d6
M 13 médy vdi cdc khau cing va roto cta dong co. Nhiém vu clia bo dicu
chinh 1a dam bao ché do quay déu cha roto dong co voi van t6c goc
(chuwong trinh) cho truée . tuong ing véi diéu khien chuong trinh u..

Bi¢m khdc nhau giita bai todn nay va bii toan di duge khao sit
trong bii todn & chuong 3 [ gia tri van téc goc trong chuong 3 1a khong
duoc cho trude, né duoc xic dinh theo gid tri trung binh cta vin toc goc
cta chuyén dong binh én. Do diéu ndy kich dong L. (1) dugc tinh trong
chuong 3 khong chia thanh phan hang. G day gid tri clia van tdc gdc
chuong trinh di duoc dinh sin, cdc tic dung gay nén do léch cua van toe
goc trung binh d6i vai gid tri nay can duoc xem la y€u 16 kich dong.

0, q Ut
1 .
u, B! M : i Uyl M
P
Al ®
=X 1 -X1
& - Hé on dinh hod van 10c b- Hé tuy dong véi didu khién chu tuyén

Hinh 9-1 So dd cdu mriic ena hé lidn hé ngitoe
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Dé xic dinh sai 86 van to¢ €0 thé sir dung cong thic (8-13), rong
dé, AL = L (1) + AM, . & dé L0 1 kich dong chu k¥ duge tinh theo
cong, thifc da trinh bay trong chuong 3, cdon AM — momen kich dong
(hﬁ:_ic gay nén, thi du, do da i¢ch cia thanh phan khong ddi clia momen
calh dGi vai gia i chugn cla n6. Do dé phuong trinh cla d6i tuang diéu
khién co dang:
b= ttp? l_)_(l_tijA_NL‘E_]E (9.1)
(S+vITTuP +TuP™ 1}
Gia thiét ring bo diéu 10¢ 120 ra tin hieu An G l& voi sai s8 van
10¢:
| Au = =%y (9.2)
He s6 i 1¢ y dugc goi 1a h¢ <0 khuéch dai cua lien hé ngudc
(bo diéu 16¢). Diu trir trong cong thic (9-2) dam bao hiéu qua diéu khién.
Khi sai $6 duong (q > ©.) s€ gay nén gidm thong 50 dicu khién
vio u vi kéo theo 1a giam g
Khi (§ < . ) am tang Au vit lam ting van t6c dong co.
1.ién hé nguge c6 tinh chit da néu dugce goi fa lien hé ngudc am.
Cic phuong trinh (9-1) va (9-2) mo ta chuyén dong cua he dong.
Khi thay (9-2) vao (9-1) ta nhan duge phuong trinh cia sal 6 dong luc:

R TR VRN | 22 ST

(s+ VT TP  + Ty P+ D (s +VNTTYP + TP+ D

Tir 46 = el AL (9.3)
(s+ VT TP +Typrbh+ur

dday: AL =L, +AM,,.

Khi khong sir dung lién hé ngugc. tdc khi y=0,tr(9-3) 1a nhan
dugce:

W) = .1 L SRY D (9.4)
(s+V)(tTyup t TuP+ 1)
Tir day y = W (@) 9.5)
vorl;
Waip) = (s+v)(t*ch2+1:‘Mp+l) 9.6)

(5 + v)(ttmp2 +Ty Pt D+yr
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Ham truyén W.(p) cho phép danh gid hi¢u qua cia bo diéu toc.
Piu tién hiy dianh gid mic do giam cua qai sG tinh (e 12 higu gifta gid
tri van to¢ goc cta chuyén dong binb én clia mdy va van tac chuong trinh
. ) khi dua lién hé nguoc vio.
Sai 5o finh gay ra do thanh phdn kich dong AM,, khi khong st
dung 1ién hé nguoc:
AM,
W = W (0)aM = —, (9.7
5+ W
N6 trung voi ket qui tim ¢ chuong 3 (xem cong thic (3-22)).
Khi sir dung bo dicu HEL A (9-3 ) tach:
P, =+vii N AM, (9.8)
QY sEV LT

K&t qua naty c6 the suy 1 (9-5):

W, = Wa (o)), (9.9)
Do dé, mitc do giam sai s6 finh dude danh gid qua dai lugng:
W.(0) = — (9.10)
s+vELT

Nhu vay viée tang he <6 khuéch dai s€ lam piam sai 50 finh, thém
vio 46 vé nguyén 1y dai luong y, ¢0 thé dugc lam cho tuy ¥ bé khi x
Jdy gid i du 160,

Bay gid x€1 mot thanh phén didu hoa nao dé ctia kich dong chu ki
L.(t). Khi khong 6 lién hé nguge thanh phan niy gy nén thanh phin
diéu hoh twang ng cha sai 30 dong tuc (\pl)“. Gia sit @ 12 tén 30 cua
didu hod nay, con a; 1A bién 46 cua nd. Khi do wiong dng v6i (9-5) va
(9-6) ching ta nhan dugc:

= l W. (Jo) 130 cos[un +arg W. {jm)] =

b V)EM a, cosfmg +arg We (j(D)] 9.1h)
(s+ V(1 =TTy +TyqOD LT

‘Higu qud cila bo diéu Khién 6 (hé duge ddnh gid qua {i s6 gita
bicn do cha diéu hoa tin 6 o dugc chira trong bidu thic (9.11) va bién

46 clia didu hoa clia cling 1dn $0 trong an'.
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T (9-11) ching ta tinh dugc:

..... (()]2)

R& rang 14 vice tang X s& 1am giam ti 56 .wo va do d6 tang hi¢u

(V)
qua cua bo didéu khién. Trong thye 1€ khi nang nang cao hiéu qua cta bo
diéu khién nho tang he s6 khuéch dai caa lien hé ngwoc khong phai 13
khong bi gidgi han. Diéu nay la do su sai léch cia ham truyén cua bo dicu

16¢ thue v6i bo didu (6¢ theo dang ( 9-2 ).

Bo diéu téc thuc khong thé o6 hé s6 khudch dai tuy ¥ 16n (bp diéu
toc 1y twang) do nd ¢é qudn tinh. Viéc tang hé s6 khuéch dai cha no s&
lam he¢ déng khong én dinh.

2. BO PIEU CHINH TUY PONG VOI LIEN HE NGUGC THEO TOA
1319

Khao sdt h¢ wy dong diéu khién chu uyén clia mdy cling mot
dong co. Gia thiét ring qui luat thay doi cua théng s6 ddu vio cia dong
cd duoc 120 ra do bo diéu khién ¢6 dang;

u=-y{q-q.)] (9.13)
0 d6 q.(1) la qui luat thay déi chuong trinh elia toa do q.

Bang cdch nhu vay trong truong hop nay ching ta cé bo diéy
khién tf 1¢ 1y twdng véi ham truyén W, = ¥, thuc hién lién he nguoce am.
Gia thi€t ring moémen quén tinh cia mdy la hing, con moémen tai phu
thude tuyén tinh vao g, dé 1a:

Ms_' = - MU - Vq
Phurong trinh chuyén dong sé la:
Jod =My ~M, - v.g (9.14)

Phuong trinh (8-2), (9-13) va (9-14) mé ta dong luc cha hé tuy
dong. Khi khir M, va u tir céc phuong trinh ndy ta nhan duoc

oG+ U+ T+ +v)q+yrq=-M, +yrq, (9.15)

Sau khi thay vio (9.15) q = Q. +y va chia cho s + v ta tim duge
phuong trinh ctia sai s dong lyc:

TTyf + t'M\'p Y+ s+ v)']\p =
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Khi khong tai tir day ta nhan duge hé thire todn tir say:

1T p2+‘t +1 , .
‘M 1M[.)_,ﬂ_,;q¥ =~W, (P)]. (9.17)
TTyP + Typ° +p+-—:—-

o=

Xét truomg hop G.(1) dic trung qua trinh tdn s6 thap, tir (9-17) ta
¢4 sai 86 (ua tinh:

W, =W, (0)q. = - g, (9.18)

Lt

Tl day cho thdy sai $6 tya tinh giam khi tang hé s6 khuéch dat .

Tuy nhién he sa X, bi gidi han tham chi trong trudng hop bo didu
khién ti 1¢ 1y tuomg. Viec ring X1 5¢ phd huy diéu kién én dinh cta he
déng,

Khi sir dung tiéu chuin Hurwitz cho h¢ (9-17), he s& khong dn
dinh néu:

dy —a3a) = Ty —TTyY, £< 0

Tir day ta c6:

5
L=
rT

Vay dé hé én dinh cén:

s

1 <—

. rt

Do d6 tir (9-18) it ra:
v > Td ) (9.19)
Vdy khi dua diéu khién lién hé nguge vio, sai s§ tua tinh s& gidm
Iy lan.
T

3. BO DIEU CHINH Ti LE VI PHAN
Gia thiét bo diéu chinh tao ra diéu khién theo qui ludrt sau:

UZ_X1(q_'Q*)_X,(q_q=k) (920)
Bo diéu chinh nay ¢6 ham truyén:
W= X +1p (9.21)

va duoc goi la bo diéu chinh vi phan i le,
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Khi khir cdc an M, va u, tir cic phuong trinh (8-2), (9-14) va
(9-16) va ddt y = g —q., (a nhan duoc:
T T+ T+ s+ ) 7 s+ v) Ty =
7T T.\'I q-r’ - tlru q w q:;: - M“ (."t + V)_I
Khi khong tai, ching ta nhan duoc saj s6 dong hue dang:

¥
TT\{Ph + T\tp'*l

V=- -] (9.22)
‘ct\,p +t“p (1 +yry )p+/1x
biéu kien 6n dinh trong trirdng hop nay sé la;
Tul+yrs -ty st >0
Tur day
s+yr
Ly <=
Tr
Sai 50 tya tinh theo (9-18) s& la: y, = —q* ——1q.
Lt (I+xrs™)
Vay:

| >t +y sy g (1)

Tir ket qua nhan duge khong nén ngod nhan kha ndng giam khong
101 han sai 56 bing bién phip tang hé s6 X vi rang & day da gia thiét ring
dac tuy€n cua bo dicu chinh fa 1y tudng vi bd qua qudn tinh cua nd.

4. BO PIEU CHINH PHIEM DINH
Bo dieu chinh nity tao nén diéu khién dang:

—(x, + sz ](q—q*) (9.23)

tie tao ra diéu khién ti té vdi sai 6 v ca vdi tich phin cta sai s6. Phuong

trinh chuyén déng ctia bo dic¢u chinh ¢é dang (8-2), (9-14) v (9-23). Bo
qua taii, sai s6 dong luc y ¢6 dang:

2
R LA IV A, 4. (9.24)
TTyP  + TP +D° +1%,8 p+ry,s
Viec xudit hicn thita s6 p trong tly 6 clia ham truyén lam (riét ticu
sai s0 tinh gdy nén thanh phan khong ddi trong §. (t). Sai & tua tinh gay
ra do sif thay doi cham cia van t6c chuong trinh khong triét tiéu nhung
khd bé,




Bo di€u chinh cé tinh chat nhy vily duoc goi 1a bo diéu chinh tua
tinh. Khi phan tich mau cta bidu thic (9-24) va dua vdo tiéu chuidn
Hurwitz, ta nhan dugc didu kien dn dinh cta bo diéu chinh phicm dinh:

A1) —da8y =Ty —TTyry,s ' >0

a{a n _a a2 ey o I 2

d3(d]d2 —d_;d”)—dnd[ =S Tyl =Trys T —ryss !rM >0

T day tim duge cdc gidi han doéi véi Ly va Yot
L -trys D

O<X]<i: 0<y, <=
Tr

5. KHAQ SAT BO PIEU CHINH
3.1.Bo dié¢u chinh nhu mét hé dong lue (hinh 9.2)

Bo dicu chinh thyc hién fién he nguoc trong mdy diéu khién 1
mot he dong lyc phifc tap gom mot s& bo phan chifc ning: thiét bi do, bo
phan tinh todn, bé phan chap hanh.

T

Tdc dung cha lién hé nguoc dua trén viéc so sanh gid tri thye cha
cac thong s6 dac (rung cho chuyén dong cia mdy vdi cdc gid tri chuong
titnh. Sir so sdnh nay duge 1ién hinh nhd cdc thidt bi do cla bo didu
chinh, Cédc théng 6 cin do c6 thé 1a toa do cua khiu ra cua dong co va
cua cdc bo phan cong tdc khdc, Trong mot 56 trudng hop cde dai tuong
can so sdnh ¢6 thé 12 lye (momen luc) tic dyng lén cdc khau cla mdy, vi
du, cdc lyc lien két gilta cdc khop néi. Céc tin hieu ddu ra cia thiét bi do
dic trung cho sai s6 ciia cdc thong s§ duge do duge dura vao thiét bj tinh
todn ¢6 nthi¢m vu bién doi cdc tin hicu nay dé tao nén qui luat didu khién.

Dau tién trung tam tinh todn ¢6 nhiem vu bién doi cdc tin hiéu dua
vao nhts cde phép tinh ( vi phan, tich phan, cong céc thanh phan ti 1é véi
cdc sal 86 va dao ham cua ching va v.v... } dé tao nén cic tin hi¢u dicu
khién.

Nhiém vu thi¢ hai cta trung tam tinh todn 13 téch ra cdc thong tin
hifu ich dugc chia trong cdc tin higu tir cic nhiéu, loc cdc tin hiéu, tidch
cdc thanh phin tan s¢ thap.

Nhiém vu thit ba clla trung tAm nay 12 bién d6i tin hiéu lién (uc &
diu vio thanh cdc tin hiéu roi rac dé gitip cho viéc tinh to4n thuén tién
hon, cling nhu thue hién cdc phép bicn déi ngugc cic tin hiéu rdi rac sang
lien tuc. BE thyc hién cdc cong viéc ndy cdn c6 cde bo vi xir Iy.

~ Cdc tin hiéu vao thudng khong st dung truc tidp duge cho viéc
diéu khién dong co vi cong sual khong di. Ngoii ra, ching thubdng 1a cic
tin hi¢u di¢n, trong khi diéu khién dong co cin cic chuyén dang co hoc
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cua cdc co quan diéu khién, Viéc khuech dai céc tin hiéu ra cua thiét bi
tinh todn va bién n6 tharh cdc diéu khién u (hodc Au) d€ dua vio ddu vio
cla dong co s& la nhiém vy cla co cdu chip hianh ciia bo didu chinh.

Hinh 9-2 Sor do clure ndng cua bo didu khién

L. May 16 hep: 2. He didu khidn
TBTT - thiét bi tinh todn: TBE - thiét bi do
CCCH - cor citu chip hanh,

5.2.Ham truyén cua cac phan tir cua bé diéu chinh

Cac bo phén chitc ning cta bd dicu chinh gém cdc phan tir duge
goi Ia cdc khau, O day chi khio sdt hé gom cic khau tuyén tinh tic dung
huéng. Méi khau nity ¢6 hai cuc ndi ddu vao x véi diu ra y thong qua
ham truyén W(p) (hinh 9.3):

y= W(p)x
. X y

Bo diéu chinh mot thit nguyén don —p W) |
giin nhat ¢6 thé biéu dién & dang néi lién
tiép cic khau véi ham truyén W (p) (him
truyén cda thiét bi do), W,(p) (him truyén
cua thi€t bi tinh), W, (p) (him truyén cha
khiau chap hanh).

Ham truyén clia chudi ndj ti€p cde khau sé 1a tich cdc him truyén
cua timg khau. Nhu vy ham truyén cia bo diéu chinh duge cho trén hinh
9-4 dugc tim tir biéu thifc:
~Au =W (P)Z = Wy (D)W, (p)X = We, (DIW, (P Weo (PY = W, (P)W
Ham truyén: W (p) = W (p)W, (p)W,, (p)dugc goi 1a ham truyén clia
lien hé nguoc,

Hinh 9-3- So d6 cau hric
cia khidterde dung huong
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Trong hé théng diéu khién hién dai thuong str dung 16 hgp céc
thiét bi do, thiét bi tinh todn. thiét bi chap hanh (hinh 9-4).

Hinh 9-4- S0 do cd triie ctic hé diéu riét

Sau day s gidi thicu mot s6 phiin tr, ham truyén ¢6 tinh dién
hinh.
a. Mdy phdt do téc do

Miy phat do t6c di dung dong dién mot chidu ( hinh 9-5 ) ia loat
thiét bi do thudng duge dung cho bod diéu chinh 6n dinh hod van t6c goc.

N6 1a mot mdy phat véi kich thich doc lap, ¢é roto gan cing vdi truc quay
cdn do van toc goe. Ste dign dong

cha mdy ti 1é v6i van toc goc @
ug=kéo
trong d6 ¢ 12 tir thong cla cudn day
kich thich.
Tir day tinh duge sai 86 vin
t0c géc W =Pp— s ,

trong dé w. - van toc goc chuong ' i
trinh, nd ti [& véi tin hiéu x duoc tinh

theo u, vir the hiéu hiing u, =k o,

. . Hinh 9-5 Mdy phdt do t6c do
Phuong trinh mach dién cho

trude:

c=Ri=ViTlog o MR
R+R, R +R,

trong dé: R, - dién tro cua 16i may,

(([) (D*)_

1 - cudmg do cta dong dién trong mach.
k, - he s& khuéch dai, k; = k¢ R(R + R

Do dé méy phdt do 16c d6 Iy twdng thude dang khau tuyén tinh
vGi ham truyén:

Wn(p] (9.25)
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Thue 1€ 1rong khi do cde sai s6 ty cdm L cla 181 12 dai luong bién
doi theo thot gian, Dé ké dén dnh hudng clia dai lugng nay phuong trinh
mach dién ¢6 thé duge viél trong dang:

uy ~u, =(R+R)+Li=koy
Tir day:
x:RI:kr(]+tfp)_'tp:W,-{p)lJJ (9.26)
adé
7, - hang s6 (hai gian clia may phit do tae do:
T, = LAR+R)) (9.27)
W, (p) - ham truyén cla no:
Wi(p)=k Al +1,p) (9.28)

Tir day dé dang thigt lap méi quan hé cia him truyén cla may do
toc do trong trudng hop 1y tudng v khong 1y tuong:

Wi (p) = W, (p)( +7;p) (9.29)
Hé thitc (9-26) twong duong véi phuong trinh vi phan:
T X+x =K,y (9.30)

Gia str tai thoi diém ddu (1 = 0) ddu vio cha thiét bi nhan duogc tin
hiéu khong doi cha sai s6. Qui fuat x{t) s& nhan duge tir nghiém t6ng quat
clla phuong trinh (9-30):

x:chp[_—l]Jrkr\i;U ©.31)
TI'
Hiang s6 C duoc xéac dinh tir didu kién ban dau:
C=x(0) -k, (9.32)
Tu (9-30) nhan thiy ti 1& gira x va r,, s& duge thiét lap khi ¢6
thanh phan thit nhat tri¢t tiéu, tdc sau khi da hoan thanh qu4 trinh chuyén

i€p, né khong c6 tinh chu ky (khong dao dong) nén khau v8i ham truyén
(9-28) ¢6 1én 1a khau 4 chu ki (khong dao dong).
Néu sai s0 van tdc¢ 1a qud trinh diéu hod véi tin s6 w , tic li

W= v, cosot (9.33)
thi nghiém t6ng qudt cha phuong trinh ( 9-30 ) ¢6 dang:
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kv, cos[wt -arctg(o 1,))

—t
X =Cexp(—)+
T

— (9.34)
A1+ 107

Nhu vay trong trudng hop niy ciing xdy ra qud trinh chuyén tiép
khong ¢ tinh chu ky. Sau khi qué trinh chuyén 1iép két thic dau ra s&
thiét 1ap dao dong diéu hod v&i 1dn 6 w.

So sdnh qud trinh binh on nay v6i qud trinh & ddu ra cha thist bi
do Iy twong:

x" =k =k v, cosot (9.35)
s¢ thdly ¢ do6 méo duoc gay nén do tinh chat dong lyc ciia mdy phdt do
10¢ do.

Thu nhat, biéen do bi méo, né dugc nhan {én véi hé so

]
J1 L
[l + (‘r]-w]“] 2,

Thir hai ¢6 do cham pha clia qud trinh, né bang arctg (wt, ).

Do méo nhu viy s& khong dang ké néu tich wt, 1a khd bé. Cung
vdi vi¢e 1ang tan s6 cua qud trinh do thi d6 méo tang lén va bién do s&
giam dén khong, cdn do cham pha sé tién dén % . Bo giam bién do6 tin
hi¢u tai dau ra cta thi€t bi do xay ra do viéc do cdc tin hiéu ¢é (4n s& cao
trong thue t&€ khong thuce hién dugce, con viéc tang dé cham pha 1 do he
diéu khién khong on dinh.

b. Thiét bi li tam do vdn téc.

Dé on dinh hod van (6¢ cha cdc mdy niang luong ( may hoi nudc,
déng co dot trong ) thudng st dung thiét bi i tam dé do van téc. So dé
thi¢t bi li tam cho trén hinh 9-6. Khi vén t6c géc clia may thay déi s& lam
thay d6i vi tri cdc qua vang va [am thay déi ci x, né lién hé véi van déng
ma cua lugng hoi vao va nho do diéu chinh t6c d6 quay ¢ cla mdy. Khi
mdy lam viéc vdi ch€ do quay ¢ = ®, thi x = 0. Khdo sat chuyén dong
clia bo diéu chinh 1i 1Am véi cdc gia thist sau:

+ Bo qua tac dung cua thiét bi do lén may, tirc gia thiét ¢ khong
phu thudc vao tinh chat déng luc cta thigt bi do. Do d6 thiét bi do duge
xem {a loai khau chiu tdc dung theo hudng mat bac ty do. Chon x [am toa
do suy rong.

+ Bo qua khoi luong cua cdc bd phan khic do bé so vdi cdc qua
vang.



+ Sai s6 dong luc = ¢ — . béso VOl @ . thc << @ .. Cac
dai luong x, cling dugce xem I3 bé va xem miy chuyén dong jan cin vi trl
can bing x =0, ¢ = ©-

Vi cdc gia thict trén dong nang ctia thiél bi do s€ 1a:

T - 05my? - 0smR} ()07 + 1267
trong d6: m - tong khot luong clia céc qua vang, ching dugc xem la cic
chat diém.,

v - van 10C qua vang. : 2R

| — chi¢u dai coa khau,

R(x) -- khodng cdch {ir qua
| vang dén truc quay,

o (x) - goe tdch gita Khau
v truc quay (hinh 9-6)

.. L Sda
Vi @=w. +W vau:xd—nen
X

T= (),{Rz(x)(w:g +y)? o+ 1%{31—) }

dx

Do x,  dugc xem 1a bé, nén
khi b qua céc dai lugng vo cling bé
tir bac hai ta cd: Hinh 9.6 Thiét bi Iy tdm do van 16¢

R{x)= R(O)+g-13(0)x
dx

do  do d’a
— = 0y + — (O)x
dx dx( dx2 (

Biéu thitc dong nang cua thi€t by khi bd qua cdc dai lugng vo cung
bé tir bac hai s& c6 dang: ‘

: 22 ' 2,22
[ =05m{Rim? + 2R Rymix+ RZwix” +

+202R P + 4R R @Y PR+ Pag R’
o . dR - d
§d6: R, =R(0): Ry =—(0) ay = 2 (0)
dx dx

Th¢ nang cua hé 13 tong thé nang dan héi va trong luc. Do bién
dang A clia 10 xo dugc tinh dén vo cing bé bac hal:
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A=Ay + 2R x +05R x2)

ado: A, - do bien dang 10 xo khj x=0.R,

e

~ ‘E{hm).
dx -

Vay thé nang 1o xo s& |a:

Hie = 0,504 = 0.5¢[A% + 4(R,)742 + 4AGRox + 2A,R x|
oddc-do cing cha 1o xo.
The nang trong luc <& Ji:

[T, =0,5mg x

Cic Iuc khong the 13 cdc [we can, d6 12 luc ma s

at trong khép tinh
en Q. = —bx (vGib I heé SO can nhat)

Phuong trinh chuyén dong ct
trinh Lagrange loai haj:

d(@T) or o, ol

- — - = "Ix +Q
dt X Ox Ox ¢

& thiet bi duoc thiét lap nhe phuong

OX
N6 cé dang sau:
mlgf_(x;})zk -m(R, )\ olx - mR R0 - 2mR R . =
= 4Ry X ~2cR A, - 2¢A,Ryx ~ 0,5mg - bx

Tai vi tri can bang (

X =0, y=0), phuong (rinh nay duge thoa
min. Do do:

(MoIR, —2ca,)R, - 0,5mg = 0
Khi ké dén diéu kicn nay, phuong trinh chuyén dong & duoc viet
nhir sau;
ml*odK + bk +[4¢ - Moy )R +2cAR | Ix = 2mR R 0. 4
Phuong trinh nay ¢6 thé duge viet trong dang

3. . -
TX+ 26, Ta X +x =K,

o day
= mlza;f
& = '_‘_‘—‘—-—:}——-——-—.___
blede - mw? )R + 2eaR}|" < 28 1,
. 2mR R, o.

(de-mol)R2 + 2cA,R,
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Ham truyén cda thiét bi do s& la;

Wpy=k,/(tip’ +25.t.p+ 1) (9.36)
Céc diéu kién trén chi 16n tai khi:

{(4c —mwi)R 72 + 2¢A R, > 0
Day cling 1a di¢u kién d¢ vi tri can bing x = 0 én dinh.

Qua trinh chuyén 1iép clia khau ra v ham truyén cia thiét bi do
cG dac trung dao dong khi &, < 1, né duoc goi 1a khau dao déng. Khi

E. > | thi mau s& cda ham truyén ¢6 thé phan tich thanh cdc thira s

Tp 426 tp+l=(t,p+ (T, p+1)

Trong trudng hgp nay thiét bi do 1i thm ¢6 thé duge xem a néi
1iép cua hai khau khong dao dong.

g dé:

Vi sai sd diéu hoa (9-33), qud trinh binh 6n & ddu ra cla thiét bi
dovai & <1 ¢6 dang sau:

k.v, cos{mt - arg(l — t2? + 2&, T+ (0))]
— 0

JU-e?y +48220?

Do sai lech vé quy luat ti té giita x vA s & 16n chi khi @t. khd
Ion. Khi wt. =1 bién d tai dau ra tang (cong hudng cia thiét bi do), con

Lo T . - s o g o s
do6 téch pha sé Ia 5 Viéc tdng tiép tuc tan $6 cua thiét by do s€ giam

bién do x, va do l&ch pha tién dén =«

R
khi wt. — 0. O O
5.3.Ham truyén cua thiét bi tinh ¢
toan I

Dé o ra cac qui ludt diéu
khi¢n thi cdc phép tinh tich phan va e R I:l o4
vi phan duge tién hanh nhd thiét bi O o
tinh todn, trong do thudng sir dung
ciac mach dién vdi cdc phan tur thy
dong. Trén hinh 9-7a la so d6 cha
mach dién gém dién trd R, tu dién Hinh 9-7a- Bo chuyén doi RC
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véi dien dung C (mach RC). Dau vao clia mach I3 thé hi¢u u. thi du, né la
dau ra cua may phat do 16¢ do. Phuong trinh mach dién c6 dang:
i 1
u=RlI+— jl dt
C
0

Ly dé 1 1 cuding do dong dién
Vi phén hat vC cua phuong trinh phan duge ta co: U= R+ —

Cp

Tur divy: = u
RCp+1
Thé hiéu dau ra v, S€ L
u, =RI= _Rep 9.37)
RCp +1
Ham truyén mach RC c6 dang:
Wip) = p—gc—— (9.38)
RCp +! '

Mach RC c6 the duge xem la néi ti€p khau vi phan véi ham

truyén W, = p va khau khong dao dong v6i ham truyén:
W, = R¢
© RCp+l

Nhue vay, su bién doi dugc khao sat khong din dén phep vi phén
thuén tuy, thuc 1€ co thé xem 1 xich cac Khau vi phin néu tén $0 @ ¢b
mit trong tin hiéu thoa man hé thic RCO g << 1. Do d6 viéc thuc hign
diéu kien nay lén hé voi viee giam RC va din dén vice gidm hé s6
khuéch dai. The hidu u, ctia mach RC s€ dugc t{inh theo cong thic

u,=u—u = RCp+1)'u

Néu hiing 6 thoi gian RC At 16n dé 1at ca cac tdn s6 co trong qui
trinh do thuc hién diéu kien RCo >> 1 thi khau dugc khao sat gin giong
Kkhau tich phan véi ham truyén:

W = (RCp)’

RS rang [ vai sy giam tin s& chia qué trinh do s€ phdt sinh hién
fuong meo.

Thuc hién cdc phép tinb tich phan chi bang khau tuyén tinh noi
chung th khong thé. Khau tich phan thuong duge thye hien nhu khiu
khong dao dong véi hing s0 thoi gian rat 19n.

Bing cdch tuong ty 4 khao sat mach LR (hinh 9-70).

146



Trong trudng hap nay.

LR
o W - =Py (9.39)
LR p+} LR p+1
Khi hing s& thdi gian LR nho
thi u, = LR™'pu , con ki né 16n thi L2
u, =<(LR”'p)y'u . Ddi v6i trudng hop L
dau xich c6 vai rd 1a xich vi phan, con
trong trudmg hop thy hai — 14 xich tich
phén.
Tir chc két qua nhan duge cd u R th

thé két luan rang xich tich phan ¢6
tinh chat loc: & tin hiéu dau ra, bién do
ciia céc thanh phan ¢0 yin s6 cao cua
qud trinh s¢ dugc giam $0O vGl tan s
thip. Xich vi phan ¢6 tinh chét nguac:
n6 khuéch dai cac thanh phin ¢6 tan 38 cao.

Hinh 9-7b- B¢ chuyén doi LC

5.4.C4u tric chung cua cic ham truyén cua bo diéu chinh

Cé 4t nhiéu phan tr clia hé tuyén tinh trong hé diéu chinh t¥ dong
c6 cac dac trung dong luc gifng cic phdn wf da Khao sat ¢ trén.

4)Khau v6i micn khong nhay b)Khau dang bao hoa
Hinh 9-8 Dgc tuyén phan ruyén ciig ¢de khau
Céc ham truyén cua ching c6 the bidu dién trong dang noi tiép
hoac sorg SOng cha cac khau khong dao dong, dao dong, vi phan va tich
phan .
NG6i chung ham truyén ctia bo didu chinh ¢o thé bidu dién dang
i hifu th cha todn tr p:
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_ Qp)
R(p)

¢ dd Q vit R 1a cic da thite

Wi(p) {9.40)

Dé dang thdly rang cdc ham truyén cla cde phin tir da khao sdt &
trén chinh [a cdc mo hinh déng luc clia chdng,

Khi moé phong chinh xdc hon céc tinh chat cia cdic khau bang
cach ké dén cdc y&u (6 thd yéu s& lam tang do phitc tap cde dac trung
dong luc cita ching, vi du, ¢6 thé ké thém cdc hing s& thoi gian bé di bi
bo di khi thanh lip mé hinh xuat phat.

Can nh& rang trong cdc hé théng diéu khién hién dai cdc khau phi
tuyén duge sir dung rong rii, cdc diac tuyén cia ching khong thé mo ta
qua ham truyén, chang han nhu tvén hinh 9-8. Trén hinh 9-8a 13 viing ¢6
dac tuyén khong nhay: tin hiéu ra biang khong néu tin hiéu vao ¢6 maodun
bé hon A . Trén hinh 9-8b [a dic tuyén cua khiu dang bao hoa: tin hi¢u
ra ti [¢ v&i tin hiéu vio nhung Khong thé ¢6 modun 16n han a.
5.5.Cac ham truyeén cua hé thong diéu khién trong toan bo

Cdc hé diéu khién mot thd nguyén chi ¢6 mot thong s6 vo hudng
dic trung chuyén dong cha mdy duge kiém sodt hién dang duoe sir dung
rong rai trong cdc mdy mot dong co vdi diéu khién chuong trinh. Nhu
trong cdc hé lam on dinh van téc, thudng chi van tdc gée roto dong cu
duoe [am on dinh hodc trong may diéu khi¢n chu tuyén thi chi sai 56 cla
toa do dong co hodc sai s6 vi tri ca co quan cong tic hoic 16 hap cua hai
sal O ndy voi cic hé s6 di cho, ... duoc kiém sodt.

Trong h¢ mdt thi nguyén cdc tinh chat cua déi twong duge dac
trung bing mot ham truyén vo hudng thiét lap maéi lién hé giifa sai s6 cla
mot thong s¢ diéu khién duy
nhat & vdi tin hiéu diéu khién

L
Au, —» Wi (p)
Ham truyén cia bd lién J
h{;: ngtf(jc cling ld vO .l}u'cmg va u [w.m)
¢6 theé duge biéu dién trong A
dang (9-26).
So dé cau (e el ma Au
. of. \0 ciu 1[ uc cua md)f W..gc(P)
vél hé dieu khien mot thi
nguyén dugc bicu dién trén
hinh 9-9. Hinh 9-9 H¢ diéu khién mot thir nguyén
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Thong s¢ dicu khign 1y 6 thé [a toa dé clia mot phan tir quén tinh
nao do cua mdy, t6 hop tuyén tinh cua mot s6 toa do, vén t6c (dai hosce
goCc) v,

Ham truyén W, (p) thict lap m&i lién he gira thong sé do duoe véi
théng s6 u ¢ diu vao dong co: con ham vécte truyén W, (p) thiét 1ap méi
Hien hé véi veeto kich ddng L ¢6 cide thanh phdn 14 cic lue suy rong kich
dong ing vdi cic toa do suy rong cla he co hoc. Dau vio cia bo didu
chinh nhan duoc sai sa 8 bang hi¢u giira gid tri thuc va gid tri chuong
trinh . tie 8 =n—m..

Tir s do hinh 9.9 ta ¢6:

&= Wclk(p}[u* - W|111L‘(p)6]+ Wl\(i(p)[' N = _thk (p)wngc(p)ﬁ + 60 (941)
& do

fl

6" = Wy (plu. + W, (p)L. -1,

3"~ sai $6 cha hé mé.

Tich coa cdc ham truyén:

Wine = W (D)W, .. (D) (9.42)

W, duge goi la ham truyén cha hé ma.

Tir (9-41) ta nhin dugce:

5 =1+ W (PIW, (] = Wi (5 (9.43)
nd thi€t 1ap cdc quan hé gitta cdc sai 6 clia hé théng ma (&) vi cia hé
théng déng ()

O do

Woame @) =1+ W (p)]" (9.44)
la ham truyén cha hé théng déng img véi he théng md& ¢6 ham (ruyén
(9.42).
Tur ( 9-40 ) it ra:

W (P) - Wia{p)

[+ Wy (DWW, (p) T+ Wy (W, (p) (9.45)
= Wu‘ {(phu.+WwW

N=M:+38=
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Gdo: W (p)=Wy (PW.(p) - ham truyén ctia hé thdng déng theo
diéu khién,

W(p) = W, (p)W.(p) - vectd clia cic ham truyen cua hé thong
1

déng theo kich dong, vor: W.(p) = :
I+ thk (p)wngc{p}

Sau day s& khdao sdt hai thi du vé ham truyén clia he¢ mo va he
déng.
Thidul.

He¢ thong én dinh hod van tdc cha mdy cing véi bo diéu chinh
1é vi phan {TL — V). Gia sit ham truyén cha thiét bi do ¢6 dang (xem cong
thire (9-36)) sau;

W (p)=k./(t2p? +25, tp+ 1) (9.46)
Thiét bi chap hanh cé dang khau khong dao dong ¢é ham truyén:
W (P) = Ko dT e P + ™ (9.47)
Thiét bi tinh todn ciia b diéu chinh TL-V s& tao ra qui luat diéu
khién chifa cdc thanh phan ti 1€ véi tin hiéu vio v dao ham clia né. Dya
vio cdc cong thic ( 9-37 ), ( 9-39 ) dé xay dung-cic ham truyén ctia thi€t
bi tinh todn chdng ta viét ham truyén cia né dang sau:
K (Typ+ D

¥p+
W, (p)= P L = {9.48)
T p+1 T.ptl

ddék, = x . Ty= ¥/ x,-con yx, vi y lacdc b¢ s6 khuéch dai (xem ham
truyén cla thiét bi tinh todn, thi du (9-38).
Do d6, haim truyén cta cd he thdng s€ bang:
Kpkekan(Typ+ 1)
(12.p? + 25, TaoP + DT, P+ DT + 1
Trong hé théng én dinh hoa van toc sai s van toc 1a thong s6

ducc do. Vi vay ham truyén W(p) s&¢ duoc xic dinh theo cong thiic
(8-14), (8-15). Khi dé:

Wmo(p) = de* (p)wngc (p) =
= %o (Typ + D(T3,p” + 284, TgoP + (T, p+

anc ( p) =

(9.49)

X(Tynp+ 1Mt ‘ch2 +1:'Mp+ D)™ (9.50)
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Hé s Yo duge goi 1a hé s6 Khuéch dai, nd con duge goi 1a hé so0
chat luong cna heé mao:
Lo =76+ V) K ok K (9.51)
Ham truyén cda hé déng theo cong thite (9-44) bay gidr ¢ dang:
W (p) =1+ W, (p]" =
= [riup2 + 2(“;‘“‘1({0}) + Dt p+ 1Ty, Pt INT ‘chz + "r'Mp +1)x
X [(tinpz +2E TP + DT, p+ IXTyp + 1) X
X(TTyp” + TP+ D+ 70(Tp+ DI (9.52)
Khi st dung bo diéu chinh loai ti 1¢ vi tich phan twong 1y ta co:
k (Tip” +2n,T,p+1)

W = 9.53
«(P) pltyp+1) ( )

trong doé:
Wmn(p) =%o (Tlfp2 + 21] nTup + l)X

bl q ' = -1
x [P(Tﬁoph + zédntdup + ])(Tn P + l)(rchhp + 1)(1: TMpZ + tMpH + l] (954)
Thidu2:

He thong didu khién mdy chu tuyén véi co cfu truyén dan hoi va
bo diéu chinh loai ti [& vi phan. N&u he thong diéu khién chi gém dong
cd, tic thong s6 didu khién chi 1a toa do qq, thi ham truyén diéu khién
W, (p) = TW4, (p); Wi (p) dugc tinh theo (8-33) tirc W, (p).

Khi diing bo diéu chinh loai ti l& vi phan, ham truyén di¢u khién
nguge W, duge xdc dinh theo cong thic (9-49). Sau mét s6 phép bién
ddi ttng v&i v = 0, ta nhan duge:

%o(Tp+ D] p? +262,p + 1]

Wi (P)=—=— (9.55)
p(Tdup +2&Jdutdop+ l)(Tltp+ l)(”l:{.'l'lr"-"_ I)A(pJ
trong do
Xo = kduktlkchh rs_i (956)

Apy=typltp+ l)(tfp"’ +28Tp+ 1)+ [(1:?)2 p2 +28tp+ l}
Néu lién hé nguge nhan duge tir tin hiéu sai s6 dau ra clia co cau
truyén thi:
W0 (p) = W, (PIrWo, , v6i Wy, duge tinh theo W, (p) clia (8-33). Ket
qua ta nhan dugc:
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T 2 |
- = X{l( ltp+ l)( éTlp+ ) __ (957)
p[Tn-inp_ + 2&.vdntdnp + ])[Tnp + lHTcth + ])A(p)
5.6.Hiéu qua cita hé diéu Khién

Wmn (p) =

D¢ xét hicu qua cta hé diéu khién st dung lién hé ngudc cin $0
sdnh sai s6 trong khi st dung va khong s dung fien hé nguoc. 0 day chi
gidi han cho trudme hop dai luong xét fa mot thit nguyén.

Piu tién khio sit chuyén dong ding cha mdy va sai 56 8" khi
khong c6 1ién he nguoe (hé md) ng véi mot thinh phén diéu hod ¢6 tan
sG o

- (
5" =a" cosomt

Sai s¢ cua thank phan diéu hod cing tdn 6 khi hé déng s€ ¢
dang:

. 0 .

O =acos{wt +¢) = \Wd“ng (Jm)‘a cos[m( +arg deg(J(o)]

Ti $6 bién do ctia hai thanh phan diéu hoa s& la:

i

= \Wmmg (jco}\ = k(o) (9.58)

a,
Pai lugng nay cé thé ding lam tiéu chudn dinh gid do hiéu qua
ctia he diéu khién s dung lién hé nguoe.
He diéu khién duge xem 12 c6 hicu qua d6i vdi tan s6 w néu
k{w} <1 (9.59)
Gia su trong 5Y chita thimh phian hang A, cua sai s§ tinh A
Khi Ay sai s6 tinh A= k(0).A". Do d6 dai luong k{0) diac trung cho hiéu
qua clia he diéu khién d6i véi sai 56 tinh.
5.7.0n dinh ctia diéu khién chuyén dong chuong trinh
Nhyr dé nhan xét trong muc 5.2 viée nang cao hiéu qua diéu khién

va giam sai s6 dong fuc bing con dudng tang hé s6 khuéch dai co the
Jim hé mat 6n dinh.

Do d6 viee khao sdl én dinh 1a mot noi dung bat budc trong bai
lodn téng hop dong luc clia cic miy dugc diéu khién,

Nhu di biét dé khio sat 6n dinh ciia chuyén dong c6 thé dua vao
phuong trinh dugc tuyén tinh hod clia phuong trinh nhiéu dong [9].

HGi vdi he mot thir nguyén né duge viét trong dang (xem (9-13))
sau:
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D(p}8 = R(p) 8" (9-60)
trong d6 D(p} va R(p) 1A miu $6 va W s6 cua ham truyén cila he déng ( he
véi lién két nguoc ).

V& phai cha phuong trinh (9-60) duge xem la ham da biét clla thon
gian. Do d6 bai todn 6n dinh dua den viée x¢t nghiém cha da thie D(p):
néu tal ca cdc nghiém ¢6 phin thuc am thi hé 6n dinh tiém can, néu du
chi ¢6 mot nghiém c6 phén thye duong thi h¢ kKhong 6n dinh. D61 véi
trudng hop sau sai s0 dong luc & tang theo thoi gian, Nhur vay doi voi he
duge mo 14 bing phuong trinh (9-60) sai s6 ndy s€ tang lén vo cling. Di¢u
niy khong cho phép sir dung mo hinh da xay dung. Nguyén nhan gay nén
6 thé 1a khi xay dung mo hinh khio sdt dd bé qua mot 56 y&u to duge
xem 14 khong ¢d vai trd quan trong, vi dy, cdc véu t& bé tir bac hai. Viéc
khio sdt mo hinh ding dan hon, thudng 1a mo hinh phi tuyén la bal todn
rit phic tap. Trong dong lyc hoc mdy trong da s0 truong hop nhu vay
khong dit van dé xem xét lai mo hinh (phi tuyén) ma chi dua vao vige
phan tich phuong trinh (9-60) chon lai céc hé diéu khién thich hgp dé
may duge diéu khién Ja on dinh.

Cén chi ¥ ring he déng gém céc khau 6n dinh (tic tat dan trong
qud trinh chuyén 1i€p) c6 thé 1rd nén kKhong én dinh khi dua vio lien hé
nguoc (xem thi du & muc 5.2). Nguyen nhan gay nén khong 6n dinh 1a vi
do6 cham cta diéu khién do qudn tinh cha ting khau.

Thong thudng khong én dinh c6 dac trung dao dong, tic nghiém
cla phuong trinh dic trung la phic voi phén thuc duong,.

Ciing ¢6 1hé ¢6 trudng hop c6 hiéu qua nguoc lai: mot he ma
khong én dinh (vi du, chita d6i tugng dicu khién khong 6n dinh) lai tr¢
nén 6n dinh (duge 6n dinh hod) khi dua lién hé ngugc vao. Tuy nhién
nhing truong hgp nhu vay 1a hiém hifu vi thuong mdy [a cdc doi twgng on
dinh.
5.8.Diéu khién momen phit dong

a)Nguvén Iy boi hoan momen phdt dong

Trong diéu khién mdy chuyén dong theo chuong trinh 6 phuong
phdp diéu khién momen luc, thi dy, trong he cic robot cong nghiép & do
ddu vio clia 1ién hé nguoc tiép nhan cic tin higu ti 1& v6i moémen phat
dong. V&i muc dich nay, ngudi ta do cudng do dong dién trong ddng co,
né ti 1& véi mémen phat dong (xem chuong 2). Lién hé ngugc 1ao nén tin
hi¢u Au cho qui ludt diéu khién.

Au =y {Tup + DM, (9.61)
&d6 Ty, X tuong g 13 hang 3 thdi gian vahe s6 khuéch dai.
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Khi thay vao die tay &n dong co (8- 22y pld ul
(9.62)

oy, +Au=U T TP+ DMy
ta nhan dugc
(tp+ DM, =1 rr TP DM —spa
hoac
W(t- rApimiP T |1y IMy =T —spy {9.63)
Gia stt 7w va T duoe chon
gy =t Ty =k = 9.64)
Khi d6 phuang trinh (9-60) bi suy bien thanh dang:
(9-63)

ru, —sqp = O

Bidu thic (9-65) trung voi dac

Nhu vay viéc su dung
n duoc, dit 12 hinh thie, dong €0 vOl dd
ay dam bao thue hién chinh x4

huong trinh (9-62) trong a6 da
(dong cv).

uyén ly tudng clia dong cd-

diéu khién (9-62) trong gid thiét (9-64) cho
dc tuyén 1Y (udng. C6 the

¢ chuyén dong chuong

phép nha
am bao su doc 1ap cua

chi ra ring hé nhu v
{finh twong ung véi p
co hé vacac kich dong

Tuy nhién trong thuc 1€ cb rat nhiéu n

56 dong luc. Ta xé1 hai nguyén nhan sau:
+ Do khong chinh vde vé dde fryén dong fre ¢

guyén nhan gay nén céc sal

1t bo diéu chinft.
hién chinh dc vi cc gid il

Pidu kién (9- 64) khong 1thé duge thuc
¢ vh T duge cho it thyc nghigm nen chi 13 gén ding. Gia st
-1y = T rmim =% Ty(l-®)=

ch do do sal lach cua

m s0 dac trung cho do sat 1€
(9.64) dudc thuc hién

Gdo ava fla cac tha
Ta=0,0= 0 thi didu kién

cac dai hegng I vd 7 khi

chinh xac.
Khi d6 dic tuyén (9-63) ¢ dang:
(@ 'Op+ M =T g, —so ' pg

Khi o bé do hi
hong s dong €Ot Vi 8

.4y khién da chon theo

jeu qua cua di
n o —1 lan va lam thay

Nhu vay,
momen lam tang cic t 1&
ddi hang s0 s thon glan clia no.

r=00" =t~ T.\,)Up"+TVl

jéc tang momen m& méay va do

rang chinh v
i cé dac trung quan

Dé dang nhin thay
ich cho truong hop khi ta

cong cta dac fuyén Tat ¢d
tinh.
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Néu k& thém qudn tinh coa bo dicu chinh (cta cdc bé phan do,
tinh todn va chap hanh) bing viéc dira hing 6 thoi gian vao ham truyén
cua no, tie 1

Au = IndTyp+ 1}(rp 1) M,
thi khi thuc hien diéy kién (9-64) ta cé:
y
TPt + D(tp+ 1) M, =ruw. = spq (9-66)

Trong ca hai truong hop da ké (do khong thuc hién duge chinh
xde he thae (9.64) va ké tham qudn tinh cta bho didy chinh) su béi hoan
maot cdch hoan toan momen phat dong s¢ khong xay ra. Dicu nay ciing cé
nghia la khong thé lam cho b¢ co v dong co doc lap véi nhau,

+ 810 suy biéh cia hé v e qua trindt chiyén 1isp

Nhu dd néu & tren st boi hoan mét cich hoan toan momen phit
dong chi {3 truemg hop suy bien do viec riit gon ham truyén & 6r s6 va
mAau 56 mot dai lwong khong phai 1a hang va ket qua 13 1am mat nghi¢m
cua bai todn.

bé minh ching diéu n&y ta xét thi du sau:

Xét hé hai khei lugng véi didu khién moémen. Phuong trinh
chuyén dong clia he trong dang todn tir (véi M. =0)co dang:

(JeoP® +bp+ )8 (bp + c)p = 0
~(bp+ )0+ (J,p” +bp+c)p - M, =0
Spo+(tp+1)M, = ru

Khi giai phuong trinh nay doi vdi ¢, 0 va M, 1a nhan duoc:

0= U QEp+ u (9.67)
p{TMp(tp+l)(’t?p2+2étlp+])+(t?)2p2+2<§T|p+l}
0322 e
(p:‘{\{”; [ )p TPl U (9.68)
prMp(tpH)(r[p'+2§t]p+l)+(r]) P +25tp+1 _

2.2
_ 2 + 1
M, = 21“CMP(T|P +28Tp+1)

- - U
TMP(TP+D(Tip® + 28 1,p + 1)+ (r7)? p? +2ETp+1 {9.69)

Cdc ham truyén trong (9-67}, (9-68) va (9-66) tring vai rW,, (p)
va rW (p) trong (8-33). Khi thay (9-62) vio (9-67) + (9-69) ching ta cé:
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”MP(T p +28 1, p+l)S(p)

(7)Y p* +28 t,p+1]S(p)

6o B 2ETp+ DS(p)
PH’-"” Pp? 4 28T, p+ IS(P)

CpT 28T p e S(P)
p{(r ypt 2kt p+I]S(p)

Trong, do:
S(p)=tpyplrp+DiTip™ +28 1 p+ D+ ()Y p" + 28t p+]1
Sau khi rat gon tir thite v mau thitc cho thira s6 S(p) ta cd:

rt]\,p(tfp2 +2 ‘t|p+]))

Mil = \c
[r ) p +25 T p+1
0= r28 T p+ 1) "
sp[(t?)zp2 +28 T, p+1]
o= —u.
Sp

H¢ thic cudi cling triing v6i (9-65), uic hé¢ lam vice vdi dong ca 1y
twedng. Tuy nhién két luin nhu vay 1a khong ding dan vi viéc rit gon nhu
trén tuong duong vdi viéc bod qua qud trinh chuyén (i€p, né chi cho mot
nghiém riéng ing véi diéu Kién diu xdc dinh.

Hui nhin xét trén cho thily can huu ¥ khi sir dung nguyén ly boi
hoan moémen phat dong.

Piéu khién moémen ¢é thé duge xem nhu [A mot trong nhitng
phuong phiap cé hiéu nghiém dé giam sai s6 dong lyc. Mudn thé cén ting
d0 cong cua dic tuyén dong co vi mémen khéi dong cua né.
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CHUONG 10
MOT SO BAI TOAN TONG HOP TOI UU PIEU KHIEN
CHUYEN DONG CUA MAY

Mot nhiém vy rét co bin d¢ nang cao chat lugng clia mdy 1A gidm
cic sai 86 dong lyc [am cho qui luat hoat dong thie cta mdy cang gin véi
qui fuat coa chuyén dong chuong trinh cang té1.

Mot trong nhitng phuong phdp co bin lam giam sai $6 dong luc 1a
sit dung dic¢u khién lién h¢ nguge (véi dac trung dong tuc cta phan may
duge xem L ¢6 dinh). Vi vay bai todn 16ng hop 161 wu 161 thiéu cic sai s6
dong luc vé thuc chat 14 bai todn tong hop téi wu cic he diéu khién.

Vige fam giam sai 0 dong lue khong thé trdnh mot s6 hé qué xadu
xay ra nhu fam xau di mot s6 tiéu chuan chét tugng khdc cha mdy nhu:
viéc tang he s6 khuéch dai Jam x&u di tinh chat dn dinh hoic viec tang
khoi lugng clha vo lang lam tang tdi trong dong tdc dung [én co ciu
truyén, v...v.

Ngoai ra vigc st dung hé théng diéu khién s& 1am tang do phic
lap cua co cdu mdy va do do lam ting cong sudt tiéu hao. Do dé chat
luong cta mdy duge diéu khién phai duoc xem xét trén mot quan diém
chung va ¢in phai dwa ra mot tiéu chuén téng hop thé hién yéu cdu nhiéu
mat nhu: mic do cua sai s6 dong luc, cila tai trong dong va tiéu hao nang
lugng, v...v. Trong chuong niy s& dwa ra mot s& tieu chuin thé hi¢én cic
véu cau trén.

1. MOT SO TIEU CHUAN TONG HOP TOI LU
1.1.Binh phuong sai s6 van toc

Khi muc dich diéu khién 13 én dinh hod van téc géc chia truc vio
cua mdy, thi trong tiéu chudn chat lugng diéu khién trong ché do binh én
c6 thé sir dung dai lugng binh phuong clia sai s6 vén téc:

N

: 1 .3
I, =11m—~f Yot (10.1)

T
-T

trong d6 \ [a do léch cua van t6e goée ddi vai gid tri chuong trinh.
Néu trong chuyén dong binh 6n vin t6c géc thay déi theo qui luat
chu ky T thi:
| T
I :——J.'le 110.2)
VT Y
0
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1.2.Binh phuong gia tri ciia momen xodn ctiia mét trong cic khau cua
€0 cau truyén

Mitc do chiu tai dong lue ctia co cau truyén ¢6 thé duge ddnh gid
qua dai luong binh phuong chia momen xoiin duge thu vé truc dau ra cua
dong co hoac true daw vao cia miy.

.
|, = lim o jMfdt (10.3)
- T-sr 2T :
-T
Khi mémen xoan [i hiim chu ky T cta thai gian thi:
T .
I, =ljmidt (10.4)
2T F ;
0]
1.3.Binh phuong cua do 1éch toa do ( goc ) giira khau ra va khau vao

cila ¢o cau truyén.,

Do tinh dan héi clia co cdu truyén, toa do cua khau vio va khau ra
cua né ¢6 sai léch, né duoe tinh qua sai léch clia gée quay cta truc ra clia
dong ¢o va clia truc vio cia mdy. Do d6 c6 thé sit dung tiéu chudn:

.
o= tim = Jlwg v P (10.5)
=

Trong trudng hop céc toa do cla dong co va may thay déi ciing
chu k¥ T thi:
.
]

I?\ :? '[(Wd Wy )2 dt (H}())
0

trong d6: y,va v rong dng 1a toa d6 (gée quay) cua truc ra cla dong
€O VA truc vao clia may.

Trong trudng hgp bo qua quin tinh va bd qua cdc lyc hao tdn thi
co cdu truyén chiu tic dung momen xodn bang:

M, =clyy—v,)

trong dé ¢ 13 do clng cha co cdu truyén. Trong trudng hop nhu vay thi
cdc tieu chuan 1, va [, 12 wrong duong nhau.
1.4.Binh phuong ciia gia tri diéu khién

Miic do tiéu hao cho diéu khién trong ché do binh 6n ¢6 thé duogc
dac trung bang dai lugng binh phuong gid tri cua tic dung diéu khién Khi
dua vao bo didu Khién lién he nguoc. Trong trudng hop dicu khién lyc c6
thé 4y ticu chuan dang:
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1

: ] 2
[, = 1!1_1;[::)} “I.l'dt (10.7)

5
Trong chuyén dong chu ky thi;
T

L=~ [ua (10.8)
r :
i

Vdi trudong hop diée khién luc trong cdc tieu chudn trén ¢6 (hé
thay u bing Au & dau vio cla dong co hodc 16 hop tuy€én tinh clia u va
Au.
L5.Tieu chuin t6 hop

MOi tiéu chudn duge néu trén cho phép ddnh gid (img mat chat
luong cia mdy, nghia 13 vi¢e lam 161 thi€u cia modt tiéu chuan nio doé c6
thé néng cao chat ltong clie mdy theo tieu chudn dé. Co thé XAy ra trudng
hop 1a viec ning cao chat lugng clia mdy theo tidu chudn nay lai ¢ thé
lam xau chat lirong cia mdy dng vdi ticu chuin khic. Vi viy ¢6 thé dat
bai todn 1a lam 6 thiéu theo mot tiéu chuan nio dé trong diéu kién cac
titu chudn khéc bj gidi han hodc 1am t&i thidu mot ticu chudn 1a & hop
Clia Mot 86 ticu chudn. Vi du, lam t6i thidu gid tri trung binh cla sai s6
van toc trong diéu kién tai trong dong trong co cdu truyén b gidi han,
Diéu nay tuong duong vii viee lam cyc tiéu phi€m ham,

=1+ 37, (10.9)

dd6 . * 1A trong s6.

Mot cdch tuong ty, phiém ham:

Iy =1, +8°I, (10.10)
dac trung cho chat tuong clia che do dimg véi tieu chudn lam t6i thidu
binh phuong sai s§ van téc kém didy kién gist han vé saji sg toa do
Wy -

Con phiém ham:

L =1, +p%l, (10.11)
a trudng hop ké thém giGi han d6i véi didu khién.

Céc trong 56 s& duge chon dua trén chi¢n luge gidi bai todn t6i wu
[131.

1.6.Tiéu chuan t6i vu diéu khién trong qua trinh chuyén tiép
Trong diéu khién qud trinh chuyén 11€p c6 the dat bai todn 1 lam
16i thi€u gia trj binh phuong sai s6 dong luc trong khoang thot gian
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chuyén ti€p, trong d6 sai s6 dong luc duoe hidu nhy trude 1a do léch cua
qui luat chuyén dong thuc so vdi chuyén dong chuwong trinh.

Do dé thay phiém ham I, bang phi¢m ham 1

.
I, = j\i}zdl (10.12)
0
trong dé T, la thot gian chuyén 1iép.

Trong trudng hop qui trinh chuyén tiép c6 dac trung la dao dong
tit dan. mot cach hop 1y thay tiéu chuin (10-12) bang tieu chudn sau:

I, = j\;ﬁdr (10.13)
0

Khi danh pid chat Jugng cila qua trinh chuyén ti€p c6 thé dua ra
mot s ticu chudn khdc, vi du, tiu chudn vé thifi gian tit dan hodc cong
sudt cin thiét cho md may.

N6i chung viéc xay dung cdc tiéu chuin dé danh gid chat luong
clia mdy c6 thé dya trén cdc tiéu chi khic nhau phu thugc yéu cdu cua
thiét k&, cong nghé hodc khai thac hoat dong clta mdy. Trong 1y thuyét
diéu khién, ching duoc goi chung 14 ham muyc tiéu va dé giai quyét cac
bai toan nhu viy ¢6 thé sir dung cdc phuong phap da biét vé diéu khién
t6i vu [1, 2.6, 7,9 va 12].

2. PHUONG PHAP GIAI BAI TOAN TO1 UU

Nhir dii bict 16n tai nhiéu phuong phép gial bai todn t6i uu, vé co
ban ching dua trén ba nguyén 1y diéu khién 161 vu: nguyén 1y bieén phan
[9, 12], nguyén |y Poangtriaghim [7, 9, 12] vi nguyén 1y Belman [1, 2,6,
7.9val2 ]

Dudi day s& gidi thiéu 10 trinh giai bai todn t8i vu trong cdc he
dong luc tuyén tinh theo tieu chuin binh phuong bé nhét clia cdc phiém
ham qua cdc bai todn cy thé. Viée tim hiu sau vé mat 1y thuyét c6 thé
tim trong tai héu {1,7 va 12].

5 1.Bai toan diéu khién t6i wu khéng c6 gidi han vé diéu khién

Khao sit mdy ctng theo so o trén hinh 10.1.

u(t)

U“‘*‘AU X ] Z JL((-]) Mn:;'m( fb q )
Mir

Hinh 10-1 So dé may (6 hep vai khdu cung
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Gid thict ring diéu khidn chuyeén dong, binh 6n bing cich ic
dung gia s6 momen diéu khién tai ddu vio cua dong co vi momen didy
khién u(t) tai khau ra ciy no, '

Phuong trink chuyén dang caa m; Ay ¢6 the viet trong dang;:

[U+J(q)]q+—J g~ = =M, +MY¢)+ M. Aq,q) (10.14)

TMd +M, =M ar{lly + A

bé khio st chuvén déng
@, ta dra vio cice nhidu dong:

(10.13)
binh on vai che do van téc khong doj

S=q-o,t E=q-m,: =M -3,

Cic phuong trinh ( 10-14
S€ ¢O dang:

(10,16}
) IO—iJ ) phit hop véi (3.83) vi (N.2)

JF)%-F-VL%—M:I_,{.U)+U([) (10-17)
sE+1hi+ = Au(t)

2t
Trong d6 L (t) 12 ham chy ky cua thn gian véi chu ky — il

Wy
o
IM oM, !

r= . o o—

: 5= ()
ui, w,) aq

Tiéu chuin chat lugn

g cua hé didu khién duoe chon theo ticuy
chudn (10- 9).

| Lo, e
e [ SESEIvETS (10.1%)
2757 J‘(é s

¢ dé M, - moémen xodn dong lue trong co ciuy truyén, con hé¢ so
5 dé rit gon két qua nhan duwgc.

Nhur da biét, phuong trinh chuyén dong cia hé co c6 dang

JU R .
Jc(q)q+5h(q)q'=M[.-+M¢(tl-q)
Do dé:

. N .2
My =-M.(q.d)+J (q)j g
S dung phép bien déi (10.16) ta c6:
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0 > =, 2 I 2
M[I = _hML‘ ((0[1)__ Mn'((!‘]{lt‘(!)!’l) F V:‘J a ‘It.'n; 1 :;J\.{fﬂt][)(!}“ =

=Ml +vErg £ Loth=M, M )

Viy thanh phan bi¢y doj cua momen truyén sé Ja:
M, =1 E+vE-L (1) (10.19)

Khiky hi¢u & =y phicm ham (10-18) dugc viet trong dang:

T
[ $2+X3Dmv+yv—LguFﬁn (10.20)

it

Cor

Bai todn téng hop dong e 61 vy duge phat bidu nhy sau:

Tim cdc diéu khién WO VA M) Tam cue tidy phiém hiam
(10-20) duoe tinh ttng v chuyén dong binh 6n cnia h¢. no wrong ting vii
nghtem chu ky ciy chuyén dong nay.

S¢ chiing minh trong trudng hop nay chi cdn xdc dinh mét didy
khic¢a tai .

Mudn (hé ta khir Kt phuong trink (10-17). Tir phuong trinh diu

ta o
M=ToE+vE-L (1) () (10-21)
Do do;
A=JoE+vE-L, g (10.22)

Khi thay (10-21) vi (10-22) vao phuong trinh thet hai coa (10-17)
ta nhan duge:
TV Tyt viv=tL (1)+ Le+ti+u+yaAy (10.23)
Nhu vay bai win dua dén viee xdc dinh cdc didu khién u(l) va
Au(t) 1am 18i thicu phi€m ham (10-20) tinh Itng véi nghiém binh 6n cua
phuong trinh (10-23).
RS rang dé giai QuyEt bai todn dar ra thi edn xdc dioh mot diéy
khién:
V(1) = tu(t) + u(t)+rAu (10.24)
Chtt ¥ rang haun cdn xdc dinh u(t} 13 him clia thei gian kha vj tirng khic.
D¢ gidi quyet bai todn dat ra, st dung phuong phip bicn phan co
di¢n bang cich thanh lap phuong trinh Gle - Lagoring |1]
Mudn thé vigr phuong trinh (10-23) trong dang:;
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V= %[—[JU FTV (st vivetl, + L+ V] (10.25)
Tly

Ham vo hudng Haminton c6 dang:

] . kl “ 7. .
H = 5[\»‘" +yr o vrvw =L+ v+

0 s vve Tl V] (10.26)
T i

trong d¢ A, va A, Hcde nhan tr chua xac dinh.

He phuong trinh Gle - Lagoriing gom phuong trinh (10-25) va cic
phuong trinh xdc dinh c¢dc nhan ur;
¢H .
Ay=——= —-XE{JU,\:’ +vv—L v+
v LU

hs =V {100.27)

by == = T v w—L -2, -0 Y5 (10.28)

v tl, .

vit dicu kién toi vu:
cH |
— =), =0 (10.29)
SAYAN S P
Tur cac phuong trinh nhén duge ta tinh cée dai lugng v, A, 4 v V.

Tie (10-29) rit ra A, () = 0 va do do tir (1 (}—28) ta cd:

}"l :'X.EJL':\(‘]CU\}_FVV_LL‘):‘ )" - Ll)(JL(].\:I-{—\!\:'_I‘_L')
Khi thay bi¢u thic nay vio (10-27), ta ¢6 phuong trinh dé xic dinh
v(t):
Pyv—(viay Hyv=J L, - (10.30)

Ching ta chi cha v dcn nghi¢m chu ky vGi chu k¥ T, né ¢6 the vié
trong dang toan tir:

Jmp" / L (1) = W (p)L.() (10.31)
UTp —(v+L77)

vip) =

Ham W, (p) o diy chi thuan tuy ¢ ¥ nghia hinh thie. né khong ¢6
cdc tinh chat thong thuong cha ham truyén cua hé tuyén tinh, trong
trudng hop riéng khong thoa man diéu kién on dinh {miu s& cé nghi¢m
duong). Bicu thae (10-31) xdc 1ap méi quan hé gifta ham chu k¥ v(t) vi
kich dong chu ky L_(t). Néu:
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< :r’ 2ar
L) = ZI]_ con - 1fi+ . (10.32)
Ia : 4

thi sai 86 vin t8e trong ché <o binh én ing véi diéu khién 161 vy 8 duoe
xic dinh bing bidu thie:

2nr) [ 2rrY|
v(l)—z v -H—l— |.]] mj2rc /s i—dl‘gW\,[ i_2’£_r i
| VT
Khi thay (10-31) viw phuong trinh (10-25), ta tim duoc:
Vi = TPt o v R —-~)--—(tP+I}LL (0
L O AR J
= Wy (pIL. (1) (10033

Bicu thiac (10-33) xic dinh didu khién 161 uvu lam cue icu
pliem ham (10-20) tng voi kich dong L (1), Diéu khién ni dy ¢6 thé
thue hién bang nhidu cich khic nhau hodc trong dang mémen

ut=(tp+1yY'v) dat vao true dong co hoac bang gia s6 mémen didu
khién Au = r'V(t) dat len didu vao dong co hodc trong dang t6 hop.

Thuc t& viée thue hién diéu khién dang nay hay dung khdc la rat
kho khin. Ngoai ra, khong thé tranh khoi sai 6 khi xdc dinh cic yéu ta
di¢u khién thuc va do dé ching khong phai 12 cic diéu khién 67 wu.

Viée thue hién bang céch nay hay cdch khdc ham truyén W(p) tng
van vige dua vo didu khién theo kich dong L (t) tir (10-33) rat kho khan
vi dé thue hién né nhd cic khau tuycn tinh 14 khong thé duoe do khong
on dinh (mdu s6 cha W v(p) ¢6 nghiém duong). Do dé ciing khong the
thue hién ca dicu khién & dau ra véi ham truyén sau:

W, :
vy & \"(p):»t‘}'up" +{J“ +T\!]l)+{5.+_v)_
W.(p)
- (‘I:[’) + ])(‘]mp— V)_] I‘I:--{}p2 - (Vz + X_Z H (10.34)

Ham truyén niy thiét lap su lién hé gitta didu khién (10-33) v6i sai
sO dong Jue (10-31).

N&u ¢ the thye hién bing lién hé nguoce véi ham truyén nhu vay thi
o the tao nén didu khién 167 wu theo dai lugng do duge cua sai s6 dong
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lyc, nhung dicu nay 1 khong th¢ ducc do ham truyén (10-34) ciing khong
thoa midn diéu ki¢n 6n dinh.

Tu cac phan tich trén cho thay viée thuc hién cde dicu khién 181 uu
la rat kho khan va trong ¢ Ion truding hop khémg thuc hién dwoc. Tuy
nhién Lot giai duge fim ra ¢d ¥ nghia thue tién cha né. Khi thay cic bidu
thite tim dudc cha 1(7) vivo ( 10-20 ) ¢é thé tinh dugc gid tri cue tiéu cua
tic¢u chufin chat lugng diéu khién. LE tdt nhién cdce didu khién nao dé V.(1)
thue hign theo cich nio ciing khac voi t6i vu , & cho mot gidi han [6n
hon hojc it nhat khong bé hon gid tri 61 vu, Tic day ta s€ udc luong duvic
dé sai lech cia dicu khién dude thue hién cho bai todn vir tir dé ¢6 thé xiy
dung mot thudt todn tim didu khidn dé thue hién bai todn 61 wu dat ra.
2.2.Bai toan diéu khien toi vu khi ¢6 giéi han dat lén diéu khién

Xét bai todn lam cue tiéu sai s6 dong e véi gidi hun dit lén gid i
cua momen diéu khién,

Gia str phuong trinh chuyén dong cla mdy cimg (10-17) trong d6
Au=0,dé la:

J(]é -+ »E —p=L (+u(t)
sé+‘rp|+u:0

Bai todan dat ra 1a tim diéu khién chu k¥ u(t) lam cuc tiéu phi¢m
ham:

.
1;11? --_-LJ‘(&.hpluz;d[ (10.35)
2 2T

8]

Ham Haminton ¢6 dang:
l 4 4 N _ _
H 25(\" +prut)+ A VAT v L u) At sy — )

Cdc phuong trinh vi phan d6i véi nhan tu s€ [

Za
Ay = mfiH ==V h o+ v]hllz +st'l7‘»3 (10.36)
v
: ot _ _
s :-iﬂzﬂju'x, +77 0,
: on 2 :
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Piéu kicn 101 uu s€ la:
%H-——'pzu + 13 ks =0 {(10.37)
Su
Khi gidi cdc phuong tinb (10-17). (10-36) va (10-37) ta tim duoc:
s -— - L . 1, (1038)
P [(J optVHTIP+ 1Y+ sl(],;]p —-vi{tp-h+ s]- (t°p- - 1)

: PE(”"HJ[UnP—\')(tp—l)+s]
pz[(JUp +viTp 1)+SI(51‘.-P —-vitp-1)+ h’l— (szz -1

Vo=

L, (1039

Khi p=0 tdc khi khong ¢ gidi han dat lén diéu khién ta nhin
duge v =0,u=-L_, diéu niy tudng ung vdi on dinh hod hoan toan van toe
Y

Khi p— = thi u—0 vi v(t) ¢d biéu thic tring voi (3-85).

3 3.Bai toan diéu khién t6i vu cia qua trinh mg may

Khao sil qud tinh md may clia mdy hai khéi luong véi co cau
truvén din hoi, c6 phuong trinh chuyén dong dang (5-13), (5-14) 0 dd cic
momen qudn tinh clla dong ca va may 1a cac hang, con moémen dong cu
duae xem i dai lugng diéu khién, momen can bang khong.

Vi cde gia thiél nhu viy, phuong trinh chuyén dong cua may 1
hap ¢6 dang sau:
J o+ Do)+ c(e-0)=u

§ . (10.40)
Jm(ﬂ—b((b—B]—c(q}—O) =0

Y éu ciu clia qua trinh mo mdy da duge nCu trong chuwong 7, 2.1, do L

W0)=0(0) =0, 0= B0)=10

. _ (10.41)
p(T) =0{TH M) =0(T) = vy,

ddo: T 1a thdi gian md mdy, con didu khién u{t) cdn dat gid tri "khong”
khi 1> T. Ngoai ra, didu khién u(t) con thoa man dicu kién:
.
Iu(t)dl =(J 4 oy (10.42)
O
(10.42) ¢6 thé dugc suy tryc ticp tu hé phuong trinh (10.40) hoac tlr cic
dinh 1y téng quét clia dong luc hoc.
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Bai toan dat ra 1 xdc dinh didu khién u(t) dam bao duge cdc véu
cau d¢ ra doi véi qua trinh ma may [a nang lugng tiéu hao cuc tiéu. Nhu
da hiét, cong phit sinh do momen dong ¢ trong khodang thoi gian md
miy bang:

[

EUm, P kop (10.43)

vt cong hao tdn bang:
"
W, - J.h{('p f)° dt (10.44)
t]
Vige yéu ciu cuc tidu vé nang Jugng ticu hao trong mo mdy dan
dén bii todn chon didu khién lam cuc tieu (10-44), Vi b la dai Lugng di
hiét. nén didu dé tuong duong véi yéu cau lam cuc tiéu tich phan sau:
T
j{(b—@}zdt
{}
Tir cdc yéu cau dat ra can Gm diéu khién 1am cuc ti¢u phim ham:
r 1 T
1= %{ J((p ~6)? + pluf dt+y J.udl (3, +3)0 (10.45)
!

1

| 0
trong do p2 1a trong s6, % — thira 6 chua duge xédc dinh
D¢ don gian, ta dua vio bién mdi:
o=p-0

Tur cdc phuong trinh {10-40) dé dang nhan dugc:

8+2n8+k26:%-u (10.46)
do
1 : J J .
trong dé:  2n = i: k=, ), = Aot (10.47)
‘]"' ‘]*" ‘]dn + ‘]cn
Phii hap véi cdc didu kién (10-41) va (10-45) ta co:
o) =0c{T)=0; &0)=06(1)=0, {10.48)
T T
I :% J( 57 +plut)dt+ .[udl —(J g Yoy [0 (10.49)
i} {1
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Ham Haminton s& ¢ dang

i ;'-)-(c';z TP U 200+ 6 + 2, (—2n6 + k2o + Ty (10.50)

Con cdc phuong trinh vi phan doi véi cde nhan Ay vir A sE fa

b i b
YO L. ~G—h, +2nk, (10.51)

= . -

hy=—=
Co &G
vadicu kién t8i uu $& la:
(?[] 2 |- -
E:p U+:{+,;l;‘”},3 = (1032}

Tur cac phuong trinb (10-51) ta ¢6:

hy =20k, + K. - -5

vit vICt trong dang todn tir

do=—p (pt -2np+ ko : (10.53)
T { 10-52 ), 1a nhan durge:
T LI (10.54)
P Jd{\ph

Thay (10-53) vao (10-54) va thay ket qui nhan duge vao (10-46),
phuong trinh doi vét & ¢6 dung sau:

[(p2 k2 dnp? - anz}c =¥k I (10.55)

Gdor a=1,) p?

Qui ludt 161 wu cia o(1) & tng véi nghiém riéng cua phuong trinh
(10-35), thoa man cic diéu kién (10-41), con gid tri cua thira s6 chua xac
dinh y duoc tim 1ir didu kién (10-42), khi k€ dén (10-46) né sé ¢6 dang:

T T
Iudl = J‘J ao{P® +20p + k2 )o(t)dt — Jao + 100, (10.56)

8] 0

Bua vio cic dai lugng khong thit nguyén sau;

n * o 3 P u (53]
T=kt; v=—! o =—=(pi k)% u = L7y = —2
K " Pl ] 0

va ky hiéu ¢ :E --toan tr vi phén theo 1 |
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Phuong trinh (10-55) bay gio se la:

02 + 1 — (@ + 4 = (10.57)
Piéu kién (10-56) s& co dang:

KT P _
J((b2 +2v¢+l)odt:——d“+7““z“ (10.58)

O do

Nghi¢m tdng qut clia phuong trinh (10-57) & .

6= Y At -y (10.59)

m=I

trong dé ¢, 12 nghiém cta phwong trinh dac trung sau:

@ +1)? (@' +4avip’ = (¢ +1 Vo @t h+va +4vie=0
Gia st o +4v2 <4 thi phuong trinh trén c6 hai cap nghiém phic lien
hop

. =ii Jol +dvi +ia—o —4v1:inti§, (10.60)
trong 46 n>0, >0, n° +&° =1
Nhd d6 ta nhan dugc
c=e""(C,cos& T+ C,sinEty+¢ " (CycosE 1+ C sinE 1)
(10.61)

Dat kT = ZLér vGi 1 14 s nguyén.

Thay (10-61) vao diéu ki¢n bien va diéu kién (10-58) ching ta nhan
dugc hé phuong trinh xdce dinh cdc hang 6 C,, C,, C,, €, va . Tir day ta
tim dugc:

-1
N A AL
7 = Mz(,{4n%ﬁ:— KT (10.62)
do €
C, =%+ CE:_%C]
' (10.63)
C, :quTC_l; C, 2201]kTC|‘

Khi thay (10-63) vio (10-61) ta nhan dugc qui luat thay déi cha
o(1) tng véi didu khién 161 vu:
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+

[f—{ ‘}](JI’T

IR

- oo | =
e (cos-‘;_'t--_;]-smgr) pe R T g 1 rlsm )I—x (10.64)
ST 1. s > ]
Vi phin bicu thic niy theo 1 ta tinh duoc G(T) vt (1)
- R - L N kT T
[G(‘E)]‘,p: =TT -—smgc[(. ¢ ]
Ele + 1)
_ X’ 1 = [1111 kT T]] [ "Nt kT

[G(T}][,PI IIVan o Esm £ tle ¢ et +e

Do do

1
T e
}r.osh,t;

r

_. ”'LX" e e Yy e o
(e | n

{z——Jsinw-yf (10.65)
N

Qui luat thay doi van tée clia dong co treng thon gian md may trong
ch¢ do t6i v clia momen dong co (10-65) <& 1

t
] .

u(td (10.66)
o

Sau khi chuyén vé cic théng s¢ khong thir nguyén viy thay ( 10-64 )
va (10-65) viio (10-66) ta nhian duoce :

x [ | 2 pt o
Py = T O e ) AL
S

4 2. .
B ; e cmk-!-_m(_l ; 2\[;1] P F—);T]'_)lhmﬁz‘_
T R 2 )
_}ILS[L.l]T(\‘H“.Jr.c'“H_U'{\ T]]]Lm'—r ﬁ[(\'.-ﬂ-Jr L““( TU]I /BT (10.67)
Jo, +7.
trong d6: f =" “ew

J

dur

Sit dung (10-67) xay dung dé thi biéu dién phu thude ¢'(t) trong

1 thuge ¢'(T) trong
ché do moémen dong c¢o 161 vu trén hinh 10-2 v6i cdc tham s6 sau:
v=005z,=1% o =05B=06,r=2:kT =134 (tng vai dudng lién
nét ).

Dé so wdnh ta xay dyng dé thi ¢'(7) trong m& mdy Gng véi moémen
n . z ¥ B?
dong cola hiing u =

D¢ dang chi ra rang day 12 gid tri cdin thict dé

sau khoang thoi gian md may kT dat duoe van 16¢ gée 2, { vO1 gra thiét la
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dong co gin CUNg vio may ) véi qui luat mé may £y =—2 . D3 thi ing
: 3 T ‘

VGi trudng hop nay la duding nét du.

Phi¢m ham (10-45) trong dang khéng tha nguyén co dang:

( \3] Y '
I'==-=_2 (") +1 —L-i_T |I _dt+—x:_‘—-j—| J‘u*dr=ﬁ z,
vl e e

)

(10.68)

8]
Gid trj cua phiem him ung véi diéu khié

¢on trong trudng hop mome

khao sdr thi van 16¢

hé¢ (z,> 1.
T P(r)

N O v sE (A {;m: 0,394 |
ndong co hing 1A 1" = | |3,

Trong trudn g hop
26¢ cia ché do binh én ciia miy

VUL 1N $6 riéng cla

z,=1.5

0 5 10 20

15
=134 t

Hinh 10.2 Sy Phie thude van o Lo dong covao they gran ki g mdy
L Tatong ving voi diéu khicy 16 i
2. Khi mémen dong co la hing

Nhur da biét cong huing théng
thanh phan kich dong gén van t6¢ géc q
trong che do binh 6n may Jam v
cong hudng khi mé may,

thudng xdy ra véi (An s6 cha cic
uay. Do dé nhan xét trén cho thity
ite sau cong hudng. Viy mady s& qua ving
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MUC LUC

Lo néi dau
Chuong 1. Cac khai niém co ban vi dinh nghia

. Qud trinh cong tic, may vi mo hinh ciu (ric may

I

- Mo hinh miy hai khoi (uong

e

- Cic diac trung cua qud trinh cong t4c
Chueng 2. Chuyén dong cia may cimg mot bac dong
I. Mo hinh mdy cling mot bic déng
2. Cic ch€ d6 chuyén dong clia may
Chueng 3. Pong lrc ctia qua trinh binh ¢n 37

[. Chuyén dong binh dn cria may véi dong co
o dac yen dong hoc Iy tuding

2. Chuyén dong binh én ciia mdy véi dong co
€O ddc tuyén (inh

3. Chuyén dong binh én cia mdy véi dong co
¢O dic tuycn dong luc

Chuong 4. Pong lyc cna qua trinh mo may va et may
I. Qud trinh m& may
2. Qud trinh him

Chuong 5, Phuong trinh chuyén dong cia may vai
CO cau truyén dong dan tinh

I. Dic trung dan héi va can cda co ciy truyén dong

2. Phu’ong, trinh chuyén déng cta mily vdi
co cdu truyén dong dan héi

Chuong 6. C huyen dong binh én cia may
VOi o ciu truyén dan tinh

I. Chuyén dong binh én cia mdy véi dong co
O ddc uyén dong hoc ly tudng
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2. Chuyén dong binh dn cug may ¢d co ciu
mnen dong dan héj v dong co ¢é dac tuyén inh

Chuong 7. Bong fue hoc cua qua trinh chuyén tiép
I. Phuong trinh chuyén dong

2. Quy lua chuyén dong trong qui trinh ma may
khong ¢o tai (M. =0)

3. Qud 1rinh chuyen tép o6 ke dey 14
4. Cide bign Phip givm sai sg dong lue

Chuong 8, Pidy khién chuyén dong cug may
theo chuong trinh

t. Chuyén dong chuong trinh ey may

2. Chuyén dong chuong trinh cla may
vOi cde khay cung

3. Mdy véi co cau truyén dan hoj
Chuong 9. Hé diéu khidy voi lien két ngarge

[. Bo dicéu chinh 6 on dinh hog vin toe
cua chuyén dong dimg

2. Bo diéu chinh tuy dong véi lien ke ngugc theo toa do
3. Bo diéu chinh 1 1¢ vi phan

4. Bé dicu chinh phi¢m dinh

5. Khdo sit bo dicy chinih

Chuong 10, Mot sq baj todn tong hop toi wy
dicu khién chuyén dong miy

L. Mot so ticu chudn tong hop 167 wy
2. Phuong Phip gidi bai 104n 16 ru
Tai leu tham khio
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