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MO HINH HOA H E TRUYEN PONG BANH RANG

TOM TAT

Lé Thi Thu Ha"
Truong PH Ky thuit Cong nghép —PH Thai Nguyén

Bai toan nghiénteu dong lrc hoc hé truyén dong banh ang trong cac méaybthop 1a mt bai toan
phic tap, nhrng khéng th bo qua, vi N6 & quyét dinh chit lugng diéu khién hé truyén dong sau
nay. Bé co dugc mdt chit luong diéu khién cao, &n c6 ot md hinh toan moatdong hoc he
truyén dong banh #ng da chinh xac. Mc dich aia bai bao nay 1a xay $hmé hinh toarti chinh
X&c \& cu trac cho B truyén dong banh #ng cho bai toadiéu khién. M6 hinh toana bai bao &
chira dyng trong ndday da cac thanh pin quyét dinh dic tinhdong hoc cia bg, bao gm tinhdan
hdi caa vat liéu, khe kb va ma sat. Kt qua mo phong da khing dinh khi ningtng ding 6t cia mo
hinh vaaodiéu khién chit lrong cao cho &itruyén dong qua banhing.

Tir khoa: Hé truyén dgng banh ting, mé hinh toan, kheshmoment ma sat.

DAT VAN PE

Trong cac may chuyénudg, may & hop va
cac may it dong diéu khién theo clrong trinh
khong tit khdng c6 8 tham gia éa cac h
truyén dong va ¢ truyén dong qua banhing
la mot trong $ cac k¢ truyén dong dugc Sr
dung ©ng rédi ntit. Hinh 1 mé 4 ciu tric \at
ly co ban cia k¢ truyén dong qua banhing.

Hinh 1. Cdu trac it ly hé truyén déng qua
banh ring

Chit luong diéu khién hé truyén dong noi
chung va B truyén dong qua banhang néi
riéng gir mot vai tro quigt dinh i nang stt,

chit luong aia gin phim, twi bén aia may va
dam bao moi twong lam véc cho ngroi lao

dong. Vi vy trong qué trinh tinh toan va éhi
ké may, ngroi ta ludn phi tap trung nghién
ctu va ap dng nhéu bién phap K thuat, dé

sao cho B truyén dong noi riéng va cacoc
cau chip hanh néi chung lam & duoc 6n

dinh wi dao dong cho phép im trong gbi

han cho tirdc, tiéng dn nho, do chinh xac 6a
bién d6i van téc, moment... cao [1].

" Tel: 0977008928; Email: hahien1977@gmail.com

Thém nira, d6i véi cac may & hop sau mt
thoi gian lam véc cac yu 6 tacdong nhéu
khéng mong mén vao k& truyén dong qua
banh &ng nhr ma sat, khe & gitra cac banh
ring, d6 khéng @&ng viing aia vat liéu, sr
mai mon @a Vit liéu theo thi gian...,da din
t6i sy mit 6n dinh dong lyc hoc trong k&
truyén dong. Mat 6n dinh dong e hoc la
trang thai nguy Him nHit xiy ra khi in $
luc kichddng c6 gia tr bing haic Xip xi Véi
tan $ daodong riéng @a he. Khi mot quéa
trinh gia céng broi vao tang thai nat 6n
dinh thi biéndo daodong aia kg rt I6n, lam
cho K¢ théng rungdong manh, gaydn va
giam do chinh xac @ng nhr chit lwvong aia
san pham.

T trudc dén nay dd c6 nhéu cdng trinh
nghién &u V& ly thuyét cing nhr thuc
nghiém nhim giai thich nguyén nhan, db
chit caa hién twong mit 6n dinh dong luc
hoc. Nguoi tadé dua ra cac gi phap K thuat
ché tao, bio dudng @ khi dé tim cach kibng
ché va laai trir nd. Ching han nhr Iip thém
banhda, nang caalo chinh xac khi cf tao
céc chi tét, didu chinh va fip rap theo cac quy
trinh nghiém ngt, chip hanh cac ¢hdo bao
guan bao dudng va béi ton... [1],[4]. Mac du
vay cac bén phap nay ing cH giai quyét
dugc mdt phin va co tinh cht dinh k.
Truong hop, do c&c §u td ngiu nhién Ry ra
bat thuong tacdong thi cac kin phap o khi
khéng ti¢ khic phic ngayduoc.
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Do d6, dé dapung duoc yéu &u dit ra W 6n
dinh dong hrc hoc cho ¢ truyén dong trong
suit thoi gian lam véc, nang cao ti tho
thiét bi thi bén enh céac gii phap o khi,

nguoi ta theong phii két hop sr dung thém
cac ghi phapdiéu khién cho I truyén dong
[6] ma o day dugc hiéu 1a k¢ thong diéu khién
dong @ tao moment dn dong cho k& truyén
dong nhr md & ¢ hinh 2.

bién lwéi

Hé théng N Hé truyén
y P Péng cor 3

dieu khien |, 'dign —+ doéng qua
déng cor i banh rang

Khuéch dai

Hinh 2. Biéu khién k¢ truyén déng qua banhdng

Dén day, ta hi gap van dé co bin khéc lién
quan bi diéu khién 1a bén gnh phrong phap
diéu khién hop ly, thi & c6 chit lwong diéu
khién cang cao, mé hinh toan mdhg théng
cang plai chinh xac [2].Pay ding l& nhém
vu nghién ¢u aia bai bao nay.

Trong bai béo nay, tacigss trinh bay Kt qua
nghién @u Vé viéc xay drng md hinh toan
md t hé truyén dong qua banhing. Mé hinh
toan nay thudugc hoan toan wh trén phan
tich ly thuyét vé dong lec hoc he banh ing va
cacdinh luat can king \at ly gira cac thanh
phan oo trong nd. Néi cach khéag day chra
ap ding thém cac plong phap tire nghém
dé xac dinh nhing tham & hay cac thanh
phan bit dinh aia mé hinh. Bi vay tinh
chinh xac aa mé hinhdé xuét trong bai bao
méi chi khing dinh dugc & phan diu tric da
mo hinh.

Nhu vay, tinh chinh xacia mé hinh toan thu
dugc cho I truyén dong qua banhang o day
méi chi dwoc dam bao vé mit cau trac. Tuy
nhién mé hinh todn najd mo & dugc chinh
xac i da quan B qua hi gitra cac thanh gim
bit dinh tdcdong ndiu nhién trong & nhur
daodong, ma sat, khedchgitra cac banhang,
d6 khéng &ng ving aia vat liéu, sr mai mon
cua vt liéu....
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PHAN TICH PONG LUC HQC HE

BANH RANG

Pong luc hec co tinh i yéu té dan hoi

Anh hrong céc $u t dan i trong k¢ thong

truyén dong c6 lién quan @t thiét t6i chuyén

dong dia @ ciu chip hanh 0. Vi d nhr anh

huong do bén dang dan Koi caa cac B truyén

daydai, cac tac cong tadic biét truc chinh éa

c4c may cdng; cac gp banh Iing ki bién

dang dan i trong qua trinkin khop, cac khau
thanh trugn trong cac ¢ ciu truyén dong vi d

nhu ddi véi co ciu bin khau &n 1é...

Dé thiy r6 yéu t6 dan hi c6 anh hrong ©i

chuyén dong aia may hay xét cacudng hyp

hai banh #ng dugc gin trén nét truc, réu

xem chdng 1a st khau én tuyet déi thi ro

rang \in tbc géc @a banh ing i s3 ¢o cling
gia ti va chéu quay i banh &ng i+1 &

hinh minh la 3, nleng khi tuc cia né cédo

ciing ¢; thi trong qua trinh chéy dong, \an

tbc aia ching & khéng king nhauPiéu d6

ciing € xay ra trong tr ddi véi cac trong

hop b) truyén dai, by truyén banh fing ding

nhu ddi véi co cau 4 khau Bn 2.

Pong luc hoc ké téi cac yéu té khe hé

(backlash)

Trong I thong truyén dong a khi ludn luén
ton tai khe hy gita cac thanh gim cua khop

dong vi di nhr: Khe hy trong céacd d, bo

truyén day dai, b truyén xich trugn dong

vit- dai éc, truyén dong tmuc vit-banh vit va
khe hy cia cac @p banh #ng an khop. Cac
khe hy n6i trén n tai 1a do c6 sai & trong
qué trinh ch tao, lip rap va mon, ngoai ra cac
khe hy co th dugc xuit hién do trong quéa
trinh lam véc cac tét may h bién dang dan

hdi. Céc khe b trong may cénh hrong tnrc

tiép toi chuyén dong aia @ ciu chip hanh,
gayon va gam nhanh tdi bén aia may.

Mat khac khi on tai cac khe b trong may thi
bai toandong luc hoc tré nén ét phic tap, do

khe v ma $ bac tr do aia k¢ théng truyén

dong ting Ién va bai toan drnén khong xac
dinh. Vi dx:

Anh heeng aia khe I trong cac kidp quay

Hinh 4 béu dién mot khép loai thip, d6 la
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khép quay quay hinh @ do cé khe &

Imax = D —d , Néndé xacdinh duoc Vi tri toa
do trong tam @a trc, khi da biét toa do

trong thm @a 6 thi cin phii xac dinh dwoc

thém hai thongéSa: va y. Nhu vay trong ¢

thdng truyén dong, khi ndi khop quay, hay
con i la khop loai thap 15, CO xuit hién

khe hy thi né § 1am ting $ béc ty do ma k8

thém 2 [1],[2].

Anh hwong aia khe o trong cac kigp tnh

tien. BSi v6i khop tinh tién aing 1a kiop loai

thip do thanh pin khop dong la i@ mat, gia

mi,Jsi mi.‘_l,Jsi.'_l

sr €6 hai khauiong i va i+1 duoc noi vai

nhau tﬁng not khop dong tinh tién trén hinh
5. Do g thiét c6 khe Iy g, va g, Vi thé vi

tri tdm O cua con trrot thu@c khaui+1 chi

duoc xacdinh khi bét dugc hai bado z+1

va y+1. Dieu d6 ching © rang khi mjt khop

tinh tién c6 khe b ciing € lam &ing kic tr do
cua hé thong truyén dong lén 2.

Nhu vay néu c6 i khop loai thap, bao gm
khép quay va kbp tinh tén hay con gi 1a
khop loai pg, c6 chira khe I thi $ bac tr do
clia g tang lén w5 = 2i .

M1, 541

Hinh 4. Khe ks trong cac kidp quay
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Hinh 5. Khe hy trong cac kip tinh tién

Anh heong aia khe I trong cac kip logi
cao. Khep dong laai cao la nieng khop dong
ma cac thanh pin cia khsp khi tiep xdc \6i
nhau laduong hdic diém [1]. Vi du cac khe
ho trong cac kbip loai cao duoc sr dung
trong may tlrong xuit hién ¢ cho tiép xuc
gitta con #n Véi ranh dinh hréng aia nod
trong @ ciu cam, hay dh tiép xGc gita cac
d6i rang an khop aia cac @p banh #ng va
khe k¥ trong 1§ truyén banh vit tac vit.

Céc khe b trong cac 6 ciu néi trén throng
xuat hién do mon bi cé hién trong tnrot gitta
hai thanh phn khop dong [1], hdic trong quéa
trinh 1am véc haic do sai & trong qué trinh
lip rap, clé tao. Bac biét trong cac B thong
truyén dong pHin lon sr dung cac o ciu
banh &ng dé bién d6i chuyén dong hay
truyén ning hrong, khe I cia cac @p banh
ring co ti¢ xay ra do sai & kich thréc trong
qué trinh ch tao va kp rap hdc diéu chinh
khéng chinh xéc, tae sau ngt thoi gian lam
viéc cac bién ghg ring i mon do cac thanh
phin ma sét trén cacébmit tiép xic, cac
truong hyp néi tréndéu din 1Gi viéc tao ra cac
khe h canh rang, khe & canh rang luén luén
dugc do trénduong phap tugn chungn-n
cua cac ap bién ang déi tiép. Dodé khe ki
canh ring Xiy ra trong teong hop:

tni % tyisa (1)

Néu goi |d]1a khe ¥ canh ring ta c6:
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)

Vi|d| ludn c6 gia tr duong, nén co taviét do

o= |tN7Z N (i+1)

Ién aia khe [ trong B truyén banh iing
dudi dang:

Oii+1) = tvi ~tv+g) (3)

Khi ty; >ty (1) VA NGrocC lai:

Ai+1yi = tn 1) ~tni (4)
trong do ty; va ty(;4) 1a buréc ring do trén
vong tron © s cua hai @p bién dng rang
dbi tiép vi thé:

tni =

277’/‘0 i+1
v Iy = ) (5)
2 2(i+1)

Nhung do con c6:
To; = 7L COSAY » To(i+1) = 7L (+1) COT L (6)
nén:
= 2717, cosay, b = 27T (j47) COSA )
2 Z(i+1)
Thay (7) vao (3) va (4), ta co:
Oi(i+1) = tri ~tr(i+1)
trongdo: t;;, t;(;+la budc ring aia hai banh

rang an khop i va i+1 duoc do trén vong
tron lan [1].
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Hinh 6. Khe hs trong céc kidp déng lagi cao

Do ¢6 Hn tai khe by giita hai tnc banh #ng

v6i cac 6 bi d& truc nén trong qué trinh

chuyén dong ba do thm quay @a cac tac
thay d6i, nén khe b an khop cia cip banh
ring ding thaydoéi theo thoi gian ¢, khe h
d6 c6 th duoc xacdinh theo cong tirc duoc
viét dudi dang tng quat:

() =[(z; -

+7,6;

z41)Sinap; + (y; —y;+1) cOLL,; |+
~ b (8)

Qi) = [(Tm‘ 2i+2)SINAL41) + W1~ ;4 2) COI 4 2)} *
+143043 s e 4

)
trongdo »; vay, la thado thm quay aa cac
banh &ng thr i, a;;1a gbcan khép,  1a ban
kinh vong trondn, g, 1a géc quay @a banh
rang thr .
Avn’h heong khe b toi sé hdc t do aia hé
thong truyen dong. Thong tlrong trong ngt
hé thong truyen dong @ khi ngroi ta sr dung
cac kidp loai thap ps va khyp loai cao p,
nhe d& néu trén.y gia sir trong fé thong
truyén dong phing réu c6 i khép ps va j
khép p, ton tai khe o, thi $ bac tr do aia
hé s tang 1én Wj; bac tw do. Neu goi W, 1a
s bac’tu do aia k& khi khéng c6 khe & thi
khi xuat hién cac khe & thi bic tx do aia hé
sstang 1én la:

W =Wy + Wy (10)

Hay W =Wy +2i+; (11)

trongdé i 1a khop loai thap c6 khe by, j 1a
sd sb khép loai cao ¢ khe b, W, la $ bac

ty do bandau cia ke théng truyén dong khi

hé thong khéng cé khedva W 1a & bac ty

do aia k¢ thong truyén dong.

R® rang mt hé truyén dong a khi khi Bn tai

khe hy trong cac khp dong thi $ bac ty do W
cua k¢ 8 tang 1&n, dodn ti khe hy mic du c6
thé rit bé bé nbng € lam cho B thong

chuyén dong khéng hoan toan xatinh, din

t6i chuyén dong aia @ ciu chip hanh ang

khong xaatinh, nd § phat sinh cac nbii dong

phi tuyén trong qua trinh may lamad va to

ra cac xung vaap trong may. Lam chdg tin

ciy cia dia @ ciu chip hanh khéng cao.

Pé han ché anh hrong gay ra do cac khesh
trong cac kiip dong ngroi ta ding da tién

hanh tlhrc hién cic quydinh nghiém ngt

trong qua trinh tit ké ché tao cac tét may,

ciing nhr I3p rap vin hanh &a chira va ko tri

bao dudng may, tuy nhiéé dam bio bio hé

thdng hoan toan khdng cé khé R mot diéu

kho tranh kii.

Anh heong khe b t6i chuyén dong aia may

Nhu phan tich trén cho iy mot he thong

truyen dong khi ©n tai cac khe b s dan i

lam ting $ bac tr do W aia h¢ thong, dodo
hé théng chuyn dong khong xadtinh, gay ra
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nhiéu dong h)n loan khién tinh chit dong lrc
hoc aia @ ciu hanh thayddi va khéng kém
soatduoc.

Khi co cdu c6 khe & trong cac kbp thi €
xdy ra hén trong va dap trong cac kbp
khién hé thdng lam véc rat on va gim tudi
bén cia & thong. Do d6 viéc nghién ¢u
dong Iyc hoc caa kg truyén dong co K dén
yéu t6 dan roi va khe Iy c6 y nghia thyc tién
rat quan tong.

MO HINH HOA HE BANH RANG CO YEU
TO PAN HOI VA KHE HO

Trong khi nghién &u sr lam viéc aia cac
truyén dong @ khi néi chung va & truyén
banh &ng ndi riéng tirong ngroi ta gia thiét
cAc \it liéu 1am ra no eng tuyét ddi, c6 ngha
hoan toan khéngitbién cang dréi tac dong
cua lyc, nhing trong thrc # dudi tac dong
cua lyc bao gb ciing Xy ra bén dang, tuy
nhiéndé 1am viéc duoc va khong 4y ra hién
tuong ph& Ky, ngroi ta ch cho phépuc tac
dong rim trong nét gioi han nhit dinh, dé
sao cho sau khiéhtac dong aia hrc chi tiét
tré vé trang thai bandau, hay néi mt cach
khac nghién u chi tiét lam viéc trong gbi
han dan Hi.

Ngoai yeu t ké trén khi xét &i khe hy cua
cac tryc va khe b gitra cac @p banh ing
an khép o thi bai toan i nén plirc tap hon
rat nhiéu. Duési day bai bao & xay drng md
hinh tinh toandong hrc hoc déi véi mot cap
banh &ng vadé tir ¢6 xay drng mé hinh tinh
toandéng luec hoc cho @ hé banh &ng co6 tinh
dén yéu t dan i, khe hy va do cing aia
rang, tr d6 d tién hanh nghién i chit
lugng aia b truyén khi k& dén anh hrong
cua cac da yéu t6 néi trén. Tuy nhién, trong
mot s truong mp rng ding ngroi ta co tit
bo qua cac &u t6 nhe do cieng aia banh &ng
hay giam chin, ma sat..., ty theo (n do
chinh xac yéuém.

Trong qué trinh 1am ¥t, & hé truyén dong
banh &ng gm hai banhing 1 va 2 cé tinh
dén khe [ va bén dang dan Ki cua ring
thuong Xy ra hai tang thai,do la:
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Hai banh &ing chra an khop voi nhau do cé
khe hy canh ring 9, khi d6 ta c6 tk xem hai
banh &ng doé chuyén dong doc lap véi nhau.
Hai banh &ing khi tiép xtc Wi nhau do tinh
chit dan i caa vat liéu, ring ki bién dang,
nén xut hién thanh phn lyc gay ra bn cang
dan 1oi ty Ié véi d6 cang ¢ va lgc giam chin
ty 18 v6i hé sb giam chin % .

“deadzone

Hinh 7. Cap banh ring c6 khe &, dan hi va
giam chin

iy T

Hinh 8. M6 hinhdgng lxc hoc h¢ cgp banh eng
c6 khe k¥, #an hvi va giim chin

Trén hinh 7 cho #ty khi ké dén khe W cia
hai 6 truc oy,0, va khe & giira cac K ring
0=0(t) theo cdng thc (10), thi qua trinfin
khép cia hai banhing tro nén &t phac tap
va c0 ti¢ chia lam hai giadfoan trong nét chu
ky an khép do la giaidoan chay khéng trong
viing clét (deadzone) - va am - an khop.

Hinh 8 1a & 6 mé plong dong luc hoc aia
mot cip banh #ing néi trén cé & téi khe hy
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cia cacd truc va banh ing ding nhr bién
dangdan 1bi cua ring trong qua trinkin khop.
Pé thiét 1ap phrong trinhdong lrc hoc tong
quéat cho mt hé truyén dong néi chung va
truyén dong @ khi gom cac banhang noi
riéng trong cac tht bi, may coéng tac toc
hét ta phii quan tam &i cac thdng & dong
hoc vadong luc hoc caa e théng @ khi dé.
Ngoai cac théngd&shinh ke aia by truyén
banh [1] &ng dr6i day ch quan tamdi d6 ho
cua céc tac A; va khe éa cac gp banh ing
9; . Nhu vay rd rang plrong trinhdong luec
hoc cia by truyén banh &ing co thé duoc viét
dudi dang ©ng quéat:
@, (2) = @, (@, mamy S @ 00 AL €5 ;w5 O B
12)
v6i ky hiéu vector:
2= (@ mem; S B0 A £ ks i w0 ;Y
va w, la van toc thyc aia khau chp hanhn
w, 1a ¢ do goc aia khau dn, 7, 1a ban kinh
vong tron chia @a cic banhang, m la
modyn @a cac banhang, m; 1a khbi luong
cia cac banhang, Jg la moment quan tinh
khdi luong aia cac banhiang ddi véi cac tuc
di qua tong tams,, ¢, lavi tri cia cac banh
rang, w, 1 van toc goc @a cac banhing,
a;,; la gocan khép aia ép banh #ng thr 4,
oJ; la khe I canh rang gira hai @p bién dng
rang di tiép, A,la khe kb giira cac tac vad
truc thi i va =z,,y, 1a tpa do trong tdm @a
truc quay i. R rangdé thiét lap duoc
phurong trinhddng lec hoc tong quéat éa mot
hé théng truyén dong a khi khi k& dén cac
yéu 16, khe W, dan Ki thi tré nén plic tap,
tuy nhiéndé |a not bai toan tirc  rit quan
trong, tuy théc vao nicc d6 chinh cac yéu
CaUu Ma ngoi ta cé the tim cac gii thuat khac
nhaudé én dinh théng 8 dong lrc hoc cia
khau clip hanha, .

Hinh 9. Trang thai lam véc cia hé cip banh ang
c6 khe & khi chra an khop a) va khi hai banh
rang da an khip b)

Tiép theo,dé thiét l1ap phrong trinhdong lyc
hoc aia bH truyén banh #ing khi tinhdén khe
hé canh ring & theo phrong phap tugn n-n

ta hay xéting trong hop oy thé dudi day.
Khi banh ring chwra tiép xuc
Khi hai banh #ing chra tiép xic Wi nhau do
c6 khe Iy & co tié xem hai banhiang tach
roi nhau xem trén hinh 9a), ta céuplmg trinh
chuyén dong aia cac banhing doc lap Voi
nhau:

Jgii=M;—-M,,

m;i; = G;[cosy (siny - f coy }

mij; = G;[siny (- f cosy |
(13)
va

Jsin1Pi = My + My,

M = Gisa[cosy (siny - f coy )i (14)

m;iiie1 = Giaa[siny (f = coy |
trong do: Jg, 1a moment quan tinh Khluong
d6i vai tryc di qua tong tm banhiang i,
G; =m;g la trong lrgng aia banh &ng i, f
la he sb ma sét trot kho trongd do truc, y 1a
gobc ma satpla ban kinh vong tron ma sét,
G;p=M,,, 1a moment ma saty/; la moment
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tac dong trén cac banhimg, thanh phn
moment ma sat cé éhphy thudc vao \ tri
hoic van t6c géc @a tuc tiy theo ch do boi
tron chod truc.

Qua trinh trén Bu dién khi hai banh iang
khéng tép xic Wi nhau do cé khe dcanh
ring, né ch xay ra trong not khaang thoi
gian ngin, duoc xacdinh theo céng tic sau:

1)

WiTyi

ot =

(15)

trongdd & la khe ki canh ring, w; & van toc
géc a@ia banh ing 1, r,; 1a ban kinh vong
tron @ 0.

Truong hyp khe t caa cacd da truc co At
bé, dacdong aia tnic c6 thé xem khéngiang
ké, c6 thé bo qua, khi hai banhing chra tiép
xdc Wi nhau, hay néi it cach khac hai banh
rang chuyn dong doc lap voi nhau, ta co:

J5i¢i =M; =My, } (16)
‘]Si+l¢z'+1 = Mz'+1+ M’ms

Vi gia thiét moment ma sét trong cécds

truc c6 cung gia tr

Qué trinh bién dang

Sau khi banhang chi dong wot qua vung
chet o (deadzone), ngagp tic giira hai banh
rang xay ra hén trong va cham. Thoi gian

xay ra va chm r rat bé y’ri gia thiét’ va cham

¢ day la va chm dan hi va vi the do dich

chuyen aia cac banhang trong thi khac xay

ra va chm la khdngdang €. Khi d6 hai bién
dang rang L, va L;;; chiu tacdong not luc

va cham N+F, trongd6 thanh phn hyc va

cham N 16n hon nhéu so \6i thanh pln luc

tac ding F .

Pé tinh van toc aia hai banh ang khi va
cham ta &p dng dinh ly bién thién moment
dong lrong. Neu ta @i Li va L(i+1) la

momentdéng lrgng aia cdc banhang i va

i+1 trude khiXdy ra va clam, ta co:

Ly = Jgi$; + Jgisadiva (17)
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va sau va cim:
Ly =(Jg +Jgis1)@s (18)

Tir d6 ta rat raduoc van toc cia ke banh iing
sau khi va chm la:

_Jsi®i JsinPin

s Jsi +Jgiv1 (19)
Qué trinh Ay ra vadap trong phm vi thoi
gian vb cung bé va satd qud trinhan khép
giita hai banhang li tiép tuc.
Khi hai banh ring tiép xuc
Khi hai banh #ing tiép xdc \6i nhau sau va
dap (xem trén hinh 9b)gsuét hign cac thanh
phan lyc dan ki va giam chin. Lac nay ta c6
cac plwong trinh sau:
Jsi; = M; = My, =1 (F; + ;)

ms

Jgisa@iv1 = M1+ M) =g {Fi 17+ Dy 9

trongdo:

}(20)

F=cA"
V6i ¢ 1a do ciing dan Wi cua cip banh iing
tiép xic, A la bén cang dan i cua ring, n
la he 5 phy thude vao $ diém tiép xac trong
doan an khop thec aia céip banh #ng. Thrc
nghiém cho thy 1<n <1,5.
Bién dangdan hi cua ring phu thupc va \i tri
cia @ cau cia ring. Vay c6 F, =c¢;¢;, con
D; = k¢, la thanh phn lyc giam chin ty 1¢
Vi van toc goc @a tuc quay, k; 1a e
giam chin.
Thay vao phong trinh trén cic ky Bu
M;=M,,, =M, VA 1c; =C,; taco:

Jgi; + K@, +Cip; = M

SL¢Z Z¢L z¢2 i . } (21)
Jsin19iv1t Kis1@iv 1t Civ i 1= My

Khi hai banh #ng dé an khop véi nhau thido

cing thay tié va e sb giam chin caa néduoc

tinh theo cong tic: C =c¢; +¢y VA B S5

ki v vay hé phrong

ki + kg

giam chin K =
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trinh chuyn dong aia mjt cap banh &ngan
khop trén c6 th duoc viét dudi dang Hng
quat:

JP(t)+Kg(t) +Cp(t) = M(t) (22)

trongdé:
9 9
B0 sl 0oL L
14 _ kzkzﬂ
Co(t c G, k=
"= 1¢1+!J ! ki +kig

va ¢, K dugc la ¢ sb 6 cang vado giam
chin thay tig.
Théng throng trong 1 truyén banh #ing he
s giam chin & rat bé co tk bo qua. Khidd
phuong trinh ¢6 dng:

JP(t) +Cp(t) = M(¢)
Phrong trinh (22) 1& mt pheong trinh vi
phan ép Il c6 é phai, vi vay phueong trinh ¢
nghiém dang ©ng quat:

Bin(0) = Fraa* bina
trongdo ¢;,, la nghém aia phrong trinh vi
phan khéng c6&/phai hay con gi la nghiém
riéng dia phrong trinh vi phan céahg:

¢;+1 - A eﬂt

Con ¢, la nghém aia phrong trinh vi phan
c6 W phai, nghiém nay phx thudc ham M (z)
va cac B s giam chin K va dé cang aia
ring cac banhing C chra trong plrong
trinh (22). Nleng ding aia nghém ¢, c6
thé tim duoc dréi dang:

¢::1 = Bcos@t+ )
Do d6 nghém tong quat éa phrong trinh
(22) khi b qua It 5 giam chin & 5 la:

Bia(t) = A + Beos@i + B)

MO PHONG VA KIEM CHUNG

Nhu vay, ba tang thai lam wc khac nhau
cua hé truyén dong banh ing, bao m céac
trang thai khi cac banhimg chra tiép xic
nhau (cly trongdoan khe &), khi banh &ng
va cham (qua trinh Win dang) va khi banh
rang tiép xc sau va c¢im, € dugc mod & boi
ba phrong trinh khac nhauam luot 1a (16),
(19) va (20). NGi cach khac, mé hinh todira c
hé banh &ng la mé hinhda cu tric, hay
ngwi ta con @i la hé c6 du trac bén doi.

Pé thyc hign mé plbng, ta § don gian hoa
mo hinh ling cach & dung gia thiét 1a qua
trinh Xy ra vadap trong plm vi thoi gian vo
cung bé [3]. Khidé, bing viéc bo qua quéa
trinh xungdap va clam, mé hinh B banh
raing cH con hi hai phrong trinh (16) khio
vung deadzone va (20) sau khi varoh Ghép
chung hai md hinh toan nayi i nhau niy
tham $ bién thién:

d(t)z{j

ta € c6 m6 hinh chungi@ hé banh &ng la:

0 trong deadzon
1 ngoai deadzon

(23)

Jsifi =M,
Jgis1Piv1 = (Mip1+

M, —d@)ry (F; + D;)
me) d(t)r0+1( i1t Dis j)}
(24)
M6 hinh toan chung (24) nay lastnrmé hinh
bét dinh, vi trong n6 c6 aka cac thaméschra
xac dinh dugc nhr moment ma satz,,, v
ham kit dinh d(z) . Hién naydé xacdinh thanh
phan kit dinhAz,,,, ngroi ta chi yéu ap ding
céac phrong phép tire nghém [8]. Thanh phn
ham Kt dinh d(t) con hi s3 dugc khir nhy cac
phrong phéapdiéu khién thich kyp, ching han
nhe phrong phéapdiéu khién thich nghi gi
dinh rd gbi thiéu trong [4] va [7].
Hinh 10 la s &6 mé plong ke cip banh #ing
mé t baoi (24) cho tmong hyp i=2. Pai
luong M; 1a momenidau vao,dugc cung ép
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tir dong @ dan dong va M, 1a momentiau ra
cia hg. Cac thanh pin bit dinh M, va d(t)

cia md hinhduoc biéu dién bsi nhidu tac
dong vao i.

Thanh pln (F, +D;) 1a luc bién dangdan Hoi

va hrc giam chin gitta cac banhang i va
i+1 dugc xacdinh theo cong tirc:

(F; +D;) = ci7; COS* 1 @ +i; vt
trongdd ¢ banh #ng cwi cuing, ma trong md
phong droi ddy wi i=2 la banh #ng thr
hai, c6 ¢,,; = #3 = #,. Nhitng tham & con hi
trong k¢ duoc gia dinh la:

Jg1=0,01kgm? , Jg, = 0,02kgm>
191 = 50 mm, rgp = 100mm ,
O'L :300, Qg =Cyr= 10N ,ilzz 2

. :
X
Add2
ivide:
on

Hinh 10. S» d6 md phng trén SimuLink

Hinh 11 1a Kt qua mé pteng khidau vao My
la hing $. Két qua mé phong nay, & mat
dinh tinh,d& cho tly mé hinh (24) moat sat
thuc V6i trang thai lam véc thyc € coa he
truyén dong qua nit cap banh iing.

KET LUAN

Bai bdoda xaydung dugc md hinh toan (16),
(19) va (20) cho &truyén dong banh ang ¢ ba
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trang thai lam wéc khac nhau @m trang thai
khi banh &ng chra an khép, trang thai vadap
khi vira an khop va tang thaian khop sau va
dap dan 1oi.

Ca ba md hinh trén c6 éhtuoc ghép chungl
thanh nét mé hinh Kt dinh ham tbng nhit 1&
mod hinh (24). M& hinh toan nay, béanb
thanh plén bit dinh ham 4(¢) con chira bén
trong né cac thaméshing kit dinh khac bao
gdm do cing viing aia \at liéu, khe b, do
bién dang va & 5 ma sét.
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Hinh 11. Két qui md phing

Pé xay ding tiép dwoc mé hinh toan chinh
xac ton, khdng cira tham & bit dinh, ta phi
tién hanh tirc nghém nhim xacdinh ax thé
cac hing $ bit dinh trén. Va @ng da co
nhiéu phrong phéap tirc nghém dugc gioi
thiéu phuc vu nhan dang dugc d6 cirng ving
cua Vit liéu, khe lb, do bién dang, & s ma
séat nay. Tuy nhiéndiéu nay la thrc sy khong
can thiét, vi ta co tk sir dung cac phong
phéap diéu khién hién dai dé khic phuc tinh
bat dinh tham & d6 cia mé hinh.

Md hinh ¢ truyén dong banh #ng (24) @a
bai bao, tuy ang con clra nhiu tham §
hing kit dinh gdm do cing virng aia at liéu,
khe ho, d6 bién dang, ma sat, songilco diu
tric md & dwoc chinh xac cac quart ldong
luc hoc caa ching trong éitruyén dong banh
ring. Dodé réu dugc &p ding thém plrong



