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TOM TAT

Do dic triung cdu tao, hé thong truyen dong cho vii khi trén phwong tién chién diu co dong
banh xich chiu nhiéu tic dong ciia nhiéu phi tuyén trong quda trinh hoat dong. Bén canh nhiéu
néi b, hé thong con chiu tac dong cua cac thanh phdn nhiéu tir bén ngodi bao gom: rung dong
tir dong co xe khi né may, dao dong trong qud trinh xe co dong trén dia hinh, anh hwong boi
thao tdc ldi, béi phdt bdn,... Bai bdo thuc hién nghién citu mé hinh dong hoc mo ta chuyén dong
cua phwong tién co dong banh xich va tién hanh thuc nghiém, khao sat dac trung cua mot so
nhiéu chinh do ngoai luc tic dong t6i hé thong diéu khién truyén dong cho vii khi trén xe trong
qua trinh vdn hanh, tdac chién nham lam co sé danh gid hiéu qua cua cdc thudt toan diéu khién
on dinh dwong ngdam cho héa lec (dwong ban) trén loai phwong tién nay.

Tw khoa: Hé théng én dinh; Pac trung nhiéu; Phuong tién co dong banh xich.
1. MO PAU

Céc phuong tién co dong dan dung ciing nhu chuyén dung trén xe banh 16p dugc thiét ké dé
mang lai sy tién nghi cho ngudi str dung. Tuy nhién, véi cac phuong tién chién ddu co dong banh
xich, viéc dam bao tdi da tinh co dong trén dia hinh phutc tap, hoa lyc manh, kha ning chéng
chiu t6t 12 wu tién hang dau va hau nhu bo qua cac yéu cau vé tinh tién nghi [1]. Chinh dic diém
nay da tac dong dang ké toi thiét ké cia phuong tién [2], ma dién hinh 13 xe thudng cé trong
lugng 16n, hé théng treo ¢6 hi€u qua giam chén han ché, co cu 14i kém linh hoat, dong co co
cong suat va do rung 16m,... Két qua 13, rung dong trong cac bd phan cu thanh cta xe tré nén da
dang, co6 tinh dot bién cao va anh huoéng 16n dén hoat dong cua hé théng vii khi. Cac rung dong
nay x4y ra khi xe van hanh, co ddng trén dia hinh phtc tap, khi khai héa,... va truc tiép tac dong
t6i vii khi ciing nhu cac khi tai trinh sat trén xe, gy kho khin cho thao tac cua tric thu va lam
suy giam hiéu qua tac chién. Chinh vi vay, viéc nghién ctru, khao sat tic dong cia cac nhidu
ngoai luc t6i hé théng truyén dong vii khi trén phuong tién co dong banh xich c6 ¥ nghia rat thiét
thyc trong qua trinh thiét ké, ché tao, nang cip hé théng 6n dinh dudng ban néi riéng va hé thong
diéu khién hoa luc néi chung. Tuy nhién, do tinh dic thu cua déi tuong ciing nhu viéc trién khai
thuc nghi€ém trén thuc dia khé khan nén co rat it nghién ctru lién quan dugc thyc hién. Mot sb
nghién ctru da trién khai chu yéu tap trung vao dbi twong dé tiép can hon 1a hé thong truyén dong
dai quan sat trén cac phuong tién co dong banh 16p [3-5]. Bén canh d6, cac cong trinh [6, 7] mic
du d3 da tién hanh nghién ctru, phén tich cac dao dong ctia phéo trén xe ting chi luc trong qua
trinh co dong nhung méi chi ding lai & mic d6 mod phong dua trén mo hinh d6i twong va st
dung mot s bién dang dwong tiéu chuin nhu dudng mip mé kiéu APG (APG road profile),
duong ddc hinh thang va duong vong hinh sin. Do d6, cic nghién ctru nay chua danh gia dugc
day du dic trung cua cac loai nhidu khac nhau tac dong ti hé thong vii khi trén xe trong diéu
kién hoat dong thuc té.

Chinh vi viy, trén co s& nghién ciru mo hinh dong hoc mé ta chuyén dong, két hop véi
phuong phap thuc nghiém trén thuc dia va phan tich, m6 phong dir li€u trén may tinh, bai bao da
tién hanh khéo sat, nghién ctru cac dac trung cia mot s6 loai nhiéu chinh tac dong lén hé théng
diéu khién truyén dong vii khi trén phuong tién co dong banh xich.
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2. MO TA PONG HQOC CUA POI TUQNG

H¢ théng treo cuia phuong tién co dong banh xich ¢6 2 nhiém vu chinh. Nhiém vu “tinh” 1a
phan phéi trong luong ctia toan phuong tién 1én cac banh xich. Nhiém vu “dong” 1a gidm thiéu
cac rung dong, hién tugng x6c¢, nay tac dong 1én xe trong qua trinh co dong. HE théng treo cho
phép cac banh lan chiu tai (road wheels) c6 thé dich chuyén theo chiéu thang dimg ma khong gay
anh huong dén chuyén dong chinh cua than xe, tir d6 giam thiéu dao dong cua than xe khi co
dong qua cac dia hinh gd ghé. Pay 1a hé théng c6 ciu tric phirc tap, gdm cac bo giam chan, cac
bo hép thu xung dong cho phép bu lai nhitg yéu tb bat thuong cua dia hinh ciing nhu dam bao
cho dai xich khong ving khoi cac banh lan. Tuy nhién, dé c6 thé mé ta duge mé hinh toan hoc
ctiia phuong tién, hé thdng treo duge 1y tudng hoa theo ciu triic nhu hinh 1, gdm cac bo giam
chan va cac 10 xo tuyén tinh [9].

Hinh 1. So d6 cdu triic hé thong treo.

Phuong trinh chuyén dong ctia phuong tién c6 thé duge mo ta trén co so ap dung hé phuong
trinh Lagrange [9, 10]:
d JE 0E, OE, OE
— () -+ =F() (1)

dt "~ &g oq o4 JIq

Trong do, Ey 1a téng dong nang, E; 1a téng thé niang, Eq 1a tong ning luong tiéu tan, q 14 toa

do6 tong quat hoa va F(t) 1a lyc tong quat hoa phy thudc thoi gian.

Gén hé toa do lién két OXYZ 1én xe voi géc O dat tai trong tam cua xe, truc OX nam trong
mit phing song song v6i mat ngang chuan va huéng vé phia trude cia xe, truc OZ hudng 1én
trén, truc OY vudng goc voi mat phéng OXZ sao cho OXYZ la mot tam dién thuan.

ChUyén dong cua than xe dudi taic dong cua dia hinh co thé dugc mo ta trong h¢ toa do
OXYZ thong qua 3 chuyén dong: quay quanh truc OX véi goc y (Roll), quay quanh truc OY voi
g6c ¢ (Pitch) va chuyén dong xoc nay theo truc OZ véi do dich chuyén z

Khi d6, cac thanh phan nang luong trong hé théng duoc biéu dién theo cac biéu thuc sau:

1. . . .. 13
Ek ZE[mZZ + Jyk¢2 + Jxkyz _2‘]xy¢]/]1 Ep :Ezki(z —X@+YVYiy— Zt)zi
Lo @
E, ZEZCi(Z - XQ+Y,y— 21)2-
1
Tir (2), c6 thé biéu dién phwong trinh chuyén dong tong quat ciia than xe theo truc Z nhu sau:
Mg+ Cq+Kg=Fw (3)

Vi M 1a ma tran quan tinh, C l1a ma tran giam nhdt, K 1a ma trén d¢ cting, F la ma trén téng
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luc tac dung, g 13 vector dich chuyén tong quat hoa cua than xe va dugc xac dinh boi:

z z z Z;
a=|¢ | q=|¢| G=|¢|, W=7 | (4)
v v Y Z
m 0 0 R DX B NN
M=0 J, J,| C=|-Dlcx D c(x) -X. cxy, (5)
O T G e 260’

Sk Sk S| [0 Xe Xk
=Yk k() ks | F=[ 00 Dk =Y kX, (6)
2uky 2kxy 2 k() 0 Yoy Dk,

Trong do, X, Vi, zi 1a toa d0 cia banh lan chiu lyc trong hé toan do OXYZ; m la téng khéi
lugng ctia phuong tién; ¢, ki 1a tham so cuia cac by giam chan va 10 xo trong hé thong treo.

Gia sir trong hé thdng treo, cac b giam chin déu co cing hé sé giam chan ¢; = ¢4, cac 10 x0
déu co cung d6 cling ki = kg. Sau khi bién doi, thu dugc hé phuong trinh biéu dién chuyén dong
cua xe nhu sau:

mz:zkd(_z+zi +Xi¢_Yi7)+ZCd(_Z+zi +X0-VY7)
1 1

Jyy(bZZKdXi(Z—Zi —Xp+ yi}/)+szXi(2—2i —X@+Y7) ()
- 1

JXX7:2kdyi(—Z+Zi +Xi¢’_yi7)+zcdyi(_z+zi +X0—-Y7)

Hé (7) mé ta dong hoc co ban cua phuong tién véi 3 bac ty do, gdm: do nay z cua xe theo
phuong thang dung, goc roll y, géc pitch ¢.

Do cAu triic cua phuong tién banh xich véi khdi luong 16n, d0 bam duong tdt nén co thé bo
qua hién tugng trugt ngang cia xe khi co dong. Khi d6, tic dong ctia didu kién dia hinh s& duoc
mo ta boi 3 chuyén dong 1a roll (y), pitch (¢) va su dich chuyén z theo truc OZ. Chuyén dong
theo goc yaw () trong trudng hop lai xe khong chu dong danh 14i 1a mot gia tri ngau nhién phu
thudc vao cac goc y va o.

Cac tham sO y, @, w VA z ciia md hinh chinh 1a cac tham s dau vao tac dong t6i hé thong
tmyen dong v khi. Trong d6, do z ¢6 bién d6 nho va it anh hudng dén do chinh xac cta dudng
ban; tham s6 goc y chu yéu anh hudng t61 goc hudng, trong khi cac tham s6 goc y va ¢ chu yéu
tac dong t6i tham s6 goc tim tuy thude vao vi tri ciia hudng ban so véi than xe co sd.

3. POI TUQNG NGHIEN CUU VA PHUONG PHAP TIEN HANH
3.1. Poi twgng va pham vi nghién ciru
- Doi tuwong nghiép cu”u:‘Béi bo tién hanh thue nghiém, khao sat dac trung nhiéu tac dong
1én h¢ thong diéu khién truyén dong cho phéo trén to hgp phong khong tu hanh ZSU-23-4.

- Pham vi nghién ciiu, khdo sat: Nghién ctru, khao sat va phan tich anh huéng ctia nhiéu do
rung dong xe khi n6 may, xung luc khi khai hda va nhicu dia hinh khi xe co dong.

Tap chi Nghién ciru KH&CN quén sw, S6 Péc san FEE 2023, 71-77 73



Diéu khién — Tw dpng héa

3.2. Phuong phip tién hanh

- Phwong phdp thyc hién: Do va phan tich anh huong cua nhiéu téi cac goc Euler cua duong
bén st dung khdi cam bién quan tinh MTi-300 cua hang XSENS c6 cac thong s6 chinh trong tai
liéu [11] va phan mém thu thap sb liéu Xsens MT Manager version 4.8.2.

- Lap ddt phirong tién do: Cam bién dugc lap dat trén bé ni-v6 cua phao sao cho tryc X cua
cam bién song song véi truc nong phdo va hudng vé phia trude, truc Z hudng 1én trén, truc Y
vudng goc voi mat phang quay tam.

- Thu thap s6 liéu: Su dung may tinh két nbi voi khéi cam bién quan tinh cho phép thu thép
cac tham sO duong béan gom tdc do goc, toa d§ goc (cac goc Euler) va gia tdc tinh tién theo 3 truc
va truyen vé may tinh thong qua cong truyén thong RS422, tdc d6 115.200 bps.

- Toc do lay mau: Do bai toan 6n dinh duong béan chi quan tam tdi cac dao dong co hoc tan s
thap nén nhom tac gia thuc hién lya chon tan s6 ldy mau F = 200Hz.

4. KET QUA VA THAO LUAN

4.1. Anh hwéng ciia hién twong rung xe khi né may

~Khixe nd mady, cac rung dong tir dong co dugce truyén toi toan bo than xe thong qua cac chan
d€ mdy, hé¢ thong hop s6 truyén dong, hé thong 14i,... Sw rung dong nay co thé dugc nghién ciru
trén co s6 ap dung phwong phap mé hinh hoa da Vat the cho ddi tugng [6]. Tuy nhién, cac tham
sO ctia mo hinh rat khé xac dinh chinh xac nén két qua mé phong thuong co sai sb cao.

Céc db thi trong hinh 2 cho thay tac dong cla nhiéu rung xe t6i tbc do goc ciia duong bin
theo cac truc X, Y, Z trong diéu kién xe dimg va nd may & vong tua 1000 vong/phut.
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Hinh 2. Anh hwéng ciia nhiéu rung xe téi toc do géc dong ban.

Theo d6, phao chiu cc rung dong theo 3 truc véi gia tri dinh cua toc do goc 16n nhit khong
vugt qua 1°/s va cd dang nhiéu trang. Tan s6 cong hudng chinh cua xe theo truc OY xap xi
60Hz. Cac nhicu nay thyc t¢ khong c6 tac dong dang ké dén toa do duong ban nhung c6 thé gay
sai 1éch gia tri do cua cac cam bién do ludng quan tinh trén xe.

Anh huéng ciia nhiéu rung xe tdi toa do goc duong ban duoc thé hién trong hinh 3.

Anh hu'dng rung xe tdi géc Roll oes Anh hudng rung xe tdi géc Pitch » Anh huéng rung xe téi géc Yaw
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Hinh 3. Anh hwéng ciia nhiéu rung xe téi toa dé géc dwong bdn.
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Bo qua hién twong trdi ngiu nhién trong cic gia tri do cua cam bién, c6 thé thiy, bién do
nhiéu dinh - dinh cta céc toa do goc duong ban chi x4p xi 0,005° (0,08 ly giac) va hau nhu
khong anh hudng dén do chinh xéac cua phét ban.

4.2. Anh hwéng ciia loat bin téi toa d9 dwong bin

_Diéu kién thir nghiém: xe dimg tai chd ban bia mit dat c6 dinh voi loat ban 20 vién (5 vién
moi nong); hudng bfm dpc truc xe co s0, huong ve phia ‘gmég, phao nérp ngang; thir nghiém
trong truong hop ngam ban bang tay quay co khi va ngam ban bang h¢ truyén dong thay luc.

Hinh 4 cho thiy anh huong cua loat ban t6i cac tham sb cia ‘dm‘mg bén. Trong do, truong hop
ngam ban bang cac tay quay co khi, phao dugc khoa ham ca tam va huong bang hé thong banh
rang. Khi do, loat ban gy sai léch duong ban theo ca 3 truc Roll, Pitch, Yaw véi bién do 16n
nhat trong tmg xap xi 0,3°, 0,5°, 0,1°.

Ngém bén béng tay quay cd khi Ngam ban bang hé TP thuy luc , Ngam bin bang hé TP thuy luc
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Hinh 4. Anh hwéng cia loat bén tdi toa dé dwong bdn.

Truong hop ngdm ban bang hé théng truyén dong thuy luc, sai 1éch theo 3 truc Roll, Pitch,
Yaw ctia goc ban co big‘:n d6 lon nhat xap xi 0,6°, 1,2° va 0,7°. Sy anh hudng nay chi yéu dén tr
dao dong cua dudng ban theo 2 truc Pitch va Yaw, trong do, dao ddng theo truc Pitch c6 sy dot
bién lon vé toc do goc (81,2°/s hinh 4c). Anh hudng cua gbc nghiéng theo truc Roll 1a khong
dang k€ do hudng ban trung voi truc doc cua xe va khoang cach tir truc quay tam toi mat dat so
voi cu ly tir xe toi muc ti€u la rat nho.

C6 thé thay, trong ca 2 trudng hop, tdc dong cua phat bén t6i toa do d}Ic‘mg,bz"m‘lé rd rang va
anh huong dang ké dén chat lugng cia loat ban. Bén canh do, khi ngam ban bang hé thong
truyén dong thuy luc, do gidgi han cong suat cua nguon thuy luc, sy nén/gian cua dau va dudng
ong,... bién do dao dong cua phao theo cdc truc 16n hon so voi truong hop s dung hé thong
truyén dong co khi, dan téi chat lugng loat ban thap hon.

Xét riéng trudng hop ngim bin bang hé truyén dong thuy lyc, trong mit phing tim, phao
chiu tdc dong cua 2 thanh phan dao dong: dao dong chinh véi tan s6 xap xi 1 Hz va cac dao dong
ky sinh v6i tan s0 trong khoang 15 Hz + 35 Hz. Trong mét phang hudng, phao hau nhu chi chiu
tac dong cia dao dong chinh véi tan so xap xi 1 Hz.
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Hinh 5. Cdc thanh phan dao déng tic dong lén dwong bdn.
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Thuec té thir nghiém cho thy, tin sb ctia thanh phan dao dong chinh phu thudc vao thoi gian
va gidn cach ciia cac loat ban. Bénh canh d6, hé théng on dinh dudng ban ciing chi c6 kha ning
bu sai 1éch do thanh phan dao dong nay gay ra do c6 tan s6 thip va nam trong kha ning dép tng
ctia h¢ thong truyén dong.

4.3. Anh huéng ciia nhiéu dia hinh khi xe co dong

Hinh 6 mé ta tic dong cua nhidu dia hinh 1én dudong ngam hoa luc khi xe co dong trén tuyén
ban dai x4p xi 400 m véi tbe d6 trung binh 10 km/h.

Db thi trong hinh 6 cho théy, cac toa do goc duong bén theo 3 truc ¢6 su bién thién lién tuc
trong sudt qué trinh xe co dong. Trong d6, nhidu goc Yaw c6 bién d¢ trung binh 16n nhung bién
d6i cham, nhiéu g6c Roll va Pitch cé bién dd trung binh nho hon nhung bién ddi nhanh va co sy
dot bién vé toc do goc (hinh 6b). Pic diém nay khién cho viée thao tic bit bam muyc tiéu bang
tay khi xe co dong trén dia hinh trd nén rat kho khan.
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Hinh 6. Anh hwéng nhiéu dia hinh téi dwong bdn khi co dong.
Trong qua trinh di chuyén, than xe lién tuc dao dong theo chiéu thang dimg voi bién do gia
téc 16n nhat toi 11m/s? (hinh 6¢). Piéu nay cho thiy, xe chiu tac dong cta hién tugng “xoc nay”
va “roi” khi co dong trén duong dia hinh.

Theo két qua phan tich phé bién do trong hinh 7, cac dao dong cua duc‘mg‘bz‘m theo cac truc
tap trung chu yéu ¢ vung tan s6 thap (nho hon 2Hz). Trong d6, phao chiu nhi€u dao dong phirc
tap vai cac dao dong co tan so cao hon theo truc Pitch (hinh 7b) so véi 2 truc con lai.
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Hinh 7. Phé bién dé cdc dao dong ciia toa d goc dwd’ng bén khi xe co déng.
Trong qua trinh co dong, ngoai nhiéu dia hinh, dudng ngam cta hoa luc con chiu tac dong do

thao tac chuyén huéng cua lai xe. Thyc té, yéu t6 nay chu yéu anh hudng dén goc huéng Yaw
ma it anh hudng dén 2 goc con lai.

Do dac trung ciu tao, phuong tién co dong banh xich c6 thé quay xe tai chd véi ban kinh nho
nén toc do chuyén hudng 16n hon nhi€u so véi phuong tién banh 16p. Ket qua khao sat trong [12]
cho thay, toc d§ chuyén hudng khi quay xe tai cho c6 thé 1én tdi 25°/s.

5. KET LUAN

Trong qua trinh van hanh, hé truyén dong vii khi trén cac phuong tién chién dau co dong banh
xich luon chiu tdc dong ctia cac yeéu to nhicu tir bén ngoai gy mat 6n dinh cac tham so toa do
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ctia duong bin trong qua trinh tac chién. Bai bao da tién hanh nghién ctru, khao sat dic trung mot
s0 nhidu tac dong chinh 1én hé thdng diéu khién truyén dong vii khi trén to hop phao phong
khong ty hanh ZSU-23-4 trong qua trinh van hanh thuc té, gém: nhiéu do hién tuong rung xe khi
n6 may, nhidu do xung luc tir loat bin va nhidu do dia hinh khi xe co dong.

Két qua nghién ciru, khao sat c6 thé duoc sir dung nhu mét tap dir liéu dau vao nham lam co
s& danh gia hiéu qua cua thuat toan diéu khién 6n dinh dwdng ngam cho vii khi trén cac phuong
tién chién diu co dong banh xich.
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ABSTRACT

Research and investigation of the disturbance characteristics affecting the gun
drive system on mobility combat tracked vehicles

Advances in

Due to its structural characteristics, the transmission system for weapons on mobility
combat tracked vehicles is subject to many impacts from nonlinear disturbances during
operation. In addition to internal disturbances, the system is also affected by external
disturbances, including vibrations from the vehicle engine when it is running, oscillations
when the vehicle maneuvers on different terrains, or influences of impulses when firing.
The article researches the dynamic model of the mobility combat tracked vehicles and
investigates the characteristics of some main disturbances due to external forces acting on
the gun drive system during operation. The results could be used as a basis for assessing
the effectiveness of the line-of-sight control algorithms for weapons on this type of vehicle.

Keywords: Stabilization system; Characteristic of disturbance; Mobility combat tracked vehicle.
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