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Hé théng truyén lyc (HTTL) 6 6 tai nhe bao gbém dong co, ly hop, truc truyén
dong cac dang, truyén Iyc chinh, vi sai, cic ban truc ndi ra cac banh xe chu
dong va co sy hoat dong phuc tap. Cac dao dong X0an trong HTTL xuét hién
trong pham vi tan s tir vai Hz dén vai kHz do tai thay doi tir tic dong xoan
ctia dong co, khe hé cuia ly hop, banh ring hop sd, khdp nbi then hodc & vi sai
cau chu dong lam xut hién céc kich thich trong hé thong. Cac dao dong udn
& tan s thap xuat hién do do cimg vimg cia HTTL lam cho h¢ thong co
chuyén dong lic ngang va dich chuyén doc theo chiéu chuyén dong cia xe.
Céac dao dong nay la nguyén nhan gy rung lic xe. Phuong phap nghién ciru
ly thuyet md hinh hoéa dé khao sat cac dao dong HTTL 1a qué trinh mang dic
tinh gan dang. Phuong phdp nghién ctru thuc nghiém s€ chinh xac hoa
phuong phép nghién ciru 1y thuyét. Bai bao trinh bay noi dung xay dung mo
hinh thi nghiém dao dong HTTL 6 t6 tai nhe. M6 hinh dugc xay dung trén co
s& sir dung nhing thiét bi: Bé thir HTTL kiéu dong cong suét kin, kiéu dong
cong sudt ho va trén xe thuc. Cac két qua nghién ciru s& gitip ngudi sir dung
lya chon phuong phéap thi nghiém phu hop.
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The powertrain of a typical light truck includes an engine, a clutch, a gearbox,
a transmission shaft, a drive transmission, a differential, and two halfshafts
connected to the two wheels, which altogether result in a complex operation.
The twisting oscillations in the powertrain system occur in the frequency's
range from a few Hz to a few kHz as the load varies due to engine torque,
clutch clearance, gears, helical or hypoid gears. Furthermore, bending
vibrations occur at low frequencies depend on the resistance to bending of the
powertrain system, which causes the system to move both traversely and
longitudinally along the direction of the vehicle’s motion. These movements
are the cause of vibration in the truck. This paper presents a method to build
the Experimental Model Vibration for Powertrain of Light trucks. This work
is built with the use of the following equipments: test bed of closed-loop
power, open-loop power and real-time test on the light truck. The results of
the study will help the users select the appropriate testing methods.
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1. GIOI THIEU

Khi 6 t0 chuyén dong, trong cac cum cua hé théng truyén luc (HTTL) bi tac dong tai tr dong
co, tur do map md mit duong, tai khic phuc trong luong ciia xe va hang hoa khi khoi hanh, sy tang
tc va  phanh 6 t6. Mot trong nhiing nguyen nhén gy ra dao dong dong co la su rung & tan sb thap
dan dén hong cac chi tiét giam chéan cua gia treo may. Cac ngudn rung tan sb thap trong dong co la
su khong can bang lyc quén tinh cta khdi lwong co cau truc Khuyu thanh truyén khi chuyén dong
tinh tién va chuyen dong quay [1]. Nhing rung dong ¢ tan sb cao ctia dong co truyén ra vo dong co
dén cac chi tiét cia HTTL. Dé khic phuc hién twong niy ngudi ta st dung cac gia treo giam rung
tuy nhién s& lam tang do on trong clia 6 to.

Tir cac map md mit duong tao ra cac kich dong 1én 16p va hé thong treo ciia 6 t6 1a cho xe bi
dao dong trong mat phang thang dimg khi xe chuyén dong. bac tinh mat duong 1a ngau nhién va
tudn theo quy luat phan bd chuan tao ra gia tri lon nhat ctia Iyc kich thich s& 16n gép ba lan gi tri
binh phuong trung binh. Cac tan s6 dao dong riéng cta khéi lwong dugce treo clia 6 t6 & trong pham
vi 1 ~ 3Hz con phan khéi lugng khong dugc treo dao dong riéng ¢ pham vi 5 ~ 20Hz. Phy thudc
vao loai hé thng treo ctia 6 t6 s& dan dén dao dong & tn s6 thip cua HTTL. Sy anh huéng cua cac
yéu t6 bén ngoai dén dao dong ciia cac cum trong HTTL. Khi 6 t6 khoi hanh, ting tdc va phanh dot
ngdt s& gy ra tai trong dong trong HTTL va géy ra hién tugng qua tai cac chi tiét [2].

Do khdi luong 1éch tam cua ban than cac chi tiét quay trong HTTL tao ra cac m6 men quan
tinh mat can bang lam cho HTTL bi dao dong xo0dn s& gy 6n va lam hong cac chi tiét. Cac dao
dong cta hé thong truyén lyc truyén tdi than vo 14 anh huong t61 do ém diu chuyén dong cua xe.
Mot trong nhirng bién phap giam dao dong cua HTTL la thiét ké lap dat hop 1y cac u ty co giam
chin va do cing phi hop nham giam cac xung luc ngau nhién. Thong thudng nguoi ta thiét ké sa0
cho khi HTTL dao dong ¢ tan s6 thap dudi 20Hz va bién d dao dong tir 0,3 ~ 15mm thi yéu cu
cta y ty can co do cimg 16n va bién dang manh; khi HTTL dao dong & tan sé cao trén 20Hz (20 ~
200Hz), bién d6 0,05 ~ 0,15mm céc u ty can c6 dd cing nhd (mém hon) va bién dang it. Dao dong
truyén tir HTTL dn than vo xe phu thudc vao bién d6 dao dong cta no, vao dd cling cia cac u ty,
vao vi tri lap dat va @o bén co hoc cua HTTL.

Déi voi xe tai sir dung tryc cac dang ndi gitra hop s6 va cau sau chu dong thi HTTL c6 cac
dao dong: theo phwong thang dung, dich chuyén doc theo hudéng chuyén dong cua xe va dao dong
quay quanh truc doc ciia nd. Déi véi xe con thi chi c6 dao dong theo hudng thing dung nén duoc
nghién ctru trén mo hinh mdt bac ty do. Co ban phuong phap xac dinh dao dong cua HTTL la xac
dinh bang tinh toan md phong nhimg gia tdc quan tinh dé tim ra moi quan hé voi tan s, va bién do
ctia dao dong véi cac thong so dau vao hai cach. Cach thir nhét 1a sir dung phin mém CAD véi md
hinh 3-D cta HTTL, tién lgi va phit hop véi céc trung tim thiét ké. Cach thir hai 1a sir dung thuc
nghiém phii hop véi nhimng noi khong c6 didu kién thiét ké va cho két qua truc quan hon, c6 thé sir
dung ddi véi nhiéu loai HTTL cua nhiéu loai xe, thay ddi truc tiép cac diéu kién thi nghiém dé rit ra
cac két luan tryc tiép ddi voi két qua tir do co nhitng quyét dinh nhanh hon vé thiét ké [3].

2. XAY DUNG MO HINH THi NGHIEM DAO PONG HE THONG TRUYEN LUC
2.1. Muc dich thi nghiém

Thi nghiém HTTL nham dat duoc nhirng muc dich:
Xéc dinh cac dao dong xoan va dao dong udn trong HTTL 6 t6 tdi nhe, cac thong s6 dao
dong gbdm co: tan so, bién do nham xéac dinh gia toc quan tinh cia dao dong.
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Xac dinh anh hudng cta nhiing thong sO dau vao gdm c6 ché do lam viéc ciia dong co;
thong s6 dong hoc (goc nghiéng truc cac dang, chiéu dai tryc va chidu day truc) anh hudng dén
md men quan tinh khdi lwong céc chi tiét quay trong HTTL.

2.2. Xay dung mé hinh thi nghi¢m dao ddng xoin h¢ thong truyén lue
2.2.1. So dé thi nghiém va cdc thong sé dao dpng xodn trong hé thong truyén luc

Dao dong xoidn HTTL duoc xdy dung theo so db hinh 1. M6 men xoan va van tdc goc truc

khuyu 7, ap. M6 men ly hop dat trén truc so cap hop sb co gia tri T, @y. Lan luot trén tryuc ra
hdp s0, truc cac dang truyén lyc chinh, cac ban truc va banh xe chu dong c6 gia tri mé men xodn
va van tdc goc tuong ung 1a T, an; T3, ax; Ty, cy; Ts, ws; Ts ws, hinh 1.

Hinh 1. So' do hé théng truyén luc xe tai nhe

Céc gia tri tai tdc dung 1én HTTL dugc xac dinh bdi nhitng phuong trinh (1), (2), (3), (4).

T, (i)-T, (i)=a, (io)(ij,0+B, ) (1)
T (i) 2 (i) ~o,(io)(i]0+B,) @)
T4(iw)—@=w4(i)(yd+3d) 3)
T,(iw)=w,(io)(i],,0+B,) 4)

Trong md phong co thé sir dung phin mém MATLAB SIMULINK dé giai tim dap tng tan
sO va trong mién thoi gian [4].
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2.2.2. Lwa chon thiét bi thi nghiém dao djng xodn trong hé thong truyén luc

Nhitng thiét bi phd bién sir dung thi nghiém dao dong xodn HTTL dugc su dung trong
phong thi nghiém gom c6 bé thir kiéu .dong cong suét kin va kiéu dong cong suét ho. Loai bé thu
kiéu dong cong suat kin c6 vu diém vé viéc str dung dong co din dong chi cin cong suit nho vira
du khic phuc mdé men ma sat trong cua thiét bi nén loai nay thuong sir dung dong co dién dé dan
dong. Loai bé thir kiéu dong cong sut hé ¢ vu diém 1a dong cong suit dugce truyén dong dung
trang thai lam viéc cia HTTL, do cac lyc can ¢ hai ban tryc 16n nén can st dung dong co c6
cong suit tuong duong dong co trén xe thyc lam dong co dan dong trén bé thu [5].

Trén co s6 uu diém cua bé thu kiéu dong cong suat ho dé xdy dung md hinh thi nghiém
dao dong xodn hé thong truyén lyc xe tai nhe, hinh 2. Céc thiét bi trén mo hinh 1a tiéu chuan véi
nhiing thong sO cu thé. Dao dong xoan cia HTTL dugc mo ta trén mo hinh b¢ thir dong cong
sudt ho 5 bac ty do. Nguyén 1y hoat dong cua b¢ thir 1a sur kiém soat mo men xodn va toc do goc
cua ca hai dong co dan dong M1 va dong co dién gay tai M2 cho phép phan tich cac thong s6 dao
dong xodn (tan sé dao dong, gia toc va ca dang dao dong) tuy theo nhirng kich thich cua tai
trong. Su dung cac cam bién toc do tai cac vi tri trén dudng truyen luc cho phép theo ddi phan
g cua hé thong dong. Ngoai ra ciing c6 thé khao sat duge do 6n cua HTTL trén bé thir nay [6].

mx:
[ )

B
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Ml £ Der K ER B M M

Hinh 2. So d6 bé thir dao dong xodn dong cong suat ho

M1 1a dong co dﬁn dong bé thir co cong suat Ty, twong duong cong suit cia dong co
4102QBZ (81kW tai s6 vong quay 3000 v/ph).

DCT 1a hop sb trung glan c6 cac thong sb md men quan tinh kh01 luong quay cua tryc vao,
truc ra la I,, I3; cac dich chuyen goc 6>, 65; kper1a hé s6 do cung x04n cla hop s6 duge xac dinh
boi d6 1éch goc giira truc vao va truc ra dudi ché do tai xac dinh;z; 13 hé sb ma sat tai bé mat in
khép ciia banh rang hop sd.

BR 1a b phanh tao luc can trong ctia hé thong c6 cac thong s mdé men quan tinh khdi
luong quay cua bo phanh /;; dich chuyen goc O,

MT la hop s6 co khi véi cac tay s6 tuong duong hop sb trén xe thuc, thong sé dich chuyén
g0¢ Suyrva hé sb ma sat .

M2 14 co cau phanh tao tai ctia h¢ thong Ty, duoc sir dung mot md to dién 3 pha gay ra
cac tai tuong duong voi tai trén xe gdm lyc can khi dong hoc, 1u:c can lan luc can bam va cac
luc can 1én ddc, can khdi luzong quén tinh.Céc théng s6 clia co ciu phanh gdm mé men quén tinh
khdi lwong quay I5; dich chuyén goc 6s.
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K1, K2, K; 1a cac khép ndi dan hdi v6i cac thong s hé s6 do ctmg Sk va kx v6i nhimg chi
sO tuong ting trén so do. Q ) 3
B9 dieu khién dong co dugc str dung ki€u PI. Dao dong cua md6 men xoan dong co dan
dong dugc mo ta trong phuong trinh (5).
T =k, (6.,—0,)+k, [(6,,-6,)dt (5)
O d6 k, va krla cac hé s6 dao ham va tich phan. Khi ddt ché do thi nghiém véi téc do dau
vao cua dong co khong d6i (6 ) =Const ) phuong trinh (5) c6 chuyén thanh (6) véi k,0,.k,0, 1a

cac thanh phan d6 clmg va can giam chén.

T, =0, (k,+k,.t)~k,0,~k 6, (6)

2.3. M hinh thi nghi¢ém dao dong uén ciia h¢ thong truyén e

Dao dong udn ciia HTTL gay ra theo hudng thing dung khi xe chuyén dong trén duong do
cac lyc kich thich tir mat duong va anh huéng ciia cac ché do diéu khién cua nguoi li. Hién
tugng rung s& xay ra khi co su phdi hop khong nhip nhang gitra chan ga, chan phanh va mat
duong cling nhu anh huong cua vat can dot ngot xuét hién. Cac rung dong nay lam cho mé men
xoan bién thién vé tan s va tao ra cac lyc quan tinh 1am rung lic than xe. Tuong tac giita hé
thong truyén lyc va xe s& anh huong dén d6 ém diu chuyén dong. M6 hinh mo phong rung dong
than xe dugc xay dung bao gdm ca hai loai twong tac, mot 13 tuong tac tor mat duong, hai la
tuong tac tir hé thong truyen lyc. Str dung phuong phap phén tich tham sO tap hop gitra hai kich
thich tai tao m6é men xoén do hé thong truyén luc tao ra cho phu hop, hinh 3 [7].

i
KILEDIT phai KILEDI: phai
KL dwgc treo (| HT truyén luc M8 men xodn
KLEDIT trai KLEDIE trai

Hinh 3. So d6 nghién ciru dao dong uén hé thdng truyén lyuc

_Céac thong s6 dao dong udn trong hé tpéng truyén luc dugc xac dinh gitra sy lién quan cua
chuyén vi tai cac u d& treo vo1 sy dich chuyén cua trong tam khoi luong nhirng cum céu thanh h¢
thong va duogc xac dinh boi hé phuong trinh (7) trong khong gian.

AX; =4, ‘prlzi ~@yly,
AY =4, 'szl)q —oxly, (7
AZ =4, +(pXIYi -1,
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Trong d6 AX;, AY,, AZ; va AX;, AY;, AZ 1a céc dich chuyén cua u do treo thir i va trong tam
khéi lwgng theo hudng x, v, z; P, Py 18 cac goc quay cua HTTL quanh cac truc X, ¥, Z; [, Iy, I
la khoang cach tur trong tam khéi luong HTTL dén y d& treo th i theo phuong cac truc X, ¥, Z.
Bang cach dao ham cac dich chuyén, van téc dich chuyén ta nhan duoc cac van tdc va gia toc
dich chuyén.

Nhing thong sb va vi tri do trong thi nghiém gom:

— Dao dong theo phuong thing dtng, phuong doc va phuong ngang tai cac u d& treo HTTL;

— Dao ddng theo phuong thing ding, phuong doc va phuong ngang tai can chuyén sd;

— Dao dong theo phuong thing dimg ctia vanh tay lai;

— Dao dong theo phuong thing ding ciia tAm san dudi chan nguoi 1ai;

— Dic tinh bién d6 va tan sb rung cua dong co;

— Tbc d6 chuyén dong tinh tién cua 6 to;

— Dao dong goc ciia HTTL trong mit phing ngang;

— Dao dong goc cia HTTL trong mét phing thing dimg.

3. PHAN TiCH KET QUA THi NGHIEM

Cic diéu kién (ché do) thi nghi¢m:

— Xe dung yen nd may tai chd & ché do khong tai;

— Xe chuyén dong trén duong thi nghiém ¢ hai ché do: Ché do thu nhat cho ting tdc

nhanh tai tay s6 3 va 4 voi s6 vong quay dong co twong Gmg & cong sut cuc dai 1a tir
0,45 Nne dén 0,9 Nne (v/ph). Khi téc do xe 6n dinh s& tién hanh do ¢ ché d6 thir hai voi
tdc do xe trong khoang 40 km/h dén 60 knvh ¢ tay s6 4 va sd 5.

Két ‘qua thi nghiém dao dong xoin HTTL dugc thir nghiém trén bé thir trong phong thi
nghiém két hop véi phan tich phan tir hitu han (FEA). Bé thir kiéu dong cong suat ho va cau chi
dong duogc tai truong Pai hoc Cong nghi¢p Ha Ndi do hang Dyna Pro Dynamometers Ltd United
Kingdom ché tao [9], hinh 4.a, két qua do trinh bay trén hinh 4.c. Sir dung cam bién gia toc 3
chiéu VM-6380 Digital 3-Axis Vibration Meter Piezoelectric Sensor Displacement Velocity
Acceleration [10] dé do dao dong udn tai vi tri u d& treo hép s6 theo ba phuong x, y, z, hinh 4.b
va két qua trén hinh 4.d.

Ciing c6 thé danh gia dao dong riéng biét trén mdi cum cua HTTL. Hop sé st dung tiéu
chudn ISO 8579-2-1993 do va phan tich két qua thi nghiém cac thong sé dao dong cua hop sb
[11]. i véi truc cac dang duoc xac dinh luong mét can bang dong, sir dung phwong phap do va
phan tich két qua theo tiéu chuan ISO 1940/1 [12].

a) Bé thir HTTL dong cong suit ho b) Lap cam bién do dao dong u d treo hop sb



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

15 Lo

oo 'I* %" ‘l '”ﬁ

I.
I

-10 4

15 : { i

X t(s)

-20 -10

¢) Két qua do dao dong xoan theo phuong z va y HTTL  d) Két qua do dao dong theo x, y, z tai u dd treo hop sb

Hinh 4. B¢ thir hé thong truyén lyc va cac két qua thi nghiém

4. KET LUAN

Mb hinh thi nghiém do dao dong xodn HTTL trén bé thir kiéu dong cong suit ho véi cac
ché d6 tai duge thuc hién trén bé thir co co cdu phanh di¢n tur co thé diéu khién duoc cac ché do
tai theo tinh toan.

St dung cam bién gia tdc ba chiéu VM-6380 Digital 3-Axis Vibration Meter Piezoelectric
Sensor Displacement Velocity Acceleration dat tai cac vi tri géi than truc truyén dong, léy Kkét
qua dao dong xodn theo hai chiéu x, y (chiéu z doc theo than truc) hinh 4.c. va tai vi tri u d& treo
hép so lay két qua dao dong udn theo ba chiéu x, y, z hinh 4. d. Sau khi xu Iy ket qua do, phan
tich tan s6 dao dong cua tin hi¢u bién dang ta x4c dinh dugc tan sd dao dong udn va dao dong
xodn cua hé thong truyén luc.

Trén d thi hinh 4.c, dao dong xoén theo phwong x, y ta nhan duoc & khoang thoi gian dau
va cudi cua chu ky dao dong co tan sb va bién do gan trung nhau; ¢ khoang giita dao dong theo
phuong y c6 bién do 16n hon dao dong theo phuong x, day la ving gay rung dong HTTL anh
hudng dén do ém diu cia xe 6 t6. Ta can c6 bién phap thiét ké tranh vung nay.

Trén db thi hinh 4.d, dao dong udn theo phu:ong X, ¥, z.¢0 tan sb va bién d6 déu nhau trong
ca chu ky dao dong. Day la nguyén nhan gay moi cac chi tiét trong HTTL. Trong ldp dat can co
bién phéap giam cac dao dong udn bing cac gbi tya mém giam dao dong xodn.
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