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THIET KE VA MO PHONG HE THONG LAI TRO' LUC DIEN BANG
PHAN MEM INVENTOR

DESIGN AND SIMULATION OF ELECTRIC POWER STEERING SYSTEM USING
INVENTOR SOFTWARE
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TOM TAT

Trong linh viee nganh cong nghé 6 té hién nay dang phdt trién rat manh mé ddc biét la nhing
phat minh nghién citu vé cdc hé thong trén xe ngay cang nhiéu. Trong do, hé thong lai la mét hé
thong dién hinh, sy ra doi cia hé thong 1di tro liee dién (EPS) dang dan thay thé hé thong 1di thong
thwong trén cdc dong é t6 hién dai. Uu diém chinh ciia hé thong EPS gitip nguoi ldi diéu khién xe
ngay mot nhe nhang va dé dang hon, giam thiéu nguy co méi tay trong diéu kién giao thong dong
duc. Hé thong con cé thé tich hop cdc tinh ndang an todan nhw hé tro gii lan dwd’ng hé tro phanh
khan cap, giip gidm nguy co tai nan giao théng. Hién nay, trén thé gici c6 rat nhiéu bai bdo, bdi
nghién cuu lzen quan dén hé thong ldi tro lee dién nham cdi tién, ndng cao qud trinh vin hanh cua
cdc cum chi tiét co khi trong hé thong. Trong bai nghién ciru nay, chiing téi da phan tich cdu tao va
nguyén y lam viéc ciia hé thong ldi tro lee dién, xdy dung cdc dwong cong tro luc, dieong dic tinh
va sir dung phan mém Inventor dé kiém nghiém bén ciia mot sé chi tiét trong hé thong ldi. Tir két
qud mo phong do, ta so sanh do chinh xdc cua cac gia tri moé phong so voi phwong phap tinh todan
truyén thong, qua dé chimg minh dwoc tinh kha thi ciia phirong phdp sir dung phan mém Inventor
dé kiém nghiém mot sé chi tiét trong hé thong ldi. Phwong phdp ndy givip giam thiéu thoi gian thir
nghiém, san xudt trong twong lai.

T khéa: Hé thong ldi tro e dién (EPS); Kiém nghiém bén; M6 phong; Inventor:
ABSTRACT

In the field of automotive technology, the industry is currently developing very strongly,
especially as research inventions on vehicle systems are increasing. In which the steering system
is a typical system, the introduction of electric power steering (EPS) is gradually replacing the
conventional steering system on modern cars. The main advantage of the EPS system is that it helps
the driver control the vehicle more smoothly and easily all day, minimizing the risk of hand fatigue
in crowded traffic conditions. The system can also integrate safety features such as lane-keeping
assist and emergency brake assist, helping to reduce the risk of traffic accidents. Currently in the
world, there are many articles and research articles related to electric power steering systems
to improve the operation of the mechanical assemblies in the system. In this study, we analyzed
the structure and working principle of the electric power steering system, built power steering
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curves and characteristic curves, and applied the method of using Inventor software to test the
durability of some details in the system. From that result, we compare the accuracy of the values
with the traditional calculation method, thereby proving the validity of the method of using Inventor
software to test some details in the steering system to help reduce testing and production time in the

future.

Keywords: Electric power steering system (EPS),; Durability testing,; Simulate; Inventor.

1. TONG QUAN

Hé thdng l4i tro lyc dién (EPS) 1a mot
hé thdng rat quan trong gitp cai thién kha ning
xtr 1y cua ngudi lai va do on dinh cia 6 to.
Hé thong EPS bao gom hé thong co khi va hé
thong dién tir va diéu khién, déng thoi né phai
hoat dong trong toan b hé théng co khi cua xe.
Mot trong nhitng phan quan trong nhét ctia hé
thong EPS 1a hé thong diéu khién dién, n6 nhan
tin hiéu duogc thu thap tir cdc cam bién vé tdc
do xe, goc lai, mé-men lai va diéu khién dong
co trg luc dé cung cép mdt lwong moé-men X04n
can thiét.

Linh vyc nay da thu hut rat nhiéu nhém
tac gia nghién ctu vé nhimng wu nhugc diém
ctia hé thong EPS. Noi bat trong cac nghién
ctru co thé ké dén bai bao “Study on Electric
Power Steering System Based on ADAMS”
cua nhém tac gia Hao Chen va cac cong su [1].
Nghién ctru nay da phat trién duong cong tro
luc EPS (Electric Power Steering) dugc tich
hop vao dic tinh trg 14i, nhdm cai thién kha
nang diéu khién va d6 6n dinh cta cia tay lai.
Két qua nghién ctru di cho thay hé thong EPS
v6i duong cong tro luc dugc thiét ké giup giam
thoi gian phan Umg va gia tri vugt muc, qua do
dam bao phan ung dong luc va do on dinh cua
xe khi van hanh. Bén canh do, bai nghién ctru
cua nhom tac gia Xiaodong Zheng va céac cong
su v6i dé tai [2] “Simulation analysis of electric
power steering System (EPS) test platform™ da
dé xuét va xay dung mot nén tang md phong

dé hd tro qua trinh thiét ké va phat trién cac hé
théng tro luc 1ai dién (EPS) hiéu qua hon. Bai
bao di sir dung phin mém Matlab/Simulink xay
dung m6 hinh moé phong hoat dong cuia EPS
dudi cac diéu kién hoat dong va diéu kién thir
nghiém khac nhau, qua d6 xac dinh dugc dong
dién trg lyc va moé-men tro luc can thiét cho
cac tinh hudng cu thé, cudi cing nhiing thong
tin thu dugc tir qué trinh mé phong sé dugc s
dung dé cai tién viéc thiét ké va phat trién cac
hé théng lai trg lyc dién trong tuong lai. Ngoai
ra, nhom tac gid N. Nazaruddin va céc cong su
[3] d3 nghién ctru véi dé tai “Electric power
steering: an overview of dynamics equation
and how it's developed for large vehicle”. Bai
nghién ctru d6 da gidi thiéu va giai thich cac
mo hinh phuong trinh chuyén dong di co cua
hé théng 14i trg lyc dién (EPS), tir 46 cung cip
cac kién thic chuyén sdu vé cidc mo hinh tinh
toan dugc su dung dé thiét ké va tdi wu hoa hé
thong 1ai tro lyc dién.

Trong qua trinh phét trién hé théng
EPS, cac hé théng khac nhau phai dugc phat
trién dong thoi dé giam thoi gian va chi phi phat
trién hé thong. Su hop tac gitta cac ky su cung
v6i cac bd phan lién quan dé phat trién cac hé
théng khac nhau ciing can thiét. Vi vay, phat
trién dya trén mo hinh 1a mot hudéng di hop 1y
cho su phat trién va hop tac song song nay [4-
6]. Hién nay, viéc sir dung cac phﬁn mém md
phong dé kiém bén cac chi tiét co khi trén 6 t6
dang phat trién rit manh mé. Trong bai bao nay,
nhom tac gia da ing dung phan mém mo phong
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Inventor dé kiém nghiém tinh bén mot sd cac
chi tiét trong h¢ thong lai tro di¢n (EPS).

2. CAU TAO VA NGUYEN LY LAM VIEC
CUA HE THONG EPS

2.1. Céu tao ciia hé thong lai tro luc dién
Hé théng lai tro luc dién tao mo-men

tro luc nho mo-to trg luc van hanh lai va giam
luc danh 1ai.

Hinh 1. So' do hé thong ldi tro liec dién bé tri trén
truc lai

1) ECU diéu khién; 2) Mé-to tro liee; 3) Cam bién
mo-men

ECU diéu khién tiép nhan cac thong sb
tin hiéu ctia cam bién mo-men, cam bién téc do
dong co, tin hi¢u IG, tin hi¢u tdc do xe sau do
tinh toan va diéu khién mo-to trg luc. Mo-to trg
lre ndi voi truc 1ai bang b giam tdc truc vit —
banh vit va duoc diéu khién bang ECU. M6-to
c6 thé dao chiéu va quay & cac toc d6 khac nhau
tuy theo mirc do danh lai cua nguoi lai va mo-
men can quay vong. Cam bién mo-men duogc
gin vao phia trong truc 1ai, dua vao hiéu tng
Hall dé cung cap dién ap dau ra tiy thudc vao
mo-men danh 14i va mo-men can. Dién 4p dau
ra ctia cam bién s& dugc gui vao ECU dé diéu
khién mo-to trg luc [7].

2.2. Nguyén ly hoat dong ciia hé thong

Téc dd xa - -

Tin hiu B — r__‘|

GoC quay vanh i — .|

ECU

MG men truc Bi ———————

Moch diu i

Téc 36 dbdng o0 —— =

Chil @& kihding tél —————=

-
Mach chin doan

LH’__L
Hinh 2. So' do tin hiéu diéu khién hé thong ldi tro
lye dién

Nguyén 1y 1am viéc ctia hé théng dua
trén nguyén tic ECU tiép nhan cac tin hiéu
chinh: tin hiéu dau vao tir cam bién mo-men
cta truc 14i va tin hiéu cta cam bién téc do cua
xe, tin hiéu B+, ché d6 khong tai dé tinh toan
diéu khién mo-to tro lyc phit hop voi didu kién
lai. Lyc danh lai cang 16n thi mé-to trg luc cang
nhiéu, nhung mé-men trg luc s€ giam dan khi
tde do xe tang dan. Khi hoat dong o trang thai
quay vong, ngudi diéu khién tic dong quay
vanh lai, xuat hién hién tuong xoay tuong ddi
giita hai dau thanh xodn, cam bién mo-men
thay d6i dién 4p tuy theo chidu quay va do
léch tuong ddi giita hai dau thanh xoén, sau do
truyén tin hiéu vé ECU, két hop véi tin hidu toc
do xe léy tr cam bién tdc d6, ECU tinh toan ra
dong dién diéu khién va chiéu quay cia mo-to
trg lyc cho phu hop. Khi hoat dong & trang thai
di thing, truc lai khong duoc tac dong do do
khéng c6 hién tuong xoay twong d6i ¢ hai dau
thanh xo04n, cam bién mo-men khong thay do6i
dién ap, vi thé ECU khong diéu khién mé-to trg
luc va trang thai di thang duogc gitt nguyén [7].

3.COSOLY THUYET
3.1. Xay dung dac tinh trg luc

bic tinh hd tro cua EPS duoc thé hién
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qua mdi quan hé gifra tin hiéu dau vao (mé-
men xodn va toc do) va tin hiéu dau ra (mé-men
ho tro hodc dong dién cta dong co). Trong qua
trinh 14i xe, luc can lai giam khi tbc d6 cua 6 to
tang, do d6 mo-men xoan hd tro ctia dong co sé
giam khi tang tde d6 va khi tde do vuot quéa mot
gidi han nhét dinh thi mé-to tro luc s& khong
duoc cap dién. Co ba kiéu duong cong dic tinh
hd tro phd bién: tuyén tinh, dudng gip khuc
va duong cong. Puong cong dic tinh hd trg
tuyén tinh rit don gian trong hinh thirc, d& diéu
chinh va trién khai trong thuc té va dugc su
dung rong ri nhat. Vi vay, bai viét nay sir dung
duong cong hd trg tuyén tinh dic trung 1am dbi
tugng nghién curu. Dac tinh ho tro tuyén tinh c6
thé duoc biéu dién dudi dang ham sau:

0, O0=Ts<Tu
Th=1 f(V)Ye(Ti=Ts0), Tao =Ti < T an
f{"’}'{ru’ max = I-"D]-. Tiu' = T-n' aa

Trong do: T, 1a mf)jmen can thiét cua
dong co dién; f(v) la hé s6 cdm ung tdc do;
T, ... 1a mo-men hé tro cuc dai cua mé-:to tro
lyc 1ai; T,  1a m6-men dau vao nhc} nbét cua
b dan dong luc moé-to trg luc 1ai bat dau hoat
dong; T, 1a md-men dau vao cia bo dan d@ng
khi mo-to tro luc 1ai hoat dong vdi cong suat
cuc dai.

Céc thong sé dic trung cta dudng dic
tinh dugc thiét 1ap nhu sau [8-10]:

Ty, = INm, T = 76Nm, T =
22Nm. H¢ s0 cam tng toc do dugc xac dinh
theo quy tic néu trong Bang 1 (can hiéu chinh
khi kiém tra thuc t€). Mo-to trg luc 14i ngimg
duogc cap dién ¢ toe do trén 80 km/h.

Bdng 1. Bang hé so cam irng toc dg

Van
tbe
H¢
s6

cam

ing

0 10 | 20 | 30 | 40 | 60 | 80

316 12,15 1.85| 1.5 | 1.3 | 1.050.72

Theo cac thong sb trén cua bang 1, muc
ho tro cua duong cong tro luc EPS c6 thé dugc
thiét 1ap nhu trong Hinh 3.

E:-E ....................... ﬂK.l'I:l"h

- 10Km/h

z : 20Km/h

., H

= : - 30Km/h

' i 40Km/h
/ G0Km'h
_ f{“_’_’i_- ; 80Km/h

ﬂ Tﬁ'l:I

Hinh 3. Duong cong tro luc cua EPS
3.2. Xay dung dwong dac tinh mo-to

Pé mo-to tro luc thay ddi theo toc do
ctia 6 to thi ta thay d6i mé-men tro luc bang
cach diéu khién dong dién cap cho mé-to theo
tbc d6 di chuyén cua xe va theo mo-men tac
dong trén truc 1ai [11]. V6i van tdc xe nho nhat
v_. = 0 (km/h), thi dong dién cuc dai cap cho
mo-to 1a 60(A). Véi van toc xe 16n nhatv_ =
160(km/h), thi dong dién cuc dai cip cho mo-to
la 17(A).

Vi vay, ta tinh dong dién cuc dai cho
mo-to ¢ cac van toc khac nhau theo cong thic
sau:

(60-17)V
160

1 =60~
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Bdng 2. Bang gid tri dong dién diéu khién theo
van toc

Van
tbc | 0 | 10 | 20 | 30 | 40 | 60 | 80
Xe

Dong

Ao 60|5731546| 52 | 49 | 44 | 38
dién

Ta c6 luc tac dung 1én vanh l4i nho nhat
khi bat dau trg luc 1a 20N, nhu vay mo-men tac
dung trén truc lai 1a = 20.0,25 = 5(N.m) (ban
kinh vanh lai R = 0,25m).

Ta c6 luc tac dung 1én vanh lai 16n nhét
khi trg luc hoat dong cuc dai 1a 60N, nhu vay
mod-men tac dung trén truc lai la = 60.0,25 =15
(Nm).

Ta c6 dd thi sau:

‘ Doéng dién Motor (A)

vvvvv

——

Hinh 4. Bdc tinh diéu khién mé-to dién

Trén hinh 4 ta thay, khi van toc xe cang
16n thi d6 dbc ciia d6 thi cang nho, co nghia la
dong dién cip cho mé-to cang nhod véi cling
mo-men tac dung trén truc l1ai, nhu vay mo-men
trg lyc cua mo-to thay ddi theo tdc do xe. Tdc
d6 xe cang 16n thi hé thong 1ai cung cap mo-
men tro luc c6 gia tri cang nhd.

4. KIEM NGHIEM HE THONG EPS

4.1. Kiém bén cac chi tiét bing phwong phap
truyén théng

4.1.1. Kiém tra bén Ro-tuyn

Bdng 3. Théng s6 kich thurde ciia Ré-tuyn

Théng s6 kich thwée | Ky higu | Gia tri
KPoarig C%Ch, tur {am . 23 (mm)
cau dén vi tri ngam N
Puong kinh tai vi tri

ngam tinh toan dy 18 (mm)
Puong kinh cau
Ro-tuyn D. 28 (mm)
Duong kinh bé mit ty
voi dém Ro-tuyn k 16 (mm)

Vit liéu ché tao tru cau sir dung thép
xé-mang-tit hoa 15HM, c6 nhiét luyén bé mat
dé tang tinh chdng mon, co cac théng sd nhu

sau [11]:

Bang 4. Bang thong $6 vt liéu ché tao tru cau

Théng s6 kich thuwée | Ky hi¢u Gia tri
Ung suét chén dap cho
phép [o,] 35 (MPa)
Ung sut uén cho o] 300
phép tai vi tri ngam u (MPa)
Ung suat cat cho phép
tai vi tri ngam (] 80 (Mpa)

Duya vao tinh chit va nguyén 1y lam viéc
cla tru cau, viéc kiém tra do bén cia tru cau s&
tap trung chu yéu vao viéc phan tich va danh
gia g suat chén dap tai vi tri lam viéc va kiém
tra d6 bén udn va cit tai vi tri ngam. Gia thuyét
rang: Luc tac dung 1én khdp cau 16n nhét chinh
1a luc cuc dai tac dung 1én don kéo ngang N =
7994,47 (N). So d6 luc tac dung nhu trén Hinh
5.
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Hinh 5. So dé luc

Viée kiém tra do bén cia khop cau dua
trén g suat chen dap tai bé mat lam viéc cua
khop cau co6 thé dua vao cong thuc dudi day

[11]:

Trong do6: F_ — Dién tich ti€p xuc gitta
mat cau va dém ro-tuyn.

Trong thuc té lam viéc, dién tich 1am
viéc chiém 2/3 bé mit cua khoép cau, nén bé mat
chiu Iyc tiép xtc chiém 1/2.2/3 = 1/3 bé mat
khép cau.

Ta co:

Tc:i:%’glzzzzn Fc:lﬂ])c2
F, 3,140,028 3

D, — Dudng kinh cau ro-tuyn, D, =28mm.

o, =244 _ 31 40 (MPay<[o,]

;3.14.0.0282

Vay, chot cau thod man dicu kién chén
dap tai bé mat lam viéc.

Kiém tra theo d6 bén uén [11]:

Viéc kiém tra d0 bén uon cia chot cau
tai vi tri ngam c6 thé tinh toan dua theo cong
thure sau:

N
G uc = e =
Wu
Trong do:

W — Mo-men chong uon cua tiet di¢n
tinh toan, dugc tinh dya vao cong thuc sau:

W, =0.1d v’
Thay s vio, ta co:
~7994,47.0.023

(2
. 0,1.0,018°

o6 <[oc ], nhu vay c6 the két luan rang
, L uc uc R , AT
chot cau dam bao do bén uodn tai vi tri nguy
hiém nhat.

= 273,69 (MPa)

Viéc ki€ém tra d0 bén cat ctia r6-tuyn tai
vi tri ngam dugc thuc hién theo cong thurc sau:

"Trong do, F_ dugc tinh toan dya theo
cong thuec:

F = zD?
4
ST TR

¢ 3,14.0,028—
4

Co thé thay rang: T,< 1, vdy nén co thé
két luan rang khop cau théa man di€u kién cat
tai tict dién nguy hiém nhat.
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4.1.2. Kiém tra bén truc ldi

V222
s - "
,/f:_,.-:f e 4
: "’-;x:ff;;;-_. s
s

Hinh 6. Mat cat truc ldi

Hinh trén 1 hinh v& mat cét cta thanh
truc 1ai voi bién dang 1a thanh c6 hai duong
kinh. Véi nhitng thong sé duoc nhom tac gia
lura chon nhu sau:

- Buong kinh ngoai: D, = 25 (mm);
- Buong kinh trong: d, = 17 (mm).

Bén canh thong s6 vat liéu cho viéc tinh
toan 14 bo thong so vat lidu cua thép 35, khong
nhiét luyén voi thong sb tmg suét tiép xtac cho
phép: [t ] = 50 + 80 Mpa [11].

Dua vao nguyén ly lam viéc va dac
diém lam viéc cua thanh 1ai c6 thé thay thanh
tryc 14i cha yéu chiu Gng suit xodn trong qua
trinh 1am viéc. Viéc tinh toan ung suét xodn cho
tru 1ai dugc tinh toan theo cong thirc sau:

2,64
T 0,025 ~0.017°
0’2 P >

0,025

Trong d6: W_1a moé-men chong xoan
cua tiét dién tinh toan, moé-men chong xoan
duogc tinh todn theo cong thurc sau:

W ZO,Q_M

tl

Thay s0 vao cong thuec trén, ta co:

2,64
0,025~ 0,017
0,2 — >l
0,025
T =49.51 (MPa)
—> Ty = [Tx] ==Vvady truc ldi dam
bao do bén.

5. KIEM BEN MOT SO CHI TIET CUA
HE THONG EPS BANG PHUONG PHAP
PHAN TU HUU HAN

5.1. Quy trinh kiém bén theo phwong phip
phan tir hiru han

Muddel Construction ‘ Set Up Model ‘

» Simulate Other Cases
- Parameters

+|  SetUp The Solution

Geometry Optimization ‘Method | Mandling The Result

] &
EEE— Run Simulation | 5

b ‘ Create Reparts
1 .
Results

Hinh 7. So do khoi quda trinh thiét lqp bai todn

Meshing

apqupnay

Phuong phap phan tir hitu han 13 mot
phuong phép duoc sir dung rong rai dé giai
quyét nhiéu van dé khac nhau va né bao gébm
ba giai doan co ban: tién xtr 1y, thuc hién van
dé va danh gia két qua. Trong giai doan tién xur
1y, mé hinh trai qua qua trinh t6i wu hoa va roi
rac hoa trong mién tinh toan bang cach st dung
phan mém chuyén dung. Pay 14 giai doan ma
cac tham sd chinh cua van dé dugc thiét lap,
cudi cing anh huong dén két qua. O giai doan
tiép theo, van dé duoc thyc thi va két qua duoc
tao ra. Cudi cung, cac k¥ su giau kinh nghiém
s& danh gia do tin cay cua két qua phat hién va
dé xuat cai tién néu can.

5.2. M6 hinh vit liéu cho bai toan

Trong qua trinh thiét ké va san xuat,
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didu quan trong 1a phai biét cac loai thép khac
nhau dugc str dung. Ba loai phé bién nhét 1a
thép déo, thép cling va thép siéu ciing. Vat li¢u
thép duogc sir dung trong qua trinh san xuét cac
chi tiét ctia hé thong EPS c¢6 dai cuong do tir
210MPa dén 550MPa. Vit liéu can 1a tir dong
vat liéu Elasto-Plastic Johnson-Cook Law 2, c6
dic tinh dan hoi tuyén tinh va cac thong sé cu
thé. Céc thong sb vat liéu duoc trinh bay dudi
bang sau:

Bdng 5. Théng so vt liéu

Théng sb vat liéu Gia tri
Khdi lwong riéng 7,8E-09 Tan/mm?
Mo-dun dan hoi 210000 MPa
Hé s6 Poat-xong 0,3

Ung suit déo 280 MPa

5.3. Xy dung md hinh trong phin mém
Inventor

Nghién ctru tap trung vao viéc phan tich
cac dic tinh van hanh cuy thé cta khép bi trong
hé théng tro luc l4i dién (EPS). Muc dich 1a tao
ra mOot mo hinh mé phong tai hién mot cach
hiéu qua hoat dong thuc té ctia cac bd phan
trong qua trinh van hanh ctia hé thong lai. Sau
day 1a hinh minh hga mé hinh ré-tuyn trong
hé théng EPS dugc phat trién ti mi bang phan
mém chuyén dung.

Hinh 8. M6 hinh Ro-tuyn

Khi da tao mé hinh xong, ta tién hanh
chon vat li¢u cho mo hinh véi thong s6 nhu
bang 4.1, sau do ta tao rang budc, dat lyc va
chia Iudi cho mo hinh nhu hinh vé:

o

=

. —_—

=

= =g
y b I‘I

(a) (b)

. ‘/.

(@
Hinh 9. (a) Tao rang bugc, (b) Pat lyc tac dung
lén Ro-tuyn, (c) Mo hinh moé phong sau khi da
chia lwoi

6. KET QUA MO PHONG
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Hinh 10. (a), (b): Ung sudt ciia ré-tuyn va truc ldi;
(c), (d): Chuyén vi cua ré-tuyn va truc lai

Hinh 10a 13 hinh thé hién két qua ung
suat chen dap tai bé mat lam viéc cua khop cau,
ta co thé thay ing suat 16n nhat tap trung chu

yéu tai ren 6c diéu chinh l4i véi gia trj 14 27,18 &
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MPa va tng suit nho nhat tap trung chu yéu ¢
khép cAu véi tri s6 14 0,1 MPa. Do d6, ta c6 thé
thdy tng suat chén dap 16n nhat khi str dung bai
to4n mod phong nhé hon tng suit chén déap cho
phép.

c,,= 27,18 (MPa) <[c_] =35 (MPa)

Hinh 10b 13 hinh thé hién két qua ung
suit xoan cua truc 1i, theo hinh 5.1b ta théy
mg suat xodn 16n nhat tdp trung 1én vanh lai
v6i tri s6 48,15 (MN/m?) va nho dan ra giira
truc 1ai. Ung sudt xoan 16n nhit cua truc lai khi
stt dung phan mém mé phong nhé nam trong
(g suat xoan cho phép cua truc 1ai.

T =48,15 (MN/m?) <[t ] =50+ 80 Mpa

Vay, két qua tng suat chén déap cua ro-
tuyn va ung suat xoan cua truc lai khi sir dung

phin mém mé phong déu nho hon ung suit
chén dap cta ro-tuyn va ing suat xodn ciia truc
14i cho phép, tir d6 ta c6 thé két luan truc 1ai
va ro-tuyn dam bao do bén trong qua trinh lam
vigc.

Hinh 10c 1a hinh thé hién chuyén vi
(bién dang) cua ro-tuyn khi tac dung luc. Bién
dang 16n nhat cua ro-tuyn tap trung tai khép
cau véi tri s6 1a 0,002363 mm va nho dan &
vi tri ren 6c¢ diéu chinh 1ai. P4i voi chuyén vi
(bién dang) cuia tryc 14i, nhin vao hinh 10d, ta
c6 thé théy bién dang 16n nhét tai vi tri gitra truc
14i véi tri s6 0,01222 mm va nho dan ra hai bén
dau truc tuong Gmg voi mau xanh duong duoc
thé hién trén hinh,

Ta 1ap bang so sanh tng suit cua hai
phuong phép kiém nghi¢m bén:

Bdng 6. Bang so sanh ing sudt ciia hai phwong phdp

Chi tiét kiém nghiém Aoy
phan mém

Phwong phap sir dung

Phuong phap cong thirc truyén thong

- Ung suat chén dap tai bé mat | khop clu:

- Ung suat chén dap tai bé mat lam viéc ctua

Ro6-tuyn N A
lam vi€c cua khép cau: N
6., = 27,16 (Mpa) O = 5 =31,42(MPa)
) Ung sut xodn do luc trén | - U'ng suit xodn do Iuc trén vanh lai sinh ra:
Truc lai : . :
: vanh 1ai sinh ra [5]: T, = % = M = 49,51(MPa)
1= 48,15 (MN/m?) Wy x
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Tir bang trén, ta c6 thé thay véi viéc dua
phuong phép str dung phan mém mé phong va
thiét 1ap diéu kién bién chinh xac thi s& cho ra
két qua sai 1éch khong dang ké so véi phuong
phap tinh toan truyén théng Su sai 1éch gitra
phuong phap st dung phan mém va phuong
phép tinh toan truyén thong d6i véi ro- tuyn
khoang 10% va su sai Iéch nay co thé khic
phuc bang cach 1a thay ddi hé sé an toan. Dbi
voi truc 141, su sai Iéch gitta hai phuong phap
130,2%. Qua do, ta c6 thé két luan viéc dua cac
phan mém mé phong vao dé kiém nghiém céc
chi tiét co khi s& cho ra két qua twong ddi chinh
Xac.

7. KET LUAN

H¢ théng 1ai trg lyc dién 1a mot hé
théng dong vai tro rat quan trong trong viéc van
hanh xe 6 t6 hién dai, mang dén nhiéu loi ich
cho ca nguoi 1ai va nha san xuat xe. Bai bao da
danh gia cac phuong phap kiém nghiém khéc
nhau gitra phuong phép tinh toan truyén théng
va phuong phap phan tir hitu han bang viéc ap
dung phan mém mé phong. Két qua cho thiy sy
sai léch cua hai phuong phap nay chi la 0,2%.
Vi vay, viéc ap dung phuong phép phan tir hitu
han trong viéc tinh toan kiém nghiém cac chi
tiét trén 6 to 1a tin cdy, phuc vu cho viéc thiét
ké, kiém nghiém va san xuét trong thyc té. <
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