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PHAN TICH CAC TRANG THAI CHIU TAI
CUA BQ NHiP LA TREN HE THONG TREO 0 TO
DUGT TAC DUNG CUA TAI TRONG KET HOP

Nguyén Thiét Lap™, Ta Thi Thanh Huyén?

Tém tat: Trong céc tinh toén thong thudng, ngudi ta chi quan tdm dén tai trong thang diing tac dung lén
bé nhip. Tuy nhién, trén thuc té, ngoai tai trong thdng dimng, bé nhip con cé thé chju cé luc ngang, luc doc
(phanh, kéo) va mé men xodn ngang. Khi b6 nhip chiu tai trong két hop thi bién dang va (g suét sé thay
déi, c6 thé gy nguy hiém dén kha nang lam viéc ctia cac I4 nhip ciing nhuw céc tai nhip. Bai bao nay st dung
mé hinh phan tir hitu han dé mé phdng, phén tich tinh trang chiu tai ctia cac I4 nhip duéi tac dung ctia cac
tai trong khac nhau, qua do co thé déanh gia nhiing ving nguy hiém ctda bo nhip trén hé théng treo.

Ttr khéa: Phan tich; mé phdng; hé théng treo; nhip 1&; phan td& hitu han.
An analysis of combined loading modes of automotive suspension leaf spring

Abstract: In common calculations, we often concerned about the vertical load acting on the leaf spring.
However, in fact, besides of the vertical load, spring can withstand the horizontal force, vertical force
(braking force, traction), and torque. When the suspension is loaded by combined forces, deformation and
stress will be changed, and they could endanger the work capacity of the leaf springs, as well as links of
spring. This paper uses finite element method to simulate and analyze the state of deformation and stress
of the leaf spring under the effect of different loads, which can assess the danger zones of the spring on
the suspension.
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@ 1. bat van dé

D& tinh toan, thiét k& bo nhip 14 cho hé théng treo 6 t6 néi chung, 6 t6 buyt néi riéng, ngudi ta thudng
ap dung mat sé gia thiét d& don gian héa qua trinh tinh toan. Viéc kiém tra bén bd nhip thwéong siv dung cac
phwong phap don gian hdéa nhu dwdng cong chung, tai trong tap trung, ng suét phan bd déu. Théng sb
dwoc quan tam nhét 1a (rng suét tai mat cat chinh gitba ctia bd nhip. Trén thyc té, trong qua trinh lam viéc,
mot sb |a nhip bj gdy & nhirng vi tri khac nhau do qua tai cuc bd. Viéc mod phdng trang thai tai trong trong
tirng 14 nhip sé gitip cho viéc danh gia do bén tinh va do6 bén mai dwoc chinh xac hon, qua doé co thé téi wu
két cAu cta bo nhip.

Nhirng ndm gan day, cac nha nghién cru trén thé gi¢i da st dung cac mé hinh phan ti hiru han
(PTHH) & m6 phang b6 nhip la trén 6 t6. Aher V.K. va Sonawane P.M. [1] da nghién ctru, phan tich cac
két cu nhip la phirc tap sir dung trong cac hé théng treo trén cac phwong tién thwong mailoai nhe trén
phan mé&m Ansys, bdng phwong phap phan tich tai trong tinh va déng. Harinath Gowd G. va Venugopal
Goud E. [2] d& m6 phdéng trang thai chiu tai cta cac 14 nhip, dac biét Ia tai cac gbi d&. Cac nghién ctru
nay déu mo phong & ché do tai trong thang ding. Baviskar A.C et al. [3] da nghién ctvu cac dang hong
thuwdng gédp clia bd nhip, ddng thdi phan tich lwc, ng suét trén nhip khi chiu tai cé k& dén ng suét
do bu l&ng 13p ghép gay ra. Meghavath Peerunaik et al. [4] d& mé phéng trang thai chiu tai ctia bd nhip
dwéi tac dung cla tai trong tinh thdng dirng co cac gia tri khac nhau va nghién ctu mé hinh dao déng
riéng ctia bd nhip. Twong tw, Pankaj Saini et al. [5] da (rng dung Ansys d& phan tich (rng suét trong cac
I& nhip trén 6 t6 tai nhe.
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Cac nghién ctru trwdc day thwong chi dé& cap trwdng hop bd nhip chiu tai thng dirng. Tuy nhién,
trén thue té, trong cac didu kién lam viéc khac nhau, bd nhip 6 t6 con chiju tac dung cla cac dang tai trong
khac nhau. Trong bai bao nay, trén co s& cac két qua clia nghién clru trwéc day [6], nhém tac gid st dung
md hinh phan t& hiru han dé tinh toan, mé phdng sw phan bd (rng suét va bién dang trong bd nhip 14 trén
6 16 buyt, twong (ng véi cac ché dd tai trong khac nhau (tai trong két hop), qua dé danh gia kha nang chiu
tai ctia céac la nhip.

@ 2. Xay dwng moé hinh phan tir hitu han ctia bd nhip

2.1 M6 hinh két cdu b nhip trén 6 té

Dé xay dwng mod hinh nghién ctvu bd nhip, ta xem xét hé thdng treo trwéc cla 6 t6 buyt BS090 véi
két cAu nhip I& hinh elip, cé gidm chan thay lwc éng 16ng tac dong kép nhw hinh vé dwdi day (Hinh 1).
Ngoai ra, dé& 1ap ghép bd nhip, ngudi ta cé st dung thém cac chi tiét nhw vong kep, quang nhip, quang
treo, gia do,...

Hinh 1. Hé théng treo nhip 4 trén 6 t6 buyt BS090
1 - Gidm chén; 2 - Quang nhip; 3 - L& nhip; 4 - Vong kep; 5 - Quang treo; 6 - Gia dé; 7 - Khung xe

Phuwong an l&p rap bo nhip l1én 6 t6 L.H. FRAME
dwoc thé hién nhw Hinh 2. Hai bén tai nhip
dwoc bat vai khung xe théng qua hai chét 3 va
5 14 mét chi tiét dinh vi dwoc lam ti thép hop
kim ctrng va bén, duwoc bat chat va cb dinh b
bd dai 6¢c dém ndi (6, 7, 8, 9), va dwoc ndi lén
khung xe théng qua tdm d& 20, 21, han ché
chuyén dong clia nhip theo phwong ngang xe.
Tai trwéc cia nhip quay quanh chébt 3 va dwoc
c¢b dinh bdi co cu vit 9, dai bc va vong dém
6, 7. TAm d& 21 dwoc bt clrng vao khung xe
dam bao do &n dinh trong qua trinh hoat dong.
Tai sau dwoc néi véi tay quay 2, chuyén déng
tron xoay xung quanh chét 5 dwoc lap chat véi
tAm d& 22. Chuyén déng cua nhip déi véi tam
chét 5 1a chuyén dong song phang. Gidm chéan
thay lwc 14 duwoc két ndi véi nhip qua chét 13, '
va bét vao khung xe théng qua tdm d& 21. Khi £ 3 :
xiét chat nhip lai, phan gitra hai quang nhip N @ 3
tr& thanh khéi cing, khéng tham gia bién dang 4' &—12
dan hoi. G(‘S‘i nhip truéc duoc ndi trc t’iép VO Téﬁ: T@ﬁf@?
khung xe bang chot co dinh, bi han ché 5 bé,c 9 5
tw do. Goi nhip sau dwoc ndi voi khung xe chot 9
di ddng, bi han ché 4 bac tw do. Hinh 2. Phuong &n Iap rép bo nhip 1én 6 t6

B& nhip khao sat cé cac théng sé nhw Bang 1.

Bang 1. Chiéu dai cta céc I nhip

STT la nhip 1 2 3 4 5 6 7 8 9 10
Chiéu dai 4 nhip (mm) 1400 | 1400 | 1260 | 1100 | 940 | 780 | 620 | 550 | 430 | 350
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Béng 2. Cac théng sé két cau cua bo nhip

Théng sé Ky hiéu DPon vi Gia tri
Chiéu day trung binh céc Ia nhip h,, mm 13
Bé day la nhip b mm 90
D6 vdng tinh f, mm 150
Puwong kinh chét nhip d, mm 30
Khoang cach gilra 2 bu-I6ng quang nhip d mm 100

2.2 M6 hinh phan t&r hitu han bé nhip
trén 6 t6

V6&i cac thong sd dau vao da duwoc cho
trong Bang 1 va Bang 2, ta thiét 1ap mé hinh hinh
hoc dang 3D cho bdé nhip trén phan mém CATIA
(Hinh 3).

Thiét 1ap cac diéu kién bién nhw sau: Dya
trén két ciu ctia bo nhip, ta thay gdi phia truéc duwoc
lién két véi khung 6 t6 bang chét ngang, khéng ché 5
bac tw do. Bac tw do khéng bi khéng ché la bac quay
quanh truc x. Géi phia sau dwoc lién két dang géi di
dong, khéng ché 4 bac tw do, hai bac tw do khong bi
khéng ché Ia bac quay quanh truc x va dich chuyé&n
theo truc y (Hinh 4).

Cac la nhip dwgc coi la c6 ban kinh cong
giébng nhau, ludn ém sat nhau va khong bi x6
ngang trong qua trinh lam viéc, cac gia thiét nay
twong tw nghién clru clia Meghavath Peerunaik et
al. [4]. Chon phuwong phap chia lwgi tw dong. St
dung phuong phap rdi rac hda dé khao sat riéng bo
nhip, chia lwdi dang phan t& dan héi véi sb nat 1a
85035 nut va sb phan tlr [a 24795 phan t& (Hinh 5).
Thudc tinh cta vat liéu khai bao nhw sau: Vat liéu
ché tao nhip la thép 16 x0 65Si,Mn; M6 dun dan hé'i:
E =2,1.105MPa; Hé s6 poat x6ng: v = 0,3; U'ng suat
bén cho phép: [0], = 950 MPa.

@ 3. M6 phong trang thai chiu tai cua cac la nhip

Hinh 4. Dinh nghia lién két tai nhip phia truéc (a)
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Hinh 5. Chia lw6i phén ti trén mé hinh 3D

D& tinh toan va danh gia két cAu nguwoi ta thuwdng khao sat ché do tai trong tinh. Ta khao sat ché do
tai trong tinh trong mét dai tai trong twong (ng véi sw thay ddi trong lweng chuyén ché trén xe buyt. Trong
phan nay, trwdc tién, chiing ta sé xét cac truérng hop tai trong tac dung thang ding véi cac gia tri khac nhau
twong (rng véi 3 trang thai chat tai cla 6 t& (khong tai, 50% tai, day tai); tiép theo, s& phan tich trang thai
chiu tai trong két hop khi day tai. Tai trong thang ding tac dung 1&én nhip dwoc tinh tir sy phan bé cla khbi
lwong duorc treo 1é€n cau trwdc, chia d&u cho 2 bén banh xe Zt1 = 11950 N, Zf2 = 17400 N, Zt3 = 23100 N
[6]. Tai trong xoan van dwoc xét trong trwdng hop mét banh xe khong tiép dat, khéi lwong duoc treo ciu
trwée coi nhw dat phia trén diém gitra ciu trwdc, gdy md men xodn bén nhip con lai v&i canh tay don & B/2.
Trwdng hgp phanh chi xét tai gi¢i han bam véi gia tbc phanh cwc dai, lwc phanh trén mdi banh xe trwéc 1a
14437 N. Lwc ngang chi xét trong trudng hop xe mat 6n dinh ngang khi quay vong.

3.1 Ché dé tai trong thang dirng

a) Truong hop 6 t6 khong tai: Zt1 = 11950 N (theo théng sé cia 6 t6 BS090 [6])

Khao sat (rng suét, bién dang clia bo nhip trong didu kién tai trong tinh Zt1 = 11,95 kN. Truwdng hop
bd nhip chiu tai trong thang dirng, c6 thé coi nhip I& mét dAm chiu udn thuan tdy. Tai trong tinh 16N nhat tac
dung |én nhip dwoc quy vé lwc tai tam doi xtrng cla bd nhip nhw Hinh 6.
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Hinh 6. M6 phdng tai trong thang ding Hinh 7. Ung suét Von-Misses trén bé nhip
Zt1 = 11,95 kN (rng v&i tai trong Zt1

o e 0 i L e
]Jim__- S = Mn wIm
Hinh 8. Ung suét Von-Misses trén bé nhip Hinh 9. Ung suét Von-Misses trén bé nhip
trng Vi tai trong Zt2 (rng Vi tai trong Zt3

Két qua tinh toan bién dang clia bd nhip trong diéu kién tai trong Zt1 ¢6 véi gié tri lon nhat 1a 5, = 0,669
mm tai vj tri gitva b nhip.Trang thai phan bo rng suat twong dwong dworc tinh theo thuyét bén the IV - irng
suat Von-Misses nhw Hinh 7. 'ng suét Ién nhét do tai trong tinh gay ra trong bd nhip 1a 56,414 MPa tai tai nhip
phia trwéc. Bién dang dan hdi twong dbi ctia bd nhip c6 gia tri I&n nhat 0,028% ciing tai tai nhip phia truéc.

b) Trwong hop 6 t6 ché nira tai Zt2 = 17400 N

Chuyén vi lén nhét trong trwdng hop nay dat 5, = 0,974 mm. Trang thai phan b tng suét twong
dwong duoc tinh theo thuyét bén thir IV - (rng suat Von-Misses, dwoc thé hién nhw Hinh 8. U'ng suét I6n
nhét do tai trong tinh gay ra trong bo nhip la 82,142 MPa tai tai nhip phia trwéc. Bién dang dan hdi twong

ddi ctia bd nhip c6 gia tri I&n nhat 0,036% cling xuét hién tai tai nhip phia trwdc.
¢) Trwong hop 6 t6 ché day tai Zt3 = 23100 N
Két qua tinh toan bién dang ctia bd nhip trong didu kién tai trong Zt3 c6 gia tri Ién nhatla 5, = 1,266

- £ > . , 2max
mm. Trang thai phan bo ng suat twong dwong dwoc tinh theo thuyét bén ther IV - (’ng suat Von-Misses,
thé hién trén Hinh 9. ng suét 16n nhét do tai trong tinh gay ra trong bd nhip 1& 383,2 MPa tai tai nhip phia

trwéc. Bién dang twong dbi cé gia tri Ién nhat 0,053% tai tai nhip phia trudc.
3.2 Ché dé tai thdng dirng két hop xoan van

Trong qua trinh chuyén déng, phu thudc vao dé6 map mé ctia mét dwéng ma hai banh xe khéng con
nam trén ciing 1 mat phdng mét dwong (than xe nghiéng so véi mét dwong). Do cac banh xe & do cao khac
nhau gay ra hién twong nhip bi x0an van. Xét trwdng hop md men x0an tac dung Ién mét bén hé théng treo:

M, = G%B = 6798,3%2050 =7161100 (N.mm)

D&t mdé men xoan van vao vi tri ndi véi cau xe. Thue hién phan tich két cAu nhip ta xac dinh dwoc
bién dang tdng 1&n nhét ctia bd nhip la 3,2957 mm tai vi tri & vi tri sat bién cta la nhip dwdi cung, gitra
bd nhip (Hinh 10a). Trang thai phan bd (ng suét twong dwong dwoc tinh theo thuyét bén thir IV-lrng suét
Von-Misses nhw trén Hinh 10b. (ng suét I&n nhét do tai trong tinh gay ra trong trwérng hop nay trén bé nhip
la 845,36 MPa tai tai nhip phia trwéc.
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Hinh 10. Bién dang téng (a) va ting suét Von-Misses (b) trén nhip trirong hop xoédn
3.3 Ché dé tai thang dirng két hop phanh

Xét tai trong 16n nhét trong trdng hop phanh khan c&p. Khi d6 lwc phanh 16n nhét béng luc bam [7],
Iuc can khong khi F va luc can lan F,, F, 1a khong dang ké nén co thé bo qua (Hinh 11). Gia thiét cac Iuc
thang dirng va lwc doc dwoc dwa vé dat tai vi tri lién két gitra nhip va cau xe.

Bién dang tong trong truong hop phanh lon nhétla 5, = 1,657 mm & gitra b nhip. Trang thai phan
bd &ng sut twong duwong dwoc tinh theo thuyét bén thr IV- (’ng suat Von-Misses, thé hién nhu trén Hinh
12. Png suét I&n nhat khi cé tai trong phanh gay ra trong bd nhip la 153,46 MPa tai tai nhip phia trwéc. Bién
dang dan héi twong déi duwgc thé hién trong Hinh 12c, vé&i gia tri I6n nhat 14 0,08%. ng suét va bién dang
twong déi I&n nhat déu xuét hién tai tai nhip phia truéc.
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Hinh 11. So dé luc tac dung Ién 6 t6 Hinh 12. Ung suét Von-Misses phén bé
khi phanh trén b6 nhip khi phanh

3.4 Ché dé tai thang dirng két hop Iwc ngang

Trong trwdng hop xe chay trén dwdng vong, Iic nay nhip chiu tac déng cda Iyc kéo ngang ly tam.
Daét lwc Plt vao bo nhip tai vi tri lién két gitra nhip va cau xe. Sau khi thuc hién tinh toan ta nhan thay bién
dang téng trong trwérng hop luc ngang 6pmax = ‘],8082 mm o giﬁ”a nhip. Trang thai phan bd trng suét twong
dwong Von-Misses trén bg nhip nhw Hinh 13. Ung suat Ién nhat do tai trong phanh gay ra trong b6 nhip la
348,95 MPa tai tai nhip phia trwéc. Bién dang dan hdi twong dbi cé gia tri Ién nhat khoang 0,017%. Ung
suét va bién dang I&n nhat d&u xuét hién tai tai nhip phia truéc.

an 35000 A0

1500 2400

Hinh 13. Ung suét Von-Misses phén bé trén bé nhip khi cé luc ngang
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@ 4. Két luan

Két qua tinh toan, mé phdéng cho thdy sw phan bd (rng suat va bién dang trong cac la nhip la kha
phtrc tap, chung phu thuéc ché do tai trong tac dung 1€n bd nhip. Khi chju tai trong théng dirng, trng suat cuc
dai va bién dang twong déi xuét hién & vi tri gbi d& phia trudc. ng suét va bién dang nay tang 1én khong
chi do tai trong thdng dirng tang ma con do cé thém cac tai trong khac tac dung ddng théi cuing véi luc thang
ding. Bac biét, tac dung ngang va x0dn van cé anh huéng 16n dén kha nang chiu dung cta bd nhip. Bo
bién dang téng thé ctia bod nhip dat gia tri I&n nhét tai vj tri glwa (vi tri 18p vé&i cau xe) Tuy nhién, vj tri nguy
hiém ctia bd nhip 14 tai tai nhip phia trwéc. Nhw vay, vi tri cdn quan tam khi thiét ké cling nhw luc kiém tra
bé&n bo nhip khéng chi & khu vuc gitra bd nhip theo cach tinh toan don thuan trwdc day ma can quan tam
ca khu vire tai nhip, ma cu thé 14 tai nhip tai géi cé dinh.
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