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THIET KE NHiP O TO BANG VAT LIEU COMPOSITE SQI CARBON

DESIGN OF THE AUTOMOTIVE LEAF SRING USING CARBON FIBER
REINFORCED COMPOSITE
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TOM TAT

Ngay nay, nhip 6 t6 (nhip) bang vdt liéu composite dang dugc nghién ciru dé thay thé nhip
bang vat liéu truyén thong 1a thép, nham ting dé bén va giam trong luong. Muc dich chinh
ciia nghién ciru nay 1 dya vao két qua mé phéng trén phan mém ANSYS Workbench 12
dé danh gia Gmg suat va khd ndng mang tdi, tir d6 chon mé hinh téi wu nhip bang vdt liéu
composite. Dong thoi, két qud iing sudt va ndng lwong bién dang dan hoi ciia nhip bang vit
liéu composite ciing dugc so sanh voi nhip bang vt liéu thép. Két qua cho thdy cing mot
tdi trong nhung iing sudt 1ém nhat ciia nhip bang composite nhé hon nhip bang thép khodng
14.2%; nang heong bién dang dan hoi ciia nhip bang composite 1om hon ciia thép (12x107
> 1.9x10*); khoi heong ciia nhip giam dén 75 % khi dugc ché tao bang vdt liéu composite.

Tir khoa: nhip, composite, ung sudt.

ABSTRACT

Nowadays, the composite leaf spring of automobile suspension is widely studying in the
replacement of steel leaf spring due to high strength to weight ratio. The main objective of
this paper is to study stress and loading capacity for the optimal design of the composite
leaf spring based on the finite element analysis of ANSYS Workbench 12. Several models of
composite leaf spring are considered and compared with the existing steel leaf spring for the
stress and elastic strain energy. The results showed that the composite leaf spring had stress
smaller than the steel leaf spring about 14.2 %; the elastic strain energy of composite leaf
spring was larger than that of steel leaf spring (12x10* > 1.9x107); the weight reduction of
composite leaf spring was about 75 %.
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1. GIOI THIEU biét 1a nghién ciru ché tao cac chi tiét may

Trong 6 t6 tai nhe, nhip c6 nhiém vy lam
gidm rung xoc khi xe van hanh trén duong
khong bang phang, tao diéu kién cho banh xe
dao dong theo phuong thing dung, tranh dao
dong lac _ngang hay lic doc dong tho1 dam
bao truyén lyc va md men 6n dinh. Trong
lugng cua nhip bang vat li¢u truyen thong
(thép) ning hon tit ca cac co cu dan hoi
khac. Nhip ké ca giam chén chiém tir 5.5 %
dén 8 % trong luong ban than 6 t6 va thoi
gian phuc vu ngén [1].

Ngay nay, vat li€éu composite dang dugc
nghién ctru rong rai trong nhiéu linh vuc, dac

trong nganh cong nghi¢p 6 to [2-4]. Gulur
Siddaramanna Shiva Shankar va Sambaga
Vajayarangan (2006) da khao sat cac kich
thudc cia mot nhip bang thép boi cac cong
thire thiét ké. Sau do, sir dung ngdn ngit C
viét churong trinh thiét ké t6i uu mot 14 nhip
bang vat liéu composite. Ngoai ra, tac gia st
dung phuong phap ché tao comp051te bang
tay dé ché tao 14 nhip bang hdn hop vat liéu
E-glass/Epoxy, dap tng duoc cac yéu cau ki
thuat va co do bén tdt [5].

Trong thuc t€, cac nha nghién ctru luén
tim cach dé gidam khoi luong cuia cac chi tiét
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trong 0 t0 nhung dong thoi phai dam bao
duoc cac yéu cau vé ki thuat va kinh té [6,
7]. Cho nén, viéc nghién ctru thiét ké nhip dé
6 thé ché tao béng vat li€u composite véi
soi carbon va nén epoxy nham ting do bén
va giam khéi luong 1a rt can thiét va dugc
thé hién trong bai bao nay.

II. NHiP BANG THEP
2.1. Vit liéu ché tao

Nhip biang thép thuong duoc ché tao tir
loai thép dan hoi ¢6 thanh phan carbon nim
trong khoang 0.5 % — 0.7 %, sau t6i va ram
trung binh c6 giéi han dan hoi cao. Trong
d6, nhip bang vat lidu thép trong hé thng
treo cta O tO tai nhe c6 mdé dun dan hdi E
= 2.1x10° (MN/m?), hé sé Poisson v = 0.26,
khdi lwong riéng p = 7850 kg/m® [1, 4].

2.2. Ciu tao ciia nhip

Nhip bang thép trong hé thong treo cua o
t6 tai nhe c6 cau tao nhu Hinh 1, gdm tong
cong 7 14, trong do c6 2 14 nhip chinh, do
dai nhip: 1100 mm, d¢ vong: 170 mm, bé
rong: 34 mm, bé day cua mdi 14 nhip: 5.5
mm, khdi luong ctia nhip khong tinh tai va
cac quang nhip: 9.2 kg [1, 5].

Hinh 1: Céu tao nhip bang thép.

2.3. M phéng nhip bang thép

Nhip ¢ hinh dang d6i ximg nén tac gia
chon 1/2 nhip dé mé phong trén phan mém
ANSYS 12 véi céc diéu kién bién nhu sau
[4, 8, 9]: ¢d dinh tai gitta 14 nhip va dat luc
tac dung 1én nhip ¢ trang thai tai tinh tai mat
nhip, = 2465 N. Két qua m6 phong Umg
suat va chuyen vi duoc thé hién trén Hinh 2
va 3. Ung suit 16n nhét 13 566.87 MPa, tap

trung trén 14 nhip chinh. Chuyén vi 16n nhét
1a 98.133 mm tai vi tri dau nhip.
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Hinh 2: Két qua mé phong vmg sudt ciia nhip
bang thép.
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Hinh 3: Két qua mé phong chuyén vi cia nhip
bang thép.

Céu tao ctia nhip bang thép gdm nhiéu 14
nén trong qua trinh lam viéc s€ sinh ra luc
ma sat gitta cac 14 nhip. Tu do, sinh ra ung
suat tiép xuc cao va trong diéu kién dao dong
dé sinh ra vét nt trén bé mat 14 nhip. Pay
la mot trong nhitng nguyén nhan anh huong
dén tudi tho cua nhip [4, 9]. Ngoai ra, lyc
ma sat con anh huong dén d6 ém diu cta 6
t6 trong qua trinh di chuyén. Khi 6 6 it xoc
thi lyc truyén qua nhip bé hon lyc ma sat nén
nhip bi him chit thanh mot khoi, lic nay 6
to chi dao dong trén banh xe va do ém diu
chuyén dong s& kém di. Nhung khi 6 t6 dao
dong véi bién do 1on thi lyc ma sat lai khong
du 16n dé tat nhanh dao dong. Cho nén, dé
giam ma sat, tang tudi tho va dac biét 1a giam
trong lugng cta nhip thi thiét ké nhip 1 14
bang vat liu composite 1a rat can thiét va
dugc thuc hién trong nghién ctru nay.
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I. NHIP BANG COMPOSITE
3.1. Diéu kién mé phéng

Mo phong trén phin mém ANSYS
Workbench 12 véi diéu kién bién va vi tri
dat tai tac dung tuong ty nhu m6 hinh nhip
bang thép. Trong do, luc tdc dung lén nhip 1a
2465 }\I va vat liéu la composite, so1 carbon
tam san nhya epoxy, c6 thong s6O nhu Bang
11[2,3,10].

Bang 1: Ddc trung vt liéu composite sgi
carbon tam sin nhwa epoxy.

Xfpil)m dan héingang E, 6200
Mo dun trugt G (MPa) 4830
Hé s6 Poisson 0.25
Chiéu day (mm) 0.1

3.2. Két qua mod phéng

Trong nghién ctru ndy, mdt s6 md hinh
nhip bing vat liéu composite loai 1 14 nhip
v6i cac hinh dang co ban dugc dua ra dé phan
tich ing suat voi lyc tac dung nhu nhau, sau
d6 chon mé hinh tdi vu. Piéu kién chung ctua
cac md hinh nghién ctru 1 khong doi vé thé
tich va tiét dién mat cat ngang, chiéu dai gitra
hai mét nhip: /= 1100 mm va do vong: f, =
170 mm. Tuy nhién, cac kich thudc khac va
hinh dang c6 thé thay doi, cu thé nhu sau:

M hinh I: Nhip c6 kich thudc bé day 1=
13 mm va bé rong b = 100 mm nhu Hinh 4.

Két qua mo phong tmg suit duoc thé hién
nhu Hinh 5 véi ung suat 16n nhat 1a 502.63
MPa tai vi tri chinh gilta ctia 14 nhip.

Hinh 4: Mo hinh 1.
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Hinh 5: Ung sudt I6n nhdt ciia mé hinh I.

M4 hinh II: Nhip c6 bé day va rong thay
d6i nhu Hinh 6. Tai vi tri 2 ddu 14 nhip co bé
day ¢, = 13 mm va bé rong b, = 100 mm. Tai
vi tri chinh gitra cta 14 nhip c6 bé day ¢ = 10
mm va bé rong b = 130 mm.
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Hinh 7: Ung sudt I6n nhdt ciia mé hinh II.

Két qua thu duoc tmg suat cia M6 hinh
II nhu Hinh 7. Ung suét 16n nhat 1a 640.75
MPa va tap trung tai vi tri chinh gitra 14 nhip.

M4 hinh III: Nhip c6 bé day va bé rong
thay d6i nhu Hinh 8. Tai vi tri 2 dau 14 nhip
c6 bé day: t,=9.5 mm va bé rong: b,=136
mm. Tai vi tri chinh gitra cua 14 nhip c6 bé
day: £ =13 mm va bé rong: b = 100 mm.
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Hinh 8: Mo hinh I11.

Két qua thu duoc ing suét cia M6 hinh
III nhu Hinh 9. Ung suat 16n nhat la 486.38
MPa.
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Hinh 9: Ung sudt I6n nhdt ciia mé hinh II1.

3.3. Panh gia két qua md phong
Bing 2: Ung sudt I6n nhdt ciia M6 hinh

I IT va I11.
M6 hinh nhip I 11 I
Luc tac dung
i i 2465 | 2465 | 2465
(N)
Ung suét
] 502.63 | 640.75| 486.38

16n nhat (MPa)

Mo hinh I, II va III ¢6 cung thé tich véi
khéi luong 2.3 kg va dién tich mat cat ngang
1300 mm?, tuy nhién hinh dang hinh hoc la
khac nhau (Hinh 4, 6 & 8). Véi diéu kién
bién nhu nhau va lyc tdc dung la 2465 N, két
qua mo phong duoc tong hop ¢ Bang 2. So
sanh két qua cta 3 mo hinh thi M6 hinh III

c6 Ung suét tip trung la nho nhét, nho hon
M5 hinh I véi gié tri 16.25 MPa, tuong (ng
3.2 % va nhdé hon M6 hinh II vé1 gia tr1 154
MPa, tuong tng 24 %. Vi vdy, Mo hinh III
12 mo hinh tot nhat cia nhip bang vat liéu
composite.

3.4. Khao sat anh hwéng ciia bé rong nhip
den kha ning mang tai

Kich thudc tong quat cia mé hinh téi wu
(Mo hinh IIT) dugc mé ta nhu Hinh 10. Dé
khao sat anh huong cua bé rong nhip dén kha
ning mang tai, bé rong b, tai hai dau 14 nhip
duogc thay dbi thong qua ti 1€ gitta b va b,
trong d6 b 13 bé rong tai vi tri gita la l’lhlp
v6i gia tri khong d6i (b = 100 mm). Dong
thoi. thé tich va tiét dién mit cat neane cia

.4

Hinh 10: Kich thuéc tong qudt ciia mé hinh
101 wu nhip bang composite.

v Vi b£> 1thi m6 hinh twong ty nhu mo
1
hinh II nén khong phai 1a mo hinh to1 wu.
v vei b _100
1
nhu mo hinh I nén cing khong phai la mé
hinh t61 uu.

=1 thi m6 hinh tuong tu

v Vi b£<1 Lan luot chon cac ti 1& khao

100 100 100 100 va 100

106 116 126 136 144
cac trudng hop nay, b déu co gia tri khong
d61 nén két qua m6 phong co thé biéu dién
theo b, véi moi quan h¢ gitra lyc tdc dung
vab, duoc thé hién nhu Hinh 11.

. Trong
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nhip ciing ting theo nhung ting dén b , =136
mm thi lyc tdc dung khong tang nira. Véi
kich thuéc nay thi mé hinh nhip 1a tt nhat,
chiu lyc tac dung lon nhit. Vi vy, md hinh
t6i wu cua nhip composite c6 bé rong tai
giita 14 nhip b = 100 mm va bé rong tai hai
dau nhip b, =136 mm.
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Hinh 11: Méi quan hé giita giita lyc tic dung
va bé réng b,

3.5. Khao sat anh hwong cia bé day nhip
dén kha nang mang tai

V6i mé hinh 111, thay dbi bé day ¢ trong
khoang 11 mm dén 15 mm, két qua thu duoc
mdi quan hé gitra Iyc tac dung va chiéu day
¢t nhu Hinh 12.

Hinh 12: Moi quan hé giira lyc tac dung
va bé day t.

Hinh 12 cho thay khi bé day  ting, trong
khoang 11 mm dén 13 mm, thi luc tac dung
gan nhu ting dan déu véi d6 doc 16n nhung
khi ¢ > 13 mm thi lyc tac dung cling tdng
nhung voi do doc trung binh nho hon. Bé

day cta nhip 12 mét trong nhing yéu t6 anh
huong 16n dén kha ning chiu tai. Bé day
cang 16n thi kha ning chiu tai cang cao [2,
8]. Tuy nhién, khéi luong ciing s& ting 1én
va gid thanh cling s€ 16n hon. Chinh vi vay,
mo hinh III véi kich thude ¢ = 13 mm duoc
chon 1a phu hop.

I. SO SANH NANG LUQNG BIEN
DANG PAN HOI

Ning lugng bién dang dan hdi dugc xac
dinh theo cong thuc [5]:

2
o

pE
Trong d6: U 13 ning luong bién dang dan
hoi, o 1a Gmg suét phap tuyén (MN/m?), E 1a
mo dun dan hoi (MN/m?) va p 1a khéi lugng
riéng (kg/m?).

Nang luong bién dang dan héi duoc mod
td gobm céc trang thai: hap thu, dy trir va giai
phong ning lugng. Néu ning luong bién
dang dan 16n thi s& hdp thu, du trir ning
luong lon va sau giai phong nang luong
nhiéu. Nang luong bién dang dan hoi cia
nhip bing vat liéu composite 16n hon ning
luong bién dang dan hdi ctia thép (12x10+ >
1.9x10*) nén nhip bang vat liéu composite
c6 tinh dan hoi tt hon [3, 11, 12].

II. KET LUAN

Két qua mo phong va tinh toan cua nhip
bang vat liéu thép va composite dugc tong
hop nhu Bang 3, véi cac két luan nhu sau:

- Khéi luong ctia nhip bing composite
giam 75 % so v&i khdi lugng cua nhip
bang thép.

- Cung mdt tai tac dung nhung Gmg suit 16n
nhat cua nhip béng composite giam 14.2
% so voi nhip bang thép. Vi vay, nhip
bang composite tap trung ing sudt it hon,
kho bi phéa hity hon nhip bang thép.

- Niang lugng bién dang dan hoéi cua
nhip bang vat liéu composite 16n hon
nang luong bién dang dan hdi cua thép
(12x10* > 1.9x10#). Cho nén, nhip bang
vat liéu composite tdt hon.
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Bing 3: Két qui mé phong va tinh todn ciia nhip bang vit li¢u thép va composite.

Thong s6 Nhip bang thép Nhip bang composite
Tai tac dung (N) 2465 2465
Khéi lugng (kg) 9.2 2.3
Ung suat 16n nhat (MPa) 566.87 486.38
Chuyén vi 16n nhat (mm) 98.13 127.38
Ning luong bién dang dan hoi 1.9x10* 12x10*
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