HOI NGHI KH&CN CO’ KHi - DONG LUC 2021

TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

PHAN TICH LUA CHON VAT LIEU TRONG THIET KE
THANVO XEO TO
ANALYSIS OF MATERIAL SELECTED FOR AUTOMOBILE BODY DESIGN
NGUYEN THANH QUANG*, LE HONG QUAN, PHAM VIET THANH
Khoa Cong nghé ¢ t6, Trueong Pai hoc Cong nghiép Ha Ngi
*Email lién h¢: nguyenthanhquang@haui.edu.vn

Tom tat

Nganh cong nghiép 6 t6 thé gidi thay déi theo
hirong phét trién cé&c vat liéu mdi, thiét ké lai vat
liéu hién co6 va lua chon vdt liéu hop ly. Vat ligu
ché tao xe hop Iy 1am tiét kiém nhién liéu, giam
khai liwong xe trong khi vdan dam bdo cdc tinh nang
an toan can thiét. Bai bao trinh bay ngi dung phan
tich lira chon vt liéu than ve trong thiét ké xe 6
t6. Trén co so tinh toan hiéu qua sir dung vt liéu,
hai chi tiéu chinh gom khéi hieong va dé bén cua
tam dwroc lira chon trong thiét ké thdn xe dé c6 thé
1ng dung vao thyc tién.

Tir khoa: Vat ligu tdm Vo xe 6 6, dé bén, khoi
lrong.

Abstract

In recent years there has been much focus on the
research and development of new materials, re-
designing existing materials, and choosing
appropriate materials. Advanced materials
contribute o the vehicle's fuel economy, reducing
vehicle mass while ensuring the necessary safety
features. This article presents a method to analyze
the selection of thin plate material for automobile
body. To calculate the efficiency of the material
selection, two main criteria including the mass
and the durability of thin plate are chosen in the
body design to be applied in practic.

Keywords: Materials of thin plate, durability,
mass.

1. Mé dau

Chiéc xe 6 to dau tién trén thé gi¢i cd khung bang
g0, sau d6 dwoc thay thé bang khung thép c6 hé sé dan
hdi cao va hop kim Vanadium. Khung xe 6 t hién nay
két hop ctia c4c loai vat ligu trong d6 c6 thép siéu bén
nhe hon cua nhém va sgi carbon. Viéc lya chon ty 1€
vt liéu ché tao xe 6 t6 hién dai cin dap wng nhiing
dic diém phu hop vai cong nghé ché tao, su phat trién
kinh té x& hoi va yéu cau cua khach hang, than thién
Vi con ngudi, hinh déng 6 t6 c6 phong cach d6i méi,

téc do chuyén dong trung binh ting, xe than thién voi
mbi treong. CO thé nhan thay rang, khung vo 6 td noi
chung duoc ché tao tir nhiéu vat liéu khac nhau, trong
d6 nhiing vat liéu chinh 1a thép, nhom, magié, dong,
titanium, nhua va sgi carbon.

Céc vat lieu ché tao xe dugc lua chon cin dam bao
tinh ning pht hop véi yéu ciu cu thé cua chi tiét. Co
hai ly do chinh khién viéc lya chon vt ligu 1a dé thiét
ké mot loai xe méi 1a chi phi thap hon va giam trong
lugng so voi xe tuong dwong hién co [1, 2]. Vat liéu
composite, nhya va polyme & mét trong nhiing lua
chon thay thé dugc ua chudng rong rai dé giam trong
lwong cua 6 t6 vi chung c6 do bén va dap cao, kha
ning chéng méc dé dang, d& cai thién tinh thim my
[3,4,5,6]. Ty lé cac vat ligu tong hop theo khéi lwong
trén mot xe 6 t6 trung binh da ting tir 6% nam 1970
1én 16% nam 2010 va du kién s& dat 18% nam 2020,
Hinh 1 [7, 8].

Ty 1& % st dung
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Hinh 1. Sw thay déi ty | sir dung vt liéu trén xe 6 t6

Mot két qua nghién ciru thuc nghiém cho thiy
khi giam 10% trong lugng xe thi lugng tiéu thu
nhién liéu giam 5-7% tac dong dén phét thai nha
kinh GHG (GREENHOUSE GAS) tir vong doi cua
xe, Bang 1 [7, 9].

2. Co sé khoa hec chon vat li¢u trén vé 6 td
2.1. Hi¢u qud sir dung vat li¢u

Lya chon vat liéu cho xe 13 yéu t6 quan trong dau
tién trong thiét ké 6 t6. Céc vat liéu can phai dap @ng
mot s tiéu chi vé méi trudng, tinh an toan va yéu cau
ctia khach hang gom:

- Trong lugng nhe nham giam tiéu thu nhién liéu
tang tinh than thién véi moi truong;

- Hiéu qua kinh t& nham giam chi phi trong san
XU4t va van hanh.
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Bing 1. Tdc dgng ciia vdt ligu nhe déi véi phat thdi GHG tir vong doi ciia xe

Hé théng truyén luc DPong co dbt trong
Kiéu xe Xe ¢ trung
Vit lidu Thép den ché tao| Thép hop kim | Al (nhém) [Mg (ma-gié) CFRFT
(composite)

Murc tiét kiém khéi luong (%) 0 19% 30% 37% 37%
U'e tinh khéi lugng dong co (kg) 1528 1238 1070 1024 1024
Miic tiét kiém nhién lisu (MPG) 34,40 39,68 43,54 46,42 46,42
Mirc phat thai nha kinh (GHG) (tdn CO2)
Trude khi ché tao 4,29 4,29 5,51 13,13 13,13
Trong san Xuét 1,74 1,74 1,70 1,81 1,81
Trong su dung 69,77 60,49 55,12 51,70 51,70
Chu ky vong doi cia dong co -1,18 -1,18 -3,33 -10,00 0
Téng cong mure phat thai GHG (tdn CO2) 74,62 65,34 59 56,64 66,64
Ty 1& % giam phat thai 0 -12% -21% -24% -11%

- An toan, kha niang hap thu nang lwong tir tic dong
bén ngoai nham Kiém soat va ting khong gian song
s6t cho hanh khéch;

- Kha nang sir dung lai/tai ché va vong doi cua
chi tiét.

Nhitng tiéu chi trén dugc ddc trung boi hi¢u qua
str dung vat liéu P trén mot chiéc xe 6 to. P 1a mot ham
duogc xac dinh bang phwong trinh (1) [10]:

P= f(F, G, M) 1)

Trong d6: F, G, M la nhitng ham s6 lién quan dén
yéu cau két ciu xe trong d6 c6 thong sé tai trong lién
quan dén doé bén chi tiét (F: Function carry load),
thdng s6 hinh hoc lién quan dén kich thudc chi tiét (G:
Geometry) va dac tinh vat liéu lién quan dén Khoi
lwong chi tiét (M: Mass).

Do két ciu xe la su ghép ndi phuc tap tir cac chi
tiét roi v6i nhau nén da sb cac trudng hop déucoF, G,
M ddc 1ap nhau va tach roi, khi d6 hiéu qua st dung
vat liéu dugc tinh theo phuong trinh (2):

P, = f,(F)x £(G)x f,(M)

Viéc lra chon vat lidu s& théng nhét cac yéu cau
vé tai trong (F), hinh dang hinh hoc (G) va s& duoc tdi
uu hoa theo thong s dic tinh vat liéu f3(M) duoc xac
dinh bai khéi lwong chi tiét (M).

2.2. Bgc tinh vt ligu ché tgo than ve 6 to

Vit liéu ché tao than xe phé bién 1a cac tim mong
kim loai day 1,0mm. Céc vat liéu lya chon thay thé 1a
ba loai vt ligu tong hop (1) Composite, Epoxy/carbon
fiber, resin infused fabric, biaxial (Composite, E/c-f,

)

nd); (2) Composite, Epoxy/glass fiber, UD prepreg,
QI (Composite, E/g-f, Ql); (3) Epoxy E-glass UD la
vat liéu da hudng.

Céc chi sb chinh vé dic tinh vat liéu gém chi tiéu
d6 bén 6, mé dun dan hoi E va khdi luong riéng p.
2.3. Phan tich thiét ké khung vé xe
2.3.1. Thiét ké chi tiét theo tiéu chi nhe va d@é bén uan

Thiét ké mot tAm vo 6 to theo tiéu chi nhe va dam
bao do bén udn khi chiu tai F, chiéu dai tim L, chiéu
rong b, chiéu day d, khéi lugng riéng p.

Khdi lwgng m caa tim phdi bat ky duge xac dinh
bai phuong trinh (3):

m=pxbxdxL 3)

(kg)

Do bén udn cua tim dwoc xac dinh bai phuong
trinh (4):

3FL
Tt T opg?

(4)

Thay d tir (3) vao (4) cho tim ché tao chi tiét cu
thé ta c6 phuong trinh (5):

®)

o BFL_3FL prjz
" 2b(m/pbL)?  2b ( m

Va nhan dugc phuong trinh (6) tinh khéi lugng
tam theo do bén udn.
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[3FL
m=\= X(U’;J:Aixsl 6)
f

A; La ham kich thuée va 13 ham diéu kién bién cua
tam, B; La ham dic tinh vat liéu. Khi hiéu qua sir dung
vat liéu 16n nhat thi ham sé khéi lwong My 1a nghich
dao cua By va tinh gan ding bang phwong trinh (7):

m,—VE ™

2.3.2. Thiét ké chi tiét theo @6 cing uon

Do cung udn cua tim duoc xac dinh bang phuong
trinh (8):

S_ CEI (8)

C la hang sé phu thudc vao su phan bé tai trong
tap trung hay phan bd déu, E 1a mé dun dan hdi vat
lieu, I 1a md men quan tinh (I = b xd%12).

Tuong tu cach phan tich & trén ta nhan dugc khoi
lwong tim tinh theo d6 cang udn (9):

’125
m= 3Ex(bL2)x(%j:Aszszz 9)

A, 1a ham diéu ki¢n bién, B, La ham kich thuéc
tam, C, La ham déc tinh vat liéu. Khi hiéu qua st dung
vat liéu 16n nhét thi ham sé M 1a nghich d4o cua C;
thé hién trong phuong trinh (10):

M,=— (10)

2.3.3. Thiét ké chi tiét theo nhizng tiéu chi khac

Tuong tu ta xac dinh theo nhixng tiéu chi khac (Ms).

Theo chi phi thiét ké thap véi hé sé Cr gia thanh /kg

vat ligu (11):
_ N (11)
PC,

3
Theo hé s6 chi phi nang lugng q va d6 bén ubn (12):

M, = \/; 12)

Theo hé s6 chi phi thip ning luong q va do cing
uon (13):

M, =— (13)
Y ogp

Tdng quét, theo hé sb chi phi thiét ké thip vai hé
s6 Cngid thanh/kg vat ligu (14):
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M, = (14)

3. Két qua, wng dung

Tur cac cong thic (7), (10), (14) nhan thiy thong
s6 dic trung cua tiéu chi thiét ké la ty s E/p. Dt (E/p)
thép 1a X1 va (E/p) CFRP 1a X, ta nhin dugc ty 1€ giam
khéi lugng 7w theo céc cong thuc (15), (16):

X
—1-"1 (15)
UM X,
Tinh theo %:
ey =1oo(1_le (16)
2

Panh gia ty | giam khdi lugng 5w theo E/p nhan
duoc két qua néu trén do thi Hinh 2 dé so sanh dbi
v6i mdi loai vat ligu. Mic do giam khéi luong dat
dugc khi thay thé thép (E=205GPa) bing cac tim
composite CFRP ¢6 mé dun dan hdi (Young’s
modulus) nam trong khoang tir 150 dén 600GPa, tiét
kiém khdi lugng vt lidu toi 20% va viéc sir dung
thanh phan CFRP s& 1am giam 20% khéi luong. Két
qua nay do (E/p) ctia tim sir dung vat liéu composite
CFRP bing 5 1an (E/p) cua thép, nén ty 1& khéi lugng
ctia hai thanh phan theo ty 18 1:5, va thép s& nang hon
composite CFRP nam 1an.
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Hinh 2. Ty I¢ giim khéi lwong thép tim va

composite tam
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Hinh 3. Pg giam khéi lwgng theo dé bén
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Theo tiéu chi do bén ubn o cia tam khi viéc tiét
kiém khéi lugng tir viéc thay thé thép bang cac tam
composite CFRP chtra sgi thity tinh 40% theo thé tich
cho thay gia tri ¢6 bén udn phu thugc nhiéu vao ty 1¢
soi thuy tinh trong vat liéu tong hop CFRP nén phu
thugc vao sb 16p hdn hop (Hinh 3).

4. Két luan

Két qua nghién ciru phan tich lva chon vt liéu
composite cho két ciu than xe cd thé giam duoc khéi
luong than xe dén 20% (Hinh 2). Than xe ting do
ctng va c6 thé tang do bén thém 2% so vai vat ligu
thép tam (Hinh 3) va dam bao khong gian an toan cho
hanh khach trong truong hop va cham.

V& gia thanh ché tao tim bang composite dé dang
hon nén giam gia thanh ché tao. Loai vat liéu cét sgi
thuy tinh Epoxy E-Glass duoc sir dung kha phé bién
trong thuc té pha hop véi vai dang san xuat nho hoac
don chiéc.
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