Tap chi Khoa hoc va Cong nghé, Sé 36C, 2018

THIET KE CAI TIEN KET CAU PAU XE O TO KHACH GIUONG NAM
NHAM NANG CAO TiNH AN TOAN CON NGUOI TRONG VA CHAM
TRUC DIEN

NGUYEN THANH TAM , NGUYEN CONG THANH 2
Trromg Pai hoc Cong nghiép thanh pho Ho Chi Minh
2 Triomg Cao dang Ky thugt Cao thang TP. Hé Chi Minh;
nguyenthanhtam@iuh.edu.vn

Tom tit. Nghién ciu ndy dya vao tiéu chuan an toan Chau Au ECE R94, ECE R66, sir dung phan mém
HYPERWORKS va MADYMO tién hanh xay dung mé hinh va mé phong phan tich tén thwong nguoi lai
va hanh khach trong xe khach giuong nam xay ra va cham truc dién. Két qua md phong cho thay, gia toc
va cham cao 1am cho con ngudi bi ton thuong phan dau rat nghiém trong. Nguyén nhan chu yéu la do két
ciu dau xe hip thu ning lugng it. Trén co s& két qua phan tich co ché ton thuong hanh khach, tién hanh
thiét ké két ciu hap thu nang lugng va cham duya trén sy thay d6i hinh dang va bé day cac thanh khung sat
— xi dau xe. Két qua cai tién cho thay, cac gia tri ton thuong ctia hanh khach da thoa man yéu cau cua tiéu
chuan Chau Au ECE R94.

Tir khoa: xe khach giwdng nam; va cham truc dién; phan tich mé phong; hap thu ning luong; tiéu chuan
Chau Au ECE R94

IMPROVEMENT DESIGN OF SLEEPER COACHES FRONT
STRUCTURE TO ENHANCE THE SAFETY OF HUMAN IN FRONTAL
COLLISION

Abstract. Based on ECE R94 and ECE R66 standard, the sleeper coaches safety simulation model was
established and human injury was analysed in sleeper coaches frontal crash was analyed by
HYPERWORKS and MADYMO software. The simulation results showed that the crash acceleration of
sleeper coaches very high, the passenger’s head was seriously injured. The main reasons were energy
absorption of coaches head structure was very low. Based on the analysis results of injury mechanisms of
passengers, the energy absorption structure of sleeper coaches front were improved. Improvement results
showed that, the injury values of the passengers arcording to the requirements of European Standard ECE
R94.
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1. LOTINOI PAU

Theo Uy ban ATGT Qudc gia, trong 9 thang ddu nam 2018, ca nuwdc xay ra 13.242 vy tai nan giao thong,
lam chét 6.012 nguoi, bi thuong 10.319 ngudi. [1]. Trong d6 cac vu va cham lién quan dén xe khach giuong
nam c6 tinh chat dac biét quan trong 1am nhiéu | nguoi thuong vong. Do do, viéc phan tich t6n thuong cua
ngudi l4i va hanh khach khi xe khach giwdng nam xay ra va cham truc tro thanh diém néng nghién ciu.
Téc gia Nguyén Thanh Tam d3 ¢ng dung phan mém MADYMO phan tich ton thuong, cai tién két ciu dau
6 t6 khach ghé ngoi dé dam bao an toan va cham truc dién [2]. Tac gia Nguyén Quang Anh nghién ciru tinh
toan dong luc hoc cta 6 t6 va do ben cuia khung xuwong khi 6 t0 xdy ra va cham truc di¢n [3]. Tac gia Zhang
Weigang nghién cau thiét ké cai tién khung xuong va sat-xi xe khach khi xay ra va cham truc di¢n bang
cach thiét ké bo hap thu niang luong loai 6ng thép, tuy nhién su va dap, gia téc va (ng suat 16n d& pha vo
két cAu sat-xi xe [4]. Liu C.K da nghién ctru m6 phong qua trinh va cham cua khung trudc 6 t6 khi va cham
bang phan mém LS-DYNA va HYPERMESH [5]. Téac gia Muhammand Aamir Hassan da nghién ctru phan
tich so sanh sy bién dang két cu va thiét hai vé nguoi ngoi trong xe trong cdc truong hop xdy ra va cham
truc dién, mat tudong va cot, tuy nhién khong dé xuat hoac cai tién nham giam ton thuong cho hanh khach
[6].

Nghién ctru nay wng dung k¥ thuat thiét ké mé hinh bang phan mém SolidWorks, xay dung md hinh phan
tir hitu han bang phan mém HYPERMESH trong méi truong MADYMO tién hanh mé phong phan tich qua
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trinh va cham tryuc dién cua 6 td khach giudng nam, danh gia muic do ton thwong hanh khach théng qua cac
chi s6 danh gia nguy hai cac bo phan trén co thé. Tir két qua do tién hanh cai tién két khung dau xe hap thu
ning lugng va cham, hé thong day dai, tai khi theo phuong phap pht hop véi thuc tién va tiét kiém chi phi
nha san xuat, ¢&am bao an toan cho ngudi 1ai va hanh khach thda méan yéu cau tiéu chuan Chau Au ECE
R94.

2. XAY DUNG MO HINH MO PHONG PHAN TiCH XE GIUONG NAM VA CHAM
TRUC DIEN
Duya vao md hinh CAD 3D xe khach giwong nam tir nha san xuét, sir dung phan mém HYPERMESH trong
mo trudng 1am viec MADYMO tién hanh chia ludi va gan gié tri vat liéu khéi luong cac bo phan nhu dong
co, thung nhién liéu, hé théng may diéu hoa khong khi, ctra kinh... Vat liéu duoc st dung cho két cau khung
xuong la sat Q235, két cau khung sat-xi san xe 1a Q345 véi cac thugc tinh dwoc thé hién ¢ Bang 1 [2].
Bang 1: Thugc tinh vat liéu

. M6 dun dan hoi VN Khéi lugng riéng Ung suat gigi han
Tén (GPa) H¢ so Poisson (kg/mm?) (MPa)
Q345 210 0,3 7,85.10% 345
Q235 210 0,3 7,85.10% 235

Sau khi thiét lap duoc céc thong so trén, tién hanh xuét toa d6 trong tam, khdi lugng va moment quén tinh
cho tirng thanh phan khung xe dé lam dit liéu xay dung trén MADYMO.

Tir cac dit lidu thu duoc tién hanh xay dyng mé hinh da thé cung khung xe, trong d6 phan khung dau xe,
day dai an toan, tui khi dwoc xay dung phan ti hitu han FE.MODEL nham phan tich bién dang két cau, do
day két cau khung sat-xi dau xe 1a 8mm, d6 day khung xwong dau xe 1a 2mm; két ciu than giira xe, than
cudi xe duoc sir dung phan tir da thé cang SURFACE.ELLIPSOID, SURFACE.LANE; mit duong, tudng
va cham duogc sir dung phan tir da thé ciing SURFACE.ELLIPSOID. Van téc md phong va cham la
v=13.9m/s, gia tic trong trudng la g=9.81m/s2 va hé sé6 ma sét giira banh xe va mat duong 1a 0.2. Nham
truc quan phan tich bién dang xe, thiét 1ap khong gian an toan cho xe theo tiéu chuan ECE R66. Dé phan
tich ton thuong con ngudi, thiét 1ap ngudi nom Hybrid 111 50th va céc hé théng an toan (day dai, tai khi)
cho hanh khach va nguoi 14i. M6 hinh xe khach giwdng nam da thé ctiing véi dau xe 1a phan tir hiru han sau
khi xay dung nhu & Hinh 1, vi tri khao sat ton thuong ngudi ndm Hybrid 11T 50th dugc thé hién & Hinh 2.

| RS
Hinh 2: Vi tri khao s
3. PHAN TICH KET QUA MO PHONG
Dé mo phong phan tich mét cach toan dién qua trinh va cham va ton thwong hanh khach va ngudi i khi
Xe xay ra va cham truc dién, nghién ciu ndy wng dung tiéu chuan danh gia ton thuong Chau Au ECE R94,
sir dung nguai nom Hybrid 111 50th tién hanh md phong phan tich ton thuong. Panh gia ton thuong dau cia
hanh khach va nguoi lai théng qua st dung phan mém MADYMO PROTOCOL RATING va
HYPERWIEW. Chi s ton thuong dau (HIC) dugc tinh toan qua cong thic 1.

at hanh khach va nguoi 14i
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L tja(t)dt (t,-t,)

tz _t1

HIC = max

1
Trong do:

t1, t2: 1 hai thoi diém c6 sy thay ddi vé gia tri gia toc 16n nhat.

to-t1: 1a khoang 14y 16n nhét 36ms.

a: 1a gia toc theo thoi gian tai tim dau ngudi nom.
3.1 Hanh khéch trang bi day dai 2 diém, ngwoi 14i 3 diém (trwong hep 1)
Trudng hop nay, hanh khach duoc trang bi day dai 2 diém, ngudi lai dugc trang bi day dai 3 diém, gidng
nhu trang bi thuc té trén xe khach giudng nam hién nay. Két qua md phong va gié tri ton thuong cua hanh
khach va nguoi 1ai duoc thé hién ¢ Hinh 3 va Bang 2.

Hinh 3: Két qua mé phong cho truong hop 1

Bang 2 cho thiy, khi tai xé duoc trang bi day dai 3 diém va tdi khi trudc nguc, cac chi s6 ton thuong déu
vuot gia tri ngudng cho phép, dac biét Ia ton caa hanh khach 1a do khéng trang bi day dai ¢ vai. Do nguoi
1ai duoc trang bj day dai 3 diém nén gid tri ton thuong thap hon so v6i ton thuong hanh khach, tuy nhién
van vugt ngudng an toan cho phép.

Bang 2: Gia tri ton thwong & truong hop 1

Chi & Tiéu Hanh Ig‘:‘m;l Hanh | Hanh | Hanh | _. .

150 chuan | khach 1 2‘“ khach 3 | khach 4 | khach5 | &' *¢

HIC36 1000 | 7565 | 7668 | 6516 | 7932 | 5742 | 1139

iy gia toc dau (g) 80 20444 | 25255 | 214.69 | 284.56 | 272.7 | 100.86
Van toc (elg/ls‘)’“g ngue 1 0.15 0.16 0.20 0.24 0.36 0.26

3.2 Hanh khéch trang bi day dai 3 diém, ngwoi 14i 3 diém va tai khi (trwong hep 2)

Trong truong hop nay, tién hanh sir dung day dai 3 diém danh cho hanh khach, tai xé dugc trang bi hé thong
an toan theo quy dinh bao gém day dai an toan va thi khi truge. Két qua md phong trong trudng hop nay
duoc thé hién & Hinh 4 va Bang 3. Gi4 tri ton thwong & Bang 3 cho thay, gié tri ton thuong dau (HIC) cua
hanh khach va ngudi 1ai duge dam bao, tuy nhién gié tri gia tbc van con cao so véi ngudng gia tri cho phép.
Nhu vay, can thiét cai tién két ciu dé tang hap thu nang lugng va cham, giam gia toc dau cia hanh khéch
va nguoi lai.

Hinh 4: Két qua md phong cho truong hop 2
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Bang 3: Gia tri ton thuong & truong hop 2

Chi < Tiew | Haoh | 0 | panh | Hanh | Haoh | o
chuén | khach 1 ) khach 3 | khach 4 | khach 5 X
HIC36 1000 648 485 491 529 931 787

iy Gia toc dau (g) 80 8868 | 90.73 | 7945 | 59.02 | 120.60 | 90.29
Van toc (erﬁ/ls‘)’ng nguce | 0.21 0.26 0.19 0.57 0.69 0.30

4. CAl TIEN GIAM TON THUONG

Nham ting tinh ning an toan cho hanh khach va ngudi lai khi xe xay ra va cham tryc dién, nghién cau nay
g dung co cau hip thu ning lwong va cham dé md phong phén tich co ché ton thuong, két cdu co khi hap
thu ning luong dugc thé hién ¢ hinh 5. Thyc hién cai tién két ciu sat — xi ¢ gitra khung gam trudc xe theo
dang tron luc giac, 2 thanh phia trudc ¢ bé day 5mm, 2 thanh phia sau ¢ bé day 4mm. Két ciu chua cai

tién va cai tién duoc thé hién & hinh 5.

Két cAu sat — xi chwa cai tién Két cAu sat — xi cai tién
Hinh 5: Két cau sat — xi cai tien

Co ché bién dang két cdu sau cai tién duoc thé hién & Hinh 6, gia tri ton thuong dau cua hanh khéch
va ngudi 1ai dugc thé hién ¢ Bang 4, Hinh 7. Bang 4 va Hinh 7 cho thiy, gia tri ton thuong dau cua
hanh khach va ngudi lai sau cai tién két cau déu giam so véi chua cai tién, thoa man tiéu chuan an toan
Chau Au ECE R94; gia tri gia toc dau cua nguoi 1ai giam 50%. Tir két qua nay cho thay, két cau sat —
xi dwoc cai tién hap thu ning lwong va cham rat tét.

(a): Trudéc cai tién (b): Sau cai tién
Hinh 6: So s&nh két cau bién dang trudc va sau cai tién
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Bang 4. Gi4 tri ton thuong trudng hop cai tién két cau sat — xi dau xe cho truong hop 2.

Chi sb Tiéu Hanh Hanh Hanh Hanh Hanh Tai xé
chuan | khach 1 | Khéach 2 | khach 3 | khach 4 | khach 5
HIC36 1000 669 476 533 518 661 289
Pau gia toc dau (g) 80 61.02 | 53.63 | 55.44 | 56.08 | 70.76 | 45.05
Van toc ép long nguc (m/s) 1 0.30 0.34 0.33 1.16 0.24 0.20
Gia toc dau nguoi lai
——gia toc dau nguoi lai chua cai tien
= ———— = ML= s gia toc dau nguoi lai da cai tien
r
O o
.«.—g-
B ° ° ° Thoi gi;n (ms) - © - - *
) Hinh 7. Biéu d6 so sénh gia toc dau ngudi lai trudc va sau cai tién.
5. KET LUAN

Nghién ctru nay dua vao tiéu chuan an toan Chau Au ECE R94, tng dung phan mém HYPERMESH va
MADYMO d4 tién hanh nghién ctiu an toan tén thwong hanh khach nam va ngudi 1ai trong xe khach khi
xay ra va cham tryc dién. Két qua md phong phan tich cho thiy, mac du hanh khach va nguoi lai ¢6 trang
bi hé théng an toan (day dai, tai khi) nhung gia tri ton thuong dau 16n hon gia tri tiéu chuan. Diéu nay cho
thay, két cau xe hap thu it ning lugng va cham. Dé giam ton thuong va an toan cho hanh khach va ngudi
14i, can thiét ké bo hip thu ning luong dit trude dau xe. Khi d6 gia tri ton thuong déu cua hanh khach va
ngudi lai trong truong hop 2 thoa man tiéu chuan ECE R94.
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