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Tom tit. Nghién ctiu ton thuong hanh khach 1a khau quan trong cua qua trinh thiét ké 0 to. Dya vao tiéu
chuan an toan Chau Au ECE R94, ‘ung dung phan mém MADYMO va HYPERMESH tién hanh xay dung
m6 hinh va m6 phéng phan tich t6n thuong con ngudi trong xe khach xay ra va cham tryc dién. Két qua
m6 phong cho thiy, gia téc va cham cao lam cho hanh khéch bi ton thuong phan dau, c¢6 rat nghiém
trong. Nguyén nhan chu yéu 1a do céc hé thong an toan khong duoc dam bao, két cau dau xe hap thu ning
lwong thap. Trén co s& két qua phan tich co ché ton thuong hanh khach, tién hanh cai tién hé théng an
toan, két cdu hap thu ning luong va cham. Két qua cai tién cho thdy, cac gia tri ton thuong ciia hanh
khach da thoéa mén yéu cau cua tiéu chuan Chau Au ECE R94.

Tir khda. va cham truc dién, hip thu ning lwong, phan tich md phong, ton thuong, tiéu chuan ECE R94

STUDY ON HUMAN SAFETY IMPROVEMENT IN BUS FRONTAL COLLISION

Abstract. It is important to study the passenger injury in vehicle design. Based on ECE R94 standard,
the bus safety simulation model was established and human injury was analysed in bus frontal crash was
analyed by MADYMO and HYPERMESH software. The simulation results showed that the crash
acceleration of bus very high, the passenger’s head and neck were seriously injured. The main reasons
were the safety system was not assured and energy absorption of bus head structure was very low. Based
on the analysis results of injury mechanisms of passengers, the safety system and energy absorption
structure of bus 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 LOINOI PAU

Cung voi phét trién kinh té x& hoi cia dat nuéc, mang ludi giao thong cong cong ngay cang duoc
phét trién, s6 lugng phuong tién giao thong dudng bo tang truong khong ngung ting nam. Cung vdi do la
nhitng vu tai nan giao thdng nghiém trong lam thiét hai nghiém trong Vvé con nguoi va kinh té, theo Uy
ban an toan giao théng qudc gia thi trong 9 thang dau nam 2015 da c6 hon 16.189 vu tai nan giao thong,
lam chét 6.305 nguoi va 1am bi thuong 14.929 nguoi [1]. Trong d6 cac vu cd tinh chat dac biét nghiém
trong lién quan tGi xe khach ghé ngdi, dac biét 1a cac vu tai nan va cham truc dién 1am nhiéu nguoi
thuong vong.

Do d6, viéc phan tich ton thuong cta hanh khach khi xe khach ghé ngoi xay ra va cham truc tro
thanh dlém nong nghién ctu. Tac gia Muhammand Aamir Hasan da nghién ctru phan tich so sanh sy bién
dang két cau va thiét hai vé nguoi ngol trong xe khi xay ra va cham truc dién vao mat tuong va cay cot,
tuy nhién khong dé xuat hogc cai tién nham giam ton thwong con nguoi [2]. TAc gia Nguyén Thanh Tam
da nghién ctu thiét ké t6i uu hoa két cau khung xuong va sat — Xi 6 t6 khach, nhung chua c6 nghién ctu
t6n thuong hanh khach khi xe xay ra va cham [3]. Tac gia Zhang Weigang nghién ciru thiét ké cai tién
khung xuong va sat — xi xe khach khi xay ra va cham tryc dién bang cach thiét ké bo hap thu ning lwong
loai ong thép, cho thay su va dap, gia téc va g suat lon dé pha v& két cdu sat — xi xe khach [4]. Nghién
clru nay st dung phan mem HYPERMESH va MADYMO dé xay dung md hinh xe khach ghé ngdi, md
phong phan tich va cai tién két ciu khung dau xe nhim dam bao khong gian an toan cho tai xé va hanh
khach theo tiéu chuan ECE R66. Sau d6 mé phong phan tich ton thwong con ngudi ngdi trong xe khach
va cham tryc dién 100% dién tich dau xe. Két qua mé phong cho thay, hanh khach bi ton thuong nghiém
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trong khi cac hé thong an toan khoéng dugc dam bao, gia tbc va cham cao. Trén co s6 két qua phén tich co
che t6n thuong hanh khach, tién hanh cai tién hé thong an toan, co cu hap thu nang lugng. Két qua cai
tién cho thdy, cac gid tri ton thuong cua hanh khach di thoa méan yéu cau cia tiéu chuan Chau Au ECE
R94.

2 XAY DUNG MO HINH PHAN TICH TINH TON THUONG

Dua vao md hinh CAD 3D 6 t6 khach tir nha san xuat, sir dung phan mém HYPERMESH trong mdi
truong LS — DYNA d¢é chia lugi cho mé hinh (dang luéi vudng 20mm), gan khdi lwong cho cac bo phan
nhu thing nhién ligu, a¢ quy, hé thong diéu hoa khéng khi, cira kinh, dong co,... Sau d6 tién hanh chon
vat ligu, thiét 1ap thugc tinh vat liéu. Két cau khung xuong sir dung sat Q235, két cau sat — xi st dung sat
Q345, thugc tinh vat liéu nhu & bang 1 [3].

Bang 1: Thudc tinh vat liéu

R Modun dan hoi X o Khoi luong riéng Ung suat gigi
Tén (GPa) H¢ so Poisson (kg/mm?) han (MPa)
Q345 210 0,3 7,85.10°8 345
Q235 210 0,3 7,85.10°8 235

Khi di thiét 1ap duoc cac thdng so trén, tién hanh xuat toa do trong tam, khoi lugng va moment quan
tinh cho ting thanh phan khung xe dé 1am di liéu dau vao cho MADYMO. Tir cac dit lidu thu duoc, xay
dung duoc mé hinh da vat thé ciing khung xe va md hinh phan tir hitu han dau xe trong MADYMO. Céc
diéu kién bién dugc thiét l4p theo tiéu chudn ECE R94 (van tbc khi xay ra va cham 13 56km/h, gia toc
trong trudng la g = 9,81m/s?. Tudng va cham, mat dat va khung xe str dung cac SURFACE.ELLIPSOID
va SURFACE.PLANE, phan dau xe 1a phan tir hitu han FE.MODEL, trong d6 toa do element (phan tu)
va cac node (nut) trong TABLE duoc xuit tir HYPERMESH, d6 day caa phan sat — xi ban dau 12 8mm,
khung dau xe 1a 2mm. Nham truc quan phan tich bién dang xe, thiét lap khong gian an toan cho xe theo
tiéu chuan ECE R66. Dé phan tich ton thuong con nguoi, thiét 1ap nguoi ndom Hybrid 11T 50" va cac hé
thdng an toan (day dai, tai khi cho hanh khach va ngudi 1ai) vao mo hinh. Md hinh xe khach ghé ngi da
thé cirng v6i dau xe 1a phan tir hiru han sau khi xay dung nhu & hinh 1 va vi tri khao sét ton thuong hanh
khéch va nguoi 1ai ¢ hinh 2.

Hinh 2: Vi tri khao sat hanh khéach va tai xé

© 2017 Truong Pai hoc Cong nghiép thanh phé Ho Chi Minh




134 NGHIEN CUU NANG CAO TiNH AN TOAN CON NGUOI TRONG O TO KHACH
XAY RA VA CHAM TRUC DIEN

3  PHAN TICH KET QUA MO PHONG

DPé mo phong phan tich mot cach toan dién qué trinh va cham va tén thuong hanh khach va tai xé khi
Xe Xay ra va cham truc dién, nghién ctru nay ang dung tiéu chuan danh gia t6n thuong Chau Au ECE R94
va tién hanh mé phong phan tich cho 03 trudng hop (Truong hop 1 1a khong trang bi day dai, tai khi;
Truong hop 2 1a hanh khach trang bi day dai 2 diém, nguoi 14i 3 diém; Truong hop 3 1a hanh khach trang
bi day dai 3 diém, ngudi 14i 3 diém va tai khi).
3.1 Khong trang bi day dai, tai khi (Trwong hop 1)

Dung phan mém MADYMO mé phong phan tich ton thuong cua hanh khach khi xe xay ra va cham
truc dién, thoi gian md phong la 200 ms, toc do va cham la 56 km/h. Hinh m6 phong qua trinh va cham
duoc xuat bai phan mém HYPERVIEW, hinh 3 thé hién xe va cham tai thoi diém 93 ms.

Hinh 3: Hanh khach va nguoi 1ai khong trang bi hé thdng an toan

Tt hinh 3 va bang 2 cho thiy, dau xe bién dang théa man khéng gian an toan, tuy nhién hanh khéch
va ngudi lai va cham vao phia sau ghé phia trude va vo lang. Diéu nay cho thiy hanh khach va nguoi lai
khong st dung hé théng rang buoc (day dai, tii khi) dan dén hanh khach va nguoi lai déu bi da chan
thwong. Hau hét céc chi s6 ton thuong cua hanh khach va nguoi lai deu gap nhiéu lan S0 vdi tiéu chuan
cho phép, dac bict 1a nhirng chan thuong nghiém trong ¢ ving dau cd, va nguc. Chi sb ton thuong dau
cia hanh khéch sb 1 va hanh khach s6 2 18n toi 15873 va 13029, gap 1587% va 1303% so véi tiéu chuan
cho phép, khién cho ca 2 hanh khach va ngudi 1ai déu bi ton thuong nghiém trong, c6 thé giy ra thuong
vong. Do d6 can thiét phai trang bi hé thong ddy dai, tdi khi nhim bao vé, giam ton thuong con ngudi
ngdi trong xe.

Bang 2: Gia tri ton thuong ¢ truong hop 1

. X Tiéu chuan \ . X . 1
Chi s6 ECE R94 Hanh khach 1 Hanh khach 2 Nguoi lai
. HIC36 1000 15873 13029 5560
Dau —
Gia toc dau (m/s?) 80 382 367 208
2 Momen uén theo
Co phuong y (Nm) 57 209 185 131
Ep 1dng nguc (mm) 50 21 30 73
Nggc Y ST
Van toc ép long ngye | 0.59 0.56 1.30
(m/s)

3.2 Hanh khach trang bi day dai 2 diém, nguai 14i 3 diém (trwong hop 2)

~ Truong hop nay, hanh khach duoc trang bj day dai 2 diém, nguoi 1ai duoc trang bi ddy dai 3 diém,
giong nhu trang bi thuc te trén xe khach ghe ngoi hién nay. Ket qua mo phong va gia tri ton thuong cua
hanh khach va tai xé dugc thé hién & hinh 4 va bang 3.

© 2017 Trieong Pai hoc Cong nghiép thanh phé Ho Chi Minh




NGHIEN CUU NANG CAO TINH AN TOAN CON NGUGI TRONG O TO KHACH 135
XAY RA VA CHAM TRUC DIEN

Hinh 4: Hanh khach trang bi day dai 2 diém, nguoi lai 3 diém

Bang 3 cho thay, ddi véi nguoi l4i dugc trang bi day dai 3 diém, cAc chi sb ton thuong déu giam
xudng dang ké, chi s tén thwong nguc thoa man tiéu chuan, tuy nhién chi sé ton thuong dau, ¢b van cao
hon so véi tiéu chuan cho phép, nguy co tir vong con & mirc cao. Vi hanh khach khi sir dung day dai 2
diém, mac du cac thong sb ton thuong da giam dang ké, tuy nhién chi s6 ton thwong phan dau, ¢, nguc
van vuot tiéu chuan, dan dén nguy co chan thuong ving dau, ¢6 nghiém trong.

Bang 3: Gia tri ton thuong & truong hop 2

Chi sé Tiéu chuan ECE R94 | Hanh khach 1 | Hanh khach 2 | Nguoi i

DL HIC36 1000 4145 6410 3881

Gia tdc dau (m/s?) 80 135 246 212
ch Momen uon theo phuong 57 106 233 60

y (Nm)

Ep Iong nguc (mm) 50 56.8 2.5 325
Nguc | Van toc ép 16ng nguc 1 0.41 0.02 0.8

(m/s)

3.3 Hanh khéch trang bi diy dai 3 diém, ngwdi lai 3 diém va tai khi (trwong hep 3)

Két qua md phong trong truong hop nay dugc thé hién ¢ hinh 5 va bang 4. Tir bang 4 cho thay, gia
tri ton thuO'ng cua hanh khach va nguoi lai giam nhiéu, phan dau caa hanh khach théa mén tiéu chuan, tuy
nhién gié tri md men uén cao hon so vai tiéu chuan; D6i voi nguoi lai, mac du trang bi déy dai, tai khi
nhung gia tri ton thuong dau van cao hon tiéu chudn, gay nén ton thuong do co ciu an toan chua tbi uu
hodc 1a bo phan dau xe hap thy nang lwong va cham chua tét. Dé giam ton thuong cho hanh khach va
nguoi 14i, ngoai viéc trang bi hé théng an toan can thiét ké co cau hap thu nang luong, giam gia téc va
cham.

Hinh 5: Hanh khach trang bi day dai 2 diém, nguoi lai 3 diém
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Bang 4: Gia tri ton thuong ¢ truong hop 3

Chi s6 Tiéu chuan ECE R94 | Hanh khach 1 | Hanh khach2 | Nguoi lai
. HIC36 1000 987 976 1335
Dau .
Gia toc dau (m/s?) 80 79 81 92
;| Momen udn theo
Co phurong y (Nm) 57 101 85 37
Ep 16ng nguc (mm) 50 55 53 33
Nguc A 1A A 1A
Van toc ép 1ong ngyc 1 0.36 0.27 0.28
(m/s)

4  CAI TIEN TANG HAP THU NANG LUQNG, GIAM TON THUONG

Nham ting tinh ning an toan cho hanh khach khi xe xay ra va cham tryc dién, nghién ctru nay md
phong phan tich co ché ton thuong khi dau xe trang bi co cau hap thu nang luong va cham, két ciu co khi
hap thy niang lugng dugc thé hién & hinh 6 va hinh 7. Mot co cau hap thu ning lwong dit trude dau xe
duoc thiét ké bao gom cac 6ng giam chan duoc biéu thi sé 1, thanh giam chan duoc biéu thi sé 2, can
truéc giam chan duoc biéu thi sé 3. Két cau hap thu ning luong sir dung sat Q235, thudc tinh vat lidu
duoc thé hién trong bang 1.
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Hinh 6: Co cdu CAD 2D b¢ hap thy ning lugng

Bo hép thu néng luong déy da duoc thé hién ¢ hinh 8, khi xe khong xdy ra va cham thi co céu dugc
diéu khién I0i vé phia trong dau xe, hinh dang dau xe lic nay gidng nhu xe binh thuong; khi xe co nguy
co xay ra va cham thi h¢ thong diéu khién bo can giam chan & giira tién vé phia trude thong qua hai 6ng
giam chan sé 1.
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Hinh 7: Co cau phan tir hitu han bo hap thu nang luong

Hinh 8: Co cau hap thu ning luong dit & dau xe

Sau khi trang bi co ciu hap thu ning lwong va cham tién hanh mé phong phan tich ton thwong hanh
khéch va ngudi 1ai cho 03 truong hop ¢6 hay khong trang bi hé thong rang budc nhu & phan tich trén. Két
qua mo phong duoc thé hién ¢ hinh 9, hinh 10, hinh 11 va bang 5.

Bang 5 cho thiy, xét cho 3 truong hop c6 va khong trang bi hé thdng rang bugc thi truong hop 3
(hanh khach trang bi day dai 3 diém, nguoi 14i sir dung déy dai 3 diém va tai khi) tit ca céc gia tri ton
thuong théa man tiéu chuan. Biéu nay cho thay, khi co cau hap thu nang lugng va cham dit trude dau xe
phat huy dugc tac dung, tén thuong hanh khach va tai xé giam

Truong hop 1 b) Truong hop 2 ¢) Truong hop 3
Hinh 9: Mé phong xe va cham truc dién tai thoi diém 0 ms
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a) Truong hop 1 b) Truong hop 2 ¢) Truong hop 3
Hinh 10: M6 phong xe va cham truc dién tai thoi diém 150 ms
m 1] 3
a) Truong hop 1 b) Truong hop 2 ¢) Truong hop 3
Hinh 11: M6 phong xe va cham truc dién tai thoi diém 200 ms
Bang 5: Gia tri ton thuong khi xe trang bi b phan hap thy niang luong
i Truong hop 1 Truong hop 2 Truong hop 3
Chi s6 Ticu Nguoi Ngudi Nguoi
chuan 1 2 . 1 2 . 1 2 g
lai lai lai
HIC36 1000 | 10395 | 6161 3839 1834 | 5157 1084 230 278 154
Piu Gia toc
du (m/s?) 80 305 276 185 103 237 129 63 68 32
Momen
cé | vontheo | o 122 | 92 78 42 | s6 15 23 | 2 24
phuong y
(Nm)
Eplong |5, 25 | 24 | 76 31 | 24 | 26 33 | 33 28
nguc (mm)
Nguc | Van toc ép
long nguc 1 0.07 0.15 1.07 0.13 | 0.02 0.10 0.13 | 0.08 0.17
(m/s)
5 KET LUAN

Nghién ctiu nay dya vao tiéu chuan an toan Chau Au ECE R94, ing dung phan mém MADYMO,
HYPERMESH da tién hanh nghién ciru an toan ton thuong nguoi ngdi trong xe khach khi xay ra va cham
truc dién. Két qua mo phong phan tich cho thdy, mac du hanh khéach va nguoi lai c6 trang bi hé thong an
toan nhung gid trj t6n thuong dau, ¢d, nguc Ién hon gia tri tiéu chuan. Diéu nay cho thay, két cau xe va
két cAu an toan hap thu it nang lwong va cham. Dé giam ton thuong va an toan cho con ngudi ngdi trong
xe can thiét ké bo hap thu ning lugng dat trude dau xe. Khi d6 gid tri ton thuong dau, ¢, nguc cia hanh
khach va ngudi 14i trong truong hop 3 thoa man tiéu chuan ECE R94.
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