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Bai bao nay trinh bay qua trinh thiét ké t6i uu két cau xe khach thoa mén tiéu
chuan 1at nghiéng. Trén co s& mo hinh phan tir hitu han phan tich tinh ning an
toan 14t nghiéng theo tiéu chuan Chau Au ECE R66, tién hanh thiét ké t6i wu
két cdu khung xuong 6 t6 khach. Sir dung phuwong phap thiét ké truc giao tién
hanh thiét ké thyc nghiém mé phong phén tich tinh ning an toan 6 to khach
khi xay ra 1at nghiéng cho cac bién lugng thiét ké do day két cau khung
xuong, tmg dung phan mém SPSS tién hanh phan tich hoi quy két qua mo
phong va xay dung ham s6 hoi quy, ding phan mém MATLAB tién hanh toi
wu hoa cic bién lugng thiét ké. Két qua cho thay, két cdu khung xwong sau
khi t6i uu thoa man yéu cau khong gian an toan tiéu chuan ECE R66, trong
luong két cau sau tdi uu giam 10,9% so voi ban dau, thyc hién dugc nhe hoa
trong luong 6 t6 khach.
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This paper describes the design for optimization of buses structure to satisfy
the rollover safety. Based on the finite element model, we analyzed the bus
rollover safety according to ECE R66 standard, and designed the optimization
for bus frame structure. Orthogonal design method was used to establish the
experimental simulation scheme for analysis of bus safety in rollover
scenarios with different thicknesses of steel tube. The SPSS software was
used to conduct regression analysis on simulation results and establishing
regression functions, the design variables were optimized by MATLAB
software. The results showed that, after optimizing the frame structures in
accordance with ECE R66, the total weight of optimized bus structures was
decreased by 10.9%, thus accomplished the lightweight design of bus body.
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1. GIOI THIEU

Hién nay tai nan do xe khéach gy ra khé thuong xuyén, nhu va cham truc di€n, bén hong,
phia sau, ddc bi€t 1a va cham lat nghiéng lam khung xuong bién dang xam pham vao khong gian
an toan gdy thuong vong cung liic nhiéu hanh khach. Do d6 van dé dam bao an toan cho hanh
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khach bén trong xe duoc cac nha nghién ctru quan tdm hang dau, tir d6 cac tiéu chuan an toan k¥
thuét 6 to ra doi nhim bat budc céc cong ty san xuét 6 to thuc hién thiét ké dat chuén, trong do
¢6 tiéu chuan an toan lat nghiéng ECE R66 do Uy ban kinh té Chau Au sang lap.

Tac gia Tomas Wayhs Tech da s dung phén mém LS-DYNA dé tién hanh mé phong tinh
an toan két cau khung xuong 6 t6 khach duéi diéu klen lat nghiéng, dya trén két qua md phong
tién hanh phan tich va dua ra phuong an thlet ké cai tién nham thoa mén theo yéu cau tiéu chuan
quy dinh, chua thuc hién t6i wu hoa két ciu [1]; Tac gia Yu-Cheng Lin sir dung phin mém
HYPERMESH 7.0 d¢ xdy dung mo hinh phan tir hitu han cho mot doan xe, sau d6 dung phan
mém LS-DYNA 970 dé phan tich két qua mé phong lat nghiéng. Tac gia tién hanh so sanh két
qué thi nghiém va két qua mé phong, diéu chinh mé hinh phan tir hiru han va cac thong s6 ky
thuat cho dén khi két qua mo phong va thi nghiém gan bang nhau, chua t6i uu hoa két cau [2];
Tac gia Nguyén Thanh Tam tién hanh nghién ctru cai tién ké cdu than xe khach thoa man tinh an
toan 14t nghiéng theo tiéu chuan Chau Au ECE R66, tuy nhién tac gia chua t6i uu két cau [3].

Nghién ctru nay dua vao ti€u chuén an toan Chau Au ECE R66, st dung thong sb vat liéu
ché tao khung, tiét dién ctia mo hinh phén tich tinh an toan Iat nghiéng xe khach cta nghién ctru
trude [3] lam d6i twgng nghién ciru tdi wu, sir dung phuong phap thiét ké truc giao tién hanh thiét
ké thi nghiém mé phong It nghiéng cho cac bién lugng thlet ké, sir dung phan mém SPSS phan
tich va xay dung phuong trinh hoi quy, ing dung phin mém MATLAB tién hanh thlet ké tdi uu
hoa bién luzong thiét ké do day cua két cdu 6 t6 khach, dam bao tinh an toan két ciu, thuc hién
nhe hoa két cAu 6 t6 khach.

2. YEU CAU KHONG GIAN AN TOAN

Tiéu chuan ECE R66 (Economic Commission of Europe, Regulation 66) quy dinh kiém tra
an toan két cAu khung xuwong xe dudi diéu kién 14t nghiéng [4]. ‘Ticu chudn nay do Uy ban Kinh
té Chau Au sang 1ap, phién ban méi nhat dugc chinh 1y vao cudi thang 2 nim 2006. Tiéu chuan
quy dinh khoang cach gilta mat phang lat cia xe va mat phang va cham la 800 mm, xe dung yén
trén mat phang lat, nghiéng mat phang nay tir tir véi van tdc goc khong qua 5°/s (0,087 rad/s) cho
dén khi xe bt dau lat do, nhu ¢ hinh 1.

ECE R66 quy dinh két c4u than xe bién dang sau khi kiém tra va cham lat nghiéng khong
dugc xam pham vao khong gian an toan; bat ky bo phan nao trong khong gian an toan déu khong
cho phép 16i ra bén ngoai két ciu khung xwong sau khi bién dang. Quy dinh kich thuéc cua
khong gian an toan dugc thé hién & hinh 2.

by

Mat lat

Truc lat

Hinh 1. Qua trinh thi nghiém va cham lat nghiéng xe khach
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3. CHON THONG SO KET CAU TOI UU HOA

Duya vao cach bd tri két ciu cac thanh dam cua xe, tién hanh phan chia cac cum thanh
khung xuong c6 anh huong nhat dén kha nang chiu lyc cua xe khi 1at nghi€ng thanh 7 bién thong
so két cau thiét ke tir x; dén x,, duoc thé hién ¢ hinh 3.

Bién x; gdm 2 thanh ctra trudc chan gio trai phai phia trude dau xe, bién x, gdm 2 thanh try
dung trai phai phia trude ciia hong xe, bién x5 gdm 18 thanh tru hong trai phai xe, bién x, gom 4
thanh doc trai phai ctia hong xe, bién x5 gdm 2 thanh try dung trai phai phia sau ciia hong xe, bién
X gdm 10 thanh try ding ctra s6 trai phai hong xe, bién x, gdm 8 thanh da ngang tran xe.
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Hinh 3. Cic thong sb két cdu t6i uu hoa
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Do 7 bién do day anh huong kha lon dén do cung va trong lugng két cAu xe, tit ca cac bién
d6 day nay duoc xem xét tir thuc té, cho nén chon d6 day cac bién xy, X5, X3 X4, X5 Xg,X; Ddm
trong pham vi 2 - Smm;

Nghién ctru nay dinh nghia hrong xAm nhap ciia két cau than xe voi khong gian an toan 1a
D; chon khoang cach nho nhat giita cac try dtng than trén xe voi khong gian an toan tinh toan la
D, thanh tru dung phia trudc cua hong xe 1a Dy, thanh tru ding phia sau ciia hong xe la D,. Gia
trj am biéu thi xAm nhap, gi4 tri duong biéu thi chua xdm nhép, duoc thé hién & hinh 4.

@ (b)

Hinh 4. (a) Khong gian an toan; (b) Cac thong s6 diéu kién

4. MO PHONG THI NGHIEM TRUC GIAO

Muc tiéu t61 vu hoa l1a lam cho tong trong luwgng cua céc thanh toi wu hdéa nhd nhat, mo
hinh toan hoc cua van dé toi vu hoa cu thé nhu sau:

Bién thiét ké:

y = (X1, X2, X3, X4, X5, X6, X7)
e
. — e
minF(y) = 2 M;
j=1

S.1. Di>20,D,>0
2 <X, X2, X3, X4, X5, X6, X755

Trong d6, F(y) 1a ham s6 muc tiéu; n, l1a toan bo co s6 két chu toi vu hoa; Mje la trong
luong cac cum thanh két cAu tdi wu hoa thir J-

Trong thi nghiém mo6 phong nay c6 tong cong 7 bién thong sO két céu m€~)i bién chon 4 cap
do, Do do, bang thiét ké thi nghiém tryc giao L16(47) dugc thiét 1ap [5], can tién hanh tong cong
16 mo phong kiém tra an toan két cau 1at nghiéng 6 t6 khéch.

Bang 1. Cap do nhan to

Nhén t0 | x,/mm x,/mm x3/mm x,/mm Xs/mm X¢/mm x,/mm
Cap 1 2 2 2 2 2 2 2
Cap 2 3 3 3 3 3 3 3
Cip3 4 4 4 4 4 4 4
Cap 4 5 5 5 5 5 5 5
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Bang 2. Gia tri cac thong so thiét ké thi nghiém truc giao

STT X;/mm X,/mm X3/mm X,/mm Xs/mm Xe/mm X,/mm
1 2 3 4 3 3 2 3
2 4 5 2 3 2 3 3
3 3 5 4 4 3 3 2
4 5 3 2 4 2 2 2
5 2 4 2 5 3 3 2
6 4 2 4 5 2 2 2
7 3 2 2 2 3 2 3
8 5 4 4 2 2 3 3
9 2 2 5 4 2 3 3
10 4 4 3 4 3 2 3
11 3 4 5 3 2 2 2
12 5 2 3 3 3 3 2
13 2 5 3 2 2 2 2
14 4 3 5 2 3 3 2
15 3 3 3 5 2 3 3
16 5 5 5 5 3 2 3

Bang 3. Gi4 tri cic muc tiéu va diéu kién sau khi mé phong
STT M/kg D;/mm D,/mm

1 416,6 9,2 -37,3
2 4404 42,7 -73,5
3 506,2 91,9 -16

4 450,2 11,9 -73,3
5 506,3 25,1 -40

6 501,3 7,8 -51

7 339,2 -56,5 -80,8
8 413,9 19,5 -88,9
9 463,4 6,8 -34.4
10 498,9 80 -33,4
11 419,9 19,5 -63

12 4294 18,2 -55,5
13 340,1 -35,7 -95.9
14 400,6 -1,1 -59,8
15 518,6 37,7 -42,1
16 605 132,9 -6,4

5. PHAN TiCH TOI UU HOI QUY

Str dung phuong phép phan tich hoi quy tién hanh phan két két qua thi nghiém truc giao.
Hoi quy mit phan tng bac 2 v6i ddi s s theo hinh thirc sau:

y=a, +Za X; +Za”x +Za X X

i<j

i=12..,j
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Trong do, y 1a ham s6 hoi quy mdt phan ing bac 2; ay, a;, a;;, a;; 1a cac h¢ s6 hoi quy;
X1, X7 ..., Xj 1 cdc tham s thi€t ke.

Do s 1an md phong thi nghiém ctia nghién ctru nay 1a 16, s6 thong sb két cau thiét ké 1a 7,
khong thoa min dugc diéu kién bét budc tham sb hdi quy. Do d6, nghién ciru nay st dung phin
mém SPSS, dong thoi cin cir vao cac gia tri thi nghiém & bang 2 va gia tri thu duoc tir két qua
md phong ¢ bang 3 cua 16 lan thi nghiém, sir dung mé hinh hoi quy mat phan ung béac 2 tlen
hanh hdi quy cac thong s6 toi wu hoa tong trong lugng va thong so diéu kién, thu duwoc ham s
muc tiéu M va ham s6 rang budc D,, D,. Ham s6 hoi quy cu thé nhu sau:

M = 243,05 + 1,058x% + 2,572x,x3 — 4,434x5 — 2,078x,x3 + 20,014x,x, — 0,063x2
+ 4,246x3x, — 8,385x3x5 — 0,718x3x, + 7,766x3x, — 1,99x2 + 20,076x,x,
+9,646x2 — 10,399x2 — 16,764x>

D; = —109,417 + 0,107x? + 4,739x,x3 — 7.794x3 — 1.836x,x3 + 32,113x,x5 — 2,875x3
+ 8,169x3x, — 15,852x3x5 + 1,159x3x¢ + 11,342x3x, — 13,655x2
+ 35,113x4x; + 15,216x% — 20,224x% — 30,7522

—132,225 + 0,493x2 — 1,472x,x5 — 2,938x2 — 0,308x,x; + 9,464x,x, — 0,688x2

+ 4,376x3x, — 1,464x3x5 + 0,859x3x¢ + 2,37x3%x, — 3.389x7 + 9.651x,x,
+ 6,205x2 — 5,687x2 — 7,815x2

D,

Str dung hé s6 R tién hanh danh gia d6 tin cdy cua phwong trinh hdi quy, do tin cdy cua
phuong trinh M, D, va D, lan Iuot 13 0,999, 0, 999 va 0,999. Do do, c6 thé cho rang céac phuong
trinh h01 quy mat phan ng bac 2 théa mén yéu cau chinh xac. Sir dung giai thuat di truyen trong
phin mem MATLARB tién hanh t6i uru hoa cac thong sO ket céu thiét ké trong ham s muyc tiéu va
ham sb diéu kién, thu dugc cac gia tri bién do day két cau, khoi luong va khoang céch tdi uu.

Bang 4. Gia trj o day khung xuong, khdi lugng, khoang cach sau t6i uu

cr g X4 Xy X3 X4 X5 X x5
Gid tr] /mm /mm /mm /mm /mm /mm /mm Mkg | Dy/mm | Dy/mm
Téi wu 3,6 3,66 3,69 3,67 3,69 3,6 3,6 519 97 0,01
M6 phong 3,5 3,5 4 4 4 3,5 3,5 532,8 112,2 8,9

Do d6 day cua thep trén thi truong noi chung 1a 1,5; 2; 2,5; 3; 3,5; 4; 4.,5,..; vi vay do day két
cau xe dua vao thyc té ma chon. Do do, nghién ciru nay chon gia tri d§ day két cdu xe phu hop
dé mo phong phan tich lai tinh an toan két céu sau khi t6i uu hoa; gia tri cac bién do day, khoi
lwong, khoang cach duoc thé hién ¢ bang 4.

Nham kiém nghiém lai do bén khung xuong ciia xe sau khi tdi uu hoa, tién hanh mo phong
lai cac bién t6i wu, két qua sau khi mo phong cho thiy khoang cach D,>0 va D; >0 thoa man
duogc diéu kién an toan theo tiéu chuan dong thoi trong lwong cac thanh két cau sau khi tdi vu
hoa giam 10,9% so véi trude khi tdi wu. Két qua danh gid duoc thé hién ¢ hinh 5 va bang 5.
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Loadcase 1 Teme = 191 990481
Frame 33

Hinh 5. Két qua md phong sau khi t&i wu hoa nhin tir phia truée

Bang 5. Bang so sanh gia tri trude va sau khi téi wu

Thir tw Gia tri Truwéc toi wu Sau tbi uu

1 X1/mm 3 3,5
2 X,/mm 3 3,5
3 X3/mm 4 4

4 X,/mm 4,5 4

5 Xs/mm 3,5 4

6 X¢/mm 5 3,5
7 X,/mm 45 3,5
8 M/kg 598,5 532,8
9 D,/mm 110 112,2
10 D,/mm 9.3 8,9

6. KET LUAN

Tang d6 day bat ky cua cac thanh két ciu khung xwong van c6 thé dam bao an toan than xe
ctng vitng dudi didu kién lat nghleng Tuy nhién cach lam nay co thé tang kh01 lwong xe, hap
thu ning lwong cua két cAu giam, tang chidu cao trong tdm xe dan dén ting ton thuong hanh
khach. Bai toan chon bién thiét ké thi nghiém mé phong, xdy dung ham muc tiéu hdi quy va
dung giai thuat di truyén tinh toan tdi wu cac gia tri thong sb két cau do day cho ra gia tri tbi wu
1 tin cdy va khoa hoc. Két qua toi wu cho thay, bién dang két ciu than xe sau khi va cham xe 1at
nghiéng khong xam pham vao khong gian an toan, théa min tiéu chudn ECE R66, dong thoi
trong lwong cac thanh sau khi toi uu giam 10,9% so véi trude tdi wu hoa.
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