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TOM TAT

Nghién civu thiét ké giam trong lwong va ting dé cirng két cdau la khdu quan trong cia qud
trinh thiét ke 6 t6. Trén co so mo hinh phan tich phan twr hitu han trang thdi tinh ket cau, tiéen
hanh thiét ke toi wu ket cau khung xwong va sat-xi 6 t6 khdach. Sur dung phwong phap thiét ké
tryc giao tién hanh thiét ke thuc nghiém mo phong phdn tich trang thai tinh ket cau o t6 khach
cho cac bién luong thiét ké do day ket cau khung xwong va sat-xi, uing dung phan mém SPSS
tien hanh phan tich hoi quy két qua mo phong va xay dung ham so hoi quy, dung phan mém
MATLAB tién hanh toi wu hoa cac bién luong thiét ké. Két qua cho thay, ung suat va bién dang
ket cau thoa man dwoc yéu cau diéu kién bén, trong luong ket cau khung xwong va sat-xi sau khi
toi wu hoa giam 11.4% so voi két cau ban dau, thuc hién dwoc nhe hoa trong lwong 6 t6 khdch.

Tir khéa: két ciu 6 t6 khdch, thiét ké thwc nghiém, phan tich mé phéng, téi wu héa

ABSTRACT

It is important to consider the performances of lightweight and stiffness when designing
a bus frame. Base on the FEM static analysis conduct design optimization for bus structure.
Orthogonal design method was used to set the experimental scheme on the structure of bus
body with different thicknesses of steel tube, simultaneously a series of simulation study on
bus structure static analysis was conducted. Based on the regression analysis of the simulation
results, the regression functions were established by SPSS software, the design variables were
optimized by MATLAB software. The results showed that, the stress and deformation of struc-
ture satisfy the conditions required lightweight and stiffness, the total weight of optimized bus
structures was decreased by 11.4% and realized the lightweight design of bus body.

Keywords: bus structure, design of experiments, analysis simulation, optimization

I. LOI NOI PAU

An toan, tiét kiém va bao vé méi truong
1a van dé nghién ctru phat trién nganh cong
nghiép 6 t6 ngay nay; thiét ké tinh an toan va
giam trong lugng 6 t6 1a hai phuong dién quan
trong trong nghién ctru thiét ké 6 t6. Pic diém
0 t6 khach la van chuyén duoc nhiéu hanh
khach, gi4 thanh van chuyén giam, tré thanh
cong cu van chuyén hanh khach quan trong
giita thanh phé va lién tinh. Do d6, thiét ké
giam trong luong xe, dong thoi dam bao an
toan nham giam gia thanh san phdm va tiét
kiém ning lugng van chuyén tré thanh diém
néng nghién ctru. Téc gid Tian Fang va Hail-
iang Wang st dung phuong phép phan tir hiru

han phan tich céc trang thai tinh két cAu than
xe khach, nhung khong nghién ctru t6i vu hoa
két cau [1-2]; tac gia Liu Jiang t6i uu hoa két
cAu 6 t6 khach trén co so phén tich hinh thai
dao dong két cdu [3]. Tac gia Tran Hitu Nhan
tién hanh nghién ctru tinh toan t6i wu hoa két
cAu than xe buyt, tuy nhién tac gia khong néu
ra dg tin cdy ham muyc tiéu va ham diéu kién,
do d6 chua thé hién duoc do tin cdy trong qua
trinh t6i wu hoa [4]. Nghién ctru nay sir dung
phuong phap thiét ké tryc giao tién hanh thiét
ké thi nghiém mé phong cho cac bién luong
thiét ké. Sir dung phan mém SPSS phan tich
va xdy dung phuong trinh hdi quy, ing dung
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phin mém MATLAB tién hanh thiét ké t6i uu
hoéa bien lugng thict ke do da‘ly,cﬁa} ket cau 0 to
khach, dérp bé}o tinh an toan két cau, thuc hién
nhe hoa két cau 6 t6 khach.
1. MO HINH PHAN TiCH PHAN TU
HU'U HAN KET CAU XE

1. X4y dung mé hinh phan tich phan tir

hiru han

Duya vao mé6 hinh CAD 6 t6 khach, st dung
phan mém HYPERWORKS trong méi truong
ANSYS tién hanh xdy dung mo hinh phan tir
hitu han phan tich trang thai tinh 6 t6 khach.
Két ciu than xe la khung xuwong chiu lyc, kha
phirc tap, do d6 can tién hanh mo hinh hoa
toan bd phan tir cic thanh dam trong qua trinh
tinh todn mo6 phong. Trong qua trinh xay dung
mo hinh phan tich phan tir hitu han, sir dung
loai phan tir thich hop cho mdi bai toan 1a rat
quan trong, n6 quyét dinh dén két qua tinh todn
mo phong ¢ gan dung so véi mo hinh thuc té
hay khong. Do d6, cac két cau thanh dam sir
dung phéan tir SHELL63 dé xay dung phan tir
hiru han, kich ¢& lué¢i 10mm; cac by phan co
khéi lwong nhu hanh khach, ghé ngdi, hanh
ly, thung nhién lidu, ic quy, hé théng diéu
hoa khong khi, cira kinh, vv thi dung phan tir
MASS21 dé xay dung; cac vi tri ndi giita cac
thanh, xdy dung mdi lién két cing tiép diém,
ngoai ra sir dung phan tr BEAM188 dé han
cac phan tir. Gia tbc trong truong 1a g = 9.8m/
s2. Két cdu khung xuong sur dung sat Q235,
két chu sat-xi st dung sét Q345, thudc tinh vat

liéu nhu ¢ bang 1 [5].

Bang 1: Thuoc tinh cua vat liéu

ot | Modun || Ung
Ton | oon& | gan hdi | Heésb s
rieng Poisson | €4
(kgmy) | V1P (Mpa)
Q235 | 7850 206 03 235
Q345 | 7850 210 0.3 345

Mo hinh phén tir hiru han 6 t6 khach sau
khi xay dung nhu & hinh 1.

Hinh 1: M6 hinh phan ti hitu han két ciu
than xe khach

2. Phan tich trang thai tinh két ciu
khung xwong va sat-xi

Phan tich trang thai tinh két ciu khung
xuong va sat-xi 6 to khach nham nghién ctru
d6 bén két cau khi xe hoat dong moi diéu kién
trén duong. Do do, nghién ctru nay khao sat 4
qua trinh 1am viéc cua xe nhu xe chuyén dong
thang déu (qua trinh uén), xe chay trén dudng
¢6 6 ga (qua trinh xo4n), xe phanh gip (quéa
trinh phanh), xe chay vao dudong cong (qua
trinh quay vong). Huéng chuyén dong cua xe
dugc mo ta ¢ hinh 2, cac qua trinh dugc khao
sat nhu & muc (1), (2), (3), (4).

Hinh 2: Hudng chuyén dong cta xe

(1) Qud trinh uén (chuyén dong déu trén
dwong): Xe khach dat tai mat béng ngang &
trang thai ddy tai, moé phong tinh hinh chiu tai
ctia két cau than xe khi xe chuyén dong thang
déu. Tai vi tri dat cac banh xe & ciu xe rang
budc céac bac tu do theo cac phuong Y va Z,
dudi tac dung cua gia toc trong truong theo
phuong Y, két cau xe bi bién dang. Két qua mo
phong cho thdy nhu hinh 3 cho thay, ing suat
16n nhit 673 Mpa, tap trung & dudi xe.
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Hinh 3: Két qud mé phéng qud trinh uén

(2) Quad trinh xodn: Tai vi tri dit cac banh
xe & cau xe rang budc 6 bac ty do ¢ 3 banh xe
bat ky, con mdt vi tri ctia banh xe con lai khong
bi rang budc theo bat cir phwong ndo, dudi tac
dung gia tdc trong truong theo phuong Y, két
céu xe bi bién dang. Két qua mo phong nhu
hinh 4 cho thay, Gng suit 1on nhét 12 366Mpa,
tap trung & dau va tran xe.
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Hinh 4: Két qud mé phéng qud trinh xodn

(3) Qua trinh phanh: Tai vi tri dat cac
banh xe & ciu xe rang budc cac bac ty do theo
cac phuong X va Y, dong thoi dit thém diéu
kién bién gia tdc khi phanh 1én toan b xe theo
phuong X 13 0.7g, dudi tac dung cia gia toc
trong trudng theo phwong Y va gia toc phanh,
két cau xe bi bién dang. Két qua mé phong
nhu hinh 5 cho théy, ing suét 16n nhét 1a 432
Mpa, tap trung & dau va trin xe.

(4)
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Hinh 5: Két qua mé phéng qud trinh phanh
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(5) Qua trinh quay vong: Tai vi tri dit cac
banh xe & ciu xe rang budc cac bac tu do theo
cac phuong Y va Z, dong thoi dit thém diéu
kién bién gia tbc quan tinh quay vong 1én toan
bd xe theo phuong Z 1a 0.4g, dudi tac dung
clia gia tc trong truong theo phuong Y va gia
tbc quan tinh quay vong, két cdu xe bi bién
dang. Két qua mo phong nhu hinh 6 cho théy,
{g suat 16n nhat 1a 461 Mpa, tap trung & phan
khung xuong trén cuia xe.
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Hinh 6: Két qud mé phong qud trinh quay
vong
Két qua tinh todn mo phong cho thay, ing
suét 16n nhét tap trung & cac mdi ndi lién két
giita cac thanh, cac gia tri ing suit 16n nhét ¢
4 qua trinh udn, xoan, phanh, quay vong dugc
thé hién biu d6 so sanh nhu & hinh 7.

673
366 432 461
ubn Xoan Phanh  Quayvong

Hinh 7: Biéu do so sanh ung suat cua 4 qud
trinh

Tir két qua md phong cia 4 qua trinh udn,
xoan, phanh, quay vong cho thay, tit ca ing
suat 10n nhét cua ting qua trinh déu vuot qua
ngudng Gng suat cho phép trong d6 qua trinh
ubn c6 g suat 16n nhat (=673 Mpa), dan dén
két cau xe s& bi phd huy trong qué trinh hoat
dong, do d6 can nghién ciru thiét ké toi wu hoa
két cau khung xuong va sat-xi. Do tng suit
qua trinh udn 13 16n nhat, cho nén can nghién
ctru thiét ké t6i wu hoa két cdu khung xuong
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va sat-xi ¢ qua trinh uén, nham tim ra m6 hinh
toi uu dam bao an toan va nhe hoa dugc trong
lugng cua xe.

III. CHON BIEN LUQNG TOI UU HOA

Dua vao cach bd tri két cu cac thanh dam
clia xe, tién hanh phéan chia cdc cum thanh
khung xuong va sat-xi c6 anh huong nhat dén
kha nang chiu tai ctia xe thanh 7 bién luorng
thlet ké tir X, dén X, CAc bién cu thé sau: Bién
X, gbém 8 thanh tru klnh hong trai phai, 6 thanh
dung gia co cua khung xuong hong trai phal
blen X, gbém 10 thanh da ngang tran xe; bién
x, gdém 7 thanh xién bén hong trai phal 7 tru
dung khoang hanh 1y trai phai; bién x gom 24
thanh xién gia cd & dudi san xe; bién x 580m 2
thanh doc 16n & giita khung xwong sat-xi; bién
x, g6m 28 thanh du'ng bén trong khung xuong
sat -Xi; blen x, gobm 2 thanh sat-xi chinh ph1a
trude cau xe, 2 thanh sat-xi chinh phia sau cau
xe. Céc bién dugc thé hién & hinh 8.

Hinh 8: Cac bién toi wu hoa ciia mo hinh

Do 7 bién d6 day anh huong kha 16n dén do
bén va trong luong két cau xe, tat ca cac bién
do day nay dugc xem xét tur thuc t€, cho nén

chon d6 day cac bién x X, X ném trong pham

vi 1.5 — 4.5 mm; d¢ day cac blenx X nam
trong pham vi 5.0 — 8.0 mm; d¢ day blen X X,
nam trong pham vi 9.0 — 12.0 mm.

IV. MO PHONG THi NGHIEM TRUC
GIAO

Muc ti€u toi wu hoa 1a lam cho tong trong
lugng cua céc thanh toi vu héa nho nhat, mé
hinh toan hoc ctia van dé toi uvu hoa cu thé nhu
sau:

Bién thiét ké:
y - ( x[, xZ x3, x4, x5, 'x6,,x7)
min F(y) = ZMe (1)

j=1
s.t. oy < 345 Mpa; 5 < 235 Mpa
1.5 < xq, x5, X3 <4a
5.0 < x,,x5 < 8.0
9.0 < x6,x;, <12.0

Trong cong thirc (1), E(y) la he‘lm s6 myc tiéu;
n, la toan bg co s6 két cau toi uu hoa; M¢, 1a
trong luong céc cum thanh két cau t01 wu hoéa
thirj; o, 1a img suat sat-xi; 13 img suat khung
xuong.

Trong thi nghiém mo phong nay cé tong
cong 7 bién luong, mdi bién chon 4 cép do,
cép do cua 7 bién duge thé hién & bang 2.

Do d6, bang thiét ké thi nghiém truc giao
dugc thiét 1ap [6], can tién hanh tong cong 16

md phong kiém tra bén két cau 6 t6 khach.

Bang 2: Cdp dj nhén t6

Nhén € X;/mm | X, /mm | X;/mm | X;/mm | X;/mm | X;/mm | X;/mm
Cép 1 1.5 1.5 1.5 5 5 9 9
Cép 2 25 2.5 2.5 6 6 10 10
Cép 3 3.5 3.5 3.5 7 7 11 11
Cép 4 4.5 4.5 4.5 8 8 12 12
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Bang 3: Gid tri cdc bién thiét ké thi nghiém truc giao
STT
X;/mm [ X, /mm | X;/mm | X4/mm [ X;/mm | X;/mm [ X;/mm
1 1.5 2.5 3.5 6 6 9 10
2 3.5 4.5 1.5 6 5 10 10
3 2.5 4.5 3.5 7 6 10 9
4 4.5 2.5 1.5 7 5 9 9
5 1.5 3.5 1.5 8 6 10 9
6 3.5 1.5 3.5 8 5 9 9
7 2.5 1.5 1.5 5 6 9 10
8 4.5 3.5 3.5 5 5 10 10
9 1.5 1.5 4.5 7 5 10 10
10 3.5 3.5 2.5 7 6 9 10
11 2.5 3.5 4.5 6 5 9 9
12 4.5 1.5 2.5 6 6 10 9
13 1.5 4.5 2.5 5 5 9 9
14 3.5 2.5 4.5 5 6 10 9
15 2.5 2.5 2.5 8 5 10 10
16 4.5 4.5 4.5 8 6 9 10

Bang 4: Gid tri muc tiéu va diéu kién sau khi mé phong

STT M/kg ¢, /MPa ¢,/MPa
1 4097 299.4 410.5
2 4023 357.8 404
3 4183 358 406
4 3970 299.7 406.7
5 4227 334.6 481
6 4046 267.7 480.2
7 4108 269.2 410
8 4022 331.4 293.5
9 4200 267.6 293.5
10 4145 333 409.2
11 3926 326.9 293.5
12 4044 267.6 293.5
13 3850 356.7 293.5
14 4259 298.8 293.5
15 4090 299 403.5
16 4182 358.5 293.5
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V. PHAN TiCH TOI UU HOI QUY

St dung phuong phap phan tich hdi quy
tién hanh phan tich két qua thi nghiém truc
giao. Ho1 quy mat phan tng bac 2 vdi doi so s
theo hinh thurc sau:

y= a0+2ax +Zax +Za XX

i<j
i=12..,]

Trong cong thirc (2), y 1a ham sé hoi quy
mat phan ung bac 2; a,, a, a,a, la cac h¢ so
hoi quy; X s Xyernrnne X, la céc tham sb thiét ké.

Do s6 1an mo phong thi nghiém ctia nghién
cliru nay la 16, s6 bién thiét ké 1a 7, khong
théa man dugc diéu kién bt budc tham so
hoi quy. Do d6, nghién ciru nay st dung phan
mém SPSS, dong thoi cin cr vao cac gia tri
thi nghiém & bang 3 va gia tri thu dugc tu két
qua mo phong & béng 4 ctia 16 lan thi nghiém,
sur dung mé hinh héi quy mit phan ung bac 2
tién hanh hoi quy cac thong s t6i uu hoa tong
trong lwong va thong sd didu kién, thu dugc
ham s6 myc tiéu M va ham s6 rang bugc. Ham
s6 hdi quy cu thé nhu sau:

M= 4440-11.750xf +36.671x;, + 10.177x; x5+
31562, 2,4-9.367x; x5+31.720x2-17.98 1 x5 5-
27.130x,x,+7.789x5-37.206¢30,+ 39.73 1334
+6.553x2+9.242x2-4.079x 2+4.763x 2.
0,=-1364.583 +276.086x, +0.794x3+ 6.625x5+
16.276x7—11.373x4x5+11 435x,%6-29.595% 4% +-
6.658x2.

0,=227.129-5.616x-36.412x,-0.887x5 +
0.319x; -1.231x3-0.248x3 +0.533x;x,

+0.744x %5 - 0.259x5x5.

St dung hé s6 R tién hanh danh gia do tin
ciy ctia phuong trinh hdi quy, do tin ciy cua
phuong trinh M , 6, va o, lan luot 12‘1 0.999,
0.866 va 0.999. Do d6, c6 thé cho ring cac

phuong trinh hoi quy mat phan tng bac 2 thoa
man yéu cau chinh xéc.

St dung giai thuat di truyén trong phan
mém MATLAB tién hanh t6i uu hoa cic bién
thiét ké trong ham s muc tiéu va ham sé diéu
kién, thu dugc céc gia tri bién do day két cau,
khdi lugng va ing suét cua vat lidu, dugc thé
hién ¢ bang 5 sau.

Bang 5: Gid tri 40 day két ciu, trong luong, ing suét sau tdi uu hoa

X X X X, X X X
Gia tri R e L U s/ of "/ M/kg | /MPa | /MPa
mm | mm | mm | mm | mm | mm [ mm
Téi wu 2.51 1349 | 1.57 | 507 | 5.04 | 11.98 | 10.96 | 3802.5| 288.2 | 228.5
M6 phéng | 2.5 | 3.5 1.5 | 50 | 50 [ 12.0 [ 11.0 [ 3808 [ 290 230
Do d6 day cua thép trén thi truong néi & bang 5.

chung la 1.5,2.0,2.5,3.0,3.5,4,4.5,..; vi vay
do day két ciu xe dua vao thuc té ma chon.
Do d6, nghién ctru nay chon gia tri 6 day két
ciu xe phu hop dé mé phong phan tich lai tinh
bén sau khi t6i vu hoa; gia tri cac bién do day,
khéi luong, img sudt mé phong duoc thé hién

O bang 6 cho thay, d6 day cac thanh két ciu
duoc tinh toan phu hop sau khi tdi uu hoa; tng
suat khung xuwong va sat-xi giam so véi trude
toi wu hoa, thoa man dicu kién bén két cau;
dic biét hon, tong trong luong clia xe giam
11.4%, thda man yéu cau tdi uu hoa.
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Bang 6: Gia tri trudc va sau toi uu hoa

STT GiA tri Trwéce toi AS.au
: uu toi wu
1 2.0 2.5
X, /mm
2 2.0 3.5
X, /mm
3 2.0 1.5
X3 /mm
4 8.0 5.0
X, /mm
5 8.0 5.0
X5/mm
6 X, /mm 12.0 12
7 X, /mm 12.0 11
8 M/kg 4314 3808
9 /MPa 403 290
10 /MPa 673 230

Nhim kiém nghiém lai d6 bén cua xe sau khi
t6i uu hoa, tién hanh mo phong thuc nghiém
lai 4 qua trinh udn, xoén, thing va ‘quay vong.
Két qua sau khi mo phong cho thay, ing suét
cua 4 qua trinh hoat dong cta xe déu giam,
thoa man duogc diéu kién bén cho phép, nhu &
bang 7 cho thay.

TAI LIEU THAM KHAO
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Bang 7: Ung suat két cau xe trudc va sau toi

wu hoa
Qua trinh Trudée tdi | Sau toi wu/
wu/MPa MPa
Udn 673 322
Xoin 366 219
Phanh 432 233
Quay vong 461 202
VL. KET LUAN

Str dung ting déu do day cho cac thanh két
cAu c6 thé lam ting d0 cimg ctia xe. Tuy nhién,
viée ting d6 day két ciu thép mot cach cam
tinh ¢ thé dan toi tang trong luong, khong co
loi cho yéu cau nhe hoa ctia xe. Bai toan tdi vu
hoa két cau khung xuwong va sat-xi 6 t6 khach
dua trén phuong phép thi nghi€ém mo phdong,
phan tich hdi quy va tinh toan tdi wu hoa thong
qua giai thuat di truyén da dem lai két qua
dang tin cay. Do day cua két cdu 6 to khach
duoc tinh toan ngau nhién va khoa hoc. Két
cAu khung xuong va sat-xi 6 to khach sau khi
t8i wu hoa ¢ 4 qua trinh udn, xoén, phanh, va
quay vong déu théa mén diéu kién bén; dong
thoi tong trong luong cua xe sau khi toi uu hoa
giam 11.4% so véi trude lc toi uu hoa.
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