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Toém tét - Van tai hanh khach cong cong (VTHKCC) béng xe buyt
dwoc coi la phwong thirc van tai hanh khach phd bién nhat hién
nay trén thé gi¢i. VTHKCC béng xe buyt thich (rng v&i tat ca cac
loai @6 thi khac nhau, c6 tinh co ddng cao, it can tré, hoa nhap véi
céc loai hinh vén téi giao thong dudng bd khac, khai thac, diéu
hanh don glan va thuan lgi. U'ng dung cac phan mém phan tu’ hdru
han giGp t6i wu héa qua trinh thiét k& va san xuét, cung clp giai
phap toan dién nhat mé ra gidi phap CAE trong nén cong nghiép,
bao gébm c& mé phéng, phan tich, quan ly d liéu, t6i wu hoa chu
tric, dam bao dd bén, mang lai gia tri kinh t& cho nha san xuét ciing
nhw ngudi tiéu dung. Trong bai bao nay, phan mém phén t& hivu
han (PTHH) HyperWorks dwoc str dung dé tinh toan téi wu hda do
bén khung xe buyt B45 gép phan nang cao do bén, tudi tho, tiét
kiém vat liéu ma van dadm bdo chét lwong, sw an toan clia xe buyt.

Tir khéa - t6i wu hoa khung xe; khung xwong xe buyt; HyperWorks;
phwong phap phan tl hitu han; mé phong PTHH.

1. Pat vin dé

VTHKCC bing xe buyt ¢ nudce ta hién hay ndi chung
cing nhu cdc thanh phd 16n noi riéng dang mang lai nhiéu
yéu tb tich cuc, gop phan giam un tic _giao thong, giam
thiéu 6 nhiém moi truong va giam tiéng on 23y nén boi cac
phwong tién c4 nhan. Vi thé ngay cang nhidu xe buyt dugce
sir dung trong cac thanh phd ¢ nuéc ta hién nay [1]. Dé ting
d6 an toan, tinh tién nghi va do tin cdy, cic nha san xuét da
va dang tap trung vao viéc dau tu nghién ctru, tinh toan t6i
uu nham khong ngung cai tién san pham. Hién tai, co nhiéu
cach thuc hién dé dat duoc nhiing muc tiéu trén nhu giam
thiéu khéi luong khung xwong thong qua viée bd tri két cau
khung xuong, thay thé vat liéu thép bang vt liéu nhe hon
nhu nhém, hodc thay ddi chiéu day tiét dién mat cat ngang
céc thanh trén khung xuong [2]. Dé thyc hién cac cach trén,
mot vai nhom tic gia da nghién ciru sir dung cac phan mém
phan tir hitu han trong viéc tinh toan khung xe buyt. Tuy
nhién, viéc tinh toan nay van chua mang lai hiéu qua mot
céch dang ké va tat ca ching chwa hoan toan phu hop dé ap
dung ddng thoi cho toan bd phuong an thiét ké cua mot
doanh nghiép, boi I& viée bd tri lai két cdu khung xuong chi
phu hop cho thiét ke mai tr y tuéng ban dau, nhung thye
té chi ra rang viée t6i uu hoa dé cai tlen két chu voi dleu
kién giam thiéu chi phi phét sinh thi rat can thiét dugc trién
khai trén thiét ké da duoc hién thyc héa. Bén canh do, viéc
st dung vat liéu nhom s& rat kho dé thyc hién khi cong
nghé san xuét tai doanh nghi¢p chua du dé dap ung, vé vin
dé thay ddi chiéu day tiét dién mit cit ngang cac thanh chi
phi hop véi thiét ké da ton tai va dang dugc san xuét.

Vi vay, trong bai bao nay nhom tac gia trinh bay viéc
tmg dung phuong phap PTHH nhim tinh toan t6i wu hoa
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khung xuwong xe buyt B45. Phin mém PTHH duoc st dung
trong nghién ciru nay 1a phan mém HyperWorks. Két qua
cua nghién ctru nay c6 y nghia khoa hoc va thuc tién trong
viéc nang cao do bén, tudi tho, tiét kiém dwoc nguyén vat
liéu ma van dam bao duge cht luong, sy an toan cho xe
buyt. Diéu d6 ciing ddng nghia véi viée tiét kiém ning
luong va giam 6 nhidm moi truong. Tir d6 chi phi san xuat
s& giam, mang lai gia thanh hop 1y gian tiép va lgi nhuan
thiét thuc cho ngudi tiéu dung.

2. Nghién ciru t6i wu héa dd bén khung xe buyt B45
2.1. Tong quan vé phwong phdp phan tir hitu han va
phin mém HyperWorks

Ung dung phuong phap phan tir hiru han vao linh vuc
co hoc két cau, bang cach chia vat thé ra thanh mot tp hitu
han cac mién con lién nhau nhung giita ching chi lién két
v6i nhau thong qua cdc nat (node). Truong chuyen vi, blen
dang, ung sudt duge xac dinh trong ting mién con, moi
mién duge goi la mot PTHH. Dang phén tir co thé 1a thanh,
thanh dam, tAm, vo, khdi, cac phan tir duoc ndi két v6i nhau
gua céc nut [3].

Céc tai lidu nghién ctru trude day déu chi ra ring, véi
mdt bai toan dugc giai bang phuong phap PTHH, co ban
déu phai trai qua ba giai doan chinh, khéi dau bang viée
xay dung mo hinh tinh toan dudi dang cac PTHH va dam
bao tat ca ching phai dap ung dugc cac didu kién ma
phuong phéap nay yéu cau, sau khi ap dit du diéu kién bién
cho chiing thi qua trinh tinh toan s& dugc trién khai, bang
viéc giai cac phuong trinh ma tran d¢ cimg phan tr nhim
xuét ra két qua tng suat va bién dang cta két cau trude khi
két thuc mot chu trinh.
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2.1.1. Bai todn t6i wu héa két cdu
a. Co s& chung cho bai toan tbi wu hoa két ciu
Mot cach tong quat, bai toan t6i wu dugc dit ra la im
cac  bién
f=f(x,
thoa min céac diéu kién rang budc:
0,(x)<g, (i=123,.., m)
h <h(x) (=1 23,.. m)

W SW(X)SW (=12 3,.., ma)

X, X X sao cho ham  sb:

1) 21t Ty

X, X )= f(x) dat min (hay max), dong thoi

b. Ly thuyét cho bai toin tdi wu két cAu bing

phwong phap luc ma tran

Véi bai toan ti uu két ciu bang phuong phap luc ma
tran thi ham muc ti€u c6 dang:

+ Thé tich két cau:

v :iLi.Ai )

Trong d6: - N: $6 nhom:;
- Li, Ai: tong chiéu dai va dién tich mat cét cac
phan tr cia nhém i.
+ Trong lugng két cau:

G:ZVi-'-i-A. )

Trong do: y, : trong lugng riéng vt liéu nhém i.

+ Hé répg budc: Ngoai diéu kién ‘bié'n dang cia h¢ co
ban phai giong nhu h¢ sicu tinh ban dau, con lién quan dén
hai di€u kién phai dam bao, d6 1a d6 bén va do cing.

Céc rang budc:
s O sle]

- Vé d6 bén: (3)

amjﬁ[aI;i=l+e

Trong d6: - €: $6 luong phﬁn tr cuia hé;
- [o-]ik [o-]n : ing suét cho phép khi kéo va nén
d6i v6i phan tir i.
- V& do cimg: A <[A] 4)

Trong do: [A]: chuyén vi cho phép dbi véi cac diém
dat tai trong trén hé.
+ Diéu kién bién dang: A =0 Hay

B,.F.B,.P+B.F.B,.X =0

c. T6i wu héa két cAu bang phwong phap chuyén vi

dang ma tran

Dé tdi uu hoa két ca?iu’bz‘ing phuong phéap chuyén vi dang
ma tran, phai tinh toan t6i wu cho céc hé sau:

+ Ti wu hoa hé dan;

+ Tbi vwu hoa hé khung;

+ Tdi wu hoa két cau bang phuong phap phan tich do

nhay: Phén tich d nhay cua chuyén vi; diéu chinh két ciu
dan; diéu chinh két cau khung.
2.1.2. Phdn mém HyperWOFkS

HyperWorks la nén tang mo phong c6 kién triic mé toan
dién nhét cung cap chc cong nghé hang dau dé thiét ké va
t6i wu cac san pham mot cach sang tao va ¢ hidu qua.
HyperWorks bao gém cac cong cu mo hinh héa phén tur
hiru han, phan tich va t6i wu hoa cac cdu trac, luu chat, hé
da vat thé, dién tir va vi tri dng-ten, phat trién cac mo hinh
co so, phan tich cac hé da moi truong [4]. Phin mém
HyperWorks dugc st dung rong rai v6i cac mé-dun chinh:
Hypermesh, Motionsolve, Radioss, Optistruct,
Hypergraph. Quy trinh tinh todn dwoc mo ta tong quat nhur
so @b duoc thé hién trong Hinh 1.

Hinh 1. Quy trinh tinh toan trong HyperWorks
2.2. Téi wu d bén khung xe buyt
2.2.1. Cdu triic tong thé ciia mét bai todn bén trong phan
mém HyperWorks

Céu trac co ban cua bai toan bén trong phan mém
HyperWorks gém 4 phan dugc thé hinh trong Hinh 2, cu thé:

+ Import dir lidu: dir liéu dudi dang cad tir cac phan
mém thiét ke.

+ X@ ly m6 hinh: xay dung md hinh ludi tr m6 hinh
cad, cai dat thudc tinh vat liéu, khai bao contact, kiéu lién
két (bu long, mbi han...), cai dat diéu kién bién, dat luc tac
dung va khai bao kiéu liner static.

+ Giai bai todn: bd giai optistruct s& giai phuong trinh

ma tran d6 cimg dé xac dinh chuyén vi tai cac nut, tir d6
tinh ra bién dang, ng suat ctia cac phan ti.

+ Két qua tinh toan: gitup nguoi dung doc cac két qua
dé phan tich két qua bai toan bén nhu: (mg suét, chuyén vi
v6i cac bai toan tinh; tan so riéng.

I HyperMesh

. HyperMesh

Solver

HyperView
HyperGraph

Results Visualization

/
A
Hinh 2. Cdu tric tong thé bai todn bén trong phan mém
HyperWorks [4]

2.2.2. Thiét ké toi wu hda khung xe trong HyperWorks
Thiét ké t6i wu hoa (Design Optimization) 1a ky thudt
tinh toan, phan tich dir li¢u dé dat dugc yéu cau dét ra nhu:
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¢6 trong lugng, thé tich va dién tich bé mat nho nhit ma
van dap mg duoc cac gidi han cho phép vé chuyén vi, tmg
suat. Cach thirc t6i ru hoa dugc thé hién trén HyperWorks
qua cic budc sau: Tao file dir liéu; Khai bao cac bién tdi
wu; Thiét lap ham diéu kién (Response) cho ving Design;
Thiét 1ap gia tri cho ham diéu kién (dconstraints); Thiét lap
diéu kién hoi tu (objective); Thiét 1ap cac dir liéu ngd ra;
Kiém tra va xuét két qua.

2.2.3. Tinh toan dé bén khung xwong xe buyt

Qua trinh tinh toan d6 bén khung xuong xe buyt duoc
thue hién nhu sau:

+ Céc thong s6 k¥ thut xe buyt B45 dugc lay tir xe
thuec te.

+ Nhap céc thong sé dau vao cho viée tinh toan.

+ Tinh khdi lwong timg phan ciia khung xuong: Khung
xuong dau; Khung xuong mang hong trai; Khung xuong
mang hoéng phai; Khung xwong mang mui; khung xuong
mang dudi; Khung xuwong mang san.

+ Phén tich tai trong tic dung 1én khung xuwong: Khi
lam viéc, khung xuong xe buyt chiu cac luc tac dung voi
cuong d¢ lap di lap lai nhi€u lan, lién tuc, gay ra hién tuong
mai, ngoai ra con chiu sy tac dung cua tai trong dong trong
cac truong hop khac nhau, khi lam viéc ¢ nhiéu mdi trudng
khac nhau, mat duong go ghé, .

Khi co tai trong 16n nhat tac dung, than xe van phai dam
bao duogc do ben két cdu, mac du rat it Xxay ra truong hop
ndy. Do vay, can thiét phai xac dinh hé s0 tai trong dong va
d§ dam bao kha nang chiu moi va dd bén cua than xe, hé
s0 an toan dugc thém vao khi tinh toén [5]:

P =P.2=p.m ®)

dyn t st

g

Trong do: Payn: tai trong dong (kg), Ps: tai trong tinh
(kg), g: gia toc trong trudng (M/s?), a: gia téc tirc thoi
(m/s?), m: hé sb cia lyc quan tinh.

Cac lyc tac dung 1én than xe dugc thé hién nhu trén
Hinh 3, c6:P =m (G -G ), P =m (G -G )
P=m(G -G).

gom

Céc lyc nay gay ra mo-men: M;: mo6-men udn; My: mo-
men xoan My: md-men uén trong mat phang Z-X. Gia tri
My rit bé va dugc bo qua do d6 cimg El ciia than xe trong
mit phing Z-X 1a rat 16n.

Hinh 3. Cdc luc tdc dung lén khung xe

Hé s6 tai trong s€ dugc cai giét trong myc forms cua
phan mém HyperWorks, dugc thé hién trén Hinh 4.

State |Loadcase HlTilIe |Lu|:atinn |Dile|:lion |Lnad Type |Mull. |Value |5lep: ‘
v | 1 [1G ven [Tive pateh-tt +l[z ~|[Loap ~[[ooooo [C2eEsm00n [ 10
v | 1 [1G ven [Tie pateh-ight ~ [z ~|[Loap ~[[ooooo [T2aE000a [ 10
v | 2 [z ven [Tie pateh-ett— +l[z ~|[Loap [ o000 [T2aEm00n [ 10
v | 2 [z ven [Tie pateh-ight ~ [z ~|[Loap [ o000 [T2aEm00n [ 10
v | 3[05G TwistLeft [Tie patch et ||z ~|[Loap [ [osoo0 [T2aEEm00n [ 10
v | 3[05G TwistLeft |Tie patch-icht  =|[Z ~|[Loap ~[[ooooo [T2aE000a [ 10
v | 405G Twist Fight [Tie patch et~ =|[Z ~|[Loap ~[[ooooo [T2aE000a [ 10
v | 405G Twist Fight [Tie patch -icht =|[Z ~|[Loap [ [osoo0 [T2aEEm00n [ 10
v | 5 [0.65 Front Brakin [Tie patch et~ =[x ~|[Loap [ [osooo [T2aE000n [ 10
v | 5 [0.65 Front Brakin [Tie patch -icht =[x ~|[Loap [ [osooo [T2aE000n [ 10
v | 6 [0.56 Fiear Braking [ Tie patch et~ =[x ~|[Loap ~[[oso00 [T2aE000a [ 10
v | & [0.56 Riear Braking [ Tie patch -ioht =[x ~|[Loap ~[[oso00 [T2aE000a [ 10
v | 7 [056 Lateral Left [Tie patch et [ ~|[Loap [ [osoo0 [T2aEEm00n [ 10
v | 7 [5G Lateral Left [Tie patch -icht [ ~|[Loap [ [osoo0 [T2aEEm00n [ 10
v | 6 [055 Lateral Figh [Tie patch et~ [ ~|[Loap ~[[oso00 [T2aE000a [ 10
V| 6 [055 Lateral Figh [Tie patch -icht ][ ~|[Loap ~[[oso00 [T2aEm00n [ 10

L

nh 4. Giao dién nhdp hé sé tdi trong dong trong HyperWorks

+ Phuong phap dat tai trong:

- P6i vai tai trong phan bd: Tai trong phén b s& duge
dat cho trudong hop khi mogt vat theé dat trén xe cd bé mat
tiép xuc kha 16n va duong nhu ching c6 khoi lugng phan
bo tuong doi déu trong moi mién thé tich (cd thé ké dén
nhu: ludt gié, composite, nhya dau, la phong, van
san.v.v...). Theo phuong phap nay, khoi luong dit vao mo
hinh s€ tuan theo cong thirc sau:

m,=n.m (6)

Trong d6: mep: 1a khéi luong vbn ¢ ban dau cua vat thé
6 dang phan bd; ne: 1a tong s0 lugng node (diém) ma toan
bo vat thé d6 co thé tiép xtic trén bén mat dién tich; mo:
khdi lugng phan b trén mot node.

- Dbi véi tai trong tap trung: Phuong phap dat tai trong
tap trung s€ duoc thuc hién khi toa d6 trong tdm cua vat thé
can gan kh01 lwong da dugc xac dinh. Voi mot sé vat thé
don gian, vé mit ly thuyét, bang dinh Iy Varinhdng ching
ta c6 thé xac dinh dugc toa do trong tam cua chiing [6].

+ Tinh toan va dénh gia két qua vé kha niang chiu tai
cua khung xuong.

3. Két qua va thao luin
3.1. Truwong ting suit

Vit liéu str dung cho khung xwong xe buyt B45 chu yéu
1a loai thép SAPH 440 v6i cac gidi han Gng suat sau:
[on] = 440 MPa va [ocn] = 220 MPa.

Sau khi chay tinh toén trong phin mém PTHH
HyperWorks, két qua trudng g sut cta cac phan quan
trong d& cap & trén duoc trich xuat. Hinh 5 dén Hinh 12 thé
hién lan luot truong ing suat trong cac truong hop duge xem
xét: khi xe bi uén tal cau trudc, cau sau, quay vong trai, quay
vong pha1 chay tién, chay Ui, xodn trai, xodn phai.

Hinh 5. Két qud ung sudt khi xe bi uén tai cau trude 2.0G
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Hinh 6. Két qud iing sudt khi xe bj uén tai cu sau 2.0G

§

{..

Hinh 11. Két qua ing sudt khi xe bi xodn bén trdi 0.5G

Hinh 12. Két qud img sudt khi xe bi xodn bén phdi 0.5G

Tir két qua trudng (mg sudt voi cac trudng hop trén, mot
bang téng hop gi4 tri ing sudt va chuyén vi dwoc dua ra
nhu dé cap trong Bang 1. Tir cac s liéu ctia Bang 1, ta ¢6
thé nhan thiy rang két ciu khung xuong xe buyt B45 thoa
mén vé gia tri do bén cho moi trudng hop chiu tai, dong
thoi mirc d6 chuyén vi cta ching van ¢ muc tuong ddi
thap, cac gia tri nay phan anh mot diéu rang, tinh trang do
clmg ctia két cau khung xwong rét tbt, ngoai viéc dam bao
d6 bén cho céac thanh phan lién két voi khung xuong no con
phuc vu giam thiéu do rung on cho toan hé két cdu xe buyt.

Bing 1. Téng hop gid tri vmg sudt va chuyén vi trong

8 trirong hop luc
STT Trwong hep chju lue Ug,l\ﬁ;;)ﬁ t Slh(lrg’ril;
1 |Ubn céu trude 2.0G 283.861 | 2.961
2 |Ubn cau sau 2.0G 253.245 | 4.050
3 |Quay vong sang trai 0.5G 238.12 5.318
4 | Quay vong sang phai 0.5G 237.587 | 4.482
5 | Phanh xe khi dang chay tién 0.8G | 373.281 | 3.979
6 |Phanh xe khi dang chay Iui 0.5G 315.896 | 2.409
7 | Xoin toan xe bén trai 0.5G 255.634 | 4.078
8 |Xoin toan xe bén phai 0.5G 262.776 | 3.645

Béng sy hd tro hé giai Optistruct ciia Hypermesh va sy
hién thi két qua mot cach truc quan trén Hyperview, ching
ta c6 thé d& dang danh gia dugc mirc d chiu tai cua khung
xuong trong ting truong hop lue, tir d6 gidp ngudi ding
biét dugc cac tng xir gilta cdc vung két cau v6i nhau, va
dua vao d6 dé 1am co sé ti wu héa véi muc dich giam dugc
mirc d6 sir dung vat liéu, gop phan rat ngan chi phi trong
san xuit. D6 ciing chinh 14 y nghia cta viéc tinh toan va tdi
wu hoa do bén da dugc dé cap o trén.

3.2. Téi wu héa khung xwong

Tir két qua tinh toan do bén khung xe ta nhan thay rang,
mic dil tmg suét sinh ra trong két cdu khung xuong trén tat
¢4 cac truong hop chiu tai cua xe déu théa mén diéu kién bén
cho phép ctia vét ligu sir dung. Tuy vay, nham nang cao tudi
tho ciing nhu ting strc bén moéi cho khung xuong, ddng thoi
mong mudn ¢ mot két cdu gon nhe tiét kiém chi phi san
xuét, chinh vi thé can phal c6 mot phuong phap t6i wu hoa.
Su dung phuong phap t6i wu hoa bang cach phén tich do
nhay chuyén vi dé dép ing duoc nhitng muc dich nay.

Vi sy gitp do cua phén mém HyperWorkS dua vao thé
tich tong thé dé chon ra bo thong sb tdi wru nhat cho khung
xuong xe buyt. Theo [7], bai toan dau vao phai dam bao ba
thong s6 chinh: Bién thiét ké (design variables, design
variable property relationship); Ham rang budc (contraint);
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Ham muyc tidu (target). Thuc hién chay t6i uu, két qua vong
1ap dau tién va thir hai voi céc gia tri twong tmg cho cac thanh
dam cua két ciu mang hong va mui dugc thé hién lan Iuot
nhu trong Bang 2 va Bang 3 bén dudi. Két qua tir 2 bang nay
duoc liét ké cu thé trong Bang 4 v6i d6 sai 1éch vé ung suét
va chuyén vi cho timg truong hop cu thé.

Bing 2. B thong sé t6i wu & vong ldp ddu tién

ID | Label New Reference | Lower Upper | Weighted
1 H1 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -1,78E+03
2 H2 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -1,93E+03
3 H3 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -1,69E+03
4 H4 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -2,20E+03
5 H5 |1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00 | -6,17E+02
6 H6 |1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00 | -1,52E+02
7 H7 |1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00 | -4,47E+02
8 H8 |1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00 | -4,27E+02
9 H9 |1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00 | -1,63E+02
10 | H10 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -1,64E+03
11 | H11 |1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00 | -1,07E+03
12 | H12 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -3,25E+02
13 | H13 |1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00 | -1,49E+02
14 | H14 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -6,82E+02
15 | H15 |1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00 | -2,31E+02
16 | H16 |1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00 | -1,59E+02
17 | H17 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -1,85E+03
18 | H18 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -7,93E+02
19 | H19 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -6,17E+03
20 | H20 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -8,97E+03
21 | H21 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00| -1,42E+03
22 | H22 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00| -1,72E+03
23 | H23 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00| -2,27E+03
24 | H24 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -8,97E+02
25 | H25 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -9,81E+02
26 | H26 |1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00| -9,77E+03
27 | gM2 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -5,80E+02
28 | gM3 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -1,36E+03
29 | gM4 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -7,04E+02
30 | gM5 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00| -1,31E+03
31 | gM6 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -6,77E+02
32 | gM7 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -6,20E+02
33 | gM8 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00 | -2,12E+02
34 | gM9 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00| -7,46E+01
35 | gM10 |1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00| 1,45E+02
36 | gM11 | 1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00| 8,87E+02
37 | gM12 [1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00| 1,14E+03
38 | gM13 [1,40E+00 | 1,40E+00| 1,00E-01| 3,00E+00| 1,30E+03
39 | gM1 |2,00E+00 | 2,00E+00| 1,00E-01| 3,00E+00| -7,74E+02

Tir cac két qua trén, ching ta thiy rang, bang phuong
phép phan tich d nhay chung ta nhanh chong tim dugc bd
thong s6 toi wu hon so voi thiét ké ban dau. Cu thé, tir bang
két qua so sanh cho thay:

o Ung suit sinh ra trudce va sau khi t6i wu gan nhu co
gia tri tuong duong nhau va déu ndm trong gidi han bén cho
phép ctia vat liéu trong tit ca cac trudng hop chiu tai cia xe.

e Chuyén vi trong ca 2 trudng hop c6 gia tri chénh
Iéch nhau khong nhiéu va déu dam bao dugc do ciing tdi
thiéu cho khung xwong can yéu cau.

e Khdi lugng khung xwong mang mui noi riéng va
tong khoi lugng toan hé két cu noi chung sau tdi wu giam
45,7 kg twong duong véi khdi lugng hién tai cia mang mui
1a 133 kg (ban dau 178,7 kg).

Bing 3. B théng s6 t6i wu & vong Idp thir 2

ID | Label New Reference| Lower Upper | Weighted
1 H1 3,00E+00 3,00E+00 1,00E-01 3,00E+0( -1,19E+03
2 H2 3,00E+00 3,00E+00 1,00E-01 3,00E+0(0 -1,23E+03
3 H3 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -1,09E+03
4 H4 3,00E+00| 3,00E+0Q0 1,00E-0Y 3,00E+0Q -1,28E+03
5 H5 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -2,24E+02
6 H6 3,00E+00 3,00E+00 1,00E-0Y 3,00E+00 -6,18E+01
7 H7 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -1,72E+02
8 H8 3,00E+00 3,00E+00 1,00E-01 3,00E+0( -1,66E+02
9 H9 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -7,78E+01
10 H10 3,00E+00 3,00E+00 1,00E-01 3,00E+0(0 -9,46E+02
11 H11 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -4,04E+02
12 H12 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0(0 -2,02E+02
13 |H13 3,00E+00 | 3,00E+00 1,00E-01 3,00E+00 -9,58E+01]
14 H14 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -4,37E+02
15 |[H15 3,00E+00 | 3,00E+00 1,00E-01 3,00E+00Q -1,20E+02
16 |H16 3,00E+00 | 3,00E+00 1,00E-01 3,00E+00 -9,14E+01]
17 H17 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -8,90E+02
18 |H18 3,00E+00 | 3,00E+00 1,00E-01 3,00E+00 -4,49E+02
19 H19 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -3,57E+03
20 |H20 3,00E+00 | 3,00E+00 1,00E-01 3,00E+0Q -5,05E+03
21 H21 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -9,14E+02
22 H22 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -9,69E+02
23 H23 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -1,28E+03
24 |H24 3,00E+00 | 3,00E+00 1,00E-01 3,00E+0Q -5,89E+02
25 H25 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -6,13E+02
26 H26 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -2,87E+03
27 | gM2 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -1,89E+02
28 |(gM3 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -5,43E+02
29 |gM4 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -2,44E+02
30 |gM5 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -5,03E+02
31 |(gM6 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -2,20E+02
32 |gM7 |3,00E+00 | 3,00E+0Q 1,00E-01f 3,00E+0Q -2,69E+02
33 |(gM8 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -6,96E+01
34 | gM9 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -1,13E+01
35 |(gM10 |1,88E+00 1,88E+00 1,00E-0Y 3,00E+0Q 3,33E+01]
36 |gM11 |1,07E+00 1,07E+00 1,00E-0Y 3,00E+0Q 7,64E+01
37 |(gM12 |1,00E-01 1,00E-01 1,00E-0Y 3,00E+0Q 4,93E+02
38 |gM13 |1,00E-01 1,00E-01 1,00E-01 3,00E+0Q 4,56E+02
39 (gM1 3,00E+00 3,00E+00 1,00E-0Y 3,00E+0( -3,59E+02
Bing 4. Két qua tinh todn d bén khung xwong sau khi 16i wu hoa
[ 4 § Sai Iéch (%
| reemenaanintee O g it
1 |Uén clu trude 2.0G 283926 | 2.959 | 0,02 0,07
2 |Uén chu sau 2.0G 256217 | 4116 | 1,17 1,63
3 [Quay vong sang trai 0.5G 237.902 | 5.343 -0,09 0,47
4 |Quay vong sang phai 0.5G 237.352 | 4.470 -0,10 -0,27
5 [Phanh xe khi dang chay tién 0.8G | 374.635 | 3.988 0,36 0,23
6 |Phanh xe khi dang chay Iti 0.5G | 314.916 | 2.372 -0,53 -1,54
7 [Xodn toan xe bén trai 0.5G 255.374 | 4.147 0,01 1,69
8 [Xodn toan xe bén phai 0.5G 262.786 | 3.760 0,004 3,16
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4. Két luan

Viéc ung dung phan mém PTHH HyperWorks trong
thiét ké tinh toan khung xuong xe buyt noi riéng va khung
Xuong 0 t6 noi Chung 1a rat can thiét va hidu qua cao veé
nhiéu mit. Cu thé, nghién ctru nay da dua ra dugc mot sb
két qua chinh sau:

(1) Két qua tinh toan dat do tin cay cao, thoi gian tinh
toan duogc tinh gian va rat linh hoat do su thay ddi cac bién
trang thdi dugc dinh nghia mdt cach cu thé trong
HyperWorks.

(2) Phuong phap PTHH la phuong phéap hitu ich, can
thiét dé giai quyét cc bai toan co hoc nham giam thoi gian

thiét ké va thoi gian thir nghiém khung xuong than xe.
(3) Gitp da dang hoa hinh dang két cdu ciia m6 hinh.
Céc két qua ctia nghién ciru nay co y nghia khoa hoc va
thuc tién trong viéc nang cao dd bén, tudi tho, tict kiém
duogc nguyén vat liéu ma van dam bao dugc chat luong, su
an toan cho xe buyt. Biéu d6 ciing d6ng nghia véi viéc tiét

kiém ning lugng va giam 6 nhiém moi trudng. Tl d6 chi
phi san xuat s€ giam, mang lai gia thanh hop 1y gian tiép va
lgi nhuan thiét thyc cho nguoi tiéu dung.
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