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ABSTRACT

Optimization of design is essential in all industries, especially
in the automotive industry. This paper discussed the use of
simulation-integrated design as a new design technology in the
automotive industry. The design and simulation tools used in this
process include concept design and detailed design. This new
technology can significantly reduce development time and
enhance product quality for automakers.
TOM TAT

Viéc t6i wu hod thiét ké la nhu cau tat yéu trong tdt ca cdc
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nganh cong nghiép noi chung va cong nghiép o toé noi riéng. Bai
bdo sé trinh bay cong nghé thiét ké méi trong cong nghiép 6 t6
bang phuwong phdp thiét ké tich hop mé phong. Cdc céng cu hé
tro  thiét ké va mé phong sé dwoc dp dung cho cdc qud trinh thiét
ké xe bao gom: (1) thiét ké y tucng; (2) thiét ké chi tiét. Quy trinh
cong nghé méi sé gip cdc nha san xudt 6 16 rit ngan thoi gian
phat trién va ndng cao chat lwong san pham.

1. GIOI THIEU cac budc phat trién mot san phém 0 t0, & cd murc

Ngay nay, cong nghé mdé phdng da giup
giam dang ké cic nhu cdu tao nguyén miu vat
ly trong phat trién san phdm. Diéu nay d3 mang
lai 1o ich cho viéc t6i wu hoa chi phi va giap
tang toc qua trinh phat trién san phdm. Trong
cong nghiép 6 to, phat trién san pham trai qua
mdt qua trinh phuc tap, doi hoi dam bao nhitng
yéu cau git gao cua thi trudng. Cac cong nghé
md phong ciing dd dugc ung dung cho hau hét

d6 tong thé va chi tiét. Tuy nhién, moé phong
truyén théng dang con nhiéu vin dé bat cap va
thach thirc cn thay d6i. Qua trinh mé phong
truyén théng 1a mot qua trinh 1ap di lap lai gitra
céc nha thiét ké va cac chuyén gia mé phong,
noi cac nha thiét ké s& dua ra thiét ké sau d6 cho
céc chuyén gia mo phong phan hoi vé thiét ké
ctia ho. Piéu nay din dén cac nha thiét ké s& mét
mdt khoang thoi gian chd trude khi tiép tuc véi
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nhitng thay déi thiét ké dé dap img nhu cau hiéu
sudt. M6 phong tich hop thiét ké 13 mot quy
trinh thiét ké méi trong phat trién san pham 6
t6. Trong quy trinh nay, mé phong sé dugc tich
hop véi qua trinh thiét ké, giup dua ra dinh
hudng va quyét dinh thiét ké nhanh hon so véi
quy trinh I3p lai cia md phong truyén thong.
2. PHUONG PHAP NGHIEN CUU
2.1 Thiét ké tich hgp md phong

Su khéc biét cia phuong phap mo phong tich
hop thiét ké 1a sy tham gia ciia md phong ngay

Quy trinh thiét ké truyén théng

San xuat

& nhitng budc dau tién trong giai doan phat trién
mot mau xe. Do d6, thay vi mé phong mot thiét
ké d3 hoan thién thi mé phong dugc st dung dé
dinh hudng thiét ké. Cac bai todan mo phong
duoc xay dung dua trén céc thiét ké so bo s&
gitip cac ky su thiét ké dua ra quyét dinh sém,
giam toi da nhiing thay d6i phirc tap va ton
nhiéu cong stc khi khi thiét ké d3 hoan thién.
Pé c6 cai nhin khai quat hon vé nhiing loi ich
ctia phuong phap mé phong tich hop thiét ké.
Quy trinh thiét ké méi dugc so sanh v&i quy
trinh thiét ké truyén thong nhu Hinh 1.

’

San xuat?

Hinh 1. Quy trinh thiét ké truyén thong va quy trinh thiét ké tich hgp mé phong

Trong quy trinh thiét ké san phdm 6 t6 &
Hinh 2, chiing ta c¢6 thé thdy qué trinh thiét ké
va md phong xudt phat cuing luc. Toan bd qua
trinh 1a mot chudi lién két gitra thiét ké va mo
phong, day chinh 14 quy trinh thiét ké tich hop
md phong trong cong nghiép 6 t6. O cac phan
tiép theo, tac gia s& trinh bay chi tiét va cac qua
trinh tng md hinh thiét ké méi trong cong
nghiép 6 to tng dung céc giai phap phan mém
ctia hang Siemens. Céc giai phap thiét ké va mo
phong dugc sir dung trong bai bao bao gom:

- Phan mém NX Styling: Phan mém thiét ké
kiéu dang 6 t6

- Phan mém Star CCM+: Phan mém mé
phéng khi dong hoc 6 to

- Phin mém Simcenter Amesim: Phin mém
mo phong hé thong 1D 6 t6

- Phan mém NX CAD: Phin mém thiét ké
chi tiét, cum chi tiét 6 to

- Phdn mém Simcenter 3D: Phan mém mo
phong dong luc hoc, d6 bén két cau chi tiét, cum
chi tiét 6 ¢6.
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Hinh 2. Quy trinh thiét ké tich hgp mé phéng trong cong nghiép 6 t6
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2.2 Thiét ké tich hop mé phéng trong thiét ké
kiéu déng 6 to

Giai doan phat trién kiéu dang xe s& co su
tham gia ctia cac k§ su, cac chuyén gia tiép thi,
va cac nha tao mau. Muc tiéu cta ho 1 xac dinh
cac dic diém ky thudt cua san phém dua trén cac
tinh toan md phong, cac dac diém ky thuat nay
cling dong thoi phai dap ing dugc mong doi vé
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tinh thAm my ciing nhu tinh kha thi vé kinh té.
Qua trinh thiét ké kiéu déng 6 t6 bao gdm cac
budc sau:

- Phac thao y tudng 2D

- Thiét ké b tri chung tong thé

- Thiét ké kiéu dang 3D

- Tao mod hinh dét sét

- Hoan thién thiét ké kicu déng
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Hinh 3. Céc budc trong thiét ké kiéu dang 6 to

2.2.1 Phac thao y twong 2D
Phéc thao y tudng 1a giai doan dau tién trong
thiét ké y tuong xe. Trong giai doan nay, xut

phat tir cac nghién ctru thi truong va muc tiéu
san pham, cac nha thiét ké tao ra cac ban v& phac
thdo thu cong y tudng xe. Cac ban phac thao nay
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s& thé hién hinh déng ndi, ngoai thit xe ciing
nhu vi tri cua cac bd phan trén xe. Cac mau thiét
ke nay co thé dugc cong bo dé lay y kién phan

¢ X

o0

hdi tir khach hang. Va cudi cung, mot mau thiét
ke s& duoc lya chon dé phat trién & cac giai doan
tiép theo.

¥

[

Hinh 4. Miu FIAT 600 Omega ban Natural

]

o o

<0 0

Hinh 5. Miu FIAT 600 Omega bin Retro

2.2.2 Thiét ké bé tri chung tong thé

Sau khi lya chon dugc ban phac thao cudi
ciing, cac nha thiét ké s& bat du tinh toan dén
céc thong s6 k§ thuat hinh hoc. Trén co so cac
kich thudc va thong sé k§ thuat nay, cac ban phac
thao s& dwoc phét trién sao cho cac kich thudc va
dudng nét tao thanh mot thé thdng nhat. Trong
giai doan nay, moé-dun phan mém NX Vehicle
Design Automation (NX VDA) s€ dugc ap dung
dé xac nhén céc thiét ké vé& d6 an toan, cong thai
hoc cua ngudi ngdi va tudn thu cc tiéu chuén vé
tdm nhin. Ung dung nay sé& cho phép cac nha

thiét ké xe kiém tra thiét ké cia minh dé tuan thu
theo céc quy dinh va tiéu chun bao gém cac tiéu
chudn cua Hoa Ky, Chau Au va Chau A. Céc
kich thudc co s& nay dugc su dung lam tham
chiéu va duy tri lién tuc trong qua trinh thiét ké
xe. Céc cong cu thiét k& VDA bao gdm:

- Thiét ké kién trac xe

- Thiét ké tinh toan khoang 1ai va hanh khach

- Tinh toan tdm véi va kha nang diéu khién
cua nguoi lai

- Tinh toan tAm nhin va kha nang quan sat

- Tinh toan céc tinh ndng an toan

Hinh 6. Thiét ké tong thé xe véi phan mém NX VDA
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2.2.3 Thiét ké kiéu dang 3D

Giai doan thiét ké kiéu dang 3D hay con
duoc goi la CAS (computer aided styling).
Trong giai doan nay, mot mé hinh 3D kiéu dang
xe s& duoc xay dyng dua trén cac cong cu phan
mém 3D. M6 hinh 3D nay duoc thiét ké dua trén
ban phéc thao 2D va thiét ké bé tri chung tong

R

—
by

thé. Didu nay nhim dam bao thiét ké s& dap tng
duoc ca hai yéu td kiéu dang ciing nhu tinh ning
ky thuat da dugc xac dinh. Tu hinh anh phac
thao 2D, phan mém NX styling cho phép céc k¥
su nhanh xay dung mo hinh bé mat 3D dya trén
nhiéu phwong phap khac nhau.

Hinh 7. Quy trinh thiét ké kiéu dang 3D trén phin mém NX Styling

pé nang cao hi¢u sudt khi dong hoc cho xe,
phan mém Simcenter Star CCM+ s& duogc ap
dung dé mé phong khi dong hoc cho mé hinh
thiét ké kiéu dang. Dua trén cac két qua vé ap
suat va luc can khong khi, cac ky su cod thé tdi
wu hod thiét ké béng cac cong cu tu dong hoac
thu cong.

Atnssmyte Tt fressare (P31

2.2.4 Tao mé hinh ddt sét

Sau khi hoan thién mau thiét ké 3D trén NX
styling, mot m6 hinh thuc té cua xe s& dugc tao
ra bang dat sét. Muc tiéu cia mo hinh nay la
gilip cac nha thiét ké cam nhan dugc thiét ké
mot cach chi tiét nhat tir 46 dwa ra cac thay doi
va hoan thién thiét ké cudi cung.

Hinh 8. M6 phéng 4p suit khong khi 1én than xe

Hinh 9. T6i wu hoa thiét ké kiéu dang xe dua trén két qua m6 phéng khi dong hoc xe

Cac md hinh dat sét dugce tao ra bé'tng cach
su dung cac may phay CNC, sau do cac nha tao

mau s€ tiép tuc viéc chinh stra thu cong trén mé
hinh nay.
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Hinh 10. Tao mé hinh dét sét xe bing may CNC va thi cong

Hién nay, su phat trién cua cong nghé thuc
té 40 (VR) da gitip qu4 trinh tao mau duoc thuc
hién nhanh hon nhiéu. C4c nha thiét ké c6 thé
g dung cong nghé thuc té a0 dé xay dung céac
phong trung bay, danh gia san phim mét cach
truc quan trude khi tao mau dét sét. VR rat hitu
dung cho vi¢c danh gia ndi that xe, két hop vai
cac cong cu diéu khién, cac nha thiét ké c6 tiép
can va thuc sy cam nhéan dugc khong gian ndi
that ciia xe.

2.2.5 Hoan thién thiét ké y twong

Tir mau dat sét hoan chinh, mé hinh ky
thuat s6 3D cua xe cudi cung s€ dugc tao ra
nhd k§ thuat thiét ké ngugc. Cac may scan 3D
dugc st dung dé sao chép toan bo hinh hoc cua
mau dét sét, tir d6 cac ky su sir dung mo-dun
NX Reverse Engineering dé xay dung thiét ké
cudi cung.

Hinh 11. Sir dung cong nghé VR trong danh gia thiét ké xe

Céc bé mat ngoai that xe doi hoi chat lugng
cao (class A surface) vdi cac yéu cau vé do
cong, tinh lién tuc va dg phan chiéu tham my ly

~

Sl S

tuong. Do do, thiét ké nay phai dugc phan tich,
danh gia mot cach k¥ ludng thong qua cac cong
cu phan tich bé mat trén NX.

\

Hinh 12. Quy trinh thiét ké nguoc kiéu dang xe trén phin mém NX
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2.3 Thiét ké tich hgp md phong trong thiét
ké tong thé 6 to

Thiét ké tong thé 6 t6 1a qua trinh thiét ké va
tinh toan hiéu suat cac hé thong xe, moé phong
tinh nang xe nhdm x4c dinh cdu hinh k¥ thuat
ban dau cua xe. Qua trinh thiét ké va tinh toan
nay duoc thuc hién song song véi qué trinh thiét
ké kiéu dang xe. Cac két qua mo phong ciing sé
dugc su dung cho qua trinh thiét ké chi tiét, cum
chi tiét xe & cac giai doan tiép theo. Thiét ké
téng thé 6 t6 bao gdm céac budc sau:

- M5 hinh than xe va cic diéu kién van hanh
(khi dong hoc, ban @b duong di va diéu kién mat
duong...)

- Hé théng truyén luc

=
) Q4"

£ Yt

- Hé thdng khung gdm

- Céc hé thong diéu khién xe
2.3.1 Xdy dung mé hinh thén xe va cdc diéu kién
van hanh

Céc thong s6 co ban cua xe nhu kich thudc,
khéi lugng, trong tam,...s& duoc thiét 1ap & giai
doan ddu cia qua trinh thiét ké tong thé xe.
Cung vé6i o, cac diéu khién vé khi dong hoc xe
cling s& duoc thiét 1ap cho mé hinh. Trén quy
trinh & Hinh 13, chung ta c6 thé thay cac diéu
kién khi déng hoc c6 thé dugc 1y truc tiép tir
mo hinh mé phong khi dong hoc trong phat trién
kiéu dang xe. Didu ndy gitp ning cao do chinh
xac cho bai toan moé phéng dong luc hoc xe.

Hinh 14. Xay dung mé hinh thén xe trong thiét ké tong thé 6 t6

Ban d6 dudng di (Hinh 15) cling vdi cac didu
kién mat duong ciling can duoc thiét 1ap nhim
md phdng céc tinh ndng xe nhu strc kéo, quay
vong, on dinh phanh.

2.3.2 Tinh toan lwa chon hé théng truyén luc
Thiét ké hé thdng truyén lyc 1a mot trong

cac cong doan phuc tap trong qué trinh phat

trién xe, nd phu thudc nhidu vao cac yéu cu
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tinh nang cua xe. Trudc day, da phan 6 t6 su
dung céc loai dong co dot trong cho hé thong
truyén luc két hgp vdi cac co cau truyén dong
co khi. Tuy nhién, hién nay cé nhi€u lga chon
hon cho hé thong truyén lyc vdi su phat trién
cua dong co dién va dong co st dung nhién li¢u
hydrogen. Viéc lya chon mot h¢ thong truyén
£ circular stea .

R=cte circular stead
V=cte circular stead
one transient

random swept sine
braking in a turn

lwc can dap ng cac nhu cau vé stc kéo, chi
phi san xuat hay thuan tién cho viéc bd tri trén
thiét ké y twong va thiét ké tong thé. Va dé diy
nhanh qué trinh nay, phan mém Simcenter
Amesim dugc ap dung giup cdc nha thiét ké
danh gia nhanh cac yéu cdu cua hé thdng
truyén luc.

Mission
builder

Hinh 15. Thiét 1ap ban d6 duong di trong md phéng tong thé xe

Simcenter Amesim cho phép céc nha thiét ké
lya chon va danh gid cung lic nhiéu cau hinh
Simulation proparties

Pre-post processing

Maneuvers/Driver

1

=]

- |

[== ] s
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|] ,,,,, | Fo——Nall-9 | 99
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| sl | Flactric matar
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cua hé théng truyén Iuc dua trén hé théng thu
vién chuyén biét danh cho 6 t6.

Rrastcn tue

[ e

Vehicls

Transmission

feasg

Hinh 16. CAu hinh va mé phéng hé thong truyén lwe xe hybrid
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Phu thudc vao cac thong s6 dau vao va céc
yéu cau thiét k&, hiéu suat cua hé thong truyén
luc s€ dugc phan tich vdi cac bang bdo cao chi
tiét nhu Hinh 17. Cac yéu t6 vé lugng tiéu thu
nang lugng, khi thai ciing c6 thé thuc hién phan

tich trong giai doan nay giup céc nha thiét ké d&
dang lya chon dugc cAu hinh phu hop nhét. Biéu
d6 cac thong sd vé nhién liéu va nang lugng
dugc thé hién nhu Hinh 18.

|- Time to reach 120km/h from 80 km/h

|- Speed at 1/8 miles

[km/h] [1- Ratio downshifted during 80 - 120 km/h pear. [mph] |- Time to reach 1/8 miles [s]
250 10 1.0 80
200 8 60
150 6
40
100 4
50 2 20
o o -1 o
Maximum speed 80 km/h to 120 km/h 1/8 of mile
[=1 B Speed at 1000 m (I Speed at 1/4 miles
B Time to reach 40km/h [s] (k;"o:)h] I Time to reach 1000 m [s1 [mph] |- Time to reach 1/4 miles Is]1

[l Time to reach 100km/h [s]

[ Time to reach 130km/h [s] 150

16
12

8 100

a4 8.8 50

o — o
Acceleration

1000 m

1/4 of mile

Hinh17. Panh gia hiéu suit hé thong truyén lyc xe hybrid

[L/100km]
6

I Corrected fuel consumption including battery
Il Fuel consumption

5 [ Equivalent Battery fuel consumption
4
3
2
1
o
WLTC FTP-USO06 HWFET
[%]
100
I Mechanical energy provided by the engine
80 |l Mechanical energy provided by the motor

WLTC

Hinh 18. Panh gia tiéu hao nhién liéu va ning lwgng xe bybrid

FTP-US06 HWFET

2.3.3 Tinh todn thiét ké hé thong khung gam

Céc hé thong khung gim bao gdm hé théng
lai, hé thdng treo va hé théng phanh s& duoc
thiét ké va mo phong chi tiét trong giai doan
nay. Muc tiéu cua qua trinh thiét ké mé phong
nay la tim dugc thiét ké phu hop nhat cia cac
cum chi tiét vdi yéu cau dau vao. Thong thuong
céc hé thong phy, hé thong diéu khién ciing s&
dugc thiét 1ap va mo phong nhu: hé thong trg
luc 11, hé thdng phanh tai sinh...

[%]1 B SOC at beginning of driving cycle
100 Il SOC at the end of driving cycle
80 [1S0C Consumption
60
40 90 90.4
20
o
-20 1 T T 1
WLTC FTP-USO6 HWFET
[%]
100
I Time with engine on
80 |/l Time with EM used as motor
60 [ Time charging battery
40
T 1
WLTC FTP-US06 HWFET

2.3.4 Mo phong dong luc hoc xe

Budc cubi cung trong thiét ké tong thé xe 1a
qué trinh két hop cac hé thong riéng biét thanh
mot md hinh xe hoan chinh. Trong giai doan
nay, cac hé théng diéu khién nhu hé thong
chéng bo phanh ABS, hé théng can bang dién
ttr ESP ciing s& dugc thiét 1ap va mé phong. Céc
bai toan md phong 6n dinh xe nhu 6n dinh khi
quay vong, duong tron, dia hinh ddc...s& duoc
thiét 1ap cdc mo hinh chi tiét s& duoc danh gia
moét 1an nira & mire do téng thé.
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— energy recovery effidency [%] (strategy=1)
— energy recovery effidency [%] (strategy=2)
energy recovery efficiency [%] (strategy=3)

x =10
y_1=52,99155
y_2=25.14196

-]
|

T T T
o 2 4 6 8 10

X: Time [s]

Hinh 19. Thiét ké va mé phéng cac hé thong khung gam 6 to

Trong Hinh 19 va Hinh 20 thé hién mé hinh
va két qua md phong hiéu qua hé thong can

bang dién t khi phanh c6 sir dung ABS theo
tiéu chudn NHTSA FMVSS 126.

Sine characteristics :

NHTSA FMVSS 126 ;
Sine With Dwell 3
]

ek ke

Simulation statistics

Steering wheel angle -
e A ——
O i: f
S
Wmd\fhbﬂ
@ s
@ = —
AU S8 © ?
—
[ N
' E o ,‘ <.
. Y
Brake pedatioput (A p—-- &
Venicospoed -1 ] ? &
S -»({F-J: J & 5. 777777777
Steering wheel angle -»C}» —— %- o
3 . — | e

Magnitude : 120 deg
Frequency :

0.7 Hz during 3/4 of period
0Hz during 0.5 s

0.7 Hz during 1/4 of period

ESP validation criteria :

Yaw rate at COS+1s must not exceed
35% of the second peak value

Yaw rate at COS+1,75s must not exceed
20% of the second peak value

Lateral displacement at BOS + 1.07s
must be at least 1.83m

BOS : Beginning Of Steer
COS : Completion Of Steer

Hinh 20. M6 hinh mé phéong hé thong ESP theo chuin chuin NHTSA FMVSS 126
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60 —
—— Carbody Yaw Velocity (deg/s) (run "1%) [null]
—— Carbody Yaw Velocity (deg/s) (run "2%) [null]
a0 —|
20 —
0 Pra ¥
-20 —
_40 —
60 —
-80 . T . T . T . . . 0
a 2 4 [} 8 10

X: Time [s]

Hinh 21. Biéu d6 thé hién do chéch hwéng ciia xe khi phanhkhéong c6 ESP (mau do)
va phanh c6 ESP (mau xanh).

2.4 Thiét ké tich hgp mo phong trong thiét Qué trinh thiét ké chi tiét chi tiét 6 t6 bao
ké chi tiét 6 to gom thiét ké chi tiét than vo xe va thiét ké chi
tiét, cum chi tiét xe.

sign’ -
-= /A

-SSP S SR PE.
uis

Design
-——> &

Hinh 22. Quy trinh thiét ké chi tiét 6 to

2.4.1 Thiét chi tiét than vo xe hién song song va két ndi lién tuc vé6i thiét ké
Tir quy trinh trén Hinh 21, ching ta c6 thé kiéu dang.

thdy qua trinh thiét ké than vo xe s& bao gdm Viéc thiét ké mo hinh chi tiét than vo s& s&

hai qua trinh thiét ké va mo phong duoc thuc dua trén thiét ké chi tiét cua kiéu dang. Tuy
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nhién, mot mé hinh mé phong dugc thiét lap
ngay & giai doan thiét ké bd tri chung tong thé
xe. Cac mo hinh nay dugc quan ly mot cach
ddng bod va thdng nhat trong sudt qua trinh phat
trién. Phu thudc vao ting bai toan cu thé,

TARGET WEIGHT (20% savng)

BODY M

FRONT CRASH (all load cases)
Al

>

Simcenter 3D cho phép nguodi dung nhanh
chdng xay dung cac bai toan mé phong cho than
vo xe. Céc yéu cdu sé& duoc danh gia mot cach
toan dién, tir d6 dua ra dugc phuong an thiét ké
t6i wu nhét.

TARGET COST (10% up)

4 - BODY STIFFNESS (giobal and lecal)
1
5 S N
P

Lol

Hinh 23. M6 phong danh gia thiét ké than vé xe trén Simcenter 3D

2.4.2 Thiét ké chi tiét, cum chi tiét xe

Thiét ké chi tiét, cum chi tiét xe thuong bit
dau dua trén cdu hinh da phan tich trong giai
doan thiét ké tong thé xe. Qua trinh thiét ké chi
tiét xe bao gom:

- Thiét ké mo6 hinh 3D chi tiét, cum chi tiét

- M6 phong dong luc hoc

- M6 phong do bén chi tiét

- Tbi wu hoa thiét ké

50

& RFET S

PENCH A

XY Result View v i

Hinh 24. Thiét ké chi tiét két hgp mé phong dong lyc hoc 3D tir mé hinh md phéng hé thong 1D

- Xuét ban v& san xuat.

Ngay nay, viéc ché tao san pham bang cong
ngh¢ in 3D (hinh 24) dugc 4p dung rong rai.
Cong ngh¢ in cho phép san xuat nhitng chi tiét
ma trude day khong thé san xuat duoc. Hon thé
nita, cong nghé in 3D cho phép thiét ké san
pham c6 hiéu suat tot hon, st dung it vat liéu
hon, don gian hod cho viéc lap rap va cé nhiéu
lua chon vat liéu hon.
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Phuong phap mé phong dinh hudng thiét ké
la mot cong nghé madi khi mé phong duogc ap

O 4187k

Traditional design for
machining and welding

dung mét cach ty dong trong viéc t6i uu hoa va
Iwra chon thiét ke.

1 1.119kg

B  -rerative Desion driven by

Topology Optimization

Hinh 25. T6i wu hoa thiét ké cho san xuat bang cong nghé in 3D

3. KET LUAN

Thiét ké tich hop mo phong 13 quy trinh thiét
m&i mang lai nhiéu loi ich trong phat trién san
pham nganh cong nghiép 6 t6. Nhd tng dung
céc cong cu thiét ké va mo phong md, qua trinh
thiét ké va mé phong duoc tich hop cho phép
céc nha thiét ké nhanh chéng dua ra quyét dinh
thiét ké. Su phat trién cta cac giai phap phan
mém, cac nha san xuat c¢6 thé dé dang xay dung
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