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Tom tat: Md phong ky thugt 6 t6 trén nhing md hinh 3-D phan anh trung thuec két cdu va dac tinh ki thugt
cua chi tiet, cum chi tiét hogc ca 6 t va thuc hién boi nhing phan mém chuyén dung. M6 phaéng ky thudt 6
t6 hién nay d phét trién manh va réng réi nho si phat trién cua cac cong nghé thiét ké nhanh nhw quét
quang hoc, in 3-D va cac phan mém ngay cang bé sung céc ing dung mé réng.

Trong qué trinh md phong kj thugt 6 td, cdng viéc thiét ké chiém nhiéu thoi gian nhung lai anh hwéng dén'y
nghia ciia bai toan. Grabcad la mér dia chi cung cap mé hinh thiét ké 3-D mién phi va mé hinh déng tin cdy.
Bai bao trinh bay viéc iing dung Grabcad véi mé hinh 3-D vé xe con. Si dung phiwong phdp phan i hitu hgn
va phan mém Ansys Workbench mé phang kj thudt dao déng vé xe con khi siz dung l6p ton vé méng c6 chiéu
day khac nhau va ciing so sdanh khi thay thé bang vat liéu tong hop composit. Két qua @& phan tich dao déng
riéng, dao déng diéu hda cua vo xe Vi Cac thong so kich thuéc va vat lidu khac nhau. Két hop véi phan tich
tan s liec kich thich 18n vé xe, lwa chon chiéu day lop ton phui hogc siz dung vat liéu téng hop tranh viing

cong huwong dao dong cua Vo xe.

Tir khoa: Grabcad, V6 xe Camaro, Phan tir hitu han, Phan tich dao dong.

1. PAT VAN PE

Grabcad 1a mot thu vién cdc md hinh thiét ké 3-D
cta nhiéu linh vyc trén mang Internet, trong d6 linh
vuc co khi 6 t6 ¢6 nhiéu san pham. Grabcad d4 c6
trén 6 tri¢u thanh vién tham gia. CAc ky su khip céc
nude trén thé gioi 1a nhitng nguoi thyc hién va dua
cac mo hinh thiét ké 1én trang web & cac dang file
AutoCAD, file.*sldprt, step, iges, ... la cac file nguon
dé nguoi ding s dung trén nhimg phan mém
Solidworks, Catia, Siemens NX, Hyperworks

(https://grabcad.com/). Piéu thuan lgi 1a khi chon
dugce md hinh mong muén, néu chua phi hop véi yéu
cau thi nguoi ding c6 thé chinh sira lai nhu tr minh
thiét ké tir dau, va co thé trao doi truc tiép voi k¥ su
thiét ké dé co duge nhimg diéu chinh hop 1y nhét.

Hinh 1.a 1a chiéc xe thé thao Chevrolet Camaro
cua hdng GM duogc sir dung rong réi trong gidi thanh
nién Viét Nam. Tir Grabcad ta download mé hinh 3-
D b6 v6 xe file “camaro.sldprt” doc trong phan mém
Solidworks, hinh 1.b.

Hinh 1. Xe thé thao Chevrolet Camaro

Dao dong clng véi do on (NVH) cia vo xe 1a
thong sd quan trong hang dau anh huong dén chat
luong xe trong van hanh. St dung phuong phép

! Khoa Cong nghé O 16, Truong Pai hoc Céng nghiép Ha
Noi

phan tir hitu han (FEM) phan tich dao déng vo xe
bao gom cac phan tir hinh tam giac va hinh chir nht,
thir ty ctia cic phan tir ¢6 thé 1a tuyén tinh hodc bac
hai ¢6 nhiéu vu diém nén ngay nay dugc sir dung
kha pho bién (Gang Shen, 2012). Nghién ctru vé dao
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dong than xe nhim giam rung va on, tac gia da sir
dung phuong phap FEM phan tich cac dao dong &
tan s6 thap trong ving dudi 200 Hz bao gdm nhiing
tan s6 c6 anh huong dén con ngudi. Théng s6 NVH
da dugc phan tich modal cia mé hinh than vo xe con
va tim ra bién phép giam khdi lugng than xe va tdi
uu hoa cac chi phi (Sang-Hyun Jeel, nnk 2000).
Phan tich tiéng 6n trong khoang xe khach ¢& 16n
nham tim ra phuong 4an lya chon vt liéu c6 hé sb
hap thy am 16n dé ché tao vo xe, phuong phap phan
tich phan tir hitu han ciing d4 duoc st dung (Sang-
Hyun Jeel, nnk 2000).

2. PHAN TICH MO HINH PHAN TU HUU
HAN VO XE

2.1 Co sé khoa hoc

Tan s6 dao dong tw nhién cia vé xe dugc xac
dinh boi cong thuc (1)

Cy, =+ 0pkC, D

Trong d6 |4 tan sb tu nhién cua mot tim; p la
mat do vat lidu; C; 1 van tdc cua song nén dan hoi,
khoang 5100m/s ddi véi thép va k 1a ty 18 méomen
quan tinh quay voi dién tich mit cat, phu thudc vao
d6 day tam va dugc xac dinh béi cong thirc (2).

h
k= 73 (2)
Tan s6 dao dong tu nhién, mat do vat liéu co lién
quan dén tmg suét xuat hién trong tim & cong thirc (3).
Oy = \/E'Cb =pC,.C, (©)
Va bién dang (Total displacement) ciia tdm vo
xe theo thoi gian ciing dugc xac dinh trong cong
thac (4).

u :(p.k.Cl)z}a)zdt (4)

2.2 M0 hinh hoa

M6 hinh vo xe Camaro st dung tir Grabcad va
lya chon kiéu ph?ln t¢ SHEEL181 bao gém 4 nit voi
6 bac ty do tai mdi nut. Vat liéu gbc cua tdm loai
Steel day 1.0 mm. Céc thdng s6 ciia dang phan tir va
thdng so ctia vét liéu thép co trong thu vién ciia phan
mém Ansys Workbench 18.2. Trong khao sat s& thay
ddi cac chiéu day theo nhéom 1.0, 1.2, 1.4 mm ddi
véi vat liu ton mong va loai vat liéu tong hop
composite GPRF. Thong sé cua vét lidu GPRF
khong ¢ trong thu vién phan mém, ta khai bao bd
sung. Bang dac tinh vat liéu néu trong bang 1
(Yunfu Ou, nnk 2016).

Bang 1. Pac tinh vit li¢u thép va composite

Khéi luong M@ dun Ung suét Ung suét He s& Chiéu day
Loai vat lidu riéng Young kéo uén Pofszon khao st
(kg/m®) (GPa) (MPa) (MPa) (mm)
Thép tAm 7890 210 210 460 0.3 10,12, 14
CFRP-Epoxy 1600 150 1100 1100 0.22 3.0

Mb hinh chia hréi phan tir vo xe thyc hién véi kich
thudc lui 30 mm va duoc kiém soat chat lugng ludi  phan tir 12 481194 n(it va 491474 phan tir, hinh 2.

theo tiéu chuan danh gia cia phan mém, tong s6 nat va

a) Phan b ludi trén vo xe
Hinh 2. M6 hinh chia luéi PTHH vo xe

Tai dat 1én mo hinh gém tai trong tinh va tai

b) Phan b chuyén vi, tng suét trén vo xe

clia s6 ngudi ngdi trong xe. Tai trong dong kich

trong dong. Tai trong tinh 1a cac luc kich thich tir hé
thdng truyén luc khi dong co nd may, trong luong

thich tir mat duong khi xe chay cac van téc khac
nhau, lyc can khong khi va lyc can 1én déc.
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2.3 Phén tich dao dfng riéng
Céc dang dao dong riéng va tan sd dao dong
riéng thay doi theo chiéu day lép ton vo méng va

loai vat liéu composite. Két qua khao sat 10 dang
dao dong dau tién chi ra trén hinh 3. Céc gia tri cu
thé néu trong bang 2.

Béng 2. CAc dang dao ddng riéng va tin so dao dong riéng

Loai vat li€u
Mode
1.0 mm 1.2 mm 1.5mm CFRP
1 2.82E-04 3.02E-04 3.55E-04 1.98E-09
2 4.34E-04 3.04E-04 6.29E-04 2.38E-09
3 6.0617 6.6127 7.3789 6.51E-05
4 7.8064 9.3593 11.666 1.08E-04
5 7.8095 9.3636 11.686 1.41E-04
6 9.2953 10.278 11.696 1.41E-04
7 13.572 15.079 17.165 1.57E-04
8 16.751 18.484 20.961 1.96E-04
9 19.037 21.459 24.986 2.43E-04
10 19.844 23.136 25.583 2.51E-04

3. KHAO SAT ANH HUONG CUA CHIEU
DAY VO MONG VA LOAI VAT LIEU PEN
DAO PONG VO XE

Két qua mo phong da nhan dugc 1a bién do dich
chuyén ciia vo xe Umg véi timg tan sé dao dong. Ta
quan tim dén cac tan sé dao dong co6 bién do 16n
nhat trong 10 dang dao dong dau tién cua vo xe
trong bang 1 ¢ trén. Xét tai dang dao dong thir ba,
bang mo6 hinh phdé mau ta thiy vo xe bi “xoan-uén”
rat 16n. Gia tri dich chuyén cua cac dao dong nay s&
xem xét cu thé.

3.1 Trudng hop vo6 ton chidu day 1,0 mm

Trén vo xe ton mong 1.0 mm, tai dang dao dong
tha ba c6 tan sd dao dong 6.0617 Hz, mac d6 dich
chuyén trong pham vi 3.7815e-15 dén 0,4094 m.
Day la gia tri bién dang tai diém c6 mirc d6 nho nhat
(trén ndp ca bo sat mép kinh chan gié trudc va ndc
xe) va bon diém mép dudi tai bén goc cia vo xe,
hinh 3.a.

3.2 Trudng hop vo6 ton chidu day 1,2 mm

Trén vo xe ton mong 1.2 mm, tai dang dao
dong thi ba co tan s6 dao dong 6.6127 Hz, muc
d6 dich chuyén trong pham vi 2.8463e-15 dén
0,37331 m. Tuong tu truong hop trén, day la gia
tri bién dang tai diém c6 muc d6 nho nhat (trén
nap ca bo sat mép kinh chan gid trude va néc xe)
va bon diém mép dudi tai bdn goc cua vo xe,
hinh 3.b.

3.3 Truong hop vé ton chiéu day 1,5 mm

Trén vo xe ton mong 1.5 mm, tai dang dao dong
tha ba c6 tan sd dao dong 7.3789 Hz, mac do dich
chuyén trong pham vi 3.9307e-15 dén 0,33392 m.
Tuong ty truong hop trén, day 14 gia tri bién dang tai
diém c6 mic d6 nho nhat (trén nip ca bo sat mép
kinh chan gio trudc va néc xe) va bén diém mép
dudi tai bon goc ciia vo xe, hinh 3.c. CAc gia tri bién
dang gan sat véi truong hop vo ton day 1.2 mm.

3.4 Truong hop vé ton sir dung vat li¢u téng
hop CFRP-Epoxy chiéu day 3,0 mm

Vit liéu tong hop c6 khoi lugng riéng, méd dun
dan hoi va hé s6 Poisson thap hon cua vt lidu thép
nén cac dich chuyén trén v6 xe sé 1on hon vo thép.
Trén vo xe composite day 3.0 mm, tai dang dao
dong thtr ba co tan s6 dao dong 6.5132 Hz, mic d6
dich chuyén trong pham vi 0.2078e-14 dén 0,52673
m. Tuong ty truong hop trén, day 1a gid tri bién dang
tai diém c6 mirc d6 nho nhat (trén nip ca bo sat mép
kinh chan gio trudc va néc xe) va bén diém mép
dudi tai bén goc ciia vo xe, hinh 3.d.

Tir bon trudng hop khao sat cho cac két qua vé
dao dong va bién dang cia vo xe bang ton mong
chiéu day nho 1.0 mm s& c6 gia tri cao nhat, ting
chiéu day thi gié tri nay giam theo. Khi sir dung vat
liéu tong hop CFRP-Epoxy thi sy thay ddi 18 hon,
dao dong tan s6 thap hon va bién dang ciing thap
hon vo t6n mong, hinh 4.
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Unit;

21-Jun-19 9:48 A0
0.4094 Max
0.36391
031842
0.27293
022744
018195
0,13647
0.090877
0045499
3.7825e-15 Min

U
2T-Jun-19 LO:OLAM

033392 Max
0.29681
0.25971
0.22261
0.18551
0.14841
011131
0.074204
0037102
3.9307e-15 Min

¢. Mite bién dang vé xe chiéu day ton 1.5 mm

Total Defarmation

Type: Total Defarmation

Frequency: £.6127 Hz
nit: m

27-Jun-18 957 AM

0.37331 Max
033183

0.20033

0.24887

02074

0.16582

0.12442
0082958
0.041479
2.8463e-15 Min

b. Mitc bién dang vé xe chiéu day ton 1.2 mm

Unitm
27 June 18 10:04 M

0.52673 Max
0.4692

0.4095%

035115

0.29263

0.2341

017558

0.01705
0.058525
9.2078e-14 Min

d. Mizc bién dang vo xe vat ligu composite CFRP-
Epoxy day 3.0 mm

Hinh 3. Mic bién dang vo xe voi cac dac tinh vat ligu khdac nhau

4E-02 - Dfim]
4E-02
3.E-02

3.E-02

2E-02
2.E-02
1E-02

/

Wﬁfﬂ
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5.E-03

0.E+DD

Hinh 4. Mitc bién dang vo xe theo thoi gian

4. KET LUAN

Chiéu day 16p t6n mong phu vo xe 6 t6 14 théng
s6 anh huong dén dao dong cua vo xe. Dé khic khuc
muc d6 dao dong 16n anh huong dén hanh khéch,
mot lua chon duoc goi ¥ 1a s dung vt lidu tong
hop CFRP-Epoxy, tuy nhién cin cha y dén véan dé
cdng nghé dé dam bao d6 bén cia vo xe cling nhu
gia thanh ché tao. Str dung phwong phap phan tir hitu

TAI LIEU THAM KHAO

han véi phan mém chuyén dung Ansys Workbench
18.2 gilp ta phan tich c6 nhiéu két qua tin cay.

Grabcad d4 cung cip mé hinh vé xe Chevrolet
Camaro dang 3-D, sir dung duoc ngay khong can
hiéu chinh. Trong phan tich khong c6 16i xay ra, cic
kich thudc cia md hinh da dugc kiém chimg dam
bao d6 chinh xac. Trén trang Grabcad c¢6 nhiéu mo
hinh nganh Ky thuat Co khi Dong luc, ¢6 thé dugc
phan theo cAc linh vuc, nguoi ding cd thé tham khao
mot s6 mé hinh trong trang web: www.grabcad.com

Céc linh vyc chinh c6 ban thiét ké 3D trong
Grabcad gom:

1. Linh vyc xe con: Xe Sedan, SUV, Pick up, xe
thé thao

2. Linh vuc xe thuong mai: Xe tai thung 1 ciu
cha dong, xe 3 cau, xe khach.

3. Linh vuc xe quén su: Xe dac chung, xe cho
quan, xe kéo phao, xe may cong binh.

4. Linh vgc may ndng nghi¢p: May kéo, may
cay bura.
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Abstract:
GRABCAD APPLICATION IN SIMULATION OF AUTOMOBILE TECHNOLOGY

Automotive engineering simulation on 3-D models if done right will accurately reflect the structure and
technical characteristics of parts, component assemblies or the whole vehicles. 3-D model is often done in
specialized software. Automotive engineering simulation has now grown strongly and extensively thanks to
the development of fast design and rapid prototyping technologies such as optical scanning, 3D printing and
software that are increasingly adding extended applications.

In the process of automotive engineering simulation, the design work takes a lot of time while significantly
affects the outcome of the problem. Grabcad is a repository that provides free 3-D design models with high
level of details and accuracy.

The paper presents the Grabcad application with 3-D model of vehicle body. Using finite element method
and Ansys Workbench software, vehicle body is simulated to study the vibration behavior when using thin
metal plates with different thickness. The simulation is repeated with composite material instead of metal.
The results include the analyses of each individual oscillation, harmonic vibration of the body with different
thicknesses and materials. Combined with analyzing the excitation force frequency on the tires, the study
suggest the optimal selection the plates thickness or use composite materials to avoid the resonance and
improve the vibration characteristics.

Keywords: Grabcad, Car body, Mode shape analysis, Harnomic analysis.
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