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#1. Tai liéu hoc tap

[1]. Amos Gilat (2016), MATLAB: An Introduction with Applications, 6th Edition_ An
Introduction with Applications, Wiley (2016).

[2]. Mary Kathryn Thompson, John Martin Thompson, ANSYS Mechanical APDL for Finite
Element Analysis, Butterworth-Heinemann (2017).

[3]. F.Hartmann, C.Katz (2007), Structural Analysis with Finite Elements, Springer-Verlag
Berlin Heidelberg.

[4]. T.A.Stolarski, Y.Nakasone, S.Yoshimoto (2018), Engineering Analysis with  ANSYS
Software, Elsevier Butterworth-Heinemann.

Link tai liéu trén Onedrive: https://bit.ly/3CnHDLV
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#2. Bai tap giira ky

bé bai:

“Nghién ciru tiéu chuan ECE R66 trong thiét ké tinh toan an toan
két cau khung xwong 6 td khach khi xay ra va cham lat nghiéng”
Tai liéu tham khao:

- ECE R66: Economic Commission of Europe, Regulation N0.66
Link tiéu chuan ECE R66 trén Onedrive: https://bit.ly/3nJ4Z6Z

Y&u cau:

1. File mém phai nop cho giang Vién chim nhat trudc ngay
30/09/2021.

(Trong dé tén file mém det nhw sau: ThS.VEE-2021 Hop va Tén)
2. Ban cung nop lai cho giang vién khi hét gidn céch.
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'TRUGNG DAI BT PHENIKAA

“Nghién ciru tiéu chuan ECE R66 trong thiét ké tinh toan an toan
két cau khung xwong 6 td khach khi xay ra va cham lat nghiéng”
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'TRUGNG DAI BT PHENIKAA

“Nghién ciru tiéu chuan ECE R66 trong thiét ké tinh toan an toan
két cau khung xwong 6 td khach khi xay ra va cham lat nghiéng”

Hién nay tai nan do xe khach géy ra kha thuong xuyén, nhu va cham
truc dién, bén héng, phia sau, dac biét la va cham lat nghiéng lam khung xuong
bién dang xAm pham vao khong gian an toan gay thuwong vong cung Iic nhiéu
hanh khach.

Do d6 van dé dam bao an toan cho hanh khach bén trong xe duogc cac
nha nghién ctru quan tdm hang dau, tir d6 céc tiéu chuan an toan k§y thuat 6 to ra
doi nham bat budce cic cdng ty san xuat 6 tO thuc hién thiét ké dat chuan, trong do
c6 tiéu chuan an toan lat nghiéng ECE R66 do Uy ban kinh t¢ Chau Au sang lap.
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'TRUGNG DAI BT PHENIKAA

“Nghién ctru tiéu chuan ECE R66 trong thiét ké tinh toan an toan

két cau khung xwong 6 td khach khi xay ra va cham lat nghiéng”
Tiéu chuan ECE R66 (Economic
Commission of Europe, Regulation
66) quy dinh kiém tra an toan keét
cau khung xuong xe dudi diéu kién
1at nghiéng. Tiéu chuan nay do Uy
ban Kinh té Chau Au sang lap, phién
ban mdi nhat duge chinh Iy vao cudi
| S thang 2 nim 2006. Tiéu chuan quy
< % ‘ _ d%nh kho\éingvcéch& gitta mat phér\lg lat
\ cuia Xe va mat phang va cham la 800
mm, xe ding yén trén mit phang 1at,
nghiéng mit phang nay tir tir v4i van
toc goc khoéng qua 5%s (0,087 rad/s)
cho dén khi xe bat dau 1at d6, nhu &
hinh minh hoa.

tilting platform
in horizontal axis _/

Starting position|  oftitting, ™

ditch with
rigid surface
R
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'TRUGNG DAI BT PHENIKAA

“Nghién ctru tiéu chuan ECE R66 trong thiét ké tinh toan an toan
két cau khung xwong 6 td khach khi xay ra va cham lat nghiéng”

ECE R66 quy dinh két cau than xe
bién dang sau khi kiém tra va cham
lat nghiéng khong dugc xam pham
vao khéng gian an toan; bat ky bo
phan nao trong khong gian an toan
IrT 11T déukhdng cho phép 16i ra bén ngoai
(@ két cau khung xuong sau khi bién
:"6'=”°""°‘;\ o dang. Quy dinh Kich thuzc'rc cua
——  khOng gian an toan dugc thé hién &

~

R\g /] ERER ' hinh minh hoa.
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| %\
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Cap ghe ngoi xoay mat sang bén héng Ghe tai xe
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#3. Bai tiéu luan két thic hoc phan
bé bai:

“Xay dung m6 hinh phan tir hitu han khung xwong 0 t6 khach

bang ngdn ngir tham s6 hoa thiét ké trong ANSYS”
Tai liéu tham khao: [2]
Thoéng so cho trude: CO thé tham khao kich thude khung xuong cua 1
loai 6 t6 khéach bat ky.
Y&u cau:
1. File mém phai nop cho giang Vién chim nhat truéc ngay
30/09/2021.
(Trong dé tén file mém det nhw sau: ThS.VEE-2021 Hop va Tén)

2. Ban cung nop lai cho giang vién khi hét gidn céch.

19/09/2021 PGS. Tran Thi Thu Hwong (VEE Faculty - PHENIKAA UNI) 7



p"uENylelggT‘\‘/ U *CAE trong thiét ké 6 to*

Vi du vé két qua dat dugc:
(Murc do phuee tap phu thudc vao
thdng so hoc vién su dung tham khdo)

Fig. 1 CAD model of the body structure
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* Kich thudce khung xuong 1 loai 0 td khach tham khao:
(1) Mdang khung xwong bén lai
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UNIVERSITY

* Kich thudce khung xuong 1 loai 0 td khach tham khao:
(1) Mang kKhung xwong bén phu
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#4. Tong quan vé CAE trong thiét ké 6 t6

TRADITIONAL CAE DRIVEN
PRODUCT DESIGN PROCESS PRODUCT DESIGN PROCESS
[ DESIGN ] [ CAD n. CAE J
vt .
S r Y
[ PROTOTYPING PROTOTYPING
J \ J
vt -
& B Pt Y
TESTING TESTING
\ J \ J
vt N
S B p -
PRODUCTION PRODUCTION
\ J 2 w,
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#4. Tong quan vé CAE trong thiét ké 6 t6

[REAL oaJECTs] MODELS ]

PHYSICAL MATHEMAYIC

MODELS | MODELS

l - 1
ANALYTICAL NUMERICAL
SOLUTION SOLUTION
\

[ |

|
( FINITE VOLUME METHOD \ ﬂOUNDARY ELEMENT METHOD\ ( FINITE ELEMENT METHOD \

4 4 4%22:4:
S 4...16:
B o . /
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Figure 2.6 Different numerical methods used for solving engineering analysis problems.

Cac phuong phap s6 dugc st dung trong giai cac bai toan k¥ thuat
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#4. Tong quan vé CAE trong thiét ké 6 t6

- Loads Restraints Discretization

'

MATHEMATICAL | _,
MODEL

{5 FEAmodel

l Solution

Results
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#4. Tong quan vé CAE trong thiét ké 6 t6
PAST PRESENT

DESIGN DESIGN
[ DESIGNING] [ ANALYSIS ] [ CAD ] [DESIGNING] { ANALYSIS

DESIGN DESIGN
ENGINEER ANALYST ENGINEER

=

DRAFTSMAN
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#4. Tong quan vé CAE trong thiét ké 6 t6
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al

#4. Tong quan vé CAE trong thiét ke 0 t0
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TRUONG DAI HOC PHENIKAR

* APDL (ANSYS Parametric Design Language) Ngon ngir tham sé hoa thiét ké
1. V&1 mo hinh phire tap
2. Véi md hinh can chinh sua
3. Khi can giai lap
4. Tao cac module thong dung
5. Dung lugng file s6 liéu nho, dé& dang trao do6i
a) Cau Iénh nhiéu, kKh6 nhé
b)  Can hoan chinh cau Iénh trong file méi thu duwoc két qud
¢) Khong fruc quan, dé phat sinh chan ndn.
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TRUONG DAI HOC PHENIKAR

* APDL (ANSYS Parametric Design Language) Ngon ngir tham sé hoa thiét ké
Dau “!” dung dé cht thich, chuong trinh s& khong xir Iy cac ky tu sau dau nay.

/FILENAME, ..... IDinh nghia tén file

/TITLE,.... IDinh nghia tiéu dé mai

JUNITS, .... IDinh nghia hé thong don vi cho bai tinh
IPREP7 IChuan bi bai tinh

ET,... IDinh nghia c4c loai phan tir

MP,... IDinh nghia cac dac trung vat li€u

R,... IDinh nghia c4c hang so

I'Tao Nt va phan tir truc tiép

N,.. ITao cac nut (Nodes)

E,... ITao C4C phan ttr (Elements)

I'Tao nGt va phan tir gian tiép

IDinh nghia cac diém (Keypoints)
IDinh nghia cac duong (Lines)
IDinh nghia cac dién tich (Areas)
IDinh nghia cac thé tich (Volumes)

<PFPIORA
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TRUONG DAI HOC PHENIKAR

* APDL (ANSYS Parametric Design Language) Ngon ngir tham sé hoa thiét ké

Lmesh,... IChia phan tir tir duong (Lines)
Amesh, ... IChia phan tir tir dién tich (Areas)
Vmesh, ... IChia phan tir tir thé tich (Volumes)
FINI IKét thlic phan chuan bi bai tinh
/SOLU IPhan tinh toan

ANTYPE stat,new IDinh nghia kiéu bai tinh

F,... ITai tap trung

SFA,... ITai trong phan bo

D,... IDiéu kién bién

SOLVE ITinh toan

FINI IKét thac phan tinh toan

/POST1 IPhan xt Iy két qua

SET,... IDat budc va budc con
PLDISP.... IXem két qua

PLSOL,...

FINI IKét thac phan xu 1y két qua
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* APDL (ANSYS Parametric Design Language) Ngon ngir tham sé hoa thiét ké
Vi du minh hoa:

Cho khung xuong xe dap nhu hinh v¢, trong d6 D = 25 mm, 6 =2 mm, E = 70000
Mpa, hé sb poat x6ng 0,33.

Y&u cau: X4c dinh chuyén vi va tmg suat cho khung xe dap.
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* APDL (ANSYS Parametric Design Language) Ngon ngir tham sé hda thiét ké

FINISH

ICLEAR
/FILNAM,ThS.VEE-2021
ITITLE, BAI TOAN 3D KHUNG XUONG XE DAP
/PREP7

IDINH NGHIA CAC THAM SO
X1 =500

X2 =825

Y1=2325

Y2 =400

Z1=50

IDINH NGHIA CAC DIEM
K,1,0,Y1,0

K,2,0,Y2,0

K,3,X1,Y2,0

K,4,X1,0,0

K,5,X2,0,21

K,6,X2,0,-Z1

IDINH NGHIA DUONG
L1,2

L,2,3

L,3,4

L4,1

L,4,6

L.4,5

L,3,5

L,3,6
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TRUGNG DAI G PHENIKAA

* APDL (ANSYS Parametric Design Language) Ngon ngir tham sé hoa thiét ké

IDINH NGHIA PHAN TU

ET,1,PIPE16 ILOAI PHAN TU
KEYOPT,1,6,1

R,1,25,2 IDINH NGHIA HANG SO
R,2,12,1

MP,EX,1,70000 IDINH NGHIA VAT LIEU
MP,PRXY,1,0.33

ICHIA LUOI

LESIZE,ALL,20

REAL,1

LMESH,1,6,1

REAL,2

LMESH,7,8

FINISH

/SOLU

ANTYPE,O

IHAN CHE CHUYEN VI

DK,1,UX,0,,,UY,uz

DK,5,UY,0,,,UZ

DK,6,UY,0,,,UZ

IDAT TAI

FK,3,FY,-600

FK,4,FY,-200

SOLVE ITHUC HIEN LOI GIAI
FINISH IKET THUC TIEN TRINH GIAI
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TRUGNG DAI BOC PHENIKAR

* APDL (ANSYS Parametric Design Language) Ngon ngir tham sé hoa thiét ké

/POST1 IXAM NHAP VAO THE GENERAL POST PROCESSOR
/WIND,ALL,OFF
/WIND,1,LTOP

/WIND,2,RTOP

/WIND,3,LBOT

/WIND,4,RBOT

GPLOT IKIEM SOAT QUA TRINH HIEN THI
/GCMD,1,PLDISP,2
/GCMD,2,PLNSOL,U,SUM,0,1
ETABLE,SEQV-I,NMISC,5
ETABLE,SEQV-J,NMISC,45
ETABLE,SAXL-I,LS,1
ETABLE,SAXL-J,LS,33
ETABLE,SDIR-1,SMISC,13
ETABLE,SDIR-J,SMISC, 15
/GCMD,3,PLLS,SEQV-1,SEQV-J
/GCMD,4,PLLS,SAXL-1,SAXL-]
JCONT,2,9,0,,0.27
JCONT,3,9,0,,18
JCONT,4,9,-18,,18
JFOC,ALL,-0.340000,,,1
JREPLOT

PRNSOL,DOF,
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* APDL (ANSYS Parametric Design Language) Ngdn ngir tham s6 hoa thlet ké

I\ ANSYS Multiphysics Utility Men X

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Clear & Start New ... g| - E| =

Change Jobname ...
Change Directory ...

Change Title ... UIT| POWRGRPH
Resume Jobname.db .. | ®
Resume from __. —I

&

1
Save as Jobname.db NODES
Save as ...
Write DB log file ...

Read Input from ..
»

Switch Output fo

List b
File Operations 4
File Options .

Import

Export ...

Report Generator ...

Exit ...

2 BB RRRER:RRERkRREEREE

58  © Typehere to search B = - & @ | A Desktop 91°F Lightrain - & 4
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E-L-K-N E-L-K-N
STEP=1 STEP=1 —
SUB =1 SUB =1 \E =
TIME=1 TIME=1 e MX_
DMX =.316261 USUM (AVG) " ,
RSYS=0 ) AN
DMX =.316261 L \ \‘\x
SMX =.316261 S \Y
\Z X X - R —— \'\.
- | _—
0 06 .12 18 .24
03 .09 15 .21 .27
E-L-K-N E-L-K-N
STEP=1 STEP=1
SUB =1 SUB =1
TIME=1 TIME=1
SEQV-I SEQV-J SAXL-I SAXL-J
MIN =.01974 MIN =-17.2178
ELEM=64 ELEM=1
MAX =17.5831 7 X MAX =17.5831
ELEM=4 ELEM=4
- | - . _—
0 4 16 -18 -10 -2 6 14
2 6 14 18 -14 -6 2 10 18
BAI TOAN 3D KHUNG XUONG XE DAP
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#5. Hwéng din sit dung ngdn ngir tham so hda thiét ké (APDL -
ANSYS Parametric Design Language) dé xay dung mé hinh
khung xwong 6 t0 khach

+ C&c 1énh chinh dung dé xay dung mé hinh phan tr hitu han
khung xuong 6 td khach: ET (BEAM188), K, L, LARC, LGLUE,
SECTYPE, SECOFFSET, SECDATA, MP, LMESH, LSEL, LATT,
KPLOT, LPLOT,...

+ Pé hiéu rd 1 1énh “X” bat Ki, ching ta gd: “Help,X” vao cua sb
input r6i Enter. Vi du muén tim hiéu vé cau trlc 1énh ET ta 1am nhu
Sau.
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'TRUGNG DAI BT PHENIKAA

I A\ ANSYS Multiphysics Utility Menu (ThS.VEE-2021)

File Select List Plot PlotC
NECEErE E_hem e

Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

I\ ANSYS Help Viewer - ] *
File Search History Bookmarks Tools Help
o | > | :ﬁ A =\ AMSYS Documentation > Mechanical APDL > Command Reference > VI, E Commands > ET 153 D

Table of Contents: ET %

ELIST -
*ELSE P
*ELSEIF ET

EMAGERR
S RITE ET, ITYPE, Enams, KOP1, KOP2, KOP3, KOPd, KOP5, KOPE, INOPR

EMFT Defines a local element type from the element library.
%g prREPT: Element Type

ggERJEF MP ME ST PR PRN DS EM DY PP EME MFS
EMSYM
EMTGEN ITYFPE
EMUNIT
E;ND Arbitrary local element type number. Defaults to 1 + current maximum.
*ENDDO
“ENDIF Ename
ENDRELEASE
EMERSOL
ENGEN Element name (or number) as given in the element library in Chapter 4 of the Eement
gg\f“m” Reference. The name consists of a category prefix and a unique number, such as PIPE288.
[ECF The category prefix of the name (PIPE for the example) may be omitted but is displayed
el upon output for darity. If Ename = 0, the element is defined as a null element.

EQSLY
EFSEE KOP1, KOP2, KOP3, . . . ; KOP6
EREAD
%ﬁf KEYOPT values (1 through 6) for this element, as described in the Element Reference.
i INOPR
ERRANG
ESCHECK
ESEL

e

If 1, suppress all element solution printout for this element type.
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PIIENIKAAO Cac vi du minh hea cho cac 1énh dé tao mo hinh
PNIVERSITY phan tir hiru han cho khung xwong 0 t6

FINISH ,
ICLEAR VI du 1 -
JFILNAM,ThS.\VEE-2021-Section o -
[TITLE, VI DU VE MAT CAT NGANG
IPREP7

K,1,0,0,0

K,2,1000,0,0

K,3,1500,0,0

IORIENTATION KEYPOINTS
K,4,50,-50,0

L1,2

L2,3

LGLUE,ALL

/PNUM,LINE,1

ET,1,BEAM188

IDINH NGHIA MAT CAT NGANG #1
SECTYPE,1,BEAM,CHAN,C270x80,5
SECOFFSET,CENT
SECDATA,80,80,270,5,5,5

IDINH NGHIA MAT CAT NGANG #2
SECTYPE,2,BEAM,RECT
SECOFFSET,CENT

SECDATA, 270,80

IGAN THUOC TINH CHO LINE #1
LSEL,S,.LINE, 1,

LATT,L1,1,,4,1

LESIZE 1,10

LMESH,1

IGAN THUOC TINH CHO LINE #2
LSEL,S,LINE, 2,

LATT,L1,1,,,2

LESIZE 1,10

LMESH,2

FINISH

JESHAPE, 1

IVIEW,1,1,1,1

ELEMENTS

BEAM188

VI DU VE MAT CAT NGANG
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PIIENIKAAO Cac vi du minh hea cho cac 1énh dé tao mo hinh
JRIVERSITY phan ti hiru han cho khung xwong 0 t0

Vi du 2: Piém dinh hwéng dam - Orietation Kypoints

EEEEEEEE
EEEEEEEE

K (50,50,0)
K (50,0,-50)

EEEEEEEE

K (50,0,50)

VI DU VE DIEM DINH HUONG DAM (ORIENTATION KEYPOINTS)
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PIIENIKAAO Cac vi du minh hea cho cac 1énh dé tao mo hinh
JRIVERSITY phan ti hiru han cho khung xwong 0 t0

Vi du 3:

Trong vi du nay ching ta sé tién hanh phan
tich 1 bai toan phan tich tinh két cau don
gian st dung cac moé hinh 1D, 2D va 3D
mg v&i cac phan tir dam, tam va phan tir
solid. Dam c6ng xon dai 1 m véi mat cat
ngang 10x10 cm duoc 1am bang vat lidu co
mo dun dan hdéi G = 73.1 GPa va hé sb
Poisson = 0.33. Cong xon chiu Iuvc 5000 N
nhu hinh v&. Muc dich cia moi mdt phan
tich 1a xac dinh chuyén vi ¢ dau tu do va
ng suat cta dam.
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FINISH

/CLEAR

[FILNAM, ThS.VEE-2021.1D
/TITLE,PHAN TICH BANG MO HINH 1D
[PREP7

K,,0,0,0

K,1,0,0

L,1,2
ET,1,BEAM189
SECTYPE,1,BEAM,RECT
SECOFFSET,CENT
SECDATA,0.1,0.1
MP,EX,1,7.31E10
MP,PRXY,1,0.33
LMESH,ALL
FINISH

/SOLU
DK,1,ALL,0
FK,2,FY,-5000
ALLSEL

SOLVE

FINISH

/POST1
/[ESHAPE, 1
/IDSCALE,ALL,1
IVIEW,1,1,1,1
PLNSOL,U,Y,0,1
IVIEW,1,,,1
PLNSOL,S,X,0,1
IVIEW,1,1,1,1
PLNSOL,S,EQV,0,1
FINISH

/AUTO,1

FINISH

ICLEAR

[FILNAM, ThS.VEE-2021.2D
ITITLE, PHAN TICH BANG MO HINH 2D
/PREP7
RECT,0,1,-0.05,0.05
ET,1,PLANE182
KEYOPT,1,3,3
R,1,0.1
MP,EX,1,7.31E10
MP,PRXY,1,0.33
ESIZE,0.0125
AMESH ALL
FINISH

/SOLU
NSEL,S,LOC,X,0
D,ALL,UX,0
NSEL,R,LOC,Y,0
D,ALL,UY,O
NSEL,S,LOC,X,1
NSEL,R,LOC,Y,0
F,ALL,FY,-5000
ALLSEL

SOLVE

FINISH

/POST1
/DSCALE,ALL,1
IVIEW,1,,,1
PLNSOL,U,Y,0,1
PLNSOL,S,X,0,1
/VIEW,1,1,1,1
/ESHAPE,1
PLNSOL,S,EQV,0,1
/AUTO,1

FINISH

FINISH

/CLEAR

/FILNAM, ThS.VEE-2021.3D
/TITLE, PHAN TICH BANG MO HINH 3D
[PREP7
BLOCK,0,1,-0.05,0.05,-0.05,0.05
/VIEW,1,1,1,1
ET,1,SOLID186
MP,EX,1,7.31E10
MP,PRXY,1,0.33
ESIZE,0.025
VMESH,ALL
FINISH

/SOLU
NSEL,S,LOC,X,0
D,ALL,UX,0,
NSEL,R,LOC,Y,0
D,ALL,UY,0
NSEL,R,LOC,Z,0
D,ALL,UZ,0
NSEL,S,LOC,X,1
NSEL,R,LOC,Y,0
NSEL,R,LOC,Z,0
F,ALL,FY,-5000
ALLSEL

SOLVE

FINISH

/POST1
/IGRAPHICS,OFF
/[ESHAPE,1
/IDSCALE,ALL,1
IVIEW,1,,,1
PLNSOL,U,Y,0,1
VIEW,1,1,1,1
PLNSOL,S,X,0,1
PLNSOL,S,EQV,0,1
FINISH
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NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV (AVG)
DMX =.002765
SMX =.300E+08

0 .667E+07
.333E+07 .100E+08

PHAN TICH CAU TRUC TINH BANG MO HINH 1D

.133E+08 .200E+08

.267E+08

.167E+08 .233E+08 .300E+08

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV (AVG)
DMX =.002746
SMN =96468.2
SMX =.298E+08

IS 000 s

96468.2 .670E+07 .133E+08
.340E+07 .100E+08

PHAN TICH CAU TRUC TINH BANG MO HINH 2D

66E+08

99E+08

E+08

65E+08

.298E+08

19/09/2021

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV (AVG)
RSYS=0

DMX =.002767
SMN =34572.1
SMX =.301E+08
SMXB=.520E+08

S 00000 s

34572.1 .671E+07 .134E+08
.337E+07 .100E+08

PHAN TICH CAU TRUC TINH BANG MO HINH 3D

.201E+08
67E+08 .234E+08

.267E+08

.301E+08
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YOUR ATTENTION
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