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LOI NOI DAU

Nhém ting dung tin hoc vao nghién ciitu khoa hoc trong tinh todn két cdu
cong trink, chiing t6i bién soan cudn "Tinh két cdu bdng phén mém ANSYS
VERSION 10.0" lam tai liéu phuc vu tinh todn thiét ké, giang day va hoc tdp
vé Phdn t& hitu han. Phin mém ANSYS dd dude ding dé nghién ciu va
gidng day tai rét nhiéu cdc triwomg dai hoc khdp noi trén thé gidi. Sdch c6 thé
ding lam tai lidu tham khdo cho kY su cde nganh xdy dung, giao thong vén
tai, thuy ldi, co khi, dong co, ... trong thiét ké va nghién ciu khoa hoc.

ANSYS c6 thé gidi cde bai todn phdn tich tinh, déng hoc cdc két cdu,
phén tich dan héi dén phan tich dan héi déo, dan hoi nhdt, phi tuyén hinh
hoc, phi tuyén vét lidu, phan tich on dinh cho cdc két cGu hé thanh, hé ban,
hé vo theo cdc md hinh khdc nhau.

Trong qud trinh bién soan, chiing téi dd nhin duge sy trg gitip quy bau
ctia nhidu ban dong nghiép. Chung téi xin chan thanh cam dn TS. Lé Anh
Tudn va KS. Nguyén Quang Huy da doc toan bj bdn thdo va co nhiéu dé
nghi cdi tién b6 ich.

Tuy dd c6 rdt nhiéu cé gdng trong qud trinh bién soan, song khong
tranh khoi nhiing thiéu sot, vi vdy ching téi rdt mong nhdin duge nhiing
g6p ¥ ciia cde ban doc dé'ldn xudt bdn sau cudn sdch duge t6t hon. Cdc ¥ kién
dong gop xin gii vé Phong bién tdp sdch Khoa hoc ky thudt - Nha xudt bdn
Xay dung - 37 Lé Dai Hanh - Ha NéL.

Cac tac gia



PHAN 1
HUGNG DAN SU DUNG ANSYS

Chuong 1
GIOI THIEU VE PHAN MEM ANSYS

Phin mém ANSYS do Cong ty Phan mém ANSYS (Hoa Ky) phdt trién 12 mot géi
phdn mém duya trén phucong phap phan tir hiru han d€ m6 phéng tng xir cia mot he vat ly
khi chiu tic dong cfia cdc loai tai trong khéc nhau.

Phan mém ANSYS dugc sit dung rong rdi trong nhiéu linh vuc k¥ thuat: ket cau,
dong chay, nhiét, dién, dién tir, am hoc, sinh hoc .v.v. ANSYS gém nhiéu modun khac
nhau nhu:  ANSYS/Multiphyics, ANSYS/Mechanical, ANSYS Structural, ANSYS
Professional, ANSYS DesignSpace, ANSYS CFX, ANSYS Emag, ANSYS AUTODYN,
ANSYS LS-DYNA, ANSYS ICEM CFD, ANSYS AI* Environment, ANSY S TurboGrid.
ANSYS DesignModeler, ANSYS  BladeModeler, ANSYS DesignXplorer, ANSYS
DesignXplorer VT, ANSYS Fatigue, ANSYS ParaMesh, ANSYS ED...

O day ta chi nghién ctu dén van dé phan tich két cdu. Phan tich két cdu duge Sur
dung dé xdc dinh trudng chuyén vi, bién dang, ing suat va cdc phan luc. Phan tich két
cdu gém phan tich tinh, phan tich dong lyc hoc va mét s6 phan tich két cdu khac nhu
phan tich phé, phan tich dao dong riéng, mat dn dinh, ket cau con...

ANSYS Ia mot phan mém manh. Tuy nhién, d¢ giai cic bai todn ma s6 phdn wr 16n
thi doi hoi cau hinh mdy cao. Véi ANSYS v10.0 thi cdu hinh may tinh nén sir dung la bo
xir 1y Petium hay Ttianum véi {t nhat 512 MB RAM (1GB vdi bo xu 1y Itianum), 950 MB
trong trong 6 cing, 8 CDROM, h¢ diéu hanh Window XP 64 bit, Window XP 32 bit hay
Window 2000 va man hinh 17" tré 1én v6i do phan gidi khi sir dung it nhat 1a 1024x768
Medium Color (16 bit).

D& phan tich mot bai todn két cdu chiing ta phai trai qua 5 budc:

1- M6 ta hinh hoc két cdu;

2- Xay dung md hinh phan tir hifu han;

3. Pat tai, cac diéu kién bién;

4- Phan tich két cau;

5- Xir 1y két qua.

Viéc thao tic trong ANSYS ¢6 thé qua cua sé dong lénh hay qua cac menu. Trong
cudn sach nay trinh by thao tac qua cdc menu dé tuong tic vii ANSYS.



1.1. Céch cai dat ANSYS

O day, chiing t6i huéng din cich cai dat ANSYS v10.0, cich cai dat ANSYS cic
version khdc ciing tuong tu nhu vay. Dé sir dung dugc ANSYS thuc hién hai buéc, dé 1a
cai dat ANSYS va cai dat gidy phép sir dung (licence server).

1.1.1. Cai dat ANSYS

Dua dia cai ANSYS vao 8 CD, néu 8 dia CD ciia ban c6 ché€ do tu chay tu dong qué
trinh cai dat s& ty kich hoat, néu khong trong man hinh cia clra s6 Window ban dung

chuét nhép chon Start > Run... va g6 E:\autoexec (E la tén 6 CD ctia ban).

ENSYS, bac. 10.0 CB Laune

ANSYS

Satup Cipbeorss
N Install ANSYS 100
& nstall ANSYS FLEYIm Licensing

Heko and Ubig:

@ visut hitp jlwww. ansys com

@ ANSYS 10.0 reivase notes

@ ANSYS Inc licensing guide help
N Display the license senver hoatd

Eut

Thuc hién cdc budc sau day:
1. Chon cai dat ANSYS 10.0.

2. Hop hoi thoai "ANSYS License Agreement" xudt hién, néu ban chdp nhin diéu
hién d6 nhin Yes.

3. Trong hop hoi thoai "Choose Destination Location" chon thu muc ma ban muén

chuong trinh ANSYS 10.0 s& dugc cai (néu chdp nhan thong s6 ngam dinh, nhan Next).
4. Lua chon cdc thanh phan cén cai dat, nhan Next, qud trinh cai dat bat diu.
5. Sau khi qua trinh cai dat xong, bat diu qua trinh cai dat gidy phép sir dung
(licence server).
1.1.2. Cai dat License Manager (gidy phép su dung)

Thuc hién cic budc sau day:

1. Chon ngén ngir sir dung (ngam dinh Ia ti€éng Anh).



2. Néu ban c6 file ghi cédc thong s6 cho phép sit dung chuong trinh, chon tén file va
vi tri cia no.
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Qui trinh cai dat két thic, ban c6 thé khoi dong dugc ANSYS ngay ma khong cén
khoi dong lai may.

1.2. Khéi dong ANSYS @ Heb »|
) Utiities »|

- Chiing ta khdi dong ANSYS qua bi€u tuong
ANSYS, qua thanh task bar cia windows.

Start > Programs > ANSYS

1.3. Giao dién ANSYS

mftHSYS Multiphysics Utility Menu

ANSYS Main Menu Bl r— S i
El preferences AN_SX$ @
@ Preprocessor T l
@ Solution j
@ General Postproc 8 l
b ek 8|
@|T al Opt i
& ROM Tool = ) ]
[ Design Opt |
& Prob Design _@
@ Radiation Opt
) Run-Time Stats ___1@
5 Session Editor ﬂ!
5 Finish ~_|
&
....... — B ——— |
[Pick @ menu kem or enter an ANSYS Command (BEGIN) met=1 [eype=t [ree




ANSYS ¢6 giao dién nhu hinh trén.

AAA_ANSYS Main Meny |

Q Preferences
. @ Preprocessor

* Menu chinh (Main Menu): -' & Solution A’Chfra cac chic nang can thiét.

* Menu tién ich (Utility Menu): chifa cic tién ich nhu: dé hoa kiém soat tép, trg
giup truc tuyén...

File Select List Plot PlotCtrls  WorkPlane Parameters Macro MenuCtrls Help

* Cira 56 nhap lénh (Input Window): cho phép ta gd cic lenh.

Bl

¥ Thanh cong cu (Toolbar): chira mot s6 1énh rit gon.

SAvE_DBI .I';IE.SUM_DBI Qur| POWRGRPH|

1.4. Két thic lam viéc thoat khoi ANSYS

Trén thanh cong cu chon Quit
+ Toolbar > Quit

- Exit from ANSYS -

" Save Geo+Ld+Solu
™ Save Everything
 Quit - No Save!




Chuong 2
MO TA HINH HOC KET CAU

2.1. Céc hé toa d¢ trong ANSYS
* Hé truc tog dé tong thé (Global Coordinate) system

ANSYS cé cdc hé toa do tOng thé sau:

Yi Yi

x|
f

a) Cartesian b) Cylindrical ¢} Sphericail d} Cylindrical

- Hé toa do Décac téng thé.

- Hé toa do tru tdng thé (Cylindrical Coordinate) theo truc z hay truc y.

- Hé toa do cau 16ng thé (Spherical Coordinate).

Cic hé toa do déu tuan theo quy tic ban tay phai va c6 chung mét gée. Chiing duge XAc
dinh qua s& ctia hé toa do: O cho hé toa do Pecac, 1 cho h¢ toa dé tru, 2 cho hé toa do cau.

* Fé truc toa dé dia phuong (Local coordinate system)

- La hé toa do ngudi ding dinh nghia tai vi tri mong mudn.

- C6 thé 1a he toa do Décdc, tru hoac cau.

D& dinh nghia hé tryc toa do dia phuong

+ Uility Utility Menu> WorkPiane> Local Coordinate Systems> Create Local CS > ...

Hé toa d¢ dinh nghia md&i nay co thé 1A mét trong 4 hé toa 46 todn hoc sau:

23,

af Cartesian (X.Y.Z) b) Cylindrical(R.0,2) ¢) Spherical(R 0.4} * g Toroidal (R.0.9)
Hé toa do vudng gac He toa @0 try H& 10a dj cdu He toa d5 xuyén



* Mdt phang lam viée (Working plane)

- La mat phang ma chiing ta hién dang lam viéc,

- Tat cé cdc lenh mo ta hinh hoc bi anh huéng cia mat phing nay.
D€ dinh nghia mat phing 1am viéc:

+ Utility Menu> WorkPlane> Align WP with > ...

2.2. Cac doi tuong hinh hoc ciia Ansys

- ANSYS ¢6 cac d6i tugng sau: diém (point), dudng (line), dién tich (area), thé
tich (solid).

"

Butng va diém
Thé tich Dién tich

Thé tich Budng

Dién tich Diém

- Moi mé hinh hinh hoc duoc xic
dinh boi cdc thé tich, dién tich, cdc Diém i dign tich
duong va diém.

- Céc thé tich duoc gi6i han bdi

|

|

|

!
A—————_—

cac dién tich, cac dién tich dugc gidi
¢ ' - ; Buong— ,
han boi cdc duong, cic duong dugc e
gi6i han bai cac diém. 4
Thé tich

- Thi bac cac thuc thé tir thap lén
cao: di€m -> dudng -> dién tich -> thé tich. Chiing ta khéng thé xoda moét thuc thé néu
nhu mot thuce thé bac cao hon dang duoc gin véi né.

- Céc khoi thé tich va mat duge xay dung tir cdc hinh hoc co ban.

- ANSYS ¢6 cdc dang hinh hoc co ban sau (primitives):

+ Cac primitives 2D gém céc hinh chit nhat, dudng tron, da gidc, tam gidc.
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+ Cic primitives 3D bao gém cic khéi hgp try, lang try, cdu nén va xuyén.

Tur cac hinh khéi co ban nay qua cdc lénh hinh hoc khdc tao ra mé hinh hinh hoc
cudi cung ma ching ta cin.

2.3. Cach tao cac diém (keypoints)
Pé tao diém méi c¢6 nhiéu céich, cach thuong dung la

+ Main Menu > Preprocessor > Modeling > Create > Keypoints > In Active CS

Create Keypoints in Active Coordinate System

[K] Create Keypoints in Active Coordinate System

. ot i
%,¥,Z Location in active C5 rls J ‘f i | % l

oK I Applyl Cmcufi Help

+ G6 tén diém, toa do cta diém (X, Y, Z, nhan nit [Apply] néu ti€p tuc nhap cac
diém méi khéc, néu két thic nhap 4n nit [OK]. Vi du: tén diém la 3, diém nay c6 toa do
(x, y, z) 1a (15, 20, 25).

Cic cdch tao diém va sira d6i khac

H'ao cic diém thuoc mot dudng | Main  Menu> Preprocessor> Modeling> Crcatlc>—‘
cho trude Keypoints> On Line

Main Menu> Preprocessor> Modeling> Create>
Keypoints> On Line w/Ratio

Tao diém giita 2 diém cho trude Main Menu> Preprocessor> Modeling> Create>
Keypoints> KP between KPs

Pién cic diém gita 2 diém | Main Menu> Preprocessor> Modeling> Create>
cho trude Keypoints> Fill between KPs

11



Tao diém tai tam cla dudng tron | Main  Menu> Preprocessor> Modeling> Create>

hay cung tron Keypoints> KP at Center

Tao diém tir tap hop cic diém | Main  Menu> Preprocessor> Modeling>  Copy>

cho trudc Keypoints

Tao diém bing phép d6i xing Main Menu> Preprocessor> Modeling> Reflect>
Keypoints

Li¢t ké cdc diém da dinh nghia Utility Menu> List> Keypoint> Coordinates +Adttributes

Utility Menu> List> Keypoint> Coordinates only
Utility Menu> List> Keypoint> Hard Points

Hién thi cdc diém chon Utility Menu> Plot> Keypoints> Keypoints
Utility Menu> Plot> Specified Entities> Keypoints

Xo4 diém Main  Menu> Preprocessor> Modeling> Delete>
Keypoints

2.4. Cach tao cac duong (Lines)
Dé tao dudng méi c6 nhiéu cdch, cich thudmg diing 1a
+ Main Menu > Preprocessor > Modeling > Create > Lines > Lines > In Active Coord

+ Chon 2 diém dé tao dudng mdi, nhin nit [Apply] néu tiép tuc tao cic dudmg mdi
khic, néu két thic nhap an mit [OK].

Cdc cdch tao dudng v sita déi khac

Tae cung tron qua 3 diém Main Menu> Preprocessor> Modeling> Create> Lines>
Arcs> By End KPs & Rad

Main Menu> Preprocessor> Modeling> Create> Lines>
Arcs> Through 3 KPs

N6i tron cde diém thanh Main Menu> Preprocessor> Modeling> Create> Lines>
dudng cong Splines> Spline thru KPs

Main Menu> Preprocessor> Modeling> Create> Lines>
Splines> Spline thru Locs

Main Menu> Preprocessor> Modeling> Create> Lines>
Splines> With Options> Spline thru KPs

Main Menu> Preprocessor> Modeling> Create> Lines>
Splines> With Options> Spline thru Locs

Main Menu> Preprocessor> Modeling> Create> Lines>
Splines> Segmented Spline

Main Menu> Preprocessor> Modeling> Create> Lines>
Splines> With Options> Segmented Spline

12




Tao dudng tron

Main Menu> Preprocessor> Modeling> Create> Lines>
Arcs> By Cent & Radius

Main Menu> Preprocessor> Modeling> Create> Lines>
Arcs> Full Circle

Tao dudng thing tao 1 géc véi
dudmg cho trude

Main Menu> Preprocessor> Modeling> Create> Lines>
Lines> At Angle to Line

Main Menu> Preprocessor> Modeling> Create> Lines>
Lines> Normal to Line

Main Menu> Preprocessor> Modeling> Create> Lines>
Lines> Angle to 2 Lines

Main Menu> Preprocessor> Modeling> Create> Lines>
Lines> Norm to 2 Lines

Tao dudmg tir dudng cd trude

Main Menu> Preprocessor> Modeling> Copy> Lines

Main Menu> Preprocessor> Modeling> Move/Modify>
Lines

Tao dudng bing phép doi xing

Main Menu> Preprocessor> Modeling> Reflect> Lines

Chia dudng ¢6 truge thanh nhing
dudmg nho

Main Menu> Preprocessor> Modeling> Operate>
Booleans> Divide> Line into 2 Ln’s

Main Menu> Preprocessor> Modeling> Operate>
Booleans> Divide> Line into N Ln's

Main Menu> Preprocessor> Modeling> Operate>
Booleans> Divide> Lines w/ Options

NGi dudmg

Main Menu> Preprocessor> Modeling> Operate>
Booleans> Add> Lines

Kéo dai dudng

Main Menu> Preprocessor> Modeling> Operate>
Extend Line

Liet ké dudng

Utility Menu> List> Lines
Utility Menu> List> Picked Entities> Lines

Hién thi dudng

Utility Menu> Plot> Lines
Utility Menu> Plot> Specified Entities> Lines

Xod dudng

Main Menu> Preprocessor> Modeling> Delete> Line
and Below

Main Menu> Preprocessor> Modeling> Delete>> Lines Only

2.5. Cach tao cac dién tich (Areas)

D¢ tao dién tich mdi c6 nhiéu cdch, cach thudng dung la

+ Main Menu > Preprocessor > Modeling > Create > Areas > Arbitrary > Through KPs

+ Chon céc diém dé€ tao dién tich m&i, nhan ndt [Apply] néu ti€p tuc tao cic dién
tich méi khéc, néu két thic nhap an nit [OK].

13



Cac céch tao dién tich vi sita déi khic:

FTao dién tich bang cdc

dudng cho trude

Main Menu> Preprocessor> Modeling> Create> Areas>
Arbitrary> By Lines

Tao dign tich bang di chuyén
1 dudng theo | dudng déin

Main Menu> Preprocessor> Modeling> Operate> Extrude>
Along Lines

Quay dién tich

Main Menu> Preprocessor> Modeling> Operate>Fxtrude>
About Axis

Tao dién tich bang dién tich
cho trudc

Main Menu> Preprocessor> Modelin g> Copy> Areas

Main Menu> Preprocessor> Modeling> Move/Modify>
Areas> Areas

Tao dién tich bang phép
d6i xiing

Main Menu> Preprocessor Modeling> Reflect> Arcas

I

Tao dién tich bing céch
offset

Main Menu> Preprocessor> Modeling> Create> Areas>
Arbitrary> By Offset

Liét ké dién tich

Utility Menu> List> Areas
Utility Menu> List> Picked Entities> Areas

Hién thi dién tich

Utility Menu Plot> Areas
Utility Menu> Plot> Specified Entities> Areas

Xo4 dién tich

Main Menu> Preprocessor> Modeling> Delete> Area and Below
Main Menu> Preprocessors Modeling> Delete> Areas Only

- 2.6. Cach tao cic thé tich (Volumes)

bé tao thé tich méi ¢ nhiéu cich, cach thudng ding la:

+ Main Menu > Preprocessor > Modelin

Through KPs

+ Chon céc diém dé tao

g > Create > Volumes > Arbitrary >

the tich méi, nhan nit [Apply] néu ti€p tuc tao cdc thé tich

md&i khéc, néu két thic nhap an nit [OK].

Céc cdch tao thé tich va stia déi khic

[ Tao thé tich tir cac dien tich

cho trudce

Main Menu> Preprocessor> Modeling> Create> Volumes>
Arbitrary> By Areas

Tao thé tich bang di chuyén
1 di¢n tich theo 1 dudng din

Main Menu> Preprocessor> Operate> Extrude> Along Lines

Tao thé tich bing cich quay

Main Menu> Preprocessor> Modeling> Operate> Extrude>
About Axis

Tao khai bang cdch offset

Main Menu> Preprocessor> Modeling> Operate> Extrudes
Areas> Along Normal

Tao khéi tir khai cho trude

Main Menu> Preprocessors Modeling> Copy> Volumes
Main Menu> Preprocessors> Modeling> Move/Modify> Volumes

1

4




Tao khdi bing phép ddi ximg | Main Menmu> Preprocessor> Modeling> Reflect> Volumes

Liét ké khoi Utility Menu> List> Picked Entities> Volumes
Utility Menu> List> Volumes
Hién thi khdi Utility Menu>> Plot> Specified Entities> Volumes
Utility Menu>> Plot> Volumes
Xod khoi Main Menu> Preprocessor> Modeling> Delete> Volume and
Below
| Main Menu:> Preprocessor> Modeling> Delete> Volumes Only

2.7. Céac toan tir logic (Booolean) tao khéi hinh hoc

2.7.1 Phép todn Keep

+ Main Menu> Preprocessor> Modeling> Operate> Booleans> Settings

Boh;])tn,keep,yes
AINA.1.2 A2 A2
AN By
A1 va A2 khdng d6i
Bapin.keep.yes
AINA.1,2

AN

A1 va A2 duge v dong xoa di

2.7.2. Phép todn giao (Intersect)

Giao cla dudng Main Menu> Preprocessor> Modeling> Operate> Booleans>
Intersect> Common>> Lines

Giao cha mat Main Menu> Preprocessor> Modeling> Operate> Booleans>
[ntersect> Common> Areas

Giao cha khoi Main Menu> Preprocessor>> Modeling> Operate> Booleans>
Intersect> Common> Volumes

Giao caa dudmg v&i mat Main Menu> Preprocessor> Modeling> Operate> Booleans>
Intersect> Line with Area

Giao cua mit vdi khoi Main Menu> Preprocessor> Modeling> Operate> Booleans>
Intersect> Area with Volume

Giao ciia dudng vdi khéi Main Menu> Preprocessor> Modeling> Operate> Booleans>
Intersect> Line with Volume

 I—
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2.7.3. Phép todn cong (Add)

Cong mat

Main Menu> Preprocessor> Modeling> Operate> Booleans> Add> Areas

Cong khéi

Main Menu> Preprocessor> Modeling> Operate> Booleans> Add> Volumes

00 [CO
A1 -

A3
/ = n ol

Phép céng 2 mat




V3

Khdi kop
chr nhat

/

Khdi & hinh phie tap
{khéing o6 bién trong)

Phép céng khéi

2.7.4. Phép todn trir (Subtract)

| Trir duomg

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Subtract> Lines

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Subtract> With Options> Lines

Mam Menu> Preprocessor> Modeling:> Operate> Booleans>
Divide> Line by Line

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Divide> With Options> Line by Line

Trir mat

Main Menu> Preprocessor> Modeling> Operate> Booleans:»
Subtract> Areas

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Subtract> With Options> Areas

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Divide> Area by Area

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Divide> With Options> Area by Area

Trir khoi

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Subtract> Volumes

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Subtract> With Options> Volumes

Budmg trir mat

Mam Menu> Preprocessor> Modeling> Operate> Booleans>
Divide> Line by Area

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Divide> With Options> Line by Area

Buong trir khoi

Main Menu> Preprocessor> Modeling.> Operate> Booleans>
Divide> Line by Volume

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Divide> With Options> Line by Volume ]
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Mat trir khoi

Main Menu> Preprocessor> Modeling> Operate> Booleans> |
Divide> Area by Yolume

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Divide> With Options> Area by Volume

Mat trir dutmng

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Divide> Area by Line

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Divide> With Options> Area by Line

Khéi trir mat

_

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Divide> Volume by Area

Main Menu> Preprocessor> Modeling> Operate> Booleans>
Divide> With Options> Volume by Area

U / L1-12
- L2 L -

Biém chung

L1-12

Al - A2
A2 . .
A1
At
Al - A2 -— -
A2 . A3 }
_— — =]
™ Mt méi
Phép trit mdt
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2.7.5. Phép todn chong (Overlap)

Overlap> Lines

Puong chéng dudng | Main  Menu> Preprocessor> Modeling> Operate> Booleans>

Overlap> Areas

Mat chong mat Main Menu> Preprocessor> Modeling> Operate> Booleans>

Overlap> Volumes

Khai chéng khoi Main Menu> Preprocessor> Modeling> Operate> Booleans>
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L4

Phép duong chong duong

A2 Ad
—
Al Al
Phép mdt chong mdt
V1
V3
o | = I V4

|
I
=

V5 {khdi tron. v

Phép khoi chéng khoi

2.7.6. Phép todn ddn (Glue)

Dén dudng Main Menu> Preprocessor> Modeling> Operate> Booleans>
Glue> Lines

Dan mat Main Menu> Preprocessor> Modeling> Operate> Booleans>
Glue> Areas

Dién khéi Main Menu> Preprocessor> Modeling> Operate> Booleans>

Glue> Volumes
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V1

Al

A3 , .
Biém va dudmg chung

Phép dan mdt

V2 V2

V3 va V4 ¢ chung 4 diém
4 duomg va 1 mat

Phép dan khoi
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Chuong 3
XAY DUNG MO HINH PHAN TU HUU HAN

C6 3 bude dé tao ludi phén tix hitu han (PTHH):

+ Dinh nghia cac thugc tinh phan tir;

+ Xdc dinh cdc thong s6 diéu khién viéc chia luéi:
+ Tao 1uGi phan ti hivu han.

3.1. Dinh nghia cdc thuéce tinh phan tir

Thugc tinh phén t 12 nhing dac trung ciia phén tir ma ngudi dung phai thiét lap
trude khi chia luéi. Chiing bao gém:

+ Céc kiéu phan tif (vi dy phan tir BEAM3, SHELL61, V.V,

+ Cdc hang s6 dic trung (thuong 1 céc thong s6 hinh hoc caa phan tir nhu chiéu
day, hay mat cat ngang);

+ Cdc tinh chat ciia vat liéu (vi du mo6 dun dan héi, hé s6 truyén nhiét).

3.1.1. Cdc kiéu phin tif
Chon ki€u phan tir 1a mét budc quan trong, né xdc dinh nhilng dic trung dudi day
cua phén ur:

+ Bac tu do (degrees of freedom DOF). Vi du mét phin tir nhiét ¢6 1 bac ty do
TEMP (nhiét do), trong khi mét kiéu phan tir két cAu ¢6 thé ¢6 t6i 6 dof: UX, UY, Uz,
ROTX, ROTY, ROTZ (3 thanh phan chuyén vi dai theo 3 truc va 3 thanh phan chuyén
vi géc quanh 3 truc);

+ Dang phén r: tam gidc, uf gidc, uf dién, luc dién,..;
+ Khéng gian: 2D hoiic 3D;
+ Dang gid thi¢t cta trudng chuyén vi: bac nhat hoac bac hai.

Ansys 10.0 ¢6 1 thur vien gom khodng 200 kiéu phén 1ir dé ngudi dung Ansys lua chon,
d¢ ¢6 them thong tin vé cac phan tir nay ching ta xem tham khéo qua fai liéu clia Ansys.

* Phdn loai phdn tr
Ansys dua ra nhi€u loai phan tir khdc nhau. Cic phan tir thong dung bao gém:

+ Céc phén t& mot chiéu (line elements);
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+ Céc phan tir vo (shells);

+ Céc phén tir phang 2D (2D solids);
+ Céc phin tlr khéi 3D (3D solids).
* Phdn tur mot chiéu

- Céc phan tir thanh (spar) Z S
duge dung dé mo hinh héa 16 xo L
va hé thanh dan. Phén ti thanh
c6 2 diém mit i va j chiu bién
dang doc truc, chiu tii trong doc
truc thanh, ¢6 cdc chuyén vi nut X
doc theo thanh (vi du phin tir
LINK1, LINK10, LINK160,...) . z

—

- Céc phan tir dam (beam)
duge ding dé mo hinh hod két X1
cdu dang 6ng, thép hinh hoac bat
ky két cau dai manh ma ta chi
quan tam dén ng suat mang va
usn. Phan tir dim trén mat cét
ngang ctia né c6 thé 1on tai ca luc

doc, luc cat va momen (vi du z
phan tir BEAMS3, BEAM4, B ,
BEAMA44,. ). X

X

- Céc phdn tir 10 xo (spring)
duoc ding d¢ mé hinh hod 16 xo,
két cau dai manh, hodc dé thay thé cdc phén tir phiic tap bang do cing tuong duong (vi
du phéan tr COMBI165, COMBIN14, COMBIN39....).
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* Phan tir vo

- Ding dé tao mé hinh nhimg ban méng hodc nhitng mit cong (vi du phéan tir
SHELL 131, SHELL132, SHELL150,...).

4 iy
™)/ Layerz J1E4

2 e T INode
' | Layert g, Location
x ¥ TBOT

- Khéi niém moéng phu thuoe vio timg trudng hop cu thé, thudng thi cdc kich thude
I6n ctia v6 it nhat ciing phai gap 10 Ian chiéu day cha né.

* Phdn 1k phdng 2D

- Dung d€ mo hinh héa cdc bai todn phing (vi du phan tir PLANE2, PLANE45,
PLANEI2],..)

K
L
0 X
@
P O
Y N
for axial) i
L.J( {or radial} Jo 1 D ,

- Ung xir clia phdn tlr ¢6 thé thudc 1 trong céc bai todn sau:

+ Ung suat phing.

+ Bi€n dang phang.

+ D6i ximg truc.

+ Di€u hoa ddi xiing truc

* Phdan ur khoi 3D

- Dung d€ cho nhimg két cau ma do mé hinh hinh hoc, vat liéu hoic do yéu cdu ket

qua chi tiét khong thé mé hinh hod bang phan tir don gian dugc (vi du phan tir SOLID9S,
SOLID97, SOLID187,...) .
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* Bdng liét ké cdc phdn nir trong ANSYS v10.0

Structural 2-D BEAM3 Structural 3-D BEAM44
Beam 2D Elastic Beam Beam 3-D Elastic Tapered
2 nodes 2-D space Unsymmetric
/ DOF: UX, UY, ROTZ / Beam
2nodes 3-D space
DOF: UX, UY, UZ, ROTX,
ROTY.ROTZ
Structural 3-D | BEAM4 Structural 2-D BEAMS4
Beam 3-D Elastic Beam Beam 2-D Elastic Tapered
2 nodes 3-D space Unsymimetric
/ DOF: UX, UY, UZ, / Beam
ROTX, ROTY, ROTZ 2 nodes 2-D space
DOF: UX, UV, ROTZ
Structural 2D BEAM?23 Explicit Dynamis | BEAM161
Beam 2-D Plastic Beam Explicit 3-D Beam
2 nodes 2-D space ° 3 nodes 3-D space
/ DOF: UX, UY, ROTZ / DOF: UX, UY, UZ, ROTX,
ROTY, ROTZ, VX, VY, AX,
AY,AZ
Structural 3-D | BEAM24 Structural 3-D BEAMI&S
Beam 3-D Thin-Waille Beam Beam 3-D Linear Finite Strain Beam
2 nodes 3-D space 2 nodes 3-D space
/ DOF: UX, UY, UZ, 7 DOF: UX, UY, UZ, ROTX,
ROTX, ROTY, ROTZ ROTY. ROTZ
Structural 3-D BEAMISQ
Beam 3-D Quadratic Finite Strain

[7

Beam
3 nodes 3-D space

DOF: UX, UY, UZ, ROTX,
ROTY, ROTZ
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Coupled-Fied]

\

CIRCU9%4
Piezoelectric Circuit

2 or 3 nodes 2-D space
DOF: VOLT, CURR

Combination

{5

COMBINI4
Spring-Damper
2 nodes 3-D space

DOF: UX, UY, UZ, ROTX,
ROTY, ROTZ

Megnetic Electric

\

CIRCUT24
Electric Circuit
2-6 nodes 3-D space

DOF: VOLT, CURR,
EMF

Combination

3 h

COMBIN37
4 nodes 3-D space

DOF: UX. UY, UZ, ROTX,
ROTY, ROTZ, PRES, TEMp

Megnetic Electric | CIRCUI25 Combination COMBIN39
Dicde Nonlinear Spring
2nodes 3-D space N 2nodes 3-D space
/ DOF: VOLT DOF: UX. UY, UZ, ROTX,
ROTY, ROTZ, PRES, TEMP
Combination COMBIN7? Combination COMBIN40

+

Revolute Joint
3 nodes 3-D space

DOF: UX, UY, UZ,
ROTX, ROTY, ROTZ

ARt

Combination

2 nodes 3-D space

DOF: UX, UY, UZ, ROTX.
ROTY, ROTZ, PRES, TEMP

Explicit Dynamics

T

COMBII6s

Explicit Spring-Damper

2 nodes 3-D space

DOF: UX, UY, UZ. ROTX,

ROTY,ROTZ, VX, VY, VZ,
AX, AV, AZ

Contact CONTACI2 Contact CONTAL73
2-D Point to-Point 3-D 4-Node Surface-to-Surface
\<3 Contact Contact
D>\ 2 nodes 2-D space . 4 nodes 3-D space
DOF: UX, UY DOF: UX, UY, UZ, TEMP,
VOLT, MAG
Contact CONTACS2 Contact CONTAL174
3-D Point-to-Point 3-I> 8-Node Surface-to-Surface
Contact Contact
C/@P 2 nodes 3-D space 8 nodes 3-D space
DOF: UX. UY, UZ DOF: UX, UY. UZ, TEMP.
VOLT, MAG
Contact CONTAL171 Contact CONTAL75
2-D 2-Node Surface-to- ° 2-D/3-D Node-to-Surface

e

Surface
Contact
2 nodes 2-D space

DOF: UX, UY, TEMP,
VOLT, AZ

Contact

1 node 2-D/3-D space
DOF: UX, UY, UZ, TEMP,
VOLT, AX, MAG
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Contact

CONTAL172

2-D 3-Node Surface-to-
Surface

Contact
3 nodes 2-D space

DOF: UX, UY, TEMP,
VOLT, AZ

Contact

\

CONTA176

3-D Line-to-Line Contact
3 nodes 3-D space

DOF: UX, UY, UZ

Contact

%

CONTAL78

3-D Node-to-Node Contact
2 nodes 3-D space

DOF: UX, UY, UZ

Fluid ELUID29 Fluid Fluid 129
2-D Acoustic Fluid 2-D Infinite Acoustic
Q 4 nodes 2-D space 2 nodes 2-D space
DOF: UX, UY, PRES DOF: Pres
Fluid FLUID30 Fluid Fluid1130
3-D Acoustic Fluid 3-D Infinite Acoustic
8 nodes 3-D space 4 nodes 3-D space
DOF: UX, UY, UZ, PRES \Nr? DOF: PRES
b
Fluid FLUID38 Fluid Fluid 136
Dynamic Fluid Coupling 3-D Squeeze Film Fluid
2 nodes 3-D space 4. 8 nodes 3-D space
- DOF: UX, UY, UZ DOF: PRES
Fluid FLUID79 Fluid Link Fluid 138
2-D Contained Fluid 3-D Viscous Fluid Link
I___—I 4 nodes 2-D space / 4 nodes 3-D space
DOF: UX, UY DOF: PRES
Fluid FLUDID80O Fluid Fluid 139

3-D Containe Fluid
8 node 3-D space
DOF: UX, UY, UZ

|
[l
!

3-D Slide Film Fluid
2,32 nodes 3-D space
DOF: UX, UY. UZ

FLUIDS1
Axisymmetric-Harmonic
Contained Fluid

4 nodes 2-D space

DOF:; UX, UY. UZ

Fluid

L]

Fluid 141
2-D Fluid-Thermal
4 nodes 2-I} space

DOF: VX, VY, VZ, PRES,
TEMP, ENKE, ENDS
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Fluid

=

FLUID116

Coupled Themal-Fluid
Pipe

2 nodes 2-D space
DOF: PRES, TEMP

Fluid 142
3-D Fluid-Thermal
8 nodes 3-D space

DOF: VX, VY, VZ, PRES,
TEMP, ENKE, ENDS

Follower Load FOLLW201 Magnetic Electric | HFL19
° 3-D Follower Load o 3-D High-Frequency Magnetic
1 node 3-D space Tetrahedral Solid
DOF; UX,UY, UZ, Swva 10 nedes 3-D space
ROTX, ROTY. ROTZ ; DOF: AX
Magnetic HF118 Magnetic Electric | HF120
Electric 2-D High-Frequency 3-D High-Frequency Magnetic

B

Magnetic Quadrilateral
Solid
8 nodes 2-D space

Brick Solid
10 nodes 3-D space

DOF: AX

DOF: AX
Infinite INFIN9 Infinite INFIN110O

2-D Infinite Boundary 2-D Infinite Solid

2 nodes 2-D space ﬂ, @ 4 or 8 nodes 2-D space

DOF: AZ, TEMP DOF: AZ. VOLT, TEMP
Infinite INFIN4T Infinite INFINt1!

3-D Infinite Boundary - 2-D Infinite Solid

|

2 nodes 3-D space
DOF: MAG. TEMP

4 or 20 nodes 2-D space
DOF: MAG. AX. AY, AZ,

VOLT. TEMP
Megnetic INTER115 Structural 2-D INFIN202
Electric 3-D Magnetic Interface Interface 2-D 4-Node Cohesive Zone

[

4 nodes 3-D space
DOF: AX, AY, AZ, MAG

4 nodes 2-D space
DOF: UX, UY

Structural 2-D

INTER192

Structural 2-D

INFIN203

Interface 2-D 4-Node Gasket Interface 2-D 6-Node Cohesive Zone
a o 4 nodes 3-D space 6 nodes 2-D space
 —| DOF: UX, UY J DOF: UX. UY

Structural 2-D INTER 193 Structural 3-D INFIN204
Interface 2-D6-Node Gasket Interface 3-D 16-Node Cohesive Zonc
o 4 nodes 2-D space 3 6 nodes 3-D space
.ﬂ DOF: UX, UY DOF: UX.,UY, UZ
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Structural 3-D

Interface

INTER 194

3-D 16-Node Gasket
4 nodes 3-D space
DOF: UX, UY, UZ

Structural 3-D

Interface

INFIN205

2-D 8-Node Cohesive Zone
& nodes 2-D space

DOF: UX, UY, UZ

Structural 3-D
Interface

INTER 195

3-D 8-Node Gasket
8 nodes 3-D space
DOF: UX, UY, UZ

Structural 2-D
Line

e

LINK1
2-D Spar (or Truss)
2 nodes 2-D space

Thermal Line

e

LINK33
3-D Conduction Bar
2 nodes 3-D space

DOF; UX, UY DOF: TEMP
Structural 2-D LINKS Thermal Line LINK34
Line 3-D Spar (or Truss) L o Convection Link
2 nodes 3-D space O:r:', 2 nodes 3-D space
/ DOF: UX, UY, UZ DOF: TEMP
Structural 3-D LINK10 Thermal Electric | LINK63
Line Tension-only or Coupled Thermal-Electric Line

/

Compressiononly Spar
2 nodes 3-D space
DOF; UX,UY,UZ

e

2 nodes 3-D space
DOF: TEMP, VOLT

Structural 2-D

LINKI11

Explicit Dynarnics

LINK 160

/

2 nodes 2-1 space
DOF: TEMP

)

Line Linear Actuator o Explicit 3-D Spar (or Truss)
2 nodes 3-D space / 3 nodes 3-D space
D—‘ﬁ—ﬂ DOF: UX, UY,UZ DOF: UX, UY, UZ, VX, VY,
V7, AX, AY, AZ
Thermal LINK31 Explicit Dynamics | LINK167
Line Radiation Link a Explicit Tension-Only Spar
2 nodes 3-D space / 3 nodes 3-D space
df,r,-fo DOF: TEMP DOF: UX, UY, UZ, VX, VY.
VZ.AX, AY. AZ
Thermal LINK32 Structural 3-D LINK180
Line 2-D Conduction Bar Line 3-D Finite Strain Spar (or

Truss)
2 nodes 3-D space
DOF: UX, UY, UZ
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Structural Point

MASS21
Structural Mass

Matrix

MATRIX27

| Stiffness, Damping, or Mass

*® .
1 node 3-D space [— Matrix
DOF: UX, UY, UZ, 2 nodes 3-D space
ROTX, ROTY, ROTZ L DOF: UX, UY, UZ, ROTX,
ROTY,ROTZ
Thermal MASS71 Matrix MATRIX50
Point Thermal Mass Superelement (or Substructure)
* | node 3-D space N Z 2-Dor 3-D space
DOF: TEMP DOF: Determined from
included element types
Explicit MASS166 Meshing MESH200
Dynamics Explicit 3-D Structural Meshing Facet
. Mass o 2-20 nodes 2-D/3-D space
1 node 3-D space ,&’ DOF: None
DOF: UX, UY, UZ, VX, KEYOPT Dependent
VY, VZ, AX, AY, AZ
Structural Pipe | PIPE16 Strictural Pipe PIPE20

N

Elastic Straight Pipe
3 nodes 3-D space
DOF: UX, UY, UZ,

«

Plastic Straight Pipe
2 nodes 3-D space
DOF: UX, UY. UZ. ROTX,

ROTX, ROTY, ROTZ ROTY. ROTZ
Structural Pipe | PIPE17 Strictural Pipe PIPE59
Elastic Pipe Tee Immersed Pipe or Cable

¥

4 nodes 3-D space
DOF: UX, UY, Uz,

R

2 nodes 3-D space
DOF: UX, UY, UZ, ROTX,

ROTX, ROTY, ROTZ ROTY, ROTZ
Structural Pipe | PIPELR Strictural Pipe PIPESO
Elastic Curved Pipe Plastic Cuved Pipe (Eibow)

S

(Elbow)
3 nodes 3-D space

=

3 nodes 3-D space
DOF: UX. UY, UZ, ROTX,

DOF: UX, UY, UZ. ROTY,ROTZ
ROTX, ROTY, ROTZ
Structural 2-D | PLANE2 Magnetic Electric | PLANES3

Solid

2-D 6-Node Triangular
Structural

11

2-D 8-Node Magnetic Solid
8 nodes 2-D space

Sotid DOF: VOLT, AZ. CURR.
6 nodes 2-D space EMF
DOF: UX, UY,

Coupled-Field PLANEI3 Thermal 2-D Solid | PLANESS

[]

2-D Coupled-Field Solid
4 nodes 2-D space

DOF: TEMP, AZ, UX,
UV, VOLT

LY

2-D Thermal Solid
4 nodus 2-D space
DOF: TEMP
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Structural 2-D

Solid

PLANE23

Axisymmetric-Hammonic
4-Node Structural Solid

4 nodes 2-D space
DOF: UX, UY, UZ

Thermal Electric

LY

PLANEG67

2-D Coupled Thermal-Electric
Solid

4 nodes 2-D space

DOF: TEMP, VOLT

Thermal 2-D PLANE35 Thermal 2-D Solid | PLANE75
Solid 2-D 6-Node Triangular Axisymmetric-Harmonic 4-
Thermal Solid Node Thermal Selid
A 6 nodes 2-D space 4 nodes 2-D space
DOF: TEMP DOF: TEMP
Structural 2-D PLANE42 Thermal 2-D Solid | PLANE77

Solid 2-D Structural Solid 2-D 8-Node Thermal Solid
4 nodes 2-D space 8 nodes 2-D space
D DOF: UX, UY DOF: TEMP
Thermal 2-D PLANE7R Structural 2-D PLANE46
Solid

Axisymmetric-Harmonic
8-Node Thermal Solid

8 nodes 2-D space
DOF: TEMP

Sotid

>

2-D Triangular Structural Solid
p-Element

6 nodes 2-D space
DOF: UX, UY

Structural 2-D
Solid

PLANER2

2-I» 8-Node Structural
Solid

8 nodes 2-D space
DOF: UX, UY

Explicit Dynamics

[

PLANE162
Explicit 2-D Structural Selid
4 nodes 2-D space

DOF: UX, UY, VX, VY, AX,
AY

Structural 2-D

PLANES3

Axisymmetric-Harmonic
8-Node Structural Solid

8 nodes 2-D space
DOF: UX, UY, UZ

Structural 2-D
Solid

[

PLANE182

2-D 4-Node Structural Solid
6 nodes 2-D space

DOF: UX, UY

Electrostatic

PLANE]21

2-D 8-Node Electrostatic
Solid

8 Nodes 2-D space
DOF: VOLT

Structural 2-D
Solid

&

PLANE183

2-D 8-Node Structural Solid
8 nodes 2-D space

DOF: UX, UY

Structural 2-D
Solid

PLANE145

2-D Quadrilateral
Structural Solid

8 Nodes 2-D space
DOF: UX, UY

Coupled-Field Solid

e

PLANE223

2-D 8-Node Coupled-Field
Solid

8 nodes 2-D space

DOF: UX, UY, TEMP. VOLT

Electric

]

PLANE23%

2-D 8-Node Electric Sotid
8 nodes 2-D space

DOF: VOLT
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Cormbination

s

PRETS179

2-D/3-D Pretension

3 nodes 2-D/3-D space
DOF: UX

Coupled-Field

n

ROM144

Reduced Order Electrostatic
Structural

20 or 30 nodes 3-D space
DOF: EMF, VOLT, UX

Structurat 3-D SHELL28 Thermal Shell SHELL37
Shell Shear/Twist Panel Thermal Shell
4 nodes 3-D space Q 4 nodes 3-D space
O DOF: UX, UY, UZ, DOF: TEMP
ROTX, ROTY, ROTZ
Structural 3-D SHELLA41 Structural 2-D SHELLS61

Shell

<

Membrane Shell
4 nodes 3-D space
DOF: UX, UY. UZ

Sheli

3

Axisymmetric-Hamonic
Structurat Shell

2 nodes 2-D space

DOF: UX, UY, UZ, ROTZ

Structural 3-I' | SHELL43 Structural 3-D SHELL63
Shell 4-Node Plastic Large Shell Elastic Shelt
Strain Shell 4 nodes 3-D space
c<>> 4 nodes 3-D space O DOF: UX. UY, UZ, ROTX,
DOF: UX, UY, UZ, ROTY, ROTZ
ROTX, ROTY. ROTZ
Structural 3-D SHELLS51 Structurat 3-D SHELL91

Shell

IS

Axisymmetric Structural
Shell

2 nodes 2-D space
DOF: UX. UY, UZ,

Shell

<

Nonlineer Layered Structural
Shell

8 nodes 3-D space
DOF: UX, UY, UZ, ROTX,

ROTZ ROTY, ROTZ
Structural 3-D SHELLS93 Structural 3-D SHELL150
Shell 8-Node Structural Shell Shell 8-Node Structural Shell p-

&7

2 nodes 3-D space

DOF: UX, UY. UZ,
ROTX, ROTY, ROTZ

47

Element
8 nodes 3-D space

DOF: UX, UY, UZ, ROTX,
ROTY, ROTZ

Structural 3-D
Shell

<

SHELL99

Linear Layered Structural
Shell

8 nodes 3-D space

DOF: UX, UY, UZ,
ROTX, ROTY, ROTZ

Therimal Electric

Q

SHELLI157
Thermal-Electric Shell
8 nodes 3-D space
DOF: TEMP, VOLT
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Thermal Shell

Q

SHELL131

4 Node Layered Thermal
Shell

4 nodes 3-D space
DOF: TBOT, TE2, TE3,

Explicit Dynamics

O

SHELL 163
Explicit Thin Structural Shell
4 nodes 3-D space

DOF: UX, UY, UZ, VX, VY,
VZ, AX. AY, AZ, ROTX,

TE4.... TTOP ROTY, ROTZ,

Thermal Shell SHELL132 Structural 3-D Shell | SHELL18!
8 Node Layered Thermal 4-Noede Finite Strain Layered
Shell

4 nodes 3-DJ space
DOF: TBOT. TE2, TE3,

Q

4 nodes 3-D) space

DOF: UX. UY, UZ, VX, VY.
VZ, AX. AY. AZ, ROTX,

TE4.... TTOP ROTY.ROTZ.
Structuraj 3-D SHELI.143 Structural 3-D Shetl | SHELL208
Shell 4-Node Plastic Small Axisymmetric Structural Shell
Strain Shell

Q

4 nodes 3-D space

DOQF: UX, UY, UZ,
ROTX, ROTY, ROTZ

J

2 nodes 2-1) space
DOF: UX. UY, ROTZ

Structural 2-D Shell

=/

SHEL1.209

Axisymmetric Structural Shell
3 nodes 2-D space

DOF: UX. UY. ROTZ

Coupled-Field

SOLIDS
3-D Coupled-Field Solid
8 nodes 3-D space

DOF: UX, UY, UZ,
TEMP, VOLT, MAG

Structural 2-D Solid

SOLID6S

3-D Reinforced Concrete Selid
28 nodes 3-D space

DOF: UX, UY, UZ

Structural 3-D
Solid

SOLID45

3-D Structural Solid
8 nodes 3-D space
DOF: UX, UY.UZ

SOLID69

3-D Coupled Thermal-Electric
Solid

8 nodes 3-D space

DOF: TEMP, VOLT

Structoral 3-D

SOLID46

SOLID70

Solid 3-D-Node Layered 3-D Thermal Solid
Structural Solid 8 nodes 3-D space
8 nodes 3-D space DOF: TEMP
DOF: UX, UY. UZ
SOLID62 SOLID87
3-D Magneto-Structural 0 3.D 10-Node Tetrahedral
Solid 4} R Thermal Solid
8 nodes 3-D space ez OVEP 10 nodes 3-D space
DOF: UX, UY, UZ, AX. ; DOF: TEMP

AY.AZ VOLT
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Structerat 3-D
Solid

SOLID64

3-D Anisotropic Structural
Solid

8 nodes 3-D space

Thermal 3-I) Solid

SOLIDS0
3-D 20-Node Thermal Solid
20 nodes 3-D space

DOF: TEMP
DOF: UX, UY, UZ
Structural 3-D | SOLID9?2 SOLID117
Solid 3-D 10-Node Tetrahedral 3-D 20-Node Magnetic Edge
Structural Solid 20 nodes 3-D space
10 nodes 3-D space DOF; AZ
DOF: UX, UY, Uz
Structural 3-D SOLID95 SOLID122
Solid 3-D 20-Node 3-D 20-Node Electrostatic

Structural Solid
20 nodes 3-D space
DOF: UX, UY, UZ

Solid
20 nodes 3-D space
DOF: VOLT

SOLID96
3-D Magnetic Scalar Solid
8 nodes 3-D space

SOLID123

3-D 10-Node Tetrahedral
Electrostatic Solid

DOF: MAG &Y p 10 nedes 3-D space
- DOF: VOLT
SOLID97 SOLID127

3-D Magnetic Solid
8 nodes 3-D space

DOF: AX, AY, AZ,
VOLT, CURR, EMF

3-D Tetrahedral Electrostatic
Solid p-Element

10 nodes 3-D space
DOF: VOLT

SOLID9R

Tetrahedral Coupled-Field
Solid

10 nodes 3-D space

SOLIDI128

3-D Brick Electrostatic Solid p-
Element

20 nodes 3-D space

DOF: UX, UY, UZ, DOF: VOLT
TEMP, VOLT, MAG
Structural 3-D SOLID147 Structural 3-D Solid | SOLID187

Solid

3-D Brick Structural Solid
p-Element

20 nodes 3-D space
DOF: UX. UY, UZ

L

3-D 10-Node Tetrahedral
Structural Solid

10 nodes 3-D space
DOF: UX, UY, UZ

Structural 3-D
Solid

SOLID148

3-D Tetrahedral Structural
Solid p-Element

20 nodes 3-D space
DQOF: UX, UY,UZ

Structural 3-D Solid

SOLIDI191

3-D 20-Node Layered
Structural Solid

20 nodes 3-D space
DOF: UX, UY, UZ
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Explicit
Dynamics

SOLID164

Explicit 3-D Structural
Solid

8 nodes 3-D space
DOF: UX, UY, UZ, VX,
VY, VZ, AX, AY,AZ

Coupled-Field Solid

SOLID226

3-D 20-Node Coupled-Field
Solid

20 nodes 3-D space

DOF: UX, UY, UZ, TEMP,
VOLT

Explicit
Dynamics

SOLID63

Explicit 10-Node
Tetrahedral

Structural Solid

10 nodes 3-D space
DOF: UX, UY, UZ, VX,
VY, VZ, AX, AY, AZ

SOLID227

3-D 10-Node Coupled-Field
Solid

10 nodes 3-I} space

DOF: UX, UY, UZ, TEMP,
VOLT

SOLID185

3-D 8-Node Structural
Solid

SOLID231
d-D 20-Node Electric Solid
20 nodes 3-D space

8 nodes 3-D space DOF: VOLT
DOF: UX, UY, UZ
Structural 3-D SOLID186 SOLID232
Solid or Layered | 3-D 20-Node Structural q 3-D 10-Node Tetrahedral
Solid Solid or Layered Solid PN Electric Solid
20 nodes 3-D space e N 10 nodes 3-D space
DOF: UX, UY, UZ ¥ DOF: VOLT
Structural SOLSH190 Magnetic Electric | SOURC36
Layered Solid | Structural Layered Solid Current Source
Shell / 3 nodes 3-D space
8 nodes 3-D space DOF: None
DOF: UX, UY, UZ
SUREI15! Surface SURF154

2-D Thermal Surface
Effect

2 or 4 nodes 2-D space

11

3-D Structural Surface Effect
4 to 8 nodes 3-D space
DOF: UX, UY, UZ

DOF: TEMP
Surface SURE152 Surface SURF156
3-D Thermal Surface Effect 3-D Structural Surface Line Load
4 to 9 nodes 3-D space J 4 10 4 nodes 3-D space
DOF: TEMP DOF: UX, UY, UZ
Surface SURF153 Surface SURF251
2-D Structural Surace Effect 2-D Radiosity Surface
O_j 2 or 3 nodes 2-D space / 2 nodes 2-D space
DOF: UX, UY

Surface

L

SURF252
3-D Thermal Radiosity Surface
3 ot 4 nodes 3-D space
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Contact TARGE169 Electromechanical | TRANSI109

2-D Target Segment 2-D Electromechanical Solid
J 3 nodes 2-D space A 3 nodes 2-D space

DOF: UX, UY, ROTZ, DOF: UX, UY. VOLT
TEMP s
Contact TARGE170 Electromechanical | TRANS126

2-D Target Segment Electromechanical Transducer
8 nodes 2-D space ,I/r 2 nodes 3-D space
DOF: UX, UY, UZ, DOF: UX, VOLT, UY-VOLT,
TEMP UZ-VOLT

Visco Solid VISCO88 Visco Solid VISCO106
2-D 8-Node Viscoelastic 2-D 4-Node Viscoelastic Solid
Solid m 4 nodes 2-D space
8 nodes 2-D space DOF: UX, UY, UZ
DOF: UX, UY

Visco Solid VISCO89 Visco Solid VISCO107

3-D 20-Node Viscoelastic
Solid

20 nodes 3-D space

DOF: UX, UY, UZ

3-D 8-Node Viscoelastic Solid
8 nodes 3-D space
DOF: UX, UY, UZ

Visco Solid VISCO108

2-D 8-Node Viscoelastic Solid
8 nodes 2-D space

DOF: UX, UY, UZ

D¢ biét thém thong tin vé phan tir (vi du: bac tu do, s6 liéu ddu vao, s6 licu diu ra...)
tham khao & phan Help cia ANSYS.

Du6i day la quy uc diu cia tai trong tic dung lén phén tir va ddu noi luc trong phin
tr thudong dung.

Phén tir LINK1 (S(AXL) la g suat trong phén tir).

e

d 2% sy
J EPEL(AXL)
" EPPL(AXL)

EPTH(AXL
\ {' EPCR({RXI.%

t EPSW(AXL)

e —
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Phén tir BEAM3 (T1, T2, T3, T4 1a tai trong nhiét do cic goc, (1), (2), (3), (4) la tai
trong bé mat hay tai trong phan b6, MFORX 1a luc doc theo phuong x, MMOMZ la mo
men theo phuong z).

HEEGHTX
T4 /®

Y T1 I

LX @ T2

Phan tir PLANES2 (I, J, K, L, M, N, O, P la tén cac niit; dp luc tac dung vao phan
mang ddu duong; SX, SY la ting suét theo phuong x va y).

L 3
@ X KLO 2 X
@ p
¥ @ N
1 I J
X 1 M I
M J
@

Phan tr SHELL93 (I, J, K, L, M, N, O, P 1a tén cic nut; (1), (2), (3), (4), (5), (6) la
tai trong bé mat tac dung vao phan tir mang ddu duong).

e, SX(TOP)
SX(MID
SX(BOP)

KLO
A,
I J
M

OTriangular Option

Phan t&r SOLID95 (I, J, K, L, M,N,O,P,Q,R,S, T, U, V, W, X, Y, Z, A, Bla tén cic
ndt; (1), (2), (3), (4), (5), (6) la tai trong bé mat tic dung vao phan tir mang dau duong).
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M.N.OP.UVW.X

A.B
KLS
I R

Q
Tetrahedral Option
M.N.O.P.UV.W.X

* Dé dinh nghia 1 kiéu phan tit

- Preprocessor > Element Type > Add/Edit/Delete...

+ An [Add] dé thém kiéu phdn tir mdi.

+ Chon ki€u phén tir cdn thiét (vi du SOLID95); sau d6 [OK].
+ [Optional] dé xac dinh cac tuy chon clia phan ti.

3.1.2. Cdc hdng s6 ddc trung

Dung dé b sung cdc dac trung hinh hoc cho hinh hoc phan tir. Vi du: mot phan tir
dam duoc dinh nghia bdi 1 dudng néi 2 nit. Nhu vay né chi xéc dinh duoc chiéu dai
dam. D¢ xdc dinh cdc dac trung hinh hoc mat cit ngang ctia dim, vi du dién tich va
momen qudn tinh, chiéu cao dam ta s dung cic hing s6 dac trung.

Hau hét cac phan tir khéi 3D khong doi hoi hing s6 dic trung vi hinh hoc phén tir
duge dinh nghia day du boi cac niit cua né.

* Dé dinh nghia cdc hdng sé ddc trung

- Preprocessor > Real Constants > Add/Edit/Delete...

+ An [Add] dé them 1 tap hop hing s6 dac trung mdi.

Real Constants
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3.1.3. Cdc tinh chat vat liéu

Tuy thudc vao loai phan tich ma doi hoi nhéap vao

1 vai thudc tinh vat liéu: mo6 dun

dan hai Ex d6i véi nhitng phén tir két cau, do dan nhiét Kxx d6i v6i nhitng phén tir nhiét.

Tham khéo chuong 4 dé biét thém chi tiét.
3.1.4. Cdc thuéc tinh két hop ciia phdn ti

Néu két cdu cin phan tich ciia ching ta c6 nhiCu

kiéu phan tir, nhiéu hang s6 dac

trung va nhiéu loai vat liéu cdn dam bao cho méi phan tir dugc 4n dinh cho nhiing thudc

tinh két hop. C6 3 cdch dé thuc hién viéc nay:

+ An dinh thuoc tinh cho mé hinh truéc khi chia lu6i.

+ An dinh téng thé cho vat liéu, ki€u phan tir va hiing s6 dac trung trude khi chia ludi.

+ Thay d8i thuoc tinh phén tir sau khi chia lu6i.

Néu khong ¢6 1 n dinh nao dugc thuc hién, Ansys
stt dung cdc gia tri mac dinh: MAT=I, TYPE=1 va
REAL=I cho tat ca cic phan tir trong mé hinh.

* An dinh thuéc tinh cho mé hinh hinh hoc

- Pinh nghia cdc kiéu phan tu, vat liu, tap hang
s6 dac trung can thiét.

- Sau d6 sir dung muc 'Element Attributes' cia Mesh
Tool (Preprocessor > Mesh Tool)

+ Chon kiéu thuc thé va an vao nit [Set].

Element Attributes:

m Meshing Attributes
Default Attributes for Meshing

[TYPE] Element type number
[MAT] Material number

[REAL] Real constant set number
[ESYS] Element coordinate sys

[SECNUM] Section number

Cancel
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cuc

+ Dat nhimg thugc tinh thich hgp trong céc hop hoi thoai tiép theo.

- Khi chia lu6i 1 thyc thé, cdc thugc tinh cha né duge chuyén tu dong dén céc phan tir.
* An dinh cdc thugc tinh tong thé

- Dinh nghia cdc ki€u phan tir, vat liéu va tap hing s6 dac trung cdn thiét.

- Sau d6 sir dung muc 'Element Attributes' ciia Mesh Tool (Preprocessor > Mesh Tool)
* Thay doi cdc thuc tinh phdn tir sau khi chia hii

- Dinh nghia cdc kiéu phan tir, vat liéu va tap hiing s6 dic trung cdn thiét,

+ Preprocessor> Meshing > Mesh Attributes > Default Attribs...

3.2. Xac dinh cic thong s6 diéu khién viéc chia lu6i

ANSYS cung cap nhiéu cong cu diéu khién mat do Iuéi, nim & hai mic tong thé va
bo:

- Diéu khién téng thé:

+ Kich thuéc théng minh.

+ Kich thudc phén tir téng thé.

+ Kich thudc mac dinh.

- Diéu khién dia phuong:

+ Kich thudc diém.

+ Kich thuéc duong.

i ¢ dién ti Me l

* Kich thudc théng minh Fismert Atkputes:
- Xdc dinh kich thuéc phan tir bing céch [Global ] se |
an dinh cdc khodng chia trén tat ca cic duong
¢o tinh dén do cong, vi tri lan céan 16 va cic W Smart Size
dac tinh khdc, va bac phan tir. 4] _ ]
Fine 6 Coarse

- Chiic nang kich thudc thong minh dé tat

theo mac dinh, tuy nhién né c6 thé dung trong
chia luGi ty do. N6 khong ¢6 téc dung trong chia luéi c6 quy tic.

- D¢ sir dung chiic nang kich thuéc thong minh:
+ Bat hop thoai MeshTool (Preprocessor > Meshing > MeshTool), bat chic nang

SmartSize, dat mic kich thuéc can thiét. D6 16n cua kich thude tir mac 1 (rdt min) dén
miuc 10 (rdt tho), mac dinh 1 6.

+ Neén chia lu6i tat ca cdc thé tich (hodc tat ca cdc dién tich) trong mot lan, hon la

timg thuc thé mot.
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% Kich thudc phdn tic tong thé

- Cho phép 4n dinh kich thuée canh phén tir 16n nhat cho toan bé mo hinh (hoac s6
khoang chia trén méi duong):

+ Preprocessor > Meshing > MeshTool > “Size Controls — Global".
hoac:

+ Preprocessor > Meshing > Size Controls > ManualSize > Global > Size.

Il Global Element Sizes
(ESIZE] Giobal element sizes and divisions (apples onky
to “unsized” ines)
SIZE Element edge length |IJ
NDIV No. of slement divisions - ‘0

- (used only i element edge length, SIZE, is blank or zer0)

oK i Cancel Help ]

* Kich thuoe mdce dinh

- Néu ta khong sir dung mot tinh nang diéu khién nao thi Ansys s€ sur dung kich

thuéc mac dinh, né sé an dinh cdc khoang chia canh I6n nhat va nho nhat, ti 1& tuong
quan,.. dua vao bac phén tir.

I\ Other Global Sizing Options

[DESIZE] Other Giobal Sizing Options

Thesa settings are For mapped meshing and while
not recommended can be used for free meshing when
SmartSizing is off.

Mirumum rumber of drvisions per line
MINL For lower-order slements

|3

MINH For higher-order element [z_—_

Maudmunm number of divisions per ine

MYEL For lower + higher-order Izs

Maimum spanned angle for arcs

ANGL For lower-order elements [ﬁ—

ANGH For higher-order slement [Z‘B__—

Element size (edge length)

EDGMN Minimum edge length I

EDGMX Maxirmum edge lsngth !

Target aspect ratio for adjacent kne

ADIF For free meshing ‘l

ADIM For mappad meshing |1
|

o | o |
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- Cha y€u ding cho chia 1u6i c¢6 quy tic, tuy nhién ciing ding cho chia luéi tw do
néu tat chitc nang kich thuéc théng minh.

- Viéc di€u chinh kich thuéc mic dinh qua Preprocessor > Meshing > Size Controls >
ManualSize > Global > Other.

* Kich thude diém

- Diéu khién kich thuéc phan tir tai diém:

+ Preprocessor > Meshing > MeshTool > “Size Controls — Keypoints".

+ Preprocessor > Meshing > Size Controls > ManualSize > Keypoints.

- Hitu ich cho viing tap trung ing sudt.

- Kich thudc an dinh c6 thé bi thay déi dé phi hop véi do cong ciia dudng hoic céc
vi tri lan can cédc dac tinh cia mé hinh.

* Kich thuoe diong

- Diéu khién kich thude phan tir tai duong:

+ Preprocessor > Meshing > MeshTool > “Size Controls — Lines".

+ Preprocessor > Meshing > Size Controls > ManualSize > Lines.

m Element Sizes on All Selected Lines
[LESIZE] Element sizes on all selected lines

SIZE Element edge length ﬂ_
[_

NDIV  No. of element divisions
{NDIV is used only if SIZE is blank or zero)

KYNDIV SIZE,NDIY can be changed ¥ Yes
SPACE Spacing ratio ! .
Show more options [T No

oK ’ Cancel

:

- Kich thuéc dn dinh ¢6 thé 1a cing hoac mém:

+ Kich thu6c cimg luoén duge wu tién hon tét ca cdc diéu khién kich thudc khac ngay
ca khi chic nang kich thuéc théng minh dugc bat.

+ Kich thuéc mém c6 thé bi thay thé béi kich thudc thong minh duoc bat.
* Kich thuoc mat

- Diéu khién kich thudc phan tir bén trong dién tich:
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+ Preprocessor > Meshing > MeshTool > “Size Controls — Areas”.

+ Preprocessor > Meshing > Size Controls > ManualSize > Areas.

- Kich thuéc an dinh c6 thé bi thay déi dé phu hop véi do cong clia dudng hodc cic

vi tri 1an can céc dac tinh cia moé hinh.

3.3 Tao luéi phan tir hiru han

C6 2 phuong phap chia luéi: tu do va c6 quy tac.

* Chia luoi te do

+ Khong han ché dang phan tir. Ludi khong di theo
bat ky m6t mau nao.

+ Thich hop cho nhing dang thé tich va dién tich
phic tap.

* Chia ludi cé quy tdc

+ Han ché dang phan tir dang tif gidc cho dién tich va

dang luc dién cho thé tich.
"+ Dién hinh 12 ¢6 mot miu déu dan véi nhimg day

phan tir ro rang.

+ Thich hop duy nhat cho nhiing thé tich hoac dién
tich déu dan vi du nhu hinh chit nhéat hoac hinh hép.

Trong tai liéu nay ching ta chi nghién ciu dén kiéu
chia lu6i tr do vi cac két cau ma ching ta quan tam
khong thoa min kiéu chia ludi c6 quy tac.

* Pé tao chia ludi ne do

+ Bat hop thoai Mesh Tool va kiém tra mac dinh chia
ludi tu do.

+ Kich thuéc thong minh thudng duge khuyén nghi
véi chia luéi tu do, do d6 ta kich hoat né va chi dinh mic
kich thudc.

+ Bat dau chia luéi bang céch dn nit [Mesh], dn nit
[PickAll] trén hop thoai dé chon tét ca céc thuc thé.

Element Attributes:

Laper

Keppts

Refine at  |Elements

-

Refire |

Hehj:
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Chuong 4
CAC THUOC TINH VAT LIEU

4.1. Sur dung thur vién vat liéu

Phuong thitc nay cho phép chiing ta chon mot tinh chét di duoc dinh nghia trudc
cho vat lieu. ANSYS cung cip cic tinh chat co hoc dic trung cho mot s6 vat liéu thong
dung, nhung chiing ta nén tao ra mot thu vién vat liéu cho riéng minh.

Dé chon mot vat liéu tir thu vién:

+ Preprocessor > Material Props > Read from File

+ Nhap dudng dén t6i vi tri file dir liéu chia thu vién vat liéu.

m Read Material Properties from File
[MPREAD] Read matenal props

Cancel

4.2. Khai bao truc ti€p cac thong so vat liéu

Thay vi chon tén vat liéu, phuong thiic ndy xdc dinh cic thong s6 vat licu cdn thiét
thong qua khai bdo truc ti€p. Cic thong s6 vat liéu c6 thé 1a mo dun dan héi, hé s6
poisson, hé s6 dan nd nhiét, ..., vat liéu c¢6 thé la tuyén tinh (linear) hay phi tuyén
(nonlinear), dang huéng, truc huéng, di huéng, ...

+ Preprocessor > Material Props > Material Model

+ Nhén dip Ién dac tinh thich hgp da duge dinh nghia.

Define Material Model Behavior
Material Edt  Help

M atenal Modeis Dehned

2all Material Model Number | =

Sl S
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+ Thuc hién cong viéc tham nhap cdu tric cay téi kiéu vat liéu da duge dinh nghia.

m Define Material Model Behawvior

Material Edt Help
M atenal Modeds Defined Material Models Avadable

1 Material Model Number 1 - @ Structural -

@8 Lnear
8 Elastic

¢ EEm
@ Orthotrope
8 Anisotropic

& Norinear

© Density

(B8 Thermal Expansion Coef

€ Davping

@ Friction Coefficient

TRy FHRT Y N— =

Ll

+ Sau d6 nhap gia tri timg thong s6 mot. Vi du: Vat liéu la tuyén tinh dang hudng ¢6
mo dun dan héi la 1.02x10° KN/m? va hé s6 poisson 1a 0.3.

Linear Isotropic Properties for Material Number 1

Linear Isotropic Material Properties for Material Number 1

T1

Temperatures
EX
NLECY
|
Add Temperature i Delete Temperature I Graph F

|

il © Frction Coefficient

— i | iras Makarisl Qe

|
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Dé xod cdc mo hinh vat licu.

Define Material Model Behavior

Matenal Models Available
- AI
-
F  latenal Model Number 2
st Thermal Expansion Coef
© Damping
i @ Friction Coefficent
Lj s |leas Mabasisl Pebinas . :M]
Mol o e J ] ‘ | 2]
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Chuong 5
PAT TAI

5.1. Pinh nghia tai

Ta c6 thé dat tai trong menu Preprocessor hodc menu Solution

AAA_ANSYS Main Menu

AN/ AAA ANSYS Main Menu N\A]

B preferences * [ Preferences -
E Preprocessor B Preprocessor
[ Eement Type ' B Solution
& Real Constants @ Analysis Type
@ Material Props =< finc Load)
B Sections [ Settings
E Modeling E Apply
E Meshing @ Delete
Eil:her_kl'lgctrls # Operate
Numbering Ctrls [ Load Step Opts
B Archive Model [ Solve
& Coupling / Cegn B FSI Set Up
@ FSI Set Up 5] unabridged Menu
Bl Loads B General Postproc
[=RAnalysis Type [ TimeHist Postpro
5 New Analysis ' @ Topological Opt
E] Restart E Design Opt
E] ExpansionPass & Prob Design
B Define Loads | @ Radiation Opt
B Load Step Opts & Run-Time Stats
[ Physics B Session Editor
[ Path Operations B Frish
® Solution

.

C6 nam loai tai sau:

+ Nhiing rang budc chuyén vi: ap dat bang DOF, vi du nhu chuyén vi trong mot
phan tich tng suét, hoac nhiét do trong mét phén tich nhiét.

+ Tai trong tap trung (Concentrated Load): tai dat vao diém, vi du luc tap trung hay
mo6 men trong phan tich két cau.

+ Tai phan bé bé mat (Surface Load): tai phan b6 trén toan bo mot bé mat, vi du nhu
ap suat.

+ Tai phan b6 thé tich (Body Load): tai phan bé thé tich hoac tai trudng, vi du nhu
nhiét do hoac su sinh nhiét bén trong.

+ Tai quén tinh (Inertia Load): tai kh6i lugng k€t cau hoac tai quan tinh, vi du trong
luc hoac van téc quay.

C6 thé dat tai trén mo hinh hinh hoc hoac tryc tiép trén mo6 hinh FEA (cdc nit va cic
phan tur).
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+ Dt tai trén mo6 hinh hinh hoc dé hon vi phai chon it thyc thé hon. Tai dat trén mo
hinh hinh hoc khong phu thudc vao Iuéi. Do dé khong can dat lai tai khi thay déi ludi.

+ Du cho cdc dat tai nhu thé nao, thi FEA ciing c4n ¢6 tai trén mo hinh phén tir hi
han. Vi the, tai dat trén mo hinh hinh hoc s& dugc tu dong chuyén déi dén cdc nidt va cdc
phan tif trong qua trinh chia phén .

5.2. Heé toa do niit (Nodal coordinate system — NCS)

Tt ca cac lyc, chuyén vi ndt phu thudc vao
hudng khac duge bi€u dién trong hé toa dé niit. v L. |

Céc dai lugng nhap vao: ‘ I—-.

+ Luc vd mémen: FX, FY, FZ, MX, MY, MZ. L.

+ Cdc rang budc vé chuyén vi: UX, UY, |11 I__
UZ, ROTX, ROTY, ROTX.

+ Céc phuong trinh tuong tdc rang buoc.

+... ¥ ‘—J ‘\/
Cac dai luong dua ra; ] v

+ Cic chuyén vi nit: UX, UY, UZ, ROTX, \'I,:‘
11

ROTY, ROTX.

+ Cac phan lyc nut: FX, FY, FZ, MX, _
MY, MZ. AAA ANSYS ManMenu  AAA]

=] Preferences ]
+... B Preprocessor
Element Type

Mot hé toa do mit duge gin vio méi mit Real Constants

trong mo hinh. Material Props
Sections
Mac dinh, NCS song song véi hé toa do B Modeling
tong thé, ¢6 nghia 1 tit ca cac luc va chuyén vi Create
ap dat duoc bicu dién trong hé toa d6 tdng thé E:;':;EMO dify
theo mac dinh. Keypoints
- . ) - . 2 Lines
Néu can ta c¢6 thé quay NCS sang mot Areas
hudng khdc. Vidu: Z* Volumes
» . » Nodes
+ D€ mo phong 6 d& bi dat nghiéng. A Rotate Node CS
+ Bé dit luc huéng tam. T
+ D¢ dat cdc rang budc hudng tam. 21 By Angles
, . 2 By vectors
bé quay NCS cha nit, ding tht tuc gém Elements
bén bude transfer Coord -
Reverse Normals
1. Chon cdc niit cdn phai quay hé toa do. M Cooy
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2. Kich hoat hé toa dé (hoac tao mot hé toa do dia phuong) trén nat.

3. Chon Preprocessor> Modeling> Move/Modify> Rotate Node CS> To Active CS,
roi dn [Pick All] trén hop thoai lua chon.

4. Kich hoat lai tat ca cac niit.
5.3. Cac rang budc chuyén vi

Cic rang budc chuyén vi ciing dugc dung dé dat cic diéu kién bién (Boundary
Condition, BC) déi xing hoac phan xing.

g ——
p=: - p - F
- - . —
R -
- i - —= F
. | .
! 4 \
I Phan x(mg

+ Diéu kién bién déi ximg: chuyén vi dai ngoai mat phang va chuyén vi géc trong
mat phang dugc c6 dinh.

+ Diéu kién bién phan xtng: chuyén vi dai trong mat phang va chuyén vi géc ngoai
mat phang dugc cd dinh.

AAA ANSYS Main Menu AAA
& Solution -]
Analysis Type
= Define Loads
[ Settings
= Apply
B Structural
B Displacement
R On Lines
A On Areas
A On Keypoints
2 On Nodes
21 On Node Components
E Symmetry B.C.
27 On Lines
A ...with Area
A On Areas
B On Nodes
(=RAntisymm B.C.
A On Lines
A ...with Area
A On Areas
B on Nodes
Force/Moment o
Pressure
E Temperature
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5.4. Luc tap trung

Luc tai tap trung dugc dat & nit hoac diém.
Luc tap trung thich hop cho cidc mo hinh phén tir duéng nhu dim, thanh.
Chu y cho cdac mé hinh d6i xing truc:
- Gia tri luc nhap vao dugc tinh trén toan b 360 do;
- Cdc gia tri dua ra (phan luc) ciing duoc tinh trén toan bo 360 do.

5.5. Hién thi tai

Hién thi chiing bing cach kich hoat biéu tugng tai:
+ Utility Menu> PlotCitrls > Symbol.

to be displayed:

[/PSF) Surface Load Symbols
Vrshility key for shells
Plot symbols in color

[/P8F] Body Load Symbols
Shows curr and Fislds as

[/PSYMB] Other Symbols
C5 Local coordinate system

ESYS Element coordanate sys
LDIV Line slement divisions

Individual symbol set dialog(s)

Show pres and convect as

(/PICE] Elam Inkt Cond Symbols

NODIR Nodal coordinates system

[/PBC] Boundary condition symbol !‘
@ Al BC+Reaction

" all Appled BCs
7 all Reactions
 None

™ For Individual:
W Applisd BC's

W Reactions

I~ off
™ off
™ off

I off
I off

Hoac liét ké ching:

+ Utility Menu> List > Loads.

DOF Constraints *
Forces 4
Surface 4

Irettia Loads

Solid Model Loads
Initial Conditions »
Elem Init Condit'’n »



Chuong 6
CAC BUGC TINH TOAN

6.1. Cac phuong phap giai

Chitc nang clia mddun phan tich két cau 1a dé giai hé phuong trinh can bang (luc,
nhiét..) theo phuong phap PTHH.

Thoi gian tinh todn cé thé kéo dai tir vai gidy dén nhiéu gio phu thudc vao kich
thude mo hinh va téc do cua mdy tinh.

Mot phép phan tich tuyén tinh v4i mot budce tai chi yéu cau mot 101 tinh toin nhu
vy, nhung mot phép phan tich phi tuyén c6 thé yéu cdu mudi, mot trim hodc tham chi
hang nghin 13 giai. Do d6 phuong phdp ma chiing ta chon dé gidi sé rat quan trong.

Cac phuong phdp gidi trong Ansys ¢6 thé dugc phan loai thanh 3 dang sau:

+ Cic phuong phap khir truc ti€p
o Frontal.
¢ Spare (mic dinh).
+ Cac phuong phap lap
o PCG (Pre-conditioned Conjugate Gradient).
o ICCG (Incomplete Cholesky Conjugate Gradient).
» JCG (Jacobi Conjugate Gradient).
+ Cac phuong phap thuc hién song song
« AMG (Algebraic Multgrid).
« DDS (Distributed Domain Solver).

* Plutong phdap kiu truc tiép giai theo cdc bude sau:

1. Thiét lap cdc ma tran phan tu.

2. Poc vao cic bac tu do (DOF) cho phan ur dau tién.

3. Khir bat ky DOF nao ma da biét gia tri hoac khong doc lap (c6 thé biéu dién nhu
mot ham coa cac DOF khéc), sau dé viét phuong trinh vao 1ép * .tri. Cac DOF con lai s€
tao thanh wavefront.

4. Lip lai budc 2 va 3 cho tat ca cdc phan tir cho dén khi tat ca cic DOF da duge
khir. Tép * . tri bay gid chita mdt ma tran tam gidc.
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5. Tinh cdc DOF béng phuong phap the nguoc, sau dé sir dung cdc ma tran phén tir
dé tinh cho cic phan tit.

- Wavefront la s6 DOF con lai trong qué trinh tam gidc hod vi ching van cdn chua
duge khir. N6 phinh ra va co lai trong qua trinh gidi, va cuéi cung bing 0 khi tat ca cic
DOF duge khir.

- Gid tri cia wavefront truc 1i€p tic dong dén thai gian giii: wavefront cang cao thi
thai gian giai cang 1on.

* Phuong phap Idp gidi theo cdc bude sau:

1. Thiét lap céc ma tran phén ti.

2. Thiét 1ap ma tran dé ciing tdng thé.

3. Bat ddu véi gia thiét a cdc DOF déu 6 gia tri bing khong, réi giai 1ap t6i khi hoi tu.

4. Sir dung cdc ma tran phdn tlr d€ tinh cho cac phan .
- Su khéc nhau giita cdc phuong phdp lap PCG, ICG, ICCG i cich khdi tao diéu

kién ban dau.
. . \ Sir
Phuong Sit dun Kich thuée mé | Sir dung dun
phép gidi ing hinh (DOF) | bo nhé d-iag
Khi yéu cdu cdu hinh manh (phan tich phi .
Fromtal | 1 1yén) hoac khi b6 nh bi gidi han <30k Thip | Cao
Khi doi hoi t8c d¢ gidi (phan tich phi
tuyén), d6i v6i phin tich tuyén tinh khi | 10k-500k (m6 Trun
Sparse | cdc phuong phdp lip cham hoi tu (nhat 13 | hinh vo va ddm binhg Cao
khi cdc ma tran khong chudn, vi du nhu | ¢6 thé 16n hon)
cdc kich thuéc cta phin tr khong déu).
Khi t6c d6 giai 13 quan trong (phan tich
PCG tuy€n tinh cho cac mo hinh 16n nhat 13 cic 50k- 1000k Cao Thap
md hinh khéi).
Khi tdc do giai 14 quan trong trong cdc bai
todn (uong tic nhiéu moi trudmg. Xir 1y
ICCG | cdc mo6 hinh khé hoi tu bing cic phuong 50k-1000k Cao Thap
phap giai lap khdc (cic ma tran gin nhu
khong xic dinh).
ICG Kl?l t6c do g‘lal la quan lr@l}g trong cdc bai 50k-1000k Tr\ung Thap
todn tuong tic mét moi trudmg. binh

* Phitong phdp gidi song song:

+ AMG la phuong phdp 12p ma c6 thé duge sit dung trong céc moi trudng don va da

Xir ly.
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+ DDS la phuong phap chia cdc mé hinh 16n thanh céc mién nhé hon, réi gli cdc
mién nay dén giai trong céc bo xir ly riéng biét.

* Dé chon phuong phdp gidi:

+ Solution > Analysis Type > Sol’n Control, ri chon tab Sol’n Options trén hop thoai.

_

pesic | | 0t Options | Noninear | Advanced M. |
Analysis Options |~ Write ltems to Results Fie
| Smat Displacement Static ~] & [All soksion kems)

[™ Caladate prestress effects

Time Control

Time at end of loadstep rtr——
Automatic time stepping  [Prog Chosen |
(& Number of substeps

" Time increment

Number of substeps
Max no. of substeps b ]
Min no. of substeps IO__— !

OK l Cancel | Help !

6.2. Nhiéu budc tai (multiple loadsteps)

Ching ta di biét 1am thé nao dé giai bai todn v6i mot tap cic diéu kién tai trong, tiic
la mot budc tai.

+ Nhép hoac tao mé hinh hinh hoc.

+ Chia ludi.

+ Dat tai.

+ Giai (mot budce tai).

+ Khai thac két qua.

Néu chiing ta c6 nhiéu diéu kién tai trong, chiing ta c6 thé chon mét trong hai cich:

+ Giai cho tit ca cic tai trong dong thoi trong mot budc tai.

+ Hodc dat riéng timg diéu kién tai trong va giai nhiéu budc tai.

Mot budc tai ¢6 thé duge dinh nghia 1a mot tap cdc tai va cung cap mot loi giai
tuong ung.
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Béng cach sl dung nhiéu bude tai, ching ta ¢6 thé:

+ Tdch ket qua cta két cau ing véi méi diéu kién tai.

+ K€t hop cac két qua nay theo nhu cau bat ky khi xi 1y két qua, cho phép chiing ta
nghién citu cdc gia lap.

+ C6 hai cich dé€ dinh nghia va gi4i nhiéu budc tai:

++ Phuong phdp giai boi s6 (Multiple solve method).

++ Phuong phap tép budc tai (Load step file method).

* Phutong phdp gidi nhiéu buce:

+ La sy md réng ctia 10i giai buéc tai don, trong dé chiing ta gidi lién tiép ting bude
tai ma khong ra khéi Solution Processor.

+ Thich hop nhat cho phwong thitc géi lénh.

+ Khi st dung trong phuong thic twong téc, thi phuong phap nay chi 16t cho céic mo
hinh giai nhanh.

* Phutong phdp 1ép butoe 1di

+ Trong trudmg hop nay, thay vi gidi cho
moi budc tai, ta viét thong tin budc tai tGi

Mot 18p, goi 3 tep budc ti: Nhép hoédc taoc mé hinh hinh hoc

++ Solution > Load Step Opts > Write Chia ludi.
LS File. bat tai.

+ Tép budc tai duge dat ten 1a Giai (budc tai 1).
Jobname.s01, jobname.s02, jobname.s03.. Dit tai khéc.

+ Sau khi cdc budc tai da dugc viét ra, Giai (budc tii 2).

chiing ta co thé sir dung mét lénh Solution >
Solve > From LS File dé doc lién tiép tai
trong trong mdi file va gii.

Pat tai khic.
Giai (budc tai 3).
+ Thuan lgi ctia phuong thic file budc Vv

tai 1a chiing ta 6 thé dat tat ci cic bude tai Khai thic ket qua.
ngay cho ca mét mo hinh 16n mot cich tuong
tic va sau d6 khong can can thiép trong qué
trinh giai.

* Doi voi cd hai phitong phdp:

+ Céc 1di trong duge dat trong budc tai trude sé nam lat trong co sd dit liéu trir khi
chiing bi xod. Cho nén c4n xo4 moi téi trong khong con thusc bude tai hién thoi.
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+ Céc két qua cho mbi budc tdi duge
viét vao céc file két qua va dugc nhan biét
nhu budc tai 1, budc tai 2, v.v...

+ Trong giai doan khai thic két qua,
dau tién chiing ta doc vio tap hgp cic ket
qua mong mudn va sau d6 xem lai ching.

A General Postproc
Data & File Opts
=] Results Summary
B) Read Results

irst Set
Next Set
Previous Set
Last Set
By Pick
£ By Load Step
By Time/Freq
By Set Nurnber

Nhap hoic tao mé hinh hinh hoc
Chia luai.

Pt tai.

Viét vao file LS (.s01).

Dat tai khac.

Viét vao file LS (.s02).

Pt ti khac.

Viét vao file LS (.s03).

V.V...

Giai tur cac file LS.

Khai thac két qua.

+ Co so dit liéu chita céc tai trong va cc két qua cha budc tai gii cudi cung.
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7.1. Xir 1y ban dau

Chuong 7

PHAN TiCH KET CAU

Trong chuong nay, chiing ta s& mé ta cdch sir dung ANSYS d€ tién hanh phén tich

két cau.

7.1.1. Hinh hoc

C6 thé duge tao trong Ansys hoac dugc nhap vao tir cdc chuong trinh CAD (xem

chuong 9).

Bao gom chi i€t dé hoan thién 151 giai:
+ Cin dii thong tin dé mo hinh hod do cing ciia két cau.
+ B6 sung chi tiét d€ tranh tap trung Ung sudt clia két cau.

+ Loai b chi i€t ngoai viing quan tam (vi dy loai trix cdc 16 rat nho).

+ BO sung chi ti€t dé cai thién cdc diéu kién bién (vi du dat dp suat trén mot dién
tich 16t hon 1a sir dung tai t4p trung).

7.1.2. Chia luoi

* Chon kiéu phdn nt:

+ Bang dudi day dua ra cdc kiéu phan tir két cau hay sir dung.

Phan wr 2D

Khéi 3D Vo 2D Cic phén tir duong
Tuyén SHELL63 BEAM3
, 2 4
tinh PLANE4 SOLID45 SHELIL.181 BEAMA4
PLANES2 SOLID95
Bac hai SHELL93
4c hai PLANE4 SOLID92 HEL

+ Cac DOF niit ¢6 thé 1a: UX, UY, UZ (tinh tién), ROTX, ROTY, ROTZ (quay).

* Chon cdc thudc tinh vt ligu:

+ Yéu ciu 161 thiéu 13 modun din héi EX.

+ Dat dang phén tich két cau dé giao dién ngudi dung chi hién thi cdc thuoc tinh vat

ligu két cau.

* Chon hdng 56’ ddc triung:

+ Chi cdn cho cic phén tif v6 hoc phén tir dudmg.
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7.1.3. Pinh nghia tdi trong (Load)
Cic diéu kién load trén két cau c6 thé la:
+ Cic rang buéc DOF: céc ving trén mo hinh ¢6 chuyén vi xdc dinh;
+ Cic luc tap trung: cic ngoai lyc duge don gian hod nhu mot téi diém;
+ Ap luc: cdc bé mat c6 dién tich xéc dinh;
+ Nhiét do déu: nhiét do dat vao nhu mot luc thé tich két hop véi mot nhiét do tham
chiéu dé mo phong Ung sudt nhiét.
. 7.1.4. Cdc rang buéc vé chuyén vi

Sir dung dé xdc dinh vi tri c6 lién két ctia mo hinh (vitri o
c6 chuyén vi bing 0) hoac dé mé phong mot chuyén vi cudng @ Structural

bitc (c6 thé khdc 0). SiDisplacement
, : 27 On Lines
Pé ap dat cac rang budc chuyén vi: R On Areas
4 On Keypoints
+ Solution > Define Loads > Apply > Structural > ; On Nodes
Displacement 2R On Node Components
. 2 o o " E Symmetry B.C.
++ Chon loai thuc thé mudn dat rang budc. @ Antisymm B.C.

++ Chon thuc thé mu6n rang budc trén man hinh.

[DK] Apply Displacements (U,ROT) on Keypoints

Lab2 DOFs to be constrained §o o7 il
U
uY
ROTZ
Apply as |Constant value -]

If Constant value then:
VALUE Real part of disp

[___
VALUE2 Imag part of disp ]'_—
™ No

KEXPND Expand disp to nodes?

pook e | et | e |

++ Chon huéng rang budc (gié tri mac dinh la bang 0).

7.1.5. Luc tap trung
Pé dat mot luc cdn quan tam nhimg thong tin dudi day:

+ Chi s6 nit hoac diém dat tai.
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+ Cuding do ctia lyc (phdi phit hop véi hé¢ don vi dang sir dung).
+ Huéng cua luc.

Dung: Solution > Define Loads > Apply> Structural > Force/Moment

7.1.6. Ap luc B
2 On Lines
Pé gan tai ap luc: A On Areas
24 On Nodes
+ Solution > Define Loads > Apply > Structural > Pressure A On Node Components
o e e . 1 Iy 27 On Elements
++ Chon loai déi tugng muon dat ap luc — thudng 1a trén 3 o Element Components
dudng cho mo hinh 2D, trén mat cho mé hinh 3D. £5) From Fluid Analy
A On Beams
++ Chon d6i tugng mudn dat dp lyc trén man hinh. [ Temperature

[SFE] Apply PRES on elems as a

LKEY Load key, usually face no. Il———

If Constant value then:
VALUE Load PRES value

Optional PRES at other face nodes
(leave blank for uniform PRES )

l__..
VALZ Load PRES at 2nd node r_'_—
[___
l___

VAL3 Load PRES at 3rd node

VAL4 Load PRES at 4th node

oxl Andv] Cancel hep |

++ Nhap gi4 tri cua ap sudt (dp sudt nén mang gid tri duong huéng vao tam cua
phén ti).

Véi mot mo hinh 2D, dp sudt thudng duge dat trén mot dudng, ta ¢6 thé dn dinh mot
ap suat thay d6i tuyén tinh bang cich nhap vao cic gid tri cho ca hai ddu nit I (VALI)
va J (VALJ) clia dudng.

I va J duge xdc dinh bdi huéng ctia dudng. Néu thay huéng thay doi tai nguoc voi
huéng mong mudn thi dat dp luc theo hudng ngugc lai.
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7.1.7. Nhiét do
Pé gan tai nhiét do khong ddi

+ Solution > Define Loads > Apply > Structural > Temperature > Uniform Temp

[TUNIF] Uniform temperature r'_—_
x| e | v |

Pé dinh nghia nhiét do quy chiéu
+ Solution > Load Step Opts > Other > Reference Temp

m Reference Temperature

[TREF] Reference temperature - [‘J—_—

- for thermal strain calculations

0ot byt it oot 1o 08y o

7.1.8. Trong luc
Pé dat gia toc trong trudng

+ Solution> Define Loads > Apply > Structural > Inertia > Gravity

m Apply (Gravitational) Acceleration
[ACEL] Apply (Gravitational) Acceleration
ACELX Global Cartesian X-comp

ACELY Global Cartesian Y-comp

ACELZ Global Cartesian Z-comp

all

N

Mot gié tri gia t6c duong c6 nghia 1a chuyén dich s€ theo huéng am. Vidu, néu truc
Y 1a huéng lén, mot gid tri gia t6¢ duong s€ dan dén két ciu di chuyén xudng dudi.
Khéi luong riéng (hoac dang khac cia khéi luong) phéi dugc dinh nghia cho trong

luc va céc tai quan tinh khac.
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7.1.9. Thay ddi va xod cdc tdi da dat

Dé thay ddi mot gid tri tai chi cdn dat lai tai v6i mot gid G Dsiete

All Load Data
tri méi. g
: 3 B Displacement
Pé xo4 tai: Solution > Define Loads > Delete > @ Force/Moment
B Pressure
Khi ta xod tai trén mo hinh khéi thi Ansys ciing tu dong xod @ Temperature
tat ca tai phan tir hitu han tuong ting. gs";'m'n“
[ Other

7.2. Cac tuy chon giai

7.2.1. Cdc phan tich tinh va déng luc hoc

Mot phan tich tinh dugc gia thiét ring chi ¢6 céc luc lién quan dén do cimg la
quan trong.

Mot phan tich dong luc hoc tinh dén ca ba dang luc.

Thuong s€ phai tinh dén luc quén tinh va luc cin néu tai dp dat thay d6i nhanh theo

thoi gian. Vi vay 6 thé dung tinh chat phu thudc thai gian ciia tai dé chon gitra hai kiéu
phén tich tinh va dong luc hoc.

Néu tai 1a hang s6 trong mot khoang thdi gian tuong doi dai thi chon phan tich tinh.

Con khéng thi chon phan tich dong luc hoc.

Thong thudng néu tan s6 kich thich nhé hon 1/3 lan tin s riéng nho nhit cha két
cdu thi ¢6 thé chap nhan phan tich tinh.

7.2.2. Phan tich tuyén tinh va phi tuyén

Mot phan tich tuyén tinh v6i gia thiét ring tai 4p dat vao lam thay déi khong dang
ké dén do cimg ciia két cau. Cic dau hiéu dién hinh:

+ Chuyén vi nho;

+ Bién dang va {ing suat nim trong mién dan héi:

+ Ti€p xdc gilta hai vat thé.

Mot phién tich phi tuyén 1a cdn thiét néu tai trong lam thay déi do cing cia két cau.
Cdc nguyén nhan co ban din dén su thay ddi do cing ctia két cau:

+ Bién dang ra khoi viing dan héi ;

+ Chuyén vi I6n, vi du nhu tai dp dat trén mot cin ciu:

+ Tiép xuc gilra hai vat thé.

7.2.3. Khai théc két qud

Khai thdc két qua ctia mot phan tich tng suat thudng bao gém:
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+ Trudmg chuyén vi;
+ Truong Umg sudt;
+ Cac phan luc.
* Trieomg chuyén vi:
+ Nhanh chéng chi ra xem tai 4p dat c6 diing huéng khong.
+ Hién thi cdc cot chi giai cho chuyén vi 16n nhat, DMX.
+ Ciing c6 thé mo phéng dong trudng chuyén vi.
+ D¢ hién thi trudng chuyén vi:

++ General Postproc > Plot Results > Deformed Shape
+ D¢ mo phéng dong:

++ Utility Menu > Piot Cirls> Animate > Deformed Shape
* Triudng ing sudt.
+ D&i v6i mo hinh 3D Ansys c6 cdc dang ting sut sau:

++ C4c (g suat thanh phén: SX, SY, §Z, SXY, SYZ, SXZ (mac dinh 14 trong hé
toa do Décac).

++ Céc umg suat: S1, S2, S3 (Ung sudt chinh), SEQV (iing suit tuong duong Von
Mises). SINT (cudmg d6 dng suat).

+ Cac dudng déng mitc cho phép dinh vi nhanh cdc diém ndng hodc viing nguy hiém
++ Lot giai nit (Nodal Solution): cdc tmg sudt duge tinh trung binh tai cdc nit,
hién thi bing cic dudng déng mufc tron va lién tuc.
++ LOi giai phin tir (Element Solution): khong tinh trung binh do d6 cic duong
dong miic s& khong lién tuc.
+ D€ hién thi dudng déng mic tng sudl:
++ General Postproc > Plot Results > Nodal Solu... va
++ General Postproc > Plot Results > Element Solu...
+ Cling ¢6 thé mo phong dong trudng Uing sudt:
++ Utility Menu > Plot Ctrls> Animate > Deformed Results..
* Cde phan luc:
+ Téng chia phan lyc theo mdi hudng phai bang téng cdc tai 4p dat theo hudng do6.
Quan sat 16t nhat 1a liét ke:

+ General Postproc > List Results > Reaction Solution. ..
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m PRRSOL Command
File

PRINT REACTION SOLUTIONS PER NODE
watwnse POST1 TOTAL REACTION SOLUTION LISTING sessss

LOAD STEP= 1 SUBSTEP= i
TINE= 1.baaa LOAD CASE~ @
THE FOLLOWING X.Y.Z SOLUTIONS ARE IN GLOBAL COORDIMATES
HODE Fi FY FZ MX n MZ
1 0.8080 i18a.88 8. Boes 0. 8088 8.80800 58000 .
TOTAL VALUES
UALUVE 0. 00ee 100.98 2. peea 8. o0 0. bane 50008 .

7.2.4. Kiém tra cdc két qud

Lu6n cin tién hanh 'kiém tra ban chét vat 1y’ dé dam bao 15i giai 1a kha di.

Nhimg thong s6 cin kiém tra phu thudc vao kiéu bai todn, ching han mot vai cau
hoi can phai tra 16i:

+ Loi giai FEA c6 phu hop véi két qua tinh tay hay két qua thuc nghiém khong ?

+ Loi giai cho trudng chuyén vi ¢6 ding khong ? Trudc hét can kiém tra loi giai
chuyén vi FEA vi trudng tng suat FEA 1a cic két qua din xuat.

+ Cac phan luc ¢6 can bang vdi tai 4p dat khong ?

+ Ung sudt 16n nhat ndm & vi tri nao ?

+ Gid tri ing suat c¢6 vugt qua gidi han dan héi hay khong ?

+ Lu6i FEA c6 phu hop hay khong ?
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Chuong 8
XU LY KET QUA

8.1. Cac lua chon
C6 nhiéu cdch dé khai thic cic két qua trong phdn xir 1y téng quat két qua (general
postprocessor, POST1) trong d6 mot s6 cach da dugc trinh bay trong cic chuong trudc.

Trong chuong nay chiing ta s€ khai thic thém 2 phuong phdp - lua chon két qua
bang cdch nhan chuot chon diém (query) va lua chon két qua theo dudng (path) - va
ciing gidi thiéu vé sai léch két qua, ddnh gid sai s6, va két hop céc truong hop tai.

Lua chon theo query (query picking):

+ Lua chon bang cdch nhan chuét trai chon di€ém cho phép chiing ta ‘tham do’ mo
hinh vé iing suat, chuyén vi hodc céc dai lugng két qua khac tai mot vi tri chon bat ky.

+ Chiing ta ciing c6 thé dinh vi nhanh chéng cdc gia tri 16n nhét va nhé nhat cia dai
luong dang dugc yéu cau.

+ Chi c6 hiéu luong thong qua GUI (khong dung dugc cau Iénh):

++ General Postroc > Query Results > Nodal hoac Element hoac Subgrid Solu...

T\ Query Element Solution Data

Query Element Solution Data
{tem,Comp Item to be contoured

oK Cancel E

++ Chon dai lugng két qua va nhan [OK].

++ Chon mot diém bét ky trong mo hinh dé xem gid tri cdc két qua tai diém d6, Min
va Max sé chi ra cdc vi tri ¢6 gid tri nho nhat va 16n nhat. Si dung Reset dé xoa tat ca
cdc gid tri va bit ddu lai. Chi ¥ ring chi s6 thuc thé, vi tri clia n6 va gid tri cdc két qua
ciing dugc chi ra trong hop chon (Picker).
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Query Element Solution ...

* Pick " Unpick

13
Global X 113.854
Y 74.1546

2 = 0

SENE = 0.00515969

r generate 3D Anno

I OK I Applyl

Reset I Cancel l

8.2. Heé toa dé két qua

Tat ca cdc dai lugng phu thuoc huéng ma ta khai thic trong POST1 nhu cic ting suat
thanh phén, cdc chuyén vi, cic phan luc dugc thong bdo trong hé toa do két qua (results
coordinate system, RSYS).

RSYS mac dinh la 0 (hé toa do Dé cdc téng thé). POSTI1 mac dinh bién déi tit ca
cac ket qua t6i he Dé cdc tong thé, ké ca két qua tai cdc niit bi xoay.

Nhung c6 nhicu trang thdi nhur la 6ng chiu 4p sudt va két cdu hinh cdu doi héi phai
kiém tra cic két qua trong hé toa do tru, cdu hodc hé toa do dia phuong khic.

D¢ thay doi cic két qua tir hé toa do két qua sang hé toa do khac:

++ General Postroc > Option for Outp. ..

m Options for Output
Options for Output
[RSYS] Results coord system

Local system reference no.

[AVRES] Avg rsits (pwr grph) For
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Sau d6 tdt ca cac biéu dd dong muic, cic liét ké, cac lua chon theo query, v.v.. s& cho
cic gid tri trong hé toa dd mai.

Néu chon RSYS la as calculated thi tét ca cic biéu dé dudng dong mic, cac danh
sdch, cdc lua chon theo query, v.v.. s& cho cdc gid tri trong hé toa do mit va h¢ toa do
phan ur.

+ Céc két qua chuyén vi va cdc phan luc s& duge thong béo trong hé toa do nuit.
+ Cédc mg sudl, bién dang, v.v... s& dugc thong bio trong hé toa do phan i (hudng

cua hé toa do phan tit phy thudc vao kiéu phén ti va thude tinh ESYS ctia phin tir. Vidu
hdu hét cac phan tir khéi mic dinh theo hé toa d¢ Dé cac tong thé).

8.3. Lua chon két qua theo duong (Path Operation)

Cich khdc dé hién thi cac két qua 12 thong qua path operation, cich nay s€ cho phép
chiing ta thyc hién:

+ Anh xa cdc két qua 1én mot duémg thy ¥ trén mo hinh;

+ Thuc hién cdc phép todn theo dudng, bao gdém ca tich phan va vi phén;

+ Hién thi mot ban vé két qua trén dudng — xem mot loai két qui thay déi theo mot
duong két qua.

Chi ¢6 hiéu luc d6i véi cdc moé hinh chita cdc phéan tir khéi 2D va 3D hoac cde phan
ur vo.

Ba budc dé tao ra mot ban vé theo dudng:

+ Binh nghia mot dudng (define a path);

+ Anh xa két qua 1én dudng do;

+ Hién thi két qua.

8.3.1. Pinh nghia mot duiong két qua

Yéu cau ¢ cac thong tin sau:

+ Céc diém xdc dinh duong (tir 2 t6i 1000). Chiing ta c6 (hé sir dung cdc niit dé ton
tai hodc cdc vi tri trén mat phang 1am viéc. '

+ Do cong cua dudng, xdc dinh bdi hé toa do hién thoi (CSYS).

+ Dat tén dudmg.

Pau tién kich hoat hé toa do mong mudn (CSYS).

+ General Postproc > Path Operatons > Define Path > By Nodes hodc On
Working Plane.

+ Chon cdc nit hoac cac vi tri WP dé thiét lap dudng mong mudn va nhan [OK].
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[PATH] Define Path specifications

Name Define Path Name ; I

nSets Number of data sets |30
nDiv  Number of divisions Izn

cxl Cancdg Hobl

+ Lua chon tén dudng. Trong hdu hét cic trudng hop 16t nhat 1a dé mac dinh céac
tham s6 nSets va nDiv.

8.3.2. Anh xa két qud lén duong

General Postproc > Path Operatons > Map onto Path...

+ Lua chon dai luong yéu cdu, chang han SX.

I\ Map Result ltems onto Path
[PDEF] Map Result tems onto Path
Lab User label for item

Item,Comp Item to be mapped

[AVPRIN] EFF NU for EQV strain

Average results across slement

[/PBC] Show boundary condition symbol
Show path on display ™ Neo

x| _ toty_ | __Cacel | _teo |

+ Nhap mot nhan cho dai lugng dé, sé dugc sir dung trén cac ban vé va cic bang
liet ke.
Hién thi duong

+ General Postproc > Path Operatons > Plot Paths
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8.3.3. Hién thi két qud

Chiing ta c6 thé hién thi cac dai luong theo dudng trén do thi:
+ General Postproc > Path Operatons > On Graph. ..

Hoac doc theo hinh hoc ctia dudng:

+ General Postproc > Path Operatons > On Geometry...

Ansys cho phép chiing ta xay dung nhiéu dudng, mbi dudng véi mot tén duy nhat do
ching ta dat cho. Tuy nhién tai mot thdi diém chi kich hoat dugc mét dudng.

8.4. Danh gia sai so

Bai todn phén tir hitu han tinh todn ing sudt trén co s& tng sudt phan tlr, tic la cic
ting suat dugc tinh todn trong mdi phan tir.

Tuy nhién cic dudng dong mic ing suat mit duge hién thi trong POST] lai 1a céc
dudng tron dé la vi Gng suat did duge trung binh héa tai cac nut. Néu hién thi két qua
theo phén tir, thi ta s& thdy dit liéu khong duge trung binh hod, cé sy gian doan glita cac
phan tur.

Sur khdc biét giita cic tng suat duge trung binh hod va cic ing suat khong duge
trung binh hod cho ta hinh dung duge do t6t xfu cia ludi chia. Day 1a co sd dé danh gid
sal $0.

Dinh gid sai s& chi ¢6 trong POST1 va chi ding voi cac phan tich két cau tinh tuyén
tinh va nhiét én dinh tuyén tinh, c4c phan tir khéi 2D va 3D va cac phan t vo, giao di¢n
dé hoa day di. Néu khong ¢6 da cdc diéu kién nay thi Ansys tu dong tat che d6 dinh gid
sai 80.

Pé kich hoat hoic tit ché do danh gia sai so:

+ General Postproc > Option for Outp..

POST1 ddnh gia cac sai s0 sau:

+ Phan tich ting suat:

++ Sai s6 phan tram theo chi tiéu nang lugng (SEPC);
++ Do lech tng sudt phan tir (SDSG);
++ Sai s0 ning lugng phan tor (SERR);
++ (3161 han trén va dudi ciia img suit (SMXB, SMNB).
+ Phan tich nhiét.
* Sai 6 phdn tram theo tiéu chudn nang luong (SEPC)

- SEPC 1a mot udc luong tho cuia sai s6 tng suat (hoac chuyén vi, nhiét d9, hodc
ddng nhiét) trén todn bo tap hop cac phan tir duge chon.

69



- C6 thé duge sir dung dé so sanh cic mé hinh tuong ty clia cdc ket cau tuong tur chiu
tai trong tuong tu.
- SEPC nam & ¢t ch giai trong hién thi bign dang ket cdu. Ta ciing c6 thé xem gid
trt cia SEPC bang General Postproc > List Results > Percent Error.
- Thudng thi SEPC nén nhé hon 10%. Néu 16 16n hon thia cin phai;
+ Kiém tra céc tai diém hodc céc tng sudt ky di khic roi huy chon cdc phén tir
trong vung lan c4n;
+ Néu vin con 16n hon ta hiy hién thi sai s6 nang lugng phan tir. Cic phén tir ¢6
sai s6 nang luong 16n s& c4n duoc chia ludi min hon,
* D¢ léch ung sudt phan 1t (SDSG)
- SDSG 1a s6 do su khac biét giita ting suat cia phan wr v6i Ung suat trung binh tai
cac niit cua né.
- Chiing ta ¢6 thé v& dudng dong mitc SDSG bing General Postproc > Plot Results >
Element Solu. ..

- Gid tr1 I6n chia SDSG khong nht thiét 1a xau, quan trong la gia tri tuong dai clia néd
50 vOi cdc img suat danh dinh trong két cdu. Vi du m6 hinh clia mot tdm c6 16 thuong
chi 6 1.5% do léch img suat trong viing quan tam.

* Sai $6 nang lugng phén tr (SERR)

- SERR 14 ning lugng gin véi tinh khong tuong thich cha ing sudt tai cdc nit cla
phan tlr. Day 1a thudc do sai s6 co ban dé din xuit ra cic dai luong dinh gia sai s khic.
SERR c¢6 thit nguyén nang luong.

- D€ vE cic dudng dong mirc SERR ding General Postproc > Plot Results > Element
Solu. ..

- Thong thudng céc phan i ¢6 gid tri SERR 16n nhat s& can chia ludi min hon. Tuy
nhién vi gid tri SERR s& luon luén I6n nhat tai noi 6 ting sudt ky di, truée hét s& phai
huy chon trong cdc phén tir nay.

* Cdc gidi han itng sudt (SMXB va SMNB)

- Cdc gidi han tng suat c6 thé gitp ching ta xdc dinh tiém nang dnh hudng cia sai
$0 do chia Iudi lén ting sudt cuc dai.

- Chiing dwoc hién thi trén biéu dé cac dudng déng miic \ing sudt trong cot chi gidi
la SMXB (gidi han trén) va SMNB (gi6t han dudi).

- Céc gidi han nay khong ddnh gid duoc céic gid tri cuc dai va cyc tiéu thuc su cla
két cau nhumg chiing cling khd tin cay. Khong ¢6 cdc ki€m tra trg gidp khac, ching ta
khong thé chic chin la gid tri tng suat cuc dai thuc su trong két cau nhé hon SMXB.
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- Néu ching ta khong huy chon céc phdn tir & gdn céc diém (ng sudt ky di thi cic
gidi han (mg suat la vo nghia.

8.5. Két hop céc truong hop tai

Mai khi ching ta giai v6i nhiéu budc tai, cdc két qua chia mbi budc tai duge luu trix
thanh céc tap hop riéng biét trong file két qua (duoc nhan biét béi s6 budc tai).

Két hop cic truong hop tai 1a mot phép todn gitra hai tap két qua duge gqi' la truong
hop tai (load cases).

+ Phép toan xuat hién gilta mot trudng hop tai trong co s& dit liéu va trudng hop tai
thit hai trong file két qua.

+ K&t qué chia phép toan trudng hop tai két hop duogc luu true trd lai co s dir lidu.
* Két hop truong hop tdi gébm cdc budc:

+ Tao céc truong hop tai;

+ DPoc mot trudng hop tai vao co sd dit liéu (b nho);

+ Thuc hién phép todn yéu cau.

* Tao cdc truong hop tdi

- Trudng hop tai tic dong nhu mot con trd t6i tap hop cic két qua. N6 yéu céu hai
mau thong tin sau:

+ Mot chi s6 ID duy nhat.

+ Tap két qua s& hién thi: chi s6 budc tai (load step number) va chi s6 budc tai con
(substep number).

+ Sir dung General Postproc > Load Case > Create Load Case

ER 0ad Cose

B Create Load Case
E] Read Load Case
[ Write Load Case
[ Calc Options
B Add

B subtract

& Square

E5] square Root

B srRss

B Min & Max

5] Line Elem Stress
E] List Load Cases
5] zero Load Case
E] Erase Load Case
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* Doc mot truomg hop tdi vao co sé dit liéu (b nha)

- Tap két qua dugc nhan biét bdi chi s6 truong hop tai ctia né General Postproc >
Load Case > Read Load Case

* Thuec hién phép todn yéu cdu

- Nhiéu phép todn ¢6 sén nhu General Postproc > Load Case > Add, Subtract, v.v...
- Cdc ket qua cua phép todn duge luu trit trong co sé dit liéu (bo nhd).

* €0 hai tuy chon hit ich dé hau trit truomg hop 1di két hop:

- Ghi vao file trudng hop tii General Postproc > Write Resulls.

- Thém trudng hop tai vao file két qua General Postproc > Load Case > Write Load
Case cho phép chiing ta thém vao trudng hop tai két hop 16i file két qua va nhan biét né
cung véi s6 bude tai dua vao va gia tri thoi gian.

8.6. Dung cu hién thi cic két qua (Results Viewer)

Results Viewer la hé thong menu va giao dién d6 hoa xir 1y két qua chuyén dung.

+ Giao dién d6 hoa nhanh cho cdc mé hinh 16n hoac cic mé hinh c6 nhiéu budc
thoi gian.

+ Dé dang sir dung hé thong menu dé hién thi nhanh cic két qua.

* C6 thé dugc tao bdng hai cdch khdc nhau:

+ St dung Solution > Output Ctrls > PGR file

+ St dung General Postproc > Write PGR file

Mé& Results Viewer tir General Post Processor

Results Yiewer - . /filerst

Fle Edt View Help

JRli st e Al | o] 8| @ & &) )

I

1 1 I I I i i ] 1] i i I 1 1 I i I 1 ] i 1 I 1 1 I I I I

8.7. Cong cu hién thi bién (Variable Viewer)

Variable Viewer 1a mot cong cu chuyén dung cho phép xir 1y két qua phu thuoc theo
thoi gian.

Variable Viewer dugc khéi dong bing Utility Menu > Main Menu > TimeHist
Prostpro > Variable Viewer.
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Time History Yariables - . /file.rst

File Help
4 5§ 6 7 8 9
Rkl 1T (e ENEY ]
AAA Variable List AAA|
Name |Element  [Node _ |Resuk Item Minimum Maxi X-Axis j
=
N | 2
AAA Calculator AAA|
1" 12
( ) ~| ~
MIN COND g
¢ oMax LN 3 9 CLEAR
RCL
STO LOG 5 6 -
INS MEM SQRT
ABS | ATAN | x~2 2 3 ﬁ
INT1  IMAG T
INv | DERIV | REAL 0 i

1. Niit tao thém bién;

4. Nut liét ké bién;
7. Nt xuat dir liéu;

10. Liét ke bién;

2. Niit xo4 bién;

5. Niit thudc tinh;

8. Kiéu xuit dir liéu;
11. O nhap tén bién;

3. Niit vé bién;

6. Niit nhap dir liéu;

9. Cic thanh phén thuc ao;
12. O nhap biéu thitc.
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Chuong 9

XAY DUNG MO HINH VOI SUHO TRO CUA
CAC CHUONG TRINH CAD

9.1. Gidi thiéu vé tién ich ANSYS Connection Products

ANSYS Connection Products 1a tién ich gitip chiing ta cé thé chuyén dir liéu hinh
hoc tir cdc chuong trinh CAD vao trong ANSYS. ANSYS Connection Products ¢& thé doc
dif liéu ¢6 cde dinh dang sau:

Chuong trinh CAD Dinh dang file
CATIA 4.x and lower .mode] or .dlv
CATIA 5.x CATPart or CATProduct |
Pro/ENGINEER .prt
Unigraphics .prt
Parasolid X_tor .xmt_txt
Solid Edge K_tor xmi_txt
SolidWorks X_t hoac .igs
Unigraphics X_tor.xmt_txt
AutoCAD .sat
Mechanical Desktop .sat
SAT ACIS sat
Solid Designer .sat

Nhing chuong trinh CAD giéi thiéu trén 6 kha nang tao doi tugng hinh hoc rat
manh, phé bién trong nganh két cdu d6 13 AutoCAD va SolidWork. 3 chuong nay chiing
toi chi giGi thiéu cach chuyén di liu tir cic chuong trinh CAD d6 vao ANSYS thong
qua dinh dang .sat va .igs.

9.2. Xuiat dit lieu dang .sat tir AutoCAD sang ANSYS

D¢ xudt dir lieu dinh dang _sat tit AutoCAD, ddu tién phdi xay dung déi tuong hinh
hoc 3D (phai l1a déi trong solid 3D), sau d6 chon menu File > Export... Chon dinh dang
Xudt la .sat.
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ioCAD 2006

[Drawing]. dwg]

Edit View Insett Fomat Tools Sastn QN&M‘: 7 W @ SO Mem v Toek v
Mew. . 3
My ixtures
Open gn.mm
Cloge s Wl S Yot
e Shoreut 19 Locel ek 10)
Save
Save As. ..
eTransmd. .
Publish to Web.
Page Setup...
Plotter Manage:
Plot Style Manages...
Fia e I
Flecoippe  AJS [ el - [ Corem

Khdi dong ANSYS sau d6 thuc hién céc budc sau:

+ Utility File > Import > SAT...

m ANSYS Multiphysics Utility Menu

Clear & Start New
Change Jobname
Change Diectory ..
Change Title

Resume Jobrame db ..

Resume from

Save as Jobname.db
Save as ..
Wiite DB log file .

Read Input from ..
Swatch Output to »

Lust »
File Operations 4
ANS'YS File Oplions .,

E xport

ANSYS Connection for SAT

File Name Drectories:
" sat AW Y % ;
Cancel |
Drawangl, sat_log &N A
(> DOCUMENTS ANI b4
= HVL .. A
(=) Cookies
5 Deskiop
£ Favontes v
List Files of Type: Dryes:
|Part File [*.sat) > |8\c v|  Network.
Geomety Type
M AowDelesung SR |

Repoit Genetator .

Est ..

+ Chon file .sat can nhap

+ Chon thong s6 "Allow Defeaturing” néu du dinh chuyén mo hinh vao ANSYS, mo

hinh con duge hiéu chinh lai (xo4 hoac vé thém déi tugng hinh hoc trong ANSYS). Néu
khong chon thong s6 nay thi ¢6 nghia la mé hinh khéng cin hiéu chinh ma dung ngay

vao viéc chia luéi phan tir.
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+ Thong s6 "Geometry Type" 12 thong s6 lua chon loai d6i tuong hinh hoc can nhap vao
ANSYS gém "Solid Only" - chi nhap d6i tuong khéi, "Surface Only" - chi nhap d6i tuong

mat, "Wireframe Only" - chi nhap déi tugng dudng hay "All" - nhap tat ca céc d6i tuong.
+ Sau dé6 [OK].

9.3. Xuat dir liéu dang .igs tir SolidWorks sang ANSYS

D¢ xudt dit lieu dinh dang .igs tir SolidWorks, déu tién phéi xay dung d6i tuong hinh
hoc, sau d6 chon menu File > Save As... Chon dinh dang xuat 1a IGES File (* .igs).

SF SolidWorks 2006 - [truss-like bracke
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: SAE "% M

Open From Web Folder.
Close

Save

Save To'Web Folder

Reload
Find References .

Page Sehup.
Prnt Prevasi.
Prrt.

SendTo.
Propeites

Ewl

s e-mcym-

o )truss-ke bracket. 1G5

 Flegame  [iasike iackaliGS [Csoe -
Soveasvre [TV -] o |

Descriphory. |

Nhén nit [Options...], lua chon xuat sang Ansys, 4n [OK].

Export Options

Fike Format
J IGES 5.3 Sobd/Surface fealures
STEP Output as
ACIS ¥ IGES sgid/surface entities: [ Trmmed Sudace(type 144) ]
Parasolid - .
oy 1_ IGES wireframe (30 curves) | ) ! ___J
3;" Swrface representation/System prelerence:
TIF
EDRW/EPRT/EASM M Export 3D Cuive leatwes
I Export sketch eriities
W Use high trim curve accuracy
| - IGES assembly structure
| ¥ Save all components of an assembly in one file
™ Flatten assembly heerarchy
‘ Output goordinate system [+ detaii - _.J
Besel Al |
[ 0K | Cancel | Help




Khoi dong ANSYS sau dé thue hién céc budc sau:
+ Utility File > Import > IGES...

ANSYS Mulliphysics Utility Menu

File Gelect List Pt PloiCils WokPlane F | [faL15] [I0PTN] Options for IGES Import

Cloar & Start New | Iges Import Option

Change Desctory
Change Titke

[T S |

Resume Jobname.db ...
Resume from

MERGE Merge coincident keypts?

SOLID Create sokd F appcable
SMALL Delete smal aress?

5 ave a3 Jobname db
Save a3
wike DB log e .

Read Input from
Swich OQutput to »

Last ’
File Operabons »
ANSYS File Optiors

GTOLER. Tolerance for mergng

[Usodefaut -}

i [1GESIN] (ALIXIS) File to import

FReport Genesstor

Ewt

+ Chon file. igs can nhap.

+ Chon thong s6 "Defeature model" néu du dinh chuyén mé hinh vao ANSYS, m6
hinh con duoc hiéu chinh lai (xo4 hoac vé thém d6i tugng hinh hoc trong ANSYS). Néu
chon thong s6 "No defeaturing” thi c6 nghia la mo6 hinh khong cén hiéu chinh ma dung

neay vao viéc chia luéi phan tir.
gay . P

+ Sau dé [OK].
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