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24 2 4 A Nod] E 315 12 12 172 172 1/2
34 3 4 A l E 270 0 -1 0 1 0

g 27
(1) ARHEHTIRS H 45 B TT B K S0 By

0 0 0 0 0.5 0.5 -0.5 -0.5

(e AE[O 10 STl AE| 0.5 0.5 0.5 0.5
1o o o o " ,21-05 -0.5 05 0.5]

0 -1 0 1 -0.5 -0.5 0.5 0.5

(2) 5 H A B0 Y RS e

10000000 1000000 O
Gro|0 10000000 101000000
00100000 0000100 0]
00010000 00000100

(3) BEMTFE AR K, 5 1250 S A5

&
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[1.914 0.5 0 0 -0.5 -0.5 ~-1.414 0 WX
0.5 1.914 0 -1.414 -0.5 -0.5 0 0 ul [
0 0 1.914  -0.5 -1.414 0 0.5 0.5 ||| |
AE| 0 -1.414 -0.5 1.914 0 0 0.5 -0.5 ||»n]| |V
21l 0.5  -0.5 -1.414 0 1.914 0.5 0 0 u | X,
-0.5  -0.5 0 0 0.5 1.914 0 -L414||y | |y,
~1.414 0 -0.5 0.5 0 0 Lo -0.5 ||, | |y,
L0 0 0.5  -0.5 0 -L4id -05 Lo ]| | |y
(4) SIANLRZME, 155
[1.914x10° 0.5 0 0 0.5 0.5 -l.414 0 u
0.5  1914x10° 0 -1414 -0.5 0.5 0 0 v
0 0 1914 0.5 -1.414 0 -0.5 0.5 u,
AE| 0 ~1.414  -0.5 1.914 0 0 0.5 -0.5 v,
21l 0.5 -0.5 -1.414 0  1.914x10° 0.5 0 0 ,
0.5 0.5 0 0 0.5 1.914 0 ~1.414 | |y,
~1.414 0 -0.5 05 0 0 L914x10°  -0.5 ”
L0 0 0.5 -0.5 0 L4405 1.914x10°] |,
© T
0
XZ
Y2
| 1.914x10°xb
Y,
0
0

1.2.2 BRETESTH—RTE

1. M B AL

SEF B RO A 4544 2 A BRSNS BT R, BAoC S B0 s i A 2 e i Y AN
Bz, GERI BB R A BREATTIE T IS — 2, RIS STHRRCE, A RATE R 5
R, LI AT HANE .

(1) PAICEAIBERE, BRUIL T Jo Bk s oC Al
PR =N T A

(2) BITRIgr, R Boi E R LT ILA . OMAs R, 7 s, TH5 85 R,
R 2 ) — s R S RS O AN B S, Xz 1 8 AR AR AL % ) DX SN L LA A A, @
HOTTEAS IR AT REHE AR N (9 1 2 0B sAE 2 A, i =M o =sh R EHEGE, HOR I 3L
fis MK | SEREAHZEE RS, GRITT SN SAIAR A IT T AR, AREE THISB T
B, @E—I0H R —Fb R R, G MR R R REA AL, DURIT R A shA: s

(3) 1R,

2. XM
T 1 X BT IR 1 2E A AT ST BT NI R R K,

AL RITIAR . BT SRS Y A
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3. SR

SR MM LR LT L7 T 4

(1) SRR S AR i P, S5 BALI | MTE2 WAL A A58 S | FF A R TEk
(LSRRI HT T LRI ST, A PR FTIESTE L Srb g TR 5 3 1 A 17 ) 2
BB A 1 TR S BRI T IR 1 SR I 4L e
5 A

(2) SEREE PRI EERRRE K, 75515 Uor 5 7R

Ko6=P
(3) BLELRAREN, SRR, RO R,

1.3 ANSYS HIEARRE

ANSYS B SR SR TCIE A B AL, IR LSS £, AU B A, BT ER )
GoRtE, BT ACEA RS, BAREERSITRR S, RABIERUMS “>” RREAT
— YRR, XL ANSYS HYBRIARS 3,

1.3.1 ANSYS &

T HEHRAEAE Windows 7/ Windows10 #24E R G0 T il {575 (1) ANSYS18. 0 L% 5 .

(1) #% ANSYS Products 18.0 x64 SCHFJ2$E F M 4% I, Windows7 R4t T FHHE £IGIX Daemon
Tools 735 2 Disk1 F1 Disk2 4% X5 Windows10 5 48 & 1l B 4 M A7 B 4T I J7 =0 v ik 4%
Windows %% 5 HRLg8 N 284515

(2) ZHFRFZRMEEGH/DVERTF, i PreReqCheck. exe, R TE %56 HAL
%%J?; Er DL ER R , D EA InstallPreReqs. exe LA D R

(3) BITLRERF, i setup. exe,

(4) B G2 SESE i B B R IIT, %k Install ANSYS, Inc. Products, FFIf%
%¢ ANSYS18.0 )7, Bl &, L s, Bidi N —2, 7F Hostname £, HLATHHE N4
IBEWAERGEER T, gkEepdi T —4, £ ANSYSIS. 0 27 & A3 4 1 54
P, B RILAE ST =4k CAD B SCHRIC E , W DI =4k CAD BRI 22235 H Sk kA7 6
HXHCE, WIR ARG BA LR CAD AT DA skip (Bkid) & &, fFLUGFHENFETRE

(5) BNGEGEE, b Next #H4T F—4, JFUR A Sh4e%s,

(6) 1F Diskl Ze3E52 LIS | IR /N e 4% Disk2 Aksrdes | 2ok 52 s Ml Exit B, S8
FREFERE,

(7) ¥ ANSYS Products 18.0 x64 X611 Shared Files SCPEJeHE AR 2258 H SR BISE 2058

PAERINIG, WL “IFIASE B S TR F >ANSYS18. 07 4% 5 5l Mechanical APDL 18.0, Me-
chanical APDL Product Launcher 18. 0 & Workbench18. 0 “F5 .

1.3.2 ANSYS®HIEzh., ARPFRENIESH

ANSYS B AR Z A, AE T T PC, NT TAES . UNIX T /Euh B2 BRI & 2535
MLEEAERGED, B SO e A 197 i RV A TAE- & EXYaRES . B ETEH i A2 AN-
SYS18.0 e, LA 45 BTk BIBERIRRA

S—WA ) ANSYS BRI #E4T ANSYS 77 ihiked% | BN TAEB AR RS 2 30, k. I

£>ANSYS 18. 0> Mechanical APDL Product Launcher 18. 0, J33h)/5 H ¥ UK 1-7 Frs [18.0. AN-
SYS Mechanical APDL Product Launcher] XFiHHE, #E47— M5 4 HT0F, 7£ [ Simulation Environ-
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ment: ] FPIHE A £ “ANSYS”; 7 [ License:] T $i#EH £ “ ANSYS Multiphysics”; 7
[ Working Directory: ] SCAHE g A TAE A UK A4S ; 76 [ Jobname:] SCASHE iy A SO 44,
A AR 4 <gite” s 2t s O = 17 ANSYS. LA 30
. FFEE>ANSYS 18. 0> Mechanical APDL 18.0. Ja8lJG HIBAE 0. H—AE e 0, SRk
PR SR ﬁﬁfﬁm@D%FE WA AR TR, A 1-8 Iran, i ANSYS
JHPRTE (GUl), 28 GUI I EZA KA

‘ A\ 18.0: ANSYS Mechanical APDL Product Launcher [Profile: *** Last ANSYS Run ***] Hostname: DESKTOP-PTDHTRR = X

File Profiles Opions Tools Links Help

'A‘ — [l

[ANSYS Mulliphysics ]

o ey [Coome |
Jobane [owe |

K 1-7 [18.0: ANSYS Mechanical APDL Product Launcher] XJiEHE

3 WHTH EE#E A fﬂi%$ LN
i h:':t :1I:tM ot PlotCtrls WorkPlane Pa[ Macro MepuCtrls. e P |

_I_T_HEI EJEIETE
Toolbar ®|
SAVE_DB| R£§\su 08| qurt| PowRGRPH| j

Main Menu [6)

BPreferences

& Preprocessor

& Solution

& General Postproc
& TimeHist Postpro
@ ROM Tool

& Radiatipn Opt
BSessigh Editor

P2

[Pick a menu item or enter a command (BEGIN) [mat=1 [type=1 [real=1 [csys=0 [secn=1 [

Fl 1-8  ANSYS I/ A (GUI)

1. g ARE
PEEEL (Utility Menu) GLESCPFAF R, gee | SRl SO SR IRE, 1R
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J NP, AT B T RE Rt X 1, RS A RN A4, A0 File (SCHF) |
Select (#E4%) . List (#13) . Plot (&) . PlotCuls (EIEFER]) . WorkPlane ( TAEF1) . Pa-
rameters ( ZEHEH]) . Macro (7%) . Menu Curls (SEFLEH]) Ml Help (F5HY)

SRR BIUER , ANSYS $24t = F 7 XFTIFHE B . il i Utility Menu>Help S8 5L, % & %1y

CHOTHEER O, AR AT ARG, QB A L EREEHER R Helb g
%ﬂ a DL IEHE ) F BAR e, OFEMAET 0 (FHEiR &) %i A HELP 4% 845 4 () i
FHSEHEHS BY

2. xR

P UFE AR IIRE AT A, WAL B e A spoT . A, BPRE, S5 RaEA  ROA%
X504, SRARAI T B 30T | ?’Jﬂi SRIBSEACKIRE, I0A FOHE R R RS E . E

saps gpires Bl e, ernmrens T, exnweg Bl ow
B SR A th A
3. THE%

THEATRUCE fH FHAShEE, A 5 b FH3E 58 Menu Cirls>Edit Toolbar A DL H & X T H 4
FA ) IRE

4‘® E

MAATH O R AR O, REAGAIH T, XTI BE e S mH e, G frEng
ﬁﬁﬁmo

5. ANE w2

OB % 1 SR YA 5s , mAEarab B iy 1 8 BT E MG B fg R ) . AR A A
o ANSYS Wi Z ] LLERHTIF 5 AEDEE 0, HIF 5300 1, 2, 3, 4, 5. I FHSEH Plot
Ctrls>Window Controls>Window On or Off ] DA% B EIIE 7 11 BN 40

6. MEIEHHa
PR R DAL T I 8 O A7 M0, BA s e Ak i de 4 mT AR I IR 3 O AR s L kL
%5

7. BT R

ORI R T —25 AT E B S i bR . TR SURHE L, iR RS K EIEE
FEE,

ERAELE IR I, 7E ANSYS % 1 H AT Utility Menu > File > Exit fir 4 5 88 i T A2 b i
QUIT b, #1ITE 1-0 FR 1 [ Exit from ANSYS] MURHIEAE . Horh (0 PUAS B3k Hie4HL AT <

(1) SAVE Geom+lLoads: #7518 - A7 T 4E

(9 JLATRUR | A BL AR A s
(2) SAVE Geo+Ld+Solu: &+ J5 il HY i 5 77 45 50 e
SyFORR AR L5 e
(3) SAVE Everything: ¥E#)5 A7 AT A B,
(4) Quit-No Savel: HFEIF (LA FF ML Msisg x| o] e

PR T A e L, | oK h:g%ﬂgﬁo #— K19 [Exit from ANSYS] X
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WIEAT ANSYS =i e /5B i, %) [18.0: ANSYS Mechanical APDL Product Launcher] Xfi&
HEF, M File>Exit /)5 iB H) ANSYS,

1.3.3 ANSYS figEA=
ANSYS A GUI Jr =X Hlar & Jr N R g /E 77 =0,

1. GUI # X,

GUI thed 1, 3o XHEHERN AL PR n, B8 o b 7 174 ¢ 0 S 7 AR L 1 A7 8 s AR
{EL RTS8 BT RS D BE

2. A Tr X

ANSYS RZH 1200 244, B2 LIRS IIRE, K284 485 5 e i b 2
i (ANHTALFERS | SRAFSR AU AL IR ) OCHE, JF HAL HREtE i, A DR R A S5 R

HTERREA RS, I A A B GUT sk, FEfE BhSCHEM “ ANSYS 4 2% F 0
RN R T TA ANSYS #4081t S HXE R 1 GUT =, (HIFARJEATA ANSYS ma#a 52
YR GUL ., Afdigidh Ut i &, [RIBFEE Ear A3 sk, N g vl <m0
X7 BEEM S,

— WIS BUE AT 2 | 125 R B, G255 R RRAFIERT . BN, FE—ATY
JER I —A 8 F a8k “F, NODE, Lab, VALUE”, WNSREAESS K 25 Y37 4 E
JREAN—A~ X 7 1] B3 2000, Wiz 4 ks XA R “F, 25, FX, 20007,

HERZHEAEOT, Pl A K a4 4 M T IR I 4 4%, Qi FINISH #f /i fk & FINI,
FE bR PR — AR A, U</ IR A, W1/PREP7 38 H 58 BL— M i B4 4% 1
1555, g shidr . EESCHERERIEIEAE, UL« o« 7 JRRMar4, W0« GET & ANSYS 24k
WA TR A ] DURBCF S A, BT 2 0 IhRe, £ “ANSYS x4
ZEZFW" PRF—RAE 23 RS RHAFEEAL, 40 F v 4 T ) NODE #1 VALUE, F1§—
B BAESE — TR KRB R RHAR T RE4L , 40 F a3y 4R Lab, /PREP7 Fl1/POSTI %54 A fiv
%, TMBAE, A2 RN AT .

(1) ARSI, WRAE VIS R (14 07 B AR X I

(2) LM FHMNIES Z MR AN, ANSYS F4 8 FH BB A we i .

(3) TEF ATl LI A TS $ oW 2 a4, S BRAF I i H Rl v 2%« ANSYS
WRSHETM", 1T T ERE TR A 640 74T, WP afEiEs | S, WA $ AR e

(4) XTESRBBBNOIE, AMA TR, RE A SRR AR R AR 4 )
{EDAAE 0~99999999 2 [i]

(5) FHEGER (107" ~10%) , RGN 332 BB b 1) SEBOT I L IBOR B i 1 3 8, A
FURT DA /NS BOE U A\ S8, EHRB0E U, E 80D FAF RS —MEE, A RNEZ
4y, XASBREE T A - 5 19 ANSYS #r4>,

(6) TEFRIMIRET, MM AEBTF AR, WMRMITA4 = AFUN, N ANSYS H it R £
AT DA R AICRE AR Sy 1 B A B p6
(7) NREHBUAEAT A5 A B FARHER R R AT
| @ # $ % ~& ¢ ( ) - +
= 94 1 < /< > 0~
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(8) HI—A “17 (LB ) B H AR A B S — S DB A b B
1.3.4 ANSYS HyBLEI S5 #riT T2
T LR R 1 S 1 AT R L ANSY'S S 1) B B A B

Do

K 1-10 i — D T B2, 0 PAERI T RIZE A S
Ferg, HhKE L=1m, SMERM & E H=50mm, PO EE A=
43mm, FofF B=35mm, PEZRFEE b=32mm, fFH 1T P=

T e

1000N, #iPERERE E=2x10"Pa (0Ff), THFALEA 0.3, L
% e $AT Utility Menu>Change Directory --+, R3¢ T AE H B 1-10 SR

3, BN TAE H N AR AR H 5%, R E LR AU

)Y

(1) BXTAEM4 . 94T Utility Menu>File>Change Jobname #i4>, 7ESHAY [ Change Job-

name] XTIHHEFHI A “beam”, E#E [ New log and error files] HkHE, iy 0K |ﬁi%ﬂo
(2) BEPEEASUZEAL . FAHGEEA Main Menu>Preprocessor>Element Type>Add/Edit/Delete,

WP 1-11 7RI [ Element Types] %H&EHE, By « Add.. |» 560 | b anf&l 1-12 sy [ Li-
brary of Element Types] XJiHAE, FEAMFNFF % “Beam” , ZEAMFIEHBE “2 node 1887, i

OK |ﬁf%ﬂ, R BN 1-11 Fr7s iy [ Element Types] YIEHE, By ¢ Close |» Y

N Element Types x

A Library of Element Types X
Defined Element Types: 5
NONE_DEFINED Library of Element Types 3D finite strain

2node 188
3node 189
2node 188

Element type reference number EI

Add... | iptions..| Delete oK o | ] l Help |
Close Help
& 1-11 [ Element Bl 1-12 [ Library of Element Types] XFiGHE

Types] XTIEHE

(3) &R EE, 5 BCE B Main Menu > Preprocessor >Sections > Beam >Common Sections
K 1-13 i/~ B9 [ Beam Tool ] XJ 4G #E, #E £ “Sub-Type” A “1” (##mIEZR), 7
“W17 “W2” “W3” “41” “©2” “13” CAHEH 4555 A 0.035, 0.035, 0.05, 0.0035, 0.0035,

0.003, #d  OK |f§%ﬂo

(4) B XA REM: . TAHEH Main Menu>Preprocessor>Material Props>Material Models, o
W 1-14 BT8R ) [ Define Material Models Behavior] XTUGHE | 7E A7 M%) & HpAK K FA B Structural >
Linear>Elastic >Isotropic WL, FE A 1-15 iy [ Linear Isotropic Material Properties for Material
Number 1] XFEHE, 7E “EX” CAHEH A 211 (BMEREIR), 78 “PRXY” CAMEHH A 0.3
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CEL/ AN $$L‘E%ﬂ , SRIG AN 1-14 iRy [ Define Material Models Behavior] X
TEAE

=% Beam Tool
0
Neme [
Sub-Type T =
Offset To [Centroia =]
.
e C—
E vz I\ Define Material Model Behavior - O X
:_ﬁ ":_E Material Edit Favorite Help
Fik—nr i
bren = W [ Material Models Defined —| [ Material Models Available
w2 [QVaterial Model Numbe il @ Favorites =
w3 o8 Structural
@ Elastic
E LA sotropic
3 8 Orthotropic
P @ Anisotropic
Nonlinear
JL - © Density
Thermal Expansion
Dampin
Els | Apply I ;I & Ev--:go-ign CAnfFFininns ;]
close | Preview | [« | o——————| _[¥] Kl 2l
Help || Meshview |
B 1-13  [Beam & 1-14 [ Define Material Models Behavior] XiifAE
Tool] XFiGHE
I Linear Isotropic Properties for Material Number 1 X
Linear Isotropic Material Properties for Material Number 1
T1
Temperatures
EX 2e11
PRXY 0.3
Add Temperaturel Delete Temperaturel Graph
ok | cace | Heb |

¥l 1-15 [ Linear Isotropic Material Properties for Material Numberl] X} iHHE

(5) B S, FHUGE B Main Menu > Preprocessor > Modeling > Create > Keypoints > In Active
CS, i an K 1-16 Fr7x B [ Creat Keypoints in Active Coordinate System] XFiG#E, 7 “NPT
Keypoint number” SCASHE P A1 " 1E “X, Y, Z Location in active CS” SCAHE FR 43S A 0, 0,
0, My Beply W4, FAE “NPT Keypoint number” SCAHEFEIA 2, £ “X, Y, Z Location in

active CS” SUAHEH43EGIA 1, 0, 0, Hd_ *eely 4], F{¥E “NPT Keypoint number” SUA
HEFH A 3, I “X, Y, Z Location in active CS” SUAHE H1 43 5 %5 A 0.5, 0.5, 0, H# iy

oK |,

(6) WnKEE S-S FABGEE B Utility Menu>PlotCtrls >Numbering, TE Fr o ) X HE

Keypoint numbers ( X85 ) 19, il _IDK FE4

(7) BIEEH L, $ABSE ¥ Main Menu > Preprocessor > Modeling > Create > Lines > Lines > Straight
Line, SRHIAIRETET, SAHOCHES 1 F12, it 0K Jpen,

(8) R4rragt, $AHSEH Main Menu>Preprocessor>Meshing>MeshTool, 3 “MeshTool” ¥
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A Create Keypoints in Active Coordinate System

[K] Create Keypoints in Active Coordinate System
NPT Keypoint number

L]

XY.Z Location in active CS [ |[o [[o |
oK | Apply | Cancel | Help |
[l 1-16 [ Creat Keypoint in Active Coordinate System] X H#E

TEHE, % “Element Attributes” A FHr5) FRHEFFER: “Lines” , P FHIFIRMESF A “Set”
e, FORIREE O, B, ifﬁLI%:‘%ﬂ , BN 1-17 BB [ Line Attributes] %t
THHE, PE4F “Pick Orientation Keypoint (s)” M Yes, $%LI{F§%E, P AERE O, kL

HEE 3, iﬁﬂﬁf%ﬂ, N ESH I T o085 1, 2. 3 AFTEMSETE, 2 Blidg m oei 5 3,
M “Size Controls” XIH “Lines” JETHIAY “Set” #%4H, sHAMWE O, B EL, Al

L‘j’ﬁ%ﬂ, A 1-18 Fi/RiY [ Element Sizes on Picked Lines] XTiEHE, 7E “NDIV No. of
element divisions” SCASHE FP i A 50, By 0K I?ﬂ%ﬂo B “MeshTool” XFiHAET “Mesh”
Wb Mo lmeen mRIRET L, RIS 0K e,

I\ Line Attributes I\ Element Sizes on Picked Lines

[LATT] Assign Attributes to Picked Lines [LESIZE] Element sizes on picked lines

SIZE  Element edge length
MAT Material number 1 - :]

NDIV  No. of element divisions
REAL Real constant set number None defined v (NDIV is used only if SIZE is blank or zero)

' KYNDIV SIZENDIV can be changed ¥ Yes
TYPE Element type number 1 BEAMI188 - SPACE Spacing ratio :
SECT Element section 1 - ANGSIZ Division arc (degrees) :]
Pick Orientation Keypoint(s) 1 . ( use ANGSIZ only if number of divisions (NDIV) and
= = element edge length (SIZE) are blank or zero)
Clear attached areas and volumes I No
ok | Apply | Cancel | Help |
ok | apply | Cancel | Help |

Kl 1-17 [ Line Attributes] XF3GHE € 1-18 [ Element Sizes on Picked Lines] XJiHAE

(9) WM H . ¥AHEEH. Main Menu>Solution>Define Loads>Apply>Structual > Displacement >
On Keypoints, SR IE T, RIS 1, B 0K W, oK 1-19 s i
[Apply U, ROT on KPs] XJifflE, 7EFISRrE “All DOF” 3EIi, iy OK Wi,

(10) Jitifmzkfg, 45 HCEE R Main Menu>Solution>Define Loads>Apply>Structural >Force/Moment>

On Keypoints, 55 BB T, 5 BOCHE & 2, iﬁLﬁf%ﬂ, O AN E 120 BT R Y
[ Apply F/M on KPs] XFiGHE, 3£ “Lab Direction of force/mom” T HiFFHFEEFE “FY”, #

“VALUE Displacement value” SUASHE i A-1000, Hiy L T4

(11) Kf# ., FABEEH Main Menu>Solution>Solve>Current LS, i “Solve Current Load Step”
XHEHEF Ay Ok PB4, 4B “Solution is done!” HE/RAT, SRAFZEH, B0 £ FH 25

(12) BFELER, DR, A ESEH Main Menu> General Postproc >Plot Results > Deformed

Shape, TEFTHH XTIEHES, #EH “Def shape only™, i oK fedl, g5RE 1-21 s,
M 121 T AR, R0 0.011019m, HEIEER—2,
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i

I\ Apply UROT on KPs

Lab2 DOFs to be constrained

Apply as
If Constant value then:
VALUE Displacement value

KEXPND Expand disp to nodes?

ok | Apply |

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

Help I

K 1-19  [Apply U,

ROT on KPs] *HEHE

I\ Apply F/M on KPs

[FK] Apply Force/Moment on Keypoints

Lab Direction of force/mom

Apply as
If Constant value then:

VALUE Force/moment value

]

Constant value

e

=]

OK | Apply | Cancel | Help |
E 1-20 [ Apply /M on KPs] SFiGHE
DISPLACEVENT ANDYS
e
Bl 121 #RER
@) #om

/CLEAR SECDATA, 0.035, 0.035, 0.05, 0.0035,
/FILNAME, EXAMPLE7 0. 0035,0. 003
/PREP7 MP, EX, 1, 2E11

ET, 1, BEAM188
SECTYPE, 1, BEAM,I
SECOFFSET, CENT

MP, NUXY, 1, 0.3
K, 1,0,0,0
K,2,1,0,0
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K, 3,0.5,0.5,0 DK, 1, ALL
ISTR, 1, 2 FK, 2, FY, —1000
LESIZE, 1,,,50 SOLVE
LATT,,,,,3 FINISH

LMESH, 1 /POST1

FINISH PLDISP

/SOLU FINISH

1.3.5 ANSYS WNHEENBEXHFER

1. X%

AR A5 2 — 48 S 44

GUI. Utility Menu>File>Change Jobname,

#i14> . /FILENAME

PR — I 2~ 4 DFERF ANSYS BERS TR AR IRAT

(1) SCPRZERI R AR, SO Jeds L3R 12, ANSYS 44 /ASSIGN, /  LIST, /
COPY. /OUTPUT, /= CREATE, /PSEARCH. /DELETE., /RENAME/, /INPUT % 3K g & 3C
2. VAR, Hh SR Z2h 32 4\??’4} P RAIEZ T 8 DFRF, HAEN 64 NFATH
A EEM, FE Windows RGEH, ZHH <\ 7 FoREEEH BRI

12 Sdflt%_&ﬂﬁﬁﬁlswﬁiﬁ

S X A 3R g K
H &3k Jobname. log AR
BRI Jobname. err A
iy Hh ST Jobname. out AR
Bl Sk Jobname. db el
GRS

5k SRE ST Jobname. rst
i Jobname. rth ik

W51 Jobname. rmg

ARG Jobname. rfl

oo 25 A Jobname. SN A
B Scf Jobname. grph A

PATTHE RS Jobname. emat e i

(2) UK, BRKERET RGEMR GBI AEZ RS T MR RS RE T, i
ik, ANSYS ¥t A 853 FISC

(3) HEXMH (Jobname. log) , H & 3CHH{c 5% A i ANSYS Fy4id 2, a3 ANSYS 5,
OSCAL TATIFRAS, A0 86 5l i 4

2. BEXHER

TRFERAATII A, WEAE GUI xR HATEAE, RGP AT 01T - 7 78 X &
H B SCHE RN BG4S H b, BiE e — UK S, AP P TAEE St 5 & IRAFAE
ANSYS % 12

(1) MHERIXSE H &S0 Ja 3l ANSYS, SEFRFTIFXE H A& SO, B — B ANSYS X5 #8
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W LUan 2 B G N B 2 A 1Y Jobname. log SCIEHT 32 ST A FR G 7 15 FHIEENE (4 1 7 5 2 v
WEARE A WEFar 40 B &S &, AP g i g a4, KA
B TR AR (A B R . H RSO AT VRS — A TR B IS R AT E A T R e AR AR
H/Filename, 1 Ay 0] LB E X — B0 HESCHE, 2 BB 77T, $UT T olar 251K H
FH3C: Utility Menu>List>Files>Log File,

(2) EHBIEaS HE, HPORAAEIER, 8RS H 3RS H A EBUREF B R AR S
 (Jobname. DB) 1, I 964 2 — AT LI Ei & H S A—A> ASCI SCfFH

GUI; Utility Menu>File>Write DB log file,,

AT : LGWRITE,

A XA SO, SR SR (A it o an R A A2 505 AR Y i
At AR, JF HAS B B H AR SO R AR EIRRT, i HAERIER A .

UNARSE i 22 R ARAF SRS AR A 180 T B S, DN AR 3 k3 in A i 2 DR RHE H ks
SCHFR L . B RO H AR IR B, MR R4 — VK, {1 RESUME 4 A5 A F|
Bds H &

(3) fAmA HESCE, R BN A G HE SO, aRRIITAI iz —,

GUI. Utility Menu>File>Read Input Form,

4. /INPUT,

TEHEAL BRRECR , R rDR g B Y H S ST St ad By A S T

1.4 KENGE

AR EHAA TARICT 5 ANSYS 8B & JRBUIR, 45t T R oG 7 ik i AR AR
Bk (BDESERR IR BHOSA BRA B — 2 Oy U BB ES 1 — i ST i L, SRBEH
SR RO A, DTITRE— AN 2 10 TCRR [ e B2 ) 8L a7 £k Sk 5 0 A B 1 el B ) AR ik 1) —
BAEA BT 75, HPE e L Al R M A4 B3k BN 4 (Galerkin) 3 F1AE 43 J5 BE b () L 2%
(Ritz) ¥,

AREL T ) A RITIE B FT R 5 R ITE . SRF i R TN AR T A BT
BT ER, JESIR RAIES, WAL, WA WIBERERE . N RERE PR AR, AT
Ji AT B AL . BT R =4

RERAN T ANSYS18. 0 2 de rk, MG BB RN, 238m . THEL b
a0, BUES O, PR E o O, 32 XS5 A4y, DLRE R Z S 4r b i, i T
ANSYS #AE it B KM A d A BT AL (FTAREL) | MR AT TR AE R | TS
(Jab3) =2, ANSYS W#AE XA GUI Mar 23y Ui A, BE S B AE B B SC b & A
ek,

1.5 BE5%3]

1. HEAA

(1) CAE W& T4

(2) ABRYICKMFA D47
(3) Moo, T EHEENE R4



20 AT a5 ANSYSIS. 0 & A

(4) W5 AT X R4
(5) UL ANSYS #ift H SRR

2. it AR

(1) 41 1-22 B4 sidn's, 5 B4k A5 BT i RS AR 00 1

(2) WE1-23 iR, T LB E £ =E,=3.0x10"Pa, AR A, =5.25m%,
A,=3.75m°, KB =1,=12m, [0 FHJ1 P=100N, HIHMMEHER 1, 2, 3 SA0iEs,

N

3

5

b

1
P

B 1-22  #ig Kl 1-23  PBLER




B2 TR ROCTE LRl AL g

51 AT A B ITIL S AR S ANSYS SrHr )G B 3R, AR B AR R T
L IR P RS i 1o | B os | ASRARLRIE T AT, XS AT (il ANSYS 4K
TR RAE L IR, XA Fh IR AT A R A BRAIIE AL, (AR B, el oA s8R il Y S
[AEEAR]
ST (] R Y A B AR IR A e XA
R AE oy R AR 5 S 7 AN =
SLRTLEEB T,
EMB N FE AT RE S HERMALHE,
ARFBEA, BEFAGEBERNERRETEITETRZNRREA,

2.1 ZEAFEBAFRITIE

DREER ) R LU TR A e — 28 | W] AR R A A i (RPEAREO A 19 3 0] 0 i) 4 0 i
FE ANSYS BRPF b 3R 9 288 (0] S50 g AR SR A R T B, 8 SCHAOTH ET 484, 5 B R & A Re i
PHEARAY Link . Beam $J0,

A PR IPITIEAEAT R G BB o AT T ) N TS . RS BT s Ei, A RAS
BT G IR FOR S BT, X —2H BT HAE A BRAN T fd B, PR & A BR A
B, af R Ik a7 o A .

2.1.1 TmHEEBERITE

Xof — SRR BN 0 P 4 25 [ ]
i, NARSrE SN ), HiXel
AF [ P

WARER R, BAENRID B2 AT TARE T AR BT g, W, K75
AT TR I BT RS, IO PR ¢, DAEEAR B OO TR wy T, DASE S TGO Y
E—EE N 4, BT ATy, HARIREE, SM AR AR, AL A

0.=0, 7,=7,.=0, 7 =7_=0

ANRFEMR TR o, o 7, XFPRELFR A1 ) ]

WA TCIRK AR, FfErtm b2 A AT TREE I m AU B ARy ), R, R
AT TR AR R, DA — B8y oy 1, LN 2 B, B TXERRE (fF—
WAL AT LUEMERTRTE ) , i

AT AL A O TR, R 2 AT T A T A AL RS 2y
P ARAR A R, P TR 3 g - 1 L TR AU i

w=0, 3z=7}z=7u=0
RBEMBAEIS R | &, y,, SRR T 60
UGS R, A R IT I ST A
(1) FHEEAY F AR J 5 AT BT M6, B Pk R, LAk LA
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2 5 B AT

(2) BEAHITAE TS D EARESEE, AR R IEAR R AR,

(3) EE—A-eh%k, HEITH = S0 B ME— R R B s AT — RS, ek 2K
PRANIFE BREL (iR o

(4) EAAFERE, R RIS ME— b RN BT AT — SR N AR FERIH) T R e e
FHAT s FS T M — M 3R R BT AT — R T

(5) FIH AR R HR 2 5 BT N RS SRR a5 0, BRI R IT R 5 A
KR, FVHFHOT RGN BENCR , XA R IR RN 7 5 B e i —20

(6) 40— BTT TR AZ W8T, Feih 1 8RR RS B 215 8 b

(7) TER— ST T SN B BRI 1A 5 %, AR 8 — A2 R d; iAoy
FRL, SRS R)G RIS SIT IR ],

1. ST e HE X R A8 T 4

T =B ERITX & 2 A BORINIE N RE T, AR ES 20 B — > 4 S iU A R =
JWHIG, FE A T DLA7 T B B 43 Rk i il 2830 5 U
WG FROCHE 2, XA UA UOR RS B, R DL 3 AR
=M HRIT AR T 1 R R A PR TS 2

W= AT S mE i, j. om, LISEHE ) g
R IE R, S HR R A S E, RS

,n(xﬂi !yﬂi)

WA PIRE S ANEL 2-1 FR, 35 s i 3
o°=[u, v, wovoou, vm]ylv i) "
RN Gy L (s v) s (e, v) e ~
TEA BRIk EIT I MR (PR R AR B 2-1 398 = BTt

PR R — BRI 2 T el e K, (RO 2 3015
R, I BRSO 2, ] DL — BOCHT A eR B 2, 22 5000 e O A 2
IR, 3 TR =R OT B A S i — Ik 2 35X
w=pB,+B,x+B5y
V=B BBy
PICNIRIRS AR (x, y) PIRIERREL, B, ~B, I EREL, FRZAT L MAkR, 6 7 X
He BRI HTEATTIY 6 T R R R . 7EX (2-1) TRAZMIBHRITA T A A bR IR IS i th

(2-1)

B, = 2A(au+au+a w,)

B, :7< biu‘: +bjuj+bmum )

B, = (c wteute,u, )

(2-2)

B.= (av+av+av)

Bs= 2A(bv+bv+b v,)

1
Bs= ﬂ( e tewte, v, )
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Xb A=A, A

L ox oy

! 1
A= ? % Y
1 %, v,

a, =%y, "%,
b=y =y,  (i,j,m) (2-3)
¢, =—xtw,
K (i, j, m) Fom Fhaktle, Wioj, jom, m—i,
WSRO SUAFRICA (2-1), AT O TT G0 B B R T BB O R, B
u=Nu+Nu+N, u,
(2-4)
v=Np+Nv+N, v,
A
Nizi(ai+bix+cly) (i,j,m) (2-3)

N, N,, N, FRHNEITTHYE AL R B SO R, B br (v, y) BY—WR%, BT BAE—
M RECZ N 1,

X (2-4) GRIEFEMIER
rz{u}zAﬁez[INi IN, IN, 15 (2-6)

Ko hB ﬂﬁ:%%ﬁﬁo

2. B 4EIE
WsE T PAoCA R I, AT AR D (8 R FH L] R AN B FR SR A BT R AR IV Fg . VR R
R, BITNEA 3P e e Ly, (BFFSIESCILIS A) , HIBEMRR N

ai
dx
gx
dv
e=|¢g |= —
¥ ay
Yay du Jv
7+7
Ldy Ox
¥ (2-4) A LR, 153
b. 0 b/. 0 5, O
g:i O C 0 C. O Cc 6
2A !
c. b ¢ bj c b
By
£=B 6° (2-7)
KX B AWASHRE, 5 ohrduel, R
B=[B, Bj B, ] (2-8)

A
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T | Gisjm) (2-9)
3R ML HILH) B W R, P LIFRON T AL 00, 1R ASBR EEROR (A RIS A
BOR) B, ST ROE MR, A UK AS BE SR AR B SR A B 1R 2

A AL 355 55 1N AT S A AR 5 R JE G B R AE T ER A, TEORRI LR £, BRI
2z, R

€0
E =] €0
Y 0
g, HIREASAL . Wi . MR KRER R, X TR — H 5 EIREN A, gkt
FARZR IR, THA A AT I ) M oR PS4 R R, B
— T+T+T, 3T,
=t ST T
3
e T T TN . m R T B
Xt T T A IR R, R T R TG 1 A
aT
&= aT
0

Al o HEWIRFE
TR A L ) FIREA B PRSI VIE , FTLL y,, =0, DURBFARIE, BRAERHIBE
W, HE A AR

o Al ) A N SR S A

aTl
80:(1+/'L) a?

0
M RS, HRTERE RS R LU Tk a)
=AU

)Trtf

, BRARER B, AR
3. M A
RISV E AR, XSmRS a) 8, BN AR 40

O, uo,

F b A H
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E
o= > ( e, +:U“9} )
I
o= (e, ve,)
1-u S
E E 1-u
’T = =
xy 2( 1+,LL) Yx_»* I—MZ 2 Y xy

o-x

o=|0, |=De (2-10)
T,
X D iR, B T A E A, BD
1 w O
D:Lz“ Lo (2-11)
g o
2
B (2-7) FRAS (2-10) #%
o=86" (2-12)
S=DB=1[S, S, S,] (2-13)
b, ue;
S = E ub, ¢
C2(1-u')A 1-w 1-u
Tci Tbi
A S R, RO T BT ) S EBRIT SRS Z AR OC AR . T AT R RN AR
W, FTLARITIL R BN IR, B ITRI AR, RARK N
X RERE, A4 R o, o, 7 Mo, BUES R

(i,j,m)

1
£, = E( T, ~UO O )

=L )
&,= (0, po o,

2(1+u)
’)/xy = E Txvy

gz = %( a-z _/‘Lo-x _I.LO'), ) = O
B ARt o, o, 7, R

L

L
E(1-
:% it 1 0 (2_14)
(T4u) (1-2u) | 1
1-2u
0 0
L 2(1-p) |

HR A 4 PR 5 AR AT LR 45 1 1401
4. PR E4E M
HILT I F, TEEMBE N (87), THENAEN ("), FHHPICHIEE R 1, N
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FIEAIRS J5UHE, 45
((8))'F = [[ () rdxdy = [ (&) "Derdrdy
A5 e =B(5°) L e=Bo (LA LUHA, 753 |
F“z(”}fDBuhwja“

A LA T M RE AR R
K = [[ B'DBidxdy (2-15)
XT3RS MIBRIT, WA A, FTBCHAMEC AR, ST AR
K°=B"SiA
2B RN H
K, K, K,
K=K, K, K,
K, K, K,
X - 18T L [ JEAT
bb+——cc, ubc +—eh
K =L (r=i,j,m;s=1,j,m) (2-16)
rs 4(1_M2>A ’]’ ’ ’.]’

1+ 1+
pebtEbe  cot—tbb,
2 ’ 2 ’

FATCINBERE P R IR OCHRGT R IE BIRE T, HOTHRAEN A LR BT s R A5 3 0y, 15383 3
(ORI 3 2R B RA TR R A e, 9145k

[k k;?]

Kif = 2]1 ;2

KK,

Ab BAR 1 FoR T AHME; 28R y 7 A 5 — AR R T 18] BT — b
PRARFR AL RS S RIS 05 T o k) B T R A KPR IR 5 5 LR A AP
ﬁﬁﬁ%,@%ﬁjwﬁﬁii&m¥ﬁ@ﬁﬁi%ﬁ%@%ﬁﬁ%ﬁﬁ%i,E%%ﬁo

FATCMIEE R M A PR, TR AT R NI RS, 25 935 A AN REME— M B 5 9
PR v AN S T - 1 T S S e S B G

5. FRY BB

AR BRI A HoR Y ks, AEH T 2R o0 b iy R 1 55k &0 26 20 7% o S5 85010 A5 2%
P o AR B ) S0 0], B A A 5 A AR R B 7E R AL RS b BT AR i TR A, SR SR AR AL
AT

(1) &PMmRE  WHRIT gm WABIEHR (v, y) MIEE M ZHEEDEM =11, £]1",
BENEYTEEMA P =[X, Y, X, Y, X, YV, ', BEEICEA TEME, o, Mk
R Ru  =N(&" )", H (87) HPITT RN . FiIRF ) 5805 WA

((8))' P =(u”)'f=((8")")'N'f
i
P°'=N'f (2-17)
(2) WM E, WHITRZA RS, BRI q=1q, ¢, 1", HERY A
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N
P = [[ N'qudxdy (2-18)
(3) TN R, WAEfTe M3 — AR E A AT G 0T S, 30 R L 9T J1 % p =
(p. p, 1", TEMCLS EIGHIER eds, XPEEA D FEARSGY, 155
P = [N'puds (2-19)
(6] 2-1] REICAELLTF Z HEOL R SR Sk, y FmmE IR 6, B 2-2 Fiw i i
Z x Jr¥AE T p, B 2-3 BN jm i05% x 7 I SRS A T

m

y y
f P
0 x 10) X
K2-2 ¥y B 2-3 bkt h
(E) skamijtn

DI NS /N Y G R R TN e ¥ P R A N AT RS Wi R AV e By R = OB
(1, (RAELRAERIAS BT, Al LA MR 7 2 b 70 o A OB ELHOR AR R0 aler,  Bad =i
DA w3 B 23 M

6. HARHGHT
SR R AR Al 2 5 B U Y T AT BACAE i Y 4 B R S A AT oA, A b R RN
FIFAT BTG ) BT NI B R4 4 BRI BE R, 5 | 0Es A 1 I SR A A AR S RS 1)
SRR EE 7 RSB bk BT T R SR T AR, Eh BRI T 2 AR R AR R R T R B
PLR BN JE ) .
(1) SHITAERAITAT S DU s 52, BV A S 4
WA A MR . T IEACR R S ® ) f
M, X — S AL, o |, @
(2) SEFIAYAS T B O RS I A A1, Bak > s
JEUL, PRGSO I S S 2 ©) @
I 5124 5 A Ay A ® ®
B— MG — AR S, W 2-4 fis, 2B 3 . 9
4 HITTERST i, j. mBE—RKEN S, T, 5, HELH K 2-4 A HAICH S
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JCI RIS AR, AN 4 SO0

0 00 0O0O
G'=|0 0 0 0 0 O
0 00 O0TIO

S ~ O
S O~
(=N -]

i 1R 2x2 W AAr s

SR HTTHIBERE I, A e ok I 25 M B AR R BEREL R K, ST R, R 45
A1 A 5 e N
K5=P

(2-20)
R, SR SRS . BITR S RN AR

[B12-2] & 2-5F~, —B8ER, Almza i P wsm iER, #Ei=1, u=1/3,
KA A,
y
1 4 3y P/2
|2
- I

® .

5 ;

2 1 2 I /2

25 L SR
(£]) KziteA

L5k PN T A1, K153 2 S =MIBHOCD, @, 4NN, 2, 3, 4, AERR
(0, 0), (2,0), (2, 1), (0, 1), O, QW RIUF/FHIE3, 1, 201, 3, 4, NIEEHHE
BEsE 4 —HE,

$ETD: b,=0, b=-1, b, =1, ¢,=2, ¢

XEILRD): b,=0, b=1, b,=-1, ¢,==2

BT A R R

T FE s s Y R
7 0 -3 2 0 -4 -4 2 7

-3 2 7 -4 -4 2 0 0
X 32 -1 -4 13 2 -12
32/0 -4 -4 2 7 0o -3 2
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T S AT ]

P=[0 0 0 -P/2 0 -P/2 0 0]"
(WREACIE= s

6=[u, v, u, v, uy v, u, v,]"
H 2R P 75 R SR A 1Y RS

P
5=E[0 0 -1.88 -8.99 1.50 -8.42 0 0]"

7. @A ZH KT

WRTATA , 3 5 5 = AP B oC R A R AR R 2 vk pR B, I A8 5 0 ) A B s (N AR o e, T
SRR SR (4 B 737 B AR AR T AR AR I . DI, X AR AR £ BT R A BN A RAR A —
FEIRE , N T EH-HIE T SEPRF N A S50 SIRES, RS HRouA S RS, AT LB oT T 4
1717 R JFH B B R B R A2, R R P T ) R YR BT, N 6 Y = ATE AT . MBS X
R4 6 15 i = AT SR RIT i B, HAL BRI T AR SR AR i 2P BR 5 3 1 4
—MIHITIENL, HMN B, AR,

6 T AR RITNE 2-6 i, 1 = AL HITA T S AR — A1 05, WSSOt H 6
AT, A 12 AW, SR IR 5 A R EEROR S, B U B AR AR DL AR LA 4%
i, A R AR N e 4= IRk T, B

u=p, +,32x+ﬁ3y+,84x2 +BSxy+B6y2 }
(2-21)
v=p, +,38x+[39y+,310x2 +,3ny+,312y2
W9 s AR BRI AS AR AR AT SR T AR,
4 T SR T 2-7 i, JEA 8 N A, BRI
u=4, +Bzx+ﬁ3y+:84xy} (2-22)
v=Bs BB,y HByxy

K45 0 A R AN LR AR A BT SRR T LA

o O

K 2-6 6 R =MEHRIT R 2-7 4% SRR TT

2.1.2 HXIFRE)FMA R L IT &

AR BAPE R B URTIEAR | LIRS PF S g R PR T e — el i 2 Bl O AT RO AL RS | AR
LB JJ R BRIl X )RR S o B TR, AR DA MG R, 2Rl
FUARXTFRI RV, AT BREATTIE T Wl 0 Bk TR AT , - Z50RE 45 Ky o A BRAS I PR T, [ 26 2
TR = AP EUETE T DUR AR 30, X BRI S0 2 8] i B R BRI, FROB4S
B Aol PR )RR Y 0T B AR B PR A, 58 1 )RR A ST ), (E X R, mT AR —
AT TN, BPME ST 7/ T LA A%, FT USRI 1 (R B8 BR T B A 8 Y
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WRF7 I N el P P o5 2 BN S v L1 S R S D WA k] I S SR R A B
B Bl T

XETFRIXTFR I, R BAE AR (r, 6, 2) BOWTTRE, W0R DUSAE R 00 Bl 1 0 2 Jal,
BT RSy AR R R RS 0 ToOG, U r il z B pRE, AE— R A AL o0 id, BV - 7 1)
MR AL w MY 2 05 100 BT 288 w, tHFXERR, 6 Jr IR AR T%,

TERIG PRI f SR A FAICIE —SE B BR , JXLE B R A rz - 11 152 A4 T8 7 O = fE
el 2-8 PR 9 gm (AT ABCY HAWIEAR ) o 45 HOGZ [0 B3R 2 1 Bcs A 1, B — 1
5 rz RS R RN R, Wi, joom 3 A HICTE rz I EIR IR = AL RIAG , SARLT e 1 ]
WP A% = AIEBRITTE xy VT IO B A% . (EETERIX BRI R, A BT R (R AR 2 — A
FPREARAR, 3 5F EUEA FAY

BEDIRBIIEAR | TR SR R A, X 55 e — M

1. 4e# &3
B — B BT EUE jim, ANPE 2-9 P, 25T LR

5i:|::i:| (L’.]’m)

Kl 2-8  EFRITEA =ML BT F2-9 B AR = fMIBEAICT U 5T AL
iR A T bR S VES I W)

u=Nu+Nu+N, u,
(2-23)
sziwi+Njwj’+wam

A

1
Ni:ﬂ( ai+bir+c,.,z) (L,],m)

1 r, z
1
A=? 1 rooz
L or, z,
a;=rz, —r,z; ,b, =z,7z,,¢c, =141, (i,j,m)

B (2-23) GOWHERERIEL, A

r=[”} =N&°=[IN, IN, IN,]5° (2-24)

w
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Ko Ie [; ﬂ%:mmm@mo

2. BAME

BARRI TIN5 B 4 RS, N 2-10 B, I r TEIERE &, FROMARE E R
A5y W 0 FIIERAE e,, FOMIRINIERAE; WYz FIEIERAE e, BRI IERAE; 7E rz 1 Y
VINAE R y, o HTRINFR, HRPATIN ARGy, [y, B85 T RABILTOCR, Al HE K 0 AR
5B ZEMFE TR,

al
or
€, u
. w
e=| = T (2-25)
&, %)
er Hz
Jw Jdu
7+7
| Or 0z |
Wi mgt (2-23) fRAK (2-25), 1%
e=B56°=[B, B, B,]5° (2-26)
A e B2-10 e ERAE R R
Lo
or
N, b, 0
PR VA
B,: =
' aN, | 24| 0 ¢
0
0z ¢, b,
aN, oN,
|9z or |

ai z
h,=—+b+c,—
r

.
WAL o, LS T ARAR r il 2, AR, H AN AR S R

%O
3. BAREA
TERNXI RS S, (T—HEBA 4 DN i, BRWIEN T o . M IEN I o, %l R
T o BN T,
N3 5N AR Z B G F, AT BE S AR
o=[o, o, o. 7.]"=De (2-27)
Kb D OB RE, XA R AR,
L 0
I-u 1
T 0
_ E(-w) I-p I
(L) (1=2u) | n p ! 0
1-u 1-u
1-2u
0 0
L 2(1-p) |
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4. F R ELEE
HUBARE TR, WrE B RFRER Y, a1

K = 2| [ B'DBrdrd: (2-28)

5. W BT
X TSR R, 55 e A VR TR R Pl B R B i, i, B39 iyl v, ALK
FERB A BT 9 R (F21m) A Z Clien ), 5 ob R 09 5 5 0 B R 72 18] 2mrR, Bl

@] 2ﬂn'r2O
WA R NVERRT) (), B0 Na=[q q.1", TEEMR

P: = 21Tjj N'q rdrdz (2-29)
2.1.3 ZER@EFRTE j

S 2 P T [ RS0 Al o R ) e 225 () (] R ) 4], ) m
TERERN AT T W] 2y i 1 . ESEPR TAR T, A LeZ54 th TR (K

2%, MELATAT A g ~F- T ) R0 a0 K ) T, o 2042 2 [ i) R ;

fifb o AEZSEIA AR, d fi] BAY SOGB4 A A A DY TR P
Wnp 2-11 P, WX —15TF 8k, Seqr 410 RS PO AR T, SR 7
JE A 23 U U T A BT MR TR BT A T TR S DA D T B ///

X

TC NI A 28 25 [ [ R AT BR T ISR A AL B

1. A AEEX

wE 2-11 FrRm—AMWiEiASIT, Lle NS j.o m.p
KT, X ECRAR Y, R R R A S ] BT,

BN A =AM

E2-11 VUi sIT

ui
8= | (ijmp) (2-30)
wi
AT 12 4 SRS AN, SR Al B
5 =[5, ﬁj 5 61)]T (2-31)

B BT P — A5 I 0 S b O 2
u=PB, BB,y +B,z
v =B, B +B,y B,z (2-32)
=By 4B HB,, Y B
B ARRB, L By By ANERIKE S B, B, BLIVKMHTERE; HA& 6 M REUTM T4
BEY A RIS 30
A4 AR BRSO A Y (2-32), SRIBAS S SCARER , JETTAE30 DU T M 2T LT — 43
(/s My

v

=N & =[IN, IN, IN, IN, 15 (2-33)
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Kb oA =Fr O f:, B Rsch

~ a;+bx+cy+d z

Ni 6V (i,].ym,P)
V R DU AR jjmp BYIARFR
1 % vy z
1|l 5 ¥ o3
Vzi (i’.,m’)
611 x, v, 2, / P
Lox, y, gz
Xy 1 Y, %

a;= Xm Vm Zn (i’j7m’p) ’ bi:_ 1 Yo Zm (i,j,m,p)

c,=—|%x, 1 z, (i,j,m,p), di:_ X Y 1 (i’j’m7p)

VA EAR AR VAR U, BROTT AR S i . om, p MUK —E WY, EA
FAFRRY, MR i—jom BT EE SN, A7 FURBEN A p (1977 W HTHE

B TR RBUR AR, TEARSBIAICA A |, (R WAREELLn) (FIThhM) .

2. AP E

FEAS N Sy A~ B 6 AN AR i

e=[e, & e v, v. 7.l

_[au v w du v v aw+6u}T

dx dy 0z Ody dx 0z Qdy Ox 0z
2 (2-33) A LB, 53

e=B5°=[B., -B, B, -B 5 (2-34)
A AR TR
b, 0 0
0 ¢ O
110 0 d, o
Bl o] Gam
0 d, ¢
d; 0 b,
TR B A ICER AR E B i, BT A
3. BB N
BATTI 3] IS LA R R A
o=lo, o o, T, T,  T7,]6°=S6° (2-35)

Sf R S=DB. PR D
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I S 0 o |
1w 1-u
| 0 0
1
) 1 0 0 0
—
D= 1-2u
1 1-2 % 0
(o) (1-20) | 4 eEn
; 1-2u
2(1-p)
1-2u
L 2(1-p) |
HFRAEEE, WIBEE &,
4. TR E4EE
A RS B, nl DIAS 2 BT K AR R, B
K°'=B'DBV (2-36)
5. EEAT
30 1 5 S v [ A e [ A R 4 A B 2R 9 S AT A 2
() ERAf=1f £ £1T WBEY
P'=N'f (2-37)
(2) hJ1q=1q, q, q.] BIBBEN
P = [[[N'qav (2-38)
(3) Whp=[p, p, p.]' WBER
P“zfﬁVbdA (2-39)
Db i FH A 1155 =

6. B R EARETLE S ERET

LR T RS TR BN F13, A B AR bRl 2RI AR ALY, H R AR DU 1 R BRI R Y B T 0
SR H R, MELLE RN 2R AR RN 13, O TR IE L E AT S, IR F AR BT RO
X, TRBEHRE, HRA TSR, WRRH R EEL, oot a2k
(1, T UHE AT, B0 B R AR R EOR TSR B, DI R O R AL RS, 244K
TR UK BTG 14 I B e B S A, TE I B 4 PR AR B e 22 W PRIt ] (B 7R R TR R0KG B 1Y)
ZUFTF, SRAEWRAIG, 7R FIR R AR, 10 TSR IG, 8 5 M Nl iRt
mE 2-12 5K 2-13 Fin, 04 20 158 AR EIT , 20 58S AR ITEE, HAH8E 404 20 B [
HIIR AL,

B 2-12 10 35 S DU i A 8ot
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2.1.4 ESHERTHE

BATTAHR (R R B 5 U BE BT s B s, FACEOR s e P, e TS
FROTHCTUET , FHAD 1Y BT RE RS 55 kG B M 28 . (ELRIT TRT 25 HR 1) v b B BT 1 LA TR IR 2 1R
U], X5 2 BTG I M 22, AN R EE IR A T R D0 1) B 50 ok 8 102 2= LT R A 254
M2, BemtE HABIEARAT B | 10 538 7 M 5 1 =S BE PR IT e 7 A 1 X RE 9 B TTAF AR P S 7 T
(R PRINE . — e AR i W 2 2 P A R I B TR (B R B 2 BT o0 M v R B B e LA o
B, TRABESREER, FIHTERIN A S R SR i A Ao S X — H s,

e b, ATRLGE ST RAT PRERS RS OC R B AR R N IRAR S 2 i LA i S g 3 5
—MAARRT, ABURR BRI, ot —E, IBA, Kk 2 ISR A AT AR R )
EE IR NI, & LT REAIRR (IASRAFRR) , 3848 A b5 AR 4 i 1) SR AR bR
A (WU FRILABIRR) HAERBJUA R R RIT, /ERhRfon, HEAR PR ot 5 3
ARATCZ A g —— XN, B 2 A A A8 B B AR A1, SEBR PR IT IR R WS R . XA 3 1Y
FITHABERE . MENSEBRRIT, HIUMRE, Z 000 15 R Re#r R I B SE45 1, R
LT e EME FERSACTT, HORWRMN, fEFia 5040,

A BRI b e R A A8 48 7 i R S SR e, BV AR BR AR 45 RN B IT N 9 37 pRESCR A [R]
BH B S S B R AR E R, SSECSH N RITIRZ N ES R, (T ESEER T
DA — M5 (4 A T TLARTTRE R %) T (] A B [ 80y e M E A T A B T g 1, Rk, S ooiny$2
HB SR IR BT A AR T AR S s S0l A A% RSB A3 A 3 0 T AR S — 25

T 5 SRR 3 1) 2R R A5 45 S8 T 1 & R Re MR BT TSR AE RN 3R 1 7, BRI AN 38 45 R
SR B T i B B pR R er 2 4, BT DA 8 bR FH AR HEAL RO BUEFR 43 7 AR, DIl 45
ORI TR BRI S A BRIT A BT A T 48— 938 AL BRI 19 8iE . BEEA IR T ir K2 R H
SEBHATE,

1. FHhHEH

A SR AR FY L AT RS DR I U Gy B e R AR A A R LA IR B AR 0 BT, B A A AR
(x, vy, 2) SRTEEE (€, n, ) ZFMERIAIES:, R

x 3
y|=f||m
z ¢
ST T TR A, S A 1 A S 2 U 2 R A R S, B
x=;M@mMm:;M@mD%F;M@mDA (2-40)

Xrf n DA T AR AR BB BT 0K, y,, 2 KBTS AR R AR N I AR A VAR
FROMIEAR REL, SEBR L TR AL bR 7R 1) 4 EL R pREL
W (2-40) IR AAR R Z A, TR R 50 A bR A AR LU 4 T (2
AHIG) AT R LR N AR BT (SEPRIIT) , RTE M REROC, JRE N T I,
bR e R (2-40) FRRER(E R R =X

w= 2 N(En D= X NENDvw= Y NEm.Dw (2-41)

%mﬁ%,$?%ﬁﬁﬁﬂ@ﬁﬁﬁ%ﬁﬁﬁ%%ﬁ,ﬁﬂ%ﬁﬁﬁ%ﬁﬁ@ﬁ,ﬁ¢ﬁﬂ%ﬁ
NEESRUR R, A ATT R (PR KT A B A SR, 1] 2-14 iSRS BRI
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w= o (1=6) (1) = (148) (1=m) +(1=6) (L) 4= (148) (1+7)

y=E(1=6) (1=) +2(148) (1=0) + (1) (14m) 2 (148) (1)

Y
2=1
4 o o3
7
=1 o ; el
O QO
1 71=-1 2 1) X
a) b)

B 2-14  —HEZRPEsoT AR e
a) BT b) TRATT

2. BTAEEN T
HIRTeoapr, MESIRE TR, TEETSAD IR BN A AL RSy, REIRTE « |
y. z BFR A N BB eI —BIE R FR

“jv G(x,y,z)dxdydz (2-42)

ffsg<x,y,z)ds (2-43)

ESCPR A TTR h R TR A bR B AR FA T AR A, IR (2-41) J2 R ARALFRAY PR,
BICHI R AR AR €. m ¢ TREATI, T ARARAE R (2-40) ABEIRTT £=¢(x,
y,2) m=n(x,y,z) L={(x,y,2) BRI, Gx,y,2) 5 g(n,y,2) fEhx y, 2 (WeRECLR A REZ
HEMESHRR, MAAERRE, U RTALS ¢ n. ¢ FoEmlaimpIfsr, I 2
LA AR R NRROT . RO Z M BB OC R . AR PREL G Il g ik L3 6 X T
WARAR x .y, 2z FUSEL, DGR EE T A AR R N R ] AR O R

(1) SPRCZBIAEHRICZR i I 50 I o> AU, BN, XF &0 m. ¢ B9 5 80T 3%
IRA

3 08 9 A€ || ox O
aNi ox 6y 0z aN,. aNi
== 2L =2 L =g = (2-44)
an an adn In || dy dy
N, dx  dy 9z || AN, N,
o] Lo a wl| | e

P JFRK Jacobi FEFE, TICAE0(w,y,2)/0(&,m,0), FIAZ (2-40), J AT LB HZRR R
HRAL BRI PREL, RP
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"N, " aN, " 9N,
2 X X
J = §]%§i£fg*: > fjgxi > eﬁ!yl > EJE%
M) | S an = on “ o
" 9N "N, 9N,
2 D X
[ON, 9N, ON, ]
¢ 0é FrRI
_|9N, aN, IN, || % ¥ 2z
REEERT) on :
dN, 0N, IN, ||x, v, =z
La¢  a¢ ]
AR, NXFF o, v, 2 B0 FE0T RS A bR B3R
ELA [ON. ]
o o€
aN, | | aN,
|
N, aN,
Loz ] Loz,

{rb T8 T B

(2-45)

(2) WRRoT, TRBOTHAER, dE. dn, df TEHRILAAR 2R N IR s R BRUROT
dV=dg - (dpxdd)

0]

AN, ||*% N
9¢& Xy )
JN :

(2-46)

(2-47)

(2-48)

(2-49)

O, 0y, 02
dé= agdg l+a§d§J+a§d§ k
O, Oy, L 9
dp= ﬁfdn l+8§dn’]+6§dn k
O, 0y, . 02
A= i+ dg ol K
K i Rk N RILAAR oy Bz DT AR A, Kl (2-47) AR (2-46), 5%
9% 3y 9%
aE 9 of
av= 2 0 i = | dgandg
an dn dn
O 3y 9
o a9
XPTZYEE 0, DA ZOR AR R AL, 3XHT Jacobi PR
" 9N, "N, aN, 9N,
_a(ay) _ 2o Xt RELERT
a(&,m) 9N, " N, aN, 9N,
o Zoant] Law am

anllx, v,



38 AFRTA AL ANSYSIS. 0 & A

PIAS AR Z 8] ) i T ROC 2R A

aN, aN,
dx _y a¢ (2-50)
aN, an,
ay am
d€ I dn 7EH R LA R B B 16 R IBOT
dA=|J|dédn (2-51)

TE E=c ML L, dn FEH R LA N IR BAROTIY R BE N

o [

2.1.5 By H5EELSH

1. ie2/RAE

AR ATTIE DI FITHIEERE M, A T SAOCIBERERE, INLGE 44, w] AFHE) -
JiREdL, P R — S BE  T, FESE e AR, AR BT A S BT
WIRERERE R, HALRUE S TR, IR T8 @A i i) 1w s (R Al BT H5 R sk
S O, T R R OT, KA S AOT I B AR PR A R XERY ;. S — 7T, B
REZA G TSP E AR JERE R SN TAT BREAICIE, mitn] RLse X 2 i, fgde el oy
SEA FREATTIEFEA A R T3 19 TR FEAS R RE SR B rh R0 R JU R 5 /)N S5 BE D B
M i i, RS 1)z BR A

(1) MECLRJRURE  F il ke 288 T LR AR AT TCER/N A2 RS, BRSNS 2k, 18
g Al B R WA S il 1R S SR DG S RS 3 £ S 1T

TRl | e R RS R AR A T * Fof
AR 2-15 FR IR, T2 F, . F,. - IR NG
Fil, B
Fz[F, F, F3---]T Y
TER LS HERTR , WREIR 1k
o=[o, o o T, T, . ]" . Iy, 6%
PRTE IR % 1 T BB, 72 AN I VE AL 5545 4 41 3
77 160 5 K B RS S
6'=[8" & & -1 P 2-15 [ 5 5

R A RS T AR B A A
e'=le e e v v, v.l
RN, SN ER TR, Wi HAE AR, SRR, Mk, 4 idE
JEA RS b BT AR i T R
sV=(8")"F (2-53)
AW HE R A BE R

8U = [ (e") ordxdyd: (2-54)
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JEAIRS R BRI, AIRAE RN R AR T, WK TR, IS ATERAOIRE KA, S8 T)
TSR T A5 TR e AR g, R
SV=56U (2-55)
57 [ BN FH T2kl oid ARt p 6t
(2) F/NAREEEE PR FGE 11 SO IARINLARRE U S v 222, [
I, =U-v (2-56)
Arp NARRE UM

U= [Jo"dedvdyds = [J¢' Ddedxdyd: = % [J¢'pedrdyd

CAVIE S|
V=F'5 + [ qdvdydz + [rlpds
S,

L s 1 WO T F % 58 2 WORIRERT) g 9% 565 3 BRI I p 1% S, Rt JifE
R ; r R0 S, ERAE

F/NAREIF T RUA NS . 7E T R AR (L) DR, IR T A%
PRI RS AR SRR, B

I =6U-8V=0 (2-57)

XL, BREIR/IME

oo /INSAVRE JEUER AT L R 57 B8 DR B A

2. AL RILEK F TR ELE A BB AT

F e/ N SRR, n] RASR H BA G IR B o B e, XS IR, E—ANBA00, FES T
S EEREN S Fe, Ot SN 8, FAILNAE N e=BS*, WIRRI AL fiEN

U= %(SP)T(HIBTDdedydz) 5
il
U=%(5e ) K8
Kb KONFRITHIEEAE R, AD
K = [[B'DBdxdyd: (2-58)

BT 5 TSN
V:(ﬁe)TFe
) T
mséwwwwwwfﬁ

M/ NABER I, OIT =0, FTLIA
o1l

1

98"
IR EwApS|

F'=K'8" (2-59)
PR 25 &, NARREMIUR IE &, I SRS OB, B DL KIS 2 E Y
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HH AT AHEWT R RE B B 2R s BB i BRARBRERI— BN AR5 T2, 7R AR, MIial
VLT e e Be Bl /ME.
T r=No AN R FRIBXF, B2k q STl {pl BIFER
V= (8" [[N'qdxdydz + (8°)" [N'"pds
LT 5B |
,=U-V="(8)'Ks" - (&) [V qdxdyd: - (8°) 1£N' pds

RS fre/ N RE S AT 5]

K6°=P:+P"
P: = [[N'qdxdyd: (2-60)
P = [N' pds (2-61)

DL E 4 54 5 ph (RS R A O 5 18—
3. At RBEREART iz
SRR RN SE Y K, 55 8, Hit e
Uz%STKS (2-62)

P R ERAET S Bk, il
V=86"P (2-63)
ZER I HARE S

I,=U-V= %6“‘1(5 -6'P
iR /N REIHE, SRR, HD

RS
K5=P (2-64)
25 RS i TR R R — 2, (EEEA i BCR FH BRI, R e N
AR PR N7 B 2 TOR Bk R M

2.2 ZHEAFEBERITITIE

2l Jy 2 I U [ R 22 B RRL A R 10 A R v A 36 ) 2 IS B, e 18 B R 454 3 ) 24
[, AP S: — KRB SRS T TS, flin s s e /sl 1
B, BORGIL, EREshr AL, thIEPUR, DIRSBUaT A4, ITH5%, ENTVRZ
B AR B 2 A5 T RS Bl A A B T 3l 0 8, AT RUE E 013847 - AR e S 2 W 1Y) 22 4
P, EBONEERBIEIR 55— AR Z S AT T ARE R, Bl T T A R
"By, A BB S MV E , R 22 e RSy, il TR 555, B
MIATREARZ SR, K, MU LA R IR AF A5 R B 1 A AR, X LEEE R i 3R | (U IS 1 25
BRSO K2k, B NI A a7 38 B AR . IERR - BE T 54, e BRI 52
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Br bAoA B R,
Bl 1 2E I ) — H BRSBTS AR T B S sl
() 23007 T 5 R B A R FE 284k, arAer e A Joa v 1) ) RIS 4, DA e S o] s aft . 4 5 4%
ML, ERIBFRAESSIMPTRIT . AN THb R . JCB R S S A iz N &, B
PeAl 25 20 JUAFE— B4 32 TRERRHEE AL V) e TR A 1A,
PRAE R F AT R PAOTTE AN S i B ML, B 4T LA b I B it A7 45 i B 2 4 A Y 35 0 11
S AR e B e] o A BR B TT YRR T B ) 40 HT
2.2.1 BEHAHRE
SBEEALLLE , TRz g RS &5 RN I R
F+F +P(1)=F, (2-65)
Kb F F,. P(e) SruBiredy . BJE hmah i, ¥hma; F, yidedy,
S T T T AR & RIWIEEAE I K 2R
F.=Ké
Arf WU K TR K810 8 AR e il i S DR BT

mﬁ&%mﬁﬁﬁ,mﬂmﬁiﬁmMﬁ%ﬁmwﬁgﬁaﬁ@ﬁﬁ

2’8
o’
Ab PR ERIICR M BRI R AT R SRR BE T

&%%Eﬁﬁ%m@,ﬂ%@@ﬁ%cﬁ%ﬁﬁﬁ%ﬁ%mﬂﬁﬁ

F,=-M

Fd :_Ci

Ab BBHERIITR C, 001 i j BB AR 0 SRR RELIE 1
B4 RASR (2-65), H5lEh iR

M‘Z??+C %+K6=P(z) (2-66)
i
5-00 500
ot o’
Wiz ) R 5
Mé +Co+K5=P(1) (2-67)

TEHORRA , MBI IR E Ry @, AR T T N g &, 4 4% 4 1 S o o 3 5
Fa+d , EIEBESRBURERER (2-67) By &, BEFRMESHRBLE S, W45 Hk T
SERI AR AN AR R BDER e T 8% & FNEE &, 5 Mo I I BE G
2.2.2 [REKERKE

T m RN RITBRE AL, M RN BRI, SR I ROT B ARG, TS Y R4
A RV AT A B BAR B AR M 245 D7 515 P BT I R R SR R AR I B IS A 11
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FEZ) TSR a R FH PR S R, BRIV BI R o R e 4R T A R

1. WA= 4%
MNIZ B S5 F T IO — AN ER 43, AR A B DR LB 7R B Ay AL AR AR A 5 A
J1h
PF‘PQ
Kb p AAEHY R R,
TEX G AT B HUE LS, U — 0T, JFRHTAINTN B 5% R %L
r=No°‘
Iy
9’6"
o’

pi:_pN

PR FH A8 7% B 09— B 24 OR A F T 30001y s B 5k A1

Fo=[[Npav=-[[n" NdV 5
&l
Ff=—m¢§°
Al hL, PAICR R
m = [[N"pNdv (2-68)
TR AT R AR, BOTRIShEE RN BE R G AR PR R, BRI AR PR R S R

EP MBS
BE o PR R AR B R A L, BURIT A2 M S n] R RRAL B SXARAS 21 A o A B 2
XL
Livive Lo i )

m = [Joeedv (2-69)

P o FeRE o HHERE, @ AR BT AL YK T, 7ESSNC O,
HI T BC 2 451 R XN BE S, PP AH s (2-69) T30 B4 Jo AL P2 o A 2R I
3. FERFREEZAHMEALE T RSEES YRR AR
WHRICATE N W, BE 350, pECAE— 1, BEIRICE PR

1 0 0]

m=

14
— (2-70)
3g

S O = O O O
S =, O O O O

S O O O = O

S O O © O
S O O = O
- O O O O
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1 1 1
— 0 — 0 — 0
2 4 4
1 1 1
0 — 0 — 0 —
2 4 4
1 1 1
— 0 — 0 — 0
W 4 2 4
m=— (2-71)
3g 1 1 1
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4 2 4
1 1 1
— 0 — 0 — 0
4 4 2
1 1 1
0 — 0 — 0 —
4 4 2

TERTTE H AR BT, PIRP SR RE MR8 Hh AT S R 22 A2 R, b B AR A EA
85 T, mHG TERMMAHMR, st AR, o FRLERE, mgk, M, 5
85, mT Al LEGSh BRI, mahr A A i BRG] ED HRAT RO, AR
PR, 350, HERTRUEI PR ES T AT MIAYESEE, i Db B o S AT B R
fREET S A IRIR Y LR,

2.2.3 [HB%EBE

WIHTRTIR , SEAE Y T R0 P MR BERE P K 2 B B G o ot A P m FER T BE SR P K- 285 4
AR R, AU, BHJE A8 H 3 5 2, S5 A0 1% B JE 4 € AN S vh BT BH e 6 B 480
LA MAREIR, MR CA ST TOR, iR R b 45 0 5 0 1) g 2 T FE R pe e BELJE AR 1
UTRME

1. A HERRGE

AW BERRR H RRS RN

md +c b +k6=0
X m AFE o HBLUEREG kNI REG 6 NN,
AR, m 5153
8 +20wd +0*5=0
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BRI R S =00, 5=5,, &=v,, FFEXLHIIHZMMM A

vy +{wo,
d=exp(—{fwt) (800()swdt+wlsina)dt) (2-72)
w,=w/1-
TR HIRIRN o, , HHREBEE B2 8
RGN TR, K ZE ML L E 2R /N, ZHh (=0.01~0.10, —RE/NT
0.20, AJ UL, BHJEXT A IRMRAFEI AR /N, HE AT 0, =0,

2. Z AWEARRNGE
AERARGE BLE I IE T B s shidlz , Az sy 25kl h G — Uiy, 1e e sk b
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YERBIBEE 18

9 .
p,=—0p_r=—0pN &’

Kb o HILHITEEG p AMEEREE; N WIEREL
BT A% 0 — e A SR AHVEF T RRTT e 1975 25 IYBRJE T3k
F; = [N'p,dV == o[N'pNaV5*
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F=-Cé"
10}
C=u fN'prdV =am (2-73)
AL, I BT R R R I LT R T B R AR R, SR E BELE DB H TR AR R, WU RELJE
LIV
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o,= B ot _:8
FI AAE FHF 00T e B9 5 B BIBILIE 714
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o
Cc=38 f B'DBAV5° =BK* (2-74)
[ U A 7 6 D T = e e 2 ) E 2
AT E e iitad, SR ARE ST kL, bR IR 20 i 2 v 45 F R 1 Rl R T R SR Dl L 13 L
6, HUARR TS A, T BT R A5 M i B IR B R P €, — SR AN R iRt 56
#, I NEH (Rayleigh) FHJE, RP
C=aM+BK (2-75)
A R o A B ARYE S PR E
BAE VLI o T B, 1 @ 1 @ WA IR, XX (2-75) MPHSEIRTRLL o, FHAITR
LA @/ 155

@, Co, =g Mo, +Be,; Ko, (2-76)
RPERANEZ B (2-76) 153
@ Cp.=0 (i#))
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A
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é\
a+fo; =20, (2-77)

oy
¢/l C¢/’ = 2§/’ w/' mm’
Hal (2-77) 53]
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{=rt+— (2-78)

SR LRI SR A% o 15 B,

SRy 325 7 AR R TR AR A I A R W TR E S A, (R R B s
2 TS EARRBIT (7645 H 5 M 1R FL AR P 0B, MO OB 7 7k 45 A B LIS , %
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2.2.4 HZHBIRIMESIRE
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K8+Mé =0 (2-79)
WSS FECT R (5 1592 2
0 =¢coswt
1 EARAR (2-79), ATEFIFF ROy
(K-0*M) =0 (2-80)
e A ARSI, Z5H a5 ORIE o A%, BT ASSH AR TT RN
|K-0’M|=0 (2-81)

SERIROMIEEAE K AN A MOERJE n BT, R o R AR REH, BRI

(2-81) BT o B n WHRBOTRE, Mt nlR I Z5F 19 A A3
WSO, S0;=...S0,
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AR PIRR 7 ik 2 —of phe s R R 9 LR
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R A IR BFR N RUME LR

(2) TEMCHRE; PR o, (%l , il

o M, =1 (2-83)
BORERYHR AR A E I AL PR
BERE—RM e, =[d,, d,, A, ¢,]", W%

b,=d,/b, (2-84)
AR o= b, , b,, A, &, 1" FHAELIRE, N4
b, =¢,/c (2-85)
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MR @,=[ by, bn, A, &, 1" RIENLIRR,
£ m, = Mg, (2-86)

M AR BURE R,
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S 0 S BIBRSS § R AR B 7 ST SR
hal (2-87), 15
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b,~$,+0=0,-d, +2d,~d,=0,b,,~d,+d,,=0
E ST R A 7 R A
du=d;,0,=0,
B, =1, BEHMELRE 1 IR
e =011 1]
FRBER R85 2, 3 RALY
e,=[-1 0 1]"
e,=[1 -1 1]"
X (2-85) 33| E I fLARA
o, =12 12 1/42]"
e,=[-1 0 1]"
o, =172 -1/2 127"

2.2.5 REBIMERBEHNZIBIRS

FIAT, W HBSRARES 2 8 RS 7 A WA, RIR B B ik A B R

FHREY @, ML B NORF 7R AL T128 FPIRZS A 254G L7 1)

(2-87)

(2-88)
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8 =em (1) +em 1)+ A+en ()= en) (2-89)
Mo MFTH (2-89) MM, b THRAESM:, X400 n Bih HREF =) x5, B
@ M6 =7,(1) @, Mg, =m,m,(1)

FH It 15 3
' Mo
n,(1)= ¢;n. (2-90)
n, F 0 BRIAE T 5 N
M5 (0
7,(0) =¢l ( ) (2-91)
M6 (0
7,(0) =¢‘m¥ (2-92)

pi

IRAE 25 18T 513z B 7 RR )oK fif
Mé +C6+K6=P(1)
s (2-89) fRA L, 153
X EAXMILHIEM ¢, 4 C=aM+BK, 135
Y e/Meq, + Y ¢ (aM +BK) o1, + Y ¢ Kem, = ¢[P(1)
TR IEACHE, 153

m, 7, +(atBo;) m;;ihi"’wl‘zm;;ini =¢’,TP( L)
BT a+fw’ =20, LRXFE—H1N

. . 1,
n[+2§ia)ini+wi2ni=m7¢j[P(t) (i=19273"”9n) (2_93)
pi

RO T O TR, XA TR o A, BNTREAMMALE, X (2-93) A LS R
I R R 1932 2l )5 FEAR ], g2 T FPBUEAR Y Ok 58, denl H] Duhamel B35, BRI

1 t
n.(t) = fP*(r) e “ T Sinw, (t - 7) dr +
w,;m," o
Lot nl(o) +§iwin,‘(0)
e . {771 (O) COS&)llitJr aina)dit (2-94)
w(l[

Xk
w,=w, 1—{?
P(1) =¢'P(1)

o, (0) FRAS (2-89), RIMFSRIPTTE AR . 72 AT REOTIEIEAT S M B Ty 0 bk, A i
BH o TLLGARULAEZILT, (Hl T R B 2548 30 7 SO, i 52 i — e fRAR /1, 38 HEt
B MEBRI A T BN TR, — BB ST 5~ 20 N IREL, XS TR KRR b
HrAr, BT Z R AL, A RTEIUL 238 2n/3 DN IRBSHEATIERL, WX TR SR 193 )
BB, A A — 0 ] AR B AT A

BETRE (2-67) S RO, W HEUE AR D5k AR . TS RS R B
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BB TR S, WU NI 7 | Wilson /7% | Newmark 752, Mokb R AR,
2.3 FHE&MEFREATE

AT R, WA E PR AR, MBS PR B — M Ak . 7R et
SAPEACRI, BN AR TCRR/N s BRI L 5 A O A R P S s IR T S AR A
JRPRAFAAE , R LR —1, wiF AR LA R M,

M HARARLANE Ry P RS . LT AR LM AT RHE L, {5 ANSYS L AEAL B]iE T 5l T
AR P A AR QSRR R AR LR th TR ) 5 B AR O AR AR R RS RS A, DU
PO RHEELNE . IR FIVE 2 o TR, RSSO R RS AR R 1 52 TR R AR T 35
e, PAZARRER AN Z B 0Bt 5 T AR S J LT AR etk JUATARZ ST 20 M AR D
PNL: ZIN RS L TS E S N ST E S A LT PPN A N s LR CIPN A - PNIA
ARV, A4S Y DN TR DZE R R AR AL RSN A RN | D5 1) El L FSOR SR AR A A
[AIRE, ANSYS JHHAITALT e ab it T AR Lt

FHAT BREATCIE W AR L TR AT ol 20 A 2R PR R ALY DA = A BEAO P R, BRE R E

(1) FATToMMT, NN U, ARZe it i) LA S AR Rl 2 b, 7 T B T0 0 B2 P 1) 92
WA 220, SHOCAPRHAELAE DS, B AR AR AE A E R . OO LT AR L 7] A
W, FESN A — (R B, DU W5 IR RS Y e B S R A AN [RTIRE, FTRTA ARU
IV 25 R TTAR AR o X T Rl S TLAT AR S AN R Ltk A P RR AR 2 PR (R , U0 2% i i
PIRNE LM RURE S RO,

(2) BEARHLE, FAITNIBERE PRI SO B R W B T I, B A R T Rt s o L Y SRAR B, K
TR SENEA R RIEARLE , R RO AN T R S g e

(3) ARLMETF FRALASRAR , ARANERIEDR A 7 ik R B2y . sk | AGE AR 514,
ESLMTr RR A RR AR A IR 2250

AT FEEE AR IR )R LA AL /N AR (R

2.3.1 BHEA=ZFEJ

FER RS 22, AR OB/ N, B T AR O AR S ARk 1Y s S AR FEBORIN, R F7 1o
AR RAEAE AR IR ERY, X SR T8 Ay G, A BREA T 1 7 3 I T A 10 2 AR A
IjJE/‘]O

1 @ ey 5y -m R x &

AR Jm AR RIS, 2 Dl JE IR R LS, PR OURE THRTRIERIBE ST, b 200
INEAT, A REARLE AR, XA IR AR AR sl (BBEAL) o 2 K B e g i IR A T
PR AR R

N TAETORTE, TEIE SORM RN L, WAy — e R B, anlel 2-16 s

2. BARENSMERAREE

TESNAERIT , WA 508 3 i dof 17 4 157 83 6 2 S A BRVR FE R AR AL TE P i, 3k PR AR
WA A F Y, YPGB, R4 ST (BAR#EARIET) T, R 2
SRPERY, ARG . O T ORISR T A 18] 28 ST R T T A B Ok, 8 I B B i AECn
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T o
o, T, T, o, 0 0 o.-o, T, T, .
7., o, 7,/=|0 o, 0+ 7, o-0, T, ,///’////////3
T, T, O 0 0 o, T, T, oo, 2
1
(2-95)
1
o,= §( o to,+0,) (2-96)
. S A >N =, /5 >N 0
X (2-95) AL 1 WK T ERSK B A 2 AR ¢
B Sk, PL s, 2on B 2-16 LA bR LA
s s s 1—FE AR S0 P A A
2— AL I 9 P AR AR
S;=[8, 5, s, (2-97)

3RS A 2 AR Y
Su Sy S 4—Z TR AL K SB A
T EEARYL, HEABMUREE, HAATRER A2
YRR, BB GDE s 1005 AR AT S SR AR IS iy 1 7 i S R Y
HESRPE T 2, AT — R ERL) o, PRE T T 57 7R
o -l,0'-1L,o,~1,=0 (2-98)
AR ARG 7 1) AR, R SR A S R kA, (AR E A, I, X (2-98)
¢§ﬁa\5\g%@5%ﬁ%%mm%%,%ﬁﬁﬁ%i%3AK1§,h$
l,=0,+0 +0,
L=-(0,0,+0 0 +0.0),) +Tf},+7'i_+7-i (2-99)
Li=000+27 7 7, —a’x'ri—a'}ri—aji,
[FRE, WA sk A 3 AR, B
Ji =5 ts s,
Jy=—(s,5,+s 5. +s.5,) +s) +si+si (2-100)
Jy=s.55.+2s 5 .5 =5, 52 —s,5.=8 32
AT SR AR T SRR ﬁ%%ﬁSAEfﬁﬁﬁﬂ#ﬁ%¥ﬁ X R T 3L
A8, Fr AR /N E AR AT, /AT _E BT R

g3=0, (2-101)
JNIHHA T R PI 1 h
2
?Jz (2-102)
. REIRFH S
E$Wﬁm T, ABSNER AR N
du 6u v
& :8796 Vo= 8y 8x
v dv 8w
& =67y’ Y= Bz ay
Jw dw Jdu
%0 V"0
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4

e =€ _,& =& _,& =€
wy Cpr €,TE,, €,78,

S PAES e LRSS N By e § ) S PR T S |

e —¢ ! 1
e, &, & g, 0 O 2 T 2 v
g, & ¢€.|=|10 &, 0|+ ; Y., &,7€, ; Y, (2-103)
. &, & 0 0 ¢, | |

E’y,vz ) Vi €.7€n

K e, =(e+e+e,)/3, NVPHRAE; X (2-103) A5 1 WO R ARRRSK & 5 2 30k A8
Pkt s Ple s, B

1 1
e,—€, —
e, e, e
_ 11 1
€=y & Cu|=| Y, £,76, Y. (2-104)
e. e. e, | |
2 yx: 2 ’yy: Sz gm

@ﬁ%%%ﬂﬁ%ﬁﬁﬁﬁ%ﬁmﬁ,Ek%wﬁ%%%omﬁﬁ%§%3¢E@§Zﬁ%
F, WHIERARRAZE, RRMIERESE,
AR KA 3 AR HILL T L RN

Jl’ :ex+e)+e::0
1
Ji= g [leme,) 4 (e me) +(e.me,) 46 (e ve) +el) ] (2-105)

2 2 2
Ji=eee+2e e e —ee —ee. —ee
;-eee tie e e —ee ~—ee ~€e,

4. JR R0
B Az I R, DA SRS MR ] R N F R IR R o, B, AR TR RS Y
N R R o B, POERIHEASBHRAS L, o=o, SRR 52 )0 0 e IR SR
RN IPIRET, WIRWN R — S TP GG =R S AT, N s i — e 146 0F, &3t
SRR AN PR T R IR, — Wik, BN 6 R I eREL, ATRRh
F(o,,0,,0.,1, ,7.,7.)=C (2-106)
K C RSB EEG F OB IRREL,
AR S0 6 DS ERAS (2-106), 2R F<C, RHZSAFHERE; R F=
C, WIFBHZ AL TEHARES
R MRE A 1 R, ARBR T 1] A R X T IR SRR A e, R RT R R ) R ol
F(o,,0,,0,)=C (2-107)
WAl R SR AR L, 1, I, SN IR T, ), T RER,
— MR, A A . BAR . IREE LS, HIE RS BIF KN s, — KRR
F(1,,J,,J,)=C (2-108)



2% HMRETERRESL 5]

H—RE, WER, HBRAHARZEKN IR, nRRN
F(J,,],)=C
et Bl S5 A2 R O i R )
(1) ¥R (Tresca) JHRUEN, 1864 “FHFrm i R4&H . MEKUIN Sy 7 KB R —E
ki, FOBEE R AR, AT R

[(0,-0,) =4k ][ (0,~0,) -4k ][ (o,-0,) -4k*]1=0 (2-109)
X (2-109) AT R S i A 2SR sk
F=4],-27]:-36kJ;+96k" ],-64k° =0 (2-110)

JeE AR TET AR P& 2-17 B
TR Rk R R SRR A E Y, BT

o Mises Ji i
k=02, WRELCEMLETKKHE, W k= .
T, Hlvr RaiBy i AR IR R . 1% ] Tresca JH
JRZEAT, BB B D) et i B BIR -5 4 Ao e IR A BIR =2 Tresca i
[ AFAE AT G AR
T.=0./2 (2-111)
Tresca Jit Il 551702 £ 0 ) B2tk ek B, 1 z,

FeBTE, E 5 & Jm AR e BERHi B A )
o BEZN T rhE FN S pysm,  Hw ik b
A, BT R, BRIR
EZAb, Kl 2-17 Tresca 1 Mises Ji£ Ji T

(2) AKEEHT (Mises) JHARAEN, Hy K3 37
T 1913 A4 W IR 25, TER & T o 09 JH IRZE 2 Tresca /N HUIE BYAMEIR , 325 ) 25 [H] v
oI5 AR5 A AR A A Y B R KON T a5 KO ) Al AP T T
5 a P -PAT P18 e VT, AN &l 2-17 s JE IR T Mises 750w &2 -1 _F o2& — N oNiE o
B, FEARBREF T Rt Rk

J= otk (2-112)
RN, R R R A A FI S, PRI, o 8 R 9
T
fEL0DT DI T
=1, =1 =k (2-113)
AT, B Mises JRIRACPE , HRHII 0T YT IBLHE = S5 BLAIRIRALIR o, 211K
r=0. /3 (2-114)

Mises JiE R AENFRED T Tresca JEIRMEN A, THIEITLILER | Mises JE IRV X 45 J&8 #4861
YIS,

(3) &S (Drucker-Prager) JHARWEN, XF3E)J2 | HZH01 4 M 5L S5 08 P AR R K
AT AR, BIR-FES (Mohr-Coulomb)  F{5E BE BSR4 A e AR vEEIL) . BRI AR

7.=C-0 tand (2-115)

Kb CAMBIREER T, & NNBEESM; « NBERTE EWYIN Ty o AR ERYIER

BB R -ECHENAE o Vi ER SRS Moy, BA e, 240 %76 e ik
R FSFEEFBWIT M AE, MEE - hRs T 1952 45X B R-ECHEN i Mg IE, &
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w N
F=al,-./],+K=0 (2-116)
‘ ing J3 Ceosp e ‘ e ,
A @z . K= o 1R PRSI R ER SR
V/3(3+sin’d) V (3+sin’)
A

T | T A5 B AL PR RS e - A% I DU 2 USRI A
AV ZHABJE IRAEN] , AR FEEOR

5. BACEAF

1P 2-18, FESLIASZ UG, bR R i A TR A T AR S IR, I
TR, 87 - IR0 56 2 4073 e b B A, 4 2 0 T 3 90 4
BB 10 B, SRJE AR UG A EIRAS . I ) 6 B AR E S
T T S8 T i 0 R, R R AL AR TE TR I 2
I, 3-8 3 R T 45 9 M L P 9 X328 //

FIRE, SbHRIE S 25 B IR AS F o ASEME IS SR, 4R T
e, IR SRR 2 B DT e ok 9 0 A 1 o T A BTk
SR AR R SE— S R, B T A B MR A T 7 T G
IS, ORI R Ak PR LE AT B R LA R T A B AR 51218 52 )

ASIN VT4 A A S R R, R R A 4 i REE
i, ATILAR R IS AR IR A 1, LI 30T 0 6 e TR 4 3R 5%
TE IR 37 ] 0 PR B A 9 A T 586

(1) 411 R MERR AR {5 PR T 76 07 3 2 ) P TR A o o AR5 AR, B %5 35 Ak
FRRERORIN, T R R TR AR LR B T A 1 G 85 228 2K 05 1) J5 A 2 ke
S SR, W 2-19a BRSSP RN

F(ai,)—k(s”)zo (2-117)
Kb k(&) MAEIBHERNAE & B REL,

(2) BEBNBRACEIR B 7E S i R ep i R M T O TR R NS B, R 7
iz ERE RS, AP 2-19b B, BERi Jrzs b, i BT PO AR BRI o, R, B
TERIE TR I 2 T2 T2, B3 AR5 8% i T 1 2

F(o,~a,)-k=0 (2-118)

AR, F(a,)—k=0 JpIRIE IR, 7 LA LR, BB o, MRS, o R 0

ik,

7 B

A

@] &

% 1o B 54k R 72
4k R y o g2 ;
VI ek —~- TR

F>r2 N

F=k2 T VIR - i

F=k2 y F=k2_ 7, \

A : 7/ /
0 o 0 oy I’ 0 / %]
C/é%y C/)¢>/ ‘ §é</
A\ N\ RFES

a) b) ©)

B 2-19 sk
a) HMFIMEIRIL b) BEFERIL o) IRAIERL
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(3) RAMRACHTY A& 1] [F] P 5k A0 455 Y 0 Bl g s AL B R N LAZH 5, 18 3R A sR AL B
WK 2-19¢ s, EBCEEBMER IR T, it m A EENITEF, & R 7E4 S Jr AR
LN TR

F(o,-a,)-k(e")=0 (2-119)
X o WEIRTHORFES); kSR, RARORYENE & YRR

TELL B UM ALK | 2% o] [m] i A RSBl R ol )iz, X — Dy Tl th T B T il 407
Wb S5 —T7 T, WCRAEI G RN T 1) (B RN e R LU B, SR A 1 TR
PEIRAAR AL AT 45 5 S PR Ol LU AT & . BE S SR AR RS AT LU FE AT R AY £ 4% ( Bausch-
inger) AWML, TEAGPINAE AT BE B 1) Je i A Pl oy | R FH X A Y

6. B L FH AN

RS B IR LU, Iz A s s (9 0 ) N AR RN [A] B 32 iR, BT —AN R 143
g £ B N VAR B a0 ) 1R A N W P2 1 [Py [T 3 0 o < A I = AV B NS I o AV
W, ST ECATIE AT, O T IR NG R A, T,

(1) BRAEIRPERDRIAD M E A EI L BRAR SR PR R AS R AR SR AL, NS 1 R IR & A TR
N I AT BB TR AR TSN . 2407 ) s AR SR IR AT L, BRI, R R i AR JE v D)3
Ko WHRFEMA F(o,)= 0, S0k B8RSR, F(o,)=0, TR do,, 2R
dF=F (o, +do;) -F (o) =0, FmHr e NG5 i 5 76 e ki B, 8 T gk, ez, Wk
dF=F (o +do,)~F(o;)<0, RN I G IR I8 m2) s imm 8 T, Bk, B
PRI AN E R 1T R

F(a,)<0 (FRPERE)
F(o,)=0,dF=0  (fn#k) (2-120)
F(o,)=0,dF<0 (HI#)

(2) SRALM R INECREI R SRR g AT LAy, BRI A Y do 48 ] A AR
., Y do WEMBOEAS LR, NERAEIEARAE , HFRIR— SR RS I —~ S PR A it
BN —ADIYRRE, EATLRFABIERIE, XM AR iR, do 5 w8 N
VR, SERAADRL N AR E I T R

F(o,)=0,dF>0 (m#)
F(o;)=0,dF=0 (HPE2EH) (2-121)
F(o,)=0,dF<0 (H#H)

7. FB3RIRVERRE A PR H oS T B
T LA B R A LA
FEFATERT , B RN AR SR & 43 0 S I AR R g FIZR A M N AR R &7,

E=g+e" (2-122)
DR BRI R AR R

G=D¢' (2-123)
FE4R 7= A YR VE AR IE 09 i AR S5 1 R

F(o,e")-F,=0 (2-124)

Kb Fy R E IRENTR R, —8E o,
TR SRR N AR SR AR R, 5 RN RS
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" =f(o) (2-125)
I 2 R RSB R s ik )

ET=y<p(F) >%
Jo

Kby ARSI RE, BMREOTES WA Sk, MR 0=0(0, €°, k), BHITHE R
FRBRHSIEN, Q=F; 5 <>ME T,
<p(F)>=¢(F) <F>0>}
<p(F)>=0 (F=<0)

(2-126)

P AT BRI I b (F) = F,
I (2-126) 753 9HTN PR BUREEIME N AR5
U B8 v i 97 S AT SR (S BE ¢ 53— IV Be, TE Ae, = ¢, —t, N AR R S 10 AR 1 B
HHEARN
Ae"=g"(1,,,)—€"(1,)= A, [ (1-5) & +s€), ] (2-127)
K Hls=0, AFTM 25, 2RAME; Bs=1, MEmESD, 2RAME; is=1/2,
M RS
0 e AERIT, ARSI, 33
£',=£'+H Ao, (2-128)

. 9g™ . =
Arp H, ZE ‘ =t} AO’,,j‘]mjjii, KA,

3 (2-128) fRAL (2-127), 153
Ae"=€"At,+C Ao, (2-129)
K € =sAt,H,,
AERTE] Av, =, 1, 7= BT Ll

Ao, =De =D(Ae, -Ae’) (2-130)
8 Ae, =BAS FRAZ (2-130), 153
Ao, =D(BAS,-Ae") (2-131)

¥ (2-129) AL (2-131), 133
Ao =D(BAS -£"At -C Ac)
Wl
Ao =D (BAS —£"At,) (2-132)
o
D =(I+DC, ) 'D=(D'+C )"
TE Ar, B B] Y S 25 14
[B'ao, v = ap, (2-133)
K dV RO,
B (2-132) FRAR (2-133), 15 2FA TR
K A8 =AP +AP" (2-134)
K
K, = [B"D BV
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AP? = [B'D €At dV
Kb K5 n RO W BERE RS s APT R FE IR PR N AR K w5 | S i S A 2k HE it AP, b

ﬁﬁiaio
Ml (2-128) fiEhi iR A6, A (2-132) SRIFN I & Ao, MITTA

8,,=6,+A5, (2-135)
o, =0 +Ao, (2-136)

PR IE RGN AR B haC (2-129) W%
Ae"=Ag,-D'Ao,=BAS,-D'Aa, (2-137)

A B K AL I 1Y LS 0 25l 28 1 1 7
e’ =e"+Ag” (2-138)

FhHLIR PN AR HOR £ R U (2-125) TTREA, 28R S A Bh VR N AR R R A 4 TR
TR ELRE, TLMEIRTE,
TEAT I Z ¢, W FPIRZSHEB I 15 12 -1 5 72
fB"adv —P=0 (2-139)
T kiR 2E, BRMN T o, A—E iR LR R0, X FiR2ZEES B
M, AT RHAIRZER B, TR (2-140) T&E A S, 0

¥, =[B'o, dv-P, (2-140)
SRIEAE T — S HH R, H0 1A B 2 T S i 1 o
i 25 R
4(1 F
Mises #1#} At $w
3yE
(2-141)

4(1+p) (1-2u) F,
y(1-2u+sin’p) E

Mohr—Coulomb # Bt  Ar<

Sof g A AR .
14, OHS,. o, 6, &', H , ITH FH%&E
C =sAt,H,

D,=(D"'+C,)"!
K, = [B"D BV

ET=y<p(F) >%
Jo

t=ty,

AP? = [B'D €At dv
¥, = [B'o,dv

24, HFAREA AR AS,, AP
A&, -K,j‘( AP +AP+i)
HH Ao, 6, 0, N
Ao =D (BAS —£"At,)
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6,,,=06 +Ad,

a-n+l = (rn +A(rn

n+l

30 AR €,

0
szl=v<¢<F>>3
0o |,_ -

5540 KA AR R AR £ WUR B EI C BRI E, IR S
BH1E,

2.8.2 KfuZiEHR

TERZEUN RIS R, RUSAIREARK, Z5H A BRI SR AN K, Ji T R AL A% /I 0 A2 i)
BRI 7 -0 A8 G AT R R AR, FUR AR - RS SC R ARLE Ry, RIFTIRJLATARZME . R A
BRI AR SE R RARLNERY, T ELI ) -R AL G R R AR LN, I ARDR MR ARL N (FPRHE
PR R LATARZNE) RIS,

o, MBS AT IROT B R AL, TS o FoRET 5 SN R SN s
RN, ARSI, SNSRI P D, 55 T45 A4 N R B AL T ™ A A R AR RE , BT I

46"y = [de"ardV - d8"P = 0

A A6 HBALK s de HHENE; P NEATHIE
PN AL 3 F 2 U5 AL RS M AR SC R, B

de=Bds (2-142)
FIHEL (2-142) THE d6", 19 BNAEL A B Pl 7 FR 4
¥(8)=[B'adV-P=0 (2-143)

AR N AL M GA R/ MRS 8, X (2-143) #ZEHAY,

HERMBAENT, RSN RRIER N, MM B 26 MmRE, W TEE I ERW, o
DEET

B=B,+B, (2-144)

K B, MERMEN A SHIMERED, 56 ik, B, MHIAELEEESIERY, 56 AX, W B,
7= & M MEREL,

HEREZHENT, RENBRK, SSHMRIA IR, WS- KRB RL MR,
ESpiiE]
KX D R SRR R

WIS AR, BB TR - AR &R, W& T sk fm] 1t

WH A R R i R R (2-143), W, FFEES do R dy ZJAI A E &R, Hi At
(2-144) W o 895051, 153

o=De (2-145)

dgp = [dB'adV + [B'dardV (2-146)
Y
do=Dde=DBdé
dB=dB,
AR (2-146) , 5%
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dp = [dB'adV + K (2-147)
Krp
K= [B'DBAV = [(B, +B,)'D(B, + B,)dV =K, + K, (2-148)
K, = [BIDB,dv (2-149)
K, = [(BIDB, + B'DB, + BIDB,)dV (2-150)

Kb K, /MBI ZRPEN AR K, oI aa A B R B sl R RS A
2 (2-147) AW 1 W5 R FIER,

[aB'adv = K, 45 (2-151)

K K, NETFR ST o WXTFRALRE, BRI 0 R sl LA W8 R R
T, X (2-147) ATLAE R

dp=(K,+K +K,)d6 =K, dé (2-152)
K K, =K, +K, +K,, HYIZNIEERE R,

2.4 KEING

AT BRETTIE ST B IR — BB . DRI R 7 Qe £ — Bl bl I 1 (i RS A R T E— 1Y
(iFe, SR SCARRFIE s %L ORI NAEFERE | N VAR . FATTHIEEHERE | SRR R, L
o R A SR AR OGS R — 20 (ORI AR fat SRR 1 S5 0T s gy, 0 Hh SV 7 /2, oK
TSRS s QAT HAl BB 2047

P i [ 883 i 77 17 R S T oz A2 )RS, AT BROG Ar rb B9A OG i FUR AN AR AR ) R
W, VIS )RR — RO AR AR B X AR, RAEARGL L 52 AT AT T ARA I EAN T IS BE AR AR B4 1T
Ji, Ty, AR AT T AR BN R R AR, AN ) i S AR T B S - T
JO7AZ [ 50— AR TSR A NG B ATE T R AR R T L 52 A5 P47 T B A iy ELAR Y K B AR A g, [
W, AT P AT TR BT BE AR, AN 22 A4 A 7385k kg AT P ) AR

b g o ) A ] S 1 ] T A AR AR DX T B OC BIBR 38 O A R A 0 Ry ot
BAWHET %R, J5E R%IERILZ T,

N T TR, PR EAIT S SPR R AR R L, RTINS, MR, o — ik
H BB T LAY B T A T S SRR AR RISE S 0T, IXRERE 1 AT B RUE R . 1R
SPRTT, HIUMTHREE . Z 000 . J1orPRREARR A S8, SEor e TERE TR, Mo EA
oG, HIBRE, T8RS 04T,

HE (57 7 S B A 5 /N RE T B FRLIC /0 A MRS (A A (Y BV e KB RS SRR I, Ui 2RAE K
MM RAEZET, WKL T PERES, ISATERALR KL, A1 3 BT 808 2 45 T 9 1A i HE B A8 R
HE RS S BN (EE TR R, il FH TR R B/ AR UL 48 78 i A 0 2 30 2%
AU (GEZE) iR, ARLedl 2V AR MR AL R AT W) A RE R BE (B, X T ARSIk, e
Wedme/MEL, FR/NRBE B AS Sp IRERE AR 2 R ORI, B2 (Ri) %, A ROTERE
OISR Z —,
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Bl ) 5 )RR R AL ) o e AIRE o o A A IR [ e R R A A b B R A, SR
LR R R o R RS SO GOk b 4R Bl R b 45 i R A 1) i e TH AR ke T BHLJE 1Y I AL
B, RAEIH R RIT S M FE, BT R4 0 S AR B e 3 FE , — MR M ERF (Rayleigh )
FHJE, 5 BT RE R AR B M L OC R . X T A~ AR, AT — 25 9 R IRE, &
TE AR Z [ R ORARR [ E 0 F AR, (B2 X HE AR S84k, EATM R — w5, FROvREm &, RI4R
AL B R SR A 254 52 30 4R 3h 1Y 5 A PR B0 B ik N 42 AR 012

XA AR B R A FRIC I, BRIFZ IR E, B0 0 BRI R R 45 4 1k
[P RA BRIT T % BTT b BRI AR | AR R R R . AR B XS R R R A # (]
A FRICEHAT T R . MRS 2 20R R PRAL IR PRI R | PHAR NI IR PRI AR | Sk fb i
@*ﬁﬂ\ éf@ﬂ%{tﬂ”f@@*ﬁﬂ%%ﬂﬁ‘t*ﬁﬂ, ﬁﬁﬁlﬁ"]@ﬂ&/ﬁﬂ”ﬁq%?;%f (Tresca) Ji R
W), KREEWT (Mises) JEHRVEN il T MR A ( Drucker-Prager) }?uEEi/fF)ﬂ'J%JLﬁF, R AL AR TR A
i) [F] PSR A ASE R | B Bl 5 AR TR R 5 S (AR =, LI T B 1 S 49 LA 358 B 2R A 0 P e
S BRICTT R o RS [R) R4 T A U0 2 M B R P PR SR A, HC P R P I BE R | B0 AR o A%
e (BORDLBEHIE ) MARIRL M (BULMRIRER ) =384,

2.5 BEH5%3

1. M&A

(1) P 13 g [~ i B A2 ) B DX 0 A4 7

(2) S FRIRAAT A AREAE? BP0 TR B XA A7
(3) HaEZHpIe

(4) 28 ke (v 78 J5 B RN duc /NS BE B

(5) AraRastmiil?

(6) VLRAJLA A LRI AT ) A

(7) UiHlsRAL, sRALSCPE . smAbim Cm#m) e SCRHA7

2. B

(1) SR R = MIEPRIT jim TR A, SEYREE R r, BN p, KEFET S =41
AT,

(2) K& 2-20 BB M =ML TG, B w=1/4, iICHERE N E, EE R ¢, RIE
PRESHERE N, WASHERE B N IR S HEROTHIBE AR K-,

(3) IEFEEMREZ IS4 HRME 2-21 B, Q5= ML SI0, Mtk p=1/4, &
JER 1, K& SR G R T,

m b ’Z a :E X
1 2

K 2-20 HA=MEHT F 221 IETIE AR
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(4) PINRIXTFRAEIL B =M ot IR R/ iR AR ), 2 B 2-22 Fio, s
PERSEN E, AR w=0. 15, 37003 E TR ST RE R RS

?:

a 2a a
T 1

B 2-22 HiXFR=MIE AT
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A BRIC T e 2 H IR0 I — A2 PR TR RGBT A RAAE , BIP A ab ZE R — 1~y B
JETYHERG AR AR N R, BRI A AL o, MRE R SRR R AT,
DA A AR R R G RFAE . 76 ANSYS A E Fp R A il — bk SCHB A, 1Y a5 B
TGN 2 A PRI e 5 9P R G i A i AR o AR A5 TR O R AR R R OB A9 1Y UG Y
JUT&E RS AR . S8R B R Ry

[AZEEA]

o AEFMANLE,

o LNRAMIMEFEMEN,

o ARIEKEAFE,

o HEmLE (ATWLE) AMBEMATAT (A LT T) BERE,

3.1 EREEMM

T ANSYS g BAEH , 5i i SOE M HTA B s A T PR R s, AT S R R A
AUSERGE Y, RIS EAT AR R 23, LT L] B A At CAD BRAF32 A B C B R A 0 SRR A

3.1.1 HEBIRAERR

ANSYS A% B4R T3 K SR L BT RE, AT LIR— M CAD B — R R E Ll 58
W AT LU ATE CAD RGEAIERYRIAY, Az iU AL Y M AL BRANE .

(1) BT HAR MBI REATE X, P95 1 A BRI R T2 R AN ] (N7 365 > 1 AR 25 2

(2) #EARTLLFR/PREPT,

(3) g TAEFm,

(4) WO YRR

(5) FAEE -8 H m R kA A,

(6) FAG R I8 5 5 G- 45 3 4 b 32 49 2% A7 1) S AR AR AL

(7) HERHICRMER (FRoTEM | SR, MOEUEMEREICARRR R ), E POTRE RS,

(8) B WIS I J3 2 1l LR N7 i S A AR 2B B A T A Bl AR Rl o D RE IR H R A B
R S BEANALTIE 5 B

(9) 38 3 53 SEAAASE Y (1) A% A BT ASURIERL T

(10) FEAE T SRR TS 8 SO S T 14 il 50T . A MRS AR R

(11) PRABRIEAE R Jobname. DB,

(12) B HFrAbEE,

3.1.2 #MIRZE

ANSYS 3 ZFp 2B B A AR R 5L
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1. &R %47 &

P L= OB, RGN 2R R ILABIR R . 2Rt R R X AR bR 2%
F, WH RIS R | HAbs R BRI, ENTERENATHEN, fEefmptrid, Hmn
TE 23 [ AR AR TE L LTI (AR s AR R A ) |

2. 3R AT R

A LU IR 81 05 U A T R AR AR R AR

(1) fE2RHE R ILAAR R P Rk 2

GUI; Utility Menu>Work Plane>Local Coordinate Systems>Create Local CS>At Specified Loc,
4 : LOCAL,

(2) TECAFTEMTT R BT R AR R

GUI; Utility Menu>Work Plane>Local Coordinate Systems>Create Local CS>By 3 Nodes ,

éﬁé\l CSO

(3) TECLAFAERICHE R ST R AR &

GUI. Utility Menu>WorkPlane>Local Coordinate Systems>Create Local CS>By 3 Keypoints,

T4 : CSKP,

(4) A5 H AT AR A O U SR B AR AR &R

GUI. Utility Menu>WorkPlane>Local Coordinate Systems>Create Local CS>At WP Origin,,

T4 : CSWPLA,

(5) ARG SR R S R AR bR AR (TCXT A GUL A4 .

4 : CLOCAL,

B 5 B R TR AL AR 2R N S RIS S A bR 2R . S — DR R AR AR AR5, €S PRUBIME — & BURE
N1 BE R — A EUE AT LGE S PAT LT a IR JR B A AR 2R

GUI. Utility Menu>WorkPlane>Local Coordinate Systems>Delete Local CS,

fr4: CSDELE,

I TT LI I AT PR A2 AR 4 SR R A AR R AR

GUI. Utility Menu>List>Other>Local Coord Sys,

fir4: CSLIST,

3. EHAAFR

FA W2 R — A bR R, FROVTE SRR AR, BOIABEEUT 1R LA AR & i 3 AL b
F, HPE X —AF Rk bR 2 B S SO S A bR £ o Q1SR 20 42 )R AL bR R AN /7
AR ZR, JUSE Sk AT A0 R i S B

GUI; Utility Menu>Work Plane>Change Active CS to>Global Cartesian,

Utility Menu>Work Plane>Change Active CS to>Global Cylindrical,

Utility Menu>Work Plane>Change Active CS to>Global Spherical ,

Utility Menu>Work Plane>Change Active CS to>Specified Coord Sys,

Utility Menu>Work Plane>Change Active CS to>Working Plane,

T4 CSYS,

4. RF AT R

PerE ) R R TR I A AR 2R, FRCA R AR BR &R o AT LA S AT BT A4 BROUIE R AR AR
B
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GUI; Utility Menu>WorkPlane>Change Display CS to>Global Cartesian,

Utility Menu>WorkPlane>Change Display CS to>Global Cylindrical,

Utility Menu>WorkPlane>Change Display CS to>Global Spherical,,

Utility Menu>WorkPlane>Change Display CS to>Specified Coord Sys,

4 : DSYS,

U R AR AR DR B, BRAFZOREFIRIY EDE R 8 W A7E AT AT DB 7R
4 (4 NPLOT 2 EPLOT %) Hil 7 BB s AL bn 22 2R i R LA AR AR o

5. 0 B AAR A

A JRy R TR AL AR ZR A T LT TR O, 19 R AR bR AR E A% T AR H BT [ BT RIS R
BENL, BT RAA AW R AR R, AT, P TRl RILRIRR (20
TESCH RUITTE RIS S AR AR 22 ) o AT DUl a1 5 07 YA A AT — 49 mBE &% 1 s A b 2R B B9 2 I 5 9
T,

(1) TR s AR R B Y B Sh AR &

GUI; Main Menu>Preprocessor>Modeling>Create>Nodes>Rotate Node CS>To Active CS,

Main Menu>Preprocessor>Modeling>Move/Modify>Rotate Node CS>To Active CS,

T4 : NROTAT,

(2) dEiEArA N AEA R — 0 AN E SOERE F sl id i % NMODIF 45 & e /1 .

GUI: Main Menu>Preprocessor>Modeling>Create>Nodes>In Active CS,

ﬁé\l No

GUI; Main Menu>Preprocessor>Modeling>Create >Nodes>Rotate Node CS>By Angles,,
Main Menu>Preprocessor>Modeling>Move/Modify>Rotate Node CS>By Angles,,
4 : NMODIF,
(3) iET7 AR R AR AR
GUI; Main Menu>Preprocessor>Modeling>Create>Nodes>Rotate Node CS>By Vectors,
Main Menu>Preprocessor>Modeling>Move/Modify>Rotate Node CS>By Vectors,
4. NANG,
i T LGE A ST LT A2 50 5 SRR R BUER M (AR T2/ R ILARFR R
GUI. Utility Menu>List>Nodes,
Utility Menu>List>Picked Entities>Nodes,
fir4: NLIST,
6. T AAF A
BATTARR FR IR E AL AR S ST A R . A STt i e Bt AR (g
IR ) 5 )i e AT TENI A BRIC A bR 2R o R 2B BT A s AR BRIN T (24 & T 1A
(1) ZREATTHY X Bl ) 5 o A 5 12T 5 )
(2) SEHAICAH H X Blds w15 50 T 2R T, Z fhds m o e oT R MR im0 (W6 R A TR
W),y g m R E XZ
(3) XFF 2D H13D SLARBTT, BAITARKR Ol H AT TR i R ILARFR &
Z A RITRIA O AL (KEYOPTS) , At P B BRIN A AT AL bR R I J7 6, % T 1
EURFRTT, AT i BT LA A2 SR BT AR bR BRI T L
GUI. Main Menu>Preprocessor>Meshing>Mesh Attributes>Default Attribs,,
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Main Menu>Preprocessor>Modeling>Create>Elements>Elem Attributes,
ﬁé\ H ESYS o

MR RS E KEYOPTS 1 ESYS, N ZH ESYS,

7. R ALK AR

LERARAR ZR IR B4 i BT B T A R 3 — R R A A bR R b, LAY R Bl —
e AL PR AT, SRR R i B SR R B, EAROLRS | BRI | LRI AR AR X LE R
DRAFAERE e NS RSO F R, AR 28 10 i s AT AR AR 2R o A5 SRR 18 e 0 % B 45 S A s 2R
CGRATT 2O 2R RILAERR R ) o | FIRMPTTRAS BRI IR AT (ETABLE 4 o

AT LA S RTE5 R AR BN HARARAR R (A4 Jm e bR R EUR AR AR AR 2R ), R i A vp
AL bR AR (T REAICARAR 2R ) o WRAE 5 Sl A b s MRk SE 45 R s, M Z R AR AR R B
Fetedse, T LU AT LR A2 BB A5 R AR PR AR

GUI: Main Menu>General Postproc>Options for Output,

T4 : RSYS,

3.1.3 I{E¥m

JCRRTE RS LR — R, TER A Sbr B4 HL T ADE R IR I — i, A2 —
AMBAR VTS5 I% AR AL, XREA REIE — i 5 25 () P A — A, P Oy TR, T
JChRAE i AT A S, D T AR m AR R e i 5 i A —

TAE & — TR K1, AR 2D AbR &R, A HE 3 B A R A% . 7 ] — I %)
FRERE S TARF (RE L —ANB TR R C A AR, TAR-H -5 A bn R0
K, MSLAY, AN TAR TS O B AR AR R T DU A [ 68 D R T 1]

PEAANSYS Ji5, RGA—ABOAR TAEFmE, BISARE RIS R (RN B AR R)
9 XY ST, TAEFmEAg WX wy Gl BOh SR LA R R X S Y R

1. &8 T4 F &

Rl Ul R 3 5 R ik 22— L8 AR,

(1) ™3 fE DT, 2T .

GUI. Utility Menu>Work Plane>Align WP with>XYZ Locations.

fird: WPLANE,

(2) 3T EE LD TARF, AT,

GUI: Utility Menu>Work Plane>Align WP with>Nodes,

fir%: NWPLAN,

(3) #h 3 CHERE AT, T,

GUI: Utility Menu>Work Plane>Align WP with>Keypoints .

T4 KWPLAN,

(4) & —i8E & Er s S E L—A TP, T,

GUI. Utility Menu>Work Plane>Align WP with>Plane Normal to Line,

T4 : LWPLAN,

(5) A IAABIRR M XY P HDRE SCTAEF1E, AT .

GUI. Utility Menu>Work Plane>Align WP with>Active Coord Sys,
Utility Menu>Work Plane>Align WP with>Global Cartesian,
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Utility Menu>Work Plane>Align WP with>Specified Coord Sys,
A% WPCSYS,
R TAR R RS B 2 W F
GUI. Utility Menu>Work Plane>Display Working Plane,
T4 : WPSTYL,
PAF TAEFIECRZS (RIOZE . Jrm A &) mar T .
GUI; Utility Menu>List>Status>Working Plane fii 4>,
4> : STAT,

2. BFH AT @

P RTEURI TR 91 4 B0 07 ik 22—~ 4% AR 1 31—~ A JL

(1) Bah TARF iR BOCHE S A8, AT .

GUI. Utility Menu>Work Plane>Offset WP to>Keypoints,

4 : KWPAVE,

(2) Bsh TARFIm s s 209 S, T .

GUI; Utility Menu>Work Plane>Offset WP to>Nodes

4 : NWPAVE,

(3) Bah TARF I B E AL, AT .

GUI. Utility Menu>Work Plane>Offset WP to>Global Origin,
Utility Menu>Work Plane>Offset WP to>Origin of Active CS,
Utility Menu>Work Plane>Offset WP to>XYZ Locations,

4 : WPAVE,

(4) PR IAF—E R, ST,

GUI: Utility Menu>WorkPlane>Offset WP by Increments,

% : WPOFFS,

3. s TAET®

28T A [ I EA% TAF~F-TRT A XOR R A bRl e % A~ AR T BB A AL 8 (AR TS 2
e L, T LU E B TAEP T S 5 ) o e AR I a2 .

GUI. Utility Menu>WorkPlane>Offset WP by Increments,

4 : WPROTA,

4, ¥BIAEFH
F WPSTYL 42 GUI J5 Ul 45 TARF I i S RE, (O HAT e & ot . &
ISR EIIIIRE , AR5 P P AR R B T AR F R 3, an i .
GUI. Utility Menu>Work Plane>Change Active CS to>Global Cartesian,
Utility Menu>Work Plane>Change Active CS to>Global Cylindrical,
Utility Menu>Work Plane>Change Active CS to>Global Spherical,
Utility Menu>Work Plane>Change Active CS to>Specified Coordinate Sys,
Utility Menu>Work Plane>Change Active CS to>Working Plane,
Utility Menu>Work Plane>Offset WP to>Global Origin,
frd: CSYS,
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3.1.4 So{f{ERY
A BRI R TR R R v

1. ake L (ATMmE) &4

AR SORHE AT, SRS MIRIDGHE e SR R Y SE AR T (R, miAA) o [RImE, A g
i A BROTAE LT S FiTE A AR AR R A E S, L R TRV A9 R R, TR RGBT 18
ML RN, TAEYIRN TR, XEEEDTHYZROCR, BB EDTR LT i 5, T
DAL N1 5, 2 OGS A5 A i

2. WA T (ALmT) &4

RIS, ANSYS [ 3 A T A B TR R A BARGIEI T, XTI 46 0 K v 2
S PR PR TR TSR 14 D7 3 B ) Do) AR 1%

LR ) b T T A ERREEOR AT [ i 4L, DR ] — M BERE N [R] P s 7 T e
AR EREIUAMRRAE TR NG, AR 07 e R0 i A b 2 vh gt

3.1.5 HIRTHER

AFRTTHRRI R EE B ZOR T A, BT, SRR, AORIRRAE | LRSI R, IR R i
HRY BRI AL, BRTTIRDE Y SO TR S —E BT . R i BN IR A Y ) AR A
AR, Bou/r ot Lo, mEITHUARIT, @ SRR, E CRITEME (Hook
B SEEBCRIASRHE ) PR ] (FEHI AR B ) , SRS RIS, Dt inil SR A
ISR A A e 75

RPN T e

BT F A TIPS 3-1 BR A0 RS T R =

GUI; Main Menu>Preprocessor>Meshing>Mesh Tool , s ] s |

i % T BAE o] PAT AR AR AL 5 42 ) Smart Size 7KF- | B E FLIT Lsmwm o
ROFEERIFBITIEAR | 48 2 RIA% R 202680 (8 sl i) | X S fAAsE = e

RS TER 4 PR, LA T R P A 5 e
2. RSN A:f i ﬁ
BT 2 A R0 0 100 T 22 A AR BT X G A, % =] [l

AR =5 Lyer 5o | _Oa|

(1) BATEHAS (Element Type) . ANSYS MTCHEd A 100 ZFhpos | o] o=
HR, BARYEST  FRE F PERAE, BE— HLBESE, WA e e

LR B BIR R 2 T . 5 SRR A A T o= e e
GUI: Main Menu>Preprocessor>Element Type> Add/Edit/Delete ,
A
HE<" e ETO Mesh Clear

(2) SEHEL (Real Constants) . S BUR R 5 — B IC ) #b 70 JLA[
FRAE, ANFe BTy | B R AR A AT R B S B o T

é\ﬁnT : Refine
GUI; Main Menu>Preprocessor>Real Constants, Close Heb
ﬁﬁé\ H R o

(3) MEHEME (Material Attributes) . ZEFTA B i 308k A pHRE B 3-1 R RAs T A4
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JEYE, AORHE PEAR G BT R A Yy IR AN W WA, A0 2548 0 A rh b 200U A A A A S A
FARA L, FERIHr b b i AR R AT RAE A vh 255 SRR RBE ), WA 20 B e A S
BHORRES  E XAPRUEYE R 2T

GUI: Main Menu>Preprocessor>Material Props>Material Models,,

fird: MP 1 TB,

RAER P AR ME, ANSYS & T 100 Z R RS RL B e AR A A% = AR 5G
BAERIAT T ERRES I ATAN, RS ARSI P AN 2R 7R ANSYS JT FBL0L, PR I B R
B, BRI R AR AL IRAFEE — o PR MR A B SERBE R ST | AR R | S8 M 3%
15

AT AT IR BT, P AE A SE B T E I ST PR S R AT i 4 ) b
T I SRR A R B o O BT R A, Or i

1) JCHE R TE TR Y, T .

GUI: Main Menu>Preprocessor>Meshing>Mesh Attributes>All Keypoints,

Main Menu>Preprocessor>Meshing>Mesh Attributes>Picked KPs,

fr4: KATT,

2) N ERITEMY, ST,

GUI: Main Menu>Preprocessor>Meshing>Mesh Attributes>All Lines,

Main Menu>Preprocessor>Meshing>Mesh Attributes>Picked Lines,

fr4: LATT,

3) NEPUEPICEE, U,

GUI: Main Menu>Preprocessor>Meshing>Mesh Atiributes>All Areas,

Main Menu>Preprocessor>Meshing>Mesh Attributes>Picked Areas,

4. AATT,

4) AATUE BITE M, T .

GUI: Main Menu>Preprocessor>Meshing>Mesh Attributes>All Volumes,

Main Menu>Preprocessor>Meshing>Mesh Attributes>Picked Volumes,
& VATT,
AU SR BB S, 70 A SRR ZRGEH B 2 v 45 S SR LB ST 73 TiE R 4 Eﬁéﬁu\@ﬂ
2R LB R P T Y P B CBRIA R SR 5 BRSSO RL [ T 935 ) I BRLTT I, o W BR AT ] 38
AONETES TR, 2T .

GUI: Main Menu>Preprocessor>Meshing>Mesh Attributes>Default Attribs,

Main Menu>Preprocessor>Modeling>Create>Elements>Elem Attributes,,

4. TYPE, REAL, MAT, ESYS il SECNUM,

AN Jo P P R RS R — > 7 T BB 40 21 5 — A e T PR T, 75 BB OE LAy
JolatE, TR . MRS BR AT S TEER A, RS 5B EADCH Ar 4, i W TYPE 5 REAL
SR HOFTBCE . WURMAS A B R T, IR B IR 57k . Mo BB i) BT s 508 i
HEME, AT,

GUI: Main Menu>Preprocessor>Modeling>Move/Modify>Element>Modify Attrib,

4. EMODIF,

R A AN SRR AR M, (BB WaAE AT B R, B DT UG,

Iy A —SE AR B 2R, B e m PR T R R, (B TEAE RS Xl 73 5 ATE A SO-
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LUTION Hij, 414 REAL Fl MAT & h & ARBemmi e, W BR—4 &,

3. XI5 HE

DA% R 53 B sk TRELRE , SRV REE S E A A R (Had TAIE, AT 2 Ry,
IRPTRMUGR, 7 H RS EONRRIETT, RIMTE AR AR iy 10 % i I A 28 B P, 45 B0 43
A BRICA BT A%, ATSRBILL R R

(1) R A A ] 7 A m] R i i 25 Ak TR i RO A% ( FdE T T Atk S5 A ) Bl
FRASHAIR L, W42 IR 2 ACTARYE L P BT EEsK ), 3 I PA% Tl 43t B S AR AL

(2) SAemimhr A5 iy e 2 A ml O 0 A A A LA, 0T B JH1RI B A 25 SR I 25 0 K Ab
AT A% 4 Ak, X BT A U I AR 4D R Y T R IR R AT ] NREFINE . EREFINE, KREFINE |
LREFINE #1 AREFINE 5§ Main Menu>Preprocessor>Meshing>Modify Mesh>Refine At fiy 4 #4771
4% 21k

(3) PAT—INA 2B BRI RIS IR 53 B, SRS T A 16 DI HT PR A 22 0 A% T8 40 B
FELCEEE AR L, WIS R S0, W AkS AL

(4) TR0 Ak PRSI 7R A AR (18— 3 T AN Y DA AT DL A R AT A A
TR SR X I

4. X oF ik

(1) AWM, TCEHRITIARBR S, PO A BRI, 35 & T 8 4498 R 1 Ak
WA 43,  E RS S o A B A PR G R ST T DESIZE . ESIZE, KESIZE F1 LESIZE B9 24 /i i%
B, WE Smart Size $TF, W H 85T R ) SMARTSIZE & ESIZE . KESIZE 1 LESIZE HeiE . & 1y
#4335 1 Main Menu>Preprocessor> Meshing>Mesh Tool 8¢ Main Menu >Preprocessor >Meshing >
Size Cntrls A72>4E A,

(2) WRGFIRE RISy, R ST AR, B0 Z5 B e — g v, O HL AR A BT R
W T 241 DESIZE . ESIZE . KESIZE . LESIZE 1 AESIZE % & .

1) T2 WL RS R s, a2t R 8 4

O A 3 8L 4 45301,

QI XT3 L2580 53 S AR TRV B H R ERT

QWA 3 232, WK A 1) BRI 20 R B B L 45 32 BT BORA 45

@SR 3 AT R WS RS, 45 R A5 3] 4 DU i T8 B e s = M TR BT R B A AR
T Y FT AT M TR I

SN T ZEAE R = MBS T BRIA S DL ZR G0 BT AR 20 A 1 — B BRIT A

2) RER G RS R 43 Sh 7S T AR BT 0251205 JE T 51 A

@ ZARRYINE R YUK (B 6 M) . BUB SR (5 A1) simEiA,

Q) AT 321 0250800 53 FE ] 9 BT A A B4 aod A R 23 T 7 TR P A% a4

@ W RACR A S P A, = AP 0 B IT o A AR A

3) SRR A b bR S BRI, el R A AT WS RO R 43, AT LUK TR AT 0
BOEEARAE RS AA AL, MR — R, AR R

(3) PRF4, AT ST AR 4 B ZE R AR (AR A7 A HR R 53 A% ) AE A B
TG AN AR PRAK FH DU PR 2, DA S TR BT s QSR I i = TR AR A R, DU A Bk
P TP B T R £ )11 BA B AL STt s I N 2 B S AN T % N e o o B O & Bl D K
RBEUIRC, 25 R IRT A
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3.2 BIUYE#FRTHEE

ANSYS HfF R IAA B BAT AR IIRE, (2 I:EI’JI)J AR, i, BT 5ZF CAD 4
PEI Pro/E UG, AutoCAD SRS S 11l X M, f DUERR LG A ANSYS
SRJEEAT AR R 23, INBORARAFS AR, R 5 08 T — S8 52 e i = 4R SCIRREAS . 72 ANSYS $
TEARE GRS T . N LSS UG #1 Pro/E #4HE ANSYS S BEALY 7 ik

UG J23E[E EDS A wlJTF R 541 3D 77 5 T A8, h THIERIINEE, CB#N 445
SR AT CAD/CAM/CAE Bz —, 7z BTl AL . BER . R 14 Sl R 4
., UG FRRIELE N ANSYS (5l 76 UG PPN AR, bl “.prt” SCHF, K5
M ANSYS USRI A

Pro/E JZ3E[E PTC /Wﬁ?;zﬁﬁjtﬂ CAD/CAE/CAM #iff, ERA KRR GE, LI
XL R S A I N AVERERE Pro/E AREELFE A ANSYS

B ik

BHTE Pro/E HE I (A S R IGES A8 X, Bl File>Export>Model , ¥4 IGES, M ANSYS H
FAIGES #550, B Import>IGES, £ NIRI LR A7 4519 IGES SCHRFTIFEPHE Pro/E #EALHA T AN-
SYS, RJEHEATIAEL Y, BARE] T ANSYS A7 ROCHEA

2 A

EE S WA ISR b ﬂiﬂewﬁ Pro/E I ANSYS Workbench 3% #4R /E R B 41T .

(1) FERPLAY R R GE T %3 Pro/E Hl ANSYS PFPER(T:,

(2) PRUE EIRPREARIRAHHEES, Pro/E BIRRAAG i TR ANSYS HIRRAS . SATIT G >HE
J#>ANSYS18. 0 > Utilities > CAD Configuration Manager 18.0, H P [ ANSYS CAD Configuration Manager
18.0] XHEHEANA 3-2 Ffi7n, i “CAD Selection” —#4%, #RJG1EH “Workbench and ANSYS Geometry
Interfaces” , FEATEIXTIEHE P /A) 3% “Creo Parametric (Pro/Engineer)” 1% “Workbench Associative In-
terface” WEUNE 3-3 ffi/n; By “Creo Parametric” —#%, Z5H “Pro/ Engineer Installation Location”
F1 “Pro/Engineer Start Command” , ¥E# Pro/Engineer [9%23% H 5 NKl 3-4 s, g “CAD Configura-
tion” , #RI5Hd; “Configure Selected CAD Interfaces” , & 3-5 AT/, JCEESHCE B 5EM,

Hep
CAD Selection | Creo Parametric [ NX Teamcenter | CAD Configuration|

ANSYS Products (Required) CAD Products
™ Workbench and ANSYS Geometry Interfaces I© AutocaD ™ J0pen
™ ICEM CFD Direct CAD Interfaces I catava [l
I© catavs € Reader (CAD installation not required)
Configuration Actions apply to: & Reader (CAD installation ot required) & Workbench Associative Interface
@ Alusers € Current User € CADNexus/CAPRI CAE Gateway ™ soidEdge
I~ Creo Elements/Direct (CoCreate) I soldworks
I CreoParametric (ProfEngineer) € Reader (CAD instalation not required)
@ Reader (CAD installation not required) & Workbench Assodiative Interface

€ Workbench Associative Interface

I~ Inventor

@ Reader (CAD instalation not required)

€ Workbench Assodiative Interface

I” Teamcenter Engineering

¥l 3-2 [ ANSYS CAD Configuration Manager 18. 0] XJiGHE
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%3

Help
CAD Selection | Creo Parametric Teamcenter | CAD Configuration
ANSYS Products (Reuired) CAD Products
' Workbench and ANSYS Geomelry Interfaces ™ AutoCAD
I~ 1CEM CFD Direct CAD Interfaces. ™ catava
™ catavs
B & Reader (CAD installation not required)
@ Alusers € Curentuser € CADNexus/CAPRI CAE Gateway

™ Creo Elements/Direct (CoCreate)
@ Reader (CAD installation not required)
€ Workbench Assodative Interface

™ Inventor
& Reader (CAD installztion not required)

€ Workbench Assodiative Interface

I~ 10pen

[ml
€ Reader (CAD installation notrequired)
@ Workbench Assocative Interface

I™ SoidEdge

™ Solidworks
€ Reader (CAD installation not required)
@ Workbench Assocative Interface

™ Teamcenter Engineering

¥l 3-3 [ ANSYS CAD Configuration Manager 18. 0] XJiHHE “CAD Selection” M

& 3-4

Help
CAD Selection | Creo Parametric | NX Teamcenter | CAD Configuration|
Location - Prodr ; [ bowe ]
Example C: \Program Fies\PTC\Creo 1.0\Parametric
\Progr \bin\proe Lbat ] Browse
Example C:\Program Fies\PTC\Creo 1.0\Parametricibin\parametric Lbat
<< Back Next >>

[ ANSYS CAD Configuration Manager 18.0] Xf3EHE “Creo Parametric”

HEIR

Hep
CAD Selection | CreoParametric | NX__|_Teamcenter | CAD Configuration |

AD Interfaces ] [

(o Dl J

Uninstall All Produds

<< Back

€ 3-5 [ ANSYS CAD Configuration Manager 18. 0] XJ4G#HE “CAD Configuration” £+

(3) iB17 Pro/Engineer JF#E1T config. pro Bt &, WFE 3-1 Fin, BIE—NHEM:, 7ERPR
THHM “ANSYS 18.0” 3E ., B #dr “ Workbench” 3 B, Pro/E £ H 3 7 J§ ANSYS
Workbench F£)%
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(4) 7£ ANSYS Workbench H14 H3li3#81% . prt SCHRRLA
# 3-1 config. pro it &

% W fH % icA
fem_ansys_annotations Yes fem_which_ansys_solver Frontal
fem_ansys_grouping Yes femansys_annotations Yes

fem_default_solver Ansys pro_ansys_path A4

3.3 EEINERELH

R E e

HEAEARBRL AN 3-6 Frzs o PSR AL A AR AME) A B 2B AR AR IE 0. 4m, PRI B9 B4R R 2
1.Om, HJEH0.5m (R HEAERMG R
W, ARASTE, AT

@) rtes®

1. &) AT

(1) $47 Main Menu>Preprocessor>Modeling>Create
>Areas>Rectangle >By Dimensions A4, B X A HE
e 3-7 PR .

Horp X1, X2 2 AT AR T 5 S AR b A2 A A
B X BhARARE, Y1, Y2 SZREIEARN T sl Aebr 1R
AN Y BlARbR(E . 4R, AT DUE R B0 T ok SUXAN TR, Bl anse Bl e . 4k,
JaZE TR, RORMR—FERY, PIE AT LUR &R &R, #ICRRITAREAER S R
REE, WAIBFESTESOE M R 2k | 1, (FREA ML Ers . R,

(2) WAMTHE (EZ%).
“X1=0, X2=6, Yl=-1, Y2=1", [RECTNG] Create Rectangle by Dimensions

X1X2 X-coordinates

iELPb’lO Y1¥2 Y-coordinates : H }

(3) A GH AN B Y Ak s BO(H .
“X1=4, X2=6, Yl=-1, Y2=-3", ¥ ox_| Apply | Cencel | Help_ |
HELJ;Q PIZXTIEAE . € 3-7 [ Create Rectangle by Dimensions] XJi&HE

2. BEZ &k, €8 AE

(1) #4447 Utility Menu>PlotCtrls>Numbering fi74, ## H XHEHE QA 3-8 s,

(2) #T77F Area numbers, 7E “[/REPLOT ]/Replot upon OK/Apply? ” T L FHE Fp ik 8l
“Replot”, IXHF ANSYS s A 8l XM IFPIANAETE , 230l b AN [a] 5060 3 152

(3) RAFEDE . My “ANSYS Toolbar” T HZ& ([&]3-9) i SAVE DBJ, Hf Lik K A7
e “file. db” ", A Utility Menu>File>Save as HH o« connectingplate. db” A

2m

K 3-6 AR

A Create Rectangle by Dimensions
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@\ Plot Numbering Controls
/PNUM] Plot Numbering Controls
KP Keypoint numbers —
LINE Line numbers r
AREA Area numbers I~ Off
VOLU Volume numbers I~ Off
NODE Node numbers I off
Elem / Attrib numbering [No numbering  ~]
TABN Table Names I~ Off
SVAL Numeric contour values I off
/NUM] Numbering shown with [mzl
/REPLOT] Replot upon OK/Apply? [Replet =]
ok | Apply | Cancel | Help |

€ 3-8 [ Plot Numbering Controls] XiHHE

Toolbar ®|
| save 8| Resum pB| qurT| PoWRGRPH| |
K 3-9 ANSYS Toolbar

3. TP EABRAMAAT, CIEFR

(1) #MAT Utility Menu>Plot Cirls>Pan Zoom Rotate 74, PR /NS AUFREL (ZFRALHI DI BE
AL HIER /N, 53— DA KRB SN E BORIRE) , ¥ EE4a/N, CHIZATEAE s8]
(2 ERUETICN ENCY E I IS P N LB S S T et

(2) #MAT Utility Menu>Work Plane>Display Working Plane iy4, T &8 H M2, Az
LZJE, IR A% O, P ETEEE IR U A A NI A — Mg A s me . |
EPATZA S ZIG, ANSYS g R R TAE A PR &R (Working Plane, B J&—> 2D fEEIF
T, T SRR E 1 FE L) .

(3) AT Utility Menu>Work Plane>WP Settings f14 . TE Cartesian (5 JLAEAR) F1 Polar
(B AR IS Polar fEN TAEF-T, Wiz W, & Rk 7 Ei @ d i, J+5A 5
MER

[F)#£7E Grid only . Grid and Triad 1 Triad only 2Z H#%$% Grid and Triad, J:H Grid 2 MHE = &,
L RS, P AT LA B TAE B J7 1), Triad J& FR A E TAE V- B AR AR RS, B A2
ST I SRS TAE P IR ShMife ol X BEEFE Grid and Triad W2 8] 6 X S D g, 78
Snap Increment H% & “0.05”, P oK |9§lﬂ 23T IEHE . Snap Increment 2 H A FE Enable
Snap BTG A OL T ABEEEA] . JH P QR AR R OC T T A HAR A BE ], B B SR B R T Y
b | g,

HEA> WP Settings % H &I ANE] 3-10 FiR

(4) #4457 Main Menu>Preprocessor>Modeling>Create>Areas>Circle>Solid Circle 74, 81 ## &L
(0, 0), B8N 1R, AT LU R A, Wl LU BRUPR R s ) B R AR A0 [
3-1107m

(5) that_ K lpesn S pi%R B HE . B ANSYS Toolbar I-f9l SAVE DB bRA7 £t

4 AEFAEE
(1) A7 Utility Menu>WorkPlane>Offset WP to>Keypoints o, BRI sh B AR
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FH A2 AT P, VA, Bt 0K e BT M R HE, 3k — A5 e IR B T AR F T
o—"F, HH “Offset WP to Keypoints™ B & X J& K 5ok T 4E i i8S 55 8 2 i “ Key-
points” HIEME S ., PATX—H2Z )5, ATLIEEERA [ ANSYS Input] XFIGHER 4T
A4k, T H ANSYS 25—~ [ Offset WP to Keypoints] % 1, 0K 3-12 fras, XA, i
SUbR % 3 2 KB Ftm b, 43 0l 358 BOCE VR TR B9 22 A P A A AR R G S ((Keypoints) o 2R,

Wb 3-12 B 0K e, WTAET I (B ER) B BT LA EC B A 5 2 o
SN B T I

WP Settings A Solid Circular Area Offset WP to Keypoints
P 5
P e @ Pick € Unpick @ pick O vnpiex
& Grid and Triad WP X = (* single (" Box
. " Polygon (" circle
€ Grid Only ¥ = € Loop
" Triad Only
¥ Enable Snap Global X = Count = 0
_ Maximum = 12
Snap Incr |U-05 Y- Minimum = 1
Snap Ang Lo zZ= KeyP No. =
e X WP % |:8 (¢ List of Items
Minimum = WP ¥ C " Min, Max, Inc
Radius [ ,—
Tolerance 0.003 Radius 1
oKk | aeeb | OK I fApply 4”’91"
Reset I Cancel I Reset I Cancel R."_Ig QC“CII
Help Help I Pick All Help
K 3-10 TAEFimizE E3-11  Rlgssom P& 3-12 [ Offset WP to Keypoints] XJiHHE

(2) 44T Main Menu>Preprocessor>Modeling>Create>Areas>Circle>Solid Circle 4>, A1 7 7.0
(0, 0), KA 1 HB, WTLRELERA , T LUH EURE S R, ik 0K Jpes
WAHERE, P ANSYS Toolbar |19 SAVE DBIFIFG77 £k,

5. BrmARfe e —AL

$AAT Main Menu>Preprocessor>Modeling>Operate>Booleans>Add>Areas 4", e

P RURITE— 22 76 b B R R AR RE P 3-13 B, ik Paex ana gy > = , KB
S AR R ST T,

6. BlEAT @A, FFieeMiafp—A

(1) $AT Utility Menu>Plot Ctrls > Numbering A, MH [ Line Numbering] XTHEHE, BAd
LI?E%B?%W@XH‘%*E, WK 3-14 Fir, Za4 Hogik ANSYS ¥ EE higmblgm s, Jr
fE LUR HHAE

(2) AT Utility Menu>Work Plane>Display Working Plane AT, A A K S A B R T AR
i

(3) 44T Main Menu>Preprocessor>Modeling>Create>Lines>Line Fillet #ii4, #fH [ Line Fillet]
XIUEAE, FLEEERE L17 A LS, E T BLANIA] 3-15 Bi7R#y [ Line Fillet] XFIGHE, H¢ L17 1 L8 P4 4%

SRS 17, SEIA, JHEEEAY “0.47, B Ok uemscpimdineg
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1
Add Areas

e ANSYS
R18.0

17 2017
16:27:15

@ pick " Unpick

& single C Box

¢ Polygon (" circle
" Loop

Count (1]
4

2

Maximum
Minimam

Area No.

¥ List of Items

 Min, Max, Inc

e

Reset

Pick All Help

€ 3-13 [Add Aeras] XFiGHE el 3-14 Sk HEH S
(4) YT Utility Menu>Plot>Lines fir4> , AT Utility Menu>PlotCtrls>Pan Zoom Rotate A 2>,

it Zoom e (4 T HOK BRI E) | K BURB BT TR T B, 5 2 R
B, B bR, R EEOR M =R B, anlEl 3-16 PR,

s ANSYS
— R18.0

ocT 17 2017
16:44:50

I\ Line Fillet

[LFILLT] Create Fillet Line

NL1,NL2 Intersecting lines
RAD Fillet radius —
L]

PCENT  Number to assign -

- to generated keypoint at fillet center

ok | Apply | Cancel | Help |

3-15  fEREE S Z A RL [ 3-16 KK =RLRIE

(5) #MAT Main Menu>Preprocessor>Modeling>Create>Areas>Arbitrary>By Lines i3>, i Eﬂﬁ‘jﬁ
BL1, 14, 15 =4, iy _If%ﬂ?élﬂﬁ’lﬁﬂ: B “Pan-Zoom-Rotate” A _ I
4, I OCHIXIEHE

(6) $HAT Utility Menu>Plot>Areas 452 17 5%

(7) 47 Main Menu > Preprocessor > Modehng > Operate > Booleans > Add > Areas i s, kPR
msex g el OK L S bR AE F AT AR I PR SR B9 DR I 3417
TR

7. RIEAE A E I
(1) AT Utility Menu > Work Plane > Display Working Plane fir /&\, 44T Main Menu >

Preprocessor> Modeling>Create>Areas>Circle>Solid Circle e , 5 EmArR RN AR, A3 —
AELA (0, 0), 2PN 0.4 B/NAFL, UrfsEDIE aniE 3-18 fiw

(2) AT Utility Menu>Work Plane>Offset WP to>Global Origin 4, P47 Main Menu>Pre-
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processor> Modeling>Create>Areas>Circle >Solid Circle Ay 4>, Q& H —AR.LHR (0, 0), K2R
0.4 /NRIFL, FERHXTIENE, s BB K 3-19 s,

ANSYS

§ ﬁm R18.0
ns ANSYS i
b L3

Y R18.0

Pl 317 AT AIE BR 104 318 22 1 A0

(3) a7 Utility Menu>Work Plane>Display Working Plane s, FHAT Utility Menu>Plot>Re-
plot S

8. MERFMmEMASNEIL, RAEH

AT Main Menu>Preprocessor> Modeling>Operate>Subtract>Areas e, TEE A HILIR (base
area from which to subtract) , iy 3eP¥ h"ﬁ%ﬂ; B /INEFLVE M8l 2535843 (areas to be sub-

wacted) , B OK lcen BP0 A0 3-20 TR k] SAVE DB 4 AE S

ANSYS
R18.0|

T 18 2017
15:59:42

Bl 3-19 il 2 45205 & 3-20 #IEIE

ZFIMIE, St 8 MPER (EEREIESEIE . QIRRSL, Q1A TR, BT A T BRTE—iE |
BIEEFGAS/NEFLIE SR R P/ NBIHL) ST AR T e LAY | T LR 3k 6 25 v [ o It
FENER T —SHABSER A, andeR g | E T D L TR AR S A bR T4

TEUHKE, @R P 2N EH Utility Menu >Plot, Utility Menu > Plot Ctrls > Numbering /I
Utility Menu>Plot Cirls>Pan Zoom Rotate MR SR, NIRRT E W, HAS AR
Bl , B v BERE U S DL R A R LTS ANSYS T RYSEHL A TC L E R, A AT BB %
A B T X e A —— LA
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3.4 HEFMHEZELH

M T AR F R B ARG R 5 D O AR, BELE R R E K n] BB 5 AR, (B R 2 B
BT SRS R, BT LATT L2 R 51 0 AN [ 1 Ay s

(1) MR T REETr %, RVEHSR ] 3D AR RAREL,

(2) A& LRk, BRI SRR, SR AISE O 2 e T 2R B8R 3R Ik )
EOACIEI

DR
Pl 3-21 JiR 93 di A — MR, T SR AN [ 7 3k s s H LA SRR 32 D Jn T

M2 REBCE T 2 A MR, G, A R b nT AR 3 B Tl i PR BB . ke = O i T 057
SR T L A (MR R 15 78 3 A i A v S8 4l AN I8

180 20
=
Al N1 z g TVe
5 S 5 R o
112 L 11X2 1o
- 120 360 40
660

& 3-21  BER 2D s = A

3.4.1 HIER LE#E

MBI XS FRIE , AT A AR R TP AR s — P, TS AP i g o itk Ay
g i A LA

@) Brs®

1. B SLTAF LA 4 Fo TAEAFAL

(1) &S TAESCHE4 . 14T Utility Menu>File>Change Jobname fir4>, 3 H 40 &l 3-22 i 7% 14
[ Change Jobname] XJiHAE, WA “SHAFTI” FFiE# [ New log and error files?] HIRHEIG Y Yes,
st 0K et

(2) BX T AR, $hAT Utility Menu > File > Change Title a4, O & 3-23 fr R )
[ Change Title] XFiHHE, #ii A “The Shaft Model”, Fiif;  OK |ﬁ£-’fﬂo

I\ Change Jobname

I\ Change Title
/FILNAM] Enter new jobname [SHAFT1 I
U/TITLE] Enter new title |The Shaft Model
New log and error files? V Yes
ok | cancel | Help o | Concel | _ ek |

€ 3-22 [ Change Jobname] X}iHHE ¥ 3-23 [ Change Title] XJIHAHE
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(3) HEH /R AT Utility Menu>Plot>Replot 4>,

2. B RIMETHE

(1) BRTAEVm. $UT Utility Menu>Work Plane>Display Working Plane T,

(2) KM =HMAMFRSS . $AT Utility Menu>Plot Ctrls>Window Controls>Window Options #i4>,
S ANIE] 3-24 F7s iy [ Window Options] XJ3EHE, 7E [ Location of triad] TFHIFRHEHLESE “Not
shown” PEWE, fifi 0K w4l

(3) R TAEF-ms sh e T 2A% . $47 Utility Menu>Work Plane>Offset WP by Increments

A, W& 3-25 in iy [ Offset WP T HAL B TR w0 R sh F e T 5AS

\ Window Options

[/PLOPTS] Window Options
INFO Display of legend

DATE  DATE/TIME display

LEGT Legend header ¥ On
LEG2 View portion of legend ¥ On
LEG3 Contour legend ¥ On
FRAME Window frame ¥ On
TITLE Title ¥ On
MINM  Min-Max symbols ¥ On
FILE Jobname I~ off
SPNO Suppress Plot No [~ Off
LOGO ANSYS logo display W
WINS  Automatic window sizing - ¥ On
- when entire legend turned on or off
WP WP drawn as part of plot? [ No

Auto Legend VI

[/TRIAD] Location of triad

Date and Time v

U/REPLOT] Replot Upon OK/Apply?

ok | Apply |

[ 3-24 [ Window Option] X1iEHE

& 3-25 [Offset WP] T.HA%

3. AR4E d & AR E
(1) ARJEEE. 47 Main Menu>Preprocessor>Modeling>Create > Areas >Rectangle>By Dimen-
sions A2, T ANAE 3-26 s 1 [ Create Rectangle by Dimensions ] XHEME , 7F “X-coordinates”

X

N “Y-coordinates” SUAKEF 70 A “0, 2607 K “0, 707, Hi; Aeply |§§%ﬂ; HA “260,
6207 K “0, 757, Hiid; aeely |#£%ﬂ; A “620, 6607 & “0, 1007, i  OK |}~§@ﬂ, 4
TE 1 A A B 25 SR a1 3-27 B

A Create Rectangle by Dimensions

[RECTNG] Create Rectangle by Dimensions

(2) I mEAEINEE . P47 Main Menu>Preprocessor>Modeling>Operate >Booleans> Add>Areas

X1X2 X-coordinates Io sto |
Y1,Y2 V-coordinates |° qu |
ok | Apply | Cancel | Help |

3-26 [ Create Rectangle by Dimensions] Xt iE#HE
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ANSYS

R18.0|

T
AREAS

ocr 19 2017

15:06:24

The Shaft Model

[ 3-27 AR T AR RAS R

4, P NAHUE, P eiex ana CEL, I A ANERAEIR O AL AT AN 3-28 PR, BLi
128 1] fE 8 Utility Menu>Plot . Utility Menu>PlotCtrls>Numbering Fi1 Utility Menu>Plot Ctrls>Pan

Zoom Rotate "I FRAE
ANSYS|

AREAS
R18.0|
ocr 19 2017
15:07:35

The Shaft Model

K328 I AR AIERAR S A A s

4. v S8 dh & R AR
(1) MmZEEIZPEAVE, $U4T Main Menu> Preprocessor>Modeling > Operate > Extrude > Areas > About

Axis f74, P —NREE, B picx a1 H’Zz"%ﬂ, LS 2 A4 B O 26 P A TR EURE . 0 1)
BEURS 1 A 10 e &S, i 0K |%r"%ﬂ, i AN K] 3-29 Frs B9 [ Sweep Areas about
Axis] XFiEHE, Hd; 0K |§%ﬂo

I\ sweep Areas about Axis

[VROTAT] Sweep Areas about Axis

ARC Arc length in degrees EIIIIIIII
No. of volume segments I:l

Cancel | Help |

NSEG

ok | Apply |

[ 3-29 [ Sweep Areas about Axis] XTifHE

(2) WoNTERE4N T E R, AT Utility Menu>Plot Cirls>Pan Zoom Rotate a4, R nE3-30
Ji7RH [ Pan-Zoom-Rotate] TEA%, Miil Iso [Hehl, 55 A U SC AR QIR 3-31 PR
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(3) PRAFSCH:: AT Utility Menu>File>Save As 4, #iH [Save As] XiGHE, 7E [ Save
Database to] TFHIFIFRHME T A L4, “Shaft_ Volu. DB”, ifﬁ oK |ﬁ%%ﬂo 2] 5wk 1k
1 TAEAFRISCIF “Shaft_ Volu™ o, DUSAISAX SCHF “SHAFTI” #EATHRAE,

Pan-Zoom-Rotate

' yormes ANSYS

R18.0|

window [1 =] TYEE NOM ocr 19 zo17
_Top | Font| _to | e
80t | Back| oblal
_tet | mion| we |

Zoom I BaekUDI
Bume-nI WnZnomI

A
II

X=6][@2:X]
Y-o|[a+Y]
[z-el[a+z]

30
(o] =] o]

Rate.

I” Dynamic Mode

& Model € Lights
cname——— The Shaft Model

[ e |
_Clee | _woe K3-31 dim A A SRR

& 3-30 [Pan-Zoom-Rotate] T HA*

5. A R4t

(1) B TAEFim. 78 [Offset WP] THEHH “X, Y, Z Offset”™ SCAHEHHIA “85, 0,
407, I A HERRIA

(2) HER—ARAEMAE, 4T Main Menu > Preprocessor > Modeling > Create > Volumes > Cylinder >
Solid Cylinder fir4>, SHH WA 3-32 Fr 5 ) [ Solid Cylinder] XFiEHE. 7E “Radius” F1 “Depth”
SCARKESMIEA <257 J <507, il 0K [Hes

(3) AW— b, $47 Main Menu>Preprocessor> Modeling>Create>Volumes>Block>By Dimen-
sions 4, #fH [ Create Block by Dimensions] XJiGHE, N 3-33 fizn, TEHE: A4 A B,

I\ solid Cylinder
@ Pick  Unpick
WP X =
b'd -
Global X =
¥ =
zZ=
WP X I\ Create Block by Dimensions
WP ¥ [BLOCK] Create Block by Dimensions
S — et o
— 2 Ve o
71,22 Z-coordinates
= T o (|
Reset Cancel ok | Apply | Cancel | Help |
Help
43-32 [ Solid Cylinder] i 13-33 i AR

(4) BshTAEFim . 76 [Offset WP) T EHAZH “X, Y, Z Offset” SCAHEf# A “130, 0,
07, ¥ HERIN
(5) ApTE 2 AR, BRAERIAE AR | BB, A AN 3-34 FR
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ANSYS

VOLUMES
R18.0
ocT 19 2017
15:12:09

The Shaft Model

& 3-34 Az i sE Ak

(6) #EAT I VE: M AT Main Menu > Preprocessor > Modeling > Operate > Booleans > Subtract >
Volumes 14>, SHILES L AMAEGE,, AR S0 VIR V2 I9MRE, Ml OK [, sl 2

AEEHE . A HREUER S V5. V6 M VT Bk %, i 0K |?£%ﬂo
(7) A INERAE . ST Main Menu>Preprocessor>Modeling>Operate>Booleans>Add> Volumes fir

A, B — A REUE , F; piex a4
(8) MIFr W R: #4147 Utility Menu>Plot>Replot fiv4>, A ali4h B4 3-35 iR,

6. A RTAEA

B TAAE AR A R OTRARLE T ICEA A R IR PE , SR I7S T PR ICAR XS HE— L8 | S5 i
PR 7 R T PO TR T, BEPRBIRAD DU TR BT, DU AR A 43 B ) 880 F) e B o

HTAT A AERAE R, s, SOLID92 BT R i1 71 iH |

(1) EPEEAICAL . P47 Main Menu>Preprocessor>Element Type>Add/Edit/Delete i, THH
&l 3-36 T~ [ Element Types] XFiEHE

VOLUMES ANSYS A\ Element Types X
R18.0
TveE NUM
ocT 15 2017
peeanon Defined Element Types:
NONE DEFINED

Add. .. | Iptions. I Delete I
The Shaft Model Close | Help |
Fl3-35  AplissoR & 3-36 [ Element Types] XIi&#E

(2) By Add... 4, s 0E 3-37 Fros i) [ Library of Element Type] XTEHE .
(3) BEFE “Structural Solid” 1 “Tet 10node 187" BEII, $fﬁ 0K Iﬁf%ﬂl’i [ [ Element
Types] XJIHHE, i Close |3'2E%ﬂ , TEEICE R BE R,
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I\ Library of Element Types

Library of Element Types Structural Mass ~ 20node 186 ~
Link concret 65
Beam Tet 4 node 285
Pipe

—— T

Shel YI[" 10node 187

Element type reference number D

oK Apply | Cancel | Help |

€ 3-37 [ Library of Element Type] XFi&#HE

(4) EBICR ST, $UT Main Menu>Preprocessor>Meshing>Size Cntrls>Manual Size> Global >
Size fir4, $HHANE 3-38 ffi7nfl [ Global Element Sizes] ¥3EHE, 7£ “Element edge length” A

HEHRET A 207, Bady  OK Iﬁféﬂo

A Global Element Sizes

[ESIZE] Global element sizes and divisions (applies only
to "unsized" lines)

SIZE Element edge length

li

NDIV No. of element divisions -

- (used only if element edge length, SIZE, is blank or zero)

oK I Cancel Help

Kl 3-38 [ Global Element Size] X}if#E

(5) RHIA B PS043 77 A A FROTRAS . $44T Main Menu>Preprocessor>Meshing> Mesh>
Volumes>Free fir4, #ftH—MNAWAE, s piex ava [F4], ARl WIS A 3-39 Fis

- ANSYS|

R18.0|
ocr 19 2017

The Shaft Model

F3-39 A R A%
(6) RAFABRCHE A B IR 4. 447 Utility Menu>File>Save As x4, 3} [Save As] XFif
fiE, 7E [Save Database To] FHIFIFAMET A4 “T2-1. DB, Hid;  OK |§%ﬂo
3.4.2 BTnE TE#E

FRAE SR R BIAE 2, B e A T ) T AR A o A P R ANSYS R iR 2, BRI AE
RS B TAE- A R AR S & ok 2R U BRI, HAREL IR .

1. & LT % Fo TAEAFAR

(1) EXTAECM% . AT Utility Menu>File>Change Jobname A, FEFH) [Change Job-
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name] XFEHEHHIA “SHAFT2” FfEEH [ New log and error files] & BEHE, B oK I*ﬁ%ﬂo

(2) B XTAEWE, 147 Utility Menu>File>Change Title 74>, 7E5H AY [ Change Title] X
TEHEFFHI A “The Shaft Model”, #ili 0K |fizfil,

(3) HEHE/R: AT Utility Menu>Plot>Replot fir4>

2. B IETH

(1) BaTAEFm.: PUT Utility Menu>Work Plane>Display Working Plane e

(2) R =MBIRFTE . $0AT Utility Menu>Plot Cirls>Window Controls>Window Options A7 4,
[ Window Options] XFTiGHE, £ [ Location of triad] T HiF|RAEHFEFE “Not Shown” FEIN,

i 0K AL

(3) #MAT Utility Menu>Work Plane>Offset WP by Increments 7%, FTJF [ Offset WP] T HA,

3. AR E AR Z A AR

(1) A7 Utility Menu>Plot Cirls>Pan Zoom Rotate 4, $1IF [ Pan-Zoom-Rotate] T EH.£2,
My lso 4

(2) Jiehh TAEF1f . 7F Offset WP T EALH) “XY, YZ , ZX Angle” SCAHEHHGA “0, 0,
907, FE Il 4-HERIN

(3) AW 14 FItAA . $hAT Main Menu> Preprocessor> Modeling> Create> Volumes> Cylinder>
Solid Cylinder 74>, #4 [Solid Cylinder] XH&EHE, £ “Radius” F1 “Depth” SCASHE #1437 i A
“70” % 260", i 0k |,

(4) Bah TAEVim . 78 [Offset WP] T HALHE “X, Y, Z Offsets” CAMEHHIA “0, 0,
2607, 1l 4RI

(5) HWEE 2 NEMAR, 4T Main Menu>Preprocessor>Modeling>Create>Cylinder> Solid Cylin-
der 74>, 7€ “Radius” Fl “Depth” CAHEF/FHI5A “757 K “360” $fﬁ oK I:J’ﬁ%ﬂo

(6) B TAEV1H . 78 [Offset WP] T HALHE “X, Y, Z Offsets” XARMEFHA “0, 0,
3607, %ol 4RI

(7) A% 3 ANEFEE. 4T Main Menu >Preprocessor>Modeling > Create > Volume > Cylinder>
Solid Cylinder fir 4, 1 “Radius” F1 ¢ Depth” 3¢ RHE A E A 100”7 K <407, B

LS Ii’ﬁ%ﬂo

(8) kil #r & 7~. 4T Utility Menu > Plot > — ANSYS
Replot 74>, - e

(9) PRAHIM#EAE . $44T Main Menu > Prepro-
cessor>Modeling>Operate >Booleans>Add> Volumes
e, P — DR BUE, By eiee a4,
J5 A R SR ANET 3-40 JI7R

(10) PRAF . $/AT Utility Menu > File >
Save As fir &, # I [ Save As] X UG HE, 1E
[ Save Database To] T i 31| & #E b A SC 4 44
“T2-33.DB”, i Ok |54,

The Shaft Model

€ 3-40 e Je A s R
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4. K pAEAE

(1) Bsh TAEFmE A . $44T Utility Menu>WorkPlane>Offset WP to>Global Origin 74>,

(2) BEH: TAEFHI7E [Offset WP] T HFHFM “XY, YZ, ZX Angle” SCAHEHHIA “0,
0, =90”, &I 4=HEHfHIA

SRS R T T LS5 3. 4.1 PR D BR

3.5 EtEifHEELH

i) 0 i 3

E 3-41 i A—ANE G RGNS ARER, BPREIEARAA mm, SASECN. B
m=6mm ., KN z=28, H v ARICER,

$180

#132
@50

341 PSRRI

@) Bes®

KA B R L7 SR AR R R

I % SUTAR S 4 e TAR AR

(1) EXTAECH4 . AT Utility Menu>File>Change Jobname 74>, 75 H B X 36 HE Fh i A
“GEAR” JF3E#E [ New log and error files] &ZEHE, Md OK I?Fﬁ%ﬂo

(2) B XTAERE, 147 Utility Menu>File>Change Title 74>, 7E5 H AYXHEHE 45 A “ The
gear model” , i  OK I:Ff%ﬂo

(3) HEH R AT Utility Menu>Plot>Replot 74,
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2. B I HF®@m

(1) BaRTAEFE . 4T Utility Menu>Work Plane>Display Working Plane #ii4>

(2) FEHA=MPWRTE . AT Utility Menu> Plot Cirls>Window Controls>Window Options e,
i — A XFiEHE, FE [ Location of triad] T 7 %) 22 HE 3£ £ “ Not Shown” & Hi, H iy

LS |ﬁ?%ﬂo

(3) FIJTF [Offset WP] T EHF:. AT Utility Menu>Work Plane>Offset WP by Increments i
(4) #TFF [ Pan-Zoom-Rotate ] T. E.£%. 47 Utility Menu > Pan-Zoom-Rotate fir A, B

lso 4

3. A @

(1) 7E 507 A bR R T A B 8 25, 41T Main Menu > Preprocessor > Modeling > Create >
Keypoints>In Active CS i 4, i} [ Create Keypoints in Active Coordinate System)] XIi%HE, 7E
“Keypoint number” Fl” Location in active CS “ SUAHE rh 43 5il4 A SCHEE S g5 <17 JOCHE AT
[y “X7 <Y R <77 ARbR(E “5.428, 76.803, 07, Hiif deely WAL, ARUHS 1A OCHERT,
BwE FAREEE, KKK A “5.534, 77.803, 0”7 “5.595, 79.303, 07 “5.411, 80.82, 0”
“5.110, 82.342, 0”7 “4.694, 83.869, 07 *“4.208, 85.396, 0” “3.623, 86.92, 0~
“2.928, 88.450, 0”7 “2.214, 89.972, 07 Fl “0, 90.00, 07 F 11 4 CHE & B %95 K Ak bR
{H, e s R AN &l 3-42 Fros

o ,o ANSYS
B R18.0|

ocT 20 2017
15:37:05

pppppp

2

1

K 3-42  Helad gt R

(2) EREZE . AT Main Menu>Preprocessor>Modeling>Create>Lines>Splines>Spline thru KPs
A, AR IUE , HOCHE SR HEFNITUT 7 BOCHE & 1~ 10, B 0K Iﬁi%ﬂ, A — 2%

Mk, Bviferieih oMtk
(3) ey —h i 4. 4T Main Menu> Preprocessor>Modeling>Reflect > Lines e,

R — AN ABOE,, FAEURESRZ, iy OK Iﬁ%%ﬂ, PN 3-43 Aoy [ Reflect Lines] X3
HE, Ry OK I?’E%ﬂ, AR R AN 3-44 PR

(4) AT A B K. 04T Main Men > Preprocessor > Modeling > Create > Lines > Arcs >
Through 3 KPs 4>, 3t — I3 HUHE . 42 WP AR A8 MU 5 2 13, 10, 11 pOCHE S, B

LS |?£<’Eﬂo



84 AT E ANSYSIS. 0 & A

- ANSYS
o \ R18.0
I\ Reflect Lines X O 5e39:56
[LSYMM] Reflect Lines
Ncomp Plane of symmetry
@ ¥-Zplane _X]
C X-Zplane Y \
€ X-Yplane Z
KINC ~ Keypoint increment ]
NOELEM Items to be reflected Lines and mesh = \\
IMOVE  Existing lines will be [Copied ] \\
\
ok | Apply | Cancel | Help | “‘
. |
3-43  [Reflect Lines] XHiHHE K 3-44  RBHARAE LSS

(5) Wi AS %, AT Utility Menu > Parameters > Scalar Parameters fiy 4, O [ Scalar
Parameters] XJiHHE, 7E “Selection” SCASHE F4i A “a=360/28", Fii Accept |i|’£%ﬂ, NEENEER

Close F#4H .

(6) HW—NEFE . AT Main Menu> Preprocessor>Modeling > Create > Areas > Circle > Partial
Annulus 472> , B [Part Annular Circ Area)] XHEHE, Q01K 3-45 i~ , fr AZOHE , A- R0 34 1f 9
ZEFUNE 3-46 FR,

I\ Part Annular Circ Area
@ Pick © Unpick * aneas ANSYS|
. R18.0|
B oz 2
Global X =
0o
z-
WP X
WP ¥
Rad-1 166
Theta-1 98-a/2
Rad-2 rad
Theta-2 98+as2
oK fApply
Reset Cancel
Help 2
€l 3-45 [ Part Annular Circ Area] XFIEHE P 3-46 AL BRI FR I 25

(7) HIOCHES AR . $A4T Main Menu>Preprocessor>Modeling>Create>Areas > Arbitrary >Through
KPs 4>, B —MABHE . RIS S0 1, 10, 13, 12 f96HE, Al oK [Herl,

(8) TMAHNEEAE . 44T Main Menu>Preprocessor >Modeling > Operate >Booleans > Add > Areas fiy
Ao, BRI —AAAIHE By paes sua [HeRH  THDRTINSRAE G 945 AN 3-47 PR

(9) BAF YA bR RO AR A . $UAT Utility Menu>WorkPlane>Change Active CS to>Global
Cylindrical e,

(10) Bl MEA 418 . $U4T Main Menu>Preprocessor>Modeling>Copy > Areas fii %>, i —
MEHUE, Hif; piex an Iﬁ%%ﬂ, S AN E 3-48 Fis Y [ Copy Areas] XJiEAME, 7E “Number of cop-
fes” SCASHE H i A il A B EL 28, TE “Y-offset in active CS” SUARMEFHIAAMIE “a” . M
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' aaeas ANSYS|
TYPE NUM H::_?.O
(& 3-47  TEAHINERAE S 045
_OK ek, RS AN 3-49 R
anzas ANSYS|
TYPE NUM o :::3.0
I\ Copy Areas 15:52:46
[AGEN] Copy Areas
ITIME  Number of copies -
- including original
DX X-offsetin active CS |:|
DY Yeoffsetin active CS |:|
DZ  Zoffsetin active CS :l
KINC ~ Keypoint increment ‘:l
NOELEM Items to be copied I—_IAreasandmesh =
o | meeh | cmed | e |
[l 3-48 [ Copy Areas] XTiEHE [l 3-49 Az v R 45 AR

(11) TEAHINESE . 4T Main Menu>Preprocessor>Modeling > Operate >Booleans > Add > Areas fir
A, B — R EUE, i piex ana R4,

4. Ak Bk

(1) BsRZE. 4T Utility Menu>Plot>Line 74>,

(2) FNBIZei%E N —2c4k: $UT Main Menu> Preprocessor>Modeling>Operate> Booleans>Add>
Lines fi4>, S —NABUHE, RKIKIGEURS 15, 255, 256, 257, 258, 259, 260, 261, 262,
263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276, 277, 278, 279,
254 (3427 %, AJE28 %%, PUNLRAEEE) Mok, Mk 0K [Hedl, #ih [Add Lines] it
EHE, Ml eely 4

(3) MR BIIAE . IR S 1 F1 225 9%k, iy oK ek, sl
[Add Lines] XHHE, M aeely [, T FRBRAER, SH R IAT L, Ak ik el

PRI S5 NIE 3-50 7.
(4) B Ak bR & . AT Utility Menu > WorkPlane >Change Active CS to>Global Cartesian

4o
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' LINES AN§1YBSO
B r /(\ /_‘L J ai oce 20 2017
A~ VA N 16:04:47
LN >
~ ~_
<\ / AN .
oAy N
’ N
— \
~ wr \ (/
&1 ‘ ke )
A ;™
; g
- |
/ RN
I'é ™ 7 g N
7/,& S~ N \
/ \: ’j‘ “‘ - Jv \ /\

Bl 3-50 Az ik e iR g A

(5) WAL LR, FUAT Main Menu>Preprocessor>Modeling>Operate>Extrude >Areas >
Along Normal 54>, # Hy — A HURE, 44 U5 8 i OK [, o  dn 1 3-51 9 7% i)
[ Extrude Area along Normal] XJiGHE, 7E “Length of extrusion” SCASHE i A G310 T8 “427
i 0K B, Hili [ Pan-Zoom-Rotate] T ELRIHEY lso HedH, Az i 6 4N Y 5 45
N 3-52 s,

ANSYS|

R18.0|
20 2017

{\ Extrude Area along Normal

[VOFFST] Extrude Area along Normal
NAREA Area to be extruded

DIST Length of extrusion

KINC Keypoint increment

T

oK | Apply | Cancel | Help |

[ 3-51 [Extrude Area along Normal] XJiGHE & 3-52 A= e 2 BBl ) B i 45

5. AR ZIFEHRD
(1) “FRBTAFE: 7 [Offset WP] THRHE “X, Y, Z Offset” SIARHEFHA “0, 0,

—6" JE A N I
(2) AW—A2 DR, $44T Main Menu>Preprocessor>Modeling>Create >Volumes> Cylinder>

Hollow Cylinder iy 4>, # i [ Hollow Cylinder] X% HE, W& 3-53 Fr~, % A %088, #dy

LS |3’£%ﬂo

(3) PRAINEEAE: 44T Main Menu > Preprocessor>Modeling > Operate > Booleans > Add > Volumes
A, SR —MRIUE , By eeex av FREH, (RMTINIRAE RO SRANM 3-54 R

(4) MOEERAAITI . AT Utility Menu>PlotCirls>View Settings>Viewing Direction fir4>, it —
AXHHHE, 7 “Coords of viewpoint” CAHKEFHIA “1, 1, -17, M OK |¢§%ﬂo

(5) A= pias O B AER: $44F Main Menu > Preprocessor > Modeling > Create > Cylinder > Hollow
Cylinder fi74>, ¥4 [Hollow Cylinder] XfiHHE, 7E “Rad-1”7 “Rad-2” F1 “Depth” SCAHEH 435I
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A Hollow Cylinder VOLUMES AN§1YS%
YPE NUM o 2017
@ Pick  Unpick ocT 20 2017

16:13:05

WP X =
[ =
Global X =
Y =

Z =

WP ¥

Rad-1 15

Rad-2 66

Depth 54

OK Apply

Reset Cancel

Help

K3-53 g ARt Kl 3-54  (RARANERAE Y2

WA <257 “66” K& “20”, Ml OK .

(6) RAHWEEAE. AT Main Menu > Preprocessor > Modeling > Operate > Booleans > Subtract >
Volumes #74>, B —MRIUE, B S H V3 A E, d oK |1’£%ﬂo RS R VL 1Y
%, i 0K [Hekl, PRRIBERAE RIS RN 3-55 BiR,

(7) BERSfITIE; Hidi [Pan-Zoom-Rotate] THALHY lso &4,

(8) PR TAEFIH.: £ [Offset WP] THEIPHY “X, Y, Z Offset” CARHEFHA 0, 0,
347 Rl RN

(9) A e O R AR . FHAT Main Menu>Preprocessor>Modeling>Create>Volumes> Cylinder
>Hollow Cylinder 54>, ¥ [ Hollow Cylinder] X}i#E#E, 7 “Rad-1” “Rad-2” #l “Depth”
SCARER MBI A 257 66" % <207, i 0K |4,

(10) {RAH WL e 4E . P47 Main Menu > Preprocessor > Modeling > Operate > Booleans > Subtract >
Volumes 4, Bl —MABUE, HIAS N V2 A E, Hd oK Ii’f%ﬂ RS R VL 1Y
Rz, i 0K [Hedl, PRAIBARAERILS RN 3-56 BTR

voumes ANSYS

R18.0|

ocr 20 2017
16:20:17

voLu NuM

vvvvvv ANSYS

R18.0
20 2017

K3-55 (RAHBERERIEER (—) Kl 3-56 PRABERIEZR ()
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6. L0 X AFH 4TI

(1) PR TAEFE . 7€ [Offset WP] T.H
By X, Y, Z Offset” SCAHEFHIA 0, 45, -207 Jaf& RN,

(2) MO BAA . 4T Main Menu>Preprocessor>Modeling>Create>Volumes> Cylinder
>Solid Cylinder 74>, 3 [Solid Cylinder] XJiEHE, 7£ “Radius” Fl “Depth” SCAHE H 43 5] iy
A €107 K <207, i OK B,

(3) oA MurAkbr R NHE AR R . $UAT Utility Menu>WorkPlane>Change Active CS to>Global
Cylinder iR

(4) 25 A/NEFEAR, $4T Main Menu >Preprocessor>Modeling >Copy > Volumes A, M
— U, RSN VI IR %, Ml Ok s, B [ Copy Volumes] XFIEHE, 7E
“Number of copies” Fl “Y-offset in active CS” SCASHE 143 il i A& il A= A A% “5” R
“727, P 0K [RHL,

(5) EAHWEEEE: AT Main Menu > Preprocessor > Modeling > Operate > Booleans > Subtract >
Volumes #ir4>, B —ANMAHUE, U450 V3 1K %, di Ok |#sl, #4550 VI,
V2, V4, VSR V6 R, i 0K [EHL, PORIBERAE RS R AN 3-57 R,

(6) AR M AR bR RO R ILABR R . AT Utility Menu>WorkPlane >Change Active CS to>

Global Cartesian 172,

7. P I LT AR

(1) FRBTAEFLE: £ [Offet WP] THARHH “X, Y, Z Offset” SCARMEFHA “0,
-45, —147 JE AR

(2) H B IE B, 4T Main Menu > Preprocessor > Modeling > Create > Volumes > Block > By
Dimensions 74, 3} [ Create Block by Dimensions] XF3GAHE, 1 3-58 fFra~, H ASYE, iy

Ok e,

I\ Create Block by Dimensions
[BLOCK] Create Block by Dimensions.
e E——
e o o—
s C— ca—
ok | Apply | Cancel | Help |
Kl 3-57 (RHIBHRIERSER (—) Kl 3-58  Hi AR

(3) PRAAVEEEAE. 4T Main Menu > Preprocessor > Modeling > Operate > Booleans > Subtract >
Volumes #ir4>, Bl —ANMAHUHE, U0 VT 89K Z, Midi 0K [Hebl, BIRGSH VI [
th, Ml oK [HehH, PRRTBERE RS S NIE 3-59 FR,
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(4) KM TAEFH: 4T Ulity Menu>  —— ANSYS
WorkPlane>Display Working Plane 4>, e ‘“12?33;21?0

(5) PRAF T2 BT B AT Utility
Menu>File>Save As x4, #iH [Save As] X
JGHE, 7E [ Save Database To] L5 FRAE A iy
A4 “T2-8.DB”, Hii Ok e,

8. X9 A FRT M A&

(1) BEFFICEA. 4T Main Menu>Pre-
processor>Element Type >Add/Edit/ Delete fif 4>,
#ift [ Element Type | X iF #E, ™ & b

Awm|§ﬁ,ﬁﬁ5UmmwﬁEmmmeq € 3-59  PRARIERAERYZR (2)
XHEHE, 4333 HE “ Structural Solid” HI “ Tet
10node187” YEI, #iifi_ OK [k, i Close {4, 5EMUMTTRAMAIIERE,

(2) WEHITRST . FUT Main Menu>Preprocessor>Meshing>Size Cntrls>Manual Size> Global >

Size g%, T [ Global Element Sizes] XT1EHE, 7E “Element edge length” SUAHEH i A “57,

g oK [,
(3) R E b MR T7 A A BRI M . $54T Main Menu>Preprocessor>Meshing> Mesh>
Volumes>Free 74>, S —MFRIHE,, M eser ana B4, AR AT IR 20 1E] 3-60 BT

—— ANSYS

R18.0|
ocT 20 2017

& 3-60 A LAY RIAE

(4) A BRITHERIEE . AT Utility Menu>File>Save As fir4, 3 [Save As] XTGAE,
7E [ Save Database To] T i ZRHE P A U4 “T2-9. DB” $‘[E 0K I:Ff%ﬂo

3.6 AE/NG

ANSYS AE Jfs 0 (g U0 0 SR AR AL 3 (/PREPT7) BB N S2 sy, B 4e sy TAE T, %
TG AR bR AR, YA R R T B, SR A BRI BESEE R AT AR5 AR 1A AR 6
NEB AN A R, AR R R (BAOCER | SRR, AMRURE RIS RR R ), W
BEHOCB AR AT B MRSt DB L T A IR R g R A SRR A XA A BT A
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FIEATE, ABRICHR FEERIE WA, o0, SCHE MR EHAE,

ANSYS HEREAR WA R G R 2 R MR AR RG, DoRBIR RS, ARG, T
bR ARG 2 H T E], AAR Z 0 R SO A A e UL (o,

ANSYS Al FIHAL CAD #2100, SERLAE J SR ad bt

I TR . B A R TR R R R 4T, RS RS BRI R, X I AR
A AT

3.7 BE5H3

1. HAA

(1) fFateTAEFime

(2) ANSYS WAMPJLF bR R, ENMEHE A ER?
(3) ANSYS HASE Y S A o 7 A I 2 2

(4) U e ANSYS P4 e S R R 2

2. B
(1) RJTA LT R, @A anlEl 3-61 Frs R g g,
(2) I 3-62 P feshiif fF R

53

16.5 10
Siid, RO.8S R
1.5R,J50.75 2
AAELRH0. 750 7L, 5le 36 =R
FLH G BE A £0.75 3s 5|5
13
SRS R A AL =
361 BURALH R (R D) 1) 362 fEa LM

(RSB )
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ZER TR S0 T ANSYS 7= hi G T R AR e Mr 22—, AR 0 B i T RS b B
FrolE i RS e R AR LR . By AR D, AR I A SR AR B BHL e B s TR AR O
B FH X 235 ) W 7 1) 52 00 AN 8 2 B [, e RS AT T B A A S S I Y T A T
TSR S, AN E Ty MR e B i 2 A | TRLRE AN RGEESE i T 20 A R D S
P M AR AR R 10 M A BT AT SCER e RIS R A, IR SR AS R LT )
A 1) AU LT

[AEEA]

o HMEAoMIARE SR,

® R3] BAEE A PR AT W AE T ik

4.1 ZHBASTIESSR

ANSYS i 3 o3 A it Bt — LA A S AR | N A T F R AR A4 2R 3 SR
4.1.1 BER

FEREST B 2 T2 L TAE SO, HR 8 ik, SR)5 3 A PREP7 Zb382%  RIiF A Main
Menu>Preprocessor 3¢ H i 7 A BRIT/MTAL T, 2 HEE HRITRA | BITSCEEC, pRHE MR
JUfIiE A | ST AR TS, X LTRSS AR g A% A A BR TG A AT AR

BT A BR TR 1 AT, O LR LA

(1) HAITHERIDTE A LM AR e S5 10 FRoT e A

(2) MORURMER sk AR et | & AR S E 2e 45 m St | R e S IR B A OC 1 =4

(3) AUE SRR RIS HL

(4) XFTiEaneE Sy Sk e, AUE XReTHE BT m S8, WSS,

(5) XF#RaER AT, WhE R UK R AL

(6) XFREJJ . NiARREILER I X, A% R 53 L ASOGHS7 A% JB i ) X Sl B2 455

(7) WRSHr S AL MER 2R, RS R 53 2 B 4 I Lt R 35w (AR

4.1.2 MEIEEFH KR

1. X7 & AL B 4T i R

ST RIS AT RS 1 DA AP TS (RIPATES 14 Solve AT 22 J5) AHEEZE, ANSYS
PEAUER T RSB AT AN SR 4-1 R

(1) New Analysis (FFI5HT, ANTYPE) . —E00 FAEM

(2) Analysis Type: Static (77258, #&, ANTYPE) . SEHFFSDHT.

(3) Large Deformation Effects ( RKAFJZ S AN AEHEIT, NLGEOM) . FEAZ P A MRt o b
# A RARIE
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®4-1 RATEESHTAEDR

LI W GUI 2
New Analysis ANTYPE Main Menu>Solution>Analysis Type>New Analysis 5 Restart
Analysis Type: Static ANTYPE Main Menu>Solution>Analysis Type>New Analysis>Static
Large Deformation Effects NLGEOM Main Menu>Solution>Analysis Type>Sol’ n Controls
Stress Stiffening Effects SSTIF Main Menu>Solution>Analysis Type> Sol’ n Controls
Newton-Raphson Option NROPT Main Menu>Solution>Analysis Type> Sol” n Control
Equation Solver EQSLV Main Menu>Solution>Analysis Type> Sol’ n Controls

(4) Stress Stiffening Effects (N JJRIMEEN, SSTIF) ;. UWNRAFAER FIRIMEEN, R%#EE ON,

(5) Newton-Raphson Option ( 4-i-Fi 3 B 1EDT, NROPT) . {XAEAELYESHrP A, T8
S TE SR AR S ) 2l — YR AE VR e g ] B e [ RGN

1) BJFESRE (NROPT, ANTO): JETHAIAATERYAEL 2R B g £ I Se e i 2 — 75
BN, AR AR OT R F SO A R R

2) &% (NROPT, FULL) . {54 U-5r i AR vk, RVAESEA T — RS- i 2 1R A% e W)
JERE I — AR F SRR B OGP ) A T A R T IE DT EE ARG 5 2R 5 T R
TP CGBOANE) , R E, B R SRR R i/ HLBA f3 x5 M4t gt A4 aE )
I BERE [, 0 RAE — UGE A P 2 & B, D4 55 B kAR EL BT R Af sk e, 0 T e B AT
TE R B R R A IACZH o AR I B SRR, B F R I AR e P AE DD R BE A R, %o AR A 2
PRI A N R T AT B2 i SR AT I S e

3) BIE (NROPT, MODI): i FI& /Y 4= d-hr % 28 s, B I NI EE 4R BEAE A~ 520 h i
WABTE, WMAE— 20 0P 5 AU R AN SO X AR FH T RS oA, O B A 3 0
TREBEIUATT H

4) WIHARWIE (NROPT, INIT) . 7E4E U7 A8 b 6 A0 4h M BERE I, 33> 1R 0T L ¢ 42 1k
TIPS Ty K, AH 28 SR T 2R kAR B S, BN T RARIE Z i, FE T Rk 2
AT,

(6) Equation Solver (JrKf#ds, EQSLV) . XJ TARZM: A HIHTm AR i 2 (BRIA) .

2. AR ke A

PP RERS R B far it INAE LR AL (DGR . £k THEiiR) SR BROCEA (T siEon)
L, EHEINAE LAY T ANSY'S TER A 3 BT Bt 28 for B e B BR TR |, S5 485 1 5347
Mk 27 F B 57 F% (UX, UY, UZ, ROTX, ROTY Ml ROTZ), fsk fi%i (FX, FY, FZ,
MX, MY Rl MZ) . HJ; (PRES). W&/ (TEMP), #iiilif (FLUE), ® 77 (Gravity) FIHE%: S
H% (Spinning Angular Velocity) %5, GUI #4247 . Main Menu>Solution>Define Loads>Apply, #
SyFrad AR R AT ISAT RN . R | SRS SR A AR

68 € AT A e I 3 A 95 3 T AN AR L R gk T, HC v 3t B gk 0T 455 6 AR 4 2D 280k I ]
(Time) . ¥R AT H A2 B IR E  (Reference Temperature ) A1 FH T 4l X F5 18 P 0 AY 25 5L
(Mode Number) %§; ARZRPEZEWE G XS T LAY B E . 2280, B B8 ok
JEMTERNAR . R A S AP R | PR R R WSO L BRIE T | AR | iR
ASHEN | SR AL AR BRI R RGBS R A, DA S S RS AR

3. Hrd 4= dl L m
b R P R TR
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(1) FTEMH . Ak SCrF R s i — 2D Tl R 4 R . PATar T .

GUI: Main Menu>Solution>Unabridged Menu>Load Step Opts>Output Ctrls>Solu Printout,,

4. OUTPR,

(2) HRSCOFR L PSS RSP s, AT T

GUI; Main Menu>Solution>Unabridged Menu>Load Step Opts>Ouput Cirls>Solu Printout,

#ir4: OUTRES,

(3) SROME: WERTESTT P EARENE (OB, IR EUZIK) , BRIAFE D —A BT AR 0
JIAFPER AR R BT G RIMEEN], B RARR IR SRR DB L ST

GUI: Main Menu>Solution>Unabridged Menu>Load Step Opts>Output Ctrls> Integration,

4 : ERESX,

4. KA

(1) PRAFFEAEIE RS, SATar 2T .
GUI; Utility Menu>File>Save As,

4 : SAVE,

(2) JFURRIEITE , PATaS T .

GUI. Main Menu>Solution>Solve>Current LS,
fr4: SOLVE,

4.1.3 KWELEERE

B SI AT 25 K B A ZE R BT 45 SRS < Jobname. vst” Y, X BB AR FEAEE, BPYY
SR (UX, UY, UZ, ROTX, ROTY Ml ROTZ), LA S i#uds, Qs stRBaoTh fy . 9 50
FATTIAE | FRIT IR S RAE I 1A

TEER S RE, TTIEAEAEAAPELE ( General Postprocessor, POST1) FlE[1] [ 72 J5 4k
PEAS (Time-history Processor, POST26) Hiill%a s3T5 5, POSTI ki 28 B MR 5 i 1245 I 0 45
R, POST26 1T EREFFE E S5 R S &6 52 M OC 2 . 2 AR POSTL 5 POST26 H i b 45 3
i, BeHs A B R f T FH AR I H. “ Jobname. rst” SCAF A0

1. B POSTI1 #6& 4%

(1) K th SO AP B 720 20 B TR

(2) #A POSTL, WERHITR@AEAITEATER ST, WHAT RESUME fir% . SA TS an s .
GUI: Main Menu>General Postproc,

4 : /POSTL,

(3) BEMEEREAT AL AT AER (PRI ST AL AL S B Rk . PUTa T
GUI: Main Menu>General Postproc>Read Resets>By Load Step,

4 SET,

(4) MR IME R REE R,

1) WREERMIER, PATmL2ATF

GUI: Main Menu>General Postproc>Plot Results>Deformed Shapes ,

4. PLDISP,

2) WoRAEEZ, PATASWT .

GUI: Main Menu>General Postproc>Plot Results>Contour Plot>Nodal Solu 5% Element Solution,



94 AR L ANSYSIS. 0 & A

T4 : PLNSOL 2 PLESOL,
PSR 00 7 107 g | A A ey FCA P R0 B A (2, SR QR4 BT BoAT AN R AR T
(T REHT TR LR 2 L R S BT RMAE BT . ARl BRI R S 40 30T Y AT Y FE T Ji A A [ i 7
Ay, UL TRl G SR T Y N P R R
3) Ik, AT .
GUI. Utility Menu> List Results>Nodal Solution,
Utility Menu > List Results>Element Solution,
Utility Menu > List Results>Reaction Solution,
fir4: PRNSOU (9454 ) . PRESOL (FRICZER) . PRRSOU (JeAEHIJI452R) . PRETAB
PRITER (& RiHHde) , AKAERR S R AT HEF ) NSORT Al ESORT,
4) HAbYERE, 2 HAMSALBE AL (7ERKAE DS RAC % 251K 5E) 78 POSTL ]
Mo M TARLAE I, Hofy T A0 58 H AL

2. I POST26 ¥ & 45 %

AV POST26 Jo AL PR AL R AN .

(1) FRHEH SRS A 2 A5 7 i A 225K B ey 20 N T BRI 8, A 1 B A B ok o gt
SEAEAR NSRS R A I

(2) WS FH PR RIS, FEA POST26, 4R F P AL S ZE 4088 R v, 4T RESUME
s, PATmAWT .

File Help

GUI: Main Menu>TimeHist Postpro, Hx B gs e I8 r—
fr4, POST26, - - el
(3) ENAEEABEEAR A &, A j

RO, e
GUI; Main Menu>TimeHist Postpro>Define (- .

Variables M I 3 i
4. NSOL. ESOL I RFORCL, B - | - | - | o]
SR, B AT Main Menu>TimeHist | D « | ¢ | | - | |

Postpro 41, thBUUNE 4-1 F R fgxtimpe, | D] | = | o | - |y

A B AR M YA st | e« | | - | F

ERTY NG Pl 4-1 [ Time History Variables-file. rst] X
(4) WSy £ WA, HATms

.

GUI: Main Menu>TimeHist Postproc>Graph Variables,
Main Menu>TimHist Postproc>List Variables,

Main Menu>TimeHist Postproc>List Extremes,
% : PLVAR (EEZ&/R748H) . PRVAR Fl EXTREM (31137484 )

4.2 EFHZH5HHEH

i) B A i

Pl 4-2 PR IR TEFT I LAY, AT IR 0. 5in, BT s o RUSH 9 807 34 D il
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T/ R AL 90°FEHl N 7R 32 P=1000psi 1 10 2884 A HT, AT BROC /M iz & #1932 J1 4R35
HEAT A4 R P PR B £=30x10°psi, THMSLLZH 0.3,

45°

1.8

0.3

7%\
0.5
]

0.33

IR\ LR

6.5

Kl 42 FEFTFRILATEERL (P ROTAYEAL N in)

@) cui SR

T EEFF I 25 A RN A YRR, DR A S AT B SR — 2 AT 40T, SR Fh I Il I (1 A
i, 120 19 A0A9 SOLID9S HLIekil 43 A% I HI PCG 3K fff 2 K fiff

1. &L TAE A 4 o TAEARAL

(1) X TAECM4 . $/AT Utility Menu>File>Change Job name fi74>, 7E#H Y [ Change Job
name ] XHEHEH A “c-rod”, ¥ [ New log and error files] & VEHE, Hidy 0K |j¢’£%ﬂo

(2) 5E L TAEFRE . $44T Utility Menu>File>Change Title fir4, 7E# 4 [ Change Title] %I
TEHEFH A “The stress calculating of c-rod”, #iidi  OK |jff£%ﬂo

(3) FEHr . $UT Utility Menu>Plot>Replot 74,

2. X EAER B

(1) &EHICEA. 4T Main Menu>Preprocessro>Element Type>Add/Edit/Delete f4>, i
[ Library of Element Tpyes] X1&HE, Hiy ada.. HE#, 01 4-3 BRAY [ Labrary of Element
Types] XHEHE, #EFE “Not Solved” il “Mesh Facet 200" I, #id; 0K |%'£«’éﬂo

fA\ Library of Element Types
uper n sh Facet 2|
ull Elemen

Library of Element Types

Mesh Facet 200

Element type reference number

oK Apply | Gy | Help |

¥l 4-3 [ Library of Element Types] XJ1GHE

(2) WEMPIGHEI . M [Library of Element Types] XTi%#HE 419 options. . F54H, o anf&]
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4-4 Ji/nBY [ MESH200 Element Type Option] XfiGHE, & “K1” N “QUAD 8-Node”, H.if;
0K H"E%ﬂo it Add.. |?'£~’Eﬂ, #itH [ Library of Element Type] XJ3GHE, #%4 “Structural Sol-
id” il “Brick 20node 186" #£Xi, fd; OK Iﬁf%ﬂ, FHHd Close I?ﬁ%ﬂo

74\ MESH200 element type options

Options for MESH200, Element Type Ref. No. 1

Element shape and # of nodes K1 QUAD 8-NODE -
Element shape testing K2 -

OK Cancel | Help |

[l 4-4 [ MESH200 Element Type Option] X{i&HE

(3) WEMEEMY. $UT Main Menu>Preprocessor>Material Props>Material Models A, il
K 4-5 71 [ Define Material Models Behavior] # H . #ifi [ Material Model Available] %1% HE
) “Structural >Linear>Elastic>Isotropic” 51, ##H [ Linear Isotropic Material Properties For Ma-
terial Number 1] XHEHE, %1 A “EX=30e6, PRXY=0.3", i 0K I}‘ﬁ%ﬂo AT Material >
Exit fir4>, 58 BT RHE PERBUE

I4\ Define Material Model Behavior

Material Edit Favorite Help
Material Models Defined Material Models Available
Lz terial Nodel Number 1

= @ Favorites
8 Structural
68 Linsar
o Elastic
8

8 Orthotropic
$ Anisotropic
@ Nonlinear
@ Density
@ Thermal Expansion
I SnEL e |
K| | ki |

P 4-5 [ Define Material Models Behavior] # M

3. &5 2D #A
(1) AVEEMAERm: 04T Main Menu > Preprocessor >Modeling > Create > Areas > Circle > By Di-
mensions AT 2>, 478 [ Circular Area by Dimensions] XJUGHE, Q1 4-6 Frx, g A%Z¥E, s
apely [f%Hl, 7E “THETAL” SCASHEPHA <457, fidi  OK |1’£’-éﬂo
(2) TS EH . AT Utility Menu>Plot Ctrls >Numbering 4, S AE 4-7 B Y
[ Plot Numbering Controls] Xfi&HE, £ [ Areas Number] B IEHE, i OK Iﬁf%ﬂo

4. B EMANET @
(1) M E . 04T Main Menu>Preprocessor>Modeling>Create> Areas> Rectangle> By Di-
mensions AT%, #H [ Create Rectangle by Dimensions] XTiEHE, UNE 4-8 Frx, i AEHE, #id
Apply |jvzz!;ﬂo TE“X1, X2” M “YI, Y2© oA “-1.8, —-1.27 K “0, 0.37, i
oK Jresn.
(2) FRTAEFiH . $047 Utility Menu>Work Plane>Offset WP to>XYZ Locations #52>, #iH—
AHRBUHE, TEARRRS A “6.57, i 0K lf,
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T4\ Plot Numbering Controls

I\ Gircular Area by Dimensions

[PCIRC] Circular Area by Dimensions

RAD1  OQuter radius
RAD2 Optional inner radius

THETA1 Starting angle (degrees)

il

THETA2 Ending angle (degrees) 180

oK | Apply | Cancel | Help |

K 4-6 i ABRE

f4\ Create Rectangle by Dimensions

[/PNUM] Plot Numbering Controls
KP  Keypoint numbers I off
LINE Line numbers

AREA Area numbers

VOLU Volume numbers

- off

NODE Node numbers I off

Elem / Attrib numbering
TABN Table Names I~ off

SVAL Numeric contour values I off

No numbering -]

/NUM] Mumbering shown with

Colors & numbers vI

[/REPLOT] Replot upon OK/Apply?

Replot -

ok | Apply | Cancel | Help |

€l 4-7 [ Plot Numbering Controls] XJiiGHE

[RECTNG] Create Rectangle by Dimensions

X1,X2 X-coordinates [—C.S |[0.3 ‘
¥Y1,¥2 Y-coordinates |1.2 ||18| ‘
OK | Apply | Cancel I Help |
[ 4-8 i AFE

(3) FHBOE A AL bR R B TAEF AL AR & . $0AT Utility Menu>Work Plane>Change Active

CS to>Working Plane 74>,

(4) BB EFRE. P47 Main Menu> Preprocessor> Modeling>Create > Areas> Circle> By
Dimensions A4 , #H [ Circular Area by Dimensions ] XHERE, B A “RADI=0.7" “RAD2=0.4"

“THETAL = 0" “THETA2 = 180", M i Aeply |# #l. % A “ THETA2 = 135", # if

0K

(5) WEASEAE. PUT Main Menu >Preprocessor>Modeling>Operate >Booleans> Overlap> Areas
frd, BUR—NMAEUE, AR AL, A2, A3 R A4 BT, il Aeely [HebH, MRS R
AS FILAG BT, By OK  [Heh, WIS HRAERILE SN 49 TR,

(6) WS RILAAR R . $hAT Utility
Menu>Work Plane>Change Active CS to>Global
Cartesian fii 2>,

(7) 734 H K HE R AT Main
Menu > Preprocessor > Modeling > Create >
Keypoints >In Active CS fn‘/&\, o [ Create
Keypoints in Active Coordinate System] XfiHHE,
nE 4-10 Ff R, £ Keypoint number” Fl
“Location in active CS” SUASHE A7y A “28”
“2.57 Fl “0.57, My Aeely [H:6H; A

“29”7 “3.25” 1 “0.47, By Apply |1’E%ﬂ;

ANSYS|

RREAS 180
RREA NUM oCT 31 2017
09:08:35
M. 1

The stress calculating of c-rod

4-9 TEAEENS
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A <307 “4” A1 “0.337, i Apply |€|’f£%ﬂ, BN 317 “4.757 A1 “0.287, HLiy

DK|%%,$&%%&%%%M@¢M%%O

IA\ Create Keypoints in Active Coordinate System

[K] Create Keypoints in Active Coordinate System
NPT  Keypoint number

XY.Z Location in active CS

OK Apply |

Cancel I Help |

& 4-10 HABHE

AREA KM

The stress calculating of c-rod

N -

ANSYS)

R18.0|

B 4-11 Az o i g 21

(8) % BARFEARPR A . AT Utility Menu>Work Plane>Change Active CS to>Global Cylindrical

e

(9) B EERE L . AT Main Menu >Preprocessor>Modeling >Create > Lines >Splines >With Options

>Spline Thru KPs 14>, B —ANABUE . $50UFH RS0 5. 28, 29, 30, 31 Fl 22 X 6 3%
Wi, ek | 0K |#e g, i [ B-Spline] XIEAHE. WP 4-12 BT R, A BCHE, 8k

O, AR A L IR 4-13 TR

fA\ B-Spline

[BSPLIN] Generate a Spline
Start tangent XV1,YV1,2Vv1 ‘ | ‘ 35 | ‘ |

Ending tangent  XV6,YV6,2V6 2 ‘.-3| |

Help |

ok | apply | Cancel |

Kl 4-12 i A

ANSYS

RREAS R180)
EREA NUM NOV_ 16 2017
19:32:58
FLOT NO. 1

Ve TP

The stress calculating of c-rod

& 4-13 A RRARE SR £k
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5. AR —AHE
(1) FECHE 5 8] 0] 7 B £k 04T Main Menu > Preprocessor>Modeling > Create > Lines > Lines >

Straight Line #ir4>, i —MAHUE, f5HG 50 1 F1 18 ByCHE, My 0K|ﬁ%o
(2) ITHEWSGTIFRR . PUT Utility Menu>Plot Ctrls>Numbering 4, [ Plot Num-
bering Controls] XJ3EHE, #H [ Line Number] & i%4E, iiﬁ oK IT% #l, AT Utility Menu>

Plot>Lines fir 4>, M7s FTA 26 SO S 5 I 4R AN 1A 4-14 B
(3) HZ&AERHAIE . AT Main Menu>Preprocessor>Modeling > Create > Areas > Arbitrary> By

Lines fi4, S —MREUHE, FAIREmE M6, 1, 725894 &2, s OK |¥E%ﬂ, R4
T A9 A B SR & 4-15 FiR

- ANSYS)

ANSYS) N R18.0]
LDES k180 NOV 16 2017
LINE NOM CCT 31 2017 19:57:31

09:21:10
PLOT NO. 1

e
b

E%és/ L_xv\:}f o B — /ﬁ iﬂfaﬁ b x ) = l%\

The stress calculating of c-rod The stress calculating of c-rod

K 4-14  WoRPrA 2SS IR Pl 4-15  JERTAATE A A 12t 2R

(4) FUREF LI 5. AT Utility Menu >Plot Cirls > Pan-Zoom-Rotate A, BoR
[ Pan-Zoom-Rotate] T HAF*, HLii BoxZoom £l , SR J5 44 WU FF 19 22 1 KK AL 4, R 52

KA
(5) 8. PUT Main Menu>Preprocessor>Modeling > Create > Lines > Line Fillet e , B —

MNRBUE . FEU T 0 36 Fl1 40 2k, Hudh  apely {4, #fH [ Line Fillet] XJUGHE, UN[E 4-16
i, WABYE, il aeey [, RIGEE FIREEAE, M4SN 40, 31, 30 F1 39 MLk vEfT
B, P 0K|§@,%@ﬁ%¢ﬁ%%mﬂmnmﬁo

ANSYS

LINES R18.0
LINE NOM OCT 31 2017
09:25:11
PLOT NO. 1

[LFILLT] Create Fillet Line

NL1,NL2 Intersecting lines
RAD  Fillet radius 3‘25\
PCENT  Mumber to assign - i:

- to generated keypoint at fillet center

P
/”

oK | Apply | Cancel | Help |

The stress calculating of c-rod

& 4-16 i AECHR Bl 4-17 L4580 f 2R L As
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(6) AT E XK 3 NREMAAIER I . $047 Main Menu>Preprocessor>Modeling >Create>
Areas> Arbitrary > By Lines fif %, i i — /N5 HUAE, A MU 5 4 12, 10 1 13 2k, Hif
meply [ SRRSO 17, 15 M9 ML, Mk aeey [HCHL; FAMRZES 21 22 Fl 24 ML,
M oK i,

(7) TWAINERAE . $R4T Main Menu>Preprocessor>Modeling > Operate > Booleans > Add > Areas fif
A, BUR—AREHE, B psox aulfiél, B [ Pan-Zoom-Rotate] THLBIEy R |He4,

R AR 5 2 R 25 S T 4-18 s — s
(8) MLk BT 0 4 5 IUAT Utility | = i

Menu>Plot Ctrls >Numbering #i74>, i [ Plot
Numbering Controls ] Xt 46 AHE, ¥ B [ Line
Number] S #EHE, B oK |ﬁ?%ﬂo

(9) PRAFJLMIBLAS, $HAT Utility Menu>
File>Save as iy %, #H [ Save as] X IGAHE,
1£ [ Save Database To] T $751 FRHE H i A SCF
% “c-rod model” , By Ok I?ﬂ%ﬂo

6. Ak 2D M he stress caloulating of c-rod

(1) B G R I 5 W g BA S S

Main Menu>Preprocessor>Meshing>Mesh Tool iy

A BRHRIZMRRE THARS . M “Size controls:” K% “Global” F#1fy  Set [ehl, #H U 4-19

J714 [ Global Element Sizes] XJ#f#E. 7E “Element edge length” SCASHE iy A “0.27, ik
OK  [g#Hl, B Rl /) PIAR THASHY  Mesh |¥£«’éﬂ, P — R HUE , Hh eacx av1 [RE

SR H RS R 43 i 25 5L P 4-20 FIR

OCT 31 2017
09:44:35
NO. 1

14\ Global Element Sizes

[ESIZE] Global element sizes and divisions (applies only
s

o "un:
SIZE Elemer

th [—521
NDIV No. of ivisions - l:l
- (used only if element edge length, SIZE, is blank or zero)
oK Cancel Help
The stress calculating of c-rod
¥ 4-19 [ Global Element Sizes] XiHHE &l 4-20 R E B A& 545

(2) TRIEM R 28 . AT Utility Menu > File > Save as far 4, i [ Save as] XHGHE, TE
[ Save Database To] TFHiFIRAMEPHIA M4 “c_ rod_ 2D_ mesh”, Hii; oK |?£’fﬂo

7. R AR 3D M
(1) BRI E2R M. Pl R4y RS T HES 5 — 4 Set |§’£%ﬂ, W 4-21 TR
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[ Meshing Attributes] XFiEHE, #£ [ Element Type numbe] iR MEHBEFE “2 SOLID186” LI,

iy ok [fA,

(2) WEHS R ITEH,; 4T Main Menu>Preprocessor>Modeling > Operate > Extrude >
Elem Ext Opts fir 4, #HANE 4-22 T8 ) [ Element Extrude Options ] Xt I3EHE, #£ “No. Elem

divs” CAHEHHGA “37, By ok I?ﬁ%ﬂo

Default Attributes for Meshing
[TYPE] Element type number 3 SOLID186 =
MAT] Material number [
REAL Real constant set number m
[REAL] Real constant set number R [ i ]
[ESYS] Element coordinate sys ESYS  Element coordinate sys [Use Dottt 7]
[SECNUM] Section number e [ﬁ
L1
2
ACLEAR Clear area(s) after ext I~ No
o | Concel | He_| Coe |  [oer| o
[ 4-21 [ Meshing Attributes] XfiEHE [ 4-22 [ Element Extrude Options] XJiGHE

(3) #izh4d: p 3D RIA4% . 44T Main Menu> Preprocessor>Modeling > Operate > Extrude > Areas >
Along Normal 74>, Bt ih — /N4AHUHE, i B, # 0Kl 4-23 BF7R 19 [ Extrude Area along
Normal] XTiHHE, 7E “Length of extrusion” CARMEFHGA “0.57, iy ok H’ff%ﬂo

(4) FTJF [Pan-Zoom-Rotate] T.EA%. $4F Utility Menu>Plot Ctrls> Pan-Zoom-Rotate iy 4>,
gLl [ Pan-Zoom-Rotate] THLE, MLl THALY Iso [,

(5) BRI $HAT Utility Menu>Plot>Plot Element fiv 4>, Az (9 3D 4% &5 5 4 18] 4-24
IR

ANSYS|
ELEMENTS R0l

ocT 31 2017
10:24:13
PLOT BO. 1

T\ Extrude Area along Normal

[VOFFST] Extrude Area along Normal
NAREA Area to be extruded

DIST Length of extrusion

KINC Keypoint increment

S|l

oK | Apply | Cancel | Help I

The stress of c-rad

B 4-23 [ Extrude Area along Normal] XiEHE & 4-24 ALY 3D RIAG4E

(6) PRAEMIA% 45 3. AT Utility Menu > File > Save as fir A, M [ Save as] XFiEHE, 7E
[ Save Database To] FHiFIERHEHFHA LA “c_ rod _ 3D_ mesh”, Hiiy oK |3f'§%ﬂo

8. Ay R AT R

(1) FERFLA PN D N X FRZI K . 34T Main Menu>Solution>Define Loads >Apply >Structural >
Displacement>Symmetry B. C. >On Areas fii4>, #H—/MEEHE, FABOKFL AR T (1HI5 -~ 18 1
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9 ) 5 $‘$ OK |§%ﬂ o

(2) 7EY=0 APrA m Lt inx#RZ) % . $44T Main Menu>Solution>Define Loads>Apply>Struc-
tural >Displacement>Symmetry B. C>On Areas fii4, #UHH—/NGEHE, FAEY=0 (A H (H5 N
15, 16, 17, 20, 21, 22 f125), #if; ok [#

(3) JEhm Z 71 B 29 8, 44T Main Menu > Solution > Define Loads > Apply > Structural >
Displacement>On Nodes #ir4>, #t—MANUHE , $AHUEI S 447 WO 5, Wy ok [#esl, #t
H—AXHEHE, ZE [ DOF to be constrained] THIFIERHEP L “UZ” Ui, i oK |il"£%ﬂo

(4) EHPIAE SR, 7 Utility Menu>Select>Everything 74,

(5) BREIC: AT Utility Menu>Plot>Plot Elements 74>, i 245 5 A5 1 0 45 S 4n 18] 4-25
FIi7R p— i

(6) B & m AT AR R T3 AT Uiy | ™™ it
Menu>PlotCtrls > Symbol #iy 4>, 5 H — 4> X5 HE
7E [ Show pres and convect as] T HIH)FEHE ik $E
“Arrow “BEIU, FAdy oK H’f%ﬂo

(7) AE/NFL N T it N 2 fir, PRAT Main

Menu > Solution > Define Loads > Apply > Structural >
Pressure>On Areas A%, #f i — /N EUHE . #AHL

AL R (1509 23), fdi ok |4,

RN E 4-26 /s i) [ Apply PRES on areas] X & 4-25  iHNZ o 5 A G 4 SR
iEHE, #F “load PRES value” 3C 7K HE & A

“1000”, My ok |?£%ﬂo

(8) H# PCG EARKAMESLS . AT Main Menu>Solution>Analysis Type>Sol” n Controls 74>, 5
A& 4-27 Fr7s Y [ Solution Controls] XF 4G HE, FE&H 1 —47 58 “Sol” s Options”, 7E “E-

quation Solver” EIFZH#EH “Pre-condition CG” FAMEFR4L, My oK H"ﬂ%ﬂo

The stress calculating of c-rod

[SFA] Apply PRES on areas as a Coritant vekie =
If Constant value then:
VALUE Load PRES value
LKEY Load key, usually face o. 1
(required only for shell elements)
ok | Apply | Cancel | Help |
S - |
[ 4-26 [ Apply PRES on areas] XtifHE €l 4-27 [ Solution Controls] XHiEHE

(9) JHfRf#IEHE . AT Main Menu>Solution>Solve>Current LS 74>, 5 — P EIRHE,
W J5 PUT File>Close 4, iy Hﬁ"%ﬂﬂ:ﬁ KRipiEHE , K HEB— [ Solution is done ] X‘J'ﬁ.?
HER i Close |§’§%ﬂ, SERCRFE A,
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(10) IRAEIHTEE R, AT Utility Menu>File>Save as #i74>, B [ Save as] XJHEHE, Hi A
“c_ rod_ RESU”, ¥y Ok |fiefl,

9. REHATEER

(1) WRZEEIZIR: $AAT Main Menu>General Postproc>Plot Results>Deformed Shape 4>, it
AN 1& 4-28 7R [ Plot Deformed Shape] XJi&HE, 7E “KUND Items to be plotted” #E3iZH i H
“Def+undeformed” PAYESEEL, Pif ok [#4, ATEILARAILER A 4-29 FR

DISPLACEMENT AN%V!?‘
STEP=1 CCT 31 2017

SUB =1 14:25:55
* PLOT NO. 1

14\ Plot Deformed Shape

[PLDISP] Plot Deformed Shape
KUND ltems to be plotted
(" Def shape only

& Def + undeformed

(" Def + undef edge

OK I Apply I Cancel I Help I

The stress calculating of c-rod

[€] 4-28 [ Plot Deformed Shape] XI{HHE Bl 4-29 ATEILIR A AR

(2) BARTIENMNF = 4T Main Menu>General Postproc>Plot Results>Contour plot>Nodal
Solu 4, HANE 4-30 fli7sH) [ Contour Nodal Solution Data] ¥fiGHE, 7£ [ Nodal Solution] F
FIFN FAE PRI ESE “DOF solution” Fl “Displacement vector sum” #£37, 7£ [ Undis placed shape
key] & H %S “ Deformed shape with undeformed model” I, Fid; ok |{|’;’£%ﬂ, A
L IR RN 4-31 FR

IA\ Contour Nodal Solution Data 5

r Item to be contoured

(@ Favorites

o Nodal Solution J—— ANSYS|
DO Solution STEE=1 oct 31 20;17”
@ ¥-Component of displacement SUB

14:28:16
@ Y-Component of displacement M. 1
@ Z-Component of displacement

(8 Stress

@ Total Mechanical Strain
Elastic Strain

Plastic Strain

(@ Creep Strain

@ Thermal Strain

@ Total Mechanical and Thermal Strain &l

x| Bl

Undisplaced shape key

Undisplaced shape key [Deformed shape with undeformed model K|

Scale Factor [Auto Calculated ~1[3380. 51165759

Additional Options @] —
0 +296E-04 .592E-04 .887E-04 .118E-03

0K l Apply l Cancel l Help l .148E-04 .444E-04 .T40E-04 .104E-03 +133E-03
The stress calculating of c-rod
K430 [C Nodal Solution D. X EAE S b S
- [ Contour Nodal Solution Data] *i7; & 4-31 7 S BHAE LSS R

(3) B RTI AN Von Mises N fJ: #4147 Mani Menu>General Postproc>Plot Results>Contour plot>
Nodal Solu 74>, #H [ Contour Nodal Solution Data] XJiHHE, #KIKIEHE “Stress” F “von Mises

stress” PRI, Hf; ok |5b£%ﬂ , WA RS R A E] 4-32 iR
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ANSY:
NCDAL SOLUTIQN N§u§
STEP-1 ocT 31 2017
SUB =1 14:28:53
TIME=1 M. 1

SEQV (AVG)
DMX =.133E-03
SMY =, 388536
SMX ~1990.09
A\
8%
.383536 442.546 884.702 1326.86 1769.01
221.468 663.624 1105.78 1547.94 1920.09
The stress calculating of c-rod
P 4-32 B R A R

(4) WS SN H . AT Utility Menu>Plot Ctrls >Style >Symmetry Expansion> Periodic/Cyclic
Symmetry Expansion 74>, #f 5 WK 4-33 AT 78 AY [ Periodic/Cyclic Symmetry Expansion] X} 3G #HE,
PEH “Reflect About XZ”, Hiif; oK H’ﬁ%ﬂ RN A R 25 AN 4-34 TR

T\ Periodic/Cyclic Symmetry Expansion

/EXPAND] Expansion of Periodic/Cyclic Symmetry
Select type of cyclic symmetry
€ 1/4 Dihedral Sym
 1/8 Dihedral sym
€ Reflect about XY
¢ Reflect about YZ
@ [Reflect about XZ |
€ No Expansion
Help |

Apply I Cancel |

[#l 4-33 [ Periodic/Cyclic Symmetry

Expansion] X iEHE

14

i

ft

AL/

/BATCH

/FILENAME, CON ROD
/TITLE, Stress of connect-rod
/REPLOT

/PREP7

PCIRC, 1.4, 1, 0, 180,
PCIRC, 1.4, 1, 45, 180,
/PNUM, AREA, 1

APLOT

RECTNG, -0.3, 0.3, 1.2, 1.8
RECTNG, -1.8, -1.2, 0, 0.3

- ANSYS]
NCDAL SCLOTION R18.0
STEP=1 OCT 31 2017
SUB =1 14:30:05
TIME=1 PICT NO. 1
/EXE?

(RVG)
DM =.133E-03
SMN =,389536
SMX =1990.09
389536 442.546 884.702 1326.¢6 176€3.01
221.468 663.624 1105.78 1547.94 1890.0¢
The stress calculating of c-rod

Pl 4-34 R A B2 2R

WPSTYLE,,,,,,,, |
FLST, 2, 1, 8

FITEM, 2, 6.5, 0, 0
WPAVE, P51X

CSYS, 4

PCIRC, 0.7, 0.4, 0, 180
PCIRC, 0, 7, 0.4.0, 135
/AUTO, 1

APLOT

AOVLAP, 1, 2, 3, 4
AOVLAJ, 5, 6
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CSYS, 0

K,, 2.5, 0.5
K,, 3.25, 0.4
K,, 4.0, 0.33
K,, 4.75, 0.28
CSYS, 1

BSPLIN, 5, 28, 29, 30, 31, 21,
135, 1, 45

ISTR, 1, 18
/PNUM, LINE, 1
LPLOT

AL, 6, 1, 7, 25
LFILLT, 36, 40, 0.25
LFILLT, 40, 31, 0.25
LFILLT, 30, 39, 0.25
LPLOT

AL, 12, 10, 13

AL, 17, 15, 19

AL, 23, 21, 24
AADD, ALL

APLOT

SAVE, CON_ ROD _ MODEL
ET, 1, MESH200
KEYOPT, 1, 1, 7
ESIZE, 0.2
MSHAPE, 0, 2D
MSHKEY, 0

AMESH, ALL

SAVE, CON_ ROD_ 2D _ MESH
/EFACET, 2

EPLOT

ET, 2, SOLIDIS86
EXTOPT, ESIZE, 3

4.3 BEFLEAh&EHHHEH]

@ BRIy

JVIEW, 1, 1, 1, 1
APLOT

VOFFST, 2, 0.5

JVIEW, 1, 1, 1, 1
EPLOT

SAVE, CON_ ROD_ 3D MESH
EPLOT

MP, EX, 1, 30E6

MP, PRXY, 1, 0.3
FINISH

/SOLU

DA, 18, SYMM
DA, 19, SYMM

DA, 15, SYMM

DA, 16, SYMM

DA, 17, SYMM

DA, 20, 3YMM

DA, 21, SYMM

DA, 22, SYMM

DA, 25, SYMM

DA, 447, UZ

SFA, 23, 1, PRES, 1000
EQSLV, PCG, 1E-8
SAVE

SOLVE

SAVE, CON_ ROD_ RESULT
FINISH

/POST1

PLNSOL, S, EQV
/REPLOT

FINISH

JEXIT ALL

4-35 It 7R — A RS2 B PR A JCBR i, 7E H O AL EA — A/ NMASL, BORHE
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PR R E=2x10"Pa, JAMAEL R 0.3, Pz ¢=1000Pa, FEARJERE t=0. Im, & 4-35 H i~
B AL m,

MR AR B 0T, I R TP TN S I, SRS AR AR S5 44 (X B, B4 #r L
Yy 12 BIRT, anfEl 4-36 Bk,

20
=R % I~ q I
-] % [ =
&l 4-35  JoRRICF-H 25 4 1 [ 4-36 A FRIusrH#5Al

@) cul 5B

1. 2L A XA & v TAEAR A

(1) & XTAHECHE4 . 04T Utility Menu> File>Change Job name fir2>, 7E3 Y [ Change Job
name] XHEHEHHIA “Plate” , ¥ [ New log and error files] &i%HE, Hdy 0K Ii’ﬁ%ﬂo

(2) EXTAERRE., P47 Utility Menu>File>Change Title e, FEFH [ Change Title] X
IGHEH A “The analysis of plate stress with small circle” , Biil;  OK |ﬁ£%ﬂo

(3) FEH B~ AT Utility Menu>Plot>Replot 4,

(4) R =MABIRFTE . $HAT Utility Menu>Plot Cirls>Window Controls>Window Options A7 4,
[ Window Options] XFiHHE, 7F [ Location of triad] T HiF|RHEHEFE “Not Shown” FEIN,

By 0K |T’£-’Eﬂo

2. SR K A o b

(1) EFEEILZEA . P47 Main Menu>Preprocessor>Element Type>Add/Edit/Delete iy, T
[ Element Type] SHUGAE, BAy Add. .. [R4H, AN 4-37 s [ Library of Element Type] Xt

TEHE, VEFE “Solid” F1 “8node 183”7 &I, Hiifi OK Iﬁ‘f%ﬂ, SRIGHE Close [Hifll,

FA\ Library of Element Types

Library of Element Types

Y 8 node 183

ok Rooh: ] G | Help |

€ 4-37 [ Library of Element Type] X§i&#HE

(2) wEMEES. $UT Main Menu>Preprocessor>Material Props>Material Models a4,
[ Define Material Models Behavior] #%i 1, i [ Material Model Available] FZRHEH ) “Structural>
Linear>Elastic>Isotropic” %31, #H [ Linear Isotropic Material Properties for Material Number 1] X

TEHE, 7E “EX” Fl “PRXY” SUAHEH/MHIFIA “2ell” K “0.3”, #d  OK |1’£%ﬂ, R IE
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1T Material >Exit f74>, SE A RHRPERY I E
(3) PRAFECHE . B ANSYS Toolbar 11 SAVE_DBJHE 41 .
3. Al UATAER

(1) AEW—HIEME . $44T Main Menu>Preprocessor>Modeling > Create > Areas > Rectangle > By
Dimensions Ai74%, #H [ Create Rectangle by Dimensions] XFiHAHE, {0 4-38 Az~ , i ABdE, o

i Ok, fEBUEE R R — T

T\ Create Rectangle by Dimensions.

[RECTNG] Create Rectangle by Dimensions

OK | Apply | Cancel | Help |

& 4-38  dig AKH
(2) EW—A/NEFL: 4T Main Menu>Preprocessor>Modeling > Create > Areas> Circle> Solid
Circle fir2, #H UK 4-39 Fi/n B [ Solid Circular Area] XiH#E. 2 HI7E “WPX” “WPY” Al
“Radius” SCAMEFHIA “0, 0, 57, ffaly Ok [Heb, A pl I 1o A0 I 10 A9 45 SR A 1] 4-40
R,

= v
@ Pick € Unpick e o830
NO. 1
WP X =
v -
Global X =
¥ =
zZ=
WP X (]
WP ¥ (]
Radius 3]
0K Apply
Reset Cancel
Help I
The analysis of plate stress with small circle
[l 4-39 [ Solid Circular Area)] XFiHHE ] 4-40 A i i VAR i 1 2
(3) PATHEAHIREEVE . AT Main Menu >Prepro- — aNSyYS
cessor>Modeling > Operate > Booleans > Subtract > Areas |~ sy

s, B — N RICHE, SRR S 0 AL BTE,
di Ok lRH. SRS S O A2 BT,
OK [ #. T A OB R 10 5 B 45 R 1R 4-41

B,
(4) TRAFJLATAEAL . i ANSYS Toolbar 1)

%mjﬂﬁﬁu

4. & R PRI R A
(1) WEME MRS KN, $i4T Main Menu > Pl 4-41 TR AR 9258

The analysis of plate stress with small circle
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Preprocessor>Meshing>Size Cnirls>Manual Size>Global>Size fiy4>, i H AN 4-42 iR 1% [ Global El-
ement Sizes] XJTHHE, 7E “FElement edge length” SCAHEF A “0.57, g 0K I?E%ﬂo

(A E—

to "unsiz lines)
SIZE Element edge length
NDIV No. of element divisions - |

- (used only if clement edge length, SIZE. is blank or zero)

oK Cancel Help

4-42 [ Global Element Sizes] XfiGHE

(2) KA A B MK 590, 04T Main Menu>Preprocessor>Meshing>Mesh>Areas> Free 14>,
BN AU . SRS A3 BT, e OK  [HeR, A A IR AN 4-43 TR

(3) PRAFLER . Hdy TR save_oB|Hesf .

5. A AT I R

(1) MEMZ o 44 44T Main Menu>Solution>Define Loads>Apply>Structrual > Displacement>
On Lines 4>, Sl —MHAEE, A% S H LI0 A1 Lo 2k, ®aidi 0K [He4H, b anfEl 4-
44 RIS [Apply U, ROT on Lines] T, ## “UX” 350, #di 0K [Hed, $U47F Main
Menu>Solution>Define Loads>Apply>Structrual > Displacement>On Nodes fir4>, HEHCE RN M v, B
di 0K e, wbeE Uy BETE, daek ok s,

ANSYS
ELEMENTS R18D)
OCT 31 2017
o
DL Apply Displacements (U,ROT) on Lines
Lab2 DOFs to be constrained [arpoF ]
UX
uy
.
Apply as Constant value -
VALUE Displacement value
ok | Apply | Cancel | Help |
The analysis of plate stress with small circle
& 4-43 A pHRE ¥ 4-44 [ Apply U, ROT on Lines] X}iHHE

(2) Mihn#EAr . $447 Main Menu>Solution>Define Loads>Apply >Structrual > Pressure>On Lines
fird, BB —ANMAEUE, ARG S L2 gk, i 0K [HebH, SR 4-45 BRI [ Apply
PRES on lines] XHHfHE, 76 “load PRES value” SCAREF A “-1000", #di ok s, 4
BRAS R UNE 4-46 PR

(3) Rf#: W4T Main Menu>Solution>Solve>Current LS 74>, B — PR HE, WU J5 AT
File>Close A74>, Mifi__ 0K [HUIT MR B, HBL—A [ Solution is done] Fiff fE i #if;

Close |14l 58 MR MIZ T,

(4) AR, T Utility Menu>File>Save as Aiy4>, 3 [Save as] XUGHHE, fij A

“Plate RESU™, 17 0K |#izfl,
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74\ Apply PRES on lines
[SFL] Apply PRES on lines as a e =

[E—

If Constant value then:
VALUE Load PRES value

If Constant value then:
Optional PRES values at end J of line
(leave blank for uniform PRES )

Value

ok | Apply | Cancel | Help |

F¥14-45 [ Apply PRES on lines] Xt

R WA

ANSYS|

RERS
TV MM NV 8 2017

mes
1600

The anslysis of plate stress with smll circle

& 4-46 i in 28T (%) A2 a5 R

(1) BRAE ﬁ/ﬁ/«fj( Main Menu>General Pos tproc>Plot Results>Deformed shape 74>, 3t 40l

Kl 4-47 Fir 75 1 [ Plot Deformed Shape] Xfi&#HE, ¥EH' “ Def + undeformed ”
ATE IR B HE L ZS SR N K] 4-48 s,

Ok s,

e, Rk

(2) FIHFENLER . 4T Main Menu>General Postproc>List Results>Nodal Solution fird> ,
HANE 4-49 r7s A9 [ List Nodal Solution] FiEHE, 7E [Ttem to be listed] A% 51 FHE 54K IR 3% £

“Stress” BEFI “von Mises Stress” FEIN, i 0K Iil”f%ﬂo BEAPRITA TS 6 AR S B

PIFN 5 RN, WKl 4-50 fF7s . $0AT File>Save as A2

1A\ Plot Deformed Shape

[PLDISP] Plot Deformed Shape
KUND Items to be plotted

¢ Def shape only

€ Def + undef edge

OK | Apply I Cancel ] Help I

€l 4-47 [ Plot Deformed Shape] XIiGHE

T2 List Nodal Solution X

~ Item to be listed

@ Stress =l

@ X-Component of stress
@ 7-Component of stress
@ Z-Component of stress

@ XY Shear stress

@ T2 Shear stress

@ XZ Shear stress

@ lst Principal stress

@ 2nd Principal stress

@ 3rd Principal stress

@ Stress intensity

@

@ Plastic equivalent stress

@ Stress state ratio |

il |

Value for computing the EQV strain

ok | ey | cace | Hew |

LA AT — A SCAR SR RAT

ANDYS

DISPLACEMENT

STEP-1 Nov__8 2017

SUB =1 15:33:50
PIOT NO. 1

TIME~1
DMK =. 145E-06

The analysis of plate stress with small circle

K 4-48 AZFEICARAY A Bl 2GR

fi\ PRNSOL Command X

File

~

PRINT § NODAL SOLUTION PER NODE

s POSTL NODAL STRESS LISTING s
PowerGraphics Is Currently Enabled

LOAD STEP= 1 SUBSTEP= 1
TIME= 1.0000 LOAD CASE= @
NODAL RESULTS ARE FOR MATERIAL 1

NODE 1 82 83 SINT SEQU
1 828.32 1.6268 B.Bﬂlﬂb 828.32 827.51

2 1001 .2 1.1977 0.0000 10801.2 1000.6

4 817.66 1.3138 0.0086 817.66 817.01

6 791.22 8.47193 8.0000 ?91.22 7968.99

8 ?258.16 0.0800 -8.52229 758.68 75842

i@ ?728.88 0.0000 —1.8557 ?29.93 ?29.41
e 712.68 0.0000 -1.25600 713.93 713.30
14  712.73 0.0000 -1.0954 ?13.82 713.27

%] 4-49 [ List Nodal Solution] XJiE#HE

P 4-50  FITHIT AR 6 NNy RS R
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(3) WEHY A ) Von-Mises I S{H : 44T Main Menu>General Postproc>Plot Results>Contour
Plot>Nodal Solu #4>, M UIE 4-51 FrR ) [ Contour Nodal Solution Data ] STHEHE, TF [ Ttem to

be contoured] AYFIFRHE TR K EFE “Stress” F1 “von Mises Stress” I, i oK Ii@%ﬂ,
9 Von-Mise [N 7 i AE 45 R Wil 4-52 FfoR

Item to be contoured

@ Z-Component. of stress Gl ANSYS
@ XY Shear stress NCDAL SOLUTION R180)
@ YZ Shear stress STEP=1 NOV_ 8 2017
@ X2 Shear stress et rorie
@ 1st Principal stress Y i) )
@ 2nd Principal stress SMY =54.7158

SMX =19054.3

@ 3rd Principal stress
S

@ Stress state ratio
@ Hydrostatic pressure
@ Total Nechanical Strain

8 Flastic Strain ]
| =]
Undisplaced shape key
Undisplaced shape key [Deformed shape only £l
Scale Factor [auto Calculated ~[6919310. 26867
Additional Options ®|
ok | s | cewa | He | . rjf;s‘::s:rzghaigas :::ttiss;sﬁ ii::e 10610.1 272 148302 16422 1opsa.3
. N . .
€] 4-51 [ Contour Nodal Solution Data) X HE & 4-52 75 Von-Mise I 17 A il gh 1

7. AY R XRTH 4

() wmEY BEEL., T Utility Menu > Plot Ctrls > Style > Symmetry Expansion> Periodic/
Cyclic Symmetry Expansion iy 4>, #H WA 4-53 Fr7R 19 [ Periodic/Cyclic Symmetry Expansion ]
XTUGHE . % “Reflect about YZ7 PR % 4% 4, $ﬁ3 0K I?ﬁ%ﬂ , VR G R I 4-54
s o

STEP-1 NOV_ 8 2017
SUB =1

15:43:49
PLOT NO. 1

ANDED
SEV (BVG)
1\ Periodic/Cyclic Symmetry Expansion 1 5175158
A LAl P MK =19054.3

[/EXPAND] Expansion of Periodic/Cyclic Symmetry
Select type of cyclic symmetry
" 1/4 Dihedral Sym
¢ 1/8 Dihedral Sym
" Reflect about XY
@ Reflect about VZ|

¢ Reflect about XZ \(

" No Expansion

204 | Apply I Cancel | H5|p 54.7158 2165.78 4276.85 6387.92 8498.98 10610.1 12721.1 148322 6943.3 19054.3
The analysis of plate stress with small circle ) ) )
[ 4-53 [ Periodic/Cyclic [l 4-54 YA s R

Symmetry Expansion] X{iHHE

(2) VISR R . $U4T Utility Menu>Plot Cirls>Device Options #5431 & 4-55 fr
A [ Device Options ] YFIEHE, [ Vector mode (wireframe) | J5 I “On” EiEfE, Hdy
OK b, Mises 137 SRR A IRAS SR AR 4-56 B R
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[/SHOW] Use extra colors for Shading  WIN32 -
/DEVI] Vector mode (wireframe) liohEe e
BBOX(Faster PREP7 EPLO) ¥ On
Dithering ¥ On

Animation mode
C AVifile

@ Bitmaps

[/UIS] Dynamic Mods Preview ModelOutina " [E]
[UIS] Coincident Pick Traversal B
[/REPLOT] Replot upon OK/Apply? Replot =

oK apply | Cancel Help

[¥] 4-55 [ Device Options] XTiHHE

/BATCH

/TITLE, The analysis of plate stress with
small circle
/PLOPTS, INFO, 3
/PLOPTS, LEGI1, 1
/PLOPTS, LEG2, 1
/PLOPTS, LEG3, 1
/PLOPTS, FRAME, 1
/PLOPTS, TITLE, 1
/PLOPTS, MINM, 1
/PLOPTS, FILE, O
/PLOPTS, SPNO, 0
/PLOPTS, LOGO, 1
/PLOPTS, WINS, 1
/PLOPTS, WP, 0
/PLOPTS, DATE, 2
/TRIAD, OFF
/REPLOT

/REPLOT

/SOLU

FINISH

/PREP7

ET, 1, PLANE183
MPTEMP,,,,,,,,
MPTEMP, 1, 0

14

i

&

NODAL SOLUTION
sTEP=1

sus =1

ThE=1
/EXPANDED
seav (av6)
DMX =.145E-06
SMN =54.7157
sMx =15054.3

A=1110.25

&l 4-56  Mises N J1 25 {E 2R 14 A= B 4%

MPDATA, EX, 1,, 2ell
MPDATA, PRXY, 1,, 0.3
SAVE

RECING, 0, 10, —-10, 10,
CYI4, 0, 0, 5

ASBA, 1, 2
ESIZE, 0.5, 0,

MSHKEY, 0

CM, _ Y, AREA

ASEL, , , , 3

CM, _ Y1, AREA
CHKMSH,'AREA’
CMSEL, S, _ Y

AMESH, _ Y1

CMDELE, _ Y

CMDELE, _ Y1
CMDELE, _ Y2

/RGB, INDEX, 100, 100, 100, 0
/RGB, INDEX, 80, 80, 80, 13
/RGB, INDEX, 60, 60, 60, 14
/RGB, INDEX, 0, 0, 0, 15
/REPLOT

FINISH

/SOL

FLST, 2, 2, 4, ORDE, 2
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FITEM, 2, 9 /SHOW, WIN32
FITEM, 2, -10 /DEVICE, VECTOR, 1
/GO /DEVICE, BBOX, 1
DL, P51X, , UX, /DEVICE, DITHER, 1
FLST, 2, 2, 1, ORDE, 2 /DEVICE, ANIM, BMP
FITEM, 2, 162 | /UIS, DYNA, 0
FITEM, 2, 214 | /UIS, ZPIC, O

/GO /REPLOT

D, P5IX, ,,,,, UY,,,,, /DIST, 1, 1.082226, 1
FLST, 2, 1, 4, ORDE, 1 /REP, FAST

FITEM, 2, 2 /DIST, 1, 1.082226, 1
/GO /REP, FAST

SFL, P51X, PRES, -1000, /DIST, 1, 1.082226, 1
/STATUS, SOLU /REP, FAST

SOLVE /DIST, 1, 1.082226, 1
FINISH /REP, FAST

/POSTI /DIST, 1, 1.082226, 1
PLDISP, 1 /REP, FAST

/DIST, 1, 1.082226, 1 /DIST, 1, 0.924021, 1
/REP, FAST /REP, FAST
PRNSOL, S, PRIN /DIST, 1, 0.924021, 1
/EFACET, 1 /REP, FAST

PLNSOL, S, EQV, 0, 1.0 /DIST, 1, 0.924021, 1
/EXPAND, 2, RECT, HALF, 0.00001 /REP, FAST
/REPLOT JEXIT, ALL

4.4 REINE

ANSYS [ # J7 50 Brad 8 — M 45 E Sr AR | it 28 far I oK AR AR A 25 AR 3 AR AR
SEAERLZ BT E LT AR SO 4, $RErHrhndl, SRJE#E A/PREPT AbBR R . A7 A KR OC /0 A
R FEASGEE LHouEM | RonIE R, MORE MR AL R AR dE S BT S, X LA AR
TR 43 W A% A AT BROGAT M AR 28, 0E A/SOLU SR f# %%, FH P BE 50 28 fof it Jon 7 JL AR 455 80 (4
Kedei . S MEAR) sCABRITHR (AR e EAon) b, AR AE JL IR U] ANSYS 7E
SR St A3 i st 67 2 A e B B AT PR OCAR Y b 25 AR ER A0 M B0 B S R £ B AR RS (UX
UY., UZ, ROTX, ROTY #1 ROTZ) . J1 8 Sy % (FX., FY, FZ, MX, MY 1 MZ) ., & JJ
(PRES) . i&J¥ (TEMP) . Wiii& (FLUE). T /) (Gravity) HIJiE%: ¥ (Spinning Angular
Velocity) %%, TEA-HTad B o] LASRATHE N . MBR | i8530 e oty S5 8524 #F A/POST1 J5 4
P ZEAG A R A e

W A2 S L RSN T, BT A ER T R E AL TR S 4T, i
b B2 SR ) BB AL T ARG N2 56
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4.5 BEH%3

1. &M

(1) TERTALEEAR (/PREP7) PN EZSEMIPLEHRAE

(2) G575 BT A3 A S A S B4 5 MR LA 2

(3) L] D P S B FN S B R A1 M2 SR

2. HHBRAEA

(1) BERWAFTEST, HEWE 4-57 PR B8 RE A S EIER T OREML, R
BUEA, HERPERE N E=2x10"Pa, £/ -HIE TR, AN m,

0.01

& 4-57 B

(2) MrZR&5952 J153 0T, SRARIED 4-58 TR Mi 2R 091 s i % . 328 I 07 FVEE AR FF P9 IR N 7
PR E=2x10"Pa, FFAUREEIEAR A=3250mm*, %75 SUARFRANZE 4-2 FR

F4-2 TELER (. mm)

F 5 X Y

1 0 0

2 1800 3118

3 3600 0

4 5400 3118

5 7200 0

6 9000 3118

7 10800 0

& 4-58  F-TRIHTALEE

(3) =HEFLHRIRSZ S1438T . B 4-59 iR B FEHE TR 7K 2 501bf/in® B35 2] A alider . 2R
WA LA E T AR L, FRAR BRI, SRR E=29x10%psi, A v=0.3, it
ANSYS i i H A R G4 Von-Mises W 15346 .
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/R
o
3

<
18,
1 05

Kl 4-59 =4HEAUERMNGE
(B RS B A3 in)



CHER S DI Lo i)

S5 3N 1 F RIS R 2 S R AR A () AR T AT B e R )R, & S A i R X R B
Gy N B SR ) A RGE S T RS . Bl 1 i BB R LU 5 A4

(1) BEZSAHT. TG A48 0 A AR R RS

(2) WUEAHT RSN ST ) « T 45 W A Bt s ) 1 5% 25 T ) 28 £ FH T 1 g 1

(3) RSB HA3HT . T8 45 0 e B s 6] 4 25738 Ak 50 28 4 R B mia 12, 9 Ll 9 % 1
8 2 I A B v R S RN [ S Y AT

(4) &S0, RESSPRR AR, HF IR R PR st pSD A (BEVLRsh) 51&
R 17 3 R AR

(5) 330715347 ANSYS/LS-DYNA ] T4 5 B AR Lt 5l g 2 i i 2% ) 4 ik [

AR FE AT 3 R

(AEEHR]

o XAi&FahhFEA,

o A A Eh A A ANSYS 2T 5 B 5 B,

5.1 HBAESTHEREESER

BT HT S IEBE Mr F  DI A5G, SR Ak BT 348 28 Ay R P ) iy 7 2 390 45 g 9 125 M AR
B, WA B 34 AT LU B 2 AU M e, SR AR A AR, = i BAA A i A
5L BRA IR X

5.1.1 &SR

1. &5 5

FHRZS 53 M T LU s — >G5 R 4 [ A ARURS FI AR A, [ 00 AR B 2 Rk A2 sh A 4 45 f i i
TSR, R BT B N R N AT SRS B 1A b, TR AR AR B
(1o AT AR TN ) S5 F HEA TR 08T, s i gent Fr o o — > R 4B D e 2 06 20
X PRI AT, X RE FOVF I I AU E PR R R EE 1 (8 — 8 43 AT AL, i 307 7 A AN S5
APRT

ANSYS 7 S Z GRS I T & AR I B, ARATAR R PR 1, A BB PRI A (TIBY) S0,
BV 2 SCA st 2% . T AR AR B 7545 7 #F, BD Block Lanczos, PCG Lanczos. Supernode .
Reduced , Unsymmetric, Damped } QR Damped, 55—FBIS 2N, PRI L RIFESH A
e,

2. REL T T B
BT R 4 D EZOPIRALL, BB AR PRE, DIREE SR A L
W, BRI
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(1) @, TR bR T 45 T H 4 Mo Hibn i, SR 5 T T AL B4/ PREPT & SCHICAARL
BTSSR, MOBIERT R RY A5 dE 8 SR & EX (BOEMOIE R WIEE ) F5 RS DENS
(BRI BiE) , AOBHERT AT OB LM ai AR 2tk | 45 m [al P 5l 0 A2 45 m) S v, DA SE 2 B
SIREACH, ZMAELVER R

(2) IMEAKRAE 2K A B2 Lo Hr 2 RV Zp M 50, it #fer, 48 28 I B Bk
T, JEHEAT AR A FROCR i . ER BRGSO ERSHITY R UM AR

1) ANSYS $24E i TR 7 B 9 B T4 T

(D New Analysis [ ANTYPE] . TEEEH e A

@ Analysis Type: Modal [ ANTYPE]: 4§/t AU AR S0HT

@ Mode Extraction Method [ MODOPT] ;. A MEEARRBOT U .

a. Block Lanczo smethod (BRIA): ZpHRM 22 R, B3GR B FRAFAEELR % ) 3L, 1
TS (A BAT R A WS

b. Subspace method: 75 [H)¥k, 3 FH T KIURFRAFAEAE 0] 5

c. Power Dynamics method: & F T-AE % KAYFEHEL (100 000 ™ A HEELL ) MR 45 i Y
JUBMERS, DL T b p e B i 158 . 07 Rk AR TP B EF (LUMPM, ON) ;

d. Reduced (Householder) method: {8 FIU4E 1 3 G846 B R A, R BEER, (H R 08046 o =
WSS AUREL R T LR A B A1

e. Unsymmetric method: F T RGEHLFE N AEXS FRA FEAY IR B, ] anm AR —Z5 i AR TR H

f. Damped method: J]7FFHJE AN ] 2B (1) 5] 71 5

g. QR Damped method : >R FU4A A BHJE FF 11552 24 BHJE 813, BT LA LE Damped method J5 47
TP TS R R A A TR

@ Number of Modes to Extract [ MODOPT]: [& Reduced 75 =AM Fir A R 25 42 BUT 1 0 00 201358
BEIZEI

(® Number of Modes to Expand [ MXPAND] . AHE K FH Reduced . Unsymmetric i Damped Ik
IR E LI, H R ZAG B B TC AR AR AE R, AR R T Al R B 25 5 My v 5 A5 3 P
JUISRAREE R MR AT RIS S BB B R 75 £ 8¢ Calculate elem results & BEAE |

(® Mass Matrix Formulation [ LUMPML] ; i FI32 08 500 AT L6 i SR T BROA 1) 5 o 66 [T 1l Oy =X
(FERSTRAVE OC) SRt T AR M 20, U R 28500 00 R BRI ity =X, (B
A Be A E AR A TR R, A SR AR FME A 5T, R AR R ST A 2 7 A B B A
o Toh, RME P BRI MR A R, TN,

@ Prestress Effects Calculation [ PSTRES] ; #E Fl1Z BE o] DLTHREAG TN J 25/ AR A . BRIA
(BTt BN ELEE TN 71, RIS H AL FIC R TR

2) FEMBLA ST (Modal Analysis Option) XPUEHEH P BERE G, Hdi oK 4, —
ANAHRL T 48 8 BB SO B X TR HERE 23 3T, X AE b 45 Hh AN R SRl 45

@ FREQB, FREQE: F8ERIASEIMRIERE, REHIGHITTILE

(2 PRMODE ;2 H AU 4R B8, HOx Reduced T A AL,

@ Nrmkey: XTHRMIA (LB E, PN TRIRARE [M] SRR (1] #1714
— A2,

@ RIGID . EARICAT O 1A WA 2 2l 45 0 3E AT F 25 8] 3% 40 40 B B i R R &, HOXF
Subspace F1 Power Dynamics 378 % .

® SUBOPT: #8EZLFhF 23]k, HX} Subspace Al PowerDynamics 77245 5% .
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© CEkey: 1REMHAFRITEMN T, HXF Block Lanczos 7 AL .
3) EXAME, #H Reduced FASFERGELRZRE LA MR, PITmA2WTF .
GUI: Main Menu>Solution>Master DOFs>-user Selected-Define .

éﬁé\: Mo

4) TERRL AT, RSB AR S A A R R FE MR, WARAERA
DOF 2487 T — M AEFM LR, WAL R A d 0% DOF ALY BEE AT LU IR (752 252
SN HAD AT, (BENTRZME, fEARMZRE T b, BRI RIAEs) (F0) Keit (I
T A RRBEES AT DUITE SRR (a5, ST B EI7EAT BT (RAEoT) b

5) FRERMTALBI, B AT A BT D AN 5-1 7R, BHLJE HAEH] Damped 75
FEPUEA R, A IRBGE TR g 20 WRAST LS, HRA] Damped BEASSRIEGE, T
AL (R B2 B

R 5-1 BESH R ARG ER

puyl fir e GUI A2
Alpha( i) FHLE ALPHAD Main Menu>Solution>Load Step Opts>Time/Frequenc>Damping
Beta( NIJE) L2 BETAD Main Menu>Solution>Load Step Opts>Time/Frequenc>Damping
EE BHLE L DMPRAT Main Menu>Solution>Load Step Opts>Time/Frequenc>Damping
FEHLE L MP _DAMP Main Menu>Solution>Other>Change Mat Props>Polynomial
HITE L R Main Menu>Solution>Load Step Opts>Other>Real Constants>Add/Edit/Delete
Printed Output OUTPR Main Menu>Solution>Load Step Opts>Output Ctrls>Solu Printout

6) JTHIRRAFITE, AT LT .

GUI. Main Menu>Solution>-Solve-Current LS,

fi4 . SOLVE,

SR A2 1 PN 2 RO S B4 H S & Jobnarne. mode 1R B SC 4 H ) LA AR, R LA
TAR RIS S A R, X T ROE B A e i R ol TR AL R S BB
PRk ZE RS, PRGN RE XS 25 AT e Ab B

WS RHH Subspace FEASHEEGE , W H N2 AT REAFEE4 . STURM number = n should be m,
Horpon Al m NERL, FoR MRS m By n DY RS MR AR [R], TR 1
BH m BB,

WK Dmaped BRI 1, SRAS B RRIE( FRFAE ) 500 2 280 . FROEAE 1 i AR
AT ARIAS, SR RGASE PR BE

7) iEH SOLUTION, $fTen44niTF .

GUI: Main Menu>Finish,

fir4 . FINISH,

(3) YIRS ™RSS EoRUE, I B IR G I A i e B 52 % 1) DOF 4& |5 M 4 03
fift i H 32 DOF ik, TERLS b R R IR S A5 R 3CfF, By RS H T Reduced
RS A IO T HEA5 3 1% D4 PR B Al P AR S SR O 18 B A S8 B iR Y, Rtk GRS 5 b
PAEh A A R A, W A SRR RS A SR SO, B YT R BEOR JR AL Jobname. mode |
Jobname. emat . Jobname. esav & Jobname. tri (K Reduced 77#E) SCOFAHAEAE, HAEE 2 d b
A RN A AR I I PR AR [) (8 3 A A, 7 SRS B E L BRI F

1) i A ANSYS SRfig#s, HATar2 T .

GUI. Main Menu>Solution,
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4. /SOLU,
TEY AL PR TR HR T SR E A (/SOLU)
2) PEY RAL IR SR BRI, ik 5-2 PR,
#x 52 YFELEHED

PRI e GUI B 1z

Expansion Pass On/Off EXPASS | Main Menu>Solution>Analysis Type>Expansion Pass

No. of Modes to Expand MXPAND | Main Menu>Solution>Load Step Opts>Expansion Pass>Single Expand>Expand Modes

Freq. Range for Expansion | MXPAND | Main Menu>Solution>Load Step Opts>Expansion Pass>Single Expand>Expand Modes

Stress Cale. On/Off MXPAND | Main Menu>Solution>Load Step Opts>Expansion Pass>Single Expand>Expand Modes

D Expansion Pass On/Off [ EXPASS] . PEHE ON (F17F)
@ No. of Modes to Expand [ MXPAND, NMODE] . #Ea& By BAASE, 0, RALEd

JEMBS RS B AR . BRI AT R,

® Freq. Range for Expansion [ MXPAND,, FREQB, FREQE] . X — R Y RS

77 o WIS E — PR, IR A IR B N RS 2 0 R

B}V

@) Stress Calc. On/Off [ MXPAND, ,,, Elcalc]: =& IEN S, BIAAATE, BESHH
JIFEAAGRE TR SEBRIE ST, TR S H— A28 RS 22 (A o A A2

3) FEEBRMA LI, B R AL BE hE—A  UR  thE PAT AR

GUI: Main Menu>Solution>Load Step >Output Ctrls>DB/Results File,,

4 : OUTRES,

4) I JRALEE, AL G AR E YT R AR, T ELId AT LR A 15 4% B RS AR R

L EISE S o0 A o AT AR IR

R4

GUI: Main Menu>Solution>Current LS

4. SOLVE,

5) QR EY RSB (ACRRIFARJEER), R 2) ~4), HIRY JEA
RSP R AT N B Y 2T 40

6) iRl SOLUTION, AJDIfEJGAbBRgR & B L5 R, PITaid T .

GUI. Main Menu>Finish,

fir4 . FINISH,

(4) BEESRMGLH, SESP LR (Y RESABMEER) 5 A5 Job-

name. rst SCFH ) PR G SR | 9 R AR BURUAR X B 1 5 0 140 (ISR SR )
] LIPS G A PR (/POSTL) PR B s 5

50

AR RBASE A GIE T RS R, R RS S R SC  ORAE S — A B Y T
WMy T 6 BB, SRR 6 T LA M — DAL, BT T .

GUI. Main Menu>General Postproc>Read Results>By Load Step>Substep,

fiy4 . SET #l SBSTEP,,

GUI; Main Menu>General Postproc>Plot Results>Deformed Shape

fir%: PLDISP,

5.1.2 B 5o

1. %6 2 5 AT B A
T LS 3 2 FH T 0 R A P 2 M 7 7R 52 LIS ] 5 L 52 MR A e ) 2B P 6 R 285 oz ) — o
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AR ST H A2 S G5 A e JUMO AT 1Y 0 [0 I 45 31— 2L W (H G2 288 ) x5 iy il
2, Mixsuhsk bl $RE] < waE w20 A R W (R AN N Y I )

XA AT EOR R A5 i RS A28 IR 5, & A TE TR I Ih e ) I 2SR Sl AN T 1 e 1z 43 A v
FRMEOLT o MR —MZAE 0T, 1250 W 2 AT AR RO 58 SO AR Ze A, Qo P 0 422 fh
(MR FAoT, (BRI DAL S JERTARAE R, 050 B 7 it 1A - 25 A R AR P TR, 3o 7 53 At ] T
SIHTAR TR  BIEERE /N BRI B (ARGE T E B U Bz AN M 2 )

2. Rig7rix

WA L2 B i LASR AR 3 Fhor k.

(1) Full 7k (584) . WIr R85 n) RGH T B w0, (B HE R4 ), H R Al
PIEXS FRECAEXS PR, HAR ST .

O HGMH, AL Al S8 3 [ i EEARE,

Q@ SRR, IR S B 3L,

@ FLVFA AERTRRA R, 3 R B2 A 7 2% i o ] At e AR L 8

@ FHEA— A B RS T WL AS RN ]

© AVFEIMAF I EAT, WA, SNy (AEE) ORI RICEAT (I FIREE) .

© FVFRHITARRBERL BTN far .

IR B s R TN, S TN T A, IF HOR H Frontal J7 B 5K fff 25 B 3 5 bb HAth 7 k48 17
], RS2SR JCG SR B JCCG SRR, %7 i AR

(2) Reduced J7ik, 1% 7 Bl & % H 35 H i BE FISAE F0 A TR 46 R AR A, T F A E
WA S, R T LAY R BIWI 4R (Y 78 B DOF % |

1) AN ST .

@ AR Frontal KA 4RI L Full J7 ik R,

@ W] LA BTN TR

2) ZITIERYEREINT

@ Wid e DR FE A RS . AR R, I R I i D BT AR
JRAL IR — 2D Ab B B R A B AE LG A I O T RE R

@ AREHEM R ITEAT (R FREESE) |

@ FTA Hofar AT N AE TP 2 SCR R BE b, BRI TSR A SRR b N i) 48

(3) Mode Super position ¥ (FEAEM) , ZHEEIIEESSVEZ AR (KRR &)
Te b A IF R AT B S5 R (R e 1,

1) AN ST .

@O MTFFLnE, W Reduced BL Full J7 5,

@) TERLLS A3 B it Jin () 847 T LA id 3k LVSCALE i 4 F il ma i, 43 #r v

@ AT LI e 2k 0 A AR IR A, T AR T B L TEORG B A e 1z 2k

@ AF AL TN SRR

© AVFEEBRIILE (B RECHIRM %)

2) FIEMELE T .

O AfghtnEEN

@ FEREE ST P Power Dynamics J7 B, HI4G 450 PR BEA 00N (9 245

(4) TN 3 Fh oy A G R R BRAE

© BT Ffar W45 BRI (] 4% 1F 52 LA AR 1k



120 AFRTA RIS ANSYSIS. 0 & A

@) AT S A AR B3R
@ ARV AL,
@ AIFBESRL,

3. Full 7 %89 £ 24 %

A Full J5 AT 100 W S0 AT 1 FEBL PR L | IR AR A, DA R S R A3,

(1) 85, Rz B 48 8 U2 Mo Hrbnal, S8 5 F/PREPT SR LT AL | FITSL
WEC, MORHRRE XU R, FC s i anr .

1) HALMETHRARN, WRAAELIERTT, WL RoTh s,

2) AbAERE HMEAE EX (BEERMIERRINIEE) F% B DENS (BEMIER MR ) . MR
FRPER] Rk | A R PE S e, DU RE SRR B A SE Y, Zms AR PR R R R

(2) SRR, 2SR B Lo SRR I N4k 48 8 2 25 T I 4R AT B
TORME, T EETE AR, MR Y 53 B A A A T BB 5 RN 25 AR g AT AU AR S, E A5 203 e 1
GYMTRZHT, N TR ST, DA A G AR B [ A AR

1) A ANSYS SKfifds . HATAT2WT .

GUI. Main Menu>Solution,

fir4: /SOLU,

2) A SUAMHTEAVRIA TR, ANSYS $RAE Y T e R 4 BT A BE AN 3R 5-3 PR

% 5-3 FAFiEN 5447 B % TR

g Ly GUI 7%
New Analysis ANTYPE Main Menu>Solution>Analysis Type>New Analysis
Analysis Type: Harmonic Response ANTYPE Main Menu>Solution>Analysis Type>New Analysis> Harmonic
Solution Method HROPT Main Menu>Solution>Analysis Type> Analysis Options
Solution Listing Format HROUT Main Menu>Solution>Analysis Type> Analysis Options
Mass Matrix Formulation LUMPM Main Menu>Solution>Analysis Type> Analysis Options
Equation Solver EQSLV Main Menu>Solution>Analysis Type> Analysis Options

D New Analysis [ ANTYPE ] EEEH AT, TEIEM R 23 HT H Restart AS T A, Q050 7 25 n 55
SRS AR, AT LA HEA T — OB AT

@ Analysis Type: Harmome Response [ ANTYPE]: &£ #7255 & Harmome Response (i1
BT

@ Solution Method [ HROPT] 4% Full, Reduced B Mode Superposition >R f#t ik —,

@ Solution Listing Format [ HROUT ] ; 8 5 7E%0 H SCOEH g ma o 23 B 19 57 B i an ] 5 o, ml ik
J730UH Real and Imaginary (SEFSAIEETS) A1 amplitudes and Phase Angles (TR{EAIAHNALM ), BRIA
#7720 real and imaginary

(3 Mass Matrix Formulation [LUMPM] . F8ERHEAM R EFFIE R R (BT HcZEs)
S AR h BT REFE AT

©® Equation Solver [ EQSLV] . A ESR R4 Frontal . Sparse Direct (SPARSE) . Jacobi Conju-
gate Gradient (JCG), LIX Incomplete Cholesky Conjugate Gradient (ICCG), Frontal Sh BRI SR iR
o MRZEEEBAY AR Frontal 5 SPARSE SR 4%

3) FERCAL BnaR, MREE S, AR E I N 64 BT A A BE N () R (1E5X) KL
B, fBE— TR NIRRT 3 5 dE, Bl Amplitude (FR1E), Phase Angle (#H{:
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ff1) 1 Forcing Frequency Range (5% |JRIEH) .
4) FREHAMT AL ET, S0 N AT AT R RN R 5-4 IR
% 5-4 &N R 4347 T ARG IE I

B ‘ s ‘ GUI #fz
38 T ( General Options )
. . Main Menu>Solution>Load Step Opts> Time/Frequenc> Freq and Sub-
Number of Harmonic Solution NSUBST
steps
Main Menu>Solution>Load Step Opts> Time/Frequenc> Time>Time Step
Stepped or Ramped Loads KBC
or Freq and Substeps
3J) J127 3530 ( Dynamics Options )
Forcing Frequency Range HARFRQ Main Menu>Solution>Load Step Opts> Time/Frequenc> Freq and Substeps
ALPHAD BETAD . , _ _ _
Damping Main Menu>Solution>Load Step Opts> Time/Frequenc> Damping
DMPRAT
A HH 43 ] 3£ 30T ( Output Control Options )
Printed Output OUTPR Main Menu>Solution>Load Step Opts>Output Ctrls> Solu Printout
Database and Results File Outpu OUTRES Main Menu>Solution>Load Step Opts>Output Cirls> DB/Results File
Extrapolation of Results ERESX Main Menu>Solution>Load Step Opts>Output Ctrls> Integration Pt
e PEIANE

(D Number of Harmonic Solutions [ NSUBST] . &R iHE AT H 69w b i, & (s T74%)
P THe 2 MRS BN [ HARFQR ], an, W2R7E 30 ~ 40Hz i Bl ] 22K i 10 A, W2
AR 31 ~40Hz ALY IR, AT AR AL

@ Stepped or Ramped Loads [ KBC]: #kfif A Stepped 5% Ramped J7 2048 fk, BR1IAH Ramped,
BV AR R RE A% 20 B 1, W R A% [KBC, 1] B T Stepped A, JIAE S 4 [
PN B T A 20 38 o DR 1 2 ) MR

I E R INT

@ Forcing Frequency Range [ HARFRQJ . TEUSM R 73BT o 0h 25 48 2 5 il A5 R Bl (LAl /
RIS B ), SR 48 28 TR IR Y R P 23 54k i 8

@ Damping: U8 EHAIE MBS, W Alpha (k) B2 [ ALPHAD], Beta (HIJE)
FiLJE [BETAD] sifeEBH)E e [ DMPRAT], 75 DU 7E MR Ak g mw i 5 TG R K

5) THISKAE . PATaS T

GUI. Main Menu>Solution>Solve>Current LS

% : SOLVE,

6) AA MY ARG (B AN E ), LR 3) ~5) , AR A ] T
FRIGALEL (POST26) , WU — A2 fif 26 o) — A8 ar 2L 3G [ AN REAFAE &

7) B SOLUTION, PATA4UWT .

GUL. %] Solution B4

#r4 . FINISH,

(3) EBLRMIGALE, 0N BT B 45 R ARAF S5 KD 73 AT Jobname. rst SCHFH, PR 4514
SESCTBRE, Wjme BRS04l . TR SR R RO U, I LSRRk AR A A

i F AT LU POST26 Fil POST1 A 454, — A ab BN /2 T POST26 45 21l F- 4% i 451 4 4
BRI OCTE R AR iR OR RS (BN )) IR SRS T POST 7 i 46 i 5t 5 il 451 3 Aub Ao P& A
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N

POST26 2 EN S5 F 0/ R % 0 5 2%, B variables (Z53) , M EREAE —1NS%5, 1
SRR E R Horh EEARAE AT

1) &R, PATaHLmT .

GUI; Main Menu>TimeHist Postpro>Define Variables,

T4 s NSOL T 5E IHEAKE (1 mifif%), ESOL M T LIRA Bl (Fochdl, W
71), RFORCE HT & LA 148

2) AR A A S ) G R Mk, AR5 PLCPLX 46 & R A/ AR A 77 el 527/
REFR T R, PATAS T

GUI: Main Menu>TimeHist Postpro>Graph Variables,

Main Menu>TimeHist Postpro>Settings>Graph,

fir%: PLVAR 1 PLCPLX,

3) FURASHE(E, QR HEORIIRAE, AT EXTREM %34, $8)5 1 PLCPLX 45 & MR {6/
FABL S 7 BT My Bl . PATAT ST .

GUI; Main Menu>TimeHist Postpro>List Variables>List Extremes,,
Main Menu>TimeHist Postpro>List Extremeso
Main Menu>TimeHist Postpro>Settings>List,
4. PRVAR. EXTREM F1 PRCPLX,
T A R R rh oG B ASUAR Y I R P RS 2R, RIS B Tk — 20 POSTI i Ab 3 %) 45
=S

i F§ POSTL i, i SET 54 (GUI. Main Menu>General Postproc> Read Resulis>-+) BEA
JI it I R AT B A5 2R BN RE RIS 12 A SR RE R . 4 SRR/t SR AL R Y SRSS A (P07
BT Za i, 72 POST26 rfnf 45 BB A rh dig 5 sRUAL W LS 4501 AR R b A7 Hoftbod Y=
ULEL LN

5.1.3 BESHNESH

i

1. 2/

WEAS B 1220 B (BRI ] o0 A ) 2 FH 7 7R 32 A T 10 B I 1) 22 1 28 Ay 45 4 4 31
PN —FPTT I, T T S A T | IS A R R T AT P B A AR B
FISACR RS | AR | RLTT B Sy A A [E] B AR SRR AR B S M VE T LB 2, I 2R 15Y
P FIBH R VE IS, Rl s g 2 e A A S 0 A7

2. & Ak

WSS S W e D122 T B 2 2%, R TRERS )36, izl 2 L 2 11T
BUBIRATE Z 0 N J7, AT ISR e T AR LU 4 R B,

WERA BT B AR Lk, W LG A BEAT 7 0 27 3 A 232 1 A AR LM R G e 5 e 45 44 ) o
BL, A AR E A h A e i AR L

T SIS AT TSR A R A R R AR T BIVRT 7 i SR AR S B A5 A an T e A
23 [ R T 5 TE B A R3] KA

BEASsh 1M nl LSk A Full . Reduced 3% Mode Superposition DIk

3. Full k0 2 25 5%
{61 1] Full D7 v T RS 8h J1 2 W i R 0 R B RO E A g MR %, LA AR 45 A



5% HAFHM 123

Ja b3,

(1) B, PR $8 € S M HTdnil, SRS HI/PREPT g SCRAITEAL | BT St
R PR E B LA, S iC R E i .

1) HALMATHRARD, WRAIELEY T, WL RIcAb AL,

2) WhZiEEE HIMEAR R EX (BERIERINIEE) A% DENS (SCEMIE TR ) . #k
FRMETT itk | &5 1) [ el ) S, DUE 8 M SRR BE A DG Y, 2 AR S A R RE I

(2) JNEEARAE, TR R e L Fr B BE T, Nk, $8 & 2o D WO iR A PR

1) #EA ANSYS SKffds . $ATar 2T .

GUI. Main Menu>Solution .

fir4 . /SOLU,

2) & SCOMHTSARVA TR I, T BEAS B ) S A3 B A AN 2R 5-5 B

< 5-5 F-FHEASEh 00 5 HT BRI

T A GUI 42
New Analysis ANTYPE | Main Menu>Solution>Analysis Type>New Analysis
Analysis Type: Transient Dynamics | ANTYPE |  Main Menu>Solution>Analysis Type>New Analysis> Transient Dynamics

Solution Method HROPT Main Menu>Solution>Analysis Type>Analysis Options

Large Deformation Effects NLGEOM | Main Menu>Solution>Analysis Type>Analysis Options
Mass Matrix Formulation LUMPM Main Menu>Solution>Analysis Type>Analysis Options
Equation Solver EQSLV Main Menu>Solution>Analysis Type>Analysis Options

Stress Stiffening Effect SSTIF Main Menu>Solution>Analysis Type>Analysis Options
Newton- Raphson Option NROPT Main Menu>Solution>Analysis Type>Analysis Options

(D New Analysis [ ANTYPE] . EREH T, OSSR 1A TN 8 Full ik Beassh 1122404
I £ SR ] DD RS ;. 4 Restart, HHTA h— R MG AEL 40T .

©) Analysis Type [ ANTYPE] . PRSI HT B K Transient Dynamics (BRI S1%598T) o

3 Solution Method [HROPT]: #%f Full, Reduced 1 Mode Superposition KT EZ—,

@) Large Deformation Effects [ NLGEOM ] : % &8 FILM AR MR KA (A0S i p 40 4% )
RN (g JEsIe ) i, FT9F (ON) k3, BRI/ INVEIE RN AE

(5 Mass Matrix Formulation [ LUMPM ] & IFE K 2500 I H R FH BRI B s J 1 R ) =X (A
BATTAHDG) o AHNAG Sl 15 TR 2 48 1) [T, >R P 4R o B b R PR I DL 28 8 M 7 AR B Y 45 2R OF
EOR A L, TN

©® Equation Solver [ EQSLV ] . ] e SR fif % A Frontal (BRIA) . Sparse Direct ( SPARSE) |
Jacobi Conjugate Gradient (JCG) ., JCGout-of-memory, Incomplete Cholesky Conjugate Gradient ( IC-
CG) . Preconditioned Conjugate Gradient (PCG) #l Iterative ( HBhi%4F, {NH TAEL #1245
Br/Full D5 RS 8l 127 3 A sl RR 2S/ Bk S B 5 o b, AEUCR L) o W T ORBUARE A @ SCR
PCG R s,

(@ Stress Stiffening Effect [ SSTIF] . N JJRIACIE T ILM[HEZerE, 7E/NETE 734 b A B 25 4
(RN T G (BREAR) S5 AR WIS AR 32 vk 1) ) B B MRS, 50 A AR IE 2 Hr b
ST B I e U B SO 1EHE R ON (BRIACH OFF)

Newton-Raphson Option [ NRORT] 38 76K e 1] HT 25 W W 37 600907 (047 4 1
ZRVERY T, AT ALRR Program-chosen (BRN) . Full, Modified &% Initial Stiffness,
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3) FERER FmEk, 4% X, BESsh 0T S BUE N ] R A A AT, RS S X RE Y 2R,
fr , AR A X B[] A O 2R 2R ) o0 Al B 3y A, e Bk g -t ()l 6 LRSS AT AR
YER—A 4, WA 5-1 Fiw,

WSS
#H A Stepped(KBC,1) waiy Stepped(KBC»1)

AN

0 ] 0 1]
a) b)

5-1 8- 18] 5 3% 2 ) S 401

5 1 AT T IR SRR AR, SRIE R E SR AR RS B A SO s, X TR
AL, AR E AT TR, DASCHA s 0 BT, AT 4% Steped B Ramped 752Ut
LSRR H S EP KA R — A B A ST — R MR i i A i e 20

it SIS AT B2 1 AR TR G R (BRI ZIBIIEOL) , WES B f1 W B R 45 2 v i
BLF% s, AR AR BEE o, IR RIAG 250 QR B, s M v BRBEARE S 00 WG IR TE @, — M
M€ S 0, B AT DT 78— 4>/ ) A 8] (8] 5 Pt i -5 3 ) A 32 288 A DA 4 7 HE 8 i) A sk 2

AEFWIIR OIS S/ SRR IR Y B E TR

GUI: Main Menu>Solution>Define Loads>Apply>Initial Condit'n>Define,

i 1C,

BRAGVEZAT AN, AT DAZE SRR (PR QAN SRAH A ) s BROTELTY (Y SRR T
M) b, 7R ATt AR AT DU | IR A B A A B R AT

@© PN .

a. Time [TIME] . #§%E#frb45 ans(a],

b. Stepped or Ramped Loads [ KBC] : WEIEE M A [KBC] N Ramped (HZ ETF, BN
75X E Stepped  (FrER) Fr=mzk s,

c. Integration Time Step [ SUBST 5§ DELTIML] . A3 [0 2 H Tz 8l 75 R B (8] B 45 1 B
3, FTLAE a4 [ DELTIM ] Ba 2 H 2040 [ NSUBST] 87 . B [A] 204K e e i
RS R, LR, RS RE R

d. Automatic Time Stepping [ AUTOTS ] . FEWFZA43Hr h A i R2E KLk, FRFE P #4500 1Y
M 137 3 SISO AR R A X TR 2B, SGEFRIEUR R . TR,

@ IR E .

a. Time Integration Effects [ TIMINT ] . 25 S5t ¥4 FIRH JE 52 Wi B 06 250 F T FF B [A) B4 305 (BRIA
NFTIE), B WHEAT#E 1 53 Bri e O DL 1 20 I T R i B 25 3l 0 27 o AR A HT, RIS 1 A 2fir
A SR A IO DG P B TR R 3 2808

b. Transient Integration Parameters [ TINTP] (BEZASS80) . #00 Newmark A [0) L4344
PR, BRIAR R HIE - s 0 % .

c. Damping: TENZEEH PAAAERFIE X ABE)E BN AE 53 thom LA 08, FEBR S 3h 115
Mrh a8 5€ Alpha (JFift) FHJ2 [ ALPHAD ], Beta (WIEE) BHJE [ BETAD] FHIfd 5 FHJE Lt
[ DMPRAT] 3t 3 R CAGRHE |
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M ALAE (N AF AR R MR (B, R AT AR AR5 ) A,

@ Hi th P .

a. Printed Output [ OUTPR] : F§ 2% H S/ A4 2 i 25 R B

b. Database and Results File Output [ OUTRES]: #&ifi] Jobname. rst SC{F FP 405 BOELE

c. Extrapolation of Results [ ERESX]: 5% B R FIK: 45 B2 M 2737 S b 7=, i BN i AN O
A B IO AR

4) PRAF T AL B BN S BT ARSI

GUI: Main Menu>Solution>Load Step Opts>Write LS File,

T4 LSWRITE,

X BRI TR C RN IR EE LR 3) ~4) . AT R B — N80 A A 2 e 21 2 i i £k
g m I T AR BT A, LA S I 2 A3 e T I 45 ) ) o

5) JFIAsKRAR, AT T

GUI. Main Menu>Solution>Solve>Current LS,

fr4: SOLVE,

6) iR SOLUTION, $f74 T .

GUI. X[ Solution S

fir%: FINISH,

(3) EFRGRMIGAAIE, BEI252 00 M i 45 R R AF B 4548 73 BT Jobname. rst SCHEH, 1]
LAH] POST26 1 POST1 £ 7% 4%

1) POST26 ZFIE) 45 BT/ MR X C R 2%, Bl Variables (25 &), HAE A — A4
S, 1SRN E IR, H AR .

@ & LR, PATALWT .

GUI: Main Menu>TimeHist Postpro>Define Variables,

% s NSOL T HEAKE (19 mifif%), ESOL M T LIRA Bl (FocHdls, W
71), RFORCE HF & U AEH 1 #diE, FORCE (A hEia i 1 orie . BHJE o i AASLEE H1 4%
i) K SOLU (DK, P A RO B AR AE S ) |

@ Zetfil A s AR AL M A 5 AR S, S AR RN BT OGS AL A B ) D R AT A R, D
AR E T E—25 1 POSTL J5 AL BRI S )5, PATAr2anF

GUI: Main Menu>TimeHist Postpro>Graph Variables,

W

%

Main Menu>TimeHist Postpro>List Variables,
Main Menu>TimeHist Postpro>List Extremes,
fir4: PLVAR (ZifilZe A fiizk) | PLVAR & EXTREM (AR (A1) .
2) {fifH POST1 W EEHAEMT .
@ MBI SO P B AR . AT AT .
GUI; Utility>Menu>File>Resume from,
4 : RESUME,
@ BEATERERE, H SET v S MARE AT Ko 720 17 5 5O B B 46 E Bt . BT am
LI
GUI; Main Menu>General>Postproc>Read Results>By Time/Freq,
w4 SET,

UNRAE TE 2B T IES R, A5 5 A 45 RO 2 R 22 AR I A5 30 A -1 BSF 18] 50X R 45 2R 2 1]
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I PR AL
@ WG AETEARDL . Ny B AR SR A (4, Bl i) i i ) ] IPLVECTL, 2245 240
(%) FLMs, Al H PRNSOL, PRESOL i PRRSOL %,
a. Display Deformed Shape, FATaT2 U1 ;
GUI: Main Menu>General Postproc>Plot Results>Deformed Shape ,
4 : PLDISP,
b. Contour Displays, $HATATZUIT .
GUI: Main Menu>General Postproc>Plot Results>Contour Plot>Nodal Solu or Element Solu,
@4 : PLNSOL 2 PLESOL, KUND Z¥# 2 M R IR AR E B R g 3t
c. List Reaction Forces and Moments, T}M‘Iﬁﬁ e,
GUI; Main Menu>General Postproc>List Results>Reaction Solu,
4. PRRSOL,
d. List Nodal Forces and Moments, $UTar2 0T .
GUI; Main Menu>General Postproc>List Results>Element Solution,,
fir%: PRESOL, F M,
@ F1) Hh A — 2 A BT AR R A, SORE RIAT R A — 2 AT A B AR X 2y
M ERBIRRA, BT IT
GUI: Main Menu>General Postproc>Nodal>Calcs>Total Force um,
% : FSUM
& AR T LA A P T AL B S R, X T A TR B S R, BRAEAFTE S
T B AT B A T2 5 S U i A B B AR A %, AT AR AR
GUI; Main Menu>General Postproc>Nodal Caics>Sum @ Each Node,
4 : NFORCE,
© A LB EE AR, WE S (BN L Wi ar . BLE o B T g
AT SR
GUI: Main Menu>General Postproc>Options for Outp,
fr4: FORCE,
a. Line Element Results, $UATAF2UITF .
GUI: Main Menu>General Postproc>Element Table>Define Table,
4 : ETABLE,
b. Vector Plots, HUATATAUIT .
GUI; Main Menu>General Postproc>Plot Results>Vector Plot> Predefined,
% : PLVECT,
c. Tabular Listings, $ATAT2UT .
GUI; Main Menu>General Postproc>List Results>Nodal Solution,
Main Menu>General Postproc>List Results>Element Solution,
Main Menu>General Postcroc>List Results>Reaction Solution,
Main Menu>General Postproc>List Results>Sorted Listing> Sort Nodes,
4 PRNSOU (WWri%i2R) . PRESOL (FUC-HOCG4R) | PRRSOI (JAEH T 8HRE) K
NSORT Hl ESORT (X&) .
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5.2 MEESDHTEAG
i) 0 i 3

Bl 5-2 i h— AL CHLEALIE . PLEITE KDy e i —5, H e RS B AR

FHh 4 X, ML M —ui e fEAUAR L, 55—t B i At HLWLEE i IR B 3R S A il
ﬁﬁﬁﬁ%ﬁﬁ-%@ﬁiﬁmmow;mmwﬁa3;&Eﬁmeu)mymoﬂ@%a
(R s LB AR S PR EE

X

v D B(2,0,0)
L CC(23,02,0)
D (1.9, 0.45, 0)
‘ E(1,025,0)
Y B

Bl 52 TRHLHLIRAEIET A (B RSHIEEALY in)

@ GUI BRIES B

1. B SUARM AR B A2

(1) kPR Utility Menu>File>Change Title,

(2) HASCA “Modal analysis of a model airplane wing”, i  OK |
(3) PEPESE L Main Menu>Preferences .

(4) #EH “Structural” I, $EEL|O

2. RXFAEA

(1) 3% # 32 ¥. Main Menu > Preprocessor > Element Type > Add/Edit/Delete, #fi Hi [ Element
Types] XFURHE, 4n[El 5-3 Fis,

(2) iy add. [FE#l, #H [ Library of Element Types] XJ3GHE, 1K 5-4 Fias,

N\ Element Types X

Defined Element Types:

INONE DEF INED

I\ Library of Element Types

Only structural element types are shown
Library of Element Types

Quad 4 node 182

Add. .. | Iptions. Delete| Elemment type referscn manber
Close | Help | LI Apply | Cancel_| Help

K 5-3 [Element Types] XTifHAHE [ 5-4 [ Library of Element Types] XJi&HE
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(3) TEAMMESIHED ESE “Structural Solid”

(4) TEAM AR IHE T ZERE “ Quad 4nodel82”

(5) Bty awwy [Hcl.

(6) TEAMIMTESIHEFHE “Brick 8node 1857, Hidi Ok |
(7) Huifi|_dese [Hetl, XCHIXEAE,

3. B SUMHE R

(1) PEFEZER Main Menu>Pre- c az:.‘::‘e:::eri:x:fm:::for .
processor > Material Props > Material | [ Material Models Defined —| [ Material Models Available —
Models, ¥TH [ Define Material Model — g?ﬁﬁﬁﬁiil =
Behavior] XTiGHE, WAl 5-5 o, ;;Iar

(2) 7 [Material Models Availa- ggg;;‘fﬁé Expansion
ble] 1 4 HE o i 5 I AY B & Speciatized Naterials
Structural > Linear > Elastic > Isotropic; o 5
FTIF 53— RHEHE . = 3 = =

“ ” A TN
“380(()5 ) B UEXT — AR A € 5-5 [ Define Material Model Behavior] XiiiffiE

(4) 7€ “PRYX" —#2hiii A ©0.37, Mdi oK || SCHIXFIRHE,

(5) Ml “Structural, Density”, FTHF55—XHEHE

(6) 7€ “DENS” —R:rffi A “1.033E-3”, Hih  OK | SCHIMGHHE,

(7) “Material Model Number 17 H¥UFE [ Define Material Models Defined] XJi1GHEH

(8) HEFEEH Material >Exit, B [ Define Material Model Behavior] XHEHE

4. RIERGEE

(1) %EFEH Main Menu>Preprocessor>Modeling>Create >Keypoints>In Active CS, F i [ Create
Keypoints in Active Coordinate System ]

I\ Create Keypoints in Active Coordinate System

XHEHE, @ 5-6 Fras, I T e e T e

(2) 7€ “keypoint number” SCAHE :‘;Tz L':”"‘:*:cs I:’:P " |
g “17, 7E “Location in active
CS” SURHEHAE AR “0, 0, 07, oc_| Apvly_| Conce | Hep_|

(3) Wy iy HRHA,

(4) mELHE (2) M (3),
ARHER 2~5 BIAPRE: (2, 0, 0), (2.3, 0.2, 0), (1.9, 0.45, 0) 5 (1, 0.25, 0),

(5) TEMASERGE— a2, B oK [HRfl,

(6) FEFEZLH Utility Menu>PlotCtrls>Window Controls>Window Options,,

(7) 7 “Location of triad” VRZNHEHZEH “Not shown”, Hifi  OK  Higfl,

(8) BEFEZEHL Utility Menu>PlotCtrls>Numbering

(9) # “Keypoint numbers” B}y “ON”, i  OK  HZ4,

5. FERBEEZ A ELK

(1) PEFESEE Main Menu>Preprocessor>Modeling>Create>Lines> Lines>Straight Line, i H 41&]

[¥] 5-6 [ Create Keypoints in Active Coordinate System] X iHHE
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5-7 li/nf) [ Create Straight Line] XTIEHE
(2) Rz X IRAZ)F e rh oS 1 Fn 2, 22ih—FRH 4k,
(3) TEZE XA P e rh OGBS 5 F 1, 2 — 4 H R,

(4) Fidy ok A

(5) PEHSE I Main Menu >Preprocessor>Modeling > Create > Lines >Splines > With options> Spline

thru KPs, 3t} [ B-Spline] XHEHE, f0[&l 5-8 Fis,

Create Straight Line

B-Spline

@ pick (" Unpick @ pick  Unpick

€ Box

(¢ List of Items

 Min, Max, Inc  Min, Max, Inc

| |
[ o ] _2omv |
Reset Cancel Reset Cancel
Pick All Help Pick All Help
€ 5-7 [ Create Straight Line] Xif4E Kl 5-8 [B-Spline] XtiftE (—)

(6) IEiFFikrh e 2, 3, 4,5, SRIEME Ok [4l, #ii7— [B-Spline] XJifHE,
Kl 5-9 Frs .

N\ B-spline

[BSPLIN] Generate a Spline

Starttangent  XV1,YV1,2ZV1 |»1 ||o ||o |

Ending tangent  XV6,YV6,ZV6 |-1 “-o.zs | |o| |
oK | Apply | Cancel | Help |

% 5-9 [B-Spline] XiEHE ()

(7) f£ “XV1, YV1, ZV1” SCARKEHHIA “-1, 0, 07 £ “XV6, YV6, ZV6” UARMEH
WA “-1, -0.25, 07,

rornts ANSYS|
(8) #ili_ Ok |, eEKHE |
A B B oY, AnlEl 5-10 B,
6. Gl EAE & ’
(1) HEFEZFEH Main Menu > Preprocessor > ’
Modeling>Create > Areas > Arbitrary > By lines, 34 : ; "
H [ Create Areas by Lines] XFiGHE, I 5-11
FioR
(2) TELEXBEE T FTA R 3 REZ, B s smaiseie ot o oses siopiane vins

dr ok W, AT ANEL 5-12 PR, 1 5-10 LI 2o
(3) Hiii [Toolbar] #Y SaVE_DB #ZHIHEATA7 4%,
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& 5-11

7. S5 B HEAT M ASR] 5

Create Area by Lines

(¢ single ( Box
€ Polygon ( circle
 Loop

Count o
3

2

Maximum
Minimum
Line No.

(% List of Items

¢ Min, Max, Inc

—

o] e |

Reset ance!

Pick All Help

@ pick  Unpick

[ Create Areas by Lines] XJiE#HE

1
LINES
TYPE NUM

Modal analysis of a model airplane wing

ANSYS
R18.0

ocT 25 2017
18:33:24

& 5-12 AR T

(1) #EFEE B Main Menu> Preprocessor >Meshing >Size Cntrls > ManualSize >Global > Size , Y
[ Global Element Sizes] XJ4HHE, a0l 5-13 s,

@\ Global Element Sizes

NDIV No. of element divisions -

OK I

[ESIZE] Global element sizes and divisions (applies only
to "unsized" lines)
SIZE Element edge length

LA ]
L]

- (used only if element edge length, SIZE, is blank or zero)

Cancel

Help

5-13 [ Global Element Sizes] *fifHE

(2) 7E “Element edge length” SUAMEH A “0.257, i  OK  {itfl,

(3) L Main Menu>Preprocessor>Meshing>Mesh>Areas>Free, SH [ Mesh Areas] XJif
HE, 4Pk 5-14 FiR

(4) b me B EH, USRI BUE SRR, ZMIFCHIE B T, AR A BROTAE B an 4]

5-15F 7R o

(5) #idi [Toolbar] FAY SAVE_Dﬂlﬁéﬂﬁﬁ?ﬁﬁo

[l 5-14 [Mesh Areas] XHiGHE

Mesh Areas
@ pick ¢ Unpick
@ single  Box

© Polygon (" circle

M

1

@ List of Items

€ Min, Max, Inc

—

[ox ] 2eeav |
Reset I Cance: I

<

14

Pick All I Help

Modal analysis of a model airplane wing

& 5-15

A AT BROT RS
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(6) PEFEZE B Main Menu > Preprocessor > Meshing >Size Cntrls >ManualSize >Global > Size, 5 1}

[ Global Element Sizes] XJif#HE

(7) MBRETTH AL
(8) 7E “Number of element divisions” H A “107, Hi; OK  [4l,

8. FF M A& %] 5 d AR N P AR AR AR
(1) % 3 . Main Menu > Preprocessor > Meshing > Meshing Attributes > Default Attribs, 5

[ Meshing Attributes] XFiGHE, WK 5-16 Frs,

(2) 7£ “Element type number” FHiFIRMEESE “2 Solid185”, iy  OK  Hiedl,
(3) FEFFZEH Main Menu>Preprocessor>Modeling>Operate>Extrude>Areas>By XYZ Offset, 5

[ Extrude Area by Offset] XJUGHE, 4N&l 5-17 frs

M TR

Analysis Type>New Analysis, 38 H 41 5-18
7R [ New Analysis] XFUEHE

I\ Meshing Attributes Extrude Area by Offset

Default Attributes for Meshing & pick ¢ Unpick

[TYPE] Element type number = @ single ( Box
¢ Polygom (" circle
[MAT] Material number 1 v iloops « 0 e
Count o
[REAL] Real constant set number None defined v e
Minimuam
[ESYS] Element coordinate sys 0 v Area No.

[SECNUM] Section number None defined = @ List of Items

 Min, Max, Inc

—
[ ox | aemav |

oK | Cancell Help | Reset Cancel

it

Pick All Help

P’ 5-16 [ Meshing Attributes] XIi&E € 5-17 [ Extrude Area by Offset] XJiGHE

(4) Hoili piew a4, B [ Extrude Areas by XYZ Offset] XHEHE,
(5) 7E “offsets for extrusion” SCAHEF A “0, 0, 107,

(6) Mdy ok g, MARMIMELER, ZIFXLHAFERED,
(7) FEHFZH Utility Menu>PlotCtrls>Pan-Zoom-Rotate ,

(8) | b0 JEHIF ML T A,

(9) i [Toolbar] I iy Savepe| s | =

© Spectrum

9. 45 AH £ BA AT e

 Substructuring/CMS

(1) % +£E3Z H Main Menu > Solution > ox | = =

[ 5-18 [ New Analysis] XFiHHE

(2) & “Modal” i, JfHidi Ok HEd,
(3) BEFEZEH Main Menu>Solution>Analysis Type>Analysis Options, it [ Modal Analysis] X}

EAE, i 5-19 FioR

(4) % “Block Lanczos” BAVEFZE
(5) 1£ “No. of modes to extract” CAFEFHA “57,
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(6) Hidy Ok |[fEH, i [ Block
Lanczos Method] Xf3EHE, & 5-20 7w,

(7) EHI BN EIF R oK
5L

4\ Modal Analysis

[MODOPT] Mode extraction method
& Block Lanczos
" PCG Lanczos
" Supernode
 Subspace
" Unsymmetric
¢ Damped
© QR Damped

10. BUH PLANE182 1,649k €
(1) hFEsgen Utility Menu>Select>En-

No. of modes to extract

L]

[MXPAND]

s Expand mode shapes  Yes
tities, #HH [ Select Entities] XT1HAE, NMODE No. of modes to expand [
N « ' « . Elcalc Calculate elem results? ™ No
( 2 ) ]26- *4: Elements *ﬂ By Attrib- [LUMPM] Use lumped mass approx? I~ No
utes” iiIDcl‘ [PSTRES] Incl prestress effects? ™ No
N O
(3) #%HF “Elem type num” FAIEFZHL ox Cancel Help

(4) 7E “Min, Max, Inc. area for the ele-
ment type number” SCAHEHFIA “17,

(5) #EH “Unselect” #EI, JfHAdE  OK {4l

11. sahesy R 54

(1) PEFESZH Utility Menu>Select>Entities, #f!1 [ Select Entities] XT3EHE

(2) BEFE “Nodes” HI “By Location”
B,

(3) & “Z coordinates” HLIEFLZAH,

(4) TE “Min, Max, Inc. area for the
7 coordinate location” SCAAEHHIA “07,

(5) & “From Ful” &I, Jf8ady

OK [,

(6) FEFIZH Main Menu>Solution>Define Loads>Apply>Structural>Displacement>On Nodes, il
H [Apply U, ROT on Nodes] XJiGHE,

(7) il me nlfizfl, [ Apply U, ROT on Nodes] XHHHE,

(8) iy [All DOF] #%4,

(9) Fdy ok A

(10) EFEEH Utility Menu>Select>Everything,,

12, FREY R LB

(1) PEFESEE Main Menu>Solution
>Load Step Opts > ExpansionPass > Single
Expand>Expand Modes, 5! [ Expand
Modes] XIi&HE, 4nf&l 5-21 Frw,

(2) £ “No. of modes to expand”
SCAME A <57, By oK
Tt 521 [ Expand Modes] XHifHE

(3) PEFESZER Main Menu>Solution>Solve>Current LS, FFIRK f#

(4) RfpsemUn, XHE A,

[%15-19 [ Modal Analysis] SHEHHE

@\ Block Lanczos Method

[MODOPT] Options for Block Lanczos Modal Analysis

FREQB Start Freq (initial shift)
FREQE End Frequency

|

Nrmkey Normalize mode shapes

To mass matrix

oK Cancel Help

B 5-20 [Block Lanczos Method] XJi&HE

A Expand Modes

[MXPAND] Expand Modes
NMODE No. of modes to expand

I

FREQB,FREQE Frequency range

o
o

Elcalc Calculate elem results?

SIGNIF Significant Threshold
-only valid for SPRS and DDAM

oK

i A
r4
0

\i

[

°

Cancel I
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13. #ATHERBELHE

(1) EFESEE Main Menu>Gen-
eral Postproc>Results Summary, W<
FE RN, RIG KM,

(2) HEFEFEH Main Menu>Gen-
eral Postproc>Read Results>First Set,,

(3) EmHExp Utility Menu >
PlotCtrls > Animate > Mode Shape,
H [ Animate Mode Shape] XFiH#E,
N 5-22 iR

@\ Animate Mode Shape

Animation data
No. of frames to create

Time delay (seconds)

05

Acceleration Type

@ Linear
© Sinusoidal

Nodal Solution Data
Display Type

oK

Def + undeformed
Def + undef edge

Cancel

Help

[¥] 5-22 [ Animate Mode Shape] X IHHE

(4) Hiti Pk, WSS s B i
(5) HEFESEE Main Menu>General Postproc>Read Results>Next Set,,
(6) HLFEEHR Utility Menu>Plot Cirls>Animate>Mode Shape

(7) H P, SR s Sl
(8) EHE (1)~(3) WERAH 3 M

14. &4 X518 B ANSYS

(1) #4417 Utility Menu>File>Save as,

(2) i [Toolbar] Ay ULt Jf4il
(3) & “Quit-No Save!” JFEHi{;  OK  Higfl,

AN/
@ e

/FILNAM, MODAL

/TITLE, Airplane Wing Modal Analysis

/PREP7

ET, 1, PLANEIS2

ET, 2, SOLID185

MP, EX, 1, 3800

MP, DENS, 1, 1.033E-3
MP, NUXY, 1, 0.3

BSPLIN, 2, 3, 4, 5,,, _1”’
FLST, 2, 3, 4
FITEM, 2, 2

-1, -0.25

TYPE, 2

VEXT, ALL,,,,, 10

{R-4EM “Plane_resu. db” X,

JVIEW,, 1, 1, 1

/ANG, 1
/REP
EPLOT
FINISH
/SOLU

ANTYPE, MODAL
MODOPT, LANB, 5

ESEL, U, TYPE,, 1
NSEL, S, LOC, Z, 0

D, ALL, ALL
NSEL, ALL
MXPAND, 5
SOLVE
FINISH
/POSTI
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FITEM, 2, 3 SET, LIST, 2
FITEM, 2, 1 SET, FIRST
AL, P51X PLDISP, 0
ESIZE, .25 ANMODE, 10, .5E-1
AMESH, 1 SET, NEXT
ESIZE,, 10 PLDISP, 0
ANMODE, 10, .5E-1

SET, NEXT

PLDISP, 0

ANMODE, 10, .5E-1

SET, NEXT

PLDISP, 0

ANMODE, 10, .5E-1

SET, NEXT

PLDISP, 0

ANMODE, 10, .5E-l

FINISH

JEXIT

5.3 REBRERZHIENIMN ST

BAUE G B Z A — DML ) R B R SRR, BRI RE AL 1 T 448 LAY ) Al
AR S B AR B AR b MRV RIE W AT R IR TR A R, o TR TR S 2 4
XFEAFAE, TR T AR R T B AR e PR, XAy S A SRR BRI, kxw
Wi 25 95 GRS R I AL BT A A, [R] N 23 RO R 4 Y (S | R AR AR MEAAT B, AR S i
ANSYS T8I L 734 114 L REAIT 52 3% 100 XA B Al A R

18] 4 3B N

1. AR RS

WA 5-23 firs, ARSCEIFTEE N 1/4 B IRRiny | 3 H iR 4R pi i 2
BT . BT m, A 500kg, AT m, A 60kg, ALK 4 5
NI &, 24 30000N/m, PHJE FZ %L ¢, A 2000N - s/m, 5CHA % 3CWIE k, A
300000N/m, H, 4 0.18m, H, 4 0.22m,

2. BTN ERFRMA T 2
ﬁ%ﬁ“ﬁﬁﬁ MASS21 $E*%*l%ﬁ E]:HEHE%% % 1@%?%%'@@ &l 5-23 /{14; 1/4
B0 COMBINE14 FELE 2R TR G B

3. AREM

S 14 P — A Ay 6 T ) AN P R, AN S {938k B AN B R R 1 5% 247 R I 0. 006m,
WILAMIOI R 0, HEHRM 0~50Hz, BAERG AA R A M E, @ iE sk
BRI X — A
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@) Ul RIESR

I\ Element Types X

1. EXLH 4%
N . Defined Element Types:
PE S B Utility Menu>File>Change Jobname , 5 3 H — N X

HE, 7E AREHH A Suspensionr, Pdy  OK  HR4,

2. BB A

(1) EXHIG, BEHSZH Main Menu [ Preprocessor>Element Type
>Add/Edit/Delete, 3 i} [ Element Types] XF3GHE, 41 5-24 s,

Bl add.. |§”§%ﬂ , B [ Library of Element Types] XJiHHE, #0E 5-25
iR, (/5 AIFHE P IERE “Structural Mass™ ¥EI0, SRJGAEA MO | b | prios | oelee |
HEF S “3D mass 217 I, Hiy apely [FEHL; 4REETEXTIEHEL Close Help
HHNRMEFPEEE “Structural Combination” FEIN, #RJ5 7E 45 11 51 R AE H & 5-24 [ Element Types]
P “Sping-damperld” I, Hd;  OK [, G HE

A Library of Element Types

Library of Element Types Structural Mass

|SD mass 21 |

Element type reference number

o] _tory | . [ |

[¥] 5-25 [ Library of Element Types] XJi&HE

(2) & XCHIT IR e, A 88 3 B XF i HE o2k B MASS21, . of; Options... | 1% 551, # i
[ MASS21 element type options] XJIEHE, % B KbT K3 N 21 w/o rot iner (& X&FiEEIT 21 K
TYPFEAOTHAE S S AWM, i oK [ ZERITISRIX A HE HhE£E COMBIN14,
2 options.... [VET5, #H [ COMBIN14 element type options] XIHEHE, % S5t K2 N Longitude
UY DOF (% SCHFREE BT 14 H—2E ot H A UY — A M), fdi ok [dl, %K
JaHidi Close |f£%ﬂo

(3) T XFLEHEE, EFEIE Main Menu >Preprocessor>Real Constants>Add/Edit/Delete, i H
[ Real Constant] XTFEHE . it [ add.. [Fi4, 3iH [ Element Type for Real Constants] XFififE, ik

Tq: “ MAsszl” jilﬁ ) EF‘T——E‘ OK j’ﬁ%ﬂo ;ﬁﬁ I\ Real Constant Set Number 1, for MASS21
H &l 5-26 i/~ B9 [ Real Constant Set Number et consare ]
0 D “ ” YN Real Constant for 2-D Mass without Rotary Inertia (KEYOPT(3)=4)
1, for MASS21] XIHEHE, 7E “MASS” SUAKE pomnersoi
i A “5007, iy OK  [HcH; kgL ox_| aoety_| ace | heo_|
N T Vi g
g M 1% %ﬂ’ £ B AE P [%] 5-26 [ Real Constant Set Number 1,

MASS21, #dy OK  W#4H, & “MASS” X for MASS21) SHEHE
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AHEHREIA “607, ik oK R4l 4ksiad
add.. WIHL, TESEHXHEHE P i%EE COMBINI4, B

d oK 4L, P W E 5-27 R B [ Real
Constant Set Number 3, for COMBIN14] XH&EHE, 7&
“K” SCARHEHHT A “300007, 7E “CVIT SCAHE
T A “20007, Mk OK |34, Aksnenh
Lo [Fef, 7EBLHRIAE T PE COMBINA, 5
i oK HEHL, 7F “K” SCARHETE “3000007,

M OK A, SRJEHA_dese AL,

3. I A RAKRE

(1) &SR, PEFESEH Main Menu>Pre-
processor>Modeling>Create>Nodes>In Active CS,
B NE 5-28 Fion B9 [ Create Nodes in Active
Coordinate System ] STEHE, 7F “Node number”
SAHEPRHEIA “17, FE “Location in active CS”

SCAHEH A 0" <07, Sy | mey |4 4E

Z27E “Node number” UAHEH#HF A “27, 7E
“Location in active CS” X AE &y A “07

N\ Real Constant Set Number 3, for COMBIN14

Element Type Reference No. 2
Real Constant Set No.

Spring constant K
Damping coefficient w1

Nonlinear damping coeff  Cv2

il

Initial Length ILEN
Initial Force IFOR
Apply | Cancel | Help |

€] 5-27 [ Real Constant Set Number 3,
for COMBIN14] X ififE

I\ Create Nodes in Active Coordinate System
[N] Create Nodes in Active Coordinate System
NODE Node number
XY,Z Location in active CS Io “q “ I
THXY,THYZ THZX
Rotation angles (degrees) | | | | | |
oK | Apply | Cancel | Help |

& 5-28
Coordinate System] X iEHE

[ Create Nodes in Active

“0.187, By awiy WREH. ZKZETE “Node number” CARMEH A5 A “3”, 7E “Location in active
CS” CAMEHFHIA “07¢0.47, By Ok W, @ SN AR ZE R N 5-29 s,

(2) ko

1) wEPITEM, EHEKH Main Menu>Preprocessor>Modeling>Create>FElements>Elem Attrib-
utes, L ANE 5-30 TR AY “Element Attributes” XTiEHE, 7£ “Element type number” T 731 Z2HE

FgEPE “2  COMBINI4” &M, ¥E “Real constant set number” T HiFFRHEHIELE “47

fPREFENGE, il oK R,

NODES 3 ANSYS

R18.0

ocT 26 2017
18:56:11

Ex

Bl 5-29 5 T AR RN A

I H

Ny PN

@\ Element Attributes

Define attributes for elements

[TYPE] Element type number [2 comeinia <]

AT Mntiainmnber [None defined ]

[REAL] Real constant set number [_Z'

[ESYS] Element coordinate sys [ =]

[SECNUM] Section number m

[TSHAP] Target element shape [straightline  ~]
ok | Cancel | Help

K 5-30 [ Element Attributes] XJiHAE
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T
(9]
i
He
D

2) T RIRE T, K H Main Menu> wopzs ; ANSYS

R18.0|

ocT 26 201

Preprocessor > Modeling > Create > Elements > Auto sersenns
Numbered>Thru Nodes, #A1E /5 3t 45 B 1%

HE, FABC A 1R 2, By ok [,
R R FRITHY A A R ANIE] 5-31 R

(3) MR H SR BT

1) BEBIT/E M, EFESE Main Menu>
Preprocessor>Modeling > Create >Elements >Elem At-
tributes, M U0 B 5-30 fF 78 ) [ Element
Attributes] XFi5HE, 7E “Element type number” —
HSURHE SR “MASS2L” I, £E Real 531 SRHRILIE RO LK R
constant set number” FHiFFRHEF LB “2” ik
T, HABPRREERONME, S oK [

2) AR R I, SR A Main Menu >Preprocessor>Modeling > Create >FElements > Auto
Numbered>Thru Nodes, #AEE M ABCGIEHE, FABC & 2, By ok %4,

(4) HEHHIT

1) WEBITEM, EFEEE Main Menu>Preprocessor>Modeling>Create >Elements >Elem  Attrib-
utes, S ANE 5-30 7R [ Element Attributes] XTiHHE, 7E “Element type number” Ty FHE
FiEPE “COMBINI4” #&I0, 7E “Real constant set number” FHIF)FRAEFESE “37 BRI, HAb
PREFBIAE, fd oK [FefH

2) EAERZHIT, EHEH Main Menu> ; ANSYS

. wooes 3YS
Preprocessor > Modeling > Create > Elements > Auto ocx 26 2007

Numbered>Thru Nodes, #1E 5 5 1 ¥4 B 16 o
HE, FAHCT A2 FIT i 3, iy oK [RE
BIBITHY A R AN E] 5-32 IR

(5) HNLEEH TR RIT

1) BCEBICEME, EFESH Main Menu>
Preprocessor > Modeling > Create > Elements > Elem
Attributes, 3 40 & 5-30 r 78 [ Element At-
tributes] AYXFIEHE . 7F “Element type number”
THIFIRHE P BEEE “MASS217, £ “Real con- —
stant set number” TR FRMEH L 17 B 1 5-32 BALRITY A s R
i, AL PRRrBOAE, i oK A,

2) ESTAREEEF B 0, KB Main Menu>Preprocessor>Modeling > Create >Elements > Auto
Numbered>Thru Nodes, ¥fE/G53 B EOTIEHE, BRI & 3, B OK [,

4. K E R

(1) BIT KRR, HPSEH Main Menu>Solution>Unabridged Menu,,

(2) EXORMREA ) E R Main Menu >Solution > Analysis Type >New Analysis, g8 i A
5-33[i /A [ New Analysis] XHEHE, #EH “Harmonic” BRI, & A FEAT I M R ] BEK A
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(3) WEIEM RN AL, e H Main Menu I Solution>Analysis Type>Analysis Options, 3 iH
i 5-34r78 1 [ Harmonic Analysis | XTIEHE, 7E “Solution method” THIF|FAEPEEE “Full” 1k

I, HARERI RN A, il OK WAL CEFHRHGHSHERBOAE, iy oK .,

I\ New Analysis

[ANTYPE] Type of analysis

N\ Harmonic Analysis
[HROPT] Solution method Full =
 Spectrum [HROUT] DOF printout format Real + imaginary =
 Eigen Buckling [LUMPM] Use lumped mass approx? I No
(" Substructuring/CMS
OK | Cancel l Help ok | Cancel | Help
P 5-33 [ New Analysis] XHEHE [¥] 5-34 [ Harmonic Analysis] XJiG4HE

5. E LA RS

PEPE S B Main Menu > Preprocessor > Loads > Define Loads > Apply > Structural > Displacement > On
Nodes, FEfFJasf IR OMEHE, FRBCW 1, ey ok gl sl ani&l 5-35 Brn iy [ Apply
U, ROT on Nodes] XFif#E, & ¥ “Lab2” i “UY”, BPARREH Mg A B, &E
“VALUE™ & “0.006”, & XCH#ASEHEH 0.006; BE “VALUE2™ 4 “07, & SCN#RATHY
FEFR N 0, IXAE T LAGRIEST I RTIRAH AL A R 0,

6. &AM Y LA

(1) & E— T4, EFEH Main Menu>Solution>Load Step Opts>Output Ctrls>DB/
Results File, 7E5fH XTERER ) “FREQ” LTI E N “Every substep”, Hiii  OK  Hitfll,

(2) FESCRIENIZRILRE, PEPESE R Main Menu 1 Solution>Load Step Opts>Time/ Frequenc>Freq
and Substps, i 40E 5-36 fF < H [ Harmonic Frequency and Substep Options] XfiEHE, 7E “Har-
monic freq range” SCAHEHHA “0” Fl “50”, TE “Number of substeps” UASHEH A “500”,
B SRR AR 0~ 50Hz BERR 0. 1Hz SKAfE—IK, & “Ramped” 3EIT, Hil; Ok Hedl,

A Apply U,ROT on Nodes

[D] Apply Displacements (U,ROT) on Nodes
Lab2 DOFs to be constrained

A Harmonic Frequency and Substep Options

Harmonic Frequency and Substep Options

[HARFRQ] Harmonic freq range D
[NSUBST] Number of substeps

Apply as
If Constant value then: [KBC]  Stepped or ramped b.c.
VALUE Real part of disp * Ramped
. " Stepped
VALUE2 Imag part of disp

OK | Cancel l Help OK l Cancel | Help

[#l 5-35 [ Apply U, ROT on Nodes] XAt &1 5-36 [ Harmonic Frequency and Substep

Options] X{HHE



% 5% FHAFHN 139

7. AT KRR
EHESE A Main Menu>Solution >Solve >Current LS, #2A/E 5 3 R X IHHE, s oK [%
B, SRIGERS| ves [EE,

8. EA

(1) AR R Je AL B, JFFT I i ] Iy R A2 s W88 e . B #E2% . Main Menu>TimeHist
PostPro,

(2) WEETT A 2 19 UY BESCR A AR (L LA

1) &ERA SR, EEE3EE Utility Menu>PlotCtrls>Style>Graphs>Modify Axes, 3 4 &]
5-37 Fi7nf [ Axes Modifications for Graph Plots] XiG#HE, 7£ “X-axis label” SUARKEH#i A “Fre-
quency” ; FE “Y-axis label” SCAHEH# A “ Amplitude” ; 7E “Axis number size fact” SCASHE H %
A 197 SRIE KPR AR, iy oK R,

2) Fpf I E) D FR AR U ,T\%%Efjﬁgil#%ﬂ L ANE 5-38 fii7n B [ Time History Variable] X
TEHE, 7E “Result ltem” $EI0H £ DOF Solution>Y-Component of displacement, £ “Result Item

Properties” EI A “ Variable Name” "% A NODE2, Hiif; OK 4%, BT IEAE,

RHC 2, el ok R

@\ Axes Modifications for Graph Plots

VAXLAB] X-axis label [Frequency | ﬂ I\ Time History Variables - file.rst X
/AXLAB] Y-axis label |Amplh‘de | File Help
/GTHK]  Thickness of <]

it =3 H x| I 8| 5 & @ [None MESE]] Real ﬂ

/GRTYP] Number of V-axes Single Y-axis < Ve TahToiTiaE

[/XRANGE] X-axis range
@ Auto calculated Name Element |Node Resul t Item Minimum :'
© Specified rang:

AU St X (I —

"o Calculator @|

UYRANGE] Y-axis range [ =

VMINXMAX Specified ¥ range - | ( ) [ K| K

NUM - for Y-axis number ,—;| MIN CONJ o
/GROPTLASCAL Y ranges for - [individual cales <]
P yer— MAX | atib | LN | 7 ‘ 8 ‘ 9 | / ‘ CLEAR |
e — o
......
= __ EEEEENENESN
AXNM  Axis scale numbering [on -beckplane =]
AXNSC  Axis number size fact . INS MEM SQRT
DIG1  Signif digits before - : ABS ATAN | x2 1 ‘ 2 ‘ 3 | 5l ‘ E
DIG2 - and after decimal pt S - N
XAXO X-axis offset [0.0-1.0) l:l INT1 TMAG E
ok | Apply | cancel | Help | v | DERIV | REAL l 0 ‘ 5 | + ‘ R
€] 5-37 [ Axes Modifications for Graph Plots] X iG#E € 5-38 [ Time History Variables] X1i&#E

3) PEHFUNIEI 5-39 IR BT 1] 5 RS B LS A8 s BB R R < NODE2” , 4K . o [ e
B, WIRTURER SN 5 2 1Y J7 i AS SR A OE R, WAl 5-40 TR,

(3) WMEETT 3 /9 UY BESTRAYASAL ML A .

1) %a;—aﬂmmﬂ g s i SEjresn, B e 5-38 BR OXTERE, 76 “Result Ttem”
PIiR h k£ DOF Solution >Y-Component of displacement, TE “Result Item Properties” VeI 1Y
“Variable Name” "4 A “NODE3”, By  OK {4l SR IO ERHE, #ICY & 3, #i

OK [,

2) HER I AR WA P BB “NODE3™, SR U5 ok e, 00T e 54
HO3 Y TR SEUREIOC R, A 5-41 PR,
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PR Time Fictory Vaibiee S Speran L
Fle Help
A x| B e =] & [oone =1 S 8| Amplitude |
Variable List @
Name Element [Node [Result Item [Minimum [Maximum X-Axid - |
FREQ - o
ODEZ 0. 00141485
|
Rl |
Calculator @
=| !
¢ ) [ = Bl
MIN  CON] ex
MAX | atib [ LN | 7 | 8 | 9 | 1 | CLEAR |
RCL
] | - | | - | - |
INS HEN SQRT
ABS | ATAN | x72 | 1 I 2 I 3 l - I E
N
INT1  INAG i
E
INV |DERIV| REAL | 0 | I + | R
P 5-39  f(a] P A B WL e
— ANSYS
Fosraé R18.0
AMPLITUDE
one ocr 26 2017
19:54:20
(x10**-3)
4
3.6
3.2
2.8
2.4
Amplitude 2
1.6
1.2
.8
.4
0]
0 10 20 30 40 50
5 15 25 35 45
Frequency

Kl 5-40 T2 09 Y T ARSI I SE AR

ANSYS

:::ii:m R18.0
NODE3 OCT 26 2017
20:49:33
(x10**-4)
4
3.6
3.2
2.8
2.4
Amplitude 2
1.6
1.2
.8
.4
0
0 10 20 30 40 50
5 15 25 35 45
Frequency
B S5-41 WE3IMY B SmEN LR
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) ®47
/FILNAME, Suspensionr, 0 ANTYPE, 3! R E 54 £ A A0 547
/PREP7 HROPT, FULL | KA 2447 R 5 5P
ET, 1, MASS21! &3 15 %L HROUT, ON
ET, 2, COMBINI4 | &2 5% LUMPM, 0
KEYOPT, 1, 3, 4! &L 1 520ty R4EF) XFEEF4 EQSLV, , 1e-008,
PSTRES, 0
R, 1, 500, D, 1,, 0006, 0, ,,UY,,,,, 6 !4
Aol 5 EAEAS Y R
R, 2, 60, OUTRES, ALL, ALL, | #&&# HPrA-FF
R, 3, 30000, 2000, ,, , , HARFRQ, 0, 50,! %% 3% 497 F M 0 2| 50Hz
R, 4, 300000, , , ., ,, NSUBST, 500, | & & KM-FF 4 500
N, 1, 0, 0, 0 2L 1F5%F % KBC, 1! &KEBF KA E K
N, 2,0, 0.18, 0! X2 5% & SOLVE! Jf4& K #
N, 3,0, 04, 0! X355 XELTE®

TYPE, 2| ZEEALEAS %2
REAL, 4 ) & B LFHA 4
E, 1,2 | ZL¥ET
TYPE, 1

REAL, 2

E, 2

TYPE, 2

REAL, 3

E, 2,3

TYPE, 1

REAL, 1

E, 3

/SOL

5.4 RFING

S5R Bl ) 2 RS B S 5 A A B P 1) A2 Al 8 far T B mel 2 ()R, 8 5 ) 0 A ) R X B
I3 M B R ) DL S as S BE s, FEAAAELUT 5 D5 AR L AT (R
R N 2 ) A TN - 73 RN 2= Ve A o Vo

BTt tr, A 27 o A i dii g, Tk B S SR IO A A 7 Fl, B Block
Lanczos (2R1N) . Subspace. Power Dynamics. Reduced. Unsymmetric, Damped &% QR damped, /&
PR 2 SRV S P AL S B . BTl B el 4 A R ZOP TR A, BV | gk ig . bR
WA, KA AR ARG Ab B 3 A3 BT AT LR A Full 7735 (564%) . Reduced 7%, Mode
Super position i (FEBM), FELBERHEER . MEBNCRM, URERSERAMGLE, BES
S5 e LR A Full . Reduced % Mode Superposition T,
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WS MUBBS AT IR B R GRS i1, S8 T S B T2 A R A R
555, At B SEBR R A TR A

5.5 BEH%3

1. A

(1) BT RO GEMRLIHT) SBT3 /3 i s S R R4
‘jlg/

(2) BEASAMT . VAT IR AHT) SBRAEH AT BB R A 47
(3) BN, VAT IR HT) S5 BRAS3) 1 4 Hr sk
fif R 4
2. I HBEMER g
(1) BRERFREAS ST XHE] 5-42 T 5% il — A a1 1 1 14 6 4 &2 Trd

RINEATRLAS 00T, LR 8 5 50 IR AT AR, ARG RS,
SRR A5 RS BRI AR T L T AR A (B R X S S (B 55
Jih, PRIV AR IS AL R Y 2/3 4, B A 1AL
BRI 2/7 K, WEEUE 24, WIS KRB BRI, %6 E/E L
2k, WHJEE 0.2m, 5 58 A4 RLAY PERE 5 2% 10" Pa, JAAA LA Bl 5-42 (ARSI R 1]
0.3, %JEH7.8x10°kg/m’, (FE R AL m)
(2) PRSEIRTF ST, EE 5-43 R IR RGdh, fEREI m, FAEM 8T
Fisinot, GUfE B — AT IR S, A R AT DUE kR, JF B R AR e S Oy
o], WY SRR I, (EBTEH F RIS A BB, BRI N 0~ 7. 5Hz, A ] B {5 A

7.5Hz/30=0. 25Hz,
[ bR R S T b o s | %
JiiE: m,=m,=0.5 lb;
Iy sinot

KIEZR%C: k= k,=k =200 1b/in;

T fn#AT . F, =200 Ibf, Bl 5-43 Tl

(3) REBESTERIEDNT . BE — R BES 0T, RIZER 5-44 FiRi R 50
FEIH A 5] TP A5 AR 1, AR PRI SR R RS T# ks sl ) . AP Q235 89, it
PEREHE Y 2x10" N/m?, JARA LR 0.3, BN 7.8%10°kg/m’, HFEIEEE N 0.02m, B ILATHEEE
AR 2107 m®, WA 2x107°m*, MK 2 m, FEEEH Im, SR 1m, FiHEJTC m=100kg,

AT Bt P 1) 28 Al 1 M 2R AN 18] 5-45 Firos , BIFSE45 #4011 25 30 g o 1

0] 1 2 4

Iz u
B/ s

B 5-44  BEAR AL T IE] el 5-45  Zfur B s [R] AR Ak Al £

10000 —~ —

5000 L
| |
1 1 1

A /(N /m?)
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EHEAEET, 2B, G, FIT-EYATRE, &R BErED i m—4
ANEBIEAR; FE—ARBE L EEY), ME AT RO T, 7E0R 4 LRRA, EK
R TR IS TR B 1 ()2 Aot B O A R B AR A, AR e AT AR i, SARME
IR R T AR L5 0 B SEARRE , BVARfR ) 25 R MIPE

FHEIELRMEMREIEZ, TR, 4500 hBEALTT L, Ab382 28 ]8T A 20 T B 3 2Rt
WS, MAEITEYLRE M H 3358, ATk CE R SR8z,

[AEEA]

o XA A& kE e,

o HAEA A& MR A ANSYS 24 &,

6.1 EAXER

1. ERHEATAHGRA

SIRAEL S IRHEIRZ , AT AT 3 22258,

(1) &M (M) . 2% E AR —F SRS AR L T R, Blin—R
REPLAH A FL 45 T BE R AA TR AN A, SR EE T BE R4 Ml BN T M Y, VR T RE R RS s a Ak Y
XL ORI EE o RS s, B AZEAS [ 2 (R 58 SR ARk, RS Bl vl BB RN A7 BT
(AnfE MBI ) , rTREH THRAMANBIREEBIR (WN7ER LIRS 25 0F) , ANSYS
BT TG 5 A BT TR A SRR S 1 AR T AR

P — R B AE LR T R, e RS AR AR L Mk 2 BB v — ANk T T 4R

(2) JUATHES M, WAREE 232 KARIE , AR TUART T bR mT B 5 | A 235 4 1) A 2 4 g i
WE 6-1 i, Bl T ) 2y 34N, 44 6 AT il LAl 7 I S b, 3 30T o s 7R 3R
R ORISR R

0 Rk
6-1 #fast iy LRk

(3) FORHERZAE, ARZME R TR K IR ARG = A B H UL A, VR 22 DR 3R RS i Y
7 F3-RE AR, ALRE AT s (AE B PRI SRR ) o FAEERGL (AR ), LR 48 iy it
]G (AnFESRAZ R REL T ) o
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2. FAEFEAR

— BRI AL A AR LR AR AT g — ZR B B BT i, AT LR 22 3y 28 P el e — 2
AT N AT SE U I ORI S , ARSEIEAT T — s b e 2 TR O
W2 R e S RS AR I B A AR S e B, R f0) 1 Al (LA Rl sl el it o 1 Ay 44
HRRRZE, NMSFEEREAR L6, WK 6-2a fix,

ANSYS 3 i (ff P A 01407 2R Bk A Qe R 1 o DRI, 8 300 00 7 1 A7 49 9 A S 4 1K
FPFETHCSL (AR ARG ) o 8] 6-2b $3A T 78 5 1 iy B2 AR e o0 A v A -7 3 2R - i 2%
M . fERYORMENT, NR IFIEME k2R, XA RERIFE Ty (R T I8 8 ) 1 2
167 ) AT A 22 (6L, SRS AR P iy AT e MEoR i, ER A OBl . A RAS T i
WEN AL AR B, BRI BERE R RAT R, i pak AU 72 3 IR RS
¥ LA 9

R

HIHE

0 ibazs 0 ReRs
a) b)
B 6-2 i i L5 AR -t AR L ) 5 R
a) AU b) AR AR IR (2 BT

ANSYS $24I T — ZR G iy 4 R34 o6 (R R g e SO, A0 FOE R R MR R L A shE A
TR, TR RN IR A S AR BEAE RISk, B AR e e Ak St B — A 2,
0k,

X LE ) B S B AR E RGERARLE RS T, WESRAUUAEHT NR T3k, IR D) EE AR R]
REAS N R R R, AT S 250™ A WA S5 IR, o AR PO 100 Bl 5 20 S SR DA 5 32 T 2 ) i A 4
f o3, SE A ESE A A B IR AL BT — R E TR A AR AT i R R, X Tk R RS DL, AT LA
R JHWAE 73 b —Fps A0k, BT, Al B AR SR o %0736 20 NR A ik AU — Boil
Wi, TR B 5 TE D70 8 R 9 ) et o 2 B (), AR A 1

EEdu)

3. k&M RMeymmmy 00 e w2
AL PR RSN AR . T AT A 3 AN B " onmp
® ®ETH
Ve |
o i) L
(1) T30 ph 7 — i A 5 T O B i % S
T, B BT R B 2 R RV Ak R
(2) EEAEBTFHNN TSN, T | i iii
BRI ZUCR R (THRE L), &L . T8 B
BTN S A T 6-3 s 0 o,ls 1,|o 1.|5 1.|75 20 it i)

f /T SR T & 4 SV i 38 A
(3) TERANT LN T — R 90 kA 63 WAL TR0
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PAFRAF WS fie

4, WEETR

2P 16 A o WS RS, A2 [ 25 i) A

1) T, B, BIEHAT 00 S R

2) BEARAEI B (LLIREEEERE) X A9 RS /Dy, DRI R 76 5 A ik SR (] i 33 37 AN
Ivi) A A ) 2

Wi ECSEI I, ANSYS & fit— R GV 8E, P T DRR U sl A s Ae g . e AL
FEh sk eI H IR B A b, 34, WAIH AT LUA AR ISR . X2 Al R, 6
A A WSS D) ) 3 [ A

e WCSIE I I, 10 DAy Ry Bl A W SR A T WS St A Xy 1 B, T LA A% A R A ML SR A
PRAL T RS R AR XS B RE R, AR B R

‘ ‘ BEAL T R B JF
P LA ST B 0 S R SR B, AT A A g/
R sl B0 A SR T Sk L2 3 S o T““-§§::::::%
B, @
5. BFATALEBTATH . SALRH O,
0 53 2o S B A 5 5 10 Al B 1 S R
SR, T RGEIRARSF 0, TR B R S e ®

(i AR s Shme s ) | M RGBT, © )

[ 6-4 B H— RS (SPIE) RGBT, il o-4 ARG RAMPIT
AR FR B AT S R BT, T LA N R (T D R R R R S 2

By IR, — NIRRT RGO SR U S R R G SERR AR sk DB

FOLEE, WIS T4 2 (ARG, T LI AR (E S IREEAS M h ) | SCRERI 4

PO TT BB RE ARG e L X T R TR M I, BV FHIVF 2 T4 S 1 (8

6. T4

MEHZ AT, 25 R Al P, ST 200k, IV ]330
SPEPRERE , {H LIS Z IS AT AR . ANSYS B2 HEPIRN i 4l T 8 — il i 4 SR
AT AN TR s 2 BRI, BT R 6 28 9 4 3 £ T 25K

7. BB E 5

AR TR B G5 A AT R MR E BIAR SN 2R Ak, VP B 2R G g F) 2 i 30 1) A2 P
A RO , T LA A St ) 720 DB VR BTG, AR SR A =2 1]
RAFP TRIRE, SRR (ER IS, dVFT 2 6 A Sl o0 580 ANSYS 1) =04

SO EARE T — PSR I A AR IR R . TG, BRSO I, iR
CRE LR ICIE A WAL SN ARV 5 S e ik [ R ol S R 0/ B B I S i1 N B RV e SR
OIS R B R AR HR B IR RS — R, B ARAT M S Bk 4 S R e/ B ]
Bk

8. | ATAALAL T &)

G 2 i RAS T I 825 T BB A S R AR AL, TEVFZIEOLT , JEIRES T AR, i
FE RGP Y AT S PR AFF IR BT 1] o AR5 —SeRG 00 T, IR AR Ty i B BT 5 1) A B T

A
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ANSYS Xif 33 7 Fofr 4 0 2 FT A A wih AT H ASTHJE 1T 1]
AT I A B A2 8, s A T - -
8 rb 8 20 BT Ty ) B RIS T PR e
FER Ty, TR 0 £ 145 25 :
TUAR ] 14 ¥ 18] HL AT R A5 400 BRI g

Pl 6-5 75 75 B T I 2 4 i) ﬂ |
AESTEEEERY

0. LK MBE ST S

TR R RS i e éggggg
XS AT MR AL BAR L, DD
PESE RN, TR AP AT
A FSHIBES AR EE AR,
TR S AR AT v B IR RN BR300, DR R 2 2 A 23 A v v ] B2 SRR SE BRI R . F 3l
R[] 7328 M o3 it R L T T RS i R A

6.2 FLEMESTHIRESTER

Kl 6-5 AR 2 75 1wl

SRR T LM BT A SN A, (HAR B AAATR],  HURAEIRZAE 3 Hr i3 2 i 72
NI T AR LR

RS AT RS AT — B R IE 20, NFENEATE ST, AR BR AR 2 d g
BORMRMA A A5 3 A EEBIRA AL,

6.2.1 iz

AR LN FIAR LA E T B SR i 1, A AR LR o B 7 1% 20 3R b n] BE AL IR IR A T
FRLRNEAPRIE T, A RS v A0 5 AR RN, N -7 A e e BTAR A LS R ) LS (Ot
B WAEEAR,

6.2.2 KR

TR IR e SCATT IR RIBE T, 48 8 By A0k, FFIRA BRITR R, AEZMER g2 2ok
A H DR TR AE, EAR TR, A RMT .

1. #EN ANSYS K%

GUI. Main Menu>Solution,

4. /Solution,

2. BT A B 4T IR

IMT BRI AT AR5 1 AN P )5, RIEATEE 1 4 SOLVE 4 Ja N AR B s

ANSYS A T #8730 A B IE AN 2% 6-1 Fiw

(1) New Analysis (4387, ANTYPE) . —BIE00 B FHIZ 5850

(2) Analysis Type Static (ZrHr2EH8Y. ##25, ANTYPE) . #F870Hr i 2L 00,

(3) Large Deformation Effects ( KZSIEEE KN ZAE3E T, NL GEOM) : FFARFTA BIEL 4
B r= A RASTE

(4) Stress Stiffening Effects (N J7RHIALEN | SSTIF) . Ui SA77E M 1 MIALRE W BE£: ON
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*®6-1 RATEESHITAER

IR (s GUT 42
New Analysis ANTYPE Main Menu>Solution>Analysis Type>New Analysis>Restart
Analysis Type: Static ANTYPE Main Menu>Solution>Analysis Type>New Analysis>Static
Large Deformation Effects NLGEOM Main Menu>Solution>Analysis Options
Stress Stiffening Effects SSTIF Main Menu>Solution>Analysis Options
Newton- Raphson Option NROPT Main Menu>Solution>Analysis Options
Equation Solver EQSLV Main Menu>Solution>Analysis Options

(5) Newton-Raphson Option (2 ii-$i 35 R, NROPT) . AAE 6L 40 B v i H X A4~ 12k
T, TG A2 7E SR AU (B A6 2l — YR OE VAR R A TRT B (a] T RAFS 8 an R AEH i —A

O BJFEESE (NROPT, ANTO) . FFpd& T8 vp A7 78 A A 26 PR A IS 5l X 2 e 101 2 — |
e N [T VA SN R LA E BTk S = By A N 8

@ 4#B (NROPT, FNLL) . B2 H5¢ &4 WP R H 7 i, RIS T — OO iy 18 18
WO EERE B — U, AN SR S T B OGRS A kAR R I VTR AR B, 283 AN UG
FAE R N R, EJERA IR RETEA R, WUR A SN FREEIFTH (BRAN), HEsE R AR
FE, BB AR AN A X AL, R PR U R E TR R AN SR — AR PR
N e e, UG 3 A 2% A L R T AR A, NP E VR O SR R AL AR
B ST, K R LG A AE DO B A, X A2 2 ARGk IR, (3 0, S P e 005
R v R T AR AR IR S R

@ BIEMR (NROPT, MODI) . F2 Rl FE IE 0 4R - 5 vk, BIVIE U0 R840 B e A~
R EEBIE, 75— T2 1 1 2 AU TR0 20 MR s . XA BRI IS I KRB 404, JF L
38 W R TAN T

@ WIENIEE (NROPT, INIT) . 226 AR U a2k A R 8 A0 e O 3 66 o ok — BB 0 L 5 4
BRI BT KL, (R B 4% ZoRE 2R kO 2, BAEM TR 40T, Hikh
RN,

(6) Equation Solver (JTELRM#ES, EQSLV): XFARLMEAHT, BEATATEIORAE (BIL) .

3. AR Ehe#
TE RS A3 A B ) RIS 3R AR R R R A T 1), {E S 1 R BR Bt 445 44 1 224k

4. F8ZBRATH LR

XSO PRI AT DLAEAT AT 4040 A5 e ds A0 eI AR e M E R A T T Y

(1) P .

@ Time (TIME): ANSYS f& B 7EREAN a2 A s 45 5 19 TIME S 80R 5 H 8m 26 72, fifi
FHiZAi 4 e a2 SR e SRy a0 5 ) B[R] A0 A Fe ) S BR i B4 TIME {8, 2 )3 38 1 12 2E 1
e E BT AL BRI 1], AEATH5E TIME (B, B R R 4E BRIA A 3 xS 2 26 4% 1.0
BN TIME (7655 1 A8 26 1R i LA TIME=1. 0 FF4R) .

@ BEIEECH (NSUBST) Fibf[E)254< (DELTIM) ; JELAMES T 2R AE B 2mmg 22 WA 24>
T (ERBFRIE, WA ARIESER) , M ANSYS AJ DL Wit I 9T 25 72 i 2 fer, LA BI0KS 0 1) i
NSUBST Hl DELTIM i 2 $RAFRIFERCR (e #far 2 s, S/ Bdx KP4 ) . NSNBST & L 7E
— AN AL OB B T8, T DELTIM B AR b5 SOl G @ shisk i) 5 Ko, R4
BIEFAKATEARML, NN EEEE -1 T4
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@ Wik XS RN . 7E 5 NSRRI BT I AR R RS T, R ST R
FERXAEI, FOMRAEBGN, AR RN s (KBC, 1),

@ HBIES 4 (AUTOTS) » FeiV/FRE 8 14 6] 28 A 186 et 118 /DN i e 5 2 R gk 0 1) 348 i
s/, BN OFF (56H]) . AP Al AUTOTS i 44T 9F F s la) 45 K — 4k, gl
PTG F SIS A, AT DAL LR P e R A AT 2 Al 22 D AN )25 7R — AR5 0K A 8
UG, F— B RN T 4 BRI R W, BIAE el o 2 A0 B 0] 25 v ol i A S i k10 2
(B Z2 R I AR A S T 25 R /N R R ) | 6 A e B e RS A T R A s 728 s 3 HsF 0 /)
BRI ) | SR N AR A KN R AR BT A AN

(2) ARLRMEBETI, A2 1 2 AT - a2 AR L ) T R e SR U BB AR 0/ A AR R R B
(NEQIT) , AT DAFHERIAMSCSE I B A 2 OB

@ WLEAEN] (CNVTOL) : HKIEERIN, FEF¥ UL VALUE, TOLER WYX S5 (8 h4E) #E47
WSk Ar . VALUE BRI\ 2 78 B in 28 far (sl 0T N #, Newton- Raphson [8] & J7) %) SRSS #lI
MINREF (20A0 1.0) sF#k#H , TOLER BRIAJE 0.001, FH N2 Sl kb A, Al LR
iR (S8l B, XHFALES, PRGSO A JE 7 A R0 (1) IR (i-1) Wk
RZ I I R i 2e I

@ FH PSSO . P AT SOBCESE NR AR BROAEL (P 7™ % B4 50 S50 DU 2 25 45 SR A K
B, HRUE Z R AR A . W TR B RS IR ) R uER, A TOLER 4™ 450 &
G, — MR ARZ (B VALUE (980, Rl a3 8% TOLER, i ASj& VALUL 228 I S50 ),
N MINREF = 1. 0 A9 ZRIEAE 8T 75 Bl AT 3 X

@) fEH—FZ DOF RGP kA Isl. ZARHME (DOP) REE MRS, *Hx4> DOF it
BHAFEAGT S, SRIGX IRAERUREEN] (VALUE " TOLER) & Z(E, R AT LIXT8— DOF 1Y
MR (CRIHERE) WS TR . SRINITEZ DOF RGeH, AIREME FHASIRIAY L ik

ANSYS $EAt 3 Fh AR [R] ) 26 K030 P Bl A, RGP I 9 76 A58 v Y 451 DOF Ak 542 3
— DOF #Z#x . LI #LEK WS AE N [5] BTG DOFS RO F1 (JI5E) W46 XFHE A% B FIAE X FE A0 L2
LA T DOFS A4 1 (8 1%) 17 D5 SRS AR A T IR SOk 4

@ NEQIT (AR R RE) o MIZE IR il 454748 Fp A T i i RO 1 Qi sk, 2R
IR 25, WARAE R A R B PN RER IR SEN], A S KATIF (AUTOTS) , i s4ik
Rk, IR ZMEANTTRE, AKIEFE NCNV 74t & H HE s i &k 1 R — a8 45

& NCNV  CRABLAEZEI) . 1AL EE 5 FIOASE AL HER], BRan R fad kK, Mg —A4
FHF LA M AR P BT E I | BRI RBGE KB B BRI A3 B BRI 4 CPU B
[ E, DARKIET (ARCLEN) , ANSRFURHES R 76 L35 far [y s PO A S 28 250K AR 3 L A
Feo, RIEsH R - O 82 I ZR R RHEENS Sy 0 SO (B, T DA FHOICK Jr ol 5 B AR e B (ER i

© PRED (I[E25 W00 - 2 IE BRI ) . X FRAF 25 195 1 YO 2% 4% 7T LLEGE A1 DOF 3R
Ff A I, ARSI S, A SR AR L i AR 0, WA, R K h
T R R VT e 7 Sk [ e

@ LM R (LNSRCH) : Xt Al F M0 A B, 3% 5, G Al ik & B0 A £ i 1o
AR S T HHRF AR BN T (B 0~ 1 [AAME) RIS B i A%
RPN FERN F LT (NROPT) $EATHIEAN, UL B8 RETAT I, A&
T RREIUANE F B, AR RS L R F R I, AR AR, A
R K EA N ERIEREZH A SIS, ANSYS T4 DU K, 46508 0 F A ;
TR T 5830 DOF Ab—AN/ NGRS AERE BEAL KA, BRSO — R B 1 A8 R, AN-



% 6F ALK 149

SYS Ajii 4R RS (H

@ IFASHEN] (CRPLIM, CRCR) . WNSRESHIRIIEAETT N, w] LhFe s i A8 v 1 @ sl )
AR MR AR (AUTOTS) SCM], XANIEARMENDRE TR, 28X Irf BAoc it 3%
N ARKEE (FE S IR TR I AR AR Ak ) X b R AR 0 A, SR d R HR M R R, R T
W T —ABF A EER T O ARSI R — B2 AR TR A SR R 25K g ST A
H R ARYREL,  BIVKS A A B TC IR S O B P 7 A 444 ) SRl T IR ) 5 ROl R 2 3 X i 3
I B AT — A BT R/ IMEL, A0 2R EGAELS T 0. 25 (9Fs e PR LB () 3G R AR,
ATRER B HL Ay Mok b T 45 DR 5 BT 2 1k, X AN ] 8 n] DL i 4 f /N B JE) 25 KR A8 /)N b A
(DELTIM, NSUBST) .

O HEFIAFEIET . 7E ANSYS/Mechanical F1 ANSYS/LS-DYNA 7=/ b A DL 25 R 5E FIIL TG
ST BT LA, BT AR NS (B ESTIF 4% &) FELIE RN
JEE BT R AR T L LR RGBT — N ERIC, X RiIE YRR OT on e (R, Hul
PN AR [FIREHL I B ONE T EAERTAN IR T A FTREMBATT, TR AT AEZE SOLUTION Hij=
BT ERTT

BAEHTGE BB AR BIRSE BT, FESS | AT AT RBE, ARG RS S 3T 2 T 1R
Ao 4 EEB TG . PR IS SR B BN ASIRAS, JFH (WA NLGEOM, ON) &g H LA Ry
TR K BEFIRIARAE ) 55 I A% AL AR IE N

5 — PR SR A 1 B 5% ] BT A TR () 7 R e AR R 2245, XA T AR VAR 2 A 25 (]
R — AT BT, EKILL 36 FH TR 2408028 A8 . MPCHG 36 HI TP THR e Al

(3) i b 4a ik 1

@® OUTPR (FTERHH) o H8 5 5 SO a6 B i i 25 S 400k

@ OUTRES (#5583 . #Hlas R %, OUTPR Hil OUTRES #5545 5 5]
SRR

() ERESX (455AME) . MKHEERINE il —A BT RN 5 7 s oy AR 48 SR 245 45, At
SMIEEAT], QSRR RATTI AR L (BB, IEAS K ), RO AN AR L AR Tl A R R

BONTEIEL T R e — DTS AG RS, ESAA 74, & OUTRES
) FREQ 3 ALL. ¥RIA 2 1000 45 RE (F4) W15 AR, mREd (T
OUTRES #6:8) , BIFH i T RmZ L, fiHm4 “/CONFIG, NRES™ ¥&hiX 4fE

(4) PRAFEABIR 28 D R A R 55— A S AT a2 T .

GUI; Utility Menu>File>Save As,

fir4 . SAVE,

(5) FFosRfgIHRE ., PATHAIT .

GUI. Main Menu>Solution>-Solve-Current LS,

fir4 . SOLVE,

WRTEE X2, WX AWML EE LR (3)~(6).

(6) iR SOLUTION 4b¥EZS . HATA2 T .

GUI. X[ Solution S

fir4 . FINISH,

6.2.3 EEREHLR
K BARLR RS A R BRI B NAE, DARRARE ST, mTLLA] POSTI
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(i IR AL BEAS ) | POST26 (IFE] ARG AL BlAS ) AR IXLELR

1. JA POST1 &/ %R,

F POSTT — WAL AT LA — 4> 720 HoR B % T L HI4S5 R E S A Jobname. rst SCIF 1, H]
POSTI Zr A 45, B 22 vp AR R0 5 TSR S AR R AH 6], Jobname. rst SCAFRAZ0 AT FH

(1) Fi#x Jobname. out AR ATEIA BT Lo IS, RIS, W REAS TS J5 Ab B
B M SSOR B ) S P 5 A5 N Ak 2 A 7 )5 A 2

(2) #EA POSTL, QRHI TR AT AL R F, W3R4T RESUME,

(3) BTSN E A DT 2L G5 AT DIARIE 380007 20 A1 205 s [R]85, SR AN RE MK 48
NSRS ISATE S 7AW p niiiac 1 A

GUI; Main Menu>General Postproc>Read Results>Load step,

% SET,

A SUBSET 5 APPEND 4 Hoh e H i /AR B B I sl 5 45 Rk, i nT LU INRES
i 2 PRI 25 SR SO B EEAR B S %5 Bt , H ETABLE g4 X328 0 i BT 75 Ab 3L

WRARE T — A SR Y Time {5, ANSYS B A7 2e 0 61155 3% Time AERYSE R . 78
FELR AT PR R AR AR E R R BRI s
6-6 Iz, PRI TAELe Mo, 38 5 0 7E — G Hf
X 2SR T4 B0 Time A BT ALEE

(4) WoRZER

@© BRCARIRIR, PATAAIE .

GUI: Main Menu> General Postproc >Plot Results >

B T2k PO A SR ARG TR

BERA B AR AT BIOXT BE R
I ZIAL By 25 R

Deformed Shapes ,

fir4 . PLDISP,

TERASIE o3 M b, — el ol 1 P 0 552 LU 401 s
(IDSCALE, , 1),

@ SRR AT AR s AT A F A AT R E PSR E L, PATR A

GUI; Main Menu>General Postproc>Plot Results>Contour Plot>Nodal Solu 2, Element Solu,

74> : PLNSOL 5 PLESOL,

WRABE P ICEA AR MBI T Ny (AT RE i T 8 sl 22 v s g AR BT, A (6] i 61 R 2
RV SAR I B TC A BEE JE PEAS RN = A ), 0o B fe 25 R v (9 49 SO0 ) P 4 . R AT L) 2 1l
HICREIE ML PITEIE L, BT .

GUI: Main Menu>General Postproc>Element Table>Plot Element Table,

s )
K 6-6 ZbEAHT AR 24

Main Menu>General Postproc> Plot Results>Contour Plot>Line Elem Res,

T4 . PLETAB Fl PLLS,

i Ffl PLETAB 7% (GUI; Main Menu >General Postproc>Element Table>Plot Element Table) %%
BT R AR S5 (H 4, A PLLS (GUI: Main Menu>General Postproc>Plot Results>Line elem Res)
2 4 BT HE M A (L

@ g, PATA2WT

GUI; Main Menu>General Postproc>Plot Results>Nodal Solution,

Main Menu>General Postproc>List Results>Element Solution,,

Main Menu>General Postproc>List Results>Reaction Solution
T4 PRNSOL (45 mi&i#) . PRESOL (%i’R). PRRSOL (/g M J1%tdls) . PRETAB,
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PRITER (FBiTH4UE) . NSORT Fl ESORT (535U At HAFF )

VP2 HAB S AL SR BE R AR BB EF A5, 10 SIS 51 R 5578 POSTL i Jl . Xf TR 2t
Sy, B TOCZH G R JCRL

2. JA POST26 & A 4R

AT LM POST26 FlEt ] D f5 Ab B 2% & A AR vk 45t ny &y, BRI AR N, f FH POST26
A —A~ ANSYS A8 X} 55— By &, 0 ann] LU R 3m B — 45 SR B9 02 88 5 60 1 B
BT 0 OC R BB HH A 45 A 1 8 M 7 A8 FDG I Time (BRI SC R . LAY POST26 Ji5 b 28] L3
PEaT IR

(1) 4 Jobname. OUT SCHFAG AT I 753 75 BT A7 2R B9 801 20 N 20 A A8, AN Rz s i o 5 2
SEAEARWCERES SR B Lt 1

(2) WA RO, HEA POST26, $hATANSUNT (AR BUA BN TR RS B2 N, IAT
RESUME fir %) :

GUI: Main Menu>Time Hist Postproc,

#ir4: POST26,

(3) & XAe)eab P R A2 B, AT ar i .

GUI: Main Menu>Time Hist Postproc>Define Variables,

fir4: NSOL, ESOL F1 RFORCL,

(4) FIEESIR BRB R, JATa2 T .

GUI; Main Menu>Time Hist Postproc>Graph Variables,

Main Menu>Time Hist Postproc>List Variables,

Main Menu>Time Hist Postproc>List Extremes,

% : PLVAR (FEES/R78HE) | PRVAR F1 EXTREM (5137484 )

VR HAtR 2 31 pR KnT i T POST26,

3. LEATEAH B

0] LI 3 72— abort X (Jobname. abt) 11— AR, — BoRR T SER, B
WeSUR I, R FF KA IR AT . AR — AT R C ) 58 R — IR 2 kAR, WL 2R
HREIE,

6.3 FEHMT X ER A EIELMES LA

@) mmin

R T WG A X B R shEE R, nT ST E 6-7 R B RTARAR AL, BT
b U AL, DT 0 AR o
57, EREHERGEHMER, HHARITE  smpm
N A Dh—RE S o T A RN S,
ARFVARTE , DABIFST 20 R 114 5k 58 R I R AR e

MoE M PE R R N 2x 10" Pa, BE N
7800kg/m’, A #A L A 0.3, JE R W® RN
240.0x10°Pa, BIZERIEE N 2x10°Pa,, F6-7 - AR R LA
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(@) #tE5® (UL

. KEMES5 4
PSR Utility Menu>File>Change Jobname, 3} [ Change Jobname] XFi&#E, 7 “ [/FIL-

NAM] " SCARHEFHIA “Impact”, Hi;  OK |jf§!§ﬂo
2. BBFEAKLA
PEPE B Main Menu>Preprocessor>Element Type>Add/Edit/Delete, 1 AN 6-8 frwfl) [ El-
ement Types] XFEHE, Pl Aaa.. [Hefl, BN 6-9 FiRAY [ Library of Element Types] i
HE, 7EZ2 M%) 3 & £ “ Structural Solid”, 7E 43 M 1 3 ¥ £ “ Brick 8node 1857, Hiif
Apply [fizll; FEAEZEMISIFE Pk #E “Structural Shell”, 7EATMISIF P4 “3D 4 Node 1817

M Apply |}‘£%ﬂ; FRAEZE M5 e BEBE “ Combination™ , 7E 47 M 31 & H 3£ % “ Spring- damper
147, ity Apply AL, FAEAMSIFE S “Contact”, 7EAMSIEF S “4 nd suf 1737,
i Apply |1’£!Eﬂ; FAEAMF)F P EFE “ Contact" , TEAMIFNFE LS “3D target 7 170,
d oK ekl Mk uni 6-8 BTRXHEHE Y Close [Hif,

Defined Element Tvpes:
Library of Element Types ructural Mass ass
e o Element type reference number
OK Appl: G | Hel
Close | Help | | iicd | = | i
€] 6-8 [ Element Types]) X HE K 6-9 [ Library of Element Types] X1i&EAE

3. B SMAAEA
P SE B8 Main Menu > Preprocessor > Material Props >Material Models, B K 6-10 AT~ 1Y
[ Define Material Model Behavior] XJIEHE, 7EA7 % RAMEPHRIREESE “Structural >Linear >Elastic >
Isotropic” , s AN 6-11 Fr7n ) [ Linear Isotropic Properties for Material Number 1] XHEHE, 77
“EX” SCAHERETA “2ell” (FRPERIED), FE “PRXY” SUAHEHHIA “0.37 (WAML), Hi
OK |?£%ﬂ; FEAEWE 6-10 fF 71 [ Define Material Model Behavior] X% HE 14 4 W 5] FE4E
WikFE “Structural >Nonlinear>Inelastic >Rate Independent>Kinematic Hardening Plasticity>Mises Plas-
ticity>Bilinear” , 3 41& 6-12 fif 75 [ Bilinear Kinematic Hardening for Material Number 1] XJ{if
HE, 7E “Yield Stss” SCAHE 4 A “240e6” (JE AR PR ), 78 “Tang Mods” SCASHE H1 fij A
“2¢8” (VA KiER), Hdy oK |€F§%ﬂ; BFIER 6-10 Fron Y [ Define Material Model Behavior ]
X IEAE A A5 ) 1) 22 HE FP AR YR & #E “ Structural > Density 7, 51 H WA 6-13 BT 28 B [ Density for
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Material Number 1] XF3EHE, 7F “DENS” XAHEHH A “78007 (R, Hd; on|@%;
SRIG IR 6-10 BT [ Define Material Model Behavior] XFUGHE

Define Material Model Behavior

= ol X
Material Edit Favorite Help
[ Material Models Defined [ Material Models Available
68 Structural
@ Linear Linear Isotropic Material Properties for Material Number 1
B Elastic
i T1
h _ Temperatures
Nond @ Anisotropic BX el
& Nonlinear
PRXY 0.
@ Density 4
Thermal Expansion
Damping
Al _,I_I Al B Eaiotion Losttiaiont ﬂ_l Add TemperaturalDelete Tenperaturel Graph
ok | cawe | Hew |
. . . . . .
€ 6-10 [ Define Materal Model Behavior] XJifAE i 6-11 [ Linear Isotropic Properties
for Material Number 1] XJiFHE
e T ]
Bilinear Kinematic Hardening for Naterial Number 1
Density for Material Number 1
Stress-Strain Options Rice’s Hard. RFule |
T
T1 Temperatures
Temperature ,—
Yield Stss 24086 i TSOC'
Tang Mods 2e]
Add TE]I'pEI‘atUI‘El Delete Tgmperaturgl Graph
Add Temperature | Delete Temperature| Add Row| Delete Row Graph
oK Cancel Hep 2 I o) | Heb I

6-12 [ Bilinear Kinematic Hardening [# 6-13 [ Density for Material Number 1]

for Material Number 1)

4. BBt Bom
PeFESZ B Main Menu >Preprocessor >Sections >Shell > Lay-up>Add/Edit, K 6-14 BT
[ Create and Modify Shell Sections ] SHEHE, £ “Thickness” SCAHEHHTA “0.06” (FEJEJE), H

it oK |¥E%ﬂo

I} Create and Modify Shell Sections

X
Section Edit Tools

Layw  |Section Controls|  Sumary |
Layup
Creats and Nodify Shell Sections Name | m[1 -
[ Thickness ___ Material ID Orientation ___ Integration Pts _ Pictarial View
1 fo.0s [t ~lo.o [z |

Add Layer Delete Layer
Section Offset Mid-Plane =] User Defined Value|
Section Function[None defined -l Pattern. -l

oK Cancel Help

6-14 [ Create and Modify Shell Sections] X¥IEHE
5. BT

PE4% 3 B Main Menu > Preprocessor > Real Constants > Add/Edit/Delete, 3 tH 4 6-15 Fra~ #Y
[ Real Constants] Xf3GHE, g Add. .. |5F£’fﬂ , BN 6-16 BBy [ Element Type for Real Con-
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stants] XTUEHE, TEFIRMEHFEEEE “Type 3 COMBIN14”, Hii  OK |i’fc%ﬂ, S 6-17 FrR
) [Real Constant Set Number 1, for COMBIN14] XH&E#HE, 78 “K” SCAHEFH A “100000”7 (i
FEWIEE ), iy oK |1’£’~éﬂ; & [\ 2 & 6-15 B/~ B [ Real Constants] X3 HE, Bk 2
Add... [HeH, PITEIE 6-16 R it i E S R HE 3k #E “Type 4 CONTA173”, i AIA 6-18 T
7~ [ Real Constant set Number 2, for CONTA173] XtiEHE, 76 “FKN” SCAHEH i A “0.01”
CEFHEMBIERT), di ok |6, JRFFIE 6-15 B [ Real Constants] XFiFfE, #

‘[E Close |:F£%ﬂo

Real Constants G Element Type for Real Constants X
Defined Real Constant Sets Choose element type:
NONE DEFINED Type 1 SOLID18S

Type 2 SHELL181

Type 4 CONTAT73
Type § TARGEITO

add... | Bdit... | Detete |
Close | Help I 0K | Cancel |
[¥] 6-15 [Real Constants] XJIHHE & 6-16 [ Element Type for Real Constants] X{iHHE

Real Constant Set Number 2 for CONTA173

Element Type Reference No. 4 =
Real Constant Set No. 2
Target radius for lst node R1
Target radius for 2nd node R2
Normal penalty stiffness * FEN|0. 01
T Penetration tolerance * FTOLN|
A\ Real Constant Set Number 1, for COMBIN14 ot et e ICONT[—
Element Type Reference No. 3 Pinball region * PINB
e BT e l:’ Ini. allow. penetration * < PIAX]
. Ini. allow. penetration * > PHIN
Spring constant K 10000(21
i 8 - Max. friction stress TAUNAX by
Dampngicosass B! l:] Contact surface offset CNOF
Nenlinear damping coeff  CV2 l:’ Contact opening stiffness * FKOP
Initial Length ILEN |:] Tangent penalty stiffness * FET
. Contact cohesion COHE
Initial Force IFOR ‘:]
Static/dynamic ratio FACT
Exponential decay coeft Dc <
ok | Apply | Cancel | Help | hl I
ok | cames | He |
il 6-17 [Real Constant Set Numberl , €l 6-18 [ Real Constant Set Number 2,
for COMBIN 14] for CONTA173]

6. BT
PEPESE B Utility Menu>Plot Ctrls>Pan-Zoom- Rotate, 7E 5t iU XF iGHEH, B lso Hﬂ%ﬂ , B
Sl R BT DA R P T i @ e
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7. Rl R
B Main Menu>Preprocessor>Modeling>Create>Keypoints>In Active CS, 5 Q& 6-19 i
7R [ Create Keypoints in Active Coordinate System] XJiHAHE, 7E “Keyponint number” SCASHE iy
yp

A 17, fE “Location in active CS” SCAHEFSMHIEA “-0.8, 0, 1.5, #ili  Apply [zl
£ “Keyponint number” SCAHE i A “27, FE “Location in active CS” 3CASAE 43 Jjll 4 A
“-0.8, 0, 1.5, iy ww|E%;E“mwmmmwm”iﬁﬁ¢%A“y,ﬁ“mwmn
in active CS” SCAHMEH 73l A “0.8, 0, 1.57, Hii; Apply |%§%ﬂ; 7E “Keyponint number”
CAKE A “4” ) FE “Location in active CS” CAHE H2r Bl A 0.8, 0, -1.57, il

oK H’ﬁ%ﬂ °

'A‘ Create Keypoints in Active Coordinate System

[K] Create Keypoints in Active Coordinate System

NPT  Keypoint number D
XY.Z Location in active CS |-o.a | |o | ‘-1‘5 ‘
OK Apply I Cancel | Help |

€l 6-19 [ Creat Keypoints in Active Coordinate System] X fAE

8. Wi LA ET
PE4F B Main Menu>Preprocessor>Modeling>Create>Areas>Arbitrary>Through KPs, 5 1§54 BUE

O, R E— ARl e S 1, 2, 3, 4, by 0K|§@O

9. @5 ET

VEFESE B Main Menu > Preprocessor>Meshing>Mesh Tool , % 1 41K 6-20 Ff 78 1 [ Mesh Tool )
XHEHE, 76 “Element Attributes™ [ F 7 51 FAE i B < Areas™, FL5 3% F $1.81) FAE S5 18 (1
“set [ HHH, WURAANET D, M B BOUEEIT 1, G MIRET N ok [, sl
[ Areas Attributes] XI&HE, 7 “TYPE” TFHiFRMETBES “2 SHELLIS1”, 7E SECT” TFHid)#
HESPEPE <17, My ok .

Hidi “Size Controls” XIRH “Global” JETAY Set [fefl, 3l 6-21 FiR Y [ Global
Element Sizes] XGHE, 7E “FElement edge Length” SCAHE dii A “0.08”, #iif; 0K|§@;
TEIE 6-20 IR [ Mesh Tool ] XFIHHE) “Mesh” Xk, HEFHICIEIRA “Quad” (PUHIE),
PRI T IR “Mapped” (BRST), Mol Meh [HH, SUHEAERGT O, WAECH 1, M

oK [t

10. 433k

PFESE A Main Menu > Preprocessor > Modeling > Create > Volumes > Block > By Dimension, i1
UK 6-22 Tl [ Create Block by Dimensions ] STIGEHE, 7E “X-coordinates” SCASHE o143 51l i
A “=0.1, 0.17, £ “Y-coordinates” SCASHE H1 43555 A “0.001, 0.2017, fF “Z-coordinates”

TAMEF A HEA “-0.1, 0.17, s 0K|§%O



156 AFRTA I L L ANSYSIS. 0 &

MeshTool

Element Attributes:

Areas =

I~ Smart Size

[l ]

Fine B Coarse

Size Controls:

Global 5ot | Clear |
Areas i, ﬂ]
tnes  Set | Clear |

| o]
Loyer St | Clear |
Keypts _ Set | Clear |

Mesh: Areas v, I

Shape: ' Tii @ Quad

€ Mapped € Sweep
I 3 or 4 sided vI
Mesh Clear

Refine at: | Elements 'I

NDIV No. of element divisions -

1A\ Global Element Sizes

[ESIZE] Global element sizes and divisions (applies only
to "unsized" lines)
SIZE Element edge length

I

pove | B o lonlyif slement edge lengtiy SIZE s blanklor 2510}
Close Help oK Cancel Help
& 6-20 [ Mesh Tool] *fiEHE [ 6-21 [ Global Element Sizes] X}if#HE

11. SHRX] 5T

JEPESE L Main Menu >Preprocessor>Meshing>Mesh Tool, #ft 1 4 & 6-20 Fr 7/~ ) [ Mesh Tool ]
FHIEHE, 7F “Element Attributes” T B8 RAE &£ “ Volumes” , HL5 1% T 7 1] F AE J5 10 #)

set [fiE6H, BHIAECET O, PR BRI IR 1, MR D oK |ﬁf%ﬂ, S
[ Volume Attributes] XIi&HE, f£ “TYPE” TFHiFRHEFBESE “ISOLIDI8S”, Hidy  OK |:F§%ﬂo

B “Size Controls” X3t “Global” &5

T Set [ g, B R 6-21 T R Y
[ Global Element Sizes] XJiGHE, 7£ “Element
edge lengh” SCAHE FEE A “0.057, B
OK |¥£%ﬂ; TEE 6-20 FIr s [ Mesh Tool

X UE HE A “ Mesh” X 8k, o 48 52 7k 26 10 Oy
“Volumes” , HHHICIRA “Hex” (N

fA\ Create Block by Dimensions

[BLOCK] Create Block by Dimensions
X1,X2 X-coordinates

Cancel |

¥1,Y2 Y-coordinates

71,72 Z-coordinates

OK I Apply I Help |

¥l 6-22 [ Create Block by Dimensions] XJiEAHE

), RIS ITH TN “Mapped” (BRES), Fd;  Mesh H’ﬁ%ﬂ, R FAECE T, FAEUA
1, g oK |T’£%ﬂ, FFE 6-20 Frniy [ Mesh Tool] XHEHE,

12. A% &

PSR B Main Menu>Preprocessor>Modeling>Create >Nodes>In Active CS, K 6-23 s
i) [ Create Nodes in Active Coordinate System] XTiEHE, 7£ “Node number” SCARHEHHI A “9507,
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7E Location in active CS” SCAHMEHF MBI A “-0.8, -0.5, —1.57, i  Aeply [Hel; 7E
“Node number” SCAHE i A “951”, FE “Location in active CS” SCAHE H 20 5l 5 A 0.8,
-0.5, -1.5”, 2y Apply |%E%H; £ “Node number” SUAHEH1 i A “952”, FE “Location in
active CS” SUAHMEF 354 A “0.8, -0.5, 1.5, #d;  Apply |1’£%ﬂ: 1E “Node number” (7
FEFRHI A “953”, #£ “Location in active CS” CAMEH 5% A “-0.8, -0.5, 1.57, Hif

OK Ii’ﬁ%ﬂ °

13. A T @mATal £ T8 2 3 E
HeFESR B Main Menu>Preprocessor>Modeling>Create>Elements >Elem Attributes, 5 H A& 6-24
i/~ 1) [ Element Attributes ] XF % HE, 7 “ Element type number” T i 31 3% HE A & & «3

COMBIN14” , 7 “Real constant set number” TFHIFIFMEPELE “17, By oK |§%ﬂo

Define attributes for elements
[TYPE] Element type number IWI
[MAT] Material number 1 ,l
[REAL] Real constant set number 1 vI
[ESYS] Element coordinate sys 0 ,l

TA\ Create Nodes in Active Coordinate System [SECNUM] Section number 1 vl

[N] Create Nodes in Active Coordinate System [TSHAP] Target element sha —

NODE Node number arg element shape Slralght ||ne il

XYZ Location in active CS |—o.5 ||—o.5 \ [71.5| \

THXY,THYZ THZX

Rotation angles (degrees) [ I[ Il |
ok | Apply | Cancel| Help | oK | s | Help
1 6-23 [ Creat Nodes in Active [ 6-24 [Element Attributes] XHEHE

Coordinate System] X IEHE

14. B9 .85
% $ 2 A Utility Menu > Plot Culs >
Numbering, 7ESH A [ Plot Numbering Controls] X i HEH, ¥ Node Numbers (7755 ) FTH,

Mg ok .

15. 4%t

PEFESEEL Main Menu>Preprocessor>Modeling>Create>Elements>Auto Numbered>Thru Nodes, 5
AR 1, FAIBCY 5 L 1050, FATRAIRET IR Aeely [HehH, FHRTET S 1 A 950 = [l g
TG, EE L R, FET AN 60 F1951, 40 F1952 2 F1 953 ZH A BIGIE T, &
Je AR EUE

16, LR FH LT E LT b

PEPEFE A Utility Menu>Select>Entities, #H 411& 6-25 TRy [ Select Entities] XFiHHE, 7E4%
FHLFNFRAE | SCAHE | PR PR B i A “Nodes” “By Num/Pick” “From Full”, #if;

Apply AR, WA AN & 6-26 BT R Y [ Select nodes] XFIEAE, 7EHE A A X B EEFE < Min,

Max, Inc”, TESCAHEHHTA “950, 953, 17, iy oK ]?f-’fﬂo
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17. E#FEE B & LEme R

1% 2% 54 Main Menu > Preprocessor > Loads > Define Loads > Apply > Structural > Displacement >
On Nodes, SfEINE O, Fif piox an |ﬁ2%ﬂ, SN E 6-27 Fac Ay [ Apply U, ROT on Nodes ]
WHEHE, 1E “Lab2” FHISIRMERESE “Al DOF”, Hifi ok [Hehfl,

18. L FEHT A

PEPEFE L Utility Menu>Select>Everything

VAR A A B TR 112 G T 2 [ B S e fh X

% pick (" Unpick
M\ Select Entities
(¢ Single (" Box
€ Polygon ("~ circle
INodes 'l € Loop
IBy Num/Pick 'l Count = 0
e
" Reselect _
" Also Select : Lfn S
" Unselect bt i
Sele All | Invert 950,953,
Sele None' Sele Belo ﬁ
[ o [aads | ==
Plot | Replot' S =
Cancel Hel = —
Kl 6-25 [ Select Entities] XiHHE K 6-26 [Select nodes] XfifHE
19 iij%$ }ﬁ }-I’K @ ‘J:- éﬁ ’fi‘%& %‘ .‘.11;\ fA\ Apply U,ROT on Nodes
Eﬁ(ﬁ ﬁu llx‘] 6-25 Fﬁ i-( El"] [ Select Entities ] [D] Apply Displacements (U,ROT) on Nodes
R . . Lab2 DOFs to be constrained All DOF
XPTEAE, TE45 P H G RME | SURKE | ki
LR BE S BT A “Nodes” “By Location”
“Y coordinates” “07 “From Full”, # i} Apply as Constant value -|
N N If Constant value then:
APPIY @%ﬂ 5 EE%—F ?E ﬁ” %‘%*Eﬁi N Izlxﬂi N VALUE Displacement value :l
PR IR UGE R S A “Nodes” “By Lo- | | |
OK Cancel Help
cation” “X coordinates” “-0.3, 0.3”7 “Rese-

lect”, BTl Apply [HeHl; FTESS T 5% 16-27 [ Apply U, ROT on Nodes] *HiHE
HE . SCAME | B 42 I v R R T 9 B A
“Nodes” “By Location” “Z coordinates” “—0.3, 0.3” “Reselect” Hiif; Apply [Z4l,
20. AT @ PRI
PEPESE B Main Menu>Preprocessor>Modeling>Create >Elements >Elem Attributes, 5 H WA 6-24
Fi7s B [ Element Attributes ] X & #E, £ “ Element type number” T $i7 5l R HE P BE$E 5

TARGE170”, 7£ “Real constant set number” FHFIFRHEPEE 27, Hd oK |ﬁf%ﬂo

21. ¢l B FREL
JEPESKE L Main Menu>Preprocessor>Modeling > Create > Elements >Surf/ Contact >Surf to Surf, Fif;
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HUPXFIEHES Y oK |?£%ﬂ, PR B 5 AR IR Y eiex A H’fi%ﬂo

22. ®HH LJRE LW S

B i 6-25 Frosi) [ Select Entities] XTIEHE, 74 N RiFIFRAE , SCARHE | PASEIRH] K
IR “ Areas” “By Num/Pick” “From Full”, ¥ Apply |?£’%ﬂ, SR ECE O, TR
MEFREGA “4” ) gy oK |?£!E‘:ﬂ; FRAEAS T RGN FRME | SOARME | B Fe 1 rp AR VR 326 5 ol i
A “Nodes” “Attached to” “Areas, all” “From Full”, Hi;  OK |3f'£%ﬂo

23. AT @A & IR R

PEPESE FA. Main Menu>Preprocessor>Modeling>Create >Elements>FElem Attributes, B anK 6-24
FIRBIXTUGHE ) 7£ “Element type number” THIFIZRHEPHEEE “4 CONTAL173”, 7 “Real constant

set number” FHIFIFEMEREPE 27, i ok Fff%ﬂo
24, BB

e Main Menu>Preprocessor>Modeling > Create >Elements >Surf/ Contact>Surf to Surf, H.i
U XEEAEH ) oK |?£%ﬂ BT B B A BT 1A mace ana (R AL
25. ®BFR

PEAFE . Utility Menu>Select>Everything .

26. F8E M EA
P Main Menu>Solution>Analysis Type>New Analysis, 31 G11& 6-28 FT7~AY [ New Anal-
ysis] XPIEHE, #EH “Transient” £, P OK |T'£!Eﬂ , TEREJE A9 “ Transient Analysis”

MIEHEF, iy oK |ﬁ?%ﬂo
27. o E ik

VEFESE B Main Menu > Solution > Define |*"T7 peofenbss e
Loads > Apply > Structural > Inertia > Gravity > € Modal
Global, #Hi#1 /& 6-29 if 7y [ Apply ( Gravi- ==
tational ) Acceleration ]| XT 1 #E, TE “ Global  Spectum
Cartesian Y-comp” SCAHE Hif A “9.87, H :ngtanuz/ms
£ OK |§%ﬂo ok | Cancel | Help |
28. BHH L LAY S B 6-28 [ New Analysis] X iFHE

PG U 6-25 FT7R Y [ Select Entities] X
EHE, fERE LT FRIGIFAE DR, “Volumes™ , ¥1if; Sele Belo |41,

29. AF B BikAeAndbik B

PE 2K HL Main Menu > Solution>Define Loads>Apply>Initial Condition>Define, #f 45 HU
F, i piex ann J240, 54 411 6-30 78 1 [ Define Initial Conditions] XFi&HE, 7E T 151
FHE “DOF to be specified” HEFE “UY”, 7E “Initial velocity” XAMEH A “-8”, iy

oK [fkHl .



160 A FRTHA I #5 ANSYSI8. 0 &

Fi) Apply (Gravitational) Acceleration

[ACEL] Apply (Gravitational) Acceleration

fA\ Define Initial Conditions

[IC] Define Initial Conditions on Nodes

ACELX Global Cartesian X-comp Lab  DOF to be specified

uy =

Help | oK I Apply I Cancel l Help I

ACELY Global Cartesian Y-comp q VALUE Initial value of DOF

lil

ACELZ Global Cartesian Z-comp VALUE2 Initial velocity

ok | Cancel |

B 6-29 [ Apply (Gravitational) Acceleration] X3GHE ¥l 6-30 [ Define Initial Conditions] X i%HE

30. AF BN EiEmY R

B

PEPESR BA Main Menu>Solution>Define Loads>Apply>Structural >Displacement>On Nodes, R
WD, Pl esex s [FFHH, WA 6-27 FTR B9 [ Apply U, ROT on Nodes] Xfifi#E, 7E

“DOFs to be constrained” FHIFIFRMEHFBEEE “UX” “UZ”, By oK |ﬁf%ﬂo

31. ®BFEA
PEFESE B Utility Menu>Select>Everything,

32. #EBAT BT E Ao nd ) K

PSR B Main Menu>Solution>Load Step Opts>Time/Frequenc>Time-Time Step, A 6-31
Jli7R ) [ Time and Time Step Options] XTi%HE, 7E “Time at end of load step” 3CASHE H gy A
“0.0013”, 7£ “Time step size” CAHEH i A “2.5e-5", BEH “Stepped” “ON” I, 7£
“Minimum time step size” SCAHE P #Hi A “le-6”, 7F “Maximum time step size” SCAHE H1 5 A

“de-5” ATk Ok |%'f<%ﬂo

Time and Time Step Options

[TIME] Time at end of load step
[DELTIM] Time step size

[KBC]  Stepped or ramped b.c.
© Ramped
& Stepped

[AUTOTS] Automatic time stepping

 OFF
 Prog Chosen

[DELTIM] Minimum time step size
Maximum time step size

Use previous step size? V Yes

[TSRES] Time step reset based on specific time points
Time points from :
@ No reset
" Existing array
€ New array
Note: TSRES command is valid for thermal elements, thermal-electric
elements, thermal surface effect elements and FLUID116,
or any combination thereof.

oK Cancel Help

€ 6-31 [ Time and Time Step Options] X iHHE
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e MAGZER IR B nTES T |, v DL #ESEH Main Menu>Solution>Unabridged Menu,
VI 7% Main Menu>Solution R FTAG PRI

33, MELRMBRI L
PEHE B Main Menu>Solution>Load Step Opts>Nonlinear>Line Search, #f 41 6-32 Frs )

[ Line Search] XJiHHE, #EH “ON” Wi, ;oK |j*”'£%ﬂo

34, AR B P 2E R AP T LA A
PEPE KB Main Menu>Solution>Load Step Opts>Output Ctrls>DB/Results File, 3 W& 6-33 i
/N [ Controls for Database and Results File Writing] XUGHE, £ “Item to be Controlled” T Hi%13R

HEFPBESE “All items” , ¥EH “Every substep” #£WI, i OK |§F§-%ﬂo

[OUTRES] Controls for Database and Results File Writing

Item Item to be controlled All items =

FREQ  File write frequency
" Reset
" None

" At time points

R " Last substep
"‘ Line Search
@ Every substep |

[LNSRCH] Line search option ¢ Every Nth substp

Value of N l:]
C OFF U ner N enel i cretleb
" Prog Chosen
Cname Component name - Al entitios =
- for which above setting is to be applied
OK Cancel | Help |
ok | Apply | Cancel | Help |
[§1 6-32 [Line Search] XiGHE €l 6-33 [ Controls for Database and

Results File Writing] X {GHE

35. Rf#

R Main Menu>Solution>Solve>Current LS, i [ Solve Current Load Step] STGHE, By

OK|E%,%ﬁﬂ“%MMHHMM”%ﬁﬁ,*%%ﬁ,MT#%ﬁﬁ,ﬁﬁ%%%ﬁ%o

36. XMW &5

PR A Utility Menu>PlotCtrls>Numbering , TESH ) [ Plot Numbering Controls ] T HE H OB
AT OCH, Bl 0K|@%O

37. AR, RFHLZT von Mises 7

PEHFEEH Main Menu>General Postproc>Plot Results>Contour Plot>Nodal Solu, 3 H 4l1[& 6-34
7~HY [ Contour Nodal Solution Data] XJIHHE, 7F %1 FMHE PRI IESE “ Nodal Solution > Stress >von

Mises Stress”, iy  OK |ﬁz‘1%ﬂo

38. EX L=
P PESE B Main Menu>Time Hist Postpro>Define Variables, 4 [ Define Time- History Variables ]
XPUGHE, A5 Add... [#4l, % [ Add Time-History Variable] XFi3G#E, #EH “Nodal DOF

result” MEUU, Ml oK [HER, BUIMIAECE T, AN B 880, Ml oK A,
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i [ Define Noldal Data] XFiEHE, 7847l FHi
ﬁu%‘% I:F' *X “uy” , E‘T__E‘ 0OK |§ %ﬂ , i}g IEI [ Item to be contoured .

@ X-Component of stress

Contour Nodal Solution Data

@ Y-Component of stress

#|] [ Define Time- History Variables] XFiEAE, R @ Z-Component. of stress
@ XV Shear stress

& Close [efll, FRENT A48 2, &0l @12 e oo
@ Ist Principal stress
@ 2n; Princiial siress

PAZRZR A A7 2 L7 [0 SRS & s iy

on res:
S ,EL S 4=k r‘ll.;}%’% /F OPlasuc equwalem stress

39 Xj— 2 klﬁ_%ﬁ /f @ Stress state ratio

@ Hydrostatic pressure |

HUBSE 2 AR RS, B R | 3
E, ST L B, B T | e

Undisplaced shape key [Deformed shape only =
» N — . . . |
JEE . 3@?’%%% Main Menu>Time Hist POSth‘O > Scale Factor [auto Calculated o
. . . N . Addi tional Options ®|
Math Operations>Derivative, K 6-35 Fros = L el s
\pply ancel P

i [ Derivative of Time- History Variables] XI i
HE, 7£ “Reference number for result” SCAHE
i “37 ) TE “lst Variable” SCAKEHHA “27, 7E “2nd Variable” CAMEHFHTA “17, By

Apply (¥4l ; B WA 6-35 BT s #Y [ Derivative of Time-History Variables] XJ G #E, 7£
“Reference number for result” SCARHEH i A 47,  [[AFEEETarmmm—m
R i e N
Variable ” ¢ A& #E o Wy A “ 17, B &

oK I*ﬁ%ﬂo FACTA Factor

it B3RAE, MBI E 3 M4 2 |y 1 varisble

W3 A PRI, R4 R0 NS X 2nd varisble

I,

&l 6-34 [ Contour Nodal Solution Data] XHifHE

Name User-specified label

40. X B T LA heik =
PEPESE B Main Menu>Time Hist Postpro>Graph
Variables, 7EFTS L XHEHRER “NVARL” SCAHE i ] 6-35 [ Derivative of Time- History
WA 27, ef oK [Hell, 4RI 6-36 B Varisbles] A
No BHEEFATHRUL LS, R XIEHER “NVARL” SCARHEFR 35l A <37 Al <47,
il ok RH. AP 6-37 A 6-38 B

L

Apply | Cancel | Help |

1 ANSYS ANSYS
POST26 R160 PCST26 R180
¥ CCT 27 2017 3 OCT 27 2017

16:28:07 16:30:41
PLOT NO. 1 PLOT NO. 1
(10%8-3)
10
_s \ o
E \ 6
1. 4 I
- 2
VAID 5 VALD
JdN .
Ex \ -4
-4 -5
4. -8[—
(105-3) (1044-3)
o 1 s 1.2 16 2 0 4 8 1.2 16 2
2 3 1 11 18 2 1 1.4 18
TIME TIME

& 6-36 B A1k K 6-37 W
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ANSYS
POST26 R18.0
CCT 27 2017
16:32:13
PLOT NO. 1
(x10%*1)
1800
1600
1400
1200
1000
VALU 800
200
0
_200 (x10%#-3)
0 5 .4 B .8 1 1.2 1 1.6 1s 2
’ ’ TIME
B 6-38 1A finidk i
@) w4
/CLEAR K, 4,0.8,0,-1.5
A, 1,2,3,4
/FILNAM, EXAMPLE26 TYPE, 2
/PREP7 SECN, 1
ET, 1, SOLID185 ESIZE, 0. 08
ET, 2, SHELLIS81 AMESH, 1
ET, 3, COMBIN14 BLOCK, - 0.1, 0.1, 0.001, 0.201,
ET, 4, CONTA173 -0.1, 0.1
ET, 5, TARGE170 TYPE, 1
MP, EX, 1, 2E11 ESIZE, 0.05
MP, NUXY, 1, 0.3 VMESH, 1
MP, DENS, 1, 7800 N,950, -0.8, -0.5, -1.5
TB, BKIN, 1, 1 N,951, 0.8, -0.5, -1.5
TBTEMP, 0 N, 952, 0.8, 0.5, 1.5
TBDATA , ,240E6 ,2E8 N, 953, -0.8, -0.5, 1.5
SECTYPE,1,SHELL TYPE, 3
SECDATA 0. 06 REAL, 1
R, 1, 100000 E, 1, 950
R, 2,,,0.01 E, 60, 951
/VIEW, 1,1, 1, 1 E, 40, 952
K,1,-0.8,0,-1.5 E, 2,953
K, 2, -0.8,0, 1.5 NSEL, S, ,, 950, 953, 1

K,3,0.8,0, 1.5 D, ALL, ALL
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ALLSEL D, ALL, UZ

NSEL, S, LOC, Y, 0 ALLS

NSEL, R, LOC, X,-0.3, 0.3 KBC, 1

NSEL, R, LOC, Z, -0.3, 0.3 LNSRCH, ON
REAL, 2 AUTOT, ON

TYPE, 5 OUTRES, ALL, ALL
ESURF TIME, 0.0013

ALLS DELTIM, 2.5E-5, 1E-6, 4E-5
ASEL, S, , .4 SOLVE

NSLA, S, 1 FINI

REAL, 2 /POST1

TYPE, 4 PLNSOL, S, EQV, 0, 1.0
ESURF FINI

ALLS /POST26

FINI NSOL, 2, 880, U, Y
/SOLU DERIV, 3, 2, 1
ANTYPE, TRANS DERIV, 4, 3, 1
ACEL, 0, 9.8 PLVAR, 2

VSEL, S, ,,1 PLVAR,3

NSLV, S, 1 PLVAR, 4

IC, ALL, UY,,-8 FINI

D, ALL, UX

6.4 BEZBETHIHTEH

&) mm#ik
AR5 I 45 e SRR A A P A4 T, 58 0 P A P 6-39 % Lo
O EN A WA R FPE AL, i T AT BB R RIE R, TR A AR AN T AT, A (B

AT R AR B AR Y 7 ) B RLRS P TR R A AR A O B A, PRI Bl B
B oRfgmaT 4 AT S

6.5

130

€ 6-39  [Bil f3in & fif 151

(5 25 A4 61 A 38 M 4 S 70000MPa, JHAA LR 0.325, ¥8 P AY R H1- 0 AR G R Ik 6-2
iR,
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®6-2 BUMBINA-HEXR

A 71 VA A
0. 0007857 55%10°
0. 00575 112x10°
0. 02925 172x10°
0.1 241x10°

ks s angk 6-3 iR,
xK6-3 mFHFE
o wM

W= O
~J
wn
(=}

(EDmES® (GUL )

1. &L TAR A 4 R TARAFAL

(1) EXTAEXH4 . $UT Utility Menu>File>Change Jobname s, T [ Change Jobname ]
YHEHE , % A “Kinematic”, B [New log and error files] & iEAHE, Pl oK |2}‘£%ﬂo

(2) & X TAEFREE. $UT Utility Menu>File>Change Title 7ir4>, 3 [ Change Title] XHFAHE,
i A “The analysis of Kinematic hardending” , ¥.i;  OK |$§«/Eﬂo

(3) KBRS K B~ AT Utility Menu>Plot Ctrls>Window Controls>Window Options iy
A miH [ Window Options] XFIEHE, 7E [ Location of triad] FHIFIFHEFES “No Shown” ik

oMl ok L

2. B EALE

(1) 5 XHICAH . AT Main Menu>Preprocessor>Element Type>All/Edit/Delete fir4>, 1}
[ Element Types] XTIGHE, #ifi add.. [He#, B4 [ Library of Element Types] XFGHE, 757
FHNFAE R “ Structural Solid” 1 “Quad 4node 1827 I, Hii; oK |1f§!§ﬂo

(2) WEHICHET . 7F [ Element Types] Xﬁiﬂlﬁ*%ﬂioptim&.]#ﬁ%ﬂ, M [ PLANE182
element type options] XJIEHE, UKl 6-40 fir/R, 7E [ Element behavior] FH7igIRMEF#EH “ Axi-
symmetric” FEI, M OK |?£%ﬂ, Hidi [Element Types] XUEHEH K Close {4,

3. A B .
TBEE 5 Mai
(1) & SC£k 3 bFORLJE P AT Main fo o

Options for PLANE182, Element Type Ref. No. 1
Menu>Preprocessor>Material Props>Material Models ~ |elementtechnology K1 [Falimegration =]
54>, P [ Define Material Models Behavior] Xif —|femerteerier = z
iﬁﬂi o M ﬁ-_T [ Material Models Available ] 7! %‘% T £ (Erlqe;:‘n:c‘::z:mon isK :o! valid with plane stress) o .
HfY “Structural > Linear > Elastic > Isotropic” £, ok | cance | hep_|

# [ Linear Isotropic Properties for Material
Number 1] STEHE, FE “EX” fil “PRXY” XA £ 6-40 [PLANE182 element type options ] ST iEHE
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HEH ATl A “7.0E107 K& “0.3257, By oK |:|J’£{6ﬂo
(2) EXFEFT LM LB 2. Wk [ Define Material Models Behavior] X i #E
A9 [ Material Models Available] %1ZRHEH ) “Structural>Nonlinear>Inelastic>Rate Independent>Kine-
matic Hardening Plasticity >Mises Plasticity >Multilinear ( General) ~ #EIT, 54 40Kl 6-41 Fr s 1)
[ Multilinear Kinematic Hardening for Material Number 1] STUEAE . 3 kBT Add Point Iibf%ﬂ . B -
R B 3 R AR A R, e [
Graghlf 61 7T 48 0 WL 710 75 36 3R [, B oy |1t Mmoo e e

Stress-Strain Options|Stress versus Total Strai:v|
OK |T'§%ﬂ o PUT Material >Exit 7%, €K

|
dol \ STRAIN __ STRESS
AR R o 1 [re57e-2_Jpbee
2 [5.75e3__ [112e6
4 }%l TATHREA z 3 ?255—2 17266
(1) AEMFEIE . $A4T Main Menu > Pre-
Add Temperature| Delete Temperature| Add Point |Delete Point|  Graph

processor>Modeling > Create > Areas > Rectangle > By
Dimensions fiy 4, #f H 40 6-42 Ft N 1Y
[ Create Rectangle by Dimensions ] Xf 3G HE, 7F
“X-coordinates” SCAHE g A <0, 0.057,

TE “Y-coordinates” SUAHEHHIA “0, 0.065”, Fil;  Apply [Z4l; 7E “X-coordinates” CASHE

R “0.05, 0.657, £ “Y-coordinates” CAHEH A “0, 0.0657, Hiid; OK|@%O

( 2 ) T]‘;:F Egﬁ% %%‘J H ?‘)"L ﬁi: Utility Menu > 'A‘ Create Rectangle by Dimensions
PlOt CtrlS > Numbering /I% é\ , ‘:‘1‘% I':H [ PlOt [RECTNG] Create Rectangle by Dimensions

X1X2 X-coordinates D
Numbering Controls] XTHE, 1 [ Area num- | vive veoordinetes P |posd ]

bers] EIEHE, fE [ Numbering shown with] T
PH| FTHEHF LA “ Colors&numbers” HET, £
7 EROK |§F’E%ﬂo €l 6-42 [ Create Rectangle by Dimensions] XJiiG#HE

(3) WWAREAE. AT Utility Menu>Plot> Areas 4, H BN EAEE A R g R E 6-43
Ji7N

ok | cocd | He |

€l 6-41 [ Multilinear Kinematic Hardening for
Material Number 1] X i&HE

OK | Apply | Cancel I Help |

ANSYS

AREAS R18.0)
AREA NUM oCT 29 2017
16:01:29
PLOT NO. 1
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& 6-43  TH W ERAEE A A 4
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(4) BAFEEIE . fady ANSYS Toolbar A7 Y SAVE_DB |[F44H .
5. &R A FRTTAEA

(1) HisR#EAE: AT Main Menu>Preprocessor>Modeling>Operate >Booleans >Glue > Areas 74",
NI . IAHCAT T A2, Ml ok [,

(2) FTHFL4m S #H . $AT Utility Menu>Plot Ctrls>Numbering fir4>, i [ Plot Numbering
Controls] XHGHE, ¥ [Line numbers] & i%AHE, 7£ [ Numbering shown with] 741 FAE i 3
“Colors&numbers” 1T, By  OK |:F£%ﬂo

(3) ZREBREAE. AT Utility Menu>Plot>Lines, 2R HRAEJS 42 A9 45 B ANK 6-44 FioR

ANSYS

LINES R180)
LINE NUM OCT 29 2017
16:04:45
PLOT NO. 1

The analysis of Kinematic hardending

K 6-44  ZRERARSE A U 2 2R

(4) BATERSFEER (578 . 34T Main Menu>Preprocessor>Meshing>Size Ctrls >ManualSize >
Lines>Picked Lines fi74>, #ULIAHUHE, $HHC L1 FI L3, #ii oK |1’£~’éﬂ, #H1 [ Element Sizes
on Picked Lines] XHHE, W& 6-45 7w, 7E “No. of element divisions” SCAHEFRHA “37 | 1
Bk [KYNDIV SIZE, NDIV can be changed] & iEHE, Hiif; Aeply [, #AHC L2, 14 F1 L6,
i ok |#eh, 3 [ Element Sizes on Picked Lines] XH&HE, 75 “No. of element divisions” 3¢
AHEF A “47, B [ KYNDIV , NDIV can be LTS

[LESIZE] Element sizes on picked lines

changed ] HEENE, iy Apely R4 SIZE  Element edge length

L]
. NDIV  No. of element divisions
(5) ij’[}ﬁ“f%%ﬂ ( j}iiéj’}jﬁﬁ) . Tﬁﬂléﬁ%ig 1.9 (NDIV is used only if SIZE is blank or zero)

. N KYNDIV SIZE,NDIV can be changed r
FILI0 2k 4%, 3t [ Element Sizes on Picked Lines] |seace spacngraio ]
XTUGHE, 7£ “No. of element divisions” F1 “Spacing ra- ™" et L 1]
( use ANGSIZ only if number of divisions (NDIV) and

tiO” iﬁ*@*ﬁ%u%/\ “« 20” & “2" , Pﬁg Ig/% [ KYN‘ zllemerv:ted:edlength (SIjE) Te blank or zero) -
DIVSIZE, NDIV can be changed ] & i £, H

oK |1’£%ﬂ o
(6) MA&% 7. 44T Main Menu > Preprocessor > ok | Appty_| cancel | Help
Meshing>Mesh>Areas >Mapped >3or 4 sided 7%, 3 HH
Kl 6-45 [ Element Sizes on

IREUHE , Bl eeex maa [FRE 41, /R A9 A% 4 6-46 Picked Lines] XifHE
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FI7R “mmems A
(7) WEHE. T Main Menu >Preprocessor > lex%%%%
Coupling/Ceqn>Couple DOFs iy 4>, i tH §5 BUAE
BRI 9, SRIRMRESET G 11, 10 M5, H
i oK |T’£%ﬂ, i i [ Define Coupled DOFs ]
XF i AE, Bl 6-47 Fron., FE “ Set reference
number” CARKEF A “17, 1E [ Degree-of free-
dom label] FHIFIERMEFEELE “UY” I, Hdf
OK  [Hehl, SCREA HRAEG UHE 500 Y 4
B, MAENERERNE 6-48 ik,

The analysis of Kinematic harderding

E 6-46 @R H PR

ANSYS'

ELEMENTS R180)
OCT 29 2017
16:11:17
PLOT NO. 1

T4\ Define Coupled DOFs

[CP] Define Set of Coupled DOFs

NSET Set reference number l:l
Lab Degree-of-freedom label =
OK | Apply | Cancel | Help |
The analysis of Kinematic hardending
6-47 [ Define Coupled DOFs] X}iGHE Kl 6-48  FHEGE Y /R 2

(8) IRAFEIE: #dy ANSYS Toolbar FHH sm:_nshﬁ%ﬂo

6. X5 £ A Fo ik H iR

(1) EXAHrZER . 4T Main Menu>Solution>Analysis Type>New Analysis i, ¥ [ New
Analysis ] STUGHE, 1 “Static” T, By OK |§%ﬂo

(2) FTHTMES: AT Main Menu>Solution>Analysis Type>Sol” n Controls 74>, #fH [ Solu-
tion Controls] XFiHHE, AN 6-49 T/~ FE “Nonlinea Options” X1 ¥ [ DOF solution predictor ]
THHFRHEPIEF “On for all substep” ¥ET, iy OK |3F£%ﬂo

(3) BrERMEmEHl . 4T Main Menu>Solution>Analysis Type>Solution Controls s,
H [ Solution Controls] XJiHHE, 7E [ Analysis Options] F1 [ Frequency] T $i%1) FAHE Hh 43 51 15 £
“Large Displacement Static” 5 “Write every substep” £, 7E “Time at end of load step” SCASHE
g “le-6”7, F£ “ Number of substeps” CARME Py A “17, WK 6-50 fr~, ¥

oK |1’£%ﬂo

7. #Hhm g RB AT
(1) HfMAHEAE: AT Main Menu>Solution>Define Loads>Apply>Structural > Displacement >

On Lines f74, #HIAEHE, AL L4, Bd; oK |§|’r§%ﬂ, 3 [ Apply U, ROT on Lines] X &
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Solution Controls X

Basic ] Transient ]Snl'n Optinns‘ Nonlinear IAdvancedNL]

[ Nonlinear Options — ] [ Cutback Control —

Line search |Prog Chosen j Limits on physical values

DOF solution|on £ 11 owbetn =] to perform bisection:
solution|On for a substp ¥

predictor Equiv. Plastic strain [0.15

VT Speedup [0ff ~| Explicit Creep ratio 0.1
Implicit Creep ratio 0
[ Bquilibrium Iterations — | | Incremental displacement|10000000

rery

i Points per cycle 3
Naximum numberlm P ¥

of iterations & Cutback according to predicted
number of iterations

[ Creep Option — |  Always iterate to 25
equilibrium iterations

" Include strain rate effect

Set convergence criteria ...

ok | cacel | Heb

€l 6-49 [ Solution Controls] X iHAHE

Solution Controls X

Basic l Transient ]Sul'n Optiuns] Nonlinear ]AdvamcedNL]

 Analysis Options — | [ Write Items to Results File —
ILarge Displacement Static j @ All solution items
I” Calculate prestress effects  Basic quantities

© User selected
 Time Control Nodal DOF Solution
£l h

Time at end of loadstep|le-6 e
Element Ni
Automatic time stepping|Prog Chosen j Element Nodal Stresses

@ Number of substeps Frequency:

© Time increment IWrite every substep j
Number of substeps l]l— where N = ll—
Nax no. of substeps lO—
Nin no. of substeps lO—

0K I Cancel Help

€ 6-50 [ Solution Controls] X iHHE

HE, 7E [DOFs to be constrained] NHIFRHEFPIESE “UX” LI, i Aeely H&H, 47 LI Al
19, M ok |4, #i [Apply U, ROT on Lines] XTififiE, 7E [ DOFs to be constrained]
THIBIFRME PP “UY” MBI, Ml ok M, MRS S R 6-51 Bk,
WP SEE, Rl Close [HeHL.

(2) i . $h47 Main Menu>Solution>Define Loads>Apply>Structural > Force /Moment>
On Nodes fir 4>, #IAAUHE, B4 SR 9 MW A (&£ B, hdi ok [He#l, #h
[ Apply /M on Nodes] XJ5HE, 4N 6-52 Fizs, fE [ Direction of force/mom] 741 FRAE ¥ £
“FY” #I, Hili oK |¥E%ﬂo
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ANSYS

ELEMENTS R18.0
OCT 29 2017

16:27:19

PIOT NO. 1
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0 6 k9 5 Dg i1 lja
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hBla 4 bs be b

=
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B 6-51  Jitiin2 sk &8 Ia i 25 SR

6. AR

— e S . [F] Apply Force/Moment on Nodes

( 1 ) ‘—__j )\ ;ﬁ 1 /I\ ?éji m ﬂ} : %}t[‘ /TT Mall’l Lab P‘:i’redion offorcet/mom i
Menu>Solution>Load Step Opts>Write LS File Apply as Constant value -]
PASYAN i . . + F If Constant value then:
I ’ g[ﬁ HJI [ erte Load Step Flle] XT}E*E © VALUE Force/moment value :I
T£ “Load step file number n” SCASHE H#i A
“1” , $$ OK |To£%ﬂ . oK l Apply | Cancel | Help l

(2) BCE ORI . PHAT Main
Menu > Solution > Analysis Type > Solution
Controls 74>, 51 [ Solution Controls] XFiHHE, 7F [ Analysis Options] [ Automatic time stepping
option] F1 [Frequency] T $i%1ZRAHE 43 5]%#E “Large Displacement Static”  “On” M “ Write
every substep” TEII, FE “Time at end of load step” F1 “Number of substeps” SCASHE H 43 7l % A
“17 K <107, i oK

(3) WamBEh . $U4T Main Menu>Solution>Define Loads>Apply>Structural > Force/Moment>
On Nodes fir 4>, #UIAAIUHE, MBS H 9 MW A (&£ Ef), hdi ok [Hedl, #m
[ Apply F/M on Nodes] XHif#E, 7£ [ Direction of force/mom] TFHiFFHEH S “FY” LI, 7&
“Load TEMP value” SCAHEH#HIA “-6000", fidi  OK |1’£«’éﬂo

(4) A 24E M. 47T Main Menu>Solution>Load Step Opts>Write LS File 4>, 5L
[ Write Load Step File] X} i5#E, 7 “Load Step File number 7 SCAHE Hfgy A “27, M

ok |,

(5) ENRMBETEES] . AT Main Menu >Solution>Analysis Type>Solution Controls fir A, i
H [ Solution Controls] XFiEHE, 7E [ Analysis Options] [ Automatic time stepping option] Fl [ Fre-
quency ] T FAHE A B kPR« Large Displacement Static” “On” J “Write every substep” %
I, 7 “Time at end of load step” Hl “Number of substeps” SUAHEF 435l A “2” K “107,

iy oK |§’£%ﬂo

€ 6-52 [ Apply F/M on Nodes] XFifAE
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(6) i, #4047 Main Menu>Solution>Define Loads>Apply> Structural>Force /Moment>
On Nodes iy 4>, BUIAAHUHE, B4 SR 9 MW A (&£ B, *fdi ok [Hesl, #iih
[ Apply F/M on Nodes] XJI5HE, 7 [ Direction of force/mom] THIFIFRAET LS “FY” PRI, 7
“Load TEMP value” SCAKEMA 7507, #hidi ok |4,

(7)) BASE 3484 $U4T Main Menu>Solution>Load Step Opts>Write LS File A,
[ Write Load Step File] X i #E. 7E “Load Step File number” 3T HE iy A “37, B

oK |T’£~’Eﬂo

(8) BEERAFIVETIFEH] . AT Main Menu>Solution>Analysis Type>Sol’n Controls fi7 4>, 7 H}
[ Solution Controls ] %I i #€, 7E [ Analysis Options ] [ Automatic time stepping option ] #iI
[ Frequency] THIHRHE P Ak« Large Displacement Static” “On” M “Write every substep”
eI, 7E “Time at end of load step” F1 “Number of substeps” SCAHEH 734 A “37 K “107,
il ok .

(9) Hm&EH#EfT ;. /4T Main Menu>Solution>Define Loads>Apply Structural >Force /Moment>
On Nodes fir 4>, BRI, MG SR 9 MW A (&£ B, *hdi ok [He#l, #iih
[ Apply F/M on Nodes] XIi&HHE, 7E [ Direction of force/mom] THiF|FAEFERE “FY” HI, 7F
“Load TEMP value” SCAHEFFHIA “-6000", #ifi ok |4,

(10) 5 AL 4 8. AT Main Menu>Solution>Load Step Opts>Write LS File 54>, 5 H
[ Solution Controls ] Xt i #E, 7E “ Load Step File number n” 3C KIE P A “47, Bk

oK [HsH,

(11) fRFE% . & ANSYS Toolbar

fA\ Solve Load Step Files

J: E"J SAVE DB %%ﬂ jﬂ:’/ﬁ‘ﬁ ﬂ: R [LSSOLVE] Solve by Reading Data from Load Step (LS) Files

LSMIN Starting LS file number

(12) SR 18] B, $RAT Main Menu > | Lswax ending s fle number
Solution>Solve>From LS Files x4, i anE S e
6-53 Fr 7/~ i) [ Solve Load Step Files] X i o< | sl Heb_|
fE, 7E Starting Ls file number” Fl “Ending
Ls file number” SCARMEF 4355 A 17 M
“47 ) B oK |ﬁf%ﬂﬁﬁﬁ*ﬁ?o SR 5E B, s [ Solution is done] XTI iE #E, H

Close ﬁ%%ﬂo

¥l 6-53 [ Solve Load Step Files] XfiEHE

~ Item to be contoured
9. @ Rl G A 32 @ Favarites
AN — — . o Nodal Soluti
(1) BABERE/R: M7 Main Menu > General o DOF Solutic
@ X-Component of d?splacement

@7 f displacement
surl

Postproc > Plot Results>Contour Plot>Nodal Solution iy
4 i [ Contour Nodal Solution Data] XFiH#E, &0
K 6-54 iR, TE [Ttem to be contoured] %1 FAE H 4K

Thermal § n
@ Total Nechanical and Thermal Strain

WiE$E “DOF solution > Displacement vector sum” £ | Oseine smin e

T, JF7E [ Undisplaced shape key] TFHIIRMEPIE | e e e

¥ “Deformed shape with undeformed edge” £, it {gf\msmlhp e U 4
M fe - & ot _ Additional Options ®|

d oK |1’£%ﬂ, SRS = B B iR g5 R an Kl 6-55 T

v € 6-54 [ Contour Nodal Solution Data] XtiEHE
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ANSYS
NCDAL SOLUTICI R18.0
STEP=4 CCT 29 2017
SUB =6 16:39:44
TIMF=4 M. 1
USUM (AVG)
RSYS=0

DMX =.371E-06
SMX =.371E-06

I E—
0 .824E-07 .165E-06 .247E-06 .330E-06
L412E-07 . 124500 .206E-06 .289E-00 .371E-06
The analysis of Kinematic hardending
z AN — IR —
K 6-55 R B R g R

(2) BEA 3 AT AT Main

I\ Read Results by Load Step Number X

Menu > General Postproc > Read Results > By
Load Step 7 4>, i {h [ Read Results by
Load Step Number] XJiGHE, N[ 6-56
o T “Load step number” SCASHE iy A

“37, M ok .

(3) E#H B~ AT Utility Menu >
Plot>Replot fir %, #Hifif 66188 = K 1Y 7R
ZERLIE 6-57 Fim

[SET] [SUBSET] [APPEND]

Read results for

IEntire model -

LSTEP Load step number
SBSTEP Substep number

FACT Scale factor

OK |

!

LAST

|

Cancel | Help |

& 6-56

[ Read Results by Load Step Number] XIiHHE

STEP=3

SUB =6

TIME=3

USUM (AVG)
RSYS=0

DMX =.464E-07

SMX =.464E-07

The analysis of Kinematic hardending

.103E-07
.515E-08 . 185E-07

.206E-0 .309E-07

7
.258E-07

ANSYS

R18.0

OCT 29 2017
16:41:33
Mo, 1

2F-07
+464E-07|

K 6-57  Hifif B ALFS 2 K s 45 2R

10. B35 42

(1) & XAFEAE & $A4T Main Menu>Time Hist Postpro>Define Variables fi74, i [ Define
Time- History Variable] XfiG#HE, Hi Add... |:FE%E , 3 [ Add Time-History Variable] XtiG#E,
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W 6-58 FF, Wili oK [, B — AR, BRSO 9 WA (ndkA), ik

OK |1’£%ﬂ, # [ Define Nodal Data) *Fi54E, 76 “Name” CAHE P A “UY9”, 1E
[Ttem, Comp data item] TFHIFIFRMEPBESE “UY™ kI, Hd oK |?f£%ﬂo

(2) SRS, ¥ [ Define Time-History Variable] XHFEHEF Y Add... [k, #il
[ Add Time-History Variable] X{#iHE, 1 “Reaction forces™ M, Hif; OK|§@,%544
RIRE , HAIRAR S 1T (FUE AR ), il ok [, S [ Define Nodal Data] %fif
HE, 76 “Name” SCAHEHHIA “FY1”, 76 [Item, Comp data item] FHiFIFEMEHESE “FY” %
Wi, ¥d ok |%'f%ﬂ, Bt Close |$§£%ﬂ, K] [ Define Time- History Variable] XJiHHE

(3) R K. 4T Main Menu > Time Hist Postpro > Graph Variables iy 4>, i i
[ Graph Time-History Variables] %fiEHE, U1 6-59 7%, 7E “1st variable to graph” SCAHE Hfiify A
“27, Ml oK fiH, AIASIELEILEH AN 6-60 HTR .

1A\ Graph Time-History Variables

[PLVAR] Graph Time-History Variables
NVAR1 1st variable to graph

NVAR2 2nd variable
NVAR3 3rd variable

NVAR4  4th variable

fA\ Add Time-History Variable
NVARS5

1

N 5th variable
Type of variable
NVAR6 6th variable
 El lt:
pobics st NVAR7 7th variable
" .. by seq no.
 Reaction forces NVAR8 8th variable
€ Gap Force data NVAR9 9th variable
" Solution summary
NVAR10 10th variable
oK | Cancel | Help | OK I Apply I Cancel I Help I
- Add Time- Hi Variabl G AE . . . \
K 6-58 [Add e-History Variable] XfifHE [ 6-59 [ Graph Time-History Variables] X{iH#E
1 ANSYS
POST26 R18.0
JAN 10 2018
21:50:11
(x10%+-7)
1
5

VALO 35

a4 12 2 o228 7 36

Kl 6-60 LRSI 45 2R
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(4) 2% AEHA N FE . 44T Main Menu>Time Hist Postpro>Graph Variables i3, i H
[ Graph Time-History Variables] Xfi& fE, TF “lst variable to graph” SCARKE A <37, By

OK |f§%ﬂ, FAEH] Ty A B 45 R a0 5] 6-
(5) & XAFRbRd. 4T Utility Menu>
Plot Ctrls > Style > Graphs > Modify Axes fiiy 4>,
o [ Axes Modifications for Graph Plots ] i
iEHE, fF “X-axis Label” Fll “Y-axis Label”
SCARHEF 43555 A “ Deformation (m) 7 K
“Force (N) 7, By OK |T’£%ﬂo
(6) BE X HHALKRN T A9 Y [l
¥%. AT Main Menu>Time Hist Postpro>Set-
tings>Graph 774, #H [ Graph Setting] X
THHE, HEH “Single Variable” I, F7E
HIcARERfA <27, il ok [HdH,
(7) S 8 5 B A AR 1) A%
KZRE. 44T Main Menu>Time Hist Postpro

61 7R,

POST26

VALD g
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PLOT

ANSYS

R18.0}

JAN 11 2018
10:47:38
NO. 1

K 6-61 RAEH IR FEKI 255

>Graph Variable s, T [ Graph Time-History Variable] XJiG#E, £ “1st Variable to Graph”
CAMEFA “37, M oK |?'E%ﬂ, FAEH - B O R A5 R K 6-62 FioR .,

— NS
JAN 11 2018
BoTS,
Force(M) g
Sl W DR
The analysis of Kinematic hardending
El6-62 SAERJI-Nits KR4
/TITLE , The analysis of Kinematic /REP ,FAST
/TRIAD, OFF /VIEW,1,,,1
/REPLOT /ANG,1
WPSTYLE, ,,,,,,,1 /REP ,FAST
/VIEW,1,1,1,1 /REP ,FAST
/ANG,1 /REPLOT ,RESIZE
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/PREP7

et,1,42
KEYOPT,1,1,0
KEYOPT,1,2,0
KEYOPT,1,3,1
KEYOPT,1,5,0
KEYOPT,1,6,0
MPTEMP, ,,,,,,,
MPTEMP,1,0
MPDATA ,EX,1,,7el0
MPDATA ,PRXY,1,,0.325
TB,KINH,1,1,4,0
TBTEMP,0

TBPT, ,7. 857e-4,55e6
TBPT, ,5. 75e-3,112e6
TBPT, ,2.925e-2,172¢6
TBPT, ,0.1,241e6
/REP ,FAST

RECTNG, ,0. 05, ,0. 065,
RECTNG,0. 05,0. 65, ,0. 065,
/AUTO,1

/REP ,FAST
/PNUM,KP,0

/PNUM, LINE ,0
/PNUM,AREA, 1
/PNUM,VOLU,0
/PNUM,NODE,0
/PNUM,TABN,0
/PNUM,SVAL,0
/NUMBER, 0
/PNUM,ELEM,0
/REPLOT

APLOT

SAVE
FLST,2,2,5,0RDE,2
FITEM,2,1
FITEM,2,-2
AGLUE,P51X
/PNUM,KP,0

/PNUM, LINE, 1
/PNUM,AREA 0

/PNUM, VOLU,0
/PNUM,NODE,0
/PNUM, TABN,0
/PNUM,SVAL,0
/NUMBER,0
/PNUM,ELEM,0
/REPLOT

LPLOT
WPSTYLE,,,,,,,,0
FLST,5,2,4,0RDE,2
FITEM,5,1

FITEM, 5,3
CM,_Y,LINE
ISEL, , , ,P51X
CM,_Y1,LINE
CMSEL,,_Y

LESIZE’_Y17 b ’39 9 ’O

FLST,5,3,4,0RDE,3
FITEM,5,2

FITEM, 5,4
FITEM,5,6
CM,_Y,LINE

ISEL, , , ,P5IX
CM,_Y1,LINE
CMSEL,,_Y
LESIZE, Y1, , ,4

”,7”,’0

FLST,5,2,4,0RDE,2
FITEM, 5,9
FITEM,5,-10
CM,_Y,LINE

ISEL, , , ,P5IX
CM,_Y1,LINE
CMSEL,, Y

LESIZE, Y1, , ,20,2, , , ,0

FLST,5,2,5,0RDE,2
FITEM,5, 1
FITEM,5,3
CM,_Y,AREA
ASEL, , , ,P5IX
CM,_Y1,AREA
CHKMSH,’AREA’
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CMSEL,S,_Y
MSHKEY, 1

AMESH, _Y1
MSHKEY ,0
CMDELE,_Y
CMDELE,_Y1
CMDELE,_Y2
/PNUM,KP,0
/PNUM, LINE, 1
/PNUM, AREA 0
/PNUM,VOLU,0
/PNUM,NODE, 1
/PNUM,TABN,0
/PNUM,SVAL,0
/NUMBER, 0
/PNUM,ELEM, 0
/REPLOT
FLST,4,4,1,0RDE,3
FITEM, 4,5

FITEM, 4,9

FITEM ,4,-11
CP,1,UY,P51X
SAVE

FINISH

/SOL

ANTYPE, 0
CUTCONTROL, CRPLIMITexp,0. 1,0
CUTCONTROL, DSPLIMIT , 10000000
CUTCONTROL, PLSLIMIT, 0. 15
PRED,ON, ,ON
ANTYPE,0

NLGEOM, 1
NSUBST, 1,0,0
OUTRES, ERASE
OUTRES, ALL, ALL
TIME, le-6

SAVE

FINISH

/SOLU
FLST,2,1,4,0RDE, 1
FITEM, 2,4

DL,P51X, ,UX,
FLST,2,2,4,0RDE,2
FITEM,2,1

FITEM, 2,9
DL,P51X, ,UY,
GPLOT
FLST,2,1,1,0RDE, 1
FITEM,2,9
F,P51X,FY,
FLST,2,1,1,0RDE, 1
FITEM,2,9
F,P51X,FY,

EPLOT

/REP ,FAST

GPLOT

/REP,FAST
FLST,2,1,1,0RDE, 1
FITEM,2,9

/REP ,FAST

/PNUM, KP,0
/PNUM, LINE 0
/PNUM, AREA 0
/PNUM, VOLU,0
/PNUM,NODE, |
/PNUM,TABN,0
/PNUM, SVAL,0
/NUMBER,0

/PNUM, ELEM,, 0
/REPLOT
/REP,FAST

SAVE

/REPLOT, RESIZE
ANTYPE,0
CUTCONTROL , CRPLIMITexp, 0. 1,0
CUTCONTROL , DSPLIMIT, 10000000
CUTCONTROL, PLSLIMIT, 0. 15
LSWRITE, 1,
NSUBST, 10,0,0
AUTOTS, 1

TIME, 1
FLST,2,1,1,0RDE, 1
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FITEM, 2,9 LSWRITE 4,
F,P51X,FY,-6000 SAVE
LSWRITE,2, /STATUS, SOLU
TIME,2 SOLVE
FLST,2,1,1,0RDE, 1 LSSOLVE, 1,4,1,
FITEM,2,9 FINISH
F,P51X,FY,750 /POST1
LSWRITE, 3, /EFACET, 1
TIME, 3 PLNSOL, U,SUM, 2,1.0
FLST,2,1,1,0RDE, 1 SET,3,LAST, 1,
FITEM, 2,9 SET,3,LAST, 1,
F,P51X,FY,-6000 FINISH

6.5 SHSHFLZMHT
i R

PLl— MR P R i) A S ], A 4 T - T i o A B0 07 % . I 6-63 I, A HS R T A
AR A B P A R S R A RS A N I ) g A DA R e R T R
N FRIUATZHANT

. KA, =0.5em, KE L =2 5em, i, T8 W=4dem, =E H
4em, JBJE T=1em, $ffLFE r,=0.4%cm, I 4 ANAE R AL, PERLE E
3.6x10'Nem”, JHIALL w=0. 3,

1 THAALAYFEAR U B A~ AREE /N BT DA B 5 % 150 20 43 JR IR, 4 9 R0
PSS 27 A RO ), B WP AR ORI V0T, BRI 16 3 praisne
HHAT, BRSO EA A ok i 55 1 AR BN, B2 e
A aar AL AR L R B N ) oA

@) BESR (cU i)

1. & SLTAF A 4 e TAEARAL
(1) & XTAEXEA . AT Utility Menu>File>Change Jobname 54>, 7EFAHIAY [ Change Job-
name)] X if HE 1 5 A “Pin and Pin Hole”, # 1 [ New log and error files] &2 3E#E, P
oK |r4H,
(2) EXTAEFRIE, $447 Utility Menu>File>Change Title fir4>, fE#HAY [ Change Title] X}
IHHETH A “The Contact Analysis of Pin and Pin Hole”, #iif; oK |j’j£%ﬂ
(3) HH /R : AT Utility Menu>Plot>Replot 74,
2. UK BAH B
(1) & XFICHAL, AT Main Menu>Preprocessor>Element Type>Add/Edit/Delete fir4>,
[ Element Types] XFiGHE, P Add... |1’£%ﬂ, B [ Library of Element Types] XiGHE, 7EZS
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FHNFRHE R/ HI3EEE “Structural Solid” A1 “Brick 8 nodel85” &, Fady  OK |3f'£%ﬂo

(2) B XHERUEM: . 44T Main Menu>Preprocessor>Material Props>Material Models #ir4>, M
i) [ Define Material Model Behavior] XFiGi#E, X i Structural > Linear > Elastic > Isotropic, i
[ Linear Isotropic Material Properties for Material Number 1] ¥EHE, £ “EX” Fl “PRXY” SUAHE

ARl A “36e6” J <0.37, Ml oK |ﬁ£%ﬂ, HUAT Material >Exit 774>,

3. I JUTHEA

(1) HA=BdE)AE . $/4T Main Menu>Preprocessor>Modeling>Create>Volumes>Block >By Dimensions
4, ¥ [ Create Block by Dimension] XTififE, BiASH “X1=Y1=-2, X2=Y2=2, Zl=
2.5, 72=3.5", il ok |4,

(2) BEMEMAEE. FTHF Pan-Zoom-Rotate T.HA% . 44T Utility Menu>Plot Ctrls>Pan-Zoom-
Rotate #ir4>, Huili Iso [Hehl, s oy BRI IX (0 4 6@ |, 30501

(3) A AR, $h4T Main Menu>Preprocessor>Modeling > Create > Volumes > Cylinder >By Di-
mensions %, #fH [ Create Cylinder by Dimension)] XJiGHE, #jAZSEL “RAD1=0.49, Z1=2.5,
72=3.5", i ok A,

(4) A BAEFL . FAAT Main Menu>Preprocessor>Modeling>Operate >Booleans >Subtract> Volumes
i, SUBRIBOCIEHE, MRS VI KSR, Bl oK |§’§%ﬂ SRIG AR 5 V2 1Y
BIAE(R, sy oK |T§£%ﬂ P BAARFL AR e, AR AR AL R 25 SR A0 K] 6- 64 I

(5) 4 Wi 8. 47 Main Menu > Preprocessor > Modeling > Create > Volumes > Cylinder > By
Dimensions 74>, 34 [ Create Cylinder by Dimension] XTiG#E, i AS# “RAD1=0.5, Z1=2,
72=4.5", i oK |}"£<’Eﬂ, HENL AR A

(6) FTIFIEFG S . $04T Utility Menu>Plot Ctrls>Numbering 774>, 3t [ Plot Numbering Con-
trol] STUGHE, £ [ Volume numbers] & EHE, Hdy oK |§%‘o A5 3] 47 B R0 A A2 ) B
DIARFE BB R, ST oR 25 R WA 6-65 s,

o L wsYs
TYPE NUM OCT 29 2017 VOLU NOM OCT 29 2017
20:11:51 20:14:53
NO. 1 PLOT NO. 1
The Contact Analysis of Pin and Pin Hole The Contact Analysis of Pin and Pin Hole
Pl 6-64 /B AL A 5 P 6-65  $TIFIRBUR S RaiR

(7) VIR 14, T I A XTRR A5 1, O 28 o0 2 4 B R FE B AL Y 1/4 SR #1743
Mro BB TAEY, LIgblmmm, AT Utility Menu>Work plane>WP Setting a4, i [wWP

Setting] XJiEHE, #EH “Catesian” F1 “Grid and Triad” T, Hd; oK |§I""E%ﬂo
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O BaRTAHEFE, $HAT Utility Menu>Work plane>Display Working Plane #4> .

@ Jieht TAEFI, /AT Utility Menu>Work plane>Offset WP by increments fir4>, $ii [ Offset
WP] XHEHE . 4% Degrees YHHEH 00° (Hefidi), i ok [, ¥ TAEFILE Y fliE )y
I e 90°

@ VIR 172, $UT Main Menu>Preprocessor>Modeling>Operate>Booleans> Divide>Volu by
Work plane 74>, SHUTABHEHE, Pl eaox aua [, MO D150 UG BRI 5Y

@ MREAY 172, AT Main Menu>Preprocessor>Modeling>Delete > Volume and Below e,
R BOCHERE , IREUBIR B4 0 (RN KO R R R ) |ty ok [, 1%
BIINPE 6-66 FTsy 172 B,

ANSYS

® I TAETEAE, HT Uility Menu> | 27, s
Work plane > Align WP with > Global Cartesian e
s

A

© Jiehs TAEF1f . $4T Utility Menu>Work
plane > Offset WP by increments fiy 4, 5 i1
[ Offset WP] XIiGHE . K Degrees ¥ Hiti £ 90°
(), Hidi ok |4, ¥ TAEFiR
2% X B 1E 77 [0] Jighe 90°

@ YAy Ry 1/4, /4T Main Menu>Pre-

processor>Modeling > Operate > Booleans > Divide >
Volu by Work plane ii4>, 3 H S5O TEHE, H

i paew aaa (FEEH, PREFACRID] S AR B ER 23

W BEARAL A 174, AT Main Menu>Preprocessor>Modeling>Delete > Volume and Below 74>,
SR AR BOR W AE, SR ROBE B B B R AR (A — A 14 ROFRM — A 174 [AE), Hii

oK A, FIINIE 6-67 FiRHY 1/4 Bk,

(8) MRAFJLMIEEAL, M THEBN [ e

SAVE_DBJ% AL, HA7 LA o i

4. X5 A TR M #

(1) #HAT Main Menu > Preprocessor >Meshing >
Mesh Tool 74>, FTJF [Mesh Tool] XFiGAE,

(2) WEIHH P ITMA% % . 7E [ Mesh
Tool] ¥HEHEAY “Size Control” X I EH; Lines>
Set, HHLH RO 15 HE , $7 BRI B 1T I 1) 2K AN
WEE%, Bl ok |is, A 6-68
BTN B [ Element Size of Picked Lines] X1 #E;
TE “No. of element divisions” CAHE PG A “37
I [SIZE, NDIV can be changed] & iEHE, Bl 0K|§%@%o

(3) KEGELITCPEEE . 76 [ Mesh Tool] FFIEHEMN “Size Control” XI{Ei; Lines>Set,
ST AR IBORE G5 HE, F IBOK AR T O A th 2k, Bl oK |T2r" Hl, 3 [ Element Size of Picked

The Contact Analysis of Pin and Pin Hole

& 6-66 1/2 f&7

The Contact Analysis of Pin and Pin Hole

K 6-67 1/4 iR




180 A FRTHA I # L5 ANSYSI8. 0 &

Lines] XH&EHE, 7E “No. of element divisions” SCARHE ik  [EEEErtels

[LESIZE] Element sizes on picked lines

A “4” B [SIZE, NDIV can be changed] & jEHE, |sz sementcdseiorss [
NDIV  No. of element divisions E
$$‘ OK |§%ﬂﬁﬁ% o (NDIV is used only if SIZE is blank or zero)

KYNDIV SIZE,NDIV can be changed I~ No

(4) i«i E $ fD ﬂz/; ){jﬁ ﬂ] [)(_XJ 1:% k[J 5:}. 75‘ 7% T’j_:‘ [ Mesh SPACE Spacing ratio ]
]

ANGSIZ Division arc (degrees)

TOOI ] X‘j‘iﬁﬂi E"J [ MeSh ] ‘F sz ﬁu i% ﬂi I:F' j‘li % “ Volumes ” (use ANGSIZ only if number of divisions (NDIV) and

element edge length (SIZE) are blank or zero)

I, i “Hex/Wedge>Sweep” , #EFE “Auto Sre/Trg”  |cer staed s st volumes No
PRI,
(5) iy Sweep @%,ﬁﬁ%ﬂﬁﬁﬁ,ﬁ%
ek axa [FEL, AT AR RISE, HEIAIE 6-69 % 1)
JURAL,
(6) By Close H’ﬁ%ﬂ, FM] [ Mesh Tool] XFiHAE,
(7) #MAT Utility Menu>Plot Ctrls>Style>Size and Shape #ir4, #fiH 4NA& 6-70 Fr~ [ Size and
Shape] XTiG#E, 7F [ Facets/element edge] T #1751 FHE i % $5  “ 2facets/edge” £ i, H.

OK |¥E%ﬂ

oK ] Apply ] CancelJ Help ]

¥l 6-68 [ Element Size of
Picked Lines] X}ifHE

ELEMENTS ANSYS)

ocT 29 2017

20:30:53
PLOT NO. 1

I/Rwu;n Replot upon OK/Apply? Replot -]
The Contact Analysis of Pin and Pin Hole oK Apply Cancel Help.
- A . N
I£16-69 iR & 6-70 [ Size and Shape] XiHHE

5. EIBRRET
(1) $7 Main Menu>Modeling>Create>Contact pair fir4>, B [ Pair Based Contact Manager ]
XFIEAE, WE 6-71 Bk,

T4\ Pair Based Contact Manager

Bl (8 Bl [Contact & Targer =] &l 2| $»| & il [No Model Context ~]| &4|[choose a result item <]

Contact Pairs ®|

1D [Contact Behavior [Target IContact. [Pilot NoddPilot Name | [
=

L |

€ 6-71 [ Pair Based Contact Manager] XJiGHE

(2) P AEB T, [ Contact Wizard] (EEfm s ) XHiGHE, K 6-72
R .
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(3) #£ “Target Surface” XIHiEH “Areas” £, 7 “Target Type” XIHIEH “Flexible”
PRI, ik Pick Taveer... [RHH, BRHVRAERXTEAE, A4 E LS R B kT, 8k

oK |§’£%ﬂ °

(4) iy mexe PBRHL, WK 6-73 FiRAY [ Contact Wizard] XFiHHE, TR E L I%
fish T

Contact Wizard - O X
A contact pair consists of a target surface and contact . The contact surface moves into the target surface.
surface. You will first define the target surface.
e R Contact Surface: Contact Element Type:
€ Lines @ ~to-
e e Lines Surface-to-Surface
@ Areas € Node-to-Surface
 Body (volume) © Rigid
€ Body (volume)
© Nodes € Rigid w/ Pilot
© Nodes
€ Nodal Component ~ Pilot Node Only
G (Advanced Option) € Nodal Component
=]
A - ; | 5
bickflerestiy, al - Pick Contact ...
<Back | Mem> | Cancel | Eel» | <Back | [memo>] [ cancer | | Ee> |
. N . N —
K 6-72 [ Contact Wizard] XJiHHE (—) K 6-73 [ Contact Wizard] XFiEHE ()

(5) 7E “Contact Surface” X% H “ Areas”
PEIT, 7E “Contact element type” XIHiEH “Surface-

to-Surface” PET, Pfili  Pick Comact ...  [HefHl,
S A O TEAE, 5 IO 4 L 5 A A8 422 firh A il 1 “ f’“"‘*m
il ok

(6) My wext [HREHL, FEHAIE 6-74 PR
B [ Contact Wizard ] X} 3 #E, % # “ Include
initial penetration” FEIT, FE “Friction” LI L H Tosiste Gmine: @ommm | &l
16 [ Material ID] FHig FRHEFESFE <17, 1E e
“Coefficient of Friction” XAAEHHEIA “0.27,

(7) Bl Create |1’£%ﬂ, e 6-75 itk 2 (e || [Gmwo] [Caneat | [ B |
INPEMMEAITE A N, BAT; Finien [FRE1IEH ¥ 6-74 [ Contact Wizard] XHEHE (=)
(8) M [ Contact Manager] XJUEHE, Az ALz Al X R R E a0 & 6-76 s,

| The contact pair is now ready to be created using
the following settings:

Only Structural DOF has been detected

Friction:

Naterial ID -

Coefficient of Friction |g g

Thermal Contact Conductance 0 |

6. ix/{iﬁz g/J * Contact Wizard
( 1 ) *jh '/f? Utlhty Menu > Plot > Areas /I%/Q\’\ 5 The contact pair has been created. To interact
with the contact pair use real set ID 3
CER S TECey TR A
(2) AE T L0 X FR LY AT Main
menu>Solution>Define Loads>Apply> Structural > M ﬂl

Displacement>Symmetric B. C. >On Areas iy %,
S SR DO ALE , 75 HCHRR I AR £ 4 1) 20 R
W4 AN, W 6-77 BTN, Ml oK [eHLEE.

Kl 6-75 /R AREAIGE 224 AL
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J— ULV A E— ANSYS
e o oot 29,2017 | | moee oor 29 017
2[(\]6?7.4?
The Contact Analysis of Pin and Pin Hole The Contact Analysis of Pin and Pin Hole
B 6-76 Az B G AR 1A B 6-77 A EEREGEE T o ok B 4 AN TH

(3) 447 Main Menu>Solution>Define Loads>Apply>Structural >Displacement >On Areas s,
AR HOC R HE 45 O AR py A, Sk Oklﬁﬁ,ﬁm[M@ﬂLRMManlﬁﬁ
HE, 15 20 B B A H

7. RGEBIE N

(1) FERMBET ;. 44T Main Menu>Solution>Analysis Type>Solution Control 4>, 5 H 4NE
6-78 Fi/ni¥) [ Solution Controls] XFEHE .

(2) 7E [Analysis Type] THIFIFMEFEPE “Large Displacement Static” £, 7E “Time at
end of loadstep” ARKE R A “100”, 7E [ Automatic time stepping ] THIYERHE LS “Off”
I, FE “Number of substeps” CAHEFHA “17, i oK |ﬁf%ﬂﬁﬁ%o

(3) Kf#. AT Main menu>Solution>Solve>Current LS A4,

(4) 2ZHZEm R 1K . AT Main Menu>General Postproc>Plot Results>Contour Plot>Nodal Solut
s, FERH ST EHE P 3E$F Stress>von Mises stress, Ay |?§:‘%ﬂ 23 E 6-79 Fros i)
Mises Jij /] 434 &l

I\ Solution Controls

Basic | Transient ]Snl‘n Options] Nonlinear ] Advanced NL ] NCDAL SCLUTICN AN%%SO
STEP=1 JEN 12 2018
Analysis Options ¥rite Items to Results File o 10:13: 4%{
[Carse Displacement Static | & ALl solution itens 2 o
I Calculate prestress effects C Basic quantities S 244430

€ User selected
Time Control

Nodal Re:
Time at end of loadstep|100 Element Solution

Element Nodal Loads
Automatic time stapping”h Element Nodal Stiesses
@ Number of substeps Frequency:
€ Time increment ¥rite last substep only x|
Number of substeps 1 where N = [T
Nax no. of substeps [0
Nin no. of substeps 0

N cweess 0 s
444.309 95060.7 189677 284293 378910
47752.5 142369 236985 331602 426218
ok | o | Heb The Contact Analysis of Pin and Pin Hole
. N A
€l 6-78 [ Solution Controls] X iHHE Bl 6-79 Mises N 11434 ¥

8. RMIEFrid A2
(1) #MAT Utility Menu>Plot>Areas fiy4, FHZ M I,
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(2) AT Utility Menu>Select>Entities Ai74>, #H [ Select Entities] XJTHHE, TEMEEXT 251 %
FERE “Nodes”, TEIEFEHFNFL T %S “By Location” , 3£ “Z Coordinates” £, 7£ “Min,
Max” SCAKEHHRA Z Aebrly “4.57, By From Full B4, o Aeply [FEERAfE, LMK
Bi T Z=4.5 BEIIBTA 1 AA

(3) #HAT Main Menu>Solution>Define Loads>Apply>Structural>Displacement>On Nodes fir4>, i
i [APPIY U, ROT on Nodes] 4 HUE, %ﬂiwﬁﬁ‘%ﬂ, G [Apply U, ROT on Nodes] X
TEHE, #E [DOFs to be constrained] TFHFIRMETIER: “UZ” I, 7£ “Displacement value” 3L
ARERHA <177, Mk ok |,

(4) #MAT Utility Menu>Select>Everything #i74>, BHTESIrA IG5

(5) WERMBED. AT Main Menu > Solution > Analysis Type >Solution Control fiy 4>, 3 H}
[ Solution controls] XHiEHE .

(6) 7 [Analysis Type] THIFIEMEFEFE “Large Displacement Static” FEI, £ “Time at
end of loadstep” SUASHE f A 2007, 7E [ Automatic time stepping] T L5 FHEFEFE “On”
P, 7E “Number of substeps” SCARKEF A 1007, FE “Max no. of substeps” SCASHE R g A
“10000”, FE “Min no. of substeps” SUASHEHfij A “10", £ [ Frequency] %751 FHE ok £
“Write every Nth substep” BEIU, PAdi  OK |5B£ FRHAE .

(7) >KRf# . 44T Main Menu>Solution>Solve>Current LS 74,

9. HREHNHE

(1) PORAREL, AT Utility Menu>Plot Ctrls>Style>Symmetry Expansion>Priodic/Ccline Smmetry
i , i [ Priodic/Celine Smmetry Expansion] T 1 HE , M ¥E$E “1/4 Dihedral Sym” 5 I
By oK |H"£%ﬂo 13 EI LN 6-80 By AR,

(2) 4T Main Menu > General Postproc >
Read Results > By time/frequency fit 2>, #ft H %
[ Read Results by time or frequency] XIi&HE, 7E |1z
“TIME " 3C A fE i A <1207, i

Ok i, BEAdRRIE R TIME = 120 i

ZIR 52

(3) MebedlBerh S5 H i T, R
7 Utility Menu > Select > Entities fr A, O
[ Select Entities] XTIHHE, 7FWEHE X 5 51 K
PEFE “Elements” JEI, fEBEEFEITAINERPIE | o e
¥ “By Element name” #£ I, 7£ “ Element K 6-80 J ALz
Name” 3C A& HE o f A “ 1747, &

From Full A, SRl OK  HREABRSE, MEHERE R SR A T
(4) W4T Utility Menu>Plot>Elements 74>, W20, (1A 6-81 AR,
(5) 22 #fik [ & f7. %47 Main Menu > General Postproc > Plot Results > Contour Plot > Nodal

Solution 74>, 7E# H X TEHEH EPE Contact>Pressure PRES, i OK |j*”'£%ﬂ , 1331mEe6-82

N IES IR T

ANSYS

R18.0
OCT 30 2017
09:38:34
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The Contact Analysis of Pin and Pin Hole

ANSYS! ANSY.
ELEMENTS RI80[ | NODAL SQLUTIQN %w%
/EXPRNDED QOCT 30 2017 TIME=120 OCT_30 2017
10:41:48 /EXPPNDED 10:45:20
NO. 1 };?TTP}SES (avG) PLOT NO. 1
DMX =1.02
SME =299717

266415

66603.7 133207 199811
01.9 99905.6 166509 299717

333( 233113
The Contact Analysis of Pin and Pin Hole

P 6-81 i i A -5 4 e 12k ) P

& 6-82 Ry 143

(6) AT Utility Menu>Select>Everything #i74>, H B IrA BICHIT 4
(7) AN 2 458, $44F Main Menu>General Postproc>Read Results>By LoadStep fii 4>,

i [ Read Results by Load Step Number] X7 i% HE, 7F “LSTEP” CAMEFHTA “17,

OK [, HRABRAT S 2 LS
(8)

BT 7R B9 Mises W 719346 o
(9) Zewil¥E P FE ) N AR AR Ak By, AT

LN

2 ERON 14346 . RAT Main Menu>General Postproc>Plot Results >Contour Plot>Nodal
Solution fi74>, TEFH X IEHE 13 £E Stress>von Mises SEQV, iy |3L")’%ﬂ

23 Ke-83

Utility Menu>Plot Ctrls>Animate>Over Results 4>,

P ANE 6-84 FT7/RiY [ Animate Over Results] XTiHAHE

SR—
1431.71

.111924 715.913
358.012 1073.81
The Contact Analysis of Pin and Pin Hole

2147.51 2863.31
2505.41

1789.61

LYEYENN 14\ Animate Over Results
NODAL SCLUTICN R18.0|
STEP-1 JR 12 2018 esult data (stored results only, no interpolation)
SUB =15 10:19:10 | |Model result data
Tﬁ}ngZUO NO. 1 € Current Load Stp
SEQV (RVG)  Load Step Range.
% :li?LlSZ‘l  Result Set Range.
SMX =3221.22 Range Minimum, Maximum 1 12
Increment result set |:
Include last SBST for each LDST 2
Auto contour scaling 7 o

Animation time delay (sec)

[PLDIPLNS PLVE PLES]
Contour data for animation

w22 | (=]

[l 6-83 Mises W J143 4

(10) 7€ “Model result data” X3 i%E$F “TLoad step range”

“Maximum” SCREEHM B A “17 1 27,

[ Auto contour Scaling] HIEME, 7E “Contour data for animation”

Kl 6-84 [ Animate Over Results] XTiHAE

P, 7 “Range Minimum” 7

4 [ Include last SBST for each LDST] & 3 HE

S5 BT RLH) FAME PR IRGE B Stress>

von Mises, Hiifi  OK  [fehll, 18Ik AR 15 fLahim
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(£]) e
/TITLE, The Contact Analysis of Pin and FITEM,5,-5

Pin Hole CM,_Y,LINE
/REPLOT LSEL, , , ,P51X
/PREP7 CM,_YI1,LINE
ET,1,SOLID185 CMSEL,,_Y
MPTEMP, ,,,,,,, LESIZE,_Y1, , ,3,,,, .0
MPTEMP, 1,0 FLST,5,1,4,0RDE, 1
MPDATA,EX, 1, ,36e6 FITEM, 5,29
MPDATA ,PRXY,1,,0.3 CM,_Y,LINE
BLOCK,-2,2,-2,2,2.5,3.5, LSEL, , , ,P51X
CYLIND,O0.49, ,2.5,3.5,0,360, CM,_YI1,LINE
VSBV, 1, 2 CMSEL,,_Y
CYLIND,0.5, ,2,4.5,0,360, FLST,5,2,6,0RDE,2
/PNUM,ELEM,0 FITEM,5,1
/REPLOT FITEM,5,3
wpstyle,0.05,0.1,-1,1,0.003,0,0,,5 CM,_Y,VOLU
WPSTYLE, ,,,,,,,1 VSEL, , , ,P51X
wpro, , ,90. 000000 CM,_Y1,VOLU
FLST,2,2,6,0RDE,2 CHKMSH, 'VOLU’
FITEM,2,1 CMSEL,S,_Y
FITEM,2,3 VSWEEP,_Y1
VSBW,P51X CMDELE,_Y
FLST,2,2,6,0RDE,2 CMDELE,_Y1
FITEM,2,2 CMDELE,_Y2
FITEM,2,6 MP,MU,1,0.2
VDELE,P51X, , ,1 MAT, 1
WPCSYS,-1,0 R,3
wpro, ,90. 000000, REAL,3
FLST,2,2,6,0RDE,2 ET,2,170
FITEM,2 ,4 ET,3,174
FITEM,2,-5 KEYOPT,3,9,0
VSBW,P51X KEYOPT,3,10,2
FLST,2,2,6,0RDE,2 R,3,
FITEM,2,2 RMORE,
FITEM,2,6 RMORE, ,0
VDELE,P51X, , ,1 RMORE,0
SAVE ! Generate the target surface
FLST,5,2,4,0RDE,2 ASEL,S, ,,24

FITEM,5,4 CM,_TARGET,AREA
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TYPE,2 FITEM,2,10
NSLA,S,1 FITEM,2,26
ESLN,S,0 DA ,P51X,SYMM
ESLL,U FLST,2,1,5,0RDE, 1
ESEL,U,ENAME, ,188,189 FITEM,2,9
NSLE,A,CT2 1=
ESURF /GO
CMSEL,S,_ELEMCM DA,P51X,ALL,
! Generate the contact surface ANTYPE |0
ASEL,S,, ,20 NLGEOM, 1
CM,_CONTACT,AREA NSUBST,1,0,0
TYPE,3 AUTOTS,0
NSLA,S,1 TIME, 100
ESLN,S,0 /STATUS,SOLU
NSLE, A, CT2 | CZMESH paich (fsk qt- SOLVE

40109 8/2008) /DIST, 1,1. 08222638492, 1
ESURF /REP ,FAST
ALLSEL FINISH
ESEL, ALL /POST1
ESEL,S,TYPE, ,2 [
ESEL,A,TYPE, ,3 /EFACET, 1
ESEL,R,REAL,,3 PLNSOL, S,EQV, 0,1.0
/PSYMB,ESYS, 1 /VIEW,1,1,1,1
/PNUM,TYPE, 1 /ANG,1
/NUM, 1 /REP,FAST
EPLOT WPSTYLE, ,,,,,,,0
ESEL,ALL APLOT
ESEL,S,TYPE, ,2 NSEL,S,LOC,Z,4.5
ESEL,A,TYPE, ,3 NPLOT
ESEL,R,REAL,,3 FINISH
/GRES, cwz, gsav /SOL
CMDEL,_TARGET FLST,2,14,1,0RDE ,4
CMDEL,_CONTACT FITEM, 2,46
/COM, CONTACT PAIR CREATION-END FITEM,2,-49
/MREP ,EPLOT FITEM,?2,91
APLOT FITEM,2,-100
FINISH /GO
/SOL b,p51Xx, ,1.7, ,,,0zZ, ,,,,
FLST,2,4,5,0RDE ,4 ALLSEL, ALL
FITEM,2,3 GPLOT

FITEM,2,-4 APLOT
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NSUBST, 100, 10000, 10
OUTRES, ERASE

OUTRES, ALL, 1

AUTOTS, 1

TIME , 200

/STATUS, SOLU

SOLVE

/DIST, 1,1. 08222638492, 1
/REP,FAST
/EXPAND,4,POLAR,HALF, ,90
/REPLOT
/EXPAND,4,POLAR,HALF, ,90

6.6 AE/NG

/REPLOT

SET, , ,1, ,180, ,
2226384921

/REP ,FAST

SET, , ,1, ,200, ,
/EFACET, 1
PLNSOL, S,EQV, 0,1.0
PLDI, ,

ANMODE, 10,0.5, ,0
SAVE

FINISH

! /EXIT,NOSAV

FURARLMEZ R Z , EEAIRESE (AR | JLATIELE . PORHEELE 3 #
KH,

AREEA T ARLAE IR i AT R AT . ARG WSO BR & A B[] 73 20 2 ),
JAGARLNE AT ek oA S A2 2%, (AR BRIEACAR ], FURTEARZME T A9 2 R b s 1
e AR, AR S T i S e i i — R E S, AR s 0, AL B AR
T A INEOR AR A AR 3 A R EOP IR AL,

A b 2 AR A X R Y o o A9 AR et A L R BRI O A L B 5 B AL A Ak o) B A
B, 4 ARG AT IR IR S T, O oA BRSARL SE PR TR LR AL TR AR

6.7 BEHZ%I]

1. A

(1) ANSYS BB B RE i 5 0 TR RAT 47

(2) ARLRPELEA R AT A7

(3) dlimed X A A - 130 2R 2 AR SR A A T X 1] 2
(4) a2 A X )2

(5) ANSYS #=ifil+2H k2t 47

2. R |

(1) AR AE 54T, Kl 6-85 I hy P B9 A T % %
S S O 1 1 12 0 VT B el il B2 s '
FLB LR R RS A5 22, MR A5 [ 4k B T 2 ) A BE A0 !
Ko L, FRELBE s H s 5 5 AR AR R A0 E 0 00

PP = 1000MPa, JHAA L =0.35; Ji JIR9% B = 1MPa; HiEHNI2

PIAEAR = 2. 99MPa,,
(2) BT AEL MR b ASEERE I 4 #r & 6-85 [l 4 v 25 1 K]
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BT — A AR e R AR i T, A& 6-86 FTas , — AN i S B AR e i rfuo AR — A 3
BT, BB Y2 /N R 1000N B A FiI B S AT 1085 . O HUM Rk 0 P
i =3.1x10"Pa, JAFAIL=0.3,

(3) JEMarHra @, i 6-87 Fras, i —A~32 20l iy i 28 s B S AT 1 I S 2k
ff, BCAFROREE R L, #REEE A b, MmN A, B FXFRME, 7T RLREFF Y o b 17 g
W) 2B A 1 i AR A B — v L P, — R S, R TR MRS, A X 510 A~ F A
, FFEYBLERI N 1=AR%/12=0. 0052083in" . AFRIATEANSECAN T rs (NI 50 ) o SRk
. EX=30elOﬁpsi; AT . L=200in; I, A=0. 25in2; B . h=0. 5in; it i 22,
. F=11bf,

B

/2

K 6-86  fii] SCIBIAEFC TR 14 6-87 P B S AT Iy 3 A A Y
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B H AR NG, & WIME DL 41 78 43 b & 4% HL 6 AR 7= 1 52 i . ANSYS B 25 14 43 #r g
A, B RE BT . AR IRAHT DL AR Tk B4 SE 1 CFD K A% Jl 43 £ R (CFX Fil ICEM
CFD) %,

ANSYS ¥ CFD ., £ W3R i 78 44 2% CAE T B A B A0 —#, 520 58 1l 8 A
CFD i Hy R, &4 T TS i o R RGO BT fg, W2 T IESRE ML, ¥l G 4k Bl L R
BRI BT AN Sh 2% T 7 07 1 Rk, B A AR I B 0 AL B 5 S5 R ) 2R R A TR R
fif T RE

[AEEA]

o KoMy F BB,

® CFD 247 iy 3 B R A

o WEW ML B KA,

7.1 O

POHT T — A R G s A TR A S A A BB A, I AR Bl i G | ks
JERAGRAE R (RiEE) %, ETEFS TN EE A, WPRERPL, WAL, B
W R G B on

TE ANSYS [ 5 Ff = S & $ O Hr o B, Horf ANSYS/FLOTRAN AR &5 AR B34, ANSYS
PO T RE R ST R B A SO R, A BRGSO B T 5 A I BB
ANSYS PP IE L S | PO B PR B 3 Fh B Oy X, BeAh, B AT AT ARAE . A A
TR RV fioh AU L 25 ) f

ANSYS # MU A RS L MRS AL 31,

(1) B, REMEE S ARRER R,

(2) WESAER. REMTEEE SRR I A5 1k,

7.1.1 BOHET
POPHTES BB TTAT K2 40 F, o ke FF 3BT 14 Fh

1. ZHET

LINK32; 2 4k 2 5 S S e,
LINK33: 3 42 7 i & 30,
LINK34. 2 95 s #F i #t,
LINK31: 2 95 s 3R 5 5T

2. 2D EARET
PLANESS: 4 75 55 VUi JE 8T,
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PLANE77. 8 7 S WhiEHot,
PLANE35. 3 5 & = fIEHIT,
PLANE75: 4 75 s X FR T,
PLANE78: 8 7 s fliXIFx HoT

3. 3D SR ET

SOLID87; 6 11 i VUi HIt

SOLID70: 8 i fi /NI,

SOLID90: 20 5 A5 /S AT ,

4. TET

SHELL57. 4 75 &8I0,

5. BET

MASS71,

BRI RN R BE 2 B B SCF i) “ ANSYS Element Reference Guide”

7.1.2 REH/STIE

FRASAL BT T80 R R 114 AT S 2R SRl R (2 IR0, 3 A EA T I A P B LR A T
FRASTAI BT AR E WA IR EE 704 o AR ZSEIr A T LAe A A7 BROT I G Hh RS A PRSI 5 R FY
HREE . IABBIE | PR AR MR 2R

ANSYS BRI o3 i | AT TR A AR LR 3 B IR

1. ##

(1) B TAESCHE 4 . TARRRES B,

(2) ¥ A/PREP7 HiAb#H, & e RIIF S TR,

(3) & LHICIHEL,

(4) & XMRHAERESEL, X TRAEELH, BT AT, ©nr LR E e o b ik B
A

(5) B TUA A IF 3] o3 A%

2. BT HE

(1) &3 HrZel: PATITF s

GUI; Main Menu>Solution>Analysis Type>New Analysis>---,

4 : ANTYPE, STATIC #l NEW,

WERARSE B WA, A RS WA T IR A4

GUI: Main Menu>Solution>Analysis Type>Restart,,

4 : ANTYPE, STATIC # REST,

(2) JIMEAT . T LL B HAE SRR B SR TT AR i hn 5 RhET GRS .

1) TEEREE, WA B W ARG TR C Rt b AT T .

GUI: Main Menu>Solution>Define Loads>Apply>Thermal>Temperature ,

W D,

2) PAGAEAE T AR AT, FEAITRPITHRIA R Gl R 2 BT RN BRI it S
TR EEHAT) o AR A IE, AGRPIRRA Y A, BATTARIGA R 0 SRR R 5 PR S ]
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JEANAERR]—5 5 1, U ANSYS B2 BEEMEA TR, ARAE S B TT YR — 19 s BRI %,
DU ST 23 J] P9 BT 84— 2 A P o S5 AR 802 AR DR B TR 1 BT 19 28 35 B i o A O
W, JUHEER AN AT REME PR B R R B A, XA R TR L TS
U

GUI: Main Menu>Solution>Define Loads>Apply>Thermal>Heat Flow

ﬁﬁé\l Fo

3) XFRLAAA . AE AN T SRR AR, TS A RS e, B AT T
FARMFERA b XA, nl DE XA 0 LINK34 HIEXH . ATar T .
GUI: Main Menu>Solution>Define Loads>Apply>Thermal>Convection,

ﬁﬁé\l SFO

4) AU AP E e S TR A AR C M Gl i FLOTRAN CFD 315345
FUIE, AT AFE R RUAR W A9 S TN AL T, AR AEDNIE , AURIRLTR AR, B
WAL TSR MTEHTT, B0 J AT LU N 7E [7]— SN w0, (H ANSYS 3332 B o it i ) T 288
AT . ATA AT

GUI: Main Menu>Solution>Define Loads>Apply>Thermal>Heat Flow,

ﬁé\t Fo

5) PR, AR IRENEIN T RO L, AT AR o SN AR AR R A A B R B MR
AR R . PUTA AR

GUI. Main Menu>Solution>Define Loads>Apply>Thermal>Heat Generat,,

T4 : BF,

(3) W& H AT ET . X T — AT, T LA E Bl eIt AR I LA R i 4

1) EHEgEmanT .

@ WA, BARX TR AT, I (] TOF A SEPR i P s X, HERET —A4T5
{8 B B AT A0 AT TP I vk . AT AT AT

GUI: Main Menu>Solution>Load Step Opts>Time/Frequenc>Time>Time Step>Time and Substps,

i : TIME,

AL AR RGBS [P N, P T AR T, B REZA T, AT
Wk

GUI: Main Menu>Solution>Load Step Opts>Time>Frequenc>Time and Substps,

GUI: Main Menu>Solution>Load Step Opts>Time/Frequenc>Time>Time Step,

fir4> . DELTIM 1 NSUBST,

@ B RRET , AN E U (stepped ) MR, A (E AE X A 27 6 N ORFEAAS
RNiEHE (Ramped) BEI, W2 (5 b — 2 (0 B A B S BB T 2 Ll $has
A

GUI; Main Menu>Solution>Load Step Opts>Time/Frequenc>Time>Time Step>Time and Substps,

fr4: KBC,

2) ARLPERETANE

@ HARE, BB TRV RZERE, BOME 25 W2 KRBT, AT fr
AT

GUI: Main Menu>Solution>Load Step Opts>Nonlinear>Equilibrium Iter,

A4 NEQIT,
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@ A EA, X TFAELME R, WLl A Shi s A A S, PR R r AR e
FHERPE . PATaSUT .

GUI; Main Menu>Solution>Load Step Opts>Time/Frequenc>Time>Time Step>Time and Substps,

4. AUTOTS,

@ Wesin 22, AT AR I R A A I AT M BB E . AT RS E

GUI: Main Menu>Solution>Load Step Opts>Nonlinear>Convergence Crit,

T4 : CNVTOL,

@ SRARLE LI, A SRAE R E AR BN LA B S, ANSYS Wl 45 1k SR gl 3] F — iy 25
ALK, PATATSAT

GUI. Main Menu>Solution>Load Step Opts>Nonlinear>Criteria to Stop,

4 : NCNV,

& L8R, i ANSYS H Newton-Raphson ki fT 8 &, PATmASWT .

GUI: Main Menu>Solution>Load Step Opts>Nonlinear>Line Search,

4 : LNSRCH,

© FRIE . WG RS T 265 1 YGEAR A i EER A R BOIUALE . $UTaS T .

GUI; Main Menu>Solution>Load Step Opts>Nonlinear>Predictor,

@4 : PRED,

3) R AR

@ FEHRIITEN G RS R B 2] . out SCHF, PUTATSIATR

GUI; Main Menu>Solution>Load Step Opts>Output Ctrls>Solu Printout,

fwn4. OUTPR,

@ AR, #EH . rth PEINEE . PATAA AT

GUI; Main Menu>Solution>Load Step Opts>Output Ctrls>DB/Results File,

T4 : OUTRES,

(4) BHEDHT LI

@D Newton-Raphson B (XXHELR S TE ) . PUTa ST .

GUI: Main Menu>Solution>Analysis Type>Analysis Options,

4 : NROPT,

@ BEFER RS, T EEFE Frontal solver (#R1L) . Jacobi Conjugate Gradient (JCG) solver, JCG
out-of-memory solver, Incomplete Cholesky Conjugate Gradient (ICCG) solver, Pre-Conditioned Conju-
gate Gradient Solver (PCG) B lterative (automatic solver selection option) PATHASWT .

GUI: Main Menu>Solution>Analysis Type>Analysis options,

5% EQSLV,

IO ATHE ] Trerative PETUHR AR A, (H A BT 405 SURF19 5 SURF22 il 500 #4R I
N MZE S HT L TFEE restart an analysis BRI,

@ WiE AR, FESEAT IR S A0 AT I, R R R (R O A IR SR A IR
RN ICRE , N E N 273 WEARAEHIRIREE, Wy 460, $RATATA0T

GUI: Main Menu>Solution>Analysis Type>Analysis Options,

4 : TOFFST,

(5) TRAPHOE, B-f ANSYS T ELR: iy SAVE_DB et
(6) kA, PATARIAITT .
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GUI: Main Menu>Solution>Current LS
fir4: SOLVE,

3. B4

(1) ANSYS BEHIMHTEILERTG A < . rth” SCHFH, Hd A &I 5 .

1) JEAKEE . AR,

2) PR AT AR B TR R ERTT IR BT R R T R AR ]
PR B HA

XTSRS, ATLMER POSTL #4175 403, S HE B SCFh %) “ ANSYS Basic Analysis
Procedures Guide” .

(2) HEA POSTLJREEABG AT, hATarSaF .

GUI; Main Menu>General Postproc>Read Results>By Load Step,

fir%: SET,

ATRGEE AT 3 Aoy A A 4

O BB RR, PATaSun.

GUI; Main Menu> General Postproc >Plot Results > Contour Plot>Nodal Solusion, Element Solu,
Elem Table,

fir4 . PLNSOL. PLESOL #1 PLETAB %,

@ REERR, PATmAWF .

GUI: Main Menu>General Postproc>Plot Results>Vector Plot>Predefined,,

fr4: PLVECT,

@ FIFRER, PATALAT .

GUI: Main Menu > General Postproc > List Results > Nodal Solusion, Element Solusion, Reaction
Solu,

fir4 . PRNSOL., PRESOL 1 PRRSOL %,

7.1.3 BRESHOWTILE

BRI BT — A R GEBERT [E] 25T IR 3 XA A S H, 72 TR E— BN RR
IR AT AT 0 ) 43 HT o

WES I BT I A PR SRS Tl F2 B0 X312 I 2 A0 BT o 1) 28 o i of ) A2 Ak
Ry BB A [R] AR A A B A, 200 28T - TA] I 2 A3y s 20 o 48y -t ) gt Ze b 09 B 43 1l —
N, G 7-1 s, X TR AT, W UE SCET (B I TR, ] A 2B e R far 20
A8 B

WSS BT il T BT SRS BT A ] . 2T RS OTR TR AU S B B ScE
fi) “ ANSYS Element Reference Guide” ; Z&fifpfg >4 W TEAM LI RE, 2 WH B SCAFH Y “ ANSYS
Command Reference Guide”

ANSYS W25 A 2B R AR TSRS A B 3 AR BR,

1. &

(1) B TAESCHE4 . TAER B L, i A/PREPT,
(2) & XA R I B I,

(3) & X PATOIHHL,
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#H A Stepped(KBC,1)

a)

P 7-1 2 - ] fh 2 12

(4) 5 XFPRPWERE, — BRSSP 208 SRR | B R EIAE
(5) HESLILfREARY
(6) XFJLATHLTI] 73 R A

2. A AT IS

(1) 58 OMHTZEmL: 58 1 UG T 0 SR EA T 04 . AT A A F

GUI: Main Menu>Solution>Analysis Type>New Analysis>Transient,

4. ANTYPE, TRANSIENT il NEW

B DWRAY BT kLT (B iAo BUTHS I .

GUI: Main Menu>Solution>Analysis Type>Restart,,

% . ANTYPE, TRANSIENT F1 REST,

(2) FAFBESPI BRI 51T

1) € LR, WA fE AR R AT, WTCE TR T R AR IR AT
AT

GUI: Main Menu>Solution>Define Loads>Settings>Uniform Temp,

4> : TUNIF,

WERARE AL, WIS HEE, BMENT, "LEdm sk ES %R, fdTa
AT

GUI: Main Menu>Solution>Define Loads>Settings>Reference Temp,

% : TREF,

WCE LI , ST A BCE Y SRR (A HE) AR, TS .

GUI: Main Menu>Solution>Define Loads>Apply>Thermal> Temperature>On Nodes,

ﬁé\l Do

R ST BEA A3 AT 55 1 A 2650, BCE T R B IR 35 BT A RS S i A
BRAEE a0 R BRI 25, AT a2 A

GUI: Main Menu>Solution>Define Loads>Delete>Thermal> Temperature>0On Nodes,

fi14 . DDELE,

2) BEARAIMAIREE, TEBRS R, 1 RE T LI E SRR M, AT A4
e

GUI. Main Menu>Solution>Define Loads>Apply>Initial Condit'n> Define,,

éﬁ\é\: ICO
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UERWIAA IR BE R AN 51 HOGRARAY, W AUE e A TR S I I E W ah 251 . B8 48
i (AN RO BE RS A5 ) , K aI BRr B8 OFF, PAT A4 F

GUI; Main Menu>Preprocessor>Loads>Load Step Opts>Time/Frequenc> Time Integration,

4> TIMINT Fl OFF,

3) BE A

BB A7 R RAR/ DY AT (Fln0.001) o ATATSA0F .

GUI: Main Menu>Preprocessor>Loads>Load Step Opts>Time/Frequenc> Time and Substps,

4 TIME,

BB A, PATHLWT

GUI; Main Menu>Preprocessor>Loads>Load Step Opts>Write LS File,,

T4 LSWRITE,

K, PATARSANT

GUI. Main Menu>Solution>Solve>Current LS

4 : SOLVE,

YA FEER 2 AT AL T B R T R IR, BRARX S IR RS T 5 0y
PrffE .,

@ FE@EEIANE

a. W] PO BT EE R RO, SATar ST .

GUI: Main Menu>Solution>Load Step Opts>Time/Frequenc>Time and Substps,

4 TIME,

b, BEASFAT A BT TARR, S R, X T AR T, B P A e T
Ao WP R IONER BN . D RKBUN, TSR, TR RIEL S S
PuAlid, TR ARG A 2K

2

6
ITS=—
da

P & I I ) VB fR R FOCH R s o IR AR, B TR REBUHESH
BTN (R a= k/pc) . AT T

GUI: Main Menu>Solution>Load Step Opts>Time/Frequenc>Time and Substps,

4> : NSUBST or DELTIM,

AR AT 7 A 2y D RARE B, 5 RO B I AR A R AR R 2R AL, 2
BN ETT, PAT AU

GUI: Main Menu>Solution>Load Step Opts>Time/Frequenc>Time and Substps,

fr4: KBC,

@ LT T

a. EARKEL: BAFLBINRECN 25, XN REZBARLERSI T &2, ATmS
LU

GUI; Main Menu>Solution>-Load Step Opts>Nonlinear>Equilibrium Iter,

fii4 . NEQIT,

b. AP BE N ON, TESRAf I RE oy B hif s b, AT ar S F

GUI: Main Menu>Solution>Load Step Opts>Time/Frequenc>Time and Substps
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4 AUTOTS,

c. WRIBADECR . BUE A OFF, Kbt AT r .
T4 ; TIMIT,

GUI: Main Menu>Solution>Load Step Opts>Time/Frequenc>Time Integration,
@ i th P TN

a. PERATEN I BTSSR B 2 = . ot TR, SATATSANT
GUI: Main Menu>Solution>Load Step Opts>Output Ctrls>Solu Printout,
4. OUTPR,

b, #HIZEHSCM . &« . nh RN, PATEASR .

GUI; Main Menu>Solution>Load Step Opts>Output Ctrls>DB/Results File,
#ir4: OUTRES,

4) AEEORAE, B ANSYS T By SAVE_DBlkes . HFar AT ;

GUI: Main Menu>Solution>Current LS,
fir4 . SOLVE,

3. B

ANSYS 2 EEPIFP S A B, Horb POSTT XPREAMEAUTERE — 305 20 (AL 0) I R EAT
JEALER, AT T

GUI; Main Menu>General Postproc,

4 : POSTI,

POST26 A LIS i i sG TR T AT iy 2 (RS ) WO SR AT IR AL B, AT an &
W

GUI; Main Menu>Time Hist Postproc,

4. POST26,

(1) J POSTI #A7)5 b3 .

1) #EA POSTL J5, W RABE M3 —mf ]S iR, U7 T .

GUI: Main Menu>General Postproc>Read Results>By Time/Freq,

s SET,

USRS B ) SR — T 2D IR ) F ANSYS HEATER P,

2) BRI AR, AT ST

GUI: Main Menu>General Postproc>Read Results>By Load Step,

SRJE RV ALR SRRSO AT R T 1%, R R O = FRR | R K R s TEN S 3%
SEJG AL

(2) JH POST26 #4175 AbFH .

1) &SR, PATauT .

GUI: Main Menu>Time Hist Postproc>Define Variables,

#ir4: NSOL, ESOL 3 RFORCE,

2) 2zl B Fe b xS B A TR AE R At e, AT AR

GUI: Main Menu>Time Hist Postproc>Graph Variables,

Main Menu>Time Hist Postproc>List Variables,
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fir4. PRVAR,
POST26 AL/ 2 HAB DI RE , WS S b AT BCA eSS, SR B SO ) “ ANSYS Basic

Analysis Procedures Guide” ,
7.1.4 BESTHIEEMSER

1. ANSYS #4853 57

(1) &, WEGIIRISTEARIT i B b 2 R A s 2 f TR R (WHY) W
XA AAIE S (FRE) o Bl A 5 e 5 A Fn s 3 AR BLAE T, F2 ok ol T B i fin
PR 5 S B HL R AR AR [ Z0REK . HAURE & 55 0 B il A7 R-R0 R & b . FA-HL RS 5 20
Br . BAR-ZEAGRE G O30T | BE-FARE G o AT G -5 R R A AT AR

(2) HrZERl, RG5O T T s il e 1 [R) R el IR L 3 R S VR T, i bt
R ASE T PR AN [R] 7

1) WUFHEG 5 4% BT AT IR B2 ARG 70 A, B s R 4858 1 R 70 i 45 SR A
A 2 RS 53 BT A S B RS R o AR U P18 ) R 20 R 38 A A5 30 1 9 TR R
A A A 28 i N AE S B8 g g 43 A b S R

2) HIERE T FIHELE A LA A B ARG e AL, AU o — UOR S B AT 4 LA
BN EIR . TEXMIEOLT , G 0 T AL A AL 25 0 1Y) B 0 A [ B ST 2 A ] B S BE
Bl 4n A FH H#9C SOLIDS | PLANE13 5%, SOLID98 ] H #2iE47 Fi HL 4047 .

X T AAEAE 2 BEAR L MEAR B AR IGO0, WOl i i SE A RO (38, R B AT LA ST 1
T PRSI 534 o AT #8- 7 385 43 BT T FE AT AR LAk RS I 17 5 R AT R R A 1V ) 43
Br, I IR B b AT S 2 A0 BT ) A 59 il B R By AT I 1 b . el B e — M
R, EAAEM AP Z BT, EEEE R SE IrT EERE

BN S A TE MR DA G AR AR R & B AR Ltk B E, JF HaT R G A —k
PER B Ear n A R, A8 R i A B . P Bl A i 2 i AL e Il D) R i - P 1
GOrHT . SRR EHE G AN AR I B L T T soc it EHEaE ], oD B G — A2
P\ gER ) B TR SN BARN 2, IR FE, SIS Coupled-Field Analysis
Guide ,

2. ARSI AT

TR FEER 1 AN BR AT AS RAE T3 2 AW EL T s, AR AT 8 AR, B4 2
g7/EL Vg NINECE S & 2 W WSk S W i /B2 s T =R

(1) o2, #nl oLl TPk,

1) BEARY AT AR A B M B R, b BT AR O A I SR R A

2) MG . HABY AT AR

(2) 73HTI5ek . BEATINUP RS S5 A ] LU TB] 205 R BA 5k

1) (EHEEEER SR (DRSS A 0])

@© BEATIAIIHT, FTRME AR BT e SRE, AR AL 5 . X L R S 5 T A T A
RSB ST . (BE BRI T S B IS W 25K, BIAnde nl REA 1 1 4 AL /Y
WA 29— Lt QR PEAT RS ST, A A B P B A B R R 4 ] A 2

@ B AL B, A5 TR ML I SE A AT, 3R 7-1 TSR AT RIS F BT A o
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B7, ATRARSE AR ATar AT

GUI; Main Menu>Preprocessor>element type>switch element type >thermal to structure ,

R7-1 BTGB ITTHIXT R

T ki PHTT Z5H T

LINK32 LINK1 MASS71 MASS21

LINK33 LINK8 PLANE75 PLANE25
PLANE35 PLANE2 PLANE77 PLANES2
PLANESS PLANE42 PLANE78 PLANES3
SHELLS7 SHELL63 SOLID87 SOLID92
PLANEG67 PLANE42 SOLID90 SOLID95

LINK68 LINK8 SHELL157 SHELL63
SOLID70 SOLID45

TERBCE AN A BT IR, ] 40 BB TC B Bl 0 PR BE H Shi e B 25 M sooeh, 5 Tk
B e U AR A TT R 2 S T E OSBRI, T B E AR 1 BT

a. WESHIHT, QAP R B PORE M S AT AL BT, AN SRR S A R SE

b, BEA B 09 &5 05 1R JE . 04T Main Menu > Solution > Define load > Apply > Structural
Temperature>From Thermal Analysis 74>, i ABCEPER TSGR SO = . rth, WERIASMHT 2
WEASHY , 75 i A A JBE R IR A I 18] s A8 20 9 Rl B AR S AR 38t i, AT LA 3 Uriliy
Menu>List>Load>Body load>On all nodes A Fe ki

c. WEBFZIEE . PUT Main Menu>Solution>Define loads>Setting>Reference temp e

d. AR A AS AL B

() R NI R 43 BT B SR IS WA~ 37 53 P A BT RIS 5 250k G 50 5080 P R 2R S/
WA

2) fd Y BRI 2 BR

@ A A B EE A AR AL AN R )R > ANSYS S AR A (1 1] S AHR 5 S
XN EITR I G S | MPRHR PR T . S B TR TC AR T, IX S B G S e I A A B
PRIE P R AN AR HXE I B9 J A A S W BRI TR ] AR rp 2 AW BRI v A 53 B ) T A
8 AR ] 73 e 20T J2 BT A ) BRER SR 0 AT A R

@ BUEPIEIIAEE , S X &Y IR R BRATIZAE R, YE G T i — i 5)

@ MRS I3 HT T o 08 P9 2500 5 A W BT BRI N

@) 58 B D BEPRSE T ST A SO ZR A, R AE S — W) BERER IR O3 T R BN DX
W5 R 7E 53 BT PR 8 2 W R oG (TYPE=0) ,

© FE PR IE . SE B BIT AR 2, IFRS AR T A BC A 25 30T H 2 5

© F oA BORE, SH B BT AR AR R B G T SRR A B T A, BT AATT
(Main Menu > Preprocessor > Meshing > Mesh Attributes >--+) 5% VATT ( Main Menu > Preprocessor >
Meshing> Mesh Attributes>--+) g

@ TN EEA Y B AT S i B4, T 8 2% A I ) B R 2 A v BT AT 4 3 ARG AR TP AR )
(R TR |
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® B BT A AR g It

© FEPE—AFrB (TITLE) , 47 PHYSICS 1 WRITE 4>,

10 VEBR HRT R BEEAEE , R QIE T — MBS

GUI: Main Menu>Preprocessor>Physics>Environment>Clear,,

fi4 . PHYSICS il CLEAR,

UL PR T — YR

AT SAVE i 4 PRAF R SCIF B My BEERSE SO 5T

Py BB R4 P A R S RO — W B M 2 A — N BER BT Y ASCIT SCfF, R ]
PHYSICS, WRITE, TITLE. FILENAME ., EXT & DIR fr A 84T Main Menu>Preprocessor>physics

>environment BY, Main Menu>Solution> physics> environment ﬁ?/y\ﬁﬂﬁo

3. AEAMET ik

HEARGINER LIRS AL, FURTERCE o0, BB, B IR AR
SEK, KRR LA s | it n e T RS AL B 3 NP ER

(1) g

1) Wi TAESCHEA . TARbRE S 5

2) #EA/PREPT HiALIR, & L HITCHRA | W IR, & LIS W B E b BHE BE
S8, Pkt —E EREM A IT, MG T SOLIDS . PLANEI3, FLUID29, FLUID30, CON-
TAC48, CONTAC49, CONTA171, CONTA172, CONTA173, CONTA174, SOLID62, FLUID116,
PLANE67, LINK68, SOLID69, SOLID98, CIRCU94, CIRCU124, SHELL157, TRANSI26 }
TRANS109,

3) UER LR R IR 23 A%

(2) JhnEAT

1) & o2l AT T .

GUI: Main Menu>Solution>Analysis Type>...,

#r4: ANTYPE...,

2) BN S B, AR IS BT, AT A T

GUI; Main Menu>Solution>Define Loads>Apply>---,

4. D, FH{SF...,

3) WiE HAT A, XTI, R LA AE R T M e IR A s A ) vk
i, PATaSUT

GUI; Main Menu>Solution>Load Step Opts>...,

fi4> . TIMED, ELTIM, KBC. NEQIT fI NCNV---,

4) WEHTIET, SATASUT

GUI: Main Menu>Solution>Analysis Type>Analysis Options,

A4 : NROPT F1 NCNV---

5) K, PATIALIT .

GUIL: Main Menu>Solution>Current LS

4 SOLVE,

(3) JEALBHIR T RTIA
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7.1.5 ZEAMERI IR HT L6
&) mEsis
ARSI AV DA T BE 350 43 A B SRS RIS 140 A, APl 7-2a %, — ANl AR 998
HIMEE A N PRI MR 23 R, B EALS AR I AR R, SRR N 25.96W/
(m - C), FRPERIEN 1.93x10°MPa, #IEIKRECH 1.62x107°/°C, AR 0.3, HHNETH
6. 891 MPa, WML K 250°C, XIRAL (BERE) H249.23W/(m® - C), SMFUEK (=
) TREE R 39°C, MR ARE (EEB) M 62.3W/(m? - °C), R AR FIN J1 5345 .
RS HIMTC R K, MR8 ¥ HIAE 45 A8 B X6k FR P 5 a5 mT LUK 368 1 0 BR G 20 A 17 Ak A 280 4
K 7-2bfiR, Hib | FFORZHRAR, ENHEZE6EET,

% A R0.152

R0.127
—_—

0.05
0.006

0.025

0.127

£R0.304

0.012

0.152 MFRILAY
AR E

0.304

a) b)
B 7-2 ¥ IHIMAE T8 s R I
a) WAL b) MHEA FRICE LA

() GuI RIS R
1. LA & B TAFAFAL
(1) EXTAECH4 . 4T Utility Menu>File>Change Jobname 774>, i} [ Change Jobname]

SHEHE, 70 B R AE A A OIS © Pipe. thermal”, B 0K |z
(2) X TAEFRE. $HAT Utility Menu>File>Change Title A, T [ Change Title] XFiEGHE,

TEF I XHEHE P #i A “2D Axisymmetrical Pipe_ Thermal Analysis™, il oK |ﬁf%ﬂo
(3) KRR SH R AT Utility Menu>Plot Ctrls>Window Controls>Window Options ¥
4w [ Window Options ] STIHHE . 7E [ Location of triad] TFHiFFAEFBELE “No Shown” ik

o, e 0K e,

2. B ETEBBAA B
(1) EXHIuIEA . AT Main Menu>Preprocessor>Element Type>Add/Edit/Delete s,

[ Element Types] XJiH#E, H; Add.. |T’§’éﬂ, #ifi i [ Library of Element Types] XJI3EHE, 7E72.
HHNRAEF 203 4% “Thermal Solid” 1 “Quad 8node 777 ¥EMi, fadh 0K 4,
(2) WHEPICET ., d [ Element Type] Xﬁﬁffliﬁfi'%ﬂptimsnl?%ﬂ, $ifi [ PLANE77 ele-
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ment type options] XTUGEHE, 7F [ Element behavior] i RAEHEFFE “ Axisymmetrical” FETT, B

di 0K lmekn, gt _Close |y,

(3) WEMBENME. $UT Main Menu>Preprocessor>Material Props>Material Models ma,
[ Define Material Models Behavior] X #E, X i [ Material Model Available] T $i7 %1 & #E if i)

" StueturalzLincars Blastic > botvopic ™ B IRy iy x

H [ Linear Isotropic Material Properties for
Material Number 1] Xd‘ lﬁ *Eo E “«EX” ﬂ] Conductivity (Isotropic) for Material Number 1

“PRXY” SCAHEH 43 5% A “1.93e11™ K Tl
Temperatures |0
“0.37, By oK |§"§‘éﬂo PAT “Thermal> | KX

Conductivity > Isotropic " fix 4, i H
[ Conductivity for Material Number 1] XfiEFHE, | Add TemperaturelDelete Temperatur9| Graph
MK 7-3 s, fE “KXX7 CAHE i A ok | cawe | e |

«25.067. M oK | T 7-3 [ Conductivity for Material Number 1] XHiEHE
Material >Exitfiy 2>, 58 WA EHE PR % &,

3. I IUSTAER
(1) BN . 04T Main Menu>Preprocessor>Modeling>Create > Areas >Rectangle>By Dimen-
sions %, ¥ [ Create Rectangle by Dimensions] XTiHHE, UWIE 7-4 fi/R, 7E “X-coordinates”

SCAHE A “0. 127, 0.1527, #E “Y-coordinates” SCAHEH A “0, 0.0257, iy AePly
¥, TE “X-coordinates” SCARKE ik A “0.127, 0.304”, FE “ Y-coordinates” SCAHE f iy A
“0, 0.006", M 0Kl s mE 75 BR,

(2) TAHIEEAE . $04T Main Menu>Preprocessor>Modeling > Operate > Booleans > Add > Areas fir

A B AMAEUE ek e e

ANSYS

AREAS R180
TYPE NUM OCT 27 2017
10:23:11
FLOT NO. 1

[RECTNG] Create Rectangle by Dimensions

X1,X2 X-coordinates 0.127 0.152
Y1,Y2 Y-coordinates D 0.025]
OK | Apply | Cancel | Help |

2D Axisymmetrical Pipe Themmal Analysis

€] 7-4 [ Create Rectangle by Dimensions] X} {GHE & 7-5 A pRYFEIE

(3) FIFFLIms5 =4 . AT Utility Menu>Plot Ctrls>Numbering 4, [ Plot Numbering
Controls] XFiEHE, UKl 7-6 Fran, 4 [ Line numbers) EkHE, 1E [Numbering shown with] F

FiFFAE P LS “Colors & numbers” LI, $$QDK i
(4) &M . 44T Main Menu>Preprocessor>Modeling >Create >Lines>Line Fillet fiy4>, 4 —
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AAEUHE, HERZRS O LU A LI3 B92%, ek 0K lgedn sl [ Line Fillet] SHEHE, MMl
7-7 iR, fE “Fillet radius” SCAHE T A “0. 0057, iﬁ&?ﬁ%ﬂo
NPotNumbering Cowrols

[/PNUM] Plot Numbering Controls
KP  Keypoint numbers I off
e b o]
AREA Area numbers I off
VOLU Volume numbers I~ off
Slen [ s No numbering = [LFILLT] Create Fillet Line

TR TR s ml NL1,NL2 Intersecting lines |11 | |13 ‘
SVAL Numeric contour val lues I off

RAD  Fillet radius
I/NUM] Numbering shown with Colors & numbers _ ~
/REPLOT] Replot upon OK/Apply? ,hplot = PCENT Number to assign - I:l

- to generated keypoint at fillet center
oK | o | P I Help | OK I Apply | Cancel | Help |
. N . . N

€l 7-6 [ Plot Numbering Controls] X TEHE K 7-7 [ Line Fillet] XJiEHE

(5) B/RZE. T Utility Menu>Plot>Line #y4>, [R A AL H 5 A s 25 R an el 7-8 s,
(6) 4 B M. $h 17 Main Menu >

o ANSES

Preprocessor> Modeling>Create>Areas>Arbitrary> | ==™ s
By Lines 74>, il — A HUE, #5055 N
L2, LS A LA 9%, fhali_ 0K e,

(7) TEHAHINAEAE. 04T Main Menu > Pre-
processor > Modeling > Operate > Booleans > Add > e -
Arcas 7 4, S i — A 44 BHE, 2 oty ]
B,

4. & RARAAA
(1) SR TAEFTE.: AT Utility Menu > —omsses s
Work Plane>Display Working Plane 74>, H7-8 WALERERNS
(2) FTH RSG5 . /AT Utility Menu>
Plot Cirls>Numbering s, T [ Plot Numbering Controls] XTIGHHE, wE+£ [KP] UEAE, W BR
[ Line numbers] &Ei%HE, i L FH
(3) FRHTAEFm: 447 Utility Menu>Work Plane>Offset WP to>Keypoints fii4>, 5 — 45
BORE , HBS 10 B, Mt 0K b,
(4) JiEE TR . $747 Utility Menu>Work Plane>Offset WP By Increments fiy4, @~ dNFE
7-9 Fi/RBY [ Offset WP] T HA: 78 “XY, YZ, ZX Angles” SUARKEFHIA “0, 0, 907, i

Pick All h:'jf%ﬂ o

(5) THA# . AT Main Menu >Preprocessor>Modeling>Operate >Booleans >Divide >Area by Work

Plane 74>, W/n—MHRHUE, Bl P “ll?ﬁ%ﬂ, P THIFE TAE - 1H Ak 43R A T8I
(6) IS . PUT Utility Menu>Plot Ctrls>Numbering s, T [ Plot Numbering Controls ]

SHEAE, Yokt [Area number] SIEHE, Mih 0K [Febi 45 1 YKIEAMIRAYLE B A0FE 7-10 B,
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o — S
II, m AREA NOM oCT 2? 2[.317
e 4
4
(x=0] [£:x]
I=0] @]
[z-0] [9+z]
ﬂD T | p5a
oy |
(G| =]
M 2D Axisymmetrical Pipe Thermal Analysis
K79 [Offset WP] T.HLAZ Bl 7-10 55 1 Ui (926 R
(7) P8 TAEFi. 4T Utility Menu> —_—
Work Plane>Offset WP to>Keypoints fiy4>, i | meaw o 005
PLOT NO. 1

—MRBUE, IS0 5 SRR,

_ 0 e,

(8) gk TAEF 1. $h47 Utility Menu>
Work Plane>Offset WP By Increments e, B '
/~ [Offset WP] T HF, 7E “XY, YZ, ZX
Angles” A KE A 0, 907, By
o .

(9) M 4 f#: U 47 Main Menu > |z musmerrion pige mema maysis
Preprocessor > Modeling > Operate > Booleans > B 7-11 26 2 WIm 4 i g 51
Divide>Area by Work Plane e, BN —

BOHE. R A3, fib 0K b, e A3 AT AT AL A RN, B 2 WA RO
e 7-11 08

(10) B CHE S . BT Main Menu>Preprocessor>Create >Keypoints>On Line w/Ratio fars,
P RHE, FHRIRS L3 IV, i%ﬁ?ﬁ%ﬂ, 34 [ Create KP on Line] XFiH#E,
E 7-12 fizn, 76 “Line ratio (0-1) 7 SCARKEFHEIA “0.247 ) Bk oK |ﬁ:%ﬂ’ H: A
G5 oh 11 SRS

(11) “F#TAEFm: 4T Utility Menu>
Work Plane>Offset WP to>Keypoint 4>, 5

Line ratio (0 - 1) 0.24

—/I\j:{—j\ﬂyﬂio Tﬁméﬁ%ﬁ 12 E‘Jjé%ﬂ‘i 5 ﬁiﬁ e T e o :

0 .

(12) Jig#% TAEF I $447 Utility Menu>
Work Plane>Offset WP By Increments A4, &
/~ [Offset WP] T H#, £ “XY, YZ, ZX

OK | Apply | Cancel | Help |

K 7-12 [ Create KP on Line] X{if#HE
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Angles” SCAHEHEIA “0, -907, $ﬂi$ﬁ&%ﬂo

(13) T4 f# . 4T Main Menu >Preprocessor —
>Modeling > Operate > Booleans > Divide > Area by | *™ i

Work Plane 54, W~ — A EUE, 4 HL A2

FiA4, Wb 0K lmen, a2 f a4 e
TAEF AL & F A AT, 55 3 YT 4 i Y
ZESR N 7-13 PR, ‘
(14) KM TAEFm. $44T Utility Menu>
Work Plane>Display Working Plane g
(15) #TJF [ Pan-Zoom-Rotate] T. H. #=.
4T Utility Menu >Plot Ctrls > Pan-Zoom-Rotate

firds, L h Win Zoom A6 1 ) ] E 4 45 ik K B 7-13 55 3 YT MR 25 R
ol FH R B 10 A o 400 T 4 o e 1L 5 ol

(16) LeAHINERAE . AT Main Menu > Preprocessor >Modeling >Operate >Booleans > Add > Lines fir
o B —AMABGE, FABCR Y Lo B LI4 928, Wit O [med, Bl [Add Lines] %
VEAE, kARl RS L7 A L2002, b 0K D #h [ Add Lines)

FEHE, Bt 0K b,
(17) WEHBICR . $U4T Main Menu >Preprocessor>Meshing>Size Cntrls>ManulSize> Global >
Size fiT 2> , HINE 7-14 s [ Global Element Sizes] XHIEHE . 7E [ Element edge Length] AR

A “0.003”, M 0K g
AGobsltemenszes

[ESIZE] Global element sizes and divisions (applies only

to "unsized" lines)

SIZE Element edge length

0.003
NDIV No. of element divisions - D

- (used only if element edge length, SIZE, is blank or zero)

oK Cancel Help

V [l 7-14 [ Global Element Sizes] XJiHAE

(18) Kl 4y i M 4% . $44T Main Menu >Preprocessor >Meshing >Mesh > Areas >Mapped >3 or 4

sided A1, Bl —MABUE, TEREH ALL A3, AS FIAG FOTH, fdi_ Ok |med, mest
W% K] 4325 AN &L 7-15 Fias .

(19) XF A7 4> W #% . $44T Main Menu > Preprocessor > Meshing > Mesh > Areas > Mapped > By
corners 7%, HLH—RIUHE, IS N A7 MY , ?i%&?ﬁ%ﬂo SRS, 14,
O 10 fHE A, Hoti 0K [meEn, A7 MR AN R 7-16 BT

(20) {RAEMIKG 45 F . AT Utility Menu > File >Save as w4, #H [Save as] XFUGHE, 7E
[ Save Database To] TFHiFIZRMEF A “Thermal_ Pipe_ Mesh. db”, Hii; oK |3f'£€ﬂo

5. B AT AR

(1) FE£e Lt n XF i 2k w5 417 Main Menu > Solution > Define Loads > Apply > Thermal >
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Convection> On Lines iy 4>, #H — MR HHE, $E45 0 12, L6, LI3 Ml L11 M Zk, ¥k
Ok [, #8 [ Apply CONV on lines] XJi% #E, 40 & 7-17 Frsn, 16 “VALL” Fl

“VAL2I” SCAKET 5l A “62.3" f& “39”, iﬂaﬁ%&%ﬂo $FT Main Menu>Solution>
Define Loads> Apply > Thermal > Convection> On Lines it %>, fAHU4m"5 0 19 Ml L8 £k, H

OK ¥ 4H, 78 “VALL” FI “VAL21” SCAHE o 23 %l % A ©249.237 K “2507, Hdr
COk e, AR ORI A 7-18 BT

ANSYS| ANSYS|

ELEVENTS R180| | ELEMENTS R180)
OCT 27 2017 ocT 27 2017
11:20:57 11:24:00
PIOT NO. 1 PLOT NO. 1

2D Axisymetrical Pipe Thermal Analysis 2D Axisymmetrical Pipe Themmal Analysis
Kl 7-15 WS RIS S o325 P 7-16 A7 FIAs S 432520
ELEMENTS R18.0,
[SFL] Apply Film Coef on lines Constant valoe 5 Rt
PLOT NO. 1
If Constant value then:
VALl Film coefficient 62.3
[SFL] Apply Bulk Temp on lines Constant value p
If Constant value then:
VAL2I Bulk temperature
If Constant value then:
Optional CONV values at end J of line
(leave blank for uniform CONV )
VAU Film coefficient :l
VAL2)  Bulk temperature :l
ok | Cancel | Help |
2D Axisymmetrical Pipe Thermal Analysis
€ 7-17 [ Apply CONV on lines] X}iHHE [ 7-18 il JIOXeT 3t 2 i )5 A5 7Y

(2) Kf#. AT Main Menu>Solution>Solve>Current LS A7 4, #H — N8 & A [ Solve
Current Load Step] STEHE,, #IA)5 AT File>Close A72>, i [ Solve Current Load Step] XTI HE

iy DK Fedtl, R, KRGS A S WoR [ Solution is done] /8% 1, i 4|C1°SE
o4,

(3) RIESE R ScF. $uaT Utility Menu > File > Save as 4, #H [ Save as] XTiEHE, 7E
[ Save Database To] FHrFFRHEF 4 A “Thermal_ Pipe_ Result. db”, iy oK h’ff%ﬂo

6. FAHE
(1) 2R E S =K. AT Main Menu>General Postproc>Plot Results>Contour Plot>Nodal
Solu fir %, % 4 [ Contour Nodal Solution Data] XJ i #E, N FE 7-19 FF/n, 7E [ Items to be
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contoured] TFHIFFAE P ESE “DOF Solution >Nodal Temperature ”

A IR 2 A5 SR AT 7-20 BT
A Corwedasobgonome x

[ Item to be contoured

Favorites =]
¥ Nodal Solution
¥ DOF_Solution
@
Thermal Gradient
Thermal Flux

El
& |
r Undisplaced shape key
Undisplaced shape key |Deformed shape only j
Scale Factor IAuto Calculated 1”0
Additional Options ®|

sy | cocd | Hep |

&l 7-19 [ Contour Nodal Solution Data] XFiEHE

o |

(2) il A0 & 50 A = . 04T Main
Menu > General Postproc > Plot Results > Contour
Plot>Nodal Solu i 4, #H [ Contour Nodal So-
lution Data ] X 3 #E, @ & 7-21 fr/n, 1E
[ Ttems to be contoured] T $7371 FEAE H AR UL FE
PETF

“Thermal Flux>Thermal flux vector sum”

R o @% IR B S
EUn & 7-22 iR
(3) 2 4Bk B 43 = B R AT Main

Menu > General Postproc > Plot Results > Contour

gk 0K me,

ANSYS

NCDAL SCLUTICN R18.0

STEE=1 ocT 27 2017
SUB =1 11:35:24
TIME=1 PLOT NO. 1
TEMP (AVG)
RSYS—(

SMN =45.5012
SMX =161.829

L:—”

45.5012 71.3517
58.4265

2D Axisymmetrical Pipe

B 7-20 A RO E = R 45 R

97.2022 123.053 148.903
84,277 110.127 135.978 161.829
Analysis

Item to be contoured

@ Favorites (2]
o Nodal Solution
@ DOF Solution
@ Thermal Gradient
of Thermal Flux
@ X—Component of thermal flux
@ Y-Component of thermal flux

@ Z-Component of thermal flux
Y herualus ievectoms

[l
] |
r Undisplaced shape key
Undisplaced shape key [Deformed shape only Bl
Scale Factor [Auto calculated o
Additional Options Q|
ok | s | comd | W |

Plot>Nodal Solu #i /\ # [ Contour Noda>So- ¥l 7-21 [ Contour Nodal Solution Data] Xt iFAE
lution Data ] X IE HE, 7 [ Items to be
ANSYS
NCDAL SOLUTICQN R18.0/
STEP=1 COCT 27 2017
SUB =1 11:37:20
TIME=1 NO. 1
TFSUM (AVG)
RSYS=0
SMN =407.686
SMX =65811.6
‘ MY
07680 g 78 2490 gpp0g  PMTOL gy o 40103 5000 4 SBHS i 6
2D Axisymmetrical Pipe Thermal Analysis

B 7-22 A ARG IR A E B s
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contoured ] i RAE FAK K £ FF “ Thermal Gradient >thermal gradient vector sum”

0K e AR B S 2 P AT 7-23 BT

SMYX =2535.11

-

ANSYS

R18.0|

QOCT 27 2017
11:39:43
No. 1

| S—
15.7044 575.573
295.639 855.508
2D Axisymmetrical Pipe Thermal Analysis

s —
1695.31 2255.18
1975.25 2535.11

B 7-23 A RIS R s

/BATCH

/TITLE ,2D Axisymmetrical Pipe_Thermal A-
nalysis

/PREP7

ET,1,PLANE77

KEYOPT,1,1,0

KEYOPT,1,3,1

MPTEMP,,,,,,,,

MPTEMP,1,0

MPDATA ,EX,1,,1.93ell

MPDATA ,PRXY,1,,0.3

MPTEMP,,,,,,,,

MPTEMP,1,0

MPDATA ,KXX,1,,25.96

RECTNG,0. 127,0. 152,0,0. 025,

RECTNG,0. 127,0. 304,0,0. 006,

FLST,2,2,5,0RDE,2

FITEM,2,1

FITEM,2,-2

AADD,P51X

LFILLT,11,13,0.005, ,

FLST,2,3,4

FITEM,2,4

FITEM,2,5
FITEM,2,2
AL,P51X
FLST,2,2,5,0RDE,2
FITEM,2,1
FITEM,2,3
AADD,P51X
KWPAVE, 10
wprot,0,0,90
ASBW, 2
KWPAVE, 5
wprot,0,90
ASBW, 3
KL,3,0.24, ,
KWPAVE, 12
wprot,0,-90
FLST,2,2,5,0RDE,2
FITEM,2,2
FITEM,2,4
ASBW,P51X
/PNUM,KP,0
/PNUM, LINE, 1
/PNUM,AREA,0

B,
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7.1.6 BEBRENEERAEMS LM

g

WIARIRIE Sy 800°C, e MR B T2 P AT R A, A B 2 SR E N 30°C, R AR KN

/PNUM, VOLU,0
/PNUM,NODE 0
/PNUM, TABN,0
/PNUM,SVAL,0
/NUMBER, 0
/PNUM, ELEM, 0
/REPLOT
FLST,2,2,4,0RDE,2
FITEM, 2,9
FITEM, 2, 14
LCOMB,P51X, ,0
FLST,2,2,4,0RDE,2
FITEM, 2,7

FITEM, 2,21
LCOMB,P51X, ,0
ESIZE 0. 003,0,
FLST,5,4,5,0RDE,4
FITEM, 5, 1

FITEM, 5,3
FITEM,S5,5
FITEM,5,-6
CM,_Y,AREA
ASEL, , , ,P51X
CM,_Y1,AREA
CHKMSH, 'AREA’
CMSEL,S,_Y
MSHKEY, 1
AMESH, _Y1
MSHKEY 0
CMDELE, _Y
CMDELE,_Y1
CMDELE,_Y2
AMAP,7,5,14,9,10

&) mmEsHit

FINISH

/SOL

FLST,2,4,4,0RDE,4

FITEM, 2,2

FITEM, 2,6

FITEM, 2,11

FITEM, 2,13
SFL,P51X,CONV,62. 3, ,39,
FLST,2,2,4,0RDE,2

FITEM, 2,8

FITEM,2,-9
SFL,P51X,CONV,249. 3, ,250,
/CMAP,_TEMPCMAP_,CMP, ,SAVE
/RGB,INDEX, 100,100, 100,0
/RGB,INDEX,0,0,0, 15
/REPLOT

/CMAP ,_TEMPCMAP_,CMP
/DELETE,,_TEMPCMAP_, CMP
/SHOW , CLOSE

/DEVICE, VECTOR,,0
/STATUS, SOLU

SOLVE
FINISH
/POST1
/EFACET, 1
PLNSOL, TEMP,, 0
/EFACET, 1
PLNSOL, TF,SUM, 0
/EFACET, 1
PLNSOL, TG,SUM, 0
FINISH
/EXIT, ALL
0.4 \ | 0.4
L —
4 " 4 S

TS b AR AR AR A R, SRR A, T B 724 BRI RRES A
BT A Imx 1mx0. 2m, 85 34 00 25 4 an 18] 7-24 fros . “FEA
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110W/(m® + °C) o 3K 10min J5 M NFBAGEEE G X 135048 (MRS ELE 7-2)
K72 TREREESH

WREE/ | MR | JEIRIRR | DIARETE |IVTR/ [ W\ RIIRRRY | LW/ (1| ERE VIR I
C GPa GPa GPa (m+C)] ¢! (kg C)]| (kg/m?)
30 206 1.40 20.6
200 192 1.33 19. 8
G| 400 175 1. 15 18.3 66. 6 1. 06E-5 460 7800 0.3
600 153 0.92 15.6
800 125 0.68 11.2
30 103 0.9 10.3
200 99 0.85 0.98
il 400 90 0.75 0.89 383 1.75E-5 390 8900 0.3
600 79 0. 62 0.75
800 58 0.45 0.52
30 118 1.04 1.18
200 109 1.01 1.02
B 400 93 0.91 0. 86 46.5 5. 87E-6 450 7000 0.3
600 75 0.76 0. 69
800 52 0.56 0.51

S
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1. &S TAE A % Fo TARARA

(1) EXTAEXH4 . $UT Utility Menu>File>Change Jobname 174>, #fi} [ Change Jobname ]
SHHE, A TAESCIE4: “Exercised”, M 0K |l bz,

(2) EXTAEPR. $447 Utility Menu >File >Change Title s, M [ Change Title] XJi&
HE, %A “Thermal Stresses in Sections including Welding Seam” , =S oK e, Mz
THHE

(3) EH A PUT Utility Menu>Plot>Replot e,

(1) BB 15 p2M, 4T Main Menu>Preprocessor> Element Type>Add/Edit/Delete fir

4, B [Element Types] XJi&HE, Fiidi Add... 4, 1180 [ Library of Element Types] XJi&fE
WP 7-25 Fios . FEPIAS T RIS FRAME 43 53% 8 “ Coupled Field” 1 “Vector Quad 137 &I, P

G |€F§E%ﬂ, R RTEHE
(2) BCES 1 KPITED. HdOptions. . Iﬁf%ﬂ, HE [ PLANEI13 element type options] X
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A |[Tet 10node 227 ~
Scalar Brick 5
Pore-pressure Scalar Tet 98
User Matrix Vector Quad 13 v

Superelement
Vector Quad 13

Library of Element Types

Element tvpe reference number
oK Apply | Cancel | Help |

& 7-25 [ Library of Element Types] XHi&#HE

TEHE, AN 7-26 Frn, 7E [ Element degrees of freedom K1) FHFRME R EEEE “UX UY TEMP
AZ” BT, HATURAIGARE, ik 0K b CHiRIE,

(30 LA 2 SRS S LRI s sogpeonons

Types] SHEHE By Add. .. |§f§f £, FEPI T HL | Options for PLANET3, Element Type Ref. No. 1
ﬁl] %ﬂi‘i ':Pﬁ%uiij:% “ Coupled Fieldn ;Fl] “ Scalar Element dearees of freedom K1 -
. Extra shapes K2 Include ~
BI‘iCk 5 ? ]‘i Iﬁ ) $‘ ':—E‘ﬁﬁ %ﬂ 4 % 'ﬂ 12 Element behavior K3 m
X‘j‘iﬁ *E:‘. o $‘ f'-:l‘ [ Element T}’Pes ] X‘T i’ﬁ *E‘ —I:‘ E{(J Element coord system defined K4 Parall to global -
Close I?ﬁ%ﬂ , 3‘%,‘5‘] izxj‘iﬁﬂi{i o Extra element output K5 No extra output v
3. /"i )‘L7H'7H"]~i ﬁ%j;‘ézk oK | Cancel | Help l

(1) $U47 Main Menu>Preprocessor>Material
Props >Material Models 74>, #TJF [ Define Ma-
terial Model Behavior] #1#}g P XHEHE

(2) f£ [Material Models Available] #4751 FRHE P KK %EFE: Thermal >Conductivity > Isotropic
T, I [ Conductivity for Material Number 1] FIEHE | ESCARHE R A MG K “66.67, Hilr
LK e, et

(3) 7E [Material Models Available] F#$751 FHE FAK K % #¢ . Structural >Thermal Expansion>
Secant Coefficient>Isotropic #E51, ¥ [ Thermal Expansion Secant Coefficient for Material Number 1]

SHEHE, 75 “ALPX” SCAHE S ALK IZIK R B “1.06E-5", Mk 0K [wem, Semig
WHHE,

(4) 7£ [Material Models Available] 451 & HE 4K K% $E: Structural > Density 3£, 7
“DENS” SCAHE i A% “78007, Mt Ok [pekn, St ke,

(5) 7£ [Material Models Available] F#75FHE KK EHE: Thermal>Specific Heat BEI,
Bl [ Specific Heat for Material Number 1] XJ3EHE, 75 “C” CARMEHH A LA “4607, Hd
_OK e, pn s,

(6) 7£ [ Material Models Available] T $i7 %1 & #E #7 4K X ¥E #¢. Structural > Linear > Elastic >
Isotropic & T, i BL [ Linear Isotropic Properties for Material Number 1] Xf i% #E, #od

Add Temperature| ¥4l 4 ¥k, S MK 7-27 SHHMAATHEE , i 0% Pedl, SCHNZEHE .,
(7) 7€ [ Material Models Available] TF$7%1FRAHEFKIKEEE . Structural >Nonlinear>Inelastic >
Rate Independent>Kinematic Hardening Plasticity>Mises Plasticity>Bilinear #£51, H¥{ [ Bilinear Kine-

€ 7-26 [ PLANE13 element type options] X iHHE
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Linear Isotropic Material Properties for Material Number 1

Tl T2 T3 T4 TS
Temperatures |30 200 400 600 |800
EX 2. 06e11 1.92el1 1. 75ell 1.53ell [1.25e11
PRXY 0.3 0.3 0.3 0.3
< (3
Add Temperature|De1ete Temperature| Graph

(i3 | Cancel | Help |

B 7-27 G A0 SR RA A HEXHA E

matic Hardening for Material Number 1] STEAE, i ﬁf%ﬂ 43K, Z MG K] 7-28 % H
PRI, i 0K [memn, SriodistE.
| A sinesr koomatc hordening for s tomber 1 X

Bilinear Kinematic Hardening for Material Number 1

Stress-Strain Options Rice’s Hard. Rule ¥/

1 T2 13 T4 5 |
Temperature 30 200 400 600 |800 |
Yield Stss 1. 428 1. 33e8 1. 15e9 9. 208 IE. 8e8 |
Tang Nods 2. 06210 1. 98210 1. 83210 1. 56010

Add Temperature|Delete Temperature| Add Row|Delete Row| Graph

ok | cencsl | Hew |

P 7-28 i A F i A e A1 L7 A g X B AE

(8) 7 [ Define Material Model Behavior] XFiHAE - %% Material>New Model 1£30, 7E “Define
Material ID” SCAHEEA <27, #d; OK  Wiedll SCHTZOEAE

(9) fE [Material Models Available] #4751 FRHE KK %S, . Thermal >Conductivity > Isotropic
I, HEL [ Conductivity for Material Number 2] XFiHHE, 76 SCAHE i A TR 3837 ) My
0K e, X,

(10) #£ [ Material Model Available] T Hi%1 2R HE AR EFE . Structural >Thermal Expansion>
Secant Coefficient>Isotropic $£51, ¥ [ Thermal Expansion Secant Coefficient for Material Number 2 ]

XHFHE, 75 “ALPX” SCAHEH i AWK R B “1.75E-5", it 0% [meqn, b ot
WHE

(11) 7E [Material Models Available] T #7451 FKAHE KK BE#E: Structural > Density #EI, 7
“DENS™ SCAHE T ASIE 89007, M 0K bl SCPHIZNEAE

(12) £ [Material Models Available] T $7 %1 FAHE H KK #F . Thermal >Specific Heat BT,
H B [ Specific Heat for Material Number 2] Sf3EHE, 76 “C” SUARHE g A LA “3907, iy
0K lpen, e,

(13) 7 [ Material Models Available] 75 EHEH KK BEFE . Structural > Linear>Elastic > Iso-
tropic & Wi, H B [ Linear Isotropic Properties for Material Number 2] Xf 3f #£, i i3

[Add Temperature 45401 4 ¥, S 720 XTI, MO8 e, SO iste,
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Linear Isotropic Material Properties for Material Number 2

Tl T2 T3 T4 5
Temperatures [30 [200 [400 600 300
EX 9. 9E+010 9E+010 7. 9E+010 5. 8E+010
PRXY 0.3 [o73 0.3 0.3 0.3
| Il
Add TemperaturelDelete Temperature| Graph

oK | cawed | Hep |

P 7-29 i A KR B4 SRS A RIA A HEXGHAHE

(14) 7E [ Material Models Available] i3 ZRHMEHMKIKIESEE . Structural >Nonlinear>Inelastic >
Rate Independent>Kinematic Hardening Plasticity>Mises Plasticity>Bilinear #£3, ¥ [ Bilinear Kine-

matic Hardening for material Number 2] XJ{H#E, Fis T’f%ﬂ 4%, ZIRE 7-30 % H
AT, M OK e, SepnmoinE.

T4 silinear Kinematic Hardening for Material Number 2

Bilinear Kinematic Hardening for Naterial Number 2

Stress-Strain Options Rice's Hard. Rule |

il T2 T3 T4 T5
Temperature 130 200 400 600 1800
Yield Stss 9e8 8. 5e8 7. 5e8 6. 208 4. 5e8
Tang Hods 1. 0310 9. 829 3. 9e9 7. 59 5. 2e9

Add Temperature l_IJ_e_l__ete _Temperature|

P 7-30 i A £ i Al e 2 A L7 A R X B AE

(15) 7£ [ Define Material Model Behavior] XJiHHE £+, Material >New Model #EI5,

[ Define Material ID] XH3GHE, 7E “Define Material ID” SUAHE Ff A “37 s ok |3F£%ﬂ,
KHZREHE

(16) 7E [ Material Models Available] THi5]FRAHEHF KK ESE: Thermal >Conductivity >Isotropic
I, HEL [ Conductivity for Material Number 3] XFiGHE, 7ESCARHE P A MG R “46.57, Al
_ Okl i,

(17) 7E [ Material Models Available] FHi%1RHEH KR ESE . Structural >Thermal Expansion>
Secant Coefficient>Isotropic 5, H¥ [ Thermal Expansion Secant Coefficient for Material Number 3]

XRHE, 7E “ALPX” SUAHE i ALk Ik R 80 5. 87E-67, i B8 Hedl, SCHTZxT
THAE,

(18) 7E [Material Models Available] "FH7Z1ZRAEFHRIRZERE: Structural >Density #E5, 3
[ Density for Material Number 3] XF 35 FE, £ “DENS” SUCARME P A E “70007, B

0K e, emiodiEtE.
(19) £ [Material Models Available] T #7151 FRAHE H KK EFE: Thermal >Specific Heat BT,
B [ Specific Heat for Material Number 3] XJ#HHE, 7E “C” SCAHE Py A LIS <4507, Hid

0K |, ePHEE,
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(20) 7E [ Material Models Available ] THiF| FHE K R LS. Structural > Linear > Elastic > Iso-
tropic & Wi, #H B [ Linear Isotropic Properties for Material Number 3] Xf 3 #E, o 7

[Add Temperature|$5411 4 Yo, A1 7-31 0 HEATcE, B 0K WE4H, SCPTIZGEHE.,
e o g s tmbers X

Linear Isotropic Material Properties for Material Number 3
T1 T2 T3 T4 TS5

Temperatures |30 200 400 600 [800

EX 1.18ell 1.09ell 9. 3el0 7. 5el0 [5.2¢10

PRXY 0.3 0.3 0.3 0.3

« 121

Add Temperature|Delete Temperature| Graph
0K | Cancel | Help |

Bl 7-31 g ARG SRR B AR AL LEXTHEHE

(21) 7E [ Material Models Available] i3 ZRHMEHF KK IESEE . Structural >Nonlinear>Inelastic >
Rate Independent> Kinematic Hardening Plasticity>Mises Plasticity>Bilinear #£3, H ¥ [ Bilinear Ki-

nematic Hardening for Material Number 3] X§3EHE, #f;|Add Temperature 35481 4 7K, ZHRIE 7-32 %
TR, i O b, M,

T4\ Bilinear Kinematic Hardening for Material Number 3

Bilinear Kinematic Hardening for Material Number 3

Stress-Strain Options Rice’s Hard. Rule x|
T1 T2 T3 T4 T5
Temperature 130 200 400 600 'EDO

Yield Stss 1. 049 1.01e9 9. 1e8 7. 6e8 5. 6e8
Tang Nods 1. 18e10 1. 02e10 8. 6e9 6. 99

Add Temperature| Delete Temperature| Add Row|Delete Row| Graph

ok | Ea\cell Hep |

P 7-32 i A1 e Al i 22 A B AR R X T ATE

(22) 7E [Define Material Model Behavior] XTiEHEF1ESE Material >Exit 2601, JeHAHZNHGHE

4. &) 2 JUATAER Fa X 5 W A4

(1) 47 Main Menu > Preprocessor > Modeling > Create > Keypoints > In Active CS fir A i
[ Create Keypoints in Active Coordinate System] SFUEHE, £ “NPT Keypoint number” SCAHE H i A
FHEEIRS “17, FE “X, Y, Z Location in active CS” SCAHE PR M A 88 05 A BR “0, 0,
07, Hiy  Aeely WA, WS ALLE SCHE S G5 FIAL AR .

2 (0.5, 0,0);3(1,0,0); 4¢(0,02,0);5¢(0.4,02,0); 6 (0.6, 0.2, 0);7
(1, 0.2, 0),

(2) 4T Main Menu>Preprocessor>Modeling>Create > Areas > Arbitrary >Through KPs s,

[ Create Area thru] XFEHE, FZEXAMESHA “1, 2, 5, 47, Hidy  Aeely B4l 76 SCRHE S i

A “2,3,7, 67, Wil 0K b, G,
(3) #MAT Utility Menu>Work Plane>Change Active CS to>Global Cylindrical fiy4, K 24 /i 4 i
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AR FR AR AR AR AR

(4) AT Main Menu>Preprocessor>Modeling>Create >Lines>Lines>In Active Coord s,
[ Lines in Active] XJIHHE, FESCARMEFHIA “6, 57, Hif oK FH, PR IEAE

(5) 47 Utility Menu>Plot Ctrls>Numbering i, #H [ Plot Numbering Controls] X {G#HE
#EFE “LINE Line numbers” F1 “AREA Area numbers” 3EI, ffHARZSMN “off” 2K “On”, H
AR SIBRAE R, et 06 Wbl b xtim e,

(6) #MAT Main Menu > Preprocessor > Modeling > Create > Areas > Arbitrary > By Lines fir 4>, 3l
[ Create Area by L] XfiGHE, 7ECARKEFHA “2, 8, 97, Hif oK I@%ﬂ, F AT UEHE .

(7) #MAT Utility Menu>Plot>Areas 74, ANSYS R & 1 7w B A: s AOSE m JLATAR A, aniE
7-33 iR,

(8) #4T Main Menu>Preprocessor>Meshing>Size Cntrls>Manual Size>Global >Size fii 4>,
[ Global Element Sizes] XFiGHE, 7£ “SIZE Element edge length” SCASHE Fid A “0.05”, M
0K b, MM,

(9) #MAT Main Menu > Preprocessor >Meshing >Mesh > Areas >Mapped >3 or 4 sided iy 4>, 3 H
[ Mesh Areas] XFi&HE, FESCAHERHA “1, 2, 37, Hdy_ O& [, SCHIZEHE ,

(10) #UT Utility Menu>Plot>Elements fir4, ANSYS W R 7 11 7R R Rl 2045 9 & 7-34
F7R

- L p— nsys
AREA NUM OCT 27 2017 CCT 27 2017
16:19:13 16:21:41
PLOT NO. 1 PLOT NO. 1
= R e o |
I \ A |
o o O 5 O Y e
| AT o
| e o e e /0 i |
u o e e Y I e
Thermal Stresses in Sections including Weldig Seam Thermal Stresses in Sections including Welding Seam
P 7-33 A HRAG LA A 734 WA RIAR G

(11) AT Main Menu>Preprocessor>Meshing>Size Cntrls>Manual Size>Global >Size fir , B
[ Global Element Sizes] XfifHE, 7E “No. of element divisions” CASHE Hkm A “107, Hdp

Ok Wid, SCHZRERE .,

(12) 4T Main Menu > Preprocessor > Modeling > Operate > Extrude > Elem Ext Opts A,
[ Element Extrusion Options] YHGHE, 7E [ Element type number ] THid FRHEPEEE “2 SOLID5S”
TE [ Change default MAT] TFHiFIFRMEPBESE “17, HAERT R AN E, E 7-35 fins, $
O e, Xepime.

(13) 44T Main Menu >Preprocessor >Modeling >Operate > Extrude > Areas >Along Normal £y /&\, TR

[ Extrude Area by] XFiHAHE, 7ESCAHEHFHIA “17, Hd oK |?£'%ﬂ, #f i [ Extrude Area along
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Normal] XHEHE, 7£ “Length of extrusion” SCASHEHH _
ﬁﬁj/\ “1”, ﬁiﬁ ] |§%ﬂ‘, éérﬂizxrj._iﬁﬂio [EXTOPT]  Element Ext Options

- [TYPE] Element type number [27soups ]
(14) AT Main Menu> Preprocessor >Modeling > [var  material pamber [Uee Dotadk 3]
Operate>Extrude >Elem Ext Opts #i74>, 34 [ Element bl o z
) . . REAL Real constant set number [Use Defaclt |
Extrusion Options] XJ3EHE, 7F [Change default MAT] | ey chonge pefoutt Reat None defined <]
_Fﬁz ﬁﬂ %éﬂi ':FI iﬁj’% wgn , ;H\: %Iﬁ %Fﬁ %ﬁﬂ\&ﬁ , $ ESYS Element coordinate sys m
[ESYS] Change Default ESYS o—;l
+ Ok |j=’§4;ﬂ , FePHIZ R TEAE R Bmami oo s e
o ) ) VAL  No. Elem divs El
(15) 47T Main Menu > Preprocessor >Modeling > |, oot ]
Operate > Extrude > Areas > Along Normal 7 2>, # M} ician cleer sreato shier I No

[ Extrude Area by] XJIEGHE, TESCARKE R A “27,

i‘[ﬁﬁ?ﬂ%ﬂ, i [ Extrude Area Along Nor-
mal] XHEHE, 7€ “Length of extrusion” SCASHE Hiy
A1, i Ok L, et

(16) 47 Main Menu > Preprocessor >Modeling >
Operate>Extrude >Elem Ext Opts ai74>, 3t [Element 81 7-35 [ Element Extrusion Options] XHiHHE
Extrusion Options] XJ{GHE, 7E [Change default MAT)
FRAZHE R <27, FAGTORIIIGARE, % 08 |nm, Sompointe,

(17) #M4T Main Menu>Preprocessor>Modeling>Operate >Extrude > Areas > Along Normal #ii4>, #ft
H [ Extrude Area by] XFiEHE, FESCAMEH A “37, B oK |ﬁ?%ﬂ, [ Extrude Area

Along Normal] XJ{HHE, 7E “Length of extrusion” SCARHEFRHIA “-17, M oK |§§%ﬂ, x
PTZ IR HE

$Ern . ARSI JT 0] 5 T AL LT 10 A I

(18) #MAT Utility Menu>Plot Cirls>View Settings>Viewing Direction 14>, #fiH [ Viewing Direc-
tion] XJUEHE, 7E “Coords of view point” SCAMEH KK EI A “1, 1, 17, & 7-36 Ui, b
L 0K e, e,

(19) #A7 Utility Menu>Plot>Volumes 74>, ANSYS &7 7 17 5 7= 36 $7 1m A: AR A9 25 5%,
& 7-37 iR,

ok | Cancel | Help

1 ANSYS
R180)

CCT_30 2017
10:07:18
No. 1

UVIEW] [/VUP] Viewing Direction
WN  Window number [Window: — ~]

/VIEW] View direction
XV,YV,ZV Coords of view point || ||1 H1

[/VUP] Coord axis orientation Y-axis up -
[/REPLOT] Replot upon OK/Apply? Replot =
ok | Apply | Cancel | Help |

Thermal Stresses in Sections including Welding Seam

%l 7-36 [ Viewing Direction] XJi%HE & 7-37  HERLIAE ARG 25 R
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(20) AT Main Menu>Preprocessor>Meshing>Clear>Areas i3>, #fH [ Clear Areas] XTIEAHE,

TESCARERSERA “1, 2, 37, Hd 08 Wied, SCHIZEHE,
(21) 447 Main Menu > Preprocessor > Numbering Ctrls > Merge Items iy &, 3 i [ Merge
Coincident or Equivalently Defined Ttems] X{#GHE, N 7-38 Ii7~, #E [ Type of item to be merge ]

TRAIERE PR AT e, e OK lmed e inE,
(22) $AAT Main Menu > Preprocessor > Nuni- g

bering Cirls > Compress Numbers fiy A, B H [(NUMMRG] Merge Coincident or Equivalenty Defined Items
. Label Type of item to be merge ,ﬁ‘
[Compress Numbers ] XTiEHE, 7F [ Item to be |towr Range of coincidence |
compressed] Fﬁz @J %ﬂi El:l flﬁ*qz “All” ﬁ]:ﬁ , GTOLER Solid model tolerance S
ACTION Merge items or select?

didb_ 0K [P SeRH%A A, e

(23) AT Utility Menu>Select >Everything | SWTeH Retein lowestfighestz LOWest number -
PANYAN
HI"X o oK | Apply | Cancel | Help ]

(24) #AT Utility Menu>File>Save as g2,
i [ Save Database] XFiEHE, 7E “Save Data- €] 7-38 [ Merge Coincident or
base to” SCAHEH A “exercised]. db”, {547 Equivalently Defined Ttems] X 3HHE
R, M O, ik
FTEAHE

5. mE RKE

(1) 4T Main Menu>Solution>Analysis Type>New Analysis 4, #H [ New Analysis] X ik
HE, SEBE S “Transient” , PRy OK |?'ff%ﬂ , I [ Transient Analysis] XHIEHE, %

FECBROAE R, Wi Ok e, e RHRAE.

(2) #MAT Main Menu >Solution >Load Step Opts>Time/Frenquenc >Time Integration > Amplitude
Decay fif 2, 3} [ Time Integration Controls ] X} 3G HE, = HR® 7-39 X H 17k &, B

Ok [, SCHTIZMTEHE

(3) 4T Main Menu>Solution>Analysis Type>Solution Controls il , B [ Solution Controls]
WHFHE, FEFE “Basic” WUE, S 740 WG ECE, Ml 0K g, Serin
THAE,

(4) #HAT Main Menu>Solution>Define Loads>Apply>Structural >Temperature>Uniform Temp fi74,
# 4 [ Uniform Temperature] X i&HE, #£ “ Uniform temperature” SCASHE #1865 A “ 8007, B

_ 0K b, KEIOSIE,

(5) AT Utility Menu>Select>Entities 7%, #H [ Select Entities] XH&HHE, 7EH 1 4T Hi51
FRHEPIERE “Areas” EI, FEZ 2 N THSIRMEPIESE “By Num/Pick” BRI, 7655 3 itmidd
FigEH “Unselect” £, HAd; oK |l'ff%ﬂ, $H [ Unselect areas] FFGHE, T8 SCAHE i A
“6, 137, Mt Ok e, X,

(6) 47T Utility Menu>Select>Entities firs, PH [ Select Entities] XJUEHE, 7E56 1 N FHrd)
RHEP LR “Nodes” HEI, 752 AN THIIIRMEPELE “Attached to” LI, 7EHS 3 kT4

Her “Aveas, all” BETU, 7645 4 MEENIALPIET “From Full” BETL, Mk 0K |mesn, e
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R
(7) 4T Main Menu>Solution>Define Loads>Apply >Thermal>Convection>0On Nodes iy, T

[ Apply CONV on nodes] XfiHHE, P 2k Mll:FE%ﬂ, #f [ Apply CONV on nodes] XJifiHE, 7E
“Film coefficient” CAMEPHA “110”, 7£ “Bulk temperature” SCAHEF A €307, WA 7-41

Fir, f 0K lmedn, SEMER AR,

Basic ] Transient ]Sol'n Options} Nonlinear ] Advanced NL ]
[TIMINT] Transient Effects On or Off ISmall Displacement Transient | @ All solution items
For structural DOFs [V On I" Calculate prestress effects © Basic quantities

€ User selected

For thermal DOFs v On Time Control

For magnetic DOFs [~ off Time at end of loadstep|600

Automatic time stepping|On j

For electric DOFs

. . @ Number of substeps Hcenuencys
[TINTP] Transient Integration Parameters © Time increment [erte every substep j
For 2nd order systems T (3 e E—— where N = [L

GAMMA  Amplitude decay factor .00 |

Min no. of substeps 100

For 1st order systems

THETA Transient integ param

OSLM  Oscillation limit crit

LT

TOL Tolerance on OSLM

ok | Cancel | Help |
0K Cancel Help
& 7-39 [ Time Integration Controls)] Xi&HE & 7-40 [ Solution Controls] XHiEAHE

(8) P Lty Moo Sclout> Bvonthing - p coonma %]
I A

A

< o [SF1 Apply Film Coef on nodes Constant value v

(9) #4T Main Menu > Solution > Solve > [\t Constant value then:

¥ VALI Fil ffici
Current LS fir &, 3 i1 [ Solve Current Load et 110

N [SF1 Apply Bulk Temp on nodes W
Step] X IEHE, Mt 0% e, ANsys

If Constant value then:

ﬂ:ﬁﬁ\;‘kﬁ@ﬂ‘ﬁ . ;‘kﬁggﬁ;ﬁ}é , ANSYS ML n%a [0 | VAL2I Bulk temperature

FH [ Note] & nHE, Py _Close |}~£%ﬂ, %
PIZ XTI AE

(10) #47 Utility Menu>File>Save as fiT %,
#H [ Save Database] XJiHHE, 7E “Save Data- |
base to” SUARHEFHI A “exercise42. db” , {RAT

SRl sE R oK P O B % N ¥l 7-41 [ Apply CONV on nodes] XFiGiE
TEAE

6. EAHRKMER

(1) #47 Main Menu>General Postproc>Read Results >Last Set e,

(2) 4T Main Menu>General Postproc>Plot Results>Contour Plot>Nodal Solu fi74>, #fH [ Con-
tour Nodal Solution Data] XJiHHE, #%#F “Nodal Solution>DOF Solution>Nodal Temperature” £,

gk 0K [, ANSYS SR T H R WNE 7-42 BT R AT RE B 40 A 5 (LR R
(3) 447 Main Menu>General Postproc>Plot Results>Contour Plot>Nodal Solu i, T [ Con-

Cancel | Help |
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tour Nodal Solution Data ] XF 1% HE, £ & “ Nodal Solution > DOF Solution > X-Component of

displacement” I, _DK |:F£%ﬂ, ANSYS Zn i OB K 7-43 s X a5
A EZREL

' NODAL SOLITION » AN%YSE 3

oo [ ANSYS
¥ QN ~ R18.0]

s 1 OCT 30 2017 -

200 wzos | | Sl er 30 2017

PLOT NO. TIME=600
TEMP (AVG) o3 (BvE) PLOT NO. 1
=0

DMK =.005602 =

SMNV =531.763 DMX =.005602

SMX =753.537

SMY =-.00407
SMX =.003706

I SeeeeE— S
531.763 581.046 630.329 679.612 728.895

I —SSSSSS ]
Tnemal Stresses o1 eobtiens incrie elding S 70a.25 759557 | | orpa streses o ctions iciiing elaiey s % e
& 7-42  HEG A EHL R & 7-43 X 7 (iR A S E LR K

(4) 4T Main Menu>General Postproc>Plot Results>Contour Plot>Nodal Solu e, THH [ Con-
tour Nodal Solution Data ] XF 1% #HE, £ % “ Nodal Solution > DOF Solution > Y-Component of
displacement” £, %ﬁﬁ*ﬁ%ﬂ , ANSYS B R H R &l 7-44 i Y 7% Y
AL A

(5) AT Main Menu>General Postproc>Plot Results>Contour Plot>Nodal Solu i, T [ Con-
tour Nodal Solution Data] X} if #E, 3E # “ Nodal Solution > DOF Solution > Z-Component of

displacement” LI, #iitTQDK F4L, ANSYS Rt /R W 7-45 Fraa i) Z J5 mi B
IR R FE AL

1 1 ANSYS
NCDAL SOLUTTICH AN%Y& NCDAL SOLUTIQN R18.0
STEP=1 OCT 30 2017 STEP=1 ‘ CCT 30 2017
SUB =30 10:30:44 SUB =30 10:31:48
TIME~600 NO. 1 TIME=600 PLOT NO.

oy (AvVG) o (AVG)

DMX =.005602 DMK =.005602

SMN =-.001891 SMY =-.004648

SMK =.002443
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FF7R
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MR R, AR AR s e
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B, RS JE K [ 851 1 oK i DX 3 X 2 4358 4 s3se
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o 5@

Fluent #01F, IS ABRE, K& MBI, m790 Suesmkismn s mse ()
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T G o T A R 2, O B AR BA I “air” , AMEEICE

(2) RN, B B Models #%41, # [ Model] Mitk, 78 [ Model] Az
i “Viscous-Laminar” EIT, 1 ANE 7-71 i 8 # [ Viscous Model ] XFIEHE, MRIKEHE “k-
epsilon (2 epn)” “RNG", Hl RNG k-s %), k[ O0K |14,

(3) HFFM, PR BAR R E L S 2 b i &AM, TR
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fifrh, BB “Number of Time Steps” SCAMEN 200, #iik| Caleulate fizfll, FFUAIIH, JHH5ELE
jEri oK LR

(4) BEFEIRMOVAEE R, AT File>Read>Data fir 4>, #H [ Select File] XFiEHE, v+
“fluent-1-00200. dat™ 3C1F, i [ OK__ |#e 4 A, Wili © Graphics % #, # )5 W i
3 Vectors 154, Bl [ Vectors] XHEHE, ool 57 [Hebl et T AT 10, S8 /5 ol Save/Display 1%
B, SO A M A R A 772 R

Model lodel Constants vector-1

O Inviscid Cma Velocity Magnitude
815":1 T (0 oot 0.0
palart-Allnaras (1 equ) \—_ -

@® keepsilon (2 aqn) LSy 23k 2.126+00
O k-onegs @ ean) 2.01e+00
O Transi k-kl-omega (3 eqn) c2-Epsilon 1.91e+00
O Transition SST (4 ean) 168
O Reynolds Stress (5 ean) 18000
O Sedle-Adaptive Simulstion (SAS) 1.70e+00
O Detached Eddy Simulation (DES) 1.60e+00
K-epsilon Model 1.49e+00
O Standard
o 1.39+00
O Realizable 1.28e+00
RNG Opti ons 1182+00
[ DiEfarential Viscosity Model 1.076+00 z
Noar-#all Treatnent 968201
@ Standard $all Functions 8.64¢-01
O Sealab = g
O Yon-Equilibrium ¥all Funotions 75901
O Exhanced ¥all Treatment 6.55-01
O Menter-Leckner : 5.508-01
O Vser-Defined Wall Funotions 4466-01

Femvss e e s 3.41e-01

User-Defined Funotions 2.37e-01
Turbulent Viscosity 1.326-01
= = 2.756-02
ms
(s [ 106
Cancel | | Help ———
- i Op) V25 4% T 925 A2 ) 4% =

¥l 7-71 [ Viscous Model ] XfifHE B 7-72 SIREPRERENSRER ()

7.3 RHEIAESH

B Fr al i ANSYS A9l SZ BB | Ul ANSYS/Emag 8%, ANSYS/Multiphysics, ANSYS/Uni-
versity High 1= i BB AT L #E S 734 .
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(1) A kmbl. M sha

(2) AZkdw: BT,

(3) BLAEEN . WIRE,

(4) HEIHL: JFK,

(5) WERURFRGE . RE&HRST,

(6) BERE /R ELEa. B,

(7) SFESTRBEE . RS,

(8) HLMfAE. WEEIFRE,

ANSYS #3553 B A BRI A Z i #E3 1) Maxwell HRRALS 1, Sl ibRpr R w5 A
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1) WESREE . WM,
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3) Wb Wil

4) FFET . FEIESR

5) REHLiFE. S-Z4K.
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2) BRSNS,
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4. £A

ANSYS FFHREA TR ZSALN T .
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(MYP),
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(4) 3D R INT . S0 HT R R BOKR AMERE AT 7= LR G, LT BT i 1 05 1 b
ik,

(5) 3D IR T . AT RS B B - A Y, AR T HOCIL 7k, XA 5 ik
TR IEW 7737

(6) 3D BES#ES . 3 Bl AT AR AL B B R s O ™= AR O Bk 8, & T FROCI Y
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(7) 3D WAS#ES T FETAAL, HRBIE,
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FLAR U ) [ P T DR RE R A RERR ARG TE &, HR A Tk B e 2R AR BT IR I e 4
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A ZHA AR BRI, S B E A ) AR AR EAA IR R
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1) —4EHITC. CIRCU124,

2) T"H4YEBA5C. PLANE13, PLANES3 ., PLANEI21, PLANE67 . INFIN9 A INFIN110,

3) =4EBAST. SOURC36, SOLID96, SOLID97. INTER115, SOLID117, SOLID122. SOLIDI23. IN-
FIN47 ., SOLID62 F1 SOLID98 4%,

HE, JHEE LRI BT R W T T B R R B 25 AL, SRS L 1E 2 ANSYS # Bl
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5HAWAT FRIC SR, ANSYS M L4 37 53 B T 255 0V Y FRIR S | a7 IR AR 4y
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7.3.2 2D BRASHRLIH S H L4
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1. &L TARARA Fo AT 2

(1) $8ETAEC4 . PUUT Utility Menu>File>Change Jobname 774>, i} [ Change Jobname]
STEHE, FE “Enter new Name” SCASHEPHG A “ Emage_ 2D”, $‘ﬂiﬁ%ﬂo PEH [ New
log and error files? | EIENE/GIF “Yes” HELI,

(2) $8ZETA/EME, 44T Utility Menu>File>Change Title #i74>, 34 [ Change Title] XHHAE
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i A “2D Solenoid Actuator Static Analysis” , ﬁiiﬁj’f%ﬂo
(3) T8EWMBEHTIET . $hAT Main Menu>Preferences fir4~, #H WK 7-74 iR 89 [ Prefer-
ences for GUI Filtering] XiHHE, ¥ [ Magnetic-Nodal] & #EAHE, $ﬂ_‘7?§%ﬂo

(4) KM APRFT 5 1 Box . AT Utility
Menu > Plot Ctrls > Window Controls > Window
Options Ay 4, [ Window Options] Xt i
HE., 7E [Location of triad] " 741 FHE H 1L $&

“No Shown” &3, [ ok |#&4il.
2. B K R A MR
(1) EXHPILHAL: AT Main Menu>Pre-
processor>Element Type >Add/Edit/ Delete i 4>,
# [ Element Types | *F i #E, 2 i
Add... % #, # H [ Library of Element
Types] XTiGHE, @I 7-75 Fiax, 7 [ Library

TKEYW] Preferences for GUI Filtering

Individual discipline(s) to show in the GUI RN e e
I Stuctural

™ Thermal

I~ ANSYS Fluid

Electromaanetic:
[¥ Magnetic-Nodal
I~ Magnetic-Edge
I High Frequency

™ Electric
Note: If no individual disciplines are selected they will all show.
Discipline options
® h-Method
oK Cancel Help
€ 7-74 [ Preferences for GUI Filtering] XiHHE

of Element Types] 7c. FHIFEMEF 435I BEFE “ Magnetic Vector” Hl “Quad 8 node 233”7 I, M

fi ok |?£%ﬂo

Only electromagnetic element types are shown
Library of Element Types

Element type reference number

OK

Apply |

Quad 4 node 13

Quad 8 node 233
Brick 20node 236
Tet 10 node 237

Quad 8 node 233

Magnetic Vector

Cancel | Help |

&l 7-75

[ Library of Element Type] X}iiGHE

(2) WERIUHED ., ¥ [Element Types] XFUGHHEH AYoptions. . Iﬁf%ﬂ , B 7-76 BTN
i [ PLANE233 element type options] XIiHHE, 7E [ Elements Behavior] T4 ZRHEHBEHE “ Axi-
symmetric” &I, i ok |T’§%ﬂ o M clese FEAHL, SEAMUPICEAIAIIRE

(3) & XH 1 BB AR SAT Main
Menu > Preprocessor > Material Props > Material
Models 154>, #H [ Define Material Model Be-
havior] XFIEHE, Xl [ Material Models Availa-
ble] & #7 %1 & HE b 1Y Electromagnetics >
Relative Permeability > Constant” $E31, 3 H 1
& 7-77 Ft 78 1 [ Permeability for Material
Number 1] XF#GHE, 7E “MURX” SCAHE P

A1, i[Ok L.
(4) 5 S50 2 FiBBHAORFHE: 75 [ Define

Options for PLANE233, Element Type Ref. No. 1
Magnetic (A) ¥
Strong (matrix) %

Element dearee(s) of freedom K1

Electromaanetic coupling K2

Element behavior K3 <
Eddyv currents K5 Active >

Electromaanetic force output K7

Corner + midside ~
Maxwell v

Help |

Electromaanetic force calc K8

OK | Cancel |

%] 7-76 [ PLANE233 element type options] XJi%HE
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Material Model Behavior] XHiEHERY T 751 FLAHE H $01T Material >New Model --- iy 4>, 5 H 40 [&] 7-78
7~ ) [ Define Material ID) XF G HE, 7 “ Define Material ID” SCAHE g A “27, B

i’ﬁ%ﬂ , My [ Material Models Available] T Hr3] RMEF Y « Electromagnetics > Relative
Permeability>Constant” #E31, 3 [ Permeability for Material Number 2] XfiG#HE, 7 “MURX” 3C

AHERHA “1000”, Mok |#Hed,
A\ pemeapiyfor MatriNumber 1 X

Relative Permeability (Constant) for Material Number 1
T1
Temperatures
MURX
Define Material IDE

Add Tempera‘turelDelete Temperaturel Graphl oK | Cancel | Help |

0K I Cancel I Help I

& 7-77 [ Permeability for Material Number 1] XHiEHE [€17-78 [ Define Material ID] X G AE

(5) X563 P RHKEE . 7E [ Define Material Model Behavior] X% HE % T 437 51 A rp
4T Material >New Model---f54, # 1} [ Define Material ID] XFiGHE. 7F “Define Material ID” 3CA
e A <37, ddi[ ok |#Heél, Wi [ Material Models Available] FHISIZHES “Electro-
magnetics>Relative Permeability>Constant” &3, it [ Permeability for Material Number 3] X}
fiE, 76 “MURX” SCARHEHSRA <17, ddi[ ok |#Hell,

(6) XA 4 PR R HE . M [ Define Material Model Behavior] Wi HE T 4731 & HE vh $047
Material >New Model---fr4>, B [ Define Material Model Behavior] XJiHEHE, 7E “Define Material
ID” SCAMESRHA <47, #di[_ oK |4, Ml [ Material Models Available] 451 4
) “Electromagnetics>Relative Permeability>Constant” £, 5 [ Permeability for Material Number
4) RHEME, 78 “MURX” SCARE P A 20007, i[Ok |#e#ll. 76 [ Define Material
Model Behavior] XJEHE YT $751 FAE 1 AT Material >Exit 74>, 40/ 7-79 fiizs, 1B HIZWIEHE,

Material Edit Favorite Help

 Material Models Defined  Material Models Available

@ Naterial Model Number 1 :I @ Favorites :I
@ Naterial Model Number 2 @ Electromagnetics
@ Naterial Model Number 3 &8 Relative Permeability

Constant|
@ Orthotropic
@ BH Curve
Coercive Force
Relative Permittivity
Resistivity
@ Loss Tangent

Zflaterial Nodel Number 4

< l_>llI kil Llll

Kl 7-79 [ Define Material Model Behavior] Xfif#HE
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(7) Wi AZSH. AT Utility Menu>Parameters>Scalar Parameters fiy4>, 3 H 40 & 7-80 Frw iy
[ Scalar Parameters] Xf3EHE, 7E “Selection” CANEHH AT 17 S8, BA—1S5, B
7 Accept HRHIEUIN, WA FTA WS HUR B Close [#iHl. “N=650, 1=1.0, TA=0. 75,
TB=0.75, TC=0.50, TD=0.75, WC=1.0, HC=2.0, GAP=0.25, SPACE=0.25, WS=1.5,
HS=2.75, W=2.75, HB=3.5, H=4.5, ACOIL=WC * HC, DENS=N * I/ACOIL”, ¥ &,

OSSR 0. s

3. i}&‘ﬂa/faj_*ﬁﬁ Items
(1) AW 4 DNERIE . AT Main Menu> Preprocessor > s 2 A
Modeling>Create> Areas>Rectangle>By Dimensions 74>, 3 Ezp _=BD;5

=45
[ Create Rectangle by Dimensions] XJiGHE, W& 7-81 Frix, Hoa

| =1

A “X1=0, X2=w” K “Y1=0, Y2=TB", H& || -=m .
Apply ¥ #l; 1A 0, W” K& “B, HB”, M | .
Apply [He4l: B A “TA, TA+WS” & <0, H”, tif ||
Apply [#%41; %A “TA+SPACE, TA+SPACE+WC, TB+ ==

SPACE” } “TB+SPACE+HC”, [ ok |44, /&

B 7-80 [ Scalar Parameters] XJiGHE

B4 AN FIE I,
[RECTNG] Create Rectanale by Dimensions
X1.X2 X-coordinates |0 ||W I
Y1.Y2 Y-coordinates |0 ||TB| I
OK | Apply | Cancel | Help |
1 7-81 i AR

(2) TIPSR 5 8. $04T Utility Menu>Plot Ctrls>Numbering fi7 4>, 5 H 4018 7-82 Ff /R Y
[ Plot Numbering Controls] X{iEHE, ¥ [ Area numbers] 2 ZEHE, %fﬁ?ﬁ%ﬂo

(3) WoRI: $AT Utility Menu>Plot>Areas #ir4>, A I 145 R 01K 7-83 s
ALl SR T

[/PNUM] Plot Numbering Controls
KP  Kevpoint numbers

ANSYS|
R180)

COCT 30 2017
15:04:17
No. 1

AREA NUM

LINE Line numbers
AREA Area numbers

VOLU Volume numbers

NODE Node numbers

Elem / Attrib numbering INo numbering %
TABN Table Names I~ off
SVAL Numeric contour values I~ off
I/NUMI Numberina shown with [cotors & numbers  +]
I/REPLOTI Replot upon OK/Applv? [Repot 7]
ok | Apply | Cancel | Help |

2D Solenoid Actuator Static Analysis

[€] 7-82 [ Plot Numbering Controls] X ifHE

[ 7-83 A R T AR 45 SR
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(4) HESEE. 47 Main Menu>Preprocessor >Modeling > Operate >Booleans > Overlap > Areas
i, B —NMRBE, i pick a11 4R, WE BRI MR RATR A 7-84 PR

(5) 1RFEEHE. B [ ANSYS Toolbar) — ANSYS
i SAVE_DB $2:411 R et

(6) A= P AR IE M. A 4T Main
Menu>Preprocessor>Modeling>Create> Areas>

Rectangle > By Dimensions i 4, 5

[ Create Rectangle by Dimensions] Xt 1 #E
BIA “0, W” K& “0, HB+GAP”, #f;

Apply % #Hl; f A “0, W7 K “0,
H”, fif ok L, AR AN ET AR

}l:/; E ’ ﬁn Iz] 7-85 FJ—I"R © 2D Solenoid Actuator Static Analysis
(7) WA ARAE: AT Main Menu > Vel 7-84 T T A BRI 1Y G
Preprocessor > Modeling > Operate > Booleans >

Overlap>Areas f7 2>, I —AAHHE, iy Pick BRI 42241, VR BB HAE G A4 Bligh 1 an i
7-86 17N .

AREAS AN L AN§1Y3§)

AREA UM bmlé‘gg?%g PREA N o2
6:30:25 15:14:44

al0 *n A3
R
g A7 A
2D Solenoid Actuator Static Analysis 2D solenoid Actuator Static Analysis
K 7-85 AR AN PR TE i P 7-86 kil HEEARAE S AR S

(8) JE4im %S . $H4T Main Menu>Preprocessor>Numbering Ctrls>Compress Numbers s,
AN 7-87 Fias i) [ Compress Numbers] XFiGHE, 7£ [Item to be compressed] T 751 FHE H 14 1k

oAl s, k[ ok s,

INUMCMP] Compress Numbers
Label Iltem to be compressed All -

oK | Apply | Cancel I Help |

[¥] 7-87 [ Compress Numbers] XJHEHE

(9) TEHr . PUUT Utility Menu>Plot>Replot fiv4, K464 5 5 WA LS R an & 7-88 Bk,
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(10) PRAF JL AT BB 2] SCfF. $hAT

] ANSYS
N BREAS R18.0

Utility Menu > File > Save as iy &, #f 1 | seswo g
NO. 1

[Save as] XFiEHE, £ [ Save Database To)
FHIFNFHE A SCHE4 “ Emage_ 2D _
geom. Db”, Hif: oK |;J’£%Ho

(11) BRAFEHE . fdi [ ANSYS Tool-
bar] HUiY SAVE_DB %4

4 EAAR AR

(1) W 1 F7 . HAT Main Menu>
Preprocessor > Meshing > Mesh Attributes >
Picked Areas iy 4, ¥ — 4R HUHE, 4
WS N A2 WO, Ml ok |4,
L A&l 7-89 T RiY) [ Area Attributes] XFEHE, 7E [ Material number] TFHIFRAEHHEEE “37,
Mk Apply HREH, AU SN AL, A12 FI AI3 B9 TE, 2 ok |ﬁ?%ﬂo 1£ [ Material
number] THIFIFRMEF LS “4” ) B Apply FHl, FEGS R A3, A4, A5, AT Fl A8 1)
m, i ok |5F£%ﬂo 16 [Material number] FHIFIRMEHBESE “27, Hdf; oK |5F§%ﬂ, 5¢
AR R BOE

(2) #HMRUEYE B RTE . $44T Utility Menu>Plot Ctrls>Numbering #54>, i H 41 & 7-90 F 75 Y
[ Plot Numbering Controls ] XFiGHE, 7E [ Elem/ Attrib numbering] T HLH R AE L £ “ Material

numbers” I, M Ok WiHl, HbORE MR H RIS RN 7-91 R
T

2D solenoid Actuator static Analysis

& 7-88 4GS I B A i Es

& 7-89 [ Area Attributes] XTiHAE

(3) 17 80E . Bdh [ ANSYS Toolbar) Ay SAVE_DB F44H .
(4) BEBEFIABER, PUAT Utility Menu>Select>Everything 74>,
(5) T EBRERIIE R 05 . 04T Main Menu>Peprocessor>Meshing>Size Cntrls> Smart Size

[AATT] Assian Attributes to Picked Areas "\
MAT Material number - A
REAL Rl constont sk manfor l—_lNone defined = [/PNUM] Plot Numbering Controls
KP  Keypoint numbers [C off
TYPE Element tvpe number 1 PLANE233 v
ESYS Element coordinate svs 0 - Iz oermice Lot
SECT Element section None defined v SRR T ¥ On
VOLU Volume numbers [ off
NODE Node numbers [~ off
Elem / Attrib numberina Material numbers =
TABN Table Names [~ Off
SVAL Numeric contour values [~ off
[/NUM] Numberina shown with Colors & numbers -
[/REPLOTI Replot upon OK/Apply? Replot v
ol | Apply Cancel | Help |
OK | Apply | Cancel | Help |

¥ 7-90 [ Plot Numbering Controls] X ifH#E
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>Basic Ay, M UIE 7-92 iRl [ Basic SmartSize Settings] X iEHE, 7E [ Size Level] TFHi%)#
fEvhksE <47, M ok [Hedl.

Alllls AN
MAT NUM NOV 14 2013
16:30:25
NO. 1
[SMRTSIZE] Smartsizina
10 (coarse) ... 1 (fine)
LVL Size Level -
oK Apply | Cancel | Help |
2D Solenoid Actustor Static Analysis
K 7-91  $A4BHE P s T Y 45 S ¥ 7-92 [ Basic SmartSize Settings] X iHHE

(6) FReALRN S MAE . AT Main Menu>Preprocessor>Meshing>Mesh > Areas > Free A, W
—NAEHE, Hh Pick R1L HRHL, A RO BRIT AR aniEl 7-93 s,

(7) PRAFMIREEHE . $HAT Utility Menu> - ANSYS
File>Save as 2>, #iH [Save as] XFiHHE, s mé?zﬁ?gu
f£ [ Save Database To] I8 FAHE H i A SC o
I 4« Emage _ 2D _ mesh 7, L HEEHEEEEE“&E

1

£
-]
[/

oK |T'§$ﬂo

(8) EHEHAMK LA Hoo: AT
Utility Menu > Select > Entities iy 4, 5 H
[ Select Entities] T HA%, 7E LT PIA T $7
BIRHEP B LS “Elements”™ F1 “By At-
tributes” £, BEH “ Material Num” 51,
fE “Min, Max, Inc” SUAHEH# A “47,
i ok,

(9) ¥rik oA K — 4. 14T Utility Menu>Select >Comp/ Assembly >Create Component
4, S ANE 7-94 FT/RAY [ Create Component] XFiHHE, 7E “ Component name” SCASHE i A

“arm” | TE [ Component is made of] THiFFRHMEFESE “Elements” BEIT, Hir  OK H’ﬁ%ﬂo

Jof o of of of of of of o T 5

e -/ -
[/

2D Solenoid Actuator Static Analysis

K793 AR FRIC RIS

[CMI Create Component

Cname Component name |arm |
Entitv Component is made of -
oK | Apply | Cancel | Help |

€] 7-94 [ Create Component] XIiGHE

5. oA
(1) A EAKGE N 414 /AT Main Menu>Solution >Define Loads> Apply >Magnetic >Flag>
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Comp. Force/Torque #ir4>, #HUNE 7-95 i~ [ Apply Magnetic Force Boundary Conditions] X7
fE, PEHRALMES “am”, Hidi oK [

(2) B H A 5 AR, AT Udlit
Menu>Select>Everything 74>,

(3) CREASE Y PR T e BROR T B A

\ Apply Magnetic Force Boundary Conditions ‘

[FMAGBC] Magnetic Force BC's

Cnam1-9 Component name(s)

AT Main Menu > Preprocessor >Modeling >
Operate>Scale > Areas 17 %>, 5 — 45
WHE, By Pick B11 4R A, 5RO WA
7-96 1 78 H) [ Scale Areas] X if fE, 7F
“Scale A HE AR IR B A
“0.01, 0.01, 1”7, 7£ [ Existing Areas
will be] FHRIFIFMERIERE “Moved” HEWI, Mk ok [,

[ARSCALE] Scale Areas
IE |

(specify up to 9)

OK | Apply | Cancel | Help I

factors ” .
actors ¥ 7-95 [ Apply Magnetic Force Boundary Conditions] XJ{%HE

RXRY.RZ Scale factors - [0.001 |[0.001

[ ]

Areas and mesh

oves K3

- in the active coordinate system
KINC Kevpoint increment

NOELEM Items to be scaled
IMOVE Existing areas will be

-

oK | Apply | Cancel | Help

K 7-96 [ Scale Areas] XFiHHE

(4) EHELE LA $IC: T Utility Menu>Select>Entities 74>, 3 [ Select Entities ]
THF:, 7 LI P NP5 R AE 73 £ “ Element” F1 “ By Attributes” 31, 3%
“Material Num” #59, 7E “Min, Max, Inc” SCAHEFFSA “37, Hidi ok [Hefl,

(5) FERTHE NI 1 ite fin 2k Bl A FL R . AT Main Menu>Solution>Define Loads>Apply >Mag-
netic>Excitation>Curr Density>On Elements 7%, #HH— N 45HHE, MLy pick 211 4240, Ffihan (&l
7-97 Ft7R#9 [ Apply JS on Elems] XFiEHE, 7£ “Curr density value (JSZ)” SCAHEF#IA “DENS/
(0.01* %2)”, BA{d oK H’ﬁ’éﬂo

[BFEl Apply Uniform Current Density (JS) on Elements

]

Cancel |

VAL3  Curr density value (JSZ)

VAL4 Phase angle (dearees)

OK | Apply | Help |

’7-97 [ Apply JS on Elems] XfifHE

(6) EPERTA L. AT Utility Menu>Select>Everything e,
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(7) BEBRAMEAY . AT Utility Menu>Select>Entities #74>, 3 [ Select Entities] T EF%,
TEf BT AP R RN RHE P 7 5k BE “Nodes” Fl “Exterior” &I, Aty  selean %4,

B oK |ﬁz%ﬂo

(8) Mahnm; 44744 $14T Main Menu>Solution>Define Loads>Apply>Magnetic>Boundary >
Vector porten>Flux Par’ 1>0n Nodes, #H—AHUE, Hd; pick 211 4341
(9) WEFETA S, AT Utility Menu>Select>Everything #74>
(10) 3Rf#iz5E. 44T Main Menu>Solution > Solve > Electromagnet > Static Analysis > Opt&Solv iy
A waN[E 7-98 FT7RE [ Magnetostatics Options and Solution] [4EHE, i oK |¢§’~éﬂ, I
MRz, HEIHIL [ Solution is done)] XHEHE, FRRMELEH,
AvsgessaicsOptorsandSosion

[MAGSOLV] Maanetostatics Options and Solution

Option Formulation option -

NRAMP No. Ramp substeps -

- (Used only for nonlinear run, issue "-1" to ianore substeps)
CNVTOL CSG Convergence Tol.

NEQIT Max. equilibrium iter. 5

NOTE: Selecting OK will execute a solution

oK Cancel Help

IS

€l 7-98 [ Magnetostatics Options and Solution] XJiGHE

(11) PRAATHEZ5 R B S0 F . AAT Utility Menu > File >Save as iy 4, 3 — AN XFIGHE, 7E
[ Save Database To] 73 ZRHE iy A SCF 44 “Emage_ 2D_ RESU”, $‘T_—E‘E%ﬂo
6. HITH%

(1) BEWITL . AT Main Menu>General Postproc >Plot Results >Contour Plot>2D Flux
lines x4, #HANE 7-99 iR [ Plot 2D Fulx Lines] X{&HE, 7 “Number of contour lines” 3C

AHEFA <97, MoK |44, HE L4 Al 7-100 R

ANSYS Release 18.0
Build 18.0
OCT 30 2017
15:44:31
FLOT 1O,
/ / NCDAL SOLUTICN
STEP=1
SUB =1
TIME-1
A o
RSYS=0
SMK =.220E-05
[PLF2D1 Plot 2D Flux Lines v =1
§ DIST=. 002475
NCONT Number of contour lines |:| XF =.001375
YF =100225
A =.1228-06
OLAY Edae outlines are based on Material number - ]
D =.857E-06
ANUM Hiahest mat'l or real num 10 B uE
T § e
- H = i~
WIN  Window number Window 1 - T =.208F-05

OK Apply Cancel | Help | \\_,/
\—//
2D solenoid Actuator Static Analysis
& 7-99  [Plot 2D Fulx Lines] XHEHE & 7-100 & JI£R W 50 AR

(2) BT S 4T Main Menu>General Postproc>Elec&Mag Cale>Component Based>
Force fir4, #H A 7-101 Fi7nfY [ Summarize Magnetic Forces] X 3EHE, 7E [ Component name]



242 AFRTA R L ANSYSIS. 0 5 A

ARG RHE PR “am” %fﬁ?ﬁ%ﬂ, HE A 7-102 iR [ fmagsum. out ]
W, HPSI TR RN, Bl E AT File>Close T4,

File

.
N\ Summarize Magnetic Forces

[FMAGSUM] Summarize Forces

Cnam1-9 Component namef(s)

(specify up to 9)

Apply |

Units of Force:
Component
ARM

SUMMARY OF FORCES BY UIRTUAL WORK

Load Step Number: 1.
Substep Number:
Time:

+@1
<N

Force-¥Y

. BO0BRE+00

8.100

Units of Force:
Component
ARM

SUMMARY OF FORCES BY MAXWELL STRESS TENSOR
<CND>

Force-Y

B.44435E-14

Cancel Help

& 7-101

(3) K& W% E, T Main Menu > General Postproc > Plot Results > Vector

[ Summarize Magnetic Forces] XJiEAHE

Element Item Name

section (an axisymmetric model).

Tensor methods.

Method
Uirtual Work Y
Maxwell Stress ¥

Direction
FUu_Y
FME_Y

Note: Maxwell forces are in the Global Cartesian coordinate system.
Uirtual work forces are in the element ESYS coordinate system.

The forces correspond to a full 368 degree revolution of the cross

The following element table items are available for printing and
plotting of the forces obtained by Uirtual Work and the Maxwell Stress

Bl 7-102 [ fmagsum. out] %

Plot >

Predefined 74>, SHHUNE 7-103 Fr/s i) [ Vector Plot of Predefined Vectors] XfifHE, 7E [ Vector

item to be plotted] 72 . A FHE PP« Flux&gradient” Fl “Mag flux dens B” I,

[ oK |, R GRS 7-104 PR
[ o ]

[PLVECT] Vector Plot of Predefined Vectors
Item Vector item to be plotted

DOF solution Mag flux dens B

Flux & gradient Mag field H
Energy Elec flux dens D
Nodal force data Elec field EF
Current Density

Mag flux dens B

Mode Vector or raster display

Loc Vector location for results

@® Vector Mode
" Raster Mode

@® Elem Centroid

Likis)

VRATIO Scale factor multiplier

KEY  Vector scalina will be

 Elem Nodes
Edae Element edaes I Hidden
[/VSCALE] Scalina of Vector Arrows
WN Window Number Window 1 -

1

Magnitude based ~

OPTION Vector plot based on

Apply |

Undeformed Mesh v

Cancel | Help |

[ 7-103 [ Vector Plot of Predefined Vectors] XJiiGHE

1 ANSYS
VECTCR R18.0:
STEP=1 COCT 30 2017
SUB =1 16:01:07
TIME~1 PLOT NO. 1
B
ELFEM=233
MIN=.007051
MAX=8.82021

(007051 oo o 1.96553 ) oo 3.92001 ) oo 586209 o 184097 o o
2D Solenoid Actuator Static Analysis
% 025 B3R =R
P 7-104  RGIAL 6 L FO) O s 4 2R

(4) BT SRR . P47 Main Menu>General Postproc>Plot Results>Contour Plot>Nodal
Solu fp%, M 7-105 BT 78 B9 [ Contour Nodal Solution Data] XTiIGHE, 7E [ Item to be con-
toured] FFAHEFKIKIESE “Nodal Solution>Magnetic Flux Density>Magnetic flux density vector sum”

PO, Bl OK EHL, NS AV EE I S L I 7-106 BT
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@) wom

/PREP7

~ Item to be contoured

Favorites

@ Nodal Solution
DOF Solution
Electric Field
Electric Flux Density
Nagnetic Field Intensity
& Nagnetic Flux Density

@ ¥-Component of magnetic flux density
@ Y-Component of magnetic flux density

Nagnetic Force

@ Z-Component of magnetic flux density

/TITLE, 2D Solenoid Actuator Static Analysis

ET, 1,PLANES3
KEYOPT, 1,3,1
MP, MURX, 1,1
MP, MURX,2,1000
MP, MURX,3,1
MP, MURX,4,2000

El
= ]
[ Undisplaced shape key
Undisplaced shape key |Defnrmecl shape only j
Scale Factor |Autn Calculated ﬂlﬂ
Additional Options @I
ok | ey | cancel | Hep |
[€l 7-105 [ Contour Nodal Solution Data] XiEHE
1 ANSYS
NCDAL SOLUTICN R18.0
STEP=1 OCT 30 2017
SUB =1 16:04:41
T . PLOT NO. 1
BsUM (AVG)
=0
SMN =.572E-03
SMX =10.522
— TT— — |
SSUE03) o0 233866 o o0 ABTETS | T0L4B (o0 935200 )
2D Sclenoid Actuator Static Analysis
B 925 3% 4
Bl 7-106 15 s i 08 L O A (H R
x= .01
n=650
i=1.0
ta= .75 % x
th= .75 %x
te= .5 *x
td= .75 % x
we=1 #x
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he=2 *x ALLSEL, ALL

gap= .25 *x SMRTSIZE, 4

space= .25 ®x AMESH, ALL
ws=wc+2 * space ESEL, S,MAT, ,4
hs=hc+. 75 * x CM, ARM,ELEM
w=tatws+tc FM 0AGBC, “arm’
hb=tb+hs ALLSEL, ALL
h=hb+gap+td FINISH

acoil =wc * he /SOLU

jdens=n * i/acoil ESEL, S,MAT,,3
/PNUM, AREA, 1 BFE, ALL,JS, 1,,,jdens
RECTNG, 0,w,0,tb ESEL, ALL

RECTNG, O,w, tb,hb NSEL, EXT
RECTNG, ta, tatws,0,h D, ALL,AZ,0
RECTNG, ta+space,ta+ spacetwc,tb+space,th+ space+hc ALLSEL, ALL
AOVLAP, ALL MAGSOLV

RECTNG, 0,w,0,hb+gap SAVE

RECTNG, 0,w,0,h FINISH

AOVLAP, ALL /POST1

NUMCMP, AREA PLF2D

ASEL, S,AREA, ,2 FMAGSUM

AATT, 3,1,1,0 PLVECT,B,,,,VECT, ELEM,ON
ASEL, S,AREA,,1 /GRAPHICS, POWER
ASEL, A,AREA,, 12,13 AVRES, 2

AATT, 4,1,1 PLNSOL, B,SUM
ASEL, S,AREA,,3,5 ESEL, S,MAT, ,3
ASEL, A,AREA,,7,8 SRCS, n,,,1

AATT, 2,1,1,0 FINISH

/PNUM, MAT, 1

APLOT

7.4 DesignXplorer #fif

1. DesignXplorer /)~%3

ANSYS DesignXplorer s& ANSYS Ff4 () — SIS B, e 5501 44 RL 235 149 3 At A 25 R 1 B Oy
Hr e s ] AR i B AL R N P45 5 . ANSYS DesignXplorer TR RIS

(1) BB, ALY W F AL AE TFFL AN R B34, i A A SO R 5ot
SCRTTAMF AR, AL AL AUINGR S 1700, FE RS HUR T, & e/ ZE A d A
E T E B B 28, R, X TIRfLt, B et e s s ALY e i

R BSBAAR b AT,

(2) PPRMRRIE, RARESH AT P A0SR R BORHE R, TAAA ORI B i S RS
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(3) SCWHEBITSE, 55250 SHELLIS] Y528, it B0 MASS21 (i i f A
BAJC COMBIN14 [ RI B2

(4) FARE S i IR AL

(5) JUTZ%k, B %58 i ANSYS MeshMorpher 57 A] 28 S50 R 1] )5 5 XA p g 2
B,

(6) BHERLT,

(7)) F IOV T T A

ANSYS DesignXplorer 75 21| (1) 2% 5 75 2276 B0l (1) J5 40 BN, 2 P Solution Viewer A F . 7E
ANSYS 5T A Solution Viewer, $8J5 #E 77 A BB E, T LIEAT 1 2 5T A% A 0K fh 5 B
Solution Viewer #2141 T HHA TG FIILAL .

(1) itk (Design Curves),

(2) #IFM (Design Handbook) .

(3) #JEE (Histograms) ,

(4) WAL (Response Surface) .

(5) #ITHHE (Design Sweeps) .

(6) 1®ZHT (Tolerance Analyses) .,

(7) ATt (Optimization) .

(8) ZF{HZIE (Contour Plots)

2. DesignXplorer # & KR4

TE ANSYS 1| fdi ] DesignXplorer BY3EARAET 0135

(1) BEATTONL S o34 o TS o0 B i e O 38 ANSYS B i /2, 2 20 i S a5 4 o0 M
TSR, SRS EARBRIMCHNE,

(2) ATV, BT s LU L PR

1) JEA VT ZbHEZS

2) VRS SC

3) BCEIEAEEL

4) IR,

5) & EHREREUEREE

6) BERMITE,

7) I VT SR AR

8) i Solution Viewer & 3 M 45 3R .

9) ¥ Solution Viewer #EATHEALEHRAE

3. DesignXplorer 9 & Z 75 &,

£~ ANSYS DesignXplorer f2#A — D HH R A XFIEHE . X LA 7] LLFE DesignXplorer VT 4L
SRR B S BT S FAH B 9 ANSYS DesignXplorer 74>, 136 7-4 Fi7R

% 7-4 ANSYS DesignXplorer f5 &

[ DesignXplorer ¥T Frequency VTFREQ
B =

Frequency Temperature Load VTTEMP
Temperature Load
:::Efl::tr:::rty Material Property VTMP
Section Property
Discrete Yariable Real Constant VTREAL
Result Quantity
Modity Section Property VTSEC




246 A TRTIA L ANSYSIS. 0 5 /A

(%%)
) Discrete Variable VTDISC
[ DesignXplorer ¥T
25
Frequency Body Load VTIN
Temperature Load
Material Property
Real Constant Surface Load VTSFE
Section Property
Discrete Yariable Result Quantity VTRSLT
Result Quantity
Modify
Modify VTVMOD
E DesignXplorer ¥T Results File VTRFIL
Setup
Sh5olution :
Results File Solution Method VIMETH
Solution Method
Solve Solve SOLVE
El DesignXplorer ¥T
Setup
Solution SolutionViewer VTPOST
[=RPostprocessing
SolutionYiewer
= DesignXplorer ¥T Status VISTAT
Setup
Solution
Postprocessing
SJ0ther]
Status e .
Clear Database Clear Database VTCLR
4. DesignXplorer ¥ #6920 % A 24
TE ANSYS18. 0 1, DesignXplorer 32455 () BTG AY K Rp PR AN 7-5 FoR
R75 ZHEHMEBTEBRSMHE
BT KR PR TEHE | B SR
EX,EY, EZ, NUXY, NUYZ, NUXZ, GXY, GYZ, GXZ, ALPX, ALPY
LINK1 , Y, 2, , s s , , , , , X MA F
NK180 ALPZ ,DENS SS,RF,U
EX,EY, EZ, NUXY, NUYZ, NUXZ, GXY, GYZ, GXZ, ALPX, ALPY,
SHELLI181 ALPZ.DENS TK X MASS,S,RF,U
EX,EY, EZ, NUXY, NUYZ, NUXZ, GXY, GYZ, GXZ, ALPX, ALPY,
PLANE182 ALPZ.DENS X MASS,S,RF,U
EX,EY, EZ, NUXY, NUYZ, NUXZ, GXY, GYZ, GXZ, ALPX, ALPY,
PLANE183 ALPZ.DENS X MASS,S,RF,U
EX,EY, EZ, NUXY, NUYZ, NUXZ, GXY, GYZ, GXZ, ALPX, ALPY, )
SOLID185 ALPZ.DENS X MASS,S,RF,U
3 EX,EY, EZ, NUXY, NUYZ, NUXZ, GXY, GYZ, GXZ, ALPX, ALPY, e
SOLID186 ALPZ.DENS X MASS,S,RF,U
EX,EY, EZ, NUXY, NUYZ, NUXZ, GXY, GYZ, GXZ, ALPX, ALPY,
SOLID187 ALPZ.DENS X MASS,S,RF,U
EX,EY,EZ,PRXY,PRYZ,PRXZ (or NUXY,NUYZ,NUXZ) ALPX,
SOLID272 | ALPY,ALPZ (or CTEX,CTEY,CTEZor THSX,THSY,THSZ) ,DENS, X MASS,S,RF,U

GXY,GYZ,GXZ,BETD
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(%%)
MG O P SCERC | B A B
EX,EY,EZ,PRXY,PRYZ,PRXZ (or NUXY,NUYZ, NUXZ) ALPX,
SOLID273 | ALPY,ALPZ (or CTEX,CTEY ,CTEZ or THSX, THSY , THSZ) , DENS, X MASS,S,RF,U
GXY,GYZ,GXZ,BETD
EX,EY ,EZ,PRXY,PRYZ,PRXZ (or NUXY,NUYZ, NUXZ) ALPX,
SOLID285 | ALPY,ALPZ (or CTEX,CTEY ,CTEZ or THSX , THSY ,THSZ) , DENS, X MASS,S,RF, U
GXY,GYZ,GXZ,BETD
EX,EY, EZ, NUXY, NUYZ, NUXZ, GXY, GYZ, GXZ, ALPX, ALPY, B
BEAMISS | oS X MASS,RF, U
BEAMIgo | EXSEY. EZ NUXY, NUYZ, NUXZ, GXY, GYZ, GXZ, ALPX, ALPY, N VASS RF. U
ALPZ ,DENS S
COMBIN14 STIFF | X RF,U
MASS21 MASS X MASS,RF, U
SOLID70 | KXX,KYY,KZZ TEMP, TG, TF
SOLID87 | KXX,KYY,KZZ TEMP, TG, TF
SOLID9O | KXX,KYY,KZZ TEMP TG, TF
HFILM,
SURFI51 HFLUX, None
TBULK
HFILM,
SURF152 HFLUX, None
TBULK
SURF153 PRES None
SURF154 PRES None
SURF156 PRES None
EX,EY,EZ,PRXY,PRYZ,PRXZ (or NUXY,NUYZ,NUXZ) , ALPX,
REINF264 | ALPY,ALPZ (or CTEX,CTEY ,CTEZ or THSX , THSY , THSZ) ,DENS, X MASS,RF, U
GXY,GYZ,GXZ,BETD
EX,EY, EZ, NUXY, NUYZ, NUXZ, GXY, GYZ, GXZ, ALPX, ALPY, B
PIPE2SS | X MASS,RF, U
EX,EY, EZ, NUXY, NUYZ, NUXZ, GXY, GYZ, GXZ, ALPX, ALPY,
PIPE28) | 1 Ens X MASS,RF, U
EX,EY,EZ, ( PRXY, PRYZ, PRXZ, ALPX, ALPY, ALPZ ( or CTEX
ELBOW290 -EY,EZ, ( ’ ’ ’ ’ ’ Cor TR X MASS,S,RF,U

CTEY,CTEZ or THSX, THSY,THSZ) ,DENS,GXY,GYZ,GXZ

5. Design Xplorer 1% Jf B &% [R 4]

(1) —MRITARHZR DU LRI, Wit 2 v,
SCE AR

(2) XFTREZEIIHNT: AR IR E MRS, AT RIETIMY Mass ToIEESE

(3) VITEMP ANfef & T

MASS21,,

TEE L — A FIT I A RE[R] i 2

% oc & Pl . LINKISO, BEAMI188, BEAM189, COMBIN14 .

(4) FEHAAPIA A m IS FRRUE R A TR, TR R A RS,

(5) ANSYS DesignXplorer A3 HFIE 3845 ] SR IR RA LS4k (PR 5¢ HS)
TE ANSYS JF & #Ft5 | 1 DesignXplorer FHF7

oAt B, @R ANSYSWorkbench #H W B AR B

Wi ag R BRYE B AT

BRI, X T2 ARG
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7.5 IREING

ANSYS P Hr sl A R ST I | BEASAL IR, IR AT S B BT A KR Y 40 B, Horh ik
FHFHAHIAE 14 Ff, ANSYS B AIHT 5 BRSO BT 10 FE A BR 45 0 a4 e Jon 28K g 31530 A0
Ja bR 3 AN ER ) H X GBS 2k far B () AR AL, SRR [ AR LA AT,
NGy R TR f £k o A 25, #kfmr - ) i 2 A 9 4 5 o — A3l 2

ANSYS FLOTRAN W $7 2RI AFal et | ARl w] He i | A9 3k sl Al 2 i i
MBS, LTI AM B HE R, MR FLOTRAN 20 25 BRI R . (O#EBE, A5
FE ] Y X8, B AR RS . AR A R T A% @SR fR, BLEEE N B AR, R
FLOTRAN 73 T 2%, K, O ai R, A SCHEA 25 5 X (Jobname. xfl ) | FT B S
(Jobname. pfl) . BE[H SCH (Jobname. rsw) . 5822304 (Jobname. rdf) . iR 3 (Jobname. dbg) .
LEREAN XA (Jobname. tfo) M H 78I (Jobname. cfd) 4,

ANSYS WA Dhae nl H T g I L i A% 3 . v o0 A R B o A . 5 HA AT BR OT
SIHTARZEARL, ANSYS B HLRE Y 73 B 32 AL TE G W SRR | S B R RN R 43 DA O T R
TR ey (kg ) o KA, VIR AP AR IR SR 5 N EELIER,

7.6 BEH5%T]

1. A

(1) APy B2 oA L

(2) FREISITSBES R RRA X G497
(3) ANSYS i) FLOTRAN CFD Z#7 Uy RE A MRk 7
(4) FLOTRAN 43H7 H ™ Az 1) SO A B 2

(5) fAi4 FLOTRAN 437 o A4 4 B = 0,

(6) HLAY FLOTRAN Zr#7 120 384 W k9

(7) 43 ANSYS HL #7025 SR LA K DR i ) i A
(8) fraihfbizit?

(9) MALBETT it 2 5 AL A W e -
2. HEAEM
(1) 1% MUK, K 7-107 Fior , HHEIEMi&TE il b H =
AR BT E P 3RS s, FLUID141 —ZE IR g=9.81m/s?
SERWEEh, IR U M R G A £ SR N R A ], A A ¢
BERE RIS | R M1 388 L5

AT IR A R B T R A A, i R AR AL TR R R
B, BRI Ra KON 1.01x10°, Ra B W F AR E X ik
BATL pe, Kl 7-107  JriERE

Ky
it':':' gﬂﬂiﬁﬂﬂiﬁ&‘?, ﬂ=1/T§ AT:TH()T_TC()LD; Lﬂq%LH’%ﬁ}E’ pﬂ{]%ﬂ‘g; C"ﬂqttmg; qu
?{%&EF%{; Mﬁ%&”‘i%ﬁo

a
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HAbA T 5. O ERR ST R 0. 03mx0. 03m; Q@ S MIHEEH 9. 81m/s*; @ T AESKM:.

& SUIRE R 193K, S % K S8 1.0135%10°Pa; @ Wilk. WFIE ik =<,

@#fir. W BBEH (V. =V =0), J7EMNARERAERFAE Ty = 320K, A7 BETE 4ERFTE Ty

=280K,

(2) Ao, — M5 IF bR AR A IR ST ] 7-108 s 0 ) FA ) B fiE fn
7-6 7N, BEEIEO IR BVERE AN 7-7 s, WA AR AE . PR HAGIEE O 2875°F, WO AR L
80°F ; WPBISNAFRYRT AN TR AEAR BN 0.014Bw/ (h « in® - F), 2SR H 80F , K
3 AN S SRR il B A

M (Steel)
L H(Model)
»(Sand)
\\
|
E
& |
g ~
=t
1 1 1 X HRF
4in | 14in 4in (Syliﬂj:y%ane)
[ 7-108  #5iE LI iR R
F7-6 BHERIHHIBMERE
H A 1
PR (KXX) Btw/(h - in - F) 0.025
%5 J& (DENS) 1b/in? 0.254
LR (C) Btu/(lb - °F) 0.28
R7-7 FHNEIHYIBMEEE
i H PR 0°F 2643 °F 2750°F 2875°F
FR P Btw/(h «in - °F) 1.44 1.54 1.22 1.22
et Btu/in? 0 128.1 163.8 174.2

P s B A A
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iR A SBENFHELRTE

TEA BRIAICIE rh 20 2 B 3E 22 O EATT R, SR T EN TR TEARHE S ] A SE )2 i A 6
b,

BRI ST AR T, RN R — R - | -
SR e Mt e, o, o, T, T, | rzx/_; S~
rokER, Kho, o, o NIER T 7, ———=1
T, TRV ST, RSN OE S L T ol T /L+@
B TH 19 2 7 1 5 4 b 0 T - %lég:ing_
B, AN L L 9 4 DAY A B E S .
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