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Special Project Title A Modeling of MEMS devices using

Finite Element Analysis

Name Mr. Kittiphong Amnuyswat
Department Applied Physics Faculty of Science
Program Applied Physics
Academic year 2006
Special Project Adviser Dr. Pitiporn Thanomngam
ABSTRACT

This special project is a 3 dimensional simulation of a structure in micrometer scale.
In this paper, an optical switch with 3 layers of silicon dioxide (Si0,), aluminum (Al) and silicon
nitride (Si,N,) was studied. The thermal was applied at one end of this structure and measured the
lifting at the other end. This simulation was done by finite element method with the computer
program ANSYS. The result is shown as graphs of the lifting displacement versus temperature
which show direct variation. The changing of slopes of these graphs are related to the lengths of
the optical switch structure. This simulation can be used for designing and comstructing the

optical switch.
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1. Preliminary Decisions L{‘Jummﬂﬁuhwﬁugmnamsammﬁamﬂw

3

1.1 Which analysis type?
1.2 What to model?

1.3 Which element type?

]
s

Preprocessing Usznoudaomdafis niludmiunsatrauuusians
2.1 Define element type and option

2.2 Define element real constant

2.3 Define material property

2.4 Create model geometry

2.5 Define mesh controls

2.6 Mesh the object created

1 ]
L

Solution Usznoudie MAN1dlunislatenulvvovivanaz Tvaa uaznis

. 4 ,
A1uee 19 142199 nodal solutions

3.1 Define loads and conditions

3.2 Solving to certain the solution

Postprocessing 15znaudioiid i g miunanmave imsims 1y
4.1 Read result data from result file

4.2 Plot result

4.3 Listresult
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1. Preliminary Decisions (fun1saaduladudugiunsusuimsinge
1.1 Which analysis type?
J - a Y Y Y-t o a o n’: 9 [T ] = o
AeuTuRIMTIns 1035 W ludednuaiu iezassdneuiilgmais ez iing
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YDUNA7

o L4 = 1 o
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1.2 What to model?
' =i a W 0 = o = 3 o ﬁ kY ° a o 9/
ﬂﬂuﬂﬂ3l5uﬂu1’nﬂ']53!ﬂ5']gﬂﬂigﬁ'l‘ﬂiﬂ"] U LT uﬂﬂﬂﬂ‘lﬂ’lﬁﬂlﬂﬁ’lgﬂiﬂﬁ&ﬁik‘l
= o = U oo - ' - ¥ 4 a ¢t o
Wﬂ$ﬂ1ﬂ1531ﬂ513W31Uﬁﬂ‘ﬂm3ﬁnu’]ﬂ5ﬂ581ﬂ ﬂ']'i‘ﬂIﬂ'ii'lﬁ'j’]\1““3?Lﬂ518ﬂﬂﬁﬂ'ﬂﬂ4$iﬂu
-
w 14

¥ ° =, r ] = A 9 LY
TUUIATURD ﬁ'lﬁ']ln'jﬂ“1ﬂ15'Jlﬂi']zﬂlﬂ“]:ﬂ]uﬂlﬁuﬂnﬂ'lﬂsuu i‘ﬂﬂﬁh‘f llﬂiﬂ'j\iﬂ'i'l\‘ﬁlﬂ\?

ilymnezyinmisiinnsdioiige

1.3 Which element type?
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2. Preprocessing 1sznovudruirdsnsududmsvmsadranusians
2.1 Define element type and option
a a ¢ - ' - Y, a o
Wumsseyrilavsasaumuduazmadendie feelFlunsSinsed TasTusunsy
[ It = o 1 -, 3 = 4 1 =
ANSYS ldiamSouefmud13unndi 150 viie PiRen1simseiilynideg msdensiia
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= o 9/ 9 ry ot a
VOUDDUNUAIEYNTEYAIU category name ATURAIYU number HAY aUA U ANSYS 931
-y = 9 9 9 a a 9 o o A o ¥ . -Jl ]
madenfioyy1aliud lvdeyamunAn1dlunsiingzd FaSen keyoptions Fansfmua

o = 4 1
yhaveweAUALaENufonA19 1den

Main menu: Preprocessor > Element Type > Add/Edit/Delete

i gt et e

FiLibrary of Element Type

Lbrary:af Element. Types Structural Mass ] |Quad 4rode 42
Link 4node 182
Beamn 8node 183

Pipe
Triangle 6node 2
| |Axi-har 4nade 25

Shell
Solid-shell

] i

Constraint

Element type reference number i ' 1
) . ‘
DK | Apply 1 Cancel | Help I

I Bnode 82

Y = a o '
31]'?] 36 m'sizumuﬂ‘uﬂqmamummzmatﬁﬂnmm

2.2 Define element real constants
ﬂ - oo o [ = o ] [ o A v [
§ umss:uﬂsnmmuwwmmummuum LLﬁhJ’V!ﬂLE)ﬂLiJUWV’IW?)Qﬂ'I‘iﬂ'I real
¥ .
constant 1A®A real constant WHAIWITOAIHUANIWAF

Main menu: Preprocessor > Real Constant > Add/Edit/Delete

s g -

Fi\Real Constant Set Number _r 2o : : Hf

Element Type Reference No, 1

Rea’ Canstant Set No. I 1

— i e s,

Real Censtant for Plane Stress with Thickness (KEYGPT{3}- 3}

Thickness THK | 20
i o
OK | Apply I Cancel | Help |

Y = 1o .a @ = «
UM 3.7 mssnplSnaidumzdmimedwud
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2.3 Define material properties

ﬁqﬂﬁLi‘]umiﬁ1ﬂuﬂfgmﬁuﬁ'ﬁmamummaﬁﬁﬂ unde1ary SnTuilgyni
Iﬂi&ﬁﬁy’lwmwﬁd A0 ININTAIMUAAL modulus of elasticity, Poisson’s ratio, AWHUIHY
yoadaa, Annuih i wazannueousuny éamsﬁmuﬂﬂmﬁnﬁ'ﬁmqmumwwﬁﬁﬂ
duamnsofmuadasid

Main menu: Preprocessor > Material Props > Material Models

x|
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JEX
|PRXY
i
Add Temperature [Delete Terps- tu-cl Graph
H ¥
(114 i Cancel l Help
i ’ L

510 3.8 msfmuaguavianinunmuneiag

2.4 Create model geometry
o 4 ' o ar ' .
Tumsafrawudae s vedsenauldredrudsznoudn duldun keypoint,
¥ oo - - v o w i a o 4
By, wuh uazliues TaodSueseeiivuddggeigalavlsinasifedusinnisiladouuss

1 4

u# Wuinaoin1sadovveo udu wasiduifinnin Keypoint 1At Keypoint veiivudsigy
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Main menu: Preprocessor > Modeling
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B preferences

E Preprocessor
Element Type
Reai Constants
HMaterial Props
Sections
E Modeling

B Create
e

B,
Lines
Areas
volumes
© Hodes
F Elements
O Contact Pair
Pipang Models
FH Cacuit
[ Racetrack Coil
Transduvcers
Operate i
Move / Modify ’
Copy
Reflect
[ Check Geom
Delete
Cychic Sector
] Genl plane sten
[ vpdate Geom
Meshing

319 3.9 msadauuudians

2.5 Define mesh controls

% a o u’: u’: 1 o a @
Hasnnfsiimsaelnssadaveallaywniug w@adq YuneudemfezSui

» [
msutialassrdreeendugauaziediuud Troaszuaunsiitonin Meshing Tasfisiamise

MHUANMANYUZVDINTS Meshing U ldun

- BIAUHIANUDATE Degree of freedom (DOF) TAuA Msnszdn, gungd, s
T o LY = P ] o kY

- g‘lJﬂwmmamuﬂ "lmmm:umau:u Masy Uaen Tetrahedral L‘ﬂuﬂu

- Dimentionary : 2D, 3D, line, shell

- Assumed displacement shape: Linear, Quadratic

4 . o - .y

Fusrmnsefmuanuanyuzveueimud 1lAnnfids

Main menu: Preprocessor > Meshing > Meshtool
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51 3.10 mIsmuaguENYUIZY03N1T Meshing

2.6 Mesh the object created
W = %o o ’ ¥ ¥ o ) da '
HEI91NA51 IAMMUARUANHUL VBN Meshing 131d7 dunsusouINAonIsHL
Tasaadre9seq Taofi Tdsunsu ANSYS awnsaiinsadiegauazieduudadiain]dies
Taulddera

Main menu: Preprocessor > Meshing > Mesh > Areas > Free
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3. Solution Usznoudie MdanlFlunislaiTevlvvemyauazIvan uaznis

a & .
A 18141949 nodal solutions

3.1 Define loads and conditions
o’: a = 4 S A L] - d’t Ill [
Junoudauivean1idms iz W ludwdwuanaenis ld Inaansodou lantee lag
[ - 4 [ .
gwsaldInaadililiTnssadhe @ idunionui) nield Inamdr i Tnvasanganse
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wanuan1d TaoTsunsu ANSYS 1dutisTnanuazitonludran senidu 5 wiia Aail
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- DOF (Degree of Freedom) Constraints 11y Tvaansifldlunsingizd
o Aot o ] o Ao ' ] ] &
- Concentrate loads 11y Tnaaniiainsfiusuousaznszsir liAdwrudladumanils
[ . ¥ »
- Surface loads 1y Inaaffidnvaznyzae llvaiuin
- Body loads uTnasfnefun195uas 19U Internal heat generation

- Inertia Loads tYu Inaafifianinuianguaniwfios wu msmdsufivuunyu

3.2 Solving to certain the solution
[ 3 »
uaannfAinimsimuaion lataz Inaaldnu Inssadad) Jussuaouido natn
) o d' 94 ar o’: Y a q'»
TUsunsu ANSYS iimssnsudszuuaunisfiaeandosiuilyviiue Tavlddd

Main menu: Solution > Solve > Current LS

Review the sammary infarmation = s ister window (entitled "/STATUS
Caommand"), then press OK to sttt 2 - s ution,

JP—

i — UK . . Cancel ~ Help

51 3.11 M3l TUsunsu ANSYS Haimsduisudszuuannis

Not ‘ i-:E D

@ Sobution is done?

714 3.12 Tlsupsu ANSYS ideudiosuiaasoudd
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4. Postprocessing U5znaudiofma s l9dmiuuaaInaueInIsuns1zH
4.1 Read result data from result file
o a ° o A oy a ¥ o b Y
‘Hﬁﬂ"l]']ﬂ‘ﬂIﬂ‘ill.ﬂ‘.ilm’lﬂ']‘iﬂ’lu’.lmmﬂuﬂﬁx‘l.]‘l.]ﬁilﬂ?ﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂiy“ﬁ]uu‘] el e
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quasinn1sainsiziazdeatimsdald llsunsy ANSYS 81 Idanadniiy Taolddd

Main menu: General Postproc > Read Results

4.2 Plot result

3 g 4 a 4 4 a9 1 W ¥ o ¥

dunpuiitlunisuanwaiinaiusinideu lvuaz Inaafila i lddulaseashs

1 L] P o © o p=1 a
Taofusrensmiwadi ideinmssiuauunimswieasenuuiluginmifoudy Taseads
' [} o [ fd’ o 9 n’: o o d
pounisldInaald Tasnswdoaraanidannsom ldnandoaninfogluaznasans
= o o o

nszowveelSuiwleg uinseadianld Taoldiida

Main menu: General Postproc > Plot Results > Deformed Shape

Main menu: General Postproc > Plot Results > Contour Plot > Nodal Solution

iM\Plot Deformed Shap
[PLDISP] Plot Deformed Shape
KUND Items ko be plotted

{< Def shape only
{~:Def + undefarmed

£ Def + undef edge

OK I Apply l Cancel I Help

o =] £
37 3.13 mswdeamisidogul
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E @ Nodal Solution
(4 DOF Solution
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4.3 List result
o v dadny . o v o e v q ¥ °
uonvInmniHaansf lduihmswaeaudaniu midseusedad Tdsunsuiinsg
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waasysualen eonunlugduuudidnysuasdadinaSoaiiuaas Tavlddds

Main menu: General Postproc > List Results



; PRINT U HODAL SOLUTION PER HODE
1 porrn POST] NODAL DEGREE OF FREEDOH LISTING sotoictor

LOAD STEP= 1 3UBSTEP= 1
TIHE=  1.0000 LOAD CASE= O

THE FOLLOWING DEGREE OF FREEQOH RESULTS ARE IN GLOBAL COORDIMATES

NOBE UK uy Wz USUH
1 0.0000 0.0000 0.0300 0.0000
2 -0.24179E-01-0.10413E-02  0.0200 0.24201E-01
3 -0.68230E-03-0.41305E-03  0.0000 0.79759€E-03
4 -0.12842E-02-0.64389E-03 0.0200 0.14366E-02
5 -0.18093E-02-0.81397€-03 0.0200 0.19840E-02
6 -0.23242E-02-0.91055E-03  0.0200 0.24962E-02
7 -0.28695E-02-0.98862E-03  0.0200 0.30350E-02
8 -0.343356-02-0.10528E-02 0.0500 0.35913E-02
9 -0.40194€-02-0.11111€-02 0.0Z00 0.41701E-02
10 -0.46314E-02-0.11745E-02  0.0800 0.47780E-02
11 -0.52769E-02-0.12543E-02  0,0000 0,54241E-02
12 -0.59527E-02-0.13645€-02  0.0000 0.61071E-02
13 -0.66617E-02-0.15150E-02  0,0000 0.68318E-02
14 -0.73918E-02-0.17189E-02 0.0000 0.75890E-02
15 -0.81405E-02-0.19353E-02 0.0C00 0.83791E-02
16 -0.68821E-02-0.23186E-02 0.0C00 0.91797E-02
17 -0.96012E-02-0,27075E-02  0.0Z00 0.99756E-02
18 -0.10269E-01-0. 31367E-02  0.0C00 0.10738E-01
19 -0.10858E-01-0.35539€-02 0.0000 0.11425E-01
20 -0.11383E-01-0.39151E-02  0.0C00 0.12038E-01
21 -0.11818E-01-0.41627E-02 0.0C00 0.12530E-01
€2 -0.12224E-01-0.42485€6-02  0.0C00 0.12941E-01
23 -0.12631E-01-0.41627€-02 0.0C00 0.13299E-01
24 -0.13067E-01-0.3%202€-02 0.0000 0.13642E-01

o A T AACAAS A4 A ARSAAT An A aona A AA04nC a8

A

389 3.15 msuaelSinalag eeninlusduuudadnes
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: o = [} I3

4.3 Parameter M1%Iun13d 128 wva2058 19 1o dirud
mssrasauudiedins W ludmdmun d20T1sunsu ANSYS awnsoviinslan
1 ) 1] _ . é
Parameter 14 1908138 10A0n0AAMNE Iu Tvuans 1WAA GUI (Graphic User Interface) %4

] »
woRiszagilonnuuiusions Taded

- Preference: Structural
- Problem dimensionality: 3-b

- Element type;: Solid95

- Temperature unit; Celsius

- Material property:

Young’s Modulus (EX)

Si0,: 75 GPa
Al 70 GPa
Si,N,: 380 GPa

Poisson’s ratio (PREX)

Si0,;: 0.17
Al 0.33
Si,N,: 0.24

Density (DENS)
Si0,;: 2200 keg/m’
Al: 2700  kg/m'
Si,N,: 3100 kg/’m3

Coeficience of Thermal Expansion (ALPX)

Si0,; 5x10° K’
Al 2.3.1x10°uK"
Si,N,; 3.1x10° pK’
- Analysis Type: Static(Steady-State)

- Define Loads:
Force Load: 0,1x10°, 1x10”, 1x10° N
Thermal Load: . 50, 100, 150, 200, 250, 300, 350, 400  °C

- Degrees of freedom: UX, UY, UZ (Displacement)
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- Load step option

Load step number: 1
Time at the end of load step: 1.0000 sec
Number of substep: 1

4.4 pamsdnavalnssaHsvesadntviindn

|
lumsfimsiiasawuil 1891015818999 aU09 Force Load MouUSUNANISNARDY
& L] ar L] or Ll [-]
V89 Walied A. Moussa %419 Insaard1avuiamfurazusaviamig uaonns$ianslu

Trnuaaany

A15197 4.1 A1519URPHAYDE Force Load Mn3zyifyInseadevuiadeIsusiog1s

9 a o o4
Tassadeedasuadn

Force Load (N.) | Displacement {(um)
1x107 12.5
2x10™ 25
x10°_ | 50
8x10™ : 99
! aruiuiudeaadmin Au nvnszia
!
120 — e e
TWOL L e
2 &0
5
-
& 20
0 A r A
1 2 4 8
I umdn (x10® N}

1 o e ] oy o ar X 1 = @
71 4.4 anuduiussenhahmindunsnseda de 1€ Tnssarefifvna@sany

o [ » = od o
ﬂ’JﬂUNIﬂﬁ\‘lﬂiNﬁ?ﬂ‘]ﬁJu'lﬂmﬂ



Average Displacement
(microns)

120
lg —+— Nonlinezr solution _
100 - Linear solution P o |
80 +—— — -
VA
60 + -
rd
40 %
-
20 2
0 » '
1 2 4 &8

Force Multiplier
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i A 1 LY J Q-
3111 4.5 HaN13NARBIVDY Walied A. Moussa 319 Tnssad1avinaniduuazus swuamiiu

M50 4.2 ansntiufineaszningungiitunsnszda el lassadahlivinadeady

ar L] a o o
ﬂ’JE]UNIﬂ‘Nﬁ%J'Nﬁ’JWH‘Uu']ﬂLﬁﬂ

E: 7 3
Weight 0 1x10 ) 1x10 1x10
T (N) Do Ag Dy A1 D, Az Dy AS
°C) (um) (nm) (um) (um) {(um) (nrm) (nm) (um)
0 0.000 0.000 -0.013 0.013 -0.013 0.013 -0.125 0.125
50 0.429 0.000 0.428 0.001 0.417 0.012 0.304 0.125
100 0.858 0.000 0.857 0.0_01 0.846 0.012 0.734 0.124
150 1.290 0.000 1.290 0.000 1.270 0.020 1.160 0.130
200 1.720 0.000 1.710 0.010 1.700 0.020 1.590 0.130
250 2.150 0.000 2.140 0.010 2.130 0.020 2.020 0.130
300 2570 0.000 2.570 0.000 2.560 0.010 2.450 0.120
350 3.000 0.000 3.000 0.600 2.990 0.010 2.880 0.120
400 3.430 0.000 3.430 0.000 3.420 0.010 3.310 0.120
sensitivity[D = 0.0086T D = 0.0086T-0.0051 ID = 0.0086T-0.0134 [D = 0.0086T- 0.1259

HUTULHA T = Temperature, D = Displacement, A,. = Difference D,-Dqy
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Tunsou #1400 "lamsau HAMURUUY LAY

Weight 0 1x10° 1x107 1x10°
AN D A Dy A, D A, Ds A
(°C) (wm) | (um) | (um) | (um) | (em) | (um) | (um) | (pm)
0 0.000 | 0.000 | -0.001 | 0.001 | -0.006 | 0.006 | -0.066 | 0.066
50 0348 | 0000 | 0347 | 0001 | 0341 | 0.007 | 0285 | 0.063
100 | 0695 | 0000 | 0694 | 0001 { 0689 | 0.006 | 0632 | 0.063
150 | 1.040 [ 0.000 | 1.040 | 0000 | 1.040 | 0000 | 0.980 | 0.060
200 | 1.390 | 0.000 | 1390 [ 0.000 | 1.380 | 0.010 | 1.330 | 0.060
250 | 1.740 | 0.000 | 1.740 [ 0.000 | 1.730 | 0.010 | 1.670 | 0.070
300 | 2090 | 0000 | 2080 | 0.010 | 2.080 | 0.010 [ 2.020 [ 0.070
350 | 2430 | 0.000 | 2430 | 0.000 | 2.430 | 0.000 | 2370 | 0.060
400 | 2780 [ o000 | 2780 [ 0000 | 2.770 | 0.010 | 2.720 | 0.060
sensitivity|D = 0.007T D = 0.00697-0.0006 1D = 0.0069T-0.0058 |D = 0.007T - 0.0644

YU T = Temperature, D = Displacement, A... = Difference D,-Dy
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240 Tunsou 817 600 TuATHU UAITUHU U UAY

B B -5
Weight 0 1x107 1x10 1%10
NG A, D, A, D, A, Ds As
°C) {um) {um) {(um) (um) (um) (um) (um) {umj)
0 0.000 0.000 -0.002 0.002 -0.021 0.021 -0.214 0.214

50 0.572 0.000 0.570 0.002 0.551 0.021 0.362 0.210

100 1.140 0.000 1.140 0.000 1.120 0.020 0.934 0.206

150 1.720 0.000 1.720 0.000 1.700 0.020 1.510 0.210

200 2.290 0.000 2.290 0.000 2.270 0.020 2.080 0.210

250 2.860 0.000 2.860 0.000 2.840 0.020 2.620 0.240

300 3.430 0.000 3.430 0.000 3.410 0.020 3.220 0.210

350 4.000 0.000 4.000 0.000 3.980 0.020 3.790 0.210

400 4.570 0.000 4.570 0.000 4.550 0.020 4.360 0.210

sensitivity|D = 0.0114T D =0.01147-0.0001 D = 0.0114T-0.0195|D = 0.0114T-0.2106

HUUIMA T = Temperature, D = Displacement, An = Difference D,-Dy
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ANSYS Release 9.0 Documentation

Element Reference | Part |. Element Library |

SOLID95
3-D 20-Node Structural Solid
MP ME ST <> <> PR <> <> <>PPED

SOLID95 Element Description

SOLID9S is a higher order version of the 3-D 8-node solid element SOLID45. It can tolerate
irregular shapes without as much loss of accuracy. SOLID95 elements have compatible displacement
shapes and are well suited to model curved boundaries.

The element is defined by 20 nodes having three degrees of freedom per node: translations in the
nodal x, y, and z directions. The element may have any spatial orientation. SOLID95 has plasticity,
creep, stress stiffening, large deflection, and large strain capabilities. Various printout options are

Tetrahedrei Option
MNGPUVWX

Q J
Pyramid Option

X
M .,qr oPrPwW
Y AB
5 » KLE
R
°© J
Prism Oplion

SOLID9S Input Data

The geometry, node locations, and the coordinate system for this element are shown in Figure 95.1:
"SOLID95 Geometry". A prism-shaped element may be formed by defining the same node numbers
for nodes K, L, and §; nodes A and B; and nodes O, P, and W. A tetrahedral-shaped element and a
nyramid-shaped element may also be formed as shown in Figure 95.1; "SOI,1195 Geometry”. A
similar, but 10-node tetrahedron, element is SOLID92.

3esides the nodes, the element input data includes the orthotropic material properties. Orthotropic
naterial directions correspond to the element coordinate directions. The element coordinate system



orientation is as described in Coordinate Systems.

Element Joads are described in Node and Element Loads. Pressures may be input as surface loads on
the element faces as shown by the circled numbers on Figure 95.1: "SOLID95. Geometry". Positive
pressures act into the element. Temperatures may be input as element body loads at the nodes. The
node I temperature T(I) defaults to TUNIF. If all other temperatures are unspecified, they default to
T(I). If all corner node temperatures are specified, each midside node temperature defaults to the
average temperature of its adjacent corner nodes. For any other input temperature pattern,
unspecified temperatures default to TUNIF.

Material properties arc oriented the same way as for a shell element (using the plane through the
midside nodes Y-Z-A-B) when you set KEYOPT(1) — 1. The element z-axis is normal to this plane
and the element x-axis is determined by projecting the x-axis (set with ESYS) onto the midside node
plane. If needed, the x-axis can be adjusted by using THETA, an optional real constant. THETA
cannot be changed between load steps.

A lumped mass matrix formulation, which may be useful for certain analyses, may be obtained with
LUMPM. While the consistent matrix gives good results for most applications, the lumped matrix
may give better results with reduced analyses using Guyan reduction. The KEYOPT(5) and (6)
parameters provide various element printout options (see Element Solution).

You can apply an initial stress state to this element through the ISTRESS or ISFILE command. For
more information, see Initial Stress L.oading in the ANSYS Basic Analysis Guide. Alternately, you
can set KEYOPT(9) = 1 to read initial stresses from the user subroutine USTRESS. For details on
user subroutines, see the Guide to ANSYS User Programmable Features.

You can include the effects of pressure load stiffness using SOLCONTROL,,, INCP. If an
unsymmetric matrix is needed for pressure load stiffness effects, use NROPT,UNSYM.

A summary of the element input is given in "SOLID95 Input Summary". A general description of
element input is given in Element Input.

SOLID9S Input Summary
Nodes

LLK,LLM,N,O,P,Q, R, S, T,U, V,W. X, Y,Z A B
Degrees of Freedom

UX, UY, UZ
Real Constants

THETA - x-axis adjustment (used only when KEYOPT(1)= 1)
Material Properties

EX, EY, EZ, ALPX, ALPY, ALPZ (or CTEX, CTEY, CTEZ or THSX, THSY, THSZ),
PRXY, PRYZ, PRXZ (or NUXY, NUYZ, NUXZ), DENS, GXY, GYZ, GXZ, DAMP

surface Loads




Pressures --
face 1 (J-1-L-K), face 2 (I-J-N-M), face 3 (J-K-O-N),
face 4 (K-L-P-Q), face 5 (L-I-M-P), face 6 (M-N-O-P)
Body Loads
Temperatures --

Ty, T{A), ..., T(Z), T(A), T(B)

Special Features
Plasticity
Creep
Swelling
Stress stiffening
Large deflection
Large strain
Birth and death
Adaptive descent
Initial stress import
KEYOPT(1)

Element coordinate system:

0--
(default)
1--
Orient material properties using plane created by midside nodes (Y-Z-A-B) with the z-
axis normal to that plane and the x-axis (from ESYS) projected onto that plane.
KEYOPT(5)

Extra element output:

0--
Basic element printout
1--
Repeat basic solution for all integration points
2--

Nodal stress printout

<EYOPT(6)




Extra surface output:

0--
Basic element printout
1--
Surface printout for face [-J-N-M
y
Surface printout for face 1-J-N-M and face K-L-P-O (Surface printout valid for linear
materials only)
3 -
Nonlinear printout at each integration point
4--
Surface printout for faces with nonzero pressure
KEYOPT(9)
Initial stress subroutine option (available only through direct input of the KEYQPT
command):
0--

No user subroutine to provide initial stress {(default)

1--
Read initial stress data from user subroutine USTRESS (see the Guide to ANSYS User
Programmable Features for user written subroutines)

KEYOPT(11)

Integration rule:
0--

No reduced integration (default)

2 x 2 x 2 reduced integration option for brick shape

ailure criteria. For a complete discussion of failure criteria, ptease refer to Fatlure Criteria.




SOLID9S5 Output Data

The solution output associated with the element is in two forms:

e Nodal displacements included in the overall nodal solution

» Additional element output as shown in Table 95.1: “SOLID95 Element Qutput Definitions”
Several items are illustrated in Figure 95.2: "SOLID95 Stress Output'.

The element stress directions are parallel to the element coordinate system. The surface stress
outputs are in the surface coordinate systems and are available for any face (KEYOPT(6)). The
coordinate systems for faces [-J-N-M and K-L-P-O are shown in Figure 95.2: "SOLID95 Stress
pressure face node description. Surface printout is valid only if the conditions described in Element
Solution are met. The SXY component is the in-plane shear stress on that face. A general description
of solution output is given in Solution Qutput. See the ANSYS Basic Analysis Guide for ways to view
results.

Figure 95.2 SOLID9YS Stress OQutput

The Element Output Definitions table uses the following notation:

A colon (3) in the Name column indicates the item can be accessed by the Component Name method
[ETABLE, ESOL]. The O column indicates the availability of the items in the file Jobname.oUT.
The R column indicates the availability of the items in the results file.

In either the O or R columns, Y indicates that the item is always available, a number refers to a table
footnote that describes when the item is conditionally available, and a - indicates that the item is not
available.

Table 95.1 SOLID95 Element Output Definitions

l Name Definition “
[EL Element number and name |
CORNER NODES  |[Nodes-1,J,K,L,M,N, O, P [
MAT JlMaterial number

LU

|
|
I

< =< <]
= ===




VOLU: Volume | v | v |
XC, YC, ZC Location where results are reported Y 35 ]
PRES Pressures Pl atnodes J, [, L, K; P2 at I, J, N, M; P3 Y Y
at], K,O,N;P4atK,L,P,O;P5atL, I, M, P; P6
atM,N,Q, P
[TEMP [[Temperatures T(1), TQ)), ..., T(Z), T(A), T(B) Yy || v |
SX. Y. Z. XY, YZ, Stresses Y Y
XZ
IS:l, 2,3 “Principa] stresses || Y ” Y |
S:INT ||Stress intensity “ Y " Y ]
S:EQV ”Equivalent stress Y Y
EPEL:X, Y, Z, XY, Elastic strains Y Y
YZ,XZ
|EPEL:1, 2, 3 Principal elastic strains Y -
EPEL:EQV Equivalent elastic strain [6] LYy J[y |
EPTH:X, Y, Z, XY, Average thermal strains 1 || |
YZ, XZ
EPTH:EQV |[Equivalent thermal strain [6] 1|
EPPL:X,Y, Z, XY, ||Average plastic strains 1 " I
YZ,XZ
EPPL:EQV |[Equivalent plastic strain [6] I T 1
EPCR:X, Y, Z, XY, Average creep strains | |
YZ, XZ
|EPCR:EQV Equivalent creep strain [6] L]
EPSW: |[Swelling strain 1 1|
NL:EPEQ Average equivalent plastic strain Lol 1
LNL:SRAT Ratio of trial stress to stress on yield surface T
INL:SEPL Average equivalent stress from stress-strain curve L |
NL:HPRES Hydrostatic pressure - 1
[FACE Face label 2 2 |
AREA Face area 2 2]
TEMP ”Face average temperature H 2 || 2 |
[EPEL(X, Y, XY) Surface elastic strains P2 [ 2 |
PRES ”Surface pressure | 2 || 2 |
SCK Y, XY) Surface stresses (X-axis parallel to line defined by 2 2
first two nodes which define the face)
S(1,2,3) ||Surface principal stresses 2 2
[SINT |[Surface stress intensity 2 2
|SEQV Surface equivalent stress ” 2 || 2 |
[FC1, ..., FC6, FCMAX ||Failure criterion values and maximum at each 3 ” -
integration point 7
FC 4 Y

|Failure criterion number (FC1 to FC6, FCMAX)




VALUE Maximum value for this criterion (if value exceeds 4 Y
9999.999, 9999.999 will be printed)

LN l[Layer number where maximum occurs 4 Y

EPELF(X, Y, Z, XY, |[Elastic strains (in layer local coordinates) causing 4 Y

YZ, XZ) the maximum value for this criterion in the element.

SF(X., Y, Z, XY, YZ, |Stresses (in layer local coordinates) causing the 4 Y

XZ) maximum value for this criterion in the element.

|LOCI:X, Y,Z Integration point locations |L - H Y |

1. Nonlinear solution (output only if the element has a nonlinear material)
2. Surface output (if KEYOPT(6) is 1, 2, or 4)

3. Output only if KEYOPT(1) =1, KEYOPT (5) = 1, and failure criteria was specified
(IB.FAIL)

4. Summary of failure criteria calculation. Output of the elastic strains and stresses for each
failure criterion and the maximum of all criteria (FCMAX). Output only if KEYOPT(1) =1
and failure criteria was specified (TB,FAIL).

5. Available only at centroid as a *GET item

6. The equivalent strains use an effective Poisson's ratio: for elastic and thermal this value is set
by the user (MP,PRXY); for plastic and creep this value is set at (.5.

Table 95.2 SOLID95 Miscellaneous Element Qutput

Description J] Names of Items Output ” O " R
INonlinear Integration Pt. Solution EPPL, EPEQ, SRAT, SEPL., HPRES, 1 -
EPCR
Integration Point Stress Solution TEMP, S, SINT, SEQV, EPEL 2 | - I
Nodal Stress Solution [TEMP, S, SINT, SEQV, EPEL 3 -

1. Qutput at each integration point, if the element has a nonlinear material and KEYOPT(6) =3
2. Output at each integration point, if KEYOPT(5) = |
3. Output at each node, if KEYOPT(5) =2

Table 95.3: "SOLID9S5 Item and Sequence Numbers" lists output available through the ETABLE
command using the Sequence Number method. See The General Postprocessor (POST1) in the

ANSYS Basic Analysis Guide and The Item and Sequence Number Table in this manual for more
information. The following notation is used in Table 95.3: "SOLID93 Item and Sequence Numbers™:

Name

output quantity as defined in Table 95.1: "SOLII95 Element Qutput Definitions"

tem



predetermined ltem label for ETABLE command
LJ,...,P
sequence number for data at nodes LJ,....P

Table 95.3 SOLIDYS Item and Sequence Numbers

Output ETABLE and ESOL Command Input
Quantity 1™ tem I J K || L | M[[ N o P
P1 SMISC K 4 [ 3 | - - - -
P2 SMISC 5 [ 6 - - s 7 - -]
P3| smisc j| - I o Jl 10l - ] - 2 J 1 | - |
P4 SMISC - - 13 14 - - 16 15
P5 SMISC 18 - - 17 19 - - 20
[ P6 smisc || - | - - - )21 |22 | 23 || 24
S:1 NMISC | 1 | 6 1 16 || 21 | 26 | 31 | 36
| s2 J[nmisc T 2 T 7 [ 12§ a7 [ 22 | 27 | 32 | 37
S:3 || NMISC 3 ) 8 || 13 0 18 | 23 28 33 38
9 14 19 || 24 29 34 39

SINT | NMISC || 4
| SEQV || Nnmisc || 5

10 15 20 |l 25 || 30 || 35 | 40

The following output items are available only if KEYOPT(1) = 1 and the failure criteria information
(TB.FAIL) was specified.

Output Quantity Name ETABLE and ESOL Command Input |
Item ] Number l
| FCMAX [ NMISC | 61 |
VALUE | ~Mmisc 62
FC NMISC 62 + 15(N-1) + |
| VALUE NMISC i 62+ I5(N-1) +2 |
| LN (=1) I NMISC 62 + 15(N-1) + 3
[ EPELFX NMISC 62 + I5(N-1) + 4
EPELFY NMISC 62+ 15(N-1) + 5 |
EPELFZ NMISC 62+ 15(N-1) + 6
EPELFXY NMISC 62 + 15(N-1) + 7
| EPELFYZ NMISC 62 + I5(N-1)+ 8
| EPELFXZ NMISC 62+ I5(N-1)+9
SFX [ NMISC I 62+ 15(N-1) + 10 J
SFY I NMISC Il 62+ 15(N-1) + 11 |
SFZ I NMISC I 62 + 15(N-1) + I2 |
SFXY I NMISC | 62 + 15(N-1) + 13 ]




SFYZ NMISC I 62 + 15(N-1) + 14

SFXZ NMISC 1 62 + 15(N-1) + 15

Note

N refers to the failure criterion number: N = 1 for the first failure criterion, N = 2 for
the second failure criterion, and so on.

See Surface Solution in this manual for the item and sequence numbers for surface output for the

ETABLE command.

SOLID95 Assumptions and Restrictions

The element must not have a zero volume.

The element may not be twisted such that the element has two separate volumes. This occurs
most frequently when the element is not numbered properly.

Elements may be numbered either as shown in Figure 95.1: "SOLID95 Geomefry" or may
have the planes IJKL and MNOP interchanged.

An edge with a removed midside node implies that the displacement varies linearly, rather
than parabolically, along that edge. See Quadratic Elgments (Midside Nodes) in the ANSYS
Modeling and Meshing Guide for more information on the use of midside nodes.

Degeneration to the form of pyramid should be used with caution. The element sizes, when
degenerated, should be small in order to minimize the stress gradients. Pyramid elements are
best used as filler elements or in meshing transition zones.

SOLID95 Product Restrictions

When used in the product(s) listed below, the stated product-specific restrictions apply to this
element in addition to the general assumptions and restrictions given in the previous section.

ANSYS Professional.

Prev

The DAMP material property is not allowed.
The only special feature allowed is stress stiffening.

KEYOPT(6) = 3 is not applicable.

CIRCU94
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