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Thermal analysis

Two steps analysis (thermal and mechanical )
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IJJ Model definition
GH




@IJJ Materials definition

Materials data

Resin
E=13GPa
n=0.35

Aluminium
E=70GPa

n=0.38
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Materials data

Resin Aluminium
Specific heat 1000 J/(Kg K) Specific heat 871 J/(Kg K)
Thermal conductivity 1 W-/(m-K) Thermal conductivity 202 W-/(m-K)
Expansion 2.310-51/C Expansion 2310-51/C
Density 1719 kg-m3 Density 2700 kg -m3

Data for ABAQUS (model in mm)

Specific heat 1000000000 Specific heat 871000000
Thermal conductivity 1 Thermal conductivity 202
Expansion 4.2E-005 Expansion 2.3E-005
Density 1.719E-009 Density 2.7E-009









o Analysis type
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W Edit Step

=l File Model Viewport View Step IC}ut[:rut Othe

N E P BT il vy
| Basic Incrementatlun Cther

Type: Heat transfer
BB LADLE A
Model | Results Type: @ Autormatic ) Fixed

% Model Database E : x] :E Maximum number of increments: ilUUUU
l: ﬁ Models (4:] ] Initial Minimum Maxirmum
i 2009_11_01_MechAftTemSimpleHex Increment size: EI 1 2E 005 . 3[] .
200911 01 SimpleHex [] End step when temperature change is less than
EI Mu:rdel 3
% Parts (2) Max. allowable temperature change per incrernent: 2

[?_I [Pz Materials (2)
i 38 Sections (2)
- # Profiles
I'ﬁ ﬁ Assemnbly
EDE'- Steps (2)
. Eo- Initial

: . 'ﬁ Interactions (1)

# [ BCs (1)

- # [l Predefined Fields (1)
| How Stepl
# B2 Field Qutput Requests (1)

Max. allowable emissivity change per increment: |01
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Contact definition
AGH

- # Abagus/CAE Version 6.7-1 - Model Database:.i:"-.[.'-lane Pouk®adane Stacjonamy\ﬁtudea Rl g - L

= File Meodel Viewport Miew Interaction Constraint  Connector  Special Name: Int-1

; R T = = I. : Type:  Surface-to-surf Standard
DEES ¢ LRI oo e, E @I Mot
; : 2 2 B E - 1 2 3 4 x|

@ @ @ ﬁ L'I 'I_I l:. L'I LE ?_I 3}" el E 1| Master surface: (Picked) |Edit Region.. B

N ] Switch
| Model | Results | Module: [Interactil| Sjave surface:  (Picked) [Edit Region..| B

@ Model Database

= A8 Models (4)
: [ 2009 11_01_MechAftTemSimpleHex

[ 2009_11_01_SimpleHex

= Model-3

@i Parts (2)
& [F£ Materials (2)
lT:-_l ﬁg Sections (2)
- # Profiles

2 ﬁ Azsembly

[+]
a»
[

U
i

Slicing formulation: @) Finite sliding 7 Small sliding

>

Discretization method: | Surface to surface IZI
[7] Exclude shell/membrane element thickness

sster surface :3.2

m

fiay &
il

Rt [f
Eiid

Constraint position: @ Mode centered ) Face centered

Contact tracking: @ Single configuration (state) ) Two configurations (path)

| Slave Mode/Surface Adjustment | Clearance

= A F E
F'_."DLD- Steps (2) A @ Mo adjustment
Bl = Initial o A aai |
EI E_Interactiuns W fp ; ljust only to remove overclosure .
P L (Created) ———— 71 Specify tolerance for adjustment zone: |0
5 | £
& [k BCs (1) e 1 Adjust slave nodes in set: IZI
: # i Predefined Fields (1) ;?' 3 B
i o8 Step-1 = '
: | [d= X[ Fill outt
I i B Field Qutput Requests (1) i D o
Q | The content= of wiewport "Viewport: 1" hawve been copig|

| The content=s of wiewport "Viewport: 1" hawve besn copig|

The contents of viewport "Viewport: 1" hawvwe besn copieg| | Contact interaction property: |IntProp-1 IZI |Create,.,
»33| || Error in job mechanikspotermice: Too many attenpts mad) ; : :




Thermal Conductance

® ' Edit Contact Property

S5

Mame: IntProp-1
Contact Property Options

Mechanical Thermal

Thermal Cenductance

Definition: iTabuIar EI
@ Use only clearance-dependency data
1 Use only pressure-dependency data

"1 Use both clearance- and pressure-dependency data

‘ Clearance Dependency | Hressiure Dependency

Thermal Conductance

e

[T Use temperature-dependent data
[ Use mass flow rate-dependent data (Standard only)

Mumber of field vanables: | a
Conductivity Clearance
0.202
| 0

|
Gone




Initial temperature

Mame: Predefined Field-1

Type:  Temperature
Stepr Initial

Region: (Picked) |Edit Region...
Distribution: iDirectspeciﬁcation IEI |Creatf:...

Section variation: Constant through regicn

Magnitude: :EEI

W




Surface film condition
AGH

] u E;; =] - IE "I" (’ = EL_;\ E Il{@@:’ i) F':II‘IE 9 g}:hssemhly defaults IEI Lz LAl
B LANLEGAA1 2 3 aAHA
Model | Results Module: |Interaction | »| Model: | Model-3 E Step: | Step-1 E
@_Model Database molll 3 [ Q‘ @
@3 Sections (2) +| om g
E‘ Profiles %
'Trlﬁ Assemnbly
= ofl Steps (2)
[ o= Initial

B o Step-1 ‘

m

bl

&3] F“f’ Field Cutput Requests (1)
E? History Output Requests

nEe

LT

L Edit Interaction i e

Mame: Int-2

Type:  Surface film condition

Bm ALE Adaptive Mesh Constraints
& ﬁ Interactions (2)
- Int-1 (Propagated)

*\rb

: &qint-2 (Created) fp ] Step:  Step-1 (Heat transfer)
“ [ Loads —— =
IE[,l;u BCs (1) : .UJT_J Surface: (Picked) |Edit Region...

# s Predefined Fields (1)
- “[Y Load Cases
- & B= Field Output Requests (1) 2

|The contents of wiewport "Viewport: 1" have been copied to the| | Film coefficient amplitude: | (Instantaneous) IEI Create...|
E |Error in job mechanilkapotermice: Too many attempts made for th =

Bufiitson Embedded Coefficient » |

Film coefficient: 2E-005

-JT.

=[] Fill out the Edit Interad

| Job mechanikapotermice: Abagus-Standard aborted due to errnrs.l Sink ternperature 1
s QEerr in job mechanikapntermice: Ahaqus/Spandard Analy=si=s exit =S
file for pos=ible error messages if the file exi=t=. Sink amplitude: Amp-1 r:1 |Cmﬂ5”
| Job mechanikapotermice aborted dus to errors. —
The job input file "mechanikapotermice.inp" has been submitted oK Cancel
| Jaoh mechanikapnte;mice: Ana;ysis Input File Prncessnr comnplete L—————J




Outside tempereature - heating

Amplitude uF

Type:  Surface film condition
Step:  Step-1 (Heat transfer)
-_|. E. | | Surface: (Picked) Edit Region...
R Lreate ATFJJW-@F s | Desintion Embedded Coefficien] v | [Create..|
N AT ' Film coefficient: 26005
S = | H Film coefficient amplitud | petaoianes __[Create...
T}"Fl-E Sink temperature:
@ Tabular Sink amplitude: v al |Cle3te..,_| |
= Cox

' Equally spaced

| Periodic % 1200
") Modulated % 1000
1 Decay L 800
" Solution dependent E-’ 600 -
1 Smooth step 400
200
[ Continue... ] | Cancel 0 - ‘ : :

Czas [h]



FEM grids




FEM element type

e = ==

#® ° Element Type

Element Library Family

»

@ Standard 7 Explicit ContinaumShel
Coupled Temperature-Displacement |
Geometric Order Gachet

|-:i'| Linear :I Cuadratic HEEt Transfer -

Hex | Wedge | Tet

i

[

Elerment Contraols
[ Convection/Diffusion

| Dispersion control

308 An 8-node linear heat transfer brick.




Two steps analysis - thermal and
AGH mechanical

[l File | Model Viewport View Job Adaptivity Tools Plug-ins Help

- - Manager...
1) B ; e B
Create... 2 :
@@ Copy Madel hE.L.L‘E?_Tg,I,, 1 2 3 4 'Lﬂ’i
|M:ITI| Copy Oljects.. Module; | J=k :
L Edit Attributes » : | @7 Edit keywords, Model: Model-3 [
SRR Edit Keywords N : —
— E i | |
- o] Keywords b mﬂﬂ_ll_ﬂl_MechAﬂTemS.lmpIeHex E= “Step, name=Step-1, inc=10000 -
= ﬁ Mc ferame > 2[]{]9-_11_01_5Ir‘r‘|p|EHex *Heat Transfer, end=PERIOD, deltmx=2.
l.,. 200 Crelete [ 0.1, 2000,, 2e-05, 30,,
#2009 11 01_SimpleHex Model-3_mech e
Model-3 = INTERACTIOMS
= Model-3 mech “* Interaction: Int-2
H s Parts (2) *Sfilm, amplitude=Amp-1
lﬁri Materials (2) _PickedSurfl0, F, 1., 2e-05
J| || T QUTPUT REQUESTS
For two-staged analysis - thermal T |
and meChanlcal ** FIELD OUTPUT: F-Output-1
In thermal analysis user needs to -
. *Output, field, vanable=PRESELECT l'_
edlt KeyWOFdS . *Cutput, history, frequency=0 ‘F‘
*End Step i3
Restart, write, frequency = 1 soce (agag] [ T | [Bcaiea




AGH

=l File Model Viewport 1u‘|ew Interaction Constraint  Connector Specral Feature

U@EH "I"C h. ¥ uk,‘_jltl @'@L@r_ﬁn- 0 o g SECtIDI"Is

B8 LANLRTLL 23 44BA

Maodel | Results |

Medel Database

=

IVIForeEr=_2r
F Model-3_mech

i fly Perts (2)

[Pz Materials (2)

T Sections (2)

B Profiles

L:_J ﬁ Assemnbly

Doﬂ- Steps (2)

EID— Initial

= 'ﬁ Interactions (1)
i

[l BCs (@) RP

Bl i

m

ﬂl‘* E ﬁ

BC-2 (Created) X
BC-3 (Created) B -+
3,94

- BC-4 (Created)

©* BC-5(Created)

; —1 B Predefined Fields (1)

£l oa Step-1
= B= Field Qutput Requests (1)
| bR Output-1 (Created) i

% History Qutput Requests (1)

: Ey ALE Adaptive Mesh Constraints

EIE Interactions (1)

- [ Loads

Mechanical analysis

Tools  Plug-ins

:

Help
Al

b

Module:-lnteractlon E Model: | Model-3_mech

'® ' Edit Interaction

Mame: Int-1
Type: Surface-to-surface contact (Standard)

Step:

Master surface: (Picked) |Edit Region...| Il
Slave surface; (Picked) Edi.tRegion... B

Sliding formulation: @ Finite slidfng

Initial

171 Small sliding

]

Discretization method: | Surface to surface

[ Exclude shell,‘membrane elerment thickness

Constraint positicn: @ MNode centered ) Face centered

Contact tracking: @ Single configuration (state) () Two configurations (path)

Slave Node/Surface Adjustment | Clearance |

@ Mo adjustment

(1 Adjust enly to remove overclosure

71 Specify tolerance for adjustment zone: |0

" Adjust slave nodes in set:

o] (ene]

Contact interaction property: | IntProp-1
Options: |Interference Fit .-

i“nntart Frontrole [ Mefanltt



Mechanical analysis
AGH

Analiza mechaniczna Analiza termiczna

i | Edit Contact Property [&J [ # | Edit Contact Property [&J
Mame: IntProp-1 Mame: IntProp-1
Contact Property Options Contact Property Options

I | Tangential Behavior I Tangentiai.ﬂeha\ria!

MNaormal Behavior Mormal Behavior

Mechanical Thermal Mechanical | Tharmal

Tangential Behavior Tangential Behavior

Friction formulation: :Penalty E| Fricticn formulation:;Penakty IZ|
Friction | Shear Stress | Elastic Slip Friction | Shear Stress | Elastic Slip |
Directionality: @ Isotropic () Anisotropic (Standard only) Directionality: @ Isctropic ) Anisotropic (Standard only]
[T] Use slip-rate-dependent data [] Use slip-rate-dependent data

[] Use contact-pressure-dependent data [] Use contact-pressure-dependent data

[] Use temperature-dependent data [] Use temperature-dependent data

||

Mumber of field variables: | 0= Number of field variables: | 0=
Friction Friction
Coeff Coeff
0.5 0.5




Element type in thermal and mechanical
AGH analysis

®° Element Type i W ——— - [

Element Library Family

@ Standard () Explicit Cont-i-nuum Shell
Coupled Temperature-Displacement
Geometric Order Gasket

® Linear © Quadratic |
Hex | Wedge | Tet

Element Controls

[7] Convection/Diffusion

»

m

i

["] Dispersion contrel

DC308: An 8-node linear heat transfer brick.

Element Library Farnily

© standard © Blicit |EE T -
| Acoustic |=]

Geometric Crder Cohesive

"@' Linear l_-_:l Quadratic Continuum Shell

m Wedge | Tet
Element Controls
[l Hybrid formulation
[V] Reduced integration

1

[T Incompatible modes







AGH

= File Meodel Viewport Miew Step Output] B Edit Feld Output Reguest -

DeEe e < REINd
BODS L A0 Ll A
& Model Database EA=

LRy L P | g} F
él Meodel-3 mech
# s Parts (2)
@ [F2 Materials (2)
EI ﬂ:['; Sections (2]
- Profiles
l’;r]ﬁ Aszernbly
ol Steps (2)
. B o Initial
Soa Stepd
!:jl % Field Output Requests (1)

H % History Output Requests (1)
E;;: ALE Adaptive Mesh Constraints
f::f_J T, Interactions (1)
[ Loads
w [ BCs (@)
= [ Predefined Fields (1)
 Predefined Field-1 (Modified)
: D;ﬁ'; Load Cases
E o2 Field Cutput Requests (1)

E3] E}[ History Qutput Requests (1)

Output request - nodal temperature

Mame: F-Cutput-1

Step: Step-1

Procedure: Static, General

Domain: | Whale model

Frequency: | Every n increments |z| m (1
Timing: Cutput at exact times

Output Yanables
i@ Select from list below 7 Preselected defaults (7 All

CDISP,CF,CSTRESS,LE MT,PE PEEC, PEMAG,RF,5,U,

P [HE] Stresses

4 Strains

[ ] Displacernent/Velocity/Acceleration
b [@ Forces/Reactions

b @ Contact

P [ |Energy

P[] Failure/Fracture

, Modal temperature
TEMP, Elernent temperature

[7] =)o, Heat flux due to electrical current
[T] SIDA, SID multiplied by the area
[T] 8IDT, Time integrated 510

1 Edit variables

m




Reading temperature field to mechanical

AGH analysis

= File Model Viewport View Load BC  Predefined Field Load Case Feature Tools  Plug-ins  Help K?

: Lj B, E - : ..I_, (" o EAE Il (Ha & th%.;:o:é@;hssemblydefaults IEI L
HOOF LANLLBAAL 2 3 aABEE

Results |

| Model

: Model Database
: E‘ Eﬁﬂg_i'l_ﬂl'_MEEhﬁﬁ:TemS'impl'eHE:c
il 2009_11_01_SimpleHex
# Model-3
= Model-3 mech
& [y Parts (2)
m [z Materials (2)
i 3 Sections (2)
E’ Profiles
&3 ﬁ Assembly
Slolm Steps (2)
B Initial
[ E Interactions (1)
i [ BCs (4)
= fls Predefined Fields (1)
; [ | Step-1
& B= Field Output Requests (1)
EI % History Output Requests (1)
Iﬂ Tirme Points

2]+ @ %

ERN - R 5 B T B S W i R e £

B Edit Predefined Fiel

hModule: | Load

Mame: Predefined Field-1

Type:  Temperature

Stepr Initial

Regicn: Read from file

Distribution: From results or output database FiIB: @
File narme: .C:ﬂempﬂermika.udh

Step: l

Increment: [I

Interpolation
Mesh compatibilit: @ Compatible ) Incompatible
[] Interpolate midside nodes




Definition of increment
AGH

[ File Model Viewport View Load BC Predefined Field Load Case Feature Tools Plug-ins Help K7
|__] l-é? . @ "I" C - "_‘4\ Tl ahE @ |"_-||-|. 6 ? - Assembl}r defaults IZI [z [N
@@ﬁ@ L.'.'_H_'L.L%%_Ts.x..1234-’& 2 A

Model | Results |

' |
=@ Medel Database E - [E Ql —
e Marme:  Predefined Field-1
Sola Steps (2) -
: B Iatial Type:  Temperature
& E Interactions (1) Step: Step-1 (Static, General)
- [ BCs @) Region: Read from file
i s Predefined Fields (1) s - —
* Predefined Field-1 (Created) 1| Status: | Modified E
bt Sepl Cristributi From results or output database file
i B Field Output Requests (1)
® % Histary Output Requests (1) | File name: | Ly Temp/Termika.cdb | |Select..

Bm ALE Adaptive Mesh Constraints

: Begin step:

'EIE Interactions (1) -

R e | Begin incremfnt: ili]
e [ BCs () e * End step:

I—' [Ls Predefined Fields (1) s Endi
, nd increment

I [ redefined Field-1 (Modified)
LL7+; Lgat Gases Interpolation
L+ Ef’ Field Cutput Requests (1) Mesh compatibility: @ Compatible ) Incompatible
& Fg History Output Requests (1) [7] Interpolate midside nodes

It Time Points
B;;u ALE Adaptwe Mesh Constraints o

Deflnltlon of steps and Increment which are read fro m thermal analysis to
mechanical analysis (in thermal analysis was 148 incre ments (monitor))
- 0]




