WORKSHOP
THERMAL CONTACT RESISTANCE

3.66+001
3.65+001

3.44+001
333+001—

8.22+001.
3.11+001

289+001—

2.88+001
2.77+001
00001 2 BE+001
2.56+001
2.44+001

2.33+001
2.22+001
1000 2.11+001

2.00+001
v default_Fringe :

Max 3.66+001 @Nd 122
Min 2.00+001 @Nd 163
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e Problem Description

e In this example, two solid Hex8 meshes are connected using convection
with the Option set to Coupled. Instead of connecting the Hex8
elements with conduction elements, the connection is made using
contact resistance via convection.

e Inthe previous workshops, to model heat transfer across components,
the meshes on adjacent parts had to match each other and then were
equivalenced together. For some models, this is either impossible due to
technical difficulty or time constraints. This technique gives an a way
around this challenge, if the user has a good understanding of the
coupled convection abilities of MD Nastran. This technique has
numerous applications outside of this workshop. Students are
encouraged to think up some uses and discuss them with the class.

e Heat flux is applied to the top of the chip and a fixed temperature is
specified at the bottom of the PCB.

e For this model, determine the maximum temperature at the top of the
chip, and the temperature drop to the bottom of the PCB.
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e Suggested Exercise Steps
e Create a new database.

e Set the preference to MD Nastran thermal.

e Create solids for IsoMesh with Hex8 elements.
e IsoMesh the solids.

e Specify materials.

e Define element properties.

e Create convection between the two solid meshes.
e Apply a heat flux.

e Apply a temperature boundary condition.

e Perform steady-state thermal analysis.

e Attach the results file.

e Display the temperature results.

e Quit MD Patran.
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Step 1: Create a New Database

Open...

Elose

SavE

Save a Copy...
LEilities

-
CErHAA
ChrHS

a

|File Group  Miewpork ﬁ;wing Display  Preferences Tools  Insioht Control Help  Ukilities

=
A

LA JIEE T IR

[ L s Fe @ @

Er L

= W B @ &P @ |4

[@][= |G HE[[~ =

Propetties Load Ca... Figlds analysis Resulks Insight ® Plok

Irnpart. ..
Ezpart...

Sessian
PFimt, ..
Irages. ..
Repart, ..

it

G

R

Template Databasze Mame
| CoMSC Software'Patran'2007 _rl demplate dib

Change Template ...

Create a new database:

v Modify Preferences...

a. File: New.

b. Enter
thermal _contact_resistance
.db for File name

c. Click OK.
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File narne:

ok (¢ ]
j Cancel |

Ithermal_u:u:unta-:t_resistanu:e. db @

Files of twpe: IDatahase Files {*.db}




Step 2: Use MD Nastran Thermal Solver

New Model Preference |

Madel Preference far: 1=

thermal_contact_resistance.db

— Talerance
{~ Bazed on Model

Set the analysis code and analysis tSiobal Model Tolerange:

type to MD Nastran Thermal: 0005
a. Select Default for Tolerance. -
b. Select MD Nastran for Analysis Code:
Analysis Code. wohestran v [ (b)

c. Select Thermal for Analysis _ _
Type. Analysis Type:
d. Click OK. (©)

Preference Mapping:

" Mapping Functions
{* Legacy Mapping

" Mo Mapping

oK Z:SI Resst |

Mewy Model Preference |
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Step 3: Create Solids for IsoMesh With Hex8 Elements

File Group Wiewport VYiewing Display Preferences Tools  Insioht Control Help  Utilities

=
p,!

DRSO M 6 B ol B G Be ol ol 3ok

A REEIEEESSIEE L

ErEEE:

® | & { i = i & @ i @ [ @ e |G|/ ME|x - - x~
Geometry | Elements  Loads/BCs  Materials  Properties Load Ca... Fields fnalysis Resulks Insight # Plok
Geometry g Geometry g
(P:(r:egte tcr;e r?_olids representing the action. create ¥ | = action: craste ¥ | =
and cnip:
P . Object: Solid ™ | @ Ohject: Solid ¥ |
a. Geometry : Create / Solid /
XYZ. Method: Method:  wyz w |
b. Enter <55 0.5> for Vector Solid I List Solid ID List
Coordinates List. [1 | f1 |
C. cE:ntel;j[o 0 O] [Or Orlgln Refer. Coordinste Frame Refer. Coordinate Frame
(_)0r Inates List. |CoordD |Ccu:rdtl
(ej' CE::"Ili::rA;pzpzlyO 25> for Vector “Yector Coordinates List “Yector Coordinates List
. . <5 50.5= =2 20.25%=
Coordinates List. | @ I @
f. Enter [2 2 1] for Origin 0 A EED M iy B s
Coordinates List. Origin Cooreinates List Origin Coordinates List
g. Click Apply. fooa  (C) 221 (f)
- (d) . T .
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Step 3: Create Solids for IsoMesh With Hex8 Elements (Cont.)

s
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Step 4: IsoMesh the Solids

File Group Wiewport VYiewing Display Preferences Tools  Insioht Control Help  Utilities F;‘.ﬁ,
DEARS B M/ b PRl 4L % e do an: Bdtma’
] = { B i W FH @ & & | &= G HE|x ~ &

Geometry | Elerments |LoadsfBCs  Materials  Properties Load Ca... Fields Analysis Resulks Insight # Plok
=
IsoMesh the two solids using Hex8 actor: creats | Al
elements: Object  wesn v |
a. Elements : Create / Mesh / Tee s v |
SO I I d ) Cutput 10 List
b. Select Hex for Elem Shape. Fode !
emel |1
c. Select IsoMesh for Mesher. et
d. Select Hex8 for Topology. Elem Shape @
e. Enter Solid 1 2 for Solid List. Hesner foesn_~ |
Topology Hexg *
f. Enter 0.25 for Value of Global st 7| @
Edge Length lzatdesh Parameters... |
. ) Maode Coordinate Frames... |
g. Click Apply.
Soidlist N\
| Solid 1 2 \ej
—Global Edge Length—————————————— —
I Automatic Calculation
alle 025 f
Prop. Mame: - Mane -
Prop. Taper - B -
Select Existing Prop. .. I
Create MNewe Property.. I
v (g) ¥
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Step 5: Specify Materials

File Group Miewpork Wiewing Display  Preferences Tools  Insioht Control Help  Ukilities F;‘ﬁ,
UERESE o Mo [ B e A4 L "% Feedsa e BdeoQR
® © | e W = 9 ® ® b | |@ds/cEENaod

Geometry  Elements  Loads/BCs Properties Load Ca... Figlds Analysis Resulks Insight %Y Plok

i
Materials

=101]

E| M Input Options

Create the isotropic material
property for the PCB:

a. Materials : Create/
Isotropic / Manual Input.

b. Enter pwb for Material Name.
c. Click on Input Properties.

d. Select Solid properties for
Constitutive Model.

e. Enter 0.6 for Thermal

Conductivity.
f. Click OK.
g. Click Apply.
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Action: Creste ™ | @ - Constitutive Model:
Object: lzotropic. ™ |

Solid properties - | @

Methoe: Property Mame

Manual Input - |

Walue

Existing Meterials Thermal Conductivity =

jos @

1= Specific Heat = |

Density = |

Temperature Depodel YWariahle Fislds:

Fitter | I *
I Kl
Whaterisl Mame Currert Constitutive Models:
| peov]

(b)

Description LI
Date: 15-Jun-07 Time: =]
221618
s o (f
Input Properties ... C
Change haterial Status ... |
= (g)
=]
Materials
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Step 5: Specify Materials (Cont.)

File Group Miewpork Wiewing Display  Preferences Tools  Insioht Control Help  Ukilities

i
P!

UERESE o Mo [ B e A4 L "% Feedsa e BdeoQR
® @ | | = = 9 & ® bk | |[@e g mEEsaf
Geometry  Elements  Loads/BCs | Materials | Properties Load Ca... Figlds Analysis Resulks Insight %Y Plok
4 =
. . . Action:  create ~ | r Constitutive Model i i -
Create a isotropic material e @ S e Sold propertes |
property for the chip: etk it | Pragerty Name Value
a. Matena]s : Create / Existing Materisls Thetmal Conductivity = |1.34 @
Isotropic / Manual Input. s - y
: . Specific Heat = |
b. Enter chip for Material Name. — |
c. Click on Input Properties.
d. Enter 1.34 for Thermal
Conductivity. v
. y K0l _>lJ
e. Click OK.
f. Click Apply. Lo | —— |
IM :th;:ial Na@ Current Constitutive Models:
Description _ILI
Date: 15-Jun-07 Time: =] ﬂ ’
221618
j m< Clear | Cancel |
Input Properties ... (a
Change Material Status .. |
Apply !g) LI
Materizlzs I
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Step 6: Define Element Properties

File Group Miewpork Wewing Display  Preferences Tools  Insioht Control Help  Utilikies :‘A

LEAES®E o Moo ][ Er oo BB e d BG4 L [ EFEeR o mw = thadsvma @
® © ¢ B | = | W B @ ® & r | |[de/c/EE|]|xor

Geometry  Elements  LoadsfBCs  Materials | Properties |Load Ca... Fields Analysis Results Insight %Y Plok
f =oixi

Solid ( CHEXA )

| v

Property Mame Walue “alue Type

Create 3D solid element properties | #den  Creae Ml

fOI’ the pCb: Object: 30 ¥ @ Material Name Im:pwb ( : ) Mat Prop Name j
of

a. Properties: Create/ 3D/ Tyoe:  Soid v |

SO|I d [Mater. Crientation] |— String v|
b. Enter pwb for Property Set e el « |
N ame. ;I Select Application Region E|
c. Select Standard =
H H Select:  Ertity - 1=l
Formulation for Option(s). Eites |
d. Click on Input Properties. i .FI _ application Region
e. Click in Material Name box Select Members
and select pwb under [ wm =t (h)
Material Property Sets. Property Set Name i) remove |
f. Click OK ) N
" - pplication Region
g. Click on Select Application —_— =
Reg on. Standard Formulation - |© LI
h_ Enter SO“d 1 for Select Erter the Material Mame or select a material with the icon.
) M_embers' Input Properiies . \,d
i. Click Add.
. . Select Application Region ...
j. ClICk OK el pplication Region
. OK Cl
k. Click Apply. o 4<3 — ~ (D
4® hd hd|
Element Propetties I Element Properties  Select Application Region I_
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Step 6: Define Element Properties (Cont.)

File Group Miewpork Wewing Display  Preferences Tools  Insioht Control Help  Utilikies :‘A

LEAES®E o Moo ][ Er oo BB e d BG4 L [ EFEeR o mw = thadsvma @
® © ¢ B | = | W B @ ® & r | |[de/c/EE|]|xor

Geometry  Elements  LoadsfBCs  Materials | Properties |Load Ca... Fields Analysis Results Insight %Y Plok
x (o]
. . ol
%rl.’et?]f (\:?,h[l) SOlId element propertles Action:  Creste ¥ | = Property hatne walue walue Type
p- . Ohject. 3D ¥ . 2
a. Properties: Create /3D / — HMeteria Hame [1mchi (:) et Frop fame
SO|Id Type! M [Mater . Criertation] |— String v|
b. Enter chip for Property Set | | _l;l
Name. Prop. Sets By Mame | 4 »
c. Select Standard P |5 E
Formulation for Options. Select: Enties ¥ | =
d. Click on Input Properties. B _Ill
L . q ¥ R .
e. Click in the Material Name “S""I“j‘:\:”:;g'°”
box and select chip under Fiter | — [Soi2 @
Mgtenal Property Sets. Froperty Set Hams o :
f. Click OK. [ (p) add ()  Remove |
g. Click on Select Application Application Region
Reg ion. Options: C
h. Enter Solid 2 for Select stendard Formulation ¥ |© =
Mem beI’S Eriter the Materisl Mame or select a material with the icon,
i. Click Add. TR FER=als - @|
j. Click OK. Select Application Region ...
k. Click Apply. OK ( ) Clear
. E— —(7) 2
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Step 7: Convection Between the two Solid Meshes

File Group Viewport  Viewing Display Preferences Tools  Insight Control  Help  Ukilities F:‘J,
DEARESBo M/ L PRl 40 % Eeeda anS Baddyvmat
® & ¢ B o W = @ ® ® b+ | |[@e/ c/WExora

Geametry  Elements | Loads/BCs | Materials  Properties Load Ca.., Fields Analysis Results Insight #i Plak
Set up a coupled convection bt s | @ r Form Type:  Basic ™ |
Ioading between the two solids. ortect M Convection Coefficiert * Temperature Function
. Type: Elemert Lniform - |
Loads/BCs : Create / Convection — — 12 *))
/ Element Uniform. e @
. —Current Load Case: ——————————————
a. Select Coupled for Option. Defeut.. |
b. Enter coup_conv for New fee SE
Set Name.
c. Select 3D for Target Element Bxdsting Sets
Type. L
d. Select 3D for Region2.
e. Click on Input Data. - _
f E t 1 2 f C t Spatial Fields Temperature Dependent Fields
. nter 1.Z tor Convection = = =
Coefficient. KTl of - -
g. Click OK. 1 L|J 1 ;IJ
Mew Set Mame /\ 8]
COUp_cony \CJ
Target Elemert Type: 30 % | @ M &l ﬂl
Region 2 @
Imput Drata... (f
Select Application Region... |
-&pply- | LI
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Step 7: Convection Between the two Solid Meshes (Cont.)

File Group Viewport  Viewing Display Preferences Tools  Insight Control  Help  Ukilities

=
A

OEHS B o Mo R Lo [ B K ol %

ARSI LR

EEEEEEE

® & ¢ B o W = @ ® ® b+ | |[@e/ c/WExora
Geametry  Elements | Loads/BCs | Materials  Properties Load Ca.., Fields Analysis Results Insight #i Plak
| Select Application Region |
) Action: Create ™ | = Geometry Fitter =
Set up a coupled convection Ot canvection | & Geometry @
loading between the two solids. The  Eamentiriom < | o e
(Cont) i . i L —ICDUpIEd hd Order:  Closest &pproach @ |®
i. Click on Select Application e P
Region. Defaut... |
. . Tope: Static
j. Click Geometry for Geometry * - Anpication Region
F| |tel’ Select Solid Faces
: _ )
k. Select Closest Approach for i I : 0
Order. <m’ Add ‘ ii )  Remove |
| Enter Solid 2.5 for Select Aepleation feaen
Solid Faces. sol2s B
m. Click Add. g l'
n. Select Active List check box & 2 I Active List
under Companion Region. Comparion Region
. Mew: Set Name -
0. Enter Solid 1.6 for Select [coup_con - Solid 1.6 [— |
Solid Faces. =
p_ CIle Ad d . Target Elemert Type: 300 % | |7 T @
g. Click OK. Region >
r. Click Apply. input Deta... |
Select Application Region... (i ( ) e
Ok
-Apply- < : > ~ éI
Loac/Boundsty Condtions Select Application Redion LI_D
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Step 7: Convection Between the two Solid Meshes (Cont.)

v s
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Step 8: Apply a Heat Flux

File Group Viewport  Viewing Display Preferences Tools  Insight Control  Help  Ukilities

=
A

OEHS B o Mo R Lo [ B K ol %

ARSI LR

EEEEEEE

® & ¢ B o W = @ ® ® b+ | |[@e/ c/WExora
Geametry  Elements | Loads/BCs | Materials  Properties Load Ca.., Fields Analysis Results Insight #i Plak
Action: Create vl = F Toaes P = X — -
Apply a Heat Flux on the top o oo @ o T pasic | select 4[9‘9”“‘”‘ ) r
. Hest Flux
surface of the chip: Tyre: o (e)
a. Loads/BCs : Create/ opion. ormalFes ¥ | @ Application Region
Applied Heat / Element Curtent Lo Caser Select Solid Faces
Uniform. T S, | saiaze (1)
b. Select Normal Fluxes for e .
Option Al E I ’ Remaove |
A Spatial Field i :
c. Enter heat_flux for New Set ExXslng Sets | — 7| Arpletin Rean
Name. = B
d. Click on Input Data. K| _>|_I -]
e. Enter 10 for Heat Flux.
f. Click OK. _I_I Reset |
g. Click on Select Application L : oK @ Cancel |
Region. i
Mew: Set Mame m :I
h. Select Geometry for Er—. N | ey cmine o[ |
Geometry Filter. i o (k)
I. Enter Solid 2.6 for Select Torget Blemert Type: 30 ¥ | ~|
Solid Faces. Select Application Region | ] | Il
j. Click Add. wavan. (d
k. CIICk OK Select Application Region...
- AN
[.  Click Apply. n .
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Step 8: Apply a Heat Flux (Cont.)

(v
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Step 9: Apply a Temperature Boundary Condition

File Group Viewport  Viewing Display Preferences Tools  Insight Control  Help  Ukilities F:‘J,
DEARESBo M/ L PRl 40 % Eeeda anS Baddyvmat
® & ¢ B o W = @ ® ® b+ | |[@e/ c/WExora

Geametry  Elements | Loads/BCs | Materials  Properties Load Ca.., Fields Analysis Results Insight #i Plak
El W[ input Data x x
Action: Create vl 2 ~
Bounid T &t = . —
Apply a temperature boundary B @ |;;n a&ﬁmper ure Select Geometry ¥ | A
condition on the bottom of the e e v |
PCB Spatial Fields s .
. ;l — Application Region
a. Loads/BCs : Create/ urrent Load Caca: Select Geometry Ertties
efault... i Solid 1.5
Temp(Thermal) / Nodal. = St:-f t - _*I_I ol (9)
b. Enter tempbc for New Set e :
Name. Remove |
c. Click on |npUt Data. s S35 5 ﬂl Application Region
d. Enter 20 for Boundary o (g) _ comon | -
Temperature. _
. - 7
e. Click OK.
f. Click on Select Application LoadBoundary Concltions  nput Data |
Region. <] _>l_I
g. Enter Solid 1.5 for Select
111 Mew Set Name |
G(_aometry Entities. — @
h. Click Add. —
i, Click OK. o (i) =
J.  Click Apply.
Select Application Region | LI_&I
Input Data... C
Select Application Region... ( f
.
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Step 9: Apply a Temperature Boundary Condition (Cont.)

no+001
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Step 10: Perform the Steady-state Thermal Analysis

File Group Viewport  Viewing Display Preferences Tools  Insight Control  Help  Ukilities F:‘J,
DEARESBo M/ | L PR % Eeeda anS Baddyvmat
® & ¢ B 2 W B ¢ | @ @ pr | |[de/ cHNE|~xod

Geometry  Elements  Loads/BCs  Materials  Properties Load Ca... Fields Bnalysis Results Insight #i Plak
Analysis |
Action: Analyze ¥ =
Perform the analysis: ok Eretkdd | @
, . Methad
a. Analysis : Analyze / Entire
Model / Full Run. o
b. Enter
thermal _contact_resistance
for the Job Name. valeble Jobs
c. Click Apply. L
4

Job Mame

|therma|_comact_resis‘tance
Job Description (TITLE)

MO Meestran job created on
15-Jun-07 at 22:59:56

I;IL@ I;I;IL

SUBTITLE

LABEL

Translation Parameters...

Solution Type...

Direct Text InpLt...

Select Superelements. ..

Subcases...

Subcase Select...

Apply g C ) -

Analysis I
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Step 11: Attach the Results File

File Group Viewport  Viewing Display Preferences Tools  Insight Control  Help  Ukilities F:‘J,
LBAEHS R R b @Rl AL L ~ % Fea o anh Bdetraae
® & ¢ B 2 W B Q¢ | @ E | ||&=]C HE|x o
Geometry  Elements  Loads/BCs  Materials  Properties Load Ca... Fields Bnalysis Results Insight #i Plak
Analysis x|
Attach the XDB file: pcton r
a. Analysis : Access Results / e €Y B
Attach XDB / Result Method:  RosutErities | ——
. ir: Ewerl? - = : -
Entities. Laok in: | | = @B ¥
b. Click on Select Results File. e [ |
C Select Tywpe: |Thermal |
thermal _contact_resistance P
. Mallanle Jons
'de for the Flle name' thermal_contact_resistance ﬂ
d. Click OK.
e. Click Apply. i _>lJ
Job Mame:
thermal_cortact_resistance .
LbDesc_ﬂ o (T_ITLEJ File narne: Ithermal_u:nntau:t_resistan-:e.:-:u:II:u ok (d
WD Mastran job crested on ;I
15-Jun 07 t 23:01:41 o Filess of tupe: IF“ES 1 wdb? j Cancel |
SUBTITLE
LABEL
I
Select Results File. .. @
Translation Parameters... |
Applvf : ) :l
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Step 12: Display the Temperature Results

File Group Viewport  Yiewing Display  Preferences

Tools

Irsight Control

Help  Utilities

OEES B Mo W[ LD B B b o

AR EEIEE TSR LR

EEEEEEE

Geometry  Elements  Loads/BCs  Materials

w ) 4 B =

Properties Load Ca...

H &=

Fields

@ i3] "

Analysis

[@][= |G WM~ o

=Y Plok

Results Insight

Display the results:
a. Results : Create / Quick Plot.

b. Select Default, A1... for Select
Result Cases.

c. Select Temperatures for Select
Fringe Result.

d. Click Apply.

Post Workshop questions:

*  The meshes of the two solids did
match in this case. Would it still
work on dissimilar meshes?

*  What was the application region of
the coupled convection? Did the
convection transfer heat across the
entire face of this application
region?

*  How would a user use this loading
to interpolate a temperature
distribution from a CFD analysis to
a heat transfer analysis? In a future
workshop, this heat distribution is
made into a applied structural load
to calculate thermal expansion
stresses.
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Actior;  Create ‘l @
Ohject:  Quick Plat ™

==

=

Select Result Cases

Default, A1:Mon-lnear: 100, % of

Select Fringe Result

Bioundary Hest Flux, Total |
Hest Fluxes,
Temperature Gradients,

Select Deformation Result

|»

3.66+001
3.565+001
3.44+001
3.33+001
3.22+001
3.01+001
2.99+001
2.88+001
2.77+001
2 66+001
2BB+001
2.44+001

2.33+001
2.22+001
0+001 2.11+001
2.00+001

default_Fringe
Max 3.66+001 @Nd 122
Min 2.00+001 @Nd 163

=l
[~ Animate
o (d) -
=
Results I
WS7-24



Step 13: Quit MD Patran

File Group Viewport Wiewing Display Preferences Tools  Insight Control  Help  Ukilicies j'l,

ven i L of BB ol BB e M A M4 L T [FPGS D eGSR0 @QR

DPE ., (Zhr| G

Close Chrl-+W { Ellil'r #Q] ¢& == @ @ @ P_\l |J ﬁ” [ | G | . . |R | ﬂ|

Seria Chrl+5 adsfBCs  Materials  Properties Load Ca...  Fields Analysis  Resuls Insight #Y Plok

Save a Copy...
Ukilities *

Irnpork. ..
Expart, ..

Session 3
Print. ..

Irnages. ..

Repark...

[ ox oo @)

Quit MD Patran:
a. File / Quit.
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