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} Presentation Outline

e Design of electronics * Preliminary FE analyses
packaging e Comparison of results

* Case study e Preliminary conclusions

* Literature * Proposed future work

* Experimental test setup . Questions
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el
Presentation Outline

* Design of electronics
packaging
e Case study

— Analysis of single circuit
board design

— Research motivation:
designs with multiple
circuit boards

e Literature
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%Electronics packaging designs

* Typical requirements
— Volume constraint

— Interface
* Mounting features
. Electrlcalconnectors

— Mass properties
* Weight, c.g. Trade space:
* Inertiatensor |2 ro o) s

— Design-for * quantity
* Manufacture * interconnect scheme

(IR LSRR SSiR o linting method
* Environment

----------------------

:'— Ruggedness
I
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P
}. Case study:

single circuit board design

* Early design concept

Conceptual design Simplified for finite- Meshed finite-
in Pro/Engineer element analysis element model
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Case study:
single circuit board design

* Early analysis of 100 [ ——————— -
. Ef— lnput (spectication
dESIgn conce pt -|— FEA - PWA response - concept 1 Q
in VlbratiOn 10 | |—— FE& - PWA response - concept 2
environment _ A=
—~ -
— Circuit board T f /
material o 1 Ee=itz
properties from A —
literature 4 11
— Result: desire to 0.1 'a
increase 1% —
natural 001 i
frequency 10 100 1000 10,000

— Modify design
concept based
on result

Frequency (Hz)

(sranroro )
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Case study:
single circuit board design

* Final design
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Case study:
single circuit board design

* Repeat analysis 100

Ilrrputl(uﬁdalteldl sl‘lc:rlelc:'tﬁcaﬁoﬁ} o

for final design

—— FEA - PWA response - final design

—— Measured PWA response 1

— Updated

=
o

environmental

specification

— Circuit board

PSD (G%/Hz)

material

properties from \

literature

o
=
|[-"'

— Good agreement AT

with laboratory ’

01
results 001 1o 100 1000

Frequency (Hz)
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* Circuit board response affected by mechanical coupling at
electrical board-to-board connectors
* Research goals
— Characterize this effect and develop modeling techniques
— Enable efficient FEA modeling for conceptual design studies
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Literature

(o

FEA of individual circuit boards in Simplified FEA models for optimizing
vibration and shock conceptual designs in vibration
* Park et al. (2007)* * Donders et al. (2009)°
* Pitarresi et al. (2004)? - * Mundo et al. (2009)°
e Wu et al. (2002)3 FEA techniques for * Pitarresi et al. (2004)?
mechanical coupling at
. electrical board-to-board .
FEA methods for circuit Electrical connector
connectors )

board boundary fretting due to
conditions in vibration and shock vibration
* Lee et al. (2008)? * Flowers et al. (2004)’
* Park et al. (2007)} * Van Dijk et al. (1996)3
Effect on circuit board e Suitable finite-element
response is not well- modeling techniques are
characterized in literature not presented in literature
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Presentation Outline

* Experimental test setup

— Goal: collect response
data using 2 circuit
boards with connector
for FE model validation
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Overview of test setup

e 2 circuit boards
— 3.5inches square, 1/16™ inch thick
— FR4 Tg 140 epoxy laminate

— Electrical connector located at center
of boards

* Response measured using 4 uni-
axial accelerometers

Center of each board
“Mid-span” on each board

Mo 1 oiniai
18 R RIRIR R
" -7'.“' T
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210 IPT1-110-01-L-D
——

L] I
* 3 unique styles samles w
Engagement/pull-out force s senee TL LI
SHROUDED POWER CONNECTOR SET
T - - - -0 E - B

www samtec.com?IPST
Insulator Material: Black LOP | ates with

Contact Material: -
IVI P?S';Smsyonzg AN LEAD. cqui -1sooKmm)
;i:;:; fimanm Gol Lead 236"
20,2 [ a e

Bending stiffness

. e DIA
Shor s over S0y 27m) i e o
yimid fitm
Operating Tormp Rarge Through-Hole) Pick & Place P
559G to +125° with Gold (VS oniy)
Insertion Depth: (3.7imm) TR A 5 | o 2 gsl;‘és‘}"’” -R. Lc
146 to (6,48mm) 255" - Right Angl -
. iging istance: T ont fngle e cin
0,38mm) 015" E -Vs = s ony)
nsertion Force (S G e
() I e 0 e C e oo 260 = Surface Mount (N/A with -A)
draal Foree SHT) (400 530
S Z S a S t o v (SMT): | -2 el 5o [%oa) 7 -A
insertioh Fotce (TM -3 [(eEof(L 02,18 = Alignment Pin
600z (1.67N) avg S
Withdrawal Force (TH): o0 [(TENEEEIe
Voltage Rating. & -5 [I0EEE
oltage Rating:
- FoHS Compliant: o | X kD
CURRENT RATING —or PEoveeanzany
AIBENT [ ipripst | o fsocoreianie
) ) M 08 [1er) “ebe
20C L) P X0 )
a0°c 728 1378 1,23 | 67 aiie(0.64) 02550
60°C A
£ AL
6 POSITIONS (2x3)

APPLICATION NO. PINS PLATING TAIL OTHER
SPECIFIC OPTION H -I PER ROW |l OPTION [l D Bl OPTION full OPTION falOP
La(chmu ceamre avaMabIe

= Wes w 'I e
APPLICATION il
[ —

=] = 10p" (0.25m) position
e T 05,10, 15, 20, 25 Gold on contact, polarized
=Beoars (Call Samt Matte Tin onTail Vs TR
e 0 = Surface S oniy) Tapes
i1 Mount 02
byrd | -LC Packaging
Sl
Processing: = v.' only)
Max Processing Temp:
230°C for 60 seconds, or {00
260°C for 20 seconds 3« 4
Load Freo Solderable: Yos T
SMT Lead Goplanarity o
(0,19mm) 005" max (05-10)
{0:15mm) 008" max (15-25) L} (Ea‘gg) (254) (1.27)
i
Note: Cthe Gold plaing 4 J
options availab ¥ e .
rvaci samioe 051 7.87) 310
Noter g - e-(0.70).031 (041) Ot6>fje & o
Some sizes, styles and
options are hor-standard, hrctobiicie Biecsiount

returmabi
rometumable Ouoto o, o o, pckcon d companart s st chrgo it .
EE— U/V/ W.SAM TEC, COM Im—
DAMTEC S o 1400 WMTED 2o 1206k _ GAMTEC HLCOM VALLEY T 0120560 AMTEC QTN CALIFOMMA ok
e ATt 111 s S P WL 110 650 SAMTE ALY T ity MATLCNORDRAA o &bt DM BB T izm T
73 Ten” SAMTEG R 17 SAMTED AR O a1 TS5 SAECJAPAN 1 04 7138 ShER O
SANTEC AN o 2.7 100 BARTES HORG WS- a6 305 SANTEL KORER. . 523171758 BAMTEL SOUTHAFIAT 412 1 45211 SAMTES NG 13 12747

|T§TANFORD Sondal
ENCINERRTN G Slide 13 11/24/2010 Laboratores

7284020 SANTEC UK Tol44 1208 78282




A 4

Edge constraint: 2 types

Clamp rings Hex standoffs & fasteners
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Random vibration — flat spectrum

L e
- | =——20.0G-rms (full level) ]
. . ]===141 G-rms(-3dB) ]
:IE] 100 TETTTE?’:TET?;T;?? 100 G‘rm8(6dB)
N 5:75555;5zz]‘*az—71G-rms(9dB)
S ipeedpeier ffumpy— oo e e e o e e v s
9) 10_1Zf'ﬁjﬁjﬁi Zji‘r"ﬁﬁ.Zﬁﬁj'j'fﬁﬁﬁj.jﬁﬁ.jff"jﬁﬁfrf.jﬁi"jfﬁ te i
. p—— S000000000S00RIRRRIRIORR00RSRRRSSRERIRRREY
10_2.. j .............. e R
500 1000 1500 2000
Frequency (Hz)

0.5 ms half-sine shock

250 , 1 . ‘
' | =——200 G (full level)

O 200 | ——142 G (-3dB)

- | ——100 G (-6dB)

S 150 | =71 G (-9dB)

. | | —50(3 (-12dB)

@ 00Nyt r e Frm e
[(h) / | | | |

S \ a |

< 50 B —

"G 52 s

EN Time (S)

Dynamic loading

Sinusoidal vibration — frequency sweep

,_\10 :EEEEE355553155535555555?" """"""""""""""" &
S ;-*55-5555;1555-5555-5?55—20G(fu|l level) |-
c =10 G (-6dB)
% 102 _ifzaizé"z?jr;";?:éf;'éz;é ,,,,,, SG(_,12dB) ,,,,,,,
I e SRS TR LTSRS ARt
R s A R
8 1i 1 |
< 0T
X Tiols ks Vs b5 i $ 0wk 97 8 s Te g 5 S B
0 e e e e I s e S ARG i S ]
(b} I 4
o 100 1 : :
500 1000 1500 2000

Frequency (Hz)

1.0 ms half-sine shock
250 , : ;
. : :—2OOG(fuII level)
O 200 ' | ——142 G (-3dB)
= | ——100 G (-6dB)
8 1501 | =——71 G (-9dB)
o i—50G(12dB)
2 100+ s s e B
0.) I | I
3 ' 1 |
=% 0 [ S R
i | .
1.5 2 2.5 g
Time (s) w10 atories



el
Presentation Outline

* Preliminary FE analyses

— Goal: predict response
with ‘bounding’
estimates of 15t natural
frequency
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} Preliminary FE analyses

* Software | Parameter | __Details ___

— Mechanica (Pro/Engineer) Connector size & Mass
— P-element code style Stiffness
— Semi-automated meshing Size

* Model parameters Edge constraint Clamped
— Estimates for FR4 material type Standoffs

properties (from literature)
— Estimate 5% damping

* Typical model size
— No. elements:

— No. nodes:
— Run time: 1 to 45 minutes

Dynamic loading Random vibration

type & level Swept sine

Half-shock

|_STANFORD @ Sk
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%Preliminary models: clamped

Lower bound: “Compliant” model Upper bound: “Rigid” model
(ignores connector) (connector stiffness = 10 x 10° psi)

NOTE:
P-element
code!

6 DOFs fixed

Connector (tetrahedrals)
along edges

Connector
(point mass)

I

(sranroro ) i
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%reliminary models: standoffs

Lower bound: “Compliant” model Upper bound: “Rigid” model
(ignores connector) (connector stiffness = 10 x 10° psi)

NOTE:
P-element
code!

Translation
fixed at holes

Connector

(point mass) 6 DOFs fixed
at standoffs wm

Connector and standoffs
(tetrahedrals)

1dia
fional
loratories

o
=
o

F

)
>
Z

m

O
mL

-
=

86 Slide 19

zﬂ:
m*

NGI



Mode shapes

\ Mode 1

Bound 1: No mechanical coupling \

& Mode 1

Mode 1 (side view)
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Boundary

condition

Modal frequencies

Mechanical
coupling

Clamped

Standoffs
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el
Presentation Outline

e Comparison of results
* Preliminary conclusions

* Proposed future work
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Clamped, 20 pin, top board, center

——— FEA input i
10 | ==+=—= FEA response (compliant) r---4---------- -
— = FEA response (rigid) l
~ Testinput :
— Test response - style 1 i
10 | — Testresponse-style2  r---+---------- —

Test response - style 3

!
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Clamped, 40 pin, top board, center

= FEA input
10 | === FEA response (compliant)
- == FEA response (rigid)

Test input
— Test response - style 1
10 | — Testresponse - style 2
Test response - style 3

!
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Top
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”¥ Preliminary conclusions

e Shape of predicted e Connector ‘stiffness’
responses — Did not distinguish
— Qualitatively correct between bending stiffness

and engagement ‘stiffness’
e 1Stnatural frequency 55

— Well-bounded for 20 pin
connectors

— FEA predictions varied
significantly for 30 and 40

pin connectors

* Response amplitude (zero) 10 x 10° psi
— Too low in all cases
— Decrease damping to ~ 3%

|((sTanFORD @ Natorel
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* Bending vs. engagement

stiffness

— FEA models of connectors
and/or 3-point bend tests

— Validate with test data

 Explore other element types

— Link, linear spring, or linear
spring-damper (engagement
‘stiffness’)

— Beam (bending stiffness)

— Non-linear spring elements

— Contact elements

* Abaqus (H-element code)

e Expand study to include 2"
and 3" natural frequencies

I_STANFORD
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‘ Proposed future work

Possible outcomes
— Validated modeling techniques

— Implementation in model of
multi-board telemetry system

— Generalized recommendations
based on key design
parameters, e.g. board size,
connector size, estimated
material properties

Goals
— 1t patural freq.: +5%
— Peak response: +10%
— Total run time: <~ 3 hours

— Enable efficient FEA modeling
for conceptual design studies

@
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Design of electronics packaging

— Circuit board geometry <>
dynamic response

Case study (single board)

— Research motivation: designs with
multiple circuit boards

Literature

— Mechanical coupling at circuit
board connectors not addressed

Experimental test setup

— Collected response data using 2
circuit boards with connector
under a variety of conditions for FE
model validation

Summary

Preliminary FE analyses
— Bounded estimate of response
using ‘compliant’ and ‘rigid” models
Comparison of results

— Good agreement between FEA and
experimental results

Preliminary conclusions

— Effect of engagement ‘stiffness’ vs.
bending stiffness remains unclear

Proposed future work

— Develop improved models to
better match data

— Develop guidelines for
implementation in analyses of
conceptual designs

Questions

|((sTanFORD @ Natorel
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Backups
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Linearity of response
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Material properties of FR4

* Higher accuracy

* Approximate values
(taken from literature)
are often adequate for
typical design studies

— E=2.0to 3.3 x 10° psi
—v=0.121t00.25

e Used for preliminary
analyses
— E=2.7 x10° psi
—v=0.12
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required for developing
board-to-board
connector modeling
techniques

Tensile tests presently
being performed to
determine E, v

— E=

_V=
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