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Figure 1. Prototype PWB assembly with composite heat sink.
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Figure 5. Edge supports for the PWB assembly (not to scale).
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Figure 8. Third mode for Al plate.
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Stacking Sequence

[(0£60),1,
Ply Thickness
Layer Angle (in)
1 N/A .002 Al
2 N/A .003 Adhesive
3 0 005 Ply 1
4 60 005 Ply 2
5 -60 005 Ply 3
6 0 005 Ply 4
7 60 005 Ply 5
8 -60 005 Ply 6
9 -60 005 Ply 7
10 60 005 Ply 8
11 0 .005 Ply 9
12 -60 005 Ply 10
13 60 005 Ply 11
14 0 005 Ply 12
15 N/A 003 Adhesive
16 N/A 002 Al

Figure 10. Stacking sequence for the composite heat sink.




Figure 11. Plate displacement under a uniform load.
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[0°] fiber orientation:

[90°] fiber orientation:

Figure 13. Switching fiber orientation for altering stitfness (not to scale).
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(a)

\

\ \ —
\ / \ /

/ \ Compliant/

Composite sink \ PWB adhesive

—

(b)

\
T J \ E—
\

Composite sink \ PWB adhesive

/ \
/ \_ Rigid /

Figure 14a and b. PWB assemblies using different adhesives for heat sink attach-
ment (not to scale).
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Figure 15. First mode for PWB assembly with composite heat sink.
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Figure 16. Second mode for PWB assembly with composite heat sink.



Figure 17. Third mode for PWB assembly with composite heat sink.
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Figure 19. ASD for random vibration analysis.
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Figure 21. 1/4 FEA model for the largest LCC.
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Figure 22. Temperature cycling profile.
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Figure 23. Maximum local von Mises stress in ther corner solder joint.
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Figure 24. Creep strain magniture in the corner solder joint.
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Figure 25. Hysteresis loop showing creep ratcheting phenomenon.
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Figure 26. Equivalent creep strain in the corner solder joint.
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Appendix 1. Weight Reduction Comparison

Table Al
Composite Heat Sink | Aluminum Heat Sink
Al Skin Volume (in’) 10.53%7.528x0.004 N/A
Adhesive Volume (in®) 10.53x7.528x0.006 N/A
Sink Core Volume (in’) 10.53x7.528%0.060 10.53x%7.528x0.080
Total Weight (Ib) 0.335 0.621
Weight Reduction 46% -
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Appendix 2. Matrices of Lamina for [(0+60)]; Stacking Sequence

(1) Stress-strain relation (Msi):

L - h 0
& Sy S, 0 ||on E‘1/1 113'“ On
£, =Sy S» 0 foyp(= _'Ez_l —E_ 0 Oxn
2 2
Yi2 0 0 S66 T2 1 T2
0 0 —
12
0014 -00047 0 |[o,
=|-0.0047 143 0 NOoyp (A2-1)
0 0 135/ 1,
(2) Lamina stiffness matrix (Msi):
E, ViEy 0
On 0, O, 0 &) A 1=V,¥y, &
_ 0 _ Vi Ep E, 0
Oy (=| Oy Oy, & (= 1—v.v 1—v.v &,
12¥21 12¥21
T 0 0 204 )Y /2 0 0 2G,, Yia /2
6831 022 O £,
=022 070 O €, (A2-2)
0 0 148 )Y, /2



(3) Transformed lamina stiffness matrix for +60° ply (Msi):

The following transformation relations are used:

O = @, cos* 8+ Q,, sin B+ 2(Q,, +20,,) sin’ H cos’ O

07 =(0Q,, + Oy, —4Q4) sin” B cos’ 8 + O, (sin” 6 + cos* 6)

Or = Q,, sin* 8+ Q,, cos* 0 +2(Q,, +20) sin” B cos’ 6

O =(0,, — 0}, —204,) cos’ 0sin8 — (Qy, — O, —2Q,) sin” 6 cos 6
OL = (0, — Oy, — 204 ) c0s0sin’ 0 — (Qy, — 0}, —204) sinBcos’ 6

OL =(Q,, + Oy, — 20, —204,) sin” @ cos” B+ O (sin* 6 + cos* 0)
(A2-3)

53 1252 753
[0l =|1252 3910 2173
753 2173 1303

(4) Transformed lamina stiffness matrix for -60° ply (Msi):

53 1252 =753
[0l =] 1252 3910 -2173
-753 -2173 1303
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