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Abstract

A parallel version of sheet forming analysis program was developed. This version is compatible

with any parallel computers which support MPI that is one of the most recent and popular

message passing libraries. For this purpose, SERI-SFA, a vector version which runs on Cray Y

-MP C90, a sequential vector computer, was used as a source code. For the sake of the effective-

ness of the work, the parallelization was focused on the selected part after checking the rank of

CPU consumed from the exemplary calculation on Cray Y-MP C90. The subroutines associated

with contact algorithm was selected as targe parts. For this work, MPI was used as a message

passing library. For the performance verification, an oil pan and an S-rail forming simulation

were carried out. The performance check was carried out by the kernel and total CPU time along

with theoretical performance using Amdahl’s Law. The results showed some performance

improvement within the limit of the selective paralellization.
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FEM Analysis slave segment
Contact Algorithm
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calculate the contact force

DO LOOP for each slave/master node
Penalty Method master
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- If penetration occurs, penetration

slave segment

Tcomact force

OUTPUT

Fig. 1 Basic contact algorithm of SERI-SFA.
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Table 1 CPU rating by subroutine from an S-rail forming simulation,
Flowtrace Statistics Report
Showing Routines Sorted by CPU Time (Descending)
(CPU Times are Shown in Seconds)

Routine name Tot. time # Calls Avg. Time | Percentage |Accumg.%

SLAVE1 1.14E+03 28320 | 4.01E—02 36.92 36.92 fafialaialololaloted

CROSS 7.57TE+02 |1.45E+08 5.23E—-06 24.60 61.51 Fokokkokk

SLAVE2 4.24 E+02 28308 | 1.50 E—~02 13.79 75.30 balalel

PTIME 2.11E+02 88139914 | 2.39E—06 6.84 86.03 *

STIFFS 1.20 E+02 6 |2.00E+01 3.89 86.03

TRNFBS 7.14E+01 226464 | 3.15E~04 2.32 88.35

UNPK 6.00 E401 31310733 1.92E—- 1.95 90.30

SHL24S 5.31E+01 679392 | 7.82E—05 1.73 92.03

STEX 3.83E+01 4118158 | 9.30 E- 1.24 93.27

FEM3D 3.34 E+01 1 13.34 E+01 1.09 94.36

PENSTF 1.78 E—06 1 |1.78 E—06 0.00 100.00

RDETPT 1.77 E —06 1 [1.77 E—06 0.00 100.00

LOADP 1.76 E — 1 |1.76 E—06 0.00 100.00

MOMDEP 1.76 E —06 1 |1.76 E— 0.00 100.00

RBCC 1.76 E —06 1 |1.76 E—06 0.00 100.00

JOYINF 1.75 E—06 1 E?S E—06 0.00 100.00

RGIDWI 1.75 E —06 1 I 1.75 E—06 0.00 160.00

Totals 3.08E+03 2.77E-+08
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Remainder Process

Serial Calculation of
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Fig. 2 Parallel processing concept for the contact algorithm.
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(b) Results from PARA-SFA, a parallel program

All the results were the same no matter
how many -2, 4, 8, and 16 processors
were used.

Fig. 4 Plastic strain distribution after forming of the
oil pan Compare the degree of brightness at

local paosition.
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Fig. 6 Speed-up comparison between PARA-SFA results and predictions form Amdahl!’s law.
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Fig. 7 Performance comparison of the results from SERI-SFA on Cray Y-MP C90 and PARA-SFA on IBM SP2.
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