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STRESS ANALYSIS OF EWI 5! COMPONENTS US [NC THE BOUNDARY ELEMENT METHOD

Junic>l Sugita  and Tamotsu  [toh

Stress analysis through  the Fh-iice Element Method (FEM)  is widely utilized to design and evaluate
engine parts. However,  it requires much rime to produce models with complicated three-dimentionaf
profiles. There are afso marsy  cases in which it is difficult to use the FEM system during the development
stage.  We developed a new stress analysis system combining the Boundaly Element Method (BEM) with
a pre/post-processor.  BEM is faster  al producing medels and is more flexible in aflowing  for design
modifications.

We applied the system to the suess analysis of pistons and crankshafts.
Compared with the result from m actuaf  measurement  of components,  the suess assafysis  using tfse

system proved a good result with its accuracy.

Key Words : Boundary Elemen~ \tethod,  Engine,  Stress Analysis,  Piston,  Gankshaf!,  Super
computer,  CAD sysImrr,  Compuwtional  Mechanics,  BEASY.
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Table  1 Compamon  between BEM and  FEI<
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Fillet  R

Main frame

fiml
L-1\ )
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Table 2 Functons of pre@3sl-prOCeSSOr

1. Pre-processor  funcl(ons

Checking and  rrwd]fymg  the model
- Aspect ral!o

- Grading

. Normal VeCtOf

. Scaling

Selling the calculation cond,tons

. Loads

. Bounda~ conditions

. Material charactensocs

. Dwision  of the reg!ons

2. Post-processor functions

. Dis@ay  ot suflace  stress

. Swess  vector diagram

. Display  of temperature dtstriixtion

- Display of displacement

SOLID MODEL WIRE FRAME MODEL MESH MODEL

Flg 4 Production  process Io( EEM rn@d21
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Table 3 Apphcable areas  c BEASY

1. Analysis t!pe

. Efast,c  stress analysis

. S~a~ic heat conducl,on  analysls

. Thermal stress analys!s

. Nonhnear  contac!  analj-s,  s

. Fraciure  mechanics  .m:!jss

2 Calculation condmors

Slress analysts
. Pressure load of a!txrar:

d!slnbullon
. Acceleration and rola!cm?i force

. Prescribed d!splacemenl

. SItdmg  mtefface,  spnnc  mleriace

. Gap element

Heat conduction analys, s

. Boundary heat condti?:~n

. Tempe ralu re Condtltcc

Table 4 Pefiormame of 13EASY  for  crank throw  on a
CRAY  Y-MP

Non op!lmlzed Optimized Reduct!on

Vernon VerscOn (Percent)

Number of elements 1202 1202

Degrees cd freedom 5373 5373

/“
>-

MerTWY requ[red  (Mword) 1 79 1 17 35

Tolal  CPU I!me 16m!n 12SeC 10mm 15sec 37

– 16--



LOADA
LOAD

.,.,...
w-: -:.,..  .2.

-, ‘- ‘-
. . . . .

—— .,. .

w
Flg 5 BEM nw@el of a I-4 crankshaft

1
./,,,/,.

J,.
Journal

ln4,ne  4 Cylmde,

T,,
1.,
1

P, n
—

.JOUrna!

Fig 7 Stress on surlace  of I!llets

—

Fig 6 BEM  nwdel O( a V.6  ~ra”k~haff

FIg 8 BEM model of a crankshaft wifh  hOIe

GZ2 TEST

0 BEM

111-,,,,.,,..
Jcumal

!“4tfw  6 cy!md.e( V-sha@  6 cyl,wle,

Ftg  S Slress  on sufiace of a crankshaft  Oil-hole

17–



-..

Fig.1  O Analysis model
(1/4  tncdel including piston p!n)
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