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Process and Die Design for the Forming of

Flanged Thrust Engine Bearings

H. J. Kim and I. K. Kwak

Abstract
This study aims to improve the productivity in forming of flanged thrust engine bearings from two

kinds of laminated sheet materials by integrating the forming processes or by reducing the number of the

subsequent sizing and machining processes or by modifying the forming tools used. For steel-Al rolled

blank, a design scheme for the one-step forming operation and the geometry of the tool set required 1s
suggested and is verified its usefulness by the finite element simulation. And for steel-Cu sintered

blank, the results of experiment and finite element analysis show that it is possible to improve the
dimensional accuracy of formed products and to reduce the number of sizing processes just by modifying

the shape and dimensions of initial blanks and flange forming dies, and by controlling the spring force.

Key Words : Flanged Thrust Engine Bearing, Finite Element Analysis, Process and Die Design
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Fig. 2 Forming process for the Steel-Al blank
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(a) Blank fixing
(front view)

(b) Flange forming
(side view)

Fig. 3 Fixing and flange forming process of a
U-bent Steel-Al blank

(a) Experiment

"p

(b) Finite element simulation

Fig. 4 Comparison between experiment and simulation
of the current process for Steel-Al blank
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Fig. 5 Forming process for the Steel-Cu blank
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(b) Simulation

(a) Experiment

Fig. 6 Section view of the Steel-Cu blank
after flanging process



(a) Overview

(b) Section view

Fig. 7 Schematic diagram of current tool set
for U-bending of Steel-Cu blank

(a) Experiment

(b) Simulation

Fig. 8 Comparison between experiment and analysis of
the current process for Steel-Cu blank
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Fig. 9 Schematic diagram of the tool set suggested
for one-step forming of Steel-Al blank
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Table 1 Tensile properties of the bearing materials
. Young's | Yield | Stiffness |Hardening
Material . ,
(Thickness) Specimen | Modulus| Stress |Coefficient| Exponent
E (GPa) | Y (MPa) | K (MPa) n
SteclAl 0° 153 391 496 0.070 (a) Steel-Al blank (b) Steel-Al blank
teel-
Rolled 45° 153 358 539 0.071 (Steel layer) (Cu tayer)
Blank | 90’ 153 387 596 0.076
@7109) A verage | 153 | 353 558 0.078
Steel-Ch 0 178 420 505 0.032
Sintered 45° 178 440 585 0.050 .
34131}1;2, 90° 178 427 678 0.079 () Steel-Cu blank  (d) Stee-Cu blank
(4.211.2) Average | 178 430 586 0.053 (Steel layer) (Cu layer)

* (total thickness / thickness of Al or Cu layer)
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Fig. 11 Photographs of the local necks
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Fig. 12 Deformed shapes of Steel-Al blank in the Fig. 13 Deformed shapes of Steel-Al blank with
suggested one-step forming process initial groove in the flanging process

e d7IFSEA/AH9A A55, 20001/ 483

(*



N
of
Ei

(a) Finite element model

(b) Deformed shapes at several forming stages

Fig. 14 Simulation result for the U-bending process
by modified tool set for Steel-Cu blank

Fig. 15 Die set and blank installed on a crank press
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Fig. 16 Initial and deformed blanks at several stages



=

o= A

T

3

uel AAE AN

A o
ok

3

Ly

Fig. 17 Successfully bent blank by the suggested tool set

g Aow

]

Q

g

2 A Az A 714

"

4.

Moy

__OT

=
=

AFstdt. 23

5.9 2571470 A9l A

]
E
E
=
g
o
w &
0 i
2
A
K
o
8
€3}
.J.
5]
ob
g
0
LT kBT
LCU‘_._-O__O
o
= Ty oy o
ﬂi:oo#&.
ETﬂNJﬂoﬂ
T Ty
w g ol
o o R
EoHolﬂLoW
— N =
%Wﬂwm
I
T H 2L oof o
— ° 3
70?_:.;\”
R
R
PG ®
- 0
N o B
ﬂi.% mut
BE T E O
Wy ormoEE o Lk

Engineering Design, 5th Ed., McGraw-Hill
Q) A, 1992, “d7 AYIAAZE wojge HA

o)
3R
—_—
1o
o/
or
oy
‘uAlo
Jo
—_
™~

1

(2) Steel-Cu 22

aldd

d,

7 JANE o2 o|Fo)AE

1
-7

WA 4PN

(3) Rothbart, H. A., Mechanical Design and Systems

Bl 2

A7} Gl BAE

=
=

Handbook, McGraw-Hill

| wj&el ok U-13 3404 249

)
A

g o= mtie NAZVeE

=]
SNy

HE, 19%, VIAESART, K

7] $Asod

H4ds

ol EAE

3]
il

b,

f-¢- o} FA

o

(6) Pam System International, 1998, PAM-STAMP™

User’s Manual

DEFORM 2D/3D™ User’s Guide, Ver 5.0

'y

(1) SFTIC,

200011/ 485

=z,

= AMIFEstE R)/A9E A5

o]
2



