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Analysis for Forging of Trochoidal Gears

Hae Yong Cho*, Gyu Sik Min** and Jongung Choi***

ABSTRACT

This paper describes forging of trochoidal gears, which are being widely used in timing belt pulley, pump
pulley etc., as a series of development of the simulator for non-axisymmetric elements. Kinematically
admissible velocity fields for forging of trochoidal gear were proposed and the loads were calculated by
numerical method. When the simulation was carried out, half pitch of gear was divided into 6 deformation
regions which have different velocity fields by assumptions and boundary conditions. The neutral surface
was introduced into forging of trochoidal gears with flat punch and, for each step. it is assumed as a circle
with its radius r,. The experimental set-up was installed in 200 ton hydraulic press for forging. The billets,
of Al 2218 aluminum alloy, were slightly phosphate-coated. It was shown that the theoretical solutions, as
upper bound, are useful to predict the forging load for forging of trochoidal gears, because they give esti-
mates that are substantially higher than experimental loads.

Key Words: Upper Bound Method (“34), Kinematically Admissible Velocity Field($48 7+H445%),
Trochoidal Gear(E23°]= 719}, Relative Pressure(4digH#)
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Fig 1. Schematic drawing of half pitch for trochoidal gear

A4S 9l o7 2 EwEQ 713 & e

1. A€ vgEFA oy Tl

2. ©%% A8 Von Misesd) EZxA-& el

3. AHER Alg e ZadA g /g,

4. 249 7R 423 nxl = ERE 7]y
AANY A3 & A st AR Y 433 FAl NEF
REOZ 2AV fEEHL 4T

5. 439 &5 A AWy 33 2ol A



g™ 283 % A13F 9% (19963 99)

U ,=-22 0
t

4

4714, Zi 2l Folo),

2.1 E8718 2EH
72 ggedol g AAZAT ARYRZAE
£ $E4S $Ea 0L 2o

RE

1) 1 8899 &3 (0<0<a, r;<r<r,)
Fig 1M et Zo] YA ol F g o2A é.,&r,ﬂic}
B9l THEstel TP SRS 0
—ch}. ARYE 22 I3 a3 22 SEA %_%

g & o

-UHU

2
u r
v =Le-5y y, =0
’ 2t( r) 9

2) 19899 £=4 (0<0saq, r,<r<r,)

o] 942 FHE A% 922X [I9F & &
WA wEYggez T dEx, dsH 2L &2
AES 4E F I SR g7t 1999 5
Bt g §F Weo| thad, &, (99 wAs
SEA4EL 2 7L S5 G)olAR 1 999 e
EeENEL 0 377} °V*(+)o]\:}

2
u r
U=—@r-2),U,=0
2t(r r) 6

r

3) I ¥¥9] £=R (<0<, r,<r<r))

Fig. 1149} Zo] @23 247 7% EHel Hate
dgozM Z7HEA W YA S2ydgo] 7]
Hojot ot 7EZA(U, / Uy = coth) & T3t 3
=3

2
u r,
U=—(r-+
’ 21‘( r)
2
u r,
=—(r—-)cot
STty

(r,+M)* (" - M) = (P - )[eM +1,) - )
Ar + M)Z\ﬁr2 - My -r}

coty =

79

4) T 9399 £ (050< 8, n<r<r,)
Yo Jhdo 2 YFWE] £ o] YFAE 4
o wat Aoz Wagcty /1gge, g oL
B &S AL 5 U

_wr_ G urC Cy
U’—Zt 2t Br+2t B r ¥

ué r2
U, = - t
Y ﬂ(r r] oy

= %\/(r2 - rrz){(2M+ r,)2 - rz}

JeM+r)? -
+2rf2sin_l[—-—-———( ) r]

2 /MG + M)
JCM +1)* - r*
C, = L(tan A+ tan~' B)+sin | VML) “T
2 2 /MG + M)

m\/(r -i{eM ) -}

QM +r. )M +1) —r* +4M(r, + M)

72
r(ro-r’)

QM + 1) CM +1)? —r* —4M(r, + M)

B=-
r,(r2 —r,z)

Mt our?

n

LAY R

5) T 9¥ed 4573 (9<0<
1993 2o 923 f5oe
J9o24 7Y YARP] S4B 00l Hojo}
BT M, e 2e SEAES U

P o
‘\

iA

~

IA

=

N’

249
Ur=ﬂ+ﬂ.
2t r
fur Cy rP—a-b
Ue-(—z,—*“;) PRIV
(@ —r°)r--b")

oA71N, a=r,+M, b=r,-M

N :
ur, 4 _u€
= n +C
YT o B 8
C=q}|.
CZ—C2 l

r-r



zg 0FY - 238

6) N W89 423 (0<0<9, 1, <r<R)
Velsh 2ol AFuee] 2ol UTHE 0 o
% 434ez Msatn M thedt 2 454
$ede 4

6,6 G G
2t 2r ¢ r ¢ r

U =2.(£+£v_) r-ab
PTe N2ty \ﬁaz-rz)(rz—bz)
o714

[ 2 2y, 2 42 Y 2_ 2
c, = (a r2)(r b)+(b2a) sin™! a -r

a’-b?

2 2 .

- 1 _
C, =sin & _Z(tan'C—tan”' D
=Sy 7 )
C_(bz—az-a\/az—rz)-\/rz—bz

b(b* = 1)
D__(b’z—az+a\/az—r2)-\fr2—b2

B> - 1)

2. 2. ofj{x[ 28|
AA o] &bl&L 2hzte] uA] avlgd Fojo,

Y

£ =Y E+YE+YE

A7A, E, € WRAYA 2BlE,
2¥)&, £, € vHEUA 2ugolT

2

E, & A

3. 2z & n@

A5y AAE AL ERZFE 7] g G2T H
+ AAYE B4 5 e T 7HEEERE AN
t} 2 dPoHE ESFo|T J)oje ¥z g% H2
FAE 10 mm, "5 E 0.148 AHgsigch 48 2
HAHFee § A€ Al 221809 7137338 1¥
& AS Fig. 29 ¢EANEez FE de o 44 9
& f558 & AdE.

G = 352.488%%% 3)

80

300 /
— 250 7
o
% 2004
= 7 = KE"
#1501 K = 352,48
5 n = 0.2320
%)

1004

50

0 02 04 06 08 1
Strain

Fig. 2 Stress-strain curve of Al 2218 by compression test
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Table 1 Nominal chemical compositions of wrought Al 2218"
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Si Cu Mn Mg Fe In

Others

030 354 | 05 136 010 003 | L73Ni 0.01Cr
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Fig 3. Relative pressures and loads for forging of trochoidal gear
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Fig 4. Photographs of forged trochoidal gear for each step
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Fig 5. Variations of energies with respect to reduction in height
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