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In this paper, the forging of helical gears has been investigated. Punch is tooth-shaped as is the

die insert. The punch compresses a cylindrical billet placed in a die insert. As a consequence the

material of billet flows into the tooth region. The forging has been analysed by using the upper

-bound method. A kinematically admissible velocity field has been developed, wherein, an

involute curve has been introduced to represent tooth profile of the gear. Numerical calculations

have been carried out to investigate the effects of various parameters, such as module, number of

teeth, helix angle and friction factor on the forging of helical gears. Some forging experiments

were carried out with aluminum alloy to show the validity of the analysis. Good agreement was

found between the predicted values of the forging load and obtained from the experimental

results.
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Fig. 3 Assumed deformation regions of helical gear
forging
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Table 1 Kinematically admissible velocity fields for spur gear forging®

Region 1 Ur:%:—
0£b0=sa
0Sr=1m Us=0
. 2
Region 2 U’Z%{rVArztrff—rr:))z
0606, (371 )
<< _u 3 —drrmtrm
ImST=Tn Um0t nmtm? 7
. _uf -’ & }
Region 3 U= 2t {r e a6
h=0=a o 2
<r< U (3 —4rtm+1m
Tm =T = Te Ue 2t rrt_rm>2 6b a— gb
Region 4 Ur= (r+ 6"(% e’
r
€b§ 9§a
MSr=n, Us=0
. Hb rrt2
Region 5 U= ot (r+ -
G661t
<r<rim (0 :L<ﬁ b 1ol \Jr'or’
b Er Sty () U=i\n 2= /)
U, =ur + 1 u -’ urn’ 6
T2t —6(t) 2t 3rrp 2r a—6
Region 6 Lurd i X{¢r2~rb2 _r_btanvwrzwrbz}
) <h<a 2try az_{9b+l9(t)}d+9b0(t) r r I'n
mErsn(t) U (Bt m|WEnd_0oa
T2\, a—6 n/ r O —a
Axial velocity component of region 1~region 6
—_u
U,= i 2

—0 128 (MPa) (5)

whababao] AAS ffs AUFAHE F3Ach
AlHE 97 WA EelRlE 603028 shEsta
14] dlz]adz]o]e] wlzolld ALEEE= A9t F
A oA g sl #gHAE A vt
ZHAla-= 0.140] 0},

b

Ol

32 Chx=4H

Fig 29} 2¢ 23722 dga sole 495
7l Al (a) WeAslo] A, (b) YEF =
4, (0 AHNEY () cpol® AUt o F
Fig. 401 vjebdc},

ttole] WA 7pgol AHgH
28] A %l-g Table 3ol “ebdch,

Fig. 50 Z=7]A1d9] H4+E Z7do] 26.0 mm,
Fol7b 25.0 mmel A d2AFARE bl
ot (a) 27|41, =7 AP wep lofl
2 EAE ), (0, D HFEAE (&
Epdi o},

A=23 AeAslel #

4. Hup 3 1nE

4.1 HAsiel AgDnte| Hlm

AR dFE dF3r] AA 1A 5
8% Addd #5582 A (52 AAbsd,
TEHYES otefiel 3Fo] g}



1368

Table 2 Kinematically admissible velocity fields for helical gear forging
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Table 3 The specification of helical gear

No. of teeth 20
Normal module 1.343291
Normal pressure angle 20°
Helix angle 23.626°(RH)
Standard pitch circle dia. 29.3237 mm
Whole depth 3.3161 mm

(a) Gear-shaped punch (b) Cylindrical shaped punch
(¢) Punch holder (d) Die

Fig. 4 Aspects of helical gear forging

Fig. 5 Cold forged workpieces of helical gear
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