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Dimensional Accuracies of Cold-Forged Spur Gears

J.H. Lee, Y. S. Lee and J. J. Park

Abstract

Recently, it is attempted to manufacture gears by various cold forging methods to meet

requirements of mass production and uniform qualities. Compared to machined gears, cold forged

gears reveal higher tooth strength and better surface roughness, but they reveal lower geometrical

accuracies. Therefore, in the present study, a series of experiments are performed to investigate

relations between geometrical accuracies of dies and billet and those of the final product. The

geometrical accuracies of forged gears are considered through functional gear-element tolerances

by measuring pitch error, profile error, lead error, radial error, tooth thickness and rolling test.

Results of the experiments can be summarized as follows ° (H

AGMA7) accuracies can be made, (2)

involute spur gears of KS 5(or

concentricity of die set should be maintained within

0.01lmm, (3) clearance between the billet and die set should be less than 0.1mm, (4) con-

centricity and radial runout should be less than (.08mm and 0. 1mm, respectively. However, it is

thought that FEM analysis of elastic/thermal deformations of dies and the billet is necessary for

a better understanding of the findings obtained through the present study.
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Table 1 Various factors affecting the dimensional

accuracy of cold-forged spur gear
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Table 2 Functional gear element tolearance and

items to measure the gear accuracy

| -tooth form dimension
| (addend um, dedendum, pressure,
angle, clearance)

tooth spacing

Functional tooth profile

gear-element | -lead angle

tolerance -material hardness

-surface finish

face width

foutmdo diameter runout

| outside diameter
|
j

- pltch error
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Fig. 6 Lapping bars used in the present investigation
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Table 5 Measurements of tooth profile errors and

tooth composite errors

Items Gear 1(um) Gear 2{um)
Profile Error 10~28 8~20

TCE 108~122 88~104

TTCE 26~33 47—55

Table 6 Measurement of tooth thickness and out-

runout side -circle diameters(Die/Products)
Items Gear 1{um) Gear 2(um) Items | Objects | Gear 1(mm) | Gear 2(mm)
Pitch Error 20~24 12~20 Tooth | Die |10.600~10.630| 9.265~9.310
Specing Error 23~31 12~17 Thickness Product |10.640~10.670| 9.300~9.345
Index Error 77~144 34~68 OutsideCii  Die  |31.200~31.260(31.630~31.660
Radial Runout 90~ 110 40~44 rcle Dia.| Product |31.300~31.345)31.800~31.840

BRGNS HEHX A LSH A2E, 19963 119



dehf . gloh, AAle SAlRd & 382 Fig.
11604 & 4= gh5o] LAl HAlgke] Zvid +F
TCE7} Z7)ehaA AZE =3 F7i8hesd AR
=7 Erhthe e 7)o AWerst Badd
Ao AME dqepgatel AR A agle] ¥
o}, Ao A7z wWE G2 s Wizl o)
% #Z g wxw ¢lEed TCE¢ TTCEZ} &
Aol & AHApzro] AALE HA3] Frisi AL
T w3y BadatA "o}, ojepd dAk2 A7
zo} Yyl RALY 2AE R HA
ZA45E 31Ee] Uty dFeld oA FAx

EN
il
r

(b) Module 1
Fig. 10 Gear produced in the present investigation

(a) Module 2

d —
E 1
2
& 200}
= . 8
g 8 ¢
woop  * : i .
i 1 1 1 1
Q01 002 004 006 008 (mml
d
d
T 6or IIN’I
3 sof
w L0 R
2 . % . : H
= 30+ » B ® s
20}
0t
i 1 i 1 1
00t 002 004 006 008{mm)
d

Fig. 11 Effect of blank concentricity

120 /HBLMBEER A5 A2E, 1996

{um }

TTCE

4

50r
Lor
30F
20+

[l 1

O

3 4 {degree;

o
4
coce

1 1

300

TCE (um)

200

100

TTCE [ um)

60
50
40
30
20

Fig

3 4 (degree]

a

Fig. 12 Effect of blank slant

@

goo o
bos o e

1 1

J 1 i
3185 3308

330805 3298% {mm)

BLANK QUT DIA,

am oo

A 1
33805 3368
BLANK

330805 3298 fromi
OUT DIA.

. 13 Effect of blank outer diameter



EIES

o] Jgr oleigt w2 LFUE FHE 2l 7]

A
sAl s17e] e wY Aeleld Wzl 2
Ao] %7k % TCEsk TTCE 5 4HEr} %
ol Tek o sk dol 2ol 97, HAE,
qrtmi shmslofs] gumel g o e ol%
DR R 2AE A4 5P E 3
A717) g8 ARG Fo1% 71 Eelo gt

6. 22
¥ s Wkl S FYHOR Agbs
g AFE sslo7lof i A xstizdl gle] Fae)
ApAmEst aAe] AFYUEE WAL U
& Feasto] whrolole] guwsh 38, A A
FAEEsts] RAE Fastad stelon] Arte
sebald cheat ek
) aae Qe Asellels Are
a e 5ol ade 97, AR Azw

o] wgfel] upE °33°L9— 2 Fit2] 7)ol gk AH)

S Aztsled KS 5 (AGMA 7)) A Hes

& T ddh
(2) Die-Set2]

’Pﬁﬂ 1= Die-Set2]

, ZH 0.065m1

©

m e )
<044 mm ol B A,

] .

n?. u{n

R. )=

Bgs o old A 7)e]EAE 0.0350.040
mm, 241 7-2 (0.085 0.180mm # %= 11]%9} 2 =7}
27 hepite,

@) 249 F4yse] e v)oje HUEE ¥
GAEe Falol mAR A 2o FAEs) ¥
7tes) Wejd % TCEsh TTCE7 Z7habw 4
Z7talg o 4 2p 7}

AR RS

V/\_g{ o 7] o] o

IR

S o wpskelch
() mAlel7e] edgre @ ZAdely w7zt
7e] Zsbat 4% TCEe} TTCE m% Abws}

H
=
z} (Clearance) & 7}A4]9)4=
2]
e
j=s

J«

Fsk sz sp=sk gk A9}
Ze] wizta s},

Fse) 3

g, RS wed FeelE aAe) g
gate] Fakz 0.1 mm, FAIRe} FUELYL

zkzF ().08 mm, (.1 mmo|3} & #H o]}z 7le] iz
71ole] HxAsts ur|sly] $ls) 2R
anes

(1

(2)

(3) Darle W. Dudley, *

(4

5)

(6)

(7

Ryoichi Wadabayashi, Fukuo Fujimoto and
Hirokazu Yamamoto,
by Cold Extrusion”,
No. 44, 1968, pp. 59~63

"Apparatus and Method for Cold Extrusion
of Gears”, Inventor :Shima K. Samanta, As-
. Ford Motor Co., Dearborn, MI, Patent
No. 3, 910, 091 dated October 7, 1975

‘Gear Handbook™, Mcgraw

“Forming of Pump Gears

K BRIF L | SRR L

signee

Hill, 1962
) "Impact Machining”, Version Allsteel Press
Company, 1969, pp. 315~329

W. Koenig, H. W. Hafmann and K. Steffens,
“Flie 3
plexer Geometrie”, Ind. Anz.,
1984, pp. 14~17

M. H. Sadeghi and T. A. Dean,
Tooth Profile Accuracy

Pressen von Werkstuecken mit Kom-
Vol. 17, No. 14

“Analysis of
in Precision Forged
Spur Gears with Involute Teeth”, Trans. of
NAMRI/SME, Vol. xxi, 1993, pp. 3~8

)R AR AR, Wrkwa sjeje] A
g A AT e eH s, UCN

184-536.C, 1984

TANIIEEEX| A5 A 23, 19963, 121



