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A Study on the Cold Forging of Spur Gears
from Hollow Cylindrical Billets

J. C. Choi,* C. H. Kim,*** K. D. Hur,*™ Y. Choi***

ABSTRACT

Closed-die forging of spur gears with hollow cylindrical billet has been analysed by using
the upper-bcund method. A kinematically admissible velocity field has been developed, where-
in, an involute curve has been introduced to represent the forging die profile. In the analysis,
the deformation region has been divided into nine zones. A constant frictional stress has been
assumed on the contacting surfaces, Utilizing the formulated Velét_:ity field; numerical calcula-
tions have been carried out to investigate the effects of various parameters, such as module,
number of teeth and friction faetor, on the forging of spﬁr gears. Hardness and accuracy of
forged gears are measured. ‘ |

The following results have been obtained: (1) It ig verified that an axisymmetric deforma-
tion zone exists between root circle and center of gear through forged gears. (2) The average
relative forging pressure is predominantly dependent on the number of teeth and increases
near the final filling stage as the addendum modification coefficient increases. (3) Close
agreement was found between the predicted values of forging load and those obtained from
experimental results, | -

Key Words : Axisymmetric Deformation Zone(£t3 W#99), Upper-Bound Method
(A7), Velocity Field(&=4), Cold Forging (§3192) ‘
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(DGear shaped punch
@Workpiece

®Gear shaped die insert
@Shrink ring

®Gear shaped sjector
®Fjector seat
MMandrel

®Guide Ring

Fig. 1 Schematic drawing of die sets for spur gear
forging.

2. O|Ealy

FFLAE o488 2Fol7)ofo] WL AHEY #
# AH2E Fig. 1o vebde}, o] ad] EAE w
g Zo] B, the] B o|AH = A7t 7HFH ] g3,
71EEE @2 9 oJdHE gAAHE AL g
% a2 HEEd @4 X7 dFEER 8T
ot ARE theld A FReR fEE ] T

ABREFE A7 Aste, ZdARL S2E4
& o] &3 2¥oi7]o] AFARE Fig. 20 Vi,
ol st FAA ol Ui WH¥GGo] EXNFYE &
otk olgge AsHEE Y] A% HYdg
< Pig. 3¢ Jdepdth. |74 o e} deg Ao
o SWA WFYFFe| AT JMFE A 1, &
=48tk o] r,& duA &l &e] HAv) He 93
2 27338 Ohga9t KondoFel Athdd, ~E8Q)
Y FEFE 92 o A $EZ o8 &

Fig. 2 Flow pattern produced by alternating layers
of plasticine.



Ay D F 53] A A 127 A8 (19954 84)

Fig. 3 Assumed deformation regions of involute
tooth profile

ARAP 209 TASEHEY 9454 € AARUE
BEde J2E FANEEEAE FEa o] £&R
3 AANE FAHLE FEL Hrld AHEE FE
A 54 09 r, 6, z 95 FFAt}, a8 9
2A4& 98 /e WL vad B,

1) &¥oj7|o] Bzd ALEHE FEe
olgd Bt} 23 ¢ ZA 7FEH §ith

2) tho], Bz 2 ANFFEL FARAZA w3
Byl A AW} glet

3) 29 Ase A,
FEHH L BT,

4) AR #3549 AREY FAe
o2 she= 9o

5 V&S FTAteld HEHAA wpE2 R,

6) Z7)aAe 94L& oy AAR Fx YA
we=d 737 2,

gzAE2

HgkSA40l 1, Mises]

34808 34

2.1 SHIIEL4EHE
B =i pE WY °ﬁ°ﬂ/\1 2% B EEHER 2
o A¥Aoz vty 713 g}
U.=-= 0
t
1) 1 99 £23(0<f<ea, 0<r<r,,)
wri-r
S/ 2
v @
U,=0 (3)

65

2) 11 99 £=30<0<b;, r,<r<r,)

ur’-r -1 (@-r)
f = EE{ S ] ( m)z} (4)
¥ [ (rrt _rm)
uri-r B3r'-4r, +r)0
Uj=—L 5
T on mn) ©
3) 1 99 =%
(rm<rsry, §<0<00), 2 0() <0y
2 _ 2 2 .2 2
Ur=i r-rn +’;'t"'ri (r_rm)2
2t r 2’;1' (rrt —rm)
—{sin(@-6,) - 2}] (6)

Cwr =1 Bl =4m, 1)
Cu o Giony @00
+20 -1} (7)
4 N 49 =%
(ruSr<ry, 6<f<a, @ 0()<b)
_u[r-2 -’ (r-r)
- 2t r 2';1 (rrl _rm)2
1
{cos(0() - 6,)+26() -1} T ®
u r —r (3r —d4rr +r )
= (7] (7]
T R e S
a-0
2000 -1 9
#2003 5 ©
5 V 9E £x7
(re<r<r, @), 0,<0<0(), & 6() <6,)
@) E 24 Od Ug 92 29 ZHL vehy

i vt 2ol A9 "k

e(0) = R, cos(6-6,)

am:

—\/R/zwcos (6-6,)-(R, ~r) (10)
A7NA rae Fig. 394 oz ds AURES] 72
dof Hste £4 Co 935 gl WA



HAZR - AR5 -Hg=-F F

(3R \
it P el il = 1
U,———{l- R sm(B—BI)} 11 LR}, f+}

2t r
8 W99 =%

(12) (Tb{T'(va(ﬂ) 6 <ﬂ<0()
A71M, 1,0 AERE FAE Yehlis Zo=

o3 2ol Zeldrt,

0=0, + \Iru-zv(9 )_ tan—l \J’;‘nv(ez)_rbz (17)

U, =

Ry, -1/ N[’ -y i1
2tr JI®) 4R,

o7)A, f(r)=—r4+2(R)%w+r}?)r -(R;, —rf

6 199 $=% Tt r
(ra<r<r(t), 00) <0<a, & 1,() <Ry, 0() <by)
_ . /4 7‘2 l"b
g v G, u U,—{Ur7+2t(;-rb)}r (18)
T2 r 2ar(a-6()
er?-r2 sl R}w+r f@r) 2 FER
[ 7 2rR,, ) 2 Us ={U[7+%(:—-rb)}% 19)
b
™ sin -1{(-R2 +rf)r _(R2 - f) }
2r,R,, 2
2 g U v =Ur7=i(’?,_"Rﬂ)+U:eR_ﬁv
"j =1 p2 2., .2 , 2 T T
+-ZI2“;~_(wa —rf +r ) (13)
9 N 99 £=3
U R -1 =) [ - r? rj—ri2 0-o (n=<r<r(t), 0() <f<e, & 6(t) 26,)
- 2tr N f(r) 4R, | 0() -«
v=*, L (U* urb) r’-rn
C, = 14) T2t a-0\7 2 r
u [(r2 =12 cos(0(H) - 0,) + 20, +1)-m} . 1w JForY
% Ao -6 B ~Tcos 2Ly — :
a - 6(1) r r a - 0(1) 6, T
A
ol K-CEE +( STy (20)
Re<r<m, 0,<a, @ r,(t) <)
2 2
R2 Rw - * ur _rb 6 [24
——-(r— fw)"‘ Tf (15) Us {U’7+2t(rb )} r 60)-a @h
Uy =0 (16) ALE AN, Pawe 34 443 952
FAH e, ARrEd] old gxg AH gy —LJr %.
B, Uyl =T 5 PPV e 54 2Peed AMH 95
Bde 2E3E TARAL, to] ANjES ¥ zm
F571 Agted golelxl WHILEI] (AGIECUT
oo MR- {@,-6) 200D, Swiss) & ol&-std Balo] A4 Yz= 74
* 2R, 2R,(a-6)0 " 7 H A3¢ AFegens g9 94 339 P4
2 2 =] 1o A 0,
(rﬁ —",f)+"fwa _ rf2 + (rn _ri ) Eq'\:‘]:}. iy l\_':.'_v.':o“}‘it %%L %%E ]“‘]i 7]'761 o}-Z]
2 2 A4 Jlold DS FLHA SEFE FHHG

66



T2V T A A129 A% (1995 84)

o, B FFLAE o4 d2d HEHEFE =7
9 WAE FsATh

o4 2ol ALY £EFL AHIG2AR AAW
AN FHSE AH2AE Ede FAMESERCIT.
2.2 dAIH

Ztzte] 9ol g WRodA LHE, dddux]
2o 4 oldiA] AHEE F£RHoR ANdET,
AAANIA 2H &L dEAUA] &, HAdHA
&M1& npdodA] )& FHeld), &,

E, =EEP+2ES+EEf
AANUA 2H&e, 93T £% uZ $Fole B

Al AFd FEFH Rolok vk Oz %07
AA A Ln]ge

(22)

E,=2NE=P,-A-u (23)

olx, A BF YA ez B,
‘sz ET
o-u-A

(24)

Qi

1N, AE d4SHE 279 A9 FEY 3
29Ao),

34 g

B dPdde A8 22N Agid 81209
EFEOEFETAL 20248 H EPAE o] AMEEIA
ok Al20249) €XFE 415CE 7FDe] 3A)3F B3t
fAE o 1243 =4 S 81209 ZA$-& 800
C7HA] 7hgdEtd 2417k Bk fA, 650C7HAl 50T /hr
e, 300C7HA M NYE T FEEgo)
EANEE Fds7] f8 AHEE =g 2= Toyo
BaldwinAtel 25% TEAE7] (Universal Testing
Machine) o™ 7]oje] dxddL 3008 /¢ Zd
ZA, 30 B9 olAH AR, X-Y7IEAE o] &3o =
d F2rez3% 7ML 71885

3.1 &xf EMAE
AUd FEAE £R37] 98 2444 E 24mmE
B &olE 24mm, 12mm, 8mm®] YEFoE 7}F

67

s, E dydrMe PRINE Jidste A
(extrapolation method) "' 2= $8-A4E BA4S
TR $EY WE gy FANL Ao dstq T
g e FrAgyon BASAT 1 49, Al-2024
= 0= 340.67 g% MPa, S12C= &=641.17 7
MPaolx, AN FERHEL 7138 F°
gt g g e ol 4dnh AR 947!
A AE 6:3:28 ZhEEtAa, AA Aoyl
Fdzoy AMgEe LAl F43A &g9RAE
s 429l Al 20249 A 1. BA, 2
A, 3. 93, 4. A, 5. A, 6. FA, 1. BA,
8. #He, 9, A, 10. 3, 11, £8, 12. dx9d &
NZ, 812C9 A¢ Q4 AgAdE 1 eA, 2 ¥
Al, 3. AW, 4 A, 5 JAEHEE, 6 A, 1. F
g, 8 &%, 9. Az £AZ AFHY, I LFA
A A} olddeE 0,1~0.15 Ale] #e2 Btk

3.2 c=Aly

G4 dol= 9FY the] AMEE Histed €A
2 thg, BAY gA714 92 ¥ Az
FANF AHEE AT FE 99.9%9 W7o,
Fahd AT Hag AFE sfolojA wArEs
(AGIECUT 200D, Swiss) 2 HAAEHT SArF
B tolde 54 FES o]&% 2497 (Extrude
Hone Corp. Vector 4/,9=)d4 Z¢¢r7tggezn
A AAE WY 22 & FAAHY. AEE deld B
T2 2.0, &= 150t

#Ax L olAE HA AHFAYH7] (gear hobbing
maching) 2 te|Bt} AYAFE AA XAFH s
toldt EAE Fol Avem vuAA sHh &
HolZlels] WLAGRAEL § LHARolMsG 2
o] F¥TAAE AAEAN FFAHL IIAF7] Y3
o, FH9 MoSrt E3d §8AE EFETA
old ¥ E AFYYH AAEF thollE sIgEy
AEsta, NEAEE AHE o83 AFE A&
e Yoz +99d. 249 Fole 10mmeld.

AP 277109 AL Table 17 2t

4, ot H 1nF
4.1 ME7s

Fig. 42 &7)&A9 Fol7} 10mmd 4 o, =



AR AFE - AL= - 4 o

Table 1 Specification of spur gear
T

toath mofile standard involute
module : 20
no. of teeth 15
pressure angle 20°
diameter of basze circle ¢ 28190 mm
e ) 9.6860 mm
addendum modification 03

0-6 | S 4 F Il sl | P
Q 5 0 15 2w 2% 3w 35

Reduction in Height [%]

Fig. 4 Predicted variation of the {ractional radius
to reduction in height,

Fig, 5 Cold forged spur gear.
{A12024, ¢Di=15mm)
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Mg, 7 Micro Structure of cold forged gear
(812C, ¢Di=13mm)
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Fig. 8 Precicted variation of the relative pressure

with respect to inner diameter of hollow
eylindrical billet, (N=15)
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Fig. 9 Predicted variation of the relative pressure

with respect to inner diameter of hollow
cylindrical billet. (N=24)
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(@) solid billet

Fig. 14 Comparison between corner filling of solid billet and that of hollow one
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(b) hollow billet

. (Al 2024, #Di=17mm)

5 4 B
FFEAE olgdt a¥olr|olE WURHEEE
ARG 4d 43, 2 2 HES At
(1) z#ei7lolg d=dd o|feldst F4Ateld
04 93990 2AEE ESaEAS 4T 44
ol gk, olF &xd TN A @
ZAGH & dFAAT
2) 2AHY @sh, HHA7 AR d2sFETG 2

e AN 23S FARG I anolriole] slgt
BEFE n,/r0] 2 #E 7HT

(3) FFaAe] WA ol HAITTF A4l
o] FAeaAT, oY A9 F 50%°]8
WA= Ao gEHol A YFsith

(4) WZEEE v)og FdEE KS 657 x|t

(5) B4 sF2AdA Ao A¥Fee FdaA)
Ho} 2FA4AE o] & =7} fEsith

Table 2 The element errors and grading of forged
gear (312C, #Di=17mm)

Element Etror value Grade
profile error 24 im 8
pitch variation 7 = <]
single pitch error 21l m jat
accurmilative pitch error 7S m [
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