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Experimental and Numerical Study of Cold Ironing as a Post-Process
of Net-Shape Manufacture of Gears
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Abstract

Cold ironing, as a post-forging operation of warm forged gears, needs a clear understanding of form errors
due to die-elasticity and springback of component. In order to simplify the analysis of cold ironing, a single
tooth instead of a whole gear component was investigated. The influence of initial surface roughness, die
design, and die/workpiece interference has been examined experimentally and numerically. As a result the
changes in geometrical profile, dimensions, and surface finish in a single tooth were observed. This study
demonstrates that predicted dimensions can be achieved and surface finish also can be greatly improved.
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Fig. 4 The three models of the die for the simulations

Table 1 Dimensions of die and single tooth

Description of symbol Dimensions
H1 - Die height 41 mm
H2 - Die land 12 mm
H3 - Tooth height 36 mm
L1 - Tooth root length 24.13 mm
L2 - Tooth length 34 mm
P1 — Punch length 20 mm
P2 — Punch width 7 mm
o — Die entry angle 10°
B — Tooth flank angle 21.8°
W — Die cavity and tooth root width 10.2 mm
"A" — Tooth flank width 10.5, 10.6, 10.7 mm
0.3, 0.4, 0.5 mm

I — Interference between die (W) and tooth ("A"')

(b) Rigid bolt-jointed die
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Table 2 Boundary condition of the three models of the die for simulation in the X direction

Model Symmetric plane Outer side face
One-piece die Fixed Free
Rigid bolt-jointed die Free Fixed by bolt
Freely bolt-jointed die Free Constrained by spring element, but free
Table 3 Material property of FE model
Material model Yo(tgn-g;mhzl)lus Poisson’s ratio (v) S?:?i;:;rz;ant
Die Elastic 210 0.33 -
Tooth Elastic-plastic 210 033 -
Punch Rigid - - -
Bolt Rigid - - -
Spring Elastic - - 465.0e3
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Table 4 Surface roughness before and after single
tooth ironing  (Unit: pm)

"A" dimension Before After
10.5 mm 3.4022 0.5019
10.6 mm 3.3780 0.4816
10.7 mm 3.1633 0.3711
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314 B g

AP H FAA4L CMM o 83 &A5 e,
228 AF FEREY A} vudgich
Fig. 20)2] A8 33 Ao 41 & ug XNYPF
A& FAsI e, Fig 39 AW ZRE AH
X9 ¥KHalf thickness)2 =A%ttt 43
o 9sle] A 2 FM3 F£AE Fig. 10 oA
Bolt RAH Nz Aol FAES Heln,
A 7kA 27 HRAAFY BE ASM e
Aol x1gFHo] ofolojd FHoZHE fF&H
Aok Ho NFFAE AA 7o) ApgelA QF
HE $SXBT & 40 ~ 60pm o)tk X}
0.4mm ¢} 0.5mm 91 A% XNFFHL A9 FAE
A AAA Itk o)A 0.5mm o FHHAFE s}
A Age FA @&zt 271 wEelh ofejoid
o 93t X g3 utFAT FEQd AT F
AL FET F QE AL ololoy FEFIZAAN
AdgEod 4 itk XYo] FYPof MAELRE F
F& o, Hu olologd 3FH FEUHo] LA
e WX 2EZFY F7 AHNA T dA
A #AAdAe ddolxn, AYFAY gasE Ha
o|th(Fig. 12). WtAe] olelojd 315 FAoA 9
ANZT BAME 3899 B3L Jaoln, AYF
A #AhE Husl ok

—e-— Freely bolt-jointed die
| —*—Rigidy boltjointed die |

—4&— One-piece die

I
&
N

»
8

N
8
L

~
8

W

[nd

@

&
1

Tooth thickness from the sym. plane (mm)

[nd
@
&

T T T T T
3 10 15 20 25 30

Travel distance along line *1* (mm)

o

Fig. 10 The influence of interference on the tooth profile

3,08
3.02

N
©
@

\\\i%

}

11

.

N i

ya
4

287 -8 Interference 0.3 mm ("A" 10.5 mm}
—e— Interference 0.4 mm ("A" 10.6 mm)
—a— Interference 0.5 mm ("A" 10.7 mm)

N
&
<

Tooth thickness from sym. plane (mm)
[N <
8 8
. ' 1

\_Y
A
jud
H
d
3
]
i
2
,I
/
A

n
o
)

<Simutation : Freely bolt-jointed die modet>
= Interference 0.3 mm (A" 10.5 mm)
280 —s— Interference 0.4 mm (A" 10.6 mem)
—— Interference 0.5 mm (A" 10.7 mm)

L
v
3

275

r T v v T
0 5 10 15 20 25 30
Travel distance along fine "1” (mm)

Fig. 11 The influence of die flexibility on the tooth
profile

FE dotE . AlZbA 2d
HE =239 A= dAe FYsa, A
g9} wpdASFE Z+2F 0.3mm 9 0.1 & AMR3}
R}, Fig. 11 & A7FA] Zde) ofd APYJHEe
Uehdth 9A¥ FYRdy BE a4 F¥R
< N & Edo| AL, Ay BHY3c} vt
Holl, %8 AY FFRDY A$ uFAT 7)
o] A Zee o Mgl 7lo] XNFIA
o e g3 BANYFY FFL otry] 9
3 A7t FErde) =R 3 Ho WS
Z33IUT. Fig. 12 oA |A 2EZ3E X
249 X & Jellon, Y o= 339 A=
Fdol A e X, YHAE YehhA

Y & U] HYE X & w3y AR Fo
o, ololojyd B F Y F Wgoge] W 9
g 3A ¥t 228 AF P2 X F
gozo W g F 2 grt A =
o aER, 339 X & WPoe FAEs}
Az FAe uFAF 7)o (YL F=87 9



2102 35 -

A ofejold FHMA Al :slofob Tt

3.5 X@ x5

ofolold FH A} Fo 23y AF FYRY
9] HHogRE T AHFAHAE Table 5o
gusion], E£3 ofojojd A, Fo INPAFE
el gt} ofolojd F. 10.5mm, 10.6mm 231
10.7mm 9 A #Ed g AT F7
0.09mm, 0.11mm 23 0.1lmm ©]gt}. ofolojyd
Ao AXNF7E 245, Y F ilf%%ﬂﬂsl ki g
A% S guid oz wzg BRI X4
AEE 589 vtre g "ol :LEHH, &
7F dxo gg sio] g2 REY AFLBES} E
AAYHE, F FAH ofelo|Fel it A
AL 7o Aot

JUHEQ_I Ooigl:
HF AFY XY A5 FgEd g a33A4
T JFL2 FIFaLHME Tt ATHAUT
H2E 98, vb2A4 013 03mm & A 7} AL
HAT F8FH XY Aole WY F WA E
Table 6 of YEFUIITE 2323 @2} FEEdy 7
+, otolold Fo] ZHQAF Zﬂtﬂaiﬁ} Z Ay
FAe) Zrazko] 5‘421%0131, 67.9% ZAselo
A& Fig 12 NN & & UTo) 2T AY B
do] §3 A= 713 7] @itk EE
A FERA X 24 ¥EL 893%J 1, YA
g 385 A 929% A4S o] AASEYR
B, 39 Z4=s AYFA FL2E 7P,
obolold & FHo) Y] AUAY AHo) A5
st} 282 g, ofolojyd ¥ MAIRE nlFA L
AYqAG A AFGHE 48 F =S 589
FATY AAREE S0 nHsdo}r gt

Ay x50l B

k:l

a4 - 7y

7 - T.A. Dean - g4

4. & E

() sholold 5L EBH Yol &3
2 98 Fo\RE PAAG B4E, T
RozAe clelold FAAN 2FsE 2
gue A

> ol

@ 27 ERAAIL $e5E, clololy 3
3 % ZRARE %o}zu} A, 23247
242, oolold T4 F EBAUNY Hol:
B 3, DAL Bo% BOADA 3

X displacement {(mm}
3 8
e
\
/

002 y— -
0 10 20 30 40
Stroke (mm)

(a) X displacement

Y displacement {mm)

Stroke (mm)

(b) Y displacement

Fig. 12 The X and Y displacement of the middle
point on the die land

Table 5 The oversize between die and tooth (FE simulation) (Unit : mm)

Interference between die and tooth

"A" dimension

Before ironing

After ironing

10.5 0.280 0.09
10.6 0327 0.11
10.7 0.373 0.11

Table 6 The influence of die rigidity on the tooth dimensions (FE simulation) (Unit : mm)

Interference between die and tooth

Model — — Reduction (%)
Before ironing After ironing
One-piece die 0.02 92.9
Rigid constrained die 0.03 89.3
Freely bolt-jointed die 0.28 0.09 67.9
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