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In this study, the production process of eccentric head bolts that fasten flanges for water supply pipe connections, which
can only be achieved through the cold forging process, was improved. For axial forging, forming analysis was performed
for a 200-ton header machine to check the raw material specifications, forming load, and metal flow improvements suitable
for forming. The analysis found that the forging of high-strength bolts of M14x65 mm with eccentric heads was possible
under the maximum load condition of 137.2 tons with low carbon boron steel of 13.8x89.7 mm and 105.2 g. By mounting
the prototype mold on the header machine, it was possible to prevent metal flow breakage, as shown by the trial mass
production test. It was possible to improve the strength of the eccentric head bolt and reduce the weight of the input
material through the cutting process. Therefore, manufacturing costs could be reduced.
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Fig. 1 High-strength eccentric bolt for water pipe connection
assembly
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Table 1 Specifications for each input material for forging

Material Size [mm] Weight [g]
A 012.0%118.5
B 012.6%107.5 105.2
C 013.8* 89.7
Forging process
Stage 0 Stage 1 Stage 2 Stage 3

SEP
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——7

Fig. 4 New forging process design for high-strength bolts
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Fig. 5 New 4 stages forging process
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(a) Material A (b) Material B

Fig. 6 Material bending in stage 2 of forging analysis
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Fig. 7 New 4-step forging analysis of standard C materials

2% -1.0 mm/s, 5 v}E A$>(Coulomb Friction Rate) p =
0.029] A=A R 24 Ad 3 1T o=, 267 2E v
5oou] e 3dA we|irt P EE Sl tieiAl v
X arad A4S Adsn 48 2AE £AE Aot 39
of QHRAIZL F AR BHG 7527 AN AR Fig
59] &%& Fig. 73t 2ol 7%t 3ol il 43 siAS 3

aheict.

AE
Al



200/ March 2023

ron

2YLZ

sl3|x| M403 M3E

,0
OH

@
ol

HA‘I

A o A E
1423 ATFE 0129} B 0126 mmi= 26H4] FHo)A
Fig. 63 o] £719] o] WHAyslich. ol 4719] o] 4
of 447} F1o1AA Up-Setting 50| o]2oj2x] Eaj7L,
S Al e €Ol wasle el ol G
013.8 mm2] 9 &4 o] 79 2AY51A] 9kQkal, Up-Setting
Ty 9 e Aol 2 s AS & 4= ST Fig. 70
=z Yol 7T A Aol gt 49 589 siA A2
= Yeslth 218 ddeles 34 & 194 o= 378
25 el ou] 4% F 30 AEARoR s ek
G CFAS) 2 e 49 S AN fa gUs Uge
“E% sk 717te] ATk Fig 87} 2. 270 A
ol OAs} A3}t 5L WIjels 4850.002 wt%).J ]
%7}& BE H77H51B20)0.2 obn HZol} xﬂ
B2 wol AMLHE[11-12]. o] 2747} AAfel A< <l
1==(Tensile Strength)o] 541 MPa, ¢1A1-&(Elongation) 22.5,
% (Hardness)”} HrB 78.2 7|A|& EAL 7[A 1 9= A=
sfol Wk S Ssiel 44y Adg 1YY BES
b} o] 2Ale] 7| AA S43 Fig. 89] QE Tl @
e uhgrom W7k vl b Fad R fug
13t A3 2o 1,029.6 MPax UERHIL Rlof 242
25012 WRIgolof sl 271& FEslol Wik T
Ao R =Tt
vhgow Fgel A7 24 At HEHo
geo] vy 39 44 9 B4 ALe gwust
Ao AL AHgste] UxEA |
FAlol| RhEAo® afste] Ty
of Zazgt skl gk Aledold 2
Fig. 9o Yeh et AA|= Sieimile)] o3t thegde
%‘riﬁ-‘ﬂﬂ oA Ate A7 FFEE 18] 5 Al oF
=3} =R A F o] o] Foj A AL, 28]/ W] ofju] H
I ARAgFor FAo] dREE F2E 3] A4 +%ﬂ
of Qlth. whebA, Figs. 9(a), 9(b)e] At 9l 515 T1=5 B
w5 ofu] Al 63.8 ton, MR 27 JFHA] 73.4 ton?]
o] 0oz | 315 1372 tonC 2 AAtE o] 243
200 ton AH| 2= M14x65 mme] 14 HA BEO] W7l ot
z27F 7hseE ERlskiiTh 919k 22 A3
= AL 58S AlAFSEAL, Fig. 100 A
AAE UEileh 59 F32E 3% i 3
Histo] AElen, 952 SKD-61 E42] = HrC 30,
=7} /\XH‘— SKD-61 HrC 40-50, Y& 273+ Grade No. 4
£ ARgRRGlaL, WAE w2 sto] A7) SKH-512 A|ztstalct.
J8]3L Fig. 112 Ao FQlslo] AJPAL HIAEE QJ3lA] A
2 S92 200 tongr 3UE wAlo] AA] AA|gE ApKlolet. E
3t Fig. 121 Algaol 2Js) 2A)e] Aol vz 4y 3] 3
e A @A Aotk AOIAAY E Jele) ghEe

oo E

o o l’>' o
N_lﬂz‘. I
k> z

BL

ox

eI

é?:

ot

oM o Rl
ofr

o)

=

ot

(

O

N o @ o

L ood o X B op
NN mﬁ

I G

m;ﬁr

o
ih)

=
fije

i)
>
=
o

E v
S e
vy lm
[\S]

-
L
g3
il okl

r
HU
i
e
o
=
-
;&

(o O wE xR hu
[\)

Stress

E ------ ’
I ----- -

Metal flow  “SCIAFDEX
- TIME: 4.632988E+01

EFFECTIVE STRESS
[kgfmm*2]
+1.05000E+002 Max
+9.45000E+001
+8.40000E+001
+7.35000E+001
+6.30000E+001
+5.25000E+001
+4.20000E+001
+3.15000E+001
+2.10000E+001
+1.05000E+001
+0.00000E+000 Min

(a) Stage 1st

Stress

1

MERCJAFDEX

TIME: 4.632988E+01

EFFECTIVE STRESS
Metal I'I(m [kgfimmA2)
+1.05000E+002 Max
+9.45000E+001
+8.40000E+001
+7.35000E+001
+6.30000E+001
+5.25000E+001
+4.20000E+001
+3.15000E+001
+2.10000E+001
+1.05000E+001
+0.00000E+000 Min

(b) Stage 2nd

Stress

Metal flow MFRCJAFDEX
= TIME. 4.632988E 401

EFFECTVE STRESS
[kgfimm*2]
+1.05000E+002 Max
+9.45000E+001
+8.40000E+001
+7.35000E+001
+6.30000E+001
+5.25000E+001
+4.20000E+001
+3.15000E+001
+2.10000E+001
+1.05000E+001
+0.00000E+000 Min

(c) Stage 3rd

Strain

B

N
R =
L/

H

MFRCJAFDEX
TIME: 4.632988E+01
EFFECTIVE STRAIN

+2.00000E+000 Max
+1.80000E+000
+1.60000E+000
+1.40000E+000
+1.20000E+000
+1.00000E+000
+8.00000E- 001
+6.00000E- 001
+4.00000E- 001
+2.00000E- 001
+0.00000E+000 Min

Strain

- - -

MERCJAFDEX
TIME: 4.632988E+01
EFFECTIVE STRAIN

+2.00000E+000 Max
+1.80000E+000
+1.60000E+000
+1.40000E+000
+1.20000E+000
+1.00000E+000
+8.00000E- 001
+6.00000E- 001
+4.00000E- 001
+2.00000€E- 001
+0.00000E+000 Min

Strain

FRCJAFDEX
TIME: 4 632988E+01
EFFECTIVE STRAIN

+2.00000E+000 Max
+1.80000E+000
+1.60000E+000
+1.40000E+000
+1.20000E+000
+1.00000E+000
+8.00000E- 001
+6.00000E- 001
+4.00000E- 001
+2.00000E- 001
+0.00000E+000 Min

Fig. 8 Stress and strain distribution of forging process



March 2023 /201

TIME 6 304010E+M

EFFECTIVE STRESS
[kofmmA2]
+1.06905E+002
+0.62142E+001
+8.55238E+001
+7.48333E+001
+6.41428E+001
+5.34523E+001
+4 27619E+001
+3.20714E001
+2.13809E+001
+1.06905E+001

LOAD vs. TIME: YY

T B0 8

£ 00051
+0 00000E+000

s i
- -
] f
2 ..
3 '
51
(-

fp—

b 00D 20 800 40000 B 00 "o
Time (sec)
(a) Preform of head bolt

TIME 7 345644+
EFFECTIVE STRESS
[kofimm*2]

| +1.06905E+002
+0.62142E+001
+8.55238E+001

| 47.48333E+001

| +6.41428E+001

| +5.34523E+001

| +4 27619E+001 -
| +3.20714E+001 ’_*_ :
+213809F+001 % .
| +1.06905E+001 :

+0 00D0OE+000

LOAD vs. TIME: YY

8 000+

Load (ton)

Time (sec)
(b) Complicated preform of bolt head

Fig. 9 Effective stress distribution and load of forging
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