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Design of Hot Heading Process and Evaluation of Mechanical
Properties of Alloy718 Coupling Bolt for Gas Turbine
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Abstract

Alloy718 is the nickel-base super alloy well used as gas turbine components under severe operating conditions because
of its high strength at high temperature and excellent creep resistance. In this study, a coupling bolt for the gas turbine
component is manufactured by hot heading process instead of whole machining in order to improve the mechanical
properties. Die shape for the hot heading has been designed by general design rule of hot forging and also optimal process
condition has been investigated by finite element method. The initial billet temperature and the punch speed have been
determined by 1150°C and 600mm/s on the basis of finite element analysis, respectively. The coupling bolt has been
manufactured by 200ton screw press and evaluated by experiment in order to investigate the mechanical properties. As a
result of experiment, the mechanical properties such as hardness, tensile strength and creep behavior have been superior to

those manufactured by machining,.
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Fig. 1 Shape of the coupling bolt after machining
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Fig. 2 Manufacturing procedure of the coupling bolt
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Table 1 Die design parameter on design rule for hot

heading process

Parameter Value(mm)
Machining allowance 1.524=0.762
Draft angle QOuter 7°
24%0.003=0.072
Length or

22%0.003=0.066

width tolerance 15x0.003=0.045

24x0.008=0.192
22%0.008=0.176
15x0.008=0.120

Die wear tolerance

0.787mm

Mismatch tol
ismatch tolerance (At mass 1.55kg)

1.6mm

Die closure tolerance (At area 612.5mr)

Straight allowance 28.58x%0.003=0.086
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Table 2 FE-analysis model and process variables

FEM model Variables Value
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NNwy e ‘:_:E »
t Punch iL+
 (300C) é Punch
g velocity 600
. (mm/s)
El e el
Billet Fe R 200
LT L]
T Thie 1050
””“i*éi i SO mitial
Yadses: billet
R S ey 1100
i Dit:c : R temperature
- (300°C) & ek
WRERT .mﬁgﬁ.. i H%gf ] (OC)
Initial Model =~ After Heading 1150
ANME AP3Fol 71 Wi & "R E
wHokE 24 §F FA 9k 2AL s

= 3t Table 2 ol AESHEE 3|9 E $1E FE-
simulation & /&Fxe} FAHHSTE el it 3
MArde Zgi3oln AAE Alloy718, whE3<
m-<> 47 SEAHES 03 ALIUY. 27 F
H22E 300Cel, AX £E& 400, 600, 800

mm/s & FI1, 7] A2 E Alloy718 & F&
AP 1100CE 7|22 1050C, 1100TC,
1150CE AA3t Z4z}ol] il a4t

4.2 FE—simulation 22t & &
Fig. 4 ol 2} 279 g 249 A FasH
et |X] x99 ®isle we 8 §

192 /e 2433 X/ 173 ®M3%, 20084

o1d% - 7H
560 . . . . !
= 5204 8 Velocity(mm/s) _
E —o0—400 ||
= 480 - —O0—600 |
g _ ~2—800 ||
& 440 -
z R o
= 400- -
M’ - -
é‘ 360 - -
o |
320 - FANIN
1050 1100 1150
Temperature ("C)
Fig. 4 Influence of flow stress of Alloy718 on process
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Fig. 6 Influence of forming load in the hot heading on

process conditions
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Fig. 7 Stress distribution of H13 dies after hot
heading at 1150 C and 600mm/s
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coupling bolt by hot heading(b)
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Fig. 11 Tensile test specimen from the coupling bolt
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Table 3 Microstructure and EDAX anlysis after hot
heading

Microstructure EDAX
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Table 4 Comparison between the coupling bolt by
whole machining and hot heading

Whole Hot
o _ Reference
Machining Heading
Tensile
1375MPa 1400MPa 25MPa 1
Strength
Hardness Hv 445 Hv 500 Hv 55 7
Material
48% 82% 34% 1
usage
800,000 510,000 290,000
Cost
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