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Abstract

During warm forging, materials are formed in the temperature range of 300°C ~900C. In this temperature range, the
friction between the forging die and the material is very high and has a negative effect on the forming process causing
severe die wear and possible defects in the component because of stick-slip. Thus, lubrication characteristics are a very
important factor for productivity during warm forging. In this paper, ring compression experiments were conducted to
estimate the friction factor between the die and the materials as the main factor in characterizing the lubricant. Also, ring
tests using normal graphite power as a lubricant coating system were compared with tests using nano graphite powder.
The results confirm that the nano graphite is superior to the normal graphite in view of its lubricating effect. In addition,
the friction factor (m) was estimated with respect to the amount of the nano graphite content in the lubricant. With 10 %
nano graphite the friction factor had the lowest value as compared to other amounts. It can be concluded that the amount
of the nano graphite in the coating system can be optimized to obtain the best lubrication condition between the die and

the material using ring test experiments.
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Table 1 Lubricant mixing ratio

Case 1 2 3 4 5
Graphite
(%) 8.0 10.0 12.0 13.3 16.7
Water
based
solvent 84.0 82.0 80.0 78.7 75.3
(%)
Etc. (%) 8.0 8.0 8.0 8.0 8.0

9 9% 4FANNS FAF A3} Fig. 39 Lol
e wE2g AYS 1dE 92 & Ak
L RIESTRS

A&7 (Water based solvent) ©]-&3&}e] 7z} $-24|
THE Wk 2ela AFA 2%, FAbA 3.2%,
gl A 2.8%E 5714 S8A BF
ATk S8A oFFS oF 308 7FF wwk F Fig. 4
o} o] s T Al AElA E

FYE 3k B A &84 Z¥E FAE

oF Gm-10melth. ® 24 TP o2 AL§E H
o) 518 B9 EAmiE Fig 59 o] hebgteh,

B 2A 7HE Al AFEE THEEE Fig. 79 2ol
23 FX= 7FE Z(Induction heater) S AF-&-311 2
w, 800C 71¥ A A8%+E A7e ¢k 20sec~
23sec Aol JHEAI Y AFE A= Aol
7Vsstth 719 e~ Fig. 63 22 50ton ¢t
IY2E ARGl eH skE 10%, 30%, 50% =
Aoz 8 45 A39E FYsidnh

Ak AAsHA Alojste] dHlolH el Al

55 Fo|7] fste xF VI EF & AN

[e)

#
o @ AT ol Jhgto] AYHES sHgic,

i

w
o
i
Hi
>
og
my

R

Heater

Hopper

Hopper

Vertical motion

Fig. 5 Schematics of lubricant coating system

Fig. 7 The experiment using high frequency induction
heating furnace

Normal graphite l \ Nano graphite

Fig. 8 Deformed shapes of the ring with the normal
graphite and the nano graphite content

st aMIIZEE X /M 21 M1E, 20124/15



o
=
rj\g
o
o2
oft
o,
r
2
N
fofs
AN
Ho

in}
2
>,
o2
m}‘(_:‘
o,
AN
£t
oo,
oX,
N

120 120 : -
+ 8% -4 -m=0.05 * 10% -4--m=0.05

100 & m=0.10 = m=0.15 100 +m=0.10 m=0.15
-8 m=020 - |-m=025 -® m=020 - {-m=0.25

80 M ==m=030 - m=050
—#-m=0.70 ——m=1.0

80 [ ==m=030 —#-m=0.0

| —*-mr0.70 ——m=10 |

Inner diameter changes (%)
Inner diameter changes (%)

20
01
-20 ‘
-40 |
-60 + x s -60 L L s s s )
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Reduction in height (%) Reduction in height (%)
(a) 8% (b) 10%
120 T - -
120 R R R e * 133%  -#-m=005
100 | -4 m=0.10 -8 m=0.15 | I— 100 - me0.10 —B m=0.15
-~ -® m=020 =|--m=0.2§ @ ~% m=020 -—|'-m=0.2§ |
é 80 | —e—m=030 —=—m=050 ] s 80 ——m=030 —# m=0.50
8 ¢ b w070 —melo] | / gn 60 b~ m=070 —m=10] | //
s 27 s
-
S 40 < T T T i =
5 !
s =
5z 0% E <
5 5
£ 2 E
-40
60 ] ] i ] I ) %0 | | | |
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Reduction in height (%) Reduction in height (%)
(c) 12% (d) 13.3%
120

* 167%  -*-m=0.05
100 #-m=0:10—— 8- m=0.15
-% m=020 - -{-m=0.25
80 [ =e=m=030  ===m=0.50"
~#-m=0.70 —*—m=1.0

Inner diameter changes (%)

0
-20
-40 F
60 A \ A )
0 10 20 30 40 50 60
Reduction in height (%)
(e) 16.7%

Fig. 9 Experimental results for ring compression test
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Friction factor (m)
0.30 ~ 0.50
0.15~0.20
0.25~0.30

through ring experiments
Nano graphite (%)
8.0
10.0
12.0

Case

Table 2 Measured values of constant shear friction
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