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Evaluation of Water-Soluble Lubricant for Cold Forging
and Optimization of Coating Process

W.J.Lim', LS.Lee’, J.S.Je’, D.C.Ko‘, B.M.Kim"

Abstract

The zinc prosphate film treatments used to lubricating treatment of mostly cold forging processes. But there are several
problems happened to lubricating treatment process such as happening harmful environment on person, complex
lubrication processing occurring in energy and time consumption, eco-destructive and chemical by-product generation, the
needs of waste disposal etc. As a result, a water-soluble lubricant was developed to replace the perfect or some of the zinc
prosphate film in the world. In order to solve these problems, this study evaluated the performance of the typical water-
soluble. In this study, for these requirement inquiry of two part. First, about possibility of replace zinc phosphate lubricant,
quantitatively evaluation developed of water-soluble lubricant for cold forging vs zinc phosphate lubricant. Second, About
optimization of coating Process use to equipment with practicable automatic coating Process. The performance evaluation
of these lubricants was conducted using the double cup extrusion test and spike forging test. With the use of the
commercial FE code DEFORM, friction factor calibration curves, i.e. cup height ratio vs. punch stroke and spike height vs.
punch stroke, were established for different friction factor values. By matching the cup height ratio and the punch stroke
and spike height vs. punch stroke from experiment to that obtained from FE simulations, the friction factor of the
lubricants was determined. Survey of comparative analysis use to SEM that sprayed lubricant surface structure of grain
shape and characteristic of lubricant performance based on grain shape and deformed lubricant surface expansion. As a
result, developed lubricant were found to perform comparable to or better than zinc phosphate. And thought this result,
innovatively cope with generated problem of existing lubrication process.
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Table 1 Sheet of zinc phosphate coating process

No. Process Processing | Temperature
time [min] [C]

1 Degreasing 5~10 80~90
2 Rinsing 1~2 Room temp.
3 Pickling 5~8 Room temp.
4 Rinsing 1~2 Room temp.
5 Rinsing 1~2 70~80
6 Bonderite 5~8 80~90
7 Rinsing 5~8 80~-90
8 Neutralizing 1~2 Room temp.
9 Bonderlube 2~3 70~80
10 Drying 5~10 80~90
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Fig. 1 SEM Image of developed lubricant

SEM Image 3ol A YEbd 0.3um 37|98 743
Hl 4|+ Ethylene 3} Acrylate o F53Aojn,
Emulsion Polymerization ¢ 2 TAT A|FL 2 A,
colloid e8] YAZ FAH| Ut

o] Ao} EA 5L dAT FH FHo



2, F8YP A QF4HE= ojAAHA HEZ, A Table 3 Process sheet of lubricating water-soluble
A AR 2, nEgd, i 2 A4S lubricant
fsie = gl dA4E 7hAa ok No. Process Processing | Temperature
NEd dxg F84 £8A= ¥ 245 49 time [min] [C]
Hgo® 39 Wxo Binder ¢ Inorganic Rinsing 3 80~90
Compound(F7] 33HE) 9 Additive(37HAHE 7 Lubricating 3 40~55.
) 5 =
el AdE F2A S ¥ E Table. 2 9 3 Drying 5.10 90~95
2ol FHE.
3. 484 2¥N euM2ABY AN
Table 2. Sheet of the chief ingredient rate of lubricant
HO 4% 3.1 $84 SEA 2¥x23F
Leveling agent 7.0% B dpoAs 74 34 8 2109 4¥EE £
V7 Pt Y 135 FART RS
Polymer resin 28.0% A ES TI_A %?7(3 _)ig —':L @ X (orthogonal
array)S S8 AEAEE AP Table 40 7}
Crosslinking Agent 4.0% o1zt ¥ 4Z< vehigdc)
Zinc composite 2.0%
Surface active agent 3.0% Table 4 Parameters and levels selected for optimization
Extreme Pressure Agents 2 0% of water-based lubricant coating process
Parameters Levels
Dilution ratio 1:1, 5:3,3:1
- - icant : wat
2-2 Inline R X2 FA A e T
Inline $BAY FRE QXIS A2 FAHol e Rt
A aT"s Bag oy TAL Fig2 oA 2 Rinsing time 10sec, 1min, 2min
o] BA £8 Az 3 FAOE 7tA3F do] 7 Lubricating temp. 207C,407C,60C
&9 A4 v FAFd A ARE dF = Lubricating time 1sec, 3sec, 1min
A 5 = &
o] A A ZH‘TQ?% T%"iﬁ SEAE =X F+ A Drying temp. 20T, 60°C, 100°C
2AE &8 A Aol Drying time 1min, 2min, 3min
mline 82 A7 A olgsA &8 st e 2T
= 2208 Ha A7 2 2L Table. 3 44 U Leaving time 1hour, Shour, 1day
B2l o). after processing

Ztztel 3R Wl w2
£45 AstdA IR
3 Zol 4353t

4 A7 &8A9 B9 BH nlEo] 5:3¢
g7t A3 sMuE FEEdY. FHA 2o
2 B4 252 883N 74 2:8 %
ol Aol =7 £EIHM £8AY ¥R
T A2AL Fo dFE vAE Aoz #d
HA.

o HEERE 4Y
=

EAS Fig.3

Fig. 2 Device for lubricating water-soluble lubricant
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Rinsing temp.

Rinsing time 1.7%

Lubricating temp,
2.7%
Drying temp. 1.7%

Dilution ratio

Drying time 1.2%
Leaving time 0.78%

Fig. 3 Effect of parameters

Z 34 W mE A EL QY
A%E dA 7bsd HAdA FIE FEY &

2 A% X8 HA9 oduxg HAFHY
18 g HAOZ Table.59

fa2n belsy
Table 5 Optimal coating process of water-soluble
lubricant
No. Process Processing | Temperature
time
1 Rinsing 1 min 100 C
2 Lubricating 1 sec 20T
Dilution ratio
(5:3)
3 Drying 1 min 20C

x93 HAsE ddd FAYUSFE FLslo &
g9 4L % 48 H2EE S35}
&4 T“ﬂ% X o ‘ﬁ'—ll% vgos 43 H2E
Fyste] LEAY HeH &AM A=
A 2E#Q Z SEM Image® £8A4 ®d
Y 2 AY 234X 4L B 884
%S v £A5.

19. ot r°" mlm

4, 2EAHL =X BH &

Aol AIRE &84 EAL BEAE 9
N =¥ ¥ Adxd &84 TV Fig.59% ¢

o] SEM ImageZ #943le] wma o}

89 g4L vlws] B9 Developed Lub.
7t & 84 s8Ad v FdsA =¥}
Hode AL AT £ v}, E3F] 84 %
A Fgol duF oz FHov FIYLE slm Y
o] EdgefE& HIZEE 5ZT 4o iAldx

A9 43 =7t M8 Aoz A4

EEA 9 FFo] Ax A= "8‘%}—% oE A
22 e,

(a) Zinc phosphate coating (b) Mec Homat

(c) Royalcoat (d) Developed lubricant

Fig. 4 Lubricated billets before experiments
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Fig. 5 Surface shape of dry lubricant
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Lower die

(a) Before forming (b) After forming

Fig. 6 Spike forging test
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Fig.7 Spikeforging test
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5.2 Doublecup backward extrusion test
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Fig. 8 Doublecup backward extrusion test
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Fig. 9 Doublecup backward extrusion test
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Table 6 Results for double cup backward extrusion
and spike forging test

Lubricant Friction factor, m

Zinc phosphate 0.10~0.11

Mec Homat 0.09~0.10

Royalcoat 0.09~0.10

The developed lub. 0.09~0.095
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