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Development of High Performance Cold Forging Oil for Steel
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Abstract

High performance cold forging oil has been developed to
realize excellent galling prevention property equivalent to
the soap/phosphate coating and low corrosiveness against
ferrous materials. The effect of extreme pressure additives
on galling prevention was investigated by the ball
penetration method. Sample oils containing oleyl acid
phosphate (OLAP) and phosphoric acid are found to exhibit
excellent galling prevention corresponding to the

soap/phosphate coating. It is discovered that adding zinc

phosphate to the oil suppresses the corrosiveness of the oil
without reducing the galling prevention ability. The target
of the development has been satisfactorily accomplished
with the composition including OLAP, phosphoric acid and
zinc phosphate. The developed oil showed superior
performance in practical cold forging test. Replacing the
soap/phosphate lubricant with the newly developed oil has
brought enormous benefits on cost and productivity on

production lines.
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Fig. 1 Ball penetration test.

Table 1 Reduction in cross-sectional area of workpiece (R)
in ball penetration test.

_Db*-Di*
30° - Di*
Db : Ball diameter

Di : Inside diameter of workpiece

R x 100

R, % | Db, mm Di, mm
2.5 15.08 14.5
4 15.88 15.0
6 15.88 14.5
8 16.67 15.0
10 16.67 14.5
12 17.46 15.0
14 17.46 14.5
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Fig. 2  Inside surfaces of workpieces after ball penetration test.
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Fig. 3  Galling prevention properties of commercial lubricants
evaluated by ball penetration test.
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Table 2 Composition of additives used.

Name Aliyl group Composition ( mol%)
Triester | Diester | Monoester | Inorganic acid
TBP —CsHy 99 — — —
TOP —CHyy +99 — — -
TOLP —Ciglys >99 — — -
DOP —GHyy - >99 - —
BAP —CsHy - 46 54 —
Phosphate ester OAP —GCgHyy — 49 51 —
DAP ~CioHy - 56 44 -
TAP —CisHy — 40 60 —
OLAP | —CisHis - 45 55 -
MLP —CipHys - - >99 —
ADP ~Ciota - 27 58 15
ALP ~CuaHys — 4 84 12
TBPi —CHy 87 13 - -
TLPi ~CiaHys 87 13 - -
TOLPi |  ~Cusths 85 15 - —
Phosphite ester TBPi —CH, - >99 - -
DLPi —CyaHys - >99 _ _
poLPi |~ Cists - >99 - —

No additives
(Mineral oil)
ADP and ALP

Other than
ADP and ALP

Fig. 4  Galling prevention properties of sample oils containing
single additives.
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probe microanalysis) on workpiece surfaces.
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Fig. 8 Synergistic effect between phosphate ester and iron
phosphate coating.
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Table 3 List of application examples.

No. Forming types Workpiece material
) Backward extrusion S10C
(2) Deep drawing and ironing S10C
(3) Ironing and sizing S35C
4) Deep drawing and ironing Hot rolled mild steel
3 Ironing and sizing Hot rolled mild steel
(6) Upsetting and piercing S15C

@

Fig. 16 Application examples.
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