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Lubricant Behaviors in the Compression-Friction
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The lubrication mechanisms were investigated in a modified plane strain compression
test where the friction is also measured by simultaneous sliding of one of the dies in the

strip-width direction.

Though the average film-thickness of lubricant trapped between tool and workpiece
agreed with the theoretical calculation based on the squeeze effect, the subsequent behaviors
of lubricant seemed to change with the viscosity under the pressure given and the shear
rate. Lubricants trapped in small pits on the deforming surface function predominantly
hydrostatically when relatively low viscosity mineral oils or vegetable oils are used under
relatively low pressures, but develop hydrodynamically considerable shearing stresses on
the workpiece and thus even alter the surface micro structures when higher viscosity

mineral oils are used under high pressures.
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Fig. 1 Principle of the plane strain compression-
friction test

KB IRE lmm [ 30mm ¢, EMIN3THDOHR
OB THE20mm B b I T3, ETFOoTARIX
Tey 7 —OREREN, HEHD IIL 0.05¢m Ry,
UTFTt»%, FTEDIFS X 3.8mm & 4.3mmTH5,
RERTINEEL AR V/ W=5 L HBNPMESBELLD
T, LE - HEOHENTXDOFEOFHEEELT,
PEINICEBRO Yy HARY F, 2 &BR FimELl:,
fok 2iE, WERAPVE%D L ZHHEEUIX (3.8 or
4.3) WEich, F,/Fi20.925 or 0.905 75,

3. MBEEIORHICONT

3.1 B

Fig. 2 0 T A & EEIIc BT 2 EER O
JCD Reynolds DS EBREHAT S &,

‘Top platen

b/2J X

W -
T } Workpiece

Bottom anvil | l

|

Eig. 2 Squeeze film between the top platen and
the workpiece

3
oy )1 w
ZZT, ¥ ZFOLIrDOERE, AHEEL, 7 EEHO
FEEGREL, P HED, tRMTH B,
PRRD L SIEHNOADEF 2L, 757V
RSB L OERABEY IOV T

n=ny exp (ap) @2
ZZT, il RKETOMERET, « IHEOENK
BTHs, 277 4 VREFESOWTIR

7=n(1-cp)* @y
TTT, =16, ciXiRE & 5 DEEK® TH B,
TEEHMENETTAEETIE b 2—8T, ok/ot=
—W/2TH 3B, x=0T p=2k (WO KRTRERRIES)
ER B L HEBHARIT E DY, BHRENFONDHHE
i CTER B BB OW TR BRI OET p=2—%F
ETBL, x=b/2BRT B L EOHMBEES & ho ik
KDL 515,

_ a - Zk 37]nW b 2)173
ho_{ 1—exp(—a -2k '~ 2& ( 2 x) } ®
h={¢ﬁkm—d)u+0%@"ﬂ .3 W

0 (I+c-2k)»1—1 2%k

b 2)1/3 ,
(5 ) @

K@) Q) ixFhzhk 2) (2 R/t lL, R Q@)X
KRB ELDPEED R Wilson® iz k » CHMIN T2,
COREICET 5 EHHERES 2, 2KkO X 5TH D,

_ b2
ko=%- 0 ho dx=-§l * Bgce=0y @)
3.2 £ &

KBREHIZ ETAOE b=4. 3mm, FAEEE W=0.42
mm/s, iR 20°C,EHEFNEL T 7 4 v RELFHFHE0E— X
T, 3 (2) D 7=1400cP, c=0. 0086, #=16 TH 5,

Fig. 3ETO#TIHE S MHRED BhELRT, 7
3= s A1050P-0 TRMIKE S 04 Hizk (3)' 0F
FMEXni bR, PREGHEOMIZ2DOENE
REh, BRAEEIHZSTRERERS TS, EMf
ERNELICONTRRERCBE T8, LOHER
HHOEANOHEIEE X D/II WD k5T, HRicE
NOBEEN DB L eR/BET B, ThTE r=0.7C7
3 LBE/ITED, BEOCTEBHENG ) —HTS
HLICRENRERLTCW%, U LEoBE/HE, ALY v
ZDEMHED & 5 T TARMHeH L TH—=~~v 71T
WABERIZADRERWE DT, HRATRCHL TH
=NV LTV BINTIERET % 1 D0RETHS,

*RGE, BB LY RAROREEMRBR LT,

MRmOE 2 ORGEHH 5 HiCET % & WE2 b HE

NETBE TRy 2T RO BECEBERAILES LV I FLOEHEEREL W5,



BEHBTEAFER

28303 (1978) 167

(1) r=0.07, p =10 kgf/m?, p=0.012

R =

(2) r=0.19, p =13 kgf/mm?, W= 0.012

(4) r=0.57, P=22kgf/m?, p=0.019

(5) r=0.70, P =26 kgf/mm?, | = 0.026
{(a) Aluminium A1050P-0

(1) r=0.02, P =39 kgf/mm?, = 0.050

(3) r=0.39, P =81 kgf/mm?, L= 0.055
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(4) r=0.58, §=99 kgf/m?, p= 0.056

(b) Mild steel SPCC-B

Eig. 3 Variations in surface profile with reduction and strip material (Lubricant: Motor oil

#50 (20°C), W=0, 42mm/s)
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Fig. 4 Theoretical and experimental variations
in the mean Iubricant film-thicknsse with
reduction (Motor oil #50, W=0, 42mm/s)
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Fig. 5 Typical variations in load and friction
with reduction, speed and lubricant
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Table 1 Lubricants used and the viscosity parameters « and ¢ estimated

Lubricant Sp. gravity ;Xox;lillg ne C I:f:? %rCa- Viscgssity an;?ngiéfz ) Céﬁjg;lk(ng) ,
Cylinder oil #90 0. 984 58 21 3800 I 0.41
Motor oil #50 0. 924 91 ’ 26 900 l 0. 0089
Motor oil #30 0.938 69 ‘ 26 430 { 0.31
Motor oil #40 0. 884 110 26 310 0. 0095
Motor oil #20 0. 877 104 26 130 0.0100
Turbine oil #90 0. 884 95 26 60 0.0105
Castor oil 0. 955 28 580 0. 15
Rapeseed oil 0. 924 27 62 0.13%
Beef tallow — 22
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Fig. 6 Difference in the resulting surface profile between with castor oil and motor oil #30
(Strip material: copper TCuPl-O, reduction: 52~60%)
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Fig. 9 Variation in friction with speed
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Fig. 12 The different surface appearances with lubricants and compression speeds
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