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Study on Effect of Cutting Fluid (1st report)
—Orthogonal Cutting on Various Materials by High Speed Steel Tool—

Kitao Oxusa, Eiji YAMAMOTO and Masayuki MASUDOMI

Abstract

This is a report on the effects of cutting fluids, when various metallic materials are cut under
orthogonal cutting at constant cutting speed.. The effects of cutting fluids on cutting force, shear
angle, etc. are investigated in the experiments. The kinds of cutting fluids used are water, water
base and mineral oil base.

The materials used in this experiment are carbon steel S10C, S15C, alloy steel SCM4, 18—8

stainless steel (SUS27),cast iron (FC20) and 4—6 brass.

The results obtained are as follows.

1. In such a low cutting speed as V'=10m/min, cutting force and coefficient of friction decrease

and shear angle increases by using the cutting fluids. The effect of the mineral oil base is greater

than the water base.

2. The chip’s type is often transformed to flow type from shear type by cutting fluids.

3. The effect of cutting fluids is greater in carbon steel than SUS27 with which the chips easier

weld to the tool.
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Table 1 Workpieces
Workpiece | HAM0SS | Workpiece | Hargness
S10C 123 SUS27 194
SCM 4 290 4-6 Brass 58

Appended Fig.1 Composite cutting force circle

Fc, Tangential force on tool. kg

Fr, Thrust force on tool kg

N, Normal component of tool force kg
F, Friction component of tool force kg
¢, The shear angle °
a, The back rake angle
B8, The friction angle
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Table 2 Fundamental characteristics in cutting fluids

Kinematic Specific Surface S
Number JIS Type Viscosity (20°C) | Gravity(7°C) Tension (9°C) Dilution
: -
‘ A
. No.1 W2—1| Soluble 1.053x10"2cm?/sec 1.009g/cm3 0.0341g/cm X 30
No.2 Wi1—1| Emulsion 1. 162><10"2 4 1.001 0.0317 » X 20
No.3 W1—1; Emulsion 1.387X10°2 7 1 ,OOI 7 0.0350 X20
No. 4 2—1 — 20.60%x10°2 » 0.985 7 0.0320 » —
No.5 | 2—7 — 61.60X10-2 » 0.935. 7 0.0331 7 —
No. 4, No.5 are mineral oil bases. '
oy F=Fc sin a+Ft cos a .
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Fig.2 Apparatus for cooling tests of cutting fluid
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Cutting fluid arranged after the kinematic viscosity
Fig.4 Relation between cutting force and kind of
cutting fluid
Cutting speed V =10m/min, depth of cut
t1=0.8mm (only SUS27, t1=0.6mm), amount of
cutting fluid 3 I/min, back rake angle a=25°.

Fe Tangential force on tool, F, thrust force

on tool. D :dry, W: water.
m Back ot
the chip
Shear Type Remarkable Shear
(SEM 4) Type ( Brass)
: 5 Lp p L
Flow Type Crack Type
(SUS 27,515C,S10C) (FC 20)

Fig.5 The types of chip produced (Dry cutting).
Cutting speed V=10m/min,
back rake angle a=25°, depth of cut t;=0.8mm.
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3.9 EADT L WATOEFICHE

HiRD KB Tl UG A —ETH 512D T, &
IENGAEF T DSR2 < 5 720, 3 WU
WOEX &2 THER2 U, TR &
T 5 12 RO T TN AT R D EER TR OHRDE 5
N72No. 5 OEFHI—FER - U7z,

Z DR, T VAEMWNE VAT SCM 4 Tk
W AMTEDE S TP LT, B Ti3 <
WA ans30°, 35° L kE S b LN T, R
BT L AESLNILI T CORFOUEIIZ
Fig. 8iTnd & a S T VWALKE <, WHVEHAEIC
BHENEL B H5TWVAS, HCSEIEOU S F2FL
33 FC20 DA T 1512 0 BIEIINE T < WADEEK
WX Db Utchs, SUS27TTIR % Dl & v i/
W,

BV hod VAT ik~ o)
PNE L, HRIOFEIS 5. &T0EILsT 31
MOZhEIZ, SCM4 Tix < VENNEL, AN
OB FHRET LTI REL, TLVANKS
<z 0 EI FORAE L INEINC T &, HSIORE
130755,

UEDT L2 F Db L, HEIORFEIIEEHIS DR
Bk > TRDY, & L TREANEL/NEL,
VWO FDFAET AREOJTH5Z DEPRIZKT
BB, BAEEDPINEOEHTIZE < T DB HEE b/
IVDT, WAMBRALZNCEREIRL S EDEHE
25,

RO &<, TCAVENT 2 L8 FORAE
L2 5 H5, Fig. 9 OTHE 8] FOEME X5 5 1)

Cutting force Fe, Ft kg

137

500

SCM 4 1,

400

8

200

100

15 20 25

Back rake angle o°
Fig.8 Relation between cutting force and back rake
angle Cutting speedV = 10m[min,
depth of cut t1=0.6mm. number and flow
amount of cutting fluid No.5, 31/min respectively
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Fig. 17 Cutting force and coefficient of friction
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