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Study on Machining of Stainless Steel ( 2 nd report)

—Selection of Suitable Tool Material and Tool Geometry for Face Milling—

Kitao Okusa and Eiji YAMAMOTO

Abstract

The suitable tool materials for Jathe turning were M20 and P20 containing a considerable amount

of TiC and TaC in Ist report?, As milling process is a discontinuous cutting, the impact forces
act upon the cutting edges when they engage and disengage the workpiece. And the tools are also
heated and cooled alternately by cutiing and idle processes per one cycle,

Therefore, the suitable tool material for face milling differs from one for lathe turning, The

suitable tool material for face milling 18— 8 stainless steel is selected among the same tools in lIst

report,

experiment,

The suitable nose radius and width of land of cutting cdges are also selected in this

1. Suitable tool material differs for cutting speed range, that is, high speed steel tool SKH 4

and sintered carbide tool M20 suit to face milling operation in low cutting speed and other

cutting speed range respectively.

2. Remarkable separation of welds appears on face milling 18— 8 stainless steel,
If it appears near cutting edge, the cutting edge should fail at once.

Because of suitable nose radius and width of land decreasing the appearance and separation of

welds, tool life increases and useful cutting speed range expands,
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Table 1 Properties and types of various tool
Tool High speed steel Sintered carbide * wx
Material Ceramics
~— SKH 4 P20 M20 M40 K20
. 65Fe, 0.79C, |76WC, 10Co. [82WC, 8Co, [79WC, 15C., [92WC, 6Co
Composition %4 20C: 18.00W, Al203
10.00Co 1,25V |14(TiC+TaC) |10(TiC+ TaC) |6 (TiC+TaC) | 2 (TiC+TaC)
Hardness Hrc=66.0 Hy=1500 Hy =1550 Hy =1300 Hy=1550 Hr4=94
Bending
On 300~400 150 165 210 170 50~70
strength kg/mm?2
i} . . Throw awa
19"mm solid Tipped tool tool ¢
Tool type tool type JIS
type JIS 31—3 type JIS 31—3 31— 4
Axial rake an=40’, Radial rake ar=10" g:z :¥0’°30’
Tool geometry Axial relief 6.=5°30", Radial relief 0:=6° 63:70% )
: Nose radius yn=0.7R~2.(R, Width of land=0~0.32mm fr’;éosio

* From catalogue of WIDIA Co
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X, BB o2 T BEEMES (30, 100f%) Tiio
1.
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**From Catalogue of TOSHIBA TUNGALOY Co
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- Cutting length of work -
Cutting length L mm

0 152126 34 48 63

82
Cutting speed  V ™Wmin

108 140 188

L ’ T T T
0,6804 80_38 03 021 022 017 018 019 019

. ' F"eed ,f rnrn/toyoth i . B
185 - - 155 13 1.3 83 6 43

Cutting

Fig.1 Relation between flank wear or cutting length and cutting speed.

time of 1 pass min

Wave lines mean thar plotted points are not continued.

Fig.2 Failure in low cutting speed
VXdX f=15m/minx1.5mmx0.68mm/tooth.

Tool M20.

Cutting length L==10mm.

R . - -
Fig.3 Thermal wear o
Vxdx f=48m/minx1.5mmx0.21mm/tooth.
Tool SKH 4. Cutting length L==60mm .
AT R
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Fig.4 Separation of the welds

(a) VXdXf=48m/minx1.5mm
X 0.2Imm/tooth (I pass).

Tool K20.
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(b) VXdXf=82m/minxlI.5mm
X0.17mm/tooth (1 pass).

Tool P20.
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Fig.5 Crater wear

Vxdx f=188m/minx 1.5mm x0.19mm/tooth
(1 pass). Tool K20.

Crater

wear

Flank

wear

Fig.6 Thermal crack

VXxdxf=188m/minx 1.5mm
X0.19mm/tooth (1 pass).
Tool P20.
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Cutting speed V m/min
Fig.7 Relation between crater wear and cutting
speed.
VXdX fZ=63~140m/minx 1.5mm x 0. 2mm/tooth.
Qo® after the HCI treatment.
o é before the HCI treatment.
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Fig.8 Main causes of tool failure in various kinds of tool
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Fig.9 Relation between flank wear and cutting
speed in each kind of tools

V XdX f==50~188m/minx1.5mmx0. 14~
0.3mm/tooth.
X f==0.14mm/to0th
O  [f=0.20mm/tooth
¥V f==0.30mm/tooth
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Fig .10 Relation between crater wear and cutting
speed
——— [f=0.3mm/tooth
=0.2mm/tooth
VXd X f==50~140m/minx 1.5mm x 0.2~
0.3mm/tooth.
Crater wear measured after HCI treatment.
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Tool nose radius R mm
Fig.11 Relation between flank wear and tool nose
radius
VXdx f=63m/minx1.5mmx0.22mm/tooth
(2 pass).

Width of land, L=0mm.
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Fig.12 Photographs of tool failure

Tool M20. VXdX f=63m/minx1.5mmx0.22mm/tooth (3 pass)
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Wear 2 pass
Flank
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Fig.13 Photographs of tool failure

Tool M40. VXdX f=63m/minx1.5mmx0.22mm/tooth (3pass).
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Fig .15 Photographs of tool failure
Tool M40. Vxdx f=63m/minx1.5mmx0.22mm/tooth (3 pass).
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Width of land L mm
Fig.14 Relation between flank wear and width o f
land
VXdX f=63m/minx1.5mmx0.22mm/tooth
(3 pass).

Tool M40. Tool nose radius 1.5R.
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Fig.16 Relation between flank wear and cutting
speed in various cutting edge
VXdX f==34~108m/minx I.5mm x 0.2mm/tooth
(1 pass).
Tool M20.
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