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Cutting conditions
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Heat-resistant alloy machining

Key Points in Machining

The key to successful heat-resistant alloy machining is the use of "BIDEMICS" and "ceramics".

BIDEMICS and ceramic materials improve productivity in machining heat-resistant alloys.

BIDEMICS has excellent VB wear resistance and SiAlON ceramics has excellent wear resistance on the infeed side

BIDEMICS provides high-speed machining and superior surface finishes not possible with conventional ceramic materials.

Optimizing cutting conditions and tool grade enables more stable machining.

Selection of insert shape with toughness

Select inserts with higher strength cutting edges if at all possible.

Selection of corner R with superior strength

The larger the insert's corner radius, the stronger the insert's cutting edge and the longer its life. However, please note that the larger the
corner radius, the higher the cutting resistance. In general, RNGN1207 inserts are used for rough machining and CNGN1204 inserts are used
for finish machining of heat resistant alloys.

Minimize the amount of overhang

If the overhang is too long, chattering or chip loss will occur.

Insert chipping protection

Before machining, be sure to chamfer the corners of the
workpiece. Machining sharp corners of workpieces without
chamfering will result in chipping or defects of the inserts.

No dwell allowed.

Please note that if the insert is in contact with the workpiece at zero feed, wear will progress significantly.

Coolant

WET machining is recommended when using BIDEMICS, SiAlON-based ceramics, or whisker ceramics in turning. 
However, DRY machining may be more effective in case of strong interrupted machining. 
When using SiAlON ceramics (SX3, SX7, SX9) in milling, be sure to use DRY machining.

Cutting Edge Treatment

Sharp edge preparation is required when machining heat-resistant alloys, but in the case of ceramic inserts, minute angle chamfering or
round honing is better for wear resistance, especially border wear resistance.
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Troubleshooting
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Heat-resistant alloy machining

Key Points in Machining

The key to successful heat-resistant alloy machining is the use of "BIDEMICS" and "ceramics".

BIDEMICS and ceramic materials improve productivity in machining heat-resistant alloys.

BIDEMICS has excellent VB wear resistance and SiAlON ceramics has excellent wear resistance on the infeed side

BIDEMICS provides high-speed machining and superior surface finishes not possible with conventional ceramic materials.

Optimizing cutting conditions and tool grade enables more stable machining.

Selection of insert shape with toughness

Select inserts with higher strength cutting edges if at all possible.

Selection of corner R with superior strength

The larger the insert's corner radius, the stronger the insert's cutting edge and the longer its life. However, please note that the larger the
corner radius, the higher the cutting resistance. In general, RNGN1207 inserts are used for rough machining and CNGN1204 inserts are used
for finish machining of heat resistant alloys.

Minimize the amount of overhang

If the overhang is too long, chattering or chip loss will occur.

Insert chipping protection

Before machining, be sure to chamfer the corners of the
workpiece. Machining sharp corners of workpieces without
chamfering will result in chipping or defects of the inserts.

No dwell allowed.

Please note that if the insert is in contact with the workpiece at zero feed, wear will progress significantly.

Coolant

WET machining is recommended when using BIDEMICS, SiAlON-based ceramics, or whisker ceramics in turning. 
However, DRY machining may be more effective in case of strong interrupted machining. 
When using SiAlON ceramics (SX3, SX7, SX9) in milling, be sure to use DRY machining.

Cutting Edge Treatment

Sharp edge preparation is required when machining heat-resistant alloys, but in the case of ceramic inserts, minute angle chamfering or
round honing is better for wear resistance, especially border wear resistance.
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Heat-resistant alloy machining

Troubleshooting

Adjustment of cutting conditions

Result

When using the SX7 & SX3 & SX9 & SX5, increased feed is necessary
to increase the wear resistance of the tool. By increasing the feed
rate and taking advantage of the high tool material strength of the
SX7 & SX3 & SX9 & SX5, the number of times the tool and
workpiece material rub against each other can be reduced, thereby
reducing wear. In addition, higher feed rates shorten cycle time,
increasing productivity and profitability. 
 
Note: When machining corner R, reduce feed rate by 25% to
prevent insert defects.
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Machining with scale

If inserts break in the early stages of scale machining, high cutting speeds and feed rates may be the cause. 

Understanding the hardness of the work material is the key to a
successful cutting process. Many machining operators do not know
the hardness of their work material. This causes them to spend a
lot of time finding the optimum cutting conditions for test
machining. The higher the hardness of the work material, the
lower the cutting speed should be. Also, where there is scale on the
workpiece surface, the cutting speed and feed rate must be
reduced by 25%. By changing the machining program in this way,
excessive tool damage can be reduced.

Depth of cut

As shown in the figure on the right, as the depth of cut increases,
the amount of wear, especially border wear, increases. In order to
reduce border wear and extend tool life, it is necessary to control
the depth of cut.

The table below shows the maximum depth of cut for RN inserts
and the maximum depth of cut by corner R size. Please refer to
these values to determine the depth of cut.

Recommended depth of cut

IC size of RN insert Max. depth of cut *Corner R size Max. depth of cut

φ6.35mm ~1.5mm 0.8 0.2mm
φ9.525mm ~2.3mm 1.2 0.3mm
φ12.7mm ~3.2mm 1.6 0.4mm
φ25.4mm ~6.4mm 2.4 0.6mm

The optimum depth of cut is 5-15% of the insert diameter. 
*In case of lead angle: 0°

Lead angle

In the machining of heat-resistant alloys, the larger the lead angle,
the less wear is likely to occur. Also, the larger the lead angle, the
more cutting resistance is distributed over a wider area of the
insert, which reduces border wear and at the same time improves
tool life and workpiece surface roughness. 
In addition, the larger the lead angle, the better the chip control. In
the case of the SX9 inserts, which have excellent chip resistance,
higher feed rates reduce wear and machining time.

Effect of lead angle on wear pattern
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Heat-resistant alloy machining

Troubleshooting

Adjustment of cutting conditions

Result

When using the SX7 & SX3 & SX9 & SX5, increased feed is necessary
to increase the wear resistance of the tool. By increasing the feed
rate and taking advantage of the high tool material strength of the
SX7 & SX3 & SX9 & SX5, the number of times the tool and
workpiece material rub against each other can be reduced, thereby
reducing wear. In addition, higher feed rates shorten cycle time,
increasing productivity and profitability. 
 
Note: When machining corner R, reduce feed rate by 25% to
prevent insert defects.
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Heat-resistant alloy machining

Troubleshooting
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Insert shape

Edge treatment

Prevention of chattering

When machining nickel-based heat-resistant alloys, chattering often occurs due to increased cutting resistance. Chatter is especially likely to
occur when using a holder with a large overhang for copying or grooving, when machining thin-walled workpieces, or when using a machine
with low rigidity, resulting in abnormal insert wear or sudden loss of inserts. Generally, increasing the cutting speed and decreasing the feed
rate will reduce or eliminate chattering. In addition, the following methods are also effective.

Increase cutting speed and reduce feed rate.

Change to an insert grade with higher hardness.

Change to an insert with a smaller inscribed circle or smaller corner radius.

Change the cutting edge treatment to the sharpest possible shape.

Change to a positive insert.

Reduce the lead angle.

Minimum overhang.

Change the holder material to anti-vibration material.
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Heat-resistant alloy machining

Troubleshooting
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Heat-resistant alloy machining

Key points for grooving

BIDEMICS and ceramic inserts enable high-speed, high-efficiency grooving. NTK offers a wide range of materials, including whisker ceramics,
BIDEMICS, and SiAlON materials, which contribute to further productivity improvement and stable machining. 

Application

When grooving in multiple passes: 
When grooving a final pass, the cutting edge contacts the work-
hardened area. 
This causes chipping of the corner radius and border wear.

The grooving is performed on both sides, leaving the center
machining point. 
Finally, grooving is performed with a strong insert shape such
as RCGX type.
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Heat-resistant alloy machining

Key points for grooving

BIDEMICS and ceramic inserts enable high-speed, high-efficiency grooving. NTK offers a wide range of materials, including whisker ceramics,
BIDEMICS, and SiAlON materials, which contribute to further productivity improvement and stable machining. 

Application

When grooving in multiple passes: 
When grooving a final pass, the cutting edge contacts the work-
hardened area. 
This causes chipping of the corner radius and border wear.

The grooving is performed on both sides, leaving the center
machining point. 
Finally, grooving is performed with a strong insert shape such
as RCGX type.
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Cast iron / ductile cast iron machining
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Cast iron / ductile cast iron machining

Recommended grade from cutting edge damage

Effect of insert thickness

Recommended clamping type when using ceramic inserts
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Use of different edge treatments

Troubleshooting

Case study Cause Measure

Insert VB wear Cutting speed too high

Feed rate too low

Insert shape incorrect

Incorrect insert grade

Reduce cutting speed

Increase feed rate

Increase corner radius

Change to a grade with superior
wear resistance

Notch wear Incorrect insert grade

Cutter geometry incorrect

Insert shape incorrect

Change to a grade with better
wear resistance

Increase the lead angle

Change the geometry of inserts

Thermal crack Cutting conditions incorrect

Incorrect insert grade

Reduce cutting speed

Change from WET to DRY
machining

Change to a grade with superior
thermal shock resistance

Fracture Cutting condition incorrect

Edge treatment incorrect

Use coolant

Lower feed

Increase cutting edge treatment

Apply honing

Change from WET to DRY
machining

Cracked Insert clamped with incorrect
seating

Clean the mounting area and
install according to the correct
procedure

Tighten to the correct torque.

Work
material

Chatter Low cutting resistance

Workpiece/tool less rigidity

Low cutting speed

Lower feed

Smaller cutting edge treatment

Increase the clearance angle of
the insert

Shorten tool overhang

Increase cutting speed

Edge chipped High feed rate

Small cutting edge corner
radius

Insert wear

Lower feed

Increase the corner radius of
insert

Use wiper inserts

Reduce cutting speed
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Cast iron / ductile cast iron machining

Recommended grade from cutting edge damage

Effect of insert thickness

Recommended clamping type when using ceramic inserts
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Hardened material machining

Features

ZC7 and HC4 ceramic materials have high wear resistance in machining of hardened materials.

ZC7 is suitable for a wide range of machining applications from carburized hardened steel to induction hardened steel.

HC4 offers high cutting performance in workpiece hardness in the HRc 55-70 range. 

Wiper inserts and inserts with breakers (AG) are available to improve machining efficiency. 

Recommended insert grades and cutting speed

Advantages of Wiper Inserts Recommended depth of cut and feed

Corner R Depth of cut(mm) Feed(mm /rev)

R0.4 0.15 0.05 ~ 0.08

R0.8 0.3 0.08 ~ 0.10

R1.2 0.4 0.10 ~ 0.13

R1.6 0.5 0.13 ~ 0.16

R6.35 2.0 0.16 ~ 0.25

Advantages of Ceramic Inserts
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Key points for using different edge treatments

Troubleshooting

Case Cause Measure

Insert

VB wear
●Cutting speed too high 
●Feed too low 
●Insert geometry unsuitable

●Reduce cutting speed 
●Increase feed 
●Increase the corner R

Crater wear
●Unsuitable cutting conditions 
●Insert geometry unsuitable

●Reduce cutting speed 
●Smaller cutting edge treatment angle

Flaking ●Insert geometry unsuitable

●Smaller cutting edge treatment angle 
●Eliminate honing 
●Lower feed 
●Increase cutting speed

Fracture
●Insert geometry unsuitable 
●Unsuitable edge treatment 
●Using coolant

●Lower feed 
●Larger cutting edge treatment 
●Add honing 
●Change from WET to DRY machining

Work piece

Chatter

●Higher cutting resistance 
●Not rigid enough for workpiece and
tool 
●Low cutting speed

●Lower feed 
●Smaller cutting edge treatment angle 
●Larger insert relief angle 
●Shorten tool overhang 
●Increase cutting speed

Surface
●Higher feed rate 
●Smaller insert corner R 
●Insert wear

●Lower feed 
●Larger insert corner R 
●Using wiper inserts 
●Reduce cutting speed
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Hardened material machining

Features

ZC7 and HC4 ceramic materials have high wear resistance in machining of hardened materials.

ZC7 is suitable for a wide range of machining applications from carburized hardened steel to induction hardened steel.

HC4 offers high cutting performance in workpiece hardness in the HRc 55-70 range. 

Wiper inserts and inserts with breakers (AG) are available to improve machining efficiency. 

Recommended insert grades and cutting speed

Advantages of Wiper Inserts Recommended depth of cut and feed

Corner R Depth of cut(mm) Feed(mm /rev)

R0.4 0.15 0.05 ~ 0.08

R0.8 0.3 0.08 ~ 0.10

R1.2 0.4 0.10 ~ 0.13

R1.6 0.5 0.13 ~ 0.16

R6.35 2.0 0.16 ~ 0.25

Advantages of Ceramic Inserts
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Mill roll machining

Features

In addition to the "HC2" ceramic material, which can be used for various types of mill roll
machining, NTK offers the "HC5" and "HC7" ceramic materials, which improve machining
efficiency even further.

"WA1" has excellent wear resistance and is best suited for rough machining of carbide and
high-hardness mill rolls.

"ZC7" is applicable for a wide range of applications including carburized and induction
hardened steels.

"ZC4" has the best performance in hardened mill roll machining in the Shore hardness range
of 74 to 97.

Recommended cutting conditions

Mill roll
Insert grade

Cutting speed(m/min)
Feed 

(mm/rev)
Depth of cut 

(mm)
DRY WETShore hardness Hs

55-65 65-72 72-

Steel
ceramic HC7 130-180 100% 80% 60% 0.1-0.3 0.5-2.0 ●

ceramic HC5 130-180 100% 80% 60% 0.1-0.3 0.5-2.0 ●

ceramic HC2 100-130 100% 80% 60% 0.1-0.3 0.5-2.0 ●

Chilled cast iron
ceramic HC7 130-180 100% 80% 60% 0.1-0.3 0.5-2.0 ●

ceramic HC5 130-180 100% 80% 60% 0.1-0.3 0.5-2.0 ●

ceramic HC2 100-130 100% 80% 60% 0.1-0.3 0.5-2.0 ●

Ductile cast iron
ceramic HC7 90-180 100% 80% 60% 0.1-0.3 0.5-2.0 ●

ceramic HC5 90-180 100% 80% 60% 0.1-0.3 0.5-2.0 ●

ceramic HC2 70-130 0.1-0.3 0.5-2.0 ●

Carbide
CBN B30 30-60 0.1-0.3 0.2 ●

Whisker ceramic WA1 40-150 0.1-0.3 0.25-2.0 ●

CPM
ceramic ZC4 120-150 0.1-0.3 0.6-2.0 ●

ceramic HC5 120-150 0.1-0.3 0.6-2.0 ●

ceramic HC7 120-150 0.1-0.3 0.6-2.0 ●

Hardness 
Hs46-86 

(continuous machining)
ceramic ZC7 40-200 finish finish finish 0.07-0.2 0.1-0.7 ● ●

Hardness Hs74-97 
(continuous machining) ceramic ZC4 40-200 finish finish finish 0.07-0.2 0.1-0.7 ● ●

Recommended cutting speed Recommended feed rate

Corner R
Depth of cut 

(mm)

Feed (mm/rev)

Ra 0.8μm Ra 1.6μm

0.4 -0.18 0.05-0.07 0.07-0.1
0.8 -0.4 0.07-0.1 0.1-0.13
1.2 -0.5 0.1-0.13 0.13-0.16
1.6 -0.8 0.1-0.14 0.15-0.2

6.35 -2.0 0.17-0.25 0.25-0.35

B20

B 20

B

Solution



Key Points of Mill roll machining

Mill roll hardness is an important factor. The higher the hardness, the lower the cutting speed should be.

RCGX type inserts are effective for high rigidity and tool cost reduction.

When machining multiple passes in a single corner, the wear position can be distributed and notch wear can be reduced by varying the
depth of cut. 

If chattering occurs, increase the feed rate. Chattering may be suppressed by adjusting the cutting speed.

If chattering is severe, the machining point and tool cutting edge may not be centered.

Chilled cast iron mill rolls and ductile cast iron mill rolls are generally low hardness, high strength materials. Even after use in rolling mills,
the hardness of roll material rarely exceeds Hs67.

HSS and CPM rolls typically have a hardness of Hs100 or higher. They are considered strong materials with high chromium and cobalt
content. Considering the type and hardness of the roll material, machining at low speeds is required.

Types, applications, and features of mill rolls

Mill rolls Applications Features

Forged Rolls 
Cr-Mo-based

High-speed-steel-based

Carbide-based

Bloom-milling at heavy rolling load. Work rolls for rough cold
rolling, and rolls for reinforcement.

Strong and relatively high in heat resistance.

Cast Iron Rolls 
Carbide-based

Semi-rolling or finishing that requires a very heavy load.
More wear-resistant and high-heat-resistant
than steel in between ordinary steel and cast-
iron-based steel.

Cast Steel rolls 
Adamite roll for deep profile
Chilled roll for boards and wire steel
process
Grain roll for steel finishing process boards
(Resistant to thermal crack)
Ductile roll for boards, profile steel, and
bar wire steel process (Rolls for roughing
and finishing use)
Special cast iron roll

Wide range of applications from bloom-milling and semi-rolling
to finishing.

Suitable for the applications that require heat
resistance and strength. Suitable for the
applications that require wear resistance.

Carbide rolls

Pinch mills

Wire rod

Wire flattering or forming

ERWtube mills

Turks heads

Hot & Cold rolls

Work reducing rolls

Preferred in abrasive operations. High wear
capabilities.
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Mill roll machining

Features

In addition to the "HC2" ceramic material, which can be used for various types of mill roll
machining, NTK offers the "HC5" and "HC7" ceramic materials, which improve machining
efficiency even further.

"WA1" has excellent wear resistance and is best suited for rough machining of carbide and
high-hardness mill rolls.

"ZC7" is applicable for a wide range of applications including carburized and induction
hardened steels.

"ZC4" has the best performance in hardened mill roll machining in the Shore hardness range
of 74 to 97.

Recommended cutting conditions

Mill roll
Insert grade

Cutting speed(m/min)
Feed 

(mm/rev)
Depth of cut 

(mm)
DRY WETShore hardness Hs

55-65 65-72 72-

Steel
ceramic HC7 130-180 100% 80% 60% 0.1-0.3 0.5-2.0 ●

ceramic HC5 130-180 100% 80% 60% 0.1-0.3 0.5-2.0 ●

ceramic HC2 100-130 100% 80% 60% 0.1-0.3 0.5-2.0 ●

Chilled cast iron
ceramic HC7 130-180 100% 80% 60% 0.1-0.3 0.5-2.0 ●

ceramic HC5 130-180 100% 80% 60% 0.1-0.3 0.5-2.0 ●

ceramic HC2 100-130 100% 80% 60% 0.1-0.3 0.5-2.0 ●

Ductile cast iron
ceramic HC7 90-180 100% 80% 60% 0.1-0.3 0.5-2.0 ●

ceramic HC5 90-180 100% 80% 60% 0.1-0.3 0.5-2.0 ●

ceramic HC2 70-130 0.1-0.3 0.5-2.0 ●

Carbide
CBN B30 30-60 0.1-0.3 0.2 ●

Whisker ceramic WA1 40-150 0.1-0.3 0.25-2.0 ●

CPM
ceramic ZC4 120-150 0.1-0.3 0.6-2.0 ●

ceramic HC5 120-150 0.1-0.3 0.6-2.0 ●

ceramic HC7 120-150 0.1-0.3 0.6-2.0 ●

Hardness 
Hs46-86 

(continuous machining)
ceramic ZC7 40-200 finish finish finish 0.07-0.2 0.1-0.7 ● ●

Hardness Hs74-97 
(continuous machining) ceramic ZC4 40-200 finish finish finish 0.07-0.2 0.1-0.7 ● ●

Recommended cutting speed Recommended feed rate

Corner R
Depth of cut 

(mm)

Feed (mm/rev)

Ra 0.8μm Ra 1.6μm

0.4 -0.18 0.05-0.07 0.07-0.1
0.8 -0.4 0.07-0.1 0.1-0.13
1.2 -0.5 0.1-0.13 0.13-0.16
1.6 -0.8 0.1-0.14 0.15-0.2

6.35 -2.0 0.17-0.25 0.25-0.35
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V-pulley machining

Features

High-speed machining of poly-V pulleys

Up to 6 grooves can be machined in a single pass

High-precision inserts can be produced by profile machining

Recommended Cutting Conditions

Material Insert grade 
Cutting speed 

(m/min)
Feed 

(mm/rev)
DRY WET

cast iron HW2 300-600 0.05-0.15 ●
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High-speed machining of poly V with NTK ceramic inserts

Process #1 Process #2 Process #3 Process #4

OD and Profile Roughing OD and Profile Finishing Plunge Grooving Poly-V Grooving

Tooling

Insert SX6 CNGX120712T02020
HC6 DNGA150408T01225

WA1 VGW6250-2EX0001

HW2 PTM 53 K50504 ENB*

SP9 DNGA150408T01020
360-450 

(420 m/min recommend)

Cutting speed 600-840
450-600(HC6) 
540-720 (SP9)

300-420
(420 m/min 

recommend)

Feed 0.45-0.6
0.3-0.45 (HC6) 
0.45-0.6 (SP9)

0.2-0.25 0.05-0.15

Depth of cut 
(mm)

2.0-3.0 0.5 - -

Coolant DRY (WET) DRY (WET) DRY (WET) DRY

Pcs / corner -300 pcs -300 pcs -300 pcs -300 pcs

*Check the machine required power.

3V 4V 5V 6V

Required HP kw 16kw 21kw 26kw 31kw

NTK's Ceramic Inserts ensure higher productivity and stable tool life for Damper-Pulley
machining.
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V-pulley machining

Features

High-speed machining of poly-V pulleys

Up to 6 grooves can be machined in a single pass

High-precision inserts can be produced by profile machining

Recommended Cutting Conditions

Material Insert grade 
Cutting speed 

(m/min)
Feed 

(mm/rev)
DRY WET

cast iron HW2 300-600 0.05-0.15 ●
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Additive manufacturing workpieces for rough machining | SiAlON ceramics

Additive manufacturing machining
Speedy rough machining of additive manufacturing workpieces (nickel-based alloys) 
High-speed machining at about 10 times faster than with carbide tools.

Performance

Highly efficient machining of additionally built nickel-based
alloys

Ceramic grade with excellent toughness

High-speed and stable machining

Lineup of milling and end milling tools

Applications

Workpiece built up by Nickel-based alloys

Milling/End milling for rough machining

End milling Helical milling
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