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Guidelines for Fabrication of JFE’'s Abrasion-Resistant
Steel Plate EVERHARD: Machining

In 1955, JFE Steel Corporation began manufacturing an abrasion-resistant steel called “EVERHARD" before
any other company in Japan. Since then, EVERHARD has been used in a wide range of applications, beginning
with industrial machinery and also including construction and civil engineering machinery, mining machinery and
agricultural machinery. Today, EVERHARD is recognized as an indispensable line of products that provides complete
customer satisfaction.

This catalog, “Guidelines for Fabrication of JFE's Abrasion-Resistant Steel Plate EVERHARD: Machining,” was
prepared in the hope that all customers who choose EVERHARD can effectively use its outstanding performance
with full confidence. We hope that customers will find this information useful.

Thank you for choosing EVERHARD, and we look forward to continuing to serve you.

B Features of EVERHARD

EVERHARD-C340
EVERHARD-C400
Standard general-purpose EVERHARD. Economical standard
c _ alloy design that pr|or|t|z§s thAe hardness of the stegl platg. The ‘ EVERHARD-C450
(Standard Series) surface hardness range is strictly controlled, reducing variations in
workability. EVERHARD-C500
EVERHARD-C550
EVERHARD-C400LE
C-LE Guarantees low temperature toughness at -40°C (-40°F). Lineup
(High Toughness abrasion-resistant products up to Brinell hardness 500 grade. The EVERHARD-C450LE
Series) composition design considers internal hardness.
EVERHARD-C500LE
SP A special grade EVERHARD product that exceeds the high
(Super Abrasion- performance of conventional EVERHARD. Provides abrasion EVERHARD-SP
Resistant) resistance exceeding Brinell hardness 500 grade.

The technical information presented in this catalog was prepared based on current technology in an effort to improve the performance of EVERHARD and is
subject to change with the progress of development. Because this technical information describes typical properties of EVERHARD, JFE Steel cannot accept
responsibility for performance in individual cases. In case of problems, please consult with JFE Steel.



For High Quality Machining

This catalog summarizes the basic processing guidelines for EVERHARD in machining, and presents

recommended cutting conditions for safe, economical, worry-free machining.

Abrasion-resistant steel plates can be machined by using high speed steel (HSS) tools or cemented carbide
tools. However, due to the high strength and hardness of abrasion-resistant steel in comparison with general
structural steels, machining is not easy. Depending on the selection of machining conditions, processing time may
be long, or processing costs may increase due to severe tool damage.

The relationship between processing cost and processing speed (cutting speed or feed rate) is shown below.
When the processing speed is slow, tool damage decreases, but the processing time is longer, resulting in higher
labor costs and longer delivery times. Thus, slower processing speeds increase cutting costs. On the other hand,
when the processing speed is fast, cutting costs decrease, but tool breakage or wear occurs more easily, and this
results in a higher tool cost.

As shown in the figure, the total processing cost is the sum of the tool cost and cutting cost. These guidelines
propose machining conditions for minimizing the total processing cost.

Because the most economical processing conditions will differ depending on the processing method and
type of tool, the following pages present general notes on machining, and the recommended conditions for each

processing method and type of tool.

Economical processing conditions

Total processing cost

Tool cost

Processing cost

Cutting cost

Processing speed (cutting speed or feed rate) ‘



Checkpoints for Machining

Bl General Notes

Main Recommendations / Notes

@ Fix the plate (work material) securely by using steel spacers. Movement of the plate during
processing due to inadequate fixing, etc. is dangerous, and increases the possibility of short
tool life or tool breakage.

@ Install the tool on the main shaft using a suitable collet for the tool diameter. Set the protrusion
length of the tool from the collet to be as small as possible, and adequately tighten. If the
protrusion length of the tool is too long or if tightening is inadequate, rigidity will be reduced,
increasing the possibility of tool breakage.

@ If the plate is thick and a long tool protrusion length is unavoidable, reduce the feed rate or
the cutting depth from the standard cutting conditions. Use of a tool with a long shank length
is also effective.

@ Provide an adequate supply of cutting fluid. Either a water soluble fluid and oil-based fluid
can be used. If the cutting fluid feed rate is inadequate, the temperature of the tool edge can
easily rise, resulting in increased wear and a higher possibility of breakage. If the machining
equipment has an internal oil feeding capability, we recommend use of internal oil feeding.

Item
1 Plate fixing
2 Tool fixing
3 Cutting fluid
4 Tool selection

@ If tool cost is the first priority, a HSS tool is recommended. If processing speed is the priority,
a cemented carbide tool should be used.

@ Select a tool with a suitable blade length for the thickness of the plate to be machined. If the
tool length is too long, the protrusion length will also be large; this will reduce rigidity and
increase the possibility of tool breakage.

® Do not use a tool if the blade edge shape is defective. In case of regrinding, perform grinding
carefully to minimize eccentricity of the chisel and differences in the lip height.

Example of fixed plate (work material)
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Hole drilling is the most general type of machining. Efficient machining is possible by setting the following

cutting conditions.

Il Recommended Processing Conditions for HSS Tools

Although processing speed (cutting speed or feed rate) is limited, tool costs can be held down by using HSS tools.

Cutting speed
Ve [m/min]
Tool diameter )
Feed rate: f [nm/rev] / Number of revolutions: n [rpm]
D [mm]

5 0.09/ 1400 0.08/1080 0.07 /640 — — (0.07 / 520)
10 0.17 /700 0.16 /540 0.14 /320 — — (0.14 / 260)
15 0.26/470 0.23 /360 0.18/210 — = (0.18/170)
20 0.26 / 350 0.23/270 0.18/160 — = (0.18/130)

1. The cutting conditions shown above are recommended based on machining data collected when using a cobalt
high speed steel drill, external feed of a water soluble cutting fluid.

2. Whendrilling EVERHARD C500/C500LE and C550, use of acemented carbide tool, not HSS tool, isrecommended.

3. ( ): Indicates that drilling of EVERHARD SP with a HSS tool is also possible; therefore, we recommend checking

the progress of drilling under the above conditions to confirm that satisfactory drilling is possible.

Il Recommended processing conditions for Carbide Tools
Higher cutting speeds are possible by selecting a cemented carbide tool. If machining speed is a priority, please

use a cemented carbide tool.

Cutting speed
Ve [m/min]
Tool diameter ]
Feed rate: f [mm/revl / Number of revolutions: n [rpm]
D [mm]

5 0.17 /9000 0.16 /5600 0.12 /4500 0.08 /3200 0.04 /1900 0.08 /3200
10 0.26 / 4500 0.24 /2800 0.19/2200 0.14 /1600 0.07 /950 0.14 /1600
15 0.32 /3000 0.30 /1900 0.22 /1500 0.16 /1100 0.08 /630 0.16 /1100
20 0.32 /2200 0.30 /1400 0.22 /1100 0.16 /800 0.08/480 0.16 /800

1. In the table of cutting conditions shown above, the conditions are recommended based on processing data
collected when using a cemented carbide drill and internal feed of a water soluble cutting fluid.

N



B Troubleshooting

Thanks to the efforts of machining tool makers, many tools are commercially available. The recommended
conditions for drilling will differ depending on conditions such as the type of tool, coating, etc. If smooth machining
is not possible when using the preceding recommended conditions, please review the conditions referring to the

following points.

* Check General Notes (p. 3).

Breakage of drill tool
* Reduce the feed rate.

* Check General Notes (p. 3).

* Reduce the cutting speed.

* Increase the concentration of the cutting fluid, or
increase the supply rate of the cutting fluid.

Wear of outer periphery of drill

* Check General Notes (p. 3).

Cracking of outer periphery of drill
Y et * Reduce the feed rate.

* Check General Notes (p. 3).

Cracking of chisel . "
* Reduce the feed rate during biting.

* Increase the feed rate.
Long cutting chips * Increase the supply rate of the cutting fluid, or increase the
fluid supply pressure.

* Reduce the cutting speed or feed rate.
Chips clogging * Increase the supply rate of the cutting fluid, or increase
supply pressure.




Hole drilling is a continuous cutting process, in which the steel plate (work material) and the tool are in contact at

all times. In contrast to this, milling is an intermittent cutting process, and there are breaks in the contact between

the tool and the plate (work material). Therefore, in milling, the tool is temporarily separated from the plate (work

material), and then impacts on the plate again at high speed. As a result, damage or breakage of the tool occurs easily.

When performing milling, please note the following points, in addition to the Recommendations / Notes on p. 3.

H Notes on Milling

Item

Main Recommendations / Notes

1 | Machining direction

® When milling abrasion-resistant steel plates, we recommend down-cutting. Although it may
be possible to perform machining more easily by up-cutting with low-rigidity machines, in
other cases, tool wear can be reduced by down-cutting.

@® Select machining conditions so that the cutting width is 80% or less of the tool (cutter)

2 Cutting width .
diameter.
® \When cutting a steel plate with scale, tool wear can be reduced by increasing the cutting
3 Cutting depth depth so that the hard scale part is not cut by the tip of the blade edge.

@ Tool wear can also be reduced by adjusting the cutting depth to avoid cutting work-hardened
parts.

Direction of main
shaft rotation

e

Feed direction of table

)

D x 0.8 or less

Direction of
main shaft
rotation

Feed
direction
of table

A
\/

Cutting direction and cutting width during miiling




B Machining Conditions for Milling (Example)

Cutting speed Vc Feed per tooth Depth (.’f cu_t n _Depth of c ut |.n Coolant
. shaft direction | diameter direction i .
[m/min] [mm/tooth] (cutting fluid)
[mm] [mm]
EVERHARD-C400LE 90 0.15 0.5 30 Not used.

1. These cutting conditions are machining data for face milling when using a cemented carbide throwaway tip.

B Troubleshooting

Item

Main Recommendations / Notes

Early tip wear

* Use a tip with higher wear resistance.
* Reduce the cutting speed.

Cracking of tip

* Check General Notes (p. 3) and Notes on Milling (p. 6).
* Reduce the feed rate or depth of cut.
* Do not use a cutting fluid.

Chips clogging

* Increase the cutting speed or feed rate.
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[Commentary] Machining and ToolWear

Machining is a working method in which a steel plate (work material) is cut to a specified shape while discharging
chips, by performing working by moving a tool relative to the plate. Machining of metals is performed by the action
of continuous shear stress. The work material receives shear stress from the tool and undergoes large deformation

due to shear strain. As a result, sliding occurs along the shear plane, and chips are formed.

Wear of the cutting tool itself also progresses due to cutting of the steel plate (work material), and the tool finally
reaches the end of its useful life. However, the degree of cutting tool wear differs depending on the machining
conditions. For example, because the temperature rise of the tool differs depending on whether a cutting fluid
(coolant) is used or not, even when using the same HSS tool, tool wear will also differ. It is possible to reduce tool

temperature rise and tool wear by using a cemented carbide tool.

In preparing these guidelines, the recommended machining conditions were studied by a detailed investigation

of the relationship between tool wear and differences in machining conditions.

500
g 400
o
Shear plane % 300
o 226
Tool £ 200
o]
B 100 (&2
13
O 1
HSS, coolant HSS, coolant Cemented carbide,
Work material not used used coolant used
::> Ex: Relationship of machining conditions and tool temperature
S45C is used as a work material.
Relationship of cutting tool and work HSS, coolant not used: Circumferential speed = 20 m/min, feed rate: 0.2 mm/rev

HSS, coolant used: Circumferential speed = 20 m/min, feed rate: 0.2 mm/rev
Cemented carbide, coolant used: Circumferential speed = 90 m/min, feed rate:
0.2 mm/rev

material during machining

HSS, coolant not used HSS, coolant used Cemented carbide, coolant used

Photos of cutting edge tip after machining



H Equation for Drilling

(L)
/

SB

M Equations for Milling

Feed
direction

— \
Feed per

tooth [fz] Tooth profile mark

edge angle

@ Cutting speed [Vc]

m-D-n

Ve =000

[Mm/min]

*Divided by 1000 to convert mm to m.

@ Cutting speed [Vc]

m-D-n

Ve = ""1000

[M/min]

*Divided by 1000 to convert mm to m.

@ Feed per tooth [fz]

Vf
z'n

fz = [mm/tooth]

Side cutting

@ Table speed [Vf]

> Vf = fz-z-n [mm/min]

[Reference] Equations for Drilling /AMilling

Ve [m/min]: Cutting speed
17 Ratio of circumference to
diameter
D [mm]: Drill diameter
n [min-]: Main shaft rotational
speed

Ve [m/min]: Cutting speed
17 Ratio of circumference to
diameter
D [mm]: Cutter diameter
n [min-1]: Main shaft rotational
speed

fz [mm/tooth]: Feed rate per tooth

Vf [mm/min]: Table movement per 1 min

z: Number of teeth

n [min-1]: Main shaft rotational
speed

Vf [mm/min]: Table movement per 1 min

fz [mm/tooth]: Feed rate per tooth

z: Number of teeth

n [min-1]: Main shaft rotational
speed
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JFE Steel Corporation

Cat.No.C1E-016-01

https://www.jfe-steel.co.jp/en/

HEAD OFFICE

Hibiya Kokusai Building, 2-3 Uchisaiwaicho 2-chome, Chiyodaku, Tokyo 100-0011, Japan

Phone: (81)3-3597-3111

Fax: (81)3-35697-4860

H ASIA PACIFIC

SEOUL

JFE Steel Korea Corporation

16th Floor, 41, Cheonggyecheon-ro, Jongno-gu, Seoul,
03188, Korea

(Youngpung Building, Seorin-dong)

Phone: (82)2-399-6337 Fax: (82)2-399-6347

SHANGHAI

JFE Consulting (Shanghai) Co., Ltd.

Room 801, Building A, Far East International Plaza,
319 Xianxia Road, Shanghai 200051, PR.China
Phone: (86)21-6235-1345 Fax: (86)21-6235-1346

BEIJING

JFE Consulting (Shanghai) Co., Ltd. Beijing Branch
821 Beijing Fortune Building No.5 Dongsanhuan
North Road, Chaoyang District, Beijing, 100004,
PR.China

Phone: (86)10-6590-9051

GUANGZHOU

JFE Consulting (Guangzhou) Co., Ltd.

Room 3901 Citic Plaza, 233 Tian He North Road,
Guangzhou, 510613, PR.China

Phone: (86)20-3891-2467 Fax: (86)20-3891-2469

MANILA

JFE Steel Corporation, Manila Office

23rd Floor 6788 Ayala Avenue, Oledan Square,
Makati City, Metro Manila, Philippines

Phone: (63)2-8886-7432 Fax: (63)2-8886-7315

HO CHI MINH CITY

JFE Steel Vietnam Co., Ltd.

Unit 1704, 17th Floor, MPlaza, 39 Le Duan Street,
Dist 1, HCMC, Vietnam
Phone: (84)28-3825-8576 Fax: (84)28-3825-8562
HANOI

JFE Steel Vietnam Co., Ltd., Hanoi Branch

Unit 2314, 23rd FloorWest, Lotte Center Hanoi,

54 Lieu Giai Street, Cong ViWard, Ba Dinh District,
Hanoi, Vietnam

Phone: (84)24-3855-2266 Fax: (84)24-3533-1166

BANGKOK

JFE Steel (Thailand) Ltd.

22nd Floor, Abdulrahim Place 990, Rama IV Road,
Silom, Bangrak, Bangkok 10500, Thailand

Phone: (66)2-636-1886 Fax: (66)2-636-1891

YANGON

JFE Steel (Thailand) Ltd., Yangon Office

Unit 05-01, Union Business Center, Nat Mauk Road,
Bocho Quarter, Bahan Tsp, Yangon, 11201, Myanmar
Phone: (95)1-860-3352

SINGAPORE

JFE Steel Asia Pte. Ltd.

16 Raffles Quay, No.15-03, Hong Leong Building,
048581, Singapore
Phone: (65)6220-1174 Fax: (65)6224-8357
JAKARTA

PT. JFE STEEL INDONESIA

6th Floor Summitmas Il, JL Jendral Sudirman Kav.
61-62, Jakarta 12190, Indonesia

Phone: (62)21-5622-6405 Fax: (62)21-522-6408

NEW DELHI

JFE Steel India Private Limited

806, 8th Floor, TowerB, Unitech Signature Towers,
South City-l, NH-8, Gurgaon-122001, Haryana, India
Phone: (91)124-426-4981 Fax: (91)124-426-4982

MUMBAI
JFE Steel India Private Limited, Mumbai Office
603-604, AWing, 215 Atrium Building, Andheri-Kurla

Road, Andheri (East), Mumbai-400093, Maharashtra,

India

Phone: (91)22-3076-2760 Fax: (91)22-3076-2764
BRISBANE

JFE Steel Australia Resources Pty Ltd.

Level28, 12 Creek Street, Brisbane QLD 4000
Australia

Phone: (61)7-3229-3855 Fax: (61)7-3229-4377

B MIDDLE EAST

DUBAI

JFE Steel Corporation, Dubai Office

PO.Box 261791 LOB19-1208, Jebel Ali Free Zone
Dubai, U.A.E.

Phone: (971)4-884-1833 Fax: (971)4-884-1472

B NORTH, CENTRAL and SOUTH AMERICA

HOUSTON

JFE Steel America, Inc.

750 Town & Country Blvd., Suite 705, Houston,
TX 77024, U.S.A.
Phone: (1)713-5632-0052 Fax: (1)713-5632-0062
MEXICO CITY

JFE Steel de Mexico S.A. de C.V.

Ruben Dario #281-1002, Col. Bosque de
Chapultepec, C.P 11580, CDMX. D.F Mexico
Phone: (52)55-5985-0097

RIO DE JANEIRO

JFE Steel do Brasil LTDA

Praia de Botafogo, 228 Setor B, Salas 508 & 509,
Botafogo, CEP 22250-040, Rio de Janeiro-RJ, Brazil
Phone: (55)21-2553-1132 Fax: (55)21-2553-3430

Notice

While every effort has been made to ensure the accuracy of the information contained within this publication, the use of the information is at
the reader’s risk and no warranty is implied or expressed by JFE Steel Corporation with respect to the use of information contained herein.
The information in this publication is subject to change or modification without notice. Please contact the JFE Steel office for the latest information.

Copyright © JFE Steel Corporation. All Rights Reserved.

Any reproduction, modification, translation, distribution, transmission, uploading of the contents of the document, in whole or in part, is strictly prohibited. 2503P(2008) JTR

Printed in Japan
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