TOYO TANSO CARBON PRODUCTS

Carbon Products for
Mechanical applications




TOYO TANSO

Inspiration for Innovation

People and carbon
An everlasting relationship.

Carbon has been a part of our life since ancient times.
The benefits of carbon have never been far away from
humans, making our lives more plentiful and comfort-
able. In 1974, we were the first company in Japan to
successfully develop isotropic graphite, and thereafter
rapidly expanding its possibilities. Isotropic graphite be-
come a crucial material of state-of-the-art technologies
in industries such as semi-conductors and aerospace.
Currently, this material is being used in a wide range of
applications over an ever-increasing number of fields.
Toyo Tanso is dedicated to unlocking the unlimited po-
tential of carbon and aims to ensure that the beneficial
relationship between people and carbon is one that lasts
forever.

No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso.
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TOYO TANSO

Features of Carbon Products for

Mechanical applications

Carbon sliding materials have excellent self-lubricating properties, heat resistance and chemical resistance. This means they can be
used in high-temperature atmospheres where ordinary metal sliding materials cannot be used, and in fields where fluids and
lubricants are inappropriate. Toyo Tanso's IG, KC and TUG product series bring together the technical and development capabilities in
the field of sliding materials that have been cultivated over many years, to meet the various demands of our customers.

M Excellent Self-Lubrication

Carbon has self-lubricating properties due to its layered
crystal structure, making it appropriate for use in high-
temperature atmospheres and in fields where fluids and
lubricants are avoided. In particular, its coefficient of friction in
an unlubricated condition is low compared with other
materials, making adhesion difficult to occur.

B Excellent Thermal Durability
There are virtually no changes in the mechanical strength and
slide properties due to heat. Refer to the table on page 6 for
the thermal durability of each material.

B Excellent Chemical Resistance

With the exception of inorganic chemicals (strong oxidizers),
carbon has excellent chemical resistance. The chemical
resistance of each material is shown in the table on page 15.

B Thermal Shock Resistance

The coefficient of thermal expansion is lower than metal
materials, and it has good thermal conductivity. This means
that the material hardly ever cracks, even during rapid
temperature changes.

M Supports Lightweight Designs

The bulk density is low compared to metal materials, which
support lightweight machinery designs and a reduction in
friction noise.

M Rod Packing
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Typical Properties

We provide many different kinds of carbon products for sliding materials for mechanical applications, including graphite, carbon
graphite, resin-impregnated carbon, metal-impregnated carbon, SiC/C composites, inorganic-compound impregnated carbon,
B4C/C composites, impermeable graphite, resin-bonded carbon and metal-bonded carbon. Select the product most appropriate

for your application.

B Graphite

It has excellent heat and chemical resistant characteristics
compared with other compositions, and virtually no change in
factors such as the slide properties.

l Carbon Graphite
It is a general carbon sliding material composed of carbon and
graphite. We provide products suitable for your applications.

B Resin-Impregnated Carbon and
Metal-Impregnated Carbon

Resin or metal is impregnated in the pores in carbon to

improve strength, impermeability and slide properties.

H SiC/C Composites
It has excellent slurry and blister resistance. The composite
layer depth can be 2 to 4mm from the surface layer.

M Inorganic Compound-Impregnated Carbon
Inorganic compound is impregnated into isotropic graphite.

It has anti-oxidizing properties in high-temperature
atmospheres.

B Impermeable Carbon Graphite

It is a non-impregnated material with excellent impermeability.
It is easily mass-produced by die-molding to any desirable
shape.

H Resin-Bonded Carbon
It is a carbon and resin bonded material. It is easily mass-
produced by die-molding to any desirable shape.

B Metal-Bonded Carbon

It is a sintered material with carbon and metal. It has self-
lubricating properties, and is appropriate for fields where
lubricants are avoided.

Graphite

Resin
Impregnated
Carbon

Metal
Impregnated
Carbon

Impermeable
Carbon
Graphite

Carbon
Graphite

Resin
Bonded
Carbon

Metal
Bonded
Carbon

circumferential velocity, contacting materials,
Toyo Tanso has a wide range of carbon grades available to meet every kind of need.

Before actually using one of our products, please be sure to contact our sales department to
consult on selecting the most appropriate grade.

The slide properties of carbon are greatly affected by the usage conditions (e.g. pressure,
atmosphere, temperature, etc.).

No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso.




TOYO T/ANSO
) Flexural |Compressive| Young's Coefficient of Thermal Thermal
Composition Grade Bulk Density | Hardness Strength Strength Modulus | Thermal Expansion | Conductivity | Durability
Mg/m? HSD MPa MPa GPa 10 /K [ w/(m-K) [®

saonie 118711 1.77 51 39 78 10 452 | 120 450
IS0-68 1.82 80 76 172 13 5.6 a) 70 450
KC-36 1.72 65 48 135 15 3.5 15 350
KC-57 1.78 105 70 270 20 4.0 5 350
Sarbon Graonitel G 67 1.77 72 60 185 20 3.5 10 350
KC-83K 1.74 80 55 160 15 4.0 10 350
KP-001 1.72 90 70 240 17 5.0 4 350
KP-002 1.73 60 58 170 17 3.5 7 350
KC-360 1.78 75 58 165 17 4.0 15 300
KC-570% 1.85 110 84 370 22 5.0 5 300
Resin-mpregnated| KC-B73* 1.85 110 85 370 22 5.5 5 250
Carbon KC-670% 1.87 87 78 240 22 5.0 10 300
KC-873%* 1.87 87 78 245 22 5.5 10 250
KC-830K 1.84 90 70 205 17 5.0 10 250
KC-5709% 2.25 110 100 430 27 5.0 5 500
KC-8707* 2.35 80 73 240 25 5.0 13 250
Metalmpregnated| K G-6709* 2.30 88 90 300 27 5.0 13 500
IKC-6809 2.67 88 105 300 21 6.0 80 500
PC-78A 2.90 95 110 410 27 6.5 13 350
TS-002 2.31/275| 63/70 | 113/78 | 300/205 | 18/16 | 45/5.2 | 80/80 | 500
510/0 Gomoosites |TS-003 2.28/1.82| 83/80 | 116/76 | 410/172 | 30/13 | 5.4/5.6 | 70/70 | 400
TS-004 2.28/192| 83/86 | 116/88 | 410/235 | 30/15 | 5.4/75 | 70/60 | 200
TS-005 2.08/267| 83/88 | 116/105 | 410/300 | 30/21 | 5.4/6.0 | 70/80 | 500
Compou\nn%{‘emagwrcegﬂated IG-11R1 1.85 55 46 92 11 5.5 120 500
Caroon ISO-68R1 1.87 84 83 190 15 5.0 70 500
TUG-105 1.67 90 60 250 20 4.0 - 350
TUG-110 1.78 105 920 290 20 4.0 - 350
TUG-120 1.68 95 70 245 20 4.0 - 350
Impermeable | TUG-307 1.91 90 75 235 25 3.5 — 350
Carbon Graphite| 1,308 1.87 90 65 215 23 3.5 — 350
TUG-309 1.85 80 55 185 20 3.5 — 350
TUG-3095 1.81 75 50 170 20 3.5 — 350
TUG-505 1.89 80 68 185 20 3.0 — 350
W-1500 1.77 70 75 175 15 23.0 b — 150
W-3500%* 1.63 85 90 250 12 30.0 by — 200
ReshBonded ' 5 1.77 60 70 100 15 1500 | — 150
NLA 1.70 75 85 175 15 23.0 b - 150
MR-10%* 1.43 78 100 230 10 35.0 by - 220
Metal-Bonded | GM-1 4.60 18 25 55 - 12.0 - 200
e GM-5 6.20 18 205 350 - 12.0 - 400

% The figures above are typical values, and are not guaranteed. **Patent No. 2635996. #*Patent pending.

%The SiC/C composite values show both of the "SiC/C composite layer" and "substrate(+ impregnation)".

%The SiC/C compaosite thermal durability shows that of the "substrate (+ impregnation)".

¥ Thermal durability varies with usage conditions. Values provided for reference purposes only.

%The measurement temperature range for the coefficient of thermal expansion is: a) 350 to 450°C, b) 50 to 150°C, and others: 100 to 200°C.

#Unit conversion: MPa=kgf/cm2x0.098 GPa=kgf/mm2x0.0098 W/ (m-K) =kcal/h-m-Tx1.16

No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso.
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Application

MBearings

Deep well underwater motor pumps

Radial Bearings
Pumps for oil refining and petrochemical processes

Pumps for power station processes

Pumps for general industries
Chemical pumps
Marine pumps

Flowmeter pumps Thrust Bearings

Household hot water circulation pumps
Vending machine circulation pumps

Dishwashers

Plywood dryer
Bearings

M Seal rings

Mechanical Seals
Pumps for oil refining and petrochemical processes
Pumps for power station processes B |
Pumps for general industries = . -h
Chemical pumps I I'_ - il =|
Agitator r _]—

Marine pumps j

Automobile water pumps
Household hot water circulation pumps

Refrigerator compressors

Mechanical Seals

N

07 No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso.



MPacking

Reciprocal compressors
Screw compressors
Steam turbines

hydroelectric power generators

HlVanes

Various vacuum pumps
Air blowers

Flow meters

Oscillating compressors

Jet heaters

HMJoint Seals

Papermaking dryers
Drum dryers
Mixing mills

Printers

HMValve Seats

Ball valves

B Pantograph Sliders

JR regular lines

Japanese private railways

@

TOYO TANSO

|" | [ . .
K_II I Piston Ring
]
]

Rod Packing

Joint Seal

Slider

No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso. 08
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Product Selection Table by Usage

Composition

Grade

Bearings

Seal Rings

Non-Lubricated

Lubricated

Mechanical Seal
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Graphite

1G-11

1SO-68

0|0

Carbon Graphite

KC-36

KC-57

KC-67

KC-83K

0|0

0|00

KP-001

KP-001

Resin-Impregnated
Carbon

KC-360

KC-570, KC-573

@)

KC-670, KC-673

KC-830K

Metal-Impregnated
Carbon

KC-5709

KC-6707

KC-6709

IKC-6809

O|0|0|O

PC-78A

SiC/C Composites

TS-002

TS-003

0|0

TS-004

TS-005

Inorganic
Compound-Impregnated
Carbon

IG-11TR1

ISO-68R1

0|0

Impermeable
Carbon Graphite

TUG-105

TUG-110

TUG-120

TUG-307

TUG-308

TUG-309

TUG-3095

TUG-505

Resin-Bonded
Carbon

W-1500

W-3500

LS

0|0 |0

NLA

MR-10

Metal-Bonded
Carbon

GM-1

GM-5

No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso.
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%O Most appropriate O---Appropriate

¥%Many material block dimension types
are available. Please feel free to contact
Toyo Tanso.

*The maximum dimensions are subject to
change due to manufacturing
technology developments.

% There are additional products for special
applications that are not shown in the table.
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Toyo Tanso has a wide range
of carbon grades to meet
every kind of need.

Before actually using one

of our products,

please be sure to contact

our sales department to
consult on selecting the most
appropriate grade.

No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso.
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Manufacturing Process

Graphitizing

Graphite

A=

Shipment

Natural Graphites

b

Cokes, Artificial Graphites

Carbon Blacks

Coal Tar Pitch

L/

Resins Copper Powder

Raw Materials

Isostatic Pressing Molding

-
=

Baking Pitch Impregnation

Impregnation

Resin-Impregnated
Carbon
Carbon Graphite o
Metal-Impregnated
Carbon

Inspection 'rﬁ]"‘

~ Inspection

Pulverizing

Kneading

Pulverizing
& Sieving

Molding Hot Pressing

Baking Heat Treatment

Impermeable Resin-Bonded
Carbon Graphite Carbon
Inspection
2
—_

Finish Machining

<

Mixing
L
Molding

i

Sintering

Metal-Bonded
Carbon

11 No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso.
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Long Size

The length of molded materials in design and production is limited to about 80 to 120mm. Long size increase this length to
600mm, with uniform characteristics in the length direction.

H Density Distribution

M Excellent uniformity in the bulk density distribution
Density and characteristics are uniform even in long materials.

187

o<}
<

V@
@

:

i

M Excellent airtightness after resin impregnation.
The density is uniform, so there is excellent airtightness after
resin impregnation.

~J
©

mQuter Circumference
Alnrjer Circumference

~
<

Bulk Density [(Mg/m®]

~
S

~
@

200 400 600
Distance from End Face [mm]

M Excellent design flexibility.

Long size can be produced in the range: OD30 / ID12 to
OD170 / ID125 X 600mm. Furthermore, solid cylinder and
hollow cylinder materials can be produced. A wide range of
lengths and sizes are available, enabling the selection of
materials with a good yield. The material can be cut and

processed at the required length, facilitating storage.
%Please contact our sales department to consult on the sizes.

Solid Cylinder Long Size

Hollow Cylinder Long Size

PTS Products (KP Series)

PTS products differ from conventional products that are cut from carbon (bulk) material in that they are pressed into a shape that
closely approximates the finished product (“pressed to size”), helping to lower costs.

H Possible shapes

Customers enjoy an exceptional degree of freedom when it
comes to shape thanks to capabilities that include exterior
fluting, interior fluting, grooving, and chamfering. It is generally
possible to manufacture parts with an outer diameter of up to
30 mm and a thickness of up to 20 mm, and even thin-walled

parts with wall thicknesses of 1.5 to 2 mm can be pressed.

% For more information about dimensions and shapes, please contact
the Toyo Tanso Sales Department.

M PTS product features

(1) The ability to press material into the product shape allows
subsequent steps to be eliminated from the manufacturing
process.

(2) An automated pressing process reduces the amount of labor
needed to manufacture parts. Please note that a dedicated
mold is required for each product.

(3) Parts can be baked in a short period of time, making mass
production feasible and allowing quick delivery.

(4) Only the portions of each part requiring a high level of
precision need to be machined, lowering costs.

(5) Absent finish machining, a dimensional accuracy (tolerance)
of about *0.4% of the basic dimensions is required.

No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso. 12
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Special Materials

We have SiC/C composites, Inorganic compound impregnated carbon and B4C/C composites as special materials.

M SiC/C composites have excellent
slurry resistance and blister resistance

SiC/C composites have the strength of silicon carbide and the
self-lubricating properties of graphite in the composite layer,
ensuring excellent slurry resistance. The mechanical strength
is high and an appropriate surface roughness is maintained
for sliding surface, which allow a lubricating film to form easily
and ensures excellent blister resistance. It is also possible to
perform the SiC/C composite treatment only for the required
section. The composite layer can be formed at a depth of 2 to
4mm from the surface layer.

Schematic diagram
of SiC/C composite ‘
product example |
|

|

sic/C ‘
composite layer |
|

|

|

Seal Ring Bearing

Structure of SiC/C composite layer

M Inorganic Compound-Impregnated carbon has
excellent oxidation resistance.

The material is isotropic graphite which has been impregnated

with inorganic compound. It has anti-oxidation property in

high temperature atmospheres.

M Oxidization loss for inorganic compound-impregnated carbon

40

550TC—24h H Measurement Example

30

20

Oxidization loss rate [mass %]

ISO-68 ISO-68R1

No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso.
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M Blister Test

9 \
. Measurement Example
<
E
- B
5 K673
o
IS
@©
o 3
@© IKC-88
e )
3 KC573
TS-004 K.C'878 )
L @
0 20 40 60

Blister Index

3 Blister Test Conditions

Contacting material:WC Balance ratio:0.75
Circumferential Velocity:8.6m/s Fluid: Mechanical oil VG#68
Fluid pressure:0.49MPa Fluid temperature:45C

PV value:4.2MPa-m/s Test time:100h

Example of a blister on slide surface

blister

Example of improved surface using TS-004

M Water Circulation Mechanical Seal Test

1000 I
- Measurement Example
5
o
100
2
=
8 KC-1708
£ 10 [}
f . KC-670S
© [ ]
g KC-573S KC673
1 10 100 1000

Leakage amount [ml/100h]

¥ Water Circulation Mechanical Seal Test Conditions

Contacting Material:WC

Slide surface dimensions:¢49.5X¢p43.5

Rotation speed:3,600 rpm

Circumferential Velocity:8.76m/s

Fluid:Water

Fluid pressure:1.96MPa
PV value:27.79MPa-m/s
Fluid temperature:35T
Flushing amount:0.18m¢/h
Test time:100h

No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso. 14
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Chemical Resistance

With the exception of some inorganic chemicals (strong oxidizers), carbon is resistant to chemical corrosion. Carbon has
excellent chemical resistance when compared to general metal materials, and so is used in a wide variety of applications. Refer
to the table below for the chemical resistance of carbon for mechanical application, as compared to general chemicals. The
chemical resistance varies according to the chemical density, temperature and carbon composition, so please contact Toyo
Tanso for further details.

@) Composition (@) Composition
o o
2 Carbon 3 Carbon
@ 4o Graphite o @ 4| o Graphite -
= g g EEN R = g é ETERE
(0] (@] (0] = jor) (@] (0] =4
Chemical Name | Chemical 5 8 (2|2 % ; Chemical Name | Chemical 5 g 2% % Ujj
Formula S © | ® 3| | |Q Formula = o |® 3| |Z|o
~ |E 33|32 = ||E ERERERES
3 ) ®© B [T |0 5 @ ® B |T | o
o) m g |d | [ @ |lo |0 |2
? g% |4 2 3 |T|@
© o |lo |0 © oo |0
g a3 | @ < Qo |
Q Q Q Q
Ammonia (Gas) NHa 100 |[H|O|O|O|O|O 7 |H|O| X | X|X]|X
Chlorine (Gas) Clz 100 |IH|O|O|O|Xx|X Sodium Hypochlorite NaClO 13 |[WJ O | X | X|X|X
Hydrogen Chloride (Gas) HCI 100 |[H|O|O|O|X|X 23 |C| X [ X |X|X|X
Bromine (Gas) Bra 100 |C | X | X | X |X|X 40 (WO | X | X | X | X
Hydrofluoric Acid HF
Hydrogen Bromide (Gas) HBr 100 [H|O|O|O|X|X B0 |C| X |X|X|X]|X
Sulfur Dioxide (Gas) S0: 100 |[H|O|O|O|X|X Fuming Sulfuric Acid | H2504+50s 98 |C | X | X |X|X|X
Fluorine (Gas) Fe 100 |C | X [ X | X |[X|X 48 HI|O|O|O|Xx|Xx
Sulfuric Acid H2S04
Hydrogen Fluoride (Gas) HF 100 (W|O|O|O|x|X 98 |H | X | X | X |X|X
Ammonium Hydroxide | NH2OH 25 (W|O|O|O|O |0 85 |[C|O|O|O|O|O
Phosphoric Acid HsPOa4
60 [C|O|O|O|O|O 85 |[H|IO|O|O|X|X
Potassium Hydroxide KOH
60 [H|O|O|X|X|X Acetone CHsCOCHs | 100 |[C|O|O|O|O|X
60 |C|O|O|O|O|X Aniline CeHsNH= | 100 |C |O|O|O|O|O
Sodium Hydroxide NaOH
60 HIO|O|X|Xx|X Ether R-O-R 100 [ C|O|O|O|O|O
Sodium Chlorite NaClO- 20 |H | X | X |[X|X|X Formic Acid HCOOH | 100 |C O |O|O| X | X
Sulfurous Acid H=S0s 100 |[C|O|O|O|O| X% Citric Acid CeHsO7 | 100 [C |O|O OO |O
Hydrochloric Acid HCI 36 | H|O|O|O|X|X Glycerin CaHs(OH)s | 100 |C|O|O|O|O| X%
fada Hels e | HOIZHNOs | 100 |G |O |O|O | % | x | |chloroform CHCIs | 100 |C|O|O|O|x|O
Potassium MO 7 |C|lO|O|O|0O|O Carbon Tetrachloride CCla 100 |[C|O|O|O|O|O
Permanganate nts 7 Th I x [ x [x [ x| x
¥H--100C W--50C C--20C O--Resistant x--Infused
20 [C|O|O|O|x |Xx
20 |[H|O|O|O|Xx |Xx
Chromic Acid H=CrQ4 40 |[C|O|O|O X |X
40 |[H|O | X | X | X |X
B0 |C|X | X |X|X]|X
X A o acig) | HNOs/HeS0a | 100 | C | x | x | x | x | x
38 |[HIO|O|O|X|X
65 |C|O|X|X|X|X
Nitric Acid HNO=
65 |W|O|X|X|X]|X
B5 |H | X | X |X|X]|X

No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso.




Design Data

TOYO TANSO

M PV Value Selection

When using carbon as a bearing, the most important thing is
to design so that the product of the bearing pressure and rim
speed (PV value) is below a certain value. If there is an error
in this design, problems such as abnormal abrasion and
bearing damage could occur. It is preferable that carbon
bearings are used in the lubricated condition, because a
larger PV value than the non-lubricated condition can be
maintained. We recommend that it is used when the bearing
pressure is under approximately 3MPa.

@®Rough Calculation Method for the Radial Bearing PV Value

Bearing Load (N
Bearing Pressure = - carng O? N) -
(MPa) Shaft Diameter (m) X Bearing Length(m) x 10

7 X Shaft Diameter (m) XRotation Speed (rpm)

Circumferential=
Velocity V (m/s) 60

(D Boundary PV Value Unit:MPa-m/s

Atmosphere Resin Bonded Carbon Graphite
Non-Lubricated Condition 0.25 0.5
Lubricated Condition 2.5 5.0

M Carbon Bearing Shape

d:Bearing Inner Diameter

Refer to JIS B 0901 for the
nominal dimensions. Note that —F
the actual dimensions may
differ a little because the
operational clearance must also ——
be taken into account. Refer to it
the H7 dimension allowance of
JIS B 0401 for the dimension
tolerance.

[oN

L:Bearing Length

As a rule we recommend L = d. This may vary according

to the bearing pressure, but please design within a range of
2d = L = 0.5d.

t:Wall Thickness

Refer to diagram @ on the right. However, if the bearing
pressure is high or there is vibration, we recommend the use
of a housing.

@ Acceptable Bearing PV Values under the Non-Lubricated Condition

15
@
o [
=
210
»
9] Carbon Graphite
© L
o
2o
g \\
@ Resin Bondm\h

0 |
0 1 2 3 4

Circumferential Velocity [m/s]

(3 Acceptable Bearing PV Values under the Lubricated Condition

30
@
< L
=2
2 20
3
g Carbon Graphite
o L
o
w 10 AN
= Resin Bonded — |
©
g [ \\
0
0 2 4 6 8

Circumferential Velocity [m/s]

@ Relationship Between the Bearing Inner Diameter and Wall Thickness

20

Recommended
Wall Thickness /
[—

12
/ / Minimum
/ Wall Thickness
8

/

i

Wall Thickness [mm]
\

0 40 80 120 160 200

Inner Diameter [mm]

No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso.
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M Operational Clearance

In order for the shaft to rotate in the bearing, there must be a
"clearance" between both parts. If this "clearance" does not
exist, rotation could be prevented by problems such as
seizures, caused by the accumulation of abrasion powder and
temperature increases in the contact area. If a temperature
increase during usage seems likely, the amount of change due
to the difference in the thermal expansion between the shaft
and bearing must be considered at the initial stage.

@Initial Clearance = Operational Clearance
+
Change Amount Due to Thermal Expansion
=OQOperational Clearance

+
(dXAa XAt

d :Shaft diameter

A «a :Difference between the shaft and
bearing thermal expansion
coefficient

A t i Temperature increase

B Surface Roughness Standards

Since carbon products are porous, it is difficult to obtain a
surface finish that is equivalent to metal. The table on the right
shows the correspondence of the "Surface Finish Symbol"
and surface roughness standards, Rz & Ra.

B Machining Dimension Tolerance
If the tolerance is not specified on the customer drawing,
apply the intermediate grade of JIS B 0405.

Tolerance for Length Unit:mm
Nominal Dimension Category Tolerance
0.5 or more Bor less +0.1
Exceeding 6 30o0r less +0.2
Exceeding 30 1200r less +0.3
Exceeding 120 4000r less +0.5
Exceeding 400  1000or less +0.8

® Relationship Between the Bearing Inner Dimension
and Operational Clearance
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® Coefficient of Thermal Expansion

of Various Materials Unit:10°%K

Materials Coefficient of Thermal Expansion
Cast Iron 12
Stainless Steel 17
Carbon Steel 11
Chrome Steel 11
Aluminum 23
Zinc Bronze 18
Brass 20

@ Surface Roughness Standards

Surface Machining
i Roughness i Surface Roughness
Finish Finishing
Symbol for Carbon Method for Metal
Rz Ra Rz Ra

Honing
WW |VRz3 |V/Ra075| Lapping | VRz08|vRa0.2

Grinder, Lathe
VW |VRz12 Ra3.0 Miller V' Rz6.3|VRal.6

Lath
W |VYRz35 |V/Ra8.75 [\/ﬁ”e? VRz25 | VRab.3

Lathe
4 Rz100 | V Ra25 Miller V' Rz100 | V Ra25

No particular : No particular
standard Saw Machine standard

%v/Ra3.0 means that Ra 3.0 is the maximum.

© Geometric Tolerance for Shape Unit:mm
Tolerance
Nominal Dimension Category St'r:?ightness R
atness
10 or less 0.05 0.4
Exceeding 10 30 or less 0.1 0.4
Exceeding 30 100 or less 0.2 0.4
Exceeding 100 300 or less 0.4 0.6
Exceeding 300 1000 or less 0.6 0.8
Exceeding1000 3000 or less 0.8 1

No information in this catalog may be used or reproduced without the prior consent of Toyo Tanso.



‘@Al information in this catalog is based on Toyo Tanso information that was current at the time of production. 1

" @The product appl

-®The information in this éahlo_’g\-i_s subjeci to éharfg!._wi(ho‘ut _m)tit;e. based on the ju_t_:lg(n'én( of T_oyo Tanso.

- ®There is no guarantee that the p'réquc( appl

®Please read the Material Safety Data Sheet issued by Toyo Tanso before using our prodﬁcts_.' s ) sar -

1. Catalog Contents Disclaimer

general information _on_‘l:by?(;anso pr(;dv'cts'*aﬁdﬂn'oguu apﬁTFéﬂbgns: e,
®The product data-i

this catalog consi_s _of't;pioa&-yalw{ wmeh"are'__“nol g\i'araf\téeﬂ

C j.ga.fions: in this catalog ér%-bnl;snhgl_e_s. Please use ;'c;ur:b‘jﬁ
and check lhp_ri'e'n‘m‘-manbe,,_e"ects agd safe o SRR % "

2. Intellectual Propert)" _Righ:t; f)iscla_imer . ; i wun o A s
hts of'qfhfre'j ‘part

ation examples n this catalog do not infringe the intellectual property r x

®No information in this catalog may be used or repr

uced without the prior‘-,consenl gf-T_oyo Tanso.

3. Product Usage Disclaimer

of the related government authorities: _'I'hese"prouucts-cannm be exported overseas without permission from the government. -
Please be aware of these restrictions and contact Toyo Tanso in advance for more information. .

®Some of Toyo Tanso's products are subject to export restrictions due to the Foreign Exchange and Foreign Trade Control Law or by order Pt
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