Note

Technical Data

Along with the union of 1SO standard from JIS standard, most of JIS standard (including Technical report) is being revised and
replaced.
In due time JIS standard and JGMA standard (Japan Gear Manufactures Association) for the gears shall be revised to a new edi-
tion. However JIS and JGMA standards are not complete and some standards have since been abolished when we started the
new edition of KG catalogue. However old JIS and JGMA standards are essential reference of gears for KG-new catalogue.
Therefore we had adopted the latest JIS and JGMA standard in our new edition KG catalogue. However if we found inexplicabil-
ity and nonexistence sentences, we use both the old and new standards for our new edition KG catalogue.
With respect to the new edition of ISO, JIS and JGMA standards, some parts of new edition KG catalogue are unable to adopt
the latest revised SO, JIS and JGMA standards. We seek your understanding for our latest edition of KG catalogue.
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Chapter 1 Basic Knowledge of gear

1.1 Gear history

There is no literature reference concerning the origin of Gears. Who was the first person to use it or pioneered gear
development.

Ancient people probably fabricated gears by making notches or projection at external of wooden disk for farm work
or to ladle water.

We are able to find literature on gears to its origin when the author, Aristotle (Before Christ 384-322) had written
['Subject on Machine] about 2,300 years ago.

Approximately 500 years ago, Leonardo da Vinci (1422-1519) had left several gear sketches. He drew almost all of the
variety of gear currently used. (Refer to Fig. 1)

Changing with the times, present demand for precision and high strength of the gears are popular. The general pub-
lic today has a fairly wide usage of the gear. The demand for high quality is as follows:

(1) Changing the module can provide a wide range of transfer power.

(2) Rotation and angle can be transmitted securely.

(3) Changing number of teeth can obtain more flexible gear ratios.

(4) Different varieties of axes position such as Parallel, Crossed, Non-parallel and Non-intersecting can be used for
different designs.

(5) Conversion of rectilinear from the rotary motion or vice versa are simply.

The gear also has many other features.

Fig. 1 Sketches of the gears by Leonardo da Vinci



1.2 Types of Gear

The gear has been classified through a lot of methods. The classification that is most popular is through the different
position of the gear axis. Another way is through method of manufacturing, material and Tooth profile.
This time we introduce the methods through different position of gear axis and manufacturing.

Classifications by the position of gear axis
(1) Parallel axis gear (The teeth are parallel to axis)

a) Spur gear

This is Cylindrical gear. Tooth trace is parallel to axis.
This is a highly demanded gear, which is easy to man-
ufacture and to assemble.

b) Helical gear

This is a Cylindrical gear. Tooth trace has helix curve.
Helical gear provides more strength, less oscillation
and lower noise level compared with Spur gears.
However Helical gear provides a thrust load to axis
direction. If changed rotating direction, thrust load is
reversed.

c) Internal gear

This is a cylindrical gear ring with teeth formed at the
inner diameter. The most popular demand for Internal Internal gear
gears is used for mechanism of planetary gear train.

There are two types of Tooth trace, one is parallel and

the other is helix to axis. However gear with parallel

axis has higher demand.

d) Straight Rack

It is thought that radius of spur gear grew infinite to
become a straight line. It can be matched with Spur
gear to convert between the rectilinear motion and
the rotary motion.

Straight Rack

Helical Rack

e) Helical Rack

It is thought that radius of Helical gear grew infinite to
become a straight line and Tooth trace is also straight
line. It can be matched with Helical gear to convert
between the rectilinear motion and the rotary mo-
tion.



f) Double helical gear

The shape looks like two Helical gear joined together.
Therefore this type of gear does not have thrust load
to axis during operation.

#Other types of gear designs used for parallel axis
such as non-circular gear and Eccentricity gear are
available but omitted this time.

(2) Intersecting axis gear

g) Straight bevel (Miter) gear

This is gear with Tooth trace, which is a straight line in
the same direction as surface element of Pitch cone.
Miter gear has shaft angle of 90° and gear ratio of 1:1.

h) Angular straight bevel gear
Angular straight bevel gear which does not have shaft
angle of 90°.

i) Spiral bevel gear

Tooth trace is described as a curve with spiral angle.
Spiral bevel gear has advantage over Straight bevel
gear for gear strength, oscillation and noise level.
Disadvantage of Spiral bevel gear is axial thrust load.
Therefore proper bearing location and firm support
are needed.

j) Angular spiral bevel gear
Angular spiral bevel gear does not have shaft angle of
90°.

k) Zerol® bevel gear

This is Zerol® bevel gear, similar to Spiral bevel gear
with zero spiral angle. The Tooth trace is described as
a curve with spiral angle of zero degree. (Occasionally,
spiral angle 10° or below are also called Zerol® bevel
gear.)

The force of tooth action is the same as Straight bevel
gear.

(® mark is Gleason Works trademark)

Double helical gear
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I) Face gear

is Face gear. A Toothed disk gear, can be matched
with Spur or Helical gear. There are two types of Face
gear with shaft angle 90°, intersecting axis and Non
intersecting axis.

(3) Skew gear (Non Intersected Gear)

m) Cylindrical worm gear

This is a Worm gear pair consisting of Cylindrical
worm gear and Worm wheel.

Meaning of Cylindrical worm gear is that the thread
has one or more starts.

This Worm gear pair provides high speed reducing
ratio and low noise level. Disadvantages are low ef-
ficiency and generation of heat.

n) Crossed helical gear (Screw gear)

This is a Gear pair for transmission between Non-
parallel and Non-intersecting axes of Cylindrical gears
as pair of Helical or Spur gear. Due to spot contact in
theory, design of transmission should be light load.

0) Hypoid® gear

This is a gear for transmission between Non-parallel
and Non-intersecting axis of conical gear. This gear is
similar to Spiral bevel gear. Most popular usage is for
Deferential gear for automotive.

(® mark is Gleason Works trademark)

*Others including Enveloping worm, Spiroid® and
Helicon gear types of gear designs are available for
Non-parallel and Non-intersecting axis but omitted
this time. (® mark is ITW trademark)

Face gear

Cylindrical worm

Cylindrical worm




(4) Machine elements compared with gear for simi-
lar shape and purpose of usage.

p) Sprockets

This is Sprocket wheel used for matching with bushed
chain and Ladder chains. Usage is for transmitting a
power over long distances between axes.

r) Ratchet gear

This is Ratchet gear, which looks like the teeth of saw
formed at external wheel used for positioning (index-
ing) and preventing inversion.

s) Timing Pulley

This is Timing pulley using matching timing belt (belt
with teeth). Usage is for transmitting power over long
distance between axes.

Sprockets
4% Vo /'i
%
; 0, ,
Ratchet gear




Classifications by different manufacturing
methods.

(1) Machined gear

Tooth of Spur and Helical gears are machined,
method of manufacturing are hobbing machine, gear
shaper, gear plainer and other machining. For mass
production, method of broaching is used. As for Bevel
gear process, dedicated cutting machine is usually
used. However hobbing machine is rarely used.

(2) Shaving gear

This is a shaving gear that shaves out the minute fin-
ishing layer on the Tooth flank by shaving machine
and its cutter.

(3) Ground gear

Grinding machine is used for making ground tooth
flank. Classified as two methods of Form grinding and
General grinding. Both processes use grinding wheel
(Diamond and CBN). To obtain high quality gear, ac-
curate lathing of the gear is necessary. The electrolytic
ground gear has been developed recently but expla-
nation will be omitted this time.

(4) Precision cold rolled processed gear

This is a gear done using plastic working (cold roll-
ing) to form tooth by compression. KG Worm gears
of module 0.5 to 2.0 are manufactured by using the
Cold rolling forming method. The fabrication of Cold
rolling-Worm gear is formed by rotating the hydraulic
compression which causes the teeth to rise on both
sides of the rolling tooth machine. The Tooth flank of
Worm gear has glassy finish like mirror.

(5) Injection molded gear.
This is a gear formed by injecting molten plastic into
a mold and applying pressure for a fixed duration.

(6) Sintering Gear

This is Sintering gear. Metallic powder is put into the
mold before applying pressure and heat to gear mold
to harden. Occasionally there are re-pressuring and
re-sintering. Impregnation of oil, heat treatment and
surface treatment can also be applied after the 1st
sintering process. Sintering gear is suitable for mass
production.

* On the other hand, we have the gears with pressed,
forged or EMS (Electric Spark Machine and Wire Cut
Sparking Machine) but omitted this time.

Refer to Table 1 for an estimate of System of accuracy
depending on difference in gear processing methods
used for economical production.

Table 1.

Comparison table of System of accuracy between
different gear manufacturing methods
(Confirmed by JIS B 1702-1995)

Fabrication and Distinctive
heat treatment ol1l2134ls5l6!l71|s

System of Accuracy
of JIS B1702 (old)

Non-Quenching | Hobbing

gear Shaving
Hobbin
Quenched gear | ¢~ i gg
Grinding




1.3 Types of Tooth profiles curves

(1) Involute tooth profile

The Involute curve can be seen when unlacing the end of firm string from Cylinder. The end of firm string makes the
curve.

Involute tooth profile uses part of Involute curve for Tooth profile. The Cylinder with string is called Base circle. (Refer
to Fig. 2)

Involute tooth profile is as follows,

* Fabrication of accurate tooth profile, which is easily measured.
(Also made into a cutting tool easily.)

* It matches with various gear ratio, any modified Invoute profile gear and compatible with other gear profiles.

* Can obtain the transferable correct engagement even if Centre distance has minor deviations. Due to these fea-
tures of Involute tooth profile, it is widely used.

N

A The line drawn from the starting point to end of tensioned string after unlacing from the external of the cylinder is
defined as an Involute curve.

Fig. 2 Involute curve



(2) Cycloid tooth profile.

As shown in Fig 3, medium circle turns around the external of the Base circle. Trace the start (from point of contact)
to end point of the medium circle; this is (a-b) Epicycloid. Do the same for the small circle in the internal of the Base
circle; this is (a-b’) Hypocycloid. Part of b-b” will be used for the Cycloid tooth profile.

To obtain the same wear off on the entire tooth, Cycloid tooth profile is used for gears for instruments and time-
piece. However Cycloid tooth profile is rarely used for power transmission due to difficulty in production.

Between a and b: Epicycloid
Between a and »": Hypocycloid

N

Reference circle

Fig. 3 Cycloid tooth profile
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(3) Arc of circle profile

As for the Tooth profiles, they are classified into single arc and compound arc. It has an advantage for a slow wearing
off due to uneven contact with arc. Generally Single arc and Compound arc tooth profiles are not generally used be-
cause Tooth profile is not efficient due to difficulty in production as compared with Involute tooth profile.

This is WN gear (Wildhaber - Novikov) remarkably different theory of production compared with Tooth profile of Arc
circle in the past.

The Tooth profile of WN gear does not abide by the science of mechanism in the past as it uses spot contact. How-
ever a design change to the Helical gear enables it to transfer a point of load to Tooth trace direction realizing a
transferable uniform rotated motion.

Depending on the purpose of usage, the Tooth profile of WN is superior over Involute. However this is for very spe-
cial cases only. The Tooth profile of WN Helical gear is difficult to produce as compared with Involute tooth profile
(Refer to Fig. 4).

Pinion

Gear ‘

ﬁ Load Dispersion é i (: E

(@) (b) ©
Fig. 4 Types of Tooth profile for Novikov Gear

(@) Arc circle of Pinion is convex (b) Arc circle of Pinion is concave (c) Arc circle of both pinion and
Arc circle of Gear is concave Arc circle of Gear is convex gear are convex at the Adden-
dum flank.

Arc circle of both pinion and
gear are concave at the De-
dendum flank.



1.4 Terminology of each part of the gear

Terminologies of gears are defined in JIS B 0102:1999 Vocabulary of gear terms-Related to geometry.

The vocabularies for gear numerical formula and gear drawings are defined in JIS B 0121:1999 International gear no-
tation - Symbols for geometrical data.

Comparison table 2 for common gear terms of JIS B 0102:1993(old) and JIS B 0102:1999 are confirmed. The names
are changed but meanings are retained.

Table 2. Comparison between new and old for gear terms.

JISB0102:1999 JIS B 0102: 1993 confirmed
Reference circle Reference pitch circle
Reference diameter Reference pitch diameter
Tooth depth Tooth depth

Tooth thickness Circular tooth thickness
Working depth Working depth

Standard basic rack Basic Rack®@

Datum line of Rack Pitch line for rack

Virtual cylindrical gear of Bevel gear Virtual spur gear for Bevel gear
Pitch angle Pitch angle

Tip angle Tip cone angle

Root angle Root angle

Spiral angle for Bevel gear (Bevel gear) Spiral angle
Locating distance for Bevel gear (Bevel gear) Location distance
Centre distance modification coefficient Coefficient of increment Centre distance

Note (1) Pitch diameter is stipulated in JIS B0102:1999. Reference circle is classified with Pitch circle. Pitch circle is
diameter of geometrical circle for gear described by moment of relative motion of axis with mating gear.

Note (2) Definition of Basic rack is “imaginary rack with Standard basic rack” under the Normal section in JIS
0102:1999

In addition, the gears terms have been updated but not outlined.

Standard basic rack tooth profile

Rack tooth profile is stipulated in JIS B 0102:1999, Standard tooth profile dimension in Involute tooth profile group.
Therefore the gear and dimensions of tool are established while compatibility is kept.

The details of Standard basic rack tooth profile are shown in Fig. 5 and Table 3. According to the JIS B1701-1:1999 In-
volute tooth profile Article 1: Standard basic rack tooth profile and it's recommended attached supplement articles
adds Tooth profile and Usage of Basic rack for reference, which is ommitted here.

Mating of Standard basic Table 3. Dimensions of Standard basic rack
rack tooth profile : : :
Stand P d basic rack p=m-m Vocabulary |  Dimension of Standard basic rack
andard basic rac )
tooth profile Tooth Tip s ap 2
hap 1.00mm
Cp 0.25m
&
= s hip 1.25m
I 1 [ 2
= & = Py 0.38m
Do’ -
Tooth Root

Fig. 5 Standard basic rack tooth profile and Mating of Stan-
dard basic rack tooth profile

11
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Gear terms and Vocabularies for Involute gear

(JIS B 0102:1993 confirmed and extracted from JIS B 0121:1999)

Fig. 6 indicates the names (gear terms) for parts of Tooth profile.

Standard is a defined term of an applicable limited word from Reference surface of gear, defined in JIS B 0102:1999.
Normally “Standard” and “Working” are distinguished. When it is not necessary to classify between Standard and
Working, it is common knowledge that the word “Standard” can be omitted.

Centre distance—a

Circular pitch*—p

Base pitch" — p»
Tooth depth—#
Addendum — £
Dedendum — 7
Working depth — 7'.
Bottom clearance — ¢

Tooth thickness —s.
Tip diameter — du
Reference diameter — d.
Root diameter — 4.
Transverse line of action

Pressure angle —«.

Centre distance is defined as the shortest distance between axes of Parallel gear pair or pair
of crossed gear.

Reference centre distance is defined in JIS B 0121:1999 which is not outlined here.

Circular pitch is the distance of Pitch between adjacent teeth as measured on the Reference
circle or Reference line.

Base pitch is perpendicular line to Pitch between any section of Tooth profile in Involute gear.
Tooth depth is radial distance between Tip and Root circle.

Addendum is radial distance between Tip and Reference circle.

Dedendum is radial distance between Root and Reference circle.

Working depth is distance along the centre line between Tip surface of two engaging gears.
Bottom clearance is distance along the centre line between Tip surface of a Gear and Root
surface of its Mating gear.

This is length of Arc on Reference circle between the two profiles of a tooth.

This is diameter of Tip circle.

This is diameter of Reference circle.

This is diameter of Root circle.

This is normal line common to two Transverse profiles at their point of contact. For Involute
gear pairs, the lines of action are also common tangents to their Base circles.

Angle drawn when centre connection line and profile crosses pitch point upon the reference
circle.

The term of *-mark is not define in JIS B 0121:1999. The Pressure angle is supplemented due to insufficient descrip-
tion in this JIS. An Addendum and Dedendum of Worm wheel is defined for classification of “ Reference” and ” Mat-
ing”, which omitted here.

Fig. 6 Name of the each parts of Tooth profile

a = Centre distance ¢ = Bottom clearance
p = Circular pitch s =Tooth thickness

pb = Base pitch d. = Tip (Out side) diameter
h =Tooth depth d = Reference diameter

ha = Addendum d» = Base diameter

hy = Dedendum dr = Root diameter

-— % W =Workingdepth & =Pressureangle

Line of action




1.5 Fundamental dimensions for various sizes of Tooth profile

There are three types of formulas to calculate various sizes of Tooth profile.

1. Module m
Reference pitch divided by = is module, which defines the size of tooth in metric gear. If value of Reference diameter
d(mm) divided by Number of teeth z increases, tooth capacity increases proportionately.

Module n = Reference diameter (mm) Tip (Outside) diameter is defined as dq,
No. of teeth z

calculation formulais m= da
z+2

Refer to Fig. 7 for a full-scale drawing.

2. Diametral pitch P or DP

Diametral pitch is size of tooth expressed in teeth per inch of pitch diameter. Formula of calculation is given as Num-
ber of teeth z divided by Reference diameter d (inch). Capacity of tooth profile increases and decreases inversely pro-
portional to the numerical sum.

Number of teeth z

DP = A lut i i i i a
Reference diameter d (inch) (An absolute number) Tip (Outside) diameter defined as dx,
Calculation formula of DP = 2-2
da (in)
There is a relationship between module and Diametral pitch. (Comparison between module and Diametral pitch)
254 254
DP == m=-70 (mm)

3. Circular pitch cp
This is length of centre distance between adjacent teeth divided by arc circle of pitch circle. Calculated by circumfer-
ence of pitch circle divided by number of teeth.

_ Circumference of Pitch circle (7w x d) (mm)

cp Number of teeth z
Module 0.5mm Module 2mm Module 3.5mm
\f\f\_/ Module 5mm

[EAATATAATATATAN
Module 0.75mm Module 2.25mm
MANMAN '\-/'\—/'\J Module 3.75mm

Module 0.8mm
[ : T C T T C Module 2.5mm Module 6mm

Module Tmm

Module 4mm

M Module 2.75mm

Module 1.25mm

AV

Module 1.5mm Module 3mm Module 4.5mm Module 7mm

é
g
-

Fig. 7 Full-scale drawing of module
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Note that = is ratio of the circumference of a circle to its diameter as z=3.14159 -....

X da

Where Tip(outside) diameter da, calculation of CP = .

(mm)

The 3 categories for size of Tooth profile mentioned above are widely used. In particular, Circular pitch CP is used to

control traveling distance and positioning.

The standardization of module is shown by the fol-
lowing classification. Introduced in

JIS B 1701-2: 1999 Cylindrical gear- Involute tooth
profile and Article 2-Module and Appendix of the
same standard (stipulation). Also shown below is
classification not stipulated for Involute tooth profile
cylindrical gear below module 1in 1SO 54.

Table 4. Standard value for module of Cylindrical gear.

Unit: mm
1 1I 1 1I I I 1 1I
0.1 1 55 25
0.15 1.125 6 28
0.2 1.25 (6.5) 32
0.25 1.375 7 36
03 1.5 8 40
0.35 1.75 9 45
04 2 10 50
0.45 2.25 1
0.5 2.5 12
0.55 2.75 14
0.6 3 16
0.7 35 18
0.75 4 20
0.8 45 22
0.9 5

It is advisable to select column-7 of module (priority
selection) as far as possible.

It is not advisable to select the module 6.5 as seen in
column-IL.

The standardization of module for Bevel gear is
shown by the following classification. Introduced in
JIS B 1706-2: 1999 Straight bevel gear- Article 2-Mod-
ule and Diametral pitch and Appendix of the same
standard (stipulation). Also shown below is classifi-
cation not stipulated for Straight bevel gear below
module 1 in ISO 678. However the Diametral pitch is
omitted here.

Table 5. Standard value for module of straight bevel

gear.
Unit: mm
1 II I 11 1 I
0.3 1 35
0.35 1.125 4
04 1.25 45
0.45 1.375 5
0.5 1.5 55
0.55 1.75 6
0.6 2 (6.5)
0.7 2.25 7
0.75 25 8
0.8 2.75 9
0.9 3 10

It is advisable to select column-I of module (priority
selection) as far as possible.

It is not advisable to select the module 6.5 as seen in
column-IL

Table 6. Comparison tables between module and Diametral pitch.

Unit: mm

Module 9 8467 | 8 7257 | 7 6.35 6 5.08 5 4233 | 4
Diametral pitch 2822 | 3 3175 | 35 3629 | 4 4233 | 5 5.08 6 6.35
Tooth depth 2025 | 19.05 | 1800 | 1633 |1575 | 1429 |1350 | 1143 | 11.25 9.52 9.00
Pitch 2827 2660 |2513 2280 |2199 |1995 |1885 | 1596 | 1571 | 1330 | 1257
Module 3629 | 35 3175 | 3 2822 | 254 25 2309 | 225 2117 | 2
Diametral pitch 7 7257 | 8 8.47 9 10 1016 | 11 11.289 | 12 12.70
Tooth depth 8.17 7.88 7.4 6.75 6.35 5.72 5.63 5.20 5.06 4.76 4.50
Pitch 1140 | 11.00 9.98 943 8.87 7.98 7.85 7.25 7.07 6.65 6.28
Module 1.814 | 1.75 1.588 | 1.5 1411 | 127 1.25 1 0.8 0.75 0.5
Diametral pitch 14 14514 | 16 16933 | 18 20 2032 | 254 3175 | 33.867 | 50.8
Tooth depth 408 3.94 3.57 3.38 3.17 2.86 281 2.25 1.80 1.69 1.13
Pitch 5.70 5.50 4.99 4.71 443 3.99 393 3.14 251 2.36 1.57

Note that Tooth depth is calculated with Bottom clearance as C = 0.25 mm.



1.6 Features of common gears

Chapter 1.2 covered briefly on types of gear. The main gear features are explained here.

Helical gear

Helical gear has characteristics of transferability of
larger load, less vibration and lower noise compared
with Spur gear.

However, thrust load (axial direction) occurs due to
helix angle. It is therefore necessary to design thrust
bearings. (Refer to chapter 2 for thrust load)

When using parallel axis, engage with right and left
hand of Helical gears at the same angle.

Using Screw gear for Non-parallel and Non-intersect-
ing axis is called Crossed helical gear.

Roll up a piece of right-angled triangle paper as seen
in Fig. 8. The straight lines of slope of the right-angled
triangle become a thread curve (helix). Helical gear
adopts this curved line as Tooth trace curve.

This right angled triangle unrolls to draw layers of He-
lical gear to become Fig. 9.

Pitch diameter

Helix

7

Viewing the gear
vertical line of centre to
be parallel to axis
direction, Tooth trace
rise up to right
direction is Helical gear
with right hand.

)

Fig. 8 Helix

Helix »
angle B
| In view of gear vertical

w\ line of centre parallel to

. axial (vertical) direction,
| Tooth trace rise up to

. left direction is Helical
Transverse | gear with left hand.
pitchPt !

4.|_._

Circumference length of Pitch circle =d

Circumference length of Pitch circle zd

Fig. 9 Helical gear (right and left hands)
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There are types of Normal and Axial for Helical gear.

Standard tooth profile for Normal type of Helical
gear is a section of the Tooth profile perpendicular to
Tooth trace of Helical rack which is obtained by set-

ting the Reference pitch radius to infinity.

Standard tooth profile for Axis type of Helical gear is
perpendicular to gear axis.

Fig. 10 shows both of the Reference sections.

o AXis section

Fig. 10 Types of Normal and Axial

Regarding to manufacturing method, the same hob
cutter and grinding wheel can be used to fabricate
any helix angle gear. As long as the Normal type of
Helical gear has same Normal module . (called mod-
ule of hob cutter) and same Normal pressure angle
an (called pressure angle of hob). Even if helix angle 3

was changed

Therefore, stock of hob cutters (tools) and manufac-
turing cost can be saved making Normal type of Heli-

cal gear economic and widely used generally.

However, calculating Centre distance for Normal type
of Helical gear, it is necessary to adjust the helix angle
to obtain an integer number for Centre distance due

to the cosine 8 in the denominator.

Regarding the manufacturing method, the hob cut-
ter (tool) and grinding wheel must be changed to
fabricate Axial type of Helical gear if helical angle 3 is
changed. Therefore mass production for this type of

gear is very limited.

Since calculation for Helical gear is the same as Spur
gear, integer number for centre distance is easily ob-

tained.
Note (1) Adopted old gear terms.

At the above Fig. 10, under perpendicular section to
Tooth trace, the Pitch diameter becomes oval. Half of
length of oval with major and minor axis is used for
calculation below.
a=_D
2cosf

Formula for the radius of curvature R of oval at the
C-point s as follows,
a_ D

b 2cos*f
Therefore assuming this is a Spur gear with Radius of
pitch circle R, it is commonly called NVirtual spur gear
for Helical gear.
The relation between “Virtual number of teeth of
Spur gear zv and actual number of teeth z of Helical
gear is as follows.

D
p=L
2

Zv = z
cos’f
" The Virtual number of teeth of Spur gear becomes
the standard for strength calculation of Helical gear,
calculation of profile shifted gear and selection of hob
cutter.




(Reference)

The Crossed helical gear (Screw gear) is simply a type
of Helical gear. The Parallel helical gear has the same
helix angle with opposite helix hand. Where as the
Crossed helical gear (Screw gear) is engaged with
Non-parallel and Non-intersecting axis with any op-
tional helix angle.

Method of correct engagement, Normal module m»
and Normal pressure angle a» must be the same.
When two non-profile shifted gears are engaged, each
Reference cylinder helix angle are indicated as g1 and

B2

Pinion

(Right hand)

Gear

Where helix direction of both gears are the same, the
formula for shaft angle X' is,

Z=ﬂ|+ﬂ2

Where helix direction of both gears are different, for-
mula for shaft angle X is,

X=p-p2 or L=p-p

Therefore these become the relation of Shaving cut-
ter and Machined gear.

In Theory, Crossed helical gear (Screw gear) has spot
contact and can only take small loads.

(Left hand)

(Right hand)

Fig. 11 Engagement of Crossed helical gear (Screw gear)
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Bevel gear

This is Bevel gear, that is formed by making gear
teeth to the Reference surface of a coned friction
wheel. Usage of this conical gear is to transfer power
to Crossed or Angular axis of gear. This Reference sur-
face is called Pitch cone of Bevel gear.

Classification by shape of tooth trace that straight
Tooth trace to axis direction is called Straight bevel
gear. Spiral Tooth trace to axis direction is called Spi-
ral bevel gear.

In Fig. 12, Spur gear with Radius of pitch circle R
and R of Back cone is thought to be Tooth profile of
Bevel gear.

This Spur gear is an incomplete circle. The incomplete
circle Spur gear after being completed is called a Vir-
tual spur gear m, which is equivalent to a Bevel gear.

The relationship between Virtual number of teeth of
Spur gear zv and Actual number of teeth z of Bevel
gear is as follow.

=08 (8: Pitch angle)

The Virtual number of teeth of Spur gear is standard
for strength calculation of Bevel gear and selection of
hob cutter.

This is Crown gear where Pitch surface of Bevel gear
is changed into a flat surface and perpendicular to ax-
ial direction. Using high gear ratio and using creative
motion of Bevel gear for examination from imaginary
Tooth profile of Crown gear.

Bevel gear with shaft angle of 90° and gear ratio 1:1 is
commonly called Miter gear.

)
Ry

/

Pinion 1

1?1/3

Fig. 12 Virtual spur gearm for Bevel gear

Note(1) Adopted old gear terms



(1) Straight bevel gear

Straight bevel gear has a straight Tooth trace. Stan-
dard straight bevel gear and Gleason system straight

bevel gear are common types.

A Standard Straight bevel gear is equivalent to a Stan-
dard spur gear due to Virtual spur gear. Undercut oc-

curs in small Number of teeth.

However, Gleason system for Straight bevel gear pro-
vides fewer problems of Undercut in small Number of
teeth of Pinion because Gleason system for Straight
bevel gear is designed to become profile shifted gear
between Pinion and Gear. Refer to the below Table 7
for comparison table of the features between Stan-

dard system and Gleason system.

Table 7. Comparison table for the features between

Gleason system and Standard system

Gleason system | Standard system
Cause of There are fewer Itis designed with-
Undercut problems in Pinion | out rack shift and
due to positive Undercut occurs
Rack shift (Gear easily.
is negative Rack
shift)
Balance of Maintains excel- Unbalanced
strength for lent balance by without Rack shift
Pinion and Gear | Rack shift
Bottom Thereis no Tip Occur Tip interfer-
clearance interference at Toe | ence at Toe easily
due to Parallel bot- | due to not Parallel
tom clearance. bottom clearance

* Miter gear is designed without Rack shift.

Coniflex® gear has Tooth trace with Crowning to

Straight bevel gear as named by Gleason company.

Due to above features and Crowning, Gleason
Straight bevel gear provides much lesser single con-
tacts and assembly problems as compared to other

methods.

Table 8 classifies the minimum Number of teeth to

prevent Undercut for Gleason Straight bevel gear.

Table 8. Classifies the minimum Number of teeth to pre-

vent Undercut for Gleason Straight bevel gear.

a=20° o=14.5°
Number of Number of Number of Number of
teeth of Pinion | teeth of Gear | teeth of Pinion| teeth of Gear

VAl y4) Z1 Z2)
13 30 24 57
14 20 25 40
15 17 26 35
16 16 27 31

28 29

29 29

(2) Spiral bevel gear

Fig. 13, angle between Tooth trace and Pitch cone
surface element in Bevel gear with curved Tooth trace
is called Spiral angle.

Mean spiral angle Bm is spiral angle at centre of Face-
width. Unless otherwise specified, this Mean spiral
angle is commonly called spiral angle.

For Gleason system of Spiral bevel gear, Standard
spiral angle is 35° with arc of Tooth trace. Gleason sys-
tem cutter performs to produce Crowning at Tooth
trace automatically.

In general, Shaft angle is 90° and matches with left
and right hand gears.

Refer to Fig. 14 for Right and Left hand of Spiral gear.
To prevent thrust force to axis direction, due to
curved tooth, thrust bearing is necessary. (Refer to the
thrust force in Chapter 2)

Shown in Table 9. Comparison table for minimum
Number of teeth to prevent Undercut for Gleason
Spiral bevel gear.

Spiral angle
(for Spiral
bevel gear)

A

Fig. 13 Spiral angle at centre of Facewidth.
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Left hand

Right hand

Fig. 14 Spiral bevel gear with Left and Right hand.

Table 9. Comparison table shows the minimum Number of teeth to prevent
Undercut for Gleason Straight spiral bevel gear.

a=20° o=16° a=14.5°
Number of Number of Number of Number of Number of Number of
teeth of Pinion | teeth of Gear | teeth of Pinion| teeth of Gear |teeth of Pinion | teeth of Gear

zZ1 Z2 Z1 y4) zZ1 22

12 26 16 59 19 70

13 22 17 45 20 60

14 20 18 36 21 42

15 19 19 31 22 40

16 18 20 29 23 36

17 17 21 27 24 33

22 26 25 32

23 25 26 30

24 24 27 29

28 28




(Reference)
These are types of Crown gear (similar relation between Rack and Spur gear) with curved line Tooth trace. Spiral
bevel gears have following types shown in Fig. 15.

/ (B) Involute curved line
(A) Curtate trochoid /
curve g
/

NG

/\Base circl

(E) Straight line

(C) Arc circle

(Gleason system)

(D) Arc circle
(Zerol Bevel gear)

*Gleason system of large size Spiral bevel gear is close to rectilinear tooth but there is a
slight spiral Tooth trace by modified rolling.

Fig. 15 Types of Spiral bevel gear (curved line of Tooth trace for Crown gear)
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Worm gear pair

This is a Worm gear pair used as one pair of Threaded worm gear engaged with Worm wheel. It is commonly used in
high speed reducing ratio.

Due to the low efficiency character, it is an important point to use proper lubricant oil to prevent heat generation.

To prevent thrust force to axis direction due to curve tooth, thrust bearing is necessary. (Refer to thrust force in Chap-
ter 2)

Helix angle of Tooth for Worm gear is called Lead angle. Helix angle for Worm Wheel is called Helix angle same for
Helical gear.

Generally Worm gear and Worm wheel match with Non-parallel and Non-intersecting axis. Shaft angle is 90°. For ex-
ample, right lead angle of Worm gear matches with right helix angle of Worm wheel.

Worm gear with 2 or more number of threads are commonly called Multi-threaded worm gear.

Use suitable lead angle from Worm gear to fabricate the Helix angle for Multi thread Worm wheel.

Regarding the engagement for KG-Worm gear and KG-Worm wheel, refer to Table 10.

Table 10. The Engagement of KG-Worm and KG-Worm wheel (Assembled Gear pair should have same module.)

Worm gear Worm wheel
Symbol for Direction of | R1 R1
thread and Number of | (Right hand /Single thread) (Right hand, fabricate helix angle by single thread of Worm gear)
thread. R2 R2
(Right hand/Double thread) (Right hand, fabricate helix angle by double thread of Worm gear)
L1 L1
(Left hand/Single thread) (Left hand, fabricate helix angle by single thread of Worm gear)
L2 L2
(Left hand/Double thread) (Left hand, fabricate helix angle by double thread of Worm gear)

There are the types of Normal and Axis worm gear pair, same as Helical gear. Normal type of Worm gear pair has
come into wide use generally because it is economical.

When calculating Centre distance for Normal type of Worm gear pair, fraction appears due to tany. In case of small
lead angles, adjust Worm wheel by method of Negative Rack Shift to designated centre distance.



1.7 Backlash

Summary of the backlash is “play” or “clearance” between one pair of gear.

Normal backlash

Circumferential backlash

Fig. 17 Backlash

Great care is taken to produce the gear with zero deviation. However we are unable to completely eliminate de-
viation from manufacturing and surface heat treatment. A gear always has innate deviations of Tooth profile, Pitch,
Runout, Tooth thickness and Helix by manufacturing process.

The Gearbox has innate deviation from manufacturing process. For example, shorter Centre distance compared with
designed dimension, insufficient parallelism of axis or inaccurate right angle.

When starts the operation for gearbox, generation of heat from the load causes the gearbox to deform. Continu-
ous operation increases the temperature of gearbox and thermal expansion of each part. As a result, swelling of the
teeth causes oscillation, noise, sand burning and damages the tooth or bearing.

Proper backlash from the “Play in the gears” are necessary to absorb the deviations of noise and oscillation in order
to have smooth rotation.

When assembling the gears, please provide the proper backlash between flanks.

Methods that provide the proper backlash to the gears are as follows;

1) Method to shift centre distance away. (Locating distance for Bevel gear)
This method does not provide the modification to the Tooth thickness, as it does not decrease Tooth thickness. This
method simply shifts Centre distance away to obtain proper backlash to flanks.

2) Method of deeper cut during gear cutting process.
This method provides a deeper cut to reduce Tooth thickness when manufacturing the gear. Proper backlash is ob-
tained if the gears are assembled with designated Centre distance.
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Backlash for KG-STOCK GEARS
KG STOCK GEARS has been using method 2) from previous page. This method gives a proper backlash when assem-
bled with designated centre distance of gearbox without adjustments.
Refer to the below references 11 to 13 for amount of backlash when assembling a pair of KG STOCK GEARS with des-

ignated centre distance.

Table 11. Amount of backlash for KG Spur gear (en-
gagement of one pair with same material)

Table 13. Backlash of Bevel gear (one pair of gear en-

Module (m)

‘ Materials ‘Amount of backlash (mm)

Range below m=0.9is 0.02 - 0.06

D, SU, BS

006 X m=-012 X m

Range from m=0.9 S
tom=3.0

004 X m=-0.10 X m

SCm

0.04 X m-0.08 X m

Range from m=3 S
tom=5

006 X m-012 X m

gagement)
Backlash (mm)

R SCM,S,5U,BS| D
Range below m=0.9 0.02-0.08 0.03-0.10
Range from m=0.9tom=2.0| 0.05-0.12 0.05-0.16
Range from m=2 to m=4 0.06-0.15 -
Range from m=4 to m=6 0.08-0.20 -
Range from m=6 to m=7 0.10-0.22 -

D: Polyacetal, SU: Stainless steel, S: Carbon steel, BS: Brass
SCM: Chromium molybdenum steel (Ground spur gear)

Table 12. Amount of backlash of Worm gear pair
range from m 1.0 and above ( one pair of

engagement)

Centre distance

Amount of backlash (mm)

Range below m=0.8is 0.06 - 0.15

Below 50 0.08-0.20
Range from 50 to 150 0.15-0.30
Range from 150 to 300 0.30-0.50

Range below m=0.8, is 0.06 - 0.15(mm)

SU: Stainless steel, S: Carbon steel, SCM: Chromium molybdenum

steel, D: Polyacetal



Measurement of the backlash

(1) Spur and Helical gears

There are a number of methods to measure the back-
lash for Spur and Helical gears.

Introduced are two (2) methods of measurement as
follows;

a) Circumferential backlash ;i

Assemble one pair of gear with designated centre
distance, fix one side of gear, put an indicator (Dial
gauge) to Pitch circle of Mating gear and turn gear to
the left and right to measure the amount of backlash.
For Helical gear, measure backlash on the Pitch cir-
cumference at right angle section to axis.

In JIS, this is called the Circumferential backlash. Cir-
cumferential backlash for Spur and Helical gears is
stipulated in JISB 1703.

b) Backlash j. in perpendicular direction to flank.
Method of placinging indicatior perpendicularly to
flank then follow same procedure in a).

In addition, another method is by putting a soft met-
al, eg. lead, between Flanks to measure the flattened
metal thickness by a micrometer. This method of
measurement may show different results compared
with the method of simply using indicator to Flank
because it is under the influence of play from bear-
ing or other part’s tolerance deviation. This method is
called Normal backlash in JIS.

For Spur gear with Pressure angle ¢, it has the follow-
ing relationship between j:and j .

Jn= jicosax Ji=jn/cosa

When «a is 20°, cosine 20° = 0.93969, j: and j» have
similar value.

For Helical gear, an indicator is placed perpendicu-
larly to the helixes of tooth for measurement. When
Normal pressure angle is a» and a helix angle is B,the
relationship between j: and j» are as follows.

Jn=jicosancosf Ji=jn/cosancosf

To measure backlash for Crossed helical gear pair
(Screw gear) with indicator, fix either Pinion or Gear.
When using either Pinion or Gear with Non-parallel
and Non-intersecting axis, the reading on the indica-
tor depends on which is chosen to be fixed. Usually
Pinion is fixed and indicator is placed to flank of gear.

[
\

~_ |

N
Ay |
>

§ 0

Y

AN

|
J
Fixed D /

- |

Fig. 18 Measurement of Circumferential backlash

T

~
/
&

\\ " Normal tooth
S~ o profile

Fig. 19 Measurement of Normal backlash
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(2) Bevel gear

To Measure the backlash for Bevel gear pair, there are
two (2) types of measurements. Circumferential back-
lash j: and normal backlash j», which is the same for
Spur and Helical gears.

Fix the pinion and put an indicator to outer gear to
measure.

Normal pressure angle a» and centre (mean) gear
tooth of helix angle B of Spiral bevel gear have the
following relationship between j: and jn.

Jn= JiCOSQnCOS B Ji=jn/ cOSQCOS B

(The above calculation formula is for Spiral bevel gear.
For Straight bevel gear, it is cosine Bn =1)

Circumferential backlash for Bevel gear pair is stipu-
lated in JIS B 1705.

In addition to this, there is another method to as-
semble the Bevel gear with a designated Locating
distance. Fix a gear and move the Pinion in axis direc-
tion. Measure the amount of movement with an indi-
cator.

Bevel gear has the following relationship between
Circumferential backlash jrand Locating direction jx.

Je=ji/2tanamsindr  Straight bevel gear
je=ju«/2tand:sindr  Spiral bevel gear

Hereby

Jju: Circumferential backlash at Transverse plane
Jju=ji/cosine ot

ar Transverse pressure angle o, = tan™'(tan o /cos )

For example, Straight bevel gear with Pressure angle
20° and gear ratio 1:1. Assuming that Circumferential
backlash j: is 1.0mm therefore backlash of Locating
direction is 1.94mm. Which means it can measure
minute backlash to about twice the accuracy.

= Lever type Dial Gauge

Fig. 20 Measurement method of backlash for the
Bevel gear (Circumference direction)

Fig. 21 Move the pinion in axis direction to measure
the backlash.



(3) Backlash of Worm gear pair

Generally the Worm gear is fixed and indicator is
placed to flank of Worm wheel for backlash measure-
ment. This is the same method for both Spur and He-
lical gears pair.

Shown in Table 22, value for KG-Worm gear pair with
assembled designated centre distance. Due to unde-
fined backlash for Worm gear in JIS currently.

When using worm gear pair for accurate locating
and positioning, it is necessary to keep backlash to a
minimum. Providing large backlash for power trans-
mission is recommend due to expansion caused by
generation of heat. Even though the backlash may be
larger, performance of worm gear pair will almost be Fig. 22 Method of measurement for Worm gear pair
the same. (Circumference direction)

Racing angle of Worm gear caused by backlash be-

come a crucial problem occasionally.

Below is the explanation of the calculation formula

for racing angle of Worm gear instead of backlash of

Worm wheel.

Place an indicator to flank of Worm Wheel as show in

Fig. 22 to measure circumferential backlash.

For example,

Module is 2.0,

Gearratio 1 : 30,

Reference diameter of Worm gear is 31.0 mm,

Lead angle of Worm gear is 3°42" ,

Lead of Worm gear is 6.2963,

Measurement amount of Circumferential backlash is
0.2 mm.

Calculation formula is as follows.

(Lead) : (360°) = (Measured circumferential backlash)
: (Racing angle of Worm gear) therefore,

360°x Circumferential backlash

=360°%0.2/6.2963
Lead x02/

Racing angle of Worm gear =

=11°27"
Worm gear provides the racing of 11°27" .
(Lead of Worm gear : It is the distance of a point on

the flank as it moves forward in axis direction when
the Worm gear turns one revolution.)
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1.8 Rack shift of the gear

Undercut

When Number of teeth is below minimum as shown
in Fig. 23, part of dedendum is no longer an Involute
curve but will look like a shape scooped out by cutter
tool.

Refer to drawing, when Involute curve shows the
scooped out shape condition from Base circle (Tooth
tip side), it is called Undercut.

Gear with undercut has low strength of Dedendum
and provides bad influence to gear contact due to
shortened Involute curve.

Calculation formula for minimum number of teeth (z)
to prevent undercut is as follows,

z =# (ao: Cutter pressure angle)

sin“&o
Condition of Undercut generally appears when Num-
ber of teeth is 17 or less and pressure angle of gear
is 20°. According to DIN standard, minimum Number
of teeth is 14 accepting slight Undercut which may

cause no serious influence.

Profile Shifted Gear

(1) The Summary of Profile Shifted Gear

Using a rack tool (for example, hob cutter) to fabri-
cate Profile Shifted Gear is to achieve the following
purposes.

1) Prevent condition of Undercut for gear with less
than minimum Number of teeth.

2) When there is deviation or failure for centre dis-
tance, fabricate a modified gear to correct the fault
centre distance.

(3) Adjust distribution of Tooth thickness for gear pair
to achieve equal gear strength.

4) Adjust to suitable contact ratio to lessen gear noise
level and/or trapping of pump gear.

5) Take into consideration the wear of flank to adjust
Specific sliding. (Another theory states that Specific
sliding and wear are not proportional.)

root & de

(The Trochoid curve line on the right hand side is the
centre locus of roundness of cutter of rack tool. ( ra-
dius of roundness yy=0.375m=7.5)

Fig. 23 Undercut

It is possible to adjusting gear by item 2) to control
helix angle of Helical gear. However it is necessary to
provide thrust bearing in axis direction to counter-
measure force (thrust force) occurring in Helical gear.

When design multi engagement between axes with
different gear ratio, items 2) is also useful (for exam-
ple, speed reducer).

Generally, Positive profile shift (+) is the method of
gear fabrication where Reference pitch line of Rack
type cutter shifts x-times of module toward outer
radius direction from Reference pitch. The Negative
profile shift (-) is that Reference pitch line of Rack
type cutter shifts x-times of module towards inner ra-
dius direction from Reference pitch. x.m is commonly
called the Amount of rack shift where x is called Rack
shift coefficient. (Please refer to Fig. 24).



The Reference line
for Rack type cutter
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Spur gear with full depth tooth
(Rack shift coefficient x=0)

Positive (+) profile shifted gear
(Rack shift coefficient x=0.5)

Fig. 25 Profile shifted gear (Examples of Positive and Negative profile shifted gear, Number of teeth is 12z)

Note: (1) Adopted the old Standard term.
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Limitation of Pointed tooth tip

When increase the positive amount of Rack shift, area
of top land is gets narrower and soon, Tooth profile
becomes sharp.

A sharp pointed Tooth profile has insufficient tooth
depth, thus Tooth tip of Mating gear may interfere
with Root of tooth causing proper assembly and
smooth gear rotation to be impossible. Therefore
Rack shift of Top land exceeding zero is not advisable.
To calculate Top land 's” of Spur gear by the following
formula,

s =m(z+2+2x) {(% + 2xtanaro) « - — (inv e — invao)}
zZ

For easy reference, please refer to Table 14 for area of
formed gear with Pressure angle 20°.

Calculation for Rack shift coefficient.

(1) Rack shift coefficient to prevent Undercut.
Undercut is sure to occur when Number of teeth is 17
or below with Pressure angle 20°. Prevent Undercut
using theoretical Rack shift coefficient by following
calculation formula.

17— .
= z (z: Practical number of teeth)

Practical number of teeth 14 z is available to use for
DIN standard, calculation formula of DIN is defined as
follows.

14— .
Y= z (z: Practical number of teeth)

Theoretical Rack shift coefficient for Spur gear with
Number of teeth 10z with Pressure angle 20° is by fol-
lowing formula

Lo17-10

17

(Please check for occurrence of sharp pointed tooth
top tip using Table 14.)
Practical rack shift coefficient is obtained by following
calculation.

L_la-10
17

=0.412

=0.235

(2) Rack shift coefficient to adjust Centre distance
Below is the explanation using examples.
For example, calculate Rack shift coefficient for ad-
justable gear with Centre distance of 80.5mm (Proper
distance is 80.0mm) with: Gear: Spur gear,
Pressure angle:20°,
Module: 2.0mm,
Number of teeth for Pinion: 20z,
Number of teeth for Gear: 60z,
Centre distance modification coefficient
y=(da'"-a)/m
=(80.5-80)/2
=0.25

2=

-

T

o
s

o

Fig. 26 Pointed tooth tip

Z1+z cosx
=;(—0—1j therefore

2 coSaw
oSO = _COSO c0s20°
T 2.y L1 20025
Z1+ 22 20+ 60
=0.933856

ow=120.955894°
nvow = tan w — Otw
=1tan20.955894° —20.955894°« 7 /180
=0.0172317

X1+ Xx2

iIldeZZotaIl(Zo.( j-{-invao therefore

Z1+ 22

Sum of Rack shift coefficient
J e(z1+22)

invaow —invoo

X1+ x2=
[ 2« tanono

_0.0172317 -0.0149044

2« tan20° =0.2557

a’ : Actual centre distance (mm)
a : Proper centre distance (mm)
z : Number of teeth for Pinion
z : Number of teeth for Gear
a. : Pressure angle of Cutter (%)
aw :pressure angle (°)
y : Centre distance increment coefficient
xi : Rack shift coefficient for Pinion
x: : Rack shift coefficient for Gear
inva, : Functional involute for Cutter pressure angle
invao = tano — o
inv20°=0.0149044
(The lastaw is in Radian Unit)

You may provide the sum (0.2557) of this Rack shift
coefficient to Pinion only or can divide between Gear
and Pinion.



(3) Guidelines for determining Rack shift coefficient.
Rack shift to positive side is mainly designed for Pin-
ion. It is necessary to check that the calculated Rack
shift coefficient does not cause pointed tooth tip.

If design causes pointed tooth tip, reduce amount of
Rack shift coefficient to Pinion and offset amount to

Gear.

As for Rack shift to negative side, it is necessary to
check for Undercut. If Undercut should occur, offset
the Negative rack shift coefficient to mating gear.
Refer to Table 14 to shown the area of formed gear
with pressure angle 20°.

2.5
A
2.0
oo =20°
Al
S 15
c
@
o)
E /
()
S
X 10 Pointed tooth tip >, a Top land 0.2:m
g 204
—Top land 0.4-m
Limitation ofTheoreticaI/
dedendum undercut 0 /
0.5
/ 0} Area of formed gear
X
odys
/ d
< LT N
. // //
1/2 3 4 5 67 10 20 30 40 50 70
No. of Teeth z(Zv)
-05 |
\s [

Curved line A : Top land changed to 0.2 + m by Rack shift coefficient and Number of teeth.
Curved line A’": Top land changed to 0.4 + m by Rack shift coefficient and Number of teeth.
Curved line B : Rack shift coefficient and Number of teeth for Limitation of Theoretical dedendum

undercut.

* For Helical gear, use horizontal axis in chart for Virtual number of teeth of spur gear Zv.

Zv=Z7/cos’f

Table 14. Area of formed gear (pressure angle 20°)

Note (1) Adopted old gear terms.
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The features of Tooth profile 05

Tooth profile of KG STOCK GEARS (Number of teeth
from 8z to 112) has been adopted by type 05 in DIN
standard.

Tooth profile type 05 has its Rack shift coefficient
fixed to plus (+) 0.5. Adjust Addendum by shorten-
ing coefficient x module (x.m) to fabricate smaller
Outside diameter, as the Bottom clearance have a
tendency to be narrow.

The calculation of Rack shift for Number of teeth
ranging from 8z to 11z for KG STOCK GEARS is as fol-
lows,

Calculation formula for Working pressure angle aw is
as follows:

X1+ X2

invaw =2 tana|
Z1+ z2

)+inva

Hereby

z=No. of teeth for Pinion

2= No. of teeth for Gear

z=Rack shift coefficient for Pinion

x:==Rack shift coefficient for Gear

a.= Pressure angle (Cutter pressure angle)
inv=Involute function

inva=tan o-a

(Refer to page 164-167 for the Involute function table)
Centre distance modification coefficient y is as fol-
lows:

_z +z2( cosx -1
’ 2 COSOlw
Centre distance ax is following formula:

Z1+ 22
P=| ==+
a ( > y)m

Hereby

m=module

Working pitch diameter @1 and 42 is by following for-
mula:

Reference diameter 41 and 4 is by following formula:
di=zim
di=z2m

Tip (Outside) diameter dax is following formula:

doe=2m| 233 _ )
m( t

Hereby
x=Truncation coefficient

Km = xl+xz——21+z2 cosex. —1{|m
2 cosarw

When Addendum of cutter is module 1.25, Bottom
clearance (minimum amount) is module 0.21.

The Centre distance for number of teeth 8z and 8z is
as follows,

(Rack shift coefficient x=0.5)

ax/m=38.7788mm

The centre distance for number of teeth 10z and 10z
is as follows.
(Rack shift coefficient x=0.5)

ax/m=10.8043mm

The above calculations are for module 1.0. Example
for module is 2.0 with number of teeth 8z and 8z are
engaged, centre distance ax based on above ax /m =
8.778mm is as follows:
a>=8.7788x2
=17.5576mm

Mating gear with other Number of teeth of KG STOCK
GEARS is available.

With regards to the tooth profile of type 05 for the
Rack Shift Coefficient quoted by Gear Industry Vol-
ume No.54, “German Gear Standard” (DIN 3994 and
3995)



The Centre distance between KG Rack shifted spur gear and KG STOCK GEARS
Usage of below comparison table: Where module is 1.0, calculate the centre distance a~ multiply by module.

No. of teeth
No. of teeth
8 9 10 1
No. of teeth

8 8.779 9.286 9.792 10.298

9 9.286 9.792 10.299 10.804
10 9.792 10.299 10.804 11310
1 10.299 10.804 11310 11.815
12 10.437 10.939 11.441 11.943
13 10.939 11.441 11.943 12.445
14 11.441 11.953 12.445 12,946
15 11.943 12.445 12.946 13.448
16 12.445 12.946 13.448 13.949
17 12.946 13448 13.949 14.451
18 13.448 13.949 14.451 14.952
19 13.949 14.451 14.952 15453
20 14451 14.952 15.453 15.954
21 14.952 15453 15.954 16.455
22 15453 15.954 16.455 16.956
23 15.954 16.455 16.956 17.457
24 16.455 16.956 17.457 17.958
25 16.956 17.457 17.958 18.459
26 17.457 17.958 18.459 18.960
27 17.958 18459 18.960 19.461
28 18459 18.960 19461 19.962
29 18.960 19.461 19.962 20.463
30 19.461 19.962 20.463 20.963
32 20.463 20.963 21.464 21.965
34 21.464 21.965 22.465 22.966
35 21.965 22.465 22.966 23.467
36 22.465 22.966 23.467 23.967
38 23.467 23.967 24.468 24.968
40 24.468 24.968 25.469 25.969
42 25.469 25.969 26470 26.970
44 26470 26.970 27471 27971

No. of teeth
8 9 10 il
No. of teeth
45 26.970 27471 27.971 28.472
46 27471 27971 28472 28972
48 28472 28972 29473 29.973
50 29473 29.973 30473 30.974
52 30473 30.974 31474 31.974
54 31474 31.974 32475 32975
55 31.974 32475 32975 33475
56 32475 32975 33.475 33.976
58 33.475 33.976 34476 34976
60 34476 34976 35477 35.977
62 35477 35977 36477 36.977
64 36477 36.977 37478 37.978
65 36.977 37.478 37.978 38478
66 37478 37.978 38478 38979
68 38478 38979 39.479 39.979
70 39.479 39.979 40.879 40979
72 40479 40979 41480 41.980
75 41.980 42480 42980 43480
80 44.481 44.981 45481 45981
84 49.482 46.982 47.482 47.982
85 46.982 47482 47.982 48.482
90 49.483 49.983 50.483 50.983
95 51.983 52483 52.984 53.484
96 52483 52.984 53484 53.984
100 54484 54.984 55484 55.985
105 56.985 57.485 57.985 58.485
108 58.485 58.985 59.485 59.985
110 59.485 59.985 60.485 60.986
112 60.485 60.986 61.486 61.986
115 61.986 62.486 62.986 63.486
120 64.486 64.987 65.487 65.987

.

Centre distance between KG-Rack shifted spur gear
and KG-Rack

a= h”+—m;< Z 4 xm

Hereby
a :Centre Distance (Distance from Datum of Rack
to Centre of KG-Spur gear)

h” :Datum line of Rack (Refer to page 259)
m :Module

x :Rack shift coefficient

z :Number of teeth

Module 1.0 and above
For Number of teeth 8 to 11, x =0.5
For Number of teeth 12 and above, x=0

33



34

1.9 Contact ratio and Specific sliding

Contact ratio

(1) Theory of Contact ratio

Actual engaging teeth at working area are lesser than
number of teeth manufactured on circumference.
Contact ratio describes working condition and is
an element that influences gear oscillation, noise,
strength, rotation and others.

It is generally believed that large Contact ratio is bet-
ter. Below is the explanation using engagement be-
tween Spur gears as example.

Refer to the Fig. 27 for Involute cylindrical gear de-
scribes the engagement on the tangential line 7.7 of
Base circle for both gears. This line is commonly called
Contact line or Line of action.

Actual engagement on this Contact line is from range

A1 to 42 of both Tip circles.

On the assumption that pinion is the driving gear.
Firstly start contact between Dedendum of Pinion
and tooth tip of gear at 41 to engage.

As the gear rotates, point of contact passes through
P-point (Pitch point), engaging with Dedendum of
gear and Tooth tip of Pinion. After a short time, gears
disengage at point 42.

To perform gear rotation continuously, it is necessary
for the next engaging pair of teeth to be engaged
perfectly before disengaging the current pair.

In Fig. 27, Ai4: =g. is called Length of path of contact.
Distance from point 41 to P is called Length of ap-
proach path g, distance point P to 42 is called Length
of recess path gs.

Fig. 27 Length of path of contact



Formula for Length of path of contact g is as follows.

ga=ﬁ= Al— Pl = Va2 2= ¥p2? — Yw2eSIN O

2 =A:P=A:li— Pl = N Ya? —yn? —Ywmesinoe

ax=ywm+7yw Therefore

Ga=gat+ gp= \/}/azz -y’ + Jyalz — Yn? — Qe SINOw

Hereby
ya :Tip radius
(The subscripts 1 and 2 indicate Pinion and Gear,
respectively.)
y» :Base radius
aw :Working pressure angle
ax : Centre distance (Profile shifted gear)

Spacewidth on contact line is Base pitch p». Contact
ratio is Length of path of contact divided by Base
pitch. To maintain continuous rotation, Length of
path of contact should be larger than Base pitch.
Therefore, formula of Contact ratio ¢ is as follows,
e= Length of path of contact _ &
Base Pitch Pb
Contact ratioemust be above 1.0

(o = Tmcos o)

Fig. 28. Two teeth - contact and One tooth - contact.

For example, assume Contact ratio 1.487 for Spur gear
pair engagement.

Look carefully at Fig. 28. In the beginning of engage-
ment, engagement with two pairs of teeth. As two
pairs rotate toward Pitch point, one pair of tooth is
engaged.

When one pair of teeth continues rotating forward,
two pairs of teeth engages. The cycle repeats.
Therefore, meaning of Contact ratio 1.487 is when
two pairs of teeth will be engaged at 48.7% of Length
on the path of contact with in the beginning and at
the end. One pair of teeth will be engaged at the re-
maining 51.3%.

For gear with pressure angle 20°, repeating the same
rotation when full load to one tooth and shared load
to two teeth of gear.

Cause of oscillation and noise is due to the amount
of deflection, which is different when engaging with

one tooth or two teeth.

The value of Contact ratio depends on Pitch diameter,
Pressure angle, Number of teeth, Rack shift coefficient
and Tip diameter. Therefore refer to below.

1) Increase in Pressure angle will decrease Contact
ratio.

2) Increase in sum (xi+x:) of Rack shift coefficient will
decrease Contact ratio.

3) Full depth tooth gear with same Pressure angle
and module will result in increase Contact ratio when
Number of teeth is increased. On the other hand,
when Number of teeth decreases and undercut oc-
curs, Contact ratio will decrease extremely. Smaller
Pressure angle will result in Contact ratio with a ten-
dency to decrease.

4) When designing Full depth gear tooth (height of
tooth is taller than full depth tooth), special tool is
needed for the increased Tip diameter.
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(2) Contact ratio of Spur gear
Refer to Table 15 for calculation formula for Contact
ratio of Spur gear is as follows.
Assume the gear as a Rack, formula is ge=(ha-xim)/sine
ow
Hereby

ha: : Addendum of rack

xi :Rack shift coefficient of Spur gear

(3) Contact ratio for Helical gear

Contact ratio for Helical gear on the Transverse plane
has the same calculation formula as Spur gear. Due to
Helix tooth, value of Facewidth » divided by Normal
pitch is added to Transverse contact ratio (This value
is commonly called Overlap ratio).

Therefore,

The Transverse contact ratio e« + The Overlap ratio gp
= The Total contact ratio &,. Refer to Table 16, calcula-
tion formula of Contact ratio for Helical gear is as fol-
lows.

Table 15. Examples of Contact ratio for Spur gear
Common gear data: Module m=2.0, Cutter pressure angle a..=20°

Gear 1 Gear 2 Contact ratioe Example
Spurgear == 40 oo NI T masine £=1399
x»=0 M COS oo
Spur gear h
> 2 a2 = Xim _ .
2=12 Rack  x=0 e VI T T g, MO £=1475
x=0.5 T COS o
— 2 _ a2 2 __ a2 . 1 w
Internal gear =100 g:\/}/a1 7b1+\/7az ¥, toxsina 21515
X2 = TmCoSo

Table 16. Contact ratio of Helical gear
Common gear data: Normal module mn=2.0, Helix angle 8=15°, Cutter pressure angle «,.=20°, Facewidth »=20.0.

Gear 1 Gear 2 Contact ratioe Example
Transverse contact ratio
e \/7:1 -7+ \/yjz — Y%, — OxSin tw
Tm: COS Ot
£a=1.561
z=20 z=40 Overlap ratio £5=0.824
xm=0 =0 — b« Slnﬂ 8}/:2.385
Tmn
Total contact ratio
Ey=Eat+Ep




(4) Contact ratio for Bevel gear

Straight bevel gear uses the same calculation as Spur
gear. To obtain Contact ratio, it assumes the formula
of " Virtual spur gear upon the Back cone.

ratio is added to obtain the Transverse contact ratio
from " Virtual spur gear for calculation.
Refer to Table 17 for calculation formula for Contact
ratio of Bevel gear is as follows.

Due to Helix from tooth of Spiral bevel gear, overlap

Table 17. Contact ratio for Bevel gear
Common gear data: Module m=2,

Shaft angle =90,

Face width »=13 (Spiral tooth) Pitch diameter 4,.=36, Pitch angle 51=26° 33" 54”
=72 52=63° 26" 06"
Gear 1 Gear 2 Contactratioe Example
Back cone distance Rv=20.125
_ d
Rv = 5 o Rw=80499
Base radius of " Virtual spur gear ?Zi;gzﬂl
(Straight tooth) Ruw = Rv e cosato A
(Spiral tooth) Ruws = Rvecosan Rw»=18.391
va2:73.564
(Straight tooth)
. . W \fi Rva:22.815
Tip radius of ™ Virtual spur gear Ru=81.809
Rua=Ro+ha (FhWE)
Rvm=22.4‘| 0
Z=1 8 Z=36 Rvaz:81 -61 4
Contact ratio (Straight tooth)
e '\/Rvalz —Rui® + '\/Rz)aZz — Ruw2 — (Ru1 + Ru2)sinco «=1610
ZTm CoSao
Transverse contact ratio (Spiral tooth)
fum '\/Rualz — Ront® + '\/Ruulz — Rup2* —(Rui+ Ru2)sinau
T JTMCOS O £a=1.270
Overlap ratio B
= btan S R. &p=1.728
am " R.—0.5b £=2.998

Total contact ratio

Ey=Eat+Ep

Note that (1) Adopted the old standard term.
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Theory for Specific sliding (for reference)

Specific sliding is shown as condition of sliding where
engaged flanks slides to transfer the rotation except
area of pitch point. ds)s .
Refer to Fig. 29, when one pair of Tooth profile is in
contact at C point, after minute moment, it will con-
tact points of C1 and C: respectively. Where C-Ci=ds:
and C-Cx=ds>, calculation formula for Specific sliding &

Tdsy I .

is as follows. Fig. 29 Sliding
_dsi—ds2 _ds2—ds1
0= dsi 0:= ds2
O1 Gear 1
N
e(\QKCO
o
|2
&
N

o
2.

—_—

Sliding directi
iding direction Gear 2

Fig. 30 Sliding direction of Flank for Involute tooth profile



Refer to Fig. 30, when Involute gear 1 makes 46 revo-
lution as gear 2 makes y1.d9/y> revolution.

When contact point upon Tooth profile has been
shifted, length of ds2 and ds1 is by following formula,

dsi=(I:M)d8 dsi = (1:M) L do
ywz
When PM=L, calculation formula is as follows,

I\M =Pli—PM =ypmesina.—L

[:M =PI~ PM = pu2esinan+ L

L= 7a22 - 7h22 — Pw2 e SINOLw

Refer to Fig. 18. Specific sliding for each part of Tooth
profile.

Table 18. Specific sliding for Involute gear

Specific sliding of Addendum flank Specific sliding of Dedendum flank
1+ paL 1+ m
Gear 1 St = Vw2 5= Vw2
Yt . P _
7 sinaw+1 7 Sinax 1

1+ 2 1+
Gear 2 SV Spa= Y2

P Ywi T _rm

I simow + Von I SN Otw Von

As for Involute gear, refer to Fig. 31 for sliding contact
to all areas except area of intermeshing pitch point.
The Specific sliding increases as teeth moves away
from Pitch point

When Contact ratio increases for Involute tooth pro-
file, condition of Specific sliding will have a tendency
to decrease.

Gear Z1

Fig. 31 Distribution of Specific sliding

39



1.10 Tooth profile modification

Tooth profile modification

Regarding Tooth profile modification, modify the Modification
tooth profile that is shifted from the involute to be amount
(concave) near part of tooth tip or fillet of dedendum. — /
Tooth profile modification is to prevent deflection z

of tooth caused by load, intereference of Tooth

tip caused by Pitch deviation and adds to provide
smooth gear rotation.
However, needlessly exceeding amount of Tooth pro-
file modification is not advisable as it will result in de-
terioration of Contact ratio. Proper amount of Tooth
profile modification is highly recommended.
Commonly, modify the fillet area of dedendum for
driver gear and area of Tooth tip for driven gear.
Fig. 32 Profile modification
(Part of Tooth tip of driven gear)
Modification of Tooth trace
(Crowning and Relieving)

Refer to Fig. 33, regarding modification of Crowning.
Reduce Tooth thickness from centre towards the end
of Tooth trace gradually.

Refer to Fig. 34, regarding Relieving. Reduce Tooth
thickness gradually at end of Tooth trace.

The purposes of both modifications are to prevent
the stress concentration by single contact. Differ-
ent points between Crowning and Relieving are that
Crowning prevents stress concentration caused by
single contact and Relieving simply relieves the end

of Tooth trace to prevent single contact.

These methods are commonly called Tooth trace Fig. 33 Crowning
modification. Excessive amount of Tooth trace modi-

fication will result in deterioration of tooth contact.

This excessive modification is not advisable. i ; i

Fig. 34 Relieving



Topping and Semi Topping

When cutting the flanks by Topping hob cutter, the
outside diameter of gear is also processed at the
same time. Semi topping method is similar but out-
side diameter is chamfered by hob cutter.

Method of Topping uses an external micrometer to
measure the outside diameter to control Tooth thick-
ness if module is too small and unable to use method
of Sector span.

Topping cutter is designed to obtain designated
Tooth thickness when machined outer diameter of
gear is in place. It has an effect to reduce off-centre
deviation of outside diameter as the hob cutter pro-
cesses the outside diameter of gear at same time.
Semi topping prevents dent marks and burrs from
occurring at Tooth tip. Semi topping has an effect to
lower oscillation and noise, as smaller dent mark does
not interfere with engagement. Excessive Semi top-
ping will deteriorate Contact ratio and is not advis-
able.

Tooth profile adjustment

Process of hob cutter slightly cuts away both ends
of fillet from outside diameter of gear in direction
of Tooth trace. There are types of Straight line and
Curved line profile adjustments, which can reduce
the fluctuation of spring constant for gear. This has an
effect to lower oscillation and noise to within expec-
tation.

Professor Niemann has introduced other adjustments,
where the outside diameter of gear is slightly (in oth-
er words, not as extreme as for Bevel gear) tapered or
the outside diameter of gear is cut in an arc shape to
make it a drum shaped body, which is not outlined
here.

Another method is for outside diameter of Bevel gear
to be slightly cut away to prevent interference at the
toe.

Straight adjustment

Arc adjustment
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Chapter 2 Precaution for usage

2.1 Precaution of usage for Helical gear

(D To obtain ideal engagement for Crossed helical gear (Screw gear), provide both shaft angles to be 90° as accu-
rately as possible.

@ Provide the bearing that will completely support the thrust load when Helical gear is operated in the axial thrust
direction.

® Thrust load in Helical gear:
Helical gear is able to obtain a smoother engagement as compared to Spur gear. However, Helical gear produces
thrust load in the axial direction due to Tooth trace is helix shape. Therefore the design of the shafts between driv-
er gear (pinion) and driven gear (gear) should have bearing that will completely support against axial thrust load.
(Refer to Fig. 1)

@ Load applied on Helical gear

Direction of right hand

(a) Tangential load

o L432H x10¢
dn
Hereby
H :Transfer power(PS)
n :Revolution per minute (rpm)

d :Pitch diameter (mm)

Thrust bearing

Direction of left hand

(b) Axial direction thrust
Fo=Ftan § (kgf)
Hereby
B :Helixangle

, . . -y
(c) Calculation for load to displace the axis 0 ?; _
F.=Ftana: (kgf) 5 g{ Driver A
NYR
_ Ftanan i%lglz _ "l’ ,
cosf3 AN A
Hereby Thrust bearing Right hand

a: :Transverse pressure angle
an :Normal pressure angle Fig. 1 Axial thrust load of Helical gear and location of bearings

(d) Normal load (Perpendicular to flank)

F
F. = soheoan (kgf)

Load applied to bearing: @ Tangential load-F is di-
vided between two bearings in connected direction
of gears, @ Load to displace the axis- i is divided be-
tween two bearings, perpendicular to @, ® Couple
of force by axial direction thrust- F. (in the direction
perpendicular to tooth surface where Fu is applied)
Therefore the sum of 3 types of load vector acts to
each bearing.
[Gear Design and Manufacture] written by Dr. Waguri
Akira




2.2 Precaution of usage for Bevel gear

(D To obtain ideal engagement of the Bevel gears, the correct shaft angle and proper backlash is necessary when as-
sembling.

(@ For Bevel gear, it is important to note method of installation. Bearing for the shaft for Bevel gear is mainly on one
side. Therefore shaft becomes defective due to deflection when load is applied. Single contact occurs and results
in overhung condition.

The design of gear axes and bearings should be firm and provide bearing as close as possible to Bevel gear.
During assembly, shift the non-fixed Bevel gear up and down in axis direction to obtain proper tooth bearing. It is
recommended to put shim at area of base surface for adjustment of tooth bearing.

(3 We recommend that Machined straight bevel gears are suitable for circumferential speed (pitch diameter) less
than 328m/min and Machined spiral bevel gears are suitable for circumferential speed (pitch diameter) more than
328m/min. The above-mentioned statement does not apply to Injection molded type of Bevel gears.

The Gleason Company in USA recommend that Machined spiral bevel gears are suitable for circumferential speed
(pitch diameter) more than 5.5 m/s and above 1,000 revolution per minute and Ground spiral bevel gear are suit-
able for circumferential speed (pitch diameter) more than 40 m/s.

@ Spiral bevel gears are able to run smoothly in high speed environment providing a quiet operation due to fewer
Number of teeth contacting with mated gear and wide Number of teeth on Pitch cone as compared to Straight
bevel gear.

Spiral bevel gear has overlapping engagement on Pitch cone surface element between tooth to tooth and the
load does not concentrate on one (1) Tooth tip. The advantages are extremely steady and compact design for us-
age at high speed.

The only disadvantage is axial thrust load, which is generated due to Spiral tooth trace. Therefore proper design
of the bearing location with firm support is needed to be as close to the Spiral bevel gear as possible in order to
minimize this Axial thrust load. (Refer to Fig. 3)

Thrust of Right
driven T hand —_— Right
Thrust of hagnd

driven *

Left
hand

Thrust of

Driver

Thrust of
%——— Revolving Driver

direction i
Revolving

Thrustof — “ direction

) Left
driven hand

Thrust of
driven

Right
hand

Left
hand

Thrust of

Driver
Thrust of

¥~ Revolving Driver

direction

direction

Fig. 3 Thrust load on Spiral bevel gear
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(® The load applied to Straight bevel gear (Refer to
Fig. 4)
(a) Tangential load

1.432H x10°

F=
dnn

(kgD

Hereby
H :Transfer power (PS)
n :Revolution per minute (rpm)
dn :Mean pitch diameter (mm)

(b) Thrust in Axial direction
Fo=Ftanosind (kgf)

Hereby
a :Pressureangle
§ :Pitchangle

(c) Calculation for load to displace the axis

Fs=Ftanacosd (kgf)
(d)Normal load

Fr=—t (kef)

cosx

Fig.5

(® The load applied to Spiral bevel gear. (Refer to Fig. 5)
(a)Tangential load

o L432H x10¢
dnn
Hereby
H :Transfer power (PS)
n :Revolution per minute (rpm)

dn :Mean pitch diameter (mm)

Fig. 4

(b) When convex side is driver
(b.1) Thrust in axial direction
Driving gear
_ sind | .
Fo= F{tano{_cosﬂj tanfcosd} « 9.80665[N]

Driven gear

Fa= F{tana( zg;;j +tanfcos S} « 9.80665 [N]
Hereby

a :Pressure angle

5 :Pitchangle

B :Spiral angle

Refer to Fig. 5, when the condition is F.>0, axial thrust
direction is away from the top. The condition is F.<0,
axis thrust direction is towards the top.

Generally, pinion has smaller pitch angle § due to
F.<0. Stable design to convex side is necessary.

(b.2) Calculation for load to displace the axis

Fy= F{tana(mj +tanfsind} (kgf) «9.80665[N]

cosf3

(b.3) Normal load

_F
cosficosor

F.=
(c) When concave side is driver.
When the load is applied to flank, F. direction is op-
posite from drawing,

(c.1) Thrust to axial direction (direction away from the top)
Driving gear

sind

cosf3

Fo= F{tana[ j + tanffcosd} « 9.80665[N]
Driven gear

_ sind | .
Fo= F{tana{_cosﬂ] tanfcoso} « 9.80665[N]

(c.2) Calculation for load to displace the axis

_ cosd | S,
Fi=F {tana(—cos ﬂj tanfFsind} « 9.80665[N]



2.3 Precaution of usage for Worm gear pair

(D To obtain ideal engagement of Worm gear and Worm wheel’s shafts, provide right angle (90°) correctly.

@ Lubricant oil is indispensable to Worm gear and Worm wheel during operation due to high friction between
flanks of Worm gear and Worm wheel.

(® Engagement of the same number of thread and hand of thread are indispensable to Worm gear and Worm wheel.
(Engage Worm gear and Worm wheel with both having right hand and one thread)

@ The design of the axes between Worm gear and Worm wheel should be firm and provide bearing as close as pos-
sible to Worm gear pair.

® Provide the bearing that will completely support the Worm gear pair as the axial thrust increases during opera-
tion. Refer to Fig. 6 for axial thrust direction.

Right hand Worm gear

)

5
;
omd

@

Fig. 6 Axial thrust load to Worm gear and location of bearings.
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® When assembling and warm up for Worm gear
pair, design such that Tooth contact can be mea-
sured and assembly position can be adjusted.

@ Worm gear pair performs self-locking when lead
angle is below 4°. Please separately design the
safety device to stop the gear from inversing.

Load applied to Worm gear pair (Refer to Fig. 7)
Fid1/2 is moment for driver of Worm gear. £ is re-
volving force for Worm wheel by Fidi/2. Formula is
as follows,

45H x10°

Fi= Fatan(y+ p) = == 722 . 9.80665 (N)

(a) F2 is axial direction thrust for Worm gear.

Foo_ 1 _ 1.432H x10°
tan(y + p) tan(y+ p)Xdim

+9.80665 (N)

F1is axial direction thrust for Worm wheel.

1.432H x10°

===

+9.80665 (N)

Hereby
H :Net power applied to Worm gear
(PS=horse power)
y :Leadangle
7
CcoSOn
u : Coefficient of friction on flank
an :Normal pressure angle
di :Pitch diameter of Worm gear (mm)
n1 : Revolution speed per minute for Worm gear
p :Apparent friction angle of flank
Note: If H2PS is the power from Worm wheel and nr is
efficiency. Calculation is as follows.

tanp =

g=t:
Hr
(b) Calculation for load to displace the axis

_ Fitanacosp
sin(y+ p)
Alternatively = Fusina

N)

s

(c) Normal load
_ Ficosp
’ sin(y+ p)cos

Reference literature: Dr. Waguri Akira “Gear Design
and Manufacturer” 30th Machine Literary of Japan.

Basic formula of Worm gear pair
1. Sliding velocity vs(m/s)
_ idim
60x1000% cosy
Hereby
di :Pitch diameter of Worm gear (mm)
n1 :Revolution per minute for Worm gear (min™)
7 :Reference pitch cylinder lead angle (°)

Us

2.Torque and Efficiency (When the driver is from

Worm gear)

Fid>
~ 2000
Hereby

7> :Nominal torque of Worm wheel (N « m)

Fi :Nominal circular force of Worm wheel (N)

d> :Pitch circumferential diameter of Worm wheel

(mm)
_T> _ Fid>

une  2000unr
Hereby

71 :Nominal torque of Worm gear (N - m)

u :Gear ratio (u=z2/zw)

nr :Transfer efficiency of Worm gear pair when

driver is from Worm gear.

tany(l—tan;/co’ga j

)74
tany +
Y coSn

T2

+9.80665 (N « m)

k=

Hereby

u : Coefficient of friction

an :Normal reference pressure angle (°)
Note the efficiency of KG' s Worm gear pair is as fol-
lows.

45% - 55%
55% - 65%

Worm gear with single thread
Worm gear with double thread

S\

1

F2

Fn A

Oln
Fs -

Fig. 7 Load applied to Worm gear pair.



2.4 Precaution of usage for Anti backlash spur gears

Function of Anti backlash spur gear

Backlash is a necessary function for gearing, however

anti-backlash spur gear can remove backlash me- Gear B
chanically.

The principle of KG-Anti backlash spur gear is that of
a time-honored method, KG-Anti backlash spur gear
has springs that produce load. These springs generate
larger torque than the axial torque applied to a pair
of gearbox. Select Allowable torque based on calcula-
tion of load produced from the springs.

Mechanism of Anti backlash spur gear has built-in
springs that pull each other between gear A and B to
pinch the Mating gear like a scissor.

When rotated direction of the gear is reversible, the
springs of Anti backlash spur gear can continue to
maintain suitable torque by pinching Mating gear.

If interference occurs due to gear quality, Anti back-
lash spur gear with gear A and B absorbs the interfer-
ence by stretching the spring mechanism while en- Fig. 8 Mechanism of Anti backlash spur gear.
gaged between Anti backlash spur gear and Mating

gear

Regarding the Mating gear for KG-Anti backlash spur gear
Mating gear for KG-Anti backlash spur gear is compatible with other makers. However, it is advisable to use KG-
GROUND SPUR GEARS or KG-STOCK SPUR GEARS for best results.

Adjustment of zero point as n0

When built-in springs on the Anti backlash spur gear is in free condition (free condition- no tension to spring), posi-
tions of tooth tips between gear A and B do not match.

Method of adjusting nO. Firstly fix gear B, secondly rotate gear A in the engraved arrow direction until both gear have
no tension from spring for types BS and BW and gradually rotate the installed spring towards tension direction. Zero
point n0 is the first position of matched teeth between gears A and B with tension of spring.

Method of settlement of required Allowable transfer torque

1. Method of Shifting pitch (n)

Firstly, select a suitable NS or NSG series from KG-Anti backlash spur gears. Secondly, select the numerical value of
shifting pitch n higher than your required torque from the Allowable transfer capability torque table.

For NSU series, there is a limitation of selection for shifting pitch in accordance with the Allowable transfer capability
torque table. The allowed shifting is only two (n=2).

Please refer to Allowable transfer capability torque table for NSU series.

2. Method of settlement for Allowable transfer torque
For example to obtain the required Allowable torque for your existing required NSG part number NSG50S 60B+0808.
If the current torque speed is 15N per cm it is required to shift to n3 pitch before getting the next larger value.
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3.In case where Allowable torque required is unattainable (n).

(1) In such a case where gear engagement operation cannot be obtained after shifting pitch (n) is set in accordance
to [Method of settlement for Allowable transfer torque], please re-study the amount of desired torque. The actual
torque applied to gear may sometimes vary from theoretical torque.

(2) If a suitable shifted pitch n0 cannot be selected from table of limitation of Anti backlash to function (N - cm) for
your required Allowable torque after setting the shifted pitch n0 by [Method of settlement for Allowable transfer
torque], please do not hesitate to call us for discussion.

Precaution for additional process to Anti backlash spur gear

Additional machining to Anti backlash spur gear is not advisable, as deformation will result in loss of anti backlash
function.

Precaution for additional machining to KG- Anti backlash spur and Ground spur gears, dismantle gear A and B before
additional machining. Note: remove snap ring at the hub of Anti backlash gear to dismantle. Note: remove snap ring
at the hub of Anti backlash gear to dismantle.

Beware of dent marks when doing additional works or dismantling gear A and B.

Remove the burrs on the gear perfectly after additional machining.

As a precaution for re-assembly of gears after additional machining, ensure dust free condition between gear A and B.

Customized Anti backlash spur and ground spur gears.
Please provide us with the following details for making customized Anti backlash spur and ground spur gears.

1. Gear data and type of gear

2. Usage of maximum torque [N + m]

3. Usage of Revolution per minute [min™']

4. Material

5. Usage environment (Air, under water, vacuum and etc.)

6. Lubrication

7. Check surroundings for object that may cause interference to gear.

We look forward to receiving your gear drawing and above details for customized Anti backlash spur and ground
spur gears.



2.5 Precaution of usage for B-BOX

Dismantlement of B-BOX is strictly prohibited.

Please do not use torque that exceeds Allowable transfer capability.

Avoid overhang load action to input and output shafts. If there is overhang and thrust loads to gear shafts of the HY-
BOX, B-BOX (BS, BSH) and B-SET, it is necessary to design an extra preventable function. (Refer to Fig. 9)

Beware of shocks to shafts and body of BOX.

Installation precaution (For efficient use of B-BOX)

< To prevent damage to the < To prevent damage to the <> Beware of any waste objects © ©
gear shafts, gear shaft of gear shafts, provide accurate being caught in the snap :
B-BOX and mating shaft parallelism and shaft center ring. ©
must be aligned at right between gear shaft of B-BOX
angle before assembly. and mating shaft before
{ Before operation, it is assembly. (Accuracy of © ©
necessary to confirm smooth alignment ¢0.05 or less is
rotation of shafts by hand. recommended)
Attention Coupling
e
3 I Belt

T

Fig. 9 Reference solution for
overhang load

Bearing

Beware of unusual sound during warm up test. If unusual sound is heard, stop operation and do not hesitate to con-
tact us for solution.

Using flexible coupling will reduce misalignment between shaft of B-BOX and mating shaft.

KG-B-BOX series is not completely sealed. Please do not use in environment with water, oil and chemicals.

When gear is rotating at high-speed at ratio 2:1, power to output shaft, noise level and temperature will increase but
power transfer will decrease. The opposite is true at low speed.

During operation (For safety purposes, please pay attention to the followings below)

<> Do not touch the gearbox, shaft <> Stop operation and check

and key during operation. for faults if there are any
> Beware of waste objects problems such as unusual
being caught in the snap ring sound and high temperature
at the back of bodly. occurring from gearbox. Do

not start the machine until
the faults has been cleared.

J

Attention

Precaution of additional works
(Take note to be careful to prevent loss of function when making additional machining works to B-BOX)

To avoid damage to B-BOX, please do not hesitate to contact us for more details.

Before additional machining, ensure that bearing portion is covered, so that waste objects will not contaminate it.
Beware of shaft deformation when doing additional machining works on the bearings.

Additional machining to body of B-BOX is strictly prohibited as it may damage the internal functions.
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2.6 Precaution of usage for B-SET

Please do not use torque that exceeds Allowable transfer capability.

Avoid overhang load action to input and output shafts. If there is overhang and thrust loads to gear shafts of the

B-SET, it is necessary to design an extra preventable function. (Refer to Fig. 10)

Installation precaution (For efficient use of B-BOX)

< To prevent damage to the gear shafts, gear
shaft of B-SET and mating shaft must be
aligned at right angle before assembly.

<> Before operation, it is necessary to confirm

< To prevent damage to the gear shafts,
provide accurate parallelism and shaft
centre between gear shaft of B-SET and
mating shaft before assembly.

<> Apply grease to the Tooth and lubricant oil
to bearings regularly. Beware of running out
of oil.

smooth rotation of shafts by operating with
hand.

<> Ensure that the body of B-SET is properly covered
by plastic cover before starting the machine.

< Follow steps @ and @ for instruction to
properly cover the plastic cover and handle
the cover with care.

<{> Beware of fingers or waste objects getting
caughtin a snap ring.

/N

Attention

(@ Push the convex area
of plastic cover into
the concave groove
of body perfectly.

%

IR

( Set the convex area of plastic cover to
overlap the concave groove properly.
Before operation, test run with no load is recommended to check for faults or noise.
Use flexible coupling to reduce misalignment between shaft of B-SET and mating shaft.
Beware of dust and particles clogging the bearing and Toothing.

<O If there is a possibility that the plastic cover
might come off during operation, use bolts
to secure the plastic cover.

Beware of damaging
the bearings and
surrounding area when
additional drilling is
carried out on the B-SET.

When the gear is rotating at high speed at ratio 2:1, noise level and temperature will increase but power transfer will

decrease. The opposite is true at low speed.

During operation (For safety purposes, please pay attention to the followings below)

<> Stop operation and check for faults if there
are any problems such as unusual sound
and high temperature occurring from
gearbox. Do not start the machine until the
faults has been cleared.

<> Do not touch the gearbox during operation.
<{> Beware of waste objects being caught in
the snap ring at the back of body.

Attention

Precaution of additional works
(Take note to be careful to prevent loss of function when making additional machining works to B-SET)
To avoid damage to B-BOX, please do not hesitate to contact us if uncertain of details.

<> Put a support plate under the plastic cover when
doing additional drilling works.
Put a support plate under the plastic cover.
Plastic cover may break.

AU

<> Before additional machining, ensure that bearing
and gear portions are covered, so that waste
objects will not contaminate it.

< For additional machining to Drill hole diameter,
do not exceed limitation of drill holes sizes. Refer
to reference Figure from page 74.

<> Plastic cover is available for purchase as
spare parts for maintenance use when time
to be replaced due to aged deterioration.

The last characters A, B in the catalogue number for the items indicate different shaft dimensions.
A: Types of standard shaft diameter
B: Types of thicker shaft diameter
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2.7 Locking fixtures for gear shaft

Types of element (1)

Feather Key.
Location of key can be shifted in axial direction. Fabricate
amount of effective length for shifting on the shaft.

Parallel Key.
Used for fixing the gear at designated location.

Woodruff Key.
Used for fixing the gear at designated location.

Spline.

There are types of square and Involute spline. There are
types of fixed gear and shifting gear to axial direction. Us-
age of Spline is for bigger transfer torque compared with
Key.

Knurling.

Shaft with Knurling press fit into bore of gear. If designed
so that it slips when a specific load is applied, it can be used
as a safety device.

Spacer
Tapering
/

Tapering.

When gear is tightened to shaft, parts of tapering extend to
interlock. This is for easy installation and improves concen-
tricity between bore and shaft.

Taper shaft.

When using bigger transfer torque, it is necessary to design
Key way and Nut for fixing between gear and taper shaft. It
is easy to obtain concentricity and to dismantle gear.
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D bore.
Made with combination of D-bore and D-cut shaft. Process
of D-bore uses round broach with chamfering.

— Flat washer
Gear Spring washer

Lock nut

Spring washer.

Lock nut is used for tensioning the spring washer, which is
necessary for adjustment. However gear will slip when load
to the gear is excessive.

10

Hub ramp Fluted hub =

Impartial
clearance =

Clamp.
Generally used for dashboard to obtain level clearance be-
tween bore and shaft.

11 “WP Caulking
{ T Gear
<— Hub
Taper bush.

12

Use for dimension ¢12.7 or more of bore.

13

Thread screw.

The most commonly used fixture element due to easy in-
stallation. However during operation, beware of slacking of
screw and off-centre.

Dr. Masataka Senba, “Miniature size gear” partially extracted from newspaper company Nikkan Kogyo Shimbun, 1969.




Types of element (2)
For small module

@ Fitted with Washer and screw

@ Fitted with Caulking

(3 Fitted with Pinning

NN &H ) %
= § |7 ZIIZ)
@ Fitted with Thread screw ® Fitting with Clamping washer ® Fitting with Pressure punching
%
2 L | _
§ m— L = [
ZlZ) |—[ — N F
N

@ Fitting with Pressure pinning

Fitting with flat spring

© Fitting with coiled spring

v
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Chapter 3 Gear material and Heat treatment

3.1 Selecting gear material

When load to flank of gear is excessive, wearing off (pitting) of flank may occur easily. It is necessary to select mate-
rial with greater strength of surface durability therefore the case hardening steel is recommended due to higher
hardness.

The impact to flank of gear during operations causes damage to the gear tooth, therefore it is necessary to select

steel with higher bending strength. Selected material should be able to apply induction hardening after quenching

and annealing treatment. Such selection emphasizes on core hardness instead of surface strength.

Take note of the following while selecting material with manufacturing expense and productivity in mind.

1) For necessary strength for gear, select the material character by emphasizing on either Surface durability or Bend-
ing strength. Generally, ideal material selected for gear tooth should be tough and hard to withstand damaged by
the load.

2) Suitable material for machining.

Pitting occur easily in free cutting steel even after surface treatment is applied to gear. This material is unsuitable
for gear even though it has good machinability.

3) Material which is easy to apply heat treatment and little deformation. Even if deformed after applying heat treat-
ment, amount should be stable.

4) Material should be economical and easily obtained.

Table 1 shows the common gear materials used for transferring power.

Table 1. Iron and steel materials used for gear

Name of Standard JIS number Materials

Gray iron casting G5501 FC200, 250, 300, 350
Spheroidal graphite iron casting G5502 FCD400, 450, 500
Carbon steel forging for general use G5101 SC410, 450,480
High tensile strength carbon steel casting SCC3A 3B
and Low alloy steel casting for structural G5111 SCCrMI. 3, SCNCrM2
purposes
Carbon steel for machine structural use G4051 §38C ~ 58C, S09CK, S15CK, S20CK
Nickel chromium steel G4102 SNC631, 836,415, 815

. . SNCM625, 630, 439, 447 SNCM220, 415,
Nickel chromium molybdenum steels G4103 420 616,815
Chromium steel G4104 SCr415, 420
Chromium molybdenum steel G4105 SCM435, 440, 415, 420,421, 822
Aluminium chromium molybdenum steels G4202 SACM645
Stainless steel bars G4303 SUS304, 440C

Note (1) This material includes Ductile Cast Iron and meehanite
Remarks. For Case hardening, it is common to use SCM415 or SNCM415. SNC815 and SNCM815 are suitable for Spiral bevel
gear. Please refer to Table 5 (Pg. 58) for Load, Material and its heat treatment.



Characteristics of Polyacetal

Recently, industries prefer to use various engineer-
ing plastics for machinery elements. We would like to
introduce you to our commercialized KG-Polyacetal
gears (one of the engineering plastics). Note that gear
strength and heat resistance should be taken into
consideration when comparing with metal gears.
There are 2 types of Polyacetal, uniformed formal-
dehyde and copolymerizated ethylene oxide. The
former is called Acetal - homopolymer, the latter is
called Acetal - copolymer. Usage condition: mean
load and mean speed or less is recommended.
Polyacetal has following features. Please refer to the
below.

e Physical characteristics - Thermoplastic resin. Used
for extensive mass production. Polyacetal has excel-
lent physical characteristics compared to all other
resins.

o Wear characteristics - Regarding Wear proof, Poly-
acetal is excellent next to Polyamide due to little
absorbency.

e Polyacetal has tendency for minute dimensional
changes due to minute absorption. It has excel-
lent fluidity and has less remainded strain for mold
items.

e Chemical character - There will be no damages to
the Polyacetal properties even after soaking it in or-
ganic solvent with inorganic drug without mineral
acids for 6 months. However, use of phenol is not
advisable. Polyacetal is extremely resistant against
erosive Alkali. It will not be damaged by industrial
lubricating oils, motor-oil, break-oil and even con-
tact to copper material.

e Heat resistant - Polyacetal has excellent heat resis-
tant features.

Table 2. Properties of Polyacetal

Testing methods Units Numerical value

Specific gravity ASTMD-792 - 141
Water absorption Eg(())ao/lsta&cli_l gor 24 hour) ASTMD-570 % g?é
Tensile strength (yield point) ASTMD-638 N/mm? 61
Tensile elongation (breaking point) ASTMD-638 % 40
Modulus of elasticity in tension ASTMD-638 N/mm? 2,830
Flexural strength ASTMD-790 N/mm? 89
Flexural modulus ASTMD-790 N/mm? 2,590
Compressive strength (Deformation of 10%) ASTMD-695 N/mm? 103
Shear strength ASTMD-732 N/mm? 55
Izod impact value (with notch) ASTMD-256 J/m 74
Rockwell hardness ASTMD-785 Mscale 78

R scale 119
Taper abrasion (1kg.CS17 wheel) ASTMD-1044 mg/100 cycle 14

Westover style friction testing

Coefficient of dynamic friction (for steel) ; - 0.13
machine

Poisson's ratio - 035
Melting point DSC analysis temperature 10°C/min C 165

i 2 110
Deflection temperature under load Elg%ﬁl/l\iﬁrzr)] ) ASTMD-648 °C =
Coefficient of linear expansion =25~ +425°C X 10°/°C 9
Combustion property uL%4 - HB
Dielectric constant (102 ~ 10°Hz) ASTMD-150 - 3.7
Dielectric dissipation factor (102Hz) ASTMD-150 ] 0.001

(10°Hz) 0.007

Surface resistance ASTMD-257 Q 1.0 X 10
Volume characteristic resistance ASTMD-257 Q'm 1.0 X 107

The above properties are for reference only. They are not covered under warranty.
Extract from Nippon Polypenco Co,. Ltd - Polypenco Acetal catalogue.
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Features of Polyacetal gear

Strength of plastic gear compared with metal gear
excluding external factors is & to <. However, it is
necessary to take factors like temperature, humidity

and others into considerations.

Table 3. Circumferential speed and Limitation of fric-

tional speed
Lubrication W'thf’Ut . Lubngatmg
lubricating oil oil

Circumferential
speed for Spurand  m/s 6 12
Bevel gears
Frictional spee_d for /s 1 )5
Worm gear pair

Lowest usage temperature limitation -38°C

Combination of gear materials

The combination of materials for plastic gear pair, as-
suming combination between Polyacetal, metal ma-
terial factor is 1.0. When combining two Polyacetals,
material factor is 0.75. Therefore gear strength for
Polyacetal gear pair becomes 75%.

Backlash for plastic gear

Plastic material has extremely smaller thermal
conductivity and larger thermal expansion factor
compared with metals. Plastic gear pair has higher
tendency to change dimension compared with metal
gear. Therefore KG has intentionally fabricated wider
backlash plastic gears as compared with metal gears.

We believe that engagement between Polyacetal and
metal gears are best combination.

However, note that maximum surface roughness 65
at flank for metal gear is advised to prevent wear for
plastic gears.



3.2 Heat Treatments

Refer to Table 4 for features of heat treatments.

Table 4. Features of Heat treatments

Contents Induction hardening Flame hardening Case hardening Nitrocarburizing Nitriding
Carbon steel with 0.4-0.6% Car- | Carbon steel with 0.4-0.6% Car- | Carbon steel with below 0.23% | @ Low and @ Carbon, SACM645 and others
bon bon Carbon mean Alloy, For Nitriding process, mate-
Materials SCM435, SCM440 SK5-7, Ductile Cast Iron SNC415, SNC815 content of Stainless and | rial should consist of Aluminium
SMn443, SNC836 SCr435, SCr440 SCM415, SCM420 Carbon steel Cast steels and Chromium.
SNCM439, etc. SCM435, SCM440, etc. SNCMA420, etc.
Put gear into the coil of quench- | Economical method of heat | Gear together with charcoal and | D Soak gear with low and medium | Material is modified to the Sor-
ing machine then turn on high | treatment compared with oth- | Carbonic barium are seald in a | carbon content into the Salt bath | bite composition by quenching.
power of eddy current to the | ers if the Induction hardening | melting pot and heated for 4-8 | (main constituent is NaCN), to | After which the gear is put into
coil. Overheat the surface of | was expensive (for small volume | hours at temperature 900°-950°C. | produce film of 0.2mm or below on | the Nitriding furnace. When
gear and immediately apply | and extra large item). Carbon permeates to gear surface. | the gear surface. Processing tem- | ammonia gas is injected into
jet cooling water to gear for | Heating only the part you wish | Use for producing a variety of | perature will be 750° to 900°C and | furnace with temperature 500°
instant cooling.. Long items can | to harden by burner to over- | items in small quantities. it is suitable for small amount of | to 900°C, decomposed Nitrogen
be fabricated with quenching | heat. When surface becomes . production. This is an economical | is absorbed to form a hard layer
Heat by process of heated coil line | austenite composition, jet-spray | @3S carburizing is performed | method but the salt bath is toxic | on the surface of the gear.
treatment | continued by instant cooling in | the water for instant cooling. As | With easy adjustment for | 3n4 hazardous to health. Treatment hours will span from
longitundinal direction. aresult, only this part hardens. | amount of Carbon carburizing, | G jsonite tens of hours to a few hundred
Method of tempering is process | Depth of Carburizing has minute | (ysing method of Salt bath Nitriding | hours depending on the depth
of using low temperature tem- | SCales on the surface of gear. En- | NaCNO or Potassium bath to Nitride | of hardness required.
pering of 150°-200°C. vironmentally friendly and has | by nascent Nitrogen. Treatment
consistent quality. Process time | temperature is 500° to 600°C and
is shorter than Solid carburizing | agt for 24 hours. Effective hardness
and suitable for mass produc- | depth will be 0.015 to 0.020.
tion.
It is difficult to have the bore, core and section to harden. Gener- | Tolerance of case depth less | Isonite is an economical surface | There is less strain from heat
ally, steel material suitable for hardening is used to perform quick | than 0.2mm is difficult for Solid | hardening method that saves time | influence during heat treatment
quenching on the surface. Core area keeps original composition. | carburizing. Carburizing depth | for hardening, self-lubricating and | by low temperature. Hardening
. Harden surface with little oxidation using instant overheat and | below 0.7mm is not suitable. Re- | has low coefficient of friction. layer provides surface with bet-
Hardening | . ) - ; ] - -
depth instant cooolmg. fen‘orm thgrmal refining yvuth quenching tempera- gardless of the shape of goods, ter wear resistance, heat resis-
ture of 30° to 50°C and provide water cooling to allow the Austenite | same layer of hardness can be tance and anti-corrosion. Layer
to diffuse into the gear easily. There is high heat efficiency for direct | obtained. Mask the area that of hardening expands gear by
overheating which causes the hardness of Tooth tip to be higher | does not require hardening to 0.02mm to 0.03mm as Nitrogen
than Dedendum area of the gear. prevent carburizing. is absorbed.
Hardening to limited parts is | Hardening to limited parts is | Heat treatment hardens whole | Economical cost and short treat- | Heat treatment hardens whole
possible. possible. body. ment duration body.
P . .| Heat treatment duration only | Heat treatment duration only | Long heat treatment duration. Very long heat treatment dura-
roductivity ;
takes a few seconds. takes a few seconds. tion.
Automated system is possible. Simple equipment has inconsis-
Suitable for mass production. tent hardness.
Hardness Hs55 ~ 75 Hs55 ~ 75 Hs70-85 Hs88-92 Hs100 LA E
HrC41 ~ 56 HrC41 ~ 56 HrC52 ~ 62 HrC64 ~ 66 HrC68 LA E
Strain Smaller strain than quenching | Larger strain than quenching | Larger strain than induction | Minute strain Minute strain
and tempering. and tempering. hardening
Cost Economical cost for mass pro- | Economical cost More costly than induction | Economical cost for mass produc- | Costly
duction hardening tion
Depth of 0.8~ 7mm (Alloyed steel is over | 1~ 12mm (Alloyed steel is over | Solid Carbunizing 0.7 ~ 5mm 0.015 ~ 0.02mm (Specialized steel | 0.1 ~ 0.6mm (Uneconomical to
hardness 4.0mm) 4.0mm) Gas Carbunizing 0.2 ~ 5mm is0.1t00.2) use above 0.4)
Suitable for mass production in | No limitation for size and form Easy to adjust carbon density Beware of polluting, as treated salt | Excellent wear resistant, heat
simple form Quenching to limited parts is | Uniform depth of Carbunizing is deadly poisonous resistant and anti-corrosion
Electrically controlled automa- | possible Easy to adjust depth of Carbu- | Vulnerable to impulse load Heat treatment after Nitriding is
tion system is possible Quenching equipment is eco- | nizing unnecessary
Feature Stable quenching nomical cost Minute deformation
Quenching to limited parts is | Overheating temperature is dif- No occurrence of hardening
possible ficult to control. crack
Quenching equipment is expen-
sive
Other Chain wheel Crankshaft Shaft, Pin, Cam, Bush for Roller | Camshaft Diesel injection nozzle
applications | Pin Camshaft chain Gauge

There is also Plasma nitriding, which is not mentioned here that causes minute strain compared to other methods by
thermal influence while hardening tooth. It has been omitted from this report. Refer to Table 4 for features of Nitra-

tion.
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3.3 Gear materials and Heat treatments

Refer to Table 5 for suitable materials and its method of heat treatment for load. Also refer to Table 6 for hardness
range of heat treatment.

Table 5. Loads, Materials and Heat treatment methods

Load Material number Methods of heat treatment
\l;\'/g:rt cl)?pact load and minute S35C~ S45C Thermal refining (Quenching and Tempering)
Light load Carburizing, Quenching and Tempering (Depth
) ) urizing, Qu i i
Slight wear resistance needed | S15CK of hardness 0.2 to 0.4mm)
Induction hardening is lightly applied after Ther-
S35C ~ 545C mal refining. Hardness of Tooth tip is HRC47 to
Medium strength and wear 561
resistance needed SCMATS Carburizing, Quenching and Tempering (Depth
SCrals of hardness 0.6 to 1.0). Surface hardness is from
HrC 55 to 60.
Medium load Induction hardening® is applied after Thermal
refining. Depth of hardness should be slightly
S40C ~ S45C deeper. Apply Induction hardening to Root
i diameter. Hardness of Tooth tip surface is
Fatigue strength needed HRC47-56.
SCMA435 Nitriding treatment, Gas nitrocarburizing, Tuff-
SCMA440 triding and etc. are applied after Thermal refin-
ing.
o . .. | SNC815 . ) .
Special impact resistance if SNCM420 Carburizing, Quenching and Tempering. Surface
needed SNCM815 Hardness from HrC 58 to 64
SNCM420 . . .
Heavy Load Wear resistance needed SCMA2T Carburizing, Quenching and Tempering. Surface
SCM822 hardness is for HrC 62 and above
. ) Apply Induction hardening® to area of root diam-
\S/Yreeanr ;ﬁsr']‘cggggj and Fatigue gjgg eter after Thermal refining. Hardness of Tooth tip
g is HrC 56-600
Sand burning resistance Nitriding steel Apply Nitration treatment after Thermal refining
needed Alloyed steel SCM435 | Apply Nitration treatment after Thermal refining
Special load Austenite, Ferrite, Mar- | Consider other properties together with Anti-
Anti-corrosion needed tenstic group, Stainless | corrosion when selecting suitable heat treat-
steel ment.
Heat resistance needed Fe-Cr-Ni Alloy Apply suitable Heat treatment as required
Note

(1) Area of tooth flank near Bottomland is HrC 5-10 lower than HrC47-56.

(2) Motor generator system (MG) with low frequency is suitable for relatively large size gear.




Table 6. Hardness of Heat treatment

Hardness for Surface Core hardness
Material Full quenching | Induction hard- | hardness of
Name of steels numbers Thermal Hs ening HrC Case hardenin of Case
refining Hs 9 iR HeC 9 hardening Hs
SNC631 37-40 50-55 50-55 - -
) SNC836 38-42 50-55 50-55 - -
Nickel-chrome steel
SNC415 - - - 55-60 217-321
SNC815 - - - 58-64 285-388
SNCM439 43-51 65-70 - - -
SNCM447 45-53 65-70 - - -
Nickel chrome SNCM220 - - - 58-64 248-341
molybdenum steel SNCM415 - - - 58-64 255-341
SNCM420 - - - 58-64 293-375
SNCM815 - - - 58-64 311-375
SCr415 - - - 58-64 217-300
Chrome steel
SCr420 - - - 58-64 235-320
SCM435 37-40 45-50 45-50 - -
SCM440 38-42 50-55 (50-53)(2) - -
Chrome SCM415 - - - 58-64 235-321
molybdenum steel
SCM420 - - - 58-64 262-341
SCM421 - - - 58-64 285-263
S15CK - - - 55-620) 1314
S35C 25-35 35-45 35-40 - -
Carbon steel
S45C 31-40 45-55 40-45 - -
S55C 33-42 55-65 45-50 - -

Note

(1) Refer to Table 5 for Load, Material and Heat treatment. Core hardness is equivalent to Thermal refining hardness.
(2) Applying Induction hardening to teeth is not advisable.

(3) Hardness is (50-53) for water cooling and 50 - 55 is for oil cooling.

(4) Maximum hardness.

Guide
Table 7. Sizes of tooth and depth of Carburizing
Range from | Range from | Rangefrom | Rangefrom | Rangefrom | Rangefrom | Range from
Module mm m1.0 to m1.5to m2.0 to m2.75 to m4.0 to m6.0 to m9.0 to
m1.5 m2.0 m2.75 m4.0 m6.0 m9.0 m12.0
Depth of Carburizing | 905 | 0407 | 0610 | 0812 | 1014 | 1217 | 1320

mm

Note: Depth of Carburizing is rough outline for standard value for Gas carburizing. Solid or liquid Carburizing adopts a smaller amount than the above
chart.
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Chapter 4 Measurement for Tooth thickness

4.1 Method of measurement for Sector span

Put designated Number of teeth at parallel flat face of Tooth thickness of Micrometer and measure its distance.
Nipped Number of teeth at flat face is commonly called Sector span of teeth z».. Unlike other methods, reference sur-
face is not needed.

For large Sector span of teeth, deviation in measurement occurs because of influence by Pressure angle deviation
and different pressure angle on either sides of tooth. Furthermore, it is common practice to measure a few positions
along the whole circumference of the gear to obtain the mean in order to take into consideration Pitch and Profile
deviations.

It is the most common measurement method for hobbing process as it is able to measure Sector span of teeth dur-
ing machining and convert measurement into cutter tool machining adjusting amount easily.

Sector span for Spur gear

(1) Sector span for Standard spur gear
W = mcosa{m(zn—0.5) + zinve}

(2) Sector span for Profile shifted spur gear
W =mcosa{n(zn—0.5)+ zinver} + 2xmsine

(3) Sector span of teeth
=%z,
180
Calculation for Sector span of teeth using nearest in-

teger by above calculated formula.

0.5

Zm

Hereby
a :Reference pressure angle
m :module

z :Number of teeth
x :Rack shift coefficient

Table 1 shows the values of Sector span and Sector
span of teeth with module 1.0 and Reference pres-
sure angle 20°(Rack shift coefficient=0).

P : Base pitch
S»: Base circular thickness

Fig. 1 Sector span



Table 1. Sector span for Standard spur gear

Adopted for module 1.0 with Pressure angle 20° (Rack shift coefficient x = 0).

Unit: mm

Z zZm /4 Z Zm w Z Zm w Z Zm /4 z Zm w
41 5 13.8588 81 10 29797 121 14 415484 161 18 539172
42 5 13.8728 82 10 291937 | 122 14 415624 | 162 19  56.8833
43 5 13.8868 8 10 292077 | 123 14 415765 | 163 19 268973
4 2 44842 44 5 13.9008 8 10  29.2217 124 14 41.5905 164 19 269113
5 2 4.4982 45 6 16.8670 8 10 292357 | 125 14 416045 | 165 19  56.9253
6 2 45122 46 6 16.8810 8 10 292497 | 126 15 445706 | 166 19  56.9394
7 2 4.5262 47 6 16.8950 87 10 292637 | 127 15 445846 | 167 19  56.9534
8 2 4.5402 48 6 16.9090 88 10 292777 | 128 15 445986 | 168 19  56.9674
9 2 45543 49 6 16.9230 8 10 292917 | 129 15 446126 | 169 19  56.9814
10 2 4.5683 50 6 16.9370 % 11 322579 | 130 15 446206 | 170 19  56.9954
11 2 4.5823 51 6 16.9510 91 11 322719 | 131 15 446406 | 171 20  59.9615
12 2 4.5963 52 6 16.9650 92 M 322859 | 132 15 446546 | 172 20  59.9755
13 2 46103 53 6 16.9790 93 M 322999 | 133 15 446686 | 173 20  59.9895
14 2 46243 54 7 19.9452 94 1N 323139 | 134 15 446826 | 174 20  60.0035
15 2 46383 5 7 19.9592 95 M 323279 | 135 16 4764838 | 175 20  60.0175
16 2 46523 56 7 19.9732 % 11 323419 | 136 16 476628 | 176 20  60.0315
17 2 46663 57 7 19.9872 97 1 323559 | 137 16 476768 | 177 20  60.0455
18 3 7.6324 58 7 20.0012 98 11 323699 | 138 16 476908 | 178 20  60.0595
19 3 7.6464 59 7 20.0152 99 12 353361 139 16 477048 | 179 20  60.0736
20 3 7.6604 60 7 20.0292 | 100 12 353501 140 16 477188 | 180 21 63.0397
21 3 7.6744 61 7 20.0432 101 12 353641 141 16 47.7328 181 21 63.0537
22 3 7.6885 62 7 20.0572 102 12 353781 142 16  47.7468 182 21 63.0677
23 3 7.7025 63 8 230233 | 103 12 353921 143 16 477608 | 183 21 63.0817
24 3 7.7165 64 8 23.0373 104 12 354061 144 17 507270 184 21 63.0957
25 3 7.7305 65 8 23.0513 105 12 354201 145 17 507410 185 21 63.1097
26 3 7.7445 66 8 23.0653 | 106 12 354341 146 17 50.7550 | 186 21 63.1237
27 4 10.7106 | 67 8 230794 | 107 12 354481 147 17 507690 | 187 21 63.1377
28 4 10.7246 | 68 8 230934 | 108 13 384142 | 148 17 507830 | 188 21 63.1517
29 4 10.7386 | 69 8 23.1074 | 109 13 384282 | 149 17 507970 | 189 22  66.1179
30 4 107526 | 70 8 231214 | 110 13 384423 | 150 17 508110 | 190 22  66.1319
31 4 10.7666 | 71 8 231354 | 111 13 384563 | 151 17 508250 | 191 22  66.1459
32 4 10.7806 | 72 9 261015 | 112 13 384703 | 152 17 508390 | 192 22  66.1599
33 4 107946 | 73 9 261155 | 113 13 384843 | 153 18  53.8051 193 22 66.1739
34 4 108086 | 74 9 261295 | 114 13 384983 | 154 18 538192 | 194 22  66.1879
35 4 108227 | 75 9 26.1435 | 115 13 385123 | 155 18 538332 | 195 22 66.2019
36 5 137888 | 76 9 261575 | 116 13 385263 | 156 18 538472 | 196 22  66.2159
37 5 13.8028 | 77 9 26.1715 17 14 414924 157 18  53.8612 197 22 66.2299
38 5 13.8168 | 78 9 261856 | 118 14 415064 | 158 18 538752 | 198 23  69.1961
39 5 13.8308 | 79 9 26199 | 119 14 415204 | 159 18 538892 | 199 23  69.2101
40 5 13.8448 | 80 9 262136 | 120 14 415344 | 160 18 539032 | 200 23  69.2241

Note: Calculation for Sector span () increases proportionately with module.
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Sector span for Helical gear
(1) Sector span for Normal type of Standard helical
gear

W = macos on{7(zn—0.5) + zinv o}

(2) Sector span for Normal type of Rack shifted heli-
cal gear

W = macos otn {ﬂ(Zm - 05) + Zinvat} + 2 XnmaSIN An

Sector span of gear zn

OnZv
= +0.5
180

Calculation for Sector span of teeth uses nearest inte-
ger by above calculated formula.
Hereby
an :Normal pressure angle
a: :Transverse pressure angle
mn : Normal module
x» : Normal rack shift coefficient
z :Virtual number of teeth of Spur gear®
(zo=z/cos’B)

Zm

When measuring the Sector span for Helical gear, put
the micrometer perpendicularly to the teeth. Mini-
mum Facewidth is Wsing to prevent contact to flank
from coming off.

Example,

When Normal module m»=4.0, Number of teeth z=19,
Normal pressure anglea» = 20°, Reference cylinder
helix anglep=26°42" , Normal rack shift coefficient
xn=0.4.

Note: (1) Adopted the old Standard term.

@ MVirtual Number of teeth of Spur gear z,
zv=1z/cos’f=19/c0s*26°42'=26.65

@ Sector span of teeth zu

_ OnZv

" 180

= % +0.5=3.46 = 4 (Expressed as integer)

(3 Transverse pressure angle a:

o =tan™'(tan @ / cosff)
= tan'(tan20°/c0s26°42") = 22.16666°

+0.5

Zm

@ inva: (Involute function for o)
inva: =tano: — o = tan22.16666° — 22.16666° « £ /180°
=0.020532565

® Sector span W
W = macos o {7 (zn—0.5) + zinv e} 4+ 2 Xn mnSin ot
=4¢c0s20°{m(4—-0.5)+19.0.0020532565}
+2¢0.4+4.5in20°=43.891 (mm)

(® Minimum Facewidth required for measurement of
Sector span b

b=Wsinfl =43.891.5in26°42'=19.72 = 20 (mm)

Therefore, Facewidth above 20mm is needed. If Face-
width is below 20mm, use method of Over balls or
Rollers to measure the Tooth thickness.



4.2 Method of measurement with Over balls or Rollers

For spur gear, putting Over balls or Rollers to Spacewidth. External gear is measured by outside dimension of Over
ball or Rollers. Internal gear is measured by inner dimension of Over balls or Rollers.
Use method of Over balls or Rollers for Helical gear. Measurement for Internal gear, this method has advantages over

others.

Even number of teeth Odd number of teeth
Y

/ ) | ) \ External (I i ) ‘
\\ | gear

dm

‘/ S \ Internal : ;\ \

s
gear \
dp: dp. )

; *Note for gear with small and odd number of teeth
and large helix angle. We recommend using method
of Over balls or Rollers due to unstable pins causing

Fig. 2 Method of Over balls or Rollers inaccurate measurement

Diameter for Over balls or Rollers
Refer to Fig. 3 to find diameter of Over balls or Rollers. Obtain the nearest available diameter from the graph as stan-

dard for Over balls or Rollers to measure the gear.

o =20°
35— 1.0
Example (1) /
When conditions of /
g — m=2,a=20° z=17 and x=+0.8
s L calculation is by following formula,
3
s L
b Example (2)
S 30— When conditions of 08
5 L mn=4,an=20° z=19, f=26°42" and x»=+0.4
© calculation is by following formula, =
= <
o [}
5 S
> E=
“06 0.6 §
= 25 &
g <
e e "
I
20 /% 02
| _—
—— —a T e — | —
7 /j | — 0
/// ____/——/
f
— I — 02
| || o4

0 001 002 003 004 005 006 007 008 009 0.10
Number of teeth z

Fig. 3 Graph to find suitable diameter of Over balls or Rollers (for module ,.=1.0)
Increase proportionately by module used. Number of teeth of Helical gear is Virtual number of teeth of Spur gear.
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Dimensions of Over balls or Rollers for
Spur gear.

For even number of teeth, calculation is by following
formula

Zmecos o
dm - Ip
cos@

For odd number of teeth, calculation is by following
formula

o
= Zmeosar 90 +d
cos¢ z

For invg, calculation is by following formula

invg = b ___[Z _jnyg |+ 2XE02
Zmcoso 2z z

Hereby
dm : Over balls or Rollers dimension(mm)
z :Number of teeth
x :Rack shift coefficient
¢ :Pressure angle (°) at pin centre
dp :Diameter of Practical Over balls or Rollers (mm)
:Module (mm)
a :Reference pressure angle(®)

dm

gzcoso:
¢(Z+2x)

invd

Fig. 4 Dimension of Over balls or Rollers for Spur gear

Example 1, even number of teeth

When module m=2.0, Number of teeth z=30, Refer-
ence pressure angle a=20° and Rack shift coefficient
x= 0.15. Calculations of Over balls or Rollers dimen-
sions is as follows,

( Over balls or Rollers dimension d,

Refer to Fig. 3, d»=1.73 multiply by module 2.0 =
3.46(mm)

Use nearest available pin size d,=3.5(mm) instead of
3.46(mm)

@ Pressure angle ¢ at contact point between flank
and Over balls or Rollers

3.5 T o
3042+ 020° (2.30 1nv20j
2.0.15+ tan20°

30

=0.0282613 (inv20° =0.0149044)
¢ =24.5388° (See page 164 to 167 for Involute function charts)

invg =

+

(3 Over balls or Rollers dimension dn

_30424c0s20°

= 0524 5388° +3.5=65.48 (mm)

Example 2, odd number of teeth
Follow example 1 for calculation method, Number of
teeth is changed to 29 (Other data remains the same)

(@ Over balls or Rollers dimension d, dy=3.5(mm)

(@ Pressure angle (°) at pin centre

. 3.5 T
- - —inv20°
Y = S 2 cos20? (2.29 v )

2+0.15.tan20°
29

=0.0287218
¢ =24.6645° (24°39'52")

(3 Over balls or Rollers dimension dn

~29:2.00820° |\ (90° 35
= o645 | 057 +3:5=63.39 (mm)



Dimension of Over balls or Rollers for In-

ternal gear
Calculation for even number of teeth is by following
formula

_ zmcosa
m=————=4dp
cos@

Calculation for odd number of teeth is by following
formula
_ zmcosa 90°
——COS__dp
cos¢
For invg, calculation is by following formula

2xtanor  dp
z zZmeosa

inve = (l + invaj +
2z

Fig. 5 Over balls or Rollers dimension for
Internal gear

Example 1, even number of teeth

When module m=1.0, Number of teeth =80, Refer-
ence pressure anglea = 20° and Rack shift coefficient
x= 0.12. Calculations for dimensions of Over balls or
Rollers is as follows,

(@ Over balls or Rollers diameter d»

Refer to Fig. 3, d»=1.68 multiply by module 1.0 = 1.68
(mm)

Use nearest available pin size d,=1.70(mm) instead of
1.68(mm)

(@ Pressure angle (°) at pin centre

. V.3 . 1.7
= Finv20° |- —— 1T
inve (2-80 v j 80«1+ c0520°
20.12.« tan20°
+—
80
=00130174

¢ =19.145° (19°8'42")

(® Over balls or Rollers dimension dn

_ 80+1ec0s20°

= S Tase —17=77.88 (mm)

Example 2, odd number of teeth
Number of teeth for calculation example 1 is changed
to 81 (other data remains the same).

(@ Over balls or Rollers dimension d, d,=1.7(mm)

@ Pressure angle (°) at pin centre

. T . 1.7
= +inv20°0 |- — 1T
inve (2-81 v j 80+ 1+ c0s20°
2.0.12+ tan20°
+—
81
=0.0130407

¢=19.156° (19°9'22")

(® Over balls or Rollers dimension dn

_ 81.1.c0820° |\ 90° | 7_7886 (mm)

" cosl9.156° 81
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Over balls or Rollers for Straight tooth rack

dmzh"+ﬁ(l+—1 ]——ﬂm

2 sin ) 4tana
Hereby
h” :Datum line (mm) is from Rack base to Refer-
ence line ™.

Helical rack is the same as straight rack at normal sec-
tion. The above formula can be used. For calculation
of Pressure anglea and module m, use a» and mx at
normal section.

m

mm

N|—

A
Y

Example,

When module m=3.0, Reference pressure angle a=20°
and Datum line /7=32. Calculations of Over balls or Roll-
ers dimensions is as follows,

(@ Over balls or Rollers diameter dp

Refer to Fig. 3, d,=1.68 multiply by module 3.0 = 5.04
(mm)

Use nearest available pin size d,=5.0(mm) instead of
5.04(mm)

(@ Over balls or Rollers dimension d

_ 2 1 _ Te3
dn=3243 (” sin20°) 4tan20°

=35.34 (mm)

dp

m
dtano

dm

o
hH

Fig. 6 Over balls or Rollers dimension for Straight rack

Note: (1) Adopted the old Standard term.



Over balls or Rollers dimension for Helical

gear

Calculation for even number of teeth is by following

formula

ZMiCOS
dn=""—""1+d,
cos@

Calculation for odd number of teeth is by following

formula

ZmiCOS °
dn=""C"00s8 90 +d,
cos¢ z

For inv ¢, calculation is by following formula

. . 2 xntan o
1nv¢=L— vy |+ 2R
Z MnCOS On 2z z

Hereby
mn : Normal module (mm)
an :Normal pressure angle(®)
x» :Normal rack shift coefficient
me : Transverse module
a: :Transverse pressure angle(°)

dm

¢zcosd«c
Oz +2x, )

o invd

Fig. 7 Over balls or Rollers dimension for Helical gear

(shown in axis section)

Example 1, even number of teeth

When module m=2.0, Number of teeth z=36, helix
angle B=15°, Normal pressure anglea» = 20° and
Normal rack shift coefficient x,= 0.05. Calculations of

Over balls or Rollers dimensions is as follows,

@ "Virtual Number of teeth of Spur gear zv

z 36
y=—2 =30 _3994: 40
‘ cos’fl  cos’l15°

Note: (1) Adopted the old Standard term.

(@ Over balls or Rollers diameter dp

Refer to Fig. 3, d,=1.7 multiply by module 2.0 = 3.4

(mm)

Use nearest available pin size d,=3.5(mm) instead of

3.4(mm)

® Transverse module m:

mMn 2
= = =2.
m 03 cosl5® 07055 (mm)

@ Transverse pressure angle ot
tan o» °
o =tan’! =tan’ tan200
cosf3 cosl5

=20.646896° (20°38'48")

(® Pressure angle (°) at pin centre

. 3.5 4 :
= - —inv20.64 °
nve 3627+ 00s20° (2-36 inv20.646896 j
2.0.05 . tan20°
+—
36
=0.025562 (inv20.646896° = 0.0164533)
$=23.77°

(23°46'12" See page 164 to 167 for Involute function charts)

(® Over balls or Rollers dimension dn

- 36+2.07055+20.646896° +3.5=79.72 (mm)
c0s23.77°

Example 2, odd number of teeth
Number of teeth for calculation example 1 is changed
to 35 (other data remains the same).

@ MVirtual Number of teeth of Spur gear zv

z 35

b= =———=38.84=39
‘ cos’fS cos’l15°

(2 Over balls or Rollers diameter dp
Refer to Fig. 3, d,=1.7 multiply by module 2.0 = 3.4 (mm)
Use nearest available pin size d,=3.5(mm) instead of 3.4(mm)

(3 Transverse module
m=2.07055(mm)
Calculations is the same as above in even number of teeth part 3

@ Transverse pressure angle a:
a:=20.646896° (20°38°48”)

Calculations is the same as Example 1, even number of teeth part @

(® Pressure angle at pin centre (°)

. 3.5 T .
- - —inv20.646896°
MV = 23 3 cos20° (2.35 v j
, 20005+ tan20°
35
=0.025822 (inv20.646896° = 0.0164533)
¢ =23.8465°

(23°50'47" See page 164 to 167 for Involute function charts)

(® Over balls or Rollers dimension dn

_ 35+2.07055  c0520.646896 COSE
€0823.8465° 35

+3.5=77.57 (mm)

dn
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Over balls or Rollers dimension for Worm

gear

To obtain Over balls or Rollers dimension for Worm

gear, introduce following methods,

1) Substituted three wire method from thread screw
used for measurement.

2) Use same calculation method of Rack for Worm
gear.

3) Use same calculation method of Helical gear for
Worm gear. However, only formula 3) is introduced.

3,
e — A%*
2(1+A)+8€} e'd

dn=d(1+ A)+d,+ Aezd{

1 _p =ZPx
(dp 5 cos 7}7) e=— cot ¥

~ dsin Ve
pr= L Vo= tan"(ﬂj
cosy cos
o= tan'l(Mj
siny
Hereby

d :Pitch diameter of Worm gear (mm)
z :Number of thread of Worm gear
px - Axial pitch of Worm gear (mm)

y :Reference cylinder lead angle (°)

y» :Base cylinder lead angle (°)

Fig. 8 Over balls or Rollers dimension of Worm gear

Example

When module m.=2.0, Number of thread z=1, Pitch
diameter of Worm gear d = 31, Normal pressure angle
a»=20° and Reference cylinder lead angle y=3°42'(3.7
°). Calculations of Over balls or Rollers dimensions of
Worm gear is as follows.

(@ Over balls or Rollers diameter dp

Refer to Number of teeth(10 to «) in Fig. 3, d,=1.68
and multiply by module 2.0 = 3.36 (mm)

Use nearest available pin size d,=3.4 (mm) instead of
3.36(mm)

(@ Transverse pressure angle a:

tan20°
sin3.7°

ar= tan"( J =79.9459°

(® Base cylinder lead angle y»

tan ot tan20°
a=tan’!| — |=tan!| ———
(= tan (cosﬂj an (c0s15°j

@ Axial pitch
Te2
v = =6.2963
P c0s3.7°
®4
L (3462963 .
4= 315n203256° k3'4 5 ©0520.3256 )
=0.04159
®e
e=1:6.2963 . 170 3256°
731

=0.17453

@ Over balls or Rollers dimension

w=35.71 (mm) (Substitution method omitted)



4.3 Measurement method with Gear tooth vernier

Measurement method based on Tip circle, measure Chordal tooth thickness upon Pitch cylinder. Refer to Fig. 9 for
measurement method based upon Gear tooth vernier calipers. Fix gear tooth vernier calipers at theoretical value of
Tooth depth # and measure deviation between actual Chordal tooth thickness s and its theoretical value. This is a
time-honored measurement method with low accuracy due to influence from inconsistent measurement and Jaw

conditions.

For Spur gear, calculation is by following formula :

h

mz 7 | 2xtana
— 1= —+
2 { COS( 2z z

_ (ﬂ' 2xtanaj
5 = mzsin| =+
2z z

Hereby
7 Chordal addendum
m :Module

a :Reference pressure angle

da :Tip (outside) diameter

Refer to Table 2. Below chart shows  : Chordal addendum and *: Chordal tooth thickness for gear with module 1.0

and Rack shift coefficient x=0.

For Helical gear, use Normal surface to measure module, Pressure angle and Rack shift coefficient using value of Nor-
mal. Number of teeth z uses MVirtual number of teeth for Spur gear.

)} . daz—d

=)

:Number of teeth

[\

ﬁ Tooth thickness scale
/

%4!

Tooth depth |

scale
. Tooth depth slider
L — Vernier
| =

Main scale

Jaw s [Ex@
Tongue Vernier
\&I

¥

@

Tooth depth slider

Fig. 9 Measurement with gear tooth vernier calipers

Note: (1) Adopted the old Standard term.

: Chordal tooth thickness

x :Rack shift coefficient
d :Reference diameter

Table 2. Chordal tooth thickness for standard gear

me

s mm

me

s mm

z z

12 | 1.0513 1.5663 35 1.0176 1.5703
13 | 10474 | 15670 | 40 10154 | 15704
14 | 1.0440 15675 | 45 1.0137 1.5705
15 | 1.0411 1.5679 50 1.0123 1.5705
16 | 1.0385 1.5683 60 1.0103 1.5706
17 | 1.0363 1.5686 70 1.0088 1.5706
18 | 1.0342 1.5688 | 80 1.0077 1.5707
19 | 10324 | 15690 | 90 1.0069 1.5707
20 | 1.0308 1.5692 | 100 | 1.0062 1.5707
22 | 1.0280 1.5695 | 120 | 1.0051 1.5708
24 | 1.0257 1.5697 | 150 | 1.0041 1.5708
26 | 1.0237 1.5698 | 200 | 1.0031 1.5708
28 | 1.0219 1.5700 © 1.0000 1.5708
30 | 1.0206 1.5701

Values of / and s . (m=1,x=0)
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< Reference > Gear analysis method

How to obtain module, Pressure angle and Rack shift
coefficient for Involute spur gear,

There are various methods on how to obtain module
and Pressure angle for Involute spur gear. Method in-
troduced here is by Base pitch measurement.

There is a method of using Sector span to measure
the Base pitch.
For Sector span, assuming » of Number of teeth is En.
Reduce one tooth from # is Ex.. Therefore Base pitch
Py is by following formula.

pr=FE,—E.-1 @))]

=7Tmcosa
Table 3. Base pitch
" e 14.5° 20° 22.5° 25°
1 3.042 2.952 2.902 2.847
1.25 3.802 3.690 3.628 3.559
15 4.562 4428 4354 4271
1.75 5.323 5.166 5.079 4983
2 6.083 5.904 5.805 5.695
2.25 6.843 6.642 6.531 6.406
2.5 7.604 7.380 7.256 7.118
2.75 8.364 8.118 7.982 7.830
3 9.125 8.856 8.707 8.542
3.25 9.885 9.594 9433 9.254
3.5 10.645 10.332 10.159 9.965
3.75 11.406 11.070 10.884 10.677
4 12.166 11.809 11.610 11.389
45 13.687 13.285 13.061 12.813
5 15.208 14.761 14.512 14.236
5.5 16.728 16.237 15.963 15.6.60
6 18.249 17.713 17.415 17.0.84
6.5 19.770 19.189 18.866 18.507
7 21.291 20.665 20317 19.931
8 24332 23.617 23.220 22.778
9 27374 26.569 26.122 25.625
10 30.415 29.521 29.025 28473

Compare Base pitch calculation result by formula (1)

with Base pitch in Table 3.

Example for Spur gear: Calculate module, Pressure
angle and Rack shift coef-
ficient for Number of teeth =
12 and Tip (outside) diameter
=29.9mm.

Result of measurement for Sector span (Z») was as fol-

lows

Zn="Two (2) teeth of Sector span E2=9.855 mm
Zn=Three (3) teeth of Sector span Es=15.758 mm
Therefore calculate P» by following formula (1)
p=Ei—E>
=15.758—-9.855
=5.903mm

With reference to Base pitch chart in Table 3, module

is 2.0 mm and Pressure angle is 20°.

Calculation formula for Rack shift coefficient
Calculation for Sector span W is by following formula
W =mcosa{rn(Zm—0.5)+ zinva} + 2 xmsina

Calculating Sector span w” for Standard spur gear
with pressure angle 20° is by following formula:

W'=mcosa{rn(Zm—0.5)+ zinve}

=m(0.01400554z +2.95213zm —1.47606)

Calculating Sector span W’ for Rack shifted spur gear
with pressure angle 20° is by following formula:

W"=W'[standard] + 2 xmsinc

W"=W'[standard] + 0.68404xm (2)

[Standard] is abbreviation of Standard spur gear.

From above formula (2), calculation for Rack shift co-
efficient x is as follows:
_ w"—w'
Y= 0.68404m )

Therefore, results are w’7=9.855, w” = 9.193. Rack
shift coefficient x is 0-.484.

_9.855-9.193
2x0.68404

=0.484



Chapter 5 Deviation for Gear and
its measurement method

5.1 Correlation of deviations

Gear deviations are classified with individual and composite deviations. Shown in Fig. 1, individual deviation is a
three-dimensional deviation in the directions as follows

1) Direction of Tooth depth refers to shape of Tooth profile and length of Tooth depth.
2) Direction of Tooth trace refers to inclination and unevenness of Tooth trace.
3) Direction of Tooth thickness refers to thickness of tooth and Tooth space.

These three types of individual deviations are measured by taking apart a three-dimensional deviation into a two-
dimensional deviation. However, these individual deviations are correlated and the extent of correlation differs be-
tween the methods of production and measurement. Correlations of these individual deviations are shown in Fig. 2.
Pay close observation to the strong correlation between Runout and other deviations in Table 2.

Another method to obtain measurements for Total deviation is to simultaneously measure three dimensions.

D

Pitch Total c Dlrection
variation cumulative 2 ofrooth thi
deviation &0‘1\6@ o /Ckness

N =

&L ©

§ 3

\/ o

s

c

+—

3

Helix =

deviati
eviation Fig. 1 Theory for three-dimensional deviations

Very strong correlation

Strong correlation
— — — Correlation

Fig. 2 Correlation with individual deviation (Ground spur gear)
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5.2 Tooth profile deviations

The degree of accuracy for Spur and Helical gears in JIS B1702 (old). Standard is defined by “sum of positive (+)
deviation and negative (-) deviations from actual tooth profile within the Tooth profile evaluation range measured
in perpendicular direction to actual Tooth profile and correct Involute which crosses the intersection point of Pitch
circle.” . This explanation for Tooth profile deviation is for Axis profile only.

Definition of Profile evaluation range is range of Tooth profile curve when engaged with Mating gear. In short, not all
range of Tooth depth engages with mating gear. Range in actual motion excludes Tooth tip and Dedendum.
However, Tooth profile deviation does not include parts with Profile modification. Refer to Fig. 3 for Tooth profile deviation.
Tooth profile deviation has Pressure angle and unevenness deviations. Normally these two deviations appear at the
same time.

Tooth profile deviation is always indicated as maximum value in Tooth profile evaluation range. Allowable deviation
is listed in System of accuracy defined in JIS B1702 (old). In JIS B1752 (old), method of measurement for Spur and
Helical gears have following 3 types stipulated.

1) Base disk method: In accordance with gear specifications, use Base disk with diameter equivalent to that its Base
circle to measure. (Refer to Fig.4)

2) Base circle adjustment method: Use Base circle with mechanism that enlarges or reduces the measuring pointer
in accordance with the diameter ratio between native Base circle and gear Base circle. (Fig. 5)

3) Operation method: Use digital coordinates to measure the Tooth profile and compare with Theoretical involute
profile to work out deviation.

There are other methods of Pitch disk, Master cam and Optics which are available but omitted here.
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= . .
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Fig. 3 Tooth profile deviation
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Fig. 5 Mechanism for Base circle adjustment equipment



5.3 Helix deviations

Helix deviation is the difference in dimension on Pitch cylinder measurement range between Actual tooth trace
curved line and Theoretical curved line as defined in JIS B 1702.
For gear accuracy, only Helix deviation is classified by Facewidth and not by module or Pitch diameter. The Measur-

ing stylus measures the Spur gear in axial direction. For Helical gear, gear is rotating while measuring pointer follows
helix angle for measuring in axial direction.

Refer to Fig. 9, shows the measurement of Helix deviation for Helical gear.

In JISB1702, 2 (two) regulation methods of measurement are as follows.
1) Tooth trace creation method: Refer to Fig. 9, measuring method by rotating gear on measurement stylus and ei-

ther the measuring pointer or gear shifts in axial direction in the range of Theoretical tooth trace effective distance
at Pitch cylinder.

2) Operation method: Coordinate of Tooth profile is measured digitally and compared with theoretical value of Invo-
lute tooth profile to calculate the deviation.

In addition, standard lead model can be used for comparison measurement method.

Helix deviation Dialgauge

Measuring gear

) 7T 7 ]
£l¢ :
S| 2 Actual tooth trace
sl §g Base disk 77> i
| 5¢< / . ase dis Measuring
Q| 2 ¢ / Theoretical tooth trace |
Tl s 4 F/ stylus
=
vod 1A
Fig. 6 Helix deviation
Fig. 9 Measurement for Helix deviation
<
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€lo .
1=y Theoretical tooth trace
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g Actual tooth trace

Helix deviation

Fig. 7 Helix deviation (Wavy tooth)

Standard lead model Measuring gear
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Actual tooth trace =
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i 25
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tooth trace = Fixed stylus 5
] Measuring stylus
Helix deviation PR |
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Fig. 8 Helix deviation (Crowned tooth) Fig. 10 Comparison measurement mechanism
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5.4 Pitch deviations

Accuracy of pitch is important for high speed rotating gear. The deviations of Single pitch, Total cumulative pitch
and Normal pitch are defined in JIS B 1702-1. Therefore each Allowable pitch deviation in each system of accuracy is
stipulated.

Also, in the JIS B 1752, large number of measurement methods for Pitch deviation are stipulated. For examples,
method of measurement for Circle pitch, there are In-line distance method (Refer to Fig. 11) and Angle device meth-
od (Refer to Fig. 12). For measurement method of Base pitch, there are Manual system method and Revolving centre
method (Refer to Fig. 13).

(a) Revolving centre method (b) Tip cylinder method (c) Root cylinder method

1:Measuring stylus  2: Fixed stylus® 3, 4: Locating stylus  5: Dialgauge
Note (3) For fixed stylus, dialgauge is included to be used to establish zero location.
Fig. 11 Measurement for Circular pitch (In-line distance method)

Measuring gear Reference pitch circle
Measuring stylus
Base circle
Dialgauge B Measuring microscope
¥ y é\é««ﬂ‘rmb%
‘\__—/(

ﬂ Angle scale dial

>

| 4
Positioning device/

Fig. 12 Measurement methods for Circular pitch (Angle device method)

(a) Manual method (b) Revolving centre method

1: Measuring stylus ~ 2: Fixed stylus 3, 4: Locating stylus  5: Dialgaugé
Fig. 13 Measurement methods for Base pitch




5.5 Runout

Runout defined in JIS B 1702 (old) as “maximum difference in radius direction when contact pieces such as Over
balls or Rollers are put to Tooth space near the Pitch circle. In short, the amount of off-centre measured between
gear and axis. Deviations of Pitch, Pressure angle, Profile and others can influence Runout. If larger Runout occurs, it
should be related to such deviations. To maintain minimum Runout, note that accurate bore tolerance is necessary.
Pay special attention to chucking gear material to hobbing machine.

Below 1) and 2) are defined in JIS B 1752 (old).

1) Use Over balls or Rollers for measurement

2) Measurement of pitch

Refer to Fig. 14, shows measurement of Over balls or Rollers.

Select diameter of the Over balls or Rollers to makes contact near the centre of effective tooth depth of the gear

which is measured. Please refer to Fig. 3 in Chapter 4 (page 63) for graph to find suitable diameter of Over balls or
Rollers (for module m».=1.0).

For measurement, put Over balls or Rollers at the centre of Facewidth.

Dialgauge

LJ
—
1

Measuring stylus

D —
1,
1€

Measuring gear

Fig. 14 Measurement of Runout
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5.6 Radial composite deviation

Deviation and methods of measurements are introduced in 5.2 ~ 5.5 for individual deviations. These measurement
methods are analyzed in two dimensions. On the other hand, perform engagement testing by engaging the gear to
be measured with Mating gear or Cylindrical master gear and rotate to check gear condition. Even though accuracy
of a gear is proper, problems do not occur unless the gear is actually engaged and rotated. Therefore gear perfor-
mance is checked by engagement test.

Radial composite deviation is defined in JIS B 1752 (old),

(a) For a gear on its own: Engaged with Cylindrical master gear without backlash and rotated to check for fluctuation
of centre distance.

(b) For a gear pair: Engaged together (hereinafter called specific Gear pair) without backlash and rotated to check for
fluctuation of centre distance.

Refer to Fig. 15 for example of Radial composite deviation and refer to Fig. 16 for method of measurement for Radial

composite deviation.

Another deviation is Tooth-to-tooth radial composite deviation, which is omitted here.

One revolution

Tooth-to-Tooth Radial
composite deviation

Y AN A NN
Total radial composite deviation v &Z, V“\/"\/ V

Fig. 15 Radial composite deviation (for gear on its own)

Gear Pinion Dialgauge

——)

Fig.16 Method of measurement for Radial composite deviation



5.7 Precision of Spur and Helical gears

1. Introduction

In order to make JIS Standard consistent with ISO Standard, JIS B 1702 (old) : 1995 (Accuracy for the Spur and Helical
gears) which had been used for a long time has been abolished and it was enacted as two regulations: JIS B 1702-1:
1998(Cylindrical gears- System of accuracy and Classification Article 1: Definition of Deviation and Allowable value of
deviation relavent to corresponding Tooth flanks) and JIS B 1702-2: 1998 (Cylindrical gears - System of accuracy and Clas-
sification Article 2: Definition and Allowable values of deviation relevant to Radial composite deviation and Runout).
When comparing JIS B 1702 (old) with the JIS B 1702-1 or 2, classifications of module and Reference diameter (called
Pitch diameter of old JIS B1702) are different. For example, class 4 in JIS B 1702 (old) may not be able to correspond
to JIS B1702-1 or 2. The rough outline of System of accuracy in JIS B1702-1 or 2 = System of accuracy in JIS B 1702
(old) class plus 4. However certain range of small or large Number of teeth are unable to correspond to above rough
outline classification.

In due time, many standards established of JIS and JGMA based on the JIS B 1702 (old). It will be revised to a new
edition based on JIS B 1702-1 or 2. However, there are certain areas that cannot be resolved immediately.

Therefore, this new edition of KG catalogue indicates System of accuracy with comparison table between the JIS
B1702-1 and JIS B1702 (old). Please refer to following System of accuracy. Firstly find gear accuracy from JIS B1702-1
and compared with JIS B 1702 (old). Secondly, use these correspondances to compare to other JIS and JGMA stan-
dards to obtain the total of each Reference or Allowable tolerance.

To search for accuracy of gears outside the range of KG-catalogue, please verify with JIS B 1702-1: 1998 and JIS B
1702-2:1998 (old and new) standard, as KG-catalogue does not cover all accuracy.

2. Types of Deviations for Allowable value compared between old and new JIS.
Extracted JIS B 1702-1: 1998 and JIS B1702-2 :1998 (Refer to Table 1to 11)
(1) Single pitch deviation
2) Total cumulative pitch deviations
3) Total profile deviation
4) Runout
5) Total radial composite deviation
(ISO 1328-2: Total radial composite tolerance)
(6) Tooth-to-tooth radial composite deviation
Refer to the following pages for comparison tables of the above 6 types of deviations. New and old JIS standards are
classified by module.
It is recommended that the System of accuracy for new JIS prefixed with a figure N at the beginning to avoid confu-
sion of new and old JIS.

—_— o~ o~ —

3. Precaution when comparing Helical gear

New JIS uses Normal module to set the Allowable value for each deviations. However old JIS uses Transverse module
instead. When comparing accuracy between new and old JIS standards for Helical gear of Normal module, calcula-
tion of Transverse module m: is by the following formula from Normal module m» and Reference cylinder helix angle .

me=mn/cos B

4. Total helix deviation (old JIS: Lead error)
Refer to Table 12 to find Total helix deviation as extracted from JIS B 1702-1: 1998.

5. Material accuracy of Cylindrical gear.
Refer to Table 13 to 19 for material accuracy of Cylindrical gear.
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deviation

A

Negative
side deviation

Helix deviation

Pitch circle

Regular
tooth profile

Actual

~ 7V 7]

Actual tooth trace

Profile
evaluation range

/

Facewidthr
range

Measurement

R tooth profile a Theoretical tooth trace
Tooth A A
profile deviation
Fig. 17 Tooth profile deviations Fig. 18 Helix deviation



Table 1. The Allowable value of each deviation for module 0.5

Unit: um
. System of accuracy for JIS B 1702-1 and 2: 1998 System of accuracy for JIS B 1702 and JGMA 116-01
eviations No. of teeth N4 | N5 | N6 | N7 | N8 | N9 | N10 No. of teeth 0 1 2 3 4 5 6
10- 40 33| 47| 65| 95| 13 | 19 | 26 7-12 2 3 5 7 91 13] 19
41-100 35) 5 7 |10 | 14|20 | 28 13-24 3 41 5 70 10| 14 2
Single pitch deviations 101 -250 38| 55| 75|11 15 | 21 30 25-50 3 4 6 8| 11 16| 22
51-100 3 41 6| 9| 13| 18| 25
101-200 41 5 71 10 14| 20| 29
10 - 40 8 |1 |16 |23 | 32| 45 | 64 7-12 9| 13| 19| 26| 37| 52| 75
o 41-100 10 [14 [20 |29 | 41 | 57 | 81 13-24 10| 14| 20| 29| 41| 57| 81
Z‘:ﬁ;g‘;’:s”'a""e BCh 101-250 |13 |18 |26 |37 | 52 | 74 | 104 25-50 1] 6] 2] 32] 45| 63| %
51-100 13| 18| 25| 36| 50| 71100
101-200 14 20| 29| 40| 57| 80| 115
10- 40 32| 46| 65| 9 | 13|18 | 26
Total profile deviation 41-100 36 | 5 7510 15 | 21 29 All range 2 3 5 71 10 14] 2
101-250 416 | 85|12 |17 | 23 | 33
10-40 65| 9 |13 |18 | 25 | 36 | 5I 7-12 7 9| 13| 19| 26| 37| 52
41-100 8 |11 [16 |23 | 32 | 46 | 65 13-24 71 10| 14| 20| 29| 41| 57
Runout 101-250 10 |15 |21 |29 | 42 |5 | 8 25-50 8| 1| 16| 22| 32| 45| 63
51-100 9] 13| 18| 25| 36| 50| 71
101-200 10 14| 20| 29| 40| 57| 80
10-40 75111 [15 |21 30 | 42 | 60 7-12 9 12| 17| 24| 34| 48| 68
Radial composite 41-100 95|13 |19 |26 | 37 | 52 | 74 13-24 9| 13| 18] 26| 37| 52| 73
deviation 101-250 12 |16 |23 |33 | 46 | 66 | 93 25-50 10| 14| 20| 28| 40| 56| 79
Total contact 51-100 M| 15| 22| 31| 44| 62| 87
101-200 120 17| 24| 34| 48| 68| 9%
Igg:';ots‘l’t:°;:‘t‘|:$;' All range 1 2 | 25035 5| 7] 10 All range 4] 6| 8| 1| 16| 2| 32
Table 2. The Allowable values of each deviation for module 0.75
Unit: um
Deviations System of accuracy for JIS B 1702-1 and 2: 1998 System of accuracy for JIS B 1702 and JGMA 116-01
No. of teeth N4 | N5 | N6 | N7 | N8 | N9 | N10 No. of teeth 0 1 2 3 4 5 6
7-26 33| 47| 65| 95|13 19 | 26 8-16 3 41 5 81 1| 15] 2
) ) L 27-66 35) 5 7 110 |14 | 20 | 28 17-33 3 41 6| 8| 12| 17| 24
Single pitch deviation
67 - 166 38| 55| 75|11 |15 | 21 | 30 34-66 3 5 7 13 19| 26
67-133 41 5 71 10] 15| 21| 30
7-26 8 |11 |16 |23 |32 | 45 | 64 8-16 1M 15| 21| 30| 43| 60| 86
Total cumulative pitch 27 -66 0 [14 [20 |29 |4 57 | 81 17-33 120 17| 24| 33| 47| 66| %
deviations 67 - 166 13 18 |26 |37 |52 74 | 104 34-66 130 19| 26| 37| 53| 74105
67-133 15 21| 30| 42| 60| 83| 120
7-26 33| 46| 65| 9 |13 18 | 26
Total profile deviation 27 - 66 351 5 75110 |15 21 | 29 Allrange 3 4 6 81 1| 16| 22
67 - 166 38| 6 | 85|12 |17 | 23| 33
7-26 65| 9 |13 |18 |25 | 36 | 51 8-16 8 1| 15] 21| 30| 43| 60
P 27 -66 8 |11 |16 |23 |32 | 46 | 65 17-33 8| 12| 17| 24| 33| 47| 66
67 - 166 0 |15 [21 |29 |42 | 59 | 8 34-66 9| 13| 19| 26| 37| 53| 74
67-133 00 15| 21| 30| 4| 60| 83
P e 7-26 8 |12 |16 |23 |33 | 46 | 66 8-16 10| 14| 20| 28| 39| 55| 78
deviation 27 - 66 0 |14 [20 |28 |40 | 56 | 80 17-33 M| 15| 21| 30| 4| 60| 84
Total contact 67-166 12 |17 |25 |35 |49 | 70 | 98 34-66 120 16| 23| 33| 46| 65| 92
67-133 13| 18| 25| 36| 51| 72100
. i 7-66 2 25| 4 | 55| 75| 11| 15
IZ;tSots?téo(?etci;?s;:I 67-166 ) 3 4 55| g 1 1 16 Allrange 4 6 91 13| 18| 25| 36




Table 3. The Allowable value of each deviation for module 0.8

Unit: um
. System of accuracy for JIS B 1702-1 and 2: 1998 System of accuracy for JIS B 1702 and JGMA 116-01
Deviations No. of teeth N4 | N5 | N6 | N7 | N8 | N9 | N10 No. of teeth 0 1 2 3 4 5 6
7-25 33| 47| 65| 95(13 | 19 | 26 8-15 3] 4] 5 81 1| 15| 2
. . . 26-62 3505 | 7 [10 |14 | 20 | 28 16-31 30 4| 6| 8| 12| 17| 4
Single pitch deviations
63-156 38| 55| 75|11 |15 | 21 | 30 32-62 3 5 71 9] 13| 19| 26
63-125 4| 5 71 10] 15| 21| 30
7-25 8 |11 |16 |23 |32 | 45 | 64 8-15 M| 15| 21| 30| 43| 60| 86
Total cumulative pitch 26-62 0 |14 [2 |29 |41 57 | 81 16-31 120 17| 24| 33| 47| 66| 9%
deviations 63-156 13 |18 |26 |37 |52 74 | 104 32-62 131 19| 26| 37| 53| 74105
63-125 15| 21| 30| 42| 60| 83120
-20 32| 46| 65| 9 |13 | 18| 26
Total profile deviation 21-50 36 | 5 75110 |15 21 29 Allrange 3 4 6 8| 1| 16| 22
51-125 416 | 85|12 |17 | 23| 33
7-25 65| 9 |13 |18 |25 | 36 | 51 8-15 8 1| 15] 21| 30| 43| 60
Runout 26-62 8 |11 |16 |23 |32 | 46 | 65 16-31 8| 12| 17| 24| 33| 47| 66
63- 156 10 |15 [21 |29 |42 | 59 | 83 32-62 9| 13| 19| 26| 37| 53| 74
63-125 00 15| 21| 30| 4| 60| 83
7-25 8 |12 |16 |23 |33 | 46 | 66 8-15 10| 14| 20| 28| 39| 55| 78
5:‘3;:1;‘:}"’P05‘“‘- 26-62 10 [14 [20 |28 |40 | 56 | 0 16-31 1] 15| 21| 30| 42| 60| 84
ey 63-156 12 |17 [25 |35 |49 | 70 | 98 32-62 120 16| 23| 33| 46| 65| 92
63-125 13| 18| 25| 36| 51| 72100
i f 7-62 2 | 25| 4 | 55| 75| 11| 15
I(‘)’;t:)‘oi‘:tg°::"l‘lsf)':' e T e e T e | Alrange 4| 6| 9| 13] 18] 25| 36

Table 4. The Allowable value of each deviation for module 1.0

Unit: um
. System of accuracy for JIS B 1702-1 and 2: 1998 System of accuracy for JIS B 1702 and JGMA 116-01
Deviations No. of teeth N4 | N5 | N6 | N7 | N8 | N9 | N10 No. of teeth 0 1 2 3 4 5 6
-20 33| 47| 65| 95| 13 | 19 | 26 7-12 30 4] 5| 8| 1| 15| 2
21-50 3505 | 7 [10 | 14| 2 | 28 13-25 30 4| 6| 8| 12| 17| 24
Single pitch deviations 51-125 38| 55| 75|11 15 | 21 30 26-50 3 5 7 91 13| 19| 26
51-100 41 5| 7] 10| 15] 21| 30
101-200 41 6| 9] 12| 17| 24| 34
-20 8 |11 |16 |23 | 32| 45 | 64 7-12 M| 15| 21| 30| 43| 60| 86
o 21-50 0 |14 [20 |29 | 41 | 57 | 81 13-25 120 17| 24| 33| 47| 66| 44
Lgfl?;tci‘:::'a""e B 51-125 13 [18 |26 |37 | 52| 74 | 104 26-50 13] 19] 26| 37| 53| 74 105
51-100 150 21| 30| 4| 60| 8| 120
101 - 200 17| 24| 34| 48| 68| 95| 135
-20 320 46| 65| 9 | 13 | 18 | 26
Total profile deviation 21-50 36 5 75|10 15 | 21 29 All range 3 4 6 81 1| 16| 22
51-125 4116 | 85|12 |17 | 23| 33
-20 65| 9 |13 |18 | 25 | 36 | 51 7-12 8| 11| 15| 21| 30| 43| 60
21-50 8 [11 |16 [23 | 32| 46 | 65 13-25 8| 12| 17| 24| 33| 47| 66
Runout 51-125 10 [15 |21 |29 | 42| 59 | 83 26-50 9| 13| 19| 26| 37| 53| 74
51-100 0] 15| 21| 30| 42| 60| 83
101 - 200 120 17| 24| 34| 48] 68| 95
-20 9 |12 |18 |25 | 35|50 | 70 7-12 0] 14| 20| 28| 39| 55| 78
Radial composite 21-50 1M {15 |21 |30 | 42 | 60 | 85 13-25 M| 15| 21| 30| 42| 60| 84
deviation 51-125 13 (18 |26 |36 | 52| 73 [ 103 26-50 120 16| 23| 33| 46| 65| 92
Total contact 51-100 13 18| 25| 36| 51| 72| 100
101 -200 141 20| 28| 40| 57| 81| 115
LEalp e Allrange 25035/ 5 | 7 | 10| 14| 20| Alange 4 6| of 13| 18| 25/ 36
composite deviation
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Table 5. The Allowable value of each deviation for module 1.25

Unit: um
. System of accuracy for JIS B 1702-1 and 2: 1998 System of accuracy for JIS B 1702 and JGMA 116-01
Deviations No. of teeth N4 | N5 | N6 | N7 | N8 | N9 | N10 No. of teeth 0 1 2 3 4 5 6
-16 33| 47| 65| 95| 13| 19 | 26 -9 3 41 6| 8| 11| 16| 23
17 - 40 35| 5 7 |10 | 14|20 | 28 10-20 3 41 6| 9| 12| 18| 25
Single pitch deviations 41-100 38| 55| 75|11 15 | 21 30 21-40 3 5 71 10| 14| 19| 28
101-224 421 6 | 85|12 | 17 | 24 | 34 41-80 41 6| 8| 11| 16| 22| 31
81-160 41 6| 9| 12| 18| 25| 35
-16 8 |1 |16 |23 | 32| 45 | 64 -9 1] 16| 23| 32| 45| 64| 91
o 17 - 40 0 [14 [20 |29 | 41 | 57 | 81 10-20 12| 18| 25| 35| 50| 70| 100
L‘;ﬁ;g‘;’::'a""e BiCch 41-100 13 [18 |26 |37 | 52| 74 | 104 21-40 14] 19] 28] 39| 55| 77| 110
101-224 17 |24 |35 |49 | 69 | 98 | 138 41-80 16| 22| 31| 44| 62| 87125
81-160 18| 25| 35| 50| 71| 99| 140
-16 32| 46| 65| 9 13 ] 18 | 26
. 17-40 36| 5 75110 15 ] 21 | 29
Total profile deviation All range 3 4 6 91 13| 18| 25
41-100 41| 6 | 85|12 17 | 23| 33
101-224 49| 7 |10 |14 | 20 | 28 | 39
-16 65| 9 |13 |18 | 25| 36 | 51 -9 8 11| 16| 23| 32| 45| 64
17-40 8 |11 [16 |23 | 32| 46 | 65 10-20 9 12| 18] 25| 35| 50| 70
Runout 41-100 10 |15 |21 |29 | 42 | 59 | 83 21-40 10| 14| 19| 28| 39| 55| 77
101-224 14 |20 |28 |39 | 55| 78 | 110 41-80 M| 16| 22| 31| 44| 62| 87
81-160 120 18] 25| 35| 50| 71| 9
-16 10 |14 |19 |27 | 38 | 54 | 76 -9 0| 15| 21| 30| 42| 59| 84
Radial composite 17-40 1M |16 |23 |32 | 45| 64 | 91 10-20 M| 16| 23| 32| 45| 64| 9
deviation 41-100 14 |19 |27 |39 | 55 | 77 | 109 21-40 120 17| 25| 35| 49| 69| 98
Total contact 101-224 17 |24 |34 |48 | 68 | 97 |137 41-80 13 19| 27| 38| 54| 76| 105
81-160 15 21| 30| 42| 60| 85| 120
UOEE sl AT 40 301451 651 901 13 | 18 | B | ) nge 5| 7| 10| 14| 20/ 28| 40
composite deviation 41-224 30| 45| 65] 90| 13| 18 | 26
Table 6. The Allowable value of each deviation for module 1.5
Unit: um
. System of accuracy for JIS B 1702-1 and 2: 1998 System of accuracy for JIS B 1702 and JGMA 116-01
Deviations No. of teeth N4 | N5 | N6 | N7 | N8 | N9 | N10 No. of teeth 0 1 2 3 4 5 6
-13 33| 47| 65| 95| 13| 19 | 26 -8 3 41 6 81 1| 16| 23
14-33 35| 5 7 |10 | 14|20 | 28 9-16 3 41 6| 9| 12 18| 25
Single pitch deviations 34-83 38| 55| 75|11 15 | 21 30 17-33 3 5 71 10| 14| 19| 28
84-186 421 6 | 85|12 | 17 | 24 | 34 34-66 41 6| 8| 11| 16| 22| 31
67-133 41 6| 9| 12| 18| 25| 35
-13 8 |1 |16 |23 | 32| 45 | 64 -8 1] 16| 23| 32| 45| 64| 91
o 14-33 0 [14 [20 |29 | 41 | 57 | 81 9-16 12| 18| 25| 35| 50| 70| 100
L‘;ﬁ;&‘:::'a""e B 34-83 13 (18 |26 |37 | 52| 74 | 104 17-33 14 19| 28] 39| 55| 77 110
84-186 17 |24 |35 |49 | 69 | 98 | 138 34-66 16| 22| 31| 44| 62| 87125
67-133 18| 25| 35| 50| 71| 99| 140
-13 32| 46| 65| 9 13 ] 18 | 26
. . 14-33 36| 5 75 110 15 ] 21 | 29
Total profile deviation All range 3 4 6 91 13| 18| 25
34-83 41 6 | 85|12 17 | 23| 33
84-186 49| 7 |10 |14 | 20 | 28 | 39
-13 65| 9 |13 |18 | 25| 36 | 51 -8 8 1| 16| 23| 32| 45| 64
14-33 8 |11 [16 |23 | 32| 46 | 65 9-16 9 12| 18] 25| 35| 50| 70
Runout 34-83 10 |15 |21 |29 | 42 | 59 | 83 17-33 10| 14| 19| 28| 39| 55| 77
84-186 14 |20 |28 |39 | 55| 78 | 110 34-66 M| 16| 22| 31| 44| 62| 87
67-133 120 18] 25| 35| 50| 71| 9
=13 10 |14 |19 |27 | 38 | 54 | 76 -8 10| 15| 21| 30| 42| 59| 84
Radial composite 14-33 1M |16 |23 |32 | 45 | 64 | 91 9-16 M| 16| 23| 32| 45| 64| 9
deviation 34-83 14 |19 |27 |39 | 55 | 77 | 109 17-33 120 17| 25| 35| 49| 69| 98
Total contact 84-186 17 |24 |34 |48 | 68 | 97 |137 34-66 13 19| 27| 38| 54| 76| 105
67-133 15| 21| 30| 42| 60| 85| 120
UBEL 0 i) ] 33 3 416519 | B8 2 Allrange 5| 7| 10| 14| 20/ 28| 40
composite deviation 34-186 3 1 450 65] 9 | 13 ] 18| 26




Table 7. The Allowable value of each deviation for module 2.0

Unit: um
. System of accuracy for JIS B 1702-1 and 2: 1998 System of accuracy for JIS B 1702 and JGMA 116-01
eviations No. of teeth N4 | N5 | N6 | N7 | N8 | N9 | N10 No. of teeth 0 1 2 3 4 5 6
-10 33| 47| 65| 95| 13 19 26 7-12 3 5 7 9 13 19 27
X X L 11-25 3515 7 10 14 20 28 13-25 4 5 7 10 15 21 30
Single pitch deviations
26-62 38| 55| 75|11 15 21 30 26-50 4 6 8| 12| 16| 23| 33
63 -140 421 6 85 (12 17 24 | 34 51-100 5 7 9 13 19 26 37
-10 8 " 16 23 32 45 64 7-12 13 19 27 38 53 75 | 105
Total cumulative pitch 11-25 10 14 20 29 41 57 81 13-25 15 21 30 42 59 83 | 120
deviations 26-62 13 18 |26 |37 52 74 | 104 26-50 16| 23] 33| 46| 66| 92| 130
63-140 17 24 35 49 69 98 | 138 51-100 19 26 37 52 74 | 105 | 150
-10 32| 46| 65| 9 13 18 26
. L 11-25 36 | 5 75110 15 21 29
Total profile deviation All range 4 5 71 10| 15| 21| 29
26-62 411 6 85112 17 23 | 33
63-140 49 | 7 10 14 20 28 39
-10 65| 9 13 18 25 36 51 7-2 9 13 19 27 38 53 75
Runout 11-25 8 1 16 23 32 46 65 13-25 10 15 21 30 | 42 59 83
26-62 0 (15 |21 29 42 59 | 83 26-50 12| 16| 23| 33| 46| 66 | 92
63-140 14 |20 28 39 55 78 | 110 51-100 13 19 26 37 52 74 | 105
-10 1 16 22 32 45 63 89 7-12 12 17 25 35 49 70 98
Szei‘:;g%mp““e 11-25 13 (18 |26 |37 | 52| 73103 13-25 13 19| 27| 38 53| 75] 105
Tatel ot 26-62 15 122 |31 43 61 86 | 122 26-50 15| 21 29| 4 58 | 82| 115
63-140 19 26 37 53 75 | 106 | 149 51-100 16 23 32| 45 64 | 91 | 130
Tooth-to-tooth radial o2 45 6519018 | BB L7 pirange 6| 8| 12| 16| 3| 33| 47
composite deviation 63-140 451 65| 95|13 19 27 | 38
Table 8. The Allowable value of each deviation for module 2.5
Unit: um
. System of accuracy for JIS B 1702-1 and 2: 1998 System of accuracy for JIS B 1702 and JGMA 116-01
Deviations No. of teeth N4 | N5 | N6 | N7 | N8 | N9 | N10 No. of teeth 0 1 2 3 4 5 6
-8 3715 751 10 | 15 21 29 -10 3 5 7 91 13 19| 27
i X L 9-20 391 55| 75| 1 15 22 31 11-20 4 5 7 10 15 21 30
Single pitch deviations
21-50 411 6 85| 12 17 23 33 21-40 4 6 8 12 16 23 33
51~112 46 | 651 9 13 18 26 36 41 ~80 5 7 9 13 19 26 37
~8 85 (12 17 23 | 33 47 | 66 ~10 130 19| 27| 38| 53| 75| 105
Total cumulative pitch 9~20 0 |15 |21 30 | 42 59 | 84 11~20 151 21 30| 42| 59| 83|12
deviations 21~50 13 19 27 38 53 76 | 107 21 ~40 16 23 33 46 | 66 92 | 130
51~112 18 25 35 50 70 | 100 | 141 41 ~80 19 26 37 52 74 1 105 | 150
~8 47 1 65| 95| 13 19 26 | 37
. e 9~20 5 7 110 14 | 20 29 | 40
Total profile deviation Allrange 4 5 70 10| 15{ 21| 29
21 ~50 55| 8 " 16 22 31 44
51~112 65| 9 13 18 25 36 50
~8 65| 95|13 19 | 27 38 | 53 ~10 91 13 19 27| 38 53| 75
Runout 9~20 85 (12 17 24 34 47 67 11~20 10 15 21 30 | 42 59 83
21 ~50 " 15 21 30 | 43 61 86 21~ 40 12 16 23 33 46 66 92
51~112 14 20 28 40 56 80 | 113 41 ~80 13 19 26 37 52 74 | 105
~8 ~10 12 171 25| 35| 49| 70| 98
323:::;‘:]“"’““9 9~20 13 [18 |26 |37 | 52| 73|03 11~ 20 3] 19| 27] 38| 53| 75] 105
Total contact 21 ~50 15 22 31 43 61 86 | 122 21~ 40 15 21 29| 4 58 | 82| 115
51~112 19 26 37 53 75 | 106 | 149 41 ~80 16 23 32 45 64 91 | 130
Tooth-to-tooth radial ~ 50 451 65| 95 13 | 19| 26| 37 Allrange 6| 8| 12| 16| 23| 3| 47
composite deviation 51~112 451 65| 95| 13 19 27 38
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Table 9. The Allowable value of each deviation for module 3.0

Unit: zm
Deviati System of accuracy for JIS B 1702-1 and 2: 1998 System of accuracy for JIS B 1702 and JGMA 116-01
eviations
No.ofteeth | N4 | N5 | N6 | N7 | N8 | N9 [ N10| Noofteeth | 0 | 1| 23|45 |6
716 39 | 55| 75| 11 151 2| 3 8 This is beyond the standard, applied Allowable
value of No. of teeth of 9.
Single pitch deviations 17-41 411 6 85| 12 17 23 33 9-16 4 6 8 1 16 23 33
42-93 46 | 651 9 13 18 26 36 17-33 4 6 9 13 18 25 36
34-66 5 7 10 14 20 28 40
716 10 115 |21 30 | 4| 59| 84 8 This is beyond the standard, applied Allowable
value of No. of teeth of 9.
Z‘é;?;:i‘:r“‘s“'a“"e Bl 17-41 13 |19 |27 |38 ] 53] 76 |107 9-16 16| 23] 33] 46| 65| 91130
42-93 18 |25 |35 50 | 70 | 100 | 141 17-33 18| 25| 36| 51 72 | 100 | 145
34-66 20| 28| 40| 57| 81| 115 160
7-16 5 7 10 14 20 29 40
Total profile deviation 17-41 55| 8 " 16 22 31 44 Allrange 4 6 9 13 18 25 36
42-93 65| 9 13 18 | 25 36 | 50
7-16 85 112 |17 w | 34| 47| 67 8 This is beyond the standard, applied Allowable
value of No. of teeth of 9.
Runout 17-41 " 15 21 30 43 61 86 9-16 " 16 23 33 46 65 91
42-93 14 20 28 40 56 80 | 113 17-33 13 18 25 36 51 72 | 100
34-66 14 20 28 40 57 81 | 115
7-16 16 122 |31 a | 63| 89 | 126 8 This is beyond the standard, applied Allowable
Radial composite value of No. of teeth of 9.
deviation 17-41 18 25 36 51 72 | 102 | 144 9-16 15 21 30 43 60 85 | 120
Total contact 42-93 21 30 43 61 86 | 121 | 172 17-33 16 23 32 46 65 92 | 130
34-66 18| 25| 35 50 | 71| 100 | 140
WSS A L] -93 75010 |15 | 21| 29 | 41| 58 All range 70 10| 13] 20| 29| 40| 57
composite deviation

Table 10. The Allowable value of each deviation for module 4.0

Unit: um
Deviati System of accuracy for JIS B 1702-1 and 2: 1998 System of accuracy for JIS B 1702 and JGMA 116-01
eviations No.ofteeth | N4 | N5 | N6 | N7 | N8 | N9 | N10| No.ofteeth | 0 | 1 | 2 | 3 | 4 | 5 | 6
=12 4306 | 85 1217 | 24| 34 124 6| 8| 11| 16| 23] 33
Single pitch deviations 13-31 46 | 65| 9 13| 18 | 26 | 36 13-25 4 6 91 13| 18| 25| 36
32-70 5 17 [0 [ 14|20 | 28] 40 26-50 s 7] 0] 4] 0] 28] 4
- 12 n 15 |22 |31 | 44| 62| &7 12 6| 23| 33| 46| 65| 91130
Z:f,?;t‘i‘(‘)':su'a""e e 13-31 14 [19 [28 |39 | 55| 78 [ 110 13-25 18] 25 36| 51| 72]100] 145
32-70 18 |25 [36 | 51| 72 [ 102 | 144 26-50 20| 28] 40| 57| 81| 115 160
12 6 |9 |12 | 18|25 35| 50
Total profile deviation 13-31 65| 95|13 19 | 27 | 38| 54 Allrange 4 6 91 13| 18| 25| 36
32-70 75011 [15 [ 21 ] 30| 42 60
-12 8512 |17 | 25 | 35 | 49 | 70 -12 M| 6| 23] 33| 46| 65| o1
Runout 13-31 m |16 |22 [ 31| 4| 62| 88 13-25 3] 18] 25| 36| 51| 72| 100
32-70 14 |20 [29 | 41 | s8] 82 |15 26-50 1] 20| 28] 40| 57| 81| 115
e -1 16 |22 |31 | 44 | 63| 89 | 126 -1 15 21 30| 43] 60 85] 120
deviation 13-31 18 |25 [36 | 51| 72 [ 102 | 144 13-25 6] 23| 32| 46| 65| 92130
Total contact 32-70 2 [30 |43 |6 | 8 [121 172 26-50 18] 25| 35| 50| 71| 100 | 140
Igr‘:;‘ots‘l’t;?;\t‘la’:i':' -70 75010 |15 | 21 | 29| 41| 58|  Alrange 70 10| 13| 20| 29| 40| 57




Table 11. The Allowable value of each deviation for module 5.0

Unit: zm
Deviati System of accuracy for JIS B 1702-1 and 2: 1998 System of accuracy for JIS B 1702 and JGMA 116-01
eviations No.ofteeth | N4 | N5 | N6 | N7 | N8 | N9 | N10| No.ofteeth | 0 | 1 | 2 | 3 | 4 | 5 | 6
-10 43| 6 | 85| 12| 17 | 24| 34 -10 s 7] o 13] 19] 26| 37
Single pitch deviations 11-25 46| 65| 9 | 13| 18| 26 | 36 11-20 5| 7] 10| 14| 20| 28| 40
26-56 5 |7 |10 |14 ] 20 28] 40 21-40 6| 8| 11| 16| 22| 32| 45
o 10 n (15 |2 |31 ] 4| 6| 87 -10 19| 26| 37| 52| 74105 150
ZZ:I?;t‘i‘(‘,':S‘"at"’e pitch 11-25 14 |19 |28 | 39 | 55 | 78 | 110 11-20 20| 28| 40| 57| 81115 160
26-56 18 |25 |36 | 51 | 72 |102 | 144 21-40 2| 32| 45| 63| 90| 125 | 180
-10 6 | 9 |12 | 18] 25| 35| 50
Total profile deviation 11-25 651 95|13 19 | 27 | 38| 54 All range 6 8| 1| 16| 23| 32| 45
26-56 75 (11 [15 | 21 [ 30 | 42| 60
-10 8512 |17 | 25| 35 | 49 | 70 -10 13 19| 26| 37| 52| 74105
Runout 1-25 1M 16 |22 | 31 | 44 | 62| 88 11-20 14 20| 28| 40| 57| 81115
26-56 14 |20 |29 | 41 | 58 | 82| 115 21-40 15 2| 32| 45| 63| %0125
Radial composite -10 20 |28 |39 | 56| 79 [ 111|157 -10 18| 25| 35| 50| 70 | 100 | 140
deviation 1-25 2 |31 |4 | 62| 88 | 124 | 176 11-20 19| 27| 38| 53| 75105 | 150
Total contact 26-56 25 |36 |51 | 72 | 102 144 | 203 21-40 20| 29| 41| 58| 81| 115 160
Ig:::ots‘l’t;°(;’etc|:g'§' -56 M |15 |2 | 31| 4| 6| 8| Almange 9| 13| 18] 26| 36| 51| 73

Table 12. Total helix deviation

Reference diameter
Reference diameter Facewidth N4 ‘ N5 ‘ N6 ‘ N7 ‘ N8 ‘ N9 ‘ N10
dmm b mm
um
4=b=10 43 6 85 12 17 24 35
55d=20 10<b=20 49 7 9.5 14 19 28 39
20<b=40 55 8 " 16 22 31 45
4=b=10 45 6.5 9 13 18 25 36
20<d=50 10<b=20 5 7 10 14 20 29 40
20<b=40 5.5 8 " 16 23 32 46
4=b=10 47 6.5 9.5 13 19 27 38
10<b=20 55 7.5 N 15 21 30 42
50<d=125
20<b=40 6 85 12 17 24 34 48
40 <b =80 7 10 14 20 28 39 56
4=b=10 5 7 10 14 20 29 40
10<b=20 5.5 8 n 16 22 32 45
125 < d = 280
20<b=40 6.5 9 13 18 25 36 50
40<b=80 7.5 10 15 21 29 41 58
10<b=20 6 85 12 17 24 34 48
20< b =40 6.5 9.5 13 19 27 38 54
280 < d = 560
40<b=80 7.5 1" 15 22 31 44 62
80 < b =160 9 13 18 26 36 52 73
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Table 13. Allowable value of Runout for material of Outside diameter (JIS B 1702 old)

Unit: zm
da=Outside diameter (mm) 1'i <da| 3<da | 6<da | 12<da | 25<da | 50<da | 100 < da | 200 < da | 400 < da | 800 < da |1,600 < da
<30 <6 =1 <25 <50 | =100 | <200 | <400 | <800 | <1600 | <3200
Class 0 3 4 4 4 5 5 6 6 7 9 10
Class 1 5 5 5 6 6 7 8 9 10 12 14
Class 2 7 7 8 8 9 10 1 13 15 17 20
Class 3 10 10 1 12 13 14 16 18 20 24 28
Class 4 14 14 15 17 18 20 2 25 29 34 40
Class 5 19 20 2 23 26 28 31 36 41 47 56
Class 6 28 29 31 33 36 40 45 51 58 60 80
Class 7 55 58 62 67 73 80 90 100 15 135 160
Class 8 110 15 125 135 145 160 180 200 230 270 320
Table 14. Allowable value of Runout for material of side flank (JIS B 1702 old) for class 0 gear.
Unit: um
e e et 1.i< da | 3<da 6<da 12<da | 25<da | 50<da | 100 <da | 200 < da | 400 < da | 800 < da |1,600 < da
<30 <6 =12 <25 <50 | 100 | <200 | <400 | <800 | <1600 | <3200
b<30 2 2 3 4 5 8 - - - - -
3<b=6 2 2 3 3 5 8 13 - - - -
€ 6<b=12 2 2 3 3 5 7 12 23 - - -
£ 12<b=25 2 2 3 3 4 7 1 2 38 . -
-“é 25<b=50 - 2 3 3 4 6 9 16 30 59 -
E 50 < b =100 - - 2 3 3 5 7 12 2 4 82
& 100 < b = 200 - - - 3 3 4 5 8 15 27 52
200 < b <400 - - - - 3 3 4 6 9 17 31
400 < b < 800 - - - - 3 3 4 10 18
Table 15. Allowable value of Runout for material of side flank (JIS B 1702 old) for class 1 gear.

Unit: zm
b<30 3 3 4 5 7 1 - - - - -
3<b=6 3 3 4 5 7 1 19 - - - -

€ 6<b=12 3 3 4 5 7 10 18 32 - - -
£ 12<b =25 3 3 4 5 6 9 16 28 53 - -
E 25<b=50 - 3 4 4 5 8 13 3 43 83 -
E 50 <b =100 - - 3 4 5 7 10 17 31 59 15
& 100 < b <200 - - - 4 4 5 7 12 21 38 74
200 < b < 400 - - - 4 4 6 8 13 23 44
400 < b <800 - - - - - 4 4 6 9 14 25




Table 16. Allowable value of Runout for material of side flank (JIS B 1702 old) for class 2 gear.

Unit: um
d=Refeencedameter o) | ' 557 | P20 | S| USSR s | a0 | Saw | Sao | S0 | S50
b<30 5 5 6 7 10 16 - - - - -
3<b=6 5 5 6 7 10 15 26 - - - -
€ 6<b=12 5 5 5 7 9 14 25 45 - - -
£ 12<b =25 4 5 5 6 9 13 2 40 75 - -
E 25<b=50 - 5 5 6 8 11 18 32 60 15 -
g 50 <b <100 - . 5 5 7 9 14 2 4 83 160
& 100 < b < 200 - - - 5 6 7 10 17 29 54 105
200 < b < 400 - - - 5 6 8 1 18 33 61
400 < b <800 - - - - - 5 6 8 12 20 35
Table 17. Allowable value of Runout for material of side flank (JIS B 1702 old) for class 3 gear.
Unit: um
e e et 1.i< da | 3<da 6<da 12<da | 25<da | 50<da | 100 <da | 200 < da | 400 < da | 800 < da |1,600 < da
<30 <6 =12 <25 <50 | 100 | <200 | <400 | <800 | <1600 | <3200
b<30 6 7 8 10 14 2 - - - - -
3<b=6 6 7 8 10 14 2 37 - - - -
€ 6<b=12 6 7 8 10 13 21 35 64 - - -
£ 12<b=25 6 7 8 9 12 19 31 56 105 . -
-“é 25<b=50 - 7 7 8 1 16 26 46 86 165 -
E 50 < b =100 - - 7 8 10 13 20 34 62 120 230
& 100 < b < 200 - - - 7 8 10 15 24 41 77 150
200 < b < 400 - - - - 7 9 11 16 26 47 88
400 < b < 800 - - - . - 7 9 12 17 28 50
Table 18. Allowable value of Runout for material of side flank (JIS B 1702 old) for class 4 gear.

Unit: zm
b<30 9 10 n 14 20 31 - - - - -
3<b=6 9 10 n 14 19 30 52 - - - -

€ 6<b=12 9 10 n 13 19 29 49 90 - - -
£ 12<b=25 9 9 11 13 17 26 44 79 150 - -
E 25<b=50 - 9 10 12 15 2 36 64 120 230 -
E 50 <b <100 - - 10 11 13 18 28 48 87 165 320
& 100 < b <200 - - - 10 12 15 21 33 58 110 210
200 < b < 400 - - - - 10 12 16 23 37 66 125
400 < b <800 - - - - - 10 12 16 24 39 70
Table 19. Allowable value of Runout for material of side flank (JIS B 1702 old) for class 5 gear.
Unit: um
e et 1.i< da | 3<da 6<da 12<da | 25<da | 50<da | 100 <da | 200 < da | 400 < da | 800 < da |1,600 < da
<30 <6 =12 <25 <50 | <100 | <200 | <400 | <800 | <1600 | <3200
b<30 13 14 16 20 28 45 - - - - -
3<b=6 13 14 16 20 28 43 75 - - - -
€ 6<b=12 13 14 15 19 27 41 70 130 - - -
£ 12<b=25 13 14 15 18 25 37 62 15 210 - -
-“é 25<b=50 - 13 14 17 2 32 52 92 170 330 -
E 50 < b =100 - - 14 15 19 26 40 68 125 240 469
& 100 < b < 200 - - - 14 16 21 30 47 83 155 300
200 < b < 400 - - - - 15 17 2 32 53 94 175
400 < b < 800 - - - - - 15 18 23 34 56 190
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Accuracy for Bevel gear
JIS B 1704 (Extracts)

1. Applicable Range covers accuracy of Bevel gear
with Outer transverse module 0.4 to 25.0 and Outer
pitch diameter 3.0 mm to 1,600.00 mm

Remark: Above applicable range can be used for
Hypoid gear.

2.The meanings of gear terms. Standard terms are
used as follow.

(1) Single pitch deviation.

Amount of actual pitch on Pitch circle at Mean cone
distance of adjacent teeth subtracted by its correct
pitch.

(2) Pitch variation deviation.

The Absolute amount of difference between adjacent
two pitches on Pitch circle at Mean cone distance.

(3) Total cumulative pitch deviations.

The value from amount of correct pitch subtracted by
sum of actual pitch with any adjacent two pitches at
Mean cone distance.

(4) Runout.

Maximum difference at location of radius direction
when contact piece such as Over balls or Rollers are
put to Tooth space near Pitch circle.

3.System of accuracy for gears is classified into 9
classes. Can select to combine from different class-
es with different deviation or choose only neces-
sary items in accordance to the usage purpose.
There are the classes 0, 1,2,3,4,5,6,7, 8.

4. Allowable value For classification of System of ac-
curacy, refer to following pages for Allowable val-
ues of Single pitch deviation, Pitch variation devia-
tion, Total cumulative pitch deviation and Runout.



Table 20.

Allowable tolerances for Transverse module 0.4 to 0.6.

Unit: um
System of L d = Pitch diameter (mm)
Deviations
accuracy 30<d=60 | 60<d=120 | 120<d=25.025.0<d=500 500 <d=100.0{100.0 < d = 200.0
Single pitch deviation (1) 3 4 4 4 4 5
0 Pitch variation deviation 4 5 5 5 6 6
Total cumulative pitch deviations (+) 14 14 15 16 18 19
Runout 5 7 10 14 20 28
Single pitch deviation (+) 6 6 7 7 8 8
1 Pitch variation deviation 8 8 9 9 10 1
Total cumulative pitch deviations (+) 25 26 27 29 31 34
Runout 7 10 15 21 30 43
Single pitch deviation (&) 1 12 12 13 14 15
) Pitch variation deviation 15 15 16 17 18 20
Total cumulative pitch deviations (+) 46 47 50 52 56 60
Runout 1" 15 22 31 45 63
3 Runout 16 24 33 48 67 95
4 Runout 25 35 50 71 100 145
5 Runout 37 52 75 105 150 210
6 Runout 56 79 110 160 230 320
Table 21. Allowable tolerances for Transverse module above 0.6 to 1.0
Unit: um
System of . d = Pitch diameter (mm)
Deviations
accuracy 30<d=60 | 60<d=120 | 120<d=25.025.0<d=500 500 < d=100.0{100.0 < d = 200.0
Single pitch deviation () 4 4 4 4 5 5
0 Pitch variation deviation 5 5 5 5 6 6
Total cumulative pitch deviations (+) 14 15 16 17 18 20
Runout 5 7 10 14 20 28
Single pitch deviation (+) 6 7 7 7 8 9
1 Pitch variation deviation 8 9 9 10 10 1
Total cumulative pitch deviations (+) 25 26 28 30 32 34
Runout 7 10 15 21 30 43
Single pitch deviation () 12 12 13 13 14 15
) Pitch variation deviation 15 16 16 17 18 20
Total cumulative pitch deviations (+) 46 48 50 53 57 61
Runout 1" 15 22 31 45 63
3 Runout 16 24 33 48 67 95
4 Runout 25 35 50 71 100 145
5 Runout 37 52 75 105 150 210
6 Runout 56 79 110 160 230 320
Table 22. Allowable tolerances for Transverse module above 1.0 to 1.6.
Unit: zm
System of . d = Pitch diameter (mm)
Deviations
accuracy 30<d=60 | 60<d=120 | 120<d=25.025.0<d=500 500 <d=100.0{100.0 < d = 200.0
Single pitch deviation () 4 4 4 5 5 6
0 Pitch variation deviation 5 5 6 6 7 7
Total cumulative pitch deviations (+) 15 16 17 19 20 22
Runout 7 10 14 20 28 40
Single pitch deviation () 7 7 8 8 9 10
1 Pitch variation deviation 9 9 10 1 1 13
Total cumulative pitch deviations (+) 27 29 30 32 35 39
Runout 10 15 21 30 43 60
Single pitch deviation () 12 13 14 14 16 17
) Pitch variation deviation 16 17 18 19 20 22
Total cumulative pitch deviations (+) 49 52 54 58 62 68
Runout 15 22 31 45 63 89
Single pitch deviation () 23 23 25 26 28 30
3 Pitch variation deviation 29 30 32 34 36 39
Total cumulative pitch deviations (+) 90 94 98 105 110 120
Runout 24 33 48 67 95 135
Single pitch deviation () 41 42 44 46 49 52
4 Pitch variation deviation 53 55 57 60 63 68
Total cumulative pitch deviations (+) 165 170 175 185 195 210
Runout 35 50 71 100 145 200
5 Runout 52 75 105 150 210 300
6 Runout 79 110 160 230 320 450
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Table 23. Allowable tolerances for Transverse module above 1.6 to 2.5.

Unit: um
System of L d = Pitch diameter (mm)
Deviations
accuracy 30<d=60 | 60<d=120 | 120<d=25.025.0<d=500 500 <d=100.0{100.0 < d = 200.0
Single pitch deviation (1) 4 4 5 5 6 6
0 Pitch variation deviation 5 6 6 7 8 9
Total cumulative pitch deviations (+) 17 18 19 21 23 26
Runout 10 14 20 28 40 56
Single pitch deviation () 7 8 8 9 10 11
1 Pitch variation deviation 10 10 1 12 13 14
Total cumulative pitch deviations (+) 30 32 34 36 40 44
Runout 15 21 30 43 60 86
Single pitch deviation (&) 13 14 15 16 17 19
) Pitch variation deviation 17 18 19 21 23 25
Total cumulative pitch deviations (+) 54 56 60 64 69 76
Runout 22 31 45 63 89 125
Single pitch deviation (1) 24 25 27 28 31 33
3 Pitch variation deviation 31 33 35 37 40 43
Total cumulative pitch deviations (+) 97 100 105 115 120 135
Runout 33 48 67 95 135 190
Single pitch deviation (+) 43 45 47 50 55 57
4 Pitch variation deviation 56 58 61 65 69 75
Total cumulative pitch deviations (+) 170 180 190 200 210 239
Runout 50 71 100 145 200 290
5 Pitch variation deviation 110 115 120 125 132 150
Runout 75 105 150 210 300 430
6 Pitch variation deviation 210 220 240 250 270 290
Runout 110 160 230 320 450 640
Table 24. Allowable tolerances for Transverse module above 2.5 to 4.0.
Unit: um
d = Pitch diameter (mm)
System of .
accuracy Deviations 120<d 250<d 500<d 100.0<d 200.0<d 400.0<d 800.0<d
=250 =50.0 =100.0 =200.0 = 400.0 = 800.0 = 1,600.0
Single pitch deviation (+) 5 5 5 6 6 7 8
0 Pitch variation deviation 6 6 7 7 8 9 10
Total cumulative pitch deviations (+) 18 19 21 22 24 27 31
Runout 10 14 20 28 40 56 79
Single pitch deviation (+) 8 8 9 10 10 12 13
1 Pitch variation deviation 10 11 12 12 14 15 17
Total cumulative pitch deviations (+) 32 33 36 38 42 46 51
Runout 15 21 30 43 60 86 120
Single pitch deviation () 14 15 16 17 18 20 22
) Pitch variation deviation 18 19 20 22 24 26 29
Total cumulative pitch deviations (+) 57 59 63 67 72 79 88
Runout 22 31 45 63 89 125 180
Single pitch deviation () 25 27 28 30 32 35 38
3 Pitch variation deviation 33 34 36 39 41 45 49
Total cumulative pitch deviations (+) 100 105 110 120 130 140 150
Runout 33 48 67 95 135 190 270
Single pitch deviation () 45 47 50 52 55 59 65
4 Pitch variation deviation 59 61 65 67 72 77 84
Total cumulative pitch deviations (+) 180 185 200 210 220 240 260
Runout 50 71 100 145 200 290 400
5 Pitch variation deviation 115 120 125 130 135 155 170
Runout 75 105 150 210 300 430 600
6 Pitch variation deviation 220 240 250 260 280 290 310
Runout 110 160 230 320 450 640 900
7 Runout 250 360 500 720 1000 1450 2000




Table 25. Allowable tolerances for Transverse module above 4.0 to 6.0

Unit: zm
System of Deviations d = Pitch diameter (mm)
accuracy 25.0 < d =50.0 {50.0 < d =100.0{100.0 < d = 200.0|200.0 < d = 400.0{400.0 < d = 800.0({800.0 < d =1,600.0
Single pitch deviation () 5 6 6 7 7 8
0 Pitch variation deviation 7 7 8 9 9 1
Total cumulative pitch deviations (+) 21 22 24 26 29 32
Runout 14 20 28 40 56 79
Single pitch deviation (1) 9 10 10 1 12 14
. Pitch variation deviation 12 12 13 14 16 18
Total cumulative pitch deviations (+) 36 38 41 45 49 54
Runout 21 30 43 60 86 120
Single pitch deviation () 16 17 18 19 21 23
) Pitch variation deviation 21 22 23 25 27 30
Total cumulative pitch deviations (+) 64 67 72 77 84 92
Runout 31 45 63 89 125 180
Single pitch deviation (+) 28 30 31 34 36 40
3 Pitch variation deviation 37 39 41 44 47 52
Total cumulative pitch deviations (+) 115 120 125 135 145 160
Runout 48 67 95 135 190 270
Single pitch deviation () 50 52 54 58 62 68
4 Pitch variation deviation 65 67 71 75 81 88
Total cumulative pitch deviations (+) 200 210 220 230 250 270
Runout 71 100 145 200 290 400
5 Pitch variation deviation 125 130 135 150 165 175
Runout 105 150 210 300 430 600
6 Pitch variation deviation 250 260 270 290 300 330
Runout 160 230 320 450 640 900
7 Runout 360 500 720 1000 1450 2000
Table 26. Allowable tolerances for Transverse module above 6.0 to 10.0
Unit: zm
System of Deviations d = Pitch diameter (mm)
accuracy 25.0 < d =50.0 {50.0 < d =100.0{100.0 < d = 200.0|200.0 < d = 400.0{400.0 < d = 800.0({800.0 < d =1,600.0
Single pitch deviation () 6 6 7 7 8 9
0 Pitch variation deviation 8 8 9 9 10 1
Total cumulative pitch deviations (+) 24 25 27 29 32 35
Runout 14 20 28 40 56 79
Single pitch deviation (1) 10 1 1 12 13 15
. Pitch variation deviation 13 14 15 16 17 19
Total cumulative pitch deviations (+) 41 43 46 49 54 59
Runout 21 30 43 60 86 120
Single pitch deviation () 18 19 20 21 23 25
) Pitch variation deviation 23 24 26 27 30 32
Total cumulative pitch deviations (+) 71 75 79 84 91 100
Runout 31 45 63 89 125 180
Single pitch deviation (+) 31 33 34 37 39 43
3 Pitch variation deviation 41 42 45 48 51 56
Total cumulative pitch deviations (+) 125 130 140 145 155 170
Runout 48 67 95 135 190 270
Single pitch deviation () 54 56 59 62 67 72
4 Pitch variation deviation 71 73 77 81 87 100
Total cumulative pitch deviations (+) 220 230 240 250 270 290
Runout 71 100 145 220 290 400
5 Pitch variation deviation 135 140 155 165 175 185
Runout 105 150 210 300 430 600
6 Pitch variation deviation 270 280 290 310 320 340
Runout 160 230 320 450 640 900
7 Runout 360 500 720 1000 1450 2000
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Table 27. Allowable tolerance for Tip angle of material Distance from Crown circle to

Unit: Minutes o $ Reference back cone (Tip distance)
Ny
System of b = Facewidth (mm) <§§ Q’A‘ 1/
N O
accuracy | b<16 | 16<b=6 |60<b=250] b>250 S /)&
. 0 0 0 0
! +60 +20 +10 +8 s
4 Reference back cone
24 0 0 0 0 <
‘ +100 30 +20 +15 _ / e
o0 0 0 0 0 gl
’ +120 +40 +25 +20 g| Tipapgle
(]
78 0 0 0 0 £
+150 +60 +30 +25 %
Details for Allowable distance from Outside diameter =
. . o
of material or Crown circle to Reference back cone -

omitted.

Fig. 19 Terms for Bevel gear



1. Allowable value of Runout for material’s Cone surface. When using Reference surface for gear cutting or measure-
ment with material’s Tip cone surface. Allowable Runout for material’s Tip cone surface is indicated in Table below.
While material’s Back cone and Front cone surface is used for Reference surface, values below may also be used.
Note (1): Runout for material’s cone surface is difference between maximum and minimum readings of an indica-

tor when turning the material with the indicater placed firmly near the heel of cone perpendicular to

cone surface.

Table 28. Allowable value of Runout for material’s Cone surface

Unit: um
d = Pitch diameter (mm)
System of
accuracy 30<d 60<d 120<d 250<d 500 <d 100.0 < d 2000<d 4000<d 8000<d
=6.0 =120 =250 =50.0 = 100.0 = 200.0 = 400.0 = 800.0 = 1,600.0
1,2 14 15 17 18 20 22 25 30 34
3,4 33 35 38 41 45 51 57 66 76
56 73 77 83 91 100 110 125 145 170
7,8 - - 185 200 220 250 280 330 380

2. Allowable value of Runout for side flank of material. For the material of Bevel gear with shaft or bore, refer to
Table 29, shows Allowable value of Runout for side flank of material when using the Reference surface as flat face

perpendicular to axis for gear cutting.
Note (1): Runout for material’s side flank is difference between maximum and minimum readings of an indicator

when turning the material with the indicater placed firmly near the heel of Reference side face.

Table 29. Allowable value of Runout for material’s side flank

cone surface

Runout of front
cone surface

|

Fig. 20 Runout of Bevel gear with bore

Unit: um
d = Pitch diameter (mm)
System of
k) IETE 60<d 120<d 250<d 500<d 1000<d | 2000<d | 4000<d | 800.0<d
<60 =120 =250 =50.0 = 100.0 = 200.0 = 400.0 = 800.0 = 1,600.0
1,2 6 6 7 7 8 9 10 12 14
3,4 16 17 19 20 22 25 28 33 38
56 46 49 53 57 63 71 80 92 105
7,8 - - 150 165 180 200 230 260 310
Runout of Back
Runout of Tip ) cone surface
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Chapter 6 Gear assembly

6.1 Advice on gear assembly

When assembling the gear pair, please note the following recommended points.

(1) Beware of gear with scratches and rust, handle gear with care.
Small scratch marks may cause noise.

(2) Remove sharp edges near tooth flank.
It is advisable to perform chamfering by semi top process to remove sharp edges on the Tooth tip. If chamfering is
not performed, be sure to find and remove scratch marks or burrs on the gear.

(3) Measure the backlash.
Backlash regardless big or small causes noise. It is necessary to maintain proper backlash. If not, it is necessary to ad-
just centre distance. For details on KG-Backlash, please refer to page 24 of Technical Data and page 23 of front pages.

(4) Confirm tooth bearing.
Noise and oscillation is caused by poor tooth contact. Poor tooth bearing also harms the durability of the gear.
Please refer to page 96 of section 6.4 for more on tooth contact.

(5) Use suitable type of lubricating oil in proper amounts.
Refer to pages 99 to 103 of sections 6.5 and 6.6 for suitable type of lubricating oil in proper amounts.

(6) Perform warm up and test run.
We recommend that warm up and test run be performed before actual operations in order to improve hardness and
strength of tooth flank.

(When applying Heat treatment to pinion only) Especially for Worm gear pair, warm up and test run is recommended
to improve area of tooth bearing and surface strength.

Tooth profile for Worm gear pair has complicated curved surface compared with other gears making it difficult to
fabricate Worm gear pair with improved accuracy. There are limitations to surface roughness when processed with
lath only.

It is necessary to perform warm up and test run for Worm gear pair. Do not apply full load or close to full load to
Worm gear pair or scuffing will occur easily.

For Warm up and Test run, gives improved evenness of tooth flank and increased tooth contact area (per square
measure), which reduces the load (per square measure). It will also improve wear resistance against work hardening
of tooth flank.

Therefore it provides a longer lifespan for the gear and reduces the noise level and oscillation.

Method of Warm up and Test run. Firstly check the tooth contact while applying empty load and then gradually in-
crease load to the gear.

We recommend changing all the lubricating oil after warm up and test run. Subsequently we recommend that the
lubricating oil be changed every 6 months or 25,000 hours which ever comes first.

In addition, take note of dynamic balance and assembling method as recommended.



6.2 Centre distance for Spur and Helical gears

Gear assembly with accurate working centre distance is recommended for Spur and Helical gears. Fig. 1 shows an
extract from the Allowable deviations of Centre distance for Spur and Helical gears as defined in JGMA 1101-1 (2000
Japan Gear Manufacturing Association).

Allowable tolerance for Centre distance

(1) Accuracy standard for Spur and Helical gears

Table 1 shows Allowable deviation of Centre distance for classes N3 to N12 gears of JIS B 1702-1 and JIS B 1702-2
(covers only ground and hobbing gears)

(2) Centre distance: Shortest distance from centre of axes of Parallel spur gear pair or gear pair with Non-parallel and
Non-intersecting axes.

Table 1. Allowable tolerances of Centre distance for the gear

Unit:zm
System of accuracy N3,N4 | N5N6 | N7,N8 | N9,N10 | N11,N12
a = Centre distance (mm)

50<a=200 t6 10 t16 +26 + 65
200<a =500 38 t12 +20 * 31 +80
500 < a=1250 +12 120 132 150 +125
1250 < a <2800 +16 + 26 *40 * 65 + 160
280.0 < a < 560.0 22 135 155 188 + 220
560.0 < a < 1,000.0 +28 145 +70 £ 115 + 280
1,0000 < a < 1,600.0 +39 162 +98 +155 +390
1,600.0 < a < 2,500.0 +55 188 1140 £ 220 £ 550
2,500.0 < a < 4,000.0 +84 £ 130 + 205 1330 1825

*The above chart uses £ symbol. It is recommended to use positive side tolerances
for External gear pair and negative side tolerance for Internal gear pair.
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6.3 Parallelism of axes for Spur and Helical gears

Extract from JGMA1102 (2000) is as follows.
0. Preface: This standard stipulates Allowable value of parallel accuracy for Spur and Helical gears.
Basically, these standards are consistant with recommended values from ISO/TR10064-3 (1996).

1. Application range
This standard stipulates the parallel accuracy for steel-made Involute spur and helical gears. Therefore gears covered
by this standard are simply called Gear.

(1) Normal module: 0.5 to 70.0 (mm)
(2) Reference diameter: 5.0 to 10,000.0 (mm)
(3) Facewidth: From 4.0 to 1,000.0 (mm)

Remark 1. Double helical gear axis is also covered.
Remark 2. The above mentioned Standard is quoted from:
ISO/TR 10064-3 (1996) Cylindrical gears- Code of inspection practice- Part 3
JISB 0102 (1999) International gear notation - Symbols for geometrical data
JIS B 1702-1 (1998) Cylindrical gears- ISO System of accuracy Classification-Article 1:
Definition and allowable values of deviations relavent to corresponding flanks of the
gear teeth.
ISO/TR 10064-3 (1996) Cylindrical gears- Code of Inspection Practice- Part 3

2. Definition of terms

Definition for this standard is from JIS B 0102 (1999) (Terms of Tooth Flank-Geometric Definition) and following de-

tails.

(1) Parallel accuracy of axis: Composes of accu-
racy of parallel deviation and Non-parallel and
Non-intersection deviations.

(2) Parallel deviation of axis: Distance between
Cand 0" (Refer to Fig. 1) where both ends of
measurement distance L on the a-axis on one
side of the gear are points A and B; and Flat
face H is surface to include one of the points A
and one of shaft centre b (b-axis); and flat face
V is surface through point A and parallel to b
and perpendicular to flat face H, and orthogo-
nal projection of point Bto His C. Fig. 1 Deviations for Parallel axis,

Note(1): Point 0 is base of tolerance among Non-parallel and Non-intersecting axes.
perpendicular flat face S, V, H and B.

(3) Refer to Fig.1, deviation for Non-parallel and Non-intersecting axes: Distance between points 0 and D where D is

orthogonal projection of point B to V, referring to above (2).

Measurement distance

Deviation for Non-parallel
and Non-intersecting axes

Parallel deviation

of axis Measurement area

3. Allowable value

Allowable value for parallel accuracy of gear axis is met with System of accuracy N10 to N12 in JIS B1702-1 (1998) as
follows,
(1) Allowable value of parallel deviation for axis £

Calculating fx for measuring span L of gear axis is as follows,

x =%fx’

Hereby, L :Measuring span (mm)
b :Facewidth (mm), choose smaller dimension of Facewidth (mm) between pinion and gear.
fx": Refer to Table 1 (um)



(2) Allowable value of deviation for Axes of Non-parallel and Non-intersecting 5.
Calculation £ for measuring span L of gear axis is as follows,

L
f':_f/
Ly b_V

Hereby, L :Measuring span (mm)
b :Facewidth (mm), choose smaller dimension of Facewidth (mm) between pinion and gear.
fy’: Refer to Table 2 (um)

Remark
Depending on purpose of usage and System of accuracy class, which is different from the gear, Allowable value of

deviation of parallelism accuracy of axis can be used.

Table 2. Allowable values of parallel deviations fx’ for axis per Facewidth

Unit: um
Reference diameter d ) System of Accuracy
Facewidth b (mm)
(mm) NO N1 N2 N3 N4 N5 N6 N7 N8 N9 N10 N11 N12
4=b=10 1.1 15 22 3.1 43 6.0 8.5 12 17 24 35 49 69
55d=20 10<b=20 12 17 24 34 49 7.0 9.5 14 19 28 39 55 78
20< b =40 14 20 2.8 39 5.5 8.0 1 16 22 31 45 63 89
4=b=10 1.1 16 2.2 32 45 6.5 9.0 13 18 25 36 51 72
20<d =50 10<b=20 13 18 25 36 5.0 7.0 10 14 20 29 40 57 81
20<b=40 14 2.0 29 4.1 5.5 8.0 1" 16 23 32 46 65 92
4=<b=10 12 1.7 24 33 47 6.5 9.5 13 19 27 38 53 76
10<b=20 13 1.9 2.6 37 5.5 7.5 1" 15 21 30 42 60 84
50 <d =125
20<b=40 15 2.1 3.0 42 6.0 8.5 12 17 24 34 48 68 95
40<b=80 17 2.5 35 49 7.0 10 14 20 28 39 56 79 m
4=<b=10 13 1.8 2.5 3.6 5.0 7.0 10 14 20 29 40 57 81
10<b=20 14 2.0 2.8 40 55 8.0 " 16 22 32 45 63 90
125 < d =280
20<b=40 1.6 22 32 4.5 6.5 9.0 13 18 25 36 50 71 101
40<b =80 18 2.6 36 5.0 7.5 10 15 21 29 41 58 82 17
10<b=20 15 2.1 30 43 6.0 8.5 12 17 24 34 48 68 97
20<b=40 17 24 34 48 6.5 9.5 13 19 27 38 54 76 108
280 < d =560
40<b=80 19 2.7 39 55 7.5 " 15 22 31 44 62 87 124
80 <b =160 23 32 4.6 6.5 9.0 13 18 26 36 52 73 103 146

Table 3. Allowable values of Non-parallel and Non-intersecting deviations £’ for axis per Facewidth

Unit: um
Reference diameter d ) System of Accuracy
Facewidth b (mm)
(mm) NO | NI N2 | N3 | N4 | N5 | N6 | N7 | N8 | N9 | N10 | N11 | N12
4<b=10 05 | 08 | 1. 15 | 22 | 31 | 43 | 60 | 85 12 17 24 35
55d=<20 10<b=20 06 | 09 | 12 | 17 | 24 | 34 | 49 | 70 | 95 14 19 | 28 39
20<b=40 07 | 10 | 14 | 20 | 28 | 39 | 55 | 80 | 1 16 | 2 31 45
4<b=10 06 | 08 | 1 16 | 22 | 32 | 45 | 65 | 90 | 13 18 | 25 36
20<d <50 10<b=20 06 | 09 | 13 | 18] 25 | 36 | 50 | 70 | 10 14 | 20 | 29 | 40
20<b <40 07 | 10 | 14 | 20 | 29 | 41 | 55 | 80 | 1 16 | 23 2 | 46
4<b=10 06 | 08 | 12 | 17 | 24 | 33 | 47 | 65 | 95 13 19 | 27 38
10<b=20 07 | 09 | 13 | 19 ] 26 | 37 | 55 | 75 | 1 15 21 30 | 4
50 <d <r125
20<b <40 07 | 11 15 | 21 [ 30 | 42 | 60 | 85 12 17 24 34 | 48
40 <b <80 09 | 12 | 17 | 25 [ 35 [ 49 [ 70 | 10 14 | 20 | 28 39 56
4<b=10 06 | 09 | 13 | 18| 25 | 35 | 50 | 70 | 10 14 | 20 29 | 40
10<b=20 07 | 10 | 14 | 20 | 28 | 40 | 55 | 80 | 1 16 | 22 2 | 45
125 < d < 280
20<b <40 08 | 11 16 | 22 | 32 ] 45 | 65 | 90 | 13 18 | 25 36 50
40 <b <80 09 | 13 | 18 | 26 | 36 | 50 | 75 | 10 15 21 29 | 41 58
10<b=20 08 | 11 15 | 21 [ 30 | 43 | 60 | 85 12 17 24 34 | 48
280 < d < 560 20 <b <40 08 | 12 | 17 | 24 | 34 | 48 | 65 | 95 | 13 19 | 27 38 54
40<b <80 10 | 14 [ 19 [ 27 [ 39 [ 55 | 75 | 1 15 2 31 4 | e
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6.4 Tooth bearings

Regardless of how accurate the gear itself may be, poor tooth bearing not only causes oscillation and noise but also

have bad effect on gear’s life span.

Refer to Fig. 2. Extracted Tooth bearing on gear from JIS B 1741-1977 (old)

JISB1741 (old) [Tooth bearing on Gear] stipulates percentage of tooth bearing mark as follows.

As for Tooth trace direction, it is percentage (%) of mean value &c¢ of Length of tooth bearing for Effective length

of trace - 5. As for Tooth depth direction, it is percentage (%) of mean value /c of tooth bearing width for Working

depth- A"

Notex For edge of gear tooth with chamfering, Effective length of trace is after deducting chamfered area. For differ-
ent Effective lengths of Tooth trace between Pinion and Gear, take the shorter side.

lL‘

Tooth bearing percentage of Tooth trace direction = % x100(%)  Tooth bearing percentage for Tooth depth = WX 100(%)

(b) Straight bevel gear
Spiral bevel gear

(a) Cylindrical gear
Spur gear

(c) Cylindrical worm gear pair

Helical gear
b’ Worm wheel
be
7
= ~ —
NE ’ =
—— : 1
"ﬁ;i < - —
2N

le
hl

Fig. 2 Tooth bearing

Refer to Fig. 3 for Bevel gear with Crowning and emp-
ty load. It is desireable that centre of tooth bearing in
Tooth trace direction is about 60% of Length of tooth
trace from heel.

Heel

Fig. 3 Tooth bearing for Bevel gear with Crowning.
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Percentage of tooth bearing for Worm gear pair is for
Worm wheel engaged with Worm gear.

In general, Tooth bearing to inflow side of flank of
Worm wheel is not desirable. It is desirable for Tooth
bearing centre in Tooth trace direction to be biased
towards outflow side to make clearance at inflow
side. (Refer to Fig. 4)

Fig. 4 Tooth bearing for Worm wheel

Revolving direction
for Worm gear

Inflow side %22 Outflow side

Fig.5 Inflow clearance for Worm gear pair
{A few problems of lubricating oil for Worm gear pair
and research work for machine. Volume 8, No. 4 (1956)
written by Dr. Waguri and Dr. Ueno from Yokendo Co.
Ltd}

Inflow l
clearance

AN

Worm gear

Fig. 6 Line of contact for Worm gear pair (2 number
of threads) and Tooth bearing for standard Worm
gear. Quoted literature is the same as Fig. 5.

Fig. 7 Engagement for Bevel gear with Crowning
{Gleason Company, INSTALLATION OF BEVEL GEARS

(1965)}

Coniflex® Bevel Gear
(Straight bevel gear with Crowning)
(® mark is Gleason Works trademark

Y
-

(a) (b)

Spiral bevel gear

Fig. (a) shows proper assembly method, (b) is as-
sembled off centre from location of Top cone. Please
observe the difference in position for Tooth bearing.

Fig.8 Ideal tooth bearing for Bevel gear

Upper side

- < =g

Lower side

Upper side Lower side

Spiral bevel gear
(Pinion: Shape of teeth is left hand)

P
_ =\
-
~
A
N

Upper side

< “@
@ Lower side

Upper side

@

Lower side
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Table 4. Percentage of tooth bearing for Cylindrical
gear (Spur and Helical gears)

d Percentage of tooth bearing
ass
Tooth trace direction Tooth depth direction
A Above 70% of Effective length | Above 40% of Effective length
of Tooth trace of Tooth profile
B Above 50% of Effective length | Above 30% of Effective length
of Tooth trace of Tooth profile
C Above 35% of Effective length | Above 20% of Effective length
of Tooth trace of Tooth profile

Table 6. Percentage of tooth bearing for Bevel gear

Percentage of tooth bearing

of Tooth trace

Class
Tooth trace direction Tooth depth direction
A Above 50% of effective length | Above 40% of Effective length
of Tooth trace of Tooth profile
B Above 35% of Effective length | Above 30% of Effective length
of Tooth trace of Tooth profile
C Above 25% of Effective length | Above 20% of Effective length

of Tooth profile

Table 5. Percentage of tooth bearing for Worm gear

pair (Worm wheel)

d Percentage of tooth bearing
ass
Tooth trace direction Tooth depth direction
A Above 50% of Effective length | Above 40% of Effective length
of Tooth trace of Tooth profile
B Above 35% of Effective length | Above 30% of Effective length
of Tooth trace of Tooth profile
C Above 20% of Effective length | Above 20% of Effective length
of Tooth trace of Tooth profile

Table 7. Table for Tooth bearing classification and

System of accuracy

System of accuracy for System of accuracy class for
Class Cylindrical gear Bevel gear
JIS B 1702-1960 (old) JISB 1704-1973
A 1,2 1,2
3,4 3,4
C 56 56




6.5 Lubricating oil for Gears

Purpose of using lubricating oil for longer life of gear is as follows,

1) Avoid metal contact (without oil film) to flank.

2) Reduce frictional heat from flank

In addition, better efficiency with less oscillation and noise can be expected.

Insufficient lubricating oil to flank can cause high oscillation and noise in a short time. Scuffing will occur with the
increasing temperature, resulting in damage to the bearing. To prevent such problems, apply suitable lubricating oil

to the gear is necessary. Proceed with proper method and amount to gear.

Method of lubricating oil

Classifications of lubricating oil to gears are as follows,

1) Grease lubricating method

2) Splash lubricating method (Oil bath or Splash lubrication)

3) Forced lubricating method

Selection of Method of lubricating oil can be by types of gears, Circumferential velocity, surface pressure (load ap-
plied to gear), finishing condition of flank, hardness of material and combination of materials. However, Circumfer-

ential velocity is usually used.

Table 8 indicates guide for selecting gear’s lubricating method by circumferential velocity.

(1) For Spur, Helical and Bevel gears

Lubrication method

Circumferential velocity (m/s)

0 1? 1‘5 2‘0
Grease lubricating method ——————>
Splash lubricating method
Forced lubricating method
(2) For Worm gear pair and Hypoid gears
Lubrication method . Circumfere1r(1)tial velocity (m/s) . o

Splash lubricating method

Grease lubricating method ——————>

Forced lubricating method

Table 8. Guide for selecting gear lubricating method by circumferential velocity.
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Proper level of lubricating oil

(1) Splash lubricating method (Oil bath or Splash lubricating)
Amount of lubricating oil for soaking each type of gear is different. The mixer resistance and windage are increased
when large amount of lubricating oil are used for soaking the gear. Table 9 shows the proper level of lubricating oil

for soaking the gear.

— — =
"

N

H=(1~3) x Tooth depth —

e ===
(a) Spur and Helical gears (Horizontal axis) . 7
Line of centre of Worm gear
(di) Worm gear pair (Lower position of Worm gear)
|/_\o| |
| | Oillevel |
\_::_::' ] ':f:f:f:f:'{ — H=(%~1) x Tooth depth

o8

(b) Spur and Helical gears (Perpendicular axis)

T —

W

Oil level -{—- 7/

L

(d2) Worm gear pair (Upper position of Worm gear)

— 7 [ :(% ~1) x Facewidth

(c) Bevel and Hypoid gears

(2) Forced lubricating method

Fig. 9 Soaking level of gear in gearbox

Spray before the starting area of gear engagement

In general, temperature of lubricating oil should not with lubricating oil perpendicular to flank. In rare in-
exceed 8°C when lubricating oil flows onto working stances for high speed, spray in the direction towards
area of gear. Criterion for facewidth per cm is 0.5//min the end of the engagement.

for low speed and 1//min for high speed. Lubricating To prevent temperature of oil from increasing, the
oil for high speed, use following empirical formula. collected oil should go through a cooling process us-

Oillevel(//min) = 0.6 + 2Xx1073 « mo

Hereby
m :Module (mm)

ing cooling equipment before being reused.

v :Circumferential velocity (m/s) of Pitch circle



6.6 Lubricating oil

Requisite for lubricating oil are:
1) Coefficient of viscosity, 2) Wear resistance, 3) Coolness and 4) Stability. Selection of proper lubricating oil from
grades and usage of the gears are recommended.

(1) The Coefficient of viscosity of lubricating oil for gear
Table 9 shows Coefficient of viscosity and grades of industrial gear oil (JIS K 2219).

Table 9. Grades of Industrial gear oil and Coefficient of viscosity

Grades Km?mmjs‘;'s(c:g% &3 Usage
IS0 VG 32 288 < ¢St < 3522
IS0 VG 46 414 < St <506
IS0 VG 68 61.2 < cSt <7438
IS0 VG100 900 < cst< 110 | Used for sealed gearbox for
Grade 1 general industries with light
IS0 VG150 135 <cSt=165 | joad.
g 150 VG220 198 < ¢St < 242
= 150 VG320 288 < ¢St < 352
= ISO VG460 414 < ¢St < 506
£ 150 VG 68 612 < cSt< 748
Q2 IS0 VG100 90.0 < ¢St < 110
1SO VG150 135 < ¢St < 165 Used for sealed gearbox for
Grade 2 150 VG220 198 < ¢St < 242 ?rfgservav'i fr:“f;é’('j“lﬂﬂ]”:)"r' L”fauvsy
150 VG320 288 < cSt=<352 | |oad.
150 VG460 414 < ¢St < 506
150 VG680 612 < ¢St < 748

(2) Coefficient of viscosity for gear lubricating oil from AGMA (American Gear Manufacturer Association)
Refer to Table 10. Shows the Coefficient of viscosity of lubricating oil for the gear from AGMA (American Gear Manu-
facturer Association).

Table 10. Lubricating gear oil No. and Coefficient of viscosity from AGMA

Lubricating oil number | Kinematic viscosity ¢St |1SO Coefficient of Viscos- | Lubricating oil No. EP®
R&O" from AGMA {mm?¥/s} (40°C) ity grade from AGMA
1 414 < St =506 46
2 612 <cSt=748 68 2FEP
3 90 < cSt=110 100 3EP
4 135 < St =165 150 4 EP
5 198 < ¢St =242 220 SEP
6 288 < ¢St =352 320 6 EP
7 Comp® 414 < ¢St = 506 460 7EP
8 Comp 612 < ¢St =748 680 8 EP
8A Comp 900 < ¢St = 1,100 1000 8A EP

Note (1) R&O is an abbreviation for Rust and Oxidation Inhibited Gear Oils.
(2) EP is an abbreviation for Extreme Pressure Gear Lubricants.
(3) Comp: 3% - 10 % of oils and fats or synthetic oils and fats are mixed.
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(3) Selection of lubricating oil {AGMA 250.04 (1981)}
The General guide for selection of lubricating gear oil from AGMA 250.04 (1981-9) for
Sealed gearbox. Table 11 is for Cylindrical and Bevel gears. Table 12 is for Worm gear pair.

Table 11. Recommended lubricating gear oil for sealed gearbox from AGMA (for Cylindrical and Bevel gears).

Types of train and axes condition Capacity of gearbox Surrounding temperature °C
-10~ 10 10~ 50
NI Below 200mm 23 34
Rgziauciig)r(\ipeed with single pair 200 mm - 500 mm 23 4
Above 500mm 2-3 4-5
’ Below 200mm 23 3-4
E;reae!ldelrsgﬁction with 2 pairs Centre distance Above 200mm 3-4 4-5
Tl Below 200mm 2-3 34
Sgreaeci3 rzélljction with 3 pairs 200 mm - 500 mm 34 43
Above 500mm 4-5 5-6
Outer dimension of gearbox
Planetary gearbox Below 400 mm 2-3 3-4
Above 400 mm 3-4 4-5
Cone distance

Straight and Spiral bevel gearboxes Below 300 mm 2-3 4-5
Above 300 mm 3-4 5-6
Geared motor 23 4-5

Gearbox for High speed 1 2

Table 12. Recommended lubricating gear oil for sealed gearbox from AGMA (Worm gear pair)

Revolving Surrounding temperature °C Revolving | Surrounding temperature °C
Types of Worm gear pair | velocity of Worm velocity of
and Centre distance mm gear bellow 10~ 10 10 ~ 50 Worm gear 10~ 10 10 ~ 50
(min) exceeds (min)
Cylindrical worm gear pair
Below 150 mm 700 7 Comp, 7EP | 8 Comp, 8EP 700 7 Comp, 7EP | 8 Comp, 8EP
150mm - 300mm 450 " ! 450 " 7 Comp, 7EP
300mm - 450mm 300 ! ! 300 " "
450mm - 600mm 250 " " 250 ! !
Above 600 mm 200 ! " 200 ! !
Enveloping worm gear pair
Below 150 mm 700 8 Comp 8A Comp 700 8 Comp 8 Comp
150mm - 300mm 450 ! " 450 " "
300mm - 450mm 300 " " 300 " !
450mm - 600mm 250 " " 250 ! !
Above 600 mm 200 " " 200 ! !
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Industrial gear oil (For Extreme pressure type)

1SO viscosity

grade I1SO VG COSMO NI§SEKI (S'.“n IDEMITSU MITSUBISHI JOMO SHOWA SHELL ESSO MOBIL
5 Nippon Oil)
cst (40°C)
COSMO Gear SE68 | BON NOCK AX68 | Daphne DIAMOND SUPER | REDUCTUS 68 OMALA OIL 68 SPARTAN EP68 MOBILGEAR 626
BONNOCKM68 | Super Gear Oil 68 GEARLUBESP 68 | ES GEAR G68 G-COIL 68SE
Below 68 Daphne
Super Gear Oil LW 68
Daphne Alpha Gear 68
COSMO Gear BON NOCK AX100 | Daphne DIAMOND SUPER | REDUCTUS 100 OMALAOIL100 | SPARTANEP100 | MOBILGEAR 627
SE100 BON NOCKM100 | Super Gear Oil 100 GEARLUBE SP 100 | ES GEARG100 G-COIL 100SE
100 COSMO Gear Daphne
MO68 Super Gear Oil LW 100
Daphne Alpha Gear 100
COSMO Gear BON NOCK AX150 | Daphne DIAMOND SUPER | REDUCTUS 150 OMALAOIL 150 SPARTAN EP150 MOBILGEAR 629
SE150 BON NOCKM150 | Super Gear Oil 150 GEARLUBE SP 150 | ES GEARG150 G-COIL 150SE MOBIL
150 COSMO Gear Daphne GLYGOYLE 22
MO150 Super Gear Oil LW 150
Daphne Alpha Gear 150
COSMO Gear BON NOCK AX220 | Daphne DIAMOND SUPER | REDUCTUS 220 OMALA OIL 220 SPARTAN EP220 MOBILGEAR 630
SE220 BON NOCKM220 | Super Gear Oil 220 GEARLUBE SP 220 | ES GEAR G220 G-COIL 220SE SHC220
220 COSMO Gear Daphne MOBIL
MO0220 Super Gear Oil LW 220 GLYGOYLE 30
Daphne Alpha Gear 220
COSMO Gear BON NOCK AX320 | Daphne DIAMOND SUPER | REDUCTUS 320 OMALAOIL 320 SPARTAN EP320 MOBILGEAR
320 SE320 BON NOCKM320 | Super Gear Oil 320 GEARLUBE SP 320 | ES GEAR G320 G-COIL 320SE SHC320
COSMO Gear Daphne Alpha Gear 220
MO320
COSMO Gear BON NOCK AX460 | Daphne DIAMOND SUPER | REDUCTUS 460 OMALAOIL460 | SPARTAN EP460 | MOBILGEAR
460 SE460 BON NOCKM460 | Super Gear Oil 460 GEARLUBE SP 460 | ES GEAR G460 G-COIL 460SE SHC460
MOBIL
GLYGOYLE 80
COSMO Gear BON NOCK AX680 | Daphne DIAMOND SUPER | REDUCTUS 680 OMALA OIL 680 SPARTAN EP680 MOBILGEAR 636
600 SE680 BON NOCKM680 | Super Gear Oil 680 GEARLUBE SP 680 | ES GEAR G680 MOBILGEAR
SHC680
COSMO Gear BON NOCK M1800 | Daphne DIAMOND SUPER
SE4600 BON NOCK M3800 | S Gear Oil 1500 GEARLUBE SP
Above 1000 uperseart
Daphne 1800
Super Gear Qil 4600
Industrial gear oil (For Worm gear)
EoliEaniy) NISSEKI (Shin
grade ISO VG COSMO X . IDEMITSU MITSUBISHI Jomo SHOWA SHELL ESSO MOBIL
o Nippon Oil)
cst (40°C)
COSMO Gear BON NOCK EX220 | Super Gear Oil 220 DIAMOND WORM | REDUCTUS 220 TIVELAOIL SPARTAN EP220 MOBILGEAR 630
220 W220 BON NOCK M220 GEARLUBE 220 (N) SB220EP
VITREA OIL220
320 COSMO Gear BON NOCK EX320 | Super Gear Oil 320 DIAMOND WORM | REDUCTUS 320 VITREA OIL320 SPARTAN EP320 MOBILGEAR 632
W320 BON NOCK M320 GEARLUBE 380 (N)
COSMO Gear BON NOCK EX460 | Daphne REDUCTUS 460 TIVELAOIL SPARTAN EP460 MOBILGEAR 600W
460 W460 BON NOCKM460 | Worm Gear Oil 460 SD460EP CYLESSO TK460 MOBILGEAR 634
Super Gear Oil 460 VITREA OIL460 SUPER
CYLINDER OIL
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Chapter 7. Oscillation and Noise level for Gear

7.1 Cause and solution for noise and oscillation

During operation of machine, make sure that gearing sound can be heard. 500 to 5,000 Hz is comfortable sound

frequency for humans. Even if it is not loud, depending on the frequency component or the environment where the

gears are used, such sound may feel unpleasant. Occurrence of noise is often blamed on the gear. However, noise

problems are not solely from gear but may also include causes from designing error to lubrication. Refer to Fig. 1 for

cause and solution.

Refer to Fig. 1 to reduce the noise level by following solutions.

1) Improve the accuracies of gear and gear assembly. = (Preventing at source)

2) For gear, axis and gearbox, provide suitable material and design to reduce noise. = (Reduce the cause of noise level)
(avoid resonance and quick attenuation)

3) Provide a sealed type of gearbox to shut in the noise. = (Shield and cover)

— Module
—— Number of teeth
— Facewidth

Caused by — Contact ratio
springcon- |

— Helix angle and spiral angle
stant. 9 P 9

— Rack shift
— Tooth profile modification

Tooth profile adjustment
— Caused by gear. —

— Pitch deviation
— Tooth profile deviation
Caused by — Composite deviation

Remove the impact- gear devia- —+— Poor tooth bearing
— ingforcetothegear. — tion.

(Preventing at source)

— Runout
— Backlash
— Method of fabrication

— Oscillation from prime mover

— Influence from driver side
—— Not caused by gear. —_————
— Resonance of composed element

— Fluctuation of load

Countermeasure — Reduce surface area

A Improve the design for minimum oscillation and .
for gear noise — —— Change design

noise.
—— Make Ribs to support gear

Countermeasure the
impact to gear caused

by oscillation (Reduce L Reduce oscillation level instantly o )
the cause of noise — Lubricating oil and refueling method

level) — Shock absorbing material

— Material
— Heat treatment

Reduce oscillation level
— h Use damper
forcibly.

Modified gear
Axis
Preventing the cause of oscillation and noise. Bearings
(Shield and cover) 9
Design and material for gearbox

Lid and cover

Fig. 1 Cause and solution for gear noise



7.2 Analyze the cause of noise by frequency constituent
(Low frequency zone)

When gear causes noise and oscillation, analysis at low frequency zone will show the frequency constituent as seen
in Fig. 2. Therefore deviation for the cause of noise can be found.

For cases with unusual localized noise from gear, an analysis at high frequency zone will be accurate but its descrip-
tion is omitted here.

Fig. 2 Oscillation from gear (Low frequency)

Condition of Gear Time domain Frequency domain
P(fn)
Jr fm
P(fm)
Misalignment of gear axis %BUAUAUDV%W P(fm+fr) | P(m—fr)
T |
fro fm=fr futfr
P(fr)
P(fm)
Offcentre Mﬂ&%w T T
Jr Sm
PU)  pigy
0  ANNNANAANANF P(2fr) v
Part Abnormality EWVAVAVQN: PGS T
b
P(3fr)
P(fm)
(\ q [:\ M M H [_‘\ P(2fm)
Wear T TP PGf)
A
. 2fm 3fm
P(fm)
N/ . P(2fm)
Pitch deviation
Amp.Mod.+Freg-Mod
f
f= :Engaging frequency Jf+ :Revolution frequency
— o ="
=220 F =%
z :Number of teeth n :Revolution per minute
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Chapter 8 Gear damage

Table 1 shows causes for gear damage and its countermeasures.

Table 1. Causes of gear damage and its countermeasure

Technical Know How - Design for gear strength extracted from JSME (Japan Society of Mechanical Engineers), and others.

Damage Details of damage Condition of flank Cause Solution
a. Overload Found crystallization on surface of break- | Overload. Poor tooth contact. Mis- | Find the cause of overload. Compre-
breakage age flank similar to surface of cast iron. usage. hend usage conditions.
b. Fatique breakage Flank breakage has discoloration but | Error in actual load calculation. Unsuit- | Improve gear data for Tooth thickness.
-ratlg 9€ | less damage than overload breakage. | able shape of Dedendum. Exchange material and heat treatment.
1 Breakage ¢.Shearing Found large plastic deformation at | Overload. Defective and unsuitable ma- | Practice warm up and test run. Ex-
breakage breakage surface. terial. change material and heat treatment.
Found crystalllzgtlgn on the surface of Oscillation of bearings from impulse | Improve axis and bearing stability to
d.Impact breakage | breakage flank similar to surface of cast .
iron load. ease impulse load.
. Found small scratches or grooves at | Metallic dust from worn gear and bear- | Purify lubricating oil. Exchange material
a. Abrasive wear T )
sliding direction of flank. ing. and heat treatment
Found rough scratches at sliding direc- ) "
) . Larger particles than ‘a’ and waste ob- . -
b. Scratching tion. Scratches are larger and deeper ects Countermeasure is the same as 'a".
than Abrasive wear. Jects.
) Unsuitable lubricating oil. Oxidation of Exchange type of lubricating O'.I' Im-
c. Corrosive wear Found rough pockmarks at flank. 2 prove countermeasures for moisture
flank. Water contamination.
and waterproof.
2 Wear d. Frettin Found surface damaged with rust and | Relative reciprocation motion from min- | Decrease oscillation. Improve surface
’ 9 oxidation by chemical change. ute oscillation at surface of contact. hardening.
. Found dlscoIO(atlon and loss of hard- Inferior lubricating oil. Overload. Exces- | Exchange type of lubricating oil. Im-
e.Burning ness due to high temperature from | . -
; sive speed. Increased temperature. prove method of lubrication.
excessive wear.
f. Normal wear Th.ls wear is within expectation of gear As expected and unavoidable.
s lifespan.
Found flank with over excessive mark | Unsuitable lubricating oil. Oxidation of | Countermeasure is the same as 'a". Prac-
g. Moderate wear - .
cannot engage normally. flank. Water contamination. tice warm up and test run.
a Rioolin Found marks of corrugation or scale on | Extreme sliding load. Deterioration of | Improve gear strength and usage condi-
-Rippiing contact area at flank. material or lubricating oil. tion. Use extreme additive oil.
. Found polish mark at flank and curled | Heavy load. Insufficient robustness, or U.SE shock absorber for design of driver
b. Rolling ! . side. Improve material and heat treat-
Tooth tip. hardness of material.
ment.
3 Plastic ;
. ) ) ) . ) Same as above. Practice warm up and
deformation | c. Peeling Commonly, interpreted as rolling. Commonly, interpreted as rolling.
test run. Improve assembly accuracy.
) Same as above and usually found in soft | Same as above. Insufficient robustness | Improve strength of material. Practice
d. Plastic flow ) )
materials. or hardness of material. warm up and test run.
. Same as above. Dedendum stress ex- | Same as above. Re-calculate conditions
e. Collapsing tooth | All teeth collapsed. o
ceeds elastic limit. of load and gear data.
a.Pitting Fpund small pockmarks just under pitch Metal fatigue from repeated sress. Improve gear strength, material and
line. heat treatment.
4 Fatigue of ) Detached large pieces of metal frag- | Metal fatigue under surface from re- | Same as above. Practice warm up and
b. Spalling A
flank ments from flank. peated stress. test run. Use extreme active oil.
Found extensive range of hardness layer | Same as above. Extreme residual stress | Same as above. Improve flank and core
. Case crush : )
detached from flank. of core. hardness. Design radiator for gear.
) Found many scratches and fusion marks | Extreme load. Metal contact from lack of | Emphasize on warm up and test run.
a. Scoring R e BRI
5 Thermal at sliding direction of flank. oil film. Exchange the lubricating oil.
damage b. Sand burnin Found extreme cohesion and fusion at | Same as above. Inferior lubricating oil | Same as above. Re-examine heat treat-
’ 9 final form of scoring. and accuracy. Increased temperature. ment. Improve gear accuracy.
Found large scratches, exfoliation and .
a. Damage and wear ; . . ) - Provide proper backlash to gears. Im-
) falling apart at area of Tooth tip and | Inferiors design. Insufficient backlash.
from interference prove gear accuracy.
Dedendum.
b. Damage and . . . . .
6 Others wear from waste Found several detached tooth in various | Waste objects from inside and outside | Improve assembly method. Remove
object conditions. of equipment. waste objects. Seal for dust proof.
¢.Rustand . Chemical changes of lubricating oil, | Add anti-corrosion agent to lubricating
. Found rust and corrosion on flank. ) . ) o ) . ) )
corrosion intrusion of impurities and water. oil. Prevent intrusion of water and acids.




Chapter 9 Calculations for types of gear

9.1 Calculation for Standard spur gear

1.Finishing method 4.Module m= 7.Addendum ha=m=

2.Number of teeth of Pinion 1= 5.Reference pressure angle a= 8.Dedendum hf =m+c=

3.Number of teeth of Gear z2= 6.Bottom clearance c= 9.Tooth depth h=ha+hy =
Gear terms Pinion 1 Gear 2

10. Centre distance

_ m(z1+ z2) _di+d>
2 2

11. Reference diameter

di=zim

d»=z2m

12. Tip (Outside) diameter

da=di+2ha=m(z1+2)

daZ:d2+2ha:m(ZZ+2)

13. Sector span of teeth

azi
m=——+0.5
Zml 180+

_ozz
Zmz—180+0.5

14. Sector span

Wi =mcosa{z(zm—0.5)+ ziinver}

W2 = mcosa{m(zm2—0.5) + z2inva}

15. Base diameter dn = dicosa drr = drcosa

. . d
16. Circular pitch L L p="Crm

Z1 zZ2
17. Circular thickness s= % = %
18. Base pitch = zd n _ wdicosa _ 7d2cosa — rmcosa
Z1 Z1 Z2

19. Working depth hi = ha + ha

20. Transverse contact ratio

Ea =

() (2] [ (%) -y 2

Tmcosax

9.2 Calculation for Standard Internal gear

1.Finishing method 4,Module m= 7.Addendum ha=m=

2.Number of teeth of Pinion zZ1= 5.Reference pressure angle a= 8.Dedendum hf=m+c=

3.Number of teeth of Gear zZ2= 6.Bottom clearance c= 9.Tooth depth h=ha+hr =
Gear terms Pinion 1 Gear 2

10. Centre distance

a=m(Zz—Zl) _da—d
2 2

11. Reference diameter

d]:Z]m

dr=zom

12. Tip (Outside) diameter

da=di—2ha=m(z1+2)

do=d2+42ha=m(z2-2)

13. Root diameter dri=di—2hy dra=da+ 2y
azi azz
14. Sector span of teeth m=Ter ¥ 0.5 e =eot 0.5

15. Sector span

Wi =mcosa{z(zm—0.5)+ ziinver}

W2 =mcosa{m(zm2—0.5)+ z2inva}

16. Transverse contact ratio

ROEGR R

m(z2— z1) sin

P a

Tmecoso

Refer to 4.2 Method of Over balls or Rollers (page 63-64).
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9.3 Calculation for the Normal standard helical gear

1.Finishing method 5.Normal pressure angle Oh = 9.Dedendum hf =m+c=
2.Number of teeth of Pinion zZi= 6.Reference cylinder angle ﬂ = 10.Tooth depth h=hathr=
3.Number of teeth of Gear Z2= 7.Bottom clearance c=
4.Normal module mn= 8.Addendum ha=m=
Gear terms Pinion 1 Gear 2
Q mn(21+zz) d1+d2
. a= =
11. Centre distance 20058 2
1 2 L d TTZ1Min TZ2Mn
] = ————— ) = —————
-Lea P sinf P sinf
. Z1Mn _ Z2hn
13. Reference diameter cosf 2 cosf
14. Tip (Outside) diameter da=di+2ha=d+2mn do=d2+2hi=d2+2mn
15. Sector span of teeth Zml = Oingzom + 0.5 (Refer to Gear terms19) Zm2 = Oingz(;)z +0.5

16. Sector span

W1 = mncos an{z(zm—0.5) + ziinv o}

W2 = mncos {7z (zm — 0.5) + z2inv au:}

di__m Note: Ma bulary of gear instead of pini
m=2 = : May use vocabulary of gear instead of pinion.
17. Transverse module T cosf3 Change zi to z: if calculating for gear.
Note: May use vocabulary of gear instead of pinion.

18. Normal module

mn = meosff = ——"

dicosf
1

Change zi to z: if calculating for gear.

4
19. Virtual number of teethof |, _ _ 2 Zpp = —22
spur gear cos’ff cos’f8
20. Transverse pitch p= ciﬁ

21. Normal pitch

pn= picosff = wmn

. _ 7rdicosQl _ ZtmaCOS Oln Note: May use vocabulary of gear instead of pinion.
22. Transverse base pitch pe= z T cosfB Change z: to z: if calculating for gear.
q wdncosff  mdicosaicosf Note: May use vocabulary of gear instead of pinion.
23.Normal base pItCh pin = 7 - P Change z: to z: if calculating for gear.
24. Transverse circular thick- _p_ _ms
ness 2 2cosf
. q :  TTMin
25. Normal circular thickness | s»= % == scosfs
: dn = dicosa _ Z1mnCOS o dv2 = dacosa _ Z21mnCOS o
26. Base diameter T cos B T Cos e
4 tan or» tan o »
27.Transverse pressure angle | o« = tan ! ——— |ortan o= ——
cos cos

28. Normal pressure angle

o = tan~! (tan o cosB) or tan @ = tan ot cosp

29. Reference cylinder helix

p= tan‘l[”—dlj

Note: May use vocabulary of gear instead of pinion.
Change z: to z: if calculating for gear.

angle p=i
. q — 4ol 7dh Note: May use vocabulary of gear instead of pinion.
30. Base cylinder helixangle | /= tan ( P ) Change zi to z: if calculating for gear.

31. Contact ratio

- \/( dz"l )27(%j2 +\/( %2)27(%)2 _wana

Note: This does not apply to
Crossed helical gear

Tm: COS

(Screw gear).

9.4 Calculation for Crossed helical gear (Screw gear)

Crossed helical gear can use the same calculation formula of Normal standard helical gear taking careful consideration
that Reference pitch cylindrical helix angle g and Transverse pressure angle a: are different between Pinion and Gear

(Exceptitem 31 in section 9.3)

Gear terms

Same direction of Helix between both gears

Different Helix directions between both gears

1. Shaft angle

X=p1+p

YX=p—-p> or
=p.- B




9.5 Calculation for Worm gear pair

1.Finishing method of Worm gear pair 5.Module mn= 9.Addendum ha=mn
2.Finishing method of Worm wheel 6.Reference pressure angle o= 10.Dedendum hf =ha+c=
3.Number of thread/s for Worm gear z1= 7.Reference diameter of Worm gear ¢, = 11.Tooth depth h=ha+thr=
4.Number of teeth for Worm wheel z2= 8.Bottom clearance c=
Gear terms Worm gear Worm wheel 2
12. Lead p-=zipx = zitm . = wd 1tany
13. Reference cylinder lead y=tant| 2| = an1 2 ) = Sin_l( Zlmnj
angle 7d Q di
i di=m@Q=—L do= 2o = 2210
14. Reference diameter 1=mQ)=— any ==
a= di+d> _ (Q+22)mx
. o2 2 Standard worm wheel
15. Centre distance ( )
( Q + 22 j
o= + X |mx i
2 (Rack shifted worm wheel)
q mn PDx
my=——=4=
16. Axial module cosy 7
1COS
17. Normal module Mn = MxCOS Y = Peosy
18. Axial pitch I Ly 1.1 __mdx_ pu
x = pr = x = == = Py = —— = ———
. Axial pitc px=p 2 cosy pr=p - cosy
19. Normal pitch DPn = pCosy Dn=TMn = pCOSY
. [ tanan
20. Axial pressure angle o = tan ‘(—)
cosy

21. Normal pressure angle

o = tan~! (tan @x cosy)

o= a—0.5(di+d>)

22. Rack shift coefficient x1=0 -

23. Gorge radius ri =0-5d1—ha=a—%

24, Throat diameter dr =(z242x2)me + 2ha
(D) daz=d2+ (2x2+3.5)mx

25. Tip (Outside) diameter dor = d + 2ha dir =+ (c—2m) 1 cos?
@ 2

5 P bi=4.5mm: 2Or br=ma7Q —12.25 Or

. Facewidt oz
=px(4.5+ 1oozj =2J(di+ ha)ha +0.5p.
27. Diameter quotient Q= Zl
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Fig. 1 Worm gear pair



9.6 Calculation for Gleason system Straight bevel gear

1.Number of teeth for pinion Z1= 5.Working depth hW=2.000m=
2.Number of teeth for gear z2= 6.Tooth depth h=2.188m+0.05=
3.Module m= 7.Reference pressure angle ¢ =20°

4.Facewidth b= 8.Shaftangle > =90°

Gear terms Pinion 1 Gear 2

9. Reference diameter di=zim d2r=zom

10. Reference pitch angle &1 =tan™! % 8>=90°— 6

11. Cone distance (outer) | Re =52

.Lone distance (outer e 2sind-
12. Circular pitch p=nm=3.1416m
0.460m
ha2=0.540m +
13. Addendum ha = h'—ha oY)
z1

14. Dedendum® hy=2.188m — ha B2 =2.188m — han

15. Bottom clearance

¢ = h—h' (Parallel bottom clearance)

16. Dedendum angle® O = tan™! hn Or2= tan‘lﬂ
17.Tip angle Sa=81+0, Sa2=02+0n
18. Root angle on=01—0n 0r2=02—02

19. Tip (Outside) diameter
(heel)

dat = d1+ 2haic08O1

da2 = d2+ 2ha2c0802

20. Pitch apex to crown

Xi= % — haisindi

Xo= % — ha28inda

21. Circular thickness

S1=p—s2

s2= % = (hai — ha2)tano — K « m®

22.Backlash Jj»=Refer to Backlash for Bevel gear in JISB1705.

23. Chordal tooth thickness | 5 =s1— 6((2?; §=s 6((552;

24. Chordal height h =hal+w h> =haz+%
25. Axial facewidth b= %S;Z] b= bccg’ng;z

26. Tip (Inside) diameter (toe) | di=da —%25;] dr=dn —%Ig;‘”
27. Material angle 01 =90°— 06> 02 =90°— O

28. Material angle O =90°~ 0 02=90°— 5>
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Calculation for Gleason system Angular straight bevel gear

Calculation for Gleason system Angular straight bevel gear

Gear terms Pinion 1 Gear 2
10. Pitch angle Refer to next page for Standard angular straight bevel gear
hot = 0.54m +0-36m__
13. Addendum hat = h'—ha z2c088
2100802
20. Pitch apex to crown X1=Recosd1 — haising X2 = R.cosd2— hasinga

Note (1) Actual dedendum is 0.05 mm longer than calculated value. (2) Dedendum angle 0. is equivalent to Deden-
dum angle 0rfor Mating gear. (3) Obtain factor K from Fig. 2

100 5 s
w0 /// § /; .
5 o0 S Pl /// o
§ /| /// / s
. NN A s
% 040 //////,// /// 19§
030 / // // // // ////,/ j
/ ;/ s s v ss :
o SIS
NS

Inverse ratio for Number of teeth %

Note) u =% whenz:=1.5,z1=1.0 or above 25, K =0.

Fig. 2 Tooth thickness factor X

Table 1. Minimum number of teeth to prevent Undercut

a=20° a=14.5°
No. of teeth of pinionz | No. of teeth of gearz. | No. of teeth of pinionz | No. of teeth of gear z:

Z Z2 Z y4)
13 30 24 57
14 20 25 40
15 17 26 35
16 16 27 31

28 29

29 29




9.7 Calculation for Standard straight bevel gear

1.Number of teeth of pinionzi  z1= 6.Bottom clearance ¢ =0.25m
2.Number of teeth of gear z: Z2= 7.Addendum ha=m=
3.Module m= 8.Dedendum hr=125m=
4.Reference pressure angle o= 9.Tooth depth h=225m=
5.Facewidth b= 10.Shaft angle > =90°
Gear terms Pinion 1 Gear 2
11. Reference diameter di=zim d>=z2m
12. Reference pitch angle S =tan™! % 52=90°-6:
2
. d
13. Cone distance y =
2sind»
14. Addendum angle 6 = tan™ Z"
ah

15. Dedendum angle 6 = tan lff
16.Tip angle Sa1 =01+ 0a Sa2=052+0a
17. Root angle on=0o—6 Or2=02—0r
18. '(I'rll[:e(gutSIde) diameter da = d + 2hacos da = d2+ 2hac0sO2

- . - . _ 5 2bsinda _ 4 _ 2bsinda
19. Tip (Inside) diameter (toe) | di=da S eoshr dn=dn S oosh.
20. Material angle 01 =90°—0, =02 02 =90°— 0 = On
21. Material angle 61=90°=31= 9> 62=90°—8:=6

. d> . di .
22. Pitch apex to crown Xi= 5 hasindi X2= 3 hasindz
23. Axial facewidth 1 = beosdu , = beosdiz

coS Ba cos ba
. - . LS - . R
24. Chordal tooth thickness | 51= zumsin6 = s odr 52=zomsinbn = s a7
— 2 p— 2
25. Chordal height B =m+ Ru(1—cos6h) = m+%;5] h2=m+ Ro(1—cos6h) = m+%;§2
1 2

Note * Table of Chordal tooth thickness can be used assuming Standard spur gear with Number of teeth Zv=z/cos §.
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Standard angular straight bevel gear

Calculation for Standard angular straight bevel gear is the same as 9.7 except (12) and (22)

Gear terms

Pinion 1

Gear2

12. Pitch angle

If shaft angle > is smaller than 90°
sin Y

224 cosY
Z1

JSi1=tan”!

If shaft angle X is greater than 90°
sin(180°—2)
22 _ cos(180°-Y)
Z1

JSi=tan"!

02=2-0

22. Pitch apex to crown

X1=R.cosd1— hasindi

X2=R.cosd2— hasind2

Al
X1
Xb1

1

g

s NV

Ox1
Iwl 6/ .
27 6f>’ G
dal| d1 -
N
dil S diz ~
- ' : 4 X2
& "
X2
le— ©
= A2
2 —
ey2

|
d2
da2

Fig. 3 Bevel gear




9.8 Calculation for Gleason system spiral bevel gear

1.Number of teeth of pinionz  z1= 5.Workingdepth  A4'=1.700m =
2.Number of teeth of gear z: Z2= 6.Tooth depth h=1.888m =
3.Module m= 7.Pressureangle o = (standard is 20°)
4.Facewidth b= 8.Shaft angle > =90°
Gear terms Pinion 1 Gear 2
9. Reference diameter di=zim d2=zam
10. Pitch angle 81 =tan' = 52=90°— &
Z2
11. Cone dist R==
. Lone distance e 2sind-
12. Circular pitch p=rm=3.14159m
haz = 0.460m + %:390m

13. Addendum har = h'=ha: z

zZ1
14. Dedendum hii=h—ha hr2=h—ha
15. Bottom clearance ¢ = h— I (Parallel bottom clearance)

m — tan-1 a1 12
16. Dedendum angle 01 = tan Or2=tan™! —
17.Tip angle Sa=01+0 S8a2= 82+ 0n
18. Root angle On=01—0n Or2=062—02
19. Tlp (Outside) diameter da = d + 2hacosor daz = d2+ 2ha2¢0802
(heel)
q d> . di .

20. Pitch apex to crown Xi= 5 haisindi X2= 5 ha2sindz
21. Tooth thickness®? si=p—s2 s2= %— (ha — haz)%— Km®

22. Backlash

ju= Refer to Gleason Works for backlash recommendation or
Backlash for Bevel gear in JISB1705.

23. Spiral angle

B =(35°1s standard)

24. Shape of teeth

25. Driving gear

26. Revolving direction

bcosda bcosdaz
g . X = Xpp = ——F—
27. Axial facewidth Ei— "
28.Tip (Inside) diameter (toe) | di = du — 225109 s = . 2sinde
C08Or2 COSOr1
29. Material angle 6:1=90°—6r2 0r2=90°— O
30. Material angle 01=90°~ 3 02=90°— 5>

Note (1) Addendum angle 8. is equivalent to Dedendum angle 8y of Mating gear.

(2) Gear cutting by methods of Spread Blade and Single Side may use calculation formula from drawing. There
are different calculations depending on gear cutting methods when using Gear tooth vernier calipers to cal-
culate dimension of Sector span. Therefore designed Tooth thickness is necessary for reference.

(3) Obtain Factor K from Fig. 2 of page 112.
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Fig. 4 Tooth thickness factor K

Spiral angle
(Spiral bevel gear)

._%__

Fig. 5 Spiral angle for Spiral bevel gear
(Mean spiral angle)

Table 2. Minimum number of teeth to prevent Undercut

a=20° a=16° a=14.5°
No. of teeth of No. of teeth of No. of teeth of No. of teeth of No. of teeth of No. of teeth of
pinion z: gear z: pinion z: gear z: pinion z: gear z:

Zi Z2 Z1 2 Z1 Z>

12 26 16 59 19 70

13 22 17 45 20 60

14 20 18 36 21 4

15 19 19 31 22 40

16 18 20 29 23 36

17 17 21 27 24 33

22 26 25 32

23 25 26 30

24 24 27 29

28 28




9.9 Calculation for Planetary gear mechanism

1.Engagement between Internal gear and pinion

(External gear)

Centre distance ‘a’ for the Internal
gear trains are shorter than the Ex-
ternal gear trains. Internal gear train
operates in the same gear direction.
Calculation formulas for transfer ratio
“u' are as follows.

Pinion
(External gear)

a) When pinion is driver

___No.of teeth of Pinion (speed reduction)
No.of teeth of Internal gear P

Internal gear o
b) When Internal gear is driver

No.of teeth of Internal gear . .
u= ) \ P! )

No.of teeth of Pinion

2. Planetary gear mechanism

Most mechanism of Planetary gear
Planet carrier comes with compact design and high
reductive gear ratio consisting of Sun,
Planet, Internal gears and Planet car-
rier.

Internal gear Planet gear

Interference of Internal gear

Basic gear axis for Planetary gear train mechanism
(2K-H)

%ﬂ J?I J_A
A:Sun gear
B:Planet gear
C:Internal gear
S: Planet carrier

(Types of planetary) (Types of solar) (Types of star)

e 9f e Input | Output Formula'of Ratio range
mechanism | member gear ratio
1
(a) Typesof | Internal Sun gear Plaqet 2C 13-1/12
planetary | gear carrier = +1
zA
b) T f | || Pl 1
(k) Typesof g, gear ntema anet zA 1/12-117
solar gear carrier ——+1
zC
T f | Pl | I _1
(@ Typeso anet g gear nterma - zC 1/2-1/1
star carrier gear A

- z:No. of teeth. A & C: Sun and Internal gear
+ "-"symbol indicates output revolving direction

Interference will occur when design provides insufficient Number of teeth between Internal and Planet gears (External
gear) during assembly. Please refer to the causes and types of interference as follows.

Interference

Phenomenon Cause

Interference Phenomenon Cause

Unworkable conditions when a Tooth
Involute interference | tip of Internal gear cuts into Deden-

dum of pinion during operations. pinion

Insufficient No. of teeth for | Trimming

During assembling, pinion can

e Same as trochoid
) be assembled to axial direction | ;
interference L interference
but not to radius direction.

Tip of pinion after engaging with Sun | Difference in No. of teeth
Trochoid interference | gear interferes to Tooth tip of Internal | between Internal and
gear causing unworkable conditions. | Planet is insufficient.

Insufficient No.
of teeth for pinion.
(insufficient Tooth

Tooth tip of pinion touched
Dedendum fillet of Internal gear
causing unworkable condition.

Fillet
interference

depth of pinion).
Relationship among the gears in a Planetary gear mechanism
When designing Planet gear, please achieve following conditions. 100 — %2 e
= 90 75 [ z22=0 21:17‘1 é\‘é&&éff:;*
= S ‘ 4 Aé&/' &
(D No. of teeth of Internal gears = (No. of teeth of Sun gear + 2 ) x No. of teeth of Planet gear. &g 80[—3 ,‘\Qﬁ%@/ S
= 70—%§ zé S o&O\
No.of teeth of Internal gear + No. of teeth of Sun gear . 2 5 S % s
= Should be int b 5 60l_% S LS
@ The number of planet gears ouic be ifeget umber = 60—z S g€ LSS R
i & 50—% St
(3 Prevent the Tip interference among Planetry gears. E o2 %%‘,&4
v Lo} {54 <1000 IS I AR S
m(Zs +2) < m(Zs+ Zs) sinZ (n: The number of Planet gears) £ 30, :?2 0' w(mzzjj 8, 2=35.2)
" g 20 ! Sl
o B
=z .
10 7 ®)

10 20 30 40 50 60 70 80 90 100
The number of Planet gears(z:)
Fig. 6 Interference of Internal gear

Range of Number of teeth for pinion and KG-Internal gears

No. of teeth of Internal gear Range of No. of teeth for pinion

No. of teeth of Internal gear Range of No. of teeth for pinion
60 21-44
72 20-56
80 20-64
84 20-68
90 19-74

96 19- 80
100 19- 84
108 19- 92
120 19- 104
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9.10 Calculation for types of Gear

Calculation for Standard spur gear

Full depth tooth

Tooth profile DS Vocabulary Pinion Gear
Module m 1.5

No. of teeth VA 20 60
Reference pressure angle a 20°

Rack shift coefficient x 0.0000 0.0000
Addendum ha 1.500 1.500
Dedendum hy 1.875 1.875
Tooth depth h 3.375

Bottom clearance c 0375

Reference diameter d 30.000 90.000
Tip (Outside) diameter da 33.000 93.000
Root Diameter dr 26.250 86.250
Base diameter dv 28.191 84.572
Base helix angle B 0°0'0"

Centre distance a 60.0000

Working pressure angle aw 20°0"0"

Intermeshing PCD dw 30.000 90.000
Chordal height h 1.546 1515
Chordal tooth thickness s 2354 2356
Sector span of teeth Zm 3) 7
Sector span w 11.491 30.044
Over balls or Rollers dy 2.500 2500
Over balls or Rollers dimension dn 33.268 93.309
Calculation for Standard internal gear

Full depth tooth

Tooth profile DS Vocabulary Pinion Gear
Module m 1

No. of teeth z 20 100
Pressure angle a 20°

Addendum ha 1.000 1.000
Dedendum hy 1.250 1.250
Tooth depth h 2.250 2.250
Bottom clearance ¢ 0.250 0.250
Reference diameter d 20.000 100.000
Tip (Outside) diameter da 22.000 98.000
Root diameter dr 17.500 102.500
Centre distance a 40.000

Transverse contact ratio &a 1.860

Sector span of teeth Zm 3) (12)
Sector span w 7.660 35350




Calculation for Normal standard helical gear (based on Centre distance)

Full depth tooth

Tooth profile DIt Vocabulary Pinion Gear
Module M 2

No. of teeth z 30 60
Reference pressure angle a 20°

Reference cylinder helix angle B 20°0'0"

Direction of helix Right Left
Rack shift coefficient X 0.00000 0.0000
Addendum ha 2.000 2.000
Dedendum hy 2.500 2.500
Tooth depth h 4.500

Bottom clearance c 0.500

Reference diameter d 63.851 127.701
Tip (Outside) diameter da 67.851 131.701
Root diameter dr 58.851 122.701
Base diameter dv 59.540 119.081
Base helix angle Bo 18° 44’ 50"

Centre distance a 95.7760

Working pressure angle aw 21°10'22"

Intermeshing PCD d 63.851 127.701
Chordal height h 2034 2017
Chordal tooth thickness s 3141 3.141
Sector span of teeth Zm (5) 9)
Sector span w 27.572 52.193
Over balls or Rollers dp 3.500 3.500
Over balls or Rollers dimension dm 68.844 132.743
Calculation for Normal standard crossed helical gear (Screw gear)

Full depth tooth

Tooth profile D2 Vocabulary Pinion Gear
Module M 2

No. of teeth z 13 26
Reference pressure angle a 20°

Reference cylindrer helix angle B 45°0'0" 45°0'0"
Direction of helix Right Left
Rack shift coefficient Xn 0.0000 0.0000
Addendum ha 2.000 2.000
Dedendum hf 2.500 2.500
Tooth depth h 4500

Bottom clearance c 0.500

Reference diameter d 36.770 73.539
Tip (Outside) diameter da 40.770 77.539
Root diameter dr 31.770 68.539
Base diameter db 32693 65.386
Base helix angle B 41°38' 28" 41°38'28"
Centre distance a 55.1543

Normal working pressure angle awn 20°0'0" 20°0'0"
Transverse working pressure angle Qw 27°14' 11" 27°14' 11"
Intermeshing PCD dw 36.770 73.539
Shaft angle ) 90°0"0"

Chordal height h 2034 2017
Chordal tooth thickness s 3.141 3.141
Sector span of teeth Zm (5) 9)
Sector span 27.531 52.110
Over balls or Rollers dp 3.500 3,500
Over balls or Rollers dimension dn 41.487 78.583
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Calculation for Normal worm gear and Worm wheel

Full depth tooth

Tooth profile DIt Vocabulary Worm gear Worm wheel
Module i 1.5 (ma=1.5027)

Reference pressure angle a 20° (@=20°2'0")

Addendum ha 1.500

Dedendum hy 1.875

Tooth depth h 3.375

Lead p: 47209

Reference pitch P 47209

Reference cylinder lead angle y 3°26' 23"

Centre distance a 42.500

Type of Worm wheel Frdk Typel
No. of thread / No. of teeth /2 1 40
Reference diameter d 25.000 60.108
Outside diameter da 28.000 65.260
Root diameter dr 21.250 56.250
Rack shift coefficient x - -0.0360
Diameter quotient 0 16.6366 Rk
Throat diameter dr ok 63.000
Gorge radius i ko 11.00
Facewidth b 30.00 15.00
Chordal height h 1.500 1468
Chordal tooth thickness s 2356 2316
Calculation for Standard straight bevel gear

Full depth tooth

Tooth profile DT Vocabulary Pinion Gear

Module m 15

No. of teeth z 20 40
Reference pressure angle a 20°

Facewidth b 10

Addendum ha 1.500

Dedendum hr 1.875

Tooth depth h 3.375

Bottom clearance ¢ 0.375

Shaft angle ) 90°0'0"

Cone distance Re 33.541

Reference diameter d 30.000 60.000
Pitch angle ) 26° 33" 54" 63°26'6"
Addendum angle Ba 2°33'38"

Dedendum angle Or 3°11'59"

Tip angle a 29°7'32" 65° 59’ 44"
Root angle of 23°21' 56" 60°14'7"
Outer tip diameter da 32.683 61.342
Inner tip diameter di 22939 43.053
Pitch apex to crown X 29.329 13.658
Axial facewidth Xo 8.744 4,072
Tooth thickness N 2.356

Tooth angle 190.71(min)

Angle of material O« 87°26' 22" 87°26'22"
Angle of material Oy 63°26'6" 26° 33' 54"
Chordal tooth thickness s 2354 2356
Chordal height h 1.541 1.510
Virtual number of teeth of spur gear®” 2 22.361 89.443

Note(1) old gear terms adopted.



Calculation for Gleason system Straight bevel gear

Full depth tooth

Tooth profile DIESEIpitaD Vocabulary Pinion Gear

Module m 1.5

No. of teeth z 20 40
Reference pressure angle a 20°

Facewidth b 10

Shaft angle ) 90°0"0"

Working depth T 3.000

Tooth depth h 3332

Cone distance Re 33.5410

Reference diameter d 30.000 60.000
Pitch angle ) 26°33' 54" 63°26'6"
Addendum ha 2018 0.983
Dedendum hf 1.265 2.300
Bottom clearance c 0332

Addendum angle Oa 3°55'19" 2°9'33"
Dedendum angle or 2°9'33" 3°55"19"
Tip angle Sa 30°29'13" 65°35'38"
Root angle of 24°24' 22" 59°30" 47"
Outer tip diameter da 33.609 60.879
Inner tip diameter di 23438 42.653
Pitch apex to crown X 29.098 14.121
Axial facewidth Xo 8.638 4135
Tooth thickness N 2733 1.979
Tooth angle 187.2 (min) 187.2 (min)
Material angle O« 86°4' 41" 87° 50" 27"
Material angle Oy 63°26'6" 26°33' 54"
Chordal height s 2729 1.979
Chordal addendum h 2.073 0.990
Virtual No. of tooth of spur gear z 22.361 89.443
Calculation for Gleason system Spiral bevel gear Full depth tooth
Tooth profile DSt Vocabulary Pinion Gear

Module m 1.5

No. of teeth z 20 40
Reference pressure angle a 20°

Facewidth b 10

Reference cylinder spiral angle B 35°0'0"

Hand of spiral EnRCh ahlh
Shaft angle ) 90°0"0"

Working depth hw 2.550

Tooth depth h 2.832

Cone distance Re 33.541

Reference diameter d 30.000 60.000
Pitch angle ) 26°33' 54" 63°26'6"
Addendum ha 1.714 0.836
Dedendum hr 1.118 1.996
Addendum angle Oa 3°24'19" 1°54" 34"
Dedendum angle or 1°54' 34" 3°24'19"
Tip angle Sa 29°58" 13" 65° 20" 40"
Root angle of 24°39' 20" 60°1'47"
Pitch apex to crown da 33.066 60.748
Inner tip diameter di 23.057 42561
Outer cone distance X 29.234 14.252
Axial facewidth Xb 8.678 4174
Tooth thickness N 2.834 1.878
Angle of material O« 86°35"41" 88°5'26"
Angle of material 0y 63°26'6" 26° 33' 54"
Virtual number of teeth of spur gear” 2z 40.681 162.724

Note(1) old gear term adopted.
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9.11 Gear efficiency

(Reference for gears only)

Types of gear Efficiency of gear
Spur gear 97-99%
Helical gear 97-99%
Bevel gear 96 - 99%
Single thread 45-55%*
Worm gear
Double thread 55-65% *

xAbove efficiency values are for KG STOCK GEARS only




Chapter 10 Calculation for Gear strength

There are calculations for Tooth bending strength
(hereby called Bending strength), Surface durability
and Scoring when considering gear strength. These
are from 1SO, JGMA, AGMA, DIN, BS and JSME.

KG had developed and marketed KG-CALMET for
easy searching of suitable KG STOCK GEARS by enter-
ing gear data, tooth strength (Bending strength and

10.1 Calculation of strength for Spur and Helical gears

Surface durability), profile generation, condition of
engagement, Number of teeth and transfer torque.
Now to introduce the selected calculation formula for
Bending strength and Surface durability from formula
extracted from JGMA (Japan Gear Manufacture Asso-
ciation Standard) as follows.

Calculation formula of Bending strength for Spur and Helical gears JGMA 401-01 (1974).
Calculation formula of Surface durability for Spur and Helical gears JGMA 402-01 (1975).

1. Application range (common)

1.1 This standard is applied to Spur, Helical, Double
helical and Internal gears that uses general indus-
trial machinery transfer power.

Module :1.5t025.0 mm
Reference pitch diameter : 25 to 3,200 mm
Circumferential velocity :Below 25m/s
Revolving velocity : Below 3,600 m™
Tooth profile of Spur and normal type of Helical
gears as stipulated in JIS B 1701 (Involute tooth
profile and dimensions). Also applicable to gears
with Normal reference pressure angle of 22.5°and
25°
Accuracy :Accuracy classes 1
to 6 stipulated in JIS
B 1702 (Accuracy for
Spur and Helical gear).

1.2.1 This standard stipulates calculation for Bending
allowable load and when determining desig-
nated dimension based on Tooth root bending
stress.

1.2.2 This standard stipulates calculation for Tooth
surface allowable load for a gear with designat-
ed dimension and for calculating specifications
based on flank stress.

2 Definition

2.1 Bending strength

Bending allowable load for gear is Allowable tan-
gential load on the Reference pitch circle based on
Allowable tooth root bending stress of gears when
transferring power during operation.

2.2 Surface durability

Surface durability is stipulated as capacity of load it
can withstand and still provide necessary strength
and enough safety for gear against progressive pit-
ting. Therefore, meaning of Allowable flank load is Al-
lowable tangential load on the Reference pitch circle
determined in accordance to Surface durability of its
gears when transferring power during operations.

3. Basic formula (common)

In regards to calculating Gear strength, the conver-
sion formulas related to calculating Tangential load
on Reference pitch circle, Nominal power and Nomi-
nal torque are as follows.

3.1 Nominal tangential load on Reference pitch circle

Fi(kgf)
7 _102P _ 195x10°P
Ty dn (M
Hereby

P :Nominal power (kW)
v :Circumferential velocity (m/s) on the Reference
pitch circle
d :Reference pitch diameter (mm)
: Revolving velocity (min)
dn

Y= 19100 0)
Or
20007
== 3)
Hereby

T :Nominal torque (kgf « m)

3.2 Nominal power (kW)

_Fw _10¢
7102 7 195

Fidn (4)
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3.3 Nominal torque (kgf -+ m)

_ Fid
~ 2000 (5)
Or
_974P
T==—1 (6)

4, Calculation formula for Strength

4.1 Bending strength

Nominal tangential load on the Reference pitch circle
is necessary as reference for calculating Bending
strength. Therefore, Nominal tangential load on the
Reference pitch circle should be equal or below Al-
lowable tangential load on the Reference pitch circle,
which is derived from calculating Allowable tooth
root bending stress. Therefore,

Fi = Fiim (7)
Hereby
Fi :Nominal tangential load on the Reference
pitch circle (kgf)

Fam : Calculate Allowable tangential load (kgf) on
the Reference pitch circle by selecting the
smaller value from either pinion or gear.

On the other hand, Tooth root stress calculated from
Nominal tangential load on the Reference pitch circle
should be equal or below Allowable tooth root bend-
ing stress.
Therefore

OF = OFlim (8)

Hereby
or :Dedendum stress calculated from Nominal
tangential load on Reference pitch circle
(kgf/mm?)
orim : Allowable tooth root bending stress (kgf/
mm?)

4.1.1 Calculation for Allowable tangential load on the
Reference pitch circle is as follow.

mnb ( KiKrx 1
YrY:Ys\ KvKo

Fiim = 0Rim

Sr )

Hereby
mn - Normal module (mm)
b :Facewidth (mm)
Yr :Form factor
Y. :Load distribution factor
Ys :Helix angle factor
K : Life factor
Krx: Dimension factor for Tooth root stress
K» : Dynamic factor
Ko :Overload factor
Sr : Safety factor for Tooth root bending damage

4.1.2 Calculation for Tooth root bending stress is as

follow.
_ = YrYeYs( KvKo
or="F mnb (KLKFX )SF (10)

4.2 Calculation for Surface durability
Nominal tangential load on the Reference pitch
circle is necessary as reference for calculating Surface
strength. Therefore, Nominal tangential load on the
Reference pitch circle should be equal or below Al-
lowable tangential load on the Reference pitch circle,
which is derived from calculating Allowable Hertz
stress. Therefore,
Fi < Fiim 11
Hereby F:  :Nominal tangential load on the Refer-
ence pitch circle (kgf)

Fuim : Calculate Allowable tangential load (kgf)
on the Reference pitch circle by select-
ing the smaller value (kgf) from either
pinion or gear.

On the other hand, Hertz stress from Nominal tangen-
tial load on the Reference pitch circle should be equal
or below Allowable hertz stress.
Therefore
Ol < OHiim (12)
Hereby
on :Hertz stress calculated from Nominal tangen-
tial load on Reference pitch circle (kgf/mm?)
omim: Allowable hertz stress ((kgf/mm?)

4.2.1 Calculation for Allowable tangential load on the
Reference pitch circle is as follow.
2
u ( KuZiZrZvZwZux
utl\ ZnZuZ:Zp

1 1
KipKvKo St (13)

2
Frim = oniim” dibu

+/-:'+" indicate the engagement with both Exter-
nal gears. "' for engagement with External and
Internal gears.

Hereby

di :Reference pitch diameter for pinion (mm)

bu : Effective facewidth for Surface durability (mm)

u :Gearratio

Zu : Zone factor

Zw  Elasticity factor

Z: :Contact ratio factor

Zp :Helix angle factor

K : Life factor for Surface durability

7t Lubricating oil factor

Zr :Roughness factor

Zv :Lubricating speed factor

Zw : Work hardening factor

Kny: Dimension factor for Surface durability

Kup: Face load factor for Contact stress

Ky :Dynamic factor

Ko :Overload factor

Su : Safety factor for Surface durability



4.2.2 Calculation for Hertz stress is as follows.
Fi uzl InZmZ:1p
dibn v  KuZiZrZvZwKux
KupKvKo Su (14)
+/-:'+" indicate the engagement with both Exter-
nal gears. - for engagement with External and
Internal gears.

OH =

5. Calculation formula for types of factor

5.1 How to obtain the types of factor using the calcu-
lation formula of Bending strength.

The following stipulates types of factor from calcula-

tion formula of Bending strength in previous para-

graph.

5.1.1 Facewidth b

When Facewidths differs, assume wider Facewidth to
be 5v and smaller Facewidth to be bs. bw - bs = mn, use
actual Facewidth for calculations.

When bw - bs > mn, bs is used in formula bs + mn to cal-
culation of Facewidth.

5.1.2 Form factor Yr

Refer to Fig. 1 to find Form factor.

For Virtual number of teeth of spur gear for Helical
gear, use following calculation formula.

R 2

"7 cos’ (15)
For Form factor for Tooth profile excluding Fig. 1
please refer to this original standard.

5.1.3 Load distribution factor Y:
Calculating Load distribution factor using following
formula.

Y=o (16)
Hereby

gq :Transverse contact ratio
Calculation formulas of Transverse contact ratio are as
follows,

_ '\/Valz —rn + '\/r022 -’ —asin ew
mir CoSa0

Spurgear : &

Vra? = +4ra’ =’ — asineor ... (18)
M COS ar

cos® s =1—sin® f« cos* at (19)

Helical gear: ¢, =

Hereby
ya :Tip (Outside) radius (mm)
y» :Base radius (mm)
a :Centre distance (mm)
aw : Working pressure angle (°)
aw : Transverse contact pressure angle (°)
a :Reference pressure angle (°)
an :Normal pressure angle (°)
a: :Transverse reference pressure angle (°)

B :Reference pitch cylindrical helix angle (°)
B :Base cylinder helix angle (°)

Subscript
1 :Pinion
2 :Gear

Remark 1. Table 1 shows the Transverse contact ratio
g« for Standard spur gear with Reference
pressure angle 20°.

Remark 2. Use following formula to calculate approxi-
mate value of Y: for Helical gear.

cos’ Br 1
CEa Em (20)

However, obtain Transverse contact ratio gq» for Vir-

tual spur gear from Table 1 by using Virtual number

of teeth of spur gear zv and z-.

5.1.4 Helix angle factor ¥
Calculate helix angle factor using following formula.

B
Foroo<p=<30° : ¥=1-130

Forp = 30°p 1 Y3=0.75 (22)

Fig. 2 Helix angle factor

1.00

0.90

0.80
0.75

Helix angle factor ¥B

0 10 20 30 40
Helix angle B(°)

5.1.5 Life factor K.
Refer to Table 2 to obtain Life factor.

Table 2. Life factor K.

unbertepesed it 00 ety | ot
Below 10,000 14 15 15
Approx. 100,000 12 14 1.5
Approx. 10° 1.1 1.1 1.1
Above 107 1.0 1.0 1.0

Note (1) Steel casted gears to use this Table
Note (2) Core hardness is used for Induction hardened
gear.

Meaning of repeated rotations is number of repeat
during life span of gears. If uncertain, K. =1.0.
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Form factor Yr
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Fig. 1 Graph for Form factor (Part 1 in Table 3)
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5.1.6 Dimension factor Krx for Tooth root stress

With increased Tooth profile, Bending strength is
influenced. At the moment, due to insufficient data
Dimension factor will be 1.0.

5.1.7 Dynamic factor K»

Obtain Dynamic factor from Table 3 using gear ac-
curacy and Circumferential speed on the Reference
pitch circle.

Table 3. Dynamic factor K

System of accuracy from JIS B 1702 Circumferential speed on the Reference pitch circle (m/s)
Tooth profile Below 1 Above 1.0 to Above 3.0 to Above 5.0 to Above 8.0 to Above 12.0to | Above 18.0 to
Normal Modified below 3.0 below 5.0 below 8.0 below 12.0 below 18.0 below 25.0

1 - - 1.0 1.0 1.1 12 13

1 2 - 1.0 1.05 1.1 1.2 13 15

2 3 1.0 1.1 1.15 12 13 15 -

3 4 1.0 12 13 14 1.5 - -

4 - 1.0 13 14 15 - - -

5 - 1.1 14 1.5 - - - -

6 - 12 15 - - - - -

5.1.8 Overload factor Ko
Obtain Overload factor using following formula.

- Actual tangential load
" Nominal tangential load ()

Use Table 4 to obtain Actual tangential load if uncer-
tain of value.

Table 4. Overload factor Ko

Impact from load
Impact from motor side
Flatload |Average impact| Heavyimpact

Flat load (Electric, tur-

bine, hydraulic motors) 10 125 1.75
Lightimpact (Muln cylin- 125 15 20

der engine)
Average |mpact.(S|ngIe 15 175 295
cylinder engine)

Note: If the impact from load is unknown, refer to

5.1.9 Safety factor Sr for damage from Tooth root
bending

Fixed value of Safety factor for damage from Tooth

root bending is difficult to be determined due to vari-

ous internal and external factors. Minimum factor of

1.2 is necessary.

5.1.10 Allowable Tooth root bending stress cim

Refer to Tables 9 and 10 for Allowable tooth root
bending stress for gear with fixed load direction. For
intermediate Hardness values in the tables shown, it
is our recommendation to use interpolation values.
When load direction is bi-directional, value of Al-
lowable tooth root bending stress orim will be 2/3 of
values in the table. For exmple, an idler gear or gear

Table 5. which alternates bi-directionally and for equal loads
on either right or left teeth.
Value of hardness or core hardness uses centre of
Tooth root.
Table 5. Classification of load for Driven machine
Name of Driven machine Range Name of Driven machine Range Name of Driven machine Range
Agitator M Elevator U Petroleum refinery machinery M
Blower U Extruder U Paper mill machinery M
Brewing and Distillation apparatus U Fan (electric fan) U Timber mill machinery H
Vehicles M Fan (for industries) M Pump M
Clarifier U Feeder M Rubber machinery (medium load) M
Sorting Machine M Feeder (to and fro motion) H Rubber machinery (heavy load) H
Ceramics industry machine (medium load) M Food machinery M Water treatment machine (light load) 0]
Ceramics industry machine (heavy load) H Hammer mill H Water treatment machine (medium load) M
Compressor M Hoist M Screen (fluid) U
Conveyer (uniform load) u Machine tools (main drive) M Screen (gravel) M
Conveyer (uniform load / heavy load) M Machine tools (supplementary drive) U Sugar plant machinery M
Crane U Metalwork machinery H Textile machinery M
Crusher H Rotary mill M Iron mill machinery (hot rolling) H
Dredger (Medium load) M Tumbler H Iron mill machinery (cold rolling) u
Dredger (heavy load) H Mixer M

Note U: Uniform load, M: Medium impact, H: Heavy impact



5.2 How to obtain each factor based on calculation
for Surface durability

Factors using calculation formulas based on Surface

durability as mentioned above is defined below.

5.2.1 Effective facewidth for Surface durability 5 (mm)

Obtain Effective facewidth for Surface durability from

(a) and (b).

(a) For different Facewidth between pinion and gear,
select the narrower Facewidth as Effective face-

5.2.2 Zone factor Zu
Calculation of Zone factor is as follows.

7= /2 co'zsﬂbc.osawz _ 1 /2 cos f» 4)
COS” O SIN Ot cosa: \ tanow
Hereby
B :Base cylinder helix angle (°)

aw : Transverse contact pressure angle (°)
at :Transverse reference pressure angle (°)

(a) Obtain Zone factor from Fig. 3 with Normal refer-

width. ence pressure angle of 20° defined in JIS.
(b) For Facewidth with end relief at both ends, Effec-

tive facewidth is the narrower of the Facewidth

deducted by such end relief areas.

Fig. 3 Zone factor Zz (Normal reference pressure angle . = 20°)
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: Rack shift coefficient (Normal rack shift
coefficient for Helical gear and Super-
script) 1is Pinion and 2 is Gear.)

z :Number of teeth

B :Reference pitch cylindrical helix angle (°)

InFig.3, x

(b) Factors from above formula and figure are defined
as follows.

Hereby
v :Poisson’s ratio
E :Modulus of direct elasticity (Young’s modulus)
(kgf/mm?)
For Zu, refer to Table 6 for combinations of main gear
materials.

5.2.4 Contact ratio factor Z

B»=tan"'(tanf8 cosa) (25) Obtain Contact ratio factor using following formula
. nte) . (refer to Fig 4).
invaw =2tan | ——— |+ inva
t (mizz) LU (26) Spurgear - Z.=10 (29)
oy =tan”' (tanax/ cos ) (27)
Fig. 4 Contact ratio factor
(c) Zone factor is based upon Curvature radius of flank 100 €p=0
at Pitch point. Therefore this factor is used for cal- A
culating Allowable load for flank. Due to Relative \ ~ 02
. s AN e
curvature radius at the worst load point is slightly 095 ]
smaller than that at Pitch point, such Zone factor A\ ST~ 04
. ™~
cannot be use. These are Spur gear or Helical gear \ N ~
with extremely small Overlap ratio (5 < about 0.5) 0.90 N\ \\ — 0o ~~
with below minimum number of teeth (z = about £ |
&
23) and small Rack shift coefficient. For such cases, ) N %
& ~
please refer to 4.2.2 to check for Hertz stress at the g 0.85 N\ %’\\4 \ N
. 7
worst load point. £ A
S N
w N
- N 0.80
5.2.3 Elasticity factor Zu A
. . . N
Calculation of Elasticity factor is as follows.
1
Zv= I 0.75
o[ 1=y 1-v2? (28)
E: E-
0.70
10 11 12 13 14 15 16 17 18 19 20
Transverse contact ratio €a
Table 6. Elasticity factor Zu
Gear Mating gear
Modulus of Modulus of Elastici;y factor
Materials Vocabularies direct e;astmty Pmsson: s ratio Materials Vocabularies direct e;astmty Pmssor;s ratio (kgf/n::n 205
kgf/mm? kgf/mm?
Structural steel *1) 21000 60.6
Casting steel SC 20500 60.2
Structural steel #(1) 21000 Soheroidal
prerolda FCD 17600 57.9
graphite iron
Gray iron casting FC 12000 51.7
Casting steel SC 20500 59.9
03 Spheroidal 03
Casting steel e 20500 pheroida FCD 17600 576
graphite iron
Gray iron casting FC 12000 515
Spheroidal
. e FCD 17600 555
?;Jhﬁirt(:(ijrzln D 17600 graphite iron
grep Gray iron FC 12000 500
Gray iron casting FC 12000 Gray iron casting FC 12000 458

Note(1) =Structural steel to be S ~ C, SNC, SNCM, SCr, SCM.



= 1-—g+&
Helical gear :in case Z“—\/l NP, ) e (30)

zo= L
fincase “ET g, g > 1 (31)

Hereby
g« :Transverse contact ratio (refer to Clause 5.1.3
and Reference 1)
gp :Overlap ratio

5.2.5 Helix angle factor Zs
Helix angle factor for Surface durability is difficult to
accurately stipulate due to insufficient data. Calcula-
tion formula will be

Zp=1.0 (32)

5.2.6 Life factor for Surface durability K
Obtain Life factor for Surface durability from Table 7

Table 7. Life factor of Surface durability

Number of repeated Life factor for Surface durability
Below 10,000 1.5
About 100,000 13
About 10° 1.15
Above 107 1.0

Remark 1. 'Repeated’ is number of times of engaged
rotation during life span.

Remark 2. Normally idler gear makes 2 engagements
per rotation. However for engagements
between different flanks for 1 rotation, it
should be counted as 1 engagement.

Remark 3. For reversible rotation or similar conditions,
number of rotation is from larger load ap-
plied to either flank.

If number of times is uncountable, life factor to be
Krn=1.0 (33)

5.2.7 Lubricating oil factor .

For the 2 types of gear stated below, obtain Lubricat-

ing oil factor from Fig. 5 based on Kinematic viscosity

(cSt) at 50°C.

Fig.5 Lubricating oil factor

T 1T T T 1 ]
Thermal refined gear — |

—=1 =
Surface hardened gear |

o o = - —
® 6 o = o
\
\
\

Lubricating oil factor Z.

o

100 200 300
Kinematic viscosity (cSz) at 50°C

(1) Thermal refined gear : Use solid line in Fig. 5.

(2) Surface hardened gear: Use broken line in Fig. 5.

Note (1) Thermal refined gear includes gear with
quenching, tempering and normalizing.

Remark: Casting steel gear is equivalent to thermal
refined gear.

5.2.8 Roughness factor Zr

Find Roughness factor based on average roughness
of flank Rmaxm(um) from Fig. 6 for 2 types of gears. Use
the following formula to obtain the average of maxi-
mum height of profile roughness of flank Rmaxx from
Rmax1, Rmax2 and centre distance a(mm). (Meaning of
Rmax1, Rmax2 is Maximum height if profile roughness of
flank inclusive of the effects of warm up and test run.)

100

(s S (34)

(1) Thermal refined gear @: Use solid line in Fig. 6.
(2) Surface hardened gear: Use broken line in Fig. 6.
Refer to 5.2.7 for Note (1) and Remark

_ Ruax1 + Rmax2

maxm =

Fig. 6 Roughness factor

T T
S B
T 10 + = Surface hardened gear
% 09 i gy il
3 o \‘\‘\\
<, 038 Thermal refined gear
3 [ A
e 0.7
1 2 3 45 6 7 8 9 10 1112 13 14

Average roughness Rmax m (um)

5.2.9 Lubricating speed factor Zr

Find Lubricating speed factor based on maximum
height of profile roughness of flank Rmaxm(um) from
Fig. 7 using either pinion or gears

(1) Thermal refined gear (1): Use solid line in Fig. 7.

(2) Surface hardened gear: Use broken line in Fig. 7.
Refer to 5.2.7 for Note (1) and Remark

Fig. 7 Lubricating speed factor

N
g 12 11 T
8 11 Thermal refined gear
s
g —T -
210 L ==
2 ~===|" 7" T3 Surface hardened gear
2 os L [T
508
0.5 1 2 4 6 810 2025 (40) (60)

Velocity on the Pitch circle v(m/s)

5.2.10 Work hardening factor Zw

Hardness ratio factor is applied to engagement be-
tween gear and pinion(1) which is hardened ground.
Calculation for Work hardening factor Z is as follow.
(Refer to Fig. 8)

Zr=12- S 35)
Hereby
HB:2 :Hardness of gear flank (indicated by Brinell
hardness)
However

Gear with conditions that cannot match above (35)
and 130 = HB: = 470, Pinion to be
Zw=1.0 (36)
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Fig. 8 Work hardening factor

1.20

1.15

1.10

1.05

Work hardening factor Zw

1.00
130 200 300 400 470

Flank hardness for gear HB:

Note (1) Flank roughness of pinion is Ruaxi = 6um
when engaged with stipulated gear.

5.2.11 Dimension factor Kux for Surface durability
If Tooth profile and gear size increases, Surface du-
rability also increases but has a tendency to increase
disproportionately. Due to insufficient data at the
moment Dimension factor

Kux=1.0 (37)

5.2.12 Face load factor for contact stress Kup

Obtain Face load factor for contact stress for Surface

durability using following formula.

(a) If unable to estimate tooth contact conditions
when load is applied to gear. Obtain Tooth trace
load distribution factor from ratio (b/d1) between
Facewidth » and Reference diameter d1 of pinion
and from method of gear support from Table 8.

(b) Satisfactory tooth contact when load is applied to
gear.

Tooth trace load distribution factor Kus for Surface

durability depends on level of modification com-

pared to used load (reference value). When calculat-
ing modifications on Tooth trace for following cases,
analyse all causes that influence Tooth bearing when
load is applied. Apply modifications of Proper Tooth
trace for gear, Helix angle, Axial parallelism. Warm up
and test run is performed and confirm Tooth bearing
is secured during operation.

Kup=1.0~1.2 (38)

5.2.13 Dynamic factor Kv (common)

Obtain Dynamic factor based on gear accuracy and
Circumferential speed on the Reference pitch circle
from 5.1.7 of Table 3.

5.2.14 Overload factor K, (common)
Obtain the overload factor from 5.1.8 - Table 4.

5.2.15 Safety factor for flank damage (Pitting) Su

A minimum Safety factor for flank damage (Pitting)
value of 1.15 is necessary even though it is difficult to
find fixed value of internal and external factors.

Table 8. Face load factor for contact stress

Supporting method
b Support on both end
a Bearipg ison Bearipg ison | Unbalanced
Balancedto | onesideand | onesideand support
both bearings | stiffness of axis | less stiffness
is increased. of axis.

0.2 1.0 1.0 1.1 12
04 1.0 1.1 13 1.45
0.6 1.05 12 1.5 1.65
038 1.1 13 1.7 1.85
1.0 1.2 1.45 1.85 20
12 13 1.6 20 2.15
14 14 1.8 2.1 -

16 15 2.05 2.2 -

18 18 - - -

20 2.1

Remark 1. b is Effective facewidth for Spur and Helical
gears. For Double helical gear, 5 is length
of facewidth inclusive of cutter groove at
centre of gear.

Remark 2. Tooth contact has to be satisfactory with-
out load.

Remark 3. Inapplicable to Idler gear and pinion (Idler)
engaged with gears.

5.2.16 Allowable hertz stress o im

Refer to Tables 9 ~ 12 to find the Allowable hertz
stress. For values not listed, use interpolation. Mean-
ing of flank’s hardness is hardness near Pitch circle.



Table 9. Gear without surface hardening

Hardness of flank Lower limit of
Materials (Arrow marks are for references only) HB HY tenz;/s;:';r;gth kgfilrlnn;lz kgil’-/irl:]rgl
(reference)
37 104 34
ggi; 42 120 35
Casting steel SC46 jg E; ;?
SC49 -
SCC3 55 15.8 39
60 17.2 40
120 126 39 13.8 41.5
130 136 42 14.8 425
,,,,,,,,,,,,,,,,,,, 140 147 45 15.8 44
525C L 150 157 48 16.5 45
160 167 51 17.6 46.5
777777777 170 178 55 184 47.5
Carbon steel for structural| y  535C | A A 180 189 58 190 49
use with Normalizing 543C 190 200 61 19.5 50
S48C 200 210 64 20 515
,,,,,,,,,,,,,,,,, 210 221 68 20.5 525
S53C 220 231 71 21 54
Yy v 57589 B 230 242 74 215 55
l 240 %2 77 2 565
250 263 81 225 575
160 167 51 18.2 51
170 178 55 19.4 525
180 189 58 20.2 54
777777777777777777 190 200 61 21 555
L 200 210 64 2 57
S35C 210 221 68 23 585
77777777 220 231 71 35 60
230 242 74 24 61
Carbon steel for structural $43C 240 252 77 245 625
use with Quenching and 548C ;Zg ;?; Sl ;g : Zg :
Tempering - .
77777777777777 $53C 270 284 87 26 67
S58C 280 295 90 26 68.5
290 305 923 265 70
7777777777777777 300 316 97 71
310 327 100 725
77777777 320 337 103 74
330 347 106 75.5
340 358 110 77
350 369 113 78.5
o 220 231 71 25 70
230 242 74 26 715
240 252 77 27.5 73
250 263 81 285 745
,,,,,,,,,,,,,,,,,,, 260 273 84 295 76
,,,,,,,,,,,,, 270 284 87 31 775
SMn443 | A& 280 295 90 32 79
Alloy steel for structural 2% 305 %3 33 81
usgwith Carburizing, SNC836 300 316 97 34 825
- 310 327 100 35 84
Quenchlng and SCM435 0 337 03 s 55
fempering SChad0 330 347 106 375 87
,,,,,,,,,,,,,,,,,,,,,, 340 358 110 39 885
350 369 113 40 90
7777777 ?IEIFM?? o 360 380 117 41 92
370 391 121 935
A 2N 380 402 126 95
390 413 130 96.5
400 424 135 98
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Table 9. Gear with High frequency induction hardening (continued)

Conditions of Heat treatment Core hardness ) .
. 5 Flank hardness oFlim? oHlim
Materials (Arrow marks are for references only) before High-frequency HB Y HY kgffmm? Kaffmm?
induction hardening
- L] 160 167 Above 550 21
A $43C Normalizing 180 189 " 21
s48C v 220 231 /" 215
¥ 240 252 " 2
Carbon steel for 200 210 Above 550 23
structural use A 210 221 " 235
Induction hardening and 220 231 " 24
S48C 543C Tempering 230 242 1 24.5
240 252 " 25
250 263 " 25
- 230 242 Above 550 27
T 240 252 " 28
250 263 4 29
SCM4407 7777777777 260 273 I 30
Alloy steel for | SMn443 T Induction hardening and 270 284 N 31
structural use tempering 280 295 " 32
Y| SI}‘FM439 290 305 /" 33
,,,,,,, SCM435 _ i . 300 316 " 34
SNC836 Y. __| 310 327 1 35
320 337 /" 36.5
420 77
440 80
460 82
480 85
Normalizing 200 &
520 90
540 92
560 93.5
580 95
Carbon steel for 543C Above 600 96
structural use S48C 500 96
520 99
540 101
560 103
Induction hardening and 580 105
Tempering 600 106.5
620 107.5
640 108.5
660 109
Above 680 109.5
500 109
520 112
540 115
SMn443 560 117
Alloy steel for 2%%23 Induction hardgning and 580 119
structural use SNC836 Tempering 600 121
SNCM439 620 123
640 124
660 125
Above 680 126

Note(1) When flank hardness is low, use orim value which is equivalent to gear without hardened surface.

Note(2) When gear has defects such as quenching cracks, insufficient hardening depth and uneven hardness, pre-
caution is necessary as values of orim may become significantly lower compared with Tables 9 and 10.
Values in Tables 9 and 10 are shown for full quenching at bottomland. Assuming insufficient quenching at
bottomland, value will be 75% from Table 9 and 10.
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Table 10. Gear with case hardening

Materials (Arrow marks are references only) Effective carburizing Core hardness Flank hardness|  oFlim? oHlim
depth @ HB HV HV kgf/mm? kgf/mm?
140 147 18.2
150 157 19.6
160 167 21
170 178 22
180 189 23
190 200 24
580 115
600 117
structural use ST5CK 640 19
660 120
) 680 120
Relatively shallow depth (A) 200 120
720 119
740 118
760 117
780 115
800 13
7777777777777777777777 220 231 34
230 242 36
240 252 38
SCM415 SCM415 250 263 39
Y U 260 273 41
270 284 42.5
scha AT 280 295 “
290 305 45
300 316 46
310 327 47
77777777777777777777 320 337 48
330 347 49
7777777777 SNCe1> | 340 358 50
350 369 51
SNCM420 360 380 515
370 390 52
580 131
600 134
620 137
Alloy sﬁel for 640 138
machine
structural use 228 Eg
Relatively shallow depth (B) 700 138
720 137
740 136
760 134
SCM415(21) 780 132
SCM420(22)
SnCasn %0 120
SNC815(22)
SNCM420(23) 600 160
620 164
640 166
660 166
Relatively deeper than above 680 166
B 700 164
720 161
740 158
760 154
780 150
800 146

Note (1) Relatively shallow effective case depth refers to below A and relatively deeper depth refers to B or more.
Meaning of Effective case depth is hardness of up to HV513 (HRC50). Depth for Ground gear is after process.

Module 15 2 3 4 5 6 8 10 15 20 25

. A 0.2 0.2 03 0.4 0.5 0.6 0.7 0.9 12 15 18
Effective depth

B 03 03 0.5 0.7 0.8 0.9 1.1 14 20 25 34

Remark: Especially in engagement between gears, we recommend providing bigger Safety factor Sw., starting point
of Maximum inner shear-stress force at inner gear tooth from surface pressure of flank is deeper than the
depth of Case hardening which affects effectiveness of Carburizing depth.
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Table 11. Nitriding gear ™

Flank hardness

. B 2
Material e p— oHlim kgf/mm
Nitriding SACM Normal 120
seel  |04°and|  Above HV650  ["systained period of | 130-
others Nitriding treatment | 140

Note (1) Applicable to gear with proper Nitriding
depth and hardened surface for improving
Surface durability. We recommend provid-
ing a larger safety factor than usual when
Surface hardness is lower than above table.
Starting point of Maximum shear-stress
force at inner gear tooth is deeper than

depth of Nitriding.

Table 13. Nitriding gear

Flank Core hardness oFlim
Material hardness
(reference)|  HB HV kgf/mm?
220 231 30
240 252 33
260 273 36
Alloy steel fgr structural Above 280 295 38
use without HV650
Nitriding steel 300 316 40
320 337 42
340 358 44
360 380 46
220 231 32
240 252 35
- Above
Nitriding steel SACM645 HV650 260 273 38
280 295 41
300 316 44

Note (1) Applicable to gear with proper Nitriding
depth for improving Surface durability.
However Nitriding layer is extremely thin
from Nitro-carburizing, use oy1m value of the

gear without hardened surface.

20

Table 12. Nitro-carburizing

oHlim kgf/mm?
Material N't.r iding Relative curvature radius (mm)®@
period (h)
Below 10 10-20 Above 20
Carbon steel and 2 100 %0 80
Alloy steel for 4 110 100 90
structural use 6 120 10 100

Note (1) Applicable to Salt bath and Gas Nitro-carbu-
rizing gears.

(2) Use Fig. 9 to obtain Relative curvature radius
Remark. Use properly adjusted gear material for core.

Fig. 9 Relative curvature radius
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10.2 Calculation for Bevel gear strength

Calculation formula of Bending strength for Bevel gear JGMA 403-01 (1976)
Calculation formula of Surface durability (Pitting resistance) for Bevel gear JGMA 404-01(1977)

1. Application range (common)

1.1 This standard applies to Bevel gears (1) for power
transfer used in the general industrial machinery
with the following range.

Outer transverse module :1.5~25mm

Outer pitch diameter :Below 1,600 mm (For
Straight bevel gear)
Below 1,000 mm (For
Spiral bevel gear)

Outer circumferential velocity :Below 25 m/s

Revolving velocity : Below 3,600 min™

Shaft angle :90°

Mean spiral angle : Below 35°

Facewidth

For Maximum Facewidth, choose the smaller
value from either 0.3 times of Cone distance or 10
times of Outer transverse module. However for
Zerol® Bevel gear, it is 0.25 times of Outer cone
distance.

® mark is Gleason Works Trademark.

Tooth profile
Normal reference pressure angles are 20°, 22.5°
and 25°.

Accuracy
Accuracy of Bevel gear is defined in JIS B1704 class
1to6.

Note (1) This standard is for Straight, Spiral and Zerol
bevel gears.

1.2.1. Use this standard for calculation of Bending of
Bevel gear for Allowable load as defined above
in 1.1 and to determine gear dimensions based
on Tooth root bending stress.

1.2.2 This standard used for calculation of tooth flank
of allowable load for Straight, Spiral bevel gears
and determines gear dimension based on Hertz
stress of tooth flank.

2 Definition

2.1 Bending strength

Bending allowable load of Bevel gear is stipulated as
Nominal allowable tangential load on the Mean pitch
circle based on Allowable tooth root bending stress
for each gear when transferring power during opera-
tion.

2.2 Surface durability

Surface durability of Bevel gear is stipulated as load
capacity that is necessary to provide sufficient safety
to the gear against progressive pitting.

Therefore, Allowable load on Bevel gear flank is stipu-
lated as Allowable tangential load on the Mean pitch
circle based on Surface durability for each gear when
transferring power during operation.

3. Basic formula

For calculating gear strength, conversion formulas are
related to calculating Nominal tangential load on the
Reference pitch circle. Nominal power and torque are
as follows.

3.1 Nominal tangential load on the Mean pitch circle

_102P _ 195x10°P
" o dm (1)
Hereby

P :Nominal power (kW)

vm : Circumferential velocity (m/s) on the Mean
pitch circle

dm :Mean pitch diameter (mm)

n :Revolving velocity (min™)

Om = dmn
" 719100 (2)
dw=d — bsind (3)
Hereby

d :Pitch diameter (mm)
S :Pitchangle (°)

20007
or ==y, (4)

Hereby
T :Nominal torque (kgf - m)

3.2 Nominal power P (kW)

Fmon

P=Tn

=5.13x107Fmdmn (5)
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3.3 Nominal torque T (kg * m)

_ Fundn
~ 2000 (6)

974P
orl==—— 7)

4. Calculation formula for gear strength

4.1 Calculation for Bending strength

When calculating Bending strength, use Nominal
tangential load on the Mean pitch circle as reference.
Therefore Nominal tangential load on the Mean pitch
circle should be equal or less than Allowable tangen-
tial load on the Mean pitch circle calculated by Allow-
able tooth root stress. That is to say,

Fm = Fontim (8)
Hereby
Fwm :Nominal tangential load on the Mean pitch
circle (kgf)

Fotim : Nominal allowable tangential load (kgf) on
the Mean pitch circle is selected from its
smaller value from either pinion or gear.

On the other hand, Tooth root stress obtained from
Nominal tangential load on the Mean pitch circle
should be equal or lesser than Allowable Tooth root
bending stress.

Therefore

OF = OFlim (9)

Hereby
or :Tooth root stress (kgf/mm?2) from Nominal
tangential load on the Mean pitch circle.
orim : Allowable Tooth root bending stress (kgf/
mm?)

4.1.1 Calculation for Allowable tangential load on the
Mean pitch circle is as follow.

R—0.5b 1
R YrYeYpYc

Fumim = 0.85co0s ﬂm O Aimmb

( KiKrx )L
KuKvKo ) Kr (10)
Hereby

Bn :Mean spiral angle (°)

m :Outer transverse module (mm)

b :Facewidth (mm)

Re :Cone distance (mm)

Yr :Form factor

Ye :Load distribution factor

YB : Spiral angle factor

Ye :Cutter diameter influence factor

K. : Life factor

Krx: Dimension factor for Tooth root stress

Ku : Load distributed factor for Tooth trace

K» :Dynamic factor

Ko :Overload factor

Kr : Reliability factor for Tooth root bending damage

4.1.2 Calculation for Tooth root bending stress is as
follow.

o1 = o YYeVpYe R. (KMKVKOJ .

0.85cos fnmb Re—0.5b \ KiKrx

4.2 Calculation for Tooth root strength

Nominal tangential load on the Mean pitch circle
is necessary as reference for calculating Surface
strength. Therefore, Nominal tangential load on the
Mean pitch circle should be equal or below Allowable
tangential load on the Mean pitch circle, which is de-
rived from calculating Allowable Hertz stress. There-
fore,

Fin = Fimtim (12)
Hereby
Fm :Nominal tangential load on the Mean pitch
circle (kgf)

Fuuim : Calculate Allowable tangential load (kgf)
on the Mean pitch circle by selecting the
smaller Allowable tangential load (kgf) from
either pinion or gear.

On the other hand, Hertz stress based on Nominal
tangential load on the Mean pitch circle should be
equal or less than Allowable hertz stress.
Therefore

OH = O Him (13)
Hereby

on :Hertz stress (kgf/mm?) from Nominal tan-
gential load on the Mean pitch circle

omim : Allowable hertz stress (kgf/mm?)

4.2.1 Calculation for Allowable tangential load on the
Mean pitch circle is as follow.

- :(mﬂim j2 di_R—=05b , u’

Zu ) coso1  Re u?+1
KuZ1ZrZvZwKrix : 1 1 ( 1 4)
ZnZ:Zp KupKvKo Ci’

Hereby
di :Outer pitch diameter for pinion (mm)
b :Facewidth (mm)
u :Gearratio
Re :Cone distance (mm)
Zu :Zone factor
Zw : Elasticity factor
Ze : Contact ratio factor
7B :Spiral angle factor for Surface durability
K : Life factor for Surface Durability
71 Lubricating oil factor
Zr :Roughness factor
Zv :Lubricating speed factor
Zw :Work hardening factor
Zunx : Dimension factor for Surface durability
Kup : Face load for contact stress for Surface dura-
bility
Kv :Dynamic factor



Ko :Overload factor
Cr :Reliability factor for Surface durability

4.2.2 Calculation for Hertz stress is as follow.

o ‘/coséuFrm W+l R ZuZu Ze Zp
db u’ Re—0.5b KmZiZrZvZwKux

A KusKvKo Cr

5 Calculation method for factors

5.1 Calculation method for factors based on Bending
(tooth root) strength of Bevel gear.

Factors used in calculation formulas for Bending

(tooth root) strength as mentioned above are stipu-

lated as follows.

(15)

5.1.1 Facewidth b

Facewidth b is stipulated as Facewidth on Pitch cone.
For different Facewidth, use narrower side from either
pinion or gear as Effective facewidth.

5.1.2 Form vr

Obtain Form factor from Fig. 1 and 2.

(a) Refer to Table 1, items 5 and 6 where Normal refer-
ence pressure angle is 20°.

Use Form factor graphs in Fig. 2 and 3 to obtain pri-

Hereby

)

Hereby

: Pitch angle (°)
ha— hao

X=—"

m

ha :Outer addendum (mm)
hao : Refer to Table 1 for Reference profile adden-

dum (mm)

m : Quter transverse module (mm)
a. 2. For Bevel gear with tip of cutter with y about 0.375
mm, constant 0.85 to be changed to 1.0 in the
formulas for Allowable tangential load and Bend-
ing stress. (Refer to 4.1.1 of standard orim).

a. 3. Calculate Horizontal rack shift coefficient K in Fig.
1 using the following formula.

Hereby

K:—{S—O.Sﬂ'm—
m

2(ha— hao)tan au

cos fBn }

(18)

s :Outer transverse circular thickness

(mm)

ha, hao and m : Same as formula (14).
However the above formula for X is inapplicable for
an Isothermal full depth gear tooth.

Fig. 1 Revision factor base on Horizontal Rack shift

mary value of Yro (Value of Form factor by Rack shift). 16
Then obtain Revision factor C using Horizontal rack 15
shift from Fig. 1.
14
Yr=CYro (16) 13 \
Calculate Yr from formula Y*=CFyo. However, Tooth ; '
profile with no Horizontal rack shift to be Yr=Yro. E 12 N
a.1 Refer to Table 1 for lists of Form factor chart. g M
Calculate Virtual number of teeth of spur gear Zv and § 10
Rack shift coefficient x using following formula. 3 09
o \
gom— %
"7 cosdcos® fn (17)
07
06
05
-03  -02  -01 0 0.1 0.2 03
Horizontal rack shift coefficient K
Table 1. Table for Form factor
Transverse reference profile (Transverse tooth thickness : 0.5zm) Mean spiral
ltem No. | Normal reference Tooth depth Addendum Dedendum Bottom clearance | Cutter tip radius angle
pressure angle (heel) (heel) (heel) (heel) (normal)
an h hao hfo c r Pm
1 15°
2 20°
3 X 1.888m 0.850m 1.038m 25°
20 0.188m 0.12m
4 30°
5 35°
6 2.188m 1.000m 1.188m 0°
7 . 1.888m 0.850m 1.038m 35°
25 0.188m 0.12m .
8 1.788m 0.800m 0.988m 0
9 . 1.888m 0.850m 1.038m 35°
25 0.188m 0.12m -
10 1.788m 0.800m 0.988m 0
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Form factor Yro
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Fig. 2 Form factor graph (No.6)
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Form factor Yro
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Fig. 3 Form factor graph (No.5)
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5.1.3 Load distribution factor Ye

Calculation of Load distribution factor is as follows.

Y£=L

Ea

Hereby
&q :Transverse contact ratio

(20)

(a) Obtain Transverse contact ratio using following
formula (21-24). However use Straight bevel gear’

s calculation formula for Zerol Bevel gear.

Straight bevel gear

&

mpmcoso

_ VR = Ri2® + R = R — (Rn+ R)sina

- (21)

Use following summarized calculation formula (1) for

gearratiou = 2

v Ra? — Rioi® + haxcosecor — Rasina

o= e

mmcosax
Spiral bevel gear

_ \/le2 — R + \/lez — Ri2? — (er + RrZ)Sin [04]
o=
M COS:

&

- (23)

Use following summarized calculation formula (1) for

gear ratiov = 2

VRa2 = R + haxcosec o — Rrsin ot

o= .‘‘;siiitttennns

mJ Ccos o

Note (1) Formulas (21) and (23) becomes compli-
cated for Gear section thus Gear is assumed
as Rack to show a summarized formula as

follows.
Hereby (refer to Fig. 4)

Rua : Tip diameter (mm) for Virtual spur gear on the

Back cone = Rv + ha = y5€C5 + ha

Rus :Base radius (mm) for Virtual spur gear on the

Back cone
For Straight bevel gear = Rucosa=ysecScosa
For Spiral bevel gear = Rucosar=ysecdcosau
Ru :Back cone distance (mm) = ysecd
y :Radius of pitch circle (mm) = 0.5 zm
ha :Outer addendum (mm)
a :Reference pressure angle (°)
a: :Mean transverse pressure angle (°)
= tan™'(tanoen / cosfm)
an :Normal reference pressure angle (°)
Bn :Mean spiral angle (°)
S :Pitchangle (°)
m :Outer transverse module (mm)
z :Number of teeth

Subscript
1 :Pinion
2 :Gear

(b) Refer to Fig. 5 to calculate Transverse contact ratio
¢a for Straight bevel gear with Reference pres-
sure angle 20° or Spiral bevel gear with Normal
pressure angle 20°. Use formula (16) to calculate
Virtual number of teeth of spur gear Z, and the
following formula for u.

h(l
Straight bevel gear :% =7, (25)
Na
Spll’a' bevel gear mcosﬂm ................................ (26)

Hereby

ha :Outer addendum (mm)

m :Outer transverse module (mm)

Bm : Mean spiral angle (°)
From Fig. 5, calculate Transverse contact ratio e« Us-
ing following formulas.

Straight bevel gear : go-¢i+é:

Spiral bevel gear  : &o-Ke'a
Eu=gi+&
Hereby
s« :Transverse contact ratio for Straight bevel
gear

&'« :Virtual spur gear transverse contact ratio for
Spiral bevel gear
: Obtain Virtual spur gear contact ratio from
Pitch point to Tooth tip for pinion and gear
from Fig. 5
k : Use Table 2 conversion factor for Virtual spur
gear normal contact ratio to Transverse con-
tact ratio for Spiral bevel gear.
= cos’an (cos’Bm + tan’cn)
an  :Normal reference pressure angle (°)
Bm  :Mean spiral angle (°)

£1, 82

Fig. 4 Engagement of Virtual spur gear on the Back cone

2

For Spiral bevel gear,
use azand o

Table 2. Value of Conversion factor for Transverse contact ratio for Spiral bevel gear

Mean spiral angle m
Normal 15° 20° 25° 30° 35°
Reference pressure angle an

20° 0.94085 0.89671 0.84229 0.77924 0.70949




Contact ratio from Pitch point to tooth tip (e1 or €2)
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5.1.4 Spiral angle factor ¥p
Calculate Spiral angle factor using following formulas.
(Refer to Table 3 and Fig. 6)

Iy
For 0° éﬁmé 30° : Yﬁ—l_lzo .................................... (27)
ForB,, = 30° Yp=0.75 27)

Table 3. Spiral angle factor

fn 15° 20° 25° 30° ‘ 35°
8 0875 | 0833 | 0792 075

Fig. 6 Spiral angle factor
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5.1.5 Cutter diameter influence factor Yc

Calculate Cutter diameter influence factor from Table
4 based on ratio cutter diameter for Length of tooth
trace. If cutter diameter is unknown, Yc=1.0. Length of
tooth trace to be b / cosBm (mm).

5.1.6 Life factor Kz
Refer to Table 2 of 5.1.5 under Spur gear.

5.1.7 Dimension factor for Tooth root factor Krx
Obtain Dimension factor for Tooth root factor from

transverse module in Table 5.

Table 5. Dimension factor for Tooth root factor Krx

Outer transverse module Non surface Surface hardening
m hardening gear gear
15<d= 5 1.0 1.0
5 <d=7 0.99 0.98
7 <d=9 0.98 0.96
9 <d=M 0.97 0.94
11 <d=13 0.96 0.92
13 <d=15 0.94 0.90
15 <d=17 0.93 0.88
17 <d=19 092 0.86
19 <d=22 0.90 0.83
2 <d=25 0.88 0.80

5.1.8 Tooth distributed factor for Tooth load Ku
Calculate load distribution factor for Tooth trace from
Tables 6 and 7.

5.1.9 Dynamic load factor K»

Using Gear accuracy and Circumferential speed on
the Outer pitch circle from Table 8 to obtain Dynamic
factor.

5.1.10 Overload factor Ko
Refer to formula (23) and Table 4 of 5.1.8 under Spur
gear.

Table 4. Cutter diameter influence factor Yc

Cutter diameter
Types
0 6 times Length of tooth trace | 5 times Length of tooth trace | 4 times Length of tooth trace
Straight bevel gear 1.15 -
Spiral bevel gear ) 100 095 0,90
Zerol Bevel gear

Table 6. Tooth trace load distribution factor K for Spiral bevel, Zerol bevel and Straight bevel gears (Crowning)

Full support to both gears

Support to one side of gear Support to both gears on one side

Especially strong 1.2 1.35 15
Stiffness of axis and gearbox Normal 14 16 18
Weak 1.55 1.75 20

Table 7. Tooth trace load distributed factor K for Straight bevel gear without Crowning

Full support to both gears

Support to one side of gear Support to both gears on one side

Especially strong 1.05 1.15 1.35
Stiffness of axis and gearbox Normal 16 18 21
Weak 22 25 28




Table 8. Dynamic factor K

System of accuracy Circumferential velocity (m/s)
fromJISB1704 | gejow 1 1<v=3 3<v <S5 5<v=8 8<v=12 12<v=18 18<v=25

1 10 1.1 115 12 13 15 17

2 10 12 13 14 15 17

3 10 13 14 15 17 -

4 1.1 14 15 17 - -

5 12 15 17 - -

6 14 17 - -

5.1.11 Reliability factor Kz

Reliability factor is as follows

(1) General cases Kr=1.2

(2) Special cases

If clearly understood the usage conditions of impact
from prime mover, driver side, stiffness of gearbox
and axis for calculating Tooth bending strength.
When determining numerical values of K, Kz, Ko us-
ing Kr=1.0.
In situations opposite from above where numerical
values of Ko and K are uncertain (use Kz as 1.0 in this
case). Kr=14

5.1.12 Allowable tooth root bending stress orim
Refer to Tables 9, 10 and 13 of 5.1.10 under Spur gear.

5.2 How to calculate factors from calculation formula
for Surface durability.

The following stipulates types of factor from calcula-

tion formula of Surface durability in previous para-

graph.

5.2.1 Facewidth » (mm)

Facewidth 5 is stipulated to the Facewidth on Pitch
cone. For different Facewidth between Pinion and
Gear, select the narrower Effective facewidth.

5.2.2 Domain zone Zu
Calculation of Domain zone is as follows.

_ / 2cos B
Zn= sin & cos o (28)

Hereby

Bo :tan” (tanfm coso)

a: :Mean transverse pressure angle (°)

an :Normal reference pressure angle (°)

Bn :Mean spiral angle (°)
Obtain domain factor from Fig. 7 with Normal refer-
ence pressure angle 20°, 22.5°and 25°.

5.2.3 Elasticity factor Zu
Refer to Table 6 of 5.2.3 under Spur gear

5.2.4 Contact ratio factor Z

Obtain Contact ratio factor using following formula.
Refer to Fig. 4 of 5.2.4 under Spur gear.

Straight bevel gear : Z=1.0 (29)
Spiral bevel gear

Incase ofgg = 1, Ea werresrinssessisssnsians (30)

Zs:

In case ofgg > 1, Ea (31

Fig.7 Zone factor

2.6 ‘
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N
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% 2.1 \ \
N
20 AN
N \
19 \
1.8
17 5 5 o 1 ome . . o e .
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Mean spiral angle Bm
Hereby

g« : Transverse contact ratio
gp :Overlap ratio
Calculate Transverse contact ratio from 5.1.3 (a) under

Bevel gear.
Overlap ratio is defined below
5= R. btan Sn
R—0.5b  7m 32)
Hereby

Re :Cone distance (mm)

b :Facewidth (mm)

Bn :Mean spiral angle (°)

m . Outer transverse module (mm)

5.2.5 Spiral angle factor for Surface durability Zs

Spiral angle factor for Surface durability is difficult to
stipulate accurately due to insufficient data. Calcula-
tion formulais Zs = 1.0 (33)
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5.2.6 Life factor for Surface durability Kz Fig. 10 Lubricating speed factor

Refer to Table 7 of 5.2.6 under Spur gear. S 12 \
S 1.1 Thermal refined gear = —
o 510 e I
5.2.7 Lubricating oil factor z: £ 09 T~ T T T IFT surface hardened gear |
For the 2 types of gear stated below, obtain Lubricat- £ 0'8 \ L]
ing oil factor from Fig.8 based on Kinematic viscosity - 05 1 2 4 6 810 2025 (40) (60)
(cSt) at 50°C Circumferential velocity v(m/s) on the Outer pitch circle
. Fig. 8 Lubricating oil factor Table 11. Nitriding gear
N
5 12
E 11 Th‘erma‘l reﬁ‘ned‘ ff‘i_- | — Material Fla(a:el;ehraerr:icrgss oHlim kgf/mm?
‘© [ ey m P i B R
2T 2 Surface hardened gear | ™ Nitriding | SACM 645 |, oo Normal 120
8 09 ‘ ‘ ‘ ‘ ‘ steel | andothers | "¢ Sustained period of |30 4
—§ 08 Nitriding treatment
0 100 200 300 Note (1) Applicable to Gear with proper Nitriding
Kinematic viscosity (cSz) at 50°C .
depth and hardened surface to improve
(1) Thermal refined gear : Use solid line in Fig. 8. Surface durability. When Surface hardness is
(2) Surface hardened gear: Use broken line in Fig. 8. remarkably lower than above table. Starting
Note (1) Thermal refined gear includes gear with point of maximum shear-stress force at inner
quenching, tempering and normalizing. gear tooth is remarkably deeper than depth
Remark: Casting steel gear is equivalent to thermal of Nitriding, take note of providing a larger
refined gear. safety factor than usual.
5.2.8 Roughness factor Zr Table 12. Nitrocarburizing gear
For 2 types of gear stated below, obtain average of i kgf/mm?
maximum height of profile factor from Fig. 9 based Material ;\I;:ir;o(l;?g) Relative curvature radius (mm) @
on mean roughness of flank Rmaxm(um). Use the fol- Below 10 10-20 | Above20
lowing formula to obtain the average of maximum 5 100 % %
height of profile roughness of flank Rmaxn from Rumaxi, Carbon steel and Alloy [ o 100 %
Rmax2. (Meaning of Rmaxi, Rmaxz is Maximum height if steel for structural use
) ) X 6 120 110 100
profile roughness of flank inclusive of the effects of - -
warm up and test run.) Note (1) Agpllcable to Salt bath and Gas Nitro-carbu-
R R rizing gears.
maxt + R max . . .
R,m,x,ﬂ:’T2 : 120 ) (34) (2) Use Fig. 11 to obtain Relative curvature ra-
Hereby dius

4= R (sind1 + cos51) Remark. Use properly adjusted material for core.

Rm : Mean cone distance (mm)
&1 :Pitch angle (°) of Pinion Fig. 11 Relative curvature radius
(1) Thermal refined gear @: Use solid line in Fig. 9.

o

(2) Surface hardened gear: Use broken line in Fig. 9. 3 ;
Refer to 5.2.7 for Note (1) and Remark 360 P
ael
Fig. 9 Roughness factor 50 yaAvaviE
& 5 L 4
EEEERENN
g 10T E / >
S \ T T T T T T T T T o 6
— NN Surface hardened gear g 3 7
2 09 X B Z 2 v
g -y S~ = V.abaa /
5 08 — & /
3 Thermal refined gear T AT
€ 07 T 20 /
1 5 10 15 20 25 2 O T A A A T
Average roughness Rmax m (um) 20 VAV A4 d
15 A
L 74
,l
5.2.9 Lubricating speed factor Zv 1) A
. . 10 777’7%7777‘77 77‘777777777777”77777
For the 2 types of gear stated below, obtain Lubricat- 10 . 7 A
ing velocity factor from Fig. 10 based on Circumferen- 10 7 ,,,z§,7,7474,*,,,,,,,,,,,,,,,,,,*
tial velocity v(m/s) on the Outer pitch circle. 6 A A e
/

(1) Thermal refined gear (1): Use solid line in Fig. 10. 5

80 100 150 200 300 400 500 600 700 800
(2) Surface hardened gear: Use broken line in Fig. 10. Centre distance o (mm)
Refer to 5.2.7 for Note (1) and Remark

Gear ratio



5.2.10 Hardness ratio factor Zw
Refer to formula (35) and Table 8 from 5.2.10 under
Spur gear.

5.2.11 Diameter factor Kux for Surface durability

If Tooth profile and gear size increases, Surface du-
rability also increases but has a tendency to increase
disproportionately. Due to insufficient data at the
moment, Dimension factor Kux = 1.0 wwwweeemerseseees (35)

5.2.12 Tooth trace load distribution factor Kus for Sur-
face durability

Obtain Tooth trace load distribution factor for Surface

durability from Tables 9 and 10. If both gears are with-

out surface hardening, use 90% of values from Tables

9and 10.

Table 9. Tooth trace load distribution factor Kz for
Spiral Bevel, Zerol Bevel and Straight bevel
gears (including Crowning)

Stiffness of axis and Condition for gear support
gearbox Full supportto | Supporttoone | Support to both
both gears side of gear | gears on one side
Especially strong 13 1.5 1.7
Normal 16 1.85 2.1
Weak 175 2.1 25

Table 10. Tooth trace load distribution factor K for
Straight bevel gear without Crowning.

Stiffness of axis and Condition for gear support
gearbox Full supportto | Supporttoone | Support to both
both gears side of gear |gears on one side
Especially strong 13 1.5 1.7
Normal 1.85 2.1 26
Weak 28 33 3.8

5.2.13 Dynamic factor K
Refer to Table 8 from 5.1.9 under Bevel gear.

5.2.14 Overload factor Ko
Refer to formula (23) and Table 4 of 5.1.8 under Spur
gear.

5.2.15 Reliability factor CR
Reliability factor for Surface durability is above 1.15.

5.2.16 Allowable hertz stress oim

Refer to Tables 9 ~ 12 for Allowable hertz stress. For
values not listed, use interpolation. Meaning of flank’
s hardness is hardness near Pitch circle.
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10.3 Calculation for Cylindrical worm gear pair strength

Gear strength calculation formula for Cylindrical worm gear pair JGMA 405-01 (1978)

1. Applicable range (Common)

1.1 This standard is applied to Worm gear pair with
following ranges and shaft angle 90° for power
transfer used in general industrial machinery.

Axial module :1~25mm
Reference diameter of Worm wheel
: Below 900 mm

Sliding velocity : Below 30 m/s

Revolving velocity of Worm wheel

: Below 600 min™

: Stipulated in JIS B1723
(Cylindrical worm gear
pair)

Material : Refer to Table 7

Tooth profile

1.2. This standard is used for calculating Allowable
load from given dimension of Cylindrical worm gear
pair or is used for determining suitable dimensions of
Cylindrical worm gear pair from given load.

2. Definition
Gear strength of Cylindrical worm gear pair is Allow-
able load for Surface durability.

3. Basic conversion formula and numerical
value

3.1 Sliding velocityvs (m/s)

Do = dim

19100cosy (M

Hereby

d1 : Reference pitch diameter of Worm gear (mm)

n1 :Revolving velocity of Worm gear (min™)

y :Reference pitch cylindrical lead angle (°)

3.2 Torque, Tangential load and Efficiency
(1) When Worm gear is driver (speed reduction)
F.d»

T,= m (kgf . m) (2)
_ k _ F:dz
T= e = 20000z k&t -m) (3)

tany(l—tan;/co’ga ]

U
anyE osan (4)

Tk =

Hereby

7> :Nominal torque (kgf + m) for Worm wheel

Ti :Nominal torque (kgf + m) for Worm gear

F: :Nominal Tangential load (kgf) on the Refer-
ence pitch circle for Worm wheel

d>» :Reference pitch diameter (mm) for Worm
wheel

u :Gearratio

nr :Transfer efficiency of Worm gear when Worm
gear is driver (excludes bearing loss and mixer
loss of lubricating oil)

u : Friction factor {Refer to (3) of 3.2}

an :Normal reference pressure angle(®)

(2) When Worm wheel is driver (speed increment)

Fid>
Ta=2000 (kef - m) Same as (2)
_Tom _ Fidap
Tv=== 3000, k& +™) (5)
__H
_ M Cosan
m= (6)
tany{l+tan7 H )
COS Ohn
Hereby

n1 :Transfer efficiency of Worm gear pair when
Worm wheel is driver (excludes bearing loss
and mixer loss of lubricating oil).

(3) Numerical value of friction factor u

Obtain Friction factoru from Fig. 1 of sliding veloc-

ity when engaged with Worm gear with Case harden

and ground or Worm wheel with phosphor bronze.

Remark 1. Friction factor for engagement with other
materials.

Due to insufficient data, values of Friction factor are

difficult to stipulate. Therefore Reference table 1 pro-

posed by H.E Merritt is adopted for reference.



Reference table 1 Friction factor x for different ma-
terials combination

Materials Value of u

Casting iron and phosphor bronze 1.15 times value of Fig. 1

Casting iron and Casting iron 1.33 times value of Fig. 1

Hardened steel and Aluminium 1.33 times value of Fig. 1

Steel and Steel 2.0 times value of Fig. 1

Fig. 1 Friction factor
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Sliding velocity s (m/s)

4. Calculation formula of Allowable load
for Surface durability

4.1 Basic load capacity calculation

Calculate Basic load capacity for Surface durabil-

ity from given dimensions and material of Cylindrical

worm gear pair using following calculation formula.

Allowable tangential load Faim (kg * )

Fiim=382KKsSamZd: mBLLL ... )
Allowable Torque for Worm wheel Taiim (kgf + m)
Tzlim=0,00191KuKnSc1imZd21‘8mx% .................... (8)
Hereby
d» :Reference pitch diameter (mm) for Worm
wheel

mx : Axial module (mm)

Z  :Zone factor

K, :Sliding velocity factor

K. :Revolving speed factor

7 :lubricating oil factor

Zw :Lubrication factor

Zr :Roughness factor

K. :Tooth contact factor

Seiim @ Allowable stress factor for Surface durability

4.2 Equivalent load calculation
Basic load capacity from formulas (7) and (8) is the
limit of Tangential load and torque to withstand
26,000 hours of usage when in a non-impact environ-
ment. It is considered non impact if number of starts
per hour is under 2 times and starting impact torque
is below 200% of rated torque”. However, if such
condition is not met, calculate Equivalent load and
compare with basic load capacity. In other words,
when expected life is more or less than 26,000 hours
with impact conditions applied. Starting toque is
larger than above. Calculation method for Equivalent
load is as follow.
Note(1) This is torque for Worm wheel when prime
mover (or load) performs rated load opera-
tion.
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Equivalent tangential load Fi (kgf)

Fe=F.KiK, )
Virtual torque of Worm wheel 72 (kgf + m)

T2=TKnKs (10)
Hereby

F. :Nominal tangential load on the Pitch circle of
Worm wheel (kgf)

7> :Nominal torque of Worm wheel (kgf - m)

Ks :Starting factor (Refer to 5.9)

K» : Time factor (Refer to 5.10)

4.3 Load definition
(1) When non-impact, expected life is 26,000 hours.
It should meet the following conditions.
Fi £ F im (an
T2=T 2iim (12)
(2) Other than above cases,
it should meet the following conditions.
Fie £ F itim (13)
T2e = T 21im (14)
Remark: For fluctuating load, use total torque Txc to
define load based on formulas (10) and (12)
instead of 7T». Calculation method of T is
found at T'Calculation of Fluctuating load
in Reference table 4 (page 153).

5. How to calculate each factor for Surface

durability from calculation formula
Factors used for Surface durability calculation formu-
las mentioned above are stipulated below.

5.1 Facewidth of Worm wheel b2 (mm)
Refer to Fig. 2 for Facewidth of Worm wheel.

5.2 Zone factor Z
Calculate Zone factor from (1) and (2) using Table 3.
(1) When, b2< 2.3%@ use value in Table 3 multi-
plied by
bZ

—— as value for Z.
2mx"’Q+l

(2) When b2 2 23m/@+1 , use value in Table 3 multi-
plied by 1.15 as value for Z.

Hereby
Q :Diameter quotient (Q =%j

Zw :Number of thread for Worm gear

5.3 Sliding velocity K.
Obtain Sliding velocity factor based on Sliding veloc-
ity from Fig. 3.

5.4 Revolving velocity factor K»
Obtain Revolving velocity factor based on Revolving
speed of Worm wheel from Fig. 4.

5.5 Lubricating oil factor z:

As long as lubricating oil with proper viscosity con-
taining extreme additives is used, Zr = 1.0.

If bearing is used in Worm gear pair equipment or
compelled to use lubricating oil with thin viscosity. Z.
is less than 1.0.

Remark: Viscosity

There are many recommended viscosity values from
different sources for proper lubricating oil. However,
there is no consensus. Recommended mean values
are collected from sources and shown in Reference
table 2.

Fig. 2 Facewidth of Worm wheel

| ~
N T~/ N
b2 b2
Table 3. Base value of Zone factor
, < 7 75 8 85 9 9.5 10 11 12 13 14
W
1 1.052 1.065 1.084 1107 1128 1137 1.143 1.160 1.202 1.260 1318
2 1.055 1.099 1.144 1.183 1114 1223 1.231 1.250 1.280 1320 1.360
3 0.989 1.109 1.209 1.266 1.305 1333 1.350 1.365 1393 1422 1442
4 0.981 1.098 1204 1.301 1.380 1428 1460 1490 1.515 1.545 1.570




Reference table 2 Recommended dynamic viscosity
Unit ¢St/37.8°C

Operating oil temperature Sliding velocity m/s
Max. oil temperature Starting oil temperature Below 2.5 Above 2.5 to below 5 Above 5
-10°C to below 0C° 110- 130 110-130 110-130
0C°to below 10°C

Above 0°C 110- 150 110-150 110-150

10 C° to below 30°C Above 0°C 200- 245 150- 200 150 - 200
30 C° to below 55°C " 350- 510 245-350 200 - 245
55C°to below 80°C " 510- 780 350-510 245 -350
80 C° to below 100°C " 900- 1100 510-780 350-510

Fig. 3 Sliding velocity factor
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5.6 Lubrication factor Zu
Obtain Lubrication factor from Table 4.

Table 4. Lubrication factor Zu

- . Above 10,
Sliding velocity m/s Below 10 below 14 Above 14
Oil bath lubrication 1.0 0.85
Forced lubrication 1.0 1.0 1.0

5.7 Roughness factor Zr

Roughness factor is determined with consideration
based on influence on Pitting and Wearing to flank of
Worm gear and Worm wheel. Due to insufficient data,
Zr = 1.0 is adopted at the moment: e (15)
However, Surface roughness is to be below 3S for
Worm gear and below 12S for Worm wheel.

If Surface roughness is rougher than above, Rough-
ness factor Z R should be lower than 1.0.

5.8 Tooth bearing K-
Quiality of Tooth bearing has large influence on load
capacity. Due to insufficient data at the moment,

Tooth bearing for classification equivalent to A in JIS
B 1741 (tooth bearing) will be Ke= 1.0 seeeeeesssees: (16)
Value of K. for classification B and Cis larger than 1.0.
Reference table 3: Shows JIS Tooth bearing ratio and
approximate values of K-.

5.9 Starting factor K

Starting factor is stipulated below

(1) Obtain value from Table 5 if the starting torque is
below 200% of rated torque.

(2) If Starting torque exceeds 200% of rated torque,
value of Ks = 1.0. With starting torque to be as
maximum, then calculate fluctuating load (refer to
Table 4) to calculate total load.

5.10 Time factor K

Obtain Time factor from Table 6 using expected lifes-
pan and extent of impact. Use interpolation when
expected lifespan is between the values in the below
Table.

Reference table 3 Classification of Tooth bearing and approximate value of K.

Ratio of tooth bearing
Classification K
Tooth trace direction Direction of tooth depth
A Above 50% of length of effective trace direction Above 40% of effective tooth depth 1.0
B Above 35% of length of effective trace direction Above 30% of effective tooth depth 13-14
C Above 20% of length of effective trace direction Above 20% of effective tooth depth 15-17

Remark: Conditions for tooth bearing from JIS B1741

Table 5. Starting factor X

Number of start times per hour Below 2 times 2-4times 5-9times Above 10 times
K 1.0 1.07 1.13 1.18
Table 6. Time factor K &
Ki
Impact from prime mover side Expected lifespan Impact from load
Uniform load Medium impact Heavy impact
1,500 hours 0.80 0.90 1.0
Uniform load 5,000 hours 0.90 10 125
(Motor, Turbine, Hydraulic
motor and others) 26,000 hours 1.0 1.25 1.50
60,000 hours 1.25 1.50 1.75
1,500 hours 0.90 1.0 1.25
Light impact 5,000 hours 10 125 150
(Multiple cylinder engine) 26,000 hours 125 1.50 1.75
60,000 hours 1.50 1.75 20
1,500 hours 1.0 1.25 1.50
Medium impact 5,000 hours 125 150 175
(Cylinder engine) 26,000 hours 150 170 20
60,000 hours 1.75 20 2.25

Note (1) Operating 10 hours a day for 260 days per a year is equivalent to 10 years and above.



5.11 Allowable stress factor Scim

Table 7 shows Allowable stress factor and limits of sand burning sliding speed for Surface durability.

Table 7. Allowable stress factor Sim for Surface durability

Material of Worm wheel Material of Worm gear Sclim Limits of sand burning sliding velocity (1) m/s

Alloyed steel with Case hardening 1.55 30

Phosphor bronze centrifugal casting Alloyed steel HB400 134 20

Alloyed steel HB250 1.12 10

Alloyed steel with Case hardening 1.27 30

Phosphor bronze chill casting Alloyed steel HB400 1.05 20

Alloyed steel HB250 0.88 10

Alloyed steel with Case hardening 1.05 30

Phosphor bronze sand casting or Forging | Alloyed steel HB400 0.84 20

Alloyed steel HB250 0.70 10

Alloyed steel with Case hardening 0.84 20

Aluminum bronze Alloyed steel HB400 067 15

Alloyed steel HB250 0.56 10

Alloyed steel HB400 049 8

Bronze

Alloyed steel HB250 042 5

Graphite flake high strength casting i?g?; Eﬁ;ig:; as Worm wheel but with 0.70 5
Phosphor bronze casting and Forging 0.63 25

Gray iron casting (Pearlite quality) Same material as Worm wheel but with

higher hardness. 042 25

Note (1): Values of Seim in the table 7 is maximum sliding velocity applicable. Even if used below a calculated load,
there is risk of sand burning if the sliding velocity exceeds this limit.

Remark 4 Calculation for Fluctuating load
(1)For combination of uniform torque with different
revolving speeds,

When maximum nominal action 721" operates Worm
wheel at Ui seconds per 1 cycle, smaller nominal
torque Tz, T3+ at Uz, Us*++ seconds and mean revolv-
ing speed is n21, n22, n23, *+- . calculate Equivalent time
per 1 cycle based on 721 and n21 using below formula.

no (T no (T Y
= hnp iz N e
Ue—U1+Uzn21(T21) +U3n21(T21) - (RT)
Hereby
Ue : Equivalent time (per 1 cycle) (s) based
on T2 and na1.
min2 23 --:mean revolving velocity of Worm
wheel (min)
T21,T2, T23 -: Nominal torque of Worm wheel
(kgf + m)

Therefore Total equivalent time within 26,000 hours is
as follow,

Uk‘

U= 3600

X (Total number of cycle within 26,000 hours) - (R2)

Hereby, Total equivalent time per 26,000 hours based
on Ue * T21 and n21.

Calculate Total torque from U.. and Reference table 4
using the following formula.

Ta2=T2nKi (R3)
Hereby,
T2 : Total sum of torques, T21, T2, T2+ (kgf < m)
Ki' : Factor taken from Reference table 4. If U is
median value, use interpolation.

Reference table 4 K’

Uee Ki Uee K’

500 hours 0.77 5,000 hours 0.90

1,000 hours 0.79 10,000 hours 092
2,000 hours 0.81 25,000 hours 1.0
3,000 hours 0.84 26,000 hours 1.0

Note (1) :This table does not include torque peak
with instantaneous change. Please use cal-
culation formula from (2) for such types of
torque peak.

Remark: When 1 cycle of the fluctuating load exactly
matches one revolution of a Worm wheel,
the largest torque always fall on only 1 spe-
cific tooth of the Worm wheel. Therefore
calculation formula for fluctuating load is
not applied. Calculated maximum torque is
applied continuously to the whole expected
lifespan.
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Determine dimensions of Worm gear based on calcu-
lated Total torque T2 from formula (R3) from (a) and
(b).
(@) Non impact, expected lifespan is 26,000 hours. It
is considered non impact if number of starts per hour
is under 2 times and starting impact torque is below
200% of rated torque.
Detemine dimensions for worm gear pair in accor-
dance with following relation.
T2 =T 2tim (R4)
Hereby
T2im : Allowable torque for Worm wheel (kgf - m) to
match with revolution velocity n21 for Worm
wheel.
(b) When life is about 26,000 hours, impact conditions
and number of start is above 2 times per hour. Design
dimensions for Worm gear pair to form following re-
lation.
T2cKnKs =T 21im (R5)

Hereby T2im : Allowable torque for Worm wheel (kgf-m)

to match with revolution velocity n21 for Worm wheel.

(2) For combination of Peak torque and Flat torque
when starting {Refer to 5.9 number(2)}.
Value of peak 721 during start reaches steady
speed of operation after acceleration time of U.
seconds. If constant driving and torque are desig-
nated as T2, Equivalent action time Ute (s) is using
following calculation.

U T2 7Y
Ui = 7 (H—EJ{H-(E) } (R6)

Calculation of Ui (Torque peak equivalent action
time per hour) with N times of start per hour is

Ui = NUi. (R7)
Actual time is NU te.
When such peak torque acts NU. seconds per hour,
steady torque 722 and Uniform torque 723, T24-*-acts for
Uz, U3, Us seconds. When each mean revolution ve-
locity is n21, n22, n23, n2s, calculation of Equivalent time
Ue(s) per hour is by following formula,

U=Uv + U2 Tzz3 U1 T233
e=Ule + z—T—+3——+ .................. (R8)

na\ Ta na\ T2
However, standard revolving speed nai is the aver-
age value of peak torque between starting and end.
Therefore, from standstill to reach 21 is calculated by
n21=n"21/ 2. T 21 is standard torque. (Refer to Reference
Fig. 1)
Total Virtual time in 26,000 hours is as follows.

Ue
3,600
Hereby

Uec: Total equivalent time (k) per 26,000 hours
based on 721 and n21.
This Uec is equivalent to Ue.. of formula (R2) of previous
item (1). Dimensions of Worm gear pair can be deter-
mined from formula (R3), (R4) or (R5) of (1) but K; to
be 1.0.

Uee = % 26000 (R9)

Reference Fig. 1 Conditions of Peak and Uniform torque
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} Peak Torque
]
S
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I9 T23 (n23min'1)
T22 (n22min™")
T24 (n24min'1) |
R— Other types of
Uniform torque
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Elapsed time —



Reference data

Conversion table for Sl units (International System of Units)

N dyn kof
Force 1 1x10° 1.01972 x 107
1x10° 1 1.01972 x 10°¢
9.806 65 9.806 65 x 10° 1
Pa bar kgf/cm? atm mmH20 mmHg or Torr
1 1x10° 1.01972x10° 9.86923 x 106 1.01