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Hello, | am Haguruma Boy! The ABC’s of
Gears guide includes 3 editions; Introduc-
tory Guide-A, Basic Guide-B and Guide for
Practical Use-C.

Did you find the Introductory Guide-A and
Basic Guide-B useful? | hope they helped
you learn about the history of gears and
their usages.

This "Guide for Practical Use - C" introduces
actual applications of KHK Stock Gears, for
example, we will demonstrate the processes
from selecting proper gears, to deciding
the specifications, to creating drawings for
production, as well as how to mount pro-
duction gears and their confirmation. If you
design gears by yourself, using specifica-
tions based on KHK Stock Gears will be of
help to you in producing efficient designs.
We hope you will make the best use of this
guide.
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ABC's of Gears Guide for Practical Use KHKR

" 1. How to Use Gears and the Selection Method

Gears are used to transmit power, many types of gears are varied

depending on the direction of the power transmission, so, you

need to select the most appropriate gear, first, by understanding
L how to use gears.

J

Categories of Gears

Parallel
Axes
Gears

Intersecting
Axes Gears

Nonparallel
and Non-
intersecting
Gears




1. How to Use Gears and the Selection Method

Gear Types

KHK.
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1-1 Use in Parallel Axis Gears @

M Application of Spur Gears

Paralel

@ Wire rod Feeder Axes
Gears

An automatic wire rod cutting / straightening machine’in‘the
Takashima-style (TCH-9L), by Takashima Sangyo Co., Ltd.

Explanation of the Machine
This machine cuts and straightens wire rods automatically while preventing twists or bending. KHK
gears (SS and SSA Spur Gears) are used in the device for feeding wire rods.

@ Food Feeder — m
. - wg rs or helical gea e
| ; | used mgmany types of automobile

transmlssuons

[llustrations by
PKDesign

An automatic forming machine for
food processing (JG-180A), by Jay Machine

Explanation of the Machine

A fully automatic forming machine that can pro-
duce more than 10 kinds of processed foods like
Gyoza (Dumplings) or Xiaolongbao. KHK gears (PS
and PSA Plastic Spur Gears) are used in this feeding
device.




1. How to Use Gears and the Selection Method

B Applications of Racks & Pinions Paralel

Axis
Gears

@ Automatic Feeding Device
L
¥

F-T200 High-speed vegetable cutting machine, by DREMAX Inc.

Explanation of the Machine
A high-precision vegetable cutting machine with a force-feed device used to produce sushi (sashimi) gar-
nishes. To use this machine, just cut off both sides of a Daikon radish, and set to Daikon cutting, the machine
performs automatically. In addition, handles two radishes at one time, for doubled efficiency. KHK gears (PR
Plastic Racks & PS Plastic Spur Gears) are used in this machine.

@ Opening and closing device
for the fill valve

- Rack & Pinion Gears are'u

the steering of automobiles.

SDR-SGA-Z Waffle / Dorayaki Pancake baking machine, by MASDAC Co., Ltd.

Explanation of the Machine

An automatic baking machine that produces Waffles or
Dorayaki pancakes. All the processes from shape forming,
to loading, to the conveyer process is included in the au-
tomation system of this machine. KHK gears (SR Racks and
SS Spur Gears) are used in the opening and closing device

in the fill valve.
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1 -2 Use in Intersecting Axis Gears

B Application of Bevel Gears
@ A device for flipping baked dough

SDR-KAM-24GA Dorayaki Pancake baking machine, by MASDAC Co., Ltd:l‘i

Explanation of the Machine
A fully automatic Dorayaki Pancake baking machine, where all the processes from dough
filling, forming, baking, flipping, injecting bean jam, to pairing are included. KHK gears (SM
Miter Gears) are used in the device for flipping baked dough.

‘T’hﬂe D% flelrential Gear Mechanism used for =
automobiles is really super! It enables cars to

turn a corner smoothly, and safely.




1. How to Use Gears and the Selection Method

Intersecting
Axis Gears

at the Tokyo Institute of Technology

" Human powered aircraft by the team “Meister”
\ ]
%

Explanation of the Aircraft - =
A human powered aircraft designed by team "Mister" at the Tokyo Institute of Technology, who are known for win-
ning prizes at the Birdman Completions, held in Japan. As the same as their competitors from the Nihon University,
or Tohoku University, they have excellent technology and perfection in design that always win them prizes. KHK
gears (MBSA(B) Spiral Bevel Gears) are used in the propeller driver.

@ Front-and-Back Wheel Driver

Explanation of the Bicycle
This is a 2WD bicycle that enables you to ride on snow or ice. As the front wheel is connected to
gears and a shaft, driving power from peddling can be received from both the rear and front wheels.
KHK gears (SB Bevel Gears) are used in the front-rear-wheel driving device by a shaft-driven system.
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1 - 3 Use in Nonparallel and Nonintersecting Gears

B Application of Screw Gears

@ Copperplate (baking pan) Feeder
el —

I
SDR-SGA-500 Waffle / Dorayaki Pancake baking machine, by MASDAC Co., Ltd!

Explanation of the Machine
A compact machine that enables packing pancakes with bean jam, into several different
shapes, like Dorayaki, Torayaki and Anyaki-roll pancakes. KHK gears (SN Screw Gears) are
used in the copperplate (convertible baking pan) feeder.

@ Feed Roller Device

Explanation of the Device Explanation of the Device
This is a device for transferring Work, from side to This is a device for transferring Work, up and down.
side. The Work moves on rollers spinning in the The Work is captured and moves between rollers spin-
same direction by placing a number of screw gears ning in different directions by putting two screw gears
with the same helix hands into an input shaft. with the different helix hands into an input shaft.



1. How to Use Gears and the Selection Method

<%

B Application of Worm Gear Pair i SR Nonparallel and
, . . N N onintersecting
@ Reversing Container Device : ' — Axis Gears

Steam Kettle SK-6 by Yaesu

Explanation of the Machine
A food processing machine with a water holding capacity of 360 L and a cooking
capacity of 216 Kg. KHK gears (SW Worms and CG Worm Wheels) are used in the

device for the reversing container.
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@ Foodstuff Filling Device

by PKDesign

Foodstuff filling machine SAD-SD, by MASDAC Co., Ltd.

Explanation of the Device
A device for adding foodstuff in a designated
quantity. Gears for driving and work output; KHK
gears (KWGDL Duplex Worms and AGDL Duplex
Worm Wheels ) are used.
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1 - 4 Convenient Methods of Selecting Stock Gears

KHK

Did you get an idea of the gears you want to use? Now, let's decide and select what types of gears to use. To select
gears, you will find using our Web Catalog helpful and convenient. The Web Catalog gives you information on KHK
Stock Gears, including 7000 configurations sorted in 140 items, and also shows you product photos and features, so

that you can quickly find the proper gear that matches your intent.
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1. How to Use Gears and the Selection Method KHK
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2. How to Determine Gear Specifications

Capability of gears varies depending on the material to be used, heat
treatment, precision and surface treatment. If you have selected gears
in accordance with the guidance mentioned in Chapter 1, you will now
| need to consider gear specifications.

\

J

2-1 Set-up for Gear Usage Conditions

First, you need to set up operating conditions for the machine, and this includes the conditions for us-
ing gears. Conditions to be set will differ according to the purpose that each designer has, however, as
an example, we will use settings for Spur Gears (Parallel Axis) used in the wire rod cutting / straightening
machine as shown in Chapter 1.

i- s Y Y }'\

M Gear Set-up Conditions

Items Set Value Description

Select and set-up an appropriate motor by considering
Motor Output 0.5 kW the maximum load torque, or input rotation.

60 rpm (low speed). In regards to using high speeds,

Input Rotation 60 rpm remember, there will be increases in vibration and
noise.
o ) This value is for the transmission ratio of Input Shaft
Transmission Ratio Approx. 1.4 and Output Shaft. It is calculated by the No. of Teeth of

Gear + No. of Teeth of the Pinion.
Load conditions may be better than using bidirectional

Rotational Direction One-way rotation rotation, as the load direction is fixed.
As the shaft deflects, conditions may worsen than in
Gear Support Supported on one end Symmetric Support.
. Decide the center distance by considering the space
Center Distance Approx. 80mm for gear-mounting.
The condition set here is barely acceptable. Gears
Lubrication Grease lubrication should be contained in an oil-bath or have forced
Iuhbricati(k))n. I T I .
This is a basic value used when selecting gears for
Loadilorquelof OMtplt 6.5kgf-m desired strength. Set load torque as accurate as
Shaft possible.
5hours a day, The desired lifespan of gears can not be calculated,
Desired Life For a duration of 3 years, working 5 | however, this condition helps when selecting gears for
days per week. strength.

* The values set above are just assumed values we created and not data for actual machine specifications.
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2 - 2 How to Set Gear Specifications

The next step is setting up detailed specifications that will fulfill the conditions of Gear size, strength,
accuracy and cost, among others: there are many factors to consider. By using the KHK Web Catalog, you
can quickly decide proper specifications. Now, let’s try setting up specifications for a spur gear in accor-
dance with the conditions from the previous page.

M Considerations for Gear Strength

When considering gear strength, it is set so that the gear specification has the allowable bending strength
and the allowable surface durability, larger than the load torque. However, there are cases when the speci-
fication is decided only by depending on the bending strength; if the gear is used at low-speed rotation, in
the short term. Gear specifications are basically decided from load torque, but they are also decided from
the motor's output torque, if the load torque is unknown. However, care should be taken, as it tends to be
over-engineered. The following table shows the results in selecting KHK Stock Gears, having the allowable
bending strength and surface durability that fulfill the load torque of 6.5 kgf/m.

Spur Gear Products found by the search function “Search from Gear Strength” in the KHK Web Catalog (Excerption)

Product Material Heat Treatment P(rGercé:s;:)n Bending-l;(t)rglg;jt: (kS?lrfazzziurability
MSGA4 -15 SCM415 Overall carburizing N5 59.7 30.8
SSG4 - 15 S45C Tooth surface induction hardened N7 20.1 7.55
SS4 - 32 S45C None N8 72.1 6.87
SSA4 - 32 S45C None N8 72.1 6.87
SUSA4 - 40 SUS303 None N8 53.2 7.86

*In the Web Catalog, the search results list a series of gears with the minimum no. of teeth, that fulfill the load torque, and sorted by
identical modules. The listed products, having a larger no. of teeth, also tolerate the load torque.

< Hints >

To encourage gear strength, there are several methods to use, like enlarging the gear
size, expanding tooth width, and use stronger (with larger allowable stress value) mate-
rial. Also, if none heat-treated gears made of S45C material with applied heat treatment
on teeth are used, the surface durability becomes 4 or 5 times larger. However, you

should be careful as the tooth accuracy decreases, due to the heat.

Strength Calculation for SSA4 - 24 by the tool “Gear Strength” in the dimension table in the Web Catalog

, _— Precision Torque (kgf-m)
Product Material | Tooth surface induction hardened (Grade) oA | S
None N8 48.8 341
SSA4 - 24 S45C
Yes N9 443 15.2

* The strength calculation above shows the comparison of treated and none-treated products. KHK set the values
(default) according to assumed usage conditions.
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B Considerations in Gear Size

KHK

When considering gear sizes, the following specifications are required; space for mounting the gear, cen-
ter distance, modules and the number of teeth in consideration with transmission ratio. The table below
shows the selection of KHK Stock Gears, which fulfills the following; Center Distance of approx. 80 mm and
Transmission Ratio of approximate 1.4.

Center Transmission -
S e Ratio Module Pinion Gear KHK Stock Gears
80 146 2.5 26 38 SSG. SS. PS
SSG. SS. SSA. SUS. SUSA. NSU.
81 1.45 3 22 32 PS. PSA
82 1.41 4 17 24 MSGA. MSGB. SSG. SS. SSA

Bl Setting up gear specifications

In accordance with the characteristics of machines, or the usage environment, there are other gear speci-
fications that you need to consider. Based on the usage conditions and the considerations we made in
the previous sections, let's set up detailed specifications now. Since we have selected KHK Stock Gears
that fulfill usage conditions, we introduce the specifications set-up accordingly to these explanations. We
recommend the use of KHK Stock Gears as they provide various advantages, such as reducing the cost of
manufacturing, design time-savers and other advantages.

Haguruma Kobo, the modification service for KHK Stock Gears is available.

Keays

Bore Taing

(. . P .
The following modifications are also available from the Haguruma Kobo.
(2) Heat Treatment

(1) Surface Treatments
1. Plating
( Galvanizing ... Black and White Chromate (Trivalent chrome)
@ Chroming ... Black and Gloss
® Nickel Plating. ... Electrolytic Nickel and Electroless Nickel

1.Induction Hardening
2.Nitriding

@ Gas nitriding

@ Gas soft-nitriding

@ Raydent ... Raydent Treatment and Fluoride Raydent Treatment (® Salt bath soft-nitriding
2.Phoshate Treatment (3) Others
(® PALFOS M ... Manganese phosphate treatment 1Wire cutting
@ Defric Coating ... Solid film lubricants -
) 2.Milling
3.Black Oxide Treatment
\. S
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@ Selected KHK Stock Gears

KHK.

Pinion : SS4 - 17, Tooth surface induction hardened Gear: SSA4 - 24, Tooth surface induction hardened

Specifications SS4.-17 SSA4 - 24
Gear Type Spur Gear Spur Gear
Precision Grade JIS grade N9 or equivalent JIS grade N9 or equivalent
Module 4
Pressure Angle 20°
No. of Teeth 17 24
Face Width 40mm 40mm
Pitch Diameter 68mm 96mm
Profile Shift Coefficient 0 0
Span measurement over k teeth 18.67 (2 teeth) 30.87 (3 teeth)
Material S45C S45C
Heat Treatment Tooth surface induction hardened Tooth surface induction hardened

HRC45 - 55 HRC45 - 55

Surface finishing Cutting Cutting
Allowable Torque (Bending Strength) 41.2 kgf-m 64.7 kgf-m
Allowable Torque (Surface Durability) 4.79 kgf-m 6.77 kgf-m
Transmission Ratio 141
Center Distance 82mm

< Descriptions >
@ Gear Strength

From the desired performance of working 5 days per week, 5 hours per day for 3 years, and, the value of rotation, n,
of the Pinion (60 rpm), the duty circle, X, is calculated as follows:
X =60 rpm x 60 min. x 5 hrs x 260 days x 3 years = 1.4 x 10’
By considering the load torque as well as the durability and bending strength, the specification is determined so
that the surface durability of the gear fulfills the load torque of 6.5kgf - m. Also, it is set so that the load torque for
the pinion fulfills 4.61 kgf - m (Load torque for

Gear 6.5 = Transmission ratio 1.41).

@ Gear Size

The size is determined so that the transmission ratio (@pprox.1.4) and the center distance (approx. 80mm) can be as

close as possible.

@ Others

From the characteristics of the machine used and the usage conditions (Rotation of 60 rpm, and other parameters),
we see no need in considering noise, rust prevention or lightweight. So, we select gears KHK Stock Gears that have a
precision grade of JIS N9 or equivalent, and material S45C, for cost savings.

M Setting for gear forms

After the specifications are determined, the form and dimensions of the gear should be designated
with consideration for gear installment. According to the shaft diameter, you need to determine ap-
propriate dimensions for bore, keyways, attaching screws and other parameters. The use of KHK Stock

Gears allows you to make easy settings for secondary operations by using the function in the KHK
Web Catalog. (Please see page 16 for details) For quality operations, Haguruma Kobo, the KHK's modification service

is also available.
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2 - 3 Calculations for Gear Specifications

KHK

The calculations for gear specifications were introduced in the “Basic Guide - B” of The ABC's of Gears
series. Here, we introduce useful functions available on our web site, which will easily allow you to de-
termine specifications for custom gears.

To calculate speciﬁcations for customized gears, GCSW for Web is available.

ey
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From the calculations of dimensions,
strength, gear forces, to the calculations
for constrained gear systems and back-
lash, these functions are necessary for the
design of gears and are available, free, on
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To create drawings for secondary operations of KHK Stock Gears, please
use the function in the KHK Web Catalog. (Numbered item @ in the diagram below. )

2. How to Determine Gear Specifications

This function allows you quick drawing of secondary operations, by imputing dimensions of bore, key-
ways, taps, etc. Make the best use of this function for time and laborsavings, leading to cost-cutting.
For details, see page 22.

The function for Strength Calculation s aiso available in our Web Catalog.
(Numbered item @ below )
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Allowable power (kW) 274286 Allowable power (kW) 01418
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/ [ ] [ ] \
3. Gear Drawing Production
To create gears, drawings are necessary. If you provide a gear drawing with
basic specifications, you can ask KHK for the production.

NG J

3 -1 Gear Drawings

Since many gears are cylindrical shaped and have a symmetrical profile, the dimensions of gears can be indicated on a draw-
ing with a front view, or a drawing with both front and side views. Gear drawing involves specific technical terminology and
descriptive methods, however, it is not so difficult once you understand the basics of gears and mechanical drawing. In this
chapter, we will show you a few drawing examples to help you create gear drawings for different types of gears. Drawings
are an agreement between a client and a gear manufacturer to show confirmed contractual obligations, so the designer
needs to formalize his/her intentions and requirements in drawings, clearly and in detail.

B Spur Gear Drawing This shows the surface roughness of the overall

Draw the shape and specify dimensions. For product. If the roughness level differs partially,
cylindrical gears, draw a front view and a side directly specify finish marks in the shape dia-
view, based on the axis view of the centerline. gram.

Then, specify dimensions of the basic shape and N

L necessary tolerances. y \ Roughitess ] Tolerance
Black oxide finish Syn. | Ra Nsion & Tol.
v%v 0.4a Up\yMax. | mm

\/\ / 05 - 0.
VW 1.6a [~ 3()(\| rgé

V¥ [3.2a [30 ~ 1) 0.3
W [6.3a [120 5400 0.5

4097 1000 0.8
V_1252__I#00 - 2000 | *1.2

|t AngTe 40.5°

ﬂur Gearsmﬁ\

lass JISB 1702-1 gradg\9
Reference section
of gear

ToothForm | Standard full depth \

- Module 4
\ Pressure Angle 20°

r No.of Teeth 17
Helix Angle & Hand

Pitch Diameter 68

Addendum 0
Modification

Addendum 4

Whole Depth 9

Outside Diameter 76

Thickness 18.67

@7 6-8
33.3792

Backlash

Mating Gear

Heat Treatment

Induction Hardening HRC45-55 I

Depth /

N

. This is the section where you specify gear specifications de- Qk /

. i in Chapter 2. It is essential to specify the following

specifications; Gear Type, Precision Grade, Module, Pressure ~ ] —
e

Angle, No. of Teeth and Heat treatment. —— o

Ma;
pwby | Ds [11.19/01[Tle
Checkedby| M7 [11.0.12

Scale 4/ 6

KHK Dwg. No.
KOHARA GEAR INDUSTRY CO. L] L ARCOOT 4
7~_/
Title and Dwg. No. are optional items. Adding a part number

will be of help for drawing management, as it quickly tells you
which machine the gear is used for.
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M Internal Gear Drawing

( For uneven placement, a side view

KHK.

. . . Roughness Tolerance
is required. Specify the counterbore T T
Black oxide finish on the side view. o022 | Up~Max. | mm
30 @ o 05-6 0.1
~ VWV 1.6 [ - 3p 0.2
V¥ [3.2a [30 ~ 120 0.3
W |6.3a |120 - 400 [30.5
O A,
4-@12 Through hole ~ Angle [30.5°
o, N @28 Depth of spot facing10((90° Equal arrangement) Internal Gears Data
PC,&185 Class | JsB 17021 gade
| Refereor;cgeesae’ctlon
i Tooth Form Standard full depth
— Module 3
J I —— - Pressure Angle 20°
Be sure to specify necessary Noof Teth 5
tolerances required in accor- el angle and
. e . Pitch Diameter 160
dance with usage. it -
.’ B < Modification
A 7] %) Addendum 3
/ - - So og> Whole Depth 6.75
N & 3 ._;7 i q \r Outside Diameter 144
:- . <_‘- ﬁ [\l Thickness 59.67 7
:'f' ] g g Backlash
) q :_ Mating Gear
z ', | Heat Treatment
;'- ¥ Induction Hardening
L ] < Depth
_I', _ | Remark
3 R |
:"lr. —l-:. y __-\. SCM415
'.: — i Mark Name Matl. Remarks
'm‘ A Drw. by DS [11.10.11 |Title
B Checkedby| MT [11.10.12
Products where dimensional data for keyways, or those factors Scale 11
not needed to specify on a side view, can be described by a KHK pwo- o -
front view onIy. KOHARA GEAR INDUSTRY CO,LTD 0o /\
B Rack Drawing
Roughness Tolerance
Black oxide finish Sym. | Ra | Dimension& | Tol.
< S |0.42 | YP~Max. | mm
Gl -t
V¥ [3.2a [30 ~ 120 0.3
W o|6.3a [ 120 ~ 400 ﬁ0.5
68° 30’ v {250 How = o000 et
~ Angle 0.5
\\ Helical Racks Data
[ 4 Class KHK R 001 grade 1
68° 30 Finish marks for specified areas are detailed like this. e Foiaing g
\ Tobth Form Standard full depth
1011.61
Module 2
/‘ O O 5 , 3 /‘ Pressure Angle 20°
—0.1 0 No.of Teeth 160
628 —-0.3 1 6—0.05 Helix Angle&Hand 21°30L
Pitch Diameter 23
Giodeation 0
(@) (@) Addendum 2
Whole Depth 4.5
. G Outside Diameter 25
e o e e —— e TR [ —— - © Thickness 12.92 8¢5 ( 2.00)
@ @ ]: og Backlash
|
11 1T Te) Mating Gear
g N Heat Treatment HB 250 ~285
Induction Hardening
. G Remark
7-@9 Through hole ®14 Depth of spot facing8.6
From the left 50/P150x6=900/(55.31)
For products having a non-symmetrical profile, such as helical racks
" : ; . . SCM440
with mounting holes, the product profile is described by 3 diagrams o . P—
(@angles), including a front view, side view, and a top view. bruby | DS |11.10.11 |10
R0.6 Semi topping tooth profile Checkedby) MT |11.10.12
Normal pressure angle 18°42'30” Scale 11
Straightness within 0.05/total length KHK Dug. No.
Corners without designation are light chamfered KOHARA GEAR INDUSTRY COLLTD AN
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M Bevel Gear Drawing

Roughness Tolerance
G Sym. | Ra Dimension & | Tol.
s ] B Up ~Max. | mm
= Specify the reference mounting | £ 0 o1
. \/ v VvV Ve .6a ~
distance as bevel gears are paired | [ov |5 2 [z
30.08 with their designated mating v l6.3 [120-40 [%0.3
V1252 [To00 = 2000 [ %12
28 gears. ~ Angle +0.5°
18.98-8.1 Before chamfering Spiral Bevel Gears Data
Class JIS B 1704 grade 4
o 15.17 T
7 ' 5 Tooth Form Gleason
Prior to heat treatment Module 25
Pressure Angle 20°
6 %0.015
No.of Teeth 20
N
C Helix Angle & Hand 35° L
- . D) itch Diameter
- Speafy backlash and the | fxhone =
o Modification
% © - of teeth of the mating |- o
ol - oo\ _rl}\
N O -9 £ |2 ggaF this section. Whole Depth 472
~ — <,7,L% o ”70(0 @ 2 ﬁE R - o ~—_outside Diameter 54.43
M| ~ TG e e [ up N R ‘\)
e o . 05 L Backiash W 007 -0.17 _|
AN = o Mating Gear o
O Heat Treatment
- ﬁ Induction Hardening HRC 55~ 60
Depth 03~0.7
Remark
SCM415
For products with conical panl e var Remarks
A [ Drw.by DS [11.10.11 |!ltle
profiles, angular dimen Chedediy| W 111012
sions are required. P 0
Dwg. No.
KHK ABCO04
KOHARA GEAR INDUSTRY CO.LTD A
Roughness Tolerance
G Sym. | Ra Dimension & | Tol.
G Up ~Max. | mm
/ — \ x ?'2: 05-6 0.1
. o « N o . = T
Gear drawing requires all dimensional o 500 (0=t a3
i P 120 ~ 400 __[%0.5
data to create their profile. Specify R 6% i
dimensions at corners or chamfers 411000 - 2000 _[=1.2
0 ~that you will require : fnle 105
-0.1 Before hf %y q ) Spiral Bevel Gears Data
Class JISB 1704 grade 4
v Refer%?§e2$(tion Axial
N 9 Tooth Form Gleason
Prior to heat treatment Module 25
< 6 +0.015 Pressure Angle 20°
A, No.of Teeth 30
Q\ < ) Helix Angle & Hand 35° R
B itch Diameter 75
/ Z;dh Dd -
’ odff'?auimn 0
/ = o5l - N/\xdde:dt;n 157
% 6 / Q\ ;O - % # 8 Whole Depth 472
o 00 % PR I | I e [N < ’\ Q Outside Diameter 54.43
0| <t . Q\ G (‘S QU 8 © % Thickness
ISYIRSY \ SIS Backlash 0.07 ~0.17
© g Mating Gear 20
2 Material or heat treatment | Hopeatment
must be cIearIy specified Wuction Hardening | HRC 66~ 60
0.3-~0.7
too' Remark
N
h.SCM415_P
Mark Name Matl. Remarks
Drw.by DS |11.10.11 [Tite
Checkedby| MT [11.10.12
Scale 1/1
Dwg. No.
KHK ABCO05
KOHARA GEAR INDUSTRY CO. LTD A
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3. Gear Drawing Production
B Worm Gear Pair Drawing

KHK

Roughness Tolerance
Black oxide finish Special notes must be written in G iy%mv OR*‘ e | o
‘ Straightened & annealed aftdr thetmwords, and in detail. < > e 1‘2: 15-6 0.1
- 6 ~ 30 0.
V¥ [3.2a [30 ~ 120 +g§
W |6.3a 120 - 400 0.5
400 ~ 1000 0.8
Specify geometric tolerances in B Ry LCC LT
the area that requires runout ac- " -
lorms Data
CuraCy. Class KHK W 001 grade 2
< Reference section Al
QQQ ~ Tooth Form JIS 3 type
35 25 40 s 75 N Module 2
1.6 1.6 o AMDT | Pressure Angle 20° 30"
20 20° 20° I 20 \ No.of Teeth 2 the number of threads
AMDT | Lead Angle & Hand 10°20' R
Pitch Diameter 22
& G Y G ¢ _G & Kiodeatian 0
o SN - T T g — Addendum 2
<t>'g | i.” INE ff‘). \‘ / ~ i ?g Whole Depth 45
~ 0 ‘; ~ ‘\ l ‘g ITe) o~ Outside Diameter 26
S, N S ————— N S, Thickness 5T 2.00)
&, P £ D AMDT 3.10 012
G A Backlash
g / Mating Gear
1 | Heat Tyf€atment HB 225~260
Both ends QU A HEAR Fr/ Ch L
Symbol for Chamfer angles C1, C2...are The area (face) where Togiem | TRC# 557
set to 45 degree. To request other angles, heat treatment is ap- Remark
specify the angle and the dimension. plied must be specified
clearly. J
SCM440
Mark Name Matl. Remarks
Drw.by DS [11.10.11 |Title
Checkedby| MT [11.10.12
Scale 1/1
KHK Dwg. No.
ABCO06
KOHARA GEAR INDUSTRY CO.LTD A

Specify the mounting distance when the worm
wheel is set up with the mating worm. This dimen-
sion is used as the basis when producing the gears.

-21-

Roughness Tolerance
Sym. | Ra Dimension & | Tol.
v%v 0.4a Up ~Max. | mm
W i— - 0.5~6 +0.1
1.6a 550 0.2
I ; V¥ |3.2a [30 - 120 0.3
This is the throat diameter, equal to v Jo.3 180~ 00 [t
the tip diameter for helical gears. V125 o= 000 12
N ~ Angle 0.5
~ Worms Data
Tip diameter is to be set optionally, . K:g;fgi‘g;zde?
but shouj\c,i+b“e,set as “throat diameter o or
+ module”. “ Woduld 2
) y2 Pressure Angle 20°
O A ‘ No.of Teeth 20
\ | Helix Angle&Hand 7°21R
\ m Pitch Diameter 40
\ | . R, G
_ S Addendum 2
OOO\ ’E N oo" e ‘ +O Whole Depth 4.5
- O] M << ! Outside Diameter 46
o & | — S\TIAS ‘ ~ Thickness
‘ © S Backlash 0.14 ~0.21
I -
|
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3 - 2 Design Aids for Gear Drawing

KHK provides an easy and quick-to-use automatic drawing system that allows you to create gear drawings by inputting essential
data. Even beginners can create gear drawings instantly, so go ahead and try it out!

B Drawing assistance for applying modifications to KHK Stock Gears
KHK Web Catalog www.khkgears.co.j

en/web_catalo

KHK.

Many of KHK Stock Gears are provided with non-threaded holes, so secondary operations can be applied according to your specifi-
cations. The drawing assistance system for modifications is available in the KHK Web Catalog and the CD Catalog. We hope you will
make the best use of our drawing assistant, which is frequently used by many people.

@ Select a product, then, click on “Drawmg display / Create drawings for mod|ﬁcat|on

Oataleg s 555

IStesl

Spur Geas BE)] Serims st

Gear 1eeth

angls

PeeEsure b i

Haterial

Fefefomce

mrface fni
1eeth culling
el Modibic st |1

freatmeni

4 o 1 A% Tiglala|sls|viaiwiT0. 4 grac st
Catatne Mo qu e . Llub !Idlhl'l'-uhlulunl:th Wasln lh;lmﬂt%- tl.') Dy widib Koy g
18 1 18130 | 18 i i i an
SE1=104 1 1% |53 1 1] i I a0
BESI=20 1 0 fET [ ] L] 1] " i m on I
=21 A 1 i |51 1 i >
'

[ 2eF output ] |

tpul | (50 CAD Extemnal Lok

=] (Em

20

10,10

gp] [Baciis femin |
ot 1) b Gar
w7 ™ YT ]
Hoath Tmimm 5wt dl L dmg
LRSS 1
Frasma Aeaie o
Mumbor of Tactn |0

B 8H7

H16
h22

o ol 2

LR R
20
n__in "
-1 W zegan
o 5
& 2 il | ew

& a -
) o} =% =

0

e —

| 3D CAD Extemal Link

T - 3D CAD Data can be outputted.
Dt e s .
= @ Clicklon “Modifications input”
s ] _m Tors e
— i et bepe 10 - 20
T . il ": i
[ 1 @ :
l_; o m et 10 P+ $hace ¥ Earel 1
rnul | mngth I iz k g o
-l Chamles g & "': ot g mrmow 1 Lswie wila
o CI|ck on "Drawmg o ot
= e T -
—
DXF Data

@ Save the data for print-out, _o]r;gé CAD d?ta.
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3. Gear Drawing Production KHK

B Drawing Assistance for Custom Gears
Automatic drawin m for m Gears www.khkgears.co.jp/khkweb/order/main.do?lang=en

Quick and easy. Use of this drawing system allows you to create drawings in accordance with the specifi-
cations you require. Functions for dimension calculation and outputting of DXF data are also available. For
strength calculations, we provide a calculation software, “GCSW for Web” (User registration is required for
use).

4

el P03

HI' Bl o wapesmy
1

]

&g
& 150
T
[

=
-EC tom Geans |

» 1",
= - v s
wi_ oo
: Jy—o
2 o \
14 _ \
-I’-.
— g L A =1
o — e ————————— ]

A- M Threated Thiough Hale
From the IS0 |00 3=30007 1 34822

[

—_—

**Pleaseinoteithereimaylbelcasesithat{gearsywithithelprofilesfdrawnivithithisjfunctionfcannodbe]practical lyjpioduceds
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4. Gear Installment and Lubrication

Improper installment or bad lubrication of gears can create problems.
Here, we introduce correct gear installments and selection of appropri-
ate lubrications.

. J

4 - 1 Installment of Gears and Confirmation

Since gears are rotational parts, they must be installed to shafts firmly, with consideration of safety con-
cerns. Also, you should be careful in not letting the gear move in an axial direction, due to the axial thrust
forces being produced, that is determined by the gear profile, or the helix hand. Secure ways of gear in-
stallment and confirmation methods are introduced here.

\

M Spur Gears

Spur gears produce no axial thrust forces, however, it is still very important to mount gears to shafts firmly. The installment has
to be done so that the gear flank never makes contact with the bearing frame while the gear is rotating. If this condition occurs
at the area where the gear teeth make contact with those of the mating gear, it will influence durability. Thus, proper position-
ing is essential. The following numbered items from (D to @ show the order of installation for attaching spur gears to a frame.

= (D Ball bearing () Hexagon socket set screw

5 Collar

@ Spur Gear
_____ - (KHK S54-17)

® Nut

@ Shaft

* Before gear installment, be sure to read “4-4 Safety Considerations and Precautions in Starting Operations” on page 35.
-24-



4. Gear Installment and Lubrication KHK

M Racks & Pinions

Since Rack and Pinion Gears are used for linear motion, it is important to assem- —E—_
ble the mounting distance (a) of the rack and the pinion, to maintain accuracy at
any position. Also, uneven contact of gear teeth must be avoided as the pinion is

mounted to the bearing with cantilever support. -
Pinion
The following numbered items from (@ to @ show the order of installation of at- S
taching a rack to a frame.
Rack
(® Move (stroke) the pinion on the overall rack to check backlash or tooth con-
tacts, and then adjust for proper installment. Especially important in maintaining
accuracy at connected parts.
3 Stroke .
Motor bracket

Motor brackes

@ When using several racks in connection, be
sure to set accurate pitch at the mating ends.
Use of adjoining gauge racks is convenient in
this usage.

Rack

(D Attach the rack to the base of the frame
tightly and then fix the hexagon socket bolt
temporally.

Dowel pin

Rack /]
i Frame

’b\/eng[/)

€5, 1a

9ay,., 9 by, s
Uge,aqf/da

@ Determine the accurate position, fix with dowel
pins, then make a final tightening of the hexagon
socket bolt, so that the rack will not go out of posi-
tion.

-25-
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B Bevel Gears

Since bevel gears are used in intersecting axis, where input shaft and output shaft
are crossed at a point, bevel gears are used with support on one end, in many cases.
In this case, the shaft should be made as thick as possible to encourage stiffness, and
the bearing should be set as close as possible, to prevent deflection of the shaft.

Also, bevel gears produce axial thrust forces (thrust) due to its conical profile. For spi-
ral gears, it is especially important to select proper bearings by calculating the thrust,
as the thrust varies depending on the rotational direction and helix hands.

KHK

B
=

Direction of Rotation and Thrust Force for Miter Gears Direction of Rotation and Thrust Force for Bevel Gears

L Drive R
Drive

Aa N A

o

(L 1L

R/

\:U
N\
4

Drive R L

A
4 J L
e - b =
L

P

=

B
b

\m
y

NOTE: For Miter Gears with gear ratio less than 1.57, the direction
of the thrust force becomes the same as Bevel Gears

|

@ Installment example for bevel gears mounted by using angular contact

i ball bearings.

-26-
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4, Gear Installment and Lubrication

When installing Bevel Gears, it is essential Correct Tooth Contact

to make sure of the tooth contact. The state | @ when assembled correctly, the contact will occur on
of the tooth contact will show deviations, | 2ot gears in the middie of the flank and center of face
including mounting distance errors, offset ‘

errors, and shaft angle errors. As inaccu-
rate assembly will lead to irregular noises
and uneven wear, you need to adjust the
mounting position when installing.

Mounting Distance Error Offset Error Shaft Angle Error
@ When the mounting distance of the @ When the pinion shaft is offset, the @ When there is an angular error of shafts,
pinion is incorrect, the contact will contact surface is near the toe of the gears will contact at the toes or heels
occur too high on the flank on one one gear and near the heel on the depending on whether the angle is
gear and too low on the other. other. greater or less than 90° .
Low contact Heel contact
Error

High contact

Toe contact
Toe contact

High contact

Error

L

| Heel contact

Measurement of Backlash

As the photo below shows, backlash is measured by
holding one gear and applying a dial gauge verti-
cally. If the gears are installed in a sealed place, the
backlash of the shaft angle can be measured by
holding one of the shafts, either the output shaft or
the input shaft.




KHK

ABC's of Gears Guide for Practical Use

B Worm Gear Pair Direction of rotation and thrust force

Due to the helix of the gear tooth, worms R helical L

and worm wheels produce axial thrust forc- EE
es. Use appropriate bearings in accordance |
with the calculations for thrust forces. ) — )

With large thrust force acting on worms, it Driver /- Thrust bearing Driver

is important that they are secured to the \

shaft firmly. Use thrust bearings or tapered- = ) 3 )
roller-bearings to avoid shifting of the shaft

in the thrust direction. - EH

Mistakes made in the selection of bearings,
or a mistake made in the assembling of L helical
worm gears cause abnormal wear or other
unexpected troubles.

The illustration below shows an example of
a worm gear pair assembled with tapered-
roller-bearings

* Before gear installment, be sure to read “4-4 Safety Considerations and Precautions in Starting Operations” on page 35.
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4. Gear Installment and Lubrication

When assembling a worm gear pair, be sure to check the tooth contact and back-
lash. How well the worms and worm wheels are assembled has a large effect on
the friction of the unit. The tooth contact and backlash at the time of assembly
must be checked for correctness, as shown below.

@ Verify that the worm axis is perpendicular to the @ Check that the worm axis is in the center of the
worm wheel axis. worm wheel face width.
good bad bad good bad
(——) ——) v /h\_'_}
| = = \ L
e e G e e s e
‘ Error Error Error Error
77 77 l i i
/ // 7 Y ) )
7/ L] oL ¥ [
@ Check the mounting distance (allowable mount- @ Confirm that the center of the worm wheel goes
ing distance from H7 to H8). through the midpoint of the worm length.
bad good bad

\ \
== L h 5

71
t' The worm wheel cannot rotate correctly if the

worm is engaged close to either end of its length.

R helical L helical R helical L helical

Measurement of Backlash

As the photo below shows, backlash is measured by
applying a dial test indicator at the contact tooth and
measuring the runout. If the worm gear pair is in a
sealed place, the backlash can also be performed by
measuring the angular backlash of input and output
shafts.
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4 - 2 Lubrication of Gears
How well lubrication is applied has a large effect on the durability and the level of noise. Except for us-
ing plastic gears in specific conditions, lubrication must be applied properly. There are three gear lubri-
cation methods in general use.

(1) Grease lubrication _ \‘\N\\\\;
(2) Splash lubrication (oil bath method) Ceba\‘“\\(\ooqe\l\

. 5
(3) Forced oil circulation lubrication \\\q\\le«\

A lubrication method is basically selected de-
pending on tangential speed (m / s) and rotat-
ing speed (rpm). Generally, grease lubrication
is used with low speed, For medium speed,
splash lubrication is appropriate. For high
speed, forced oil circulation lubrication is used.
However, these choices are only used as a
guide and there are exceptions. Sometimes, for
maintenance reasons, a grease lubricant is used
even with high speed.

@ Ranges of tangential speed (m/s) for spur and bevel gears

@ Range of sliding speed (m/s) for worm wheels

No. Lubrication

Range of tangential speed v (m/s)
0 5 0 15 20 25

No. Lubrication

Range of tangential speed vs (m/s)
0 5 0 15 20 25
T T

1 Grease lubrication

2 Splash lubrication

Forced oil
3 circulation
lubrication

>

-——>

1 Grease lubrication

2 | Splash lubrication

Forced oil
3 circulation

lubrication

T T T T
>

>

B Grease Lubrication

Grease lubrication is suitable for any gear system that is open or enclosed, so long as it runs at low speed and
with light load. When applying grease lubrication, the following points must be considered carefully.

© Choosing a lubricant with suitable cone penetration
A lubricant that is fluid is especially effective in enclosed systems. For open systems, the use of grease with
adequate consistency and adherence is recommended.

© Not suitable for use under high load and continuous operation
The cooling effect of grease is not as good as lubricating oil. So it may become a problem with temperature
rise under high load and continuous operation conditions.

© Proper quantity of grease
There must be sufficient grease to do the job. However, too much grease can be harmful, particularly in an
enclosed system. Excess grease will cause agitation, viscous drag and result in power loss.
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M Splash Lubrication (Oil bath method)

Splash lubrication is used with an enclosed system. The rotating gears splash lubricant onto the gear
system and bearings. When applying splash lubrication, the following points must be considered
carefully.

© Appropriate oil level

There will be excess agitation loss if the oil level is too high. On the other hand, there will not be effective
lubrication or ability to cool the gears if the level is too low. Use the data in the table below as reference
and adjust the oil level accordingly.

© Temperature limitation

The temperature of a gear system may rise because of friction loss due to gears bearings and lubricant
agitation. Rising temperature may cause problems as the viscosity of lubricant decreases. As a rule, the
temperature limitation that the lubricants can withstand will be between 80°C to 90°C .

@ Adequate oil level

Type of gears Spur gears and helical gears Bevel gears Worm gear pair

Gear orientation |Horizontal shaft| Vertical shaft (Horizontal shaft) Worm - above Worm - below

Oil level '
D
!

Level O — I 1

Where : h = Tooth depth, b = Face width, d, = Reference diameter of worm wheel, d, = Reference diameter of worm

B Forced Oil Circulation Lubrication
Forced oil circulation lubrication applies lubricant to the contact portion of the teeth by means of an oil
pump. There are drop, spray and oil mist methods of application.

[ Drop Method ]

An oil pump is used to suck-up the lubricant and then directly drop it on the contact portion of the
gears via a delivery pipe.

[ Spray Method ]

An oil pump is used to spray the lubricant directly on the contact area of the gears.

[ Oil Mist Method ]

Lubricant is mixed with compressed air to form an oil mist that is sprayed against the contact
region of the gears.

QOil tank, pump, filter, piping and other devices are needed in the forced oil lubrication system.
Therefore, it is used only for special high-speed or large gear box applications. By filtering and cooling
the circulating lubricant, the right viscosity and cleanliness can be maintained. This is considered to be
the best way to lubricate gears.
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4 - 3 Selecting Lubricant Methods

To make metal gears transmit power efficiently, an oil film must be formed at the contact surface of the
teeth to minimize friction and to prevent dry metal-to-metal contact. The lubricant should have the
properties listed in the table below.

@ The properties that lubricant should possess
Properties Description

Correct and Lubrication should maintain proper viscosity to form a stable oil film at the
proper viscosity | specified temperature and speed of operation.

Lubricant should have the property to prevent the scoring failure of tooth surface

ARG B while under high-pressure of load.

Oxidization and |A good lubricant should not oxidize easily and must perform in moist and high-
heat stability | temperature environment for long duration.

Water anti-affinity | Moisture tends to condense due to temperature change when the gears are stopped. The
property lubricant should have the property of isolating moisture and water from lubricant.

If the lubricant foams under agitation, it will not provide a good oil film. Antifoam

AUIEFOELD LR property is a vital requirement.

Anticorrosion |Lubrication should be neutral and stable to prevent corrosion from rust that may mix
property into the oil.

B Types of Lubricants and Usage

The correct viscosity is the most important consideration in choosing a proper lubricant. Using reference
JIS K 2219:1993, gear oils are categorized into 2 types for industrial use, according to the viscosity grade.
Refer to these classifications to find the range for the Kinematic viscosity of lubricant.

@ Types of Gear Oils and the Usage

Kinematic Viscosity o ot o\‘0 29\C
ISO Center Value AT e (a.1ne
Type Viscosity Grade 10 °m¥/s (cSt) Usage S ore -&NVG 100
o es \S
(40°0) O™ jalue
ISOVG 32 32
ISOVG 46 46
ISOVG 68 68 Mostly used for lightly
1 ISOVG 100 100 loaded enclosed-gears
ISOVG 150 150 in ger?eral type of
ISOVG 220 220 machines.
ISOVG 320 320
ISOVG 460 460
ISOVG 68 68
ISOVG 100 100 Mostly used for middle
ISOVG 150 150 or heavily loaded
2 | 1s0vG 220 220 ggﬁ'gfael‘zy%eeirzf'”
ISOVG 320 320 machines or rolling
ISOVG 460 460 machines.
ISOVG 680 680
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B Proper Viscosity for Lubricant

KHK.

It is practical to select a lubricant by following the information from JIS, JGMA and AGMA standards, or
information from the oil manufacturer. The table below shows the proper viscosity for enclosed-gears,
recommended by the oil manufacturer.

@ Recommended Viscosity for Enclosed Gears

Rotation of Reduction Ratio below 10 Reduction Ratio over 10
Pinion (rpm) Horsepower(PS) cSt 1SO cSt ISO
(40°C) Viscosity Grade (40°C) Viscosity Grade
Less than 30 5~234 150, 220 180 ~ 279 220
Less than 300] 30 t0 100 180 ~ 279 220 216 ~ 360 220,320
More than 100 | 279 ~ 378 320 360 ~ 522 460
300 Less than 20 81 ~ 153 100,150 117 ~ 198 150
4 20to 75 17 ~ 198 150 180 ~ 279 220
1,000 More than 75 180 ~ 279 220 279 ~ 378 320
1,000 Less than 10 54 ~117 68,100 59 ~ 153 68,100,150
§ 10to 50 59 ~ 153 68,100,150 135~ 198 150
2,000 More than 50 135~ 198 150 189 ~ 342 220,320
2,000 Less than 5 27 ~36 32 41 ~ 63 46
s 5t020 41 ~ 63 46 59 ~ 144 68,100
5,000 More than 20 59 ~ 144 68,100 95 ~ 153 100,150
More than |__Lessthan1 9~ 31 10,15,22 18 ~32 22,32
1t0 10 18 ~ 32 22,32 29 ~ 63 32,46
5000 More than 10 29 ~ 63 32,46 4] ~ s63 46

NOTE 1: Applicable for spur, helical, bevel and spiral bevel gears.
NOTE 2 : The working temperature (oil temperature) conditions should be between 10 and 50°C .

M Selection of Lubricants for the Worm Gear Pair
Unlike spur or bevel gears, a worm gear pair gets slippage at the tooth contact, so oil manufacturers
provide “Worm Gear Qils” suitable to use for a worm gear pair.

The table on the right indicates
reference values for proper
viscosity, recommended in ac-
cordance with strength calcu-
lations (JGMA405-01 (1978)).

Determine adequate oil vis-
cosity from oil temperature at
working and slip speeds, then,
check the brand of lubricants
from product information of-
fered by oil manufacturers.

@ Reference Viscosity for Worm Gear Lubrication  Unit:¢5t(378°C)

Oil Temperature at Working Slip Speed m/s
Max gm%m&ature Start oil temperature | Less than 2.5 Ieos\s/(tatr\gﬁSS Over5
over0°C | porer 19C | 110~ 130 | 110~ 130 | 110~ 130
Below 10°C 1 o ero'c | 110~ 150 | 110~ 150 | 110~ 150
B(Z‘l';:v13();§c Over0°C | 200 ~ 245 | 150 ~ 200 | 150 ~ 200
B%Yfﬁsf’;?c Over0°C | 350 ~ 510 | 245 ~ 350 |200 ~ 245
Boe‘l'g",rf;;occ Over0°C | 510~ 780 | 350 ~ 510 | 245 ~ 350
sover80C | Over0°C {900~ 1100 510 ~ 780 |350 ~ 510
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B Consistency Numbers for Greases

Consistency is a technical word to express vis-
cosity of lubricants, which indicates hardness
/ softness of the pasty substances and fluid-
ity. Grease consistency is identified by consis-
tency numbers (NLGI No. *) ranging from 000
to 6. The table on the right shows consistency
numbers and each of segmented range in-
cluding the state. Use as reference to consider

what grease to use.

* NLGI No. denotes Consistency Numbers defined by

National Lubricating Grease Institute (NLGI).

M Selecting Grease
Grease is sorted into 7 categories and segmented by types (components and properties). The
table bellow contains information on 4 types of grease, categorized by usage (excerpted from
JIS K 2220:2003). Consistency is important in selecting grease. Use the application examples as
reference to select a proper grease.

@ Grease Types and Application Examples

KHK

@ Grease Type

NLGI Worked penetration

No. (1710 mm) State

000 445 ~ 475 Semi-fluid
00 400 ~ 430 Semi-fluid
0 355~ 385 Very Soft
1 310 ~ 340 Soft
2 265 ~295 Medium
3 220 ~250 Semi-Solid
4 175 ~205 Solid
5 130 ~ 160 Very Hard
6 85~ 115 Very Hard

Tvbe Reference
e Adequacy of Use
Operating Load
Consi Tem'pe.ralture Application
Usage Class onsistency Limit °C . With water Examples
Numbers Low | High | Impact
1 1,2,3,4 10 ~ 60 S N N S General usage in low
loads
General use Grease
2 2,3 0~100 | S | N | N N General usage in
medium loads
1 00,0, 1 -10 ~ 60 S N N S
. . 2 0,1,2 ~10~100 5 N N 5 Centralized lubri-
Grease in centralized . ‘
lubrication cating system for
dium loads
3 0,12 -10 ~ 60 S S S S me
4 0,12 -10 ~100 S S S S
High load grease | 1 0,1,2,3 0~100 | S | S | s s Use in high/
impact loads
Grease for gear 1 1NOTE1, 2NOTE1, 10~ 100 S S S S Use foropen gears /
compound 3NOTE! wire

NOTE1: Consistency numbers are classified by viscosity.
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4. Gear Installment and Lubrication KHK

4 - 4 Safety Considerations and Precautions in Starting Operations

Since many gear products are heavy, mostly made of steel, it is necessary to give your full attention
when handling and assembling gears. Gears are transmission components that work by meshing with
rotational or linear motion components to transmit power, so safety should always be the first priority
when starting operations.

-

~

r =

:/—/L;
M Safety Considerations

Follow all applicable safety regulations (Labor, Safety, and Sanitation Regulations)
in installing and operating gear products.

@ Handle with Care

+ Gears should be handled carefully, as the edges are sharp and dangerous.

-To transport heavy gear products, use a lift or a crane.

+ Avoid dropping or hitting gears.

- If gears are stored for a long period of time, look for deteriorations, such as rust.
@ Precautions in Assembling

- If the gear is exposed, install a safety cover for protection.

«Turn off the power.

+Never put any part of your body under installed gears.

+Wear proper attire and protective gear appropriate for the task.

Bl Precautions in Starting Operations

For starting operations of gear devices, it is important to make confirmations;
before, during and after starting operations. All necessary checks must be done
before starting, if something abnormal is detected while operating or after opera-
tion, proper treatments should be implemented.

@ Before operating, check the following:
Are the gears firmly mounted on the shafts?
Does the gear mesh have a proper amount of backlash?
Is there sufficient lubrication?

@ While operating, check the following:
[ Is there unusual noise?
[ Is there unusual vibration?
[ Is there oil-spilling or grease scattering?
@ After operating, check the following:
[J Is there looseness of the gear?
[ s there contamination in the lubricant?
[1 Does the device have abnormal heat?
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@ All rights reserved herein and no portion of this booklet may be reproduced without the

prior consent in writing from KHK Co.,Ltd.

@ This booklet is published for the purpose of informing people about gears and is used as
a KHK’s sales promotion advertisement.

@ No guarantee is given by KHK Co.,Ltd. on the contents of these copyrighted works. Please
note that, even if there are errors therein, we shall not be held responsible, whatsoever.

@ KHK Co. Ltd. reserves the right to make changes to the specifications and contents of this
booklet, without notice.
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