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FOREWORD

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee has
been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The main task of technical committees is to prepare International Standards, but in exceptional
circumstan 8S 2 echnicz ~ommittee _ma nropose the publication of 3 achnical Renort of one o ne
following types:

— type 1|, when the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts;

— type 2| when the subject is still under technical development or where for any other reasen.there is the
future jout not immediate possibility of an agreement on an International Standard;

— type 3, when a technical committee has collected data of a different kind from_that which is normally
published as an International Standard (“state of the art”, for example).

Technical Heports of types 1 and 2 are subject to review within three years of publication, to decide whether
they can be transformed into International Standards. Technical Reports of-type 3 do not necessarily have to
be reviewed until the data they provide are considered to be no longer valid.or useful.

ISO/TR 10Q64-2, which is a Technical Report of type 3, was prepared by Technical Committee 1ISO/TC 60,
Gears.

Together with definitions and values allowed for gear element deviations, the International Standard
ISO 1328:1P75 also provided advice on appropriate inspection methods.

e of revising 1ISO 1328:1975, it was agreéd that the description and advice on gear inspection
ould be brought up to date. Because-of necessary enlargement and other considerations, the
ommittee decided that the relevant sections should be published under separate cover as a
eport, type 3. It was decided that, together with this Technical Report, a system of documents as

Technical
Technical

practice:

—  Part
— Part
— Part
— Part

: Inspection of corresponding blanks of gear teeth
: Inspection telated to radial composite deviations, runout, tooth thickness and backlash

: Recommendations relative to blanks, shaft centre distance and parallelism of axes

: Becommendations relative to surface roughness and tooth contact pattern checking
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Part 2:

Inspection related to radial composite deviations, runott, tooth

thickness and backlash

1 Scope

This part of the Technical Report constitutes a code of\practice dealing with inspection relev

ant to radial

composite deviations, runout, tooth thickness and.‘backlash of cylindrical involute gears; i.e., with

measurements referred to double flank contact.

In providing advice on gear checking methods.and the analysis of measurement results, it supglements the

standard ISO 1328-2. Most of the terms used are defined in ISO 1328-2.

Annex A provides a method to select gear tooth thickness tolerances and minimum backlash of g4 gear mesh.

Suggested values for minimum backlash are included.
2 References
ISO 53: 1974 Cylindrical gears for general and heavy engineering - Basic rack;

1ISO 54: 1977 Cylindrical gears - Modules and diametral pitches of cylindrical gears for
heavy engineering;

general and

ISO 1328<1:1995 Cylindrical gears - Definitions and allowable values of deviations relevant to cgrresponding

flanks of gear teeth;

1SO1328-2: Cylindrical gears - Definitions and allowable values of deviations relevant to radial

composite deviations and runout information (in the state of preparation),

ISO/TR 10064-1: Cylindrical gears - Code of inspection practice - Inspection of corresponding fl
1992 teeth;

ISO/TR 10064-3: Cylindrical gears - Recommendations relative to blanks, shaft center d
parallelism of axes (in the state of preparation).

anks of gear

istance and
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3 Symbols, corresponding terms and definitions

3.1 Lower case symbols

? :3 S TR e QT 0

1)
3
o

N X

© |SO

3.3 Greek symbols

pressure angle in transverse plane
normal pressure angle

helix angle

prism (anvil) half angle

overlap ratio

tooth space half angle

tooth thickness half angle

3.4 Subscript symbols

0

1
2
3

tool

pinion

wheel (gear)
master gear

R T ~C

base

transverse

working

any (specified) diameter

center distance mm
facewidth mm
reference diameter mm
base diameter mm
tip diameter mm
eccentricity mm
tooth-to-tooth radial composite deviation pm
addendum mm
reference chordal height mm
normal module -

normal tooth thickness mm
normal chordal tooth thickness mm
profile shift coefficient .

number of teeth -

case symbols

diameter of ball or cylinder used for measurement mm
lower tooth thickness allowance mm
upper tooth thickness allowance mm
total radial composite deviation um
runout pum
runout by composite test pm
dimension over balls or cylinders (pins) mm
base tangent length mm
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3.5 Definitions

3.5.1 Definitions with regard to composite deviation

The reference axis of a component is defined by means of datum surfaces. In most cases the axis of the
bore can be adequately represented by the axis of the mating work arbor (see ISO/TR 10064-3).

The geometric axis of the teeth for radial composite deviation is that axis which, if used for the
measurement, would give the minimum root mean square (rms) total composite deviation over a complete

revolution.

3.5.2 Definitions with regard to tooth thickness

Nominal tooth thickness, s, on the reference cylinder in a normal plane is equal to the theo
for meshing without backlash with a mating gear, which also has the theoretical tooth thickness,
center distance. The nominal tooth thickness is calculated using the following equations:

for external gears,

Sp=mp [_;_5 + 2tananxj
for internal gears,
Sp=mp (g. - 2tanoc,,xj

For helical gears, the value of s, is measured in the normal plane.

Maximum and minimum limits of tooth thickness, s;.and s,,;, are the two extreme permissible s

thickness between which the actual size should lieythe limits of size being included. See figure

The upper and lower (E,,; and E ;) tooth thickness allowances: define the limits of gear toot
See equations 3 and 4 and figure 1. '

retical value
bn the basic

(1)

..(2)

zes of tooth

-t

h thickness.
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Wk the

- Eppj

plane no

'y W actual —--— theoretical
- actual
normal plane atbase cylinder o =e----- limits
Sn is nominal tooth-thickness
S ni is minimum. limit of tooth thickness
S s is maximum limit of tooth thickness
S ; actual is actual tooth thickness
Egpi is lower tooth thickness allowance
Eg is upper tooth thickness allowance
f sn is tooth thickness deviation
Sy actual T is tooth thickness tolerance
le— fsn Ty = Egs — E

Fmal to the tooth profile at reference cylinder

Figure 1 - Span and-tooth thickness allowances

Ekns=Sps - Sp ..(3)

Ekni=sni-Sn --(4)
Tooth thickness tolerance, T, isthe difference between the upper and the lower tooth thickness allowance.

Tin=Esns - Esni ++(8)
The desigr values of _teoth thickness are usually established from engineering considerations of gear
geometry, gear tooth/strength, mounting and considerations of backlash. The methods for establishing design
tooth thickrjesses for.given applications are beyond the scope of this document.

Actual toofh thickness, s

n actual is the tooth thickness determined by measurement.

Functional

tooth thickness, Stunc’ is the maximum tooth thickness value obtained on a radial composite

action test (double flank) by means of a calibrated master gear.

It is a measurement which encompasses the effects of element deviations in profile, helix, pitch, etc., similar
to the concept of maximum material condition, see 6.5. It should never exceed the design tooth thickness.

The Effective tooth thickness of a gear will be different than the measured tooth thickness by an amount

equal to all
thickness.

the combined effects of the tooth element deviations and mounting, similar to functional tooth
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It is the final envelope condition which encompasses all the effects which must be considered to determine
the maximum material condition.

The tooth element deviations of mating gears may have an additive effect or may cancel each other at various
angular positions within a given mesh. It is not possible to segregate the individual tooth element deviations
from the effective tooth thickness.

3.5.3 Definitions with regard to backlash

Backlash is the clearance between the non-working flanks of two mating gears when their working flanks are
in contact, as shown in figure 2.

Note: Figure 2 is drawn at the position of tightest center distance; if center distance is increased backlash will increase.
The maximum effective tooth thickness (minimum backlash) will be different than the measuredjtooth thickness by an
amount equal to all the combined effects of the tooth element deviations, and mounting, similar to fupctional tooth
thickness. It is the final envelope condition which encompasses all the effects which must beconsidered to determine
the maximum material condition.

Usually the backlash under stabilized working conditions (working backlash) is different from (gmaller than)
the backlash which is measured when the gears are mounted in the housingdinder static conditior}s (assembly
backlash).

Maxi_mum effective
Tooth thickness, s, max

—
) P Specified maximum
Maximum 4 Tooth thickness
material { - > |
condition \1 -— T
(mating gear) \ - 1/2Specification
band, Ragiial
Greatest backlash fg&%of;et
for tightest centers™®
\ oy
‘\ \ Maximum
.. |_— | material
\ \\ gn;g;(rlt::'!‘l ; _ condition
\ ' we min (qubject gear)
\ O\
\\ \\ - - - Pitch
h Minimum effective Rl
\\ \\ _OoN——" - Tooth thickness, s.,; min gircle
\.— "
\ \\ Minimum /
N\ material —ay Specified minimum \ Mini
h . inimum
\\ \\ condiion tooth thickness i material
\\ \\ / | condition
N\ / NG ‘
\\ \\ / J Lower allowance profile \
NI \
Upper allowance profile ,.// | [« 1/2 Specified tolerance band, 0,5%sr, N -

Elemental measurement

* THIS FIGURE IS DRAWN AT THE POSITION OF TIGHTEST CENTER DISTANCE;
if center distance is increased backlash will increase.

Figure 2 - Tooth thickness, transverse plane

Circumferential backlash, jwt' (figure 3) is the maximum length of arc of the pitch circle through which a gear
can be rotated when the mating gear is fixed.
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2

T

Trace of tooth
surface

Jpn  (in base tangent plane)

g T —x Pitch
circle

T~ \ 900 —
S——— Trace of base b By

Normal ba
working flar
following eg

Ib

tangent plane [

Figule 3 - Relationship between circumferential j,,, , normal jbn , and radial j, backlash
k

lash, jp,,, (figure 3) is the shortest distance between non-working flanks of two gears when the

ks are in contact. The relationship with the circumferential backlash, j,,, is in accordance with the
uation:
n = Jwt COS Oyt COSPp ...(6)

Radial backlash, j., (figure 3) is the amount/by which the center distance has to be diminished till the

position in

jr_

Minimum &

vhich left and right flanks of mating gears are in contact.

__Jwt (7
2 tan oy ¢

acklash, ji; . iSthe minimum circumferential backlash on the pitch circle when the gear tooth

with the grdatest allowable effective tooth thickness is in mesh with the mating gear tooth having its greatest

allowable e

ffective toothsthickness, at the tightest allowable center distance, under static conditions (figure 2).

The tightest center-distance is the minimum working center distance for external gears and the maximum

working ce

nter“distance for internal gears.

Maximum backlash, j, ..., is the maximum circumferential backlash on the pitch circle when the gear tooth

with the sm

allest allowable effective tooth thickness is in mesh with the mating gear tooth having its smallest

allowable effective tooth thickness at the largest allowable center distance under static conditions (figure 2).

4 Measurement of radial composite deviations

4.1 Checki

ng principle

Radial composite deviations are checked on a device on which pairs of gears are assembled with one gear
on a fixed spindle, the other on a spindle carried on a slide provided with a spring arrangement enabling the

6
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gears to be held radially in
close mesh (see figure 4).
During rotation, variation of
center distance is
measured and when
desired, a diagram is
generated.

master gear 4 product gear view Z (enlarged)

w

‘%H%ug\m\

' measuring
direction
b ammany

mesh
. . without
For most inspection ) | e e backlash
purposes, product gears During rotation, variation of center distance is measured
are tested against a master Ei . ) . . L
—gear—Master gears—are = tions

usually required to be so accurate that their influence on radial composite deviations cancbé’heglected in
which case an acceptable record is generated during one revolution of the product gear,

The total radial composite deviation F" of the gear under inspection is equal to the maximum variation of
center distance during one revolution. It can be determined from the recorded diagram. The t¢oth-to-tooth
radial composite deviation £" is equal to the variation of center distance during rotation through ong pitch angle
(see figure 5).

The tolerance values given in ISO 1328-2 are valid for measurements-made using a master gear.

It is important to note that
the accuracy and design of
the master gear, especially
its pressure angle of
engagement with the
product gear, can influence
the test results. The
master gear should have
sufficient depth of
engagement to be capable

_ MAXIMUMVALUE __
OF f7 —

360°)
of contact with the entire o Bl a6
active profile of the product
gear but should not contact Figure 5 - Radial composite deviation diagram

its non-active or root parts. Such contact can be avoided when the master gear teeth are thick enough to
compensate for the product.gear backlash allowance.

When they are to be Gsed for the quality grading of accurate gears, the accuracy of the master gear and the
measuring procedure used should be agreed between the purchaser and manufacturer.

The toleranceshave been established for spur gears and can be used to determine an accuracy grade. When
used for helical gears, the master gear facewidth should be such that €p test is less than or equgl to 0,5 with
the produet gear. The design of the master gear shall be agreed upon between purchaser and manufacturer.
The overlap ratio, eg 1., May influence the results of radial composite measurements of helical gears. The
effects of profile deviations, which would be evident with spur gears, may be concealed because of the
multiple tooth and diagonal contact lines with helical gears.

A chart recording of approximate sinusoidal form (with amplitude f, ) over a single revolution indicates
eccentricity, f, , of the gear teeth. Reference to figure 5 shows how such a sinusoidal curve can be drawn on
the diagram. Eccentricity of a gear is the deviation between the geometrical axis of the teeth and the reference
axis (i.e., the bore or shaft).

4.2 The utility of radial composite deviation data
Radial composite deviations include components from the combined deviations of right and left flanks.

Therefore, determination of the individual deviations of corresponding flanks is not feasible. The measurement
of radial composite deviations quickly provides information on deficiencies of quality related to the production

7
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machine, the tool or the product

gear setup. The method is chiefly

used for carrying out checking of
large quantities of production
gears, as well as fine pitch gears.

Tooth-to-tooth composite devia-
tions occurring at each pitch in-
crement tend to indicate profile
deviations (often profile slope
deviations). A large isolated tooth-

W\f

Runout i
These are fluctuations in center distance during one revolution of the product
gear. They appear in the dlagram as slowly increasing and decreasing curves

............ B Bl bl oL P
corigsponding to the ratio of the gears.
—MWV\’“’_\W L,p ~

to-tooth confiposite deviation may

indicate a nitch

ainala
INATwviRALw Vl‘vll

S Iyie

deviation or] damaged tooth (see
figure 6).

larna
arge

With approgriate calibration of the
product gegr setup and checking

can also be used to determine the
center disthnce at which the
product gear may be meshed with
minimum backlash. See ISO/TR
10064-3 for{recommendations on
shaft center distance and
parallelism ¢f axes. Furthermore,
the procedure is useful for
checking [gears required to
operate with minimum backlash,

since the rapge of functional tooth

ua'mageu OTTT
Pitch deviations
They are revealied in the diagram as sudden and irregular deflections of the
recording pen of varying magnitude between two adjacent teeth.

e VN i S W S SN

L ETE_ m_ .2 _a%

Profiie deviations
The slight undulations in the curve indicate deviations of the tooth form from the
theoretical involute profile. Each wave corresponds to the period of contact of

AAAAAA

one tooth.

MV VY Y

Pressure angle deviations (profile slopée deviation)
The chart reveals them as regularly spaced and sharp—pointed vertical deflec-
tions, whereby each deflection correspands to the period of contact of one tooth.

Figure 6 - Interpretation of radial composite deviation

thickness can readily be derived from the radial composnte deviations.

For the detg¢rmination of an accuracy grade:

a) For a|spur gear, the product gear is to/be checked against a master gear capable of making 100%
contact with the active flanks. See ISO 1328-2°clause 5.5. The tolerance values of total and tooth-to-tooth
radial composite deviations to determine.an accuracy grade for spur gears are given in ISO 1328-2. It is
emphasized that because of the simultaneous contributions from both sets of tooth flanks, such an accuracy
grade cannpt be directly related to~an accuracy grade determined by inspection of individual element

deviations.

b) For alhelical gear, although the tolerances in ISO 1328-2 are for spur gears, when agreed between

purchaser
is appropri

nd manufactdrerthey also can be used for evaluation, provided that €8 test with the master gear
e, as described in 4.1.

5 Measuregment of runout, determining eccentricity

5.1 MeasuFi

Relative to the gear reference axis, the runout, F, of gear teeth is the difference between the maximum and
the minimum radial positions of a suitable probe tip: ball, anvil, cylinder or prism, which is placed successively
in each tooth space as the gear is rotated (see figure 7).

If a ball, cylinder, or anvil that contacts both sides of a tooth space is used, the tolerance tables in 1ISO 1328-2
Annex B may be applied. In some instances, it is desirable to use a rider that contacts both sides of a tooth.
If this is done, the tolerance tables are not intended to apply.

The diameter of the ball shall be selected such that it contacts the tooth at mid-tooth depth and it should be
placed at mid-facewidth (see 6.3 for the calculation of ball diameter).

8
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5.2 Anvil size for measuring
runout

The anvil size is chosen so that it
contacts the flanks on each side
of the space approximately at the
reference circle. The prism half
angle, §,,, can be determined by
the following approximations,
where 8, , o, , and n,, are
angles “of contact on the

ISO TR 10064-2:1996(E)

[ measuring circle (see figure 8Y:
The anvil should touch the tooth

flanks at mid-face width on the
measuring circle with diameter dy

Syt:ayt-}-'nyt -..(8)

d cos
cosay s = ___f_t ...(9)
d
y
t
tan o = an%n (10)
cos f

For external gears:

m
st= —1 |2 4+ 2tanayx
cosf {2

St .8 ,
Syt=dy i Finvoy - invay,;

dy
tanp = — tanp

tand ,, = tand s cosP,

5.8, Measuring runout

- 4=

\
/
n

7/

<r's_ z

Figure 7 - Principle of measuring runout

..(11)
...(12)
For internal gears:
m
st= —=|Z - 2tana,x -.(13)
cosp | 2
...(14)

)

...(15)

...(16)

The simple nature of the measurement permits a wide range of choices of measuring equipment{and degree

|_-of automation. Some methods are briefly described in the following paragraphs

5.3.1 Measurement with intermittent indexing of the product gear A simple method in which the gear
is intermittently rotated by hand is often used for small gears. The probe, placed in successive tooth spaces,
is brought into line for measurement and recording of any deviation of radial position relative to a datum radial
settling. When indexing and alignment are affected by an indexing device, the gauging instrument must have
sufficient lateral movement to take into account the effects on alignment of pitch and helix deviations. This
freedom of movement is necessary to ensure contact between the gauging equipment and both tooth flanks.

Multi-coordinate numerical control (CNC) measuring machines may also be used for this method of
measurement. CNC results are affected by helix angle at the point of probe contact.
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5.3.2 Measurement with continuously rotating product
gear The anvil, in contact with both flanks of a tooth
space, moves with rotation of the gear through a preset
arc length. Radial deviations are measured either at the
highest point of the arc, or at some other fixed point during
the passage through the arc. This is a practical method for
measuring the runout of large gears. Measurements can
be made on measuring machines or generating machines,
but care must be taken to ensure that the reference axis
of the gear is concentric with the axis of rotation of the
machine, and that the arc length is sufficient to indicate

maximum dgviation.

5.3.3 Apprpximation of runout from radial composite
deviation [Runout may be approximated from a radial
composite test as 2f, (see 4.1), by observing the change
in center distance during one revolution of the product
gear and a master gear on a gear rolling fixture (see
figures 4 and 5). The gears are rolled together in tight
mesh, with [one member on a movable center which is
spring or wdight loaded. The readings include variations of
the referende (master) gear and the deviations in the gear
. These should be considered when judging
ility of the gear being tested. To distinguish

uring with coordinate measuring machine
When using coordinate measuring machines, runout and
pitch can bé measured simultaneously. Two methods are
described.

Figure 8 - Anvil size for measuring runout

a) Measurement with 2-flank contact. The probing-sphere with an appropriate diameter is moved inside the
tooth spacg until 2-flank contact is realized.~Depending on the device and the gear parameters the
measuremgnt can be produced with a rotating-table or without one, by means of an axis parallel probe or a
star-probe. |n the case where a star-probetis used, it is necessary to always use an 8 star-probe because of
the contact|conditions. See figure 9.

If a probg with a standard diametér)is used the runout deviation in every tooth space has to be recalculated for the
diameter|given in the drawing..Considering the same pitch deviation in the tooth space the recorded runout deviation
depends jon the diameter used,centering the sphere. Because of the changing profile angle at the touching points a
smaller probe is more sedsitive than a bigger one and gives greater deviation.

a) Runout test with rotating table b) Runout test without rotating table
(four axes) and axis parallel probe (three axes) with 8 - star probe

Figure 9 - Runout from coordinate measuring machine

10
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b) Measurement with 1-flank contact. A probe with a small diameter is moved inside the tooth space. The
left and right flanks are probed at the measurement circle. With these measurements the position of a sphere
with a diameter as defined in 6.3 is calculated. Depending on the device and the gear parameters, the
measurement can be processed with a rotating table or without one, with an axis parallel probe or by an 8
star-probe.

5.4 Evaluation of measurement 18
16

5.4.1 Runout F,.. The runout F, is, with
reference to the gear axis, equal to the 14

algebraic difference between the 2 ,
maximum and Tnimum values of the 3
radial deviation measured in accordance 5 1
with 5.3. It is composed of roughly twice g 8
the eccentricity f, , together with
superimposed effects of pitch and profile 6
deviations of the gear (see figure 10). 4
5.4.2 Eccentricity £, . A diagram showing 2

runout measured is shown in figure 10.

The sinusoidal component of the curve 123 45 68 9 1011 12 13 14 13 16 1
roughly drawn by hand, or calculated by . Tooth space number
the least squares method, indicates (in the Figure 10 - Runout diagram of a gear with 16 teeth

plane of measurement) the eccentricity of the teeth to the reference axis by an amount f, (see|figure 10).

5.5 Value of runout measurement
Control of runout of gears which are required to operate with minimal backlash, and of master| gears to be
used in the measurement of radial composite deviations, is of particular importance.

Measurement of runout as described is not necessary when the radial composite deviations of |gears are to
be measured. It is clear that details of single flank deviations such as pitch or profile deviations, cannot be
derived from measured values of runout\ For example, two gears of very different accuracy grades, with
respect to ISO 1328-1, can have the same value of runout. This is because a gear contacts its mate on either
right or left flanks, whereas runout yalues may be influenced by simultaneous measurement contact with both
right and left flanks. The deviations-of both flanks can have mutually compensated influences on runout. The
extent of information which can be derived from the measurement of runout is largely ddpendent on
knowledge of the machining.process and the characteristics of the machines.

However, when the fitsh batch of gears produced by a given method is inspected in detail in ordér to monitor
compliance with a specified accuracy grade, variation in further production can be detected by measuring
radial composite deviations, instead of repeating the detailed inspection.

5.6 The relation between runout and pitch deviations

Whenah otherwise perfect gear has an eccentric bore, eccentricity £ as in figure 11, and it rotatps about the
axis of the bore, the runout F, will approximately equal 2f,. Eccentricity causes single pitch deviations around
the circumference of the gear with a maximum value of fpt max = 2f[sin(180°2))/cos Oty g The resulting
cumulative pitch deviation also has a sinusoidal i i i = 0S O AS
shown in figure 11, the angle between the maximum cumulative pitch deviation and the “runout” is abut 90°.
The approximate value of this angle is 90° + o, on the left flanks and 90° - a, on the right flanks. Runout,
caused by eccentricity, results in a variation in backlash, accelerations ancf decelerations due to pitch
deviations.

However, when little or no runout is measured it does not mean that no pitch deviations are present.
Machining using single indexing can create a gear as shown in figure 12, in which all tooth spaces are equal,
resulting in no runout, while substantial pitch and cumulative pitch deviations are present. Figure 13 shows
this condition graphically. Figure 14 shows an example of an actual gear with little runout and relatively large
cumulative pitch deviations.

11
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Theoretical pitch
Measured pitch
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eccentricity

high point of
pitch deviation,
Fp (approximataty 90°
{rom high point of, F;)

Runout,

Total cumulative
pitch deviation, F,

reference circle
measuring circle

Figure 11 - Runout and pitch deviations.of’an eccentric gear

theoretical centreline actual centreline

of toothspace ; ——
_ N /,\‘,
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o i
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|

oll space - ! N . ,

widths — N . % \

are equal S5 . /\ FpL
; ~. C

Figure 12 - Gear with zero runout, but with considerable pitch and cumulative pitch deviations (all
space widths are equal)

This condition occurs with double flank processes, such as with form grinding or generating grinding (both of
which index between grinding successive tooth spaces), when the bore of the gear is concentric with the axis

12
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Figure 14 - Actual gear with little runout and substantial cumulative pitch deviation

of the machine table and the indexing mechanism generates a sinusoidal cumulative pitch deviation. The
source of this cumulative pitch deviation may be eccentricity of the machine index wheel.

To reveal this condition on the gear, a modified runout check can be applied using a “rider” as a probe, see

figure 15. The reason why this check detects the effect of the pitch deviations is that here the pitch deviation
results in tooth thickness deviations, which a rider indicates as a radial change when contacting both flanks.

13
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1
1 | rider type A

’ | e

Figure 1§ - Runout measurement with a rider when all space widths are equal and pitch deviations
are present

ement of tooth thickness, tooth span and dimension over balls or cylinders
red tooth thickness is used to evaluate the sizé'of an entire tooth or all of the teeth on a given

caliper) anhd the influence of elemental deviations. It is customary to assume that the entire gear is
characterized by the measured data from as-few as one or two measurements.

_ _ CHORDAL
Control of|tooth thickness is essential for ADDENDUM, 4, ADDENDUM

the mating gears to operate with (the
specified packlash. In some cases_it is

not easy, flue to addendum modification,

to check tpoth thickness at thereference

diameter g , so the formulae give the Tﬁ‘,‘é‘,ﬁﬁ;@@ Tﬁf&%‘g@;
tooth thickness s for afiy diameter d, . Syn Syne

See figurg 16. A recommended choice is

d =d+dm_x. NORMAL PLANE

Figure 16 - Addendum and chordal tooth thickness
6.1 Tooth thickness measurement

A gear tooth caliper can be used for thickness measurement.
Syn = Syt COsPy ..(17)

Syn 180 ...(18)

S = d,nSin
ync yn dyn p

See 5.2 for By

14
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d
dyp=dy-d+ —— ...(19)
Y Y coszﬁb
sinfBp = sinP cosap, ...(20)
For external gears, Syt is in accordance with equation 14:
h h, + yn 1 - cos|>yn 180 -.(21)
ye y 2 dyp =
where
h,-2a" % .(22)
y 2

The gear tooth caliper cannot be used for internal gears.

Allowance for backlash is not included in the nominal value of s ne

tooth thickness. The nominal value is to be reduced by the amount

of the upper and lower allowances Esyns and Esynf

...(23)
For Esns and Esm- see 7.2. 24 7
For 0y, See 5.2.The actual tooth thickness is to be

+.(25)

Esym- and Esyns with appropriate mathematical sign. - .

i
Figure 17 - Chordal tooth [thickness

measurement by gear todth caliper

The advantage of chordal thickness measurement by gear tooth
caliper is that it uses a portable hand-held instriment. Portability and
simplicity are its principal advantages. See figure 17.

A limitation of chordal tooth thickness measurement is that the tooth caliper requires an experienced operator
because the anvils make contact.with the tooth flanks on their corners, rather than on the flats. | Another is
that measurement of the chordal tooth thickness with a tooth caliper is not reliable due to uncertaintjes (among
other things) about tip cylinder accuracy and concentricity and the indifferent resolution of themeasuring
scale. Whenever practicable, more reliable span, pin, or ball measurements should be used instead.

6.2 Span measurement

The length W/j-is the distance measured in a base
tangent plane.between two parallel planes touching
a right_flank and a left flank over K teeth of an
external.gear or over K tooth spaces of an internal
gear—The distance is constant along all normals
between and common to both tooth profiles (see

flg”[es 18 and 19)
4

In the practical measurement of external gears, the
parallel planes are gauging surfaces with provision BASE CIRCLE

made for measuring the distance between them. Figure 18 - Span measurement of helical gears

NORMAL to BASE TANGENT PLANE

TN

DA/ ‘
AN
¢ ""\«;.\Z T

- e -

BASE TANGENT PLANE

BASE TANGENT

The number of teeth Kk between the gauge surfaces is chosen so that the lines of contact are roughly at
mid-tooth depth, and is calculated as follows:
rounded to the nearest integer,

15
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ko Wy—sen 4o Wy~ Sbn ..(26)
T My COSAp Pbn
where
y cos Bp,
For B, see equation 20.
sb,,=mncosocn(g.+zinvat+2tan a,,x] ...(28)
BASE TANGENT
PLANE
)
b
BASE TANGENT
Figure 19 - Limits of span measurement in base tangent plane
For 0y an d o, seeequations 9 and 10. The span measurement is given by:
k= m,,cosoc,,[(k -05)r + zinvo; + 2tana x] , or ...(29)
©0=(k-1)ppn + Shbn ...(30)

Backlash allowance is not included in a nominal value of W, . The nominal value is to be reduced for external
and increased for internal gears by the amount of upper and lower allowances Ep,sand Ep i (see figure 1).

o) s )
1 I

a) For external gears:
Wi + Eppi < Wi actual € Wk * Ebns ...(32)

b) For internal gears:

16
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Wi - Epni < Wi actual S Wi - Epps ...(83)
E,,jand Ep - with appropriate mathematical sign.

The span measuring method is not suitable for measurements of internal gears with helical teeth. Also for heli-
cal gears the span measuring method is limited by the facewidth of the gear. Measurement is possible if:

b> WysinBp + byycosBp, where byy=5 orby=m,/4, ...(34)
or let
b > 1,015 WsinBp . ...(35)

i ations;-the tid-be-c modified part
of the tooth flank. For helix crowning, a correction should be made of the nominal tooth thickness of the span
for helical teeth; for spur gears with crowning, the measurement should be carried out on(the gpex of the

crowning.

6.3 Control of tooth thickness by determining the dimension over balls or cylinders

When the facewidth of a helical gear is too small to permit a measurement of span, an indirect check of tooth
thickness can be made by measuring the dimension over or between two balls or cylinders (pins) placed in
tooth spaces which are as nearly as possible diametrically opposite (figure 20).

Figure 20 - Dimension Md over (between) balls or cylinders for spur gear teeth

6.3.1 Dimensions of balls or cylinders Dy Table 1 - Standard
pin diameters in
a) For external gears: m
dysinn
Dysho= —2 Yt cosB, ..(36) |2 55 16
cos (ay ¢ + Nyt) 225 6 18
b) Forsinternal gears: 2,5 6{5 20
d,sin 2,75 7 22
Dpthe = ySnfyt cosPBp -(37) |3 715 25
cos (ayt - Nyt) 325 8 28
. 35 9 30
For o, d, ny;and B, see equations 9, 11, 12 and 20; 3,75 10 35
i . 4 105 40
Dy, is to be chosen as the next larger diameter from the Renard Series R 40 or 495 11 45
from a table of pins known to be available to the gear manufacturer, such as 4’5 12 50
those listed in table 1. Also see figure 21. 5’ 14
5,25 15 -

17
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6.3.2 Dimensions over balls or cylinders My

a) For extemal gears with an even number of teeth;

MnZ 8%t | py ...(38)

Mg =
cos P cosa ¢

b) For external gears with an odd number of teeth;

mpZ COS
My = _nZ S0t 005(29]+DM ...(39)

cosP cosa pt z
where:
‘ , Dy 2tano, X g...(40) NS~ | /<7
invo gl = invog + + - — .
mpZzZ cos O z 2z |
c) For internal gears with an even number of teeth; l

mpZz cos o ;
Mg= —" ! —Dy (41) \W
cosP cosa ¢

d) For internal gears with an odd number of teeth; Figure 21 - Ball size
mpZ cosa
Mg=—" tocos[20)- Dy ...(42)
cosP cosapt z
where:
D 2tana, x
invo g =invay - M - -+ X ...(43)
mpZ cosop, z 4

6.3.3 Badgklash allowance measuring over balls or cylinders
Allowance for backlash is not included in the nominal value of ‘M ;. The nominal value is to be reduced by
the amount of upper and lower deviations Eyns and Eym-, converted by the following formulae, see 7.2.

With a even number of teeth;

& - F cosa ¢
-yn[s,]— sn(s,J sino. g1t cosP -(44)
i i
With a odd number of teeth;
cos o
E =E i t COS[&] ...(45)
yn[ﬁj s,,[s_) sino gyt COSPp z
i i
The dimepsion overballs or cylinders is then:
a) For|external-geéars:
g+ Eym'SMdactuaISMd* Eyns ...(46)
b) Forintermatgears: -
My - Eyns < Mg actual € Mg - Eyni ...(47)

Eym- and Eyns with appropriate mathematical sign.

For internal gears with helical teeth, only balls can be used. Micrometers with spherical anvils and spindle
ends are often used for this measurement method. The minimum dimension measured is in a transverse plane
between balls placed in diametrically opposite tooth spaces, and is the true dimension. When measuring
helical gears with odd numbers of teeth, suitable means for positioning the balls in a transverse plane are
required.

18
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6.4 Tooth thickness measurement with radial composite measurement

The measurement of the tooth thickness with the radial composite measurement has the advantage that
functional tooth thickness, which includes the effect of all tooth deviations, is measured. Where the size of the
work permits, and the tooling can be justified, a radial composite action test, test radius measurement, is the
best method to inspect tooth thickness. Radial composite action test measurement inspects every tooth of the
product gear in one operation. This is much faster than making multiple measurements with the other
methods.

However, this method is limited to medium and smaller gears, since testing machines capable of more than
500 mm center distance are rarely available. In special circumstances testing can be accomplished in place

on the cutting machine.

Special attention must be paid to the mounting surfaces to assure that the test performed.is'repfesentative
of the gear as it will be installed. Special machines or attachments are required for internal gears.

Test machines must be carefully calibrated, particularly for fine pitch and high aceuracy gears.
6.5 Calculations for radial composite action test measurement.
The following method applies to external gears.

The proportions of the master gear must be checked for proper meshing with the product gear to be sure that

contact takes place near to the tip and true involute form diameters, without interference.

Master gears are usually marked with a test radius which’is"the radius at which they would m
standard mating gear having a tooth thickness at the reference diameter d, of:

esh with a

w d
Stp = -2 ...(48)

2z 2
Special master gears are often required for spur gears with nonstandard proportions. Helical gears usually
require special master gears.
Master gears must be made very accurately since any deviation in the master gear is added, |in the test
results, to the deviations in the product gear.
6.5.1 Maximum test radius
The maximum test radius)is based on the maximum effective tooth thickness. The calculatipn method
assumes that the errors)in the master gear are too small to affect the test results. This requires a very
accurate master gear) if precision gears are to be measured.
If two gears are’in tight mesh, the sum of their tooth thicknesses on their operating pitch circles|is equal to

the circulappitch on that circle. Also, the operating pitch diameters of the two gears must be in proportion to

the numbers of teeth. These relationships, with the fundamental tooth thickness equations, yield sir
equations, from which the operating transverse pressure angle can be found.

Spt2 * Spt3 ~ Ppt

nultaneous

inva = ...(49)
wis dp2 + dp3
where
Speo IS maximum transverse base tooth thickness of product gear, mm
Spiz  Is transverse base tooth thickness of master gear, mm
dy, is base circle diameter of product gear, mm
dps is base circle diameter of master gear, mm
a4 IS transverse operating pressure angle in tight mesh, degrees
Pyt s transverse base pitch

19


https://standardsiso.com/api/?name=4c47acee52999ba6168e3ed907c0fa3b

ISO TR 10064-2:1996(E) ©1S0
0,43 €an also be calculated from:
(Spn2 + Sp3) _ -
_Tn—,.,_ ‘ ...(50)
inva 3 = +invoy
Zp * Z3
where
Spo is normal tooth thickness of the product gear at the reference diameter, mm
Sp3 is normal tooth thickness of the master gear at the reference diameter, mm
Z, is number of teeth in product gear el INCREASING* @
zy is number of teeth in master gear Effect of tooth
FO th|d<nessTdeviation = [
The maxiJnum tooth thickness of the product E-%,
gear at the reference circle is equal to the nomi- [O 3 ; ®)
nal tooth thickness minus the upper tooth thick- 5
ness allowance for size. CTESRRADILS S
All measufements are in the transverse plane. |O o]
The value|of the maximum center distance ..., |0 AGETOR: lo
in millimeters is given by:
m,, cosa. o o]
8max = - n n (zo+23) ...(51)
2cosBpcosa g o ol one
The maxirpum test radius T max IS “l REVOLUTION
omax = @max - 3 ..(52) | o OF PRODUCT GEAR
where r; i the master gear test radius in mm. lo
6.5.2 Minimum test radius lo
Figure 22|illustrates a typical radial composite
action tes{ chart. The ‘trace for maximum gear” 1O
representg a gear which has a tooth at the +
maximum pffective thickness, s . The toler>-10
ance band for radial composite action test or test
center disfance must allow the full deviation of [O

the total radial composite tolerance plus the

tooth thickness tolerance. Both components vary Figure 22 - Radial composite action test

with the product gear size and dccuracy. measurement of tooth thickness

In the follgwing formula for. a

in » the use of o, for the minimum pressure angle is an approximation. If

greater acguracy is required, recalculate using Equation 49 or 50 and 8pin » iterating for a final value.

Amin = 8max - F; - ——— ...(863)
min ax ! 2tan oy 43
where
a.in is minimum center distance
swt IS transverse tooth thickness tolerance at operating diameter with the master

F2min = @min ~ 73 (54)
T d

Tows = sn Ay ...(55)
cosfp d
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7 Gear limits and fits
7.1 Introduction

Assembled gears are mating product pieces requiring a clearance fit in order to assure unobstructed running.
The gear pair elements determining the fit are (figure 23):

s;  tooth thickness of the pinion
s,  tooth thickness of the gear
a housing shaft center distance

Besides the size of these elements, the gear fit is also influenced by the form and position deviations of the
gears and of the parallelism of axes.

The (actual) sizes of the tooth thicknesses

of pinion and gear and of the shaft center

distance, together with the respective gear

element deviations, determine the backlash

jlof the gear teeth; i.e. the clearance

between the non-working flanks at the
rking diameter.

ually, maximum backlash does not affect
He function or smoothness of transmission
motion, and effective tooth thickness devia-
titn is not the main consideration in the

lection of gear accuracy. Under these
bnditions, the selection of thickness and
easuring method is not critical and the
ost convenient method can be used. In
any applications, allowing a larger range Figuia 23 - Fit of gear teeth

tooth thickness tolerance or working
acklash will not affect the performance-or load capacity of gears and may allow more eCO}omical

—

s
c
m
m
m
o
b
manufacturing. A tight tooth thickness talerance should not be used unless absolutely necessary, sinc it has
astrong influence on manufacturing Cost. In those cases where maximum backlash must be closely corftrolled,
alcareful study of the influence factors must be made and the gear accuracy grade, center distance tolerance
a

nd measurement methods must be carefully specified.

Itimay be necessary to specify a more precise accuracy grade to hold maximum backlash within the tesired
lignits.

Minimum working backlash may not be allowed to become zero or negative. Because working backlash is
determined by the assembled backlash and the working conditions; i.e., by the influences of deflégctions,
isalignment,’bearing runouts, temperature effects, and any unknowns, one has to distinguish:

3

- asseémbled backlash, and
=working backlash.

Backlash does not have a fixed value, but may vary at different tooth positions due to manufacturing
tolerances and working conditions.

This technical report is restricted to assembled backlash and tooth thickness. The measurement of shaft
center distance and the parallelism of axes are embodied in ISO/TR 10064-3.

The form and position deviations of the gear elements are embodied in ISO 1328 Parts 1 and 2.

Advice on appropriate inspection methods is given in clause 6. Some guidance on calculating working
backlash is given in Annex A.
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