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ISOlTR 10064-l :1992(E) 

Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work 
of preparing International Standards is normally carried out through IS0 
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, govern- 
mental and non-governmental, in liaison with ISO, also take part in the 
work. IS0 collaborates closely with the International Electrotechnical 
Commission (IEC) on all matters of electrotechnical standardization. 

The main task of technical committees is to prepare International Stan- 
dards, but in exceptional circumstances a technical committee may 
propose the publication of a Technical Report of one of the following 
types: 

- type 1, when the required support cannot be obtained for the publi- 
caiion of an International Standard, despite repeated efforts; 

- type 2, when the subject is still under technical development or 
where for any other reason there is the future but 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 Stan- 
dard (“state of the art”, for example). 

Technical Reports 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have to be reviewed until the data they provide are considered to be no 
longer valid or useful.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 10064-1, which is a Technical Report of type 3, was prepared by 
Technical Committee ISO/TC 60, Gears. 

This Technical Report updates description of and advice on gear in- 
spection methods. 

IS0 10064 consists of the following parts, under the general title Cylin- 
drical gears - Code of inspection practice: 

--. Part I: Inspection of corresponding flanks of gear teeth 
[Technical Report] 

--- Part 2: inspection of 
thickness allowance 

radial composite deviations, r-unout and tooth 

0 IS0 1992 
All rights reserved. No part of this publication may be reproduced or utiLzed in any form 
or by any means, electronic or mechanical, including photocopying and microfilm, without 
permission in writing from the publisher. 

International Organization for Standardization 
Case Postale 56 l CH-1211 Genkve 20 l Switzerland 

Printed in Switzerland 
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ISOiTR 10064-1:1992(E) 

INTRODUCTION 

Together with definitions and values allowed for 

gear element deviations, the international standard 
IS0 13284975 also provided advice on appropriate 

inspection methods. 

In the course of revising IS0 13284975, it was agreed 

that the description and advice on gear inspection 

methods should be brought up to date. Because of 

necessary enlargement and other considerations, it was 
decided that the relevant section should be published 

under separate cover as a Technical Report, Type 3, and 

that, together with this Technical Report, a system of 

documents as listed in clause 2 (References) should be 

established. 

. . . 
III 
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TECHNICAL REPORT ISOlTR 10064-l :1992(E) 

Cylindrical gears - Code of inspection practice - 

Part 1: 
Inspection of corresponding flanks of gear teeth 

1 0 SCOPE 

This part of the Technical Report constitutes a code of 
practice dealing with the inspection of corresponding 
flanks of cylindrical involute gears, i.e. with 'the mea- 
surement of pitch deviations, profile deviations, helix 
deviations and tangential composite deviations, 

In providina advice on gear checkincr methods and the 
analysis of&measurement results, it/supplements the 
standard IS0 1328, part 1. 

Most of the terms used are defined in IS0 1328 part 1, 
others are defined as they appear in the text and in - 
clause 3. 

2. REFERENCES 

IS0 53:1954, Cylindrical gears for general and heavy engineering - 

Basic rack. w 
IS0 54:1977, Cylindrical gears for general engineering and heavy 

engineering - Modules and diametral pitches. 

IS0 701:1976, International gear notation - Symbols for geometrical data. 

IS0 1122-1:1983, Glossary of gear terms - Part 1: Geometrical definitions. 
1) IS0 1328-1: - , Cylindrical gears - IS0 system of accuracy - Part 1: 

Definitions and allowable values of deviations relevant to 

corresponding flanks of gear teeth. 
1) IS0 1328-2: - , Cylindrical gears - IS0 system of accuracy - Part 2: 

Definitions and allowable values of deviations relevant to 

radial composite allowance and backlash. 

1) To be published. 
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ISO/TR 10064-I :1992(E) 

1) IS0 10063: - 9 Cylindrical gears - Flanks, undulation, surface roughness, 

shaft centre distance and parallelism of axes - Numerical 

values. 

ISO/TR 10064-2: - 1) , Cylindrical gears - Code of inspection practice - 

Part 2: Inspection of radial composite deviations, runout 

and tooth thickness allowance. 

ISO/TR 10064-3: - 1) , Cylindrical gears - Code of inspection practice - 

Part 3: Function groups, test groups and tolerance families. 

3 0 SYMBOLS AND CORRESPONDING TERMS 

3,l Gear data 

b 
d 

db 
m, mn 
mt 

Pn 
Pt 
pbr pbn 
pbt 
S 
2 

at an 
at 
B 
pb 
&a 
E B 
e r 

Facewidth 
Reference diameter 
Base diameter 
Normal module 
Transverse module 
Normal pitch 
Transverse pitch 
Normal base pitch 
Transverse base pitch 
Number of pitches per sector 
Number of teeth 
Normal pressure angle 
Transverse pressure angle 
Helix angle 
Base helix angle 
Transverse contact ratio 
Overlap ratio 
Total contact ratio 

1) To be published. 

2 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 10

06
4-1

:19
92

https://standardsiso.com/api/?name=baec805019e4e99f864d6199a883ddd4


ISO/TR 10064-1:1992(E) 

3.2 Gear deviations 

Symbols used for deviations of individual element measure- 
ments from specified values are composed of lower case 
letters “fV8 with subscripts whereas symbols used for 
"cumulative" or "total" deviations, which represent com- 
binations of several individual element deviations, are 
composed of capital letters "F" also with subscripts. 
It is necessary to qualify soIne deviations with an alge- 
braic sign. A deviation is positive when e.g. a dimension . 
is larger than optimum and negative when smaller than 
optimum. 

f db 1) 
fdbm I) 
fe (f,Ld,R) 

Ease diameter difference 
Mean base diameter difference 
Eccentxicitv between qear . - 

f fC2 

f 0 

f HCX 

fHcrm 

f HP 

fHj3m 

fi' 

fl t 

fS’ 

- 

axis and axis of gear teeth (or of 
corresponding flanks, respectively) -. 

Profile form deviation 

Helix form deviation 

1) 

1) 

1) 

1) 

Profile slope deviation 

Mean profile slope deviation 

Helix slope deviation 

Mean helix slope deviation 

Tooth-to-tooth tangential composite 
deviation (with master gear) 

Long period component of tangential 
composite deviation 

Short period component of tangential 
composite deviation 

1) These deviations can be + (plus) or - (minus) 
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ISO/TR 10064-l :1992(E) 

f 1 

fb P 

fpbm 

Tooth-to-tooth transmission deviation 
(product gear pair) m 

Base pitch deviation 

Mean base pitch deviation 

fpbt Transverse base pitch deviation 

Qs 1) 

1) 

Pitch sector deviation 

f Pt 

fwB 

fcx 
. 

f am 

f f3 

f Pm 

F P 

Fk P 

FpkS 

FS P 

Fi' 

Sinqle pitch deviation 

Undulation height (along helix) 

1) 

1) 

1) 

1) 

Pressure angle deviation (normal) 

!!ean pressure angle devia.tion 

Helix angle deviation 

Mean helix angle deviation 

Total cumulative pitch deviation 

1) 

1) 

Cumulative pitch deviation 

Cumulative pitch sector deviation 

Total cumulative pitch sector 
deviation 

Total tangential composite deviation 
(with master gear) 

F 1 Total transmission deviation (product 
gear pair) 

Fct Total profile deviation 

F B Total helix deviation 

1) These deviations can be + (plus) or - (minus) 
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ISO/TR 10064-l :1992(E) 

3.3 Gear inspection terms 

db eff . 

k 

Effective base diameter 

Number of successive pitches 

1 

r 

ca 

cf 

C B 

c1 ((31) 

L 

L AE 

'L AF Usable. length 

L E 

L B 

N... 

R 

R B 

Left hand helix 

Right hand helix 

Tip relief 

Root relief 

Profile barrelling 

Tooth crowning 

End relief at reference 
(non-reference) face 

Left flank 

Active length 

Base tangent length to start of 
active profile 

Profile evaluation range 

Helix evaluation range 

Number of a tooth, number of a pitch 

Right flank 

Wave length of undulation (in direction 
of helix) 
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ISO/TR 10064-1:1992(E) 

Axial wavelength of undulation 

f 
Involute roll angle 

I Reference face 

II Non-reference face 

4 a EXTENT OF GEAR INSPECTION 

Inspection of the various gear tooth elements requires 

several measuring operations. It is necessary to ensure 

that for all measurements involving rotation of the gear, 

the in-service axis of the gear coincides with the axis 

of rotation during the measuring process. 

It may not be economical or necessary to measure all gear 

tooth element deviations such as those of single pitch, 
cumulative pitch, profile, helix, tangential and radial 

composite deviation, runout, surface roughness etc., for 

some of the elements concerned may not significantly 

influence the function of the gear under consideration. 

Furthermore, some measurements can often be substituted 

for others, for example the tanqential composite check 

might replace pitch checking or the radial composite 

check might replace runout inspection. In order to take 

account of these aspects, recommended test groups and 

tolerance families relative to the function of gears are 
included in ISO/TR 10064, part 3. However, it is empha- 
sised that curtailment of quality control measures is 

subject to agreement between purchaser and supplier. 

5 l IDENTIFICATION OF DEVIATION POSITION 

It is convenient to identify deviations associated with 

measurements of gear teeth,by specific reference to indi- 

vidual right flanks, left flanks, pitches or the groups 

of these. 
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ISOlTR 10064=1:1992(E) 

In the following, conventions are described which enable 
positive determination of the location of deviations. 

5.1 Right or left flank 
It is convenient to choose one face of the qear as refer- _- 
ence face and to mark it with the letter "I". The other 
non-reference face might be termed face "II". 

For an observer looking at the reference face, so that the 
tooth is seen with its crest uppermost, the right flank . 
is on the right and the left flank is on the left. 

Right and left flanks are denoted by the letters "R" and 
nL*' respectively. 

Fig 0 1 Notation and numbering for external gear 
30R = pitch Nr. 30, right flank 

2L = Ditch Nr. , 2, left flank 

right 
flank 

Fig 0 2 Notation and numbering for internal gear 
1 L = pitch Nr. 1, left flank 
3OR = -* pitch Nr. 30, right flank 
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ISO/TR 10064-l :I 992(E) 

5.2 Right hand or left hand helical gears 
The helix of an external or internal helical gear is 
referred to as being right hand or left hand. The hand of 
helix is denoted by the letters "rlr and "1" respectively. 

The helix is right hand (left hand) as, when looking from 
one face, the transverse profiles show successive clock- 
wise (anticlockwise) displacement with increasing dis- 
tance from an observer. 

5.3 Numberinq of teeth and flanks 
Looking at the reference face of a gear, the teeth are 
numbered sequentially in the clockwise direction. The 
tooth number is followed by the letter R or L, indicating 
whether it is a right or a left flank. 
Example: "Flank 29 L". 

5.4 Numbering of pitches 
The numbering of individual pitches is related to tooth 
numbering as follows: pitch number "N" lies between the 
corresponding flanks of teeth numbers “N-1" and IcNW; with 
a letter R or L it is indicated whether the pitch lies 
between right or left flanks. For example "Pitch 2 L", 
(see Fig. 1) 

5.5 Number of pitches "k" 
The subscript *k" of a deviation symbol denotes the 
number of consecutive pitches to which the deviation 
applies. 

In practice, a number is substituted for *'k", for example 
Fp3 indicates that a given cumulative pitch deviation 
refers-to three pitches. 
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ISO/TR 10064=1:1992(E) 

5.6 Checking recommendations 
Measurements are normally carried out at approximately 
mid tooth depth and/or mid facewidth, as appropriate.If 
the facewidth is larger than 250 mm, two additional 
profile measurements, each approximately 15% of the 

* facewidth distant from either-end of the facewidth, is 
advisable. Profile and helix deviations should be 
measured over three or more equally spaced, corresponding 
flanks. 

In order to ensure accuracy of measurements, inspection 
apparatus should be calibrated periodically against ap- 
proved standards, 

6 a THE CHECKING OF SINGLE AND CUMULATIVE PITCH DEVIATIONS 

6.1 General 

Checking of pitch deviations implies measurement of the 
actual (angular) values or comparator checks between 
corresponding flanks of teeth around the circumference of 
a gear. 

In contrast to the checking of normal, transverse and 
cumulative pitch deviations, base pitch deviations are 
checked in base tangent planes and are therefore 
independent of the qear axis. s 

f Pbt - 

Fig l 3 Pitch (pt), pitch deviation (f,t), 
transverse b&e pitch (pb& _t 
transverse base pitch deviation (fpb& 
cumulative pitch- (kxpt, in the Fig. kx3L 
cumulative pitch deviation (Fpkrin the Fig. k=3) 3 
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N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 , 
A 25 23 26 24 19 19 22 19 20 18123 21J9.21.24.25-27-21 , 
B 22.00 I 
cl+3 +l +4 +2 -3 -3 0 -3 -2 -4 +l -1 -3 -1 +21+31+5 -1 1 / 
D+3+4+8+101+7+4+4+1-l-5-4-5-8-9-7-4+1 0 r . 

Fig. 4 Sample table with hypothetical deviation values 
obtained by single pitch checking with a s 
comparator. In practice, integer values are seldom I 
encountered. 

N = pitch number 

A = Values obtained with a pitch comparator (two probes), 
without reference to a defined absolute value 

B = Arithmetic mean of all values A 

C = Pitch deviations fpt, expressed as the difference 
between individual values and mean value B 

D = Cumulative pitch deviations, acquired by consecutive 
addition of fpt (C) values, in the Fig. referred to 
the flank between the pitches 18 and 1, corresponding 
to the descriptions in Fig. 4 and Fig. 5. 

When angular pitch measurement (one probe).is applied, 
values D are ascertained by subtracting the theoretical 
angle from the measured angle at each position, then 
multiplying the differences (in radians) by the radial 
distance to points of probe/flank contact. Values C are 
then obtained by subtracting value D of flank number N-l 
from value D of flank number N. 

10 
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Flank Nr. 
18 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

;ch Nr. ’ I I I I I I I III . 
PI 

1s 16 18 17 
m . . . . . . 
Lziz . . . . . . 

13 

a i 
+h? z 

4 

. . . . . . t..... 
3 

1 
3 

3+3 
1 

I I - 

- 

/ m 1 fDt (of pitch N) I I I . . . . . 
ZE 
+3 

. 
s E t-9 
r” 
. . . . 1 . ..a 

+2 

- 

- 

3 

b . . . . . . . s . . . . . . . 
...... . ...... . 
q 
....... 

----- 
E - . ..*. - . . . . . 
T;;T5 

m 
. . . . . . - . . . . . . 
i;;7F; 
Pw+! 

lfps3 i- diagram t 

. . . . . . 
Ii@ . . . . . . . . . . . . d 

. . . . . 

t- -I) . . . . . ----- 
E 
-- ...... . . . . . . . . .... I I Fpks IF,,&- d ihgramprmpm [ ~~- b I i”“’ 

Fiq. s 5 A diagrammatic representation of pitch-deviations 
on the sample gear of Fig. 4 (z = 18) 

II 
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a Single pitch deviation fpt; fpt max. = + 5 Urn, at 
pitch 17 

b Cumulative pitch deviations Fpk, in the Fig. referred to . 
flank 18, Fpk max.= total cumulative pitch deviation Fp 
= 19 J,UII, between flank 4 and flank 14. 
Fp3 max.= 10 pm, between flanks 14 and 17. I 

C Pitch sector deviations f,S, measured over sectors of L. 
S = 3 pitches each. 
fps3 max. .= 8pm, between flanks 18 and 3 

d Cumulative pitch sector deviations Fpks, in the Fig. 
referred to flank 18, derived from pitch measurement 
by sectors (c). Total cumulative pitch sector deviation 
F ps * FpS3 = 15 pm, between flanks 3 and 15. 

In general, for large number of teeth, the difference between 
Fp and Fp5 becomes negligible. \ . 

6.2 The checkinq of sinqle pitch accuracy 

Fig. 6 Transverse pitch pt and single - 
pitch deviation fpt 

For checking pitch accuracy, commonly used devices are either 
a comparator, provided with two -probes, or an angular 
dividing apparatus having a single measurinq probe. - 

12 
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ISO/TR 10064-1:1992(E) 

Inspection practices relevant to these processes are 
described in clauses 6.2.1 and 6.2.2 respectively. 

Coordinate measuring machines without a rotatinq table can - 
also be used for measurements of pitch and pitch deviations 
by applying appropriate relative motions which generally . &. . 
correspond to the principle described in clause 6.2.2. 

6.2.1 Single pitch checking with a pitch comparator (two probes) 

The two probes are to be positioned at the same radial 
distance from the gear axis and in the same transverse 
plane. The direction of the probe displacement should 
be tangential to the measuring circle, 

Since the exact value of the radial distance is diffi- 
cult to ascertain, such comparators are seldom used to 
verify true values of transverse pitches. Thus the most 
suitable use of such instruments is for the determina- 
tion of pitch deviation. 

e pitch comparators are equipped with s . Som 
adv 
to 
und 
int 
sli 

ante the probes to a constant radial de 
approximately mid tooth depth (Fig. 7). 
er inspection turns slowly, either cant 
.ermittently around its axis, and the pr 
de are moved to and from the gauging po 

lide 
pth, 

The 
inuo 
obes 
siti 

s which 
normal 
gear 

lusly or 
on the 

on. 

1Y s 

Fig. 7 Pitch checkins with a pitch comparator a. 
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6.2.2 Pitch checking applying the angular indexing method (one probe) 

This process involves the use of an angular indexing 
apparatus. The degree of its precision must be consistent 
with the gear diameter. 

The measuring head is moved radially to and from a 
predetermined gauging position at which for each flank, 
the positional deviation from the theoretical position, 
is measured. Every value recorded represents the 
positional deviation of the relevant flank with respect 
to the selected reference or zero flank. A chart of 
recorded values thus shows cumulative pitch deviations 
(Fpk) around the gear circumference. 

Each single pitch deviation is determined by means of 
subtracting the positional deviation of flank number 
N-l from that of flank number N. Minus values are to be 
indicated as appropriate. 

Fig. 0 Pitch checking applying the angular . 
indexing method 

14 
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6.3 The checking of normal pitch accuracy with a pitch 

comparator 

Fig l 9 Normal pitch pn and normal pitch deviation 
f pn (normal section) 

Normal pitch deviation measurements should only be 
substituted for transverse pitch deviation measurements, 
when no suitable instrument other than a portable com- e 
parator, suitable only for checking "normal" pitch 
deviations, is available. With an instrument such as 
that illustrated in Fig. 10, the tip cylinder of the 
gear is used for positioning and it must be adequately v 
concentric with the gear axis, Other comparators which 
can be used for the same purpose have different means 
for positioning and do not use the tip surface as a . 
location surface. 

Fig 0 10 Portable pitch comparator for checkinq - 
normal pitch deviation, presented on a spur 
gear 

15 
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i3ecause the limits of tolerances set out in the 
standard IS0 1328, part 1, refer to transverse pitch, . . . 
the results of normal pitch deviation measurements are 
to be converted to transverse values before comparison 
with tolerance values is made. 

The relationship is as follows: 

f Pn 
f Pt = 

cosp 

Alternatively, tolerance values can be multiplied 
by cosb in which case fewer calculations are likely 
to be necessary. 

Normal pitch deviation measurements should not be summed 
to determine cumulative pitch deviation. 

6.4 The measurement of base pitch pb and of base pitch 
deviations fpb 

The transverse base pitch of a gear is equal to the 
length of the common normal to the transverse profiles 
of two consecutive corresponding tooth flanks. It is 
also the length of arc of the base circle between the 
origins of the involute profiles of consecutive 
corresponding flanks (Fig. 11). 

z 
pbt =dbX-- 

z 
. 

Fig. 11 Transverse base pitch pbt 
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The normal and the transverse base pitches are related 
in accordance with the following equation: 

pbn = Pbt % cospb 

Effective load sharing between the teeth of mating 
gears requires adequate control of base pitch accuracy 
of both elements. This is particularly important when 
gears of both elements are required to be 
interchangeable. In such cases an important measurement 
objective is determination of the value of the mean 
base pitch for comparison with the mean base pitches of 
other gears in the range. 

The theoretical value of normal base pitch is a func- 
tion of normal module and normal pressure angle, thus: 

pbn = mdLCOSa, 

Usually a portable comparator is used for the measure- 
ment of normal base pitch deviations. The principle of 
such an instrument is illustrated in Fiq. 12. With 
the aid of a suitable gauge, the base pitch comparator 
can be calibrated to measure directly the deviations 
deviations from a theoretical base pitch. 

L 

Fig 0 12 Portable instrument for measuring 
base pitch, presented on a spur gear 
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When measuring base pitch, it must be ensured that the 
points of contact with the comparator probes do not lie 
in zones with profile or helix modifications. 

When suitable profile checking equipment is not availa- 
ble, measured values of base pitch deviation can serve 
as a base from which the value of the pressure angle 
deviation f, can be derived. Because measured values 
of base pitch deviation are influenced by pitch devia- 
tions and profile form deviations, this procedure will 
only serve a useful purpose when the two latter devia- 
tions are quite small. 

In any calculations for the derivation of approximate 
mean values of pressure angle or other deviations, a 
mean value of base pitch is used. 

The mean normal base pitch deviation fpbm, the mean 
base diameter difference fdbm, the mean pressure 
angle deviation form and the effective base diameter 
db eff are related as follows: 

fdbm = 
f pbm X' 2 

r x co& 
f am 

fpbm 

db eff = db + 
fpbm % z 

6.5 Determination of cumulative pitch deviations Fpk and Fp 

Cumulative pitch deviations can be determined by means 
of the alqebraic summation of any specified number of . 
individual measured values of single transverse-pitch 
deviations (see Fig. 5b). The individual values of sin- 
gle pitch deviation are determined in accordance with 
clause 6.2.1. 

The angular indexing method, described in clause 6.2.2, 

provides directly the values of cumulative pitch deviation. 
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6.5.1 Determination of the total cumulative pitch deviation Fp - 

By definition, the "total cumulative pitch deviation" 
is the maximum cumulative pitch deviation of any sector 
of the corresponding flanks of a gear. Its value is 
equal to the distance measured at the appropriate scale 
between the highest and lowest points of the curve of 
cumulative pitch deviation. See Fig. 5b. 

6.5,2 Cumulative pitch checking over sectors 

When the comparator single pitch checking method is 
applied to gears with large number of teeth, accumula- 
tion of large numbers of measurement inaccuracies can 
result in substantial inaccuracies of values obtained 
by the summation process. One source of inaccuracy is 
failure to ensure that the trailing probe always 
contacts the point occupied by the leading probe during 
the preceding measurement. 

By checkins sectors of pitches, the possible frequency 
of the last mentioned inaccuracies will be reduced and 
it is recommended that measurement of sector deviations 
is adopted for gears having more than 60 teeth. 
Fig. 13 illustrates the principle of measuring the 
deviation of a sector of 4 pitches, includinq e.g. . . 
pitches numbers 1 to 4. The next sector to be measured 
would include pitches numbers 5 to 8, when the trailinq 
probe which is seen on the right comes into contact with 
that point on the flank of tooth number 4 which was 

19 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 10

06
4-1

:19
92

https://standardsiso.com/api/?name=baec805019e4e99f864d6199a883ddd4


ISO/TR 10064-l :I 992(E) 

previously occupied by the leading probe, as seen 
on the left of the figure. The precautions described in 
clause 6.2.1 are equally necessary to measurements of 
pitch sector deviations. 

Fig a 13 Principle of pitch measurement by sectors 

It is necessary to choose the number(S) of pitches per 
sector such that: 

a) The length of the sector chord is suited to the 
capacity of the comparator to be used. 

b) The number of values obtained will suffice for the 
plotting of an acceptable cumulative deviation 
curve. 

Aids to the choice of suitable numbers of pitches, by 
formula and curves, are provided in Fig. 14. 

If possible, z/S should be an integer. 

When, however, the quotient z/S is not an integer, the 
number of sector deviation measurements should be equal 
to the next whole number larger than z/S, in which case 
the last sector will include some of those pitches 
already included in the first sector of pitches. 
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Example 

z = 239, m = 8, chosen S = 5 

Hence, the number of sectors (of readings) must be at 
least eaual to 239 : 5 = 47*8. With 48 sectors (read- 
ings) there is an overlap of (5 x 48) - 239 = 1 pitch. 

15 

12 
10 

8 

1 

. . 0 160 260 360 460 660 ?bo 860 l&O i- 

Fig 0 14 Guide for choosing the number (S) of pitches per 
sector for pitch measurement by sectors 

6.5.3 Evaluation of pitch sector checkins results 

It is important to recognize, that the total cumulative 
pitch deviation is not always revealed in a curve based 
on algebraic summation of pitch sector deviations. This 
is because the effect of any extreme single pitch 
deviations lying within sectors, which would otherwise 
influence the value of the total cumulative pitch ._ 
deviation, can be compensated within the sector. 
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Thus if any values come close to exceeding the limits 
of specified tolerances, single pitch deviations in 
minimum, maximum and overlap zones should be blended 
into the cumulative pitch sector deviation curve in 
order to determine the total cumulative pitch deviation 
more accurately. 

It will be found convenient, to substitute numerical 
values in the subscripts of the symbols Fps and FpkS 
representing cumulative pitch sector deviation. By this 
means, the relevant arc length and/or the number of 
pitches per sector can be indicated. For example, 
Fp24s4 indicates the cumulative pitch sector 
deviation over an arc of k=24 pitches, based on 
measurements over sectors of 4 pitches. 

6.5.4 Significance of cumulative pitch deviation Fpk 

If cumulative pitch deviations over relatively small 
numbers of pitches are too large, in service conditions 
substantial acceleration forces will be generated. This 
holds especially true for high-speed gears, where these 
dynamic loads can be considerable. Hence the need for 
cumulative pitch tolerances over small numbers of 
pitches. 

Fig 0 15 shows cumulative pitch deviation diagrams for two 
gears. The total cumulative pitch deviations shown by 
each curve are similar, but maximum cumulative pitch 
deviations over small numbers of pitches are markedly 
different, as seen in the sectors "k" in curves "a" and 
tt n b 0 Depending on specified tolerances, the deviation .w 
Fp4 in curve "a'* of Fpk could be tolerable, 
whereas that in curve "b" may be unacceptable. - 
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Fig l 15 Cumulative pitch deviation diagrams 

The maximum cumulative pitch deviation Fpk over a 
specified number of k pitches can be derived from the 
Fpk diagram, by setting off from each flank of the 
gear in turn, the arc length (k )( pt). In practice, 
the maximum value can be found by observation of a 
small number of sectors. 

Considering the values provided as examples in Fig. 5 
with k=3t the maximum cumulative pitch deviation over 
three pitches equal to 1Opm is represented by the sum 
of the single pitch deviations of pitches numbered 15, 

16 and 17. 

A convenient way of identifying the position of any 
value of Fok is to list the relevant pitch numbers ?. 
in parentheses; for instance, the above example would be 
indicated as follows: 

Fp3 (15 0 0 l 17) = 10pm 

6.6 Notes on pitch deviation measurement and evaluation of 
results 

Single probes and comparator probes usually have spher- 
ical ends. Each probe axis should be aligned parallel 
to the radial line from the gear axis through the point 
of probe/flank contact (Fig. 7, 8 and 13) 
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For all measurements of pitch deviations other than 
base pitch deviations measured with a base pitch 
comparator, radial and axial values of runout should be 
so small that they can be neglected. If however, the 
axis of the gear to be inspected is offset from the axis 
of rotation of the inspection apparatus and the . 
position of the gauging device is fixed relative to the 
latter axis, a sinusoidal component having double 
amplitude equal to twice the eccentricity will be 
added to the true curve of cumulative pitch deviation 
of the gear. 

The sinusoidal curve due to the above mentioned offset 
(excentricity fe), which forms part of the cumulative 
pitch deviation diagram Fig. 15a, is derived from only 
one set of corresponding flanks. Its amplitude may be, 
and its phase will be, different from that of the curve 
of radial runout derived from both left and right 
flanks in combination, which will have double amplitude 
equal t0 2fe. 

An amount of eccentricity derived from measurements of 
cumulative deviation or tangential composite deviation, 
referred to right flanks or left flanks, is preferably 
denoted by the symbol feR, respectively feL* 

7 0 THE CHECKING OF PROFILE DEVIATIONS 

By definition (see IS0 1328, part 1, clause 4.2), pro- 
file deviations are normal to tooth profiles in trans- - 
verse planes. Nevertheless, deviation may be measured 
normal to tooth flank surfaces and such measured values 
are to be converted before comparing them with limits 
of tolerances, by dividing the values by cospbo 

7.1 The profile diagram 

The profile diagram includes the profile trace, a curve 
traced on paper or other suitable medium, by gear tooth 
profile inspection equipment. Deviations of the curve 
from a straight line represent deviations of the - 
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profile from an involute curve qenerated from the - 
base circle of the gear under inspection. 

Profile modifications also appear as departures from 
the involute curve, but these are not considered to be 
deviations from the "design profile". 

Any arbitrary point along the profile diagram can be 
related to a radius, a base tangent length and an invo- 
lute roll angle. 

Fig.16 shows a sample tooth profile and the relation to 
the corresponding profile trace, together with the 
appropriate terms. Details of terms, definitions and 
concepts concerning the profile trace, are provided 
in IS0 1328 part 1. 

The profile evaluation range L, is equal to the active 
length LAE but shortened at the tip or chamfer point 

by 8% in order to exclude from the evaluation uninten- 
tionally undersized tip zones which may result from the 
machining process and which do not impair gear perfor- 
mance. However, for assessment of total profile 
deviation (FJ and profile form deviation (ffa), 
excess of material within the remaining zone of 8% 
which increases the amount of deviation must be taken 
into account. For deviations due to minus metal within 
that zone, tolerances are increased. 
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LAE -4 ,I 

LAF 

4 -1-- 
1 

tip circle of mating gear 
-- 

1 : Design profile 
2 :Actual profile 

_ 3 :Mean profile 
la : Design profile trace 

2a :Actual profile trace 

3a :Mean profile trace 

4 : Origin of involute 
S :Tip point 

S-6 : Usable profite 

S-7 :Active profile 
C-Q :Base tangent length to 

point C 

4 c : I’nvolute roll angle to 
point C - - 

Q :Start of roll (point of 
tangency of transverse 
base tangent ) 

A :Tooth tip or start of chamfer 
C IReference point 
E Start of active profile 
F Start of usable profile 
LA~:Usable length 
LAE :Active length 

L :Evaluation range 
~~ : Base tangent length to start of active 

cc :Total profile deviation 
profile 

& :Profile form deviation 
f ,,:Profile slope deviation 

Fig l 16 Tooth profile hnd profile diagram 
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7.2 Evaluation of Drofile diagrams 

For purposes of gear quality classification, it is 
necessary to check only "Total profile deviation"F,. 
See IS0 1328 part 1. 

However, for some purposes it can be useful to determine 
the "profile slope deviation" fHa and the "profile 
form deviation" ffa. For this it is necessary to 
superpose the "mean profile trace" onto the diagram as 
shown in Fig. 16, also in the Fig 2, 3 and 4 in IS0 1328 
part 1, clause 4.2. Guidance for allowable values of ffa! 
and fHa is given in the annex B of IS0 1328, part 1. 

When profile deviations are measured normal to tooth 
flanks and have not been converted by the inspection 
apparatus to transverse values, the results are to be 
divided by cospb to convert them to the corresponding 
values normal to transverse profiles. The values so. 
obtained can then be compared with specified limits of 
tolerances which refer to deviations measured normal to 
transverse profiles. 
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7.3 Algebraic signs of fHa and f, 

The profile slope deviation is termed positive and the 
corresponding pressure angle deviation is termed . . 
negative when the mean profile trace rises towards the 
tooth-tip end A of the diagram, as shown in figure 16. 
In Fig. 17, both positive and negative slopes, caused 
by eccentricity of mounting on the gear generating 
machine are shown. 

. 

If the slopes seen in the profile diagrams of mating 
gears are equal and have the same sign, the deviations - 
are mutually compensating. This applies to both 
external and internal gears. 

7.4 Pressure angle deviation f, 

A profile rising towards its tooth tip end implies that 
the pressure angle is too small. 

The pressure angle deviation f, can be derived from 
the profile slope deviation using the following 
equations 

f Ha 
in radians: fa = - 

La X tanatx103 

206,26x fHa 
in arc seconds: fa = - 

La X tanat 

f Ha in pm, La in mm 

For both external and internal gears: 

when fHa* 0, then fdb > 0 and fa d 0. 
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7.5 Mean profile slope deviation fHam 

Slope deviations of individual profiles can be caused 
by eccentricities due to inaccuracies of manufacturing 
or inspection set-up, however, such deviations will 
vary around the gear. In the mean value of profile 
slope deviations related to corresponding flanks, such 
variations are cancelled out. 

The effect of eccentricity on profile slope, and the de- 
termination of mean profile deviation, are illustrated 
in Fig. 17. 

f Hdm = 

A = The axis of rotation 
that of the gear. 

B = The axis of rotation 
that of the gear. 

C = The position of tool 
1 A3 = Positions of the 

1 
3 

(-11J -6,6 + 5,7) = -4 pm 

of the machine tool relative to 

of the inspection apparatus and 

or profile measuring probe . 
profiles from which the 

traces were obtained (at 45', 165" 285") and 
relevant profile traces s 

Fig l 17 Mean profile Slope deviation fHam 
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It is necessary to calculate the average value of the 
slope deviations of the profiles of corresponding flanks 
of gear teeth as a step towards an eventual decision on 
what steps are to be taken by way of correction of 
machine tool settings or other suitable action. 

For all practical purposes, it is usual.ly sufficient to 
calculate the arithmetic mean of the profile slope 
deviation of a limited number of equispaced 
corresponding flanks around %he gear circumference. 

A suitable mean value can be obtained from the profile 
traces of corresponding flanks of two diametrically 
opposite teeth. However, if profile slope deviations 
vary around the gear, this will not always be disclosed 
unless traces of the profiles of at least three 
equispaced corresponding flank are obtained. e. 

7.6 Base diameter difference fdbr mean base diameter 
difference fdbm and effective base diameter db eff 

The base diameter difference fdb = db eff - db is 
directly related to the profile slope deviation fHao 
The relationship is as follows: 

d b 
fdb = fHa x - 

La 

Thus, when the "mean profile Slope deviation" fHam 
is determined (see clause 7.5), the mean base diameter 
difference and the effective base diameter can be 
derived from the following equations: 

d b 
fdbm = fHam x 

La 

fHam 
db eff = db ( 1 + 1 

La 
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7.7 Profile tolerance field 

A convenient inspection procedure is to check whether 
or not the profile trace can be enclosed in the speci- 
fied tolerance field. 

Many of the tolerance fields specified have forms roughly 
resembling the letter "K" (Fig 18), hence the well known 
term "K-chart", 

The use of such a chart is illustrated in Fig. 18a in 
which the profile trace lies within the tolerance field, 
whereas in Fig. 18b the profile trace does not. 

Fig. 18 Inspection of profile accuracy by the tolerance 
field method 

If need be, a combination of the two types of evaluating 
the profile accuracy (with standard tolerances referred 
to a quality grade and with the tolerance field method) 
can be applied, as shown in the example in Fig. 19. 

E a 1 
E 

A B 0 E a 1 

L 
. 

80 LOE LE 
c4 

L 
* AE 3 

Fig 0 19 Different tolerance systems for different 
profile zones 
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7.8 Profile barrellins C, 

For some fields of application, suitable profile modi- . 
fication involves tip and root relief of arcuat'e form 
which normally extends from about the middle of the 
evaluation range towards tips and roots of the gear 
teeth. See Fig. 20. 

A E F 

+ 

!( 
--m-w -- 

- 

L ol. 
d 

----- 

Fig l 20 Profile barrelling Ca 

Fig. 21 Determination of profile barrelling C, 
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The amount by which the height of the curvature of the 
involute is increased can be determined as described 
in the following. 

In the diagram, a straight line is drawn through the 
points of intersection of the profile trace 
or its mean trace with the ends of the evaluation range, 
as shown in Fig. 21. The distance between this line 
and a parallel to it which is tangent to the mean curve, 
measured in direction of recorded deviations, is equal 
to the amount of profile barrelling (Ca)* 

In profile diagrams generated from intentionally 
barrelled teeth, design and mean profile traces are 
usually parabolic curves. 

8 0 THE CHECKING OF HELIX DEVIATIONS 

By definition, helix deviations are the amounts measured 
in the direction of transverse base tangents, by which 
actual helices deviate from design helices. If deviations 
are measured normal to tooth flanks, they are to be divi- 
ded by cosfib to convert the values to transverse quanti- w 
ties before comparisons with limits of tolerances are 
made. 

8.1 The helix diagram 

The helix diagram includes the helix trace, a curve generated 
on paper or other suitable medium by helix checking equipment. 
Deviations of the curve from a straight line represent, in 
magnified form, deviations of the actual helix from an 
unmodified helix. 

Helix modifications introduced by the designer also appear 
as departures from the straight line, but they are not 
considered to be deviations from the "design helix". See 
IS0 1328 part 1, clause 4.3.1.4. 
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Sometimes trace lengths are magnified representations 
of small facewidths, or reduced representation of large 
facewidths. See also "length of trace" IS0 1328 part 1, 
clause 4.3.1.2. 

Relevance to right hand and left hand helices can be indi- 
.cated by means of the letters *Y respectively '9" used 
either as symbols or as subscripts. 

In Fig. 22, a typical example of a helix diagram shows the 
helix deviations of a tooth flank of which the design 
helix is an unmodified helix. Had the "design helix" been 
crowned, end relieved or otherwise modified, traces 
representing it would be appropriately formed curves. 

Details of terms, definitions and concepts concerning the 
helix trace are provided in ISO-1328, part 1, 

CL 

A A Q 
4I [ 

--ma 
. 

Lp 

b 

1 : Design helix trace Fo : Total helix deviation 

2 : Actual helix trace f,p : Helix form deviation 

3 * Hean helix trace . fHP: Helix slope deviation 

b : Facewidth or distance QX: Axial wavelength of 
between chamfers undulation 

L 0 : Helix evaluation range f,p : Undulation height 

I : Reference face II : Non-reference face 

3 

Fig 0 22 Helix diagram 

34 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 10

06
4-1

:19
92

https://standardsiso.com/api/?name=baec805019e4e99f864d6199a883ddd4


ISO/TR 10064-l :1992(E) 

The helix evaluation range Lb is equal to the length of 
trace, reduced at each end by 5% of length of trace, 
but not by more than one module (1 X m). This reduction 
is made in order to ensure that unintentional, slight end 
reliefs caused by some machining conditions, are not 
normally included in the assessment of the deviation 
magnitudes intended for comparison with stringent tole- 
rances. For assessment of the total helix deviation 
(Fb) and the helix form deviation (ffg)l excess of 
material within the end zones of 5% which increases the 
amount of deviation must be taken into account. For 
deviations due to minus metal within these end zones, 
tolerances are increased. 

8.2 Evaluation of helix diagrams 

For purpose of gear quality classification, it is neces- 
sary to check only “Total helix deviation" Fb. See IS0 
1328 part 1. 

However, for some purposes it can be useful to determine 
the "helix slope deviation" fHb and the "helix form 
deviation" ffB l For this it is necessary to superpose 
the representative "mean helix trace" onto the diagram as 
shown in Fig. 22. Recommendations for tolerable values of 
ffp and fHb are given in the annex B to IS0 1328, 
part 1. 

When helix deviations are measured normal to tooth flanks 
and have not been converted by the inspection apparatus 
to transverse values, the results are to be divided by 
cosbb to convert them to the corresponding values normal 
to transverse profiles. The values so obtained can then 
be compared with specified limits of tolerances which 
refer to deviations measured normal to transverse 
profiles. 
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8.3 Determination of the helix slopedeviation by axial - 
pitch checking 

Where helix diagrams cannot be obtained, for example on 
very large gears which cannot be checked on measuring 
machines, the “helix slope deviation" fHp can be 
determined from measurements taken with an axial pitch 
instrument. 

Instruments of this type essentially comprise a 
precision level and two ball styli. The styli are 
adjusted so that the spacing of the balls is 
approximately equal to an integer number of axial 
pitches. The balls are placed in gear tooth spaces with 
the line of their centres roughly parallel to the gear 
axis. The level is then adjusted to zero and any 
reiative tilt at other positions around the gear is 
determined. The tilt determinations, together with the 
distance between the styli can be related mathematically 
to the mean helix slope deviation of the flanks. The 
method is not of high precision. 

If the measurements are taken at three or more equally 
spaced positions around the gear, the effect of 
transverse pitch deviations on the result tend to 
cancel, and an approximate mean "helix slope deviation" 
that is independent of the gear axis can be calculated. 

Furthermore, provided neither gear flank has severe 
profile deviations and the gear flanks are not crowned, 
the mean "helix slope deviation" for the left and right 

. flanks can be determined. 

Measurements can be taken with the gear in any attitude 
without affecting their validity. 

For this method to be used requires that the gears have 
a facewidth greater than one axial pitch. 
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3.4 Algebraic signs of fHp and fp 

The helix slope deviation fHb and the helix angle 
deviation fp are to be completed with an algebraic 
sign. 

Deviations are deemed to be positive (fHp 7 0 and fb P 0) 
when helix angles are larger, and negative when helix 
angles are smaller, than the design helix angle. 

The helix deviations of spur gears if other than zero are 
indicated by the subscripts “r" and “l", instead of an 
algebraic sign, implying deviations in the sense of right 
or left hand helices respectively. 

If the helix deviations fHp and fb of a gear and its 
mating gear flanks are equal in magnitude and algebraic 
sign, the deviations are mutually compensating. 
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8.5 Mean helix slope deviation fHbm and mean helix 
angle deviation fbm . 

If during manufacture a gear was mounted with its axis 
offset from the axis of rotation of the gear generating 
machine or if these two axes were crossed, slope devia- 
tions of the gear tooth helices would vary around 
the gear. See Fig. 23* 

Even when the deviations are within specified limits of 
tolerance, attention should always be drawn to this fault 
because of its possible contribution to gear vibrations 
in service and in order that steps miqht be taken to 
avoid future occurence of the same. 

O"(36001 90° 180 0 270° 

Fig 0 23: Traces generated from four tooth flanks 
spaced equally arround gear, illustrating 
helix slope deviations associated with 
eccentricity or wobble. 

For some purposes, e.g. for correction of machine tool 
setting or adaptation to mating gear, it is necessary to 
determine the mean helix deviation by calculating as 
follows the-average of several deviations measured on 
three or more flanks of teeth spaced equally around the 
gear. 
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A suitable mean value can be obtained from the helix 
diagrams of corresgonding flanks of two diametrically 
opposite teeth. However, if the helix slope deviations 
vary around the gear, this will not always be disclosed . 
unless traces of at least three equispaced flanks are 
obtained. 

8.6 He1 ix tolerance field 

A convenient way of checking helix accuracy, is to 
verify whether or not the trace can be enclosed in 
the specified tolerance field. 
Details of this method are to all intents and purposes 
the same as those described for the "profile tolerance 
field", see clause 7.7. 

8.7 Tooth crowning CR 

In a diagram the helix trace of an unmodified tooth 
flank would be represented by a more or less straight 
line whilst the correspondins trace of a crowned tooth 
flank would be an arcuate curve. In helix diagrams gene- 
rated from intentionally crowned teeth flanks, design and 
mean helix traces are usually parabolic curves. 

The procedure for evaluation of profile barrelling C, 
which is similar in form and which is described in clause 
7.8, is equally applicable to evaluation of gear tooth 
crowning Cg. 

Fig l 24 Tooth crowning Cp 
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8.8 Undulations 

Undulations are helix form deviations having constant 
wavelength and almost constant height. Perturbations of 
gear production machine transmission elements are their 
most common cause, especially those of: 

a) the cutter saddle feedscrew drive, and 
b) the worm of the indexing wormgear drive. 

The wavelength of undulations caused by a), measured in 
direction of helix, is equal to the pitch of the feed- 
screw divided by cosg. 

Of undulations due to cause b) the wavelength is: 

d *i7' 
A B = 

zM * sin B 

The number of undulations generated as a result of b), 
projected into a transverse plane, are equal to the 
number of teeth zM of the master indexing wormwheel. 
These can be sources of objectionable pure-tone 
components of noise spectra, at frequencies corre- 
sponding to the rotational speed (revolutions) of the 
affected gear multiplied by zMo 

The method of application of the undulation measuring 
attachment of a helix checking apparatus is shown in 
the diagram in Fig. 25. This is discussed in the fol- 
lowing. 

When undulations due to the causes a) or b) mentioned 
above are to be measured, the appropriate wavelength is 
calculated and the spherical location feet of the at- 
tachment are set at an odd number of wavelengths dis- . 
tant from each other. 

The amount of the undulations are indicated by a probe 
situated midway between the feet as the latter are slid 
along the helix. 
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It can be seen in the figure that the displacement of the 
probe when a peak and next a trough are sensed by the probe, 
is equal to twice the height of the undulation as shown 
in Fig. 25. This feature enhances the sensitivity of the 
apparatus which also plots the results in the form 
of a diagram. 

It should be noted that the undulations would not be indi- 
cated if the feet were spaced at a distance equal to an 
even number of wavelengths as shown in Fig. 25 with 
S = 4Aj3 l 

Fig. 25 Principle of undulation inspection 

9 0 CHECKING OF TANGENTIAL, COMPOSITE DEVIATIONS 

9.1. General 

For purposes of verifying tangential composite devia- 
tions, two gears one of which may be a master, are ro- 
tatably mounted in mesh at an appropriate centre dis- 
tance. The gears are then rotated whilst contact occurs 
on only one set of corresponding flanks until a complete 
diagram is generated. 

During the tangential composite deviation check, gear 
tooth flank contact is maintained under very light load 
and low angular velocities. Thus the generated records 
reflect the combined influence of the deviations of 
tooth elements of both gears of the pair (i.e. profile, 
helix and pitch). D 

The following combinations can be checked: 

a) A product gear meshed with a master gear. 
b) A pair of mating product gears. 
c) A train of gears with more than two gears in mesh. 
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Concerning case a), a suitable record is generated 
during one turn of the product gear. 
Attention must be paid to the fact that the accuracy of 
the master gear influences the checking results. 
Inaccuracies of the master gear are usually neglected, 
if its accuracy is by at least 4 quality grades higher 
than that of the product gear. If the quality of the 
master gear is less than four grades better than that 
of the gear to be inspected, inaccuracies of the master 
gear are to be taken into account. 

The total tangential composite deviation (Fi') is the 
maximum difference between the effective and the theo- 
retical circumferential displacement (at the reference 
circle) of the gear under inspection which is turned 
through one complete revolution. w 

The tooth-to-tooth tangential composite deviation 
(fi') is the value of the tangential composite 
deviation over a displacement of one pitch. 

Concerning case b), the generated deviations (F' and 
f') involving two product gears are termed 
"transmission deviations of a gear pair". In order to 
fully explore the complete spectrum of the deviations, 
it is necessary to continue rotation until both product 
gears have made the number of turns equal to the number 
of teeth of its mating gear divided by the highest 
common factor of the respective numbers of teeth of the 
two meshing gears (zl and 22). The numbers of 
revolutions determined in this way correspond to the 
complete meshing period of the gear pair. The diagram 
generated reflects the components of element deviations 
of the teeth of both gears of the pair. If deviations 
of the teeth of the individual gears are to be 
identified, the data must be suitably processed, see 
clause 9.3.3.2. 
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Tanqential composite deviations of heavily loaded 
qears can also be similarly checked when a suitable rig w 
is available. Under such circumstances, recorded 
deviations are influenced by load induced tooth * 
deformations, by mesh stiffness variations and, 
depending on the speed of rotation, by impact effects 
as well as by imperfections of tooth geometry. IS0 1328, 

part 1, does not apply to this kind of inspection. 

The third case c) is the assessment of the kinematics of 
a gear transmission. Such inspection is not considered 
to be within the field of application of IS0 1328. 

9.2 Checking product-qear / master-qear pairs 

9.2.1 Spur qears 
Recorded diagrams of tangential composite deviations 
generally include short period components corresponding 
to successive cycles of tooth engagement, superposed on 
long period components associated with complete 
revolutions of each of the meshing gears. 

The diagram in Fig. 26 represents the record of 
tangential composite deviations generated during one 
revolution of a pinion havinq sixteen teeth when meshed - 
with a master gear. 
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In the figure the "total tangential composite deviation" 
Q’ t the maximum "tooth-to-tooth tangential composite 
deviation" fi' as well as the profile component “a" 
and the single pitch component "b" are indicated. 

fi' = tooth-to-tooth tangential composite 
deviation (maximum value) 

Fi' = total tangential composite deviation 
a =,deviation largely influenced by the profile 

deviation 
b = single pitch component 

Fig. 26 : Tangential composite 
deviation diagram 
of a spur gear 

9.2.1.1 Influence of profile deviations of spur aears 
When using a master gear in the checking of tangen- 
tial composite deviations, the assumption that the 
master gear is perfectly accurate implies that the 
generated tangential composite deviation diagram 
represents only the combined deviations of the 
tooth elements of the product gear. 
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Fig l 27: Influence of profile 
deviations of spur gears 
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Fig l 27 shows schematically, tangential composite 
deviation recordings of three consecutive cycles of 
tooth engagement of a master gear and product gear, 
corresponding to each of three different tooth pro- 
files, the first of which is unmodified and 
faultless, the second being Progressively modified L 
from mid-depth towards each limit of the active 
profile and the third with "slope deviation". 

Fig 0 27A shows the straight line diagram which would 
be generated by a test gear and master gear both of 
which have faultfree unmodified teeth. 

In Fig. 27B, the record indicates the influence of 
tip and root relief in form of a profile barrelling 
over the whole profile (C,). From the start of the 
tooth engagement cycle with first contact at the 
tooth tip of the driven product gear, the deviation 
value increases progressively to zero as contact 
nears mid-tooth 'depth, then changes to a progres- 
sively decreasing trend as contact approaches the end 
of the tooth engagement cycle. 

In Fig. 27C, the triangular components of the diagram 
show progressive tangential composite deviation from 
zero to a negative value as contact moves from the 
product gear tooth tip towards the start of active 
tooth profile. At this point, contact abruptly trans- 
fers to the following tooth with the introduction of 
an equally abrupt positive tangential composite de- 
viation. 

It must be borne in mind that generated diagrams of 
tangential composite deviations do not merely reflect 
influences of profile deviations revealed by checks 
on a few teeth, but may be influenced by contact 
involved in any prominences on the working surfaces 
of the teeth of the product gear. 
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9.2.1.2 Influences of pitch deviations of spur gears 
In the event of a pitch deviation at pitch N: When 
during the course of rotation contact is transferred 
from tooth number N-l to tooth number N, a local 
tangential component will be introduced which will 
show on the tangential composite deviation diagram 
as a displacement of one of the profile-generated 
components of the diagram. 

The schematic diagram in Fig. 28 illustrates the 
influence of single pitch deviations on the tangen- 
tial composite deviation diagram. 

single pitch 

Fig 0 28: Influence of single pitch deviation 
of spur gears 

Single pitch deviations have cumulative effect on the 
tangential composite displacement arc as they pass 
through the mesh. Their influence is clearly visible 
on the tangential composite deviation diagram thus 
enabling values of cumulative pitch deviations, (e.g. 
when k=2, k=3 and etc.) to be determined as the 
ordinates of tangents to the apices at appropriate 
numbers of pitches apart. The principle is illustra- 
ted in Fig. 29, in which influences of single pitch 
deviation, combined single pitch and profile 
deviation and also approximate total cumulative pitch 
deviation are indicated. 
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