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Foreword

ISO (the Inte

rnational 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 wark SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 21771 w

wormgearing.

This first edi
revision.

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting. ‘Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 60, Gears, Subcommittee SC 1, Nomenclaturg and

tion of 1ISO 21771 cancels and replaces ISO/TR 4467:1982, of which it constitutes a technical
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INTERNATIONAL STANDARD

ISO 21771:2007(E)

Gears — Cylindrical involute gears and gear pairs — Concepts
and geometry

This |nternational Standard specifies the geometric concepts and parameters for cylindrical|gears
helicoid tooth flanks. Flank modifications are included.

It alsp covers the concepts and parameters for cylindrical gear pairs with parallel ‘axes and a g
ratio,| which consist of cylindrical gears according to it. Gear and mating gear,in” these gear pairs have the
samg basic rack tooth profile.

The

The

2

quations given are not restricted to the pressure angle, ap = 20°

tandard is structured as follows.
isting of symbols and nomenclature for a unique description of gears and gear pairs (see Cl
quations and explanations of the relevant values for defining a cylindrical gear and its tooth

quations for determination of the nominal values for zero-deviation gear description pa
tated for radial tooth dimensions (gear tooth-heights), the distance between flanks of the sa

with involute

onstant gear

huse 3).

system. The
rameters are
me hand, the

istance between flanks of opposite hand,) as well as the tooth flank characterizing parameters (see

lause 4).
quations and explanations of the relevant values for defining cylindrical gear pairs. The equ
ssential parameters characterizing the engagement conditions of the unloaded gear pair a
lause 5).

quations and suggestionsfor desired flank modifications (see Clause 6).

oncepts and recommendations needed for a unique geometrical definition of the intended
anufacture (Clause 7).

ations for the
re listed (see

results from

quations-fof determination of the nominal values or the limiting values for the most usgd inspection

ethods-for tooth thickness (see Annex A).

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 53:1998, Cylindrical gears for general and heavy engineering — Standard basic rack tooth profile

ISO 1328-1:1995, Cylindrical gears — ISO system of accuracy — Part 1: Definitions and allowable values of
deviations relevant to corresponding flanks of gear teeth

ISO 1328-2:1997, Cylindrical gears — ISO system of accuracy — Part 2: Definitions and allowable values of
deviations relevant to radial composite deviations and runout information
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3 Symbols, subscripts and units

3.1 Symbols
Symbol Description Used in
ay, centre distance of a cylindrical gear pair 5.2.3
ag centre distance in the generating gear unit 7.5
ap centre distance for tooth flank engagement A8
b |facewidth 428
b |{isable facewidth 428
bm tontact line overlap (for measuring base tangent length) A.21
by Tctive facewidth (the facewidth used) 54.7.2
c llip clearance 5.2.7
CF form over dimension 544
d rleference diameter 424
dy, llip diameter 4.5.3
dao ilip diameter of tool 7.5
dam llip diameter of overcut cylindrical gears A.9
dy, tl)ase diameter 4.3.10
dpg +ase diameter of the pinion-type cutter 7.6
ds rloot diameter (nominal dimension) 454
dig rloot diameter produced 7.5
dry vloot diameter of the pinion-type cutter A9
d, -circle diameter 4.5.1
dy, vorking pitch diameter 525
dy -circle diameter 4.3.3
drq lIip form diameter 7.6
dra0 4ip form diameter of the pinion-type cutter 7.6
drs root form diameter 7.6
dy diameter of circle through centre of ball Ab
dy diameter of a measuring circle A2A1
ZIN active tip diameter 5.4.1
dng start of active profile diameter (SAP diameter, active root diameter) 541
e space width on the reference cylinder 4.7.3
eyt space width on the Y-cylinder 4.7.3
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Symbol Description Used in
ep space width of the standard basic rack tooth profile 4.2.3
ga length of addendum path of contact 5452
g length of dedendum path of contact 5.4.5.2
ga length of path of contact 545.2
Say distance of a point Y from pitch point C 5.6.1
en arc-of-contact 5474
h tooth depth (between tip line and root line) 4611
14 addendum 4.6)2
Hap addendum of the standard basic rack tooth profile Figurg 4

hhpo |addendum of the tool standard basic rack tooth profile 7.5
0 dedendum 4.6J2
P dedendum of the standard basic rack tooth profile Figurg 4
hpo | dedendum of the tool standard basic rack tooth profile A9
hw working depth of teeth in a gear pair 5.216
hep  |depth of dedendum form of the standard basic rack tooth profile Figure 4
ik radius of the tip corner chamfering or tipé€orner rounding 6.1]2
p tooth depth of standard basic rackeoth profile Figurg 4
inv involute function 4319
bn contact backlash 5.9
B radial backlash 5.1
i circumferential(backlash at the reference circle 5512
it circumferential backlash at the pitch circle 5.5
k number—of teeth, spaces or pitches in a span (e.g. number of teeth A.21
spanned)
k addendum modification coefficient 452
Ih 4% path of engagement 5.418
>l sum of path of contact 54.8
mp normal module 4.2.7
my transverse module 4.2.7
My axial module 427
ng number of revolutions of driving gear (rpm) 5.2.2
ny, number of revolutions of driven gear (rpm) 522
p pitch, pitch on the reference cylinder Figure 4
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Symbol Description Used in
Pbn normal pitch on the base cylinder 445
Pht transverse pitch on the base cylinder 4451
Den normal base pitch on the path of contact 4452
Pet transverse base pitch on the path of contact 4451
Pn normal pitch 4422
Dt ansverse-pieh 4424
Px arxial pitch 4.4.4
Pyn rl\ormal pitch on the Y-cylinder 414.3
Pyt llransverse pitch on the Y-cylinder 4.4.3
Dy lead 4.3.2

q r|nachining allowance on tooth flank 7.2
dFs \lmdercut Figure 24
SaK 1esidua| tooth thickness at tip with tip corner chamfering<or tip corner 6.1.2

ounding
Shn rl\ormal tooth thickness on the base circle A22
S rl\ormal tooth thickness on the reference circle 4.7.5

inimum normal tooth thickness on the reference circle 7.3

aximum normal tooth thickness on thelreference circle 7.3

39:
7]
ﬁ_ ﬁ_

ransverse tooth thickness on the reférence circle 4.7.1

%)
&
e+

Syn rl\ormal tooth thickness on thetYscylinder 4.7.5
Syt fransverse tooth thicknesé.on the Y-cylinder 4.71
Sp tooth thickness of the-standard basic rack tooth profile 423
u gear ratio 5.2.1
Vg sliding speed 5.6.1
Vga liding.speed at the addendum 5.6.1
Vof sliding speed at the dedendum 5.6.1
Va normal speed 5.6.1
x profile shift coefficient 429
XE generating profile shift coefficient 7.4
Xemin | 9enerating profile shift coefficient at undercut limit 7.7
x| profile shift coefficient of master gear A.8
z number of teeth 4.1.5
Z4 number of teeth of driving gear 5.2.2
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Symbol Description Used in
Zp number of teeth of driven gear 522
zL number of teeth of master gear A8
Zq number of teeth of pinion-type cutter 7.6

starting point of meshing 54.3
B starting point of single tooth contact on driving gear 5451
pitch point, depth of relief for modifications 5.4.3
¢ay modification of the profile 6.9
¢py modification of the flank line 6.9
¢y modification of the flank surface 6.9
¢ amount of tip relief 6.211
(" amount of root relief 6.211
de;  |tip amount of triangular end relief modification 6.4]2
(e root amount of triangular end relief modification 6.4]2
L amount of modification at point (i,j) 6.411
(/7 amount of transverse profile slope modification 6.2]2
Co amount of profile crowning (barrelling) 6.2{3

Cgp Cpi |@amount of end relief 6.3]1

Cs amount of flank line crowning 6.3]3
Qg amount of flank line slope- modification 6.3]2
D measuring ball or méasuring cylinder diameter Af

end point of single-tooth contact point on driving gear 5449.1

E end point of ' meshing 5.4]3
;i normakteoth thickness deviation limit (or allowance) A9
Hqni lower: deviation limit for tooth thickness 7.3
Hns » \pupper deviation limit for tooth thickness 7.3
Ky sliding factor 5.612
Kya sliding factor at tooth tip 5.6.2
Ky sliding factor at tooth root 5.6.2
Lag roll length 6.2
Leg tip relief roll length 6.2.1
Ly root relief roll length 6.2.1

L), Lgy |length of end relief 6.3.1

Lg, tip roll length of triangular end relief modification 6.4.2
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Symbol Description Used in
Lgs root roll length of triangular end relief modification 6.4.2
Myk  |dimension over balls AT
Mgz  |dimension over cylinders A7
M radial single-ball dimension A5
M radial single-cylinder dimension A.6

N nuRberef-tooth-or-piteh 446
(0] tentre of a circle Figure 10
S, twist of the transverse profile 6.4.3
Sg twist of the flank line 6.4.3
Tqn tooth thickness tolerance Figure 37
T tontact point of tangent (lines of engagement) at base circle Figure 10
U involute point of origin 4.3.7
Wy trase tangent length over k measured teeth or measured spaces A.2.1

Y +ny point on a tooth flank or involute 4.3.5
o, rl\ormal pressure angle 4.3.6
o llransverse pressure angle 4.3.5

vorking transverse pressure angle of gear pair 524

Ao vorking transverse pressure angle in.the-generating gear unit 7.6
Ay Tormal pressure angle at the Y-cylinder 4.3.6
Oyt ?Iransverse pressure angle atthe Y-cylinder 4.3.5
OF¢ +ressure angle at root form circle 7.6
oK +ressure angle atcirele through centre of ball A5
Oy ?Iransverse préssure angle at a point at circle through centre of ball A5
Mt ?Iransverse pressure angle at a point at measuring circle A5
ap ;I)ressure angle of the standard basic rack tooth profile 4.3.6
apg p|>ressure angle of the tool basic rack tooth profile 7

o working transverse pressure angle for double-flank engagement A.8
iyt transverse pressure angle at the V-cylinder A5

S helix angle 4.3.3
By base helix angle 433
,By helix angle at Y-cylinder 4.3.3
Ow angle of rocking for span measurement A.2.1
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Symbol Description Used in
y lead angle at reference cylinder 4.3.3
Yy lead angle at Y-cylinder 4.3.3
£y transverse contact ratio 5.4.7.1
&g overlap ratio 5473
&y total contact ratio 54.75
z specific-stiding 5613
Ct specific sliding at end points of path of contact 563
n space width half angle at reference circle 4.714
7o base space width half angle 4.714
7y space width half angle at Y-circle 4714
fy rolling angle of the involute at point Y 437
ZFa0 rolling angle at tip form circle of pinion-type cutter 7.4
= rolling angle at root form circle 7.6
dNa rolling angle at active tip circle 5.411
INf rolling angle at active root circle 5.411
Ao root radius on the standard basic rack-tooth profile Figurge 4
Dy radius of curvature of the involute_at point Y 4.318
T angular pitch 442
a backlash angle 5.5)2
D, transverse angle @f transmission 54.7.1
Pg overlap anglé 54.1.3
P, total angle) of transmission 5415
W toothithickness half angle at reference circle 4.712
b base tooth thickness half angle 4712
v tooth thickness half angle at Y-circle 4.7{2
0, angular velocity of driving gear 5.2.2
o) angular velocity of driven gear 522
>x sum of profile shift coefficients 5.3
2xg sum of profile shift coefficient, non-zero backlash 53

© 1SO 2007 — All rights reserved 7
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3.2 Subscripts

Subscript Description Used
in®
— a
a for quantities associated with the tip of a tooth or for the driving gear 522
b for quantities associated with the base cylinder 4.3.10
b for quantities associated with the driven gear 522
e for quantities associated with the plane of action
f for quantities associated with the root
g for “sliding”
i for the lower limit in the case of deviations
k for a number of teeth, spaces, pitches or spans
I for “left-hand”
m for a mean value
max for a maximum value
min for a minimum value
n for quantities in a normal section 4.2.6.2
r for “right-hand”
s relating to “tooth thickness”, for the upper limit-in the case of deviations
t for quantities in a transverse section 4.2.6.1
% for quantities associated with the \/<€ylinder 4.5.1
w for quar_1tities associated with.the’ pitch cylinder and working values of a
gear pair
X for quantities in an axialseetion 4.2.6.3
for values at a point( (on the Y-cylinder)
E relating to “genérating” (e.g. quantities generated on the cylindrical gear) or
“generator”
F for quantities determining form circles and maximum usable flank area
K for guantities resulting from corner chamfering or for ball dimensions
L for'designating a master gear
L for designating left flanks 418.2
M for designating a measured value
N for active circles
P for quantities of the standard basic rack tooth profile
PO for quantities of the tool standard basic rack tooth profile
R for designating right flanks 4.1.8.2
V for working side, for rough gear cutting
w for measuring base tangent length

© 1SO 2007 — All rights reserved
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Subscript

Description

Used
inP

for quantities associated with cylinder dimensions

for quantities associated with contact

for quantities associated with a tooth trace

for total contact ratio

for “sum”

for quantities associated with the generating tool or the generating gear unit

for quantities associated with the pinion (smaller gear) of a gear pair

N—\OMNQQN

for quantities associated with the wheel (larger gear) or internal gear, used
for designating a coefficient relating to the module

I

for locating face

II

for the face opposite the locating face

@  No subscript designates quantities associated with the reference cylinder.

Used with the symbols listed in 3.1 or as additions.

3.3 | Units

The quantities dealt with in this International Standard-are to be stated in the following units:

— 1nodules, lengths and linear dimensions in millimetres (mm);

— angles which are to be used in equatiens in radians (rad);

— angles which can be used for entries or to display results in degrees (°);

— angular velocity in radians per second (rad/s).

NOTE The notation..|z[,~denotes the absolute value, which is always positive, e.g. |-50| = +50. The expression

V4

z

— is|used to extract.the sign of the tooth number and is convenient for programming. In particular, it is| used often to

deterfnine the appropriate sign for an element of an expression; the result is 1 for external gears and —1 for internal gears.
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4 Individual cylindrical gears

In this clause, the geometry of gear teeth is described using a generation process based on zero backlash
engagement with a basic rack. The relationships are valid for any basic rack, but the standard basic rack
(see ISO 53) is used for illustration. The standard basic rack tooth profile of the tooth system has straight
flanks. Its datum line is the straight line on which the nominal dimensions of tooth thickness and space width
are defined as equal to half the pitch. The standard basic rack tooth profile has the same pressure angles for
the left and right flanks and the addendum plus bottom clearance equal to the dedendum. The helix angles for
all the tooth flanks of a gear have the same nominal value.

4.1 Concepts for an individual gear

411 Gear

cylindrical gear, external gear, internal gear

A gear is a rptationally symmetrical object (gear blank) with a tooth system worked into the sim. ‘A cylin
gear is a gegr with a cylindrical reference surface. A distinction is made between external“and internal

according to
external gea

the radial arrangement of the teeth in each case. The tips of the teeth (point outwards
and inwards in an internal gear.

4.1.2 Tooth system, external teeth, and internal teeth

The tooth sy

made betweg¢n internal and external gear teeth.

4.1.3 Tooth and space

A tooth is a
The form an

geometrical element on the gearwheel body that\enables the transmission of force and m
H dimensions of the teeth and the distance between consecutive teeth are defined by the

system parameters. The space is the gap between two consecutive teeth.

4.1.4 Tooth system parameters

The nominal
reference cy|
dimensions 4

— number
— standarq

— normal 1

dimensions of involute cylindrical gear teeth are uniquely determined by the diameter ¢
inder, the associated basic rack and its position in relation to the reference circle. The no
re defined by the following {parameters, which are independent of each other:

of teeth, z;
basic rack tooth @rofile;

nodule, m,;

— helix angle, g, and\flank direction;

— profile s
— tip diam

— facewidt

hift Coefficient, x;

drical
jears
in an

btem refers to all the teeth and space widths around the rim of @ygear. As in 4.1.1, a distincjon is

btion.
tooth

f the
minal

eter, d,,

h, b.

4.1.5 Number of teeth and sign of number of teeth

The number

of teeth around the rim of the gearwheel is denoted by z.

The number of teeth, z, of an external cylindrical gear must be taken as a positive value in the following
equations while the number of teeth, z, in an internal cylindrical gear is to be taken as a negative value.

In the case of segments, the number of teeth, z, used in calculations is the number that there would be on the
whole circumference.

10
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Tooth number

When numbering teeth, the designations tooth 1, tooth 2, etc. are to be defined on a transverse surface
(datum face) viewed in an agreed direction so that the teeth are numbered in ascending order (moving in a
clockwise direction). If the letter N is used to denote a reference tooth, the next tooth in the direction of
counting is denoted by N + 1 and the previous tooth going in the opposite direction by N — 1. Tooth No. z is
followed by tooth 1 in the direction of counting, see Figure 1.

4.1.7

4.1.7

The
conc

4.1.7

The
conc

4.1.8

4.1.8

Tooth flanks are’ those parts of the surface of a tooth that are located between the top land an

land,

4.1.8

Figure 1 — Numbering of teeth and spaces.on datum face

Top land and bottom land

1 Top land

op land of a tooth is the outermost (innermost in the case of internal gears) periphery
entric to the reference cylinder, see Figure2.

2 Bottom land

bottom land is the innermpst-(outermost in the case of internal gears) periphery of the
pntric to the reference cylinder, see Figure 2.

Tooth flanks and-flank sections

1 Tooth flank

see Figure 2.

of the tooth

space width

d the bottom

2~ RightflankJeft-flank

The right flank (or left flank) is the tooth flank that an observer sees on the right-hand (or left-hand) side when
viewing the datum face of a tooth when it is pointing upwards. This definition applies to both external and
internal gears, see Figure 2.

Right flank parameters are indicated by the subscript R and left flank parameters by the subscript L.

©I1SO

2007 — All rights reserved
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arLrowdN -

a) Internal tooth b) External tooth

Key
1 topland
2 addendunp flank
3 referencelcylinder
4  dedendunp flank
5 bottom land
6 datum face

Figure 2 — Top land, bottom land and tooth flank with division (internal*and external teeth)
4.1.8.3 Addendum flank, dedendum flank
The addendym flank (or dedendum flank) is that part of a tooth.flank that is located between the refe

cylinder and the top land (or the bottom land), see Figure 2.

41.8.4

Usable flank

The usable flank is that part of a tooth flank that can.be used to engage with a mating flank. On a cylin

gear, itis pa
4.2 Refer

421 Refe

The refereng
case of cylin

t of the involute helicoid including any.flank modifications.
bnce surfaces, datum lines and reference quantities

ence surface, datum surface, datum face

e surface of the teeth’is an imaginary surface to which the geometrical parameters relate.
rical gears, thereference surface is termed the reference cylinder.

The agreed front of the.gé€ar (usually used for text or suitably marked) is used as the datum face. Param

which relate
face are den

to the datum face are denoted by the subscript | while parameters which relate to the opy
bted, by-the subscript II.

ence

drical

n the

eters
osite

4.2.2 Refel

terfeerack

The reference rack is the rack that can be produced using the same gear-cutting tool, gear-cutting method
and pitch point (pitch axis) as the actual cylindrical gear. It is characterized by its profile, the direction of its
teeth in relation to the pitch axis of the generating gear unit, tip plane, root plane and facewidth, see Figure 3.

12
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Key

1 transverse section

2 fgqcewidth

3 nprmal section

4 sfandard basic rack tooth profile

Figure 3 — Concepts and parameters relating to_reference rack

4.2.3| Basic rack tooth profile for involute gear teeth

The basic rack tooth profile is defined in a normal section. The flanks of the basic rack tooth proffle of involute
teeth|are straight lines. Tooth thickness, sp, and spacé*width, ep, on the datum line of the basicfrack (P-P) in
the r¢ference plane are equal, see Figure 4.

The gtandard basic rack tooth profile for involute teeth is standardized in ISO 53.

p = mn

A
 J

4 2

Key

1 basic rack profile
2 datum line

3 rootline

4 tipline

Figure 4 — Terms and parameters relating to basic rack tooth profile in normal section
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4.2.4 Reference cylinder, reference circle, reference diameter

The reference cylinder is the reference surface for the cylindrical gear teeth. Its axis coincides with the axis of
the gear (gear axis). The reference circle is the intersection of the reference cylinder with a transverse plane

section. The

4.2.5 Gear

reference diameter, d, is determined by

axis

(1)

The axis of a

4.2.6 Secti

4261 Tr

lons through a cylindrical gear

gear (gear axis) is the axis that is defined by the geometrical axis of the support surfaces.

ansverse section, transverse profile

The section
For helical
tooth with a

4.2.6.2

The sectioni
helicoid yield

Quantities o the normal surface are denoted by the subscript n. The intersection of a tooth with a n

surface is ter

4263 A
The sectionir

Quantities in
termed the a

4264 Cy

The flank lin

coincides with the gear axis. Hence, right and left flank lines are to be distinguished.

The referend
base flank li

%g of cylindrical gear teeth by a plane perpendicular to the gear axis yields a transverse se

Normal section, normal profile

ars, quantities in the transverse section are denoted by the subscript't. The intersection
ansverse plane is termed the transverse profile.

ng of involute helical gear teeth by a surface perpendicular to the flank lines of the in
s a normal surface. The normal surface is curved threé=dimensionally.

med the normal profile.

tial section, axial profile
g of cylindrical gear teeth by a plane containing the gear axis yields an axial section.

the axial section are denoted by the subscript x. The intersection of a tooth with an axial pla
Kial profile.

ylindrical section, flank lines

es are lines of\intersection of the right and left flanks with a cylinder that has an axis

e flankiline (tooth trace) is the line of intersection of the flank with the reference cylinder]
ne iS _the line of intersection of the involute flank — possibly imagined as extended — wit

base cylinde

ction.
of a

olute

brmal

ne is

vhich

The
h the

.“The base flank line is a helix on the base cylinder. The origin of the involute helicoid is a

base

flank line. Th

e tip flank Tine is the Tine of intersection of the involuie flank — possibly imagined as extended —
with the tip cylinder.

The flank lines are helices in the case of helical gear teeth and straight lines in the case of spur gear teeth.

4.2.7 Module

The module of a basic rack is found as the pitch of the rack divided by the number = (see Figure 4). The
normal module, m,,, of the cylindrical gear is found as the module of the standard basic rack tooth profile
(module series ISO 54).

14
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For a helical gear, the transverse module, m;, is found as

__"Mn
cos f

my
and the axial module, m,, as

Mn Mn my

my = = =
X sing cosy tanp

For a spur gear, the module is m = m; = my,.

4.2.8| Facewidth

(2)

@)

The facewidth, b, is the length of the toothed part of the cylindrical gear measured,in\the axial direction on the

V-cylinder. (See 4.5.1.)

The pisable facewidth, b, is the distance between two transverse sections-that contain the ful
height of the tooth flank. (See Figure 5.)

8d,

Key

y developed

1 devetoped view of V-cylinder

Figure 5 — Facewidth b, usable facewidth 5

© 1SO 2007 — All rights reserved
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4.2.9 Profile shift, profile shift coefficient and sign of profile shift

The profile shift, xm,, for involute gear teeth is the displacement of the basic rack datum line from the
reference cylinder. The magnitude of the profile shift can be made non-dimensional by dividing by the normal
module, and it is then expressed by the profile shift coefficient, x. Positive profile shift increases the tooth
thickness on the reference cylinder. (See Figure 6.)

- St
<5t c
S
><
P N Y/
LN Y P Y
— ===z ) y ..
\ /
AN /
1 N -
b § (= ~b>
1) ° .
ke o °
4 Q.
x <0 x=0 x>0
1
NSt - NSt - me
EC
>< c
S
¢ —_— x
P /\\‘ Y p .
i Y
— P = = P
: PI g\ P
<
2 z
-s_ £
S sl 3 &
o
2
Key
~ measulemeént‘along an arc
P—P datum liné-of basic rack
1 external gear
2 internal gear
Figure 6 — Profile shift for external and internal gear teeth
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4.3 Involute helicoids

4.3.1 Generator of involute helicoids

ISO 21771:2007(E)

In developing the base cylinder surface as a plane, a flank line on the base cylinder describes an involute
helicoid. The straight line inclined to the axial line in the developed surface (base cylinder tangential plane) is

the generator of the involute helicoid, see Figure 7.

Be

94,
l——— ™

2

1[’\‘

/

|

|

|
LY

A
®
<
o

bveloped axial line
rfvolute helicoid

rivolute

bse helix

hse cylinder axial line

hse cylinder

bveloped base cylinder envélope
rfvolute

raight line generator.

o =

© 00 N O o~ WN -~
5 Q T O

[%]

Figure 7 — Base cylinder with generator and involute helicoids
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4.3.2 Lead
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The lead, p,, is the distance between successive intersections of an axial line with the involute helicoid, see
Figure 8. The lead is independent of the diameter of the cylinder.

B+ y=90°

Key

1 normal plane

2 reference
3 reference
4  projection

4.3.3 Helix

The helix an

ng - tang |l “
2 i
P 3
N 4
Bo

1 — o

B B

>
3 N
\

v

- dpmt _

cylinder envelope line, gearzaxis
trace
of the gear axis

Figure 8 — Lead triangle, lead, helix angle, lead angle

angle, lead angle

ple; 8, is the angle between a tangent to a reference helix and the reference cylinder envglope

line through

hé-Aangent contact point. In special cases, the helix anqgle, S, of right flanks may differ from the

helix angle, 3|, of left flanks; however, all equations are based on equal helix angles.

The relationship between g and the base helix angle, 5, (helix angle on the base cylinder), is found from
Equations (5) to (7):

tan 4, =

sinf, =

cos /3, = cos 8

18

tan 3 cos e, (5)

sin B cos (6)

cosa, sing, SiNay,

- =— =Ccosa, \/tan2 on + cos? B (7)
cosay sing,  sinay,
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On a cylinder with arbitrary diameter, dy, the helix angle, B, is found from Equations (8) to (10):

dy cos a; dy tanp,
tan g, =tanf—- =tan g =tanf, —= (8)
d cosa,, dy, cosa
yt
cosa sin
sin B, =sin B n _ SNh 9)
Cosay, COsay,
tanc. cosa,, Cos 3,
CoS f, = - o L b (10)
arl (lyt COS (lyn
The lead angle, y, is the angle at which the normal plane crosses the gear axis, see Figure 8. [It is also the
anglg between a tangent to a reference helix (reference flank line) and the transverse sectior] through the

tangent contact point:

Fors

4.3.4

The f
desc

y =90°-4y
pur gears, = 0° and y=90°.

Flank direction

lank direction is right-handed if the flank line describes a.right-hand helix and left-handed if
ibes a left-hand helix. (See Figure 9.)

a) Right-hand teeth

/Y,

(11)

the flank line

©I1SO

2007 — All rights reserved

©

b) Left-hand teeth

Figure 9 — Direction of helix
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4.3.5 Transverse pressure angle at a point, transverse pressure angle

In a transverse section, the tangent to the involute at the arbitrary point Y is inclined to the radius to that point

by the transverse pressure angle, ay:

dy d
cosa :—b=d—c03zxt (12)

y y

(See Figure 10.)

The transverse pressure nngln’ o is_the acute nngln between the tangent to the involutes at their I|:\r'~int of

intersection With the reference circle and the radius through this point of intersection. It is expressed by

% (13)

Ccos o F 7

Figure 10 — Parameters relating to involute

4.3.6 Normal pressureyangle at a point, normal pressure angle

In the norma| section-of the involute helicoid, the tangent to this section at an arbitrary point Y is inclined {o the
radius through Y"by the normal pressure angle at that point, «,,. The corresponding angle of inclination at the
reference cylinder is the normal pressure angle, a,; this is equal to the pressure angle, ap, of the stapdard
basic rack tooth profile.

tana, =tang, cos (14)
tanay, = tanayt cos f, (15)

Foraspur gear, o, =, and oy, = Ay
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4.3.7 Roll angle of the involute

The angle at the centre over the base circle arc from the origin, U, of the involute to the contact point, T, of the
tangent from point Y to the base circle is the roll angle, Sy of the involute, see Figure 10. The base circle arc,
UT, is equal to the tangent portion, YT, hence

& =tana (16)

yt
4.3.8 Radius of curvature of the involute, length of roll

The tangent portion, YT, is the radius of curvature, p,, of the involute at point Y and at the same time the
length of roll, L,, belonging to point Y, i.e. the developed base circle arc from the involute erigin, U. In the
triangle OTY itis the side opposite the transverse pressure angle, ay;, at the centre of the cifcle P:

2 2
z 4y (17)

tanayt :H 2

d
z

b, _zd
zl 2

_“"b
SAE

(SeelFigure 10.)

4.3.9| Involute function

The amgular difference, §y —ay, is termed the involute function 6f’angle ayt and is denoted by ifv oy (to be
read ps “involute a”):

nvayt:ggy—ayt:tanayt—a (18)

yt
(SeelFigure 10.)

4.3.1D Base cylinder, base circle, base diameter

The base cylinder is that cylinder coakial' with the gear axis that is determinative for the gengration of the
invollite helicoids, see Figure 10. Quantities associated with the base cylinder are denoted by the|subscript b.

The base circle is the intersection/of the base cylinder with a plane of transverse section. The involutes from
the bpse circle form the transyerse profiles of the gearing. The base diameter, d|,, is given by

1, = dcosa, =|z|mcosa, = o/ cos @, = |2l (19)
cos tan’ g, +cos? 3
~ cosa,
l, = |z|mn cos f, (20)

4.4 "Angular pitch and pitches

441 Angular pitch

The angular pitch, z, is that angle laying in transverse sections that result from the dividing of the complete
periphery of a circle into z equal parts.

2p

_28 _ P in radians (21)
|Z| dy

T= 360 in degrees (22)
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4.4.2 Pitches on the reference cylinder

4421 Transverse pitch

The (reference cylinder) transverse pitch, p;, is the length of the reference circle arc between two successive
equal-handed tooth flanks (right or left flanks):

P = ™n =ir=E:nmt (23)
cosp 2 |

(See Figure 11.)

Key

~ measurenpent along an arc
Figure 11 — Diameter,\angular pitch, transverse pitches on helical cylindrical gear

44.2.2 Normal pitch

The (referenge cylinder),mérmal pitch, p,, is the length of the helix arc between two successive equal-hgnded
tooth flanks (right orleftflanks) on the reference cylinder in the normal section of the gear:

Pn = Tmp, ='p, €os (24)

(See Figure 12.)

4.4.3 Pitches on any cylinder

It is necessary to distinguish between the transverse pitch, Pyt and the normal pitch, Pyn» ON @ cylinder of
any diameter, dy, (Y-cylinder):

U
a
L

S A N
pyt - 2 T |Z| d pt (25)

Pyn = Pyt COSﬂy (26)
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4.4.4 Axial pitch

The axial pitch, p,, of a helical gear is the portion of a generation line of a cylinder concentric with the gear
axis between two successive equal-handed tooth flanks (right or left flanks), see Figure 12. The axial pitch is
independent of the diameter of the cylinder. Axial pitch does not apply to spur gears. It is expressed by

D m p p
X sing |2/ tang tanp, sing,

m,

Vi

N—1% N

N

Py

P+t

A
 J

Figure 12 — Geometrical relations between transverse, normal
and axial pitch in a developed view of a reference cylinder

4.4.5| Base pitch

The fistance between successive equal-handed tooth flanks (right or left flanks) on the developed base
cylinger tangential plane is the base pitch,

— Transverse base pitch:

dy, ndy,  dy
Pyt = =7 = Py COS o= py COS ey, :W=7pt (28)
— INormal base pitch:
Ppn = Pn£9San = Py, COS f )

4.4.51 Transverse base pitch on the path of contact

angents in a

The fransverse
transvefse-seeti

Pet = Pbt (30)

(See Figure 11.)

4.4.5.2 Normal base pitch on the plane of contact

The normal base pitch, pg,, is the distance between two parallel tangential planes which contact two
successive equal-handed tooth flanks:

Pen = Ppn (31)
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4.5 Diameters of gear teeth

The position of the standard basic rack tooth profile relative to the reference cylinder gives rise to the following

cylindrical su

451 V-cyl

rfaces and diameters with respect to the gear teeth.

inder, V-circle diameter

The V-cylinder is the cylinder which is tangent to the reference plane of the basic rack in its generating

position (see

dy =d+

452 Tipa
A change to
expressed b
and it is then

The value to

A negative value yields a shorter addendum for either external or internal/gears.

453 Tipc

The tip cyling

circle. The ngminal dimension of the tip diameter, d,, is

dy =d+

4.5.4 Root

The root cyli
section yield

=d

P =

4.6 Gear

4.6.1

The tooth de

h

24

z
2 (hep — xmy)

Tooth depth

|da ]
2

Figure 6). Its nominal diameter, d,, (V-circle diameter), is

2— xmy,
2

Jteration coefficient

the addendum relating to the addendum determined in the standard basig, rack tooth pro
the tip alteration. The tip alteration is made non-dimensional by dividing-by*the normal mq

expressed as the tip alteration coefficient, .

be used for £ is signed.

ylinder, tip circle, tip diameter

er is the cylinder that defines the tips of the gear tooth system. A transverse section yields t
z

ZH(xmn +hyp + kmp)

cylinder, root circle, root diameter

hder is the cylindrical envelope surface that forms the bottom of the tooth space. A trans
5 the root circle. The nominal dimension of the root diameter, ds, is

ooth_height

z

(32)

file is

dule,

ne tip

(33)

verse

(34)

pth, 4, of cylindrical gear (or rack) teeth is the difference between tip and root radius:

= hyp + kmp + hep

(39)
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4.6.2 Addendum, dedendum

The addendum, #,, and the dedendum, ¢, of a cylindrical gear are stated on the basis of the reference circle.
Their values are calculated from Equations (36) and (37):

dy—d
ha:| > |:hap+xmn+kmn (36)

, :|d—df|_h

f 2 fP Ry (37)

4.7 | Tooth thickness, space width
The ¢quations in this section yield the tooth thickness and space width and their half angles for apy value of x.
If x i the nominal profile shift factor then nominal sizes for the tooth thickness and space width gnd their half
anglgs result. If the generating profile shift factor, xg, is used, then generated sizes*for the tooth thickness and
space width and their half angles result.

See Annex A for tooth thickness measuring methods.

4.71] Transverse tooth thickness

The fransverse tooth thickness, s, in the transverse section is\the length of the circular arc of diameter, dy,
betwgen the two involute helicoids of a tooth:

z . . n+4xtange, =z, .
"= dyyy =dy {y/ +H(|nv a —inva, )} =d, [T + H(lnv oy —inv ayt) (38)

(SeelFigure 13.)

The transverse tooth thickness, s;, on the reference circle is produced from

£+2xtananj (39)

n+4xtananJ mp, (
2

t:‘“””’( Y

J cos
4.7.2| Tooth thickness)half angle

Tooth thicknesstangles are angles at the centre in a transverse section which are enclosed| by the radii
bounfing a transverse tooth thickness, see Figure 13. The corresponding tooth thickness half argles, vy, for
any transvefrse*tooth thickness, Syt, are expressed by

el e —nva (40)
Wy dy 4 |Z|( t yt)

The following tooth thickness half angle applies to the reference circle:

_n + 4xtanay,

= 41
% 2 [ (41)
In the case of the base circle, the base tooth thickness half angle is produced by
—y+Zinva (42)
Wb 4 |Z| t
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4.7.3 Space width

The space width, e%,t, in the transverse section is the length of a circular arc of diameter, dy, between the two
a

involute helicoids o

(See Figure 13.)

The space w

space width:
dn —d z . . 4 n—-4xtang, =z, , 43
ey = dyny =dy U—H(lnvat—mvayt) =d, T—H(mvat—mvayt) (43)
dth, Ct, Ull thG IUfUIGIIbG bilbIU ;D pluduucd by
L 4 7'C—4xtanan — M [E_zxtananj (44)
2|4 cos B\ 2

e =dn

Key

~ Mmeasure

ent along an ar¢
1 external gear
2 internal ggar

igure 13 — Tooth thickness and space width (external and internal gear teeth)

4.7.4 Space width half angle

Space width angles are angles at the centre in a transverse section which are enclosed by the radii bounding
a space width, see Figure 13. The corresponding space width half angles, My for any space width, ey, are

produced by

e
yt z . .
=—=n—-——(NVa, —INVx,
Ty 4, n |Z( { o)

26

(49)
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The following space width half angle applies to the reference circle:

77_

_ n-4xtana,
2l

At the base circle, the base space width half angle is produced by

z

m, =1 |z| inv a,

(46)

(47)

4.7.5

The
helic

Syn

The f

4.7.6

Normal tooth thickness

ormal tooth thickness is the tooth thickness in a normal section of the gear teeth. It)is‘the
| arc on the respective cylinder between the two involute helicoids of a tooth. The normal to
for any cylinder is calculated using

yn = Syt COS by

pllowing normal tooth thickness applies to the reference cylinder:
T
bn = 54 COS B = mn(§+2xtanan)

Normal space width

The normal space width is the space width in a normalsection of the gear teeth. It is the length

arc o

eyn

The f

5

The
Interr

h the respective cylinder between the two inyolute helicoids of a space width. The normal
for any cylinder is calculated using

Pyn = €y COS ,By

pllowing normal space width applies to the reference cylinder:

bh = ¢, COS B = mn(g—thanan)

Cylindricalkgear pairs

basic prerequisites for meshing of a cylindrical gear pair (or rack and pinion) acco
ational-Standard are

identical standard basic rack toath prnfilpc for gear and mnting gear (rqr‘k)7 and

length of the
bth thickness,

(48)

(49)

of the helical
space width,

(50)

(51)

rding to this

—

5.1

5.1.1

he same base helix angle with appropriate hands of the helices.
Concepts for a gear pair

Mating gear, mating flank

The mating gear in a gear pair is the gear which meshes with the other gear in question. The mating flanks for
the tooth system of the other gear in question are the contacting tooth flanks of the mating gears.

©I1SO

2007 — All rights reserved
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5.1.2 Working flank, non-working flank

The tooth flank which transmits the torque during meshing is called the working flank. The other flank of this

tooth is the n

on-working flank.

5.1.3 External gear pair

The mating of two external cylindrical gears (external gears) gives an external gear pair. The mating of an
external gear with a rack gives a rack and pinion.

In the case of an external gear pair, the subscript 1 is used in equations for the smaller gear (pinion) and the

subscript 2 f
as desired. |

br the Targer gear (wheel). When the gears are of the same sSize, the subscripts can be allo
h the case of an external gear pair with helical gear teeth, one gear has a left-handed-an

other gear (npating gear) a right-handed flank direction.

bated
d the

5.1.4 Internpal gear pair
The mating qf an external cylindrical gear (external gear) with an internal cylindrical gear {(internal gear) gives
an internal gear pair.
In the case df an internal gear pair, the subscript 1 is used in equations for the external gear and the subpcript
2 for the intgrnal gear. In the case of an internal gear pair with helical gear.teeth, both gears have the fame
flank directioh. Both are either right-handed or left-handed.
5.2 Mating quantities
5.21 Gear|ratio
The gear rat|o, u, of a gear pair is the ratio of the number of teeth of the wheel (or internal gear), z,, fo the
number of tepth of the pinion, z:

=22 u>1 (52)

Z1

5.2.2 Driving gear, driven gear, transmission ratio
The driving dear introduces rotationto the gear pair and effects the rotation of the driven gear.
The transmigsion, i, of a gear pair is the ratio of the angular speed (rotational speed) of the driving| gear

(subscript a)|to that of the driven gear (subscript b):

. .
j=2a |
Dp

Na Fb

Za

(53)
ng

In the case of an external gear pair, the two cylindrical gears rotate in opposite directions, i.e. their angular
speeds or rotational speeds have opposite signs; the transmission ratio is negative. In the case of an internal
gear pair, the two cylindrical gears have the same direction of rotation, i.e. their angular speeds or rotational
speeds have the same sign; the transmission ratio is positive. If it is necessary to make a distinction, ratios
such that |i| > 1 are said to be “speed reducing ratios” while ratios such that |i| <1 are said to be “speed
increasing ratios”.

5.2.3 Line of centres, centre distance

In a transverse section of two mating gears, the line which connects the two axes is called the line of centres.
The centre distance, a,,, is the working distance between the gear axes of the two gears on the line of
centres, see Figure 14.
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5.24

The
(work

Altermatively, for the particular case of zero backlash,;a,,; results from

5.2.5

The mitch point divides the centre-distance in the ratio of the tooth numbers. The pitch cylinders

are tl
circle

NOTE

Figure 14 — Line of centres, centre distance

Working transverse pressure angle

vorking transverse pressure angle, o, is that pressure angle whose vertex lies on th
ing pitch circle). When q,, is known, «a, is calculated from

mp, COS
Pt = arccos| |zq + zp|| ————o

2a,, cos

2tanay,

nva, =inva; + X1+ xp)

Z1 +22

Pitch point, pitch cylinders, pitch circles, pitch diameter, pitch axis

ose cylinders (circles)-which pass through the pitch point. The pitch diameter is the diamete
. The pitch axis is the axis through the pitch point, parallel to the axis of a pitch cylinder.

During operation, the peripheral velocities on the pitch cylinders are the same.

The

itch circles, established during the operation of a cylindrical gear pair (gear pair in a gear uni

b pitch circle

(54)

(59)

pitch circles)
r of the pitch

t) are termed

working pitchizeircles (d,,). (See Figures 15 and 17.) The pitch circles established by a gengrating cutter

eS.

2a,, cos ay dpq

dwt = =d4 =
Z2 1 COSayt COSayt
Z1

4 2ay, cosay  dpp

w2 = 2 = -
1y COSay COSayt
zZ2
© 1SO 2007 — All rights reserved
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This gives
1 Z9
Ay :E dywo +75 dw (98)
22|
O,
Lo
Ay d,
x,, Ay
dp
,/J di
5
O
Key
1 radial part of active flank gear 1
2 radial part of active flank gear 2
3 line of action
4  tangent to pitch circles
5  direction of rotation of driving pinion

NOTE See 5.4.5.1 for description of lettered points.

Figure 15 — Meshing conditions and active ranges on working flanks in a transverse section
of an external gear pair
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5.2.6 Working depth

The working depth, 4,,, of a gear pair is the overlap of the tip circles of the two cylindrical gears on the line of
centres:

day + ;72| da2 -
hy = 22 —é Ay (59)

(See Figure 16.)

5.2.7| Tip clearance

The {ip clearance, ¢, is the distance by which the tip circle of a gear is separated from‘thé roof circle of the
matirlg gear, see Figure 16.

2
i \ Y
T — — / R
><_ — —_— ,\ PSR
o — Y A J
A
1
Key
1 p|nion

2 gpar wheel
Figure 16 — Working.depth, ,,, and tip clearances ¢, and ¢, of a gear pair

The pctual clearance follows\ffom the centre distance, a,,, the manufactured tip diameter,|d,, and the
genefated root diameter, dig.) For a pinion it is

Z2 digz’| _ da
L, — - - 60
! |z2|(a‘” 2 j 2 (60)

and fpr a wheel

zp [ da | deeq
L= 221, (61)
Sll™ 2] 2

5.3 Calculation of the sum of the profile shift coefficients

The sum of the profile shift coefficients which corresponds to the zero backlash condition is related to the
basic tooth parameters and centre distance by Equation (62), with a,,; from Equation (54):

- xyexp (z4 +zz)g:;/:;,vt —invay) 62)
n
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In the case of non-zero backlash, the normal backlash, j,,, (see 5.5.1), is included in the calculation:

z4+zo )(iNnVays —iNVa i
ZXE = xE1 +XE2 = ( L 2)( wt t) - an (63)
2tana, 2my, sin(ay)

The way in which x = x4+ x, is distributed between the two gears may be decided on the basis of aspects
such as permissible stress, sliding velocities or other specified dimensions of the gear teeth such as root
diameter.

5.4 Tooth engagement

Tooth engagement refers to the meshing of a gear (or a rack) with its mating gear. The tooth engagement is
influenced by the geometry of the gear pair (or rack and pinion), the mutual contact of the tooth flanks arld the
sliding condifions, see Figures 15 and 17.

Key

1 tangent to pitch circles
2  direction of rotation of driving pinion

NOTE See 5.4.5.1 for a description of points A, B, C, D and E.

Figure 17 — Meshing conditions and active ranges on working flanks in a transverse section
of an internal gear pair
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5.4.1 Start of involute, active area of the tooth flanks, start of active profile and active tip diameters

The root form diameter, d;, is the start of the involute portion of the profile. For an external gear it is the
greatest of the base diameter, d,,, or the diameter of the intersection of the flank with the root fillet or trochoid
(taking into account undercut if necessary).

In a defined gear pair the active tip diameter, dy,, of a gear may be governed either by its tip form diameter,
dp,, or by the start of involute of its mate (i.e. dy, < d, ). The start of active profile (active root) diameter, dy,
may be governed either by the diameter of start of involute or by the tip form diameter of its mate. The active
area of the flank extends from the active tip diameter to the active root diameter and so is dependent on the
characteristics of both gears and the centre distance.

The fpllowing applies to a gear pair.

Usugly, root contact on both gears is limited by the tip form diameter of the mating gear (d\, ={ dg, ). In this
case

2
: zg [2 2 2
INF1 = [Zawsmawt__|22|\/dFa2_db2] +dpy (64)

g2 :\/(2% Sinawt‘\/dlga1_d§1j2+d§2 (65)
However, if di¢ is greater than the quantity calculated by the;corresponding equation above, then:
INF1 = dFfq (66)
INt2 = dFf2 (67)
(See|7.6 for dg;.)

If dnt =dEs, then

2
INa2 = \/(2aw sinayg ~ dé —d§1j +di, (68)

otherwise, dyzo =AEa5.

If dN 2 Ide2, then

I 2
dNat =\/Lzaw sina _ﬁ\/dléfz —drfzJ +dp; (69)

22
otherwise, dygz1 =dEa1-

The roll angle (see 4.3.7), &y = tanays, can be used to obtain the active root diameter of the external gear
(z4) used by the mating gear (z;) as,

dp1

— (70)
COS anf1

dnp =
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with N1 fro

m

z
Enpr = f(éwt ~&Na2) + St (71)
dp2
&Naz = tanarccos —= (72)
dNa2
and the usable root diameter of the internal gear (z5) used by the pinion (z;) as
dp2
drnien = — 73
N2 = dos anrg (73)
with ayg, frgm
Enz = (St~ énat) + e (74)
dp1
§N ] = tanarccos—— (75)
@ Nat
5.4.2 Plane of action, zone of action, contact line
The plane of| action of a cylindrical gear pair is tangent to the base cylinders of the gear and mating gefr. In
the case of gn external gear pair, the plane of action passes between the base cylinders. The intersection of
the two plangs of action (one for each tooth flank) is parallelto the gear axes, and is the pitch axis (see §.2.5).
The zones of action are the parts of the planes of action which are limited by the usable tip cylinders ¢f the
gear and mdting gear and by the facewidth and, injthe case of external gears, can be further limited Hy the
start of the ipvolute. A zone of action is linked_tolthe flank that is normal to it. Hence, one of the plarnes of
action is link¢d to the right flanks and the other tojthe left flanks.
At any instant in time, the intersection of-the zone of action with the corresponding tooth flanks of a gear pair
is known as fhe contact line. With thesratation of the gears around their axes, the contact lines move thfough
the zone of gction. On tooth flankstheé contact lines are identical to the generators of flank and mating flank,
see 4.3.1.
5.4.3 Line pf action, path of contact, point of contact
Lines of actign are whéere the planes of action intersect transverse sections. According to 5.4.2, it is necegsary
to distinguish between*the right flank line of action and the left flank line of action. A line of action is inclined to
the common| tangent to the pitch circles at the pitch point (pitch circle tangent) by the working transyerse
pressure andlés o4 (see Figures 15 and 17), and it contacts the two base circles at the points Ty and T,

A path of contact is that part of the line of action which is within the zone of action. The starting point, A, of the
path of contact is at or near the tip circle of the driven gear. The finishing point, E, of the path of contact is at
or near the tip circle of the driving gear.

NOTE In Figures 15 and 17, only the line of action of the working flanks is shown in each case.

The lines of action intersect the centre line at pitch point C (see 5.2.5). Pitch point C is also the point at which
the two lines of action intersect.

A point of contact is a point where a path of contact intersects the corresponding tooth flanks in a specific
working position of the two gears. It is a point on the contact line.
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5.4.4 Form over dimension

The form over dimension, cg, is the radial distance between active root diameter and form root diameter.

1z
= Eé(dm - dey) (76)

5.4.5 Designations and values relating to the line of action

5.4.5.1 Special points on the line of action

Spedal points on the line of action (see Figures 15 and 17) are as follows:

[, is the point of contact between the line of action and the base circle of pinion (db1);
[» is the point of contact between the line of action and the base circle of wheel (db2)§

C s the pitch point, the intersection of the line of action with the line ef-centres.

In Figures 15 and 17 the pinion is the driving gear and ¢, is less thar 2. Special points on the path of contact
are the following:

A ip the starting point of engagement, the point at which the line of action intersects the active §jp diameters,
dNa» Of the driven gear;

B is the inner point of single pair contact on the driving gear, outer point of single pair contact pn the driven
gear; where ¢, <2, itis the point within the path,of contact which is one transverse base pit¢th away from
point E;
D is the outer point of single pair contact.on-the driving gear, inner point of single pair contact pn the driven
gear; where ¢, <2, itis the point within the path of contact which is one transverse base pit¢th away from
point A;

E ip the end point of engagement; the point at which the line of action intersects the active tip diameter, dy,,
of the driving gear.

5.4.5|12 Length of the path of contact

The length, g, ofthe path of contact (length between points A and E on the contact lines, yhich is also
defined as Lpg in SO 1328-1) of two mating cylindrical gears is

1 z .
R o= E{\/d fa1— dir +é(\/d§a2 —dfy -2a,, Smawt)} (77)
The length of the path of contact when a cylindrical gear (subscript 1) is mated with a rack is

h _
8o :%(\/dﬁm—dé —db1ta”at)+ap—x1mn (78)

Sinat

The path of contact is divided by pitch point C into the approach path of contact (portion of the path of contact
at the root flank of the driving gear between the root circle, dys, and the pitch point) and the recess path of
contact (portion of the path of contact at the tip flank of the driving gear between the pitch point and the tip
circle, dna1), see Figures 15 and 17. These portions of the path of contact are sometimes referred to as the
tip (addendum) path of contact, g,, and root (dedendum) path of contact, g¢, of the gears.
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For the case where pinion is the driving gear and wheel the driven gear, the approach path of contact is equal
to the dedendum path of contact, g¢, of pinion, which is equal to the addendum path of contact, g,,, of
wheel:

— 1z
g1 =A025é(\/d§az—d§2 _detanawt):gaZ (79)

The recess path of contact is equal to the addendum path of contact, g4, of pinion, which is equal to the
dedendum path of contact, g, of wheel:

— 1
&a1 2

T — )
k\/dNa1_db1 —dmta”ath:gfz (80)

For the opppsite case (wheel driving, pinion driven), in Equations (79) and (80), g, and gjsare {o be
interchanged.

5.4.5.3 Radii of curvature of the tooth flanks

The following segments of the lines of action give rise to the radii of curvature.of the tooth flanks ih the
transverse plane (see Figures 15 and 17):

—-— 1 1
TiC = p4 =§Vdvzv1—d§1 = dprtanay (81)

—_— 1 2z | 1z
T2C=p02 =§|—2 dvzvz—dgz =——2db2tanawt (82)

2| 2 |z

ToA=[da2 = % —|§2| \/dlglaZ ~di (83)
2
12 2
1 =§VdNa1 —dj (84)

TE=p

TiB = pip1 = PE1 ~ Pet (85)
ToD = 2 = Paz ~ Pet (86)
TiT, = pc1+ P2 =|§_§|aw sinayt = pa1+ P2 = PE1+ PE2 (87)

Equations (8B).10\(86) apply if pinion is the driving gear and wheel the driven gear. In the opposite case, A and
E, as well as[B"and D, are to be interchanged in Figures 15 and 17 and in Equations (83) to (86).

NOTE The values obtained for the curvature radii of an internal gear and for the segment T,T, of an internal gear
pair are negative values.

5.4.6 Tooth interference

Interference conditions occur if parts of the tooth flanks or top lands of a gear come into contact with non-
involute flank sections or the root on the mating gear. Additional meshing difficulties can be caused by
contacts by a tooth tip with a non-working flank, which is a particular problem with internal gears. Also see 7.8.

NOTE Such complexities are not covered in this International Standard.
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5.4.7 Overlaps

54.71 Transverse angle of transmission, transverse contact ratio

The transverse angle of transmission, ¢, is the centre angle through which a gear of a gear pair rotates from
start to finish of engagement of one active tooth flank transverse profile with its mating profile. The transverse
angle of transmission of pinion and gear is given as follows:

2
0ur ==l 0 (88)
b1
2
oz - —o - Lol (89)
dpy  |ul

The fransverse contact ratio, ¢, is the ratio of the transverse angle of transmission, g, to the angular pitch,
7, or|the ratio of the path of contact to the transverse normal base pitch:

Po1 _ Po2 & 8f+8
p =l T2 _ %o _of7%a (90)
71 72 Pet Pet

where pet = ppt-
5.4.7|12 Active facewidth

The active facewidth, b,,, is the overlapping section of {he usable facewidths of the gear pair, gee Figure 18
and Figure 5.

A
 J

A
 J

A
 J

A
Y

A
 J

A
Y

Figure 18 — Active facewidth, b,
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5.4.7.3

Overlap angle, overlap ratio

The overlap angle, ?g> is the angle between the two axial planes enclosing the end points of a tooth trace of

the gear pair:

_2bytanp 2b,, sinp

= 91
Pp1 a4 e 7 [u] @p2 1)
2 b, sin ?p1
Pp2 = W—’B _TB (92)
mp Zo |u|
(See Figure 19.)
The overlap fatio, g is the ratio of the overlap angle, g, to the angular pitch, 7, or the ratio of thé facgwidth,
b, to the axial pitch, p,.
i bt
gﬁzﬁ__@:i:bsmﬂ:btanﬂ: an Sy, (93)
71 T2 Px mp T Pt Pet
5.4.7.4 Ovyerlap length
The overlap |ength, gp of a helical gear is the reference circle arc belonging to the overlap angle, P
5.4.7.5 Tgtal angle of transmission, total contact ratio
The total angle of transmission, Py, is the angle at thé.centre of a gear in a gear pair through which the gear

rotates from
transverse a

(oy1 = (oc

(p«/Z =0

The total cor
sum of the tr.

SYZ

il

hgle of transmission and the overlap angle:
1+¢p1 = |u| ?y2

P

Y
]

tact ratio, €45 is'the ratio of the total angle of transmission to the angular pitch. It is equal {
bnsverse econtact ratio and the overlap ratio:

2T ¢Pp2 =

=g, tEp

start to finish of contact of one of its-flanks with its mating flank. It is equal to the sum ¢f the

(95)

(96)

o the

(97)

71

38
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5.4.8| Contact line, sum of the contact line lengths

The

matir)g gear touch; /54 is the maximum length of such a cantact line of a flank pair.

When spur-toothed gears are in contact, the individualktooth pair contact line length remains co
tooth

In the case of helical gears, the contact lines are within the zone of action and are at angle g, to

see

contgct at the beginning of engagement,reaches its maximum value, /..., in a working pog
certajn range of rotational angles, and is subsequently reduced to the point contact at the
engapement of the flank pair.

Key

ISO 21

X

771:2007(E)

Figure 19 — Overlap angle of gear pair; P8

contact line is the theoretical line at an instant in time \where the flanks of a tooth pair of

Figure 20. The length of the contact_line changes with the rolling of the flank pair. It star]

he gear and

stant. When

traces are not modified (e.g. by crowning), thevalue of /5, is equal to the facewidth, b,,; $ee 5.4.7.2.

he pitch axis,
s as a point
ition or in a
end of the

1 zone of action
2 helical contact lines
3 base cylinder

Figure 20 — Zone of action
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The maximum length of a contact line, /4., is given by
&a
! — 98
max Sinﬂb ( )
or
b
/ —_w 99
M& " cos By (99)
whichever is less.
NOTE If 2w _ga , then the contact line extends across the whole active range of the transverse profile Qut not
cosf, sing,
across the whole facewidth; while if it is less, then the contact line extends across the whole facewidth but agross only part
of the active rlhge of the transverse profile.
The sum of the individual contact lines, 21, is the total length of all the contact lines which, occur at the same
time when the gear pair is in an instantaneous working position in the zone of action.
5.5 Backlpsh
The backlash is the clearance between the non-working flanks of the teeth. of a gear pair when the wag
flanks are in pontact.
There is a distinction between the normal backlash, j,,,, circumferential backlash, j,.+, and radial backlas
see Figure 2.
5.5.1 Normal backlash
Normal backlash, j,,, is the shortest distance between the non-working flanks of the teeth of a gear pair

the working fi

5.5.2 Back

The backlasl angle, ?j»

is stationary
contact; see

ash angle, circumferential backlash

Figure 21. The backlashyangle for each gear is found from the normal backlash, jy,:

2 .
J
zq cosa, 0"
2

|22 sos ar, Jon

Pj1 =]
my
Pj2 = ]
m
The circumf

renfial backlash i - is the Innn’rh of the nlfr*h circle arc throt |nh which each of the two gean

anks are in contact with zero force. It isidefined in the plane of action of the non-working flar

is the angle of gotation through which the gear can be rotated, while the mating
from the point where the,right flanks are in contact to the point where the left flanks are in

rking

h, Jr;

when
ks.

gear

100)

101)

can

be rotated, whilst the other is held statlonary, from the point where the r|ght flanks are in contact to the point
where the left flanks are in contact. Its magnitude is given by

1
- ; 102
Jwt COS ey COS fy Jbn ( )
or in relation to the length of the reference circle arc by
L (103)
/t= Gos f cosa, 7O
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Key

orking flanks

bn-working flanks

ane of action non-working flanks
nd face

ane of action

A W N
S ® T 35 =

Figure 21 — Diagram showing backlash when working flanks are in contact (left-hand side)
and with symmeétrical positioning of tooth in space of mating gear (right-hand side)

5.5.3| Radial backlash

The fadial backlash, j,, is the difference in the centre distance in the working condition of the gear pair and
the dentre distance produced if one of the gears is moved towards the centre line until zero-backlash
engapement.of the flank pairs occurs; see Figure 21 (right-hand side).

The relation between circumferential backlash. j,,.. and radial backlash, j,. is as follows:

1

=—j 104
2tana,, '™ (104)

Jr
5.6 Sliding conditions at the tooth flanks

5.6.1 Sliding speed

At a point of contact of two tooth flanks in engagement, the sliding speed, v, is the difference of the speeds
of the two transverse profiles in the direction of the common tangent.
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At the point of contact Y, see Figures 22 and 23, the two transverse profiles have the normal speed:

1

Vp = @1 dpy

2

This yields the sliding speed:

Py2
oo 22

(105)

(106)

where the cu

The distance

fvature radit, p,q and p,,, are 1o be determined Using equation (17).

L 8oy, Detween Y and Cis

c1 _py1‘ = ‘pc2 _pyZ‘

where |~| defotes absolute value.

1
Eay (1 +;]‘

is always positive. Since u is positive for an external gear pair and negative for an internal gear
that the sliding speed is greater for external gear teeth than for internal gear teeth.

Hence
Vg = |1
NOTE g

usually follows

107)

108)

bair, it

Key

1 direction of rotation of driving pinion

42

Figure 22 — Sliding speed, vg, at point of contact Y on external gear pair
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Key

1 d|rection of rotation of driving pinion

The gliding speed is proportional to distance g, and equal;to zero at the pitch point. It reaches

valugs at the end points A and E of the path of contact:

1
w1 g¢ 1+;

1
01 834 [14‘;]‘

with g; and g, according to Equations (79) and (80).

of =

ga =

5.6.2| Sliding factor

The gliding factor, Ky: is the ratio of sliding speed, 12 to the velocity, v;, of the pitch circles:

Y 2
K, =_9:ﬂ(1+1]
Vi d w1 u

Figure 23 — Sliding speed, vg, at point of contact Y on internal gear pair

its maximum

(109)

(110)

(111)

The maximum values for Ky are attained at end points A and E of the path of contact:

— atA:
K@Jf:—zgf (1 1)
dW'] u
— atE:
2
Kga Ea (1+lj
dW1 u
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5.6.3 Specific sliding

The specific sliding, ¢, is the ratio of the sliding speed to the speed of a transverse profile in the direction of
the tangent to the profile. The tangential velocity is equal to Pyo. Equation (106) yields:

£1=1-22 (114)
U Pyq
u

g, =1- 22 (115)
Py2

The maximuin values of ¢ are reached at end points A and E of the path of contact:

— atA:
Cnlp1-LA2 116)
U P
— atE:
Cpl=1- 2B 117)
PE2

using the cunvature radii, p, and pg, according to 4.3.8 and 5.4:5:3.

6 Tooth flank modifications

Tooth flank modifications are desired alterations.to the tooth flank face compared with the main geometry
described in 4.3. Superimposing the nominal modifications on the main geometry produces the nominal|tooth
flank. The mlodifications can be defined incharacteristic profiles of the tooth flank or in relation to the|flank
face. Modifidation depths are always given-in the transverse section and normal to the involute of the|main
geometry.

6.1 Tooth flank modifications which restrict the usable flank

6.1.1 Pre-flnish flank undercut

Pre-finish (rqot) relief\is’ a planned, generated, undercut (e.g. using a protuberance tool) of the transyerse
profile of a jooth flank in the area of the root. The magnitude of the relief, ¢grg, is the greatest disfance
between the root\rounding and the involute imagined as extended to the base circle, see Figure 24. Beloyv this,
the datum is ja‘line from the involute origin to the gear centre.
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Figure 24 — Spur cylindrical gear with undercut and tip corner chamfering
6.1.2| Tip corner chamfering, tip corner rounding
Tip corner chamfering and tip corner rounding are(reliefs of the transverse profile which restri¢t the usable
area [of the tooth flank. Tip corner chamfering is the chamfer arising through removal of the tip ¢orner. In the
case|[of tip corner rounding, this corner is raditised in the normal plane. The radial height, &y, and the residual
tooth| thickness at the tip, s,k, are given-as the dimensions of this modification, see Figure[24, and are
differpnt for chamfering and rounding.
6.2 | Transverse profile modifications

In the following, Lag is used te’define the roll length for compatibility with ISO 1328-1. L, is

lengt

6.2.1

Tip 4|
defin

invollite)..See Figure 25.

n of path of contact, g,

Tip and rootrelief

hd root reliefs are the continuously increasing reliefs of the transverse profile of the main g
bd points.in each case (diameter, length of roll, roll angle) in the direction of the tip or

equivalent to

bometry from
root (mostly

©180

2007 — All rights reserved

45


https://standardsiso.com/api/?name=20dad470e832ef063e4f1a4a71b7053a

ISO 21771:2007(E)

(e
f%\
<5
C ot c A
i

dcq tip reliefldatum diameter
Lcy tip relieflroll length
amount|of tip relief

dcs root religf datum diameter

L¢cs  root religf roll length

C,s amountof root relief
1 space
2 tooth

Figure 25 — Tip and root relief

6.2.2 Trangverse profile slope modification, €},

This is similgrly defined as for tip or root-relief, except that Cp,, extends over the whole width of the facel See
Figure 26.

e Chx

<
-

Y

—<i—<>-

\
\
\
\.
\
\
\
s

Key

Ch,, @mount of transverse profile slope modification
1 space

2 tooth

Figure 26 — Transverse profile slope modification
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6.2.3 Profile crowning (barrelling), C,

ISO 21771:2007(E)

Profile crowning is the continuously increasing relief of the transverse profile from a common defined point of
the main geometry (diameter, length of roll, roll angle) in the direction of the tip and root of the gear teeth. See
Figure 27.

Key
C,a
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Figure 27 —~Profile crowning

e crowning is generally defined with.:réspect to the centre of the length of roll of the usable flank and has
pbolic form passing though the points'defined by C,,.
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6.3 Flank line (helix) modifications

6.3.1 Flank line end relief

Flank line end reliefs are continuously increasing reliefs of the flank line from defined points of the main
geometry in each case in the direction of the datum faces (linear or parabolic). See Figure 28.
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| 2

Lcy  length (datum face)

Cp amount of end relief (datum face)

L¢) length (hon-datum face)

Cpi amountjof end relief (non-datum face)

1 space
2 tooth

Figure 28 — Flank line end relief
6.3.2 Flank line (helix) slope modification, Cyy

This is similarly defined as for end reliefy'but Ly, or Lo, extends across the whole facewidth. It is not
necessarily linear. See Figure 29.
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Figure 29 — Flank line slope modification
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6.3.3 Flank line (helix) crowning, Cp

Flank line crowning is the continuously increasing relief of the flank line from a common defined point of the
main geometry, symmetrically in the direction of both ends of the tooth (arc-shaped or parabolic). See
Figure 30.
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Key
Cg  [amount of the flank line crowning
1 space
2 tooth

Figure 30 — Flank line crowning
6.4 | Flank face modifications

6.4.1] Topographical modifications

The (desired deviation from the unmodified involute helicoid is determined in relation to epch point of
interdection on a grid laid over the-tooth flank of the main geometry. See Figure 31.

_.
~ 00O

N

Key

C;j amount of modification on point (i,j)2

@  Transverse section i; flank line j. If necessary, interpolated points between the defined points (i,j) of a grid can be
generated.

Figure 31 — Topographical modification
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6.4.2 Triangular end relief

Triangular end reliefs are continuously increasing reliefs of the tooth flanks generally perpendicular to the
generators of the main geometry (along the lines of contact) from a defined roll angle in the direction of the
start or end of roll on the tooth flank. See Figure 32.
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CET
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 J

Cga, amount pf modification (tip)
dg, datum djameter (tip)

Lg, roll length (tip)

bga length of relief (tip)

Cgs amount pf modification (root)
dgs datum dlameter (root)

Lgs  roll length (root)

bgs  length of relief (root)

Figure 32 — Triangular end relief
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Flank twist

Twist is an effect on a flank described as a rotation of the transverse profile along a helix. There is a

distinction between twist of the transverse profile, S

o’

and of the flank line, S;. If not otherwise defined, it

changes linearly from the beginning to the end of the useable flank. The sign of the flank twist is very
important, but is not defined here. See Figure 33.

Twist

See $.2.2.

Twist

See 6.3.2.

6.5

Modi
anglg
facev
the n

—

of transverse profile, S,:

Sa| = [CHal = CHan| With Chg) = ~Ch

of flank profile, Sp:

SB‘ = ‘CHBNa = Cupni| With Chypna = —Crpng

Figure 33 — Flank twist

Descriptions of modifications by functions

ications of the profile-¢an be given as functions of the diameter, d,,, or the corresponding rol
s, and modifications of the flank lines as functions of the axial distance from the start g
idth in the diréction of the non-datum face. The combination of both functional relationsh
odification of\the whole flank surface.

odification of the profile: Cay = f(dy); alternatively, Cyy :f(Ly) or Cay :f(iy).

distances or
f the usable
ps describes

/[

\
viodItication or the Tlank line: (,By =7 \be).

— Maoadification of the flank surface: Cxy :f(dy,b,:y); alternatively, Cy, :f(Ly,be) or Cyy :f(éy,b,:y).

— Definition of tooth flank modification by tolerance fields.

Graphically, it is usual to show tooth surface modifications as deviations from the exact involute helicoid with
respect to roll length for radial deviations (as in Figure 25) and position across the tooth width for axial
deviations (as in Figure 28). For intentional deviations which vary in the radial/axial direction from the exact
involute geometry in any defined transverse plane, these deviations can be defined by tolerance fields,
generally called “K” diagrams, which show the range of acceptable measured values, see Figure 34. Such
diagrams are not necessarily bounded by straight lines.

©I1SO

2007 — All rights reserved

51


https://standardsiso.com/api/?name=20dad470e832ef063e4f1a4a71b7053a

ISO 21771

:2007(E)

2 / 2 2
/
/
|
/
/
/
/ & \A
3 3 3
Key
1 tip or datum face
2 non-matefial side
3 root or nop-datum face

Figure 34 — K-diagram (examples)

7 Geometrical limits

In this claus
concepts prg¢sented in Clause 4 are expanded to include the effect of such items as tooth thinnin
manufacturing tolerances. The effects of manufacturing tolerances are both direct, such as
erance, and indirect, such as the change in functional tooth thickness as a result of rung

backlash ang
thickness tol

profile slope
see ISO 132

In manufactd
type cutter,
same concey
work piece 3
teeth by meg

b, the finished state at the conclusion of all\mranufacturing operations is examined. The

deviation. The classification of tolerances is not covered in this International Standard (fo
B).

nd generating topl (if‘ap, = ap, see Clause 5). When producing a cylindrical gear with in
ns of forming (ron-generating) methods, the enveloping surface produced by the geometry

tool and its njotions are mapped directly onto the work piece.

If bottom lan
cycle using

produced (ar
root circle, ra

this , toel is of importance for the dimensions of the tooth parameters. Otherwise, the

of-rounding and usable flank surface including madifications in each case. The total result

ring a cylindrical gear with-involute teeth using generating methods, the tool (e.g. hob, p
ack-shaped cutter, grinding wheel, grinding worm) and the gear form a generating process
ts and the corresponding equations which apply to a cylindrical gear pair shall apply to the ¢

1, root rounding and involute helicoid are machine-finished using the same tool, only the wq

d-heir reference rack) are the sum of separate processes which produce the final dimensiq

basic
g for
tooth
ut or
this,

nion-
The
aired
olute
Df the

rking
teeth
ns of
pf the

working cycles can be represented by a single hypothetical tool, the counterpart rack (see Figure 36).
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7.1 Counterpart rack tooth profile

The counterpart rack tooth profile is the complement to the standard basic rack tooth profile enclosing the
bottom land, see Figures 35 and 36.

p,

nm,/2

—\ )

A
\

FRQ

hEapo
haF’o

Key
1 dptum line of tool
Figure 35 — Counterpart rack tooth profile
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Key
1 datum ling of roughing tool
2 datum ling of finishing toel
3 finishing tpol rack
4 tip of roughing toal
5 tip of finishing tool
6 roughing fodlrack
NOTE Items 3 and 4 together make up the hypothetical tool.

Figure 36 — Modified counterpart rack tooth profiles

7.2 Machining allowance

A roughing gear-cutting tool leaves the machining allowance, ¢, for the subsequent finish gear cutting on the
flank of the cylindrical gear. The machining allowance is defined normal to the tooth surface. The tooth
thickness produced by the roughing gear-cutting tool on the cylindrical gear is thus 2¢/cose, greater than the
tooth thickness, s,, produced by the finish gear-cutting tool. In practice, the machining allowance ranges from
Gmin 0 gmax- See Figure 37.
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7.3 Deviations in tooth thickness

The corresponding maximum and minimum limits of tooth thickness (s, and sy,;) to be required on the
generated teeth are obtained by determining (upper and lower) tooth thickness allowances (Eg,g and Egp).

(118)

Sns =Sn + Egns

(119)

Spi = Sn + Egpj

A negative tooth thickness allowance reduces the tooth thickness and increases the space width compared to
the nominal dimensions, determining the contribution of the tooth thickness to the backlash, j,., (see 5.5).

In addition to the finish machining tolerances, the backlash is also affected by elemental tolerarLces such as
profile, helix and runout. The elemental tolerances will increase the tolerance band of functional tooth
thickmess; this will reduce the minimum backlash and increase the maximum backlash. (Se¢ Figure 37.)
Thergfore, a complete analysis of the tooth thickness for the purpose of determining the bgcklash must
inclugle all the elemental tolerances that affect the functional tooth thickness. Therelative importance of the
differpnt tolerances depends not only on those tolerances but also on the measuring methods used. See
Annex A, ISO/TR 10064-2, AGMA 2002 and DIN 3967 for additional information-

2
S A 1 ? W
SnV
snsV % % A_
3 w
Q
ke | B |
a % )
\ £
o
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n

(7))
Esni

ns

g

n >I‘
2XEian tan o
2xggym, tan a

2)(mn tan o

2xgm, tan a
2xgsm tan o,
2q min./cos a,,

0o k
Key
1 finishing
2 pre-finish

a8 s,where x>0and jy, =0.

b s, where x = 0.

Figure 37 — Diagram of dimensioning of tooth thickness with positive profile shift
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7.4 Generating profile shift, generating profile shift coefficient

The generating profile shift, xgm,,, of a gear with involute teeth is the distance between the datum line of the

counterpart r

ack tooth profile and the reference cylinder of the gear; see Figure 38.

(m,m)/2 (m,m)/2 (m,m)/2

Key

P-P datum line of basic rack

1 referenc
2 counterp
3 counterp
4 counterp

The generati
Egsand Eg
machining off

The values
tooth thickne
The cases of

Wi

—F [ N\ L
1 N FPp N _“_ P
|/ — N\
E: drg
1 2 3 4

b rack

art rack

art rack at upper allowance
art rack at lower allowance

Figure 38 — Generating profile shift, xzm,>— Example: external gear, x > 0
hg profile shift takes account of the predetermined upper and lower tooth thickness allowa
a gear are included.
pf xg are determined with Equations (120) and (121). The permissible maximum and min

Ss inspection dimensions.can be determined by calculation using xg in the equations in Ann
application are to be identified by corresponding additional subscripts.

nces,

(see 7.3) and, if necessary, the machining allowances, ¢, @and g, provided for the fjnish-

mum
ex A.

Taking account of the relations\shown in Figure 38, it follows for roughing with tooth thickness allowances
(Egnsy @nd Eqniv ) and a machining allowance, ¢, that:
XEgVMn |- XEjMN| +qmi 120)
sina,,
B 9min
XEivMy E XEsMp +— 121)
blllun
cosa
dmax = 9min +(Tsn +Tsnv) 2 : (122)
The following applies to finish gear cutting (¢ = 0):
E
XggMlp = XMy, +ﬁ (123)
Esni
mp = +— 124
XgiMp = XMp 2tanay, (124)
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7.5 Generated root diameter

The root diameter generated by a rack gear cutter (e.g. hob, rack-shaped cutter or grinding wheel) with the
addendum /i pq is

de =d+ 2xEmn —2hap0 (125)

The root diameter produced by a pinion-type cutter is

z

deg =2ag —1da0 (126)

i

Forxg, hapg, ag anddyg, it is necessary to use the values for the process that produces the finisl||ed tooth.

7.6 | Usable area of the tooth flank, tip and root form diameter

The maximum usable area of the tooth flank of a cylindrical gear is enclosed bythe tip form cirfle (diameter
dg4)|and the root form circle (diameter dg; ), see Figure 24. These circles ariSe during the gengration of the
cylindrical gear. They are determined by the starting point 4z and the finishing point Eg of the geperating path
of coptact (see Figure 39) and limit the involute section of the tooth profile. With direct transition|between the
nomipal involute helicoid and the top land of the tooth, the tip form diameter is equal to the|tip diameter
(dra|E dg)- In the case of tip radiusing or tip chamfering, tip form diameter and tip diameter differ by double
the radius /g:

z

lpa = dy —2—hy (127)
7

(See|Figure 24.)

The oot form diameter, dg;, follows from the relevant working cycle during gear cutting.

I~

[
%
B |

%po = %p
Key
Cq pitch point of the generating gear T contact point between generating line of action and base circle of gear
Ag starting point of meshing hpgpo Straight part of tip flank of tool-generating profile
Eg end point of meshing 1 datum line of basic rack
NOTE Figure 39 also covers the possible case of different pressure angles « _. and « _ at the tool and the cylindrical

. : o ; P . L
gear standard basic rack tooth profile — for example, with single-tooth and smgle—ﬂFéOnk tools (e.g. part generating grinding).
The generating gear then has the normal pressure angle, a4, and the generating pitch circle

diameter d\,g = dy,/cosayg instead of ayand din the case of o, ) = a,.

Figure 39 — Meshing of involute transverse profile of left flank of cylindrical gear during generation
with straight flank part of tooth flank of basic generating profile
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In the case of tooth systems which are finish-machined using the generating method and tools whose cutter
tips lie parallel to the datum line (hob, rack-shaped cutter) and have no undercut or pre-finish root relief, the

following applies to an external gear:

2 h (1-siny) | 2
—Xgm, — P —sina
de _ dSinat _ aPo0 E nl aP0 t +db2
Sina (128)
. 2 . 2 .2
= {d —2[hap0 — XgMp[ — PaPo (1—S|n0.’t ):|} +4|:hap0 — XgMp[ — PaPo (1—S|n0.’t ):| cot a4
or, using thejroll angle tanags = &g+, the following is produced:
des =% 129)
COS ofFf
where ap;s fgllows from
4] hapo — papo (1-sinay )/ my, —xg |cos B
tan = =& — 130
aFf F SFf = St ~sin2a, )
In the case ¢f external and internal gears, which are generated by means of the generating method uging a
pinion-type qutter (number of teeth zy, base diameterdy, tip form diameter dg4q, generating centre disfance
ag, and generating working transverse pressure angle a,,4q) and-have no undercut or pre-finish root [elief,
the following|applies:
2
. z
des = [|[[2aq sin @y —H./déao —d§0] +d 131)
or, using thefroll angle tanag; = &k¢:
dps = — L 132)
CQS aFs
with
20
grt = —_f(Swto ~ Srad)™ Swo 133)
Era0 = tan[arccosdi} 134)
EaQ

In the case of gears with undercut, the root form diameter arises from the intersection between the involute
part of the tooth flank and the root curve.
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Undercut

Undercut is the removal of material in the dedendum flank on external cylindrical gears. Undercutting occurs
when the relative path of the tool tip corner rounding cuts into the involute portion of the tooth flank during the
rolling action in the generating gear unit. This undercutting can be avoided or minimized by positive profile

shift.

For a cylindrical gear produced using a non-protuberance rack-shaped cutter or hob, the minimum value of
the generating profile shift coefficient for zero-undercut teeth arises from

hFaPO _ ZSin2 Oy

When using a pinion-type cutter, xg i, arises from the mating conditions of the generating gear unit.

7.8

Over
of thg
rollin

Over
radiu

7.9

In ca
used
mate

Equa

The
pract

Emin =, 2cos B

Overcut
cut is the removal of material from the flank of an internal gear. Overcutting’occurs when the
j action in the generating gear unit.

cutting will not occur if the radius of curvature of the flank of-an/involute cutter at the tip is
5 of curvature of the flank of the internal gear at the tip.

Minimum tooth thickness at the tip circle of aigear

culating minimum tooth thickness at the tip circle, the upper limit (not theoretical) tip diam
and tip chamfering should be accounted .for. Minimum tooth thickness should be limit

rial, its heat treatment and the application,

tion (38) may be used to calculate the'tooth thickness at the tip.

minimum tooth thickness, as well as the undercut, sets a lower limit on the number of tg
cable to cut in an external gear:

(135)

relative path

e tool tip corner rounding cuts into the involute portion of the tooth flank near the tooth fjp during the

ess than the

eter must be
bd based on

eth that it is
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Annex A
(informative)

Calculations related to tooth thickness

A.1 Purpose

Tooth thickngss is defined as a circular or helical arc, and is difficult to measure directly. Therefore; infirect
measuring njethods, such as measurements over balls, span measurement, and chordal measurement, are
used. This @nnex presents two systems for calculating the values related to tooth thickness ang the
correspondirlg backlash of a gear set. They are known as the nominal tooth thickness./system angd the
functional topth thickness system. Information specific to coordinate-measuring methods, is not inclided,
although such methods are becoming quite common.

A.1.1 Symbols

The following symbols are used in this annex.

dy . F diameter at which the maximum acceptable chordal foeth thickness is calculated

dy_F diameter at which the minimum acceptable chordaltooth thickness is calculated

Fre runout tolerance correction to Y-cylinder diameter to account for manufacturing tolerances

hey height above the chord to the outside diameter

hey height above the chord to the outside diameter, used for both maximum and minjmum
chordal tooth thickness measurements (chordal addendum)

Sny tooth thickness, normal, on the*Y-cylinder

Sg tooth thickness, chordal

Scy tooth thickness, chordal, at Y-cylinder

Siy+F)nhax  tooth thickness, normal, maximum effective, at Y + F cylinder,

Sy—F)nin  tooth thickness, normal, minimum effective, at Y — F cylinder,

Byir helixangle at Y + F cylinder

,Hy, F helix angle at Y — F cylinder

As correction for the difference in arc heights of the maximum and minimum chords

A.1.2 Tooth thickness relationships

The relationship between measured tooth thickness and the operating backlash depends on both the tooth
thickness measuring method and the accuracy grade. This is because the effective (functional) tooth
thickness of a gear will be different to the measured tooth thickness by an amount equal to the combined
effects of deviations in the mounting of the gear and all the tooth element deviations. In the nominal system,
this difference is applied to the backlash. In the functional system, this difference is accounted for in the
allowable measured tooth thickness. Both systems have been used with equal success.

The nominal system uses a direct calculation to go from the specified tooth thickness tolerance to the

allowable range of measured tooth thickness (planned test dimensions). The range of predicted backlash for
the gear pair is then calculated based on the tolerances of the operating centre distance, the tooth thickness
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test dimensions for each of the gears, the measuring methods used and the elemental tolerances of the gears.
The predicted backlash range must be verified for suitability and, if necessary, changes made to the nominal
tooth thickness tolerance, the measuring method, the centre distance or the accuracy grade (the elemental
tolerances, also known as the allowable elemental deviations, are a function of the specified accuracy grade).
This annex includes the technique for calculation of the tooth thickness test dimensions using the nominal
system, but does not include calculations for the predicted backlash range. See DIN 3967 for such

calcu

lations.

In the functional system there is a direct correlation between the specified functional tooth thickness and the
backlash. The tooth thickness test dimensions are calculated as a function of both the measuring method
used and the allowable values of the elemental deviations (tolerances) of the gears. The resulting allowable

meas

be made to

the fuy

Withi
dime
tooth
perm
can

Equa

Withi

A.2

The
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flank
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ured tooth thickneacce ranaa muct ha varifiod for critahilitvgy and if nanaccary channac muc
tHea—1oom—tHEeKREeSSaRgedStoeYerHea+o—Suhiaphity—aRe—HRe6eSSary-—eraRgesS+hds

nctional tooth thickness tolerance, the measuring method, the centre distance or the accura

n the nominal tooth thickness system, the equations in 4.7.1 to 4.7.5 produce,the
hsions if the nominal (zero-backlash) profile shift coefficient x is used in these and,in-the equ
thickness half angle v (4.7.2) or space width half angle n (4.7.4). The planned test dim
ssible maximum and minimum dimensions or their arithmetic means) for the finish or rough
be determined if, instead of x, the generating profile shift coefficient, "xg, is used
tions (120) and (121) for ¢ > 0 and for the half angles.

h the functional tooth thickness system, the generating profile shift ceefficient xg is always us

Span measurement

span measurement, W,, is the distance measured. between two parallel planes normal
nt plane which contact a left and right flank over#teeth on an external helical or spur gear,
i tooth spaces in an internal spur gear. The;contact points lie in a base tangent plane. In
cannot be measured with this technique,-The two parallel planes must contact a right fla
respectively in the involute portion of those tooth flanks. (See Figure A.1.) For interna
uring cylinders or measuring balls mustbe used instead of flat measuring surfaces. See ISC
ditional information.
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AUV V)

Key

1 base cylinder tangential plan
2 projection|of the gear axis

Figure A.1 — Span measurement, 17, on helical cylindrical gear

The span mgasurement is a flank-relatedmeasurement quantity and therefore independent of (not a function
of) deviation$ of position between the gear axis and the axis of the teeth.

In many casgs, on the same gear,.span can be measured over several different numbers of teeth (or|tooth
spaces). Flapk modifications, undercut, tip diameter variations and changed parameters of the standard pasic
rack tooth pfofile (e.g. alignment teeth with involute tooth profile according to 1ISO 4156) can lead tp the
reduction of the usable area of the tooth flank for measuring the span. This restricts the possible number of
teeth spanngd (measured-number of tooth spaces), k. In some cases, particularly for helical gears with p low
face to diameéter ratioy span measurement cannot be used.

In the following-equations, the integer function (INT) signifies that k is the closest whole number less thian or
equal to the decimal number of the value in brackets

A.2.1 External gears, number of teeth spanned

The number of teeth spanned (measured number of tooth spaces) may be chosen from either:

k =INT[£[tan#—inVat —étanan}+1] (A1)
T\ cos” By z
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or, alternatively,

cos Ay +1 (A.2)

or by means of an approximation, which is sufficient in many cases as

- |NT[Z_mV;“tm+1J (A.3)
inva, =

ay, May be calculated according to Equation (15) on the V circle.

The psable range of number of teeth spanned (measured number of tooth _spaces), &, on flanks without
modification as limited by the diameter of the root form circle, dg;, and the tip.form circle, dg,, car) be obtained
from

V& <dE .

bn
ko =INT| 2 t""”#—invat—ﬁtanan +15 | = INT| <8%8/b 115 (A.4)
T\ cos” By z Pbn
2 2
VdFa=dy _
t n
ke = INT| 2| 208 _inygr, — 2 tange, [+0,5 | - INT| 2220 +0,5 (A5)
T\ cos” By z Pbn

If the| flanks are modified, use the-unmodified flank limit diameters instead of the root and tip form diameters.
With the user-chosen integer.value for k ( ki, <k < knax ) the base tangent length is given by:

Wy = mp Cosay | mk~1)+ zinvay + zy |
= my, C0Sw, [n(k -0,5)+ zinVat] +2xmy, sinay,

=tk —1) Pon + Spn (A.6)

where

00 ing profile shift
coefficient.

In the case of external helical gears, it is always necessary to check the practicality of the span measurement
for the calculated or selected number, k, of teeth to be spanned. In order to ensure a sufficiently reliable
measurement of W, for a gear with usable facewidth b (b reduced by the chamfers or curves at the tooth
ends, see 4.2.8), by must equal or exceed a minimum value of bg iy, Which is required to ensure that the
straight contact lines between the measuring surfaces and the two tooth flanks (involute helicoids) are
satisfactorily long. Thereby, a secure measuring surface contact is guaranteed and the imaginary axis of the
measuring device (shown by the points on the straight contact lines indicated by dimension W, in Figures A.1
to A.3) is positioned perpendicular to the flank generators. Usable facewidth b (see Figure A.2) should not be
less than value bg ,,, determined using:
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bF > mein = Wk sin ﬂb +bM COSﬂb (A?)
with

by =1.2+0,018%, (A.8)

Bs

Key

1 base cylinder tangential plane
2  projection|of the gear axis

Figurp A.2 — Diagram showing facewidth required to permit adequate span measurement

In the case [of spur gears, withthe chosen integer number of teeth spanned (measured number of |tooth
spaces) k, tHe measuring planes will contact the tooth flanks (with symmetrical positioning of the meaguring
planes, see figure A.3) atithe/measuring circle diameter d;:

dM Z\/;g +Wk2 (Ag)

The possibilittes for rocking the measuring device n refation to the symmetricat positioning of the measuring
surfaces (angle of rock, dyy ) within the tooth flank surface limited by tip form diameter dg, and root form
diameter ds are determined by the tooth parameters.

d d
Where W —7btan afgy > 7btan ars, it follows that

Sy = Z(tan o, —ﬂ] (A.10)
dy,
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d d
Where W, ——Ltanar, < —2tana (see Figure A.3), it follows that
I Fa S, Ff

5W :2[ﬂ—tana|:f] (A11)
dp

Y

“p

59

Fi

©

ure A.3 — Diagram of portion of transverse section available for span measurement gn external
spur gear with number of teeth spanned & = 3 for a secure measuring surface contact
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A.2.2 Internal spur gears, number of tooth spaces spanned

Number of tooth spaces spanned, k&, may be chosen from
|Z| . 2x
k =INT| —| tana, —inve ——-tana,, |-1 (A12)
T z

or, alternatively,

aZ
k=INT M—w (A.13)

Py

or by means [of approximation, which is sufficient in many cases as
k=INT |z|ﬂ—1j (A.14)
T

ay, may be[calculated according to Equation (16) on the V, circle.

The root for diameter limits the maximum number of tooth spaces that/can be spanned, while the infernal
tooth tip diameter limits the minimum number of tooth spaces that can be.spanned:

Jd& -d? +
ke = INT| X% 7900 ¢ 5 (A.15)

Pbn

Jd 2 —dZ +
—ifT| ¥%a % TTbn g (A.16)

Pbn

kmin

If the flanks are modified, use the unmodified flank limit diameters instead of the root and tip form diamet¢rs.

With the usef-chosen integer value(for 'k (kpyi, <k < knyax ). the base tangent length is given by
Wy = m{cosa, (nk + |z|invat + Zl//)
= mj cosa, [k - 0,5) + |z|invary |- 2xmy, sinar,

=k b3 Son A-17)

where tooth thickness half angle y is determined using Equation (41) with the generating profile shift
coefficient.

A.2.3 Functional system — Span adjustment for allowable tolerances

The number of teeth to be spanned in the functional system is the same as that in the nominal system (see
A.2.1).

The span measurement gives the tooth thickness in relation to the base cylinder. Deviations in base pitch,
accumulated pitch over k teeth, tooth profile, and lead can all affect the span measurement, and runout
(between the base cylinder and the bearing journals) can affect the functional tooth thickness. The allowable
span measurement must therefore be adjusted if the functional tooth thickness is to be limited.
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