BRITISH STANDARD BS ISO
21771:2007
Gears — Cylindrical
involute gears and gear
pairs — Concepts and
geometry
=V a
| B 4 N

o
ST AN e
British Standards

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

Full document details: BS 1ISO 21771:2007


http://www.avadocuments.com/doc/bs-iso-21771-2007
http://www.avadocuments.com/doc/bs-iso-21771-2007

BS ISO 21771:2007

National foreword

This British Standard is the UK implementation of ISO 21771:2007.

The UK participation in its preparation was entrusted to Technical Committee
MCE/5, Gears.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was Amendments issued since publication
published under the authority
of the Standards Policy and

Strategy Committee Y Amd. No. Date Comments

on 28 September 2007

© BSI 2007

ISBN 978 0 580 54359 3 Pocuments

Document Sharing Hub

Full document details: BS 1ISO 21771:2007


http://www.avadocuments.com/doc/bs-iso-21771-2007
http://www.avadocuments.com/doc/bs-iso-21771-2007

BS ISO 21771:2007

INTERNATIONAL ISO
STANDARD 21771

First edition
2007-09-01

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

Engrenages — Roues et engrenages cylindriques a développante —
Concepts et géométrie

_— Reference number
= — 1ISO 21771:2007(E)

IS0-: Documents

==X 7 — Document Sharing Hub

Full document details: BS 1ISO 21771:2007


http://dx.doi.org/10.3403/30112628U
http://dx.doi.org/10.3403/30112628U
http://www.avadocuments.com/doc/bs-iso-21771-2007
http://www.avadocuments.com/doc/bs-iso-21771-2007

Documents

. Document Sharing Hub
ii

Full document details: BS ISO 21771:2007


http://www.avadocuments.com/doc/bs-iso-21771-2007
http://www.avadocuments.com/doc/bs-iso-21771-2007

BS ISO 21771:2007

Contents Page
Lo T (=3 o PP iv
1 T o - PR 1
2 NOIrMAtiVe FEfErENCES ....ooi et ss s e e e e s e snme e e e e e e s s nnmn e e e e e essssnnneeeeeesnnnnnn 1
3 Symbols, sUbSCripts and UNItS.........ooic i sn e e mnn e e e e s e nn e e e e ean 2
3.1 R 1] oo =3 PSPPSR 2
3.2 RS0 o L= o ] o] PSSR 8
3.3 L0 T 9
4 Lo FAVAT LUE=T I o3 Y/ 11 g Te Lo o= T e T=T: T 10
41 Concepts for an individual gear ..........cccciiiciiiiiiiii e ———— 10
4.2 Reference surfaces, datum lines and reference quantities..........ccccoeiiiiiiiieiici e 12
4.3 LN 2o LT = = F e o L 17
44 Angular pitch and PItCIES.......ooo e e e 21
4.5 Diameters of gear teeth.........oo i ———————— 24
4.6 Gear tooth height ... ————————————— 24
4.7 Tooth thickness, space Width.............cooiiiiiiiiiiiiiicc s es s e s e e s s s s ssnsssmsmnmsmnrennnenes 25
5 O3V [T aTe [ o= 1Ie L=F: Tl o X- 11 - OO PRR 27
5.1 (0267 [oT=T T30 o] = W 1-F: T o - 11 OSSPSR 27
5.2 Mating QUAaNTItIES .....ccccciiirirrrrcrcrr s —————————_n 28
5.3 Calculation of the sum of the profile shift coefficients.........cccccrviriciceriine e 31
54 LI 2o 4 T =Y 3 T = Ve T=1 3 0= 0L 32
5.5 = Yo 1= T o 40
5.6 Sliding conditions at the tooth flanks...........cccciiiiii e —— 41
6 Tooth flank MOdifiCatioNS ... e 44
6.1 Tooth flank modifications which restrict the usable flank ...........ccoo s 44
6.2 Transverse profile Modifications ... e 45
6.3 Flank line (helix) ModifiCations ... e e 48
6.4 Flank face ModifiCations.......ccccciiiiiccciieeirii e n e e e e e e e e 49
6.5 Descriptions of modifications by fUNCLIONS......ccccco e 51
7 (€T o 4 0=y g T 1IN [T 411 PSP 52
71 Counterpart rack tooth Profile...........cccoiiiiiii i 53
7.2 (V=2 o T 11 4 T T 11 Lo Y= o Lo = 54
7.3 (D LAVIEEY i ToT g ER T Lo Yo 4 g T d g ed 14 L=, 55
7.4 Generating profile shift, generating profile shift coefficient...........ccccciiiiiiiiiiicis 56
7.5 Generated root di@MELEr ......... e ennn e ean 57
7.6 Usable area of the tooth flank, tip and root form diameter ..., 57
7.7 L0 T3 o 1= o 1 59
7.8 L0 Y=Y o] 1 O 59
7.9 Minimum tooth thickness at the tip circle of a gear........cccciiiiiiiccci 59
Annex A (informative) Calculations related to tooth thickness.........cccccoivicccireriei e 60
L= 0] [T'o o - o] 172 83

Documents

Document Sharing Hub
lii

Full document details: BS 1ISO 21771:2007


http://www.avadocuments.com/doc/bs-iso-21771-2007
http://www.avadocuments.com/doc/bs-iso-21771-2007

BS ISO 21771:2007

Foreword

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

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

SO 21771 was prepared by Technical Committee ISO/TC 60, Gears, Subcommittee SC 1, Nomenclature and
wormgearing.

This first edition of |SO 21771 cancels and replaces ISO/TR 4467:1982, of which it constitutes a technical
revision.
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Gears — Cylindrical involute gears and gear pairs — Concepts
and geometry

1 Scope

This International Standard specifies the geometric concepts and parameters for cylindrical gears with involute
helicoid tooth flanks. Flank modifications are included.

It also covers the concepts and parameters for cylindrical gear pairs with parallel axes and a constant gear

ratio, which consist of cylindrical gears according to it. Gear and mating gear in these gear pairs have the
same basic rack tooth profile.

The equations given are not restricted to the pressure angle, op = 20°.

The standard is structured as follows.
— Listing of symbols and nomenclature for a unique description of gears and gear pairs (see Clause 3).

— Equations and explanations of the relevant values for defining a cylindrical gear and its tooth system. The
equations for determination of the nominal values for zero-deviation gear description parameters are
stated for radial tooth dimensions (gear tooth heights), the distance between flanks of the same hand, the
distance between flanks of opposite hand, as well as the tooth flank characterizing parameters (see
Clause 4).

— Equations and explanations of the relevant values for defining cylindrical gear pairs. The equations for the
essential parameters characterizing the engagement conditions of the unloaded gear pair are listed (see
Clause 5).

— Equations and suggestions for desired flank modifications (see Clause 6).

— Concepts and recommendations needed for a unique geometrical definition of the intended results from
manufacture (Clause 7).

— Equations for determination of the nominal values or the limiting values for the most used inspection
methods for tooth thickness (see Annex A).

2 Normative references

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.

SO 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 4.2.8
b usable facewidth 4.2.8
bu contact line overlap (for measuring base tangent length) A2A1
by, active facewidth (the facewidth used) 54.7.2
c tip clearance 5.2.7
CF form over dimension 544
d reference diameter 424
dy tip diameter 453
dgo tip diameter of tool 7.5
dam tip diameter of overcut cylindrical gears A9
dy, base diameter 4.3.10
dyo base diameter of the pinion-type cutter 7.6
ds root diameter (nominal dimension) 454
dig root diameter produced 7.5
dy root diameter of the pinion-type cutter A9
d, V-circle diameter 4.5.1
dy, working pitch diameter 525
dy Y-circle diameter 4.3.3
dr, tip form diameter 7.6
dra0 tip form diameter of the pinion-type cutter 7.6
drs root form diameter 7.6
dy diameter of circle through centre of ball A5
dy diameter of a measuring circle A.2.1
dna active tip diameter 541
dns start of active profile diameter (SAP diameter, active root diameter) 541
e space width on the reference cylinder 473
eyt space width on the Y-cylinder 4.7.3
Documents
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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 5452
ga length of path of contact 5.4.5.2
Say distance of a point Y from pitch point C 5.6.1
gp arc of contact 54.7.4
h tooth depth (between tip line and root line) 4.6.1
hy addendum 4.6.2
hap addendum of the standard basic rack tooth profile Figure 4

hapo  |addendum of the tool standard basic rack tooth profile 7.5
hs dedendum 46.2
hip dedendum of the standard basic rack tooth profile Figure 4

hipg | dedendum of the tool standard basic rack tooth profile A9
hy, working depth of teeth in a gear pair 5.2.6

hep  |depth of dedendum form of the standard basic rack tooth profile Figure 4
hg radius of the tip corner chamfering or tip corner rounding 6.1.2
hp tooth depth of standard basic rack tooth profile Figure 4
inv involute function 4.3.9
Jbn contact backlash 55
Jr radial backlash 5.5
Jt circumferential backlash at the reference circle 552
Jwt circumferential backlash at the pitch circle 5.5
k number of teeth, spaces or pitches in a span (e.g. number of teeth A2A1

spanned)
k addendum modification coefficient 452

Imax path of engagement 5.4.8
>l sum of path of contact 5.4.8
mp normal module 4.2.7
my transverse module 427
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
Ppt 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 transverse pitch 4421
Dy axial pitch 444
Pyn normal pitch on the Y-cylinder 443
Pyt transverse pitch on the Y-cylinder 443
D lead 43.2

q machining allowance on tooth flank 7.2
dFs undercut Figure 24
SaK residual tooth thickness at tip with tip corner chamfering or tip corner 6.1.2

rounding
Shn normal tooth thickness on the base circle A22

S normal tooth thickness on the reference circle 4.7.5
Sni minimum normal tooth thickness on the reference circle 7.3
Sns maximum normal tooth thickness on the reference circle 7.3

St transverse tooth thickness on the reference circle 4.71
Syn normal tooth thickness on the Y-cylinder 4.7.5
Syt transverse tooth thickness 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 sliding speed at the addendum 5.6.1
Vg sliding speed at the dedendum 5.6.1
Va normal speed 5.6.1

X profile shift coefficient 429
Xg generating profile shift coefficient 7.4

Xemin | 9€nerating profile shift coefficient at undercut limit 7.7
x| profile shift coefficient of master gear A.8

z number of teeth 4.1.5

Zg 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 543
Cay modification of the profile 6.5
Cpy modification of the flank line 6.5
Csy modification of the flank surface 6.5
Cua amount of tip relief 6.2.1
Cus amount of root relief 6.2.1
Ces  |tip amount of triangular end relief modification 6.4.2
Ckt root amount of triangular end relief modification 6.4.2
Gij amount of modification at point (i,j) 6.4.1
CHa amount of transverse profile slope modification 6.2.2
C, amount of profile crowning (barrelling) 6.2.3

Cg)» Ci |amount of end relief 6.3.1

Cg amount of flank line crowning 6.3.3
Chp amount of flank line slope modification 6.3.2
Dy measuring ball or measuring cylinder diameter A5
D end point of single tooth contact point on driving gear 5451
E end point of meshing 54.3
Eqq normal tooth thickness deviation limit (or allowance) A9
Eqni lower deviation limit for tooth thickness 7.3
Ey.s  |upper deviation limit for tooth thickness 7.3
Ky sliding factor 5.6.2
Kya sliding factor at tooth tip 5.6.2
Ky sliding factor at tooth root 5.6.2
Lag roll length 6.2
Lcg 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
L root roll length of triangular end relief modification 6.4.2
Myk  |dimension over balls AT
Mgz  |dimension over cylinders AT7.1
My radial single-ball dimension A5
Mz radial single-cylinder dimension A.6

N number of tooth or pitch 4.1.6
@) centre 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 contact point of tangent (lines of engagement) at base circle Figure 10
u involute point of origin 4.3.7
Wy base tangent length over k measured teeth or measured spaces A.2.1

Y any point on a tooth flank or involute 4.3.5
o, normal pressure angle 4.3.6
o transverse pressure angle 4.3.5

working transverse pressure angle of gear pair 524

o working transverse pressure angle in the generating gear unit 7.6
Ay normal pressure angle at the Y-cylinder 4.3.6
Oyt transverse pressure angle at the Y-cylinder 4.3.5
OF¢ pressure angle at root form circle 7.6
oK pressure angle at circle through centre of ball A5
Oy transverse pressure angle at a point at circle through centre of ball A5
Ot transverse pressure angle at a point at measuring circle A5
op pressure angle of the standard basic rack tooth profile 4.3.6
apg pressure angle of the tool basic rack tooth profile 7

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

S helix angle 4.3.3
Lo 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 43.3
£y transverse contact ratio 5.4.7.1
&g overlap ratio 5473
&y total contact ratio 54.7.5
¢ specific sliding 56.3
- specific sliding at end points of path of contact 5.6.3
n space width half angle at reference circle 4.74
M base space width half angle 4.7.4
My space width half angle at Y-circle 4.7.4
§y rolling angle of the involute at point Y 4.3.7
EFa0 rolling angle at tip form circle of pinion-type cutter 7.6
Erf rolling angle at root form circle 7.6
ENa rolling angle at active tip circle 541
ENF rolling angle at active root circle 541
Pp root radius on the standard basic rack tooth profile Figure 4
Py radius of curvature of the involute at point Y 4.3.8
T angular pitch 442
] backlash angle 5.5.2
Py transverse angle of transmission 5.4.71
?p overlap angle 54.7.3
, total angle of transmission 54.7.5
v tooth thickness half angle at reference circle 4.7.2
Vb base tooth thickness half angle 4.7.2
vy tooth thickness half angle at Y-circle 4.7.2
o, angular velocity of driving gear 5.2.2
®p angular velocity of driven gear 522
>x sum of profile shift coefficients 5.3
2XE sum of profile shift coefficient, non-zero backlash 5.3
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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
v for quantities associated with the V-cylinder 4.5.1
w for quar_wtities associated with the pitch cylinder and working values of a
gear pair
X for quantities in an axial section 4.2.6.3
for values at a point Y (on the Y-cylinder)
E relating to “generating” (e.g. quantities generated on the cylindrical gear) or
“generator”
F for quantities determining form circles and maximum usable flank area
K for quantities resulting from corner chamfering or for ball dimensions
L for designating a master gear
L for designating left flanks 4.1.8.2
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
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Subscript Description Used
in®
4 for quantities associated with cylinder dimensions
a for quantities associated with contact
g for quantities associated with a tooth trace
Ve for total contact ratio
Z for “sum”
0 for quantities associated with the generating tool or the generating gear unit 7
1 for quantities associated with the pinion (smaller gear) of a gear pair 51.3
2 for quantities associated with the wheel (larger gear) or internal gear, used 51.3
for designating a coefficient relating to the module
I for locating face 421
I for the face opposite the locating face 421
@  No subscript designates quantities associated with the reference cylinder.
b 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:
— modules, lengths and linear dimensions in millimetres (mm);
— angles which are to be used in equations 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

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

z

determine 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

4.1.1 Gear, cylindrical gear, external gear, internal gear

A gear is a rotationally symmetrical object (gear blank) with a tooth system worked into the rim. A cylindrical
gear is a gear with a cylindrical reference surface. A distinction is made between external and internal gears
according to the radial arrangement of the teeth in each case. The tips of the teeth point outwards in an
external gear and inwards in an internal gear.

4.1.2 Tooth system, external teeth, and internal teeth

The tooth system refers to all the teeth and space widths around the rim of a gear. As in 4.1.1, a distinction is
made between internal and external gear teeth.

4.1.3 Tooth and space

A tooth is a geometrical element on the gearwheel body that enables the transmission of force and motion.
The form and dimensions of the teeth and the distance between consecutive teeth are defined by the tooth
system parameters. The space is the gap between two consecutive teeth.

4.1.4 Tooth system parameters

The nominal dimensions of involute cylindrical gear teeth are uniquely determined by the diameter of the
reference cylinder, the associated basic rack and its position in relation to the reference circle. The nominal
dimensions are defined by the following parameters, which are independent of each other:

— number of teeth, z;
— standard basic rack tooth profile;

— normal module, m,;

— helix angle, g, and flank direction;

— profile shift coefficient, x;

— tip diameter, d_,;

— facewidth, 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.
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41.6 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.

Figure 1 — Numbering of teeth and spaces on datum face

4.1.7 Top land and bottom land

41.71 Top land

The top land of a tooth is the outermost (innermost in the case of internal gears) periphery of the tooth
concentric to the reference cylinder, see Figure 2.

41.7.2 Bottom land

The bottom land is the innermost (outermost in the case of internal gears) periphery of the space width
concentric to the reference cylinder, see Figure 2.

4.1.8 Tooth flanks and flank sections

4.1.8.1 Tooth flank

Tooth flanks are those parts of the surface of a tooth that are located between the top land and the bottom
land, see Figure 2.

41.8.2 Right flank, left 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.
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top land
addendum flank
reference cylinder
dedendum flank
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datum face

o o WN -

Figure 2 — Top land, bottom land and tooth flank with division (internal and external teeth)

4.1.8.3 Addendum flank, dedendum flank

The addendum flank (or dedendum flank) is that part of a tooth flank that is located between the reference
cylinder and the top land (or the bottom land), see Figure 2.

4.1.8.4 Usable flank

The usable flank is that part of a tooth flank that can be used to engage with a mating flank. On a cylindrical
gear, it is part of the involute helicoid including any flank modifications.

4.2 Reference surfaces, datum lines and reference quantities

4.2.1 Reference surface, datum surface, datum face

The reference surface of the teeth is an imaginary surface to which the geometrical parameters relate. In the
case of cylindrical gears, the reference surface is termed the reference cylinder.

The agreed front of the gear (usually used for text or suitably marked) is used as the datum face. Parameters
which relate to the datum face are denoted by the subscript | while parameters which relate to the opposite
face are denoted by the subscript II.

4.2.2 Reference rack

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.
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Key

1 transverse section

2 facewidth

3 normal section

4  standard 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 profile of involute
teeth are straight lines. Tooth thickness, sp, and space width, ep, on the datum line of the basic rack (P-P) in
the reference plane are equal, see Figure 4.

The standard basic rack tooth profile for involute teeth is standardized in ]SO 53.

p = mn
B T4 2
« P e G
[ WY W
<
Y
P a A A P
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Yoy Y
Q»@
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1 3
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 reference diameter, d, is determined by

(1)

4.2.5 Gear axis

The axis of a gear (gear axis) is the axis that is defined by the geometrical axis of the support surfaces.
4.2.6 Sections through a cylindrical gear

4.2.6.1 Transverse section, transverse profile
The sectioning of cylindrical gear teeth by a plane perpendicular to the gear axis yields a transverse section.

For helical gears, quantities in the transverse section are denoted by the subscript t. The intersection of a
tooth with a transverse plane is termed the transverse profile.

4.2.6.2 Normal section, normal profile

The sectioning of involute helical gear teeth by a surface perpendicular to the flank lines of the involute
helicoid yields a normal surface. The normal surface is curved three-dimensionally.

Quantities on the normal surface are denoted by the subscript n. The intersection of a tooth with a normal
surface is termed the normal profile.

4.2.6.3 Axial section, axial profile
The sectioning of cylindrical gear teeth by a plane containing the gear axis yields an axial section.

Quantities in the axial section are denoted by the subscript x. The intersection of a tooth with an axial plane is
termed the axial profile.

4.2.6.4 Cylindrical section, flank lines

The flank lines are lines of intersection of the right and left flanks with a cylinder that has an axis which
coincides with the gear axis. Hence, right and left flank lines are to be distinguished.

The reference flank line (tooth trace) is the line of intersection of the flank with the reference cylinder. The
base flank line is the line of intersection of the involute flank — possibly imagined as extended — with the
base cylinder. The base flank line is a helix on the base cylinder. The origin of the involute helicoid is a base
flank line. The tip flank line is the line of intersection of the involute 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 |[SO 54).
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For a helical gear, the transverse module, m;, is found as

Mp
- cosf @

my
and the axial module, m,, as

Mn Mn my (3)

my = = =
* sinf cosy tanp

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

4.2.8 Facewidth

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 usable facewidth, b, is the distance between two transverse sections that contain the fully developed
height of the tooth flank. (See Figure 5.)

84,

Key

1 developed view of V-cylinder

Figure 5 — Facewidth b, usable facewidth b
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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.)
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P—P datum line 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

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.

A
®
<

developed axial line

involute helicoid

involute

base helix

base cylinder axial line

base cylinder

developed base cylinder envelope
involute

straight line generator

© 00 N O o WN -~

Figure 7 — Base cylinder with generator and involute helicoids
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4.3.2 Lead

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.

pp=t == p, (4)

T

N Pe

» dy .
dm
B+ y=90°
Key
1 normal plane
2 reference cylinder envelope line, gear axis
3 reference trace
4  projection of the gear axis

Figure 8 — Lead triangle, lead, helix angle, lead angle
4.3.3 Helix angle, lead angle
The helix angle, g, is the angle between a tangent to a reference helix and the reference cylinder envelope
line through the tangent contact point. In special cases, the helix angle, g, 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, =tan B cos e, (5)
sin £, = sin 8 cosay, (6)
i sina
cos /4, = cos f3 coSan _ Sl_n n 7 _os o, \/tan2 a, +cos? 3 (7)
cosgy sina,  sinay
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On a cylinder with arbitrary diameter, dy, the helix angle, g, is found from Equations (8) to (10):

COS «,

d
tan g, = tan,B—y =tang
d cosa,,

cosa,  sin By

t =tan g,

sinp, =sinj =
Cosay,  COSayp
5 tanay, COsa;Cos 5,
cos f, = =
y
tan Ay cosayy,

(8)

9)

(10)

The lead angle, y, is the angle at which the normal plane crosses the gear axis, see Figure 8. It is also the
angle between a tangent to a reference helix (reference flank line) and the transverse section through the

tangent contact point:
vy =90°=fy
For spur gears, f=0°and y= 90°.

4.3.4 Flank direction

(11)

The flank direction is right-handed if the flank line describes a right-hand helix and left-handed if the flank line

describes a left-hand helix. (See Figure 9.)
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Right-hand teeth

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

d
cosa, :—b=icow¢t (12)
dy dy

(See Figure 10.)
The transverse pressure angle, «y, is the acute angle between the tangent to the involutes at their point of

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

% (13)

Ccos o = 7

Figure 10 — Parameters relating to involute

4.3.6 Normal pressure angle at a point, normal pressure angle
In the normal section of the involute helicoid, the tangent to this section at an arbitrary point Y is inclined to 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, «,; this is equal to the pressure angle, ap, of the standard
basic rack tooth profile.

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

Foraspur gear, o, =, and ay, = 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 origin, U. In the
triangle OTY it is the side opposite the transverse pressure angle, o, at the centre of the circle O:

2 2
VY (17)

tanayt :H 2

z db
L = = —_—
y = Py ]2

d

_Z%
SANE

(See Figure 10.)

4.3.9 Involute function

The angular difference, §y —ay, is termed the involute function of angle ayt and is denoted by inv a (to be
read as “involute a”):

inVayt =4y -y = tanozyt —ay (18)

(See Figure 10.)

4.3.10 Base cylinder, base circle, base diameter

The base cylinder is that cylinder coaxial with the gear axis that is determinative for the generation of the
involute 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 base circle form the transverse profiles of the gearing. The base diameter, d|,, is given by

dy, =dcosq, =|z|m,cose, = el cos = |2l (19)
cos § tan? g, +cos® f
- cosa,
db = |z|mn cosﬂb (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.

2
_2n_ Py in radians (21)
|Z| dy
7= 3|§|0 in degrees (22)
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