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Foreword

ISO (the I
bodies (IS

nternational Organization for Standardization) is a worldwide federation of national standards
0 member bodies). The work of preparing International Standards is normally carried out through

ISO technical committees. Each member body interested in a subject for which a technical committee

has been

established has the right to be represented on that committee. International organizations,

governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draws$ attention to the possibility that the implementation of this document may involve‘thefuse of (a)

patent(s).
rights in

patent(s) which may be required to implement this document. However, implemefiters are caut

ISO takes no position concerning the evidence, validity or applicability of ahy claimged patent
respect thereof. As of the date of publication of this document, ISO had not received ngtice of (a)
joned that

this may not represent the latest information, which may be obtained from the patent database ayailable at

www.iso.prg/patents. ISO shall not be held responsible for identifying any or alljstuch patent rightg.

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

This docy
and worm

This first
The main

— thes
value
dime

— flank

— adefinition of normalsstirface has been added and this is used rather than normal plane;

— the al
Additiong

— calcu

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

ment was prepared by Technical Committee ISQ/TC 60, Gears, Subcommittee SC 1, Nomenclature
gearing.

edition of ISO 21771-1 cancels and replacés'ISO 21771:2007, which has been technically revised.
changes are as follows:

gn convention for internal gears/used in the ISO 6336 seriesl8] has been adopted. The negative
for the number of teeth of aminternal gear is applied to the diameters and centre distancg, so these
hsions of internal gears havesnegative values;

direction has been renamed as hand of helix and sign (+/-) of helix angle is used;

1nex on tooththickness was removed because it is now addressed in ISO 21771-2.
1 material has been added to cover:

ationfof form diameters for tooth tip corner radius and tooth root fillet radius in the tfansverse

plane

fepan involute cylindrical gear (Clauses 10, 11 and Annex B);

— calculation of the tooth tip corner radius for a specified form diameter and tip diameter of an involute
cylindrical gear;

— calculation of a radius tangent to the involutes of adjacent teeth at root or tip diameter (Annex A);

— generated tooth root fillet shape for individual involute cylindrical gears (Annex B);

— concepts and parameters for involute cylindrical gear pairs with crossed axes (Clause 6 and Annex C);

— geom

etry of surfaces in contact (Annex D);

— projection of a transverse plane profile of a tooth onto another plane (Annex E);
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— interface to ISO 10828 for involute worm gear geometry (Annex F).
Alist of all parts in the ISO 21771 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Cylindrical involute gears and gear pairs —

Part 1

Concepts and geometry

1 Scop

This docu
tooth flan

It also coy
and a con

2 Normative references

There ard

3 Terms, definitions, symbols, subscripts and units

3.1 Tenms and definitions
For the pyrposes of this document, the following ternissand definitions apply.
SO and I[EC maintain terminology databases fordise in standardization at the following addresses

— ISO Online browsing platform: availablexat' https://www.iso.org/obp

— IECE

3.1.1

basic rac
tooth pro
gear with

Note 1 to ¢ntry: The toath-of the basic rack tooth profile is bounded by the tip line at the top and by the p:

line at the

equal to pg.

3.1.2

counterparbrack tooth profile

e

ment specifies the geometric concepts and parameters for cylindrical gears withdnvolut
ks. Flank modifications are included. The formulae in this document apply to alkpressur

rers the concepts and parameters for involute cylindrical gear pairs with parallel or cro
stant gear ratio. Gear and mating gear in these gear pairs have the same basic rack tooth

no normative references in this document.

ectropedia: available at https://www.electropedia.org/

k tooth profile for involute gear teeth
ffile of a normal seetion through the teeth of a basic rack which corresponds to an extd
number of teethrz'=0o and diameter d = o

bottom. The'fillet between the straight part of the profile and the root line is a circular arc wi

e helicoid
e angles.

Esed axes,
profile.

rnal spur

rallel root
h a radius

rack tooth profile symmetrical to the basic rack tooth profile about the datum line P-P and displaced by half
a pitch relative to it

3.1.3
nominal
pure invo

involute flank
lute flank prior to any modifications

Note 1 to entry: See 4.4 for more information on a gear tooth involute flank.

© IS0 2024 - All rights reserved
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tip alteration coefficient

k

change to the addendum relating to the standard addendum of one normal module, it is made non-

dimensional by dividing by the normal module

Note 1 to entry: Tip alteration is also known as addendum modification, tip shortening or truncation.

3.1.5

generating gear pair

generating tool (rack, hob, pinion-type cutter, or grinding wheel) and the gear being machined during gear

tooth machining process

3.2 Symbols q/b‘
Q
Table 1 prjovides all the symbols used in this document. N
Y4
Table 1 — Symbols /\'\
N
Symbol| Description Aq/‘ SuHclause
A pinion lower end point of meshing (near pinion root) X O\U 5/5.6.1
ay working centre distance of a cylindrical gear pair 5\\“ 5.3.8,5.3.5,
A 6]3.12
awo centre distance in the generating process with pinion-type(g@%r 11.2
B pinion lower point of single tooth contact (LPSTC) \\\‘ 5/5.6.1
b facewidth hs\\) 439
bg, length of relief near tip QQ\U 8.5.2
bg¢ length of relief near root h$ 84.5.2
by usable facewidth A'\U 439
b, active facewidth (the facewidth used) \O 515.9.2
C working pitch point . ~~ 335
with subscript: amount of relief@modiﬁcations 8
Cay modification of the profilepg\\f’unction 8.6
Cg, amount of triangular er‘l.((?ﬁ‘ef modification at tip 8.5.2
Cie amount of triangula;\e%d relief modification at root §4.5.2
Cha amount of transy@%e)profile slope modification 8.3.3
CHG amount of flgg@\h? slope modification 8.4.2
Cij amount o ification at point (i,j) 8.5.1
C, amoug&&ﬁrofile crowning (barrelling) 8.3.4
Cqa am‘g@yof tip relief g4.3.2
Cys ,.éxp\g?mt of root relief 8.3.2
CB “Amount of flank line crowning 3.4.3
Cpp Cgi  |amount of end relief 8.4.1
Cpy modification of the flank line by function 8.6
Cyy modification of the flank surface by function 8.6
c tip clearance 5.3.8,6.3.15
Cp form over dimension 5.5.5
D pinion highest point of single tooth contact (HPSTC) 5.5.6.1
d reference diameter 4.3.4
d, tip diameter 4.6.5
d, tip diameter of pinion-type cutter 11.1

© IS0 2024 - All rights reserved
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Table 1 (continued)
Symbol Description Subclause
dy, base diameter 4.4.2
dyo base diameter of the pinion-type cutter 11.1
dpx chamfering base diameter 8.2.2
dcaa tip relief start diameter 8.3.2
dear root relief start diameter 8.3.2
dee Profile control diameter 8.3.2
di, diameter for start of triangular end relief at tooth tip 8.5.2
dis diameter-for-startoftriangutarendretiefattoothroot —§.5.2
dg, tip form diameter X P‘ 9.7

dgs root form diameter .q/ 5.9.2,9.7

d; root diameter (nominal dimension) N ,'\ I 4.6.7
deg root diameter produced A/\ N 9.6

dya active tip diameter n'\\ 5.5.2,6.4.3
dns start of active profile diameter (SAP diameter, active root diameter) @ v 5.5, 6.4.3
d, V-circle diameter ) \(ﬂv 4.6.2
d,, working pitch diameter | O\ 3.3.5

dy Y-circle diameter (\‘( 4.6.3

d, reference diameter of pinion-type cutter ‘\Qv m.a1.1

E pinion upper end point of meshing (near pinion tip) ko\‘\ 5/5.6.1
Eg lower tooth thickness limit deviation for normal tooth thickness at reference cylinder 9.4
Eq s upper tooth thickness limit deviation for normi{‘t‘c}o‘th thickness at reference cylinder 9.4

e, normal space width on the reference cylind:e\@“‘ 4.8.7

ep space width of the basic rack tooth profi}g\\ ) 433

e, transverse space width on the refergqg‘e\"gylinder 4.8.4
€yn normal space width on the y—cyl}-:t%{é’r" 4.8.7
eyt transverse space width on t}‘le‘}{-\cfrlinder 4.8.4

F force ,-\%\ D.3

9 length of addendum pa@)\)’f contact 5.5.6.2,6.4.5.2
Jor length of dedendu th of contact 5.5.6.2,6.4.5.2

9yre(6) | |angle from lin%ﬁﬁ\gntres to point on the gear fillet generated with pinion-type cutter B.4.2
I length of p}@fcontact 5J5.6.2
Yay distanc‘eW)oint Y from working pitch point C $.7.5
9p ove@&c‘)ll length (arc of contact) 5[5.9.4

h ;Q&l}depth (between tip line and root line) 4.7.1
h, ] \dendum from reference pitch circle 4.7.2
h,p addendum of the basic rack tooth profile 4.3.2
h,po addendum of the counterpart of the basic rack tooth profile 9.2.2
R addendum from working pitch circle 4.7.2
h, addendum of pinion-type cutter 11.1.1
hgapo straight part of tip flank of tool-generating profile 9.2.2
hgep portion of the dedendum to root form line, of the basic rack tooth profile 4.3.2
hgepo portion of the dedendum to root form line of the counterpart rack tooth profile 9.2.1
hepo dedendum of the counterpart rack tooth profile and rack tool 9.2.2
h¢ dedendum from reference circle 4.7.2

© IS0 2024 - All rights reserved
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Table 1 (continued)

Symbol Description Subclause
hep dedendum of the basic rack tooth profile 4.3.3
Rty dedendum from working pitch circle 4.7.2
hg height of the tip corner chamfering or tip corner rounding 8.2.2
hp tooth depth of basic rack tooth profile 4.3.2
h,, working depth of teeth in a gear pair 5.3.7,6.3.14

i transmission ratio of a gear pair 5.3.2
inv involute function (not a variable) 44.5
Jon normatbasebackiash 56, 6.5.2
Jbt transverse backlash O 4.6.2
Jr radial backlash >)' 3.6.5

Ji circumferential backlash at the reference circle L ) 5.6.B,6.5.3
Jwn working normal backlash A/\ N 4.5.2
Jwt circumferential backlash at the working pitch circle n'\\ 5.6.B3,6.5.3
Kg sliding factor @ v 3.7.6
K, sliding factor at tooth tip ) \(Ov $.7.6
Ky sliding factor at tooth root | O\ b.7.6

k tip alteration coefficient 6( 3.1.B,4.6.4,

5.3.9,6.3.16
Lca tip relief roll length X \\\\ ) 84.3.2
Les root relief roll length 0’\\/ 8.3.2

Lep Ley|  |length of end relief Q0 8.4.1
Lg, tip roll length of triangular end relief modifjc@t@n 8.5.2
Lg¢ root roll length of triangular end relief m’gd&i‘zation 4.5.2
L, length of roll to y-cylinder .l \Y 44.10
Ly length of involute profile to y-cyﬁ{l@‘v 44.11
L ax maximum length of a contact ljrfe‘)‘ 515.10

M, a point on a tooth flank w@r’adius of curvature is calculated 7.1
m module (-p‘ 4.3.7
my, normal module nv 4.3.7
m transverse mogu@v 4.3.7
my axial modul(\kO‘ 4.3.7

N number Q@)‘o\fh or pitch 4.2.6

n, rotat{@‘f speed of driving gear (rpm) 4.3.2
n, r/o@nal speed of driven gear (rpm) 3.3.2

0 C;’g}n‘tre of a circle 4.3.4
Py diametral pitch Z.3.8
P4 normal diametral pitch 4.3.8
Pbn normal base pitch 4.5.5.1
Pht transverse base pitch 4.5.5.1
Pen normal base pitch on the path of contact 4.5.5.3
Pet transverse base pitch on the path of contact 4.5.5.2
P normal pitch on the reference cylinder 4.5.2.2

Pt transverse pitch on the reference cylinder 4.5.2.1
Pwn normal pitch at the working diameter 6.3.6,6.5.2
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Table 1 (continued)
Symbol Description Subclause
Py axial pitch 4.5.4
Pyn normal pitch on the y-cylinder 4.5.3
Pyt transverse pitch on the y-cylinder 4.5.3
Py lead 4.4.6
pr protuberance of the tool (as seen in [SO 6336-3) 9.2.1
q machining allowance on tooth flank 9.3
Qrs magnitude (amount) of undercut in transverse plane 8.2.1
R’ firstprineipatradivsofeurvatureofsurface —Z4
R” second principal radius of curvature of surface X P‘ 7.4
R. radius of curvature of trochoid at point M ]/ 10.4
Ry, radius of curvature of the basic rack profile at point Q N ,'\ - 10.4
Riro.y | |radius of the fillet at point Q A/\ N 10.4
0 tip radius of the pinion-type cutter n'\\ maa
T'bo base radius of the pinion-type cutter v (1.2
Tea x axis of ellipse ) \(Ov 10.4
Tep y axis of ellipse | O\ 10.4
T'Fa0 tip form radius of the pinion-type cutter (\‘( paa
Igs root form radius ‘\Q 7 0.3
Tiny radius to point on involute &0\\ 10.1)11.4.4.1
'Mo radius for the centre of the tool tooth tip rounding ofthe pinion-type cutter pn.1.1
Firo radius to point on trochoid \\Q‘ 0.1
T manufacturing pitch circle radius of the gea@“‘ 1.4.3
T'wo manufacturing pitch circle radius of the H\}on -type cutter 11.4.3
vao(@)| |radial polar coordinate of a point on{l,p}'adlus of pinion-type cutter Fighre B.1
yee(@) | |radial polar coordinate of a pom,t-h;(x\.)he gear fillet generated with pinion-type cutter B.4.2
Sa twist of the transverse profile- V 8.5.3
S twist of the flank line ,.\%\ 8.5.3
SaKk tip transverse tooth tl@k‘rl}ess when tip chamfering or tip rounding 8.2.2
Sy normal tooth thickl@s’ at the reference diameter 4.8.6
Shi minimum nor@k\goth thickness at the reference diameter 9.4
Sns maximum A@Tﬁl tooth thickness at the reference diameter 9.4
Sp tooth th%ss of the basic rack tooth profile 4.3.3
Spr resi‘d&(}l)f‘illet undercut (on normal surface) 10.1
Sprt ;{:%al fillet undercut (transverse plane) .41
St ¢ anverse tooth thickness at the reference diameter 4.8.2
Swn normal tooth thickness at working diameter 6.3.6,6.5.2
Swt transverse tooth thickness at working diameter 6.3.8
Syn normal tooth thickness at the Y circle diameter 4.8.6
Syt transverse tooth thickness at the Y circle diameter 4.8.2
T tangent point on base circle of line normal to involute 4.49
T, point of contact between the line of action and the base circle of pinion 5.5.6.1
T, point of contact between the line of action and the base circle of gear wheel 5.5.6.1
T, unit vector of reference helix 4.10
T, unit vector of generator 4.10
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Table 1 (continued)
Symbol Description Subclause
Tmy tangency point between the base cylinder of the pinion and a line normal to a contact 71
line through point M,
Tuma tangency point on the base cylinder of the gear wheel and a line normal to a contact 71
line through point M,
§) involute point of origin 449
u gear ratio 5.3.1
v circumferential velocity at reference diameter 5.7.2
vy circumferential velocity at base diameter 5.7.2
Vg sliding velocity R YA
Voa sliding velocity at the active addendum L \V $.7.5
Vs sliding velocity at the active dedendum ,\",l/ $.7.5
VMg sliding velocity at point M A ?\’ 4.6.4
v, normal velocity r\/\ \ $.7.3
Viy rolling velocity at diameter d, = (],‘ b.7.4
Vi circumferential velocity of the working pitch circles C 5.7p,5.7.6
vy circumferential velocity at diameter dy ‘\\./ $.7.2
X profile shift coefficient < 413.10
Xg generating profile shift coefficient ()Q\ 9.2.1
Xg; lower limit generating profile shift coefficient ‘\\‘ 9.5
Xgsg upper limit generating profile shift coefficient As\\) 9.5
Xgoy profile shift coefficient for rough machining, upp@‘(ﬁlit 9.5
Xgiv profile shift coefficient for rough machining, Lo&éervlimit 9.5
Xy generating profile shift coefficient at undth‘u‘?limit 9.8
X profile shift coefficient of the pinion-tm&utter .11
X4 point on x axis of coordinate systqq@k‘surface 1 D.1
X, point on x axis of coordinate sy@of surface 2 D.1
Y any point on a tooth flank g@volute 4.4.3
Y, point on y axis of coorcli_l@}‘system of surface 1 D.1
Y, point on y axis of cofo(&i-rfate system of surface 2 D.1
Z number of teeth\O)U 425
Z, number of te,e@# driving gear 3.2
z number o@tﬁ of driven gear 33.2
Z numb teeth of pinion-type cutter .11
Z4 po@{z axis of coordinate system of surface 1 D.1
Z, résu‘ﬁg on z axis of coordinate system of surface 2 D.1
a, 8ressure angle at tip circle sls 8.3
g, pressure angle at the tip form diameter dg, A21
QApa0 pressure angle on the radius ry,q of pinion-type cutter 11.1.1
Qg pressure angle at root form circle 9.7
Qkpo normal chamfering pressure angle of the counterpart rack tooth profile 8.2.2
agpor  |transverse chamfering pressure angle of the counterpart rack tooth profile 8.2.2
Ao transverse pressure angle for the radius at the point M of the pinion-type cutter 11141
aynp pressure angle at start of active profile 5.5.2.2
a, normal pressure angle 4.4.4
ap pressure angle of the basic rack tooth profile 4.4.4

© IS0 2024 - All rights reserved
6



https://standardsiso.com/api/?name=edffe4e3ae79ce08f98f539acd882656

IS0 21771-1:2024(en)

Table 1 (continued)

Symbol Description Subclause
Apo pressure angle of the counterpart rack tooth profile 9.2.1
Ay pressure angle of the protuberance section of the counterpart rack tooth profile 9.2.1

a, transverse pressure angle 4.4.3
@y min | Working normal pressure angle at minimum (zero-backlash) centre distance 6.3.12
Ayn working normal pressure angle of gear pair 6.3.13
Ayt working transverse pressure angle of gear pair 5.3.4,6.3.7
Ayto working transverse pressure angle in the generating gear pair 11.2
Ay normatpressureangteatthey-eytinder —4.4.4
Ayt transverse pressure angle at the y-cylinder _NY4343
B helix angle K >)' 4.4.7
By base helix angle N ,'\ i 4.4.7
Br Helix angle of right flanks A/\ N 4.4.7
Bmo helix angle on the circle of radius ry, n'\\ a1
pL Helix angle of left flanks v 4.4.7
B, helix angle at diameter d, ) \(Ov 4.39
Bw helix angle at working pitch diameter | O\ 3.3.6
By helix angle at y-cylinder (\‘( 4.4.7
Bo helix angle of pinion-type cutter ‘\Qv 1.1
y lead angle at reference cylinder &0\\ 4.4.7
Yy lead angle at y-cylinder %) 4.4.7
A sum of inverse radius of curvature of surfaces \\Q‘ 7.4
o) tilt angle of the contact line at the referencq@ﬁder £.10
5pro residual fillet undercut angle in transvglgs*a\ﬁfane m.4.1
Oy angle between the principal directi(lqg}"c{urvature and working pitch plane 7.2
S, tilt angle of the contact line at y-ﬁ.ys&n)(ier £.10
&4 transverse contact ratio L V 5.5911,6.4.7.1
Ean contact ratio in the comrpo\ﬁormal working plane of crossed axis gear pair 6l4.7.2
&g overlap ratio (axial co@‘{ ratio) 5]5.9.3
£ total contact rati(}_O N 5]5.9.5
{ specific slidin,oa\\\o $.7.7
G specific sli}ﬁ@?ﬁ end points of path of contact $.7.7
n transve‘Wace width half angle at reference circle 4.8.5
M bas@‘sverse space width half angle 4.8.%,6.3.11
Niny %ge\between the start of involute profile on base circle and the point r;,, on involute 10.1
iy Epr\essure angle at tip form radius minus the angle from tip form radius point to centre .11
Of Tip rounding circle on pinion-ty pe cutter.

Nero angle between the start of involute profile on base circle and the point ., on trochoid 101
Nwt transverse space width half angle at working pitch diameter 6.3.8
Ny transverse space width half angle at Y-circle 4.8.5
0,1 polar angle on the pinion tooth flank from pitch point to tip circle 5.5.8.3
0., polar angle on the gear tooth flank from pitch point to tip circle 5.5.8.3
0,1 angle from the pitch point to the intersection of the tip circles on the pinion’ 5.5.8.3
0..0 angle from the pitch point to the intersection of the tip circles of an internal gear 5.5.8.3
Om angle used to define point M on ellipse 11.4.5
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Table 1 (continued)
Symbol Description Subclause
k,(0) |angular polar coordinate of a point on the gear fillet generated with pinion-type cutter B.4.2
A angle between the pitch line of the basic rack and the line joining the common normal 10.1
at the generated point Q crossing the pitch point
Amo polar angle on a pinion-type cutter from centre of tip rounding circle to point where the 11.1.1
tip rounding circle transitions to the involute (at tip form diameter)
&ra0 roll angle at tip form circle of pinion-type cutter 9.7
Ere roll angle at root form circle 9.7
&Na roll angle at active tip circle 5.5.2
Enr roll angle at active root circle _N35.2
¢y roll angle of the involute at point Y ) \V 4.49
Pa radius of curvature in transverse plane at point A, start of engagement ,\". 3.5.7
Pa tooth tip corner radius of gear AN Arnex A
Papo tooth tip corner radius of the hob r\/\ \ 9.2.2
Paon tooth tip corner radius of pinion-type cutter (on normal surface) = (]/\ .11
PR radius of curvature in transverse plane atinner point of single pair con@é&)n the pinion 5.4.7,71
Pc radius of curvature in transverse plane at point C, working pitch p‘&'{ﬁd 53.7,71
Pp radius of curvature in transverse plane at outer point of single pair contact on the pinion 53.7,71
PE radius of curvature in transverse plane at end point of engj\-@l\ent 53771
Ps tooth root fillet radius of gear ‘\\‘ Arnex A
Pep tooth root fillet radius on the basic rack tooth profile Y 10.4
Pepo tooth root fillet radius of the counterpart rack toQQk‘%rofile 8.2.2
Pum radius of curvature in transverse plane at popg&\/[v 7.1
Py radius of curvature of the involute at diam@s‘?dy 44.10
Pyn radius of curvature on normal surface s\Qiameter d, 4.9
Pyt radius of curvature in transverse‘p‘]@k at diameter d, 4.9
» skew angle of crossed axis gearﬁg\\ 6.3.3,6.3.12
2l sum of individual lines of cg&(éct 515.10
YR sum of inverse of main;z@)\zf curvature of equivalent ellipsoid 7.4
yx sum of profile shift;.qéﬁﬂ‘cients 5.4
VX sum of profile sh\iﬁ—}o’efﬁcient, non-zero backlash 5.4
T angular pitcb_\%\ 451
¢yt angle of\@{radius OM according Y axis E.1
10) troch\@&ip parameter 10.1
o a)n@)\etween the principal radii of curvature in a crossed axis gear pair 7.3
®; c%ular backlash 3.6.6
Py Transverse angle ol transmission 5.59.1,6.4.7.1
Pg overlap angle 5.5.9.3
@y total angle of transmission 5.5.9.5
Xyaot (6) angular polar coordinate of a point on tip radius of the pinion type cutter Figure B.1
Y transverse tooth thickness half angle at reference circle 4.8.3
Py base transverse tooth thickness half angle 4.8.3
Yy transverse tooth thickness half angle at Y-circle 4.8.3
Yot transverse tooth thickness half angle at working pitch diameter 6.3.8

© IS0 2024 - All rights reserved
8



https://standardsiso.com/api/?name=edffe4e3ae79ce08f98f539acd882656

IS0 21771-1:2024(en)

Table 1 (continued)
Symbol Description Subclause

W angular velocity 5.5.8.3,5.7.1,
6.6.2

w, angular velocity of driving gear 5.3.2

wy angular velocity of driven gear 5.3.2

on angle between the centre line of gear pair and centre point of tooth tip rounding of 11.4.2

pinion-type cutter

The variables in Table 1 can have an appended subscript 1 to indicate the variable is for a quantity associated
with the pinion or a subscript 2 to indicate the variable is for a quantity associated with the gear wheel.

3.3 Subscripts

Table 2 prjovides the subscripts used in this document.

Table 2 — Subscripts

Subscript Description
— no subscript designates quantities associated with the referénce cylinder
a for quantities associated with the tip of a tooth or for the driving gear
b for quantities associated with the base cylinder orfor the driven gear
relating to “generating” (e.g. quantities generaté&d on the cylindrical gear) or to trit
angular end relief modification
e for quantities associated with the plane afaction
F for quantities determining form circlessand maximum usable flank area
f for quantities associated with the oot
g for “sliding”
i for the lower limit in the case*of deviations or an index value
K for quantities resulting.frem tip corner chamfering
k for a number of teeth, tooth spaces, pitches or spans
L for designating left'flanks
1 for “left-hand”
M for desighating a measured value
MO relating-to centre of tip rounding circle or ellipse on tool tooth tip
m for 3 mean value
max for a maximum value
min for a minimum value
for active circles
n for quantities in a normal surface
P for quantities of the basic rack tooth profile
PO for quantities of the tool basic rack tooth profile and for counterpart rack tooth profile
R for designating right flanks
r for “right-hand”
S relating to “tooth thickness” or for the upper limit in the case of deviations
t for quantities in a transverse section
\% for working pitch element, for rough gear cutting
\4 for quantities associated with the V-cylinder
w for measuring base tangent length
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Table 2 (continued)

Subscript Description

w for quantities associated with the working pitch cylinder and working values of a

gear pair

for quantities in an axial section

for values at a pointy (on the y-cylinder)

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 pair

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

for quantities associated with the gear wheel (larger gear) or internal gear

—IN[RPR[OMIR |™™|IKR|INI< |X

for locating face

—
—

for the face opposite the locating face

3.4 Un

3.4.1 Upnits

The quan
— mody
— lineal
— angle
— angle

— angu

342 C

For intermal gears, the number_of teeth is given a negative value. So, in this document, as in the

series, th

. ) . . zZ .
the absoluite value, which.is always positive, e.g. |[-50| = +50. The expression — is used to extract {

the tooth|
appropria

ts and conventions

ities dealt with in this document are to be stated in the-following units:

les, lengths and linear dimensions in millimetres{mm);

" velocities (circumferential, normal, rolling,sliding) in metres per second (m/s);
s which are to be used in formulae in radians (rad);

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

ar velocity in radians per second-(rad/s).

pbnventions

b centre distance-and diameters of internal gears have negative values. The notation |z

|2
numbef. and is convenient for programming. In particular, it is often used to detet

In this do

cument, the driving gear is not used to define point A on the path of contact. Instead,

ISO 6336
|, denotes

he sign of

mine the

te sign'for an element of an expression; the result is 1 for external gears and -1 for interLal gears.

oint A is

where theTine of action intersects the active tip diameter, dy,, , of the gear wheel. The Iast point, E, is where
the line of action intersects the active tip diameter, dy, , of the pinion. See 5.5.6.1.

4 Individual cylindrical gears

4.1 General

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
tooth profile (see ISO 53) is used for illustration purposes. 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
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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 dedendum equal to the addendum plus tip
clearance for the mate. All the teeth have the same nominal helix angle. Formulae for calculation of start
of involute diameter are given in Clause 10 for hob and rack type cutters and in Clause 11 for pinion-type

cutters.

Information on projection of the transverse profile of a gear tooth to other planes is given in Annex E.

Information helpful to interface this document to the geometry of worms defined with ISO-10828 is given in

AnnexF.

4.2 Concepts for an individual gear

4.2.1 Gear, cylindrical gear, external gear and internal gear

A gear is @ rotationally symmetrical object (gear blank) with a tooth system located at the rim. A @
gear is a dear with a cylindrical reference surface. A distinction is made between external and inte
according to the radial arrangement of the teeth in each case. The tips of the teeth ‘point outw4
external gear and inwards in an internal gear.

4.2.2 Tpoth system, external teeth and internal teeth

The tooth system refers to all the teeth and tooth spaces around the rim of a gear. As in 4.2.1, a dis
made betveen internal and external gear teeth.

4.2.3 Tpoth and tooth space

A tooth i4 a geometrical element on the gear that enables-the transmission of force and motion.
and dimehpsions of the teeth and the distance between consecutive teeth are defined by the too

ylindrical
nal gears
rds in an

finction is

The form
th system

parametejrs. The tooth space is the gap between twaosconsecutive teeth, it is bounded by the togth flanks,

fillets, rogt, and tip cylinder.

4.2.4 Tpoth system parameters

The nomijnal dimensions of involute cylindrical gear teeth are uniquely determined by the di
the refergnce cylinder, the associated basic rack and its position in relation to the reference cyl

nominal dimensions are defined by(the following parameters, which are independent of each other:

— internpal or external gear;
— number of teeth, z;

— Dbasic|rack tooth profile;
— normpl module/m,, ;

— helixpngle,' S, with sign or helix angle along with hand of helix;

hmeter of
nder. The

— profile shift coefficient, x;
— tip diameter, d, ;
— facewidth, b ;

— root diameter, d;.

4.2.5 Number of teeth and sign of number of teeth

The number of teeth around the rim of the gear is denoted by z.
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The number of teeth, z, of an external cylindrical gear shall be taken as a positive value in the formulae in
this document, while the number of teeth, z, in an internal cylindrical gear is to be taken as a negative value.
In keeping with the ISO 6336 series, for internal gears, in addition to the number of teeth, the diameters and
centre distances are taken as negative values.

NOTE1 The negative sign for number of teeth z corresponds to the idea that in the transition from an external gear
to an internal gear, the gear diameter d and number of teeth z is increased until d=+oo0 and z=+00 is reached. In the
course of the transition, d and z change to -co and then assume finite negative values.

With this rule and the definition of the sign of the profile shift coefficient it is possible to use the same formulae
without any change for external and internal gears.

NOTE 2  Forinternal gears, although the diameters used in calculations are negative, on drawings the diameters are
usually shgwn as positive numbers.

In the casp of segments, the number of teeth, z, used in calculations is the number that there would be on the
whole cir¢umference.

4.2.6 Tpoth number

When numbering teeth, the designations tooth 1, tooth 2, etc. are to be defined on a transverge surface
(datum fgqce) viewed in an agreed direction so that the teeth are numbered-in ascending order (noving in
a clockwise direction). If the letter N is used to denote a reference toothjthe next tooth in the|direction
of counting is denoted by N + 1 and the previous tooth going in the opposite direction by N - 1. [footh z is
followed by tooth 1 in the direction of counting, see Figure 1.

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

4.2.7 Tpp land and bottom(land

4.2.7.1 |Top land

The top l4nd of a toothris the outermost (innermost in the case of internal gears) periphery of the footh, it is
concentrif to the reference cylinder, see Figure 2.

4.2.7.2 |Bottom land

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

4.2.8 Tooth flanks and flank sections

4.2.8.1 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.
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Right flank and 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.

Key

1 topla
2 adder
3  refere

4.2.8.3

The adde
land, see }

4.2.8.4
The dede

1
2
3
L
5
a) Internal tooth b) External tooth
hd 4  dedendum flank
dum flank 5 bottom land
nce cylinder 6  datum face

Figure 2 — Top land, bottom land and tooth flank(from datum face)

Addendum flank

Figure 2.
Dedendum flank

hdum flank is that part of a topth'flank that is located between the reference cylinde

bottom lajnd, see Figure 2.

4.2.8.5

Usable flank

The usable flank is that partefa’tooth flank that can be used to engage with a mating flank. Ona g

gear, itis

part of the involute helicoid including any flank modifications.

4.3 Reference surfaces, datum lines and reference quantities

43.1 R

The refer

eference surface and datum face

ndum flank is that part of a tooth flank that islocated between the reference cylinder apd the top

r and the

ylindrical

biice surface of the teeth is an imaginary cylindrical surface to which the geometrical p4

irameters

relate. In the case of cylindrical gears, the reference surface is termed the reference cylinder, see Figure 2.

The agreed front of the gear (usually used for text or suitably marked) is defined as the datum face, see
Figure 2. Parameters which relate to the datum face are denoted by the subscript I while parameters which
relate to the opposite face are denoted by the subscript II.

4.3.2 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 basic rack tooth profile, the
direction of its teeth in relation to the pitch axis of the generating gear, tip plane, root plane and facewidth,

see Figure 3.
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Key
1 transyerse section 5  pitch axis
2 facewjdth 6  tip plane
3 norml section 7  root plane
4  Dbasic fack tooth profile
Figure 3 — Concepts and parameters relating to reference rack
pP=MT
s | oo 3
Key
1  basic fack profile 3  rootline
2 datum line 4  tipline
Figure 4—Terms and parameters relating to basic rack tooth profile in normal section

The basic rack tooth profile is defined in a normal section of the reference rack. The flank lines 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 normal section are equal, see Figures 4 and 47.

Both flanks are symmetric with the same pressure angle and have a tooth root fillet radius psp with a
maximum value corresponding to a full/complete radius. No peaks are allowed in the root.

The default basic rack tooth profile does not have any flank modifications, i.e. neither undercut near the root
or tip chamfering are considered. Those aspects are considered in Clauses 7 and 8.
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This document is valid for any basic rack tooth profile. Some standardized rack tooth profiles are given in
[SO 53, these should just be considered as examples of profiles that can be used.

4.3.4 Reference cylinder, reference circle and reference diameter

The reference cylinder is the reference surface for the cylindrical gear teeth. Its axis coincides with the axis
of the gear (datum axis). The reference circle is the intersection of the reference cylinder with a transverse
plane section. The reference diameter, d, is determined by Formula (1):

zmy
d=zm = o8 1

NOTE 1 [Forinternal gears, since the number of teeth is negative, the reference diameter is also negatiye

NOTE 2 |The reference diameter is the location where a gear's tooth thickness, pressure angle and helix angle are
defined.

NOTE 3  |Atthe reference diameter, the normal pressure angle is equal to the basic rack pre§sure angle (a, = ;).

4.3.5 Glear axis

The axis ¢f a gear (datum axis) is the axis defined by the geometrical axis of the datum surfaces.
4.3.6 Sections through a cylindrical gear

4.3.6.1 |[Transverse section and transverse profile

The sectigning of cylindrical gear teeth by a plane perpendicular to the gear axis yields a transverge section.
For helicdl gears, quantities in the transverse section aré.denoted by the subscript t. The intersqction of a
tooth with a transverse plane is termed the transverse-profile.

NOTE The terms “transverse plane” and “transverse section” can be used interchangeably.

4.3.6.2 |Normal surface, normal plane ahd'normal profile

A normal|plane is normal (perpendicular) to a flank line (see 4.3.6.4) at a specified point. The seqtioning of
gear teeth by a normal plane yields-athormal section. A normal section applies to racks and spufr gears, it
generallyfis not applicable to helical‘gears.

For a helifal gear, for any helix-(or flank line) on a given y-cylinder, a normal plane is normal to tle helix at
the considered point. Thisnermal plane is not normal to other helices.

A complementary helix-i§ normal to helices at the intersection of right and left flanks of a togth with a
y-cylinder. The complementary helix has a helix angle of 90°|B, | (equivalent to lead angle y,).

A normalsurfaeeis defined by the complementary helices that intersect a radial axis of symmetry pf a tooth.
It is curvdd three dimensionally.

A normal protfile is the intersection of a normal surface with the tooth flanks. For a helical gear, the normal
profile does not lie in a plane.

Subscript “n” is used for parameters relating to the normal profile.

For spur gears and racks, as flank lines are all parallel straight lines, the normal surface as well as the normal
profile are in a plane.

For spur gears the normal surface lies in a transverse plane, so the transverse profile and normal profile of
a spur gear are identical.

NOTE In the past, the normal surface has been referred to as the normal plane; this is not correct for helical gears.

© IS0 2024 - All rights reserved
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4.3.6.3 Axial section and 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.

4.3.6.4 Cylindrical section and flank lines

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

The referpnce flank line (tooth trace) is the intersection of the flank with the reference cylidder) The base
flank linelis the intersection of the unmodified involute flank - possibly imagined as extended ~with the base
cylinder. The origin of the involute helicoid is a base flank line. The tip flank line is the line,of interjsection of
the unmogified involute flank - possibly imagined as extended - with the tip cylinder,

4.3.7 Module

The module of a basic rack is found as the pitch of the rack divided by the-number m (see Figure 4). The
normal mjodule, m,, of the cylindrical gear is found as the module of the basic rack tooth profile.

For a heli¢al gear, the transverse module, m,, is found as:

me =f =0 @
y  cosf
and the axial module, m,, as
m m m
mX — n n _ t (3)

sin|| cosy tan|f|
For a spuf gear, m,=m, .
4.3.8 Diiametral pitch

The trandverse diametral pitch i§_the ratio of the number of teeth to the reference diameter in irjches. The
diametral pitch has units of in{erse inches.

‘7 Tc
Py= $=— 4)
a p;
NOTE P, is a déviation from the symbol convention where “t” is used to denote the transverse plane.

The normal diametral pitch is the value of diametral pitch on a normal surface of a helical gear or worm.

25,4 g

P = = 5
nd = cos B ()

4.3.9 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 4.6.2.

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

© IS0 2024 - All rights reserved
16


https://standardsiso.com/api/?name=edffe4e3ae79ce08f98f539acd882656

IS0 21771-1:2024(en)

Key
1  develpped view of V-cylinder

Figure 5 — Facewidth b, usable fagewidth by

4.3.10 Profile shift, profile shift coefficient and sign of profile shift

The profile shift, xm,, for involute gear teeth is the radial displacement of the basic rack datum lin¢ from the
reference|cylinder of the gear away from (or towards) the centre of the gear. The magnitude of the profile
shift can pe 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 on both
external gnd internal gears. See Figure 6.
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For internal gears, since the number: of,teeth is negative, the diameters used in calculations ar
s, the diameters are usually shownas*positive numbers.

Figure 6 — Profile shift for external and internal gear teeth

olute helicoids

enerator ofinvolute helicoids

hows thatthe intersection of the theoretical flank (key 3) with the base cylinder (key 6]
the base cylinder is unwrapped to a plane [base cylinder tangential plane (key 7)] the
h straight line (key 9) inclined by the base helix angle, f, , to an axial line (key 1), and

generatoi

ofthe involute helicoid.

b negative.
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flank line
this is the
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Key
1  develpped axial line 6  base cylinder
2 involyte helicoid surface 7  developed base cylinder envelope
3  involyte 8 involute
4  base felix 9  straightline generafoey
5 base gylinder axial line
Figure 7 — Base cylinder with generator and.involute helicoid
4.4.2 Bpse cylinder, base circle and base diameter
The base cylinder is that cylinder coaxial with the geaftaxis that is determinative for the generat

involute helicoids, see Figures 7 and 8. Quantities associated with the base cylinder are denot

subscript

The base

circle forin the transverse profiles of the géaring. The base diameter, d,, is given by Formula (6):

:' = =
db dcosay =zmg cosoy =zm

NOTE

443 T

In a trangverse section, the tangent to the involute through an arbitrary point Y is inclined to the
the involyte at that'point by the transverse pressure angle, @, (see Figure 8):

COoS O

IS0 21771-1:2024(en)

b.

Circle is the intersection of the base cylinder with a transverse section. The involutes fror

COSOC,c _ COSO(n ann

=7 =
n
cos 8 cos fy, \/tan2 o, +cos’ B

For internal gears, since’the number of teeth is negative, the base diameter is also negative.

n

ransverse pressure angle ata point and transverse pressure angle

ion of the
ed by the

n the base

(6)

radius to

& d
, =——=——C0S{,

(7)

y dy

The transverse pressure angle, a,, is the acute angle between the tangent to the involute at the point of
intersection with the reference circle and the radius through this point of intersection. It is expressed by

Formula (8):

cosoy =- - or tanoy =

d, tanor,
cos 3
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Figure 8 — Parameters relating to involute

Njormal pressure angle at a pointand normal pressure angle

At an arbfitrary point Y on the flank, the'tangent to the normal surface of the involute helicoid is i
the radiug through Y by the normal pressure angle at that point, a,, . The corresponding angle of i
at the ref¢rence cylinder is the normal pressure angle, a;,, this is equal to the pressure angle, a;,, 0
rack tooth profile.

tana} =tano, cosf3

tanay, =tanoy, cos f,

For a spuy geary/or, = ¢, and Oy = Ol -

4.4.5

hclined to
hclination
Fthe basic

)

(10)

Involute function

The angular difference, fy —0yy, Is termed the involute function of angle Oyt and is denoted by inv oty (to

be read as “involute oy “):

invo,, =&, —o, =tano, —o

yt

Radians shall be used in Formula (11).
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4.4.6 Lead

The lead, p, , is the distance between successive intersections of an axial line with the involute helicoid, see
Figure 9. The lead is independent of the diameter of the cylinder.

zmym  zZm T

P2 Sinlp| tanp]

(12)

NOTE For internal gears, since the number of teeth is negative, the lead is also negative.
2
3
Po
a
P p
A\
deE
|
damn
Key
1  normal surface 3 trace of reference helix
2 refergnce cylinder generator, gear axis 4  projection of the gear axis
Figure 9 — Lead triangle, lead, helix angle and lead angle

4.4.7 elix angle and lead angle

The helix|angle, S, is thecahgle between a tangent to a reference helix and an axial line on the |reference
cylinder ghrough the tafigént contact point. In special cases, the helix angle, By , of right flanks fan differ
from the helix angle, f¢;of left flanks; however, all formulae in this document are based on the leffand right
flanks haying equallielix angles.

In some cplculations, such as for crossed axis gears, the sign of the helix angles is required.

For an exkerna
(left-hand helix) the helix angle is negatlve

For an internal gear the signs are opposite those of an external gear, i.e. an internal gear with a right-hand
lead has a negative helix angle and an internal left-hand lead has a positive helix angle.

Therefore, the sum of the helix angles of a parallel axis gear pair is zero.

NOTE On gear drawings, the absolute values of the helix angles are usually listed together with the direction of
the helix (r for right-hand, 1 for left-hand).
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hips between ff and the base helix angle, 5, , (helix angle on the base cylinder):

tan B, =tan 3 cosa, (13)
sin B, =sin 8 coscr, (14)
cosa, sine, sino
cos 3, =cos 3 n_> W _cosa, \/tan2 o, +cos? B (15)
cosa  sinoy  sinor
On a cylinder with arbitrary diameter, d , the helix angle, B, , can be found:
d cosa, U tan
tan f3 =Y tanf=tanf——-="rtanf, = Py (16)
d CosOy,  dy, COS Ly
coso sin
sin ) =sin f§ L= P (17)
COSQLy,;,  COSOLy,
tana COS (L, COS
cos B} = AP e o5 Py (18)
tan o, cosaly,
The lead pngle, y, is the angle between a tangent to a reference helix and a transverse plane through the
tangent cpntact point, see Figure 9. Lead angle does not apply to interfial gears. For external gears
|B+7]=90° (19)
B
vy =(p0°-|B, ) (20)
1By
For spur gears, § = 0° and y = 90°.

4.4.8 H
The flank

and of helix

lines can follow either a right-hand helix or a left-hand helix. See Figure 10.

a) Gears with right-hand helix b) Gears with left-hand helix

Figure 10 — Direction of helix
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4.4.9 Roll angle of the involute

In the transverse plane, 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, &, of the involute, see

y )
Figure 8. The length of the base circle arc, UT, is equal to the length of the tangent portion, YT, hence
&, =tanay, (21

NOTE §y is in radians.

4.4.10 Radius of curvature of the involute and length of roll

The tang¢nt portion, YT, is the radius of curvature, p

, of the involute at point Y and at the sami time the
length of foll, L, , belonging to point Y, i.e. the length ofxche developed base circle arc from thednvol

te origin,

U. (See Figure 8.) In the triangle OTY it is the side opposite the transverse pressure angle, &), at the centre
of the cirdle O:
d d | d? —d?
Ly:[) :_b :_btana :iy—b (22)

o2 2 e 2
NOTE 1 [Forinternal gears, since the number of teeth is negative, the length ofroll'is also negative.

NOTE 2 |The length of roll is measured in a transverse plane.

4.4.11 Length of involute profile, Lyt

The length of an involute profile from its origin on the base @ircle to point Y with pressure angle g, (length
along profile from U to Y on Figure 8) is:

2
tan ocyt

5 (23)

Lyt =1

4.5 Angular pitch and pitches

4.5.1 gular pitch

The angular pitch, 7, is that(angle laying in a transverse section that results from the dividing of the

complete [periphery of a cirele’into z equal parts.
F 2
T =2- = Pyt in radians (24)
2] |
360p
'L':%Qz—yt in degrees (25)
45 mldy|

4.5.2 Pitches on the reference cylinder

4.5.2.1 Transverse pitch

The transverse pitch, p,, is the length of the reference circle arc between two successive right or left tooth
flanks (see Figure 11):
]

T
t:&:—’[:n_d:nmt (26)
cosff 2 z
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4.5.2.2 Normal pitch

The normal pitch, p,, is the length of the helical arc on the reference cylinder that is between and normal to
the flank lines of two successive right or left tooth flanks (see Figure 12):

pn =nmn =pt COSﬂ (27)

a
s,
y (\ny \
\ - \ /\Z ol
\
h L) ) 4 /4_ .
- 7
- ) - —
g ,' i . J— > \~\‘
e\ P ~_/y
/ ’ / T L %o ) . )
AVE ‘
s a; 3 N,
/ T \ \ N
F &
\Oj it
Key
M measurement along an arc
Figure 11 — Diameter, angular pitch, and transverse pitches on helical cylindrical gear
v8
N-1 N
/ 2 / .
K al
Q
90°
P
NOTE This is"a developed view of a reference cylinder.

Figure 12 — Geometrical relations between transverse, normal and axial pitch

4.5.3 Pitches on any cylinder

It is necessary to distinguish between the transverse pitch, p,, and the normal pitch, py,,, on a cylinder of
any diameter, d, (y-cylinder):

d,| nd, d
_ Uyl y _7y
Pp = T=— =P (28)
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pyn zpyt Cos :By (29)

4.5.4 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 right or left tooth 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:

n pz m, pyt pyn

. 7.tm _m =P _ _ (30)
X sin|f]| z tan|f| tan|B,| sin|B,|

4.5.5 BLlse pitch

4.5.5.1 |General

The distaphce between successive right or left tooth flanks on the developed base cylinder tangentipl plane is
the base pitch.

— Trangverse base pitch:

d nd, d
Pyt :%T=pt COS Ol = Py COSOLy, =7b=7bpt (31)

— Nornjal base pitch:

Pbn  Pn COSC, = Py €OS By, (32)

4.5.5.2 |[Transverse base pitch along a tangent to.the base circle

The transjverse base pitch, p,,, measured along adine tangent to the base circle in the transverse plane, is the
distance etween two successive right or left tooth flanks (see Figure 11):

Pet = Pot (33)
NOTE For a gear pair, the path of-contact is on a line that is tangent to both base circles.

4.5.5.3 |Normal base pitch’on the plane of contact
In a gear pair, the planedof Contact is a plane tangent to the two base cylinders. The normal base pitch, p,, ,

measured in the planedf contact is the distance between two parallel tangential planes which contact two
successive right orleft tooth flanks:

Pen =|Pbn (34)

4.6 Diameters of gear teeth

4.6.1 General

The position of the basic rack tooth profile relative to the reference cylinder gives rise to the following
cylindrical surfaces and diameters with respect to the gear teeth.
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4.6.2 V-cylinder and V-circle diameter

The V-cylinder is the cylinder concentric to the gear axis which is tangent to the datum line of the basic rack
in its generating position (see Figure 6). Its nominal diameter, d, , (V-circle diameter), is calculated using

Formula (35).
d,=d+2xm, (35)

NOTE The V-cylinder is also the pitch surface at generation with a rack tool.

4.6.3 y-cylinder and y-circle diameter

The y-cylinder is a cylinder of arbitrary diameter, d, , concentric to the gear axis that is used for.chlculation
purposes

4.6.4 Tijp alteration coefficient

Tip alterdtion is a change to the addendum relating to the standard addendum of 6ne normal mqdule. The
tip alteration is made non-dimensional by dividing by the normal module, and itds then expressed|as the tip
alteration coefficient, k.

The valug to be used for k is signed.
A negative value yields a shorter addendum for either external or internal gears.

NOTE The value for k is specified by the designer.

4.6.5 Tijp cylinder, tip circle and tip diameter

The tip cyjlinder is the cylinder that defines the tips of the gear tooth system. A transverse section |yields the
tip circle.]The nominal dimension of the tip diametet;d} , is calculated Formula (36).

d, =a+2(xm, +h,p +km,) (36)

NOTE1 [Forastandard addendum of one nerimal module, h m

ap = Mp-

NOTE 2 |The value for the tip alteration coefficient, k , is determined by the gear designer. The value ¢f k can be
positive oif negative. See 5.3.9.

4.6.6 Profile control diameter, d;

The profile control diameter, also known as start of profile evaluation diameter, is a specified|diameter
beyond which the toothprofile is required to conform to the specified design. If not specified, the profile
form diameter, dygistused as the profile control diameter. Note that dp< d;.

NOTE If theimating gear is known, the designer sometimes selects the minimum start of active profil¢ diameter,
dy¢, as the|profile control diameter.

4.6.7 Root cylinder, root circle and root diameter

The root cylinder is the cylindrical envelope surface that forms the bottom of the tooth space. A transverse
section yields the root circle. The nominal dimension of the root diameter, d;, is Formula (37).

d; =d—2(hp —xm,) (37)

For additional information and formulae related to detailed root geometry, see form factor in ISO 6336-3.
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4.7 Gear tooth depth

4.7.1 Tooth depth

The tooth depth, h, of cylindrical gear (or rack) teeth is the difference between the tip and root radius:

h

NOTE

The adde

The work
circle. Th

The direc
4.8 Togq

481 G

The form
shift coef
space wid
sizes for

informati

For cyling
the surfa

_ da _df

=hp +km, +hgp

The tooth depth is sometimes referred to as the tooth height.

dum, h,, and the dedendum, h¢, of a cylindrical gear are stated on the basis of the refére

es are obtained using Formulae (39) and (40):
a2— =hyp +xm, +km,
—d;

=l —xm,

ing addendum, h,, , and working dedendum, h¢,, , are stated-on the basis of the worl

pir values are obts‘i/\;led Formulae (40) and (41):
da _dw

2
dw _df

2

tion of sliding on the working addendumi-is opposite of that on the working dedendum.
pth thickness and space width

eneral

hlae in 4.8 yield the toeth thickness and space width and their half angles for any value
ficient x . If x is the mominal profile shift coefficient, then nominal sizes for the tooth thic
th and their halfangles result. If the generating profile shift coefficient, xi, is used, then
'he tooth thickness and space width and their half angles result. See ISO 21771-2 for
pn on toothrthickness.

Irical gears, unless chordal tooth thickness is explicitly mentioned, tooth thickness is d
re of & specified cylinder. It is the length between the flanks of a tooth, measured eith

circular gré-n a transverse plane or along a helix normal to the tooth flanks. The only exception

(38)

hce circle.

(39)

(40)

xing pitch

(41)

(42)

of profile
kness and
penerated
hdditional

efined on
br along a
to this is

chordal tooth thickness, which is a straight-line measurement between points at a specified diameter on
opposite flanks of a tooth.

4.8.2 Transverse tooth thickness

For spur and helical gears and involute worms, the transverse tooth thickness, s, is the length between the
two flanks of a gear tooth, measured at a specified diameter along a circular arc in the transverse plane. See

Figure 13.
z . ) T+4xtano, .
Syt =|dy|‘//y :|dy|[1//+m(1nvoct —invey, )}=dy [Tnﬂnvat _lnvayti|
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NOTE The diameters of internal gears have negative values, so the absolute value function is used in some
formulae.

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

+4xt
st=|d|y/=d[n xanan) m, (

> = E+2xtan0¢n) (44)

cos 2

4.8.3 Transverse tooth thickness half angle

Transverse tooth thickness angles are angles at the centre in a transverse section which are enclosed by the
radii bounding a transverse tooth thickness, see Figure 13. The corresponding transverse tooth thickness

half angles; vy foTamny tramsverse tootT tTTRIESS; Syt aT€ EXpressed by
Syt zZ . .
Yy =t =y +—(inve, —inva,,) (45)
dy| |z|
The following transverse tooth thickness half angle applies to the reference circle:
|+ 4xtano
e (46)
2 |7
In the casg of the base circle, the base transverse tooth thickness half angle is produced by:
z,
Vv =W+—inva, (47)
b 2]
Key
1 -AtCl lla‘l BCdl 2 illtCl ua} Scdl
m measurement along an arc
NOTE For internal gears, since the number of teeth is negative, the diameters used in calculations are negative.

On drawings, the diameters are usually shown as positive numbers.

Figure 13 — Transverse tooth thickness and space width (external and internal gear teeth)
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4.8.4 Transverse space width

The transverse space width, e, , is the length in a transverse section of a circular arc of diameter, d, ,
between the two involute helicoids of a tooth space (see Figure 13):

eyt :|dy|77y =|dy|{77—é(invoct —invor, )}:dy[

n—4xtano,

P —(inver, —invay, )} =Dyt —Syt (48)

The transverse space width, e, on the reference circle is produced by:

n—4xtanoy, |\ my
2z

e, =ldn =d( E—thanan )=pt —S¢ (49)

cos 2

4.8.5 Transverse space width half angle

Space width angles are angles at the centre in a transverse section which are enclosed by’the radiifbounding
a tooth space, see Figure 13. The corresponding transverse space width half angles, pl;for any tfansverse

space width, ey, are produced by
‘)yt Z .. .
=+—=n——(inve, —inva 50

The following transverse space width half angle applies to the reference ‘eircle:

-4xtana
n= E xtano, (51)
2|7
At the bage circle, the base transverse space width half anglé“is produced by:
Z .
n, =9-inve, (52)

||
4.8.6 Npormal tooth thickness

For helicdl gears and involute worms, the normal tooth thickness is the length between the two|sides of a
gear tooth that is measured at a specified diameter along a helical arc that is normal to the helix|along the
tooth flank. The normal tooth thickness, Syn,ONa cylinder with diameter dy is calculated using Formula (53):

Syn =Pyt COS By (53)
The folloying normal tgoth thickness applies to the reference cylinder:

S, =5} Cosﬁ:mn[g+2xtan(xn) (54)

4.8.7 Npormal space width

The normal space width is the length of a helical arc that is between and is normal to the two involute
helicoids bounding a tooth space. The normal space width, e, , on a cylinder with diameter d, is calculated

using Formula (55):

€yn =€y 0SBy, =pyn =Sy (55)

yn’

The following normal space width applies to the reference cylinder:

e, =€, cosB:mn(g—thanan):pn —5Sn (56)
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4.9 Radii of curvature of the tooth flanks in different planes

In general, at a specified point on the tooth flank of an involute cylindrical gear, the radius of curvature in
any plane perpendicular to the surface can be determined. There are three important planes related to the
radius of curvature at a specified point on an involute tooth flank.

— The tangent plane to involute helicoid: a plane tangent to the tooth flank surface at the specified point.
This plane (key 8 in Figure 14) is established by the tangent to the involute in the transverse plane (key
5 in Figure 14) and the straight-line generator (key 3 in Figure 14).

— The base plane: a plane that is tangent to the base cylinder and that contains both the specified point and
the straight-line generator (key 3 in Figure 14).

— The rlormal plane: a plane containing the specified point that is perpendicular to both the tangent plane
to inyolute helicoid and the base plane.

Key

1 axial line
2

3

4  Dbase plane

develpped base cylinder envelope
straight line génerator

N
5—

5
6
7
8

tangent to involute in transverse plane
involute
normal plane

tangent plane to involute helicoid

Figure 14 — Involute helicoid with generator and tangent to involute

The minimum and maximum radii of curvature are defined as the principal radii of curvature. These are
always in two perpendicular planes that are also perpendicular to the tangent plane to involute helicoid.
For a cylindrical involute gear, the first principal radius of curvature, p,,, is in the normal plane and is the
minimum radius of curvature. The second principal radius of curvature is in the base plane and is infinite
since the generator of the flank surface is a straight line. See Clause 7.

NOTE1 For an involute gear pair with parallel axis, the straight-line generator is equivalent to contact lines
between tooth flanks during meshing.
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Once the radius of curvature in the normal plane is known, the radius of curvature in any inclined plane
can be determined according to the Meusnier theorem. The curvature radius in the transverse plane at an
involute point is the length of roll at this point. The rotation of the transverse plane around the tangent
of the involute by the base helix angle delivers the normal plane and the normal radius of curvature (first
principal radius of curvature).

Radius of curvature in a transverse plane at diameter dy :

Pyt = -0,5 \Jd? —d? (57)

||
Normal radius of curvature at diameter dy :

| 42 2
z dy_db _ Pyt (58)

E 2cosf,  cosp,

Pyn F

NOTE 2 |The normal radius of curvature given in Formula (58) is also known as the fir'st principal radius of
curvature| The second principal radius of curvature is in a direction perpendicular to the first principall radius of
curvaturefand is infinite except when there is face line crowning.

4.10 Tilt angle of contact line

For some|considerations, the tilt angle between the tangent at the reference cylinder and the geherator of
the involyte helicoid is of importance. It also describes the tilt angle/bétween the instantaneous cqntact line
between the basic rack and the helical gear tooth flank. See FiguréA5.

a) On generating rack b) On helical gear tooth flank
Figure 15— Tilt angle of generatrixes, 6

Ataspecified diameter, d, , the tangentto the helix and the generator through that point are both members of
the tangent plane at the point. See Eigure 16. The dot product of the two vectors delivers the angl¢ between
the vectors.

\|/1 / 2
3
/
%,
—
/o
Key
1  involute 3  circle with diameter dy

2 tangent to circle of diameter d,,

Figure 16 — Tangent to the helix at diameter d, and the generator
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The unit vectors of helix, T; , and generator, T, , are:

Ty = (sin(By), 0, cos(py))

T, = (cos(-ayy) sin(By,), sin(-ay,) sin(Byp), cos(By))

The scalar vector product delivers the tilt angle, §,, between the two vectors.

cos 5y

The tilt aligle Of The contact line varies with the diameter at the f1lank. For the counterpart Tack, g

is constar

cosé

5 Para

5.1 General

The basic
this docu

— ident
— the sd
NOTE

pinion wi
an additio

same noruIal base pitch, even if the rack and pinion have'different helix angles. With this combination, the
1

5.2 Concepts for a gear pair

521 M

The matifg gear in a gear pairis the gear which meshes with the other gear in question. The mat

for the to

5.2.2 Working flank and non-working flank

The tooth

tooth is the nonsworking flank.

cos B,

cos 3,

or tand, =sinay, tanf,

t and defined at reference diameter d.

cosf3

=——— or tand =sino,, tan 8
cos By,

llel axis cylindrical gear pairs

prerequisites for meshing of a parallel axis cylindrical gear pair (or rack and pinion) ac
nent are:

cal basic rack tooth profiles for gear and mating gedr\(rack), and
ime base helix angle (or rack helix angle) with appropriate hands of the helices.
The concepts and formulae in Clause 5 apply te fack and pinion sets when both the rack and pinig

not be perpendicular to the transverse plané of the rack. When the helix angles do not match, th
al sliding component across the faces ¢oflthe rack and pinion, this sliding is not covered in this do

ating gear and matingflank

pth system in question are the contacting tooth flanks of the mating gears.

flankwwhich transmits torque during meshing is called the working flank. The other fl3

(59)

(60)

(61)

tilt angle

(62)

ording to

n have the
axis of the
ere will be
cument.

ng flanks

nk of this

5.2.3 External gear pair

The mating of two external cylindrical gears gives an external gear pair. The mating of an external gear with

arack giv

es arack and pinion.

In the case of an external gear pair, the subscript 1 is used in formulae for the smaller gear (pinion) and
the subscript 2 for the larger gear (gear wheel). When the gears are of the same size, the subscripts can be
allocated as desired. In the case of a parallel axis external gear pair with helical gear teeth, one gear has a
left-handed and the other gear (mating gear) has a right-handed helix.
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5.2.4 Internal gear pair

The mating of an external cylindrical gear with an internal cylindrical gear gives an internal gear pair.

In the case of an internal gear pair, the subscript 1 is used in formulae for the external gear and the subscript
2 for the internal gear. In the case of an internal gear pair with helical gear teeth, both gears have the same
hand of helix. Both are either right-handed or left-handed.

5.3 Mating quantities

5.3.1 Gear ratio

The gear fatio, u, of a gear pair is the ratio of the number of teeth of the gear wheel {or internal g€
the numbgr of teeth of the pinion, z, :

_Z2
Z

u

NOTE

5.3.2 Dpriving gear, driven gear and transmission ratio

The drivi

The trang
gear (sub

In the cas
velocities
internal g
or rotatid

distinctiop, ratios such that |i| > 1 are said.to be “speed reducing ratios” while ratios such that |i| <

to be “spe

533 L

In a trans
The centy
centres, s

g gear introduces rotation to the gear pair and effects the rotdtion of the driven gear.

e of an external gear pair, the two cylindricdl gears rotate in opposite directions, i.e. the

- )

2 o _dwa sy
dyy dp dy

See5.3.5ford,,; and d, .

Zp

or rotational speeds have opposite signs; the transmission ratio is negative. In the ¢
ear pair, the two cylindrical gears have'the same direction of rotation, i.e. their angular

ed increasing ratios”.

ne of centres and centre distance

verse section of two-miating gears, the line which connects the two axes is called the line
e distance, a, _,4s the working distance between the gear axes of the two gears on t

e Figure 17,

ar), z, , to

(63)

mission ratio, i, of a gear pair is the ratio of the angularvelocity (rotational speed) of the driving
script a) to that of the driven gear (subscript b):

(64)

r angular
ase of an
velocities

nal speeds have the same sign; the transmission ratio is positive. If it is necessary o make a

1 are said

f centres.
he line of
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NOTE
and the ce

5.3.4 Working transverse pressure angle

The work
circle. WH

cosay

Alternatiy

inva,,

NOTE
calculating

5.3.5 Working pitch point, pitch cylinders, pitch circles, pitch diameter and pitch axis

The work
cylinders
The work
through t

NOTE

For internal gears, since the number of teeth is negative, the diameters used in calculations aj
htre distance is negative. On drawings, the diameters are usually shown as positive numbers.

Figure 17 — Line of centres, centre distance

ing transverse pressure angle, a,, ., is that pressure angle-whose vertex lies on the wor
en the centre distance, a,, , is known, a,,, is calculated froh

m,, cosa.
e=(21+23)] o -
2a,, cos f3

rely, with nominal profile shift coefficients, g results from:
2tano

c=inve, + —— (X +x5)
Zq + Zy

 the inverse involute is given iSO 21771-2:—1), Annex D.

ing pitch point C divides the centre distance in the ratio of the tooth numbers. The wor

ing pitch diamieter is the diameter of the working pitch circle. The working pitch axis i
he workingpitch point, parallel to the axis of the reference cylinders.

Duringoperation, the circumferential velocities on the working pitch cylinders are the same.

e negative

king pitch

(65)

(66)

The inverse involute function can‘be used to solve for the working pressure angle, .. One hethod for

king pitch

(working pitch_eincles) are those cylinders (circles) which pass through the working pitch point.

s the axis

The pitch|

cixcles established during the operation of a cylindrical gear pair (gear pair in a gear

unit) are

termed

. TP | . 1 Vit B W e hal] 10 1o o T | . 1 PR U S | 1.1
UI'RIIlg PILLIT CITCITS Luw J- WPEC LIgUIES 10 dlIU LZU.J TIHT PILUIDT CITUICS TSUAUISIICU DYy d

enerating

cutter during the generating of a tooth system in a generating gear pair are termed generating pitch circles.

1) Under

preparation. Stage at the time of publication: ISO/DIS 21771-2:2024.
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0,

A (4]
‘& b2
Y ds
o k2
3 ED /

o | s
wt |
| dri
5

10,
Key
1  radiallpart of active flank gear 1 4  tangent to working pitch circles
2 radiallpart of active flank gear2 5  direction of rotation of driving pinion

3  line of action
NOTE 1 |[See5.5.6.1 for@escription of lettered points.

NOTE 2 |Figure 18+s(or a transverse section of an external gear pair.

Fiﬂure 18 — Meshing conditions and active ranges on working flanks, external gear pair

The diameters of the working pitch circles are:

2zqa cosa d
19w t bl
dyy = =d, = (67)
Zy +2, COSO,, COSC,,
2z,a cosa d
_Sf2%w t b2
dyy = =d, = (68)
z,+12, COSOL,,;  COSCly,
NOTE For an internal gear, d,, is negative and for an internal gear pair, a,, is negative.

This gives a working centre distance:
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(dWZ + dwl )

5.3.6 Working helix angles

(69)

For parallel axis gears, the helix angle at the working pitch diameter of the pinion has the same magnitude

but opposite hand from the helix angle at the working pitch diameter of the gear wheel:
Bwi ==Bw2 (70)
The working helix angle can be determined from the working pitch diameter, base diameter, and base helix angle:
dwl
tan f},; =——-tan fB; (71)
dpy
dw2
tan ﬂwZ =——-tan BbZ (72)
dp2
5.3.7 Working depth
The workjng depth, h,,, of a gear pair is the overlap of the tip circles of the two cylindrical gears qn the line
of centred, see Figure 19:
1, +d
h, =Pl 22 _, (73)
2
5.3.8 Tjp clearance
The tip clparance, c, is the distance by which the tipcircle of a gear is separated from the root circle of the
mating gdar, see Figure 19.
7
- I [\
~. L
><, — N I & 9 <
1
Key
1 pini01|1 2 gear wheel

Figure 19 — Working depth, h, , and tip clearances c; and c, ofa gear pair
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The actual clearance follows from the centre distance, a,,, the manufactured tip diameter, d,, and the

generated root diameter, dg;. For a pinion itis

Cl :aw -

4oy _ A
2 2

and for a gear wheel

C2=a

modifica
normal
to enlargg

If the tip
gear sets,

day _ gy

o2 2

ion, truncation, or tip shortemng, and is usually given as a coefficient (i.e. normaliz
odule so it is dimensionless). Tip alteration is usually used to shorten the té€eth, but it can be used
the addendum.

Clearance ¢, (or c,) corresponding to the basic rack tooth profile is(to be retained, then|
the necessary tip alteration coefficient k (for both pinion and geat)can be estimated as:

dy +d
1 2
_(aw 9 ]_(xl +X2)
Z1+2y
2-cosf3

- — (X1+X2)
N

The tip al
— negat

— posit
inter}

The calcuflated values are often-so-small that they are cancelled out by the deeper infeed of the cy

which is
remainin
See 5.3.8.

In the cas

usually ngt be realized because the special engagement and manufacturing conditions of internal

can limit
5.5.8.3.

Jcos B

+z Coso
2 =1 |-(x1 +x5)
COSOlyyt

Leration coefficient, k, calculated in this\way is obtained with correct sign, that is to say:
ive values in the case of external gear pairs, so that the tip diameters become smaller;

ve values in the case of intexnal gear pairs, so that the absolute value of the tip diamg
nal gear becomes smaller while the diameter of the pinion tip circle becomes larger.

hecessary for producing the backlash and by the negative root diameter deviations s
b effective tip clearance of the mate is altered to only a slight extent (or within permissik

e of internal gear pairs, the tip alteration coefficient, k, which is always positive in thi

Fhe uSable addendum of the internal gear and pinion if tip-to-tip interference is to be av

(74)

(75)

specified
dddendum
bd by the

for many

(76)

ter of the

tting tool
that the
le limits).

case can
pear pairs
pided. See
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5.4 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 toot

h parameters and centre distance by Formula (77), with «, from Formula (65):

ZXZ (zy +2,)(inva,,, —invo,)

2tanor,

In the case of non-zero backlash, the normal backlash, j, , (see 5.6.4), is included in the calculation:

pRE

=X, +X :(Zl-f-Zz)(il’lVO!‘Nt—il’lVOCt)_ Jbn
B TR 2tana, 2m, sin(or, )

(77)

(78)

The way iln which Zx =Xxq +X, is distributed between the two gears can be decided on the basis

such as p
diameter.

5.5 Tod

5.5.1 Gleneral

Tooth eng
influence
the slidin

5,52 A

5.5.2.1

The start
For an ext

with the tooth root fillet or trochoid (taking inte account undercut, if necessary, see Clause 10).

In a defin
dg,, orb

governed
rotation, {

area of tr}Le flank extends froem/the active tip diameter, dy,, to the active root diameter, dy;,

depende
Usually, c

ermissible stress, sliding velocities or other specified dimensions of the gear teeth su

)th engagement

1l by the geometry of the gear pair (or rack and pinion), the fmutual contact of the tooth f}
b conditions, see Figures 18 and 20.

ctive area of the tooth flanks, start of active profile:and active tip diameters

General

ernal gear it is the greater of the base diameter, d,, or the diameter of the intersection o

pd gear pair, the active tip diametér, dy, , of a gear can be governed either by its tip form
y the start of involute of its mate, dg. The start of active profile (active root) diameter, d

either by the diameter of Start of involute dp, or by the tip form diameter of its mate, dj
he active tip diameter. of-a gear will contact the active root diameter of the mating gear.

on the charactetistics of both gears and the centre distance.

bntact in the‘'dedendum on both gears is limited by the tip form diameter of the mating g

bf aspects
h as root

agement refers to the meshing of a gear (or a rack) with its mating gear. The tooth engagement is

[anks and

of involute diameter (root form diameter), d; , is the start of the involute portion of the profile.

the flank

diameter,
Nf, €an be

4 - During

[he active
and so is

Par.
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ht to working pitch circles 2 ‘direction of rotation of driving pinion
See 5.5.6.1 for a description of points A, B, C, D'and E.

For internal gears, since the number of teeth is negative, the diameters used in calculations ar

On drawinigs the diameters are usually shown as positive numbers.

P negative.

NOTE 3 |Figure 20 is for a transverse sectiohof an internal gear pair.
Figure 20 — Meshing conditions and active ranges on working flanks, internal gear ppir
5.5.2.2 |Pinion start of active profile and active tip diameters
When cortact in the pittion dedendum is limited by the tip form diameter of the gear wheel:
2
) [ 2 2 2

dy1 7 \/(Zlaw|51nawt ~\dgaz —dpy ) +dyy (79)

dyaz =dpaz - (80)
However, if dgy is greater than the quantity calculated for dyy , then:

dyg =dggy (81)

2
) : [ 2 2 2
dyaz =—\/(23w sinot,,, —\dggy —dpy ) +dy, (82)

|z,

See 9.7,10.3 or 11.3 for dp;.
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[t is important to verify if the gear teeth need to be truncated to avoid gear mesh interference with the tooth
root fillet of the pinion.

With oy from:

d
COSONFp :dl (83)
Nfl

The corresponding roll angles (see 4.4.9) are:

it =2 (G ~baz) e (84)
1
ENaz ::tan[arccosdij (85)
dNaZ

5.5.2.3 |Gear wheel start of active profile and active tip diameters

When corjtact in the gear wheel dedendum is limited by the tip form diameter ofthe pinion:
2

dyz = |Z_2|\/(23w sinot,, —/dgy _d1§1) +di, (86)

)

dNal ::dFal (87)

However, [if dgy, is greater than the quantity calculated for dy;;,then:

dniz k2 (88)

2
dya1 ::\/(2|aw|5in0‘wt _\/dgfz _dt2>2 ) +dt2)1 (89)

It is impojrtant to verify if the pinion teeth/need to be truncated to avoid gear mesh interferencg¢ with the
tooth root fillet of the gear wheel.

With oy from:

d
COSOlyif) = dﬁ (90)
Nf2

The corrgsponding rolfangles (see 4.4.9) are:

S (G S )+ o
2
5Na1 = tamLarccos—;b1 J (92)
Nal

5.5.3 Plane of action, zone of action and contact line

The plane of action of a cylindrical gear pair is tangent to the base cylinders of the gear and mating gear. In the
case of an external gear pair, the plane of action passes between the base cylinders. The intersection of the
two planes of action (one for each tooth flank) is parallel to the gear axis, and is the working pitch axis (see
5.3.5). The zones of action are the parts of the planes of action which are limited by the active tip diameters
dya1 » dngp Of the gear and mating gear and by the facewidth. A zone of action is linked to the flank that is
normal to it. Hence, one of the planes of action is linked to the right flanks and the other to the left flanks.
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At any instant in time, the intersection of the zone of action with a pair of corresponding tooth flanks of a
gear pair is known as the contact line. With the rotation of the gears around their axes, the contact lines move
through the zone of action (see Figure 25). On tooth flanks, the contact lines are identical to the generators
of flank and mating flank, see 4.4.1.

5.5.4 Line of action, path of contact and point of contact

Lines of action are where the planes of action intersect transverse sections. The left flank line of action is
defined by the left flank of the driving gear. A line of action is inclined to the common tangent to the working
pitch circles at the working pitch point (working pitch circle tangent) by the working transverse pressure
angle, o, (see Figures 18 and 20), and it contacts the two base circles at the points T; and T, .

A path of
the path ¢
or near th

NOTE
Both thel

A point of
working

55,5 F

The form
diameter.

5.5.6 Designations and values relating to theline of action

5.5.6.1

Special pq
Ty
T,
C

In Figure:

A

f contact is at or near the root circle of the pinion. The finishing point, E, of the path of €
e tip circle of the pinion.

In Figures 18 and 20, only the line of action of the working flanks is shown in each case.
bft and right lines of action intersect the centre line at working pitch point C\(see Figures 1

contact is a point where a path of contact intersects the corresponding tooth flanks in
osition of the two gears. It is a point on the contact line.

brm over dimension

over dimension, cp, is the radial distance between<th¢ active root diameter and

(dne —dge )

Special points on the line of action

ints on the line of action (see\Figures 18 and 20) are as follows:
is the point of contact Between the line of action and the base circle of pinion (dy, );
is the point of contact between the line of action and the base circle of gear wheel (dy,; );

is the working pitch point, the intersection of the line of action with the line of centres.

b 18 and 20, e, is less than 2. Special points on the path of contact are the following:

is-the'point at which the line of action intersects the active tip diameter, dy,, , of the g

oint, A, of
tactis at

8 and 20).

a specific

root form

(93)

bar wheel

(limit point of meshing near pinion root):

B

D

E

is the lowest point of single tooth contact (LPSTC) on the pinion, highest point of single tooth contact
(HPSTC) on the gear wheel; where £, <2, it is the point within the path of contact which is one

transverse base pitch away from point E;

is the highest point of single tooth contact (HPSTC) on the pinion, lowest point of single tooth contact

(LPSTC) on the gear wheel; where £, <2, it is the point within the path of contact wh
transverse base pitch away from point A;

ich is one

is the point at which the line of action intersects the active tip diameter, dy,; , of the pinion (limit

point of meshing near the pinion tip).
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Points A through E go from pinion root to pinion tip, regardless of whether pinion or wheel drives.

Length of the path of contact

The length, g, of the path of contact (length between points A and E on the path of contact) of two mating
cylindrical gears is:

NOTE

1 2 2 % [ 2 -
ZE{ d Na1—9p1 +m dNaz —dpy —2a,, SINO,
2

The symbol AE indicates the distance between points A and E.

(94)

The lengt

9o =

The path

path of cq
diameter,
towards ]

h of the path of contact when a cylindrical gear (subscript 1) is mated with a rack is:

| 2 2 hp—x;m
';(\/dNa1 —dp; —dy; tano, )+M

L

sina,

bf contact is divided by working pitch point C into the addendum path of centact and the d
ntact. The addendum path of contact is the portion of the path of contact between the
dy, » and the working pitch point. The dedendum path of contact goesfrom the working
he root to the start of active profile diameter, dy;, see Figures 18 and 20.

The addenpdum path of contact, g, , of the pinion is equal to the dedendum path of contact, g¢, of the g

Ga1 =

Similarly,
pinion, gj

gaz

The two j
of contacf
So, when
addendun

— 1
CE:E( dRay —dby —dpy tanawt):gfz

the addendum path of contact of the gear wheel, .g},, is equal to the dedendum path of
il .

— 1( z
=paC=- [—Z\ldﬁaz ~dpy —dy, tano, j:gfl

2 ||z,

ortions of the path of contact are'also known as the approach path of contact and the rg
. The approach path of contact corresponds to the addendum path of contact of the d
the pinion is driving and the.gear wheel is the driven gear, the approach path of cont
h path of contact of the gear wheel, and the recess path of contact is the dedendum path

of the ge

wheel.

For the case where the gearwheel is the driver, the approach path of contact is the addendum path
of the pinjon and the recesspath of contact is the dedendum path of contact of the pinion.

5.5.7

dii of curvature of the tooth flanks in a transverse plane

(95)

edendum
active tip
itch point

bar wheel:

(96)

contact of

(97)

cess path
iven gear.
act is the
pf contact

pf contact

The folloying segments of the lines of action give rise to the radii of curvature of the tooth flapks in the

transver

plane (see Figures 18 and 20):

T,C=
T,C=
T,A=

T,E=

1 [ 2 1
Pc1 :E\/dm —dy; :Edbl tano,,

12z, [, 2 1
Pc2 ZE 21 Az —dp; ZE dy, tan o,

22|

(98)

(99)

1 z
Paz =5 Z_Z\jdl%laz —dp, (100)

2]

1
Per =5 Ve =i (101)
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TyB=py; =Pr1 ~Pet (102)

T,D= Pz = Paz —Pet (103)

Ty Ty = Pet + Pz =y SNy = Pa1 + Pz = Pi1 +Pia (104)
NOTE The values obtained for the curvature radii of an internal gear and for the segment 'ﬁ of an internal

gear pair are negative values.

See 4.9 and Clause 7 for additional information on radius of curvature of the tooth flanks

5.5.8 Tpoth interference

5.5.8.1 |General

Interferenice conditions occur if parts of the gear tooth flanks come into contact with any part of the mating
gear othef than the working flanks or if the top lands have any contact with the mating gear.

5.5.8.2 |Tip to dedendum interference

For a pargllel axis cylindrical gear pair, interference can occur eitherbetween the dedendum of adtive flank
of the pinfion and the tooth tip corner of the conjugate gear or between the dedendum of active flank of the
gear and the tooth tip corner of the conjugate pinion, see Figure-21.

Key

1 Hriving pinion £ pinion tooth bending deformation
2 Hriven gear £, gear tooth bending deformation
D,-D, pair of teeth in donfact at point M Fy,, transmitted force

D,-D,”  pext pair of teeth Fy,; reaction force

Figure 21 — Interference between gear teeth

To avoid this interference the following conditions shall be satisfied:

— for external gear: ‘C_AHE‘ and ‘(TEHE

— for internal gear: |ﬁ|<|C—T1| and |dye | <|dpe|-
5.5.8.3 Tip-to-tip interference on internal gears

An internal gear pair can have a second type of interference, in which the tooth tip corner of the internal
gear contacts the tooth tip corner of the pinion as they come into mesh.
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In Figure 22, two mating gears are shown in contact at the pitch point, C. The clearance between the teeth
can be seen three or four teeth away from the pitch point. However, as one moves further from the pitch point
to the intersection of the two tip circles, interference between the tips of teeth on the two gears can be seen.

To avoid this secondary interference, the actual rotation of the gear tooth caused by the rotation of the
pinion tooth shall be greater than the rotation of the gear tooth that would allow interference. The actual
rotation of the pinion tooth is given by:

O = eaal +9a

1

(105)

Where 6,,,, is the angle from the pitch point to the intersection of the tip circles on the pinion. It can be found
from the law of cosines that:

2

2 2 2 2 2
zraZ T3] —dy zdaZ _dal _4aw

cos 0,1

The anglg 6, is the-angle on the pinion tooth between the pitch circle and the tip circle. It is given

2a

4'awdal

wha1

Figure 22 — Tip-to-tip interference with an internal gear

eal = mv(aatl )_ ier(O‘wt )

106)

by:
107)

where o, TSThe WOTRITIg TranSVerse Pressure angie and o, 1S te ransSverse pressure angie att
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The rotation limit of the gear is given by:

@ =002 =052 (108)

where 6,,, is the angle from the pitch point to the intersection of the tip circles on the gear, found from 6
by the law of sines, such that:

aal

r,1Sin6,,1

a2 =" (109)

Fa2

sin @

and where 0,, is the angle on the gear tooth between the pitch circle and the tip circle, that is:

0,2 =V, ) —INV(0lyez ) 110)

Since the|actual gear rotation shall be greater than this rotation limit for a rotation @y~ of the pinion,
Z1 (1 > Zy, to avoid tip-to-tip interference.

5.5.9 Mesh geometry parameters

5.5.9.1 |Transverse angle of transmission and transverse contact ratio

The trangverse angle of transmission, ¢, is the centre angle through which a gear of a gear pdir rotates

from starft to finish of engagement of one active tooth flank transyerse profile with its mating pyofile. The
transverse angle of transmission of pinion and gear is given as follaws:

2g !
a1 5=l 9u2 111)
b1
Zgoc Pa1
0oy =p 0 _ Lo 112)
“ dpa|  lul

The trangverse contact ratio, £, is the ratio,of the transverse angle of transmission, ¢, to the angular
pitch, 7, ¢r the ratio of the path of contact.to the transverse base pitch:

b +
g, =01 -Poz _Jo _ 57 5a, 113)

71 72 Pet Pet
where p.|= py [see Formulad33]].
5.5.9.2 [Active facewidth

The active facewidth, b, , is the minimum overlapping section of the usable facewidths of the geaf pair, see
Figure 23|and Eigure 5.
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by
br,

bw

\k&&,>
bu
b
by
Figure 23 — Active facewidth, b,
5.5.9.3 |Overlap angle and overlap ratio (axial contact ratio)
The overlpp angle, @, is the angle between the two axial planes'enclosing the end points of a tooth trace of
the gear pair, see Figure 24:
2 b, tan|B| 2 b, sin|f] i
= = =|u 114
?p1 a: m 7 lu @32 114)
2b, sin|f| ®p1
Pp2 = A =E 115)
my |z, ful
The overlpp ratio, £p) is the ratio of the'‘ovérlap angle, ®p, to the angular pitch, t, or the ratio of the facewidth,
b,, , to th¢ axial pitch, p, . It is the ¢ontact ratio in the axial plane, and is sometimes referred to a§ the axial
contact rgtio.
D b b, 781 b,, t b, t
& =EB_1=(pﬂzl: w-sin|B| _Zw an|ﬂ|= w tan|By| 116)
f1 7, Px m, T Pt Pet
5.5.9.4 [Overlapoll length
The overlpp roll'fength, g, of a helical gear is the length of the working pitch circle arc belongjng to the
overlap apgle, ¢g :
——|dW| =b 117
g[i— 2 (p[i_ w tanlﬁwl ( )
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P,

AN

=
pd
dw/ N
P
P
T
Py
/
‘0\}
Key
P, P, bnd points of an active tooth trace of a gear pair

Figure 24 — Overlap angle of gear pair, ¢y

5.5.9.5 |Total angle of transmission and total contact ratip

The total pngle of transmission, @y, is the angle at the centré’of a gear in a gear pair through which the gear

rotates frpm start to finish of contact of one of its flanks with its mating flank. It is equal to the Jum of the
transverse angle of transmission and the overlap angle:

Py1 =Po1 T Pp1 =|u| ?y2 118)
Py1 I
P12 =00z +Pp2 =ﬁ 119)

The total|contact ratio, €., is thé ratio of the total angle of transmission to the angular pitch. It is equal to

'Y )
the sum of the transverse contact ratio and the overlap ratio:

D,
TPz _p S 120)
i1 T2

5.5.10 Cpntaectline and sum of the contact line lengths

The contdctline is the theoretical line at an instant in time where the flanks of a tooth pair of thg gear and
mating gear touch; [ 1s the maximum length of such a contact line of a flank pair.

max

When spur gears are in contact, the individual tooth pair contact line length remains constant. When tooth
traces are not modified (e.g. by crowning), the value of I, is equal to the active facewidth, b, ; see 5.5.9.2.

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

pitch axis, see Figure 25. The length of the contact line changes with the rolling of the flank pair. It starts as
a point contact at the beginning of engagement, reaches its maximum value, [,,,. , in a working position or

in a certain range of rotational angles and is subsequently reduced to point contact at the end of the
engagement of the flank pair.
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Key
1  base dgylinder of pinion 3 zone of action
2 base dylinder of gear wheel 4  contact lines on mating helical gears

Figure 25 — Zone of action

The maximum length of a contact line, I,,,,, is given by:
Yo i
L.+ 121
max | sin| B, | [121)
or
b
max =~ (122)
cos B3,

whichever is less.

b
NOTE1 If —w 5 Jo
cos B, sin|Byp|
not across the whole facewidth; while if it is less, then the contact line extends across the whole facewidth but across
only part of the active range of the transverse profile.

, then the contact line extends across the whole active range of the transverse profile but
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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.

NOTE 2

Yl varies with contact position unless the overlap ratio is an integer.

5.6 Backlash

5.6.1

General

The backlash is the clearance between the non-working flanks of the teeth of a gear pair when the working
flanks are in contact. Backlash can be defined in either a normal or a transverse section and either

perpendiqutarto the flank, ima circumferenttat direction (atong am arcy, at a specitied diameter
direction
There is g distinction between the normal backlash, j,,, transverse backlash, j;, and radial bag

see Figuile 26. See ISO 21771-2 for a more in-depth discussion of backlash, including predi
measurerpent of backlash.

5.6.2 Transverse backlash

Transverge backlash, ji, is the shortest distance in a transverse plane between the non-working
the teeth pf a gear pair when the working flanks are in contact with zero‘force. It can be calculateq

NOTE

tooth thickness values will result in calculation of maximum backlash.

, i Tdyq
Jor ZFOSAwt | — 7 Switl ~Swe2

1

If mean values are used for tooth thickness, then aiean value of backlash will result. Use of

r a radial

klash, j.;
rtion and

flanks of
as:

123)

minimum

5.6.3 Cjrcumferential backlash
The circupnferential backlash, j,,, is the lengthtof the working pitch circle arc through which each pf the two
gears can|be rotated, whilst the other is held'stationary, from the point where the right flanks are jn contact
to the point where the left flanks are in contact. Its magnitude is given by:
Jwt = _r J 124)
wt 7] bn
COS Oy, COS By
or in relafion to the length ofthe reference circle arc by:
. 1 .
It =T 47 - <Jbn 125)
dos B cos
5.6.4 Nprmalbacklash
Normal baekdash———isthe shortest distance betweenthe non-working fanks ofthe teeth ofagearbair when

...... T JIDN T Tt

the working flanks are in contact with zero force. It is defined in the plane of action of the non-working flanks.

Jbn = Jbt €0s By (126)
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a) working flanks in contact b) symmetrical positioning of tooth in
tooth space of mating gear

Key
1 workin flanks 4 end facé
2 non-wgrking flanks 5 plade-of action

3 plane of action non-working flanks

Figure 26 — Backlash

5.6.5 Radial backlash

The radia] backlash, j., is the'difference in the centre distance in the working condition of the geaf pair and

the centrg distance producegif one of the gears is moved along the centre line until zero backlash enlgagement
of the flafk pairs occurs$; see Figure 26 (right-hand side).

The relatjon betweerf circumferential backlash, j., and radial backlash, j., can be approximated by:

1
P i 127
v = A an Oyt Jwt )
NOTE The radial backlash can be found as the difference between the working centre distance and the tight mesh

centre distance.

5.6.6 Angular backlash
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The angular backlash, ¢;, is the angle of rotation through which the gear can be rotated, while the mating

gear is stationary, from the point where the right flanks are in contact to the point where the left flanks are
in contact, see Figure 26. The angular backlash for each gear is found from the normal backlash, j:

2 2
e R 128
o nmzlaman]“ (mﬂ]wt (128)
2 2
o P i 129
q)]Z mn |ZZ| COSO{n ]bn dwz ]Wt ( )

5.7 Velocities and sliding conditions at the tooth flanks

5.7.1 Angular velocity

The angular velocity of a rotating gear is:

O==

! 130)
3D

The rotatjonal speed, n, is expressed in rpm and angular velocity, w, in radians’per second.

5.7.2 Cjrcumferential velocity

The circumferential velocity is always defined in a transverse plane;in a direction tangent to the cylinder.
The circumferential velocity at a given diameter, dy Jis:
p d I
Vy =g—— [131)
2000

The circunferential velocity at the reference diameter, d, is:

v= _ai 132)
2000
The circunferential velocity at the working pitch diameter, d, , is:
o d,,
vV, =f—— 133
Y R000 )
The circupnferential veloeity at the base diameter, d,,, is:
@ db
vy, =+—— 134
b~ 7000 )

NOTE Thendivisor of 2 000 is used, thus these velocities are in m/s.

5.7.3 Normal velocity

The velocity along the line of action, which is normal to the tooth profile in the transverse plane and therefore
known as the normal velocity, is equal to the circumferential velocity at the base circle:

v, =V (135)

NOTE In a meshing involute gear pair, the circumferential velocity is the same at both base circles.
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5.7.4 Rolling velocity

The rolling velocity is the velocity in a transverse plane in a direction tangent to the tooth flank at a given
diameter dy, . It can be calculated by:

wp, (

V. =
¥ 1000
where p,, can be found from Formula (22).

At a given point of contact in a meshing gear pair, the circumferential velocities of the two gears will have
the same magnitude, and the normal velocities will have equal magnitudes. However, the angular velocities will differ

NOTE

and the ro

ling velocities will be different

So, for the

Vryl =

And for th

575 S

At a poin
velocities

The slidin

<
Il
—

where |~
Formula

pinion, the rolling velocity is:

0 — W Py1
1Y =
1000 1000

e gear wheel:

iding velocity

[ of contact of two tooth flanks in engagement, the sliding velocity, v,, is the differe]
of the two transverse profiles in the direction of the common tangent. See Figures 27 an|

g velocity is:

22).

136)

137)

138)

nce of the
d 28.

139)

ned using

Key

1  direction of rotation of driving pinion

Figure 27 — Sliding velocity, Vg, at point of contact Y on external gear pair
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NOTE

On drawings, the diameters are usually shown as positive numbers.

The dista
Yoy

Hence

<
Il
—

NOTE

usually fol

The slidin

:|Pc1 —Py1 | = |Pc2 _Py2|

IS0 21771-1:2024(en)

For internal gears, since the number of teeth is negative, the diameters-ised in calculations ar

Figure 28 — Sliding velocity, Vg, at point of contact-Y.on internal gear pair

ice, gy » betweenY and Cis:

o)) 1
R 1+—
| 000 g“y( u)‘

9,y is always positive. Since u\is positive for an external gear pair and negative for an internal g
ows that the sliding velocjty is greater for external gear teeth than for internal gear teeth.

g velocity is proportional to distance Yoy and equal to zero at the working pitch point.

its maxin

Vga =

um values at the-end points A and E of the path of contact:

(o} 1
1
10009f( u)

b negative.

140)

(141)

ear pair, it

[t reaches

142)

143)

Wy 1
| A 1+—
1000ga[ u)‘

with g¢ and g, according to Formulae (96) and (97).

5.7.6 Sliding factor

The circumferential velocity of the pitch circles, v, , is:
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d d
v, = O dwy _ D2 dw2 (144)
2000 2000

The sliding factor, K
pitch circles:

1% 2
K =—g=| oy (1+11 (145)

8
v, |d u

g is the ratio of sliding velocity, Vg, to the circumferential velocity, v, , of the working

wil

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

— atA:
2
Ky 4|29 (141 146)
dyq u
— atkE:
2
K322 (142 147)
dyq u

5.7.7 Specific sliding

The specific sliding, {, is the ratio of the sliding velocity to the speed of a transverse profile in the{direction
of the vel¢city tangent to the profile. The rolling velocity is egual to pyw . Formula (136) yields:

V1 —V
§1 _ ryl ry2 —1— pyZ 14—8)
Vryl u pyl
Voo —V u
gz _ ry2 ryl —1— pyl :149)
Vry2 pyZ
The maximum values of { are reachediat'end points A and E of the path of contact:
— atA:
Lo 1-Lr2 150)
U Pp1
— atE:
Cp=l- YPEr 151)
PE2

using the curvature radii, p, and pg, according to 4.4.8 and 5.5.7.

6 Crossed axis cylindrical gear pairs

6.1 General

Crossed axis gears differ from parallel axes gears in that the contact between tooth flanks is no longer a line
of contact moving in the plane of action but a point of contact between tooth flanks moving along the linear
path of contact resulting from the intersection of the base planes of the pinion and the gear wheel.
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For a specified crossed axis gear pair the centre distance is defined by the distance between the two axes
of the gears (length of the common normal to the axes). There is a unique skew angle (angle between the
projected axes of each gear in a plane perpendicular to the centre line) that results in conjugate action and
the maximum backlash at that centre distance. With crossed axis gears, any change in centre distance
requires a change in skew angle to maintain conjugate action. Therefore, the centre distance of crossed axes
gears is handled in a different way than that used for parallel axes involute cylindrical gears.

The basic prerequisite that the pinion and the mating gear have identical basic rack tooth profiles applies.
However, they do not need to have the same base helix angle and can have the same or opposite hand of helix.
One of the gear pair can be a spur gear. With an internal gear, the pinion shall have a helix angle greater in
magnitude than the helix angle of the internal gear.

The conc pts ann]nppd for parn”p] axes-gearpairsin S1to532for pnrn]]p] axes-gears also :\pp]y o crossed

axes gears.

Crossed alxis gears can be classified into three types:

a) In the particular case where the two gears in a crossed axis pair have the same helix anglle and the
same hand, the working pitch diameters can be calculated from the specified centre distgnce in the
same way as for parallel axes gears. From these working pitch diametéts, the working helix angle
(which will be the same for both gears), pressure angle, tooth thickness@nd backlash can be dalculated.

The skew angle is set to twice the working helix angle. Calculations specific to crossed gxes gears
are needed for path of contact, contact ratio, sliding conditions, and equivalent radius of qurvature.

NOTE With crossed axis gears, the ratio of the working dianieters is equal to the gear ratio ¢nly in this
particular case where the two gears have the same helix angle.

b) When the two gears in a crossed axis pair are operatéed at a working centre distance thatis pne half of
the sum of their reference diameters, then the working diameters will equal the reference diameters.

Consequently, there will be no difference between the working and reference helix angles{ pressure
angles, and tooth thickness. For conjugate action, the skew angle shall be set to the sum off the helix
angles at the reference diameters. Calculations specific to crossed axes gears are needed for path of
contact, contact ratio, sliding conditions, and equivalent radius of curvature. Note that if the helix
angles of the two gears are not equal, the ratio of the working diameters will not equal the gear ratio.

c) In the more general case, where the mating gears do not have the same helix angle and are not
operated at the referenee\centre distance, a procedure is presented (see 6.3.12 and 6.3.13) to find
the working normal pressure angle and from there find the working diameters, the working helix
angles, transverse pressure angles, tooth thickness and backlash. The gear mesh geometrly can first
be determined for.the centre distance without backlash (i.e. double flank working conditions), and
then this centfe)distance can be used with reduced tooth thickness to create backlash.

A pinion |mated with™a rack is not treated as a crossed axis gear even if the axis of the pinjon is not
perpendi¢ular tothe transverse plane of the rack. As long as the rack and pinion have the same nofmal base
pitch andfare ptoperly aligned, they will have line contact and be conjugate at any centre distance [that has a
contact rdtio.greater than one. If they have different helix angles, the pinion axis will not be perpendicular to

o nlana racle o d b an 12311 1 Lding ace +tha fo adelh Lo 3 acath 2 3
the trans \'r\)\, Plall\' UVI'UIIC T AU, dIfu LI v vviIiil e ouulus ALIUOO UIIU TAUUVVIULILL. III UITIOo CAdOoL, tIIv A Culatlons

in Clause 5 can be used, but formulae for the combined radial and axial sliding are not provided. However,
sliding can be closely approximated by using Formula (211) for a spur gear with 9999 teeth meshing with
the pinion.

6.2 Concepts for a gear pair

The concepts presented in 5.2 for parallel axis gears also apply to crossed axis helical gears.
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NOTE T

6.3 Ma

6.3.1 Gear ratio

The gear

6.3.2 Driving gear, driven gear and transmissionTatio

These not

6.3.3 Working pitch surfaces and working pitch point

The work

pitch point C (see Figure 29); they(ane called working pitch cylinders defined by diameters d,,

The proje
working

634 L

The comt
called the

gears on {

z131x
N
N
2
j .
=\(C
= I~
] .
~.
N
i 7,87%;
S
o —
~

he hatched areas represent the tooth thickness on the working pitch cylinder

Figure 29 — Working pitch surfaces, working pitch pointand skew angle

Ling quantities

ratio, u, is defined in the same way as for parallel-aXes cylindrical gear pairs (see 5.3.1).

ions are defined in the same way as forparallel axes cylindrical gear pairs (see 5.3.2).

ing pitch surfaces of the pinioh and gear wheel are cylinders which contact together at th

ctions of the axes of rotation of the pinion and of the gear wheel in a common tangent pl
itch cylinders, are cressing the working pitch point and define the skew angle 2.

ne of centresa and working centre distance

hon perpendicular line which connects the two axes and crossing the working pitch
line_of-eeéntres. The working centre distance, a, , is the distance between the axes ¢

hedine of centres, see Figure 30. It is defined by the half sum of the working pitch diamet

e working
and d,,.
hne to the

point C is
f the two
ers.
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Half of the pinion and half of the gear wheel are shown, the portions above their respective mid planes have

been remo

NOTE 2

NOTE 1
working p

The point
points ar¢

NOTE 2

is negativg.

635 S

In an invd

Bw1 can dliffer from the helix angle on the working pitch cylinder for the gear S, ,see 5.3.6. Fort

conjugate

x=p

Care shou

6.3.6 Intermeshing racks at working pitch cylinders

[t is possi

one for the pinion and ene'for the gear wheel (see Figure 31).

These tw
pair (see
character

ved to show the centre line.

The gears can have profile shift and different generating helical angles ; and £5,.
Figure 30 — Line of centres and centre distance

For external gears, unless the crossed axis gears have identical helix angles (same hand), the j
tch diameters is not equal to the gear ratio.

s O; and O, are defined by the intersection of the line of centfres and the two gear ax
defined as the centres of the pinion and gear wheel.

For internal gears, since the number of teeth is negative, the diameters are negative, and the cent

kew angle

lute crossed axes cylindrical gear pair, the helix angle on the working pitch cylinder for {

action, the skew angle equals the sum’efthe working helix angles, see notes in 6.3.13:

vl + ﬁwZ

ld be taken with +/- signage:

ble to define twd-intermeshing racks in the common tangent plane to the working pitch

b.3.9).Fhése two racks are complementary and have the same normal profile and the s
istics:

atio of the

es. These

e distance

he pinion
neoretical

152)

cylinders:

b rack profiles do not correspond to the basic rack profile used to generate each part of the gear

hme basic

warlananaoriaal o cciien S gl

— Same
— Same

— there

working normal pitch, p,, ;

fore, they also have the same normal base pitch, py,, .

It is important to notice that their working transverse pressure angles are different, as well as addendum
and dedendum in order to match respectively tip and root diameters for the gear pair.

In the transverse plane of each gear, the tangent line to the working pitch circle is the working pitch line for
each intermeshing rack, along which the working transverse tooth thicknesses, s,,;; for the pinion and
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Swt2 for the gear, are defined; they are linked to their respective working normal tooth thicknesses s,,,1

and s,,,, by Formula (53):

Swn1l = Swt1 €OS ﬂwl

Swn2 = Swt2 COS ﬂwZ

The working normal tooth thicknesses s,,,; and s,,,, are not necessarily equal.

(153)

(154)

At a centre distance without backlash the sum of respective working normal tooth thicknessess,,,; and

Swnz is equal to the working normal pitch, p,, :

Pwn FSwn1 T Swn2

Based on [Formulae (7), (28) and (29), the working normal pitch can also be expressed by:

d o d i
P - ¢.(_}COS B :L.[_}COS B

Zy

COS 11 Zq COS 12

a) Base plane-of single helical gear
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b) Intermeshing racks

Key
1  interrheshing rack of helical pinion 2 intermeshing rack of helical gear wheel

Figure 31 — Intermeshing of involute crossed axis helical gears

orking transverse pressure angles

ing transverse pressuse angles are different on each intermeshing rack. They can be dgtermined
iming Formulae (10)@nd (17):

tana,,,

t1 =
\/1 sin B; cos®a,

157)

2
COS” Oy,

For the gear wheel it is expressed as Formula (158):

tana,,

1 sin® B, cos? o,
cos? Cln
6.3.8 Working transverse tooth thicknesses

tan oy = (158)

The working transverse tooth thicknesses are different on each intermeshing rack.

© IS0 2024 - All rights reserved
59


https://standardsiso.com/api/?name=edffe4e3ae79ce08f98f539acd882656

ISO 21771-1:2024(en)
From Formula (52), the transverse space width half angle on working pitch diameter is:

Mwt =My ﬁinvam (159)

As the transverse tooth thickness half angle on working pitch diameter is equal to the difference between
the transverse working pitch half angle and the transverse space width half angle:

T T Z,
YVt =;—77wt =;—77b _Hmvawt (160)

Then the transverse tooth thickness on each working pitch diameter is given by:

For the pillion itis expressed as Formula (161):

dp1 n ; .
Swil TYwi1dw1 =—[——le1 — vy ] (161)
Cosawtl Z].
For the gdar wheel it is expressed as Formula (162):
dyy [T . ,
Sw2 T¥w2aw2 :—(——nbz — 1INV &y ] [162)
Cosath Zy

6.3.9 B[xsic rack profile to generate each part of the gear pair

An involuge cylindrical helical gear can mesh with any rack tooth.profile, defined in a transverse plane on a
cylinder df diameter dy that has:

a) the sdme transverse pressure angle Oy as the gear, see'Formula (7);
b) the same transverse base pitch p,,, defined with®he transverse pitch Pyt 0N dy see Formula|(31).
And consg¢quently, having on the normal surfacethrough a cylinder with diameter dy :

c) the sgme normal pressure angle «,,,, defined in 4.4.4 by Formula (10):

yn’

tanof,, =tano,, cos fy; =tano,»cos f, 163)

d) and the same normal base pitch p,,, defined in 4.5.5.1 by Formula (32):

Pbn 7 Pyn COS @y = Pota €05 By = Poiz €08 P 164)

Considering the two lastformulae on the reference cylinders (which are also the generating pitch gylinders)
with dianpeters dyand d, of each part of the gear pair, then:

tana) =taliel, cos B; =tana,, cos 3, 165)

and

Pon = P COSO, =Pty €OS Py = Ppyp €0S By, (166)

This means that the two gears shall be generated with the same basic rack tooth profile with a normal
pressure angle o, , a normal base pitch p,, and consequently the same normal module m,, .

Base diameters are still defined by Formula (6).

6.3.10 Profile shift coefficients

To generate each part of the gear pair the basic rack profile can be shifted as defined in 4.3.10.
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The profile shift coefficient is defined as x; for the pinion and x, for the gear wheel.

This means that all basic geometrical data of the pinion and gear wheel can be determined with formulae
given in Clause 4.

6.3.11 Base space width half angle

Based on the parameters of the basic rack profile to generate parameters, and Formulae (51) and (52), the
base transverse space width half angles are expressed by:

n—4 x, tana
Mpy = —— " —inveyy (167)
2 Z1

T—4 x, tano
Mp2 =#—invat2 168)
27y

6.3.12 Working conditions at minimum centre distance

The two gears in a crossed axis pair will have different working transverse pressure angles, so far crossed
axis gear§ Formula (77) can be restated as explained in Annex C, Formula (C.9):

zq (Inv oty —invoyg )+ zy (inva,, —invoy, )=2(x; +x, )tano, 169)

Since the| two gears in a crossed axis pair do have the same~weorking normal pressure angle, using
Formulae| (8), (157) and (158), this can be rewritten in a form<that can be solved (using iteratign) for the
working fjormal pressure angle at zero backlash (see details iitAnnex C):

_ tana,,, _ tana,
zq 4inv| arctan —inv|arctan +
\/1 sin® B; cos” o, cos fy
2
cos”“ Oyyp i
- - 170)
. tano . tano
z,4inv| arctan ki —1nv[arctan{ t ﬂ —-2(x1 +x;)taney, =0
" §in? B2 cos? oy cos
i cos? oy, 1

The corrgsponding thinimum distance between the axis of rotation, a,, ,,;, , (i.e. centre distan¢e at zero
backlash)|and werking pitch diameters can be obtained with (see details in Annex C):

( 21 Z2 )
- L
uwl TUWZ ”ln 2 ”ln 2
Ay mip = ——& = cos’ o _ +—-| [cos“a _ (171)
W min 2 2 L\/T"‘m—smz By J 2 L\/T""“—smz B, J
cos” a, cos” o,

The skew angle for conjugate action at zero backlash (which also results in minimum centre distance) can be
obtained with the transformed Formulae (17) and (152) (see details in Annex C):

sin f; -cosa sin 3, -cosa
2 =By + Byy =arcsin sinpy cosoy +arcsin Sinpy -cos oy (172)
COS Oy, COS Oy,
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6.3.13 Working conditions with backlash

If, to create backlash, the centre distance is larger than the minimum, the relationship between the defined
working centre distance a,, and working transverse pressure angles, can be used to obtain the working

normal pressure angle (see Annex C).

m 4 V4
a, =7“ L + z (173)
2 2
cos o . cos o .
Twn_smz By Twn_smz B,
cos” o, cos” oy,

Then the pvorking helix angles and the skew angle are still obtained by Formula (172).

NOTE1 [When centre distance is changed, theoretical conjugate action will only be maintained ifthe sk¢w angle is
also changed.

NOTE 2 |Changing tooth thickness will not change the meshing action of the gear pair. So/if a gear pair is designed

for conjugfte action with zero backlash, if the design centre distance and skew angle arepmaintained and backlash is
obtained Hy thinning the teeth, then the gears will still be conjugate.

6.3.14 Working depth

The workjng depth, h,, , of a gear pair is the overlap of the tip circles ¢f the two cylindrical gears ¢n the line
of centreq, see Formula (73).

6.3.15 Tjp clearance

The tip clearance, c, is the minimum distance between‘the tip circle of a gear and the root circle of the
mating gdar, see Formulae (74) and (75) and Figure 19;

6.3.16 Calculation of tip alteration coefficient'(for crossed axis gear)

It is somdtimes necessary for the addendum:to be altered to suit the mating conditions and the|specified
minimum| tip clearance of the mate.

If the tip dlearance ¢, (or c,) correspending to the basic rack tooth profile is to be retained, then the hecessary
tip alteration coefficient k (for both;pinion and gear) can be estimated as:

d, +d
—(aw—%j—(x1+x2)=a—wi[z—1+ %2 ]—(Xﬁxz) (174)

N m, 2{cosB; cosp,

k=

SHINR

The tip alteration coefficient, k, calculated in this way is obtained with correct sign, that is to say negative
values in the case ©f)external gear pairs, so that the tip diameters become smaller.

The calcuflated values are often so small that they are cancelled out by the deeper infeed of the cytting tool
which is héeessary for producing the backlash and by the negative root diameter deviations s¢ that the

remainingeffective tip ctearance of the mate 1S aitered to onty a stghtextent (or withim permissible limits).
See 6.3.15.

6.4 Tooth engagement

6.4.1 General

Tooth engagement refers to the meshing of a gear with its mating gear. The tooth engagement is influenced
by the geometry of the gear pair. See Figure 32, which shows meshing conditions and active ranges on
working flanks in transverse planes and the working normal plane.
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6.4.2 Line of action, path of contact and point of contact

The parameters for the meshing of the gears are given in Figure 32, see the key to that figure for the symbols
used. The active plane of action of each cylindrical gear of the crossed axis gear pair is still tangent to their
base cylinders, but unlike parallel axis gears, crossed axis gears do not share a single plane of action. The
working pitch point C is defined by the intersection of the centre line and the common tangent plane to the
working pitch cylinders of the gears Tg. The active planes of action of the pinion and gear are tangent to their

respective base cylinders and cross at point C. Their intersection defines the line of action of the gears T; T,

along which the point of contact between tooth flanks is moving during the gear mesh. The line of action of
the gear is in the working normal plane, N.

The trace (n) of the working normal plane, N, in the common tangent plane to working pitch cylinders of

gears Tg

1Inclined to lfwl and leZ according to the projection of mid planes ot the pinion and t

gear. Thoge mid planes intersect along the centre line.

At any instant of the gear mesh between tooth flanks, the intersection of the line of action

correspo
action wh

rotation (
flanks, th

ding tooth flanks of the gear pair is a point of contact. The path of contact is thie part of
ich is limited by the active tip diameters dy,; , dy,, of the pinion and the¢ mating gear.

f the gears around their axes, the point of contact moves along the path‘oef contact AE
e points of contact are identical to the generators of flank and matingflahk, see 4.4.1.
04
d\«i\ |
N
“4
\;Otw’( &
ﬁw\ - AN
3 —"c
! | p (n)
(n Tn
Q_

he mating

with the
Lhe line of
With the

On tooth

\ £
¢
2
AN
I
Key
1  intermeshing racks of helical pinion 2 intermeshing racks of helical gear wheel
3 parallel to axis of rotation of the pinion 4 parallel to axis of rotation of the gear wheel
Tg tangent plane to working pitch cylinders Y, Y, mid planes of working intermeshing racks crossing
atC,

P, transverse plane of the pinion P, transverse plane of the gear

N  working normal plane and full length of line of action

(n) trace of normal plane in Tg
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Subscripts:

1  for pinion 2 for gear wheel

n  projected on the trace of the working normal plane

NOTE

See 5.5.6.1 for a description of points A, C, and E.

Figure 32 — Meshing conditions in transverse planes and working normal plane

For clarity, in Figure 32 the projection of the pinion and gear in their respective transverse planes are shifted
from working pitch point (C,).

The line
necessary

The line ¢
working
transvers

Oy (see

A path of]
the right
intersecty
the activd

NOTE
the path o
symmetrid

Working
intersect.

A point o
flanks wh

64.3 A

6.4.3.1

The start
For an ext

with the tooth root fillétor trochoid (taking into account undercut if necessary, see Clause 10).

In a defin
dp, or by
be goverr

bt action, T; T, , can be projected in transverse sections P, and P, , in T{;A; and I}
to distinguish between the right flank line of action and the left flank line of action-

faction, T; T, , is inclined to the common tangent plane Tg to the working pitch cylind
hormal pressure angle «,,, and it contacts the two base cylinders at T4 and T,, pr
e sections P, and P, to the points T4 and T,,., with transverse working pressure angles,

Figure 32). The transverse paths of contact are A{E; and A,E, .

contact is linked to the flank that is normal to it. Hence, one of thie paths of contact is
flanks and the other to the left flanks. Point A on the path of(contact is where the line
the active tip diameter of the gear wheel, dy,, , and pointE\is where the line of contact
tip diameter of the pinion, dy,; .

In Figure 32, only the line of action of the working flanks\is shown in each case. Figure 32 reprg
f contact between right flanks of pinion with right flanks of gear, the path of contact with othe
to the centre line in the working normal plane N.

[ contact is defined by the intersection of the path of contact AE with the correspong
en the gears are in a specific pogition.

ctive area of the tooth flanks; start of active profile and active tip diameters

General
ernal gear it is the greater of the base diameter, dy,, or the diameter of the intersection o

pd gear-pair the active tip diameter, d,, , of a gear can be governed either by its tip form
the,start of involute of its mate, di; . The start of active profile (active root) diameter
ed-either by the diameter of start of involute, de, or by the tip form diameter of its 1

2B, . It is

ers by the
jected in
Oy and

linked to
of action
ntersects

sents only
r flanks is

bitch point C is also the point at which the@wo lines of action (paths of contact) for bgth flanks

ing tooth

of involute dianteter (root form diameter), d, is the start of the involute portion of the profile.

the flank

diameter,
dys , Can
hate, d, .

During r

£l = £ a1l £l = £+
LClLlUAA, CIIT Cl\.LlVC Lll.l uu:uuct.cx vl d 5ca1 vviIil LUllLaLL CIICT Cl\'LlVC lUUL ulalllCLCI Ul UIICT 111

ting gear.

The active area of the flank extends from the active tip diameter dy, to the active root diameter, dy;, and so

is depend

ent on the characteristics of both gears and the centre distance.

Usually, contact near the root on both gears is limited by the tip form diameter of the mating gear.
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Pinion start of active profile and active tip diameters

Contact in the pinion dedendum can be limited by the tip form diameter of the gear wheel. In this case, the
point A, in the transverse plane of the gear is projected in the working normal plane (N in Figure 32) in A
which is projected in A; in the transverse plane of the pinion to calculate (see Annex C, C.3):

2
. : cos By : 2
dngr =4 (| (dpaz -SINQpary —dyyp -SINOyp ) —— == —dy -SINCyy | +dpy (175)
c0s By
dNaZ =dFaZ (176)
However, ffd g IS greater tham tie quantity catcutated for dy;;, therm:
dygy gy 177)
cos 3 2
- : b2 . 2
dnaz T4(| (drer - SIN Oy —dyg -SIN Gy ) —dyp SN0y, | +dp 178)
cos Py
See 9.7, 1(.3 or 11.3 for dp;.
It is impoftant to verify if the gear should be truncated to avoid gear mest interference with the footh root

fillet of thle pinion.

6.4.3.3

Gear wheel start of active profile and active tip diameters

Contact ifp the gear wheel dedendum can be limited by the tip form diameter of the pinion. In thi

point E; i
which is 1

dngy 3
dNat

However,

dng, 7

dNal ]

[tis impo

h the transverse plane of the pinion is projectediin the working normal plane (N in Figuy
rojected in E, in the transverse plane of the niating gear to calculate (see Annex C, C.3):

cosBy,
€S Py

2
_ _ . . 2
i \/{(dFal -SIN O,y —dyyq SN0y )- —dyp - SINy } +dp;

= dpaq

if dpg, is greater than the quantity calculated dy;, , then:

deZ

cos fBy1
cos By,

2
\ . . 2
i \/[(dez SINOpgy —dyyp - SINQ ) —dy1 -SiNOy } +dpy

‘tant to verify if the pinion should be truncated to avoid gear mesh interference with the

5 case the
e32)inE

179)

180)

181)

182)

ooth root

fillet of thle gear wheel.

6.4.4 Form over dimension

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

diameter.

See 5.5.5.

6.4.5 Designations and values relating to the line of action

6.4.5.1

Special points on the line of action

Special points on the line of action are as given in 5.5.6.1.
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Length of the path of contact

The length, g, , of the path of contact (length between points A and E on the line of action) of two mating

cylindrical gears are:

— in transverse plane of the pinion:
A 1 [z 2 2 2
Jo1 =A1Eq 25[\/‘1 Na1~db1 _\/del —dyy (183)
— in transverse plane of the gear:
— 1[ [ P -
Ja2 T A2E2 :EL\/d Na2~db2 ~ VN2 ~db2 J 184)
— in thq working normal plane of the gear, which is the full length of the path of contact:
ne Jo1 R
Jo cosfy1  €os By )
The path pf contact is divided by working pitch point C into the addendum path of contact and the dedendum
path of cqntact. The addendum path of contact is the portion of the path ef’contact between the|active tip
diameter,|dy, , and the working pitch point. The dedendum path of contactgoes from the working fitch point
towards the root to the start of active profile diameter, dy, see Figure.32.
In a crossgd axis gear pair, when the base helix angles are not equal, the addendum path of contacf of a gear
is not equfal to the dedendum path of contact of its mate. The lgngths of the addendum paths of contact are:
— 1 cos
Ja1 =[1E1 :_(leglal —dpy —dy; tan o,y ) =9n bl 186)
2 cos B,
—_1/( [ 2 cos By,
a2 =aC2 =5 ( dNaz =0y —dp taN Ly, ) =g 187)
cos fBy1
The lengths of the dedendum paths of contact are:
1 [ 2 cos By,
In =t =75 (dbl tan o, —\dygr —dp )=gaz — 188)
cos By,
. 1 [ 12 2 cos By,
Ir2 =F2E2 ) (dbz tan oy —\dyp —dpy ):gal 189)
cos 1
The two gortions of the path of contact are also known as the approach path of contact and the rgcess path
of contact. The approach path of contact corresponds to the addendum path of contact of the dfiven gear
(which mates with*the dedendum path of contact of the driving gear). So, when the pinion is drivigg and the
gear whe¢l is¢he driven gear, the approach path of contact is the addendum path of contact of the gear wheel
and the r¢dess path of contact is the dedendum path of contact of the gear wheel.

For the case where the gear wheel is the driver, the approach path of contact is the addendum path of contact
of the pinion and the recess path of contact is the dedendum path of contact of the pinion.

6.4.6 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
contact by a tooth tip with a non-working flank.

NOTE

Such complexities for crossed axis gears are not covered in this document.
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6.4.7 Mesh geometry parameters

6.4.7.1 Transverse angle of transmission and 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:

29

Qo1 =— ==l Py (190)
b1l
200 Qoy

Qo2 == (191)
|dpz|  Iul

The trangverse contact ratios, £,1 and €, are the ratio of the transverse angle of transmission{ ¢, and
¢o2, to the angular pitch, 7, and 7,, or the ratio of the path of contact to the transverse-base pitches:

+
£ = Po1 _Ja1 _9f1t+Ya1 192)
1 Ppu Pot1
+
£qp = Pa2 _ Yoz _9f21Ya2 193)
T2 Poe2 Pot2

6.4.7.2 |Contactratio

The contdct ratio, & in the common normal working surface’is the ratio of the length of path ¢f contact,

on’
AE , to thle normal base pitch:

AE _ 9o
Pbon  Pbn

194)

on

6.4.7.3 |Active facewidth

The active facewidth, b, , is the overlapping section of the usable facewidths of the gear pair, see Figure 23.

)y Mwo
6.4.7.4 [Active facewidth of pinion and gear

In order tp guarantee thatthe/gear pair is able to work on these two flanks, the path of contact AE shall be
covered by the completefacewidth of each gear, so this means that:

For the pipion:

by 22 max(ga1,9¢1 ) COS g tan Bq 195)
For the gdas

by 22 max (g, .95 ) COS Oy tan By (196)
NOTE max is a function that returns the maximum value of the arguments.

6.5 Backlash

6.5.1 General
The backlash is the clearance between the non-working flanks of the teeth of a gear pair when the working

flanks are in contact.
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There is a distinction between the normal backlash, j,, and the circumferential backlashes, j,; and j, ;.

6.5.2

Normal base backlash

Normal base backlash, ji,, is the shortest distance between the non-working flanks of the teeth of a gear
pair when the working flanks are in contact with zero force. It is defined on the path of contact of the non-
working flanks.

In the working normal plane, the working normal tooth thicknesses s, ; and s,,,, can be determined on the
working pitch cylinders with Formulae (43) and (53) as follows:

+4Xxq tano
Swnl =D (%anam —inva.,., -Icos B.q 197)
T 77 ¥ el el
T+4Xx,tano
Swn2 £ w2 [% +inva,, —invoy,, }cos B2 198)
Z
Then the working normal backlash j,,, (along a normal line (n) in the common tangént plane to th¢ working
pitch cylipders in Figure 32) is obtained by the difference between the working,nermal pitch p{, and the
sum of normal tooth thicknesses s, ,; and s, :
jwn HPwn _(Swnl +Swn2) 199)
with:
n-d n-d
Pwn T vl cos By = w2 cos B2 200)
1 )
Then along the path of contact, the normal base backlash, j,, is:
Jon =wn "€OS Oy 201)
6.5.3 Bpcklash angle and circumferential backlash
See 5.6.6 [for angular backlash. The citcumferential backlashes, j,; and j, are the length of th¢ working

pitch circle arc through which each of\the two gears can be rotated, while the other is held statior

ary, from

the point where the right flanks arein contact to the point where the left flanks are in contact. Its magnitude
is given by:
. i 1 . 202)
Jwtl ¥ o A1 COS B Jbn
g et 203)
WE2 " cos G2 €0S Py bn
or in relafion’to the length of the reference circle arc by:
1
= - 204
cos B cosor, Jbn (204)
1 .

cos 3, cosor,
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6.6 Sliding conditions at the tooth flanks

6.6.1 General

As there is no easy way to work in a transverse plane in 2D, 6.6 is developed in 3D.

Considering the transverse planes of pinion and gear crossing the working pitch point C, it is possible to
define two system coordinates: (C, X;, Y, Z;) for the pinion and (C, X,, Y,, Z,) for the gear (see Figures 33
and 34). Axes CZ; and CZ, are located along centre distance 0,0,, CX; is parallel to the axis of pinion, CX, is
parallel to the axis of gear and the angle between axis CX, and CX;, as well axis CY, and CY; is equal to axis
angle X.

egordinate:

1
o =| o 206)
-0,5d,,4
For the gdar:
w z
— 172 os3
-, cosZ u |z|
— . W zZ1 |
®) =||-0ysink |=| —————sinX 207)
u |z
0,5d,, 0,5d,,
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Figure 33 — Coordinate system to define velocities

W,

n
En y

%\

Figure 34 — Coordinate system to define velocities in working pitch plane

X,

6.6.3 Velocity vectors of a point of contact along path of contact
Considering a point of contact M, along the path of contact AE.

For the pinion, the coordinates of M, can be defined by vector CM:
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In (C, Xy, Yy, Z1),

~(Pm1—Pc1)-sin Byy
CM, = —(PM1 —Pc1 ) €os Bpy -coser,, (208)
(Pm1—Pc1 ) c0s By -sinay,
Then the velocity of this point of the pinion is defined by the vector product in m/s:

o = oM (209)
\V =
MI™1000" Y

Then the yelacity of this point of the gear is defined hy the vector productin m/s:

e
Varo 3 %CM 210
M2 1000”7y )

6.6.4 Sliding velocity

The slidirlg velocity is given by the difference:

(01-0)

VMg 3 VM1 _VMZ =WXCMY 211)

7 Principal radii of curvature of the tooth flanks

7.1 General

This clauge gives the general case for crossed axes.géars and then is extended to parallel axes|gears for
which thg skew angle is zero.

In any pgint of the active tooth flank surface of a gear, two radii of curvature can be defing¢d in two
perpendi¢ular normal planes to the tangent plane of the surface, called principal radii of curvature; one
is minimym, the other is maximum (see 4:9). These two perpendicular normal planes are called| principal
planes of purvature (see keys 4 and %on Figure 14). The first principal direction of curvature (the/smallest)
is always|perpendicular to the se¢ond principal direction of curvature, which is a straight linet the first
radius of fcurvature is always equal to a finite value (see 4.9) and the second principal radius of furvature
(the greatest) is infinite. In a-cylindrical involute gear, the first principal plane of curvature corresponds to
the planejnormal to the base plane of the generator. Then:

a) For a|crossed axeshelical gear pair, according to 4.9, in the base plane of each gear it correpponds to
princjpal diregtienis T; and T, , see Figure 35.

For afy pointof contact M, along the path of contact the first principal radius of curvature in the working
normgl-plane (N), equivalentto py, in Figure 14, can be defined by:

For the pinion:

(212)

M, = =| = dy; —d =
Wy =Pm1 =] 5 Ny 7 JeosBy;  2cos By
And for the mating gear:
1 [ 2 1 —
T,My =Pyna :(E \Ayz —dp; ) =TT ~Pym (213)
cos By,

The following segments of the lines of action give the first principal radii of curvature of the tooth flanks
in the working normal plane (see Figure 32) are:

(1 2 2 \ 1 _ dbl tan aytl
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T,A

— 1 1 d. - -tano
—poy = 22, —d2, | = (214)
2 }cos Bp1  2-cosPBy;
_ d,, tana
=Pc2 = 1 2 \/dgvz _dgz \ L =D 2wz (215)
2 |z, }cosﬁbz 2-cos By
TiT, =pc1 +Pcz =Par +Paz = Pr1 + Pr2 (216)
1 Zz 2 1
=Paz = dN 2= dpy [ ——— (217)
(2 |z, * cos By,
1 1
T,ES pgy :(E dfar —dby )— 218)
cos Py
%P1 =PE1 ~Pbn 219)
T Pp2 =PA2 ~Pbn 220)

b) For ajparallel axes helical gear pair there is a common base plane to béth'gears that contains th
action, the zone of action and lines of contact (see Figure 25). Therefore, principal directions

pinioh and ﬁ for the gear are identical at all points of contact)In’complement to 5.5.7, coveri
curvgture in a transverse plane at particular points on the@ction line for any point, My, on

cont

Fort

Tyvz

With|points Ty; and Ty4 as the intersection between the lines where the plane of action
with pase circles and theormal to contact line crossing at point M, (see Figure 25).

For ap internal gedr, TMzMy = Pyn2 is negative.

For apy point My, on any line of contact, these principal radii of curvature (see Figure 25):

_ dyy -tanoly
Ty My Jd? -
M1My = Pyn1 = ( y1 di }cosﬁ 2. cosﬂb

For the gear, p,,,, (equivalentto p,, imFigure 14):

1ct the principal radii of curvature can be derived:

e pinion, py,; (equivalentto p,, in Figure 14 dnd with fy; =—py, =, for parallel ax

Sina,

My =pynZ =TM1TM2 _pynl =aw pynl

cos B3,

job)

Ire along a normal to a line of contact in the plane of action,

e plane of
[, for the

ng radii of

ny line of

s gears):

221)

222)

s tangent

LV

dta il H diat Lot S dila it s £ 1
CJI I CDlJUllu LU LIIU TITTIITITITUIIT WIS UAdIICT S UUTLVVO LTI PUlllL lvly dIlU LIICT LQIISCIILD ulrcdtllil dost Lyll

the plane of action.

7.2 Angle between the principal radius of curvature at point of contact

Hnder with

According to 4.9, at any point M, of an involute tooth flank, two perpendlcular planes to the tangent plane to

the flank, containing the pr1nc1pal directions of curvature defined by B and T vectors, the radius of curvature
are extremum: one is minimum, the other is maximum (infinite). The principal direction of curvature defined

by B vector along a virtual line of contact in the base plane, is always tilted by a constant angle §,, according

to worki

ng pitch plane (here defined by the working pitch line for each intermeshing rack).
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The two second principal directions of curvatures of the pinion and the mating gear have respectively a tilt
angle 6,,; and d,,, with the common working pitch planes of intermeshing racks.

tand,; =sino,,, -tan B, (223)
tand,,, =sina,,, -tan B, (224)

NOTE For a parallel axes helical gear pair, B, =—By2 S0 0,1 =—0y2-

7.3 Particularities for crossed axis helical involute gear

— The tfltangles o0,,; and 0,,, are constant for any virtualTine of contact, and so for any point ¢f contact,
My , dlong the path of contact AE.

— At th¢ working pitch point, tilt angles are in the same plane, which is the tangent plane to both flanks of
each gear tooth pair in contact.

— Itresplts that the angle between the two first (or second) principal directions of curvatures of the pinion
and the mating gear is also constant.

— Considering the tangent plane to both flanks of each gear tooth pair in eontact, a triangle can e defined
compjosed by the two directions of virtual line of contact B; ,B, andthe trace of the common working
pitch(planes of intermeshing racks PP (see Figure 35).

P

h) Gears have same-hand of helix b) Gears have different hand of helix
Figure 35 — Directions of second principal radius of curvature of pinion and gear flanks i} contact

Figure 35/ a) is the*case when helix angles of pinion and gear have the same sign, Figure 35 b) is when helix
angles ar¢ opposite; in this last case 6,4 and J,,, also have opposite sign.

1 £ L R - - 1. H £ . | 1 1 3
The angle—pbetweenfirsttforsecond)principatdirectionsof curvaturestsconstantand-—catertated with

Formula (225) or Formula (226):

if helix angles of pinion and gear have the same sign:

Pw =O0w2 _6w1 (225)

if helix angles of pinion and gear have opposite sign:

Pw :71;—5W2 _6w1 (226)
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NOTE For a parallel axis helical gear pair, ¢,, =0.

7.4 Equivalent radii of curvature at point of contact

In the neighbourhood of the contact point between two surfaces, the distance between them can be
expressed as an ellipsoid. The first and second principal radii of this ellipsoid are called equivalent radii.
The calculation starts with the general case but changes then to involute helical surfaces where one radius

is infinite.

From 7.1 and 4.9, the contact between the two flanks at any point of contact M, along the path of c
is equivalent to the contact of two cylinders of radius p,; and py,, tilted by angle ¢.

ontact AE

Based on [thetieor COITEtT ' med by Euter; t rfACeS T Comta mbe replaced
by an ellipsoid with equlvalent radius R’ and R" (see Annex D) These equlvalent radii are those foy a surface
that has the same distances (offsets) from a plane tangent to contact point M, as those between th¢ two gear
flanks in fontact at point M, (see Figure 25).
2R=l i—iﬁ% 1.1 227)
R R R, R, R, R,
_ k2 L 42
A—\/dl + Ay +2A1 Ay cos(2¢) 228)
Alz-l——iandA :i—i 229)
R1 Ry R, R,
R >R =0 230)
For involyte helical surfaces:
Ri=Ryn1 » Ra=Pyn2 » Ry =Ry =co 231)
so:
1 : 1 : 1 1
A= + +2 cos(2¢) 232)
pynl pynZ pynl pynZ
1 1
2= + 233)
pynl pyn2
The first ¢quivalent principal radius of curvature is:
Xp +A4A
1R 234)
Ry 2
The second equivalent principal radius of curvature is:
1 ZR-
— ="R (235)
Ry 2

The angle 6; between the direction of the first principal curvature of the pinion and the direction of the 15t

principal curvature of the gear wheel is given by:
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91=9+%¥ (236)
with:
A=A Pyn2 =P T, T, = Pyn1 )~ Pyn1 2:p
tan20 :#tanq)w :Mtan(pw = ( L2 om ) = tang,, = -l tane,, (237)
A1 +A4, Pyn2 + Pyn1 T,T, 1T,
NOTE For a parallel axes helical gear pair ¢ = 0 so 8 = 0. Therefore, the equivalent radius of curvature at point M,

a Y1

is given by

R = T n T
o prnl pynZJ

8 Tooth flank modifications

8.1 GeIeral

Tooth fla
flank (see
flank. Th
whole ged

NOTE
helix is shgq

8.2 Toc

821 P

A pre-fini
of the tog

k modifications are desired alterations to the tooth flank face compared with the nominz
3.1.3). Superimposing the modifications on the nominal involute flank produces the de
e modifications can be defined by characteristic profiles of thé tooth flank or in relat
r flank. Modification depths are always given in the transverse'section and normal to thg

In Figures 37 to 42 and Figure 44, on the right side of the figure, a sketch of the design profilg
whn. See [SO 1328-1 for explanation of design profile.

pth modifications which restrict the usableflank

re-finish flank undercut

sh relief at the tooth root fillet can be planned. The teeth are generated with a controlled
th flank in the area of the root [e.g: lising a protuberance tool, see Figure 49 b)]. The n

of the undlercut in the transverse plane, 45 is the greatest distance between the tooth root fill¢

involute i
the involy

NOTE
generation

822 T

te profile.

(qrs is determined in a trahsverse plane using the tooth root fillet points formulae in 10.1; but it rg
by the tooth tip cornet radius of counterpart rack tooth profile on a normal surface.

ip corner chamfering, tip corner rounding

Tip corne
area of t

I chamfering-and tip corner rounding are reliefs of the transverse profile which restrict {

the tip diagmetén-d, , giving the height of the tip corner chamfering or tip corner rounding, hy :

linvolute
ign tooth
on to the
p involute.

or design

undercut
hagnitude
bt and the

magined as extended, see Figure 36. Below the base circle, the datum is a radial line extefpded from

sults from

he usable

tooth flahk in the addendum. It results from a defined tip form diameter, dg, , that is l¢wer than

a=dg,

th

2

238)

In both cases the residual transverse tooth tip thickness, s,k , is given as the dimension of this modification,
see Figure 36, and is different for chamfering and rounding.

In the case of tip corner chamfering, the chamfer arising through removal of the tooth tip corner is generated
along with the involute of the tooth flank and so is an involute generated with the normal pressure
chamfering angle, aip(, defined on the counterpart rack tooth profile [see Figure 49 a)] and generated from:

— the chamfering base diameter:
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— with the transverse chamfering pressure angle (see Figure 49):
tanoypg
tano =— 240
KPOt COSﬁ ( )
:sa= O‘?S |
g |
| f f—1
/—/—/_/ '_i'ﬁ“ h/ /
t SaK xr
<
+\sls
a) External gear b) Internal gear

Key
1 dior(g
NOTE For internal gears, since the number of teeth is negative, the diameters used in calculations arf negative.
On drawings, the diameters are usually shown as positivesiimbers.
Figure 36 — Cylindrical geartwith undercut and tip corner chamfering
agpor SHall be significantly higher than the normal pressure angle ¢, in order to reach the[tooth tip
thickness| s, . The dedendum formrofthe counterpart rack tooth profile can be defined by:
hgepo[F0,5(dp, sinag,, —dsina, )sina, —xg my 241)
— The residual tooth tip thickness with tip corner chamfering is:
d d
SaK T Sar —da DV arccos X |—inv| arccos 2K 242)
dFa da
In the caseof tooth tip corner rounding, this corner is radiused in the normal plane of the countefpart rack
tooth profile—Precess-generationisgeneratinganapproximatebreirewlarareform{retapureradius) at the
tooth tip.
— The rounding radius of the counterpart rack tooth profile is:
h
- K (243)
Ptpo 1-sina;

The residual tooth tip thickness with tooth tip corner rounding is more complex to determine and is not
covered in this document.
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8.3 Transverse profile modifications

8.3.1 General

Additional information on modifications is available in ISO 1328-1.

8.3.2 Tip and rootrelief, C , C

Tip and root reliefs are the continuously increasing reliefs of the transverse profile of the nominal involute
flank from defined points in each case (diameter, length of roll, roll angle) in the direction of the tip or root
(mostly involute). See Figure 37 c) which shows the modification from a nominal involute.

a3

Key
1 tooth

833 T

This is sin

over the

& | Coa |
Q. QT ¢4
/ NS
da \{ I, &
\(? ~V
dC aa I
2 1
|
[
I o
)# v
s
o b ——df
C af . [Olf -
Cos
(W)
>
) View of tooth flank b) Amount of modifications c) Modification on line ¢f action
Space 2 tooth
Figure 37 — Tip and root relief
ransverse’profile slope modification, Cy,,
hilarly defined as for tip or root relief, except that transverse profile slope modification Cy, extends
whale length of the transverse profile. The slope modification is deemed to be positivelwhen the

mean profile line shows a decrease in material towards the tooth tip, relative to the involute. A negative
slope modification removes material towards the tooth root. See Figure 38 c), which shows the modification
from a nominal involute.
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(,‘2\@ G
b [
A ) —?—o— da

dig

a)|View of tooth flank b) Amount of modifications c) Modification on line ¢f action
Key

1  toothlspace 2 tooth

Figure 38 — Transverse profile slope modification

8.3.4 Profile crowning (barrelling), C,

Profile crpwning is the continuously increasing relief of the transverse profile from a specified lix

e or helix
in the dirpction of the tip and root of the gear teeth. See Figure 39 c), which shows the modification from a
nominal ipvolute.

Profile crpwning is generally defined with respect to the centre of the length of roll of the usablelflank and
has a pargbolic form passing though the points defined,by C, .

NOTE The specification of the origin of crowning'can be by diameter, length of roll or roll angle.

O La
—>'—|<—
P —Q_—0——,

S

a) View of tooth flank b) Amount of modifications c) Modification on line of action

Key

1  tooth space 2 tooth

Figure 39 — Profile crowning
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8.4 Flank line (helix) modifications

8.4.1 Flankline end relief, CHB

Flank line end reliefs are continuously increasing reliefs of the flank line from defined points of the nominal
involute flank in each case in the direction of both ends of the tooth (linear or parabolic). See Figure 40 b),
which shows the modification from a nominal helix. The modification is normal to the involute.

TR

Cou I 1 11
-—
Lepr Legn
T — =70
— / \
S 4 X
/ N 4
11 LA (]{ \
i : \R
|
a) View of tooth flank b) Modification on facewidth
Key
LCBI lepgth (datum face) CBH amount of end relief (non-datum face)
Cpr arhount of end relief (datum face) 1 tooth space
Legyp  lepgth (non-datum face) 2 tooth

Figure 40 —Flank line end relief

8.4.2 Helix angle modification, Cyg

This is si
necessari
normal td

milarly defined as for endsrelief, but Lg; or Legy extends across the whole facewidth
y linear. See Figure 41 b);which shows the modification from a nominal helix. The modi
the involute.

fp
N

. It is not
fication is

a) View of tooth flank b) Modification on facewidth
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1 tooth space 2 tooth

CHB amount of flank line slope modification

Figure 41 — Helix angle modification

8.4.3 Flankline (helix) crowning, g

Flank line crowning is the continuously increasing relief of the flank line from a defined point of the nominal
involute flank, symmetrically in the direction of both ends of the tooth (arc-shaped or parabolic). See

Figure 42

Key
1 tooth

CB amou

8.5 Fla

851 T

The desir
intersecti

b), which shows the modification from a nominal helix. The modification is normal to thg

I 1 H

a) View of tooth flank b) Modification on facewidth

Space 2 tooth

ht of the flank line crowning

Figure 42 — Flank line crowning

hk face modifications

ppographical modifications

ed medification from the unmodified involute helicoid is determined in relation to eac
on‘on a grid laid over the tooth flank of the nominal involute flank. See Figure 43. The mo

b involute.

h point of
dification

shown is

heoretical and measurement requirements are not considered.
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Key

i index[number of transverse section j index number of flank line

C;; amoupt of modification on point (i,j)

L)

NOTE If necessary, interpolated points between the defined points (i,j) of a grid can be’generated.

Figure 43 — Topographical modification

8.5.2 Triangular end relief

Trianguldr end reliefs are continuously increasing reliefs of the toeth flanks generally perpendicylar to the
generatois of the nominal involute flank (along the lines of contact) from a defined roll angle in thejdirection
of the staft or end of roll on the tooth flank. The modification i$ normal to the involute. See Figure|44.

bEa

—

I1

Les |

4.
=TT
—

a) View of tooth flank

b) Modification on flank

Figure 44 — Triangular end relief
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8.5.3 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, , 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

importan

Twist of t

|Soc|=

t but is not defined here. See Figure 45.

I

Figure 45 — Flank twist

ransverse profile, S, :

Cho1 ~CHol

The sign ¢f the twist near face I shall be different from the sign-of the twist near face II.

Twist aro

1Sp|=

und a flank line, SB :

CHBNa ~CHPNF

The sign ¢f the twist near the tip shall be different from the sign of the twist near the root.

8.6 De;

Modificat
roll or rol
usable faq
describes

— Modi

— Modi

scriptions of modifications by functions

ions of the profile can be,given as functions of the diameter, d, , or the corresponding

| angles, and modifications of the flank lines as functions of the axial distance from the s
ewidth in the diré€etion of the non-datum face. The combination of both functional relz
the modificatiofn-of the whole flank surface.

fication of the profile: Cay =f(dy ); alternatively, Cay :f(Ly) or Cay =f(§y )

fication.of the flank line: CBY = f(be )

— Modi

244)

245)

engths of
art of the
tionships

fication ofthe flank surface: CE" = f(d,, br., ); alternatively, Cz‘, = f(L‘, ,bp‘,) or Cz‘, =f

— Defin

ition of tooth flank modification by tolerance fields.

© IS0 2024 - All rights reserved
82

5y'be)'


https://standardsiso.com/api/?name=edffe4e3ae79ce08f98f539acd882656

IS0 21771-1:2024(en)

d, I d, | d, I
1 1 2 1 2
dr¢ I1 Ors I1 drs I1
Key
1 toothlspace I datum face (helix K diagram)
2 tooth Il non-datum face (helix K diagram)
NOTE Profile K diagrams are bounded by the tip diameter (d,) and root form“diameters (dg;), whergas helix K

diagrams gre bounded by faces I and II.

Graphical

Figure 46 — K-diagram (examples)

[ly, it is usual to show tooth surface modifications_as deviations from the exact involute helicoid

with respgect to roll length for radial deviations [as shown in Figures 37 through 39, subfigures c)] and
position dcross the facewidth for lead modifications (as.in Figure 40 through 42). For intentional deviations
which vary in the radial/axial direction from the exaetinvolute geometry in any defined transveyse plane,
these devjiations may be defined by a design profile) see ISO 1328-1. Alternatively, they may be defined by

tolerance
or helix, s

9 Geommetrical limits

9.1 General

fields, generally called “K” charts, whieh-show the range of acceptable measured values for profile
e Figure 46. Such diagrams are notecessarily bounded by straight lines.

In this cljuse, the finished state at the conclusion of all manufacturing operations is examined. [The basic

concepts
backlash

presented in £lause 4 are expanded to include the effect of such items as tooth thinning for
and manufacturing tolerances. The effects of manufacturing tolerances are both diredt, such as

tooth thi¢kness tolerdnce, and indirect, such as the change in the axis related tooth thickness ds a result
of runout| or profile’slope deviation. The classification of tolerances is not covered in this document, see
1 and SO 1328-2.

[SO 1328+

In manufz:

a hab, pinion-

type cutter, rack—shaped cutter grlndmg wheel, or grlndlng worm) the same concepts and the correspondlng

formulae

which apply to a cylindrical gear pair shall apply to the paired work piece and generating tool (if

Opg =0p =0, li.e. pressure angle of the tool is equal to the pressure angle of the cylindrical gear basic rack

tooth pro

file, see Clauses 5 and 6). When producing a cylindrical gear with involute teeth by means of non-

generating methods (forging, forming, form cutting), the enveloping surface produced by the geometry of
the tool and its motions are mapped directly onto the work piece.

If bottom land, tooth root rounding and involute helicoid are machine-finished using the same tool, only
the working cycle using this tool is of importance for the dimensions of the tooth parameters. Otherwise,

the teeth

produced (and their reference rack) are the sum of separate processes which produce the final
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dimensions of the root and usable flank surfaces including modifications in each case. The total result of the
working cycles can be represented by a single hypothetical tool, the counterpart rack (see Figure 47).

NOTE The additional movements of the tool to produce the flank crowning and other modifications are not
covered by the description of the counterpart rack tool.

9.2 Counterpart rack tooth profile and rack tool profile

9.2.1 Counterpart rack tooth profile

The counterpart rack tooth profile is the complement to the basic rack tooth profile enclosing the bottom
land, see Figures 47, 48 and 49.

Key
1  basicfack 2 counterpart rack
3 transyerse plane 4  normal plane

kigure 47 — Basic rack and counterpart rack
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Key

1  datunp line of counterpart rack

the count
finishing

%
Tm/2
&
<
1
o
- %
X <

Figure 48 — Counterpart rack tooth profile

. It shows

Figure 49 b) shows the additional parameters for the counterpart rack profile with protuberance
erpart rack tooth profile with protuberance for roughing (subscript E) superposed|with the

counterpart rack tooth profile without protuberance (subsctipt F).

(04
4—%

hepo

heepo |

hapo

a) Counterpart rack tooth profile with tip chamfer or rounding
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hepor

hapor

b) Counterpart rack tooth profile with protuberance

Key

1  datun line of roughing tool 4  tip of roughing tool
2 datu:'I line of finishing tool 5 tip of finishing tool
3 finishjng tool rack 6  roughing tool rack
NOTE

Items 6 anfl 4 make up the roughing tool.
Items 3 anfl 5 make up the finishing tool.
Items 3 angl 4 together make up the hypothetical tool.

Figure 49 — Modified counterpart rack tooth profiles

The protyberance is defined by two main parameters:
— prpo:[the protuberance;

@,pro] the protuberance angle.
Then, thelgear is defined in two steps:
— Step ]: corresponding at roughing profile (subscript E) and dotted line.
— Step 2: corresponding-at finishing profile (subscript F) and solid line.
At roughipg step, the ptotuberance tool is creating:

a) aconfrolledaindercut at the tooth root fillet;

b) the rTot diameter with tip profile, see Figure 49 b) key 4;

¢) an eventual material allowance on involute flank (if g>0) for finish machining per flank. Then the
generating profile shift, xi, at roughing is:

E
1  ,_ “sn (246)

XE =X+ -
my, sinap, 2my tana,

d) orthe nominal involute profile if g=0.
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At finishing step, when existing, the material allowance is removed on the involute flanks. The fillet as well
as the root cylinder are not changed as the finishing tool has a lower addendum (h,,op< h,p0E)-

NOTE

The counterpart rack tooth profile with protuberance can also generate tip chamfering or tip rounding as
in Figure 49 a).

9.2.2 Rack tool profile

From the counterpart rack tooth profile, the rack tooth profiles generating the gear tooth can be obtained as

follows.

The usual rack tool profile corresponding to Figure 49 a) is defined in Figure 50. It usually has a tooth root

radius p¢

g-L0 give a clearance hetween the tooth tip of the gpnprn‘rpd gear and the root of the rack

tool.

In case semi-toping (or topping) for chamfering the rack tool profile, it also has a secondary profil
semi-topg)ing pressure angle agp, to generate the chamfer - see left part of Figure 49 a).

Key

o)
| &
- s
Q |
- | ]
& Spy = p/2 /] %, &
| S
AN
< | <
N
N Bl

1  datunp line of the rack tool

When usi

Figure 50 — Usual rack tool profile without chamfering

hg protuberance for rough machining the rack tool profile is defined in Figure 52, and the

generated in two steps.

a) The grotuberance area’of the tool generates the fillet with a controlled undercut to create a

gap i
shavi
defor

hg cutter) Will not touch the initial generated fillet at roughing taking into account

corresponding to right part of Figure 49 b). The semi-topping pressure angle ayp, as shoy
Figurje 49\a) is optional.

b with the

teeth are

sufficient

h order that(the tooth tip corner or tip radius of the finishing tool (disc of flat grinding wheel,

potential

mation due to heat treatment between roughing and finishing. The protuberance rack tgol profile

vn on the

b) At finishing, only the main involute profile is generated on the teeth. The equivalent rack tool profile is
defined without protuberance and without optional semi-topping as in Figure 50 with lower values of
h,po and p,p,. They are corresponding to parameters with subscript F on the left part of Figure 49 b).
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owa ~ | j;

- %, | z
1& & spo = p/2 =
|
E -~ Py =
< A
: 5
RN -
z 3 |
< \/<<z |
pd
L 3
’00
Key
1  datum line of the rack tool 2 secondary profile for topping'or semi-toppir
3 protuperance tool area
NOTE “hgapo”s “hapo” and “hypg” of Figure 51 correspond to “hg,pgg”, “hapog”@nd ™ hyppog” of Figure 49 b).

Figure 51 — Rack tool profile with protuberance for roughing
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Key
1 finishpd involute profile 2 tip’ehamfer or semi-topping secondary involute
3 datum line of the rack tool at roughing 4 . trace of working pitch surface of the rack tool at royghing

5 refergnce diameter of the generated gear (working pitch surface at roughing)

Figure|52 — Generation of a gear in two steps with protuberance rack tool in a transverse plane
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Key

1  trace pf working pitch cylinder‘of pinion-type cutter at generation
2 tip chpmfer or semi-topping secondary involute

3 trace pf working pitcheylinders of generated gear at generation

4  involyte of protuberance portion of pinion type cutter

5  finishpd involute’profile

Figure’53 — Generation of a gear in two steps with protuberance pinion-type cutter in a
transverse plane

When using a pinion-type cutter, the same principles as for generation with rack tool profile are applicable,
but the pinion-type cutter and the generated gear shall be considered as a gear pair. The pinion-type
cutter and the generated gear have their own profile shifts that shall be considered to determine working
parameters (centre distance and working pressure angle) during generation as in an involute cylindrical
gear pair (see Clause 5 and Figure 53). It is important to notice that working parameters at generation for
the generated gear are usually different from working parameters when meshing with the conjugate gear.

© IS0 2024 - All rights reserved
90


https://standardsiso.com/api/?name=edffe4e3ae79ce08f98f539acd882656

IS0 21771-1:2024(en)

9.3 Machining allowance

A roughing gear-cutting tool leaves the machining allowance, q , for the subsequent finish gear cutting on
the flank of the cylindrical gear. The machining allowance is defined normal to the tooth surface. The normal
tooth thickness produced by the roughing gear-cutting tool on the cylindrical gear is thus 2¢q / cosa, greater

than the normal tooth thickness, s,, produced by the finish gear-cutting tool. In practice, the machining
allowance ranges from q;, to q,,, - See Figure 49 b).

Machining allowance shall be considered to determine root diameter considering the allowance as an
increase of profile shift coefficient (see 9.2).

When chamfering or tip rounding exist at roughing cutting, gear machining allowance will be considered in

the same

9.4 Linpits of normal tooth thickness

dy aS 1or root diameter.

The corrgsponding maximum and minimum limits of normal tooth thickness (s, and $y;") to be required on

the gener
(ESl’lS
Sns =

ni

NOTE

A negative normal tooth thickness limit deviation reduces the normal tooth thickness and incy

space wi
thickness

=5 +F

Sl’l + ESI‘IS

n sni

to the backlash, ji,, (see 5.6.4).

hted teeth are obtained by determining (upper and lower) normal tooth thickness limit deviations
andE,; ) on the reference cylinder in the normal surface. See Figure 54.

247)

248)

The upper and lower limit deviation for normal tooth thickness at the reference cylinder are the adjustments
from nominal tooth thickness (basic size) to achieve the desired manfactured tooth thickness. They are
referred tq as allowances.

sometimes

eases the

ith compared to the nominal dimensions,“determining the contribution of the norjnal tooth

In additidn to the finish machining tolerances; the backlash is also affected by elemental tolerapces such

as profil¢, helix and runout. The elemental tolerances will increase the tolerance band of f
normal tdoth thickness; this will reduce the minimum backlash and increase the maximum back
Figure 24.) Therefore, a complete analysis of the normal tooth thickness for the purpose of de

the backl
The relat
measurin

hsh shall include all the-elemental tolerances that affect the functional normal tooth
ve importance of the.different tolerances depends not only on those tolerances but al
g methods used. See }SO 21771-2 for additional information.

unctional
lash. (See
fermining
hickness.
so on the
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Key
1  finishjng a s, wherex>0and j,, =0.
2 pre-njachined b s)dvherex=0.
Spsy upper normal thickness of pre-machined tooth sy normal thickness of pre-machined tooth at zero
backlash
Sy,s  upper normal thickness of finished tooth with backlash and x>0

Figu

9.5 Generating profile shift, generating profile shift coefficient

The geney
counterpg

The gene
limit devi

machinin

The permjissjible'maximum and minimum normal tooth thickness inspection dimensions can be dg

by calculg

ating profile shift, xzm, , of a gear with involute teeth is the distance between the datum
irt rack tooth profilesand the reference cylinder of the gear, see Figure 55.

rating profile shift takes account of the predetermined upper and lower normal tooth
htions, E, . afid E_; (see 9.4) and, if necessary, the machining allowance g, provided for

b of a geal.

re 54 — Diagram of dimensioning’of normal tooth thickness with positive profile shift

ine of the

thickness
he finish-

termined

tion using xg in the formulae given in ISO 21771-2. The cases of application shall be ide

ntified by

corresponding additional subscripts.
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(IUnTC)/Z

Key
P-P datum line of basic rack 3 counterpartrack at upper tooth thickness lifnit
1  refergnce rack 4 counterpart rack at lower tooth thickness lirpit
2 countprpart rack
Figure 55 — Generating profile shift, xym, — Example: externalgear, x > 0
Taking acpount of the relations shown in Figure 54, it follows for roughingswith normal tooth thickiness limit
deviationp (E,,y and E .,y ) and a machining allowance, g, that:
q Esnsv
Xpoyln, =xm_ + + 249
EsVin " siner,  2tane )
q Egniv
Xpiy M, =Xm + 250
Eiviin " sina, 2tana, )
The following applies to finish gear cutting (g = 0):
Xp.m}, =xm +ES¢ 251)
Es™h T 2tanay
Xpiy M, =Xm +£ 252)
EiVin T 2tano
9.6 Generated root diameter
The root fliameter generated by a rack gear cutter (e.g. hob, rack-shaped cutter or grinding wheel) with the
addendum h,pE is:
The root diamreter produced by a pimomr=type tutter st

For xg, hypg, ayo and d,q, itis necessary to use the values for the process that produces the finished tooth.

9.7 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 by the tip form circle (diameter
dg, ) and the root form circle (diameter dg¢ ), see Figure 18 and Figure 20. These circles arise during the

generation of the cylindrical gear. They are determined by the starting point Ag and the finishing point Eg
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of the generating path of contact (see Figure 56) and limit the involute section of the tooth profile. With
direct transition between the nominal involute helicoid and the top land of the tooth, the tip form diameter
is equal to the tip diameter (dg, =d,). In the case of tip chamfering, the tip form diameter and the tip

diameter differ by double the height of chamfer hy (see Figure 36):

dg, =d, —2hg (255)
In the case of tooth tip radiusing, see Annex A (A.2.1 for external gear or A.3.1 for internal gear) to determine
tip form diameter dg, .

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

S 1 &
: &
Ae %
[N o Y A—— o
b )~ &
T
- | @
| 5y
L
a v
b‘Q
Key
1 datjum line of basic rack Cy “pitch point of the generating rack
Ag starting point of meshing Er end point of meshing

hp,po straight part of tip flank of tool-generating profile

T corjtact point between generating line of action‘and
bade circle of gear

NOTE 1 [Figure is for meshing of the involute transverse profile of left flank of cylindrical gear during generation
with straight flank part of tooth flank ofibasic generating profile.

NOTE 2 [Figure 56 also covers the jpossible case of different pressure angles apy and op at the topl and the

cylindrical gear basic rack tooth profile, for example, with single-tooth and single-flank tools (e.g. part generating
grinding).|The generating geax then has the normal pressure angle, .o, and the generating pitch circlg diameter

d,; =d, /|cosc,,, instead'of &, and d in the case of o, =0, .

Figure 56 — Meshing of cylindrical gear during generation
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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,pg — - 1—si 2
de:\/{dsinat— [ hapo =™ ~Papo Sman)]} +dy,?

sina
% (256)
2
. : 2 2
:\/{d—z[ hapo ~XEMp ~Papo (1-sina, )] } +4[ hypy —Xpm, —p,po (1-sine, ) ]~ cot” oy

or, using the roll angle tanog =&gp, the following is produced:

dyp =|—> 257)

COSOlp¢
where og follows from:
4| h,po — 1-sina, )/ m, —xg |cos
tanay = gy =, - [Mapo —Papo ( | n)/ My —xg Jcos B 258)
z sin2oy

NOTE Formula (258) uses both transverse and normal pressure angle.

In the cade of external and internal gears, which are generated by means)of the generating methI:i using a
pinion-type cutter (number of teeth z,, base diameter d,, tip fertn diameter dg,,, generating centre

distance §,,, and generating working transverse pressure angle<e,,;, ) and have no undercut or pre-finish
root relief, the following applies:

2
zZ . 2 2 2
g =—\/(Zawo SiN g a0 o | +df 259)

12|

or, using the roll angle tanog =& :

d
dpg =}—2 260)
COS Olp¢
with
0
gFf = ?(gwto _gFa() )+§wt0 261)
dpo
Epao F tan| arccos < 262)
Fa0

In the casg of gears with undercut, the root form diameter arises from the intersection between the involute
part of the¢ teath flank and the tooth root fillet.

9.8 Undercut

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

_ hgapo B zsin® oy

X 263
Bu™ m, 2cos (263)

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

9.9 Overcut

Overcut is tip-to-tip interference on an internal gear wheel at generation with a pinion-type cutter. It results

in the rerﬂ@ﬂm@.ﬁ&aﬂ@mﬂmwmmw&e relative
path of thle tool tooth tip corner rounding cuts into the involute portion of the tooth flank near thg tooth tip

during the rolling action in the generating gear pair.

At generdtion this interference can result from relative rotating motion between the pinion-tyjpe cutter
and the generated internal gear, but also with the radial stroke motion of the pinion‘eutter. Andlogy with
interfererjce phenomena described in 5.5.8.3 for an internal gear pair can be used to'evaluate the 1jisk of this
interfererjce.

9.10 Milimum tooth thickness at the tip circle of a gear

In calculating minimum tooth thickness at the tip circle, the upper liniit (hot theoretical) tip dianjeter shall
be used, 4nd tip chamfering should be accounted for. Minimum toothythickness should be limited based on
material, jts heat treatment and the application.

Formula (43) can be used to calculate the unmodified transverse tooth thickness at the tip.

The minijnum tooth thickness, as well as the undercut, sets a lower limit on the number of teeth that it is
practicable to cut in an external gear.

10 Start of involute for hob or rack type cutters

10.1 Forymulae of involute and trocheid

This claude applies to machined gears.except those that are generated with a pinion-type cutter, alsolknown as
a shaper qutter (see Clause 11). It &c¢ounts for backlash when the generating profile shift coefficient ki, is used.

The tool ooth tip corner radius-is a circular radius in a normal plane of the rack tool profile (see Higures 50
and 51).

To consider machining‘allowance at roughing for fillet, root surface and chamfer/tip rounding, Jee 9.3. At
finishing,[the calculation of root and form diameters of the finished nominal involute shall be cpnsidered
with a mgchining-allowance equal to zero.

For the d¢termination of the start of involute, a polar coordinate system is used (see Figure 57).
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Minv
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Key
1 involy

NOTE

The norm
gearis aly

pressure
In the tra

— acird

— an elliipse for a helical gear (see Figure 58).

To stay ge

The pitch
reference

According
the profil

So, at any
the pitch

o

te 2 trochoid

The use of n here is not related to space width half angle.
Figure 57 — Polar coordinate system forinvolute and trochoid

al rack tool profile is defined in a normal planefse€e Figure 47. The normal pressure an
vays equal to the normal pressure of the normalrack tool profile ¢, =op, as well for the t

hngle o, =0 .
hsverse plane, the projection of the tooth'tip of the rack tool profile is:

le for a spur gear;

neral, a helical gear is used'in the following developments.

line of the basic ragklis’defined by the line parallel to the datum line of the basic rack tang
diameter of the generated gear.

F to the law ¢f-kinematics in movement planar, for envelope curves the common norma
e and its geperator always crosses the pitch point.

point-Q-of the fillet, the common normal can be determined by angle A, which is the anglg
in€ of'the basic rack and the line joining the generated point Q and the pitch point P (see H

gle of the
Fansverse

ent to the

between

b between
igure 59).

For rack-type generation, the formulae of the involute and the trochoid, taking into account the elliptical
tooth tip of the rack and the tool protuberance, are:

Fipy =
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Niny =6y —arctang, (265)

where ¢ is the intermediate parameter that is equal to tan ay (ry,, > 1p,), see Figure 8.

d 2 cosf3 g
Tro (@) = (E—B(co)) +(B(<p) ] (266)
tang
Niro (9)=0(@)+€(9)— (267)
where
B(@) = hapo —X My = Papg + Papo SINQ 268)
2 cosQ cosf3
0(¢)Ftanay +—| papo_—r=A-B(¢) 269)
cosf3 tang
D.po — S
Az_am—prJF(haPo — XMy, — P,po ) tanay 270)
c¢sa, cosf
Spr =Pr—q 271)
B
tane () = (p)cosp 272)

(g—B((p)jtan(p
The trochloid/tip parameter ¢ is shown in Figure 58.

Each point of the trochoid can be determined with Fefimulae (266) and (267) in polar coordinate yith polar
axis crosging the start of the involute profile on the base circle, with parameter ¢ between «, and [t/2. For a
protubergnce tool, angle ¢ is between the protuberance pressure angle a,,. and /2.

NOTE1 |[To draw a trochoid with polar axis-on‘the axis of symmetry of the tooth, an offset angle equal fo the base
transversq tooth thickness half angle i, is added.

NOTE 2 |To draw a trochoid with pelairaxis on the axis of symmetry of a tooth space, an offset angle efual to the
base transjverse space width half angle 7, is added.

10.2 Ungdercut conditions

For hob of rack type cutters, undercut exists if:

d ]
Esin‘ o —[hypy’—xmy, — papo (1-sinoy, )] <0 273)
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NOTE The dashed line corresponds to the tooth tip corner radius in the normal plane of the rack tgol profile.

The continuous line corresponds to the projected tool tooth tip cornerradius in the tfransverse
plane of the gear.

Figure 58 — Trochoid/tip parameter @

10.3 Determination of start of involute

If undercyit does not exist, the diameter to the point of start of involute is defined by the root form|diameter
dgg, with radius rp¢ = dpe/2 and can be calculated with:

Tt =Tltro,(p=0r,, )
. 2 274)
d _ 2 hypo —xmy, — papo (1—sinar, )
= /[——(hapo —xmn—papo(l—sman))} +[ aP0 n_ a0 n
2 tano,

If undercfit does exist, the point of start'ef involute is located at the intersection of the involutje and the
trochoid, o that two conditions should:be verified using polar coordinates:

Ftro =finv 275)
Ntro Minv 276)

Formula (|275) allows;&'to be expressed as a function of ¢ :

(d - )\2 ( ¥
——B(o
§=E(p)= 3L7;——— + Eﬁfggsz -1 (277)
ayp b
2 2tan¢

Formula (276) can be written as:
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=f(p)=

(278)

Consequently, the root of f (¢) is the value of ¢ at the intersection point, which allows the calculation of rg;
and n,; according to Formulae (264) to (267).

Tff =Ttro ()

(279)

f (@) can have two solutions in between the interval 0 < ¢ < m/2. However, the point of start of involute
is defined by the root g1v1ng the hlgher value of rtro , wh1ch is always the smaller root, as derived from

Figure 60
as by New

See Figur

rton- Raphson startlng from a small value for <p
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p 59 for a diagram of trochoid generation in the transverse plane.
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Key
1 involyte line G Distance between datum line to centre of tooth tip
corner rounding of generating rack
2 rack tpoltooth flank P Pitch point at generation (on reference dianjeter of the
gear)
3 trochoid point P'  Pitch point after gear rotated by angle Q (generating
point Q in the fillet)
4  datum line of basic rack P" Pitch point on the generating rack after machined gear
rotated by angle Q
5 cutting pitch line Q Generated point of the fillet in the relative position
gear/cutting rack
A Position of the centre of elliptical tooth tip corner Q  Angular rotation of the gear to define the relative

along datum line of the basic rack

position gear/cutting rack at Q generation

Figure 59 — Trochoid generation in transverse plane
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10.4 Determination of radius of curvature of trochoid

Each point of a trochoid is generated by the envelop of the tooth tip corner radius of the rack tool profile. In
the transverse plane of the gear, the tooth tip corner radius of the rack tool profile is either a portion of circle

for a spur

gear or a portion of an ellipse for a helical gear as shown in Figure 58.

The local radius of curvature of the ellipse (or circle), generates the local curvature of the trochoid for each
relative position of the gear versus the rack tool profile.

In the general case for a helical gear, the tooth tip elliptic profile of the rack tool profile is defined according
to its centre by:

2 2

=1 280)

Tea Teb
with the fwo axes of the ellipse given by:

cos
rea = DaPO ¢ 281)
cosfB

Teb = Paro 282)

In any givlen point Y, (x, y) of the ellipse, the radius of curvature R, is defified by:
3/4
2 2
2 2| X )
Rc=r3areb —4+T 283)
Fea Teb
with
_ d
Xtro T Ttro 51n8+A—E(tan05t -0) 284)
d .

Ytro F Ttro COSE — E_B(¢)+pfp sing 285)

See Figurg 59, then:
3/4
2 2
2 2| X y
Rep =[ea Teb t;o + t;o 286)
Tea Teb

To calculdte the radius-of.curvature in the fillet with the Euler-Savary method given on Figure 60:
— the pitch point P/between the cutting pitch line of the basic rack and reference diameter of the gear when

generation cutting is also the cutting pitch diameter of the gear (on the instantaneous line of gction);
— the ge¢nersated point of the fillet Q , the point of contact between the ellipse shape of the rack tTol profile

and t , PO ’

— theradius of curvature of the basic rack profile Rg, at point Q , with the centre of curvature in C, ;

— the point N is at the intersection of a line perpendicular to the line of action, and a line perpendicular to
the pitch line;

— then the centre of curvature of the generated trochoid/fillet at point Q is determined in C

intersection of line N crossing the centre of the gear O ;

— and the radius of curvature of the trochoid/fillet R,.,_, is the distance between Q and C

tro-y -
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From Figure 60:

l)Ctro—y _ Ctro—y CfP

o Y (287)
KO 0J

with

0J=PCp =PQ—Rpp (288)

PCtro-y =PQ—-Ryo.y (289)

Ctro-nyP =Rtr0-y —Rp 290)
then

l:’Q_Rtro-y _ Rtro-y —Rep 291)

KO PQ—Rpp

(PQ—Riro-y ) (PQ—Rp )=KO (Ryroy —Rpp ) 292)

So, the ragdlius of the fillet at point Q is:
_2 —_— —_—
PQ” —Rgp -(PQ+KO)
Riroy|=——=———= 293)
PQ+KO—Rgp

with

— B

PQ =1 294

Q )iIl/l )

KO= sin2 295)

then
2
B B d
-R +—sinA 2 ; .2
_(sin}t) fP[sin/l > ]_ 2B —pr-sm/1(2B+dsm ﬁ,)
iroy) = d * sinA(2B+dsin A—2Rgp sin A 296)
. +Esinl—Rﬂ> sin ( +dsin“ A—2Rgp sin )
sin
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0
J
Key
1 cutting pitch line K  pointofintersection between the normdl to PK and
line ON
2 reference diameter of the gear O centre of the generated gear
radigl position of the generated point Q according to P pitchpointatgeneration (is onreferenc¢ diameter)
cutting pitch line
Cp,  centfe of curvature of the elliptical tooth tip corner of Q generated point of the fillet in the relatiye position
the qutting rack at point Q gear/cutting rack (see Figure 58)
Ciro-y centfe of curvature of the fillet atpoint Q A angle between the cutting pitch line and the normal
to the fillet at point QB
J poinﬁl of intersection betweén the normal to the
cutting pitch line crossing €y, and the line parallel to

PQ

Figuré 60 — Euler -Savary geometric construction at fillet for rack type cutter
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11.1 Geometry of pinion-type cutter

11.1.1 General

A pinion-type cutter is defined as a spur or helical pinion (see Clause 4) with the following parameters:
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— Z number of teeth,

— m normal module equal to normal module of the gear to cut, m,

—  ap normal pressure angle equal to normal pressure angle of the gear to cut, a,,

— X profile shift coefficient,

— Bo helix angle,

—  hypg addendum.

And with additional parameters for the tip of the cutter:

—  Pap tip radius defined in normal plane,

— normal protuberance pressure angle (when it exists),

—  pr protuberance defined normal to the profile in normal plane (when itlexists).

Based on these data, Clause 4 is applicable to determine:

— d, reference diameter,

—  dyy base diameter,

—  dy tip diameter.

The geneffated gear that is produced with a pinion-cutter is defined by:

—  z number of teeth,

— X profile shift coefficient according.to' the tooth thickness of the gear (including 1
allowance q at roughing to determine fillet form - see 9.2 and 9.3),

— q machining allowance per flank.

hachining
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Figure 61 — Tip form of pinion-type cutter in transverse plane

11.1.2 Pjnon-type cutter without protuberance

11.1.2.1 |Tip form radius

A transverse plane section threugh a pinion-type cutter without protuberance is shown in Figure p1.

Tip form radius of the pinjon=type cutter rg,q is the radius of the point on the pinion-type cutter Where the
involute l{ne and the tip‘pyofile (ellipse) line of the pinion-type cutter contact on the transverse plane.

The helix|angle of the cutter on the circle of radius ry, (centre of the tip corner rounding) is cal¢ulated as
follows.

tan By;g =rM—0tan[3 297)
To
M0 =720 ~ Paon (298)

The tip form radius of the pinion-type cutter, rg,, is:

2

. 2

TFa0 :\/(rMO + Paon SinOyg ) +[mps%0059m0 ] (299)
MO
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Paon €OS eMO

sin Ay = 300

MO
cosPBmo  TFa0

_ "o

COSUpa =—— (301)
TFa0

MM =Olpa0 — Amo (302)
tan@

tannyy =M. (303)
c0s o

£ (6u) =1 —m1 304)

It is possible to establish the value of rp,q and Ay by calculating the function f(6y)=0"using iteration
with the yariable 8y, .

11.1.2.2 |Tooth tip corner profile

Tooth tip corner profile (ellipse) is shown in Figure 62. For more information;see B.3.3.

b= Paon

LY

=
2.

/4 X

%\ a = Paon/C0SPyo
/WL%R

Figure 62 — Tooth tip corner’profile of pinion-type cutter in transverse plane

11.1.3 Pjnon-type cutter with protuberance

11.1.3.1 |Virtual tip form.radius

A transvefrse plane seetion through a pinion-type cutter with protuberance is shown in Figure B.2

11.1.3.2 |Tooth tipcorner profile

Tooth tip corner profile with protuberance is shown in Figures 63 and 64.
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Key
1  cutter| tooth flank 2 gear tooth flank
Figure 63 — Detail of the tip of pinion-type cutter
Key
1 tip form-point

Figure 64 — Detail of the tip form point of pinion-type cutter in transverse plane

11.2 Undercut condition

To avoid undercut at the root of the machined gear, the rounded tooth tip of the pinion-type cutter shall not
extend beyond the point defined at the tangent line of action during cutting with the base circle of the

generated gear. (TM<a,,( sina,, see Figure B.1 in Annex B.)
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Undercut exists if:

. / 2 2
a0 SINOyt0 —\TFa0 —THo <0 (305)

The centre distance in the generating gear pair, a, g , is:

m, Zg+z coso
a0 =—2--2 t (306)
cosfB 2 oSOy
The working transverse pressure angle in the generating gear pair, @, , is:
Xa -+ X
invol,,g =2——tano, +inve, 307)
Zy+z
NOTE The inverse involute function can be used to solve for the working pressure angle, a,, ¢, ¥One method for
calculating the inverse involute is given in ISO 21771-2:—, Annex D.
The base fadius of the pinion-type cutter, ry, is:
m,z
o = F——2cos 308)
P cos B

11.3 Determination of start of involute when no undercut exists

If there is|no undercut, the root form radius, rg, is:

2
_ - [2 _ 2 2
Trf =4/(@wo SN Ayro — rFaO_rbO) + 309)

NOTE When the pinion-type cutter has no protuberdnce, rg,, , can be calculated with Formula (299)f but when
there is prptuberance, see Figure B.2 in Annex B.

11.4 Start of involute when there is undercut

11.4.1 Residual fillet undercut (transverse plane)

N

pr
Sy ——— 310
prt Cosﬁ )
S
prt
Spro F—— 311)
"bo

11.4.2 Angle céntre line of gear pair to centre point of tooth tip rounding:

The anglé-betweenthe—centre Hneofagearpairand-thecentre pointof-teothHpreundingefpinion-type
cutter is:

Wy =Wpo + Ao (312)
where:

Wpg =NV R, —(invocwto +5pr0) (313)
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11.4.3 Point Q (tangent point of cutter tip fillet and generated gear root fillet)

See Figure 65 and Figure 66.

00 :¢0 _(00 (314)
t

tan/, =L9Mt (315)
c0s Buo

™Mo ~Two €058p + Paon Sin Oy

tan By, =cos By (316)
0
Foug Sin 9n + Paon €OSOM¢
€0s Pymo
NOTE O is calculated by iteration.
I'vig — Vv COSOn + sinf
tan AJ = M0 ~Two 0 * Paon Mt 317)
. Paon COS9Mt
rwo Sin@y + —————
cos Bug
Paon COSO 2
Ly =4 ("o —Two €056g + Pagn Sin Oy )2+ Fyyo Sin B +—20n Mt 318)
\ cos By
Fero :\/rv"’v +124 =21, Ly sin(Ag —6;) 319)
Z
=] > 320)
z
. Ly
sine §——cos(4g —6y) 321)
Itro
Mero =€ +INV &y —@ 322)
11.4.4 Determination of start of invelute
11.4.4.1 |Condition on involute line
Ry = V1+E7 323)
Ninv 7 éarCtané 324)
11.4.4.2 |Calculation of intersection of trochoid line and involute line

Tinv =Ttro (325)
then:
2 2 2 2 ;
5:\/ Niny. _1:\/ Mo |4 _ rW+L0—2rWL§sm(/10—90)_1 (326)
rb rb rb
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Niny =Mtro (327)
then:
Niny ~Mro =0 (328)
That is,
(329)

f(9o)=8(9y)—arctang (¢ ) —€(@g ) —invay +¢(py)=0

on point of the trochoid line and involute line, that is “the start of involute of gear tooth.f

By calculating the function f{¢,) = 0 with an iteration method, since @, is a variable, it is possible to find the
ank”.

intersecti
11.4.4.3 |Diameter of start of involute (root form diameter of generated gear)
dig =Priro 330)
When the pinion-type cutter has protuberance, the root form diameter dgs is-the/maximum valug of either
dg calcujated by Formula (330) or 2rp¢ calculated by Formula (309).
%Q
g
K?
1
S
1
%E
£
%]
Pl
] fa S|
O /
J 056, \2
Key

1  cutter tooth flank
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pinion-type cutter ¢  Angular rotation of the gear to generate point Q
gear ¢, Angular rotation of the pinion type-cutter to generate
point Q
Pitch point at generation w, Angular position of the centre of elliptical tooth tip
corner to radius crossing the cutting pitch point of the
pinion-type cutter
Generated point of the fillet in the relative 0, Intermediate angle for the calculation

position gear/ pinion-type cutter
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Figure 66 — Trochoid generation in transverse plane

11.4.5 Determination of radius of curvature of trochoid

Each point of a trochoid is generated by the envelop of the tooth tip corner radius of the pinion-type cutter
profile. In the transverse plane of the gear, the tooth tip corner radius of the pinion-type cutter profile is
either a portion of a circle for a spur gear or a portion of an ellipse for a helical gear, as shown in Figure 61.

The local radius of curvature of the ellipse (or circle), generates the local curvature of the trochoid for each
relative position of the gear vs the pinion-type cutter.

In the gen

according

defined by Formula (332).

As thg ellipse parameter is angle 6y, (see Annex B) then:

RfP(eM):rea'reb 4

The radius of curvature in the fillet RCyg can be determined by Euler-Savary method (see Figure

— pitch

diameter of the gear (radius r,) at generation centre distance@,, ;

— gener
at the
profi]

to its centre and at any given point M(x, y) of the ellipse, the radius of curvature R_C}

2 o Lo O )P o @) |

4
Tea Feb

point P between the cutting pitch circle of the pinion-type cutter (radius r,,,) and

ated point of the fillet M, point of contact between the'ellipse shape of the pinion-type cut
tooth tip and the trochoid, PM, the instantaneous line of action, is the common norm
es (which is always crossing the instantaneous ¢entre of rotation P);

eral case for a helical gear the tooth tip elliptic profile of the pinion-type cutter profile Edefined

i (Om) Is

331)

b7):

reference

Ler profile
bl to both

— RC,olthe radius of curvature of the pinion-type cuttér profile in point M, with the centre of curvatyre in Cy . ;

— drawjng, at pitch point P, a line perpendiculat:to the line of action PM, crossing in N, the line be
centrg of the pinion-type cutter O, and th€icentre of curvature Cy ¢ ;

— joiniy

the génerated trochoid at point M;

— thera

The details to determine theTadius of curvature in the fillet RC¢ are given in Clause B.6 in Anj

g point N with the centre of the gear O, the obtained point C¢ on PM is the centre of cu

dius of curvature of theé trochoid/fillet in M is RCy ¢ which is the distance between M an

fween the

'vature of

Cype

ex B. The

radius of furvature of thetrochoid RCy¢ =CysM is obtained with:
— == 1
RCy4 [0y )=BM > 332
yft ( M ) 1 . i_{_ 1 \ 1 )
PM_RCyaO (QM) T'w Two JCOS(PyaOt (GM)
with:
m = ’IT/I - 'T_P = ryaO (OM )Sin ayaot (OM )_rWO sin a)yaot (OM ) (333)
=Tya0 (0 )sinyao (Om)=Two sin (@0t (O )~ Xyaot (Om )= Ayaor (6u))
T
@ya0 (On) == = (a0 (On) = Lyaoe (Ont) = Ayaoe (B )) (334)
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NOTE
figure, dep

Severalparameters in Figure 67 are function of 6y as given in Formulae (332) to (334). To simy

endence on 6 is not represented.

2 working pitch circle of pinion-cuter of the

gear

Figure 67 — Euler-Savary geometric construction at fillet for pinion-type cutter
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Annex A
(informative)

Form diameters when a circular arc in a transverse plane is used for

tooth tip corner radius or tooth root fillet radius

A.1 Geperal

In some thanufacturing processes, such as moulded or forged gears, it is possible to create.a cifcular arc
between the involute profile and the tip or root cylinder in the transverse plane. When creating ajmould by
electrical[discharge machining (EDM), it is just as easy to use an arc as a trochoid.

The scop¢ of this document does not consider effects that should be considered for\EDM or moulded gears
such as:

— how the spark from the EDM wire or electrode will affect the cavity shape;

— shrinkage or expansion of the material;

— tolergnces.

In case of helical gears, there can be limitations to using EDMxwire cutting for the cavity, thus,|electrode
EDM is uded. The limitations should be evaluated as a functionof normal module, facewidth and he¢lix angle:
These evdluations are out of the scope of this document.

The following assumptions are considered:

— the npminal geometry of the gear tooth;

— the afc of the circle is defined in the transverse plane of the gear;

— the afcis tangent to the involute profile;

— the tqoth tip corner radius arc istangent to the tip diameter, d, ;

— the tqoth root fillet radiusarcis tangent to the root diameter, d;.

In this azﬁlex, it is assumed that the clearance between the active tip and active root diameters df the gear
pair has already been evalurated. Clearance throughout the meshing cycle should be verified again pt the end
of the detprmination 6ftooth tip corner or tooth root fillet radius.

A.2 External-gear calculations

A2.1 C

Given the tip diameter, d, , and the tooth tip corner radius, p, , as well as the nominal geometry of the gear,

» YUqo
the tip form diameter d, can be calculated. The tip form diameter is defined by the tangency point between

the tooth tip rounding circle and the involute. The tangency point and the circle centre are aligned on a
common tangent to the base circle. See Figure A.1.
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Key
O centrg
Mg, point
P centrg
S axiso
T point
T

of the gear

pf tangency between the involute and the tip form diametet
of the arc between the involute and the tip diameter;

f symmetry of the tooth

where a line through Mg, is tangent to the base circle

starting point of the involute profile on the base cylinder

Figure A.1 — Tooth tip corner radius for external gear

From Figiire A.1, it can be written:

i
OP=

Zi—pa1 (P is the centre/of tooth tip corner circle in the transverse plane) (A.1)
2 2 2
—— —2 db da db
TP=|OP —| ===, =—— - — A2
RO R CRIRE &
— A d 2 (dy Y
TMp =TP+pa—\/ Ta—pa) —(Tb +p, (A.3)
AN N/
2 2 2 2 2
d d d
dFa:ZOMFa:Z\/TMFaZ+( bJ =2 \/(?—pa) —( b) +p, +(7bj (A4)
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d
COSQp, =d—b (A.5)
Fa

The condition to avoid a pointed tooth tip is:

—— = _— M TP
TOP=T OT+TOP=—7FA _arctan— <y, (A.6)
p "y

where y, is the base transverse tooth thickness half angle.

A.2.2 Calculation of maximum tooth tip corner radius, p, .,

In this calculation, tip diameter, d, , is known. The maximum tooth tip corner radius, p, .y is reaghed when

the point P is on the axis of symmetry of the tooth, i.e. when the angle POS is equal to zero_ (See’Figures A.1
and A.2).

The valud of p, ;.4 can be determined by iteration of the value of p, , based on the development iy A.2.1, up

to when the condition T OP =y, isreached.

Key
O  centrg¢ of the’gear

Mg, pointpftangency between the involute and the tip form diameter

P centre of the arc between the involute and the tip diameter
S axis of symmetry of the tooth

T  point where a line through Mg, is tangent to the base circle
T’ starting point of the involute profile on the base cylinder
NOTE P islocated on the axis of symmetry of the tooth.

Figure A.2 — Full tooth tip corner radius for external gear

NOTE A full tooth tip corner radius can significantly decrease the active height of profile and/or it can require
low root diameter for the mating gear. Therefore, it is not often used.
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A.2.3 Calculation of root form diameter dy when tooth root fillet radius is given
It is assumed that the following values are known:

— root form diameter, d;;

— tooth root fillet radius, p¢;

— nominal geometry of the gear.

The root form diameter d at point Mg is calculated as follows (see Figure A.3).

The centre of tooth root fillet radius Q, Mgsand T are aligned on a common tangent to the base circle.

T’ is the starting point of the involute profile on the base cylinder.

Key
O  centrg¢ of the gear

Mg pointof tangency’between the involute and the root form diameter
Q centrg¢ of the‘arc between the involute and the root diameter

S axis of symmetry of the tooth

S' axis of symmetry of the tooth space
T  point where a line through Mg, is tangent to the base circle
T’ starting point of the involute profile on the base cylinder

Figure A.3 — Tooth root fillet radius for external gear

From Figure A.3, it can be written:

— d
0Q= ?f + ps (Qis the centre of tooth root fillet circle in the transverse plane)
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(2] on ] {2]

TMp =TQ—ps :\/(7f+/?f] —(71)] — Pt

(A.8)

(A9)

dy, Y d 2 (dy Y dy Y
de=20MFf=2\/TMFf2+(7bJ =2 \/(7f+pf] —(%’) —ps +(7b) (A.10)

L

u
COS Oy =db (
Ff

The condition to avoid a pointed tooth root is:

- — TO TM
QOT EQOT+TOT =arctanm——FfSnb (4
y p

where 1| is the base transverse space width half angle.

A.2.4 Calculation of maximum tooth root fillet radius, p¢ ...

In this cajculation, the root diameter, d;, is known. When the poitit § is on the axis of symmetry
space, i.e]when the angle QOS is equal to zero, the maximum tooth root fillet radius, p¢ ), is reg
Figures Al3 and A.4.

The valugof p¢ .., can be determined by iteration of the yalue of p¢, based on the development in A|

when the|condition QOT =1, is reached.

NOTE The use of a full tooth root fillet radius reduces stress concentration in the fillet. However, a full
fillet radiufs reduces the gear root diameter, and.so enlarges the height of the teeth.

A.3 Internal gear calculations

A.3.1 Calculation of tip form-diameter d, when tooth tip corner radius is given

n.11)

\.12)

of a tooth
ched. See

2.3, up to

tooth root

Given the|tip diameter, d, ,.and the tooth tip corner radius, p,, as well as the nominal geometry of the gear,
the tip form diameter dg;€dn be calculated. The tip form diameter d, passes through point M, | Points P,
Mg, and T|are aligned<ona common normal to the involute profile. See Figure A.4.
From Figyre A.4, i{t.can be written:

— |d

OP= ‘ 73 +'p, (P is the centre of tooth tip corner circle in the transverse plane) (A13)

2 2 2
= |==2 (dy d dy
TP=,/0P - = | =,[| |-+ - = A14
— d 2 o(dy Y
TMFaZTP'l'pa:\/[?a"'pa] _[%j ~Pa (A.15)
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2

dy, Y d 2 (dy Y dy Y
dp, =2 OMFazz\/TMFa2+ Sl =2 \/ - (PR S  [at p (A.16)
2 2 2 2
d
COS O, = —2- (A17)
dFa

O centrg¢ of the gear

point jof tangency between the invélute and the tip form diameter
P centr¢ of the arc between the.involute and the tip diameter

S axis of symmetry of the tooth

S'  axis of symmetry of the tooth space

T  pointwhere a linéthrough Mg, is tangent to the base circle

T’ startihg point.of'the involute profile on the base cylinder

Figure A.4 — Tooth tip corner radius for internal gear

The condition to avoid a pointed tooth tip is:

—_

P~ ; TP ™
POT =POT+TOT =arctan— —arctan——A <y, (A.18)
v s

where y, is the base transverse tooth thickness half angle SOT".
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A.3.2 Calculation of maximum tooth tip corner radius, p, .,

In this calculation, tip diameter, d, , is known. The maximum tooth tip corner radius, p, .y is reached when
the angle SOP is equal to zero, i.e. point P on the axis of symmetry of teeth (see Figure A.4).

The value of p, ,,, can be determined by iteration of the value of p, , based on the development in A.3.1, up
to when the condition POT =y, is reached.
A.3.3 Calculation of root form diameter dg; when tooth root fillet radius is given

It is assumed that the following values are known:

— root form diameter, d;

— toothjroot fillet radius, p;;

— and the nominal geometry of the gear.

The root form diameter dg at point Mg is calculated as follows (see Figure A.5).
The centre of tooth root fillet radius Q, Mgsand T are aligned on a common normal to the involute profile.

T’ is the starting point of the involute profile on the base cylinder.
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centrg¢ of the gear

point jof tangency between the involute and the root form diameter
centrg¢ of the arc between the involute and theroot diameter

axis of symmetry of the tooth

axis of symmetry of the tooth space

point where a line through M istangent to the base circle
startihg point of the involuteprofile on the base cylinder

From Figuyire A.5, it can be written:

— df

Figure A.5 — Tooth root fillet radius for an internal gear

0Q= z =pr (Qis the centre of tooth root fillet circle in the transverse plane) (A.19)

== |==2 (dy 2 ds 2 dy 2

TO=./00° — - _ —| Zb A.20

Q \/ Q [2 ] \/[ 5 Pf) > (A.20)
— d 2 (d Y

TMFf:TQ_Pf:\/(‘_Zf‘_pfj _(_ij +Ps (a.21)
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2 2 2 2
2 (d d d d
dgg =2 OMpp =2, [TMp~ +| 2 | =2 Hpe | = 2| +p¢ | + = (A.22)
2 2 2 2
d
COSQpf = —b (A.23)
dg
The condition to avoid a pointed tooth root is:
T = — M TQ
T0Q=TOT +TOQ:—Ff—arctanmSnb (A.24)
s b
where 1| is the base transverse space width half angle.
NOTE The use of a full tooth root fillet radius reduces stress concentration in the fillet. However; for 4 given tool

addendum| a full tooth root fillet radius enlarges the absolute value of the gear root diameter, and so rgduces the

working he¢ight of the teeth.

A3.4 leculation of maximum tooth root fillet radius, p¢ .,

In this ¢

culation, root diameter, d, is known. The maximum tooth rootcfiltet radius, p¢ ,,, is reached

when thejangle 6(-)\5 is equal to zero (see Figure A.5). Q is located on the axis of symmetry of a tooth space.

The valuejof p ,,, can be determined by the iteration process on to thevalue of p¢, based on the deyelopment

in A.3.3.
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Annex B
(informative)

Tip form radius when tooth tip corner radius is defined on normal

B.1 Ge

surface with pinion type cutter

eral

The parameters used in this annex are defined in Clause 11.

B.2 Tangent point between tooth tip corner ellipse and involute

Figure B.]

— the tdg
trans

— thein

— theY

The tip fofm radius goes to where the involute profile is tangént'to the tooth tip corner ellipse.

An ellipsd can be defined by its major axis, r,, , and minoraxis, r,;, . The coordinates for a point M(3
the ellipse (see Figure B.1) can be found as a functign of parameter 6y using Xy (6y)=re, €
VM (Om ) F1ep Sin6y, where 6y is the angle to that.point. The slope of the normal to the ellipse c
point M ig:
2 2
sy (8])= Feaym (Om) _ (Papo /€08B)" ym (Om) _  ym (Om)
2 2 2
TebXy (6u) Papo” Xu (On) cos” B xy (6y)
The anglg 7y,0 (O ) (see Figure B.1) is:
tanI:TyaOt (Om ):I =SM (On1)
The anglg Ay (04 ) between the radius at point M and axis crossing the centre of ellipse is obtair
Xy (6m)
tan I:]yaOt (Om ):' = Mo

| represents the transverse plane of a helical pinion-type cutter for whichs

verse plane with a minor axis, r,, = p,po , and a major axis. r,, = p3pe/cosp ;
volute profile is defined from the base circle with diameter g

axis is crossing the centre of the ellipse, M), and the centre’of the pinion-type cutter 0.

oth tip corner radius, p,p, , is defined in a normal surface, so it is répresented by an ellipse in the

KMy V) 0N
psO); and

Fossing at

(B.1)

(B.2)
ed by:

(B.3)

v + Vv (Bm)

Pressure angle at a point of ellipse is:
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yaot (Om ) =Myaot (Om )+ Ayaor (Onm) (B.4)

Radius at a point of ellipse is:

OoM =10 (B) =y (6y )2 +[rao + ¥yt (630 )T (B.5)

To find the point where the tooth tip corner ellipse is also tangent to an involute profile, generated from the
same base circle, the following formula can be used:

I'ra (GW)'COS(O‘yaOt (UM))_rbO =0 B-6)
N e L .
The initigl value can be chosen as 6y it =7 The solution is O, , the value of the parametric argle of the
ellipse when the ellipse is tangent to the involute.
The radius of this point can be found with the formulae in B.5.
; My Teb = Papo
< | ;:; y —\\ lea = papo/COS(G)
av M - \/
T N
/ =L\
papo/CoSf Yorl On) /; M \
aly x
Mo xu(Ou)
XM(QM) = Tlea X COS(QM)
(Ou) = r, sin(Oy)
- oM yMiOm eb X M
Fisul < B-l Tl dllSVTI ST p}aut: Ufa }lclibd} piuiuu t_ypt: Luttcl
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If there is no protuberance, this radius is also the tip form radius of the pinion-type cutter:

I7a0 =Tya0 (OFa0) (B.7)

If there is protuberance:

— asecondary involute profile, key 1 on Figure B.2, with a smaller normal pressure angle o, intransverse

pr0 -

tan apro

plane o, =arctan
cos 3

] generated by the protuberance base cylinder diameter dy,, joins the

tooth tip corner ellipse;

— the tjp form radius of the pinion-type cutter can be determined by the same principle If_there is no
protyberance, by substituting the base radius of protuberance involute 1,9 =1y cospq i plpce of ry,

in Formula (B.6);

— the injtersection between the main involute defined by the normal pressure angle, é&,,” (¢, in tfansverse
plang) generated by the base diameter d}, and the secondary involute can be détermined iterftively;

— the iffvolute profile of the pinion-type cutter corresponding at finishing, is-shifted from an angle d; to
anglel 6,0 [see Formula (311)](see Figure B.2) considering only residudlfillet undercut.

pr0
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1  secondary involute between the main involute and tip rounding
Figure B.2 — Transverse plane of a helical pinion-type cutter with protuberance
The inter

bection between the main and secondary involutes can be determined iteratively.

B.3 Profile'of pinion-type cutter

B.3.1 In

- Y gy « |
voTuatcpromce

The coordinates of the involute profile on y-cylinder are:

Xyot (ryo ) =Ty -sin(inv( ey (ryo )) —inv(eryo ) (B.8)
Yyot (ryO ) =Iyo ~Cos(inv(ay0t (ryO ))- inV(O‘WOt )_rWO (B.9)
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