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0 Otherrelevant standards

DIN 867 Standard basic rack tooth profile of
cylindrical gears with involute teeth for
general and heavy engineering

DiIN 868 General concepts and parameters for
gears, gear pairs and gear trains

DIN 1301 Partt Units; names, symbols

DIN 1315 Angles; concepts, units

DIN 3961 Tolerances for cylindrical gear teeth;
bases

OIN 3967 System of gear fits; backlash, tooth thick-
ness deviations, tooth thickness toler-
ances; bases -

DIN 3972 Standard basic rack tooth profiles of
gear-cutting tools for involute tooth

- systems according to DIN 867

DiN 3992 Addendum modification of external
cylindrical gears

DIN 3993 Geometrical design of cylindrical inter-
nal involute gear pairs

DIN 3999 Symbois for gear teeth

- DIN 7182Part1 Tolerances and fits; fundamental con-
cepts

DIN 58 400 -Stafidard basic rack tooth profile for
cylindrical gears with involute teeth for

. fine mechanics
DIN 58412 Standard basic rack tooth profile for

@

2e5n pppp g&&psﬁ»»jfa“%“ é*%£°

gear tools for fine mechanics; involute

gears according to DIN 58400 and
Dm&:'

1 Symbols, terms, units
1.1 Symbols and terms
This standard uses the following symbols and terms:’

centre distance
reference centre distance
centre distance for double-flank engagement

tacewidth : -

contact line overlap or width of gauge head for
measuring base tangent length
bottom clearance -
bottom clearance coefficient
reference diameter
tip diameter
measured value of tip mameter of overcut cylindri-
cal gears
base diameter
root diameter
virtuat reference diameter
V-circle diameter
pitch diameter
Y-circle diameter
diameter of circle through centre of ball
diameter of a measuring circle (at point of contact
with measuring instrument)
Usable diameter
" usable tip diameter
usable root diameter A
usable root diameter at generated wheel (usable
flani)
spacewidth on the reference cylinder
spacewidth on the tip cylinder
base spacewidth {on the base cylinder)

_ spacewidth on the root cylinder

FyRIN P oruyaAn nvwvr”!*mwarrrvvrrrvﬂ”"a?rr*”F???*““fff*““*”””“*’
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spacewidth on the V-cylinder
spacewidth on the Y-cylinder
individual error

base circie error

eccentricity

profite form error

profile waviness ]
tangential tooth-to-tooth composite error
radial tooth-to-tooth composite error
adjacent pitch error

normal pitch error

axial pitch error

lead error

individual working error

tip circle radial run-out

difference between adjacent pitches
generant form error

generant angle error

profile angle error

tooth alignment error

' pressure angle error

helix angie error

fongitudinal form error

longitudinal form waviness

deviation error of axes

inclination error of axes

path of contact

length of recess path

length of approach path

fength of path of contact (total)

length of addendum path of contact
tength of dedendum path of contact
distance of a point Y from pitch point C
overlap length

tooth depth (between tip line and root line)
addendum

dedendum

working depth

tooth depth of standard basic rack tooth proflle
chordal height 5,

constant chord height 5

transmission ratio

{to be read as: involute) invoiute function
backlash

normat backlash

radial backlash

circumferential backlash

tip diameter modification coefficient

number of teeth spanned when measuring base
tangent length

number of teeth or pitches in a span

module

basic'module

number of revolutions (rotattonal frequency)
number of revolutions (rotational frequency) of
driving gear

number of revolutions (rotational frequency) of
driven gear

pitch on the reference cylinder

pitch on the base cyimder

normail base pitch - ’ -

pitch span

pitch on the V-cylinder
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Px
Py
Pz
r

Ty
oS
Ui
Iv
Tw
Ty
s
Sa
Sb

Xmin
XE
XEm
xl'

N

2y

Znx
ZnM
Znw
A,
Agr

Ada

axial pitch

pitch on the Y-cylinder

lead

reference circle radius

tip radius

base radius

root radius

radius of the V-circle

radius of the working pitch circle

radius of the Y-circle

tooth thickness on the reference cylinder

tooth thickness on the tip cylinder

base thickness (on the base cylinder)

tooth thickness on the V-cylinder

tooth thickness on the pitch cylinder

tooth thickness on the Y-cylinder

normal chordal tooth thickness

constant chord

gear ratio

linear speed

sliding speed

sliding speed at the addendum

sliding speed,at the dedendum

circumferential speed, tangential speed
addendum modification coefficient

addendum modification coefficient at undercut limit
generating addendum modification coefficient
mean generating addendum modification coefficient
addendum mpdifiéation coefficient for double-flank
engagement

centre distance modification coefficient

number of teeth

number of teeth of driving gear

number of teeth of driven gear

virtual number of teeth for addendum modification
calculations

virtual number of teeth for ball or roller dimensigns

virtual number of teeth for base tangent length cal-
culations

deviation )
deviation of centre distance

deviation of centre distance for double-flank en-
gagement :

_ tip circie diameter deviation for overcut cylindrical

gears

tooth thickness deviation (on the reference cylinder)
tooth thickness deviation on Y-cylinder

deviation of normal chordal tooth thickness
deviation of dimension over balls or pins

deviation ot radial single-ball or single-pin dimension -

base tangent length deviation

starting point of meshing ‘

starting point of single-tooth contact on driving gear
pitch point

ball or pin diameter )

end point of single-tooth contact on driving gear

end point of meshing

composite and cumulative errors
total profile error

tangential composite error

radial composite error
cumulative pitch error

cumulative circular pitch error over k pilches

E]

Foas cumulative circular pitch error over a sector of z/8

Fp
F,
FrR
FrV
F;
Fg
Fy
Fq

Tamd
TM r

pitches .
cumulative working pitch error
radial run-out of a tooth system
radial run-out at rear of gear
radial run-out at front of gear
working radial run-out

_total generant error

total alignment error

wobble

sliding factor

sliding factor at tooth tip

sliding factor at tooth root

distance between points of measurement
working length from involute origin to tooth tip
working length from involute origin to tooth root
working length to point Y

generator test range

bearing centre distance on a gear axis

profile test range

tooth trace test range

dimension over balls

dimension over pins

radial single-ball dimension

radial single-pin dimension

contact point{e.g. betweentestball and tooth flank)
range of errors

range of errors for backlash

range of pitch errors

range of tooth thickness errors

range of normal chordal tooth thickness errors
range of errors for dimension over balls or pins

range of errors for radial single-ball or single-pin
dimension

range of base tangent length errors
tolerance )
centre distance tolerance

tolerance on centre distance for double-flank en-
gagement

tip diameter tolerance for overcut cylindrical gears
tooth thickness tolerance

tolerance on normal chordal tooth thickness
tolerance on dimension over balls or pins
tolerarice on radial single-ball or single-pin dimension
base tangent length tolerance

base tangent length over k measured teeth or
measured spacewidths

any point on a tooth flank

pressure angle at the reference cylinder
pressure angle at the tip cylinder

pressure angle at the V-cylinder

pressure angle at the pitch cylinder

working transverse pressure angle

pressure angle at the Y-cylinder

pressure angle at circie through centre of bali
pressure angle at measuring circle

pressure angle for double-flank engagement with
master gear

helix angle at reference cylinder
base helix angle

helix angle at V-cylinder

helix angle at pitch cylinder
helix angle at Y-cylinder



Bm helix angle at measuring circle

Y lead angle at reference cylinder

11} base lead angle

] contact ratio

&a transverse contact ratio

&p overlap ratio

&y. total contact ratio

¢ specific sliding

& specific sliding at end point of path of contact

n spacewidth half angle at reference circle

/18 base spacewidth hatf angle

n spacewidth haif angle at root circle

Ny spacewidth half angle at V-circle

Nw spacewidth half angle at pitch circle

Ny Spacewidth half angle at Y-circle

' roliing angle of the involute

& rolling angle of the involute at tooth tip end

& rolling angle of the involute at tooth root end

&y rolling angle of the involute at point Y
radius of curvature, rounding radius

Oan tooth crest rounding radius in normal section of
cylindrical gear

020 tooth crest rounding radius on tool

gy  radius of curvature of involute at point Y

T angular pitch

(] angle at the centre, contact angle

Pe angle at the centre between maximum values for
radial run-out Fy and F.

Pa transverse angie of transmission
?p overiap angle
Py total angle of transmission
¥ tooth thickness haif angle at reference circle
¥a tooth thickness haif angle at tip circle
Y base thickness haif angle
¥n  virtual tooth thickness haif angle
¥y  tooth thickness haif angle at V-circle
 Pw tooth thickness half angile at pitch circle
¥y tooth thickness haif angle at Y-circle -
w  angular velocity
(A angular velocity of driving gear
wp  angular velocity of driven gear

A difterence
AW length difference in base tangent length measure-
ment

Ay  angular difference

Ax sum of addendum modification coefficients

Zz sum of numbers of teeth

For further symbols for gear teeth see DIN 3939,

In addition, the following standards also deal with symbols:
DIN 1302 Mathematical signs and symbols,

DIN 1304 General symbols for use in formulae,

DIN 1313 Physical quantities and equations; concepts,
methods of writing,

DIN 66030 (at present at draft stage} Representations
for names of units to be used in systems with
limited graphic character sets.

1.2 Additional subscripts

The symbols indicated in subclause 1.1 may be supple-
mented by the following additional subscripts:

a for the driving gear
b for the driven gear
e for the upper limit of a quantity

114
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i for the lower limit of a quantity

1 for “left-hand” or “in the direction of a left-hand
helix”

m for a mean value

n * for quantities in a normal section

r for “right-hand” or “in the direction of a right-hand
helix” )

t for quantities in a transverse section or in the tan-
gential direction

b 4 for quantities in an axial section or in the direction

of the gear axis
L for designating left flanks or a master gear
M for designating a measured value
P for quantities of the standard basic rack tooth profde
R for designating right flanks
max for a maximum value
min for a minimum value
zul  for designating a permissible limiting value

for quantities associated with the generating tool

1 for quantities associated with the smaller gear of a
; gear pairing
2 for quantities associated with the larger gear of a gear
pairing

for designating a factor with which a quantity is ex-
pressed in fractions or multiples of the normal mecdule
{eg.c=c*- mor h,p= hip- my;) or of the number of
teeth (e.g. 2}, O 25 OF Zhw), Or for designating a
change factor (see clause 5). '

13 Units )

The following standards or guidelines must be observed:

DIN 1301 Part 1 Units; unit names, unit symbols

DIN 1315 Angles; concepts, units

VDE/VDI 2605  Circular pitches and plane angles; basic
concepts for angular dimensions, angle

. measurements, angle standards and
their errors.

Accordingly it is convenient to state the quantities dealit
with in this standard in the following units:

modules and all lengths in millimetres {mm),

deviations in and tolerances on length in micrometres (um),
angles whereby size is denoted in degrees (°)

{e.g. pressure angle, helix angle, rolling angle); for
calculations with computers it is advantageous to
use decimal subdivision of the degree;

‘angles used in equations in radians (rad)

{e.g. angular pitch 7, tooth thickness half angle y,
spacewidth haif:angle 7, overlap angle ¢);

angular deviations in milliradians (mrad) or in microradians
(yrad)
: {see subclauses 6.3.1.4,6.3.1.6, 6.3.24, 6.3.2.5);

angular velocities in radians per second (rad/s);

number of revolutions {frequency of rotation) in one per
second (1/s)
{instead of the unit 1/min hitherto mainly used, the
new system of units adopts the unit /s, see
DIN 1301).

For angular units the following relationships apply: -

2 n rad = 360°

mm

1‘rad =1m
, _ mm _ um
1 mrad ‘1“5:" —1~m—r—n
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i helix angle at measuring circle

Y lead angle at reference cylinder

Yb base lead angle

Fa4 contact ratio

Lo transverse contact ratio

&p overlap ratio

&y total contact ratio

{ specific sliding

'q specific sliding at end point of path of contact
n spacewidth haif angle at reference circle
b base spacewidth half angle

¢ spacewidth half angle at root circle

v spacewidth half angle at V-circle
Nw spacewidth half angle at pitch circle
Ny spacewidth half angle at Y-circle

¢ rolling angle of the inveolute

& rolling angle of the involute at tooth tip end
& rolling angle of the involute at tooth root end
$y rolling angle of the involute at point Y

4] radius of curvature, rounding radius

Oan tooth crest rounding radius in normal section of
cylindrical gear

0.0  tooth crest rounding radius on tool

oy radius of curvature of involute at point Y
T angular pitch
¢ . angle at the centre, contact angle

Pe angle at the centre between maximum values for
radial run-out Fy and F;y

¢.  transverse angle of transmission

Pp overlap angle

Py total angle of transmission

¥ tooth thickness half angle at reference circle

Ya tooth thickness half angle at tip circle

b base thickness haif angle

Wn virtual tooth thickness half angle

Uy tooth thickness half angie at V-circle

Vw tooth thickness half angle at pitch circle

Py tooth thickness haif angle at Y-circle -

w angular velocity

Wy angular velocity of driving gear

AN angular velocity of driven gear

A difference
AW  length difference in base tangent length measure-
ment )

Ag  angular difference

Ax sum of addendum modification coefficients

Zz sum of numbers of teeth

For further symbols for gear teeth see DIN 3999.

In addition, the following standards also deal with symbols:

DIN 1302 Mathematical signs and symbols,

DIN 1304 General symbols for use in formulae,

DIN 1313 Physical quantities and equations; concepts,
methods of writing,

DIN 86030 (at present at draft stage) Representations
for names of units to be used in systems with
limited graphic character sets.

1.2 Additional subscripts

The symbols indicated in subclause 1.1 may be supple-
mented by the following additional subscripts:

a for the driving gear
b for the driven gear

€ for the upper limit of a quantity
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i for the lower limit of a quantity

I for “left-hand” or “in the direction of a left-hand
helix”

m for a mean value
for quantities in a normal section

r for “right-hand” or “in the direction of a right-hand
helix”

t for quantities in a transverse section or in the tan-
gential direction

X for quantities in an axial section or in the direction

of the gear axis
L for designating left flanks or a master gear
M for designating a measured value
P for quantities of the standard basic rack tooth profile
R for designating right flanks
max for a maximum value
min  for a minimum value

zul for designating a permissible limiting value

(per)

0 for quantities associated with the generating tool

1 for quantities associated with the smaller gear of a
gear pairing

2 for quantities associated with the larger gear of a gear
pairing :

for designating a factor with which a quantity is ex-
pressed in fractions or muitiples of the normal medule
(eg.c=c*  moi hyp= hip- my,) or of the number of
teeth (e.g. zhy OF 25um OF Zhw), or for designating a
change factor (see clause 5).

1.3 Unite

The following standards or guidelines must be observed: '
DIN 1301 Part 1 Units; unit names, unit symbols

DIN 1315 Angles; concepts, unils

VDE/VDI 2605  Circular pitches and plane angles; basic
concepts for angular dimensions, angle
measurements, angle standards and
their errors.

Accordingly it is convenient to state the quantities dealt
with in this standard in the following units:

modules and all lengths in millimetres (mm),
deviations in and tolerances on length in micrometres (um),
angles whereby size is denoted in degrees (°)
(e.g. pressure angle, helix angle, rolling angle); for
calculations with computers it is-advantageous 1o
use decimal subdivision of the degree; )
angles used in equations in radians (rad)
(e.g. angular pitch 7, tooth thickness half angle ¢,
spacewidth half angle n, overlap angle ¢);

angular deviations in milliradians (mrad) or in microradians

(prad)

(see subclauses 6.3.1.4, 6.3.1.6, 6.3.2.4, 6.3.2.5);
angular velocities in radians per second (rad/s);

number of revolutions (frequency of rotation) in one per
second (1/s)
(instead of the unit 1/min hitherto mainly used, the
new system of units adopts the unit 1/s, see
DIN 1301).

For angular units the following relationships apply:

2mnrad = 360°

_ mm

i rad ’161_1”5
mm  um
1  mrad ——1—n:r -16,‘*&_‘
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223 Sections through cylindrical gear teeth

223t Transverse section

Thwe sectigning of cylindrical gear teeth on a plane perpen-
aicular to the gear axis yields a transverse section. A trans-
werse section of a rack is its intersection with a plane
perpendicular to the axis of the cylindrical gear mated
woiths the rack. _
Claantities in the transverse section are denoted by the
ssayscript 1.

X232 nNormal section

The sectioning of involute helicat gear teeth by a surface
diésposed perpendicular to the tooth traces of the invoiute
Bedicaids yields a normal section. The surface of the normail
section is curved three-dimensionally. In the case of a spur
@ear the normal section and transverse section coincide.

Amormal section of a rack is its intersection with a plane

perpendicular to the tooth traces of the teeth.

Caantities in the normal section are denoted by the sub-
script o

e subscripts n and t are not applicable to spur gearteeth.

- 2233 Axial section

The sectioning of cylindrical gear teeth by a plane contain-
g the gear axis yields an axial section. An axial section
ofa rack is its intessection with a plane perpendicular to
e rack datum plane (see subclause 2.2.7) which contains
e axis of the cylindrical gear mated with the rack.
Caantities in the axial section are denoted by the sub-
script x.

Masial sections and the stating of gear tooth quantities in

such sections are not meaningful where spur gear teeth

awe concerned.

224 Gear tooth profile, flank profile

A:gear tooth profile resuits as the line of intersection of
e gear teeth with a plane. )
AFank profile is the line of intersection of a tooth flank
wmth a plane. Right flank profiles and ieft flank profiles are
e distinguished where necessary.

224t Transverse profile -

The transverse profile is the gear tooth profile lying in a
MITSVarse section

The transverse profile of spur gear teeth and the transverse
pwofile of the gear mating with such teeth lie in the same
glane.

Z3242 Normal profile, virtual spur gear teeth
Because of the curved normal section it is only possible
i the case of a spur gear with involute helical teeth to

" issdicate an approximate normal profile lying in a tangential
glane or in an osculating piane to the normal section.
Geometrical studies are therefore often based on virtual
spur gear teeth lying in the tangential or osculating plane,
their datum line being a circie of curvature on the normal
smsction of the reference surface of the helical teeth (see
saibclauses 2.7.1.1 and 2.7.2).

2243 Axial profile

" Tve axial profile is the profile of the gear teeth lying in an

axial section.

Z25 Tooth traces

¥ise tooth traces are lines of intersection of the right and
Bt flanks with a cylinder the axis of which coincides with
%he gear axis. Hence, right tooth traces and left tooth
fraces are to be distinguished.

The reference tooth trace {reference cylinder tooth trace)
% the line of intersection of the flank with the reference
cplinder (see subclause 2.2.7). The base tooth trace is the

|
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iine of intersection of the — possibly imagined as extended —
involute flank with the base cylinder (see subclause 2.2.8);
the base tooth traces are the helices of the involute heii-
coids (see subclause 2.3.1). The tip tooth trace (root tooth
trace) is the line of intersection of the — possibly imagined
as extended — involute flank with the tip cylinder (root
cylinder).

The tooth traces are helices in the case of hehcal gear
teeth and straight lines in the case of spur gear teeth.

2.2.6 Modules m,, m, m,; m, my _

The module m of the standard basic rack tooth profile is

the normal module (module in the normal section) m, of

the gear teeth.

Inatransverse section the transverse module m,isfound as
man

cos §

m; =

(2.1)

For a helical gear the axial module m, in an axial section
is found as

my, - my - ny
sini g1 cosy tanl gl

my =

(2.2)

For a spur gear g = 0 and the module is m (m, = m = m).
The basic module mb is

my = m,/ l tan? g, + cos? g (2.3)
2.2.7 Reference cylinder, reference circle;

reference diameter d
The reference cylinder is the reference surface for the gear
teeth. Its axis coincides with the locating axis of the gear
(gear axis). Hence in the case of arack the reference plane
is the rack datum plane. Quantities on the reference cylinder
are stated without subscript.

The reference circle is the intersection of the reference
cylinder with a plane of transverse section. The reference
diameter d is determined by
z-my,
cos g

d=z-m= (24)

Note: In the case of an internal gear the reference diam-
eter is a negative value, see subclause 2.1.

2.2.8 Base cylinder, base circle; base diameter dy,
The base cylinder is that cylinder coaxial with the reference

" cylinder that is determinative for the generation of the

involute surfaces (involute helicoids). Quantities associated
with the base cylinder are denoted by the subscript b.

The base circle is the intersection of the base cyiinder with

_a plane of transverse section; the involutes of the base

circle form the usable parts of the tooth profiles. The base
diameter dy, is given by
’ ) Z-my-COS @

=d-cosay =2 mg-cosay=
dy=d-cosay =2 -my ' cos

=2 mul l‘ktan2 an+Cos? f=z my (2.5

Note: In the case of an internal gear the base diameter
is a negative value, see subclause 2.1.

2.3 Involute surface (involute helicoid)

2.3.1 Generator of an involute surface

in developing the envelope of the base cylinder, an enve-
lope line of the base cylinder describes an involute surface
of a spur gear; it is the generator of the involute surface.
A straight line inclined to the envelope line in the developed
envelope surface is the generator of an involute surface
(involute helicoid) of a helical gear having its origin on the
base cylinder in the helix, see figure 2.
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Involute . base cylinder i L

Involute helicoid

Developed
involute line

Involute of base cylinder

Figure 2. Base cylinder with involute helicoid and generator

2.3.2 Base helix angle f;, base lead angle y,

The acute angle in the angled base cylinder envelope be-
tween the generator and an envelope line is the base helix
angle S, see figure 2 and equations (2.30) to (2.32). The
complement angle of the base helix angle f; is the base
lead angle yy: :

Lypl = 90° =1 Byl ' (2.6)
Both angles have the same sign.

With the development of the base cylinder envelope first
Jin the clockwise direction, involute surfaces curved in
opposite directions resuit and from these the lefl and right
flanks of the gear teeth are derived.

2.3.3 Contact line

The two base cylinders of a gear pair have two common
tangential planes which intersect in the instantaneous
axis. These are the planes of action of the gear teeth. Sach
plane of action cuts the associated tooth flanks (flank and
mating flank) in the contact line corresponding to the
working position. Each contact line is the common gene-
rator of flank and mating flank; its prolongations are tan-
gents to the base cylinder. Onrotation of the base cylinders
about their axes and simultaneous winding up and un-
winding of the tangential planes the contact lines travel
through their zone of action, see subclause 3.4,

2.3.4 Transverse pressure angle at a point Ay,
transverse pressure angle o

The involute (always lying in a transverse section) is in-
clined at the arbitrary point Y. by the transverse pressure
angle at a point ay, relative to the radius passing through Y,
see figure 3.

The angle of inclination at the point of intersection of the
involute with the reference circle is the transverse pressure
angle q;.

cosa =—r—t3-=—41’—~ cosh
¢ d [/ tan?a,+cos? B
_ COS ap ’ 07
- I L . 2 - ( . )
J1+sin?a, - tan?g
. T d d
COS ay = 2.2 COS a; (2.8)
Ty dy' dy

See also equations (2.8) and (2.10).
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Base cylinder envelope line
Base cylinder

dy, base diameter
Bp base helix angle
yp baselead angle

Developed base cylinder envelope
(base cylinder tangential plane)

T point of contact of tangent with base circle

u origin of involute

Y arbitrary point on involute .

r reference radius ‘
1y base circle radius i
ry Y-circle radius

a transverse pressure angle

ay transverse pressure angle at point Y

(y rolling angle between Uand T

Oy radius of curvature at point Y = working length Ly

inve, involute function for a,

inv ay involute function for a, = angle at the centre be-
y yt
tweenUandY

Figu[e 3. Parameters relating to an involute

2.3.5 Normal pressure angle at a point Ayn,
normal pressure angle a, ’

In the normal sectipn through an involute helicoid the tan-
gent to this surface at an arbitrary point Y is inclined to )
the radius through Y by the normal pressure angle at a
point ay,. The corresponding angle of inclination at the
reference cylinder is the normal pressure angle a,; this is
equal to the pressure angle ap of the standard basic rack
tooth profile. ’



tan &, = tan a, - cos 2.9)

tan ey, = tan ay - COS fy 210
For a spurgear § =0 and &, = & = ,als0 @y, = ay=ay,
2.3.6 Rollag angle { of the involute

The angle of .ite centre defined by the origin U of the swo-
fute and the contact point T of the tangent from poet Y
to the basecircle is the rolling angle {; of the involute, see

figure 3. The base circle arc UT is equal to the tangent -

portion YT, kence

fy'm ay {2.11)

2.3.7 Radius of curvature 0 of the involute,

working length L,
The tangent portion YT is the radius of curvature g, of the
involute at point Y and at the same time the working length
Ly belonging to point Y, i.e. the developed base circle arc
from the inwoiute origin U. In the triangle OTY it is the side

. opposite the transverse pressure angle ay, at the centre

of the circle O, see figure 3.
4

o= =rnp-tanag=1—- - @12
Note: Inthe case o!'imemal gear the radius of curvature

is a negative value, see subclause 2.1.

2.3.8 involute function inv a
The angulardifference { — , is tesmed the involute function

of angle a; and is denoted by inv a, (to be read as: mvo-
lute a,), see figure 3.

invey ={,-ay =tanay -ay, 213)

Note: Ithaspreviously been customary to use the symbol
ev a for the imvolute function. In conformity with ISO 701~
1976 however it is recommended that in future the symbol
inv a shoufld be used. ’

| 239 Lleadp,

The lead p, of an involute helicoid, of a tooth flank) is the
portion of an envelope line of a cylinder concentric with
the gear axis between two successive turns of an invoiufe
helicoid (of a tooth flank), see figure 4. The lead is inde-
pendent of the diameter of the cylinder.

tzl-my-n lzi-m-n

P:= i1 tani gl 214

=tzl-pg

Plane of standard basic rack tooth profile, datum line

B
- Reference cylinder
T g e envelope line,
\ gear axis
P

Figure 4. Helical gear: lead p,, helix angle f, lead angle v

2.4 Angular pitch and pitches

2».4.1’ ‘Angutar pitch r

The angular pitch 7 is that angle lying in a transverse
section which results from the dividing of the compilete
periphery of a circie into z equal parts.

‘ Pp=ryT= =5

DIN 3960 Page9

2 .
T = -——z-f in radians (2.15)

t=—— in degrees

(2.16)

Note: In the case of an internal gear the angular pitch is
a negative value, see subclause 2.1.

Figure 5. Helical gear: diameter, angular pitch, pitches

2.4.2 Pitches on the reference cylinder

2421 Transverse pitch (pitch) p,

The transverse pitch (pitch for short) p, (p in the case of

a spur gear) is the length of the reference circle arc be-

tween two successive right or left flanks, see figure 5.
d-=x my

A 14
MRS "o f

p("‘f”

2.17)

2422 Normal pitch p,

The normal pitch p,, is the length of the helix arc between
two successive right or left flanks on the reference cyiinder

in the normal section of the gear teeth.

Pn=pi-COSB=my =

2423 Pitch span py .

The pitch span py is the reference circie arc between two
right or left flanks separated from each other by kreference
circle pitches such that 1 < &k < z, see figure 5. It is the sum
of k reference circle pitches.

pc=kR-p

(2.18)

(2.19)

2.4.3 Pitches on the Y-cylinder

On a cylinder with the arbitrary diameter d, (Y-cylinder)

the following pitches are present:

2431 Y-circle pitch py,

The Y-circle pitch py, (py in the case of a spur gear) is the

length of the arc with diameter d, between two successive

right or left flanks, see figure 5. .
d,'n dy

=d P

2432 Y-cylinder no}mal pitch py,

The Y-cylinder normal pitch p,, is the length of the helix arc
on the Y-cylinder between two successive right or left
flanks in the normal section of the gear teeth.

Pyn = Pyt - COS By

(2.20)

(2.21)
244 Pitche# on the V-cylinder

On the cylinder with diameter d, (see subclause 2.5.6.3)
the following pitches are present:’
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2.4.4.1 V-circle pitch py

The V-circle pitch py, (p, in the case of a spur gear) is the
length of the arc with diameter d, between two succes-
sive right or left flanks,
dv 3 d,
Pa=Try 1=~ = o Py (2.22)

2.4.4.2 V-cylinder normal pitch py,

The V-cylinder p,, is the length of the helix arc on the
V-cylinder between two successive right or left flanks in
the normal section of the gear teeth. .

Pvn = DPvt " €OS By (2.23)

2.4.5 Pitches on the base cylinder
2.4.5.1 Transverse base pitch py,

The transverse base pitch py, (pp in the case of a spur gear)

is the length of the base circie arc between the points of

origin of two successive right or left flanks, see figure 5.
dy-n dyp

= -.a— . p‘ b= ’)t

Pt =Tp T = $COs ay (2.24)

2.45.2 Base cylirder normal pitch py,

The base cylinder normal pitch py, is the length of the helix
arconthebase cylinder between the helices oftwo succes-
sive right or left flanks in the normal section of the gear
teeth.

Pbn = Pot " €08 By = pp ~ €OS @y (2.25)

2.4.6 MNormal base pitches p,

The distances between two successive right or left flanks
in the plane of action are the normal base pitches p..

2.4.6.1 Transverse pitch on path of contact pg

The transverse pitch on path of contact p., (normal base
pitch p. in the case of a spur gear) is the distance betwaen
two parallel tangentsin a plane of transverse section which
contact two successive equal-handed flanks.

In the transverse section of the gear teeth the transverse
pitch on path of contact is the length of the transverse line
of action between two successive equal-handed flanks,
see figure 5.

The transverse pitch on path of contact is equal to the
transverse base pitch.

Pet = Pt COs ay = Pt (2.26)

2.4.6.2 Normal base pitch p,
The normal base pitch p., is the distance bestween two
parallel tangential planes which contact two successive
equal-handed flanks in the active area of the flanks. it is equal
to the base cylinder normal pitch.

DPen ™ Pn * COS ap = Pia (2.27)

2.4.7 Axial pitch p,

The axial pitch p, is the portion of aﬁ envelope line of a
cylinder concentric with the gear axis between two suc-
cessive right or left flanks, see figure 6. The axial pitch is

independent of the diameter of the cylinder and is - ‘;!
times the lead.
my " % ny-n Ps

B Px=mx‘“=5;nx,ﬁ: T ani gl izl (2'28)

' 214

Figure 6. Axial pitch p, of a helical gear

2.5 Concepts and parameters associated with
gear teeth arising from the position of
the standard basic rack tooth profile
relative to the reference cylinder

The datum line can

a) cross the gear axis with the lead angle y

b) have a distance of x - m, from the reference cylinder.

The following parameters for gear teath thus arise.

2.5.1 Lead angle v, helix angle §

The lead angle y is the acute angle at which the datum line
crosses the gear axis, see figure 4. It is also the acute angle
between a tangent to a reference helix and the plane
perpendicular to the gear axis through the tangent contact
point.

The helix angle g is the acute angle between a tangent to
a reference helix and the reference cyiinder envelope line
through the tangent contact point.

PRI =90° -1yl . (2.29)

The lead angle and helix angle have the same sign. For épur
gears ¥ = 90° and § = 0° The helix angle By of right flanks
may differ from the helix angle ;. of left flanks.

The relationship between g and the base helix angle By
is found from

tanfy, =tan g - cos a, (2.30)
sin By = sin § - cos a, (2.31)
cosa sin ay sin ayy,
cosfp=cos - - = - = L
COS ay sin a, sin ayt

=C0S ay - J/tan” a, + cos? § (2.32)

Ona cytmder with dfameter dy the helix angle 8, is found
from

cos a
tan By =tang- =tanf -
7{ ‘cos ay;
d, tanpy
= tan ﬂb . dg E‘O‘s‘—a“y“; (233)
. . cos ap, sin B
sinfy = sin § - <08 2gm = <os a {2.34)
tan « c0s a, - cos f3
cos f, = D e N > (2.35)
tan ~, cOSs ay;,



2.5.2 Fank direction; sight-handefleft-handed

In the case of external and intemsigear teeth the flank
direction is right-handes! {left-hamsi= if the helical tooth
trace comresponds to & right-hamielix (left-hand helix).

2.5.3 Sign of the helix angle

If signs are needed for #he helix (e g. for evaluating

the nominal dimensions ©f a cylew#zal gear pair) the fol-

lowing applies: - R

For an external gear & helix angiessionging to a right-

handed fiank direction counts asgamitive, whilst a helix.
angle belonging to a left-handed Sadirection counts as

negative. For an internafi gear thesgmy are reversed. The

sum of the helix angles ©of a passfcylindrical gears is

therefore zero.

Note: inproduction documentsaigthie absolute values

of the hefix angles are mised witha#Sitional indication of
‘the hand { for right-hamied, | forigEkanded).

2.54 Addendum modification; siliendumr modification
coefficient x and sign of sisnduns modification

The addeadum modification of smiste gear teeth is the

displacement of the Gatum line Sm=the reference cylin-
der. The magnitude of the addemisr modification is ex-
pressed by the addemtium modifestion coefficient x in
parts of the normal maogizile:

addendum modification =zrms,
(for spur gears: addendiam modiication = x - m).
An addendum modificafion is

positive # the datum Ene is dispiamt from the reference
' circle towards the tip cigfizas a result, the tooth
thickness in the referempegircle is greater than
for zero addemdum modBization, see figure 7
negative # the datum e is dispimest fromr the reference
ciecle towards the root cezié=gs a result, the tooth
thickness in the referesmegircle is smaller than
with zero addendum maiication, see figure 8:
Note: Where internal gears arezmcerned, this standard
reverses the definition of the sigeaithe addendum modi-
fication compared withy DIN 3968 Zugast 1960 edition, i.e.
for internal gears x - m, ;accordimgmrthis standard equalis
-X - my, DIl 3960 (Augmist 1960 edifian), see subclause 2.1

25.5 V-gear, zero gear

A cylindrical gear witlr addendummmmndification is termed
a V-gear (W, gear if addendussssiification is positive,
Vminus g€ar f addendum modificatizris negative). A cylin-
drical gear with zero agidendum sesdification is termed a
zero gear.

2.5.6 Diameters of gear teeth, mglies at V-cylinder

The positionof the standiard basicessitoath profile relative
to the reference cylinder gives sisz=mx the following cylin-
drical surfaces and diasmeters inmspect of the gear teeth.
Note: In the case of an internaiigsr the diameters and
radii are negative values, see subfinse 2.1.

2.5.8.1 Tip cylinder, tip circletip diameter d,

‘The tip cylinder is the cylindricalemwelope surface at the

tips of a gear tooth system; a tramwerse section yields the
tip circle. .

Quantities refated to the tip cylaie-are denoted by the
subscript a

DIN 3960 Page 11

Datum line

Figure 7. Positive addendum modification on an external
gear

"

hop hyp

Figure 8. Negative addendum modification on an internal
gear

The tip diameter d, amounts in the case of gear 1 (see
figawe 7) to
duy=2-a-dp-2-¢
=dy+2-xy-my+2-hp+2-k-m, (2.36)
amt in the case of gear 2 (see figure 7 and figure 8)
dia=2-a-dp-2-¢
=do+2-X3-mu+2-hp+2-k-m, (237)
Note: For definitions of the quantities a, ¢ and k see sub-
clauses 3.2.3, 3.2.7 and 3.3.6 as well as equation (2.47).

if the tip diameters are dimensioned according to these
equations, the bottoax clearance will be ¢ - 0,167 - m,, or
¢=0,25 - m,, depending on the standard basic rack tooth
profile of the cutting tool. For details see DIN 3972 or
DiN 58412

For an external gear the relationship should be d,=d,
+ 2- m,. For external gears this sets a lower limit for the
addendum modification coefficient x, see subclause 2.6.4.

{dy} > |dy]. For internal gears this sets an upper limit
for the addendum modification coefficient, see sub-
clause 2.64.

2562 Root cylinder, root circle; root diameter d;

The root cylinder is the cylindrical envelope surface at the
botiom of the tooth spaces of a gear tooth system; a trans-
verse section yields the root circle

Cuantities related to the root cylinder are denoted by the
subscript f.
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The root diameter dy amounts in the case of gear 1 (see
figure 7) to

d““d‘-—z-hfnd,+2~xl‘mn—2-h“, (2.38)
and in case of gear 2 (see figure 7 and figure 8) to
dpp=da—2 - hy=dy+2:-x3-my~2 hyp (239

Note: If the tooth thickness deviations Ay are produced
by deeper infeed of the gear cutting toai, then the following
is found

di=d -2 -hi+ Ay col g )
In the case of ground and shaved cylindrical gears the tool
addendum h,q is to be substituted for hyp in equations (2.38)
and (2.38) and the addendum modilication coefficient of
the pre-cut teeth for x.
2563 V-circle diameter d,, V-cylinder

The V-cylinder contacts the datum line, see figure 7 and
figure 8. its diameter (V-circle diameter) is

Lody=d+2-x-my,

=d(1+2-—;—c~~cosﬂ) (2.41)

Quantities related to the V-cylinder are denoted bty the
subscript v. .

2.5.6.4 Pressure angle ay, helix angle .,

The following angles are present where the V-cylinder
intersects an involute tooth flank:

helix angle £,

z2+2-x-cospf

tan g, = Z tan g
X . dv
=tanﬂ+2~;~sm,6=tanﬁ- v (2.42)
transverse pressure angle at a point ay
F4
CoS ayy = E—'_;T?“éﬂ‘ + COS ay
€Os a, -
et a— (2.43)
1+2_ -cosp
’ F4
normal pressure angle at a pbint Uyn
tan ayn, = tan ay - cos iy (2.44)
cos a, - cos B
COS ayp =
X
cos Sy - (1+2- P ~cosﬁ)
_d  cosay-cosB
d, cos 4, (2.45)

2.5.7 Gear teeth heights

Note: The working depth resulting from meshing with a
mating gear is defined in subclause 3.2.6.

2.571 Tooth depth i

The tooth depth /i of cylindrical gear teeth results from the
tooth depth /&, of the standard basic rack tooth protite and
the addendum alteration k- m,, see subclause 3.3.6.

h=hp+k'mn
2.5.7.2 Addendum h,, dedendum k;

The addendum h, and the dedendum kg of a cylindrical
gear are stated on the basis of the reference circle:

hy=hap+x-muy+k-my

(2.46)

{2.47)

- h;=hfp-x~mn (2.48)

216

(2.40)

2.5.8  Tooth ihicknesse‘s, spacewidths .

Figure 9. Helical gear: tooth thicknesses, spacewidths
‘ “and their haif angles

2.5.8.1 Transversetooththicknessess, Syt Syt and sy

The transverse tooth thickness s, (tooth thickness s in the
case of a spur gear) is the length of the reference circle arc
between the two flanks of a tooth.

s,=%‘—+2'x-mn~tanal

n Sn
=y - 2+2~x’tanan=m (2.49)

The transverse tooth thickness s, (tooth thickness sy in the

case of a spur gear) is the length of the circular arc of
diameter a!y between the two flanks of a tooth.

Sy . .
Sy =dy - (—J +inv g, ~ inv ay‘)

r:+4~x‘-tanan . .
=dy 5 +inva — Invay (2.50)

The transverse tooth thickness s, (tooth thickness s, in
the case of a spur gear) is the length of the V-circle arc
between the two flanks of a tooth.

Sv L .
Svt & tv . (‘a’ + Inve —inv avi)

n+4-x-tana, .
=d,- 57 +inve - invay ) (2.51)

The base tooth thickness sy, (Sy, in the case of a spur gear)
is the base circle arc between the points of origin of the
involutes of a tooth.

i n+4-x-tana, .
Spp = dp * 5% + inv aq

(2.52)

2.5.8.2 Tooth thickness half angles
¥ Yy ¢y @and gy

. Angles. at the centre in a transverse section which are

enclosed by r‘adii bounding the tooth thicknesses s, Sy,
$y1 OF Sp; are tooth thickness angles. The corresponding
tooth thickness half angles are:

s n+4-x-tana
¥ = 'dx' = 27z - 2.59)
Syt . . 5
wy = —d—; == {/f + inv ay — v Ayt (2'34)
Svt . 1
Yy = T =+ INV ay — NV ay (2.55)
v



The base tooth thickness e angie yy is

Yo ™ -y +ive {2.56)
Note: in the case of an imgErmal gear the tooth thickness
half angles are negative vakes; see subclause 2.1.

25.83 Spacewidths g.&y, e, and ey
The spacewidth e, (e in thecaseof a spur gear) is the length
of the reference circie arc etween the iooth flarks en-
closing a tooth space. The ipoth thickness s, and space-
width e, together yield the #ansverse pitch p,.

site = py {257)
e B 2ok mene
x ,

-m1~(2-2-x~tan¢,) {25&

The spacewidth e, (ey in e case of a spur gear) is the
length of a circular arc of diameter d, between the tooth
flanks enclosing a tooth sgace. The tooth thickness s,

and spacewsdth ey togm yield the Y-circle paich p,g

‘yt"’eyt"Prt (259)
€ .
ep=dy- \ g -inve +tinvey
t. ..4. - e
=d - (u Zx-z ‘”-izw.,«rimay,) {2.60)

The spacewidth e, (e, in theease of a spur gear) is the length
of the V-circle arc between the two flanks enciosing a
tooth space. The tooth thickness s, and spacewadth ¢,
together yield the V-circiegitch p,,.

Svi + eyt = Pwm (2.61)
e . » Vu /
ew=d,- (7— - mva,-x-mcﬁ) .
x-4-x -tma, o
-d, - 57 -inveay +tinva, ] (262)

The base spacewidth ey, {& inthe case of a spur gear) isthe
base circle arc between e points of origin of the two
mvolutes enclosing a iooi#e space. The base tooth thick-

ness spr and base spacemidth-ey, together yield the base
circle pitch py,.

Sou ¥ €t ™ P (263
~#4-x - tan '
-dp - (t 72 S -inva,) {264)

2.58.4 Spacewidth it angles 7, n,. 7, and ny
Angles at the centre in & ransverse section wihich are
enclosed by the radii beanding the spacewidths e, ey,
&y, Of ey, are spacewidthangies. The conespondm space-
width ha!f angles are:

[ z—8-x-tanea,

n=dq- 22 265
b Ponmarime oo
v = %’f*a'éﬂf&*invcﬂ (267
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The base spacewndth half angle ny, is

o= T n - inva (2.68)
Note: Inthe case of an internal gear the spacewidth half
angles are negative values, see subclause 2.1.

Reference: For spacewidth half angles at deviation of
tooth thickness A, see equation (4.3) in subclause 4.1.4.

,2.5.8.5 Normaltooth thicknesses sy, Syn, synand Spp

The normal tooth thicknesses are the tooth thicknesses in
a normal section of the gear teeth; they are the lengths of
the helical arcs on the respective cylinders between the
tooth flanks of a tooth. They result from the standard basic
rack tooth profile and the addendum modification.

s,,-s;-cosﬁ=££—+2-x-mn-tandn

-mn-(; +2‘x-tanan)

(2.69)
Syn = Sy - €OS fy (270)
Sva = St - €OS B, @)
Sba ™ Sbt ° COS By

2.72)

2586 Normal spacewidths e, ey, éyn and ey,

The normal spacewidths are the spacewidths in a normal
section of the gear teeth; they are the lengths of the helical
arcs on the respective cylinders between the two tooth
flanks enclosing a tooth space. They resuit from the stand-

ard basic rack tooth profile and the addendum modifi-
cation:

e,,se.-cosﬂ-—pf—-z-x-m,,-tana,,

= (;—Z-x-tanan) 273)
eyn = €41 - COS By ' (274)
Ly = €y * COS B, (2.75)
Cpn ™ €y - €OS fp “(2.76)

2.6 Geometrical limits for involute gear teeth
2.6.1 Undercut on cylindrical gears with external teeth
When the teeth of an external gear are being produced
undercutting of the tooth flanks occurs if the path of the
corner of the cutter tip cuts into the involute portion of
the tooth root flank of the workpiece during the rolling
action.
By suitable choice of gearcutting data, particularly as
regards addendum modification, helix angle, addenda and
“pressuré angle, undercut can be avoided. fFor an external
gear with standard basic rack profile according to DIN 867
produced by a rack cutting tool the following relationship
exists beiween the cutting data:

.oz sin2a;  hap— Qa0 (1~sma,,)
*min 2-¢cosf my !

where h,pis the addendum and 020 IS the tip corner round-
ing radius of the fool. In the case of an external gear with'
standard basic rack tooth profile according to DIN 58400,
0.0 - {1— sin a,) in equation (2.77) must be replaced by
the botiom clearance ¢.

@m
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The value x,;, calculated in this way can usually be further
reduced by a small amount (not exceeding 0,17) if a small
degree of undercut, which generally docs not have any
harmiul effects, is acceptable.

2.6.2 Pointing limit and minimum tooth thickness at the
tip circle of an external gear

The teeth of an external gear become

pointed at the tip
circle if .

Sat

Ya = =y¢+inve —inva, =0 (2.78)

a

The pointing limit resulting in this way is considered in
subclause 2.6.4.
At the tip cylinder the tooth thickness s,, should not have
a value less than 0,2 - m,,. This provides an upper limit for
the addendum modification of an external gear which is
suitable for practical application, see subciause 2.6.4.
The undercut and pointing limit set limits in the downward
direction to the number of teeth which it is practicable to
cut in an external gear. For spur gears and the standard
basic rack tooth profile according to DIN 867 the following
apply

Znin = 8, takihg x = + 0,57 as the pointing limit,

Zmin = 9, taking x = + 0,45 for s, = 0.2 - mpy,
see figure 10.

If a small amount of undercut is accepted, the following is
still feasible

Znin= 7, taking x = + 0,41

2.6.3 Pointing limit and minimum spacewidth at the root
circle of an internal gear

The tooth space of an internal gear becomes pointed at
the root circle if

et

ng = a5 =p-inve +inva, =0 (2.79)

The resulting pointing limit is considered in subclause 2.6.4.

1

Table 1. Virtual tooth number factor z}, = 3
. cos® B, -cos 8

At the root circle of the internal gear the spacewidth €5
should have a value not less than 0,2 - m. This provides
anupper limit for the addendum modification of aninternal
gear which is suitable fer practical application, see sub-
clause 2.6.4, i

The tip circle diameter fimit and the pointing limit for the
tooth spaces limit the feasible number of teeth for an
internal gear in the downward direction. For spur gearing
and the standard basic rack tooth profile according to
DIN 867 the following appies

- |2|min = 16 with x=— 0,52 for pointing limit
|2]min = 21 with x=— 0,38 for em=02-m,

see figure 10. -

Other limits arising from mating reasons are dealt with in
DIN 3993.

2.6.4 Range of feasible involute gear teeth

The feasibility range for involute gear teeth which is im-
posed by the limits accorging to subclauses 2.6.1 to 263
is indicated in figure 10 for the standard basic rack tooth
profile according to DIN 887 and in figure 11 for the stand-
ard basic rack tooth profge according to DIN 58 400. The
relationships for helical gear teeth are shown here for
virtual spur gear teeth wiich, for a standard basic rack
tooth profile according o DIN 867 or DIN 58400, are
determined by the addendum modification coefficient x
of the helical gear teeth and by the virtual tooth number

4 o ox
Znx cos? fy - cas g 2 " 2nx (2.80)
For the virtual tooth number factor Zhx see table 1. This
relationship between the mumbers of teeth is so chosen
that for a helical gear tooth system and the corresponding
virtual spur gear tooth system the same value xg;, is
yielded by equation (2.77 In figure 10 and figure 11 the
addendum modifications x which are feasible each time
are plotted against the virtual tooth numbers Znx-

as a function of helix angle g for a, = 20°

4 Zix B 2 B Zix B = B Zax
in in in in In .
degrees degrees degrees degrees degrees

1 1,0004 11 1,0526 21 1.2082 31 15235 41 2,1373
2 1,0017 12 1,0629 22 1,2311 32 15680 42 2,2255
3 1,0038 13 1,0743 23 11‘2556 ’ 33 16155 43 2,3203
4 1,0068 14 1,0868 24 1,2819 34 16863 44 2,4223
5 1,0106 15 1,1004 25 1.3100 35 17206 " 45 2,5322
6 1,0183 16 1,1151 26 1,3400 36 1,7787
7 1,0209 17 1,1311 27 13720 37 18409
8 1,0274 18 1,1483 28 11,4063 38 18074
9 1,0348 19 1,1668 29 1,4428 39 19788

10 1,0432 20 1,1868 30 | 1,4818 40 20553
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Note: Curves 5 in figures 10 and 11 are based on the

(not realizable) assumption that the involute taces go right

“through to the botiom of the tooth; lurthermore, the 15° fase
atthe bottom of the tooth of the standard.basic rack profile
in the case of curves 5a and 5b in tigure 11 has not been
taken into account. it is therefore generally advisable or
necessary. to carry out an investigation according .to
DIN 3993 in'the case of internal gears.

For an external gear the limits of the range are set by the
pointing limit or the minimum crest width according to
subclause 2.6.2 (curves 1), by the undercut according to
subclause 2.6.1 (line 2) and by the minimum tip circle diam-
eter according to subclause 2.5.6.1 (line 3).

For an internal.gear the limits of the range are set by the
limiting value of the tip circle diameter according to sub-
clause 2.5.6.1 (line 4) and by the pointing imit or minimum
spacewidth according to subclause 2.6.3 (curves 5). These
limits are however not always achievable in practice due to
mating reasons, see DIN 3993.

2.7 ‘Test dimensions for tooth thickness

The tooth thickness is a circular or helical arc and as such
is not directly measurable. For checking tooth thickness
therefore indirect measuring methods are used and from
the values obtained i this way the tooth thickness is found
by calculation. :

/i

o 1
/y" View on reference cylinder
K%

e

‘/‘(‘0
Virtual spur gear tooth system
inplane-of normal section

Figure 12. ~Normal chordal tooth thickness §yand height /i,
:above the chord of an external helical gear
~derived from the virtual spur gear tooth system

at.the curvaiure ellipse in the normal section

2.7.1 Normal chordal tooth thicknesses

2.7.1.1 .Normal chordal tooth thicknesses §, and

Syn--heights h; and hy, above the chords
The normal chordal tooth thickness Sp0r§,,is the shortest
distance between the tooth traces of-a tooth on the refer-
ence cylinder and the Y-cylinder respectively. it is the only
tooth thickness quantity directly. measurable.on a tooth.
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For helical gear teeth the normal chordal tooth thickness
at the reference cylinder can be calculated with adequate
accuracy from a virtual spur gear tooth system defined in
the area of the reference circle by the virtual reference

. . d )
circle diameter d,, = ?&7—— (circle of curvature of the el-

B
lipse in the normal section) and the virtual tooth thickness
half angle y, = ¢ - cos® B, see figure 12.-

Onthe reference cylinder the following applies

d - sin (y - cos3 f)

Sp=dy sing = o1

(2.81)

Correspornidingly the normal chordal tooth thickness on the
Y-cylinder is found as

- dy - sin (y « cos® B,)
Syn = cos? 5, , (2.82)

and on the V-cylinder as

- dy - sin (g, - cos? B,)
S -
ve cos? g,

(2.83)

By series expansion of the sin value and putting ¢ terms
of 4th and higher order equalto zero the following approxi-
mation equations are obtained from equations (2.81)10 (2.83)

1
§n¢--sn-(1 —-6—':;/2-cossﬁ)

(2.84)
i 1,
Syn = Syn {1 — 5 Yy - .cost By (2.85)
- .,
Svri ™ Sy "1 - B P cos® ﬂv) {2.86)

For nearly all cases arising in ‘practice, these give the
numerical values with adequate accuracy.

‘The height /1, above the chord 3, (or hy above 3y, or 71,

above §,,) is

ﬁawhaci--i—-d‘z//z-cos“ﬁ

(2.87)
- di-d, 1
hy =z a y +_‘.{, . dy . w; « cOs* ﬂy (2.88)
hy=hy=x-mq+ - dy- 4 cos* B, (2.89)

For a spur gearwith =0, By=0and 8, = 0 equations (2.81)
-to (2.83) hold good exactly and equations (2.84) to (2.89)

with good approximation.

Note: - Foraninternal gearthe values ford and ¥ are nega-
tive, see subclauses 2.1, 2.5.6 and 2.5.8.2. Hence according
to equations (2.81) to (2.86) the values for the normal
chordal tooth thickness are positive. In equations (2.87) to
(2.89).the last term is negative for an internal gear.

2.7.1.2 Constant chord §, of a spur gear
At distance A from the crown of the tip circle the teeth of

-&.spur-gear have a normal-chordal tooth thickness S¢the

length. of .which -is- dependent only -on' the module, the

“pressure angle and the addendum modification: but on the

other hand is independent of the number of tseth: All gears

of the same standard basic rack tooth profile and with the

-s8ame addendum modification ‘thus have the same normal

chordal tooth thickness §; at the same point /i, see figure 13
andfigure 14, For this reason itis termed the constant chord.,



@

Sc=8§"Cos?qa

=
=m-cosﬁa-(—2-+2-x-tana) (2.20)
— S .
Che=aa - 5 Ccosa - sina (2.91)

Figure 13. Constantchord§.and height A above the con-
stant chogd of an external spur gear

Figure 14. Constantchord$.andheight ifc above the con-
stant chord of an internal spur gear

Q. 2.7.2 Base tangent length W)

The base tangent length Wy of an external gear is the .

distance, measured over k teeth, or over k tooth spaces
in the case of internal gear, between two parallel planes
contacting a right flank and a left flank respectively in the
involute part of the tooth flanks, see figure 15 and figure 16.
In the case of internal gears the base tangent length is
only measurable on gears of the spur type.

The base tangent length is not referred to the gear axis
and is therefore independent of any eccentricity of the
gear teeth.

The number of teeth spanned (measured number of tooth
spaces) k must be chosen so that the measuring planes
contact the tooth flanks at a point close to half the tooth
depth, i.e. in the vicinity of the V-cylinder. For contact in
the V-cylinder the following relationship applies

z [tanay . x )
k = (?6?2”&{ -2 7 tanay - mva‘)
: e
2121 (292)
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with ay according to equation (2.43) and cos fy according
to equation (2.32).

As an approximation k is found from the virtual spur gear
tooth system as

Zaw x .
ke~ ¥ -(tan Tyqy = 2+ - +tana, — inv an)
n Znw
2 .
MR (293

«

or with less good approximation from the following ex-
pression

avﬁ 2 v

et ——
k=zaw' 150 * 7771 (2:94)
using the virtual tooth number z,w according to equation
(2.97) or according to table 2 and «a,, in degrees from

equations (2.44) or (2.45).

For k a fractional number is generally-obtained and for the
base tangent length calculation this must be rounded up
to the next whole number. A value k < 1,5 shall be rounded
to 2. With k = 1it would be necessary to measure near the
base cylinder and such measurements are unsatisfactory
and can be avoided in the majority of cases, see figure 17
and figure 18.

As a result of rounding the number of teeth spanned the
measuring elements no longer make contact with the tooth
flanks on the V-cylinder, but instead (when symmetrically
positioning the measuring elements) on or near the meas-
uring circle diameter i

! Z
d =V &+ Wi~ cos p)? - T

Note: In the case of an internal gear dy is a negative
value.

(2.95)

The distance between the contact point of the measuring
element and the tip circle is 0,5 - (d, — dy). If this value
is negative the (theoretical) contact point lies outside the

. tooth system. A different number of teeth spanned (meas-

\

ured number of spaces) must be chosen.

In the case of an external gear with symmetrical contact
of the measuring elements it is generally permissible for
the contact points on the tooth flanks to lie up to 0,7 - my
outside the V-cylinder orup to 0,5 - m,, inside the V-cylinder,
this means that the following should apply

di+14-myzdy=d,—my.

Consequently, for measuring the base tangentlength, different
numbers of teeth spanned k may be applicable, see figure 15
and figure 17.

In the case of an internal (spur) gear with symmetrical
contact of the measuring elements it is generally permis-
sible for the contact points on the tooth flanks to lie up to
0,5 - m outside the V-circle or up to 0,5 - m inside the V-
circle, this means that the following should apply

Hdy+mg) || du| =S|y —mo) |

Consequently, for measuring the base tangent length, dif-
ferent numbers of teeth spanned & may be applicable,
see figure 16 and figure 18.

Using the whole-number value for kyields the base tangent
length as :

2 .
Wk=mn-c05an-[(k-— '5_171) ~n+z'mva[]

+ 2 X my - sinay (2.96)
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Note: Bccause of the negative tooth numbers the values

of k and W, are negative for internal gears, see sub-
Clause 2.1.

It in equation (2.96) the value z - inv a, is replaced by
Zhyw - inv a, the resulting virtual tooth number for base
tangent length calculations is found as

inv a,

EeW S Z g, T2 Ew

(2.87)
For the virtual tooth number factor 2w see table 2. Tables
of base tangent lengths for spur gears are therefore appli-
cable also to helical gears if the virtual tooth number Z,w
is used instead of the number of teeth z. Since z,,wis gener-
ally a fractional value it is necessary in such cases to find
the base tanfg\ent length of a helical gear by interpolation.

In the case of external helical gears the contact lines must
have adequate overlap by and the measuring -surfaces
used must have at least the same width so that the length
of the diagonal formed by the base tangent length W, and

the contact line overlap by is greater than Wy by an appre-
ciable value AW, see figure 19.

v
W

pe——-—‘-—p)e—ww

Q.
o

! / -
l

S A

PR

In this way measuring errors resulling from a diagonal
position of the contact points or by measuring over the

edges of the tooth ends are avoided.

The minimum represented by by > 1,2 + 0,018 - W, in mm
should not be under-run; if the tooth edges have been
chamfered, a value by > 2,0 + 0,03 - Wi in mm is recom-
mended. For measuring the base tangent length in this
case a minimum facewidth of

b= Wy - sin [|Bu] + by - cos By (2.98)
is necessary. The relationship between the length differ-
ence AW, the contact line overlap or measuring element

width by and the base tangent length Wy is shown in
figure 20.

* When V-heads are used, see figure 19, the overlap 2 - by

is necessary for a given size AW. If the overiap is small or
known it is recommended that the V-heads should be
brought into contact at the overlap mid-point from the end
of the tooth.

Measurement by using disc-shaped measuring elements

Pe

*
~RTR
l { dy-  base circle diameter
- H dy V-circle diameter
MXT\/[E - 7 dwm3s  measuring circle diameter for base tangent length W3
- ~ 4 dvs  measuring circle diameter for base tangent length W

normal base pitch

Measurement by means of pins

g

o

dy base circle diameter

dy V-circle diameter
! dys  measuring circle diameter for base tangent length Wi
: dms  measuring circle diameter for base tangent length Ws
‘ De normal base pitch

Figure 16. Base tangent length W; (over k = 3 tooth spaces) and base tangent length Ws (over k= 5 tooth spaces) on an
internal spur gear :
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Table 2. Virtual tooth number factor zhw = inv a/inv a,
as a function of helix angle j for a,, = 20°

DIN 3960 Page 19

Table 3. Virtual tooth number factor z2hy = 1/cos>? pas
a function of helix angie

B lzaw ] B {zhw | F j2zaw | B [ 2hw | 8 | @hw Biaaml B laam | B lzaml B |zhm | B | 2iM
in de- in de- n de- n de- 1 g in de- [N n de- in de- in de-
grees grees grees grees grees grees grees grees grees grees
t [ 1.0004 7 11 1105441 21 11.2162] 31 {15480 ] 4t 2,2078 T 100051 11 (108311 21 12548 1 31 116630 41 25312
2 1100171 12 110651} 22 | 124011 32 | 1595214 42 2,3048 2 | 100201 12 (10758 | 22 12834 1 32 (17221 1 42 2,6635
3 11,0039] 13 {1.0768 | 23 | 1.2658 | 33 | 1.6457 | 43 | 24078 3 1100851 13 (108951 23 1131441 33 | 17871 43 | 2,8079
4 11,0070 14 [1.0888 1 24 [3.2833 1 34 | 1.6939 | 44 | 25200 4 | 1,0081 ] 14 [1,1046 ) 24 [1,3477 ] 34 | 1,8565 ] 44 2,9556
5 | +,01091 15 [ 1,18391 25 | 132271 35 117579} 45 | 26414 5 1101271 15 (112121 25 138357 35 11.8315) 45 | 31383
6 |1.0158] 16 |1,11821 26 | 13543 | 36 | 1.8200 6 [ 1.0183f 16 [ 11383 26 | 142214 36 20125
7 1102164 17 111358 | 27 113880 ] 37 |1.8863 T 1102500 17 (14589 ) 27 (14635 37 121001
8 1102834 18 |1,1538 1 28 | 1.4240| 38 | 19586 6 [1,0328] 18 [ 118011 28 |1,5080 | 38 |2,1930
g |1,0350] 19 {11731 ] 29 | 14626 | 39 |2.0356 S 1104171 19 [1,2031] 28 | 1,5560 1 39 |2,2980
10 | 1.0447 ) 20 11,1838 30 | 1,5038 1 40 21185 10 [ 1,0518] 20 11,2279 ] 30 |1,6075 1) 40 | 24097

2.7.3 Radial test dimensions for teoth thickness
2.7.3.1 Radial single-ball dimension M

The radial single-ball dimension M is the distance be-
tween the gear axis and

in the case of an external gear the outermost point,
in the case of gn internal gear the innermost point

of a measuring ball of diameter Dy in contact with both
tooth flanks in a tooth space, see figure 21 and figure 22.
The points of contact Pg and P between the measuring
ball and the tooth flanks shalilie on the V-cylinder ornearit.

The corresponding measuring ball diameters Dy must be
chosen according to DIN 3977 (at present at draft stage);
for m, = 1mm they can be found from figure 23. Since the
measuring balls only need to contact the tooth flanks in
the vicinity of the V-cylinder, use can be made of available
balls having diameters differing somewhat from the nomo-
gram values or calculated vaiues.

In the case of contact in the V-cylinder the measuring ball
diameters are

Dpm2on - My COSay - {tanagnm — tanaynm), (2.89)

the virtual number of teeth z, for dimensions over balls
or pins being
=2 Z;M

Z
ZoM T TR (2.100)

cos’’ B

For factor 25y of the virtual number of teeth see table 3.

{\ The angle a,,y must be calculated according to

ZnM * COS ap

cos a = . (2.101)
vaM Zam+2-x
the angle ay,m according to
) n—4-x-tana,
aKnM = tan aygm —inv aq+ ——————= (2.102)

2 2ppm

The measuring balls according to equation (2.99) contact
the tooth flanks of spur gears exactly on the V-circle (in
the case of gears with tooth thickness deviations on the
generating V-circle if it is calculated with xy according to
equation (2.114) instead of x); they contact the helical gear
flanks close to the V-cylinder. The contact points may be
checked by equation (2.106).

Note: Inthe case of an internal gear the tooth numbers z
and z,w and the bracketed expression in equation (2.99)
are neaative. For the angles a and the measuring balil di-
ameter Dy the values are always positive.

If the measuring bail diameter Dy is known the pressure
angle at a point ag, in the transverse section on the circle
through the centre of the ball is found from

Dy
Z Mg - COS ag

T dy - cospp b

inv aKy = -n+ inv ay

(2.103)

The diameter dy of the circle on which the centre of the
measuring ball lies is found as

COSs @ db .
dx =d - 53 x| €05 ag, (2.104)
The radial single-ball dimension is
1
M = x5 {dg + Dpn) (2.105)

The diameter dy of the cylinder on which the contact points
Py and Py between the measuring bali and the two tooth
flanks lie is found as

dp

dM = “osan

(2.106)

the pressure angle ay on the circle having diameter dy
being calculated as

D
tan ap = tan ag; — -—d—gi - ¢os By (2.107)

Note: In the case of an internal gear z, 7 and 7, as well
as d, dy, and dg are negative, see subclause 2.1. Hence
‘negative-values are also obtained for Mk and dy. The
measuring ball diameter Dy and the pressure angles ag
and ay are always positive.

2.7.3.2 Radial single-pin dimension Mg

In the case of spur gear teeth and external helical gear
teeth measuring pins of diameter Dy, canalso be used instead
of measuring balis. Equations (2.99) 1o (2.107) appiy equally
to the radial single-pin dimension M.
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In the lower part of the figure the virtual tooth number z,w according to equation (2.97) or table 2 is found from the number of teeth z in the
gear and the helix angie f. Example: z = 26 and f§ = 30° gives zpw = 26 - 15038 = 39,10.
The upper part of the figure shows on the left the relationship between z,,w, the addendum modification coefficient x and the number of
teeth spanned k for z,,w = 100.
The solid-line curves correspond to the condition dy = dy — 2 - 0.5+ niy, and the broken-line curves to the conditiondy = dy + 2- 0,7 - mip.
The boundaries of the tooth systems feasible according to subclause 2.6 are not indicated here, see figures 10 and 11.
The areas covered by a given number of teeth spanned over.ap in large parts of the diagram, so that here several numbers of teeth spanned
are feasible for a single virtual number of teeth and a single addendur> modification coefficient. Example: zow = 39,1 and x = — 0,6 lies
in the area of the numbers of teeth spanned k= 2, 3, 4 and 5. Onlv in tne shaded portions is measurement with oniy one number of teeth
spanned possible. Example: zpw = 21 and x = + 0.8 lies in the range k = 4.
For znw > 100 the upper right-hand part of the figure is applicable, being designed for virtual tooth-number groups 100 ... 108,109 ... 117
etc, rising by 9 each time. From the corresponding table a tabulated value is found for the number of teeth spanned which, depending on
the addendum modification coeflicient, either yields the value of k direct, or which must be either decreased or increased by 1, 2,3 or 4
measured teeth corresponding to the ranges in the upper vart of the figure in order to yield the number of teeth spanned k. In this part
of the figure also the ranges overlap.

Example: zpw = 142 (tabulated value: 16) and x = + 0,9 vields the possible values k= 16+ 1= 17 ork =16+ 2=180r k=16 + 3 = 19.
Figure 17. Nomogram for determining the number of teeth spanned k for external gears with a, = 20°
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The left-hand part of the figure contains the relationship between the number of

teeth z, the addendum modification coefficient xand the number of measured spaces k
for |z| =100.

The solid-line curves correspond to the condition that the contact points of the
measuring elements®are 0,5 - m outside the V-circle, whilst the broken-line curves
correspond to the condition that the contact points of the measuring elements are

0,5 - m inside the V-circle.

The limits of the tooth systems feasible according 10 subclause 2.6 are not indicated
here, see figures 10 and 11.

The areas covered by a given measured number of spaces overlap in large parts of the
diagram, so that here several measured numbers of spaces are feasible for a single
number of teeth and a single addendum modification coeficient. Example: z = —48
and x = + 0.9 lie in the range of the measured numbers of spaces 2,3, 4 and 5.Onlyin
the shaded portions is measurement with only one measured number of spaces
possible. For example: z = —27 and x = — 0.4 lie in the range k= 4.

For |z|> 100 the right-hand part of the figure is applicable. For explanation see
figure 17.

Figure 18. Nomogram for determining the measured number.of spaces k for internal
. spur gears with a = 20° -

V-head

Contact line overlap’x

Measured spaces less than in table

00

0

Measuring anvil

/X \/“‘:
/

Plane of action -

Figure 19. Contactline overlap by in base tangent length measurement
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Example: For Wy = 69,548 mm and by = 3,7 mm the diag-
onal is longer than W, by about 0,10 mm. If the overlap by
is reduced, for example by edge chamfering of the fianks
and facewidth deviation by 0,84 mm, then the diagonal is
still longer than Wy by 0,06 mm. In this case the measure-
ment can still be regarded as adequately reliable.

For meaning of symbols see figure 21.

Figure 22. Radial single-ﬁa!l dimension M, on an internal
spur gear

Figure 20.. Relétionship between base tangent length W,
contactline overlap by andlength difference AW

Base cyiinder tangential plane
- for left flank

Centre of tooth space in Section A=A
| Centre of tooth space in Section B-B
dy base cylinder diameter ‘ . .

dy diameter of circle through centre of ball

dm diameter of cylinder on which the contact points P lie (ir easuring
circle diameter)

Dy measuring ball diameter 6
PL contact point of measuring ball with left flank P:‘\
Pr contact point of measuring ball with right flank

age pressure angle in transverse section at circle through centre of ball
any  pressure angle in transverse section at contact points P

24P

Generator of
right flank

Section C—C
Figure 21. Radial single-ball dimension M, in a helical external gear
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Figure 23. Nomogram for determining the measuring ball
‘ diameter Dy for radial single-ball or diamatral
two-ball measurements for a, = 20° and
my = lmm
in the case of cylindrical gears with tooth thick-
ness deviations xg replaces x
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2.7.4 Diametral test dimensions for tooth thickness
2.74.1 Dimension over balls Mgk

Inthe case of an external gear the dimension overballs Mg
is the largest external dimension over two bails whilstin the
case of an internal gear it is the smallest internal dimensios
between two balls having diameter Dy and in contact witk
the flanks in two tooth spaces at the maximum possibie

- separation from each other on the gear, see figures 24

to 26. The two balls must be in the same plane perpen
dicular to the gear axis; the measuring element faces
(making contact externally or internally) must be hekt
parallel to the gear teeth axis.

Note: The dimension over balls is not referred to the gear

axis and hence is independent of any eccentricity of the
gear teeth.

For an even number of teeth, see figure 24, the following
applies

Mg = dg + Dy, (2. 1083

for an odd number of teeth, see figure 25 and figure 26,
the following applies

Md]( - dx - COS

. 4
55 * D (2108

For choice or calculation of the measuring ball diametess
Dy see subclause 2.7.3.1.

Note: In the case of an internal gear the value found far
Mg is negative, see subclause 2.1.

2.74.2 Dimension over pins Myr

External gears with spur or helical teeth and internal gears:
with spur teeth can also be measured with pins instead e
with balls. Equations (2.99) to (2.104) and (2.106) to (2.168%
apply equally to the dimension over pins Myg.

2.74.2.1 Dimension over pins on spur gear teeth
For spur gear teeth equations (2.108) or (2.109) apply. Far
positioning the measuring pins it is not possibie to stale
a common plane perpendicular to the gear teeth axis. The
measuring elements need only be swivelled sideways t
find the maximum value; this is the actual size.

2.74.2.2 Dimension over pins on external helicat

gear teeth with even number of teeth
Equation (2.108) applies in this case. The measurementis
more straightforward even than for spur gear teeth because
the actual size is not a maximum value; instead, as the

~measuring elements are swivelled in the axial plane the

actual size is a minimum to which the measuring pins ausie-
matically adjust themselves in all positions owing to the
paraliel measuring element faces. Swivelling sideways does
not alter the measured value (disregarding form deviaticas
on the tooth flanks), see figure 27. This simply moves e
measuring pins on the same helical pagh in the tooth spaces:
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2.7.4.2.3 Dimension over pins on external he: - al
gear teeth with odd number of tocelr
Equation (2.108) appliés to this calculation also. Be-
of tha paraliel measuring element faces the two mexa -
pins are forced on a helical path out of the s N
occupied by the measuring balis in the dimensicr ~ver
balls (see figure 25 and figure 26) and into positions «~+:¢h
are exactly opposite one another over the centre --.nt
of the gear tooth system, see figure 28 (this eliminatss he

factor cos 2“

in equation (2.109) and equation (2 178)

applies). The dimension over pins is therefore twizs 35
large as the radial single-pin dimension. The helical rrr, 00
of the pins is opposed so that the measuring points rr.uve
apart axially as a function of the helix angie [y ang the

b . .
angle 5. 2 For this reason, the measuring element {765

must be held parallel to the gear teeth axis, as is #150
necessary with the dimension over balls (see subcizuse
2.7.4.1). The gear tooth system must have a certain minfrum
width byin, as must the measuring elements so tha! the
pins do not protrude beyond the tooth ends, see figurs 8.
The necessary minimum facewidth can be foung with
figure 28.

Assuming the same'balllpin diameter (Dypaii = Dy ) @
known dimension over balls can be converted to 1he
dimension over pins by means of the following equztion
Max = Dux '
Mgy = ——

+ Dumr (2.110)

cos ==
22

2.7.5 Centre distance for double-flank
engagement ¢" with master gear

The centre distance for double-flank engagement ¢~ with
master gear, see subclause 7.2, can be used as a tuouth
thickness check. For a gear with number of teeth z, and
a master gear with number of teeth z; and addendum medi
fication coefficent x the value of a” can be found frum

zy+z) m cos a -
2" = (21 +2) m z 2.111)
2 COos o

the working transverse pressure angle a” being found
according to equation (3.7) from

X7+ x,,
ZiFg N

inva” =inva, +2 - (2.112)

According to equation (2.49) in which s, is replaced by
the value (s, + A,), the addendum modification coefficient

X1 governing the double-flank engagement is found from

Spa tAs
nin 2

xhn oL S
! 2 - tanay

(2.113)

Putting A, = 0, see equation (4.1), the nominal dimensions
for xi, «" and 2" are found; when the mean value A,,, is
used the mean values are found; see subclause 4.1.6.

In this test the effects of radial run-out and tooth trace
deviation (and of damage to the tooth flanks) come into
effect also. The test thus detects all backlash-constricting
effects deriving from imperfections in the gear. Reference
should be made in this conneciion to VDI/VDE 2608
“Single-flank and double-flank working test on spur and
helical gears with involute profile” and also to DIN 34G7.
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For meaning
of symbols
see figure 21

Figure 24. Dimension over balls M, for an external spur
gear with even number of teeth

For meaning
of symbols
see figure 21

Figure 25. Dimension over balls My for an external spur
gear with odd number of teeth

For meaning
of symbols
see figure 21

Figure 26. Dimension over balls M, for an internal spur
gear with odd number of teeth
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Note: In the case of an internal gear pair u is a negative
value, see subclause 2.1.

3.2.2 Transmisslonratio !

The transmission ratio { of a gear pair is the ratio of the
angular speed (rotational speed) of the driving gear (sub-
script a) to that of the driven gear (subscript b).

(3.2)

In the case of an external gear pair the two cylindrical gears
rotate in opposite directions, i.e. their angular speeds or
rotational speeds have opposite signs; the transmission
ratio is negative. In the case of an internal gear the two
cylindrical gears have the same direction of rotation, i.e.

their angular speeds or rotational speeds have the same ‘

sign and the transmission ratio is positive.

If it is necessary to make a distinction, ratios such that
]i] > 1are said to be “speed reducing ratios” whilst ratios
such that |i] <1 are said to be "speed increasing ratios”.

L

3.2.3 Line of centres, centre distance a

In a transverse section the line of centres of a gear pairis
the straight line joining the gear centres of the cylindrical
gears mated with each other. The centre distance a is the
distance between the gear axes.

Note: In the case of an internal gear pair the centre
distance is taken as negative, see subclause 2.1

3.2.4 Pitch cylinders, pitch circles; pitch diameter d,

In the case of a cylindrical gear pair the pitch cylinders
(pitch circles) are those cylinders (circles) about the gear
axis which have the same velocities. The pitch circles divide
the centre distance in the ratio of the tooth numbers.

The pitch circles established during the operation of a
cylindrical gear pair (cylindrical gear pair in a gear unit)
are termed working pitch circles. The pitch circles estab-
lished by a generaling cutter during the generating of a
tooth system are termed generating pitch circles.

1
3 (@du1 tdu2) = a

(3.3)
2.z 2-a
dwi =375z, 4T UFI
1t 22 u
©COos oy dypy
= A" Cosaar T Cosam @4
d 2.2y 2-a-u
w2 7wz, 4T Turi
d cos oy dpn
27 COS ay;  COS aw, (3.5)

Note: Inthe case of aninternal gear pair d,,» is a negative
value, see subclause 2.1.

3.2.5 Working transverse pressure angle a,, or a”
The working transverse pressure angle a,, is that pressure

. angle whose vertex lies on the pitch circle (working pitch

circle). It is calculated from

DIN 3960 Page 27

dyy dyy {21 +22) - my
COS ayy = = = - Cosa 3.6
vt dwy dw2 2-a v GO
or
. . Xy + X2
NV ay = 1nv a + 2 Tz - tan ap (3.7)

The values inv a,, and inv a, can be found from tables of the
involute function or according to equation (2.13).

In the double-flank working test with a master gear the
working transverse pressure angle is denoted by a”, see
subclause 2.7.5.

3.2.6 Working depth A,

The working depth h,, of a gear pair is the distance apart
of the tip circlés of the two cylindrical gears on the line
of centres, see figure 30.
d. +da
hy= ——F——-a (38)

3.2.7 Bottom clearance c, bottom clearance factor ¢*
The bottom clearance c is the distance by which the tip
circle of a gear is separated from the root circle of its
mating gear, see figure 30. It is equal to the difference
between the tooth depth kh and the working depth h,,.

c=h=-hy,=c* m, (3.9

Figure 30. Working depth A, and bottom clearance ¢ of
a gear pair

3.3 Calculation quantities and factors
for mating gears
3.3.1 Reference centre distance aqq
The reference centre distance a4 is the sum of the reference
circle radii of the two gears.
dy +d; 2+ 22
T T

a4

my - (2y + 22)
2-cosf (3.10)

Note: Inthe case of an internal gear pair ag is a negative
value, see subclause 2.1.

3.3.2 Caentre distance modification y- m,,

" centre distance modification coefficient y
The algebraic difference between the centre distance aand
the reference centre distance ay is the centre distance
modification y - m, which is expressed by the centre dis-
tance modification coefficient y in fractions of the normal
module.

y-my,=a-44

Zy+ 23 cOSs ay 1
y 2-cosf COS &y

(3.11)

(3.12)
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3.3.3 Centradistance modificationcostficlant yand sum
of addendum modification coefiiciants D x
Between the centre distance modification coefficient yand
the sum of the addendum modification coefficients Tx =
X1 + x, the following reiationship exists
COS ay

-{invay —inva) = Lx -
y-( wi ) ( COS auy

- 1)- tan a; (3.13)

3.3.4 Calculation of the sum of the

~ addendum modification coefficlents Zx
If the centre distance a, the numbers of teeth zyand z,, the
normal module m,, the pressure angle a, and the helix
angle £ are known, then the working transverse pressure
angle ay, arising in the mating gears is given by equation
(3.6). In accordance with the previous equations of this

subclause the sum of the addendum modifications is then
found from

(21 + 22) * (inv ey ~
2-tana,

inV at)

Ix (3.14)

The way in which Zx= x; + x5 is distributed between the two
gears is governed by the permissible stressing of the teeth
or by other specified dimensions of the gear teeth, e.g.root
diameter, see DIN 3892 and DIN 3983.

3.3.5 Calculation of the centre distance a

If the normal module m,, the pressure angle «,, the helix
angle £, the numbers of teeth z; and 2; and the addendum
modification coefficients x; and x, of the two spur gears
are known, then the centre distance of the gear pair s
found as

COSs a;
a=ayg: ——
4" "Cos aw
n(z1+25)  cosay 3.15)
2-cosp COS )

3.3.6 Addendum alteration k- m,
addendum aiteration factor &

It is sometimes necessary for the addenda to be altered to
suit the mating conditions and the specified minimum bot-
tom clearancae. If the bottom clearance ¢ corresponding to
the standard basic rack tooth profile of the gears is to be
retained then the necessary addendum alteration k- m,
and the addendum alteration factor k, respectively, are
found from

k-my,=a-aqg—m,-Zx (3.16)

N k=y-Zx (3.17)
The addendum alterations calcu!ated in this way are ob-
tained with correct sign, that is to say:

nedative values in the case of external gear pairs, so that
the tip diameters become smalier,

positive values in the case of internal gear pairs, so that
the value of the tip diameter of the internal gear
becomes smaller whilst the diameter of the pinion
tip circle becomes larger.

The calculated values are often so small that they are
cancelled out by the deeper infeed of the cutiing tool which
isnecessary for producing the backlash and by the negative
root diameter deviations additionally produced by standerd
pinion type cutters, so that the remaining effective bottom
clearance is autered to only a sl:ght extent (or within per-
m;ss:b:e limits).
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In the case of internal gear pairs it is to be noted that the
addendum alterations which are always positive in this case
can usually not be realized because the special engage-
ment and manufacturing conditions of internal gear pairs
limit the usable addenda of the internal gear and pinion.
For details see DIN 39983.

3.4 Tooth engagement

For the investigation of tooth engagement the working pitch
circles and the corresponding transverse profile are the
criteria.

3.41 Polnt of contact

[n a gear pair a tooth flank and its mating flank contact each
other on the contact line, see subclause 2.3.3. A point of
contact of a flank profile is the point at which it makes
contact with the mating flank in any particular working
position.

At each contact point in the transverse section the normal
to the point of contact (erected perpendicularly on the
flank and passing in all cases through the pitch point C)
together with the tangent to the pitch circles in the pitch
point makes the working transverse pressure angle Gy
In the case of involute gear teeth the normal to the point of
contact and the path of contact coincide, so that the pres-
sure angle is the same for all flank points.

3.4.2 Plane of sction, line of action

The plane of action is the geomeirical locus of all points of
contact of an involute flank with the mating flank of the
mating gear. it contacts the base cylinder and hence is
paralle! to the gear axis and is distant from it by the radius
of the base cylinder.

Each gear pair has two planes of action, one for the right
flanks and one for the left flanks, see subclause 2.3.3. The
two planes intersect in the instantaneous axis which is
paraliel to the two gear axes and the angle enciosed by the

- two planes is twice the working transverse pressure angle

aw‘—

The lines of action of an involute gear tooth system are the
intersections of the planes of contact with transverse
sections. They are the geometrical locus of all possible
points of contact of the flank profiles in the transverse
section of a gear pair and at the same time the projection
of all possible contact lines of the tooth flanks in the direc-
tion of the instantaneous axis.

In the transverse section of the gear teeth, a line of action
inthe case of externalgearsisthe commoninternaltangent,
and in the case of internal gears the common external
tangent, to thé base circles of the mating cylindrical gears.
It contacts the two base circles at points Ty and T,, see
figure 31 and figure 32. In both figures pinion 1is assumed
1o be the driver, that is to say the ratio is speed-reducing.
It is necessary to distinguish between the right flank line of
action and the left flank line of action.

“3.4.2.1 “Special points on the line of action
- Special points on the line of action are as follows (see

figure 31 and figure 32)

A starting point of engagement
This is the point at which the line of action intersects
the tip circle of the driven gear.

B internal individual point of contact on the driving gear,
external individual point of contact on the driven gear.
This is the point on the line of action which is distant by
one normal base pitch from point E.

C pitch point

i .
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D external individual point of contact on the driving gear,

internal individual point of contact on the driven gear.
This is the point on the line of action which is distant by
one normal base pitch from point A

"E finishing point of engagement.

This is the point at which the line of actionintersects the
tip circle of the driving gear.

T; pointof contact between the line of actionand the base
circle of gear 1.

T, pointof contact between the line of action and the base
circle of gear 2.

3.4.2.2 Curvature radii of the tooth flanks

The following segments of the line of action give rise to
the curvature radii of the tooth flanks which are the cri-
teria for the contact ratio and motion conditions of a gear
pair (see figure 33 and figure 34):

= 1 /7
T,C =gci =5 dii - df
R

=3 dypy - lan ay, (3.18) .

.- sy ° C . "
- 1 22
ToA =0 =y - dly - di (3.19)
—_— 1
TiE =0p1 =, Vdh = diy (3.20)
-TTé =0p1 = ;”m = P (3.21)
TD = 0p2 = 042 ~ Put 3.22)
T T,=0c1 +0c2 = @ sinaw

= 0a1 t 0A2 = 0r1 T 0k2 (3.23)

Equations (3.19) to (3.22) apply to the case when gear 1
is the driving gear and gear 2 the driven gear.inthe opposite
case A and E as well as B and D are to be interchanged in
figures 31 to 34 and in equations (3.19) to (3.22).

Note: The values obtained for the curvature radii of an
internal gear and for the segment T\T2 of an internal gear
pair are negative, see subclauses 2.1 and 2.5.7.

[

3.4.3 Zoné of action, length of path of contact

The zone of action {(length of path of contact in the trans-
verse section) is that part of the plane of action (line of
action in the transverse section) which comes.into use
during the operation of a gear pair. In the case of speed-
reducing ratios the length of the path of contact is termi-
nated at its starting point A by the tip circle of gear 2 and
at its finishing point E by the tip circle of gear 1, see
figure 31 to figure 34.

in the extreme case the length of the path of contact may
extend as far as the base circles. if the tip circle of the

generating cutter cuts the line of action outside the points

T, or T, the result is undercut and the length of the path
of contact is shortened accordingly. If the tip circle of the
mating gear cuts the line of action outside the segment TT,
in the case of external gear teeth, or inside the segment T, T
in'the case of internal gear teeth, then meshing difficulties
will arjse.
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The length g, of the path of contact of two mating cylindri-
cal gears is given by: :

&= [w/ - d

271

v d% - di;

= (dpy + dp2) - tan ‘wa]

s

(3.24)

Note: z3.d,;anddy;arenegative inthe case of aninternal
gear, see subclause 2.1. .

The length of the path of contact when a cylindrical gear
(subscript 1) is mated with a rack (standard basic rack
tooth profile according to DIN 867) is given by

1 / *
Be = 2( d? - di, - dpr - tanax)

my - (1 - %)

Tsing
The length of the path of contact g is divided by the pitch
point C into the length of approach path g; (portion of the
length of path of contact at the root flank of the driving
gear between the tip circle of the driven gear and the pitch
point) and the length of recess path g, (portion of the
length of path of contact at the tip flank of the driving gear
between the pitch point and the tip circle of the driving
gear, see figure 31 and figure 32. These portions cf the
length of path of contact are also termed the tip length of

the path of contact and root length of the path of contact
of the gear.

For the case where gear 1is the driving gear and geaf 2the
driven gear, the following applies:

The length of approach path is equal to the length of
dedendum path of contact of gear 1 which is equal to the
length of addendum path of contact of gear 2

(3.25)

gr = AC = 0a2 — 02

1 4
= (T—Z—zg—!— c v diz - d{z)z ~dp - tan awl) (3.26)

2

Thelength of recess pathis equal to the length of addendum
path of contact of gear 1 which is equal to the length of
dedendum path of contact of gear 2

8a = EE= Qg1 ~ Py
1 ST e
= 2 : ( dg ~diy — dy - tan “wt) 3.27)

For the opposite case {gear 2 driving, gear 1 driven) g, and
gs as well as the subscripts A and E for the curvature radii
are to be interchanged in equations (3.26) and (3.27) (see
subclause 3.4.2.2).

Note: Inthe case of an internal gear the number of teeth,
the diameters and the curvature radii are negative values,
see subclauses 2.1 and 2.5.7.

Note: The length of the path of contact can be shortened

“ by tooth tip chamfering or radiusing or by tip relief. In such
a case the usable tip diameter dna OF dna2 obtained from
the production specifications is to be substituted for day
and d,, respectively, in equations (3.19) and (3.20) as weil
as in (3.24) to (3.27), see subclause 3.4.4.

3.4.4 Usable diameter dx;
active and usable ranges of the tooth flanks

The usable circles enclose the ‘active ranges of the tooth
flanks which are effective when the gears are operating,
see figure 31 and figure 32.The starting point A of the path
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Figure 31. Length of path of contact and active flank

Figure 32. Length of path of contact and active flank .
rangee of an external.gear pair with speed-re-

range of an internal gear pair with speed-re-
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Figure 33. Curvature radii o of tooth flanks and sliding Figure 34, Curvature radii o of tooth flanks and sliding
speed v, at point of contact Y of an external spest vy at poirt of contact Y of an internal
gear pair with speed-reducing ratio gear pair with speed-reducing ratio
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of contact determines the usable root circle of gear 1 with

" the usable root diameter dxyy. whilst the finishing point £

of the path of contact determines the usable root circle of

. gear 2 with the usable root diameter dyg. The usable tip
diameters dn,; and dp,z are governed by the production

specifications of the gear and in generai are practically
equal to the tip diameters d,; and d,, respectively. For
example, with tooth tip radiusing @,, in the normal section
the following applies

- Sin a,n)

dna=~da =2 0an - (1 (3.28)
Hence for a gear pair
dnn
: 2 ; 3
'./(z'a'Sin“w\_ i? 'Vd§a2"dg2)+d§i
221
(3.29)
dnpz = T
v v e
P4 2-a-sinay ~ d{ia,—d%‘) + di,
(3.30)

Note: For an internaf gear pair the centre distance a and
the diameters of the internal gear are negative, see sub-
clause 2.1.

For special cases arising with internal gear pairs see
DIN 3993.

" During the production of a gear tooth system by the

generating method the usable circles corresponding to
the transverse pressure angie at generation and the cutter
tip diameter come into action. These usabie circies enclose
the usable ranges of tooth flanks.

During tooth production on an externai gear with a rack
cutter or a hobbing cutter without protuberance (adden-
dum }i,0, tip rounding radius 0,0). the usable root diameter
dnse on the generated cylindrical gear is as follows if under-
cutting does not occur:

dnee -

='V[d- sina -2+ (Hag—Xg* Ma= Qa0 (1 -sinan))/sinag]zﬁ-df,'

(3.31)

The addendum modification factor xg at generation must
be determined taking into account the tooth thickness
deviation A, and a grinding or shaving aliowance, if re-
quired. In case of an allowance of this kind dng is the
diameter usable during pretiminary treatment.

During shaping the usable diameter dy;g is found accord-
ing to equation (3.30), the corresponding quantities of the
pinion type cutter with subscript 0 replacing the quantities
with subscript 1. Furthermore, the relationship specified in
DIN 3993 must be observed in the case of internal gears.

3.4.5 Transverse angle of transmission @,
transverse contact ratio &4

The transverse angle of transmission @, of a gear is the
centre angle through which it rotates with its mating profile
from start to finish of engagement of a flank profile, see
figure 35. The transverse angle of transmission of pinion
and gear s given as follows:

8
Gl = U a2 (3.32)
8a ?e;l -
. Pa2 = Tb2 " Tu 333

r
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The transverse contact ratio 4 is the ratio of the transverse
angle of transmission @, to the angular pitch 7 or the ratio

of the iength of path of contact to the transverse normal
base pitch.

Pal Pa2
B i
T} 12

Lo
Pt

- 8+ 8a
Pet

&g ™

(3.34)

Figure 35. Transverse angle of transmission ¢, of an ex-
ternal gear pair

3.4.6 Overlap angle ¢g, overlap ratio &g

The overlap angle @g is the angle between the two axial
planes enclosing the end points of a tooth trace, see
figure 36.

b-tanl gl 2-b-sinl gl
ST T r = my - 23 = U 9p2 (339
b -tani gl 2-b-sinl Bl op

Thervér!ap ratio g is the ratio of the overlap angle ¢; to
the angular pitch 7 or the ratio of the facewidth b to the
axial pitch py.

41N
T 2

o2 _ b

b -sinl gl
Dx T

o= — (3.37)
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Figure 36. Overlap angle ®p of a cylindrical gear

3.4.7 Overlap length &
The overlap length gp of a helical gear is the reference circle
arc belonging to the overlap angle pp.

8 =T ¢y=b-tan|f| (3.38)

3.4.8 Total engle’of transmission Py
total contact ratio £y

The total angle of transmission ¢y is the angle at the
Centre of a gear through which it rotates from start to
finish of contact of one of its flanks with the flank mated
with it. It is equal to the sum of the transverse angle of
transmission and the overlap angle,

Pyl = @ t Ppr = U Py (3.39)

Py1
2= Qa2 ¥ Pp2 = - (3.40)

The total contact ratio &y is the ratio of the total angle of
transmission to the angular pitch. It is equal to the sum of
the transverse contact ratio and the overlap ratio.

(3.41)

3.5 Sliding conditions at the tooth flanks
3.5.1 Sliding speed vy

Atapoint of contact of two cylindricalgearsin engagement
the sliding speed g is the difference of the speeds of the
two {ransverse profiles prevailing in the direction of the
common tangent.

At the point of contact Y, see figure 33 and figure 34, the
t\l~o transverse profiles have the normal speed Up= % wr- dpy

Because of the similarity of the speed triangles with the tri-
angles YO4T; and YO, T, the sliding speed is found in con-
junction with the curvature radii Oy1and 0y, (see equation
(2.12)) as

2
According to figure 33 and figure 34 the distance g, be-

tweenYand Cis

8y = t (0cy — le) =¥ (0c2 ~ 0y2)
hence

1
Ug”i&)l‘gay'(l‘f‘a)

(3.42)

(3.43)

(3.44)
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Note: 8y @lways counts as positive. Since u is positive
for en exicrnal gear pair and negative for an internal gear
pair it usually follows that the sliding speed is greater for
external gear teeth than for internal gear teeth,

The sliding speed is proportional to the distance 8ay and
at the pitch point is equal to zero. It reaches its maximum
values at the point of root or tip contact,

1
vg;=:tw1-gf-(1+a)

1
Ugagiﬁ)l'ga‘(l'l"a)

& and g, being found according to equations (3.26) and
(3.27), respectively.

(3.45)

(3.46)

3.5.2 Stiding factor Ky

The sliding factor K, is the ratio of the sliding speed vg to
the velocity v, of the pitch circles:

Ug 2'gay ( 1)
Kg=—5-'=~a——' 1+a—

t wl

(3.47)

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

2 «

atA: Ky = -—Z——-wf‘ : (1 ‘s ) (3.48)
2 .

at E: Kgasvw—fl 1+é) (3.49)

Note: In the case of an internal 'gear pair u is taken as
negative, see subclause 3.2.1.

The variation of the sliding factor along the line of action
is shown in figure 37 for an external gear pair and in
figure 38 for an internal gear pair, taking u = + 2 as the
example. For judging addendum modifications the fines Ky
and Kg; are continued beyond points A and E.

3.5.3 Specific sliding ¢

The specific sliding (is the ratio of the sliding speed to the
speed of a transverse profile in the direction of the tangent
to the profile, see figure 33 and figure 34.

Equation (3.42) yields

_y_ Oy
=1 u -0y (3.50)
U oy
= ] o ——— 3.51
H=1 0 (3.51)

The maximum values of ( are reached at the end points
A and E of the path of contact

Oa2

atA: (=1~ W o (3.52)
u - o5

atE: (=1 - ""(;“‘;‘*— (3.53)

using the curvature radii 0a and gg according to sub-
ciause 3.4.2.2.

Note: In the case of an internal gear pair u is taken as
negative, see subciause 3.2.1.

In the variation of the specific sliding along the path of
contact is shown in figure 37 for an external gear pair and
in figure 38 for an internal gear pair using the example of
u = 2. For judging addendum modifications the curves
of specific sliding are continued beyond points A and E.
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~e—] ine of action ———»

4 Deviations and tolerances
for cylindrical gear teeth

For the mating of two gears it is necessary to have devi-
ations from the zero-play condition in order to achieve the
necessary backlash. The minimum deviations depend on
the backlash-reducing effects of the gear teeth and of the
housing and as well on the operating conditions and the
influence exerted by the design, whilst the maximum de-
viations depend additionally on the gearcutting tolerances.
These influences are mostly independent of the helixangle.
Therefore the deviations and tolerances on tooth thickness

’

K | o } & i
1.25 5
’,J
1 A &
ll'
0.75 £ 3 3
e 3
3 @ .
] 2 -
[d +
@ L } 2
- & 1 "
13 To J
bl . |
- 2
ol ! b
RN 1458
- |
Py L
- N
— _2 <
' / \ <
. 1 . \\ ~\ ;E
-075 A 3 -3
- / \ \‘\ iy
2 A \ v\
-1 | { Bl S et Bt o R2Y
\ ~
“125—f—12 \ :
T ! K -5 Figure 37. Sliding factor K, and specific slid-
H \ ing ¢ as a function of the normal.
-15 4 e e A -6 base pitch for an external gear pair
-e———-Line of action———o= withu=+2
K| - N B
04 A
0'3 /’I/ 3
02 ol 2
<IN Ko |~
21 TN < -
N ™ 4 1 -
A I I I N N e i RV
HIK % AN S S B S
HERE ZN bs -
_‘2 i ‘0,1 F— ( v 2 - -1
"'13 1 N
e K .
[ 1 Ng2 .
= 0.2F T 2 K -2
] ~
§ ‘\\
-03 ™~ -3 Figure 38. Sliding factor K, and specific slid-
’ N ing ¢ as a function of the normal
~-04 4

base pitch for an internal gear pair
with u = - 2

e

And its test dimensions are referred to the normal section
(see DIN 3967), likewise the change factors.

All definitions and equations in this clause hold
good for zero-deviation gears.

4.1 Deviations A of tooth thickness
and its test dimensions ‘
4.1.1 Deviations of tooth thickness A; .

To achieve backlash the teeth of external gears and ©
internal gears must have negative tocth thickness devi-
ations. The tooth thickness deviation A; is the difference
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between an actual size and the nominal size of the normal
tooth thickness s, on the reference cylinder. The largest
permissible tooth thickness of a gear is given by the upper
tooth thickness A, and the smallest permissible tooth
thickness by the lower tooth thickness deviation Ay,

Inthe case of cylindrical gears with addendum modification
measurements near the middie of the tooth depth (i.e. near
the V-cylinder) are to be preferred to measurements on the
reference cylinder. The tooth thickness deviations on a
Y-cylinder are found from

dy - cospy,
Ay = A Tosh
X
~As-(1+2-znw), (4.1)

the last part of this equation being applicable to the tooth
thickness deviations on the V-cylinder dy = d,).

For calculations in the transverse section the tooth thick-
ness deviations Ag have to be converted into the corre-
sponding transverse section deviations A,:

As
Aq= 5o (4.2)

For calculating the deviations according to subclause 4.1.3
to417itis advisa:b!e to calculate first with the average

tooth thickness deviation A, = % (Age + Ag)) and then to

determine the limits with the aid of the change factors
according to clause 5.

4.1.2 Dasviations A;of the
normal chordal tooth thicknesses

The deviation As is the difference between an actual size
and the nominal size of the normal chordal tooth thick-
ness 3,. For the normal chordal tooth thicknesses Syn at
diameter d, the deviations alter accordingly, see sub-
clause 4.1.1,

The deviations A; and A;; are generally only insignificantly
different from the deviations A and Agy, respectively, of
the tooth thicknesses. They can be equated with them
except for very small numbers of teeth, see subclause.5.1.

4.1.3 Base iangent length deviations Ay

The base tangent length deviation Aw is the difference
between an actual size and the nominal size of the base
tangent length Wi. In the case of external gears negative
deviations make the actual size of the base tangent length
smaller then the nominal size for zero-backlash engage-
ment, whilst in the case of internal gears negative devi-
ations make the absolute value of the actual size larger
than the absolute value of the nominal size.

The upper base tangent length deviation is denoted by
Awe and the lower by Ay;.

It is convenient first to calculate the mean base tangent
length according to equation (2.96) using for x the mean
generating addendum modification coefficient xg, which
is obtained from equation (2.114) with the mean tooth
thickness deviation Ag,,. Then by using the change factor
according to subclause 5.2 the limits are found.

4.1.4 Doviations Apg of
dimension over balis or pinz

The deviation Apmq of the dimension over balls or pins My
of tooth thickness is the difference between an actual size
and the nominal size of the dimension over balls or pins.
In the case of external gears negative deviations make the
actual size smaller than the nominal size for zers-backlash
engagsment, whilst in the case of internal gears negative
deviations make the absolute value of the actual size larger
thanthe absolute value of the nominal size. The permissible
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maximum value is denoted by Ayg. and the permissible
minimum value by Aumg;..

The relationship between an actual size of the dimension
over balls or pins and the corresponding tooth thickness
deviation is found from equations (2.104) and (2.108) or
{2.109) on substituting in equation (2.103) the value
e—A n—4-x-tanea A
n= t st = n - S (4.3)
d 2-z NF AR

for the spacewidth haif angle .

It is convenient to calculate first the mean dimension over
balis or pins according to equation (2.108) or {2.109), the
value of i for equation (2.103) being calculated according to
equation {4.3) using the mean tooth thickness deviation
Agam (from equation (4.2) with Agy). The limits are then
found with the aid of the change factors according to
subclause 5.3.

4.1.5 Deviations Ay, of radial single-ball
or single-pin dimension
For the deviations Ay, the definitions corresponding to
subclause 4.1.4 apply.
1 cosa

Awr =3

2  sinag,

cos (4.4)

4.1.6 Deviations A,- of centre distance for
double-fiank engagement 4" with master gear

Deviation A, of the centre distance g” for double-flank
engagement with a master gear is the difference between
an actual size and the nominal size of the centre distance
a”, see subclause 2.7.5. If in equation (2.113) the upper
tooth thickness deviation A, is substituted first, and fol-
lowing this the lower tooth thickness deviation Ay, then
from equations (2.111) and (2.112) the permissible limits for
the double-flank engagement &” and hence the upper
deviation A, and the lower deviation A, can be found.

It is convenient first to calculate the mean centre distance
for double-flank engagement according to equation (2.111),
the mean value ap, being calculated according to equation
(2.112) using the mean working addendum modification
coefficient xi,, (from equation (2.113) with A ). The limits
are then found with the aid of the change factor according
to subclause 5.5.

4.1.7 Tip diameter deviatlon Ay,

with overcut cylindrical gears
The tip diameter deviation A4, with overcut cylindrical
gears is the difference between the actual size {meaasured

value dyy) and the nominal size of the tip diameter, see
subclause 2.7.6.

The upper tip diameter deviation is denoted by Ag4,. and

the lower deviation by Ag,;. The permissible limits are found
according to equations (2.114) and (2.115) by substituting
the upper or lower deviations A, or A respectively.

It is convenient first to calculate the mean tip diameter

according to equation (2.115), for which purpose the vaiue
substituted for xg is the mean generating addendum modi-
fication coefficient which is found from equation (2.114)
using the mean tooth thickness deviation Ag,,. The limits
are then found with the aid of the change factor according
to subclause 5.6.

4.2 Tolerances T

The tolerance is the difference between the permissible
maximum value (upper deviation) and the permissible mini-
mum value (lower deviation) of a quantity. The deviations
A, and A; referred to in this subclause denote the permis-
sible deviations.

Corresponding to the quantities considered in sub-
clause 4.1, the tolerances are distinguished according to
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subclauses 4 2.1 to 4.2.7 and for this purpose the appro-
priate quantities are to be inserted in the general definition.

The range of tooth thickness errors and the deviations of
other gear guantities (e.g. radial run-out) atfect the various
- test dimensions for tooth thickness differently. Hence the
conversion ©f a tooth thickness toierance according to
subclauses 4.1.3 to 4.1.7 into the corresponding tolerance
on a test dimmension for tooth thickness does not auto-
matically yield the correct values. instead, additional cor-
rection values arising from the characteristic features of
the various measuring methods have to be considered.
For details see DIN 3967.

'4.2.1 Tooth thickness tolerance T,
Ty = Ase — A (4.9

* 4.2.2 Tolerance Tz on normal chordal tooth thickness
' = A~ As 4.6)

4.2.3 Baée tangent length tolerance Ty
Tw = Awe ~ Awi 4.7)

4.2.4 TYolerance Ty4 on dimension over balls or pins
Tma = AMmde ~ Amdi , (4.8)

9 4.2.5 Tolerance Ty, :)n radial single-ball
- or single-pin dimension

Tre = Amee = Amii (4.9)

4.2.6 Tolerance T,  on centre distance for
double-flank engagement with master gear

Ty = Aye = Ay (4.10)

4.2.7 Tip diameter tolerance T,
with overcut cylindrical gears

Tga = Adac ~ Adai (4.11)

5 Change factors A*

For use in gear production it has been found expedient t¢
calculate the ratios between the deviations A; Aw, Amg
or Aumn., respectively, A,- and Ag, on the one hand, and the
tooth thickness deviation A; on the other and to define
them notionally as change factors. With such change factors
it is easy and convenient to compare also the deviation of
S0 Wi, Mg or M, and @” with one another. The change
factors .are referred to the normal section because the
deviations and tolerances also are defined for the normal
section, see DIN 3967.

The deviation A mentioned in this subclause denote the
permissible deviations.

5.1 Change factor Afof
normal chordal tooth thickness

The change factor Af for the normal chordal tooth thick-
ness §, existing on the V-cylinder is given by

Asv

5
dy- C(;Sﬁv
d-cospf

~
Ay =

. (cos . - sin g, - tan (ay - qz\,))‘ (5.1)

where B, is 1o be calculated according to equation (2.42),
ay, according to equation (2.43) and ¢, according to
equation {2.55).

Note: The change factor A% is only significant for small
numbers of teeth and is normally put equal to 1
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5.2 Change factor A}, of base tangent length
The change factor Ay of the base tangent length Wy is

Aw"

i
= COS ap (5.2)
S

5.3 Change factor A}, of
dimension over balls or pins

The change factor Ara Of the diametral dimension My is
given by the following for even numbers of teeth and for
odd numbers of teeth in the case of external helical gears
when measuring with pins
Amd oS oy
= .
As sinay, * cos §

Amg = (5.3)

and for odd numbers of teeth (for helical gear teeth how-
ever only when measuring with balls) by

Awmd COs a;

s ki
Amd = - .
M= 2T Snagcosp 2z B4

This approximation formula becomes more and more in-
accurate as the deviation becomes larger. For smalil devi-
ations of the gear teeth from the zero-piay condition how-
ever it is sufficiently exact. Where relatively large deviations
are concerned it is appropriate to calculate the change
factor from a tooth thickness corresponding to the mean
deviation of the tolerance zone. .

5.4 Change factor A}, of

radial single-ball or single-pin dimension
The change factor A4, of the radial single-ball or single-pin
dimension M, is half the size of the change factoraccording
to equation {5.3) for both even and odd numbers of teeth.

55 Change factor A}- of centre distance for

double-flank engagement a” with master gear
The change factor A}~ of the centre distance for double-
flank engagement a” with master gear is

. A 1 €Oos ay
As sina” - cos f (55)

This approximation formula becomes more and more in-
accurate as the deviation becomes larger. For small devi-
ations of the gear teeth from the zero-play condition'how-
everitis sufficiently exact. Where relatively large deviations
are concerned it is appropriate to calculate the change
factor from a tooth thickness corresponding to the mean
deviation of the tolerance zone. The angle @” is the working
transverse pressure angle when engaging with the master
gear, see subclause 3.2.5.

5.6 Change factor A}, for
tip diameter of overcut cylindrical gears

Ihe change factor for overcut gears made by a zero-devi-
ation and zero addendum modification cutter (e.g.ahob)is

da

Asa= = cot an (5.6)

S

In the case of cylindrical gears of the overcut type produced
with a pinion type cutter it is generally not possible to convert
with the constant change factor according to equation (5.6).
With gear teeth of this kind it is necessary to take account
of the total number of teeth and the sum of the addendum
modification cosfficients of the generating gear pair, see
subclause 2.7.6.

239



Page 56 DIN 3880

6 Deviations of Individusl parameters
of cylindrical gear teeth

The definitions of this clause are concerncd with the devi-
ations of individual parameters of cylindrical gear teeth
which are referred to the zero-deviationreference cylinder,
see subclause 2.2.7.

individual deviations f are those deviations from their nomi-
nal values which are exhibited by the various parameters
of the gear teeth, such as piich, profile shape, base diam-
eter, pressure angle, tooth traces and helix angle. A total
deviation F contains the joint effects of several individual
deviations.

The permissible maximum values of the individual devi-
ations, see DIN 396110 DIN 3864, are denoted where neces-
sary by the additional subscript ,per®.

For general information on deviations, see DIN 7182 Part 1.

6.1 Circular pitch deviations

Circular pitch deviations, or pitch deviations in brief, are
measured on the reference circie or on a measuring circle
as close as possible to the reference circle and concentric
with the gear axis. The difference between the measuring
circle diameter dy*and the reference diameter d affects
the measured values of the deviations by the factor dy/d;
generally speaking these effects are negligibly small.

The measured values are also influenced by the effects of
any eccentricity of the gear teeth and by profile deviations.

For a graphical respresentation of circular pitch deviations
see figure 38.

6.1.1 Ad]acent pitch errors [,

An adjacent pitch error f, is the difference between the
actual size of an individual transverse pitch and the nominal
size p.

On a gear having z teeth there are z adjacent pitch errors
of the right flanks and equally as many of the left fianks.
The deviations f, arise as differences between the indi-
vidual measured values and the mean of all 2 measured
values.

6.1.2 Cumulstive clrcular pltch errors Fpy

A cumulative circular pitch error Fpy is the deviation of the
actual size of a pitch span over k individual pitches from
its nominal size. It is also found — provided the measuring
errors are sufficiently small — as the algebraic sum of the
k adjacent pitch errors contained in the span:

Fpx = %ip (6.1)

If the deviations of all pitch spans are measured from a
given reference tooth flank as the starting point, or are
calculated from the adjacent pitch errors f, according to
equation (6.1) and then plotted versus the corresponding
tooth numbers, the result obtained are the cumulative
circular pitch errors according to figure 39 b.

The values plotted in figure 39b represent tha position
deviations of the .tooth fianks on the reference circle in
relation 1o the notional zero-deviation circular pitch with 2
‘uniformly distributed pitch points one of which coincides
with the reference tooth flank, From the serigs of these
vaelues all z individual pitch deviations and all cumulatlive
circular pitch errors can be found as differences.

.
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6.1.3 Cumulative circular pitch error Fj, /8

A cumulative circular pitch error Fj, /5 is the cumulative
circular pitch error existingover asector of (approximately)
s of the gear periphery (k = z2/8).

6.1.4 Cumulative pitch error F ¢

The maximum cumulative circular pitch error on the gear
is termed the cumulative pitch error F,,. Itis stated without
sign and is found from the cumulative pitch errors as the
difference between the algebraically largest and the aige-
braically smallest value.
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a) adjacent pitch errors f, shown as vertical blocks be-
tween the flank numbers
" Ry range of pitch errors
f. difference between adjacent pitches (in this case
between pitches Nos 20 and 21, i.e. on flank No 20)

b) cumulative circular pitch errors referred to flank No 21,
shown as a siepped-line diagram
Fp cumulative pitch error

¢) cumulative circular pitch errors over a sector of k=3
individual pitches each time, shown as vertical blocks in
mid-span

d) cumulative pitch-span deviations calculated from the
span deviations of figure ¢, referred to flank No 21,
shown as a stepped-line diagram (with correspondingly
large step width)

Figure 39. Graphical representation of circular pitch de-
viations (example: z = 21)




6.1.5 Range of pitch errors R,

The range of pitch errors R, is the difference between the
largest and the smallest actual size of the transverse
pitches p; of the right or left flanks of a gear.

The range of pitch errors R, can be determined directly
from the measured values of a circular pitch measurement
without knowledge of the adjacent pitch errors /.

6.1.6 Difference between adjacent pitches f,

A difference between adjacent pitches f, is the difference
between the actual sizes of two successive transverse
pitches of the right or left flanks of a gear.

Ditferences between adjacent pitches are found direct
from circular pitch measurements as the differences of the
measured values of pairs of adjacent pitches.

6.2 Normal base pitch errors f,.

A normal base pitch error f, is the difference between
the actual size and the nominal size of a normal base
pitch p.. Errors of the transverse base pitches are denoted
by Ipc, and errors of the normal base pitches by [y

The results of the base pitch measurements are inde-
pendent of any eccentricity of the gear teeth. Base pitch
deviations may derive both from irregularity of the circular
pitch as well as from form and position deviations of the
two tooth flanks, As a result of irregular profile or tooth
trace configuration they may differ at different points on
the same tooth flanks.

For connection between base pitch deviations and trans-
verse pressure angle deviation or base circle deviation,
see subclause 6.3.1.6.

6.3 Flank deviations

Flank deviations are the deviations existing within the flank
test area of the gear by which the looth fianks depart from
the involute helicoids of the nominal base cylinder when
taking into account the desired deviations (e.g. crowning).

Flank deviations on a cylindrical gear can be determined
a) in aplane of transverse section (deviations of the trans-
_verse profile, or of the profile for short)

b)‘ onthereference cylinder or some other coaxial cylinder
.. (deviations of the tooth trace)

¢) in a plane_tangential to the base cylinder (deviations
of the generator).

The records of flank deviations obtained with the aid of
flank testing machines are the flank test diagrams. In the
test diagram produced by the majority of flank testing
machines the nominal involute, the nominal tooth trace
and the nominal generator appear as straight lines, see
figure 40. From the flank test diagram (test diagram curve)
numerical values of the actual deviations on the gear are
derived by the use of relationships indicated below.

The flank test range generaily comprises the range of the
usable flank (height and width of the flank). Alternatively,
it may be specially agreed for acceptance test purposes
on gears.

6.3.1 Devlations of transverse profalg

It is only in transverse sections that mvolute gear teeth
exhibit involutes of their base circle. Deviations of the
tooth profiles from their nominal profile are therefore meas-
ured only in transverse sections. The nominal profiles are
formed by involutes of the nominal base circle with allow-
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ance made for intended deviations from the mvolute form
(e.g. profile modification).

For this measurement it is usual to employ measuring
machines which guide the stylus according to the involute
generating law during the measurement and trace the tooth
flank along a transverse profile. When the direction of
stylus motion is at right angles to the flank the measured
values must be converted to deviations in the transverse

1
cosfp °

Note: Inthe testdiagram traced by the measuring machine
the measured values are read off atright angles to the direc-
tion of chart feed, that is to say in the case of a test diagram
according to “yure 40 in the direction at right angles to
the line AA which corresponds to the recording of a nominal
involute. For evaluation of the test diagram the equalizing
line BB is drawn as the actual involute. This is calculated if
necessary by the “method of the least sum of the squares
of the errors™. An inclined position relative to the line AA
indicates the presence of a deviation from the nominal base
diameter or from the nominal pressure angle.

The profile test range must generally be taken as the length
of path of contact when the gear is meshed with its mating
gear (or if the latter is unknown, with the rack). The profile
testrange L, is convenientiy defined by stating the working
length Lfortherootand L forthetiporbythe correspond-
ing working angles & and .

The following are distinguished:
Total profile error F;
Profile form error f;
Profile angle error fyqo
Profile waviness fg,-

6.3.1.1 Total profile deviation F;

The total profile error F; of a tooth flank is the distance
between the two nominal profiles which enclose and touch
the tooth flanks within the profile test range.

Note: In a test diagram according to figure 40 the total
profile error F; is the distance measured at right angles to
the direction of chart feed between the line AA and the
further line A'A’ paraliel to it which are drawn through the
outermost points of the test pattern in the direction of chart
feed within the profile test range. The desired deviations
from the involute form are alflowed for by appropriate devi-
ations of the lines AA and KA’ from straightness.

6.3.1.2 Profile form error f;

The profile form error f; of a tooth flank is the distance
between the two involutes of the base circle which —allow-
ing for desired deviations from the involute form — enclose
and touch the actual profile within the profile test range.
The’profile form error also comprises the wave depth of
the profile waviness, see subclause 6.3.1.5.

Note: In a test diagram according to figure 40 the profile
form error f is the distance measured at right angles to the
direction of chart feed between the parailel lines B'B’ and
B"B” parallel to the averaging actual involute BB, which
lines contact the test diagram within the profile test range.

6.3.1.3 Profile angle error fy,

The profile angle error fy, is the distance between the two
nominal profiles which cut the involutes of the actual base
circle at the starting and finishing points, respectively, of
the profile test range. The profile angle error fy4 is usually )
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Figure 40. Flank deviations
Test diagram and survey of deviations
Profile Tooth trace - Generator .
® Total profile error Fy Total alignment error Fy Total generant error Fg
@ Profile angle error fyq Tooth alignment error fyp Generant angle error fyg
® Profile form error f; Longitudinal form error fg; Generant form error fg¢
Testrangs | Profile test range Ly Tooth trace test range Ly Generator test range Lg
Averaging actual involute Averaging actual tooth trace Averaging actual generator
*
AA, A'A’ Nominal profiles Nominal tooth traces Nominal generator
which envelope the actual flank
BB, B"B” | Actual involutes I Actual helices Actual generator
which envelope the actual flank
C'C, C"C” | Nominal profiles { Nominal tooth traces Nominal generator

which cut the actual generators or tooth traces at the starting and finishing point, respectively, of the test range

stated in terms of um as a linear dimension assigned to
ihe profile test range L,, see DIN 3861. The profile angle
27101 fyo is deemed to be positive if the invoiute of the
actual base circle rises to the material-free side, compared
with the nominal profile, in the direction of increasing
working length; it is deemed to be negative if the involute
of the actual base circle falls {owards the material side in
the direction of increasing working length.

Aprofile angle erroris caused by a deviation of the pressure
angle or by eccentricity of the base circle of the gear teeth
{non-coincidence of gear-cutting axis and axis of rotation)
which has the same effect on the individual tooth.

Note: In a test diagram according to figure 40 the profile
-angle error fy4 is the distance measured at right angles to
the direction of chart feed between the lines C'C' and C'C”
drawn paraliel to the line AA which cut the line BB at the
starting and finishing points of the profile test range.

6.3.1.4 Pressure angle error f,, base circle error

The profile angle error fi, Can if necessary be converted
to the corresponding base circle error f;, (difference be-
tween the actual base diameter and the nominal base di-
ameter) or to the corresponding pressure angle error fy
(difference between the actual pressure angle and the
nominal pressure angie).

fHa
fo=dp L. 6.2
fHa L ’
fo= - Ly - tana €3

if fH; is inserted in wm and L, in mm, then f;, is found in
pm, f, in mrad (see subciause 1.3).
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8.3.1.5 Profile waviness fi,

A profile deviation repeating cyclically with the working
angle is denoted as the profile waviness fi,. It is character-
ized by the wave-depth and wave-iength.

6.3.1.8 Connectionbetween pressure angle error
f« base circle error f, and base piich
8ITOT fpe

The actual size of the pressure angle on a tooth flank

cannot be measured directly on a cylindrical gear, but in-

stead can only be calculated after determining the actual

base diameter, see equations (2.7) and (6.2). i

In the case of spur gears the actual pressure angle a can
be caiculated from the measured value p.y of the normal
base pitch p. by means of the following expression

PeM

e (6.4)

cosa =
Note: This equation only applies exactly if the gear teeth
are free from pitch and flank deviations. If the value inserted
for p.m Is the average taken from a sufficient number of
,measurements distributed over the gear periphery then the
corresponding average will be obtained for a. For an (e.g.
estimated) uncertalnty Ap. of the p.y value the uncertainty
of the ¢ is ba = T Ap./(m - n - sin ). For example if, for
a = 20° Ap. = 10,01mm and m1 = 3 mm the uncertainty is
Aa=~ 10,18
In the case of spur gears the following relationship exists
between the pressure angie error f, and the normal base
pitch error f,, »

» fpc‘

far - “mewocsing

(6.5



If foe is inserted in pm and the module m in mm, then f, is

found in mrad (See subclause 1.3).

In the case of helical géars it is usual to measure p,,; for
this purpose it is necessary to replace a by a,,, m by m,,
Pem DY Pemn and fpe BY foeq in the above equations.

Similarly the following relationship exists betweenthe base
circle error fi, and the normal pitch error f,,

dy
b= =cosa fre=

o N

e . (66)

The equations hold good exactly for helical gear teeth if
the transverse seclion values are used, otherwise only
approximately. if the calculations made with equations
{6.2) to (6.6) are to relate not only to a single flank but
instead to several flanks or ail the flanks of a gear, then the
corresponding average values {e.g. over 4 or all flanks of
the gear) must be used.

When the average is formed over the entire periphery of
the gear the influence of eccentricity of the tooth system
is eliminated. Otherwise the eccentricity can be determined
by the values of £, on the two {opposite) flanks having the
algebraically largest or smaiiest value of fi4 or fp..

6.3.2 Deviations of tooth traces

A tooth trace is the intersection of the tooth fiank with a
cylinder, usually the referencecylinder, see subclause 2.2.5.
Deviations of the tooth traces from their nominal form are
measured in successive transverse sections tangentially
to the base cylinder. The nomunal tooth traces are formed
by helices (of the reference cylinder) with the nominal lead,
allowance being made for desired variations (e.g. crowning).

The measurement is made by the use of machines which
simulate a nominal helix {with infinitely large lead in the
case of spur gear teeth) and which cause the stylus to
explore the tooth flank along a tooth trace.

Note: In the diagramn drawn. by the test machine the
measured values are read off at right angles to the direction
of chart feed; hence in a diagram according to figure 40,
at right angles to the straight fine AA which corresponds to

- the plot of a nominal tooth trace. For evaluation of the

diagram the equalizing line BB is drawn in as an averaging
actual tooth trace, i necessary by using the “method of the
least sum of the squares of the errors”. An inclined position
relative to the line AA indicates the presence of a deviation
from the nominal tead p, or from the nominal helix angle p.

It is usual to specify the entire facewidth as the tooth trace
test range Lp.
The following are distinguished:

Total alignment error £

Longitudinatl form error fp;

Tooth alignment error fy;p

Longitudinal form waviness fp,,.

6.3.2.1 Total alignment error Fy

The total alignment error Fg of a tooth flank is the distance
between the two nominal tooth traces which enclose and
touch the flanks within the tooth trace test range.

Note: In the test diagram according to figure 40 the total
alignment error Fy is the distance measured at right angles
to the direction of chart feed between the line AA and the

1/16*
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line A'A’ paraliel to it which are drawn in the direction of
chart feed within the tooth trace test range through the
outermost points of the diagram. Desired deviations from
the helical form are allowed for by appropriate deviations
of the lines AA and A'A’ from straightness.

6.3.2.2 Longitudinal form error fg

The longitudinal form error fyrof atooth flankis the distance
between the two helices with the actual lead which — with
allowance made for desired deviations from the helical
form — enclose and touch the actual tooth trace within the
tooth trace test range. The longitudinal form error fg; also
includes the wave-depth of the longitudinal form waviness,
see subclause 6.3.2.6.

Note: In a test diagram according to figure 40 the longi-
tudinal form error fy is the distance measured atrightangles
to the direction of chart feed between the lines B'B’ and
B”"8B"” which are drawn paraliel to the averaging actual tooth

trace BB and which contact the test diagram within the tooth
trace test range.

6.3.2.3 Tooth alignment error fup

The tooth alignment error fyp is the distance in atransverse
plane between the two nominal tooth traces which inter-
sect the helix with actual lead at the starting and finishing
points, respectively, of the tooth trace test range. The tooth
alignment error fyp is usually stated in pm as a linear
dimension assigned to the tooth trace test range L, see
DiN 3961.

For all the definitions and calculations concerning the gear
pair a tooth alignment error in the case of an external gear
is termed positive if its helix is right-handed relative to a
helix with the nominal lead; it is termed negative if its helix
is left-handed relative o a helix with the nominal lead. in
the case of aninternal gear the opposite signs apply. Hence,
when cylindrical gears are mated deviations of egual
magnitude but opposite sign cancel out.

Note: In contrast to this in gear production and for meas-
urement techniques tooth alignment errors which result in
a higher value (absolute value) of the actual helix angle
compared with the nominal helix angie are termed positive
(Fup positive)s tooth alignment errors which result in a smaller
value of the actual helix angle are termed negative
{Fuip negative)- In the case of spur gear teeth tooth alignment
errors are always termed positive, the letters “r* (i.e. “in the
sense of a right-hand helix”) or “{" (i.e. “in the sense of a
left-hand helix”) are added indicating the direction of the
deviation. :

Two different definitions for the signs of the tooth align-
ment errors are found from the two preceding paragraphs.
Therefore the active direction of the deviations must be
unambiguously specified in all the production documents,
test.certificates etc.

A tooth alignment error is caused by a deviation of the
helix angle or by non-parallelism of the gear-cutting axis
and axis of rotation (wobble) which manifests itself on the
tooth individually in the same way as the former,

Note: In a test diagram according to figure 40 the tooth
alignment error fyp is the distance measured atright angles
to the direction of chart feed between the lines C'C’ and
C"C” which run paraliel to the iine AA and intersect the
line BB at the end of the tooth trace test range.
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6.3.2.4 Helix ang!é error f,

A tooth alignment error fiyp can if necessary be converted
into the corresponding helix angle error /s (ditference be-
tween the actual helix angle and the nominal helix angle).

Approximately it is

fup
fo = — - cos? 6.7
b=, B 6.7)

If fupisinsertedinpmand Lgin rﬁm, then fpis foundin mrad
(see subclause 1.3). i ‘

6.3.2.5 Axial pitch error f;,, lead error f;,

Ahelix angle error fy can be converted into the correspond-
ing axial pitch error f,x ana into the corresponding lead
error f,,: .

Px
fox==1p- sinl gl -cos g (6.8)
also
Pz
for= =T SHTBT cos g (6.9)

If px and p, are inserted in mm and fg in mrad, then f,, and
foz are found in pm. In the case of spur gearing conversion
is pointiess since p, = e and p, = .

6.3.2.6 Longitudinal form waviness fpy

Longitudinal form waviness is a longitudinal form error

repeating cyclically over the facewidth. it is characterized
" by the wave-depth and wave-length.

533 Deviations of the generator

rator is the line of intersection of the tooth flank
«:ih & plane developed from the base cylinder, see sub-
clause 2.2.1. Deviations of the generator from its nominal
form are rieasured in successive transverse sections
tangentially to the base cylinder. The nominal generators
are straight lines or lines containing straight lines and
intended deviations ffom straightness.

The measurement is made by machines which guide the
stylus in accordance with the law of generation of the
involute helicoid in a plane tangential to the base cylinder
ang parallel to the direction of stylus motion, and explore
a tooth flank along a line of contact.

Note: In the diagram drawn by the testing machine the
measured values are read off at right angles to the direction
of chart feed; hence in a test diagram according to figure 40,
at right angles to the straight line AA which corresponds
to the plot of a nominal generator. For evaluation of the test
diagram the equalizing line BB is drawn in as an averaging
actual generator, if necessary by using the “method of the
least sum of the squares of the errors™. Aninclined position
relative to the line AA indicates the presence of a deviation
from the base helix angle fy, or from the base diameter dy,.

It is usual to specify the lepgth of the longest line of contact
as the generator testrange Lg. On a helical tooth flank the
lines of contact are of unequali length, see figure 41.

6.3.3.1 Total generant error Fg

The total generant error Fg is the distance between the
two nominal generators which enclose and touch the tooth
flanks within the generator test range.

244

Figure 41. Contact lines on a helical tooth flank

The following are distinguished:

Total generant error Fg
Generant form error fg¢
Generant angle error fygg.

Note: In a test diagram according to figure 40 the total
generant error Fg is the distance measured at right angles
to the direction of chart feed between the line AA and the
line A'A’ parallel to it, which are drawn through the outermost
points of the test diagram within the generator test range
in the direction of chart feed. Intended variations from the
generator form are allowed for by suitable deviations the
lines AA and A'A’ from straightness.

6.3.3.2 Generantform error fg

The generant form error fgr is the distance between the
two generators having the actual lead which — taking
account ofintended deviations from straightness — enclose

and touch the actual generator within the generator test
range.

Note: Inatestdiagramaccording tofigure 40the generant
form error fgg is the distance measured at right angles to
the direction of chart feed between the two lines B'B’ and
B"B” drawn parallel to the averaging actual generator B3
which contact the test diagram within the generator test
range.

6.3.3.3 Generant angle error fug

The generant angle error fyg is the distance between the
two nominal generators which cut the averaging actual

generator at the starting and finishing points, respectively, .

of the generator test range. It is usually stated in um as
alinear dimension allocatedto the generator testrange Lg.

Note: Inatestdiagram according tofigure 40the generant
angle error fyg is the distance measured at right angles to
the direction of chart feed between the lines C'C' and C'C”
drawn parallel to the line AA which cut the line BB at the
starting and finishing points, respectively, of the generator
test range.

6.4 HRadial run-out
6.4.1 Radial run-out F, of & tooth system

The radial run-out F, of a tooth system is the difference
in radial position of a measuring element (ball or cylinder
or V-head) which is inserted successively into all tooth
spaces and which contacts the tooth flanks near the V-
circle, the gear being rotatably mounted for this purpose
in its guidance axis. F; denotes the largest difference be-
tween the measured values occurring at the gear periphery,
see also subclause 6.6.3.
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A radial run-out F; is caused mainly by eccentricity of the
gear teeth in the measuring plane at right angles to the
gear axis and by irregularity of the spacewidth resulting
from pitch deviations of the right and ieft flanks.

6.4.2 Radilrun-out of tip circle'f,

In the case of overcut cylindrical gears (see subclause 2.7.6)
a radial run-out of the tooth system may be determined
by measuring the radial run-out of the tip circle f,. This is
found by moving the gear as the largest difference of
position of a pressure foot pin radially movable and being
in contact with the tip cylinder.

6.5 Position deviation of gearcutting axis

A position deviation of the gearcutting axis exists if the’

axis of the reference cylinder of the gear teeth (gearcutting
axis) and the guidance axis of the gear {ail to coincide when
measurements are being made or in the operating con-
dition (e.g. as a result of a position deviation during the
clamping of the gear blank for cutting). In the general case
of such a position deviation the two axes intersect; their
position relative to one another is characterized by the
distance between the two axes in the middle of the face-
width (eccentricity ef the gear teeth) and by the angle of
intersection {(cutting wobble).

With, generally speaking, adequately good approximation
a position deviation of the gearcutting axis can be deter-
mined by measuring the radial run-out F,y and Fri in two
transverse planes (near the front V and the fear R of the
gear with separation L). Form the course of the radial run-
out the averaging curves and their fundamental are deter-
mined for each periphery of the gear. The double ampli-
tuces of the fundamental are denoted by 2 - foyor 2 fg,
and the centre angle between the maximum values of the
fundamental by @.

6.5.1 Eccentricity /,

The eccentricity f, of the gear teeth is equal to the distance
between the gearcutting axis and the guidance axis of the
gear in the middle of the facewidth. it is found as

3

1 9 ]
fo = 3 'l/lz\' +fin+ 2 fov ok cos @ (6.10)

6.5.2 Wobble F,

The wobble F, of the gear teeth is equal to the angle of
intersection between the gearcutting axis and the guidance
axis of the gear. It is found as

F,=tanF,

= .__.__._.;J . -/[3\ + [3}{"2 '/.;\"fcR'cos Pe (6’11).

When ¢, = 0 and f.y * f.r these two axes intersect at a
point which is usually situated a long way outside the gear
body, whilst with ¢, = T they intersect within the gear body.
With = 0 and foy = f.r the axes are parallel to one another.
With ¢, #+ 0 and @, = 1 the axes are skewed relative to one
another (they cross one another).

6.6 Rangeoferrors R

A range of errors (span) R is the difference between the
largest and smallest measured value of measured quantities
of like kind within a series of measurements. On a gear
tooth system ranges of errors are found as a result of
deviations in quantities measured at different points on the
gear teeth (e.g. for pitches see subclause 6.1.5).
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In the different measuring methods the ranges of tooth
thickness errors and the deviations in other quantities of
the gear teeth {e.g. radial run-out) manifest themselves
differently. The ranges of errors of different measured
quantities can therefore not be readily converted one to
another, e.g. by means of change factors. For aliocating
ranges of tooth thickness errors to the ranges of errors of
another measured quantity it is necessary to take into
account the special features of the measuring method
used, see DIN 3967.

{For range of pitch errors R, see subclause 6.1.5)

6.6.1 Range of tooth thickness errors R, range of
normal chordal tooth thickness errors Ry
The range of tooth thickness errors R; is the difference

between the largest and smallest tooth thickness s of a
gear.

R, = Spuv ™ Smin (6.12)

The corresponding range of normal chordaitooth thickness
errors R; can generally be equated with the range of tooth
thickness errors R,.

6.6.2 Range of base tangent length errors Ry

The range of base tangent length errors Ry is the difference
between the largest and smallest base tangent length Wy
of a gear.

Rw = Wiy = Wi nin (6.13)

6.6.3 Range of errors Ry, for the radial single-ball or
single-pin dimension

The difference between the largest and smallest measured

value of the radial single-ball or single-pin dimension M,

of a gear is equal to the radial run-out F;, see subclause 6.4.

6.6.4 Range of errors Ry 4 for the dimension
over balls or pins

The range of errors Rygq is the difference between the
largest and smallest measured vaiue of the dimension over
balls or pins My of a gear.

Rmg = Mg max — Mg nin (6.14)

6.6.5 Range of errors for the centre distance

for double-flank engagement
The difference between the largest and smallest measured
value of the centre distance for double-flank engagement
a" on a gear is equal to the radial composite error Fj, see
subclause 7.2.1.

6.7 Contact pattern

As a result of gearcutting ‘deviations, deviations in the gear
positions and operating factors a tooth flank will not be
contacted by the mating flanks in all points of its active
range during the meshing action. The contact pattern
denotes that area of a tooth flank in which contact with the
mating flanks takes place.

-

7 Composite and cumulative errors

In the working test gear teeth are mated with counter gear
teeth and the combined effects of their individual geo-
metrical deviations (individual errors) on the working action
are determined as composite and cumulative errors. These
can be assigned to one of the gears (the test gear) if the
gear used as thve mating gear is a master gear with devi-
ations which are negligibly small compared with the devi-
ations of the test gear. it is common to use master gears
with a quality atleast three grades higher than the specified
quality of the gear under test.
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if the deviations of the mating gear are not negligibly small
(2.g. when the warking test is performed with two trans-
mission gears) the composite and qumulative errors can
only be assigned jointly to the gear pair.

See VDUVDE Code of practice 2608 “Single-flank and
double-flan' working test on spur and helical gears with
involute profile”.
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Reference measuring system

Centre distance a set to a fixed value.

Single-flank engagement of the right flanks or left flanks
through torque constraint.

Tangential composite errors = relative deviations of angle
of rotation compared with the corresponding zero-devi-
ation angular settings brought about by a reference meas-
uring system.

Figure 42. Measuring arrangement for the single-flank
working test

7.1 Single-flank working test

in the single-flank working test two gears are meshed with
one angther at the prescribed centre distance so that
either the right flanks or the left flanks remanin continuous
engagement (single-flank engagement), see figure 42. The
tangential opposite error of the right flanks of a gear are

generally different from those of the left flanks of the same
gear.

From a given starting position the deviations cccurring in the

angle of rotation, that is to say the deviations in the
angular positions of the gear compared with the theoretical
positions governed by the positions of the mating gear and
the ratio of the numbers of teeth, are measured. This re-
quires the use of a reference measuring system (reference
gear unit) in which the zero-deviation angular positions
(theoretical positions) are realized. Thé deviations are
generally stated as a distance along the circumference
of a test circle, e.g. the reference circle or the base circle;
alternatively, they may also be stated in angular measure
(e.g. in seconds or in milliradians or microradians).

7.1.1 Tangential composite error F;

The tangential composite error Fjis the range of errors of
the actual angular positions compared with the theoretical
angular positions. 1t is found as the difference {(sum of the
absolute amounts) of the largest leading and the largest
lagging angular position deviation compared with a given
starting position within one revolution of the test gear,
see figure 43. -

In a circular test diagram the tangential composite error F;
is the difference between the largest and the smallest
distance of the recorded test trace from the axis of rotation
of the test diagram chart. In the case of a strip type test

1 revolution of test gear —
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—e————— Direction of chart feed

" F}{ tangential composite error
Fp cumulative working pitch error

Figure 43. Strip type single-flank working diagrams’of a gear
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diagram the tangential composite error Fiis the difference
between the largest and the smallest ordinate of the test
trace.

7.1.2 Cum !ative working pitch error F

The cumulative working pitch error Fj, is the long-undulation
component in the test diagram of the tangential composite
errors. This component can be obtained from the test
diagram produced during the single-flank working test by
drawing in an “averaging line” with which the short-undu-
lation components are suppressed. The “averaging line”
has an essentially sinusoidal characteristic of one cycle
per gear periphery, see figure 43. The cumuiative working
pitch error F} is the difference (determined radially or in
the ordinate direction) between the highest and the lowest
point of the averaging line.

7.1.3 Individual working error [,

individual working errors are the short-undulation com-
ponents in the test diagram of the tangential composite
errors; they result from the differences between the re-
corded test trace and the “averaging line” according to
subclause 7.1.2. The periodicity of the short-undulation
components per geas periphery agrees in many cases with
the number of teeth of the test gear. These components
may however alsc contain the effects of undulations in the
profile or longitudinal form errors.

The individual working error f, is the difference between
the highest and the lowest point in the trace of the short-
undulation components, see figure 43. The cumulative
working pitch error F}, and the individual working error fo
together yield approximately the tangential composite
error Fi.

7.1.4 Tangential tooth-to-tooth compaosite error f}

The tangential tooth-to-tooth composite error f] is the
largest difference which occurs in the angular position
deviations within an angle of rotation corresponding to
the duration of a tooth engagement, see figure 43. -

7.1.5 Transmission deviation of a multi-stage gear mating

The transmission deviation of a multi-stage gear mating is
the angular position deviation of the shaft at one end of the
gear train from its theoretical position of the shaft at the
other end of the gear train and the ratio of the numbers
of teeth. It is referred to the shaft at one end of the gear
train. It contains the tangential composite errors of the
individual gear pairs, the effects of load in the different
stages of the gearing and the effects of inaccuracies of
mounting, and it is composed of two components. One
component derives from deviations in the parameters from
their theoretical values whilst the other results from elastic
deformations of the transmission elements and their
bearings.

7.2 Double-flank working test

in the double-flank working test two gears are meshed with
each other with zero backlash and at the same time a force
acting coaxially with the line of centres is applied to keep
a left flank and a right flank of the gears simultaneously in
engagement (double-flank engagement), see figure 44.
The alterations in centre distance occurring under these
conditions are measured.

The centre dictance established in the double-flank working
test is denoted by a” and the working transverse pressure
angle by o”, see also subclause 2.7.5.
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JF quappes 58

Test load —e-

| b
%Z
%

The centre distance a” is established through the action of

a load acting coaxially with the line of centres and varies
with the rotation of gear and mating gear.

Double-flank engagement.
Radial composite errors = Centre distance alterations.

Figure 44. Test arrangement for double-flank working test

F;{ radial composite error
F; working radial run-out
ff radial tooth-to-tooth composite error

a) strip chart b) circular chart'

Figure 45; Double-flank working diagrams

7.2.1 Radial composite error F{

The radial composite error F! is the range of errors of the
working centre distance 4", in other words itis the difference
between the largest and the smallest working centre dis-
tance within a single revolution of the test gear, see
figure 45.

7.2.2 Working radial run-out FY

The working radial run-out F; is the long-undulation com-
ponent in the test diagram of the radial composite errors.
This component is obtained from the test diagram yielded
by the double-flank working test by drawing in the “aver-
aging line” whereby the short-undulation components (the
periodicity of which per gear periphery usually agrees with
the number of teeth of the test gear) are suppressed, see
figure 45. The working radial run-out F{is then the distance
between the highest and the lowest point of the “averaging
line™.

7.2.3 Radial tooth-to-tooth composite error f/

The radia! tooth-to-tooth composite error f{ is the largest
difference in the working centre distance which occurs
within an angle of rotation corresponding to the duration
of one tooth engagement, see figure 45.
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8 Deviztions of the axial positions
of a cylindrical gear pair

The axés of a cylindrical gear pair may exhibit variations
from parallelism and a deviation from the nominal centre
distance. These quantities are slated as variations or as a
deviation of the axial position of gear 2 relative to the
reference year axis 1. When the two cylindrical gears are
mounted in the housing different variations or a different
deviation may occur compared with those obtained when
mounted in a test machine.

8.1 Deviations from paralielism

The deviations of the axial positions of a cylindrical gear
pair from parailelism are stated in the following manner,
see figure 45. Gear axis 1 (reference axis) and point Q,,
which bisects the distance Ld between the bearing centres
of gear axis 2 determine the plane of centres |. The perpen-
dicular dropped from O, to axis 1 lies in the plane of
centres | and meets axis 1 at point O,. The plane it which
also passes through point O, is atright angles to piane  and
parallel to gear axis 1. Planes | and il intersect one another
in the straight line 1-1" which is parallel to gear axis 1.

In the event of deviations from parallelism gear axis 2
(which also passes through O,) makes an angle with the
parallel line -1 By, projecting gear axis 2 on to planes |
and Il this angle can be resoived into two components;
the two components are generally stated as poruons of
lines referred to the distance between the bearing centres,
see the permissible deviations in DIN 3964.

1-1 gear axis 1

2-2 gear axis 2

(O point of bisection of gear axis 2

O, . meeting point of perpendicutar from O, with gear
: axis 1

I plane of centres of gear axes

i plane perpendicular to plane of centres and par-
allel to 1-1

-1 line of intersection of planes | and I
22 projection of 2-2 onto plane |
27-2"  projection of 2-2 onto plane I}

Figure 46. Deviations of axial positions from parallelism
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8.1.1  Inclination error of axes fy;

The inclination error of axes is the deviation of gear axis 2
from parallelism to gear axis 1in the plane of centres 1.

In plane | of figure 48 fy; is the vertical distance to the line
of section 1-1 of the bearing centres of gear axis 2 pro-
jected on to the plane of centres.

8.1.2 beviation error of axes fy;

The deviation error of axes is the deviation of gear axis 2
from parallelism to gear axis 1in the plane il perpendicular
to the plane of centres.

Inplane ltin figure 46 fgp is the vertical distance to the line
of section 1-1 of the bearing centres of gear axis 2 pro-
jected on to plane il

8.2 Deviations and tolerance
for position of gear axes
8.2.1 Centre distance deviations A,

The centre distance deviation A, is the difference be-
tween the actual centre distance of the gear pair and the
nominal size.

To avoid unduly large deviations of the axial positions from
the nominal sizes in the case of multi-stage gear pairings,
and to enable the same production specifications to be
used for both external gear pairs and internal gear pairs,
the permissible himiting values of the centre distance are
specified symmetrically to the nominal size, so that the
permissible centre distance deviations have the sign .

A-A-A
A-B-A

enveloping right parallelepiped
double-cuneiform tolerance space determined by
Ta and fgg } )
tolerance restricted from above and below by fs;

C-C-C

Figure 47. Tolerance space for position of gear axis 2 in
relation to gear axis 1
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8.2.2 Centre distance tolerances T,

The centre distance tolerance T, is the difference between
the upper centre distance deviation A, and the lower
centre distance deviation A,;.

T, = A;\x‘ - Ay (8.1)

8.2.3 Tolerance space for position of gear axes

The tolerance space for gear axis 2, which is aligned with
gear axis 1 (reference axis) and is not referred to the
housing, is given by the positions of gear axis 2 relative to
gear axis 1 which are possible as a result variations or
deviations. The tolerance space is enclosed by a right
parallelepiped the longitudinai axis -1 of which is parallel
to gear axis 1 and is distant from it by the nominal centre
distance a, see figure 47. The right paralielepiped has
fength Lg, height T, in the plane of centres | (see figure 46)
and width fgg in plane il (see figure 46). In figure 47 the
right parallelepiped is denoted by the points A.

Form the centre distance tolerance T, and the permissible
deviation error of axes fyp therefore a tolerance space
according to figure 47 is obtained which has the shape of
a double wedge (denoted by points A and B) the knife-
edges B-B of which face one another and are coincident
with the perpendicular 0,0, (see figure 46). Through the
existing (as maximum: permissibie) inclination error of
axes fys the tolerance space is additionally restricted. in
the vertical direction wedge-shaped elements are lost at
the ends of the tolerance space, these having in each case
the height fy; and an end face of the double wedge,
whilst at the opposite end face of the double wedge they
finish at a knife-edge. This tolerance space thus has the
form of a bevelled double wedge the knife-edges of which
have the height T, — fgs and the end faces the height
T, ~ 2 - fgs This tolerance space is denoted in figure 47
by the points C. It is the minimum tolerance space for full
utilization of the permissible inclination error of axes. With
smaller inclination error of axes the tolerance space is
correspondingly larger; with fys = 0 it is equal to the double
wedge ABA. .

The tolerance spaces of further gear axes are to be formed
similarly. Their planes of centres contain the referenCe
axis and lie within their angular tolerance.

10 Alphabetical index
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-9 Backlashj

On zero-deviation cylindrical gears the backlash is the dis-
tance, stated in a given direction, between the non-working
flanks of the teeth of a gear pair when their working flanks
are in contact.

The size of the backlash depends on the deviations of the
tooth thicknesses of the two gear tooth systems and of the
centre distance, as well as on deviations of profile form,
tooth trace, pitch and concentricity and on temperature
differences between the gear teeth and the housing, and
possibly aiso on effects resulting from swelling of the
materials used and elastic deformation. See DIN 3967.

9.1 Circumferential backlash j;

The circumferential backlash j, is the length of the pitch
circle arc through which each of the two gears can be
rotated, whiist the other is heid stationary, from the point
where the right flanks are in contact to the pointwhere the

left flanks are in contact. its magnitude is represented in
the transverse section.

9.2 Normal backlash j,

The normal backlash j, is the shortest distance between
the non-working flanks of the teeth of a gear pair when their
working flanks are in contact.

in = ji s COS @y - COSf =] - cosa - €S By

9.1)

9.3 Radial backlash j,

The radiai backlash j is the difference in the centre distance
between the working condition and that of zero-backlash
engagement.

o
2 - wan ay,

je = (0.2

9.4 Range of errors for backlash R;

The range of errors for backlash R; (circumferential range
of errors for backlash Ry, normal range of errors for back-
~lash Rjp) is the difference between the largest and the
smallest backiash occurring in the case of a gear pair in
mounted state. :

The ﬁéures following the terms in the alphabetical index are the clause numbers.

Active range of tooth flanks 3.4.4
Addendum 2.5.7.2

Addendum alteration 3.3.6

Addendum alteration factor 3.3.6
Addendum modification 2.5.4
Addendum modification coefficient 2.5.4
Adjacent pitch errors 6.1.1

Angles at V-cylinder 2.5.6,2.5.6.4
Approach path 3.4.3
Axial module 2.2.6
Axial pitch 2.4.7

Axial pitch error 6.3.2.5
Axial profile 2.2.4.3
Axial section 2.2.3.3

Backlash 9

Base circle 2.2.8 .

Base circle error 6.3.1.4,6.3.1.6
Base cylinder 2.2.8

Base cylinder normal pitch 24.5.2
Base, cylinder tooth trace 2.2.5

Base diameter 2.2.8

Base helix angle 2.3.2

Base lead angle 2.3.2

Base spacewidth 2.5.8.3

Base spacewidth haif angle 2.5.8.4
Base tangent length 2.7.2

Base tangent length deviations 4.1.3
Base tangent length tolerance 4.2.3
Base tooth thickness 2.5.8.1 :
Base tdoth thickness half angle 2.5.8.2
Basic module 2.2.6

Basic rack 2.2.1

Bottom clearance 3.2.7

Bottom clearance factor 3.2.7

Centre distance 3.2.3,335

Centre distance deviation 8.2.1

Centre distance in the double-flank working test 7.2
Centre distance for doubte-flank engagement 2.7.5

Centre distance modification 3.3.2

Centre distance modification coefficient 3.3.2,3.3.3
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Ly

Centre distance tolerance 8.2. 2

Change factors 5 -

Circular pitch doviations 6.1

Circumferential backliash 9.1

Composite and cumuiative errors 7

Constant chord 2.7.1.2

Contact 1i,.0 233

Contact line overlap 2.7.2

Contact pattern 6.7

Cumulative circular pitch errors 6.1.2, 6.1.3

Cumulative pitch error 6:1.4

Cumulative working pitch error 7.1.2

Curvature radii of tooth flanks 3.4.2.2
- Cylindrical gear pair 3, 3.1

Cylindrical gear teeth 2

Inclination error of axes 8.1.1
Individual deviations 6

Individual point of contact 3.4.2.1
Individual working error 7.1.3
Internal gear 2.1

Internal gear pair 3.1.2

Involute function 2.3.8

Involute helicoid 2.3

Involute surface 2.3

Lead 239

Lead angle 2.5.1

Lead error 6.3.2.5

Left flanks 2.3.2

Leff tooth trace 2.2.5

Length of path of contact 3.4.3

Datum lines 2.2,2.2.2 Length of recess path 34.3
Dedendum 2.5.7.2 . Line of action 3.4.2
Deviation error of axes 8.1.2 Line of centres 3.2.3
Deviations for positions of gear axis 8.2 Longitudinal form error 6.3.2.2
Deviations from parallelism 8.1 Longitudinal form waviness 6.3.2.6
Deviations of axial positions 8
Deviations of centre distance for double-flank engagement Mating quantities 3.2

with master gear 4.1.6 Measured number of spaces 2.7.3.1
Deviations of cylindrical gear teeth 4 Measuring ball diameter 2.7.3.1
Deviations of dimeasion over balls 4.1.4 Measuring circle diameter 2.7.2, 6.1
Deviations of dirnension over pins 4.1.4 Measuring element width 2.7.2
Deviations of generator 6.3.3 Measuring with master gear 2.7.5
Deviations of individual parameters 6 Module 2.2.6

Deviations of normal chordal tooth thickness 4.1.2

Deviations of radial single-ball dimension 4.1.5 Nominal dimensions 2

Deviations of radial single-pin dimension 4.1.5 Normal backlash 8.2
Deviations of tooth thickness 4.1, 4.1.1 Normal base pitch errors 6.2, 6.3.1.6
Deviations of tooth traces 6.3.2 Normal base pitches 2.4.6,2.4.6.2

Deviations of transverse profile 6.3.1 Normal chordal tooth thickness 2.7.1
Diameter of gear teeth 2.5.6 Normal module 2.2.6

Diametral test dimensions for tooth thickness 2.7.4 Normat pitch 2.4.2.2, 2.4.3.2,24.4.2
Difference between adjacent pitches 6.1.6 Normal pressure angia 2.3.5

Dimension over balls 2.7.4.1 MNormal pressure angle at a point 2.3.5,2.56.3

Dimension over pins 2.7.4.2 Normal profile 2.2.4.2
Distance between bearing centres of a gear axis 81 1. Normal section 2.2.3.2
8.1.2,823 Normal spacewidth 2.5.8.6
Double-flank engagement 7.2 Normal tooth thickness 2.5.8.5
Double-flank working test 7.2 Number of teeth 2.1

Number of teeth spanned 2.7.2
Eccentricity 6.5.1

End point of engagement 3.4.2.1 Overcut cylindrical gears 2.7.6, 4.1.7,4.2.7, 5.6
External gear 2.1 Overlap angle 3.4.5, 3.4.6 _ .
External gear pair 3.1.1 Overlap length 3.4.7 %
' Overlap ratio 3.4.5, 3.4.6
Facewidth 2,2.7.2, 3.4.6, 3.4.7
Flank deviations 6.3 ' Pitch cylinder 3.2.4
Flank direction 2.5.2 Pitch diameter 3.2.4
Flank profile 2.2.1,2.24 Pitches 2.4
Flank test range 6.3 ' Pitch point 3.4.2.1
Pitch span 24.2.3
. Plane of action 2.3.3,3.4.2
Gear ratio 3.2.1 '
Gear teeth heights 2.6.7 g'oai:i(?; ﬁ::i‘:rzesegjz 6.3
Gear tooth profile 2.2.4 4 Point of contac;t 341 )
g:g::zg: ?gr?_:‘e;iro?resésésés Position deviation of gearcutting axis 6.5
Generating addendurﬁ rﬁédiﬂcaﬁon coefficient 2.7.6 Pressure angle 2.3.4, 2',3'5’ 2'516‘4
Generating pitch circles 3.2.4 Pressure angle at a point on circle through centre of bali

2731
Pressure angle at a point on measuring circle 2.7.3.1
Pressure angle error 6.3.1.4, 6.3.1.6
Profile angle error 6.3.1.3

Generator 2.3.1
Generator test range 6.3.3

Height above chord 2.7.1.1 Profile form error 6.3.1.2 :
Helices 2.2.5 Profile height 2.2.2 ~
Helix angle 2.5.1, 2.5.6.3 . Profile test range 6.3.1 :
Helix angle error 6.3.2.4 Profile waviness 6.3.1.5
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Radial backlash 9.3

Radial composite error 7.2.1

Radial run-out 6.4

Radial single-ball dimension 2.7.3.1 -
Radial single-pin dimension 2.7.3.2

Radial test dimensions for tooth thickness 2.7.3
Radial tocth-to-tooth composite error 7.2.3
Radius of curvature of involute 2.3.7

Range of errors for base tangent length 6.6.2
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Tolerance for positions of gear axis 8.2

Tolerance of centre distance for double-flank engagement
with master gear 4.2.6

Tolerance on dimension over balls 4.2.4

Tolerance on dimension over pins 4.2.4

Tolerance on radial single-balt dimension 4.2.5

Tolerance on radial single-pin dimension 4.2.5

Tolerance on normal chordal tooth thickness 4.2.2

Tolerances for cylindrical gear teeth 4

Range of errors for centre distance for double-flank en- Tolerance space for axial positions 8.2.3
gagement 6.6.5 Tooth alignment error 6.3.2.3

Range of errors for dimension over balls 6.6.4 Tooth depth 2.5.7.1,3.2.6

Range of errors for dimension over pins 6.6.4 Tooth engagement 3.4

Range of errors 6.6 Tooth thickness angle 2.5.82

. Range of errors for backlash 9.4 Tooth thicknesses 2.5.8

Range of errors for feasible involute gear teeth 2.6.4 Tooth thickness half angle 258.2

Range of normal chordal tooth thickness errors 6.6.1 Tooth thickness tolerance 4.2.1

Range of pitch errors 6.1.5 Tooth traces 2.2.5

Range of errors for radial single-ball dimension 6.6.3
Range of errors for radial single-pin dimension 6.6.3
Range of tooth thickness errors 6.6.1
Reference centre distance 3.3.1
Reference circle 2.2.7
Reference cylinder 2.2.7
Reference cylinder tooth trace 2.2.5
Reference diameter 2.2+7
eference surfaces 2.2
Reference tooth trace 2.2.5

Right flanks 2.3.2 Transverse module 2.2.6

Right tooth trace 2.25 Transverse normal base pitch 2.4.6.1

Rolling angle of involute 2.3.6 Transverse pitch 2.4.2.1,24.3.1,2.4.4.1

Root circle 2.5.6.2 Transverse pressure angle 2.3.4

Root cylinder 2.5.6.2 Transverse pressure angle at a point 2.3.4, 2564

Tooth trace test range 6.3.2
Total alignment error 6.3.2.1
Total angle of transmission 3.4.8
Total contact ratio 3.4.8

Total deviation 6

Total generant error 6.3.3.1
Total profile deviation 6.3.1.1
Transmission ratio 3.2.2
Transmission deviation 7.1.5
Transverse base pitch 2.4.5.1

Root diameter 2.5.6.2 : Transverse profile 2.2.4.1
Root length of path of contact 3.4.3 Transverse section 2.2.3.1 R
Root tooth trace 2.2.5 . Transverse tooth thicknesses 2.5.8.1
Sections through cylindrical gear teeth 2.2.3 : Undercut 2.6.1
Sign 2.1,2.5.3,2.5.4 Usable diameter 3.4.4
Single-flank engagement 7.1 Usable range of tooth flanks 34.4
Single-flank working test 7.1 . Usable root diameter 3.4.4
Sliding factor 3.5.2 Usable root diameter at generated wheel 3.4.4
Sliding speed 3.5.1 Usable tip diameter 3.4.4
Spacewidth half angle 2.5.8.4
Spacewidths 2.5.8, 2.5.8.3 V-circle diameter 2.5.6.3
Span 6.6 V-cylinder 2.5.6.3
Special parts on the line of action 3.4.2.1 V-gear 2.5.5
Specific sliding 3.5.3 V-gear pair 3.1.3
tandard basic rack tooth profile 2.2.1, 2.2.2 Virtual number of teeth 2.6.4,2.7.2
. W¥Starting point of engagement 3.4.2.1 Virtual reference circle diameter 2.7.1.1
N Sum of addendum modification coefficients 3.3.3, 3.3. 4 Virtual spur gear tooth system 2.7.1.1
Sum of reference circle pitches 2423 Virtual tooth thickness half angle 2.7.1.1

V-0 gear pair 3.1.4
Tangential composite error 7.1.1

Tangential tooth-to-tooth composite error 7.1.4 Wobble 6.5.2

Test dimensions for tooth thickness 2.7 ' Working centre distance 7.2

Tip circle 2.5.6.1 Working depth 3.2.6

Tip circle radial run-out 6.4.2 Working length 2.3.7, 6.3.1

Tip corner rounding radius 2.6.1, 3.4.4 - Working pitch circles 3.2.4

Tip cylinder 2.5.6.1 Working radial run-out 7.2.2

Tip diameter 2.56.1,2.76 Working transverse pressure angle 3.2.5, 341
Tip diameter deviation 4.1.7 :

Tip diameter tolerance 4.2.7 Zero gear 2.5.5

Tip length of path of contact 3.4.3 - Zero gear pair 3.1.5

Tip tooth trace 2.2.5 ) ) Zone of action 3.4.3
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Further standards and documeants
Supplement 1 te

Concepts and parameters for cylindrical gears and cylindrical gear pairs; classification of the equations

Deviations of shaft centre distances and shaft position tolerances of casings for cylindrical gears
(at present at draft stage) Diameter of measuring element for test dimension of the tooth thickness

DIN 3860
DIN 3962 Part 1 Tolerances for cylindrical gear teeth: tolerances for deviations of individual parameters
DIN 3962 Part 2 Tolerances for cylindrical gear teeth; tolerances for tooth trace deviations
DIN 3962 Part3 Tolerances for cylindrical gear teeth; tolerances for pitch-span deviations
DIN 3963 Tolerances for cylindrical gear teeth; tolerances for working deviations
DIN 3964
DIN 3977

on cylindrical gears »
DIN 3998 Part 1 Designations on gears and gear pairs; general concepts
DIN 3998 Part2 Designations on gears and gear pairs, cylindrical gears and gear pairs
Supplement 1 to
DIN 3998 Designations on gears and gear pairs; alphabetical index of equivalent terms
DIN 8000

DIN 58405 Part 1
VDE/VDI 2605

standards and their errors
VDI/VDE 2608
VDI 3336

€

Parameters and errors of hobs for involute cylindrical gears; fundamental concepts
Cylindrical gear drives for fine mechanics; scope, classification
Circular pitches and plane angles: basic concepts for angular dimensions, angle measurements, angle

Single-flank and double-flank working test on spur and helical gears with involute profile
Production of cylindrical gear tee'r. with involute profile, cutting methods

Explanations

This standard contains terminological principles for manu-
facturers and users of gear transmissions and for other
standards on tooth systems.

Compared with DIN 3960, August 1960 edition, concepts
and parameters have been fully revised and new concepts
required by the state of the art have been included. Certain
obsolete terms such as “limiting number of teeth” and
“shaft angle error”, have been omitted. The symbols and
designations have been brough! into line with the basic
standards DIN 3998 and DIN 3399 and have thus at the
same time been made conform to international practice.

Compared with DIN 3960, Octbber 1976 edition, some
printer's errors and mistakes (e.g. in the caption of figure 17,

- figure 35 and i subciause 4.5.8) have uesn correciced

and desirable supplements added; in subclause 6.3.2.3
reference was made to the use of the symbols of tooth
zhgnment errors used in gear measuring technique differ-
ing from the specifications in this standard. Subclause
2.5.6.3 has been divided into 2.5.6.3 and 2.5.6.4, subclause
9.4 has been newly added. in subclause 2.7.3.1 the virtual
tooth number z,,\; determined empirically has been intro-
duced which yields better approximation values for Dy
with a large f than z,w in the case of helix gear teeth; the
corresponding equations have been simplified. They hold
good exactly for spur tooth systems and approximately
“for helix tooth systems.

Compared with the October 1976 edition the number and
order of the equations have been changed because equa-
tions have been either added or transposed. Toavoid errors
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when using the previous edition and this revised edition
simultaneously, the numbering system has now bean
changed: the new equation numbers inciude the numbers
of the main clauses in which they occur.

The grouping now adeopted in DIN 3960 is as follows:
Symbels, terms and units are covered in clause 1,

in clauses 2 and 3 the definitions and parameters for
zero-deviation and zero-deviation cylindrical gear teeth
and for zero-backlash mating of zero-deviation cylindrical
gears are presented.

Clauses 4 and 5 describe the deviations and tolerances
and the change factors for zero-deviation cylindrical gear
teeth. )

© Tne deviations of inaiviauai parameters relating to cylini

drical gear teeth are dealt with in clause 6, the composite
and cumulative errors in clause 7, the deviations of axial
positions of a gear pair in clause 8 and backlashin clause 9.
This standard is concerned with cyiindrical gears with
involute teeth. Definitions and parameters for bevel gears
and hypoid gears as well as for cylindrical worm gear trans-
missions will be dealt with in DIN 3971 and in DIN 3975,
respectively. General definitions and parameters of overalt
coverage for gears, gear pairs and gear transmissions are
grouped in DIN 863.

The composition of symbols is explained in DIN 3999, The
terms collected in ISO Recommendation R 1122 - 1969
are listed in DIN 3998 Part 1and Part 2 in German together
with the corresponding English and French terms in so far
as the nomenciature concerns this standard.
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