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INTERNATIONAL STANDARD

1SO 6545 : 1992 (E)

Acceptance conditions for gear hobbing machines) 4

Testin

1 Scope

This Internat
practical tests
tests (accura

of the accuracy

onal Standard specifies geometrical tests and
, with reference to ISO 230-1 and also kinematic
y of the transmission of motion) for general pur-

pose and nonral accuracy gear hobbing machines, with vertical

or horizontal
terminology |

NOTE — In 4

equivalent ter

pindle. This International Standard also gives the
sed for the main elements of the machine.

ddition to terms used in the official ISO languages

s in the German language; these are published under

(English, Fren:}h and Russian), this International Standard gives the
|

the responsibi
only the terms
terms.

It deals only
machine. It d

ty of the member body for Germany (DIN). However,
hiven in the official languages can be considered'as ISO

with the verification of the _dceuracy of the
pes not apply to the testing of the running of the

machine (vibrations, abnormal noises, stick=slip motion of com-

ponents, etc
feeds, etc.)

) or to machine characteristics (such as speeds,
Wwhich should generally_be checked before the

accuracy is tésted.

2 Norm

The followin
reference in

ive references

stanidards contain provisions which, through
is.text, constitute provisions of this International

Standard. A{ the time of publication, the editions indicated

3 Preliminary remarks

3.1 In this International Standard, the dimensions and the
permissiblé deviations are expressed in millimefres and inches.

3.2 To apply this International Standard, refe

ence should be

made to 1SO 230-1, especially for the instpllation of the
machine before testing, warming up of spindles(Land other mov-

ing parts, description of measuring methods an
accuracy of testing equipment.

3.3 The sequence in which the geometrical t

recommended

bsts are given is

related to the sub-assemblies of the machine and this in no way

defines the practical order of testing. In ord

er to make the

mounting of instruments or gauging easier| tests may be

applied in any order.

3.4 When inspecting a machine, it is not alwpys possible, or
necessary, to carry out all the tests describgd in this Inter-
national Standard. It is up to the user to choosE, in agreement

with the manufacturer, those tests relating
elements of the machine or to the propertie
interest, but these tests are to be clearly stated
machine.

o the existing
which are of
vhen ordering a

were valid. All standards are subject to revision, and parties to
agreements based on this International Standard are encour-
aged to investigate the possibility of applying the most recent
editions of the standards indicated below. Members of IEC and
ISO maintain registers of currently valid International Stan-
dards.

1ISO 230-1: 1986, Acceptance code for machine tools — Part 1:
Geometric accuracy of machines operating under no-load or
finishing conditions.

ISO 701 : 1976, International gear notation — Symbols for
geometrical data.

ISO 1328 : 1975, Parallel involute gears — ISO system of
accuracy.

3.5 Practical tests shall be made with finishing cuts and not

with roughing cuts which are liable to gener
cutting forces. The actual feeds and speeds wil

ate appreciable
| be selected by

the manufacturer to suit the particular machine.

3.6 When the tolerance is established for a measuring range

different from that given in this International

Standard (see

1SO 230-1 : 1986, 2.311) it should be taken into consideration
that the minimum value of tolerance is 0,005 mm (0,000 2 in).

3.7 The values using the formulae shall be rounded to the

nearest 0,001 mm (0,000 1 in).
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4 Terminology
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Ref. English language French language Russian language German larjguage
1 Bed Banc CraHuHa Bett
2 Column Montant MepenHAA cTOoMKa Hauptsténder
3 Work}steady column Montant de la lunette 3afHAA CTOMKA C NIOHETOM Gegenhalterstander
4 Work}steady slidéway Glissiere de la lunette HanpaBnsatowan nioHeTa Gegenhalterfihrupg
5 Workjsteady, Lunette Nionet Gegenhalterarm
6 Work|arbet (¢lamping arbor) Arbre porte-piece Onpaska Aufspanndorn
7 Axial [slideway Glissiére du chariot axial Hanpasnsatowan cynnopra Axialschlittenfiihriing
dhpeanl
8 Axial slide Chariot axial CynnopT cpesbi Axialschlitten
9 Tangential slide Chariot tangentiel (ou porte- MonepeuyHbI cynnopT Tangentialschlitten

10 Outboard bearing

18 Work-steady slide
19 Hob arbor

1 Axis of rotation of the hob
spindle

12 Hob

13 Reference shaft

14 Work-table (-carrier; -spindle)

15 Workpiece

16 Index worm wheel

17 Index worm

fraise)

Contre-palier du madrin porte-

fraise
Axe de la broche porte-fraise

Fraise-meére

Arbre de référence
Plateau porte-piéce
Piéce

Roue de division

Vis de division
Chariot porte-lunette
Arbre porte-fraise

MopawnnHMK onpasku pesbl
Ocb wnuHAaena

®pesa

3TanoHHbI Ban

Pa6ouun cton
O6pa6artbiBaeman getanb
[enuTtenbHoe Koneco
[enutenbHbiN BUHT
CynnopT nioHeTa
DdpesepHan onpaBka

Frasdorn-Gegenlager

Drehachse des Werkzeug-
tragers

Walzfraser

Bezugswelle

Werkstiicktrager

Werkstiick

Teilschneckenrad

Teilschnecke

Gegenhalterschlitten

Fraserdorn
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5 Symbols

5.1 Reference workpiece

d

u

My

P

tu

2y

1ISO 6545 : 1992 (E)

part of f, proportional to the transverse module of a
reference or test workpiece

part of f, proportional to the reference diameter of a
reference or test workpiece

low-frequency component of the angular trans-
mission deviation

maximum amplitude (peak to peak) of the low-
frequency component of the angular transmission
deviation

helix form deviation

5.2 Test workpiece

R

v v 3

N

d

max

Sao
For the purposes of this International Standard, the following f
symbols in addition to those given in 1SO 701 apply. dkT
Ja
reference diameter
fdl, max
transverse module
transverse diametral pitch £
U2
mllmber of teeth fHﬁ
Sot
, S
face width
reference diameter Ja
n¢rmal module
ka
transverse module
ngrmal diametral pitch, in reciprocal inches S
transverse diametral pitch, in reciprocal inches
Fy
nymber of teeth
hgli | i
ix angle
F, pJ
5.3 Capacijty of the machine Fy
reference diameter of the largest workpiece that £
cgdn be hobbed on the machine F,

My, max MBXimum hob module

Py min mM[nimum diametral pitch of-the-hob, in reciprocal

fdk

inghes

5.4 Accur[cy of the machine or of the test gear

high-frequency eomponent of the angular transmis-
sign deviation

5.5 Additional symbols

P4

Zs

T

helix slope deviation
single pitch deviation

high-frequency component of the tangential linear
transmission deviation

low-frequency/component of the tgngential linear
transmission deviation

high-frequency component of the axial linear trans-
mission ‘deviation

low-frequency component of the axjal linear trans-
mission deviation

angular transmission deviation
total cumulative pitch deviation
cumulative pitch deviation
tangential linear transmission deviatipn
axial linear transmission deviation

total profile deviation

number of periods of the cumulative |pitch deviation
defined in accordance with 8.2

length of arc on a reference circle
number of starts of the index worm

number of teeth of the index worm \yheel



https://standardsiso.com/api/?name=1be92d95481cf224859faeb8accf3130

1SO 6545 : 1992 (E)

6 Geometrical tests

No. Diagram Object
A — WORK-TABLE
-
G1 Measurement of thé diametral straightrjess of the
surface of the work-table
;]
-2l
D1
1
|
G2 Measurement of radial run-out of the axis of
rotation of the work-table or work-spindle
a) /T\
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Permissible deviation

0,001 mm 0,000 1 in ‘|  Measuring " Observations and references

1 instruments to the 1SO 230-1 : 1986 acceptance code
d, D, I, m in millimetres d, D, ! m, 7 in inches

Subclauses 5.2 anid 54

Trace the surface of the work-tabie with a pre-
cision dial gauge usindg\the bridge-type straight-

6 + 0,§D;-D; 2,36 + 1,19 /D1 D, f,ﬁ;a'gi';fe;’ffge, edge as a reference,

level or other

. Machines without/work-tables do npt require this
equipment

test. For machines up to 500 mm djameter work-
table chegk the straightness on two fliameters and
on machines with a work-table |greater than
500{mm on four diameters.

Straight or concave

Subclause 5.612

Place two gauges, located 90° apafrt at a) and b)
against the ball, perpendicular to the axis of ro-
tation of the work-spindle. Adjust the ball on the
support so that the variations of| the indicator
readings of both dial gauges during fone revolution
of the work-table will be as small ]s possible.

Flat-tipped dial The variations of the indicator readings at a) and

o e gauge, ball, and | b) shall be recorded as the measufed radial run-
1 dax 1,57 + 0.2 max special support out.
or test cylinder

4 + (

Take measurements in both directipns of rotation
of The work-spindie atarand b). The largest of the
indicator reading variations shall be recorded as
the measured radial runout.

These measurements can also be made by using a
test cylinder in place of the ball and special
support.



https://standardsiso.com/api/?name=1be92d95481cf224859faeb8accf3130

1SO 6545 : 1992 (E)

No. | Diagram Object

71\
Ny,

G3 Measurement ,of\periodic axial slip of the work-
——1 — — 31 spindle

/ . Measurement of camming of the work{table

G4
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Permissible deviation

0,001 mm

0,000 1 in

d, D, [, m in millimetres

1
D, [, m, — in inches
d D, m Plnln

Measuring
instruments

Observations and references :
to the 1SO 230-1 : 1986 acceptance code °

4 + 0,06 \/d,p

1,57 + 0,12 \/d,o

Flat-tipped dial
gauge, ball and
special support

Subclauses 5.622.1 @and’5.622.2

Place the stylus of the‘dial gaugel in alignment
with the axis of rotation of the wotk-spindle and
against the ball adjusted as in test (32.

Take measuréments in both directigns of rotation
of the work-spindle. ‘

On matchines where the work arbaor axis is hori-
zontal, apply a force F, if necessan}", in order to
eliminate the axial play-in the bearing; the value of
this force shall be specified by the x'nanufa'cturer.

*). Not necessary in the case of axally preloaded
bearings.

6 + (

,254/D;

2,36 + 0,6+/D;

Crown-tipped

Subclause 5.632

Touch the work-table surface witH a dial gauge |
successively at two points a) and b) located 90°
apart on the largest possible measuring circle °
diameter (one measuring point a) ¢r b) opposite °
the hob). : :

Take measurements in both directigns of rotation
of the work-table. The largest of|the irdicator

ial
rargaage

reading variations shall be recorded as the
measured camming. [

On machines where the work arbor axis ‘is hori- .
zontal, apply a force F, if necessary”), as in
test G3.

NOTE — It may be useful to put a flat block between the
stylus and the table surface. 1

*) Not necessary in the case of axially preloaded
bearings.
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h
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|
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>

b)

No. Diagram Object
B — WORK-STEADY
nEnl
1 !
S <
Y
G5 .

Measurement of parallelism of the w
movement with the axis of rotation o
arbor

lork-steady
f the work

maximum working traverse of the work-steady
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Permissible deviation

0,001 mm

0,000 1 in

d, D, I, m in millimetres

1
d, D, I, m, — in inche
5 in inches

Measuring
instruments

Observations and references
to the I1SO 230-1 : 1986 acceptance code

Permissible

a)

deviation at the free end of the test mandrel

tdwards the axis of the hob spindle:

8 +|0,8/1;

4 +(0,4/1

6 +|0,5/1;

b)

3,156 + 1,59 /l;

in the opposite direction:

1,57 + 0,79/,

2,36 + 0,99 /I

Crown-tipped
dial gauge and
cylindrical test
mandrel

Subclause 5.422.3

Attach the dial gauge to the work-steady near the
bore of the steady, and place theji\p against the

test mandrel in positions a) and b).
mandrel to its position of mean ra
each measuring direction.

Take measurements at a) and b)
working traverse of the work-ste
work-steady slide clamped, if appli

djust the test
al run-out for

over the full
ady, with the
table.

Determine the mean of the variations of the in-

dicator readings at a) and b) per

spindle revol-

ution. The variation of the mean| values is the

deviation of parallelism.

These measurements may also be taken with a

recording instrument while the
rotating.

ivork arbor is



https://standardsiso.com/api/?name=1be92d95481cf224859faeb8accf3130

1SO 6545 : 1992 (E)

No. Diagram Object
D
<
= | a)
| 4
|
o
gl
G6.1 Measurement of caincidence of the work-steady
bush bore with th€work arbor axis of fotation
|
!
I3 maximum working height of the work-steady above the surface
of [the table
Ig  digtance between the two measuring planes
D5 digmeter of the bush bore
For machines with centreg
G6.2 | Measurement of coincidence or alignnent of the
) work-steady centre with the axis of rotgtion of the
work-arbor
A
b) O
I, distance between the measuring point and the surface of the table

10
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Permissible deviation

0,001 mm

0,000 1 in

d D, m

in millimetres

d, D, m, l in inches

Measuring
instruments

Observations and references
to the 1SO 230-1 : 1986 acceptance code

Subclause 5.442

If this test cannot be performed then test G6.3
shall be performed.

Place the dial gauge and its support on the work-
1 insi ady bush bore

06/

2,36 + 1,191

Crown-tipped
dial gauge and
its support

which is placed at the maximunmworking height.

Take measurements near, the“top and bottom
ends of the steady bush.bore in both directions of
rotation of the work-table, in positipns a) and b) at
a distance of Iy .4apart, with th¢ work-steady
clamped during_the‘measurements, if applicable.

The variatioh-the readings (ignoring the effect of
form deviations) divided by two is the deviation of
the coaxiality. These permissible dpviations apply
to each of the two measurements

NOTE — If

lg
— <05
3

and
lg < 80mm; /g < 3,151in

I/

8
only one check at /3 + Y is necessary|

a)

Permissibl¢ deviation (offset)

towards thelhob spindle:

0,4+/L.

2,36 + 0,79 /],

in\the opposite direction:

02/,

1,18 + 0,4/,

Crown-tipped
dial gauge, test
mandrel or

Permissible deviation

6 +

04%;

2,36 + 0,79/,

Subclause 5.44

Place the stylus of the dial gauge against the
clamping arbor or test mandrel at dositions a) and
b) at a distance /, from the work-table. This
distance /, extends from the work-able to a point
adjacent to the work-steady.

clamping-arbor

Adjust the clamping arbor to its pqg
radial run-out for each measuring

Take measurements at a) and b)
steady set against the clamping 4
with it separated from the clamp|

sition of mean
Hirection.

with the work
rbor, and also
ng arbor. The

work-steady shall be clamped

during the

measurements,_if applicable The variations of the

indicator readings, caused by setting the work-
steady against the clamping arbor, is the
measured deviation.

These measurements may also be taken while the
work arbor is rotating.

Determine the mean value of the variations of the '
indicator readings at a) and b) per work arbor
revolution with the work-steady set against, and
separated from, the clamping arbor. The dif-
ference of the mean values of the indicator
readings is the measured deviation.

11
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No.

Diagram

Object

G6.3

Q+—O 2)

I
b) ¢

Measurement of coincidence of the work-steady
bush bore with the axis of rotation gf the work

arbor

I, distance between the measuring point and the surface of the
table

12
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Permissible deviation

0,001 mm

0,000 1 in

d, D, I, m in millimetres

1
d, D, I, m, — in inches
m P mn

Measuring
instruments

Observations and references
to the 1SO 230-1 : 1986 acceptance code

a) and b)

6 + 0,4/l

For a), deyiation (offset) only permissible towards\the

hob spindi¢. ‘

The readings shall not exceed the permissible‘deviation

minus onejhalf of the play.

2,36 + 0,79/

Crown-tipped
dial gauge, test
mandrel or
clamping arbor

Subclause 5.44

If theytest G6.1 cannot be accomplished this test

shall’be performed.

Place the stylus of the dial gauge against the
aligned clamping arbor in positiong a) and b) at a
distance /, from the work-table. This distance /,
extends from the work-table to a pgint adjacent to

the work-steady.

Adjust the clamping arbor to its pgsition of mean

radial run-out for each direction.

Take measurements at a) and b)
steady set against, and also wit
from, the clamping arbor. If applic

vith the work-
h it separated
hble, the work-

steady shall be clamped againgt the column

during the measurement.

The variation of the reading of

caused by setting the work-stea
clamping arbor, plus one-half of th
bore and journal, is the measured

These measurements may also be
clamping arbor is rotating.

he dial gauge
ly against the
P play between
deviation.

taken while the

13
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S¥r

a)

spindle

No. Diagram Object
C — AXIAL AND TANGENTIAL SLIDES
A |
—
Y | . o
Measurement of parallelism of the pxial slide
G7 movement with the axis of rotation of|the work-

I, maximum traverse of the axial slide

14
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Permissible deviation

0,001 mm

0,000 1 in

d, D, [, m in millimetres

1
d, D, I, m, — in inches
P

Measuring
instruments

Observations and references
to the 1SO 230-1 : 1991 acceptance code

a)

Permissiblg deviation at end of test mandrel

tgwards the axis of the hob spindle:

8 +[0,8/1, 3,15 + 1,59 /I,
in the opposite direction:
4 +(0,4/1, 1,57 + 0,79 /1,
b)
6 + 0,5/, 2/36 + 0,99 /1,

The deviatipns noted in planes a) and b) shall not exceed
the permissible limits‘at)any distance between the axes
of the hobland work-arbor.

Crown-tipped
dial gauge and
test mandrel

Subclause 5.422.2

Place the dial gauge on the axial s
the test mandrel in two perpendi
and b).

ide and touch
ular planes a)

Adjust the test mandrel to its pogition of mean

radial run-out.

Take measurements in the two pl

nes a) and b)

along the full traverse of the axial sl|de and in both
directions of displacement of this slide.

On hobbing machines with obliq
method), the tangential slideway
to 0°.

e feed (Grant
5 shall be set

The variations of the indicator reaglings in planes

a) and b) are the measured deviati

pns.

These measurements may also bmaken while the

work-spindle is rotating. Deter

value of the variations of the indicg
planes a) and b) per work-spindle rg
the full traverse of the axial slide an
tions of displacement of this slide.

ne the mean
tor readings in
volution along
H in both direc-

The variations of the mean values of the indicator
readings are the measured deviations in a) and b).

15
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No. Diagram Object
Measurement of rupn-out of the mounting bore in
the hob spindle:
G8 a) near the.hob spindle nose;
b) @tadistance /5 from the hob spindle nose.
I half the maximum distance between the hob spindle nose and
thel middle of the outboard bearing of the hob arbor
7 4
LAV
AV o
G9 | Measurement of periodic axial slip of the hob

spindte

16
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Permissible deviation

0,001 mm 0,000 1 in Measuring Observations and references
1 instruments to the ISO 230-1 : 1986 acceptance code
d, D, [, m in millimetres d D, m, ) in inches
a)
Subclause 5.612
6 2,36 Crown-tipped
dial gauge and Take méasurements in the twd directions of
b) test mandrel rotation\with the axis preferably sdt to the vertical
position.
64065 2,36 + 1,19+/I5
Subclause 5.622
Flat-tipped dial
1 gauge, Place the stylus of the dial gauge pgainst the ball
4 + (0,6 ~mg, max 1,57 + 1,19 |/ & ) preloading located in the centre hole of the tegt mandrel, and
0, min device if apply a force F, if necessary”), in order to
or necessary, eliminate the axial play in the bearing. The value
test mandrel of this force shall be specified by the manu-
157 + 1,19 m and ball facturer.

Take measurements in both directions of rotation.

*)  Not necessary in the case of axially preloaded
bearings.

17
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No. Diagram Object
—
L I I
I )|
o ‘ J X ]
S~
4,
7 .
G10 \} I Measurement _‘6f ‘coincidence of the |outboard
B —0 l bearing with the hob spindle axis
a) M
LN ]
o &
101b)
(% %
lg distpnce between the measuring point adjacent to the free end of
the hob arbor and the hob spindle nose ’
M
| R
H |
'} .
< —O
Measurement of parallelism of the tangential slide
Gn - L movement with the axis of rotation of the hob
spindle
a) -
11
T
191
101 b)
I maximum traverse of the tangential slide

18
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Permissible deviation

0,001 mm 0,000 1 in

1
d, D, [, m in millimetres d, D, m, ) in inches

Measuring
instruments

Observations and references
to the ISO 230-1 : 1986 acceptance code

Subclause 5.442

a) and b)

6 40,5

In a), devigtion permissible only towards the axis of the
work arbor

2,36 + 0,99 /lg

Crown-tipped
dial gauge, test
bush, and hob
arbor

Place the stylus of the dial gauge dgainst the hob
arbor successively in two perpendicular planes a)
and b) and as near as possible tq the outboard
bearing. The hob spindlg-should preferably be set
to a vertical position.

Adjust the hobrarbor to its position|of mean radial
run-out for each’measuring directipn.

Take measurements in positions

h) and b) first

without the test bush inserted in| the outboard

bearing, then with it inserted.

The measured deviation is equal to
coincidence variation caused by ing
bush plus half the play between thd
the hob arbor.

the sum of the
berting the test
test bush and

These measurements may also be faken while the

hob spindle is rotating.

a) and b)

Crown-tinped
PP

Subclause 5.422.3

Place the stylus of the dial gauge 4§
mandrel in two perpendicular pla
Adjust the mandrel to its position
run-out for each measuring directi

gainst the test
hes a) and b).
of mean radial
bn.

full traverse, in both directions of| displacement,

Take measurements in planes a) aTd b) along the

6 + 0,51,

2,36 + 0,99/l;

dial gauge and
test mandrel

of the tangential slide. The axis of the hob spindle
shall if possible be set to a vertical position.

If the tangential slide is clamped during hobbing,
the measurements shall be taken in the clamped
condition.

The variations of the indicator readings in planes
a) and b) are the measured deviations.

These measurements may also be taken while the
hob spindle is rotating.
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7 Kinematic tests

7.1 Description of the tests

Instead of the following kinematic tests, practicai tests, see ciause 8, may be carried out.

No. Diagram Object
Angular displacement
testers
Rotation of the work-spindle relative to the
K1 . .
rotation of the hob spindle
N
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Permissible deviation

0,001 mm

0,000 1 in

d, D, I, m in millimetres

1
d, D, [, m, — in inch
i umlnces

Measuring
instruments

Observations and references
to the ISO 230-1 : 1986 acceptance code

Jal

1,13 /d,,;

Jar T fae = Sfa

Jak = 5 1 1,5 /Mg max

fd| = 2,24 ‘\/du1

1
Fae=197+298\/=
PO, min

or

fdk = 1,97 + 2,98\/ mol max

Angular
transmission
deviation
measuring
device

Attach angular-displacement testérs (I and Il) to

the work- and<hob spindles.

Take measurements in both direct
of the work-spindie during conti

ons of rotation
huous motion,

under no-load conditions, with tl

rotating in the direction preferably selected in

operation and the machine s
reference workpiece (1) or @

-

If the measured deviation fgq @
80 % of the permissible deviati
measurements with the hob spindl

machine permits this) to check th|
do not have values over the permi

opposite direction (provided that t}e design of the

Reference workpiece (D) :

1
d) = —dpay; Myy1 = M
ul 3 maxr " tul 3 0, max

du1 deax
ZU1 -_——=
My Mg, max

Reference workpiece (2) :

1
dy = ? Amax M2 = Mo, maxs

=12 diax PO,min

e hob spindle

up for the
spectively.

r fao exceeds
bn, repeat the
b rotating in the

t fakr and fao
sible deviation.

Py =3PO,min

Py = PO,min

L 1 =
Yu2 % max

My 3 mo, max

Zy2 =

where

du1' Mey1r Zuts Pt_u1 and du2' Myy2s Zy2r Ptuz are
the reference diameter, transverse module,

number of teeth and transverse
of the reference workpieces
respectively.

Orzys2 = ? dmax PO, min

1

diametral pitch

@ and
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No. Diagram Object

)]

cale
\ - \
Scanning head\ﬁl a)-m{* [E - Angular
t R T /__ encoder

v
K2 | | b) :2{ Movement of theaxial'slide relative to tHe rotation
I . _____ Reference | of the reference shaft in the slide drive
- 1 shaft
| "I
L

l; maximum traverse of the axial slide

[A]
Q4
0]

4

I

shaft

e -
$cale bl M I
Scanninjg head 3) VT
cannirlg hea b) [E""w} A
°l s ngular
- 1.\ /7 encoder Movement of the tangential slide relatlve to the
K3 }’1 . rotation of the reference shaft in the slide drive
1
§\ Reference
l

I maximum traverse of the tangential slide
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Permissible deviation

0,001 mm

0,000 1 in

d, D, [, m in millimetres

1
d, D, |, m, — in inches
" p

Measuring
instruments

Observations and references
to the ISO 230-1 : 1986 acceptance code

fa g 12T

0<

deviation

fxl = 2,38 \/l_

1<,

n any length /. The component of the tangen-

The meas;red deviation shall not exceed the permissible

tial linear t

ka =61 06 \ Mo, max

ansmission deviation is not takeninto account.

1
S = 2,36+ 1,19\/—
PO,min

or

Sk = 2,36 + 1,19~/ Mg max

Linear transmis-
sion deviation
measuring
device

Attach the scale of the measutin

¢ device to the

bed or column of the machine, theg scanning head
to the axial slide, and the angular|encoder to the

reference shaft.

Take measurements with the axial[slide moving in

both directions”a) and b) unde
ditions.

no-load con-

Hobhking machines with oblique feed (Grant
method) and special machines fof cutting worm

wheels do not require this test.

A laser interferometer may be used instead of the

scale and the scanning head.

ERRA

deviation on.any’ length /.

fu =198/

1<

The component of the axial

The meairored deyiation shall not exceed the permissible

linear tranjsmission deviation is not taken into account.

Linear transmis-
sion deviation
measuring

Attach the scale of the measuring device to the
bed or column of the machine, thg scanning head
to the tangential slide, and the angular encoder to

the reference shaft.

Take measurements with the

angential slide

moving in both directions a) and ) under no-load

ftk =6+06 VM0, max

1
fa=236+ 1,19\/*

0, min

or

Ji = 2,36 + 1,19+/mq, max

device

conditions.

Hobbing machines with oblique feed (Grant

method) and machines without ta
not require this test.

ngential feed do

A laser interferometer may be used instead of the

scale and the scanning head.
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7.2 Notes relating to kinematic tests

7.21 Test K1

The accuracy of the rotation of the work-spindle relative to the
rotation of the hob spindle is determined by the magnitude of
the form and positional deviations of all elements in the gear
train between the work-spindle and the hob spindle. As all
these elements rotate, their deviations will recur periodically in
accordance with their respective frequencies of rotation, so
that the deviation of the relative turning motion will be always

the sum of severai periodic deviation components. For practical

. o { My . d L . .
Jaw = 0,6 jdk\ + 2 in the metric version,
mO,max dma
or
0, min du . . .
Saku = 0.6 fg 2 in the inch version
max

and
Saiw = 0,9 +/s in the metric version, or

Sau = 1,79 4/s in the inch version.

reasons, it is adv{sable to separate the low-Trequency compo-
nent from the higher frequency components.

7.2.1.1 angular| transmission deviation, F;: Deviation of
the angular position of the work-spindle from its desired pos-
ition determined by the respective position of the hob spindle

A A4 £ H H 1 1. 1
and the setting of{the machine, i.e. the transmission ratio of the

gear train between hob spindle and work-spindle which in this
case is assumed [to be free from deviation. The deviation is
measured as the| length of arc on the reference circle of a
reference workpigce.

7.2.1.2 low-frefluency component, f,, of the angular
transmission dé¢viation: Component caused by the low-
frequency companent of the tangential composite deviation of
the index worm| wheel in the installed position and the
instability of the|axis of rotation of the work-spindle in the
measuring plane.

7.2.1.3 high-frgquency component, f,, of the angular
transmission deviation: Component caused by deviations of
the angular positjon of the elements rotating at higher speeds
than the work-spindle. The lower frequency limit of these.high-
frequency compgnents equals half the frequency of rotation of
the slowest running shaft (the work-spindle excluded).

The high-frequerjcy component of the angular’ transmission
deviation includep components which arelproportional to the
diameter and to the transverse module of/the workpiece. For
this reason, the procedure specified for test K1 is convenient
for taking measfirements with a, ‘small module and a large
diameter as well as with a large'module and a small diameter
(reference workpleces (1) and @ respectively).

If the measuring methodfor test K1 is impracticable for one or
the other of the feference workpieces for reasons inherent in
the machine or the nécessary testing equipment (e.g. working
range of the measuring instruments), values other than those
specified for d,,, and m,, or d,, and m,, respectively may be
used for d,, and m,,. The tolerances shall then be calculated as
detailed below.

Deviating from the requirements for test K1, the angular
transmission deviation of single-purpose machines may be
measured with respect to the reference diameter and transverse
module corresponding to those under which the machine will
work in actual operation.

If the machine is tested on the basis of a setting corresponding

to a reference workpiece having the reference diameter d,, and
the transverse module m,, fy., and fy, are as follows:

24

The requirements for f,, have to be met for apy lepgth of arc
froms = 0tos = d n/2.

NOTE — For checking over half the circumfererice (s = [d,-n/2), the
limit deviation is

Jatwmax = 1,13 A/d, in the metric.version, or
Sau,max = 2,24 A/d,, in the inchryersion.

The relationship betweeny‘the instantaneous vallies of the
angular transmission deviation is

Fay = fauw + Faku

The permissible cumulative pitch deviation ij OoVpr a sector
of j pitches,shall be calculated as follows:

Fgi = Fy = fg + fa

Fojy = 09 s + Saw = 1.6 Ajmy + fg in| the metric
version, or

Foju = 1795 + fugy = 317 VJiIPy, + J[in the inch
version.

The testing equipment for Fy, fy and fy, consistg of testing
devices with optical, magnetic or other index plate$ as well as
seismic devices.

As the reference workpieces only provide referencg values for
checking the angular transmission deviation betweeh the work-

spindle and the hob spindle, the module m,, = Oéma" and

the transverse diametral pitch Py, = 3Pg i, may deviate from
a standardized value of modules, or diametral pit¢h, respect-
ively, and the numbers of teeth z,; and z,, need not be in-
tegers. However, if the testing equipment employgd only per-
mits the use of integral values of z,,; and z,,, the mgdule of the
and d ,, will
have the required values. In this case the tolerances for fj,, of
the reference workpiece shall be calculated in accordance with
the formula stated above. This applies, above all, to machines
on which the modules that can be hobbed are large in relation
to the maximum workpiece diameter of the machine.

oference warkniece shall be selected so that g

7.2.2 Tests K2 and K3

7.2.2.1 linear transmission deviations, F, or F: Deviation
of the position of the axial slide or tangential slide from its
desired position.

The desired position is determined by the transmission ratio of
the gear train between slide and reference shaft (which, in this
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case, is assumed to be free from deviations) and the respective
angular position of the reference shaft in the slide drive. The
reference shaft may be any shaft in the drive of the slide (axial
or tangential) between the feed spindle and the differential. It
could, for example, be the shaft of a differential change gear.
The reference shaft may be chosen by the manufacturer.

7.2.2.2 low-frequency components, f,, and f,. of the
linear transmission deviation: Components caused mainly
by lead deviations, deformation of the feed screw, and tilting,
i.e. variation of inclination of the axial or tangential slide to the
column while_moving

ISO 6545 : 1992 (E)

limit of these high-frequency components is equal to half the
rotary frequency of the slowest running shaft (feed screw
included).

Apart from the above, high-frequency components of the linear

transmission deviation may also result from geometric defects
of components of the feed screw itself.

7.2.3 Tests K1, K2 and K3

The course of the deviation shall be plotted on a diagram as a

function-of-the-length-L{tests K2 and K3} orthe arc s (test K1,

linear trangmission deviation: Components caused by
angular posftion deviation of the faster rotating elements
between refdrence shaft and feed screw. The lower frequency

7.2.23 hig{-frequency components, f,, and f,, of the

Deviation curve

a1 *

+

see figure 1).

The curves of the positive and negative permigsible deviations
should be drawn on transparent paper on thg same scale for
both vertical and horizontal coordinates.

-+

fdl1+

+

Curves of positive and negativé tolerances

£~
-’

. PPT)
tHOoR

fdl1

Figure 1 — Example for test K1
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If the origin of the coordinates of this tolerance curve is then
shifted along the measured curve in such a manner that the / or
s axes remain parallel, the deviation curve shall always lie within
the zone defined by the two tolerance curves.

8 Practical tests -

When the cutting of a test gear is agreed between the
manufacturer and the user as indirect verification of the
accuracy of the machine, all details including, in particular, the
design and the material. of the test gear, hob and all hobbing

The number of teeth z of the work is given by the formula

T=2r TP
1

For g > 3,5 p, is the integer nearest to

i z7, but if

747 < 35thenp, = 4andz = z7 - 4.

8.3 Tolerances of the test gear

data shall be fixd

8.1 Introduc

Material of the
selected so as to
for measuring pu

d at the time the order is placed.

ion

test gear, hob and hobbing data shall be
produce a surface quality which is sufficient
rposes. The agreement shall also include the

testing equipment to be employed. Measurement of the total

profile deviation
inherent in the h

F, is not practicable because any deviation
bb would affect the results.

In the case of hobbing machines with oblique feed (Grant

method), the hel
the deviations of
helix form deviat

machine. For t

x form deviation ffﬁ is primarily a function of
the hob and its mounting. For this reason, the

e same reason, the tangentlal composnte

cannot be a chrlon for the acceptance or rejection of the

deviation test an
are not practicab

The circular pit
machine or altern

especially the radial composite deviation test
le either.

Ch should preferably be measured on the
atively the gear blank shall be provided with.a

centring rim of

high geometrical accuracy to ensure proper

mounting for cuIing and measurement.

The circular pitc
area adjacent to
gear shall be hok

of cylindrical gears may be measured in the
one of the faces of the gear. In this area the
bed without axial feed.

8.2 Design olf the test gear
h

The test gear sl

Il comply withthe followng design criteria:

on of test gears hobbed by the Grant method

8.3.1 General

Tolerances are calculated in 0, 001 mm inrthe metric|version and
in 0,0001 in in the inch version. ‘

The values of m, d, and b are inmillimetres in the métric version

1
and the values of B d and\b_are in inches in the inch version.

8.3.2 Part of f S proportional to the.referencg diameter
of a reference or test workpiece, f 1 (see 5.4)

Jakr is as follows:

d
Skt = .

max

. . ‘ /1
d 2,36 + 3,57 ) in the inch version
dmax PO,,min

e

(6 + 1,8 /my, max‘) in the metric ersion,

or

JokT =

where

Sfakr can be determined- as the compongnt of the
cumulative pitch deviation with p4 periods| per table
revolution. This component has approximately the same
amplitude as the angular transmission deviation [component
with z periods per table revolution (see figures|2 and 4).

8.3.3 Lolefrequency component of the angular

— %dmax ind d 24 000 mm or d < 160 in transmission deviation, f (see 5.4)
Jq 1s as follows:
20° < B < 30° ‘ g
fa = 1,6+/j-my in the metric;version
10Mg ax < b < 350 mm or ,,; 4
10/Py in < b < 14in fui=1317 \/ 1’)— in the inch version
! S Cy .

In order to enable the evaluation of the test results for machines

with a high number of teeth in the main index worm wheel; the

calculation of the number of teeth of the test gear according to
the following formulae is recommended. The number of teeth
per period of the cumulative pitch deviation will then be about 9
to 11. Instead of verifying the geometrical and kinematic
accuracy directly by means of measurements taken on the
machine itself, such verification may be performed indirectly by
measuring a test gear.

26

where” -

fq can be determined as the low-frequency component of
the cumulative pitch deviation. For checking the course of
Jfqv the number j of pitches has to be valid fromj = 1 to

1 1
— z for even numbers of teeth and to Y (z—1) for odd

numbers of teeth.
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