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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmentab—h—Haisor—with—SO—also—take—part—in—the—work—SO—collaborates—slosely—with the

T O—toico— SO oOTTtoy

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

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tgdsk of technical committees is to prepare International Standards. Draft International Standards
adopted by |the technical committees are circulated to the member bodies for voting\»Publication as an
Internationall Standard requires approval by at least 75 % of the member bodies casting a-vote.

Attention is grawn to the possibility that some of the elements of this document¢may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 3408-3 vas prepared by Technical Committee ISO/TC 39, Machine fools.

This second edition cancels and replaces the first edition (ISO 3408-3:1992), which has been techn|cally
revised.

ISO 3408 cgnsists of the following parts, under the general title: Ball screws:
— Part 1: Vocabulary and designation

— Part 2: Nominal diameters and nominal leads . Metric series

— Part 3: Acceptance conditions and acceptance tests

— Part 4: Ptatic axial rigidity

— Part 5: Btatic and dynamic axial’load ratings and operational lifetime

iv © I1SO 2006 — All rights reserved
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For the purposes-of this document, the terms and definitions given in ISO 3408-1 apply.

Il screws —

rt 3:
ceptance conditions and acceptance tests

Scope

part of ISO 3408 specifies the technical acceptance conditions for ball screws (see Figu
cular, the respective permissible deviations for the acceptance tests.

E The actual design need not necessarily correspond to that shown in Eigure 1.

respective tests required will be agreed upon between the manufacturer and user.

Normative references

ences, only the edition cited applies. For undated references, the latest edition of the
ment (including any amendments) applies.

P30-1:1996, Test code for machine tools*<='Part 1: Geometric accuracy of machines operati
or finishing conditions

P86-2:1988, ISO system of limits~and fits — Part 2: Tables of standard tolerance grad

3408-1:2006, Ball screws.— Part 1: Vocabulary and designation

Terms and definitions

following referenced documents are indispensable™for the application of this document.

re 1) and, in

For dated
referenced

ng under no-

es and limit
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4 Test conditions and permissible deviations

4.1

Classification

The tests are graded in six standard tolerance grades (see Table 1) in conformance with 1SO 286-2:1988,

Table 1.

Table 1 — Standard tolerance grades

Standard tolerance grade 0

/N

Standard tolg
Standard tolg
Standard tolg
Standard tolg

Standard told

rance grade 1 =

rance grade 3
Increasing requirements on accuracy and.function
rance grade 5

rance grade 7

rance grade 10

4.2 Geometrical tests

4.21 Tole

Tolerances
ISO 286-2:1
calculated b

Tolerances
equations:

Grade (
Grade 1
Grade 3

Grade 5

where [, is
given in Tab,

B = o

fances

bn specified travel, e,, for the useful travel, /, (testsSE 1.1 and E 1.2), are taken directly
D88, Table 1. Values of ¢, for useful travel, /[, 'of greater than or equal to 3 150 mm
b linear extrapolation (see Table A.1).

u»

bn travel variation, v, in micrometres, within useful travel /, were evaluated using the follg

up’

D vyp=0,0035- 7, +2,4
:vyp = 0,0045- 1, + 4,6
vy = 0,009 7, +9,2

D vyp=0,018-1, £18,4

from
were

wing

the geometrical mean, in millimetres, of the extreme lengths of each step of measured fravel

eA1:

max 'lu min

Run-out tolerance and orientation tolerances were determined from experience.

4.2.2 Evaluation of the measuring diagrams

4221 G

eneral

To evaluate the actual mean travel deviation within the useful travel, either a mathematical method — precise
by its nature — or a graphical method — simple and quick and recommended as an approximation method
suitable for everyday evaluation — may be used.

NOTE

The travel variation, v

ua’

resulting from the mathematical method may not be the minimum travel variation.

© I1SO 2006 — All rights reserved
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The graphical method gives the minimum travel variation.

4.2.2

.2  Mathematical (least square) method

The actual mean travel deviation, e, is given by the formula

with

eg=a+b,

271'2'291"27/1"271”91'

n-2yi =Xy Ly
and
b= n-2yi-e—Xyi-2e
n~27,-2 -2y 27
where

c)

The

p_is the actual mean travel deviation in relation to the specified ornominal travel, as approy
y  is the angle of rotation (specified or nominal travel, as appropriate);

. is the angle of rotation (specified or nominal travel, as appropriate) correspondin
measuring point;

is the travel deviation (or travel) in relation te\the specified or nominal travel for the ang
(or travel) corresponding to the ith measurifig point;

. is the number of measuring points.

.3 Graphical method [see Figlre'3 a) and b)]

bvaluation of the actual meanitravel deviation from the travel deviation diagram is carried out
draw the tangents to the @ctual travel deviation curve at two ore more upper peaks (/4, /o, ..
his procedure for the lower peaks (/3, ...);

determine the largest respective deviations (e, e,, e3, ...) parallel to the ordinate, and seleg
he smallest deviation (e, in the example);

draw a straight line through this point of minimum deviation that is parallel to the correspond
I', parallel to [, in the example).

riate;

y to the ith

el of rotation

as follows:

) and repeat

t from these

ng peak line

petial mean travel deviation, e,, is the centreline between these parallel lines (I, and ',). Th

e bandwidth

within the useful travel, v, is the distance between these parallellines, e,, measured parallel to the ordinate.

© I1SO 2006 — All rights reserved
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1
Key
1 ball screpv shaft
2 ball
3 ball nut

Figure 1 — Ball screw
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angular measuring instrument (permissible error = 10”)
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ball screw shaft

Figure 2 — Basic measuring principle

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=990d087906bb2eed87e0044c31e1f3a8

ISO 3408-3:2006(E)

A
ol
)
A J
A
3
©
ol
)
Y
/
e | lu | e
a) Deviation ¢, related to specified travel /
mq) A ///// i
\ \\\\ ///////
) \><//// /1 /0
Ote=—
v0 Nl Yy
/ X
N
N e N o
N o> t“\
\\\ N\ NS ™
I N y y
/?\\ NS | Y )
NN . Iy <
I3 ~o O\ N
AN A
NS X =
S~ N o
\\\ \ \\ ~ [o1
\\\\ NS d
~
/l2 \\ )\
N Y v
X
N v
e | Tu | e
b) Deviation ¢y, related to nominal travel /;

For the excess travel, see Table A.3.

NOTE
a8 Travel deviation.
Figure 3 — Determination of the actual mean travel deviation, ¢, or ¢y,
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5 Acceptance tests

5.1 General

The typical tolerance grades for positioning and transport ball screws are given in Table 2.

Table 2 — Typical tolerance grades for positioning and transport ball screws

Type of ball screw Standard tolerance grade
Positioning 0-1-3-5
Transport 0-1-3-5-7-10

The test accprding to Table 3 shall apply, depending on the type of ball screw considered [pasitioning (type P)

or transport

The basic measuring principle is illustrated in Figure 2.

type T) ball screw].

Table 3 — Travel deviation tests

Type of ball screw
Travel deviations per reference length Positioning Transport
Test
Travel compgnsation c for useful travel /, Specified by user C=0
Tolerance or] specified travel € E1.1 E1.2
Permissible travel variation v, within useful travel E2 —
Permissible fravel variation V300p within 300 mm travel E3 E3
Permissible fravel variation Vorp within 2= rad E4 —

Tests and tolerances to the ball nut-displacement are relative to the ball screw shaft.

A pitch-to-pi
rotating ball

The travel

ch measurement'may be carried out using a measuring ball by touching the ball track of a[non-
screw shaft. Fof the measuring intervals, see Table A.2.

ariation y»;(within 2 rad is determined over nine measurements (8 x 45°) per revolution, or

continuously within.one thread (at the start, in the middle and at the end of useful travel), provided that this

has been th¢ subject of special agreement.

© I1SO 2006 — All rights reserved
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Object: Positioning ball screw E 1.1
Checking of the mean travel deviations, e, and eg,, within the useful travel, /:
a) for the specified travel, /;
b) for the nominal travel, /;.
Diagram
a) b)
+4 . + A /
—
- & R : I 1
\Z/_ ] Lo Ly NS — i R s
T i | RN ©
"y 3 O ty ly
© d ~ Y} Y
SOy © )
/g —» Y |
|
Y
@ |Actual travel deviation.
Permissible deviations Observations and remarks
Useful travel Tolerance on specified travel
Iy e
mm pm
Standard tolerance grade
> < 0 1 3 5 7 10 a)
0 315 4 6 12 23 — — gy = | um
315 400 5 7 13 25 — —
400 500 6 8 15 27 — —
500 630 6 9 16 32 — — b)
630 800 ’ 10 18 36 — - The travel compensation ¢
800 1000 8 11 21 40 — — shall be specified by the
1000 1250 9 13 24 47 — — user
1250 1600 11 15 29 55 — — c=
1600 2000 — 18 35 65 — —
eoa = lJm
2 000 2500 — 22 41 78 — —
2 500 3150 — 26 50 96 — —
3150 4 000 — 32 62 115 — —
4 000 5000 — — 76 140 — —
5000 6 300 — — — 170 — —

Measuring instruments

See Figure 2.

Test instructions

See Figure 2.

© I1SO 2006 — All rights reserved
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Object: Transport ball screw

Checking of the mean travel deviation eg,, within the useful travel, /:

E1.2

Diagram
+ A a
/ _— o A
— D
o = vty
\t\‘z‘/\ A
— A O
| —~— Y
\j S
)
fy—>
a8  Actual fravel deviation.
Permissible deviations Observations and remarks
Tolerance on specified travel
e
p
pum
Standard tolerance grade
0 | 1 | 3 | 5 | 7 | 10

ZU
% = *300 V3000

€a=__ MM

Measuring instruments

See Figure|2.

Test instructions.

See Figure 2.

© I1SO 2006 — All rights reserved
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Object: Positioning ball screw

Checking of the travel variation v, within the useful travel, /:

E 2

Diagram

Is (1)
—
@ | Actual travel deviation.
Permissible deviations Observations and remarks
Useful travel Travel variation
Zu Vup
mm pm
Standard tolerance gradé
> < 0 1 3 5 10
0 315 3,5 6 12 23 —
315 400 3,5 6 12 25 —
400 | 500 4 7 13 26 — Yua T ———- M
500 630 4 7 14 29 —
630 800 5 8 16 31 —
800 1000 6 9 17 34 —
1000 1250 6 10 19 39 —
1250 1600 7 11 22 44 —
1600 2 000 — 13 25 51 —
2000 | \2-500 — 15 29 59 —
2500)" 3150 — 17 34 69 —
3.150 | 4000 — 21 41 82 —
40005066 49 99
5000 6 300 — — — 119 —

See Figure 2.

Measuring instruments

Vua

See Figure 2.

Test instructions

is the smallest distance, measured parallel to the ordinate, between two lines parallel to the mean travel
that envelop the actual travel deviation over the useful travel /.

© I1SO 2006 — All rights reserved
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Object: Positioning or transport ball screw E 3

Checking of the travel variation v3q, within an axial travel of 300 mm:

Diagram
}00 mm
+A B -
™\
® Is (1p)
a e
Ly R “&
S
NG 8
S
>
a Actual {ravel deviation.
Permissible deviations Observations and remarks
Standard tolerance grade
o | 1 | s | s | 7 | 1
V300p
um
3,5 6 12 23 528 2102 v300a max = —— MM
@  Only for transport ball screws.

Measuring instruments

See Figure|2.

Test instryctions

See Figure|2.

V3004 IS the|smallest distance, measured parallel to the ordinate, found when a template is moved along|the
actual travII deviation)and parallel to the mean travel, which contains the actual travel deviation over pny

300 mm length along the useful travel.

10 © ISO 2006 — All rights reserved
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Object: Positioning ball screw E 4

Checking of the travel variation v, ., within 2 rad:

Diagram

nx2xrad —»

a Actual travel deviation.

Pemmissible deviations Observations and remarks

Standard tolerance grade
0 | 1 | 3 | 5 | 7 | 10
V2np Voramax= — MM
pm
3 |« | e | ] = [ -

Megasuring instruments

Seg Figure 2.

Test instructions

Seg Figure 2.

vo-4 1S the smallest distance, measured parallel to the ordinate, found when a template is movegd along the
actlial travel deviation and parallel to the mean travel, which contains the actual travel deviatign over any
distlance corresponding to one revolution, i.e. 2r rad along the useful travel.

© IS0 2006 — Al rights reserved 1
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5.3 Run-out and location tolerances

Object: Transport or positioning ball screw E 5

Measurement of radial run-out, #5, of ball screw shaft outer diameter for ascertaining straightness related to
AA' per length Ig:

Diagram
s s s,
Is /s
& - <t
199 A A
_E —_r B I _._._E.}_O NQ‘ i‘“
= == ) ﬁ
z%%j;% “A A 7 !
N | 24, L 20
» /i .
Permissible deviations Observations and rem3rks
Nominal digmeter Standard tolerance grade
‘o 5 0 1 3 5 7 10
mm mm
> < Is, UM, forlg 5a Hm
6 12 80
12 25 160
25 50 315 16 20 25 32 40 80 tomax a = um
50 100 630
100 200 1250
l4ldy lsmax p MM, for 1y > 415
> <
— 40 32 40 50 64 80 160
40 60 48 60 75 96 120 240
60 80 80 100 125 160 200 400
80 100 128 160 200 256 320 640
Measuring|inStruments
Dial gauge and V-blocks
Test instructions Reference to test code ISO 230-1:1996, 5.612.2

Place ball screw in identical V-blocks at points A and A'.
Set dial gauge with measuring shoe at the distance /5 perpendicular to the cylindrical surface.

Rotate the ball screw slowly while recording the changes in the measurements at specified measuring
intervals.

NOTE 1 Optionally, measurement by supporting the ball screw shaft at both centres can be used by agreement.

NOTE 2  Ifl; < 2i5 take the measurement at /,/2.

12 © ISO 2006 — All rights reserved
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For Ig < I (I see table)

Object: Positioning or transport ball screw

E 6.1

Measurement of redial runout, 7 4, of bearing seat related to AA', per unit length /:

1 bearing seat

/
For Ig > [ to be valid # 1, < 7.1, 76
Diagram
% |
-
Key

Pemmissible deviations

Ngminal diameter Standard tolerance grade
rff% mlm 1 3 5 7 10
< Ig.1p» MM, for /
6 20 80 10 12 20 40 63
20 50 125 12 16 25 50 80
50 125 200 16 20 32 63 100
125 200 315 — 25 40 80 125

Observations an

id remarks

Diameter 6 1a
mm um
mm um
mm um
mm um

Measuringinstruments

Dia| gauge and V-blocks

Test instructions

Place ball screw in identical V-blocks at points A and A'.

Rotate the ball screw slowly and record the dial gauge readings.

Place the dial gauge at the distance /g perpendicular to the cylindrical surface.

Reference to test code ISO 230-1:1996, 5.612.2

© I1SO 2006 — All rights reserved
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Object: Positioning or transport ball screw E 6 2

Measurement of radial runout, ¢ ,, of bearing seat related to the centreline of the screw part:

Diagram

Key

1 bearing seat

Permissib‘e deviations Observations and remarks
Nominal clliameter Standard tolerance grade

r:;n 0 1 3 5 X
> < f6.2p» MM
— 8 3 5 8 10
8 12 4 5 8 11
12 20 4 6 9 12
20 32 5 7 10 13 —
32 50 6 8 12 15
50 80 7 9 13 17

lgoa=_____ MM

80 125 — 10 15 20

Measuring|instruments

Dial gauge [and V-blocks (assembled nut or jig for exclusive use)

Test instryctions Reference to test code ISO 230-1:1996, 5.612.2

Support a gcrew'shaft at near both ends of threaded part, using the plural number of balls of the same pize
as the ballg used.

Place the dial gauge at the outside diameter of the ball bearing seat of the screw shaft.
Rotate the screw shaft one revolution and record the dial gauge readings.

NOTE This test can be used on an agreement between user and manufacturer. If used, it replaces test E 6.1.

14 © ISO 2006 — All rights reserved
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difference:

for I; < I (I see table)

for /7 > I to be valid 17 15 < 17 1, 77

Object: Positioning or transport ball screw

E71

Measurement of radial run-out, ¢#; 4, of journal diameter related to the bearing seat by determining the

Diagram

Key

1 bearing seat

Pemmissible deviations

Observations an

Ndminal diameter

Standard tolerance grade

id remarks

d
0 ! 3 5 7 10
mm mm
Diameter t
< t74p» UM, for / 71
mm um
6 20 80 6 8 12 16
mm um
20 50 125 8 10 16 20
mm um
0 125 200 10 12 20 25 mm um
125 200 315 12 16 25 32

Measuring instruments

Dial gauge and V-blocks

Test instructions

Reference to test code ISO 230-1:1996, 5.612.2

Place ball screw in identical V-blocks at points A and A'.

Rotate the ball screw slowly and record the dial gauge readings.

Place the dial gauge at the distance /; perpendicular to the cylindrical surface.

© I1SO 2006 — All rights reserved
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Object: Positioning or transport ball screw E 7 2

Measurement of radial run-out, #; ,, of the journal diameter related to the centreline of the bearing seat:

Diagram
1
JLw / _\Fﬁ
7, 7,
Key
1 bearing seat
Permissib‘e deviations Observations and remarks
Nominal clliameter Standard tolerance grade
d,
{ 0 1 3 5 X
mm

> < f7.2p WM

— 8 3 5 8 10

8 12 4 5 8 11

12 20 4 6 9 12

t = m

20 32 5 7 10 13 _ |72t — M

32 50 6 8 12 15

50 80 7 9 13 17

80 125 — 10 15 20

Measuring|instruments

Dial gauge [and V-blocks

Test instryctions Reference to test code ISO 230-1:1996, 5.612.2

Support a dcrew ‘Shaft at its supporting bearing seats horizontally using V-blocks.

Put the dia gauge at the outside diameter of the jou rnals

Rotate the screw shaft one revolution and record the dial gauge readings.

NOTE 1 This test can be used on an agreement between user and manufacturer. If used, it replaces test E 7.1.

16 © ISO 2006 — All rights reserved
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Object: Positioning or transport ball screw

Measurement of axial run-out, g 4, of shaft (bearing) faces related to AA":

E 8.1

Diagram
lg.1a < t8.1p — 14|

where A is the deviation of straightness.

Key

1 bearing seat

Pemmissible deviations

Observations an

id remarks

Nominal diameter Standard tolerance grade
d,
0 1 3 5 7 10
mm
. < fg 10 HT Diameter 18 1a
6 63 3 4 5 6 10 mm Hm
63 125 4 5 6 8 12 mm Hm
25 200 — 6 8 10 16 mm Hm
Measuring instruments
Dia| gauge and V-blocks
Test instructions Reference to test code ISO 230-1:1996, 5.632
Plage ball’screw at points A and A’ on V-blocks.
Sedure—the-ball-screw-shaft-inthe—axial direction—against movement {e-g- lacing—a—ball-between the

corresponding diameter.

centres of the ball screw shaft and the mounting surface).

Rotate the screw shaft one revolution and record the dial gauge readings.

Place the dial gauge perpendicular to the end face of the journal and to the cylindrical surface of the

© I1SO 2006 — All rights reserved
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Object: Positioning or transport ball screw E 8 2
Measurement of axial run-out, #g 5, of the shaft faces related to the centreline of the screw shaft:
Diagram
1
Y /A
Y
7.
Key
1 bearingp seat
Permissib‘e deviations Observations and remarks
Nominal clliameter Standard tolerance grade
d,
{ 0 1 3 5 X
mm

> < t8.2p’ Hm

— 8 2 3 4 5

8 12 2 3 4 5

12 20 2 3 4 5 ;

= pm

20 32 2 3 4 5 — 822

32 50 2 3 4 5

50 80 3 4 5 7

80 125 — 4 6 8
Measuring|instruments
Dial gauge jand V-blocks
Test instryctions Reference to test code ISO 230-1:1996, 5.632
Support a gcrew 'shaft horizontally by the V-blocks at the supporting bearing seats while butting one end of
the screw ghaft,to the fixed face.
Place the dial gauge at its supporting bearing seat end face.
Rotate the screw shaft one revolution and record the dial gauge readings.
NOTE 1 This test can be used by agreement between user and manufacturer. If used, it replaces test E 8.1.

18 © ISO 2006 — All rights reserved
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Object: Positioning or transport ball screw

E9

Measurement of axial run-out, g, of ball nut location face related to AA’ (for preloaded ball nuts only):

Diagram

Pemmissible deviations

Flange diameter

Standard tolerance grade

Observations an

id remarks

cen

Secure the ball nut against rotation on the ball screw shaft.

Rotate the ball screw shaft and record the dial gauge readings.

Dy
mm 0 1 3 5 7 10
< t9p1 l‘lm
6 32 8 10 12 16 20 tos max = um
B2 63 10 12 16 20 25
63 125 12 16 20 25 32 —
126 250 16 20 25 32 40
250 500 — P 32 40 50
Measuring instruments
Dia| gauge and V-blocks
Tegt instructions Reference to test code ISO 230-1:1996, 5.632
System preloaded. Place the ball screw on V-blocks at points A and A'.
etween the

Sequre, the ball screw shaft in the axial direction against movement (e.g. by placing a ball b

Place the dial gauge perpendicular to the flange face at the outer rim of the inspection diameter D,.
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ISO 3408-3:2006(E)

Object: Positioning or transport ball screw E 10

Measurement of radial run-out, #,4, of ball nut location diameter related to AA’ (for preloaded and rotating
ball nuts only):

Diagram
— a
Q 'Iz} S
v \/ \
ALL A
A % A
2d, 2d,
a Fixed.
Permissible deviations Observations and remarks
Ball nut body outer Standard tolerance grade
diameter
D, 0 1 3 5 7 10
mm
> < I1gp: MM
16 32 8 10 12 16 20
32 63 10 12 16 20 25
63 125 12 16 20 25 32 —  |HMoamax= ——— KM
125 250 16 20 25 32 40
250 500 — — 32 40 50
Measuring|instruments
Dial gauge [and V-blocks
Test instryctions Reference to test code 1ISO 230-1:1996, 5.612.2
System preloaded. Place the ball screw on V-blocks at points A and A'.

Place the dial gauge perpendicular to the cylindrical surface of ball nut location diameter D,.

Secure the ball screw shaft.

Rotate the ball nut body slowly. Record the dial gauge readings.
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