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INTERNATIONAL STANDARD - 1SO 5393-1981 (E)

Rotary pneumatic assembly tools for threaded
fasteners — Performance test

0 Introduction 2 References
This Interhational Standard covers the performance test ISO 31, Quantities, units and symbols.
methods fpr measurement of installation torque of pneumatic
assembly fools for tightening of threaded fasteriers and how ~ IS0 1000, S/ units and recommendations fof the use of their
such tests|should be evaluated and presented. multiples and of certain other units. )
Such methods are important for the following purposes 1SO 2787, Rotary and percussive pneumatid tools — Accep-
tance tests. :
a) to pnable manufacturers of pneumatic assembly tools
to offel their products under correlated technical specifica- 1SO 3534, Statistics — Vocabulary and symiols.

tions;
ISO 5941, Compressors, pneumatic tools gnd machines —
b) to pive users standardized technical information on tor- Preferred pressures.
que ougtput and consistency of pneumati¢_assembly tools

for thrgaded fasteners.

The test method is designed to measure the capability of 3 Definitions and symbols

assembly fools with the level of.-accuracy that is needed in : :

assessing fype data. The test is\not.intended as a routine in- The following definitions and symbols aré specific to this Inter-
plant inspgction test. national Standard

An example of a test joint'is given in annex B.
’ 3.1 Definitions?

1 Scope and-field of application 3.1.1 torque control tool : Pneumatic assembly tool for

. tlghtenlng of threaded fasteners, WhICh is pro ided with torque
This Interna ) performance test de of the output
method for pneumatic assembly tools for installing threaded torque or cut it off altogether asa predetermmed torque level is

fasteners and gives instructions on how measured data should reached.
be statistically evaluated and presented.

This International Standard is not applicable to impact wren- 3.1.2 stall type tool : Pneumatic assembly tool for tighten-
ches, ratchet wrenches or wrenches with ratcheting clutches, ing of threaded fasteners, which is not provided with any tor-
because their applied torque cannot be measured wnth conven- que sensitive control means, and which delivers an output tor-
tional types of instrumentation. que as'long as the trigger or supply valve is actuated.

1) Where reference is made to this International Standard, it is to be understood that indicated values of “torque”, “‘rated torque”, “’standard devia-
tion”” and “‘mean shift”’ correspond to measurements made at an effective inlet pressure of 6,3 bar and the tool adjusted in such a way that the “test
torque level” equals the rated torque. If for any reason the test pressure is other than 6,3 bar, then the test pressure must be specified each time a
torque is cited. . . .
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3.1.3 mean torque : Arithmetic mean calculated from
several torque readings on a specific joint and at stated con-
ditions.

3.1.4 test torque level : Mean torque measured under actual
test conditions when the tool is tested on the low torque rate
joint (see 4.2.4).

3.1.5 rated torque : Specific term used for mean torque
when measured on the low torque rate joint at an effective test

pressure of 6,3 bar!),

3.2.2 Subscript H is used to denote high and subscript L to
denote low torque rate joint conditions.

4 Method for measurement of performance
4.1 General rules for performance' tests

4.1.1 All-measurements carried. out in. compliance with this
International Standard shall be performed by competent per-
sons and with accurate instrumentation, which is calibrated

For torque contfol tools, the rated torque value is determined

with the highes
dance with the
test pressure.

3.1.6 torque

setting of the torque control means in accor-
manufacturer’'s recommendation and 6,3 bar

ange : Comprises all torque values between

and including the rated torque and the lowest mean torque

recommended |
NOTE — Provide

normally be-adju

y the manufacturer.
that the available air pressure is at least 6,3 bar, the

ted to any desired value within the torgue range.

mean torque deli\{red by a tool for tightening threaded fasteners, can

Such adjustment
the torque contro

For some torque ¢
number of steps |

3.1.7 torque
measure of join

made by regulating the air pressure or manipulating
means.

bntrol tools, the torque output is adjusted in a limited
vithin the torque range.

tate : The torque rate of a screw joint is a
stiffness, defined as required torque increase

per angular displacement (expressed in newton metres per

revolution) as th

The torque rate
vary on a speci
‘which make up
such as lubrica

e joint'is tightened.

varies widely in practical applications and-¢cah
ic joint due to variances in component parts
that joint. These variances are due to,factors
ion, elasticity, quality of threads;\compress-

ibility of materi

I, etc.

For this test method, the test joints or the tést rig must have

controlled -cons
The torque rate

test fixture or th

nt torque rates to give-consistent test results.
is measured by, simuitaneous recording of the

eaded fastener, at a speed which is sufficiently

applied torque Td the angular displacement of the input of the

low to exclude

3.1.8 mean sh

ynamic. effects. ‘

ift-: The mean torque on the high torque rate

joint (see 4.2.4)

mminus the mean torque on the low torgue rate

againstexisting-standard-methods———————

4.1.2 The performance of pneumatic tools.is affgcted by dif-
ferent ambient conditions such'as atmospheric pressure and
temperature. For this reason ambient conditions ghall be kept
within limits stated in 1SO 2787.

4.1.3 During the performance tests the air pressufe measured
at the inlet to the tool must be kept within the following limits :

— . free running¢ conditions : between norpinal value
and —4 % of-nominal value;

© — approaching maximum torque : £ 2 % [of nominal
value,

No adjustments are to be made during the cours¢ of a given
test." An example of a suitable test installation #s shown in
figure 2.

4.1.4 If torque output is adjusted by other meang than varia-
_tion of pressure, the adjustment shall be constant|throughout

the test and such that the torque control mechani$m operates
each time.

4.1.5 It is recommended that torque control togls are sub-
jected to complete tests at the levels of adjustment|that corres-
pond to the highest and the lowest torque levelg within the
torque range of the tool. Performance tests may aljo be carried
out at any test torque leve!l within the torgue rangp.

No test should be performed outside the torque rgdnge recom-
mended by the manufacturer.

4.1.6 During the test run of the tool, lubrication consistent
with manufacturer’s specification shall be provided.

joint, at otherwise identical test conditions, notably same
pressure level and same setting of torgue control means.

3.1.9 rated mean shift : The mean shift when the test con-
ditions are such that the test torque level equals the rated

torque.

3.2 Symbols

3.2.1 Symbols

and units are to be according to 1SO 31 and

ISO 1000 when applicable.

1) 1-bar = 100 kPa

2

4.2 Torque measurement

4.2.1 The torque increase per revolution, or torque rate, of a
threaded joint varies widely from application to application and
can vary appreciably on a specific assembly. Any test of torque
performance of a tool must be conducted on joints having con-
trolled torque rates. The test shall include a joint where the tor-
que rate is very low and a joint where the torque rate is high as
per 4.2.4. The high and low torque rates straddle the range of
conditions which affect the torque output of the tool.
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On a low torque rate joint, 'the tightening is usually accom-
plished with several revolutions of the fastener. In this case the
torque delivered to the fastener approximates the stall torque of

the tool or

its torque setting.-

On-a high torque rate joint, the tightening is accomplished in a
fraction of a revolution. On a high torque rate joint, the kinetic

energy of t

he rotating parts of the tool may cause the torque

delivered to the fastener to be higher than on a low torque rate.

4.2.2 To satisfy the above conditions, test fixtures for use

with this.In
ing :

a)  In-g4 diagram where the required torque is plotted as a

functior
the tes
straight

of the angular displacement of the input drive of
joint, the resulting curve must essentially be a
line between 50 % and 100 % of the test torque

level. The slope of this straight line is used to calculate the

torque
100 %
deviate
of the t

b) The
plus or
report {

ate of the joint. Between the limits of 20 % and
pf the test torque level, plotted values shall not
from a straight line by an amount of more than 10 %
bst torque level;

torque rate of any test joints shall remain within

minus 10 % of the torque rate stated in the test
see 4.4.2);

w rate joint

Mean torque on high Mean shift

1SO

5393-1981 (E)

c) The moment of inertia of rotating parts in the test joint
shall be as small as possible in relationship to the effective

moment of inertia of the rotating parts of

the tool.

4.2.3 When the torgue rate of a test joint is. measured, the

joint shall be tightened slowly but evenly in
inertia effects and stick-slip problems.

4.2.4 Each assembly tool shall be tested

order to exclude

on both a high

(designated H) and a low {(designated L) torque rate joint,

a) . the high torque rate joint (H)(shall
torgue increase from 50 % to 100 '% of th
corresponds to an angular displacement
see figure 1;

be such that the
b test torque level
pbf less than 30°,

b) the low torque raté joint (L) shall be such that the

torque increase from50 % to 100 % of th
corresponds to ah.angular displacement of
full turn (360°), see figure 1.

NOTE — It j§'a minimum requirement that each to
a high torgue rate joint and on a low torque rate joir]

b test torque level
not less than one

I shall be tested on
t as defined above,

however,\the test procedure can be applied to any specified torque

rate.

Test torque level
“(Mean torque)

/

50 % of test
torque level

Torque, N-m

/ Straight line ———\

> 360°

Figure 1 — High and low torque rate joint

i
Angular displacement


https://standardsiso.com/api/?name=77a4af4322acca68644b60f3d18402b9

1SO 5393-1981 (E)

4.2.5 The values of torque rate that will appear from
measurements made during actual test runs may — because of
inertia effects . — differ from- torque rates measured according
to 4.2.3. For this reason, torque rate values calculated from
simultaneous recordings of torque and angle at tool testing
conditions, may vary within- £ 20 % of the torque rate stated
in the test reports (see 4.4.2) without invalidating the test.

4.3  Test method and evaluation

4.3.1 This International Standard recognizes that static, resi-

4.4 Evaluation of test results

4.4.1 - All tests.according to this standard shall be subjected to
mean torque and torque variance calculations in the following
way :

— As stated in 4.2.4, the tool shall be tested on a high
torque rate joint (H) and a low torque rate joint (L).

— A hundred torque readings X},; from tests on-joint H
and a hundred torque readings X|; on joint L have been
recorded, (Subscript “'i"’ refers to the number of the reading
in the test sequence. In this case "I stands for any number

dual torque measurements give poor correlation . to joint
condition (tensipn). Accordingly, all performance. measure-
ments in accordgnce with this International Standard are to be
taken dynamically, during the tightening process.

Torque measurgments are to be made by means of a torque
transducer and g peak reading amplifier. The torque transducer
shall be mountefd in line between the. tool drive and the joint.
The transducer 3nd amplifier shall have flat frequency response
within £ 1 % flom 0 to 1000 Hz '

The tool shall be rigidly fixed in the test stand to prevent any
influence from the operator. Peak torque values should be dis-
played on a digftal voltmeter or corresponding fast response
equipment. .

4.3.2 A complete test is composed .of two different test
sequences as [specified under 4.2.4 and a minimum of
100 torque readings shall be taken for each test sequence.

- All data reading$ shall be taken after a sufficient break-in of the
fixture to achiee consistent torque rate as specified in 4,2(2;

NOTE — If the purpose of a particular test is to determine only one or
several mean tdrque values a much smaller number of torque
readings may be gcceptable.

of test runs is however not sufficient to determine
ithin reasonable error margins) It has for example,
monstrated that standard-deviation values calcula-

A reduced numbe
torque scatter
been repeatediy d

ted from different fest sequences with oné.and the same nutrunner can .

vary within a 1 to R ratio, when the ndmber of run downs in each test
sequence is restricted to 25. Statistical analysis confirms that such
results are to be gxpected from @nutrunner with perfectly consistent
performance. "

standard, deviation values, which are repeatable
margins of stochastical error, it therefore is
b large number of readings, and whenever a standard

aferonce-ta a on it

In order to obtai
within -reasonabld
necessary to take

from 1 to 100. The letter X is used to indicate the actual
torque value. X}; thus means the torque)reading of test
number “#'’ on the high torque rate jointtH). Bimilarly X|;
indicates torque reading number ‘i’ on the low torque rate
joint).

— The mean values Xy and X, are then calcllated as

100
Xy = WZE EXH‘

Q=1
100
N
X| = —= Li
L7 q00¢ =
The staridard deviation is calculated as
sk Y - X

99 /=

— Both standard deviation for the high torque|rate test se-
quence sy} and the standard deviation for thg low torque
test sequence (s,) are to be determined.

For convenience a sample calculation will be found|in annex.C.

4.4.2 The following data and test results shall 2r presented
together with other relevant tool data in a test form as per 4.5.

a) Actual torque rate of the test joints used in test :

— high torque rate in newton metres per fevolution

— low torque rate in newton metres per révolution
b) Mean torque value :

— on high torque rate joint H, in newton netres

deviation.value is give o-this onal-Standa
shall be calculated from a minimum of 100 readings. {The number 100
has been chosen with the purpose of making it possible to-compare
two or more nutrunners with standard deviation values that are 15 to
20 % apart. if the standard deviation difference between two nutrun-
ners is less than 15 %, a still greater number of readings is required in
order to determine which one is the most accurate of the two).

4.3.3 Tools to be tested shall be run sufficiently before star-
ting the test to function properly.

4.3.4 In all test runs the tool shall be allowed at least two full
turns of free running with a torque not exceeding 5 % of the
rated torque, before the tool is slowed down by the test joint.

4

— on Jow torque rate joint L, in newton metres
¢} Standard deviation s of the torque :

— .on high torque rate joint H, in newton metres

— on low torque rate joint L, in newton metres

d) The difference between mean torque on high torque
rate joint and mean torque on low torque rate joint, i.e. the
mean shift, should if stated be given in newton metres and
as a percentage of the test torque level on the low torque
rate joint.

e) Effective air pressure in inlet (test pressure).
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45 Test form

ISO 5393-1981 (E)

The following test has been made in accordance with the International Standards 1SO 5393 and 1SO 2787.

1 Subject

LY B R TU) 70 (1] £ P P P S

Type of CONIOl .. .ivniieiiiiieiir e

Type of maching..........ccovinin, i

Serial NUMDBT . vvtitiiier e itrer eereeres v ine et s e isas o antaanin .

Ratedtgrque.........coovuvnnnn N.m

Torquefange .......coeveeeains Nm. .. oo,

Effectivg air pressure in iNIBL .........covveiviuriniiniiiniii e si s ot T e b b bar

Setting pf torque control means.{if other than air pressure) t.........ccovvvviiiei N b

....................................................................................................................................................................

Length pf hose and internal diameter :...........ocoviiiiniin it e M B e mm

Type offlubricant....... U P S R S

Test cgnditions
Baromettric pressure .....ouivvevrveiieiiinnifienfoniiienenn, bar

Relativel RUMIdity ........ovivevirereeese g et cnreeenesenns %

Instrumentation

Air corjsumption measured atfreespeed..............cooiii i/s {at 20 °C and 1 bar dbsolute pressure)

N+ L= L« JS U P IT PE TS PRTTIR PRI min—1

Torque measurements
High torque rate test

MEAN tOFQUE ..euvvvinrvreriitnersiivararissiesinrietsasraanes N.m
Standard deviation sy ..o i N.m
Actual torque rate ...........covveiiiiiivieneiianen N.m/rev

Mean Shift. . ..o rriere i a e N.m

Low torque rate test

L Tl o (o (- S VTP N.m
. Standard deviation S ......oveiviiiiiinniii v Nem

Actual torqUE rate......ivivrivinieiiiiessiniorrarsenesnees N.m/rev

5
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NOTE — Where reference is made to this International Standard, it is to be understood that indicated values of ““torque’’, “’rated torque”, “‘standard
deviation’’ and ““mean shift”’ correspond to measurements made at an effective inlet pressure of 6,3 bar and the tool adjusted in such a way that the
“test torque level’ equals the rated torque. If for any reason the test pressure is other than 6,3 bar, then the test pressure must be specified each time

a torque is cited. d

Reported by @.ovvviiiniiiiniiiiniiiiciiiin e reterearrerer e Date :....... O S P SN
Approved by .. Date :....... R P PUTTUTRURITIL A A R
Pilot
Pressure gauge ThioSh pressure regulator
valve
Lubricator % ) Filt
Power tool /\ L.J /i Shut-off valve
} >}
AV A4
| wCy .
: Pilot.operated
:;g:wc;t:iicer G | _pressure regulator
l .
| Digital voltmeter
| ©
L v
Peak reading amplifier

Test fixture

Figure 2 — Typical test installation
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Annex A

1SO 5393-1981 (E)

Test fixture for rotary pneumatic assembly tools —

Performance test

The test fixture should preferably be capable of receiving several different test joint assemblies.

Test fixtures may be of any suitable design to meet with requirements of this International Standard.

For conven

The test fix
precision tH
with a larg
changeable
load and th

The thread

The power

ID support

ience, one design is presented in annex B.

Annex B

L7

NN

Nut

and the friction surfaces are breferably lubricated by means of MoS, {molybdenum disulphide) grease.

tool to be tested is supported rigidly when run on the test fixture to,avoid operators. influence.

IS,

.

ture is constructed on a fixture base. On the base is fixed a test bolt machined very accurately with @ hardened and ground
read. A test disc is supported on its lower outside diameter by the OD-support. The test disc isdeflected by means of a nut
b lower base surface which transmits the bolt load via the ID-support to the disc. The piates (discs)| which are inter-
to reproduce various torque rates are designed not to be deflected more than that a deflection proportional to the bolt
e applied torque. Specified torque rates (joint stiffnesses) are obtained by means of aset of plates

diameters gnd thicknesses. In order to meet specified data on test joints, the supports, thetest-bolts and nuts m

ith a variation of
y also be varied.

| Test disc
{exchangeable) -

Z

ANARRANARN

CaN

AN

7

Y

+h
A 1.

F

} | OD support

| —— Fixture base

-

Figure 3 — Test fixture for rotary pneumatic assembly tools — Example of design
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