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Foreword
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INTERNATIONAL STANDARD

1SO 5393-1981 (E)

Rotary pneumatic assembly tools for threaded

fasteners — Performance test

0 Introdubtion

This International Standard covers the performance test
methods for measurement of installation torque of pneumatic
assembly tools for tightening of threaded fasteriers, and,.how,
such tests .should be evaluated and presented.

Such methods are important for the following ‘purposes

a) to enable manufacturers of pneumatic assembly tools
to offer their products under correlated technical specifica-
tions;

b) to give users standardized technical information on tor-
que output and consistency of pneumatic assembly tools
for threaded fasteners.

The test method is designed to measure the capability of
assembly tools with the level of accuracy that is needed in
assessing type data. The test is not.intended as a routine in-
plant inspection test.

An example of a test joint is given in annex B.

1 Scope and field of application

This International Standard specifies  a performance test
method for pneumatic assembly tools for installing threaded
fasteners and gives instructions on how measured data should
be statistically evaluated and presented.

This International Standard is not applicable to impact wren-
ches, ratchet wrenches or wrenches with ratcheting clutches,
because their applied torque cannot be measured wnth conven-
tional types of instrumentation.

2 References
ISO 31, Quantities, units and symbols.

1SO, 1000, ~S/ units-and recommendations for the use of the/r

: multiples and of certain other units.

1S0 2787,/ Rotary and percussive pneumatlc tools — Accep-
tance tests.

1SO 3534, Statistics — Vocabulary and symbols.

ISO 5941, Compressors, pneumatic tools and machines —
Preferred pressures.

3 Definitions and symbols

The following definitions and symbols are specific to this Inter-
national Standard

3.1 Definitions?

3.1.1 torque control tool : Pneumatic assembly tool for
tightening of threaded fasteners, which is provided with torque
sensitive control means that limit the magnitude of the output
torque or cut it off altogether as a predetermined torque Ievel is
reached.

3.1.2 stall type tool : Pneumatic assembly tool for tighten-
ing of threaded fasteners, which is not provided with any tor-
que sensitive control means, and which delivers an output tor-
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!),

For torgue control tools, the rated torque value is determined
with the highest setting of the torque control means in accor-
dance with the manufacturer’'s recommendation and 6,3 bar
test pressure.

3.1.6 torque range : Comprises all torque values between
and including the rated torque and the lowest mean torque
recommended by the manufacturer.

NOTE — Provided that the available air pressure is at least 6,3 bar, the
mean torque delivered by a tool for tightening threaded fasteners, can
normally be adjusted to any desired value within the torque range.
Such adjustment is made by regulating the air pressure or manipulating
the torque control means.

For some torque controf tools, the torqueoutput is adjustediinia limited
number of steps within the torque range.

3.1.7 torque rate : The torque rate of a screw.jointlis'a
measure of joint stiffness, defined as required torque increase
per angular displacement (expressed in newton metres per
revolution) as the joint'is tightened. :

The torque rate varies widely in practical applications and-can
vary on a specific joint due to variances in component parts
‘which make up that joint. These variances are due to factors
such as lubrication, elasticity, quality of threads, compress-
ibility of material, etc.

For this test method, the test joints or the test rig must have
controlled constant torque rates to give consistent test results.

The torque rate is measured by simultaneous recording of the
applied torque and the angular displacement of the input of the
test fixture or threaded fastener, at a speed which is sufficiently
low to exclude dynamic effects. '

3.1.8 mean shift : The mean torque on the high torque rate
joint (see 4.2.4) minus the mean torque on the low torque rate
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

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
against existing standard methods.

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

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

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

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

No adjustments are to be made during the course of a given
test. An example of a suitable test installation is shown in
figure 2.

4:1:.4V0If torque output s adjusted by other means than varia-
dion of pressure, the adjustment shall be constant throughout

the test and such that the torque control mechanism operates
each time.

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

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

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

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.




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 the 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 International Standard must comply with the follow-

ing :

a)  In-a diagram where the required torque is plotted as a
function of the angular displacement of the input drive of
the test joint, the resulting curve must essentially be a
straight line between 50 % and 100 % of the test torque
level. The slope of this straight line is used to calculate the
torque rate of the joint. Between the limits of 20 % and
100 % of the test torque level, plotted values shali not
deviate from a straight line by an amount of more than 10 %
of the test torque level;

b) The torque rate of any test joints shall remain within

plus or minus 10 % of the torque rate stated in the test
report (see 4.4.2);

Mean torque on high

w rate joint

Mean shift
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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 order to exclude
inertia effects and stick-slip problems.

4.2.4 Each assembly tool shall be tested on both a high
(designated H) and a low {(designated L) torque rate joint,
where -

a) . the high torque rate joint (H) shall be such that the
torque increase from 50 % to 100 % of the test torque level
corresponds to an angular displacement of less than 30°,
see figure 1;

b) the low torque rate joint (L) shall be such that the
torque increase from 50 % to 100 % of the test torque level
corresponds to an angular displacement of not less than one
full turn (360°), see figure 1.

NOTE — it is @ minimum reduirement that each tool shall be tested on
a high torgue rate joint and on a low torque rate joint 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 ———\

S

< 30°

Angular displacement

> 360°

Figure 1 — High and low torque rate joint



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

Torque measurements are to be made by means of a torque
transducer and a peak reading amplifier. The torque transducer
shall be mounted in line between the. tool drive and the joint.
The transducer and amplifier shall have flat frequency response
within £ 1 % from 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 digital voltmeter or corresponding fast response
equipment. X

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 readings shall be taken after'a/sufficient break-in‘of the
fixture to achieve 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 torque values a much smaller number of torque
readings may be acceptable.

A reduced number of test runs is however not sufficient to determine
torque scatter within reasonable error margins. -It has for example,
been repeatedly demonstrated that standard deviation values calcula-

ted from different test sequences with one and the same nutrunner can .

vary within a 1 to 2 ratio, when the number of run downs in each test
sequence is restricted to 25. Statistical analysis confirms that such
results are to be expected from a nutrunner with perfectly consistent
performance. "

In order to obtain standard deviation values, which are repeatable
within reasonable margins of stochastical error, it therefore is
necessary to take a large number of readings, and whenever a standard
deviation value is given with reference to this International Standard it
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

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
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 joint (H). Similarly X|;
indicates torque reading number “i'* on the low torque rate
joint).

— The mean values Xy and X|_are then calculated as

100
Xy = WZE EXH‘

Q=1
100
e B
Xy = — Li
L7 00
The standard deviation iscalculated as
g Y w; - 3

99 /=

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

For convenience a sample calculation will be found inannex.C.

4.4.2 The following data and test results shall be 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 revolution

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

— on high torque rate joint H, in newton metres

— - onlow torgue 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

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

1 Subject
ManUTACTUIEE . ov i e ie e i eae e Type of maching..........ccovinin, i
Model ........... e U S Serial NUMDET ..o, et et e, s
Type of CONIOl .. .ivniieiiiiieiir e
Ratedtorque.........coovuvnnnn N.m
Torquerange ......icouuvenatvns Nemoooooonoionioiinens, N.m

2 Operating conditions

Effective air PresSSUIE iN INIBL ... .... erris it et et e e e s s s e e b s e s s bar
Setting of torque control means.{if other than air PreSSUre) ©.........ciiieiiiiiiei i e e
Test torque level (= mean torque on low torque rate JOINT) & ........vvreiiiiiiniiii i N.m
Compressed air temperature ..................................................................................................... °C
Length of hose and internal diameter :.. .00l i S R M @ et e mm
TyYPe Of IUBFICANT. ..cevuviv e eveinisie e eivnn s B R0 00 ettt et s et s e e

3 Test conditions

Barometric pressure .....oivvevrveiiiiiiniiniii e, bar  Ambient temperature .......c.ovveviviiiiiiniiniii i oC

Relative hUMIGItY ........oviveverereeererinsineessenseeenesenns %

4 Instrumentation

R Y o1 o P s P PP PITE SR P PRI min—1

7 Torque measurements

High torque rate test : Low torque rate test

MEAN tOFQUE ..euvvvinrvreriitnersiivararissiesinrietsasraanes N.m L Tl o (o (- S VTP N.m
Standard deviation sy ..o i N.m . Standard deviation S ......oveiviiiiiinniii v Nem
Actual torque rate ...........covveiiiiiivieneiianen N.m/rev Actualtorquerate...........c.coocvivi i N.m/rev
Mean Shift.. .. coivriiiiiniinir i e NemM  OF i e % of the test torque level.

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 @ ..o e e Date:....... R PP veeeereenrranes renenne e
Pilot
Pressure gauge Throttle pressure regulator
valve
Lubricator ; E 1 Filt
Power tool /\ L.J /'i Shut-off valve
J <}
AV A4
| cad .
: Pilot ‘operated
:;g:wc;t:iicer G ) () (pressure regulator
l .
| Digital voltmeter
| ©
L \4
Peak reading amplifier

Test fixture

Figure 2 — Typical test installation
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Annex A

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 convenience, one design is presented in annex B.

The test fixture is constructed on a fixture base. On the base is fixed a test bolt machined very accurately with a hardened and grounvd
precision thread. A test disc is supported on its lower outside diameter by the OD-support. The test disc is deflected by means of a nut
with a large lower base surface which transmits the bolt load via the ID-support to the disc. The plates (discs) which are inter-
changeable to reproduce various torque rates are designed not to be deflected more than that a deflection proportional to the bolt
load and the applied torque. Specified torque rates (joint stiffnesses) are obtained by means of a set of plates with a variation of
diameters and thicknesses. In order to meet specified data on test joints, the supports, the test bolts and nuts may also be varied.

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

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

Annex B

’ Nut
ID ort . J*
supp /— Bolt
2
LA Y, I Test disc
{exchangeable) -

RS CalNANN

~ 4 - NN [

/ \ | __—— Fixture base
-

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