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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-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
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 tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

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

ISO 23788 was prepared by Technical Committee ISO/TC 164, Mechanical testing.of metals, Subcomnittee
SC 5, Fatigug testing.
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Introduction

Machine alignment in the context of this International Standard means the coincidence of the geometrical
(loading) axes of the grips. Any departure from this ideal situation results in an angular and/or lateral offset (or
misalignment) in the load train (see Annex A). Misalignment is manifested as an unwanted bending stress/strain
field to exist in the test specimen or alignment measuring device (hereinafter “alignment cell”). The bending
stress/strain field superimposes on the applied, presumed uniform, stress/strain field. In pure torsion testing,
any misalignment results in a biaxial torsion plus bending stress/strain state.

Misalignment in the load train in axial fatigue test systems has been shown to influence significantly the fatigue

test results (see References [1], [2] and [3])

The main causes of bending due to misalignment are invariably a combination of

—

— ipherent imperfections in the specimen or alignment cell itself.

The 4
cell. ]

Receg
align
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meagq
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In thi
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from
madq
meagq

oor coincidence of the centrelines of the grips, and

ending contribution due to the test machine ideally remains the same for €very test specimen
[ he bending contribution due to the specimen or alignment cell varies.from one device to arj

nt research (see References [4] and [5]) has shown that no matter how carefully a spe
ment cell device has been manufactured an inherent bending,error always exists. Impe
ntricity and angularity) arise from geometric asymmetry abott the axial centreline in the dev
urement errors relating to the chosen type, positioning and.performance of the strain gauge
ent bending error can be significant and sometimes even'exceed that due to the machine m

5 International Standard, errors due to inherent imperfections in the alignment cell itself an
s achieved by rotating the alignment device 180°%-about its longitudinal axis and subtracting its
the overall maximum surface bending strain_determined in the measurement. Different dey

urement results; see an example in Reference [2], Figure 10.

or alignment
other.

cimen or an
fections (i.e.
ce and other
5. The device
salignment.

e eliminated.
5 contribution
ices that are

of the same material and nominal dimensions should reasonably, therefore, produce the same alignment
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INTERNATIONAL STANDARD 1ISO 23788:2012(E)

Metallic materials — Verification of the alignment of fatigue
testing machines

1 Scope

This International Standard describes a method for verifying the alignment in a testing machine using a strain-

gaug dmeast |ring device ltis applir\ahln io H\Jlnamib uniaxial fnneinnlr\r\mprnceinn, pure torsion d combined

tensipn/compression plus torsion fatigue testing machines for metallic materials.

The rhethodology outlined in this International Standard is generic and can be applied to statictesting machines
and ip non-metallic materials testing.

2 Normative references

The fpllowing documents, in whole or in part, are normatively referenced inthis‘document and are indispensable
for itd application. For dated references, only the edition cited applies. Forundated references, thellatest edition
of the referenced document (including any amendments) applies.

ISO 1500-1, Metallic materials — Verification of static uniaxial testihg machines — Part 1: tension/lcompression
testilg machines — Verification and calibration of force-measuring system

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

341
alignment
coindidence of the loading axes of the lead train components, including the test specimen

NOTH Departure from such coingidence can introduce bending moments into the specimen.

3.2
alignment cell
carefully machined measuring device instrumented with strain gauges for use in verifying the alignment of a
testirlg machine

3.3
alignment gauge
carefully machined mechanical device made of a split bar and a gauge for pass/fail checking gof the correct
alignmentof the grips

3.4

average axial strain

&o

average longitudinal axial strain measured at the surface of the alignment cell by a set of strain gauges located
in the same cross-sectional plane

NOTE The average axial strain represents the strain at the geometrical centre of the cross section.

3.5
load train
all the components between and including the crosshead and the actuator

NOTE The load train includes the specimen.

© 1S0O 2012 — All rights reserved 1


https://standardsiso.com/api/?name=5a0814e2a3905f8a4b3ddd2ec0d2e09a

ISO 23788:2012(E)

3.6
bending strain

&b
difference between the local strain measured by a strain gauge and the average axial strain

NOTE Bending strain is a vector characterized by a magnitude, a direction and a discrete point of application. In
general, it varies from point to point on the surface of the alignment cell.

3.7
machine alignment
coincidence of the axes of the grips, which is characterized by the maximum bending strain component g max,mc

NOTE Machine misalignment is manifested by the existence of a lateral offset and/or an angular offset betweén the
loading axes af the upper and lower grips.

3.8
machine aspect
reference to the test machine’s front, back, left and right

3.9
maximum bending strain

&b, max
vector quantity with the largest bending strain magnitude in a given cross-sectional plane

NOTE Maximum bending strain vector is characterized by a magnitude, a difection and a discrete point of applidation.
3.10

percentage bending

B

maximum bgnding strain times 100 and divided by the averageaxial strain

3N
measuremeht plane
cross-sectional plane in the alignment cell in which(the transverse axes of a set of strain gauges are positjoned

312
measuremept orientations
position of the alignment cell (0°, 90°, 480° and 270°), about its longitudinal axis, which defines the locatfon of
gauge 1 or a|permanent mark on the alignment cell’s surface, with respect to the front of the machine

NOTE The front of the machine.is’'the R-direction.

313
parallel length
Lp
parallel portipn of the reduced section of the alignment cell

3.14
proportional Timit

greatest stress that a material is capable of sustaining elastically, i.e. without any deviation from proportionality
of stress to strain

3.15
R-direction
fixed reference direction with respect to the frame of the testing machine

NOTE Typically, it is the direction from the centre towards the front of the machine.
3.16
strain gauge axial separation
L
]

axial distance on the alignment cell between the upper and lower measurement planes

2 © 1S0 2012 — All rights reserved
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317

strain gauge transverse separation

Wy

transverse distance on the broad face of a thin rectangular alignment cell between the centres of the strain gauges

4 Symbols

For the purposes of this document, the following symbols apply.

Symbol Description

A1 — Ha upper set of strain gauges

B1—Ba lower set of strain gauges

d minimum diameter of cylindrical alignment cell; inner diameter of alignment gauge

D diameter at grip end of cylindrical alignment cell

e eccentricity or lateral offset

Lp parallel length

Lg axial separation of strain gauges

Ly overall length of alignment cell, alignment gauge'or test specimen

r fillet radius between the parallel length and the grip end of the alignment cell or fest
specimen

t thickness of reduced section of rectangular alignment cell

w width of reduced section of rectangular alignment cell

w width at grip end of rectangular alignment cell

wg transverse separation ‘of’strain gauges

B percentage bending

Pac percentage bending due to inherent imperfections in the alignment cell

Pmc percentage bending due to machine misalignment

& ayerage axial strain

&, &) etc. readings of individual strain gauges (i.e. local strain)

& bending strain (combined value)

&.ac bending strain component due to inherent imperfections in the alignment cell

&b,mc bending strain component due to machine misalignment

&b,max maximum bending strain (combined value)

&b,max,ac maximum bending strain component due to inherent imperfections in the alignment cell

&b,max,mc maximum bending strain component due to machine misalignment

4 angular offset

© 1S0O 2012 — All rights reserved 3
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eac

Ome

angle (clockwise where seen from above) of the location of & max,ac With respect to gauge 1

(or a permanent mark on the alignment cell’s surface)

angle (clockwise where seen from above) of the location of g max mc With respect to front of

the machine (the R-direction)

5 Measurement requirements

5.1 Testin

g machine

The testing {
and readout

NOTE1 Cl

It is essentig
adequately 4
misalignmen

It is recomm
angular offsd

a)
number
b) maximiz
reverseq
Referen
NOTE 2 Sq

5.2 Alignment cell

Alignment m
(see Figure 1
machine alig
over along p

minimiz¢ the number of components of which these gripping devices{are’composed in order to redud

Lnits. This system shall meet the requirements of ISO 7500-1.
pss 1 requires that force indicated errors do not exceed +1 % of the reading over the verifieation rang

| that the grips enable rotating the alignment cell 180° about its longitudinal_axis. It shal
nable repeatable positioning and gripping of the alignment cell with mihimal variation i
I (see Annex B).

ended, but not essential, that the machine be equipped with means<for adjusting the laterg
ts of one part of the load train. It is also recommended to

of mechanical interfaces, and

e the lateral stiffness of the fatigue testing machine in@rder to reduce the effects of any so-q
bending on fatigue test results in tests involving.reversed tension-compression loading
ce [1]).

e Annex C for a method for measuring machine_lateral stiffness.

pasurement can be slightly affected by the stiffness of the alignment cell used in the measursg
3 in Reference [2]); the lower the stiffness of the device, the higher its measurement sensiti
nment. A good alignment gell-should also be sufficiently robust to last and enable successive
briod of time (i.e. years)~Cate should be taken to ensure both requirements are adequately ful

bterial for an alignment cell should ideally have:
ently high linear_elastic range;
egree of.metallurgical stability;

from ‘appreciable residual stress to ensure dimensional stability;

ystem shall have a force-measuring system comprising force transducer (load cell), condifioner

e.

also
n the

| and

e the

alled
(see

ment
ity of
sage
filled.

A suitable m
a) a sufficig
b) ahighd
c) freedom
d) good ox

st H Y
UatiuiT T SIStAalocy

Fully tempered steels, e.g. alloy steels with 0,2 % proof stress in the order of 1 000 MPa, are ideal candidate
materials for alignment cells (see References [3] and [4]). High-strength aluminium alloys, such as 7075-T6,

are amongst
5.3 Desig

5.3.1

suitable alternatives.

n and manufacturing

Design

The alignment cell shall have the same overall length (but not necessarily the same gauge length and cross-
sectional area) as the fatigue test specimen. It shall fit into the grips in the same way the fatigue test specimen
does so that use of special adaptors is avoided. For cylindrical devices, the diameter, d, shall be no more

© 1SO 2012 — All rights re
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than 10 mm or the fatigue test specimen’s diameter, whichever is the greater. The recommended standard
diameters are 5 mm, 7,5 mm and 10 mm.

Tables 1, 2 and 3 show the recommended standard proportions. Smaller cross-section dimensions than those
shown in the tables may be used subject to availability of suitable strain gauges. Figures 1 and 2 show the
requirements for concentricity, straightness and parallelism (i.e. machining tolerances for surfaces which affect
the alignment) for the basic alignment cell shapes.

Other geometries and profiles are permissible, provided the principal requirements of this International
Standard are observed. Significant variations in dimensions can, however, preclude meaningful comparison
with measurements from the recommended standard cells. For recommendations on other geometries and

desion-of grip ends,seec Reference [A]

5.3.2| Dimensions of alignment cells of circular cross-sections

See Table 1 and Figure 1.

Table 1 — Nominal dimensions for alignment cells of circular cross-sections

Dim:]r::ion Recommendation
d 5,7,5and 10
Lp 2,54
r >2d
D D (test specimen)
Ly L, (test specimen)
Surface roughness of reduced section: 0,8-ym to 1,6 um.

5.3.3| Dimensions of alignment cells of thick rectangular cross-sections

See Table 2 and Figure 2.

Table 2 — Nominal dimensions for alignment cells of thick rectangular cross-sections

Dim;r:ion Recommendation
t 5,7,5and 10
w >t
Lp >2,5¢
r 2t to 8¢
w W (test specimen)
= fr{testspecimen)
Surface roughness of reduced section: 0,8 ym to 1,6 ym.

5.3.4 Dimensions of alignment cells of thin rectangular cross-sections

See Table 3 and Figure 2.

© 1S0O 2012 — All rights reserved 5
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Table 3 — Nominal dimensions for alignment cells of thin rectangular cross-sections

5.4 Machining

Smalland de
structure ang
For effective

range 0,8 um to 1,6 um (see Reference [4]).

NOTE Sy

5.5 Inspe

The alignme:rt cell shall be carefully inspected (with instruments, such as an optical shadowgraph or compal

and all the c
strain gauge
no longer po

5.6 Instru

An array of 4
Figure 3 (se¢
be equally s
Figure 3b)is

the gauges mhay be placed in pairsS@fback-to-back sensors and equidistant from the centreline of the align

cell as show
It is recomm

The alignme
measured st
compensate
determinatio

Dim;rr\nsion Recommendation
t 2,3,4
w > 5¢
Lp >2,5¢
r 2tto 8¢
w W (test specimen)
Ly L (test specimen)
Surface roughness of reduced section: 0,8 um to 1,6 pm.

creasing cuts with an adequate supply of coolant shall be used for finishing so that the metallu
properties are not affected and that undue residual stresses are not induced in the cell ma
bonding of the strain gauges, the optimum surface finish for the alignment cell shall be |

rface roughness for fatigue test specimens are usually within 0,2 yrh to 0,4 um.

ction before attaching the strain gauges

itical dimensions and the associated geometricaktolerances confirmed prior to attachment

5sible to inspect the alignment cell with these methods.

mentation with strain gauges

ight strain gauges (arranged in two sets of four) shall be numbered and positioned as sho
References [4] and [5]). Fer.cylindrical alignment cells [see Figure 3 a)], the strain gauges
paced, 90° apart, around-the circumference of the alignment cell. The configuration sho
suitable for rectangular-alignment cells with a width to thickness ratio w:¢ < 3. For higher w:t va

N in Figure 3 c). The'strain gauges shall all be matched, i.e. from the same manufacturer’s i
ended they have active lengths of approximately 0,1 Ly or less.

Nt measurement parameters in this International Standard are determined from the ratios
ains, andithey should not, therefore, be affected by temperature changes. Use of self-tempera
| strain~gauges matched to the alignment cell material is recommended, especially if acg

rgical
erial.
n the

rator)
bf the

5 to ensure that all the geometrical requirements’are met. After the strain gauges are appliedl, it is

wn in
shall
vn in
lues,
ment
atch.

bf the
ture-
urate

n of.the absolute axial average strain, such as in modulus measurement, is also needed.

With reference to Figure 3, Table 4 gives the locations for positioning the strain gauges on the surface of the

alignment ce

NOTE

Table 4 — Locations of strain gauges

Dimension Requirement
Lg = 0,75 Lp
wg =0,75w

The distance Lg = 0,75 L represents the maximum feasible separation to minimize effects due to stress

concentration associated with the change of section at the ends of the alignment cell’s parallel length.

© 1SO 2012 — All rights reserved
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Care should be taken in selecting the strain gauges in accordance with the manufacturer’s recommendations.
It is also important to ensure that the gauges are bonded using the manufacturer’s recommended procedure.
The strain gauges shall be located at the specified locations to within 0,10 mm or 0,01 times the alignment
cell diameter or width, whichever is the greater. Their measurement axes shall be aligned to within 2° of the
longitudinal axis of the alignment cell. After installation, the alignment of the gauges shall be checked and
confirmed using a suitable instrument such as an angular optical projector or a circular graticule in a low-power
microscope before applying any protective coating.

The strain measuring and data acquisition system (excluding the alignment cell) shall be calibrated where
appropriate. Shunt resistors and/or any other means used to calibrate the strain measuring and data acquisition
systems shall be traceable to the relevant national standards. The strain measuring and data acquisition system
(inclydt ; i i ithi f 1,0 % of the
indicited reading, whichever is the greater.

For three-strain gauge configuration (hereinafter the “three-gauge configuration”), see Annex D.

5.7 |System checks

5.71
be p4

As part of ensuring the proper function of the alignment measuring system, the following|checks shall

rformed:

5.7.2

proce
valug
from
cell s

NOTH

5.7.3
comr

5.7.4
seca
1004

The following check shall be performed at least once as part of the alignment cell’s cg
dure. Connect the alignment cell to the testing machine, applyya.small force that corresponds
of & in the alignment cell in the range 100 pstrain to 1 000, ystrain and compare the averag

hall be replaced.

A nominal value of & in the alignment cell is determined using the average of all the strain gau

The following check shall be performed @t least once as part of the machine’s loading trai
hissioning procedure. Evaluate the precigion of gripping the specimen consistently as describe]

The following check shall be carried out during every alignment verification procedure. O
nt or Young’s elastic modulus, E, of the alignment cell material (at, for example, & equals g
pstrain using the average af all the strain gauges). This shall be consistent from test to test arj

the lifetime of the alignment cell within £3 % of the mean (or known value). If not, the reason shall be

and 4

ppropriate action taken.

6 Alignment measurement calculations

6.1

General

The

mmissioning
to a nominal
e axial strain

the top set of strain gauges to that of the lower set. If tHey’do not agree to within 5 pstrain, the alignment

hes.

n or the grips
d in Annex B.

etermine the
pproximately
d throughout
investigated

ending strain

achine contribution to any bending in the alignment cell is evaluated by measuring the b
comwmmmwmmmwm:igum 4 (see

Reference [5]). By rotating the alignment cell, its bending components rotate relative to the machine while the
machine’s bending components remain unchanged. The difference between the bending strains for any single
gauge at two diametrically opposite positions gives the machine’s bending contribution.

6.2 Cylindrical alignment cell

For a set of four gauges, in the same cross-sectional plane under a given applied axial force, the average axial
strain is given by Formula (1):
g0 =(e1+€x +€3 +€4)14

M

NOTE 1 Under zero axial force and in pure torsion, the average axial strain is zero.

© 1SO 2012 — All rights reserved
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The local bending strains are:

Ep1 = €1 —€o @)

Epp = €2 ~ &g @)

£b3 = 83 —&q (4)

Epg = €4 — &g ®)
Note that strlain gauge readings are in units of strain and compressive strains are negative. Thepretically,
& + & shouldl equal & + &1.
At the front pf the machine where gauge 1 is initially located, the local bending strain component due to
misalignment in the machine is given by Formula (6):

3 —€
b1,0°  “b1180°

Ebtme ~ | 2 (6)
where &1,0° fand ep1,180° are the local bending strains measured by gauge-d<where located in orientatipn 0°
and orientatipn 180°, respectively. Formula (6) is applicable to the other gauge positions to determine gp2 mc,
&p3,mc and g4, me.
The maximum bending strain due to misalignment in the machine js,as given by Formula (7):

€ =1/2\/(£ -£ )2+(e -€ )2 (7)

b,max,md b1mc b3,mc b2,mc b4,mc
Figure 5 shgws an example of variation of &, max nic-With applied average axial strain, &, for a unjaxial
testing machjine.
For axial tests, the maximum bending strain may be expressed as a percentage. Percentage bending due to
machine misgplignment, fmnc, is:
_|8p.max,mc
Bme =|H——x100 (8)
80
The angular position of the maximum bending strain is determined as follows:
For measurements in orientations 0° and 180°:
€ —€ € —-€
O = ( p2mc b4,mc) acos| Zotme ~£b3me ©)
|£b2,mc _£b4,mc| €h,max,mc

where 6yn¢ is measured from the R-direction, in clockwise rotation, if positive, and anticlockwise, if negative.

NOTE 2  Itis not unusual for 6n¢ to change slightly and gradually during the measurement if the applied force or axial
strain is increased or decreased. Sudden or erratic changes, however, can indicate the existence of backlash and/or other
mechanical instability in the loading system.

NOTE 3 At a given applied force, & max,mc and 6mc values are normally independent from those due to inherent
imperfections in the alignment cell. In other words, different alignment cells (of the same material and dimensions) are
expected to produce the same nominal values of &y max,mc and Gme.

NOTE 4  Annex E describes how to calculate the bending contribution due to inherent imperfections in the alignment

cell (see Reference [5]). Annex F shows the calculation results from a numerical example for a cylindrical alignment cell
under axial test conditions.

© 1SO 2012 — All rights reserved
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6.3 Thick rectangular alignment cell

For a thick rectangular alignment cell at zero or a given applied axial force [see Figure 1 b)], the average axial
strain and the local bending strains are calculated according to the above-mentioned formulae for cylindrical
alignment cells. The maximum bending strain due to the machine is calculated using Formula (10) (see
Reference [5]):

_ |8b1,mc _8b3,mc| + |8b2,mc _8b4,mc|

£ = 10
b,max,mc 2 2 ( )
Percentage bending, fmnc, is calculated using Formula (8).

The ||naximum bending strain occurs at the corner of the alignment cell between the strainpgayges with the
highgst reading and next highest reading.

6.4 | Thin rectangular alignment cell

For g thin rectangular alignment cell at zero or a given applied axial force [see Figure 1 c)], a system similar
to Figure 1 b is established, where the equivalent strains are located at the-Centre of the alignment cell’s

four faces. The corresponding local bending strain values are given by Eormulae (11) (12), (13) and (14) (see

Refefences [4], [5] and [6]):
d = (&1+¢2) (11)
le 2
+
ehe ZEO{[MJ_SOH ﬁ} (12)
2 Wy
(83 + 84)
e = 5 (13)
and
g4e=go+|:[81+—84j_go]( l] (14)
2 Wy
wherg, & is the average axial strain, given by Formula (1), w is the width of the broad face of the glignment cell
and y)yg is the strain-gauge transverse separation.
The fbrumlae/equations for determining the local bending strains, the maximum bending strains anfd percentage
bendjng are the'same as given above for thick rectangular alignment cells, but substituting &1, &, 3 and & with
e, Pe, e3¢ ANT e
NOTH The maximum bending strain occurs at the corner of the alignment cell nearest to the highest reading strain gauge.
6.5 Classification of machine alignment

The level of the machine alignment shall be described according to the criteria specified in Table 5 and shown
graphically in Figure 6 (see Reference [5]).

© 18O
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Table 5 — Alignment classes

Class | £ < 1 000 pstrain l&o| > 1000 pstrain
2 &, max,mc < 20 pstrain Brnc <2 %
S &, max,mc < 50 pstrain Brc<5 %
10 &,max,mc < 100 pstrain Bme < 10 %
20 & max,mc < 200 pstrain Bine < 20 %

7 Procedure for verification of machine alignment

71

The purpose
procedure is

a)

b)

c)

Annex G de{
checks of ali
the custome

System ched

7.2 Proc
a)
procedy
b) For cylin
Annex G.
NOTE 1 Sq
c) Connect
under pq
d) Grip ond
e)
f)
NOTE 2
9)
10

Purpd

as part ¢

afteran
has not

if any ad
made to

se and frequency

of this procedure is to verify the alignment of the testing machine. An ideal time forgerformin
following force calibration. It shall be carried out at 12-month intervals and in th€ fellowing e

f the commissioning procedure of a newly acquired testing machine;

bccidental buckling of a specimen, unless it can be demonstrated that the-alignment of the ma
been changed;

ustment (including movement of the upper or lower crosshead){ alteration or replacement has
the load train, unless it can be demonstrated that the alignment'ef the machine has not been cha

cribes a simple mechanical device that may be used for'performing relatively quick, quali
gpnment for cylindrical testing systems. The check intetvals using this device may be request
and/or as desired during the fatigue testing programme.

ks shall be performed in accordance with 5.7}

Ture
If the npachine is being commissioned “ef re-commissioned, carry out the uncertainty evaly

re in Annex B.

drical geometry testing, carry out an initial check using the alignment gauge device descrih

me grips for cylindrical geometry testing do not enable use of the above-mentioned alignment gauge d

the lead wires-of the strain gauges to the conditioning equipment, allow the system to sta
wer and ensure it is stable for at least 30 min.

end of the alignment cell (usually the lower end) in the grip interface so that gauge 1 is facin

front of tre testing machine (i.e. in orientation 0° position, Figure 4).

g this
ents:

chine
been
hged.

fative
bd by

ation

ed in

evice.

bilize

g the

Set the strain gauges to zero.

Grip the other end of the alignment cell. With the machine in force control mode, set the force to zero (or
a small value where required for control stability) and record the readings of the strain gauges. For pure
torsion test systems, then proceed to 7.2 h).

7.2 c) to 7.2 f) produce the maximum bending strain due to the action of gripping the alignment cell.

Apply a series of axial force (or average axial strain, &) increments as required and record the force
and the corresponding readings of the strain gauges. The applied forces shall be in tension and/or in
compression, depending on the type of mechanical tests performed on the testing machine. Care shall be
taken not to exceed 0,75 times the alignment cell’s proportional limit to avoid causing permanent damage
in the device. Return to zero force and record the corresponding readings of the strain gauges.
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h) Release the grips to enable performing the next step.
NOTE 3  With a rectangular alignment cell, it is necessary to completely remove the alignment cell from the grips.

i) Rotate the alignment cell 180° about its longitudinal axis so that gauge 1 is now facing the back of the
testing machine (i.e. in orientation 180° position, Figure 4) and grip both ends of the alignment cell. For
pure torsion test systems, record the readings of the strain gauges, then proceed to 7.2 k).

i) Repeat 7.2 g), using the same nominal forces (or average axial strain values) applied in orientation 0°.

k) Take the alignment cell out of the upper grip and record the readings of the strain gauges. All the strain
gauges should read within zero +3 pstrain. If not, the reason shall be investigated and reported. Take the
alignment cell out ot the lower grip.

[) In pure torsion and combined tension plus torsion test systems, it is possible that the. axis jof rotation of
the driving grip does not precisely coincide with the loading axis where the alignment cell Is gripped. In
tension/compression plus torsion fatigue testing, this misalignment causes a spiral-corkscrew-like motion.
To account for this off-axiality, the following may be performed:

1) carry out the above-mentioned procedure,

2) un-grip the alignment cell from one end and with the machine éxercised in the torsion gense, rotate
the driving grip 180° (or the highest angle achievable, if the |atter is less than 180°), and

3) repeat steps 7.2 d) to 7.2 k).

m) [f 7.2 a) is not being done, perform two more runs of 7.2 d)t0'7.2 k) (i.e. a total of three repeat measurement
uns are required).

n) Carry out the elastic modulus system check given.in 5.7.4.

o) Calculate & max,mc and, except for zero force, fimc (see 6.2 to 6.4 or for the three-strain gauge gonfiguration,
gee Annex D).

p) [Determine the machine alignment class’in accordance with 6.5.

8 Reporting

8.1 [Basic information
The feport shall include’the following:

a) a statementf‘compliance or non-compliance with this International Standard, i.e. ISO 2378g;

b) e maehiné alignment class;

C) e-tabulated applied force and the corresponding strain gauge readings;

d) the alignment verification calculation results;

e) the estimated measurement uncertainty (i.e. £U, Annex B);

f) the alignment cell’s secant or Young’s elastic modulus determined in 7.2 n);
g) a graph showing the variation of g max mc With &;

h) the identification number, if relevant, and type of the testing system;

i) adescription of the load train;

j)  theidentification number, a brief description of the alignment cell, including the material, main dimensions,
and type, and the numbers and locations of strain gauges;

© 1S0O 2012 — All rights reserved 1
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k) the type and identification number of the strain-measuring equipment, measurement uncertainty and
(where applicable) the date of last calibration;

I) the values of the testing machine lateral stiffness, if known;

m) the name of operator and date of verification.

8.2 Special information

Any deviations from the procedures given in this International Standard shall be stated.

NOTE 1 Al dimensions are in millimetres.
NOTE 2  Fqr definitions of symbols for geometrical tolerances, see ISO 5459:2011 (Reference [9]).

NOTE 3  THe perpendicularity requirement applies to any gripping partsiused for alignment.

Figure 1 — Recommended profile fofcylindrical alignment cells

(Based on Figurne 2 in Reference [4])

0,01

(lTesal—

NOTE 1 All dimensions are in millimetres.

NOTE 2  For definitions of symbols for geometrical tolerances, see ISO 5459:2011 [Reference 9]

NOTE 3  The alignment cell to be symmetrical about the longitudinal centreline.
Figure 2 — Recommended profile for rectangular alignment cells

(Based on Figure 4 in Reference [4])
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a) Locations on cylindrical alignment cell

b) - Locations on thick rectangular alignment cell

© 1SO 2012 — All rights reserved
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wi8

c) Locations on thin rectangular alignment cefi

Figure 3 + Strain gauge locations on cylindrical alignment cell, thick rectangular alignment cgll
and thin rectangular alignment cell

Back
180°

Machine columns

Left >pecimen Right
90° 0 270°

v

R - direction

Front
OO

Figure 4 — Descriptions of terms used in alignment verification — The R-direction, machine aspect
(front, left, back, right) and measurement orientations (0°, 90°, 180°, 270°) [Top view]
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Figure 5 — Graph showing an example of variation of, g5 ymaxmc With & for an axial testing system
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Figure 6 — Criteria of alignment classes

(Source: Reference [5])
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Annex A
(informative)

Causes of specimen bending and misalignment in fatigue testing machines

A11

In an ideal alignment situation, the top and bottom grip centrelines are precisely in line with one another
and with the centrelines of all the other components of the load-train including the specimen. Moreover, the

spec
a o

b)

A coinbination of these two sources of misalignment always operates in tesis.under tensile or

force
as w
temp

was asymmetric (from side to side).

Spec
stiffn
the s
the e
deve
on fa
load

A.1.2
Refe
sameg
unifo
mech

In the

asymmetric machining of the test specimen itself.

oor conformance of the top and bottom grip centrelines, and

5 and/or torque. In fatigue testing, any angular and/or lateral offsets in.the load train can
bl as mean bending strains superimposed on to the applied cyclic strain. In axial testing
bratures, additional bending can take place due to distortions in the (0ad train if the specimen

men bending depends also on the ratio between the lateral stiffness of the specimen ar
bss of the other load train components. In reversed tensien-compression low-cycle fatigue

iffness of the specimen changes continuously duringcthe fatigue cycle (as deformation evo
astic and plastic states), throughout the test as the*test material hardens or softens and as f:
op inside the specimen. To minimize effects dueto any so-called “reversed bending” (see R

rain components should be maximized.

Figure A.1 shows the basic misalignment mechanisms encountered in axial test g
ence [4]). In the simple case of an’ angular offset [see Figure A.1 a)], the grips’ centrelir
plane and intersect at mid-span ‘with an angle y. In this case, the specimen bending can
'm along the gauge length pf\the specimen, with tension on one side and compression on th
anism is the so-called “Ctbend”.

simple case of a latéraloffset [see Figure A.1 b)], the centrelines of the grips are parallel and

men itself is absolutely symmetric about its centreline. Departures from this ideal situation-arle caused by

compressive
cause cyclic

at elevated
temperature

d the lateral
LCF) testing,
ves between
htigue cracks
eference [1])

igue life in reversed tension/compression (HCFE-as well as LCF) fatigue testing, the lateral sfjffness of the

ystems (see
es lie in the
be nominally
e other. This

axially offset

with fespect to each other-by an amount e. Bending varies in amplitude along the gauge length of {he specimen

and d
the c

A13
alway

hange sign (fromtension to compression on one side and compression to tension on the oth
ross-sectiop.at the middle of the specimen has no bending. Sometimes this is called “S-ber

In practice, it is highly unlikely in axial testing to encounter a pure C-bend or S-bend,
s_a‘combination of the two. In non-rigid fatigue testing systems, lateral offsets of the cent

grips

er). Note that
d”.

but is almost
relines of the

with respect to either the machine’s crosshead or the driving actuator are more prone to cad

se “reversed

bending” in the specimen as a result of the deformation of the load train (see References [1] and [4]).
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a) C-bend due to an angular offset

Bk

b) S-bend due to a lateral offset

Figure A.1 —Basic bending mechanisms with associated bending moment distributions
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B.1

B.1.1 For meaningful measurements in accordance with this International Standard, it is essential ¢
meagurement uncertainty. The following procedure is recommended to be performed atleast as partof c

a new test system, after installing new grips or as part of a check of the system’s alignmentjperformarce.

The fpllowing uncertainty evaluation procedure is in accordance with the methodology in Referen

may

B.1.4 The measureand (i.e. the quantity being measured in this test) is & rax,mc-

B.1.3 With reference to Formulae (7) and (10) and the procedure diven in 7.2, the main sources
which affect ep max,mc are the following:

a)

b)

c)

Expefrience in alignment measurement have shown that normally random sources are the mo
Systematic effects (if not already corrected) may be included in the analysis, but they are relatively

and,

B.2

The fpllowing procedure.déscribes how to estimate the standard uncertainty in & max,mc. The res
should reflect the combined effects of all the random sources listed in B.1.3.

As with all repeatability tests, the following procedure must be performed under nominally ide
condftions. It isimportant, therefore, that all the test runs are carried out on the same test s
the spme alignment cell, by the same operator, in continuous succession, in as short a period
possible/and not be interrupted by any adjustments of the machine alignment or any other tests.

a)
b)
c)

ISO 23788:2012(E)

Annex B
(normative)

Evaluating uncertainty in the alignment measurement

General

be consulted for the uncertainty terminology used herein.

in the same precise position relative to the machine.axis;

dincertainties relating to the strain gauges and strain measuring unit.

herefore, have been excluded in the following calculations.

Procedure for estimating the standard uncertainty u

evaluate the
bmmissioning

ce [7], which

bf uncertainty

flepeatability of positioning and gripping the alignment celfconsistently so that its longitudinal axis is always

positioning the alignment cell precisely in the desired angular orientation with reference to th¢ R-direction;

st important.
insignificant

ults obtained

ntical testing
ystem, using
hs practically

-
7

~N

N

h M 1
Carryout7:2Tjto K-

Repeat 7.2 d) to 7.2 k) as many times as practically possible.

Calculate the corresponding mean and standard deviation values of & max,mec-

It is important to emphasize that the alignment cell is removed completely from the grips between the test runs
so that each run represents as far as practically possible a new test.

© 1SO 2012 — All rights reserved
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B.3 Eval

uation of the expanded measurement uncertainty U

This is a type A uncertainty. Calculate the measurement uncertainty at the 95 % confidence level as given by
Formula (B.1):

U= k95u (B1)
where
U is the expanded uncertainty in the estimated mean;
kos is arcoverage factorfor- 5% tevetof confidence{r=distributiomisassumed);
u is the standard uncertainty (equals one standard deviation divided by Vn);
n is the number of test runs (i.e. sample size).
Values of kgg may be obtained from the following Student’s ¢-distribution table (extracted'from Referenge [8],
Table A.2).
v 2 3 4 5 6 7 8 9 10 12 4
kos 1271 | 4,30 3,18 2,78 | 2,57 | 2,45 | 2,37 2,31 2,26 | 2,23 218 415
v 16 18 20 22 24 26 28 30 40 60 120 o0
kos 212 2,10 2,09 | 2,07 | 2,06 | 2,06 | 2,05 2,04 | 2,02 | 2,00 1,98 1,96
where v is the number of degrees of freedom equal to the'sample size, n, minus one.
NOTE Itils common practice in routine testing, calibratiorrof instruments, and as recommended in ISO/IEC Guidg 98-3
(see Reference [10]) and UNCERT Manual (see Reference [7]), to calculate and report the associated uncertainty for the
95 % level of gonfidence. For other levels, e.g. 99 %, use the appropriate coverage factor.
B.4 Repprting uncertainty estimate
The 95 % conpfidence interval in the(above-mentioned alignment test result (the so-called “complete test result”)
may be expressed as:
Eb,max,mc +U (B2)
where Eb,ma mc is the mean value of & max,me-
Generally, the €éxpanded uncertainty should be reported in the same units and to the same number of significant
figures as theresutt—Theestimateshoutd-state thetevetof confidenceassociated-withrthe coverage factor along

with the means of making the estimate. Documentation is to be sufficient to allow replication of the calculation.

20
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B.5 Measurement uncertainty requirements

B.5.1

Alignment class

Class

Class

The maximum permissible expanded uncertainty, U, shall be as follows:

2
5

Requirement
4 ustrain or 0,4 % of the average axial strain, whichever is the greater;

10 pstrain or 1,0 % of the average axial strain, whichever is the greater;

Class

Clas{

B.5.2

a
'Y

20

o0 PR O0-0L £l [ : el [T +
U Nallallt Ul £,U 70 OT'HNIC aveladyt dAldl Sthalll, WITICTICSVET 15 1T ylcdlcl

40 pstrain or 4,0 % of the average axial strain, whichever is the greater

Uncertainty of measurement shall not be used to determine the alignment class:

© 1SO 2012 — All rights reserved
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CA

Annex C
(informative)

Method for measuring machine lateral stiffness

Axial and lateral stiffness of machine frame and load train are some of the parameters involved in the

design and development of the testing machine. Information on lateral stiffness of the fatigue testing machine

frame and lo

CAUTION
capability o

bd train should be provided by the machine manufacturer/supplier.

In the following method, care should be taken not to exceed the lateral force-orrmo
f the test machine load cell and other devices in the load train, such as so-called.“align

fixtures”, which are used for making axial and/or angular offsets to align the testing machine. Fo

reason, itis

Figure C.1ds
replaces the
is threaded i
screw head g
PREs is meg
load train, to

It should be
contribution

recommended that this device be only designed and used by the machine’s manufact

scribes schematically a method for evaluating the lateral stiffness of testing mmachines. The m
test specimen by two short, stiff, pull-rod extensions (PRESs). A screw forapplying the lateral
nto the left-hand PRE and is free to slide through the right-hand PRE: Spring deflection bet
nd right-hand PRE enables the applied force to be determined. The change in separation bet
sured, enabling lateral stiffness of the testing machine system.including the frame, actuatg
be determined.

o the deflection, A4, from the device itself.

ment
ment
r this
urer.

bthod
force
ween
ween
r and

hoted that the resulting machine stiffness, & is somgwhat lower than the actual value dug to a
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A4
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h | l\ll\ ll\/l\ I“\ﬁE :I
#v R

- 0

—
—

1 Measure gaps 4 and B with a digital calliper for several inCréments of screw position and plot A4 vs. AB.

2 ltis better to measure 4 and B at the front and back and then average the readings so that the mean measurements
are o the displacement axis.

3 The relationship may be nonlinear initially.

4  Tgsting machine lateral stiffness is equal to4j:

5  Qoil spring stiffness is equal to ks.

6 Efuating force:

ks x AB =k x A4

Thus,|kL = ks x ABIAA

Sincel ks is known and A4 and(AB measured, lateral stiffness, k|, is readily determined.

Figure C.1 — Schematic representation of a method for measuring lateral stiffness in fatigue
testing machines
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D.1 Gen

The three-strlain gauge configuration, where three strain gauges instead of four in each set, are used iningd

for measurin
be significan
gauges and/
cells with a

faulty, it is much more difficult, even impossible, to readily recognise this fault with the three-strain d

configuration
bending in th
expected to
more gauged
configuration

In the three-
mitigated by

D.2 Numbering and positioning of strain gauges

2012(E)

Annex D
(informative)

Three-strain gauge configuration

eral

j bending due to misalignment in cylindrical test specimens (see Reference [6]). This metho
ly less expensive than the four-gauge method regarding some setup elements (cost of the
br related conditioning and readout systems). It can be also useful for use with cylindrical aligr
ross-sectional diameter of less than 5 mm. On the negative side, if one of the gauges bec

than with the four-gauge configuration. Faulty readings can be incorréctly taken as addi
e alignment cell. Furthermore, the average axial strain obtained from-four-gauge configurat
be more accurate than that obtained from the three-strain gauge configuration, simply bed

adopted in this International Standard.

carrying out the system checks in 5.7.

ustry
H can
strain
ment
bmes
auge
lional
onis
ause

are used in determining it. It is for these reasons that the four-gatige configuration is the stapdard

as well as the four-strain gauge configuration, a significant fault in one or more gauges can be

Clause 5.6 applies except that an array of six strain gauges (arranged in two sets of three) shall be numbered
and positiongd such that they are equally spaced, i.e. hominally 120° apart, around the circumference ¢f the
alignment cefl (see Figure D.1).
D.3 Alighment measurement calculations
For each set|of gauges, the average axial strain is:
g0 =(eqfrey +£3)/3 (D.1)
The local bending strains.are:
€1 = €11 & (D.2)
Epp = Egl=E&5 (D3)
€p3 = €3 & (D.4)
The maximum bending strain on the surface of the alignment cell is:
Epmax = €ph / COSQ (D.5)
o =arctan 2 ) £ﬂ+l (D.6)
J3

€bh 2

where gh and g are the local bending strains relating to the highest strain reading and the next highest strain
reading, respectively, and « is the angle that defines the position of the maximum bending strain on the surface

24
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