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The effect of rotation and force misalignment of standard load cell
on tension/compression testing machine calibration
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The purpose of this research is to present the effects of load cell rotation and force misalignment during
the calibration of a tension/compression testing machine according to ISO 7500-1:2018 (E). A 1000 kN testing
machine, resolution 0.5 kN, class 0.5, was calibrated under 3 different conditions: case A, standard load cell
was not rotated and force misalignment, case B, standard load cell was rotated to 0 degrees, 120 degrees,
and 240 degrees, and case C, standard load cell was not rotated but force misalignment from the force center
by 10 mm. When verification of results obtained from three cases was conducted the class of machine range
to 0.5 class. The parameters of the test results of case A and B were not different. However, in cases A and
C, the relative errors of reversibility were found to be up to -0.45%, and the uncertainty of the calibration at the
95% confidence level were different and increased up to +0.53%, with respect to the increasing magnitude of
the applied force. When comparing the results using £, number method, the values were found between 0.05
- 0.89, and the difference was not significant. When more force was applied, the E, number increased slightly.
This can be concluded that for tension/compression testing machine and standard load cell of a good class,

the standard load cell rotation does not affect the calibration, but the force misalignment does.
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2 +2.0 2.0 +3.0 0.2 1.0
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q, = L) x100 (3)

2

g, = FFa) %100 4)
3
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2.4.6 N13AUIN Relative resolution, a
Relative resolution 289A281UALTS (Force Indicator) AMUIIANNANNT (9)

Bulletin of Applied Sciences, Vol. 13 No. 1, 2024 19

y



r
a=_x100 9
3 9)

08 1 A9 ANATIRATDIFAIBNLALINTBILATAIN AZDL

a A o = A Ao
Fi AR V’ﬁLL?\TV]@quvLﬂﬁqﬂLﬂ?ﬂ\ﬁ’l@@T’]Uﬁqmﬂﬂ@ﬂuwmu‘ﬂﬂ’]ﬁuﬁ

2.5 msuAIANN Ll uauaRIMSsIn
2.5.1 mmiu’Lmu@ummmﬁmmiumLﬁnaﬁmmgm

- Aenuldusueuiléanuanisasuiieuivanisaduinggu (u,, ) Ausnldiainannis (10)

. (10)

Te U, Ae AR wliwiveuanlumaunanisasufiauzednan e dNInT g1
A
P

k A8 A1 Coverage factor aMnluseanumanisasLfiauzedinanEadNInIgIW

' L ey ) -
- Armulduduaunldann Drift ‘J.I@QIM@@L%@@N’W]?‘E’]H (u

o) AanuldaInannig deldlu
nsaindluiuasas luddaldtlszdRinnsge ey Ausnuldannaunig (11)

u

cal

Ugrire = «/T (1 1)
winiuluansaduinsgundszdfinisasuiiiauudasn Drift Ausnldainasnis (12)

_ (U_aesllange-U_ aetineumiin)

drift — Nel (1 2)
- Areulduuenanuanstnuresgun)i (u,,, ) Waniinisldenulnansaduinsgi
Al AaNNaNNg (13)
2 2
_ emp,erg tempgg
utemp - —2'\6 (1 3)
Tag
B (20—temp. ) x zero temp. coeff.
temp_e 0 — before cal.
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WI9HLAS Reversibility (v) P96 V3 ANNANATN (18)

=7 18
Uer =~ (18)

2.5.3 n133uAIANldwLNeuaNNNNTae LeL
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3.1 NAMFFARUINAULATRINAFBULLTIAY/LLTINA ﬂQﬂﬁNﬂﬁmLﬂullﬂﬂqNﬂ'\iqﬁﬂ 3,4uaz5

¢dl a a
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Maximum permissible value (%)
. . X Uncertainty
Machine Arithmetic Relative efror of U
ivi :
reading mean Relative Class (%)
F (kN) F(kN) | Indication | Repeatabiity | Reversibiity |  zero Resolution =
q b v f, é
300.0 300.124 -0.04 0.03 -0.01 0.17 0.5 0.13
350.0 350.185 -0.05 0.04 0.05 0.14 0.5 0.14
400.0 400.296 -0.07 0.07 0.05 0.00 0.13 0.5 0.14
450.0 450.338 -0.08 0.06 0.03 0.11 0.5 0.12
500.0 500.410 -0.08 0.02 0.03 0.10 0.5 0.1
A5199 4 nansaeuiaulunsl B
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= : =%
F (kN) F (kN) Indication | Repeatability | Reversibility Zero Resolution
q b v f, a
300.0 300.046 -0.02 0.04 0.03 0.17 0.5 0.14
350.0 350.087 -0.02 0.1 0.07 0.14 0.5 0.16
400.0 400.274 -0.07 0.03 0.03 0.00 0.13 0.5 0.12
450.0 450.239 -0.05 0.05 0.02 0.11 0.5 0.1
500.0 500.369 -0.07 0.04 0.05 0.10 0.5 0.12
A5199 5 nanisaeuiiaulunstl C
Maximum permissible value (%)
. . . Uncertainty
Machine Arithmetic Relati ¢ U
elative error o .
reading mean Relative Class (%)
—_ H =70
F (kN) F (kN) Indication | Repeatability | Reversibility Zero Resolution
q b v f, a
300.0 300.429 -0.14 0.09 -0.02 0.17 0.5 0.15
350.0 350.255 -0.07 0.16 -0.18 0.14 0.5 0.26
400.0 400.137 -0.03 0.07 -0.28 0.00 0.13 0.5 0.35
450.0 450.014 0.00 0.10 -0.44 0.11 0.5 0.52
500.0 499.657 0.07 0.05 -0.45 0.10 0.5 0.53
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Serhuansseuniienlunsd A B uas C wniuReuiftaufmudndmsiinedianunsatlianimougey
FNNNIMTTIUISO 7500-1:2018 (E) ldAana 0.5 winf %aﬁ@d%ﬂuﬂmmgq@m eRansounlurdesiaas Relative
error of indication, Relative error of repeatability, Relative error of zero LAz Relative resolution mmﬁqmmitﬁ
wudnfanldumnaneie wilunsl C Annsiimes Relative error of reversibility hazAanuldudueuaes
nsaeuiuildnfiunnsneeenty deyananisaeuiiauieaunsdlilfidiuiininidesrudnansiuouseans
TnanmadunsgudenasianisaauiisunInndnaaInnsuyulnansaduins g ulussndensae ey

3.2 NI INANNANNUSTEUINUSINTENULAL Relative error of reversibility

A9l A B laiuansinaiis winsdl C SArunnsnsaenlyl TnaflnafaTylui AN e LA aTNALIaNIZYn
st LLm'ﬁLLmIﬁmmmiwﬁmﬂmmmme:ﬁﬁmmngﬂﬁ' 7 m?ﬁﬁﬂmmwm&mmdﬁﬁamﬁmLﬁmﬁu
SpAusslusaLd 4 1dunnndnsendi 3

01 v (%) Applied force (F) - Relative error of reversibility (v)
& _E
et LY S _.a
- ol . DT Nl
o - "nsaLA
-0.1
0.2
nsai C
-0.3
0.4
F (kN)
-0.5
250 300 350 400 450 500 550

717 7 nemluanspauduiisszudneusansevinuas Relative error of reversibility nai A, B way C

3.3 MINANNANNUSTEUINILTINTENILAz AN LB U U UIRIMSFALLALUN AN TR NYW 95%
N9l A way B luiumnsnaii wansti C HAAumnsneeentllne Jeui AT un N a1 NI ini
RI d!( 1 £ 1 ] t:ll
Wnaw waduuituanadlugaslaeasussnseyinaunangli

Applied force (F) - Uncertainty (U)

U (+%)
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7U7 8 nauansANANTUTIz I eUIINITYINUAT Uncertainty N3l A, B waz C
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3.4 msulFaunauneana (£, number)

Tuvindiatiazluuanieaes ISO/IEC 17043 [6] ilFauisunanisdauisLednsal A way C 1u
W19Tmas Relative error of reversibility Anlianuuanssiuad aTldagAnyvzell TnananiauFauiaunans
TR 6 FIAIUIUANNENNNT, (22) W RN AT I ARUAT

g =X (22)
JU+ U2

Tng X, = Relative error of reversibility PRINI A

X, = Relative error of reversibility 299N9TH C

U, = AnAawlaiurinewii 95% a8 Relative error of reversibility 799n3tH A

U, = Arpnulyl wiinewii 95% 28461 Relative error of reversibility 789n36i C
N13WANTUNAN E, number Sudninousised

- 61 E, < 1 ugsnduanniFauiaulifanuuansieiuedelidad Ay wazdunnet

- 61 E, > 1 ugsninuanniFauiiauiiaunansneiuesnafidadnAny wazlddinnet

AN2197 6 HanWFaLELN19alA (£, number) 984 Relative error of reversibility nseii A waz C

Relative error of reversibility Uncertainty
MachiFm(%kLe)ading v (%) U (2%) £, Resul
A (0] A C
300.0 -0.01 -0.02 0.13 0.15 0.05 Pass
350.0 0.05 -0.18 0.14 0.26 0.78 Pass
400.0 0.05 -0.28 0.14 0.35 0.88 Pass
450.0 0.03 -0.44 0.12 0.52 0.88 Pass
500.0 0.03 -0.45 0.11 0.53 0.89 Pass

nuanTgiTauieuln3199 6 Wudn Relative error of reversibility lnsei A waz C laifilaansuansnaiv
| Ao o o N A o ~ o o o a oA oA X \
adeiipdAny Tnadl £, < 1 wazidainn@sunswiunsanseyinAsuandlugin 9 wudn Haninaulugossn
waziunliuanasauinevay lutuseaulugasans

E. number Applied force (F) - E, number
n
1.00

0.90 A —0

0.80
0.70
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0.20
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F (kN)
0.00

250 300 350 400 450 500 550

U7 9 nauansANANTUTTznIUINTTYLAs £, number NIl A - C
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4.1 1premasaLLIRYLNNATNAStIeaeueunsdivaluaaimadidiusm 0 a4 120 297 uaz 240
B9AY ANNIBLNFABLWEL WIIHIARTHN 7] 1e9n1sasLEULazAIAN LN kINeuTaIN saeLE U L UANFN
annsdlseuiteulnglinyulnanimad Miduwduiihazianmaanssiufaninaes Effective table T9iAaas
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ﬂl@dﬂﬁ?@'ﬁmLﬁﬂ‘l_llﬂlu%ul,ﬁﬂmﬂm Relative error of reversibility ﬁLﬁN%uiﬁuLm @ﬁﬂﬂ?ﬁ?\lgﬂ‘ﬁ 9 WUI1AN Relative
error of reversibility Sualif sdumuanasesusnszrinludaedudedaanan s dnald E, number J9110
Waduses l wsilugnsangnifiusuneaesussnszritlumssenifiasnTuises “| A E, number azfualtin
wasliieadnites

mﬂém@uﬁﬂmmmmqmnﬁq 10 wu. Wnazdenasfann Relative error of indication AMNANNNT
F,.=Fcos 0 L‘WT’]tﬁlﬁLL?Qﬁﬂi‘:ﬁﬁﬁﬁUIﬂ@ﬂL%@ﬁQﬂLLMﬂLLN@@ﬂN’WLﬂuHN 0 wsandeyanudnlspnlaiuansng
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