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Measurement Uncertainty calculation for improving test reliability

of Agricultural tractor ROPS Test
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Abstract: The agricultural tractor ROPS test method according to OECD code 4 is a test to assess whether the
driver's safety area can be secured when a tractor overturns, and reliability should be ensured. In this study, a
model formula and procedure for calculating measurement uncertainty expressing reliability in the field of
agricultural machinery testing were established according to the ISO/IEC Guide 98-3:2008. The characteristics of
the ROPS test device were assessed and repeated tests were performed, and the were used as factors to calculate
the measurement uncertainty. As a result of repeated tests, the accuracy was higher than 1.9 % in all load
directions; thus, they were, applied to calculate the type A standard uncertainty. The final expanded uncertainty was
calculated within the range of less than +7.76 kN of force and +6.96 mm of deformation in all load directions.
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u(z;) : standard uncertainty
(£,;) : uncertainty of load cell calibration
w(F . uncertainty of load cell resolution
(D,,) : uncertainty of LVDT calibration
(

u(D,.,) : uncertainty of LVDT resolution
Uypeq - UNCETtainty of repeat test
u,(y) : combined standard uncertain

v, : degree of freedom
v,y - effective degree of freedom

k : coverage factor

* Corresponding author: tack.kim@tym.world

1 Department of Smart Agriculture, Korea
Technology Promotion Agency, Iksan 54667, Korea
2 Korea Agriculture Mechanization Policy Institute, Chungnam,
Daejeon 34134, Korea

3 Department of Drive System Team, TYM R&D Center, Iksan
54576, Korea

Copyright © 2023, KSFC

This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License(http:/
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Agriculture

34 Journal of Drive and Control 2023. 3

1. M E

Ao AL ditEos o
T TIE Sojso] ASH ST qYd
g Bl ZATE ole BEF ohdE &
ot Ao Ag FEHA il wol
& Ho sAststal ARk Bt
E}EW %ﬂlﬁﬁz—ﬁ‘rﬂ%ol IS0 Al
st OlT,

g b

B\

R 1)

wr e © i o rfr b1 oo
2
g:g
3
o

0 e ok Wi O ob o
Ml ox oX ¥ oo

At EHHOM+
Laboratory Accrediation
Scheme, KOLAS)«] %zﬂﬂﬂ/\lﬁfj 2 w7 A AA
A=t A ke s FAloIthY

o, FHE EE“H— FYsAY &, BA 9
4 5 O wAYS FH8HH,0 i E2A T
7l7ﬂl<ﬂ Ye " oy 2% vjgos QT A
I A7 ] TAEaL AEY AT ARae] Qb



A5

=]

de Al HeTdxEL ITFoE X3t A=
R & ZE(roll over protective structure, ROPS) A&
YL EHI AEHe A9 1A P
R A EYE AYS VEoE A3
& 7Feke Aldolth AR o W3S &
of Al Ad W Ao AHE gH
Park 5(2022)2 W A& QFdA AlE
[e]

™ 12 (o

o
— ol

=

- =

—a

19
=
ol

7] o

¢

=
=

2

hint)

=F 2 AR kA
ek = AeAd sl wF@sta A& b
Axjol tigh uFo] oS AF3ATt”
UelZ] fsliMe A
Aol thEAR] HEZ
&S HAE JAAE Fetsiar
S S SAHEGERE AlF
Jeong 5(2010)2 A-sAHE-

ol T
O

A

o rEl mt o L

25 [e]
o7 mdAs

AZAI G st
(2010)> A=A, AA FERE| Agshes ZHIE X
AEE ASTM A240/480°1 e} A|Zbste] <1 =4
S F= A Oigk
a8 JIZA=
Kim¥} Lee(2013)
Z) e} g 2wl

[o5

ot

gL
of
il
-

N
o
Y o

rﬂlﬂ
O_>'|.4_11
)

o o
o
O:oé

ol
i)
2
n
O~
s
ol

(

_|_._L>1'.4 ﬂ?‘;.'.
3

e I
ol m
o

ot

i

9‘1"

2

&

i)

( H.I{E
d

(

=

X
)
=
i
o il
ofN |
o>
> 2o
i\
o

o
2

(e

o3
=

i

ol

it AN
ox
r lu
i
o

r

. 1
)
off

ol
£

N
1o gy
[y

ol
ifd
_‘ 0

N
M
fob
b
o
ol

v
ol

N O o> to (morfr AN B 2

X0

Ir

=2

N T
)
>,
o
M

4
-9
=2
)
e

N,
I ke
off
e

R

21 ROPS 253+ x &

ROPS Alge] ok =
55 kWa FH-EEHE s
MNe EvstHor, B AT &83t
ROPS9] A& Table 13 Zt}.

Al'S

Q‘7o

roj

A . 7Ez

<l

Table 1 Specification of tractor with ROPS used

in this study
Item Specification
Tractor mass (kg) 1,755
Tractor engine power (kW) 55
ROPS Type 2 post frame
Frame external width (mm) 727
Frame interior width (mm) 627
Main frame
(LengthxWidthx Thickness) 72X30:3.0
Main frame material SPSR

Deflection

measurement measurement

Fig. 1 A photo of roll over protective structure
(ROPS) loading test device

Ho=7 Fig 13 &
7} P23k, OECD code 4 74
gk 7ho|=EljlE AlAska ek

Fal APZA = Fig. 29 2o| 19 Adde |
S A 4 Qe LVDT (IK4, GeFRAN corp.,
Provaglio d'lseo, Italy) ¥ 10% &32] Z=A)(LS-10B,
CAS corp., Seongnam, Republic of Korea)Z T4 % o]
AT

LVDT(Linear Variable
Differential Transformer)

Fig. 2 A photo of data acquisition sensor for roll
over protective structure (ROPS) loading
test device
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Fig. 3 A photo of data acquisition sensor for roll
over protective structure (ROPS) loading test
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where, 7= First measured value of force (N)
F,= Second measured value of force (N)
A,= First measured value of deformation (mm)

A,= Second measured value of deformation(mm)
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Fig. 4 A photo of tractor replacement structure
and test bed
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Table 2 Mean and standard deviation for ROPS
repeat test result

Load Maximum
direction Force (kN) deformation (mm)
Rear 13.770 £ 0.226* 312.0 £4.4*
Side 20.871 +£0.388 2312+3.5

Front 7.350 £ 0.085 178.7+3.3

*Mean + Standard deviation
6.0
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s [ Rear
g 50 B Side
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Fig. 6 Relative standard deviation of force and
deformation for ROPS repeat test
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where, D, = First measured value of deformation
from LVDT

Fy = First measured value of force from Loadcell

uD = Overall uncertainty for deformation

u = Uncertainty calculated from repeated tests

repeat

f(z) = Mean maximum deformation of test result
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Table 3 Calibration and resolution for test device () = \/Ec?uz(xi): \/z(;j i (z,) = \/ZU?(@/) )
Dat . i=1 i=1 9% iz
.a .a . . Uncertainty(ab.95% level
acquisition | Resolution ¢ fid =2
Sensor of confidence, k=2) where, u,(y) = Combined standard uncertainty
Load cell 98 N 0.19% ¢; = Sensitivity coefficient
;) = Standard uncertain
LVDT 0.1 mm V/58% +0.005° x 9007 £ ulw) &
AZM, ¢ HEATEA 2,9 W3] wt =5
Table 4 Calculation of standard uncertainty and  © jojepo] MslE= A-E Wiy 9o RH2AS
degree of freedom A EslE RERYE e 2o vt H1 g
Classification Formulas | u(z;)| v, SAgE 10] dok 479 EE ghe ddsk 4k
' e
u(Fm) W 2.83 0
u(D,,) % 0.03 | oo Table 5 Calculation of combined standard uncertainty
Classificati .
u(D,.) % 0.03 | oo assification u,(y)
3 Rear 2.99
Rear \jﬁ 013 | 2 Force Side 2.98
i s Front 2.99
Force Side 022 2
Vn M Rear 24
s aximum X
Front S 005 2 deformation Side 1.4
Urepeat s Front 2.1
Rear S 254 | 2
Maximum i s = .
deformati Side Ny 202 | 2 324 &=t ME
eformation _ _ N . ,
s ROPS AlgellA @3 MEFz 54 Aol gk &
o | e [P 2 amE Agdem mdse sgpgsr 409
2ol A=3ith
T BEEEE v 74 Y Ao Aol
I geERY £ RWHA Hlold ¢ e vt U= k> u,(y) (7
o, + R%W/HA 288 & Ao Dok B =& where, U = Expanded uncertainty
M 100%7HA] A8E 4= ohal 71Aste] R=02.2 k = Coverage factor
ALkt on, ojuf AfFEE FEth(o)7t "o u,(y) = Combined standard uncertainty
Table 3-& 7+ AlA 9] E&lle3 wAgAAA groln o
YA Bl e g 43 2EEdE 5l ARE ERRIA ke AA FEAFE B AFHFES A%
£ Table 4°l YERAATH sto] AEeoF &, fFEAET BEESE, Ay
T, AT 9 dHARFEGEE o]&dto o}
323 M EFEET ME 22 Welch - Satterthwate 2] 0.2 Zt7} 242 = Qo
2o AR Eole, MAAY] g &
s B HEEAIE A 2EEYdEe 8= ALt u,(y) (uly))! ®)
. Vopp = — =
Aol Sol7hs Y FEC] ¥R HelE 34 A Tl )"
& B AEHne 4Rt e dHuREEY (n=1)
T u(y)e B4 AGEFH 78 F k. A7]A where, v, = Effective degree of freedom
w(z,)E ABF BY Wi og A=3 ztzte) g&E u.(y) = Combined standard uncertainty
ol ot} v; = Freedom of u(z;)
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Table 6 Calculation of expanded uncertainty

E
Classification Vosy k xpanfied
uncertainty
Rear 539,682 1.6 478 N
= OO
Force Side 6_7’303’9 1.6 7.76 N
Front 2,257,6124 1.6 478 N
= OO
) Rear 2 29 | 696 mm
Maximum -7 o 2 29 | 406 mm
deformation
Front 2 29 | 6.09 mm

AtE FEARFE veff)% olof] g3t 3
#He FHst A FE 95%0l dFE= EIAAL &
able 6°I] UrEMJi;lE‘r Zy7Zyo] ETRQIX 3
E359 5oty HE FAESET}
ATlA At B35 BEL AHAA]
dohe AlARRS 83 Al ZAE Jeong(2010)
Y A9 HuFyS o vlolgr} M= S35
2 dlojelE #35kE DAQ HEO tiF 3% 2
A 7IRg. 28y ROPS
HrIe HL%B,QE FstoolH e FAUE

b3 T AR A&siatt Al?ﬂﬁaqbl

= 37 g AW kAol WA HAJe A
£ Foetet AR S AoE Zgigit

FPI HN H

o8 FyHolof st 41F
A de AsAel g AZ7Y] AHS 278k
o 24 A= —%XMM] tH%P :LMQ TE 2R

code 4 AT w}a} MEABS S 27
EI=E A3 93 @0ow Rk AF

i sus oEst U

A4 - e

=4

L9%2 UEtor] 248 27 ¥gd ue 2%s
BIE Aol A 835
A
\

Baeg &
HEFRHEE ANSAT. oF, HF SHEIE
2 UEpjs $4ESEE 2Ea) d8 FEAH
2 AN CREEE o) g5l EIAAE AH
A FHuEEIT TFAAE FAEOZH
A% ByRass 4Ban

B AA=e sHSAFR Ador HAts7]
AL 871 & AF(121030-02)3  FHAEF7 &7
gg7tdel 7)eAA A DAY (821053-3)2] AYES

_—

{

OloH2tH (CONFLICT OF INTEREST)

A o) wE} sl o UA 55
7 gee BT

=9 oA

References

) D. Y. Um,
uncertainty for reliability improvement of surveying

“Consideration of the measurement
results,” Korea Society of Surveying, Geodesy,
Photogrammetry, and Cartography, pp.107~112, 2011.

2) ISO. 2011. Uncertainty of measurement - Part 3:
Guide to the expression of uncertainty in

(GUM:1995) -
Extension to any number of output quantities. In
ISO/IEC GUIDE 98-3:2008/SUPPL 2:2011.

3) APLAC. 2006. “Interpretation and guidance on the
estimation of uncertainty of measurement in
Testing”, In APLAC TC 005.

4) S. J. Moon and J. H. Chung, “Measurement
uncertainty of vibration testing result with including

measurement Supplement ~ 2:

uncertainty of testing facilities”, Transactions of the
Society  for

Engineering, Vol.26, No.7, pp.781~786, 2007.
5) B. J. Cho et al,

Circuit of Front-end Loader for Bump Shock

Korean Noise and  Vibration
“Improved Design of Hydraulic

Reduction of an Agricultural Tractor”, Journal of

cajole - HEE 20233 39



6)

7)

8)

9)

10)

11)

12)

40

Q4 ROPS Al@e] 4174

Drive and Control, Vol.13, No.2, pp.10-18, 2016.
N. G. Lee et al., Analysis of Traction Performance
Agricultural Soil
Condition”, Journal of Drive and Control, Vol.17,
No.4, pp.133-140, 2020.

S. M. Baek et al, “Analysis of Engine Load Factor
for a 78 kW Class Agricultural Tractor According
to Agricultural Operations” Journal of Drive and
Control, Vol.19, No.1, pp.16-25, 2022.

J. H. Won et al., “Study on Traveling Characteristics

for Tractor  According to

of Straight Automatic Steering Devices for Drivable
Agricultural Machinery” Journal of Drive and
Control, Vol.19, No.4, pp.19-28, 2022.

S. W. Park, Y. H. Choi and C. H. Lee, “Review
of Regulation for Rollover Test and Evaluation of
Safety for Buses by using Simulation of Multi-body
Dynamics”, Journal of Drive and Control, Vol.19,
No.3, pp.39-46, 2022.

J K. Lee et al., “Uncertainty analysis and ANOVA
for the confidence estimation of altitude engine
test.” Journal of Mechanical Science
Technology, Vol.21, No.4, pp.664-671, 2006.
S. H. Park, K. H. Lee and H. S. Han, “Estimation
of
Transactions of the Korean

and

of uncertainty in vibration measurement
shipboard equipment”,
Society for Noise and Vibration Engineering,
Vol.24, No.7, pp.509-516, 2014.

S. H. Jeong et al., “Standard Uncertainty Evaluation
for Dynamic Material Properties of Auto-body Steel
Sheets,” The Korean Society of Automotive

Engineers, pp.2784-2793, 2010.

Journal of Drive and Control 2023. 3

Fgs 9 SAHEGE =4
13) Y. H. Huh, H. M. Lee, D. J. Kim and J. S. Park,

14)

15)

16)

17)

18)

19)

“Estimation of Measurement Uncertainty in
Evaluation of Tensile Properties.” The
Society of Mechanical Engineers-A 34(1), 2010.1,
pp.73-78.

K. R Kim and Y. S. Lee, “Study on the

Estimation of Measurement Uncertainty in MOI

Korean

Measurement.”  Journal of the Korea Institute of
Military Science and Technology, Vol.16, No.6,
pp-797-802, 2013.

W. S. Cheung, Y. T. Kim and D. P. Hong, “Study
of  head
measurements,” Proceedings of the Korean Society

Vol.15,

on uncertainty factors vibration
for Noise and Vibration Engineering,
No.94, pp.20-28, 2005.

G. G. Song, C. S. Lee and Y. H. Kim, “Effects
of environmental conditions on uncertainty of
reverberation time,” Proceedings of the KSNVE
Annual Spring Conference, pp.439-440, 2014.
OECD code 4. 2021. “OECD standard code for the
official testing of protective structures on agriculture
and forestry tractors”, OECD Headquarters, Paris,
France

R. G. Lim et al, “Agricultural tractor roll over
protective structure (ROPS) test using simplified
ROPS model”, Korean Journal of Agricultural
Science, 49(4) 2022, pp.771-783.

B. L. Welch, “The generalization of ‘STUDENT'S’
problem when several different population varlances
are involved,” Biometrika, Vol.34 No.1/2, pp.28-35,

1947.





