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Development of force control equipment for paper crush testers calibration
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Abstract

Mechanical properties of paper packaging are one of the indicators for the capabilities of the final
products. According to the consistency, accuracy, and effectiveness of the testing equipment, it needs to
be calibrated with the standard calibration equipment to ensure that the testing equipment could be
worked properly and efficiency. In addition, the repetitiveness of the calibration also indicates the
stability of the testing equipment. The ring crush tester is used to determine the ring crush resistance of a
paper strip formed into a ring with a standardized length and width. This test is performed corresponding
to TAPPI 818, ISO 12192 and TISI 321 standard. The main calibration equipment are load cell and monitor,
which the calibrated person needs to adjust the force of the load cell himself which the value of the
adjusted force needs to be exactly equal to the given standard. As a consequence of this adjustment, too
much time of adjustment is taken, and the force of the load cell is not accurate, imprecise and various,
leading to the inaccurate calibration.

In this work, the add-on equipment for controlling the force adjustment of the load cell is developed
using the gearing ratio and the motor. The results show the increase of stability of the force adjustment,
in other words, the adjusted force is 2-8 newtons closer to the given standard, 20-25% of lower adjusted
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time taken, and 10.4-37.5% lower of uncertainty.
The repeatability and reproducibility also 19% and
48% improved, respectively. Furthermore, this
add-on equipment is controlled by rotational rate
and the linear guide way, which leads to the higher
precision and accuracy.
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2.1 Uszvnsuazngasinagnenldlunisdde fiduldnmunngusegndluniside el
2.1.1 LATBMIAFBUAIMUATULTINANLIIU 113U 5 LATBY INNGUNIAGAFIMINTTHUTIYIUeINGDINTZAY
aniln 3 viesUAns

Y
'
P | d

2.1.2 gz Usviiununinvaaneilenosniuu Inedideidengidetvyanduiifnnsaeuiieu
AULATRINAABUNTYATBUUUIANZAY F1UU 4 AY

2.2 wsadildlunsive wiiewsasefildlunsaaudiou

2.2.1 pRBmAEBUALIULSINAIILWIL/ABUgNYN (Crush tester machine) uuulnanwadnaaINFnu
UUAYE é’ﬂLLamﬂugﬂﬁ 5 mﬂsﬁa;&am%'mﬁmm']mamﬂﬁauagﬁ +1% ANUIUATA 1 Tau Yrensladeu
0 - 2,000 AU

FUI 5 : §906191A309VATOUAIINA UTINA WU IL/ 8O UgNINYEINTEATY

http://bas.dss.go.th



MIHIHAMUIVINGG NIUIMBIANEATUING TN 10 Uil 10 Faman 2564) 117

2.2.2 1asiausanandenlvanwad lnedsenunisaeuiisunineasuifinis L62/08089.1 9nnas
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mmﬁamim%"&mgﬂ (Deformation speed) (1-50) HadLuns/uni
AuSLAReUTindU (Return speed) 60 fadLns/un

YUNAHULNAY)

125 x 125 Saaiues
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Power (W) = Torgue (N.m) x Speed (RPM) / 9.55 [7]
Power (W) = 5000%0.08 x 1 /9.55 = 41.9 W

419 W = 5000%0.003 x RPM/9.55

Speed = 41.9*9.55/(5000%0.003) = 26.4 RPM

v O o a v v A oA o v A =
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surement: Edition 4 October 2019 [9] WagAIU
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3. Wawaz3a15ad (Results and discussion)
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3. fifhdeadumisgunsaliasamunuussiinafuiaiemeaeulneideuswnissossuruafiuandaiy
Tnsuansnisinsadosilunisasuiiougunsaifunuuiitsamunuussiinadrfuiedomaaeunszany
wazinasInusanemienlvanwad fagud o

2
o s

UM 9 : n13AnAIgUNsalAuLUUTYIgRIUANLTITINANIAUA T0IAaOUN YA 1Y

3

http://bas.dss.go.th



122 Bulletin of Applied Sciences Vol.10 No.10 (Aug. 2021)
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3.2.1 AUSI9INNISADUT BT DMAAB UANHFLLSINAMWIULUUNAIINULANENS Tavian 5 Ledadlng
vihnsaeuiiulugiamsléan 0 §2u-2,000 Ty Sudusesey (X) 4 30 ldud 487.7, 974.7, 1,461.7 uay
1949.0 fsfu Wisuisuszwiensaeufisulnfuazmsaeuiieulngligunsalfuuuuiiasstunansua neaaou
Feuldduredeannista 8 ad saufurnralilutusureneveanis¥n (Expanded Uncertainty) (X = U) T
aonAdpsfuAszyluLNmIgI SO 13820 Accuracy within +1% fauandlugnsteil 1

M1599 1 HANITFOULTBUAUTITEYTNNIsaaUTIEUUndAnunsseuliisulagldaunsalduuy

ATITEY | AN1IENNTTNNTN | AMUSAATEY A | ATUTALATES B | ATWTAATEY C | ATWTALATEY D | AUSIATaS E

X £U) douiiigy (X + U) (X +U) (X + U) (X +U) (X + U)
(Waaw) (ffiu) (@) (i) (@) (Tadi)
Unfi(Ussuanyy) | 488 £ 1.7 490 + 2.2 487 £ 1.5 488 + 1.6 488 + 1.5
487.7 + 0.73
Tdgunsalduuuy | 488 = 1.2 488 + 1.6 488 + 1.1 488 + 1.0 488 + 1.0
UnfUszuamy) | 975 + 2.8 981 £ 3.0 974 + 2.1 978 2.3 978 £ 2.5
974.7 £ 1.37
Tfgunsaldiuiuy | 975 £ 2.0 978 + 2.2 975+ 1.5 976 + 1.7 976 + 2.0

Uﬂﬁ(ﬂsmmmu) 1,465 + 3.5 1,471 + 3.7 1,461 + 3.1 1,468 + 3.2 1,467 £ 3.1

1,461.7 + 1.90
IWgunsalfiuuuy | 1,463 +29 | 1,868 +31 | 1462+26 | 1,866+26 | 1,464+26

ﬂﬂa(ﬂsmmgu) 1,954+ 4.7 1,965 + 4.8 1,948 + 4.4 1,958 + 4.4 1,955 + 4.4

1,949.0 = 2.74
Idgunsalsuwuy | 1,950+ 4.1 | 1,959 +43 | 1948+38 | 1952+37 | 195039

i <& 1 oA = = i a a a 9] v A v
INAITNN 1 LLRUN LllaLﬂﬁEJULV]SUﬁgMTNﬂ']iﬁE]UW]EJUUﬂWLLa%ﬂqiﬁa‘UW]EJUI@EJIGUQﬂﬂﬁfUWULLUUwaTN

4

UUAI YNIAATLIITEURALNNLATEY ATREEIINNMTABUTIEUNENAT UnSalful uuindruse s usnnBuuana

L 2D

feruuugfiiiutu audoyadsd Ausssyy 487.7 Suu Anedednlndeussssyands 2 Tt Amdu 0.41%
ALTITEY 974.7 Ty ﬂ'ﬁLa?ﬁJL%'ﬁslﬂé'ﬁmmﬁxqmﬂﬁq 3 T Anndu 0.31% Ausssey 1,461.7 fasiu ALaauEn
Tndruseseyunt 4 fadu Andiu 0.27% Auseszy 1,949.0 o Aededilndrussseyunnda 6 Ty Andu
0.31% atadaliuiusuresnistannnsasuifisumenddldgunsalfuuuuiimanamnausissy wan
wisomaanu anadlurag 10.4%-37.5% ilesnngunsaifunuuiiadstuaansnnuauuss Anuseun L UL
Aaadesvesmsasuiisulaininmsviheulaegldnueds
3.2.2 Aneuanansolumsvinelduienanilesnss (Precision) dwsigluil

annizmavhauaeuisuUnAUssianau) Annuduslsnelungusiu (Repeatability) 13.68
1du ANURuWUTIENIeNGY (Reproducibility) 9.25 T

anmenmsinuaeuiieuldaunsaliuwuu AenuduUsn1elungusiu (Repeatability) 11.06
1 AuRUWUIIENINaNgu (Reproducibility) 4.75 a6y

dlewUSeuileu Repeatability waz Reproducibility YaamMTinnnisaeuiisunevadltaunsal
FuLUURTY 19% way 48% ndy
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3.3 walSeuiisuszeza g lun1saaufig UL MAFaUAUATULIINAILIIU
Weldgunsalsunuuiumsasuiiieuund Nvun 5 e tngldunindunataeslumheui ansy
AUADUIBUYNATZULINIUTIAEATINY AagUT 10
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ATad A Azaq B wazaq C wias D e E

FUM 10 : waveuaalslunsnisaeuiigusyninnisaeuiieuundnunsaeuiguleeldgunsalduuuy

91n3UT 10 wudh msasuiisuwuuUnAltnanaeuisuegivag 128 unit -184 wnit waznsasulieulng
THgunsaisunuuldnanaeuiiisusgivas 10111l -140 urit Danamaseglugie 27 widi- 45 wiit Amdunisanas
nnidslagiede 20%-25% iesannsasuiiisunuuuni Gldnusududesmuqumnueiiosausisey uazses
Ususziumsenuesdilinaum Ussneufuianumilosdnazauanmsuunanessiuddinannuniiligunsal
AULUY

3.4 Namiﬂimﬁuqmmwmaqqﬂniniél'ul,l,wﬁqi'mﬂ'mﬂmm

msUsslivaussauzvosasamuite 2 su leud funiseenuuukazadanses wazsunsldou Ty
fimsimsevissd
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fagudt 11
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93U 11 wansbiiiud fldeamnglenudaiuludiuniseenwuuiarnisadne deil gunsalfiuluy

wowesTimauieamedenisidnu ldanusiseunudiseinsld futinuldusdunisaeuiisutosas sl

ndusissniuauanuaiiesrusIsey uagsaslsussauaienues Tanfldidanuudusamnzauiuinu awe
sesdlownaniidudenuazidouduiinunsosdienasuiieuls wuiunisanauldanulussezesell Ine

N woa a v v & ° = o = I & I %
UAINTUANUANLUFDNARDITINYDIRUU (I0C) mﬂmimmmmmqmw (1) wmnu 0.94 ‘UQ@%JJIULﬂm‘WWEJ@ﬂJiUI@I

3.4.2 mapnuAnwiuideingyluinunisldines Insudssaiuilude S1umu 4 4o degui 12

fannulaaafslunisldau

dldlddndudasinunnuin

k4 4, &, o
TUABUYNIHLTUNIIAN
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Ausaldmuinszy
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FU 12 : wapruAniugifesnigludunseanuuuuasasveunsaiduuwuy

93U 12 wandlsiiiiuin idemagienudn
diulushunsléouedos il Weadanmahauudy
gunsalfuLUY Usuausaldmuiissynntase e
Uaoadelunslden 1nnsivadln waznsaduitani
nsuyu Junoulderulddudeu lisndudesd
Uszaunsaflferuusiasfienudiugiudiueiodo
naaoutainszauilosiu lnedaduianuanii
aonAdpITImTassuil (100) mﬂmiﬁwmmmuqmﬁ (1
winfu 0.94 Feagluinausivisensuls

4. @3 (Conclusions)

gUnsalfuuuuTmuALLsInaTiastuliesd
Usznou fe nauauusing MusuausITaues
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fuussnaveInszay InenansasulfisulAieamadoy
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repeatability Wag reproducibility a"ﬁu 19% way 48%
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