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Sauselnseiudnads (Reference torque standard) Augndes 0.03 wWedldud fignasuiiivuainiedes
snspuTEAUUsugl, wosuulseenuuuadistulianmsovunsenaldinnndt 200 fwu SvEwavesaaunden
yulazmsduaziiiou < 30 fadndy, WWedvasouvunn 1:3600, s19ALles (Linear suide) niougmu gunsal
Fousefldmgaigiu (Hydraulic coupling) LLaquﬂiaiL%amaLLwﬁmsju (Flexible coupling) WunUsenau
fuduszuunste Ussilluanuanansalunsinuagnisaeuiieu (Calibration and measurement capability)
vossruviiadsiulasfiansandsaraliuiueutesnisin (Uncertainty of measurement) fiinainysuaia
SvBwasion1in Wy dnvarauiRmanasingveasiesdletausiln anudayunaznsduasiiioureues
Wi yufvhmavisuiisunansinduieieseuiisuusdanasguugugll - nmsUssdiudnaiomui
sevufinruanansnlunsiauagnisaeuifisu 0.04 Wesidud Aiseiuanuifesiu 95 Wedidud (k=2) Fsawnsn
THaeuiiisuiniosileusslnnuidBn1suinsgiu EURAMET/cg-14/v.01, DIN 51309: 2005, BS 7882: 2008,
DKD-R 3-7: 2003 wa ISO 6789 (E): 2008 41

Aman: esesaeuliisuiedesiieinnsen, anmaninsolumsinwagmsasuiiiou wagaruiliutuouvesnisin

Abstract

This paper reports on a study, design, and construction of the prototype of the 10 Newton-m
reference torque calibration machine by mainly considering the supply and domestic production. The
purpose is threefold: (1) to reduce the use of the primary standard on calibration of torque with the
accuracy rate at = 0.2 percent; (2) to reduce the high cost of imported equipment; and (3) to support
the calibration requested by the secondary laboratory and industries.

The prototype of torque calibration machine consists of the important components: the
reference torque standard with < 0.03 percent accuracy that is calibrated by primary standards; the air

bearing that is designed to support a lateral force more than 200 Newton; the influence of friction and
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vibration that is < 30 millisram; the gear with ratio 1:3600; the linear guide with base; the hydraulic
coupling; and the flexible coupling. All of the components are assembled to be the measurement
system. The calibration and measurement capability is evaluated by considering the uncertainties of
the measurements caused by the influence of mechanical properties of the torque measuring device
and the friction and vibration of the air bearing, including the measurement comparison of the primary
torque standards. From the uncertainty evaluation, the calibration and measurement capability is
about 0.04 percent expressed at 95 percent confidence level (k = 2), which can be used to calibrate
the torque measuring device according to the calibration standard EURAMET/cg-14/v.01, DIN 51309:
2005, BS 7882: 2008, DKD-R 3-7: 2003 and ISO 6789 (E): 2008.

Keywords: Torque calibration machine, Calibration and measurement capability and Uncertainty of

measurement.
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Fosnstmuanisadmedeing q Iidudu annse
fuandleaail

(r-r)

100

- USUNTBY 9 Aadlviaa (W) o3g

D o v 2h
- PEITNYUINBDU 9 Qmﬂ']i‘lwaﬁ]'gﬂ =

0.001
= . 2 3
- (FZ —Pa)= 75 1bf/in” Ansivasie 0.65

AanAY 2555 JaminLgese

-t (P =P )= 50 Wbf/in” grumslvashy 0.27
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JUN 6 MsfndsyanageuaHauaznsEuaLLTiou
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WATFIUUFUNA

diordunistusunnuaiuisalunisinuasnis
aouLfiouvesssuuiadneiy fedudadessinnis

KM

AanAY 2555 JaminLgese L/ UTr

Wisuifsunanisinfuiniosusednumsgiuugund
fslunuuusadaudan’ wazussDandoudoussan
9109 1IN
3.2.1 MaU3suifisunanisiauuussdauians
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TT1/10 N'm %8¢ Rauter Finland A3uQNABI
003 % yhnsapufisunsuaiugesi 2 a
ABn15unsgu DIN 51309: 2005 lnsia3esnssde
41M3g714 DmBN/1000 N'm 983 GTM  Germany
(1 kN-m TSM) Aiflanalaiutiuouvesnisin 0.01 %
MndumsuaRuges TT1/10 Nom wfindeia3es
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welfiduinnsgrudredslunisasuiiisu TCTP/10
Nm  m1338n15uesgIu DIN - 51309: 2005
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finarudieuiisuilulszuainussdngneds
(Reference torque wrench) 314 DmTS/20 N-m 984
GTM Germany AQNABY 0.2 % @BULTIEUATY
38n1911A551U DKD-R 3-7: 2003 71 10 Nm  1ng
1 kN-m TSM ez 10 N-m TCM
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Friction and vibration effect

20
g fH 20 mg
S 50 mg
c =]
c 100 mg
ke
&
SOt m o
2 5 EEE
©
g #N
v % 6\

0 T T T

0 40 60 80 100
Force in N

JUN 7 wsslndenmuveauasuus

4.2 wan15useriualuliniuauvaan1sInuas
TUU
NHAVBILITAUAFEYANIU (0.000012 N-m) way

a a a

nFNavesgUnInenI LAY (TaYadIN
ANER 0.005 %/°C) annsauszidumauliduyuey
Y94M153%89 10 N-m - TCM auaunisii (2) uas
wansfog1ansAafiasdn 1 N-m

N-m A9m15199 1 way 2

ey 10

A15199 1 suAnUliwuuauYeInITIngd 1 N-m

Quantity | Estimate Probability Rel. Sensitivity Rel.

distribution standard coefficient uncertainty
uncertainty contribution

X; X; wix) G wily) in %
Miet 1N-m Normal 0.015 % 1 0.015
o, 0000012 Normal 0.00054 % 1 0.00054

N-m

é}wz 2°C Rectangular | 0.5774 °C 0.005 0.0029
Combined relative standard uncertainty, w. M) 0.0153
Relative expanded uncertainty, W(M) at k=2 0.031

A15197 2 suAulakUueauYeINISIAA 10 Nem

Quantity | Estimate Probability Rel. Sensitivity Rel.
distribution standard coefficient uncertainty
uncertainty contribution

X X wix) q wy) in %

Maet 1 N-m Normal 0.015 % 1 0.015
o, 0'03?1:)12 Normal 0.000054 % 1 0.000054
&\/12 2°C Rectangular 0.5774 °C 0.005 0.0029
Combined relative standard uncertainty, w.(M) 0.0153
Relative expanded uncertainty, W(M) at k=2 0.031

NNTNT 1 uaz 2 nureediodunuuiiadig
Fuiimnuldutueuvesnisia 0.04 %  Asyduady
Feriu 95 % (k=2) Fsaunsaldaeuiiieunsosiiotn
uwsedaszAuaugndes = 0.2 %
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gﬂﬁ 8 wanen 15 08 UNIINAIE19BY wazaAI
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(Reversibility error, h) TneLa3as 10 N-m TCM uaz
1 kN-m

Comparison result : pure torque

020 F---" T ~= =] * 10NMTCM |~ 1

2
= I
g 0.00 =T J. ]I- {JI_ }. JI_ JI_ { T
2-0.10 -
020 e
-0.30
12 -8 -4 0 4 8 12

Nominal torque in N-m

5UN 8 Amnulssuudninsaineensdamousie
AulaiuyueuveInTin

Comparison result : pure torque

M 10 Nm TCM

080 T -~~~ """ """ T T T T oo T T

En number

-10 -8 6 5 4 -3 -2 -1 1 2 3 4 5 6 8 10
Nominal torque in N-m

JUN 9 asmanuwiniiesluguves £, number
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Comparison of reversibility error

1.00

075 4 -——————— -] 1 kN-m TSM
O 10 Nm TCM

050 4 -—-——---------
025 4 - -"m@m

0.00 e s

0254 -~
050 F - —m -
B T e
-1.00

Reversibility in %

08 6 543 2 1-1-2-34-5-6 -8-10
Torgue in N'm

SUN 10 Anueanaedeun1siundulaveansin
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gﬂﬁ?i 11 wanensideauuanAd1ads wava
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Tuguves £, number wown 9 Arda wazsud 13
wansnsSsuiieuArunanedounsiunduls
(Reversibility error, h)

Comparison result : torque with cross force

0.30
020 ——""""""""""~"~"~"~"~-""<-"~""~"~"~"~"~"~"="—~"—~=——-—
X LT _ e 41 T _ e
coe LTl Tl
C
2 0.00 ——=T e
.©
> -
&-0.10
020 [T To oo * 10 Nm TCM|
-0.30

-12 -8 -4 0 q 8 12

Nominal torque in N-m

JUN 11 enuideauuduindaindrenaganieume
Anulaiuyueuvein1sin

Comparison result : torque with cross force

W 10 Nm TCM

—
o
o

En number
o o
(o)) (o)
o o

o
i
o

o
Ny
S

0.00

;108 6 54 -3-2-112 3 45 6 810
Nominal torque in N-m

SUN 12 asenanuwiniiedluguves £, number
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Comparison of reversibility error

0.100

0075 +-———""""""""""~"~"~"—~"————~— 1 kN-m TSM |
0 10 Nm TCM

0.050 -
0025 + %m@ﬂ@'l% 7777777777777777

0.000 T =TrTrTT17 W

-0.025
-0.050 7
-0.075
-0.100

Reversibility in %

08 6 54 32 1-1-234--5-6 -8-10
Torgue in Nm

JUN 13 Anuaaamdeun1siundulavesnsin

Comparison of varied cross force effect

0.150

1 kN-m TSM
(O W 10NmTCM [
0.100

0.075

0.050

0.025

varied cross force error in %

0.000

08 6 5432 1-1-23-4-5-6-8-10
Torgue in N'm

ATUYIN

31117{ 14 uansnsiSeudisuAiruAaInAAeL
Lﬁﬁ]ﬂ‘\]’]ﬂﬂ’limgﬂuuﬂaﬂLLNG]’]?,J‘UTN?JE]\Tﬂ']SiIG]
(Varied cross force effect) TneA3as 1 kN-m TSM
e 10 N-m TCM
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st uANENINTaveIIYUUN TS ATES 1T
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Fnvarautiniwinsinevenaiesdedn
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