
1. INTRODUCTION 

In order to expand the range of a national torque 
standard, a deadweight torque standard machine with a 
rated capacity of 10 N·m (10-N·m-DWTSM(J)) has been 
developed and evaluated at the National Metrology 
Institute of Japan (NMIJ), part of the National Institute of 
Advanced Industrial Science and Technology (AIST). 
Figure 1 shows a photograph of the 10-N·m-DWTSM(J). 
By 2012, the relative expanded uncertainty of torque, 
Wtsm_J, realized by the 10-N·m-DWTSM(J) was 
evaluated to be 0.0066 %, with the coverage factor k = 2, 
in a range from 0.1 N·m to 10 N·m, for calibrations of 
low nominal capacity torque measuring devices (TMDs 
(pure torque)) [1]. After evaluating the 10-N·m-
DWTSM(J), we made a bilateral comparison of 
measurement capabilities with the 1 N·m and 1 kN·m 
DWTSMs at Physikalisch-Technische Bundesanstalt 
(PTB) in Germany in the torque range from 0.1 N·m to 
10 N·m, and confirmed the equivalence between torque 
realized by the TSMs of the both institutes [2]. We have 
been disseminating torque standard for TMDs to the 
industry in the range from 0.1 N·m to 10 N·m by using 
the 10-N·m-DWTSM(J) by the Calibration and 
Measurement Capability (CMC) of 0.010 %. 

A 10 N·m deadweight torque standard machine (10-
N·m-DWTSM(T)) has been developed at the National 
Institute of Metrology (Thailand) (NIMT) [3]. Figure 2 
shows a photograph of the 10-N·m-DWTSM(T). The 
CMC by using this machine was estimated to 0.015 %, 
with the coverage factor k = 2, in the range from 0.1 N·m 
to 1 N·m. Another comparison in the range from 1 N·m 
to 1 0 N·m with PTB has been already conducted (CMC 
of this range is 0.010 %). Therefore, this machine needed 
to be compared with TSMs at other NMIs in the range 
from 0.1 N·m to 1 N·m. 

In this study, the 10-N·m-DWTSM(T) was compared 
with the 10-N·m-DWTSM(J) by using a low nominal 
capacity TMD in the range from 0.1 N·m to 1 N·m. The 
transfer measuring device was a torque transducer with 

 
Fig. 1. Photograph of the 10-N·m-DWTSM(J) at NMIJ 

 

 
Fig. 2. Photograph of the 10-N·m-DWTSM(T) at NIMT 
 
nominal capacity of 1 N·m owned by NMIJ. The loading 
procedures were based on the daily calibration procedure 
adopted at each institute. 

2. EXPERIMENTAL CONDITIONS 

2.1 Bilateral comparison based on daily calibration 
procedures of both institutes 

The loading procedures for this comparison were 
based on the daily calibration procedure adopted at each 
institute. The loading procedure at NMIJ was based on  

Inter-laboratories comparison between NMIJ and NIMT for calibration capability of a low 
nominal capacity torque measuring device in the range from 0.1 N∙m to 1 N∙m 

 

Atsuhiro NISHINO1†, Koji OGUSHI1, Tassanai SANPONPUTE2 and Nittaya ARKSONNARONG2 
1National Metrology Institute of Japan, AIST, Tsukuba, Japan 

(E-mail: a.nishino@aist.go.jp) 
2National Institute of Metrology (Thailand), Bangkok, Thailand 

 
Abstract: In 2013, a 10 N·m deadweight torque standard machine developed at NMIJ (10-N·m-DWTSM(J)) was

compared with PTB’s two DWTSMs in the range from 0.1 N·m to 10 N·m. In this study, a 10 N·m deadweight torque 
standard machine developed at NIMT (10-N·m-DWTSM(T)) was compared with the 10-N·m-DWTSM(J) by using a low 
nominal capacity torque measuring device in the range from 0.1 N·m to 1 N·m. The transfer measuring device was a 
torque transducer with nominal capacity of 1 N·m owned by NMIJ. The loading procedures were based on the daily 
calibration procedure adopted at each institute. As a result, En numbers were all less than unity for all torque steps. 
Therefore, the equivalence of the torque standards between NMIJ and NIMT were confirmed in the range from 0.1 N·m 
to 1 N·m. 
 
Keywords: Torque standard, Low nominal capacity torque, Comparison, Torque measuring device.  



the JMIF-015:2004-8 technical guideline [4], whereas 
the loading procedure at NIMT was based on DIN 
51309:2005 [5]. Figures 3 and 4 show the loading 
timetables based on the daily calibration procedures of 
both institutes. Eight torque steps (10 %, 20 %, 30 %, 
40 %, 50 %, 60 %, 80 % and 100 % of the maximum 
torque) were selected in both calibration procedures. 
Figure 5 shows the schematic of changing the mounting 
position of the TMD. The TMD was measured separately 
for the CW and the CCW directions, and it was rotated 
from 0° to 240° in 120°. 

2.2 Deadweight torque standard machines 
Table 1 shows characteristics of the TSMs used in this 

comparison. The deadweight moment-arm system was 
adopted in each TSM. The CMC of the 10-N·m- 
DWTSM(J) was 0.01 % in the calibration range from 0.1 
N·m to 10 N·m. On the other hand, the CMCs of the 10-
N·m-DWTSM(T) were 0.015 % and 0.010 % in the  
range from 0.1 N·m to 1 N·m and from 1 N·m to 10 N·m, 
respectively. A binary mass stack exchange system has 
been adopted as the weight loading system of the 10-
N·m-DWTSM(J), whereas the linkage weight system has 

been adopted in the 10-N·m-DWTSM(T). 

2.3 Transfer measuring device 
Figure 6 shows a torque transducer manufactured by 

GTM GmbH, which is component of the transfer 
measurement device with nominal capacity of 1 N·m, 
called DmTN/1Nm. This transfer measuring device was 
used in the bilateral comparison between NMIJ and PTB 
in 2013. The DmTN/1Nm was connected to an 
indicator/amplifier with the specific cable to form TMD. 
The indicator/amplifiers were DMP40s manufactured by 
HBM GmbH at each institute. The various characteristics 
of the DmTN/1Nm such as creep, temperature and 
humidity dependence have already been investigated [2]. 
The temperature coefficient of the DmTN/1Nm was 7.1 
× 10-5 / K, which was relatively larger than those of other 
precise transducers. Thus, we considered the temperature 
dependence of the transducer in this bilateral comparison. 

2.4 Measurement dates 
Table 2 shows measurement dates of the bilateral 

comparison. Pre-measurement and post-measurement 
were carried out at NMIJ. 

Table 1 Characteristics of the deadweight torque standard machines. 
 

10-N·m-DWTSM(J) [1] 
10-N·m-DWTSM(T) [3] 

 
NMI NMIJ NIMT 
Type Deadweight moment-arm system 
Mode Clockwise (CW) / counter clockwise (CCW) 
Calibration range 

0.1 N·m – 10 N·m 
(a) 0.1 N·m – 1 N·m 
(b) 1 N·m – 10 N·m 

CMC 
0.010 % 

(a) 0.015 % 
(b) 0.010 % 

Weights Weights according to OIML R111 Linkage weights 
Fulcrum Aerostatic bearing Suspended-fulcrum 
Material of the moment-arm Super Invar Aluminum grade A7075-T6 

 

 
Fig. 3. Loading timetable based on the JMIF-015:2004-8 technical guideline [4] 
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Fig. 5. Changing the mounting position of the TMD 
 

 
Fig. 6. Photograph of the transfer measuring device of 1 

N·m nominal capacities 

3. RESULTS AND DISCUSSION 

Table 3 shows environmental values during the 
measurement at each institute. In this study, the 
measurement results were corrected by the temperature 
coefficient of the DmTN/1Nm. Table 4 shows results for 
bilateral comparison between NMIJ and NIMT by using 
the DmTN/1Nm. The measurement results were the 
arithmetic average, S ′ i, of the results at 0° (first 
measurement cycle), 120°, and 240° for each torque step. 
The relative deviation, RD, is expressed by the following  

Table 2 Measurement dates of the bilateral 
comparisons. 

Date  
May 18 – 19, 2015 NMIJ (Pre-meas.) 
July 21 – Aug. 12, 2015 Transfer to NIMT 
Aug. 14 – 26, 2015 NIMT 
Sept. 10 – Sept. 18, 2015 Transfer to NMIJ 
Sept. 24 – 25, 2015 NMIJ (Post-meas.) 
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where the subscripts J1, J2, and T indicate the results for 
the pre-measurement at NMIJ, the post-measurement at 
NMIJ, and the measurement at NIMT, respectively, and i 
is the index of the steps. The relative expanded 
uncertainty of the measurement results Wh, which is 
given by the following equation: 
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where h is the index of the results for NMIJ and NIMT, k 
is the coverage factor, wtsm_h is the relative combined 
standard uncertainty of torque realized by the TSM, and 
wtra_h, i is the relative combined standard uncertainty 
ascribable to the transfer measurement device. Here  
wtra_h, i is given by the following equation [6]: 
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Fig. 4. Loading timetable based on the DIN 51309:2005-12 [5] 
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Table 5 Nomenclature. 

wrot : 
Relative standard uncertainty due to reproducibility 
when changing the mounting position 

wrep : 
Relative standard uncertainty due to repeatability 
without changing the mounting position 

wint : Relative standard uncertainty due to interpolation 
wzer : Relative standard uncertainty due to zero error 
wrev : Relative standard uncertainty due to hysteresis 

wres : 
Relative standard uncertainty due to the resolution of 
the transfer measurement device 

wdrf : 
Relative standard uncertainty due to the short-term drift 
of the transfer measurement device 
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Table 5 shows the nomenclature used in Eq.(4) and (5). 
Next, the En number was also evaluated according to the 
following equation: 
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From Table 4, En numbers were all less than unity for all 
torque steps. Therefore, the equivalence of the torque 
standards between NMIJ and NIMT were confirmed in 
the range from 0.1 N·m to 1 N·m. 

4. CONCLUSIONS 

Bilateral comparisons of the calibration of the low 
nominal capacity torque measuring device was 
conducted between NMIJ and NIMT. Each TSM was 
based on the deadweight moment-arm system, and 
calibration range was from 0.1 N·m to 10 N·m. The 
transfer measurement device used had nominal capacity 

of 1 N·m. The comparison procedure was made using the 
daily calibration procedure adopted at each institute. As 
a result, En numbers were all less than unity for all torque 
steps. Therefore, the equivalence of the torque standards 
between NMIJ and NIMT were confirmed in the range 
from 0.1 N·m to 1 N·m.  
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Table 3 Environmental values during the measurement at each institute. 

 
 

Table 4 Results for the DmTN/1Nm transfer measurement device. 

 
 

NMIJ_pre NIMT NMIJ_post

21.3 °C ~ 21.7 °C 22.0 °C ~ 22.4 °C 21.3 °C ~ 21.8 °C
45 % ~ 46 % 38 % ~ 42 % 44 % ~ 48 %

Air Temperature
Rel. Humidity

Torque NMIJ_pre NIMT NMIJ_post RD WNIMJ WNIMT Wdrf

/ N m / mV/V / mV/V / mV/V / % / % / % / %
-1 -0.945388 -0.945471 -0.945415 -0.0074 0.010 0.015 0.0016 -0.41

-0.8 -0.756266 -0.756333 -0.756286 -0.0075 0.010 0.015 0.0015 -0.42
-0.6 -0.567162 -0.567214 -0.567172 -0.0082 0.010 0.015 0.0010 -0.46
-0.5 -0.472618 -0.472661 -0.472631 -0.0078 0.010 0.015 0.0016 -0.43
-0.4 -0.378089 -0.378119 -0.378099 -0.0064 0.010 0.015 0.0016 -0.36
-0.3 -0.283552 -0.283577 -0.283565 -0.0064 0.010 0.015 0.0026 -0.35
-0.2 -0.189034 -0.189042 -0.189039 -0.0027 0.010 0.015 0.0016 -0.15
-0.1 -0.094518 -0.094516 -0.094519 0.0023 0.011 0.015 0.0005 0.12

0 --- --- --- --- --- --- --- ---

0 --- --- --- --- --- --- --- ---
0.1 0.094517 0.094525 0.094524 -0.0074 0.018 0.015 0.0042 -0.32
0.2 0.189039 0.189056 0.189050 -0.0075 0.012 0.015 0.0033 -0.39
0.3 0.283569 0.283593 0.283577 -0.0082 0.010 0.015 0.0017 -0.46
0.4 0.378099 0.378133 0.378111 -0.0078 0.010 0.015 0.0018 -0.43
0.5 0.472634 0.472684 0.472655 -0.0064 0.010 0.015 0.0026 -0.36
0.6 0.567176 0.567231 0.567204 -0.0064 0.010 0.015 0.0029 -0.35
0.8 0.756290 0.756344 0.756329 -0.0027 0.010 0.015 0.0030 -0.15

1 0.945422 0.945463 0.945480 0.0023 0.010 0.015 0.0035 0.13

CCW

CW

Direction En


