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ABSTRACT

1 N-m torque standard machine was established at National Institute of Metrology (NIM) in 2013. The torque standard machine
adopts deadweight and moment-arm type. The static air bearing with low friction is used to support the moment-arm, the invar alloy
with the low expansion coefficient as the material of the moment-arm, the specially designed weight suspension part and weight
loading system may ensure the applied force by small weights accurately and reliably. The mechanical structure of the machine is
introduced, the results of performance test and uncertainty assessment are described. The expanded uncertainty (k = 2) is smaller
than 5 x 10” in the range of 100 mN-m - 1 N-m, smaller than 1x 10™ in the range of 10 mN-m - 100 mN-m.
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1. INTRODUCTION

Torque, as a basic parameter, is widely used in automobile,
communications, aerospace, shipping and other fields. In recent
years with the development of the electronic, automobile,
aerospace and medicine industry, there is a growing demand for
small torque measurements. Micro-motors have wide
applications in the aerospace and automobile sectors, where
accurate torque measurements of micro-motors is essential.
Slight torque tightening tools are widely used for mobile
phones, hard drives, cameras, laptop computers, automobile
electronics and medicine devices. By using the tightening tools
equipped with torque sensors, precise torque control is
achieved and product quality is guaranteed. The establishment
of a small torque standard machine may provide reliable
technical support for wvarious industries. The National
Metrology Institute is responsible for establishing and
maintaining national torque standards, ensuring accuracy and
consistency of torque dissemination and providing calibration
services for customers in various sectors of industry. In order

to meet the requirements for small torque measurements, a set
of 1 N'm torque standard machines has been established at
NIM in 2013. The range of the small torque machine is from 1
mN-'m to 1 N-m. The expanded uncertainty (& = 2) is smaller
than 5 X 10 in the range of 100 mN'm - 1 N'm, and smaller
than 1 X 10 in the range of 10 mN'm - 100 mN-m.

2. THE CONSTRUCTION OF A 1 N-m TORQUE STANDARD
MACHINE

The machine consists mainly of an air bearing, a moment-
arm part, 2 weight suspension parts, 2 weight loading systems, a
counter bearing part, transducer couplings, a mounting
platform and a pedestal part. The mechanical construction of
the 1 N'm torque standard machine is shown in Figure 1.

An X-type air bearing is adopted to support the moment-
arm in order to minimize the friction at the fulcrum. The air
bearing is in axial positioning, the gap of the stator and the
rotor is 5 um, the friction torque is smaller than 0.3 pN-m
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Figure 1. Mechanical structure of the 1 N-m torque standard machine.

according to the test report of the manufacturer (CEH
XL60_45s, Germany). The work pressure of compressed air
supplied to the air bearing is 4.2 bar. The moment-arm adopts
the single beam structure; its nominal length is 250 mm. The
balance beam is equipped in a way that the mass center of the
moment-arm may be adjusted. The overload protection part is
used to control the swing amplitude of the moment-arm to
ensure the moment-arm in the normal work status. Invar alloy
with low thermal expansion coefficient is adopted for the
moment-arm materials in order to reduce the uncertainty
caused by the length change of the moment-arm due to the
temperature variations. The designed weight suspension
assembly may keep the force, applied by small weights,
vertically downward and free from parasitic forces.

The machine includes two sets of weight loading systems
which are at two sides of the moment-arm and can generate
clockwise and anticlockwise torque separately. The torque range
of the machine runs from 1 mN-m to 1 N'm, divided into five
torque range segments: 1 N-'m, 500 mN-m, 200 mN-m,
100 mN'm and 10 mN-m. Each torque range segment includes
10 torque steps. Each weight loading system consists of 5
groups of weights, a load frame and a weight support frame.
Each group of weights includes 10 pieces of 0.4 N weight, 10
pieces of 0.2 N weight, 10 pieces of 0.08 N weight, 10 pieces of
0.04 N weight and 10 pieces of 0.004 N weight. The nominal
mass values and tolerances of the weights are shown in Table 1.

The load frame has 10 layers of weight trays on which the
working weights are placed. The weight support frame includes
a 10-story pentagon weight stand. Five groups of weights are
placed on the paws of the pentagon weight stand. The different
groups of weights may be selected by rotating the weight
support frame. Before loading, the support frame with groups
of weights is moved horizontally to the set position. The

Table 1. The nominal mass values and tolerances of the weights.

selected weights are transported from the weight support frame
to the load frame and torque is applied by lowering or lifting
the weight support frame. The structure of the weight loading
system is shown in Figure 2.

The transducer that is calibrated on the 1N-'m torque
machine is very small. To prevent damage of the calibrated
transducer, caused by parasitic forces acting on the transducer,
a three-dimensional precision mounting platform is designed
which may precisely adjust the position of the transducer in X,
Y, Z directions and keep the transducer axis aligned with that
of the torque machine so that the transducer is protected from
the impact of parasitic forces while mounting,

3. PERFORMANCE EXPERIMENTS
3.1. REPEATABILITY TEST

Repeatability experiments were catrried out by using a high
precision torque transducer and measuring amplifier. At present
the minimum nominal torque of the high precision torque
transducer which may be used as torque reference is 1 N-m.
Generally, the transducer meets its technical performance
requirements within 10 % to 100 % of its nominal load, but
cannot guarantee an accuracy less than 10 % of its nominal
load. For this machine, repeatability experiments were carried
out in the range of 1 mN'm to 1 N'm. A TT1 1 N'm torque
transducer and a DMP41 measuring amplifier were used in the
tests. Since the lowest ranges of two torque segments are far
beyond the lower limit of the 1 N'm torque transducer, only
the test results in the torque range segment of 1N-m,
500 mN-m and 200 mN-m are given.

The measurements were done
clockwise direction. The measurement sequence includes three
preloadings and three measutrements at the initial mounting
position of the torque transducer (0°), one preloading and one
measurement at each of another two rotational positions of the
torque transducers (120° and 240°).

in clockwise and anti-

Figure 2. Weight loading system.

The weights at the right side

The weights at the left side

5 groups of nominal mass Tolerances 5 groups of nominal mass Tolerances
weights values (g) (mg) weights values (g) (mg)
0.4Nx10 40.822090 +0.82 0.4Nx10 40.821719 +0.82
0.2Nx 10 20.411045 +0.41 0.2Nx 10 20.410860 +0.41
0.08 N x 10 8.164418 +0.16 0.08 N x 10 8.164344 +0.16
0.04 N x 10 4.082172 +0.08 0.04 N x 10 4.082172 +0.08
0.004 N x 10 0.408221 +0.008 0.004 N x 10 0.408217 +0.008
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The repeatability is calculated by

x100% o)

where 7 is the number of the increasing series at 0° position, X

and X are the deflection and average value of deflections with
increasing torque at 0° position, respectively.

The results of the repeatability test are shown in Figures 3 to
5. The results indicate that the repeatability of the machine is
better than 2.32 X 10> in the 1 N'm torque range segment,
2.77 X 10 in the 500 mN-'m torque range segment, and
3.80 X 10- in the 200 mN'm torque range segment.
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Figure 3. The results of the repeatability test in the 1 N-m torque range
segment.
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Figure 4. The results of the repeatability test in the 500 mN-m torque range
segment.
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Figure 5. The results of the repeatability test in the 200 mN-m torque range
segment.

Table 2. The results of the sensitivity test of the machine.

3.2, SENSITIVITY TEST

The sensitivity tests were carried out by means of the
milligram weights as well as torque transducers and the
measuring amplifier. The torque transducer is mounted on the
torque machine and torques as shown in Table 2 were applied.
After the output signal of the torque transducer was stabilized,
additional small weights (as small as possible) were added on
the top weight until the output signal showed a visible change.
Table 2 shows the results of the sensitivity test of the machine.

4. EVALUATION OF UNCERTAINTY

The wuncertainty evaluation of the deadweight torque
standard machine has been discussed in former papers [3]-[6].
The source of uncertainty, the probability distribution,
distribution factor and relative standard uncertainty as well as
the relative combined standard uncertainty and the relative
combined expanded uncertainty are listed in Table 3. The
uncertainties are calculated according to equations (2) to (4).

The uncertainty caused by the arm lever’s length is obtained
by

2 2 2 2
WL =\/Wr,L1 TWo, TW W @

The relative standard uncertainty is calculated as follows:

W W
2 P J
W= W W {(”’ )2+ (2 )2}(a
Pa P | (Py=ps

2 2 2 2 2
) + Wr,L + Wr,h + Wr‘t + Wr‘M,

S)

and the relative expanded uncertainty (4£=2) is calculated by
Wr,c = 2WT,C (4)

5. CONCLUSION

The 1 N'm torque standard machine adopts an air bearing
with low friction to support the moment-arm to minimize the
friction at the fulcrum. Invar alloy with low expansion
coefficient is used as the material of the moment-arm to reduce
the uncertainty caused by the moment-arm length change due
to temperature variations. The designed weight suspension
system keeps the force generated by small weights vertically
downward and free from parasitic forces. The distinctive weight
loading system ensures the applied force by small weights
accurately and reliably and avoids a reverse process during
loading. The torque machine is capable of generating clockwise
and anticlockwise torques in a range from 1 mN'm to 1 N-m.
The expanded uncertainty (&£ = 2) is smaller than 5 X 10- in the
range from 100 mN'm to 1 N'm, and smaller than 1 X 10-*in
the range from 10 mN-m to 100 mN-m.
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Table 3. Uncertainty budget.
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change Tly
length
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