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1. INTRODUCTION - 4
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The torque traceability system in Japan consistsdwaf
processes, one for “pure torque” loading withowt parasitic
components, and the other for “torque wrench” Ingdwith
unavoidable transverse force and bending momesh@sn
in Figure 1 [1]. In order to expand the lower rarafethe
torque standard, a dead weight torque standardineetith
a rated capacity of 10 N-m (10-N-m-DWTSM) has bee
developed at the National Metrology Institute ofpaia
(NM1J). Figure 2 shows a photograph of the 10-N-mr

Fig. 1. Sl traceability system of torque in Japhn [

torque Wism, realized by the 10-N-m-DWTSM was evaluate (i -
to be 6.6 x 16, with the coverage factdrbeing equal to 2,
in a range from 0.1 N-m to 10 N-m [2]. After evdiog the
newly developed TSM, we made a bilateral comparision
measurement capabilities with the 1 N-m and 1 kWSkls §
at Physikalisch-Technische Bundesanstalt (PTB) in tHe
torque range from 0.1 N-m to 10 N-m [3], and condid the
equivalence between torque realized by the TSMiseoboth
institutes. On the other hand, the lower rangeatibations
of reference torque wrenches (RTWSs) was also exqzhbgl
affixing newly-designed RTW holders to the 10-N-m-
DWTSM [4]. Moreover, we developed high-accuracy terq
transducers with rated capacity of 1 N-m and 5 [$]mThus,
by 2014, we started calibration services for bothDEvand

RTWs in the range from 0.1 N-m to 10 N-m by ushwey10-
N-m-DWTSM. 2. PRINCIPLE OF THE TORQUE GENERATING

METHOD USING ELECTROMAGNETIC FORCE

Fig. 2. Photograph of the 10-N-m-DWTSM

of watt balances for redefining the kilogram [6, &hd
investigated the torque generating method using
electromagnetic force. This paper presents the wwgrk
principle of this method, an overview of the newqtee
standard machine under designing and the develgréalis
elemental technologies.

Up to the present, we have developed three TSMs
covering a wide torque range from 0.1 N-m to 20rkRNAIl
of these TSMs are based on the lever deadweiglarsythat
is to say the torque generating method using gradibwever,
this method is not promising for the torque staddarthe
microscopic region, because weights and moment havs
limitations in size. So, we focused on the workprinciple

The watt balance experiments for redefining kilogram
consists of two phases, one for “the weighting expent”,
and the other for “the moving experiment” [6], irhiah
electrical power and mechanical power are equedbb other
as shown in Eq. (1).
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whereU is voltage] is electric currents is force,mis mass,
g is the local acceleration of gravity amis velocity when a
coil moves vertically in a magnetic field. In tregperiment,
the coil is moved along a straight line. So, inesrthb apply
this method to generation of torque, the coordinate
transformed to the rotating coordinate system. fei@ushows
the schematic of the principle of the torque getmeganethod
using electromagnetic force. The rectangle coihstalled in
the homogeneous magnetic field. When the eleatrieat,|,
flows through the rectangle coil, the Lorentz fqrée is
generated as shown Eq. (2).

Ul = Fv=mgyv,

F=IBl or F =-IBI, (2)

wherel is length of the rectangle coil parallel to théatimn

axis, O-O'. Because two forces are opposite and magnitude
of them are same, consequently Torqlieis generated as

shown in Figure 3(a)l is calculated by Eq. (3).

T = NABI cosé , 3)

whereA (=hl) is the area of the rectangle cabllis the number
of turns of the rectangular coil ar®lis the magnetic flux
density. It is necessary to measBreA andN to evaluateT.

However, the rigorous evaluations éf and B are very
difficult. Next, the rectangular coil is rotated ebnstant

angular velocity,w, as depicted in Figure 3(b). Then, an

induced electromotive forc#, is generated. The forc¥,is
calculated by Eq. (4).

V = NABasinat - 4)
Here, when siat equals unityy takes the maximunYmax,
NAB = Vnas . ®)

On the other hand, when dsquals unity,T reaches the
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Fig. 3. Schematic of the principle of the torque
generating method using electromagnetic force, stgpy{a)
Torque,T, generating mode, and (b) induced electromotive

force,V, generating mode.

diameter is 8 mm is developed. This bushing hafuihetion
to prevent a torque measuring device from overlogdihen
it is mounted on the TSM.

3.2. Low nominal capacity TMD

Figure 7 shows a photograph of a new low nominal
capacity TMD as a trial. The nominal capacity is N.In.
Although JMIF-015:2004-8 technical guideline recoemus

maximum, Tmax Thus, Tmax can be calculated by Eq. (3) andshaft diameter of 15 mm for TMDs having nominal calya

(5).
(6)

Eq. (6) shows that the electrical power and the eichl
power are equal in the rotating coordinate syst&w.
measuring/, wandl in each modeT can be evaluated.

Tmaxa‘ :Vmaxl )

3. DESIGN OF A NEW TORQUE STANDARD
MACHINE BASED ON THE TORQUE GENERATING
METHOD USING ELECTROMAGNETIC FORCE

Figure 4 and 5 respectively show a schematic and

photograph of a torque standard machine based en

proposed torque generating method using electroetign

force. The photo was taken when the machine wisistier

development. Its basic hardware components arena se

motor, couplings, a torque measuring device, anshatic
bearing, a rotary encoder, a digital multi-meteretangular

equal to or less than 20 N-m [8], the shaft diamet@ mm
was adopted for this TMD. The reason for adoptingtliire
shatft is its light weight to avoid overloading. Nowe have
been designing another TMD having nominal capaoityer
than 0.1 N-m with the cooperation of a manufacturer

3.3. Aerostatic bearing

Figure 8 shows a photograph of a new aerostatidrizgea
The existing aerostatic bearing has problem thatstiedft
installed in it is rotated under the influence afpglied
compressed air. This new aerostatic bearing has sugply
pQrts to control flow of supplied compressed aigital speed

ﬁpntrollers are installed in each supply port.

3.4. Rotary encoder

As this method requires precise measurement oflangu
position, a high-response and high-accuracy raacpder is
adopted. We have selected an optical rotary encoder

coil and Neodymium magnetics. This machine is set

vertically. Overview of the main components ardadisws.

3.1. Couplings

A new coupling shown in Figure 6 consists of a fingitec
spring coupling, an adapter, a hydraulic bushingRET8).
In this study, the new hydraulic bushing which thae

3.5. Electric current/voltage measuring system with a
rectangular coil

The electric current/voltage measuring system with
rectangular coil is still in development. FiguresBows a
schematic of this measuring system. This measusatgis
is an original device. This is a 60-millimeter cubhis device
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the torque generating method using electromagfte.

consists of a CPU module, a transmitter moduleatteby
module, an electric current/voltage measuring madubkhaft,
and a main frame. A rectangular coil is attachedhis
measuring system. Induced electromotive force to be
generated when the rectangular coil rotates is nnedsby

this system. Moreover, this system can measurdemtrie ﬁtbﬁfinge

current passing through the rectangular coil wiscupplied Air supply ports
by a battery mounted on this system. The signalsuiad Fig. 8. Photograph of a new aerostatic bearing.

by this measuring system are to be transmitted|egisty.
The timings of the changeover of the switch of thadyy is
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Fig. 9. Schematic of the electric current/voltage

measureing system with a recutangle coil

controlled by a control command from PC.

3.6. Magnetic circuit

electric current/voltage measuring system. Becahséw (=
NAB) is evaluated alreadymax is Obtained to measure the
electric current as shown in Eq. (6). By varying ébectric
current, torque generated by this machine can beggd.

5. CONSIDERATION OF UNCERTAINTY OF
TORQUE REALIZED BY A TSM BASED ON THE
TORQUE GENERATING METHOD OF
ELECTROMAGNETIC FORCE

We think that the relative expanded uncertaintioafue,
Wism_e realized by the torque standard machine basetieon
new torque generating method using electromagrietoe
can be estimated by the following equation:

Vvtsm_e =k |jwtsm_e (6)
— 2 2 2 2
=k |q/wvolt + Wiesi + Wangl + \Nfreq '

wherew,, is the relative standard uncertainty of voltages;
is the relative standard uncertainty of resistamegy is the
relative standard uncertainty of angular positiod @eq iS
the relative standard uncertainty of frequency. Toay be
able to trace back to voltage standard, resistataredard,
angle standard and frequency standard, respectively

6. SUMMARY

The magnetic circuit is still in the design stagm, tThis
circuit consists of Neodymium magnets and yoke. The In this study, by noticing the working principletbie watt
Neodymium magnets are placed so that different polmlances for redefining the kilogram, we investgathe
surfaces oppose to each other. We analysed thibdigin of torque generating method using electromagneticefovide
the magnetic flux density in the measurement aefarb are now developing the torque standard machinedasthis

producing the magnetic circuit. As a result, it veaswn that method.

the magnetic flux density was more than 0.3 T indéeter
of the measurement area.

4. TORQUE GENERATING METHOD USING (1]
ELECTROMAGNETIC FORCE

4.1. Evaluation procedure of B, Aand N 2]

As previously noted3, A andN are expressed by relation
betweenVmax and w In order to evaluat®, A andN, the
rectangular coil put into the magnetic circuit adated by a [3]
servo motor at constant angular velocity, and V; is
measured. Moreover, the angular positiga,, when V
reaches the maximum valUéyay i is measured by using the
optical rotary encoder. Whean is considered as a horizontal
axis andVmax_i is considered as a vertical axis, its inclinationy]
is equal tdNABas shown in Eq. (5). This value is the specific
value for the torque generating machine using
electromagnetic force. Alp i become the same value inlS]
theory. So, a mean qf ;, Py, is defined as the angular
position wherV takes the maximum value.

6
4.2. Torque generating method using electromagnetic force 1l

When the angular position of the rectangular cmilches
Do, torque generated by electromagnetic force takes t[’]
maximum valueTmax First, the rectangular coil is maintained
at p, by the servo motor. Next, the electric currenivio

through the rectangular coil by using a battery nted on the (8]
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