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Abstract: increasing temperature due to the rise in resistance
Torque measurements that account for the that accompanies the rise in the temperature of the
influences of temperature and rotatiare vital in machine. This effect will be described thetazally

determining the efiency of rotating electrical and experimentally in this paper and concluding
machines on test benches. During experimental results will be presented when the machine is
efficiency measurements, the influences of running at room temperature (RT). They will then

temperature and rotational speed generate errors inbe compared with the results of machines operating
the torque measurements that could also affect the at an energyptimal operating temperature.

overall traceable efficiency measment on test

benches.In this paper, experimental efficiency 2. METHODOLO GY OF EFFICIENCY AND

mapping results with a focus on the influence of TORQUE MEASUREMENT UNDER
rotation and temperature on torque measurements ROTATION
are presented The devicespecific ~ operating points

Keywords: efficiency measurement; rotating (Combination of torque and rotational speidthe
electrical machines; torquealibration; torque  test bench, which vary fdhe twotorque sensors

measurement under rotation used hergare an interesting phenomendteither
themethodfor static torque calibration aescribed
1. INTRODUCTION in DIN 51309[4] and EURAMETcg-14[5] northe

information given in the calibration certificate (CC)

IAn_ ?ﬁ'c'et?.cy determlt;latlor? m%thOd dfor can be easilyapplied duringrotational operation.
€ ecm%? m?c ”."esl on (';est ehnc _eslls ependent ONTherefore, a similar proceduEigurel) based on
traceable electrical and mechanical measurements,y . irternational standard |ERD0342-1 [6] and a

and their respective standards. The electrical
transferstandard consists of a number of voltage
and current sensors along with a power asealy

Similarly, the mechanical transfer standard consists
of a torque and speed transducer for measuring
torque and rotational speed. The influence of
varying temperatureand humidity on torque

measurements is generally known and its
dependence on different quantities has also been
studied. The effect of temperature and humidity on

the ser)sitivity of torque transducers in t_he static profile includes the feature whichaptimisedfrom
state without rotational effect was prega in[1], the test sequence used folr< the torﬂue 8alibration
[2],[8]. However, to the au n%e?gtaﬁc onditdris.t nowlhedge,
very fgw publications are available in the literature The objective of this study is to explore the
that discuss the _effect Of. temperature on torque ;g ences of rotational operation and temperature
measurement during continuous operation B8d  ,, yrque measurements and hence their effect on

influence on efficiency measurement. In this paper, the direct efficiency determinatitEC 600342-1
we will investigate the variation of rotational speed [6]) of the fourpole squirrelcage asynchronous

and temperature during continuous operation before machine (ASM) Table1). To further inestigate
machlnes_ reach the therma_tl steady_ state, as well Sthe dependencies, the efficiency determination of
the resulting temperature rise and itseeffon the the ASM at speeds of 156in?, 500min™
efficiency of rotating electrical machines on the test ' '
bench. Machine efficiency decreases with

torque calibration procedure under rotat[@h are
used in this paper. The load profile (CM2) for
efficiency determinationvill be usedin this paper

to demonstrate the relation between the rotational
speed and applied torque. This load profile for an
input-output methof efficiency determination is
still based on six loading poin{er eight loading
points for motos driven by converters) andas
further modified to study the influences of the speed
variation at the constant load points. The load
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1 000min?, and1500min? under varying torque
load conditions is presented.
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Figurel: Stepwise changes of the load torque at different
rotational speeds for efficiency measurement based on
6], [7], and[8]

In the applied method, the efficiency of the
rotating ASM operating in generator mode is
determined by directly measuring the electrical
power Us i sand the output powed; s zg The
subscript G is used in this paped&notegenerator
mode operation.
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where¢ is the operating speed ivolutions per
minute (mint), 0 is the torque in Nm, and the
electrical quantities are represented as volt¥ge
currentQand power factofp.f.) _ = cose .

2.1. Specification of Torque Transducers with
Rotating Electrical Machine on SmaltScale
Test Bench (SSTB)

The rated nameplate parameterthef ASM and
the torque sensors used in this paper to aealy
efficiency measurement with a focus dhe
influence of rotation and temperature torque
measurements are shown Tiablel and Table2,
respectively.

Tablel: Rated datasheet parameters of the ASM

Power | Torque | Sped f d IE
/KW | /(N-m) | /min?t | P" | j9% | class
160 1028 1485 | 0.82 | 95.9 | IE3

Table2: Rated datasheet parameters of the T10F and
T12HP torque sensors

Rated Frequency output
Max. Temp. / kH
Sensor torque z
type | A7 sp_ee_(lj ) effect at:
J(kN-m) /' mint [ /(%/(10K)) onNm| 27 I,
T10F 3 10000 +0.05 10 15 5
T12HR 2 12000 | +0.005 60 90 | 30

A photographic representation of the basic
experimental setup of the 28UV smaltscale test
bench with different measuring instruments,
including a test ASM and two seriesnnected

torque transducers (T12 HP and T10F), is shown in
Figure2. The ASM runs continuously until thermal
stability (i.e., ratté of
per half hour) is obtained and referred to as heat run
in this study The surface temperature is measured
using a temperature recorder (Yokogawa HB 8000).
All the electrical quantities (such as voltade
current 'O, and power factor. AT<0) are
displayed on the power analy (Yokogawa
WT5000) together with themeasured electrical
power Oz | 4 ®imilarly, the mechanical quantities
such as torqué and speed are measured using
HBK torque sensors (type T12HP and T10F) and
used to determine the mechanical poweg x ghe
power analger (PA) time interval for lte data
acquisition of electrical and mechanical quantities
was set to 0.5 with 16 points moving averaging.
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test bench (SSTB) for torque measurements with varying
ASM rotation speeds

2.2. Setting in PA with Torque Sensor CC for
Torque Measurements under Rotation in
SSTB

In this paper, the motor evaluation function
available in the PA9] is used for computing the
torque values for the pulse input torque signal from
torque transducers usiregjuation(2).

0 Yo 6 O0o6aada

)

where"Yis the scaling facto) the torque pulse
coefficient, @ the pulse frequency) the torque
pulse offset and 6 dhé null value.

The torque pulse coefficient and torque pulse
offset are determined from the torque signal pulse
rating as shown ifrigure3 andthe experience of
the test bench operator to minsaithe torque offset
value (zero balancing)The graph shows the
relationship between the torque signal pulse input
range and the pulse rating configured based on the
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static calibration certificate (CC)In addition,
Figure4 compares the relative measurement
uncertainty with a coverage factor 0k 2 for the
T10F and T12HP transducers taken directtyrf
the static CC based on DBL.309[4].
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Figure4: Comparison of expanded relative measurement
uncertainty with a coverage factor €= 2 and linear
regression for T1OF and T12HP

The configuration of the pulse input range and

the pulse rating settings of the torque sensors in the

WT5000 strongly influaces the torque and speed

values. Therefore, a zero balancing as described in

[10] of the torque transducer and null function as
mentioned in the user manual of Yokogawa
WT5000 is requiredas shown inFigure3 and
Table3.

Table3: Configuration of pulse input range and pulse
ratesettings of T12HP and T10F

. Torque sensors
Chan(zilisettmg T10F TioHP
Torque 1 | Speed 1|Torque 2| Speed 2
Pulse Range Upper| 2000 1000 2000 1000
Pulse Range Lower| -2.000 0 | -2000 0
Rated Uppef (N-m) 2000 2000
Rated Freq UpperHz 13344 89997
Rated Lower (N-m) -2.000 -2 000
Rated Freq LowerHz 6670 30003
Number of pulses N 360 600

2.3. Torque Measurement with Varying Speeds
The first step was to tettte ASM without load
andat varying speedssing the load machine on the
SSTB. Thisservedto show the effect of varying
speed on the torque measuremmntooking atthe
torque offset values. Similarly, the ASNas loaded
with different torques at contagpeed 1 500min)
to show the torque deviation between the two torque
transducers on the SSTB. The measured torque
values from the torque transducers at varying speeds
are shown irFigure5a at no loadFigure5b shows
the measured torque values under loaded conditions
at constant speed in the SSTB. Although the torque
transducers have a nominal value of 2600, they
wereloaded only up to around 250 m as the aim
was just to show the offsets between the torque
values.
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(a) Offset torque at varying rotational speedsr(is* to
1 500min?) at cold ASM forT10F and T12HRwith out
any loadapplied
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(b) Deviations of torque at a constant rotational speed of
1500min? for T10F and T1HP with different relative
torques

Figure5: Deviations of the torque transducers at varying
rotational speeds from I&in to 1 500 min*

The zero torque drift values from the torque
transducers as a function of speed are shown
Figureba. This zero torque drift value adjustment
wasdore separately for each transducer. However,
its effect on the torque sensitivities and
charactesation with respect to temperature is not
discussed in this paper.
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2.4. Thermal Quantities for Direct Efficiency
Determination in Generator Mode on the
SSTB

The temperature

Figure6a. The ASMwas initially operated at RT
and continuouslyrun in generator mode until

steadystate values (thermal stability) at the winding
temperature of the DUWere reached as presented.

The load profile (CM2)was measuredirst in the
DUT when in a cold statendagainafter the steady

rise curves measured at
different points in the test ASM are shown in

3. RESULTS OF TORQUE
MEASUREMENT UNDER ROTATION
FOR EFFICIENCY DETERMINATION

3.1. Dynamic Torque Measurement Results for

Varying Rotational Speeds and Influence
on Direct Efficiency Determination
Besides rotational speed, the influence of the

temperature opredsiontorque measurement is one
of the important measurement constraaffecting

statewas achieved. Théwo states are denoted as

ifiCM2 at col do

and

iCM2

Figure6a. Similarly, for a visuatepresentation of

the influence of temperature

on

torque

efficiency determination o08STBs Keeping this in
mind, thetorquemeasuredn the proposed small
scale te tbe[nc#vasused to investigate the irppact
St emp ratdre ahd .{p&osn RsénSo s'dLYriﬁg l0ad
operationand on efficiency determination in the
CM2 profile (cf. Figurel). The influence of the

measurement, consideFigure6b, which plots

torque values on the CM2 profile against
tempeature at the cold and hot states using the

inbuilt sensors (torque and temperatudd) the

adapter between T10F and T12HP can be directly

seen

from

t he

compari sons

static calibration Figure4). Whenthe additional

T12HP torque transducerThe torque transducers
are constructed with spring elements combined with

length of the adapter and length of the T12HP are
connected in series and calibrated, the deviation is

strain gages and compensation elements as well as

adaptation acasories to mininge the effects of
temperature variation on the output sigifal].
However, the temperature curve indicates theate
is a variation of around IC to 2°C when the CM2
profile is applied.
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(a) Measured termgaturefor stator winding (U, V, W),
enclosure and bearing of ASM compared to RT

(b) Measured temgratureand torque values from THP

largerthanwhen only the T10F is calibrated.

The effect ofrotating speeds and the heating of
ASM and transducers on the readings of the torque

values and the direct efficiency determination is
presented inFigure7. In the first measurement
round, ASM with the reference torque transducers
connected in series was rotated 1a500min™.
Initially, the measurement was done with varying
load (relative torque) when the ASM was in a cold
state.The torque values are different for each load
step as defined in IEC 600241 [6] for generator
modeSimilarly, the ASMwas run till it reached the
steady state condition and again the measurement
was done with varying load, and it is mentioned as
the hot state measurement of torque and efficiency
as shown inFigure7a andFigure7b. Finally, at
500min? the final measurement was done with
varying load cycles during cold and hot states and

proceeded as in the previous round as shown in

Figure7c andFigure7d.

The direct efficiency determination method in
generator modeis depicted in Figure7b and
Figure7d at1500mintand500min? respectively

In this measurement scenario, the efficiency is taken
as a reference for the two operating speeds to study

the influences of speeds on the torqueasurement.
As can be seen fRigure7a andrFigure7c the effect

of temperature on the readings of the torque
transducers was proportional to the increase in load

torque in the machines at both speeddSQ0min*
and 500min?). The total effciency of electrical

Figure6: (a) The measured temperature curve until
steadystate values are reached, with CM2 profile for
ASM; (b) HBK T12HP torque and temperature measured
in CM2 profile from cold to hot state in generator

operation

machines is directly influenced by the temperature
distribution during the operations as shown in
Figure7b and Figure7d. With the
operation time of the electrical machines with full

increased

load operation, the temperatures of the housing,

stator core, windig copper coréncreases non
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