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Abstract — Creep measurements in reference torquendisturbed signaft’'= 0 s) after the load step relative to
calibration machines cannot be performed like those ithe tared signal of a full loa8,(100%).

direct load calibration machines. Comparisons between . et
creep measurements in  both situations lead to Crel,lZOOs:(S(t =12005) -S(t' = 0) @)
recommendations for reference methods yielding results S, (100%)

which are equivalent to results based on direct load | s calculationt = 0 s is the time of the first signal

mgthods. Furthermore, some effects are discussed Wh'Wﬁich is not affected by the change of load starting,and
might affect the comparability of creep measurements. lasting untiltq
rde

Keywords:. torque transducer, creep, reference t'=t-t, (2

calibration machine ) S )
Although loading mass movement inhibits its

1 INTRODUCTION measurement, creep begins with the first change of load and
proceeds proportionally to the advance of the change. Thus,

Creep is an important parameter in characterising torqui!e choice of the starting point of creep calculatiotf as
transducers. It affects their amount of hysteresis and the#ven by the load speed capability of the calibration

suitability for dynamic applications. Detailed instructionsMachine. ,
are, thus, given in DIN 51309 [1] for measuring creep in In Fig. 1 a typical creep response of a reference torque
direct loading torque calibration machines. Thetransducer to a load step and a fit to the measurements are

recommendations in this standard are conclusions &f1OWN-
research about creep behaviour in direct loading machines

[2]. Because in reference torque calibration machines the: creep response
methods are not practicable, alternative methods fc cw load, direct load calibration machine
measuring creep are in use in accredited torque laboratori 2.5E-04
In this paper, some commonly used methods are examin| - 5gg.04 e
and compared to the method used in direct loadin| S /
calibration facilities. Thereby, the Ilimits of creep '% LAk / meas.
measurement and the influencing factors are discussed | © 1.0E-04 —fit
well as practical implications in continuation of a previous| © 54z 05 rf
paper [3] in which a possible mathematical characterisatic !
of creep was proposed. CHIERDE i ! :
0 500 1000 1500
timein s

2 CREEP VALUE DEFINITION BY MEANS OF

MEASUREMENTSIN DIRECT LOADING
MACHINES Fig. 1. Example of a load creep response of a torque transducer

gained at a direct load torque calibration machine. Time starts with

Creep measurements need the possibility of constant, the change of the loag,

fast Iqadln_g and un!oadlng, which is given in dlrect_ Ioad_lng With the PTB-1-kN-m calibration machine, the duration
machines in an optimal way. Corresponding to typical time . - ,
f load change istgy-tthv=30s. The fit allows an
constants of the creep effect [2] of several hundreds g . ,
. . - _exrapolation to the hypothetical start of the load change,
seconds, a classical creep measurement is the 20-minuté- . . .
. . . rovided this change would be ideally rectangular.
load or rather the 20-minute-unload sequence in which t _ ,
Jowever, for t=30s measurement and fit are close
response of a torque transducer to a fast load step .iS . .
) S . " together, the creep calculated according to the difference
monitored over a significant part of its exponential . . i
. . method (1) depends highly on the definition of the starting
relaxation (long-term creep). Then the relative creep valug S . X _
) : . oint. As shown in Fig. 2, a variation of this point by more
Crel1200s 1S the difference between the relaxed signa

. - . _Ihan one reading time interval of 2 seconds causes a
S('=1200s) at the end of the monitoring and the f'rsdeviation of the calculated creep by more than 5% relative to

the value at the 30 s-point. Because of mechanical or
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electrical instabilities at the very time of this 30 s-point, a Calculating the creep value by the representation method

shift of the starting point can become necessary, if there is, therefore, less dependent on the quality of the creep

no possibility to spend another 40 minutes in a repetition aheasurement data.

the creep measurement. While the fit follows the measurements very well, an
To avoid these problems, the creep measurement daaalysis of the fit convergence indicates that the fitted

S(t) can be represented by a function consisting of a sum parameters do not show a sharp minimum (Fig. 4).

exponential terms and a drift term [3]. Thus, the identification of the fit parameters with a
. physical model is not advisable. Altogether the uncertainty
S(t) =S, + Y A el'? +d (3) of the fitted creep value can be estimated as less thafi, 1-10

0 ,

which is the uncertainty for the long-term creep method at

. . the direct load machine too.
Usually the number ofi=2 provides very good

agreement between the measuring data and tk-
representation convergence scan of fit

rel. deviation of creep value
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25 35 45 55 65 Fig. 4: The convergence scan of the mathematical representation of
reading time in s a creep curve shows no sharp minimum in the error sum arguing
for unique parameter$; andT, are time constants of exponential
terms.

Fig. 2: Comparison of the deviations of the relative creep
calculated with the difference method (1) and with the fit method In order to red the ti ired f
(3) using measured data starting with a reading time indicated in uce the tme required for a .Cregp

the abscissa. The deviations are relative to a calculation using dafaéasirement, a method for short-term creep determination
beginning 30 seconds after the start of the load change. ~ Was proposed [2nd became part of DIN 51309 [1] (short-
term creep). According to [1], data obtained during the 3-
The mathematical representation allows the calculatioflinute waiting time after a preload sequence with a load
of the creep value at the 30s-point even if the data do nggrsistence of 30s can deliver a good estimation of the
cover this time — by extrapolation. The relative deviation of!Nload creep value.

these extrapolations is smaller than 5% for data missing up S(t' =180s) - S(t' = 0
to 8 reading time intervals in the example given in Fig. 2. Crel.short = ( ( S 1)00]/( )) (4)
Moreover, the mathematical representation affects an ar %)

averaging of signals with a high noise level (Fig. 3).
3 CREEP MEASUREMENTSIN REFERENCE
TORQUE CALIBRATION MACHINES

creep response i i . . .
cew load, reference calibration machine In reference torque calibration machines, no zero point is

defined. It is possible to drive the machine to the zero point
of the reference transducer, but the mechanical creep of the
e machine and the signal creep of the reference transducer
it account for uncertainties in the creep measurement of the
transducer under test of the same order as the wanted value.
Some laboratories therefore propose performing unload
T creep by quickly mechanically disconnecting the loaded
¢ 590 1000time‘m 15500 machine, so that the measuring side of the transducer is free
while the creep measurement is executing (drive load).
Fig. 3: Load creep response of a torque transducer gained ata _ Another possibility is to carry out loading and unloading
reference torque calibration machine performing manual loadingWith the help of masses attached to a lever arm (manual
A fit according to (3) can reduce the influence of signal noise. load).
These loading methods can be implemented both for
long-term creep and for short-term creep. One aim of this

rel. deviation
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work is to test whether such creep measurements in For the needs of transducer characterisation, the
reference torque calibration machines are equivalent to thosempliance between the creep values of the direct load
conducted in direct loading machines. An example of aiachine and the reference calibration machine is good

comparison between relative creep values measured with teeough and the estimated uncertainty is also appropriate to
different methods is given in Tab. 1. it.

Table 1: Overview of creep value results obtained with different

methods using a 100 N-m torque transducer. 12 Nited creap
+ |
T 1.0
rel. creep value in 10 = \\
method cw. ccw ccw £ i —direct load
cw, load | ioad | load unload g;‘ 06 \\ —drive load

direct load, -1.5 1.5 G 04/ —man:loat
short-term ® -

creep ”* S—
direct load, 1.8 -1.5 -1.9 1.5 0.0 : ‘
long-term 0 400 800 1200

creep time in s
drive load, 3.1 17 Fig. 5: Comparison of fitted creep curves of the same transducer
short-term measured with different loading methods.

creep
?rive load, 1.3 15 4 SECONDARY CREEP EFFECTS
ong-term

creep . .
e e ot = o Same effects wh|ch can cause dn‘ferences. between the
sﬁgrt-term’ : ' ' : creep curves at diverse methods are associated with the

creep sequence timing. Though they are not as obvious as the
hand load 12 W) 14 14 creep itself, they should be taken into account, if more than
Iong-term, ' ' ' ' a rough estimate of the creep is wanted.

creep In the first order, creep is considered to be proportional

to the load, i.e. a load up to or an unload from 50% of full
The results of direct load methods are consistent aH ad should produce a creep ampunt of about ha_lf of that

symmetrical for the loading direction, but unsymmetrical for® serv_ed at full load creep. In this case the relatlv_e creep

load/unload sequences. Though it is possible to finy@lue is expected to be constant for different partial load

examples with these unbalances, usually the creep waguations. In fact, as shown in the example in Fig. 6, there

found to be symmetrical can be a dependency of the relative creep value on the level
Using reference torque calibration machines, the shorPf l0ad-

term creep method proves to be unsuitable to reproduce the

results of the direct load measurements, unlike the dire creep in partial ranges

load method, where the short-term creep works very wel 100

The best results are possible with the long-term cree| ¥

method and unload sequence, where the maximum deviati| = 0.90 I

was found to be 0.2-10 e /T
Without automated mass handling, it was found to b 9 0.80 —— T

very difficult to obtain useful load creep measurements, ©

Manually placed masses can cause oscillations both /| @ 0.70

bending and of torsion, which give rise to higher fitting — ‘ ‘ ‘ ‘

deviations in the representation of the creep curve. Besid ' 4 50 §6i6 150 507 25

this, the use of a lever and a mass requires an air bearit s i K

which is not to be expected at every reference calibratio-

machine. With the drive load method, of course, it is not Fig. 6: Relative creep value of a 200 N-m torque transducer
possible to perform load creep sequences. unloaded from partial load.

More than the creep values in Tab. 1, a comparison of . . . .
fitted creep curves can illustrate the differences between the lr.‘ Fig. 6 this effect is a}bout Toand, therefore, just
three loading methods (Fig. 5). Compared to the methods ‘Qﬁth'n the range C.Jf uncertainty of the creep measurement,
the reference machine, the direct load method producgé't the result IS S|gn|f|cant beC?‘use. the se.nS|b|I|ty of creep
shorter time constants. This causes higher creep values if tiigasurements in direct comparison is considerably better.
start time for creep calculation is placed into the area wit Furthermore, creep depends on the previous history of
high inclination. To identify the physical reasons for thist"® transducer. In Fig. 7 the results of similar creep
observation, more measurements at different transducefgéasurements are shown, whose load situation just before
torque ranges and time schedules are necessary. the load change was of a different persistence. A duration of
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the previous load of 30 seconds leads to a relative cre¢l]l Bruge, A, Fast Torque Calibrations Using Continuous
value of about half of the creep value resulting after a  Procedures Proceedings of the Joint International
previous load of more than an hour. Whatever the creep  Conference IMEKO TC3/TCS/TC20, Celle, Germany, 2002,
dominating element within the transducer may be, it seems ~ YD!-Berichte 1685, VDI Verlag GmbH, Dusseldorf, 2002,
to show a memory of its previous history. According to this Pp. 343-348

idea, the persistence effect appears to obey an exponential

law as the creep does itself.

creep value, persistence effect
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Fig. 7: Relative creep values of a torque transducer obtained after
different durations of previous load.

The time schedule of creep measurements for direct
comparison should, therefore, be defined very strictly, not
only concerning the progress of the load change but also
relating to the previous history of loads. In the example of
Fig. 8, the transducer needs at least half an hour to erase the
memory of a previous load, so this should be the minimum
interval between two independent creep measurements.

5 CONCLUSIONS

For the best comparability with direct load methods,
creep measurements in reference torque calibration
machines should be performed as an unload sequence,
opening the loaded calibration machine quickly.

To reduce the influence of the persistence effect and of
the partial range effect, the time schedule should be
appointed strictly and should include recovering intervals of
at least 30 minutes.

Because of mechanical oscillations and inappropriate
noise levels, the creep data should be processed by a
mathematical representation consisting of several
exponential terms and a drift term.

Altogether, creep measurements in reference torque
calibration machines can achieve a relative uncertainty of
5%, i.e. about 1-10for the usual amount of a relative creep
value of 2-1¢'.
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