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Abstract: Several simple methods to test the humidity
influence on the sensitivity of torque transducense This causes time behaviour of the transducer seihgit
examined. Their suitability for use in calibrati@aoratories Sas follows:
is discussed. A comparison to former determinatohthe [_L]
humidity effect with extensive methods yields huityid St)=S+S(F)=S +A|1l-¢e ™ @),
coefficients of the same order.

with t :time

Keywords: torque, transducer, sensitivity, humidity, S : initial amount of sensitivity

measurement As : change of the sensitivity
Is :time constant of the sensitivity.
1 INTRODUCTION
If the alteration of humidity does not penetratethé
Torque transducers are known to be influenced bglements of the transducer’s sensing element insttiee

humidity [1], [2]. Due to different levels of seadj on the velocity, transient effects on the sensitivity skiobe taken
surface of the sensing elements of the transdudbes, into account:

deviation of the sensitivity caused by a changauwhidity ('LJ

can vary in amount and time constants. Usual mettiod =- mr 3).
y Tt)=-Ale€e

measure the effect are complicated and extensive.

Nevertheless, this information is essential to clemgnt with T : contribution of transient effect

the measurement uncertainty budget of torque edidor. In t
calibration laboratories only few resources areilabke for
such investigations. In order to enable these ktbades to
test their transfer torque transducers at low dbss, paper
describes simple methods to determine the humédfect.

:time
As : change of the transient signal
I+ : time constant of the transient effect.

behaviour of them (Fig. 1).
2 HUMIDITY EFFECT

The influence of humidity is supposed to be du¢ht hu.m'd'ty response
. . . . simulated curves
hygroscopic behaviour of the strain gauges anadtiesive 20
layer which couples to the elastic element. Thengbaof
their mechanical properties can affect the serisitf the 8 15
strain gauge bridges as well as the time constainteir S
response, and a change in additional strain gadges £ 10 —F)
temperature compensation can cause a signal offset. c (1)
A stepwise humidity change will not act instantamgy @ s —T)
on the bridge but in an exponential way. The effiectime g ST
behaviour of the humidity in the bridge can be described & o
as -10 0 10 20 30 40 50 60 70 80
timein arb. units ——
(_L] Fig. 1: Simulation of the principal time behaviour of thentidity
Fi)=F,+All1-e * 1), effect.
with t - time A separation of the contributiorfS and T to the total

response is only possible if the initial sensitivitvalid just
before the humidity step starts - of the transdigdmnown.
The effects which affect this sensitivity depend the

Fo : initial amount of humidity
Ar : change of the humidity
7= :time constant of the humidity.

A simulation of these functions shows the principal



method of applying the change of humidity and tfeeeeare

to be considered when a method should be recomrdende
The relative coefficient of the humidity effect dhe

transducer sensitivitg, can then be defined as:

c,= S(tz) — S(tl)

- (4).
S(t, 1) (F(t,) - (F()

A negative coefficient thus stands for an incregsin
sensitivity at decreasing humidity and vice versa.

3 VARIATION OF HUMIDITY

3.1 Humidification of the laboratory

seal is associated with a mechanical bypass betiese
shaft ends. Additionally, the casing should featarsealed
cable feedthrough.

Together with the relative humidity of the laborgto
being about 45% this in-situ humidification is able to
generate three levels of humidity steps. Becaussetlevels
are uncontrolled, a systematic investigation of henidity
effect with arbitrary humidity steps is not possibl

Nevertheless, the method is useful because it esach
more than 50% whereas the ex-situ humidification allows
up to 35%, only.

Additionally, this method reliably includes the risdent

contribution T mentioned above, which is not the case for

the ex-situ humidification. The possibility to obge both
the initial and the final humidity level in a stabstate is

The straightforward way to change humidity for the€ssential.

determination of the relative humidity coefficiegt is by
using an air-conditioned laboratory room with aquee
calibration facility inside. Here a reference toequ
calibration facility is not suitable, for the huntideffects of
the reference torque transducer and of the traesdutder
test would combine. Therefore, a deadweight facilg
necessary which is assumed to be independent oidliym
In this setup the entire room can be altered teint levels
of humidity at a constant temperature. Becauséhn@fhigh
volume of an entire room, the alteration need altme
until stability is reached. For the same reasorsthbility of
the humidity level is of high quality. The first sérvation of
the humidity effect happened in this way, duringkey
comparison in laboratories of different humidityeés [1].

3.2 Humidification in a chamber

Another possibility is to construct an air conditsaol
chamber around the transducer under test mountidein
the calibration facility. In this chamber, the tezngture and
humidity of the air should be controllable in aldéaor
transient way as desired. This chamber should geolow
parasitic effects due to mechanical bypass, theietr of
the control unit, air flow and evaporation-cooling.
Altogether this setup is connected with high meatarand
electrical effort. Some systematic investigationfs the
humidity effect were performed in PTB with suchrember

2].

3.3 In-situ humidification, local casing

The preceding methods are possible for most NMts bu
for calibration laboratories, usually the efforttég® high. A
very simple and cheap version of a climate chambed in
this work is a casing of light acrylic (Fig. 2).side the
casing a wet flannel or a pad of silica gel produgeelative
humidity of about 80% or respectively 20% which is
measured by a small environment logger placed withé
casing near the transducer. The actual level onhidity
depends on the relation between the water trangmiss
capability of the flannel or respectively the padlahe air
leakage of the casing. In order to get higher hitgnisteps
and to ensure small spatial humidity gradients iwitthe
casing, the leakage should be minimized. Sincectisng
spans both shaft ends of the transducer twistinp weveral
angular degrees while loaded to nominal torquesfactive

fixed side measurement side

environment logger

)

local casing

et

Fig. 2: In-situ humidification of a torque transducer desia
provisional local casing. An environment loggeruised for the
determination of the development of humidity anuperature.

3.4 Ex-situ humidification

Often an external climate chamber is easier totcocts
than a version integrated in the calibration fagilor
alternatively a climate cabinet may be available the
laboratory. Then the transducer under test carubadified
externally to a stable level, while the temperatstays
constant at the laboratory value. After a fastditimto the
calibration facility, the measurement of the hunyidiffect
takes place during the relaxation of the humiditypact
within the sensing element to the laboratory lewdl
humidity (Fig. 3).

Because of the measurement delay due to the riglocat
an extrapolation of the sensitivity response towatde
origin is necessary. The initial sensitivity cannbe
measured directly in this procedure.

Despite this difficulty, the use of a climate cadtins
appropriate for systematic investigations using reag
number of different humidity levels. Another advage of
the ex-situ humidification is the possibility to eushe
calibration facility for current work while the wmaducer
under test stays in the climate cabinet. Due tag ldme
constants of the humidity effect this can save s#days of
machine time.



Additionally, for testing torque wrenches, an itusi
humidification is nearly impossible, as a localiogswvould
induce high mechanical bypass via the lever ofattench.
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Fig. 3: Response of transducer sensitivity at nominal lead
different humidity deviations from laboratory levehich are
generated in a climate cabinet.

A variation of the
transducers which could not be transported to aodnted
into the calibration facility safely and fast enbuddere an
undisturbed measurement of the initial state irofatory
ambient air without a casing is followed by a huifigation

in-situ  method can help for

measurement is crucial and the second method dprfdre
measurements at transducers with high creep.

As a third method a loading with a simple manually
handled lever and a deadweight was tested buttegjed
tempting idea was to work with a steady torque cged by
a fixed weight while modifying the humidity at the
transducer under test within a local casing. Thae t
response of the sensitivity would be available aiyeas the
output signal of the transducer. However, becabsesignal
wanted is superimposed by the zero signal whichamess
at least by the same amount to the humidity aséhsitivity
itself, this method is not recommended.

In this work, measurements of the sensitivity tqpddce
at nominal torque of the transducer under testclimckwise
torque only and in one mounting position only, whizas
reproduced carefully for all measurements compafédshb
to obtain a good comparability of conditions, all
measurements were preceded by a preload up to abmin
torque and a waiting time of 3 minutes.

4.2 Transient signal contributions
As mentioned in section 2, transient effects caocuoc
during the change of humidity levels. What is gi&ssible
are reactions of the local temperature due to himynid
change. Regardless of the reasons, an effect degeod

using a temporary local casing. At the end of thehe change of humidity is expected to generategaasi
humidification the casing is removed quickly ande th contribution like the functiof in Fig. 1, and in the sum an
relaxation to the initial sensitivity level can bbserved free exponential function with an abrupt linear begimnirould

of mechanical bypass effects and transient efféttse the
challenge is in the construction of a casing whiem be
removed fast enough to minimize the downtime.

4 MEASUREMENT OF THE HUMIDITY
COEFFICIENT

4.1 Measurement of sensitivity
The determination of the humidity coefficient calts
the measurement of the sensitivity of a torquestlaner.

Two methods lend themselves to the implementatibn ¢

these measurements in a reference torque calibrzidity.

Firstly, continuous loading and unloading deltvex
characteristic curve of the transducer
interpolation methods [4]. In this way a sensifivit
measurement with good averaging is possible witiie
minute. Together with a preloading and a conseeutieep
time, a sampling time of 5 minutes could be achdeva
addition, some important parameters of the chanatite
curve are included: zero point, nonlinearity, hyssés and
return to zero.

Secondly, a stepwise loading and unloading is ptessi
with reference calibration facilities or with deagight
facilities. Usually only three steps at 0%, 50% 400% of
nominal load are applied to get both a fast measen¢ and
a value of the hysteresis.
stability like that obtained with the continuousthm, it is
necessary to average data during each load stépI€gus
to a sampling time of about 10 minutes.

The first method is advantageous in investigatiainsut
the time behaviour of the humidity effect, wherefast

under tegt b

result (S+T' in Fig. 1). In the measurements these curves
are often found both at ex-situ and in-situ huniddifion at
the moment of a fast change in humidity.

In contrast to effects of mechanical bypass thestemt
effect does not call for compensation. After thiexation of
the effect, the signal level is unchanged. Thus,tlia
examination it is essential to regard equilibriutaitess only
(Fig. 4). An analysis of the curve with the help af
exponential fitting function should take into acnobuits
linear start.
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Fig. 4: Sensitivity response of a transducer treated tithidity
steps inside a local casing (blue dots). At thet fstep a pure
transient effect occurs. The following two steps mfluenced by

To achieve a measutemee additional impact of friction due to a mechahioypass in the

casing. By appropriate compensation of the frictiothe
measurement can be corrected (red dots).

4.3 Mechanical bypass
As described in section 3.3 a well-sealed locaincas
breeds a mechanical bypass in the torque sensingducer.



The amount of torque deviation depends on the &xién
friction of the gliding parts and on the stiffnes$ the
deformed parts of the casing. Consequently, théngas
consists of a stiff cylinder of acrylic at the fekend of the
transducer and an overlapping blanket of flexibled a
gliding thin film at the measurement side. The hcry
cylinder is intended for
environment logger and the flannel or respectivbly gel
pad. Nevertheless, changing the mass load of tliedey
and manipulating its access panel may change thiiqro
relative to the blanket and thus cause a deviafion
mechanical bypass. For the casing used in this ik
effect reaches 0.015-M. So for a 1000 N-m transducer,
this contribution can be neglected, but for trawmsds of
smaller ranges it can be considerable. The totaluatof
friction in the setup could be higher, but with aunthed
casing a constant friction will not affect the rof the
sensitivity curve. Only additional friction due
manipulation at the casing appears in the measuntsnaed

to

change of the zero signal in short times, this rdoution
can be derived from the time behaviour and an
approximative correction of the sensitivity is pbs

(Fig. 5).

5 RESULTS

carrying the mass of the

Values of c, obtained for several state-of-the-art
transducers with different nominal values are fotndbe
about -5-16/%,,. This is close to the results of [3] where
-4-10%%,, was found by changing the humidity of a
complete room using a deadweight calibration maehin

The effects described in this work cause unceresrf
the c, measurements of about 3%1%,. A dominating
contribution is the uncertainty of the determinatiof the
sensitivity.

At ex-situ humidification the downtime during re&dion
requires an extrapolation of the sensitivity cuis@ here the
change of the sensitivity at the first two measwepts

has to be compensated by appropriate shifting @f thindicates the uncertainty of the sensitivity.

concerned data points (Fig. 4). Because of thefeetefof
mechanical bypass, the manipulation at the casingery
delicate and demands a well-trained operator.

4.4 Zero signal

At in-situ setups the noise of the sensitivity
measurements and the doubtful compensation of mextia
bypass comes to the fore. Ag is defined as relative to
humidity steps, the relative uncertainty increades
decreasing humidity steps. Because humidity stdmvea

A torque transducer exposed to a changing humidit40%,, are not accessible relative to the ambient husniofit

level not only displays a response in the sengjtivut also
in the zero signal. The reaction of the zero sigoiaén
dominates the sensitivity by a factor of more thar(Fig. 5).
The determination of the sensitivity includes angof the
transducer signal at a certain load with the zegmad
achieved at the beginning of the loading procebkgréfore,
not the entire amount of zero signal deviation affethe
sensitivity measurement. Only the deviation of ttexo
signal taking place during the loading process oarire
compensated by the taring and has an impact on
sensitivity measurement.

zero signal influence, ex-situ humidification
1.33770 0.024
\ = — —— zerosignal

~ 1.33765 - =
E corrected sensitivity - 0.0239 E
< 1.33760 + £
= - 0.0238 &
> 1.33755 =
= 0
2 ™ measured sensitivity 14
8 1.33750 T 0.0237 4

0 50 100

time in min ——

Fig. 5: Sensitivity response of a transducer experiencing
relaxation of a humidity step generated in a clenedbinet (blue
dots). The zero signals are gained at the beginmihgach

corresponding torque loading sequence, which iesszey for the
sensitivity measurement (red line). A correctiortte influence of

the variable zero signal delivers a sensitivityveuwith a flatter

beginning (green line).

The typical duration time for the continuous loagin
method is 30 seconds. With the stepwise loadingatoiuns

the laboratory a sequence of a wet flannel andymgirgel
pad is necessary. With this advance the influerfc¢he
mechanical bypass is increased because the caamdoh
stay permanently and there is no measurement pessib
between stable states without casing.

The uncertainty of the humidity step measurement is
estimated at about +2f6 This is possible with the
environment logger, because only differential measents
are taken. The short-term change in temperature tdue

thwoling effects by the humidity amounts to 0.1 Kitiwa

typical relative temperature coefficient of torquensducers
of 1-10°%K, this effect can be neglected here.

Considering these limitations, measurements apizdly
transfer torque transducer yield values @f which are
similar to former measurements [3] and are consisher
both methods of humidification (Fig. 6).

The measurements at different humidity steps
consideration of the measurement uncertainty allmav
interpretation both as linear and as nonlinear Wieba of c;.
Examining the absolute signal response to the hitynid
steps in spite of a relative response, the nonlinkaracter
of the measurements becomes more evident (Fig. 7).

Because of blending measurements during increasing
and decreasing humidity and because of performing
humidity steps between humidity levels below andvab
laboratory equilibrium it is impossible to mark efarence
point. Nevertheless, the data points in Fig. 7 seente
consistent in spite of the lack of a well definedrking
point.

In the daily work of a laboratory humidity alteiats of
less than 20% are usual. In this range a possible
nonlinearity ofc, is negligible. For the determination of
with the methods described in this paper, humidigps of

in

of 5 minutes were implemented. Assuming a constamore than 30% are opportune. Thereby, the valuescpf



are tending towards over-estimation which is notmtfal
for the calculation of a robust uncertainty budget.
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Fig. 6: Values of ¢, obtained with different humidification
methods at a typical transfer torque transducerO (D0m)
demonstrating the equivalence of the methods. Theat different
humidity steps suggests a nonlinear behaviow,ofhe error bars
are calculated from the uncertainty of the measergs of the
humidity steps respectively of the transducer s$iityi (see
running text).
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Fig. 7. Data of Fig. 6, calculated as absolute differenoés
sensitivities due to humidity steps displaying alirear increase
with the amount of the humidity step. The errorsbare calculated
from the uncertainty of the measurements of the itlitynsteps
respectively of the transducer sensitivity (seeninig text).

5 SUMMARY

The simplified humidity tests described in this gapan
deliver estimations of}, with uncertainties of 3- 10%,

survey of humidity effect
1200

hermetically sealed
Jj 1000

out-dated transducer !

S

800

H%H 600
i ii

400

/T
200

T T T T T : T 0
-60 -50 -40 -30 -20 -10 0

time constant in min

unusual design

<—— humidity coefficient in 10%/%,,,
Fig. 8: Survey of torque transducers of different typed eanges
concerning the relative humidity coefficients ante ttime
constants of the sensitivity response to a humidstgp.
Transducers within the green area are compatiblstal needs of
calibration laboratories.

Transducers with unusual design can vary in their
humidity effect both in the time constant and thenidity
coefficient. In this manner, transducers could exc¢he
uncertainty budget of a laboratory which combinesals
relative uncertainties of 2-fowith high limits of relative
humidity of more than 20%.

One type in the survey is a hermetically sealed
transducer, which displays a humidity coefficiestdw the
detection limit. With the exception of this typé mansducer
deliver a negative humidity coefficient.

One transducer aged more than 15 years displays a
absolute humidity coefficient higher than
5.10°%,,. Reasons can be either a design inapplicable in
the sense of humidity effect or a worn out sealing.

The effect of a protective sealing on the straingges
seems to be restricted to the time constant obémsitivity
response to a humidity step. One example in theegur
shows a very short time constant of half an houickwh
points to a weak sealing. Nevertheless, its humidit
coefficient is not higher than those of the othhansducers
with typical time constants of more than 8 hours.

The time constant not only provides data about the
quality of the strain gauge sealing but also givegortant
information about the downtime of a transducer,clhias

which are small compared to the needs of calitmatiof@ced humidity conditions far away from the laborgt

laboratories, where often providing informatiorsificient
if the coefficient’s range is 1%, or 10°/%y. With help
of this tests, the requirements for climate speaifons of
the air conditioning in the laboratories and f@ansportation
and storage conditions of transducers can be éstall

properly.

specifications. To this effect, a transfer transtuatended
for travelling could benefit from a weak strain gaisealing,
if this would not expand the humidity effect bubsien the
time to reconstitute the humidity equilibrium.

The results verify the equivalence of the discussed

simplified humidification methods with the extersiv

method of former investigations. Thereby, the calion
laboratories are able to determine humidity cogffits of
their transducers at low costs in order to comptentee
corresponding uncertainty budgets.

A survey of transducers of different types and esng [1]

shows that for state-of-the-art transducers typatadolute
values ofc, are smaller than 1%, (Fig. 8) and thus
compatible to usual uncertainty budgets in calibrat
laboratories.
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