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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The purpose of this document is to establish the procedures for testing the complex sensitivity of
vibration transducers at fixed temperatures in the temperature range from -190 °C to 800 °C and
frequency range from 10 Hz to 3 kHz.

The three methods described in this document allow the determination of the complex sensitivity or

temperature response of complex sensitivity of a transducer to sinusoidal vibration in the temperature
chamber.

Principles, procedures, and uncertainties of calibrations such as a comparison to a reference,firansducer
or [an absolute measurement by laser interferometer are given in this document. Calibrations are
cafried out using one of the three methods, depending on the different principles to"be’us¢d and the
temperature and frequency range limitations.
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Methods for the calibration of vibration and shock
transducers —

Part 34:
Testing of sensitivity at fixed temperatures

1

Th
tern

transducers.

Th
by

Th

rafge from 1 m/s2? to 100 m/s2 (frequency-dependent) and a temperature range from -190 °(

Scope

s document details specifications for the instrumentation and methods to be uSed for te{
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Method 1 (using a laser interferometer) is applicableto magnitude of sensitivity and phase ¢
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ISO 16063-11:1999, Methods for the calibration of vibration and shock transducers — Part 11: Primary

vib

ration calibration by laser interferometry

ISO 16063-21:2003, Methods for the calibration of vibration and shock transducers — Part 21: Vibration

cal

3

ibration by comparison to a reference transducer

Terms and definitions

For the purpose of this document, the terms and definitions given in ISO 2041 and the following apply.

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=ef130e5d13f97230851db81add9c6b90

IS0 16063-34:2019(E)

ISO and IEC maintain terminological databases for use in standardization at the following addresses:
— ISO Online browsing platform: available at https://www.iso.or

— IEC Electropedia: available at http://www.electropedia.org/

31
temperature response
sensitivity of the transducer at a given frequency as a function of its steady-state temperature

Note 1 to entry: Temperature response is measured at specified frequencies within the rated frequency range of
the transdicer.

Note 2 to efitry: In general, the sensitivity is a complex-valued function quantity and can be expressed in termp of
its magnityde and phase.

4 Uncdrtainty of measurement

The limit§ of the uncertainty of measurement in terms of expanded uncertainty applicable to this
document{are as follows.

a) For the magnitude of sensitivity:

— when using a laser interferometer (Method 1): 0,5 % of/tlie measured value at referefice
conditions; 1 % of the measured value outside reference conditions,

— when using a reference transducer (Method 2): 1%’ of the measured value at reference
conditions; 2 % of the measured value outside referénce conditions,

— when using a reference transducer (Method.:3): 2 % of the measured value at referefce
conditions; 3 % of the measured value outside-reference conditions.

b) For the phase shift of sensitivity:

— when using a laser interferometer,{Method 1): 0,5° at reference conditions; 1° outside reference
conditions,

— when using a reference transducer (Method 2): 1° at reference conditions; 2,5° outside reference
conditions,

— when using a referercetransducer (Method 3): 2° at reference conditions; 3° outside referefce
conditions.

c¢) Recommmended reference conditions are as follows:

— frlequencyfi= 160, 80, 40 or 16 Hz (or angular frequency w = 1 000 rad/s, 500 rad/s, 250 rafl/s
ol 100%tad/s),

— agcélération (acceleration amplitude or RMS value): 50 m/s?, 20 m/s?, 10 m/s? or 5 m/s2.

NOTE In practice, these limits can be exceeded depending on the vibratory characteristics of the fixture on
the exciter; higher uncertainty values are accepted at some frequencies according to use requirements.

To undertake measurements over the proposed temperature range in supporting uncertainty budgets
for transverse, bending, rocking accelerations, hum and noise, and relative motion issues, those
measurements should be done at room temperature because the selected ceramic rod shall be rigid
throughout the proposed temperature range.

The uncertainty of measurement shall be assessed and reported according to ISO 16063-11:1999,
Annex A, and ISO 16063-21:2003, Annex A, to document the level of uncertainty expressed as expanded
uncertainties for a coverage factor of 2 or a confidence probability of 95 %. It is the responsibility of the
laboratory or end user to make sure that the reported values of expanded uncertainty are credible.

2 © IS0 2019 - All rights reserved
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5 Ambient conditions

Calibration shall be carried out under the following ambient conditions:
a)
b)

room temperature, (23 + 5) °C;

relative humidity, 75 % max.

6 Apparatus

:2019(E)

ThEusualTaboratory apparatus and, in particular, the following.

6.1 Vibration exciter.

Or
an

entated vertically or horizontally, the vibrator exciter shall be used to cover the réquested
I dynamic ranges.

6.4 Fixture.

Made of machinable ceramics, the fixture shall have low thermal cohductivity and high st

frequency

ffness. By

mdunting the tested transducer on the top of a ceramic rod, thefod protrudes into the temperature

chamber from a vibration exciter on which it is placed. To reflect the laser, the surface of the
transducer should be optically polished, covered by a mirrox‘op be plated with chrome, or as

6.3 Temperature chamber.

Th
S0
[DI
un
gla
en
seg
eq
strpin and flap. The indicateditemperature range and temperature uniformity within *2
mgndatory. The chamber shall cover the required temperature range. Temperature uniform
+2|°C is recommended in-sOme cases.

e chamber should have a temperature range fron1~190 °C to 800 °C and should be specially
Fhat the air temperature in the working space.fthe part of the chamber in which the device

formity within #2 °C at fixed temperatures. At the top of the chamber, a hole should be s
ss, so that the laser passes through. An‘additional aperture on the side of the chamber is r
ible cables to be fed from the transducer under test to the external conditioning amplifier.
ling arrangement needs to be provided to maintain the chamber temperature. The des

6. Temperaturée-sensor.

The air temperature in the chamber is measured and controlled by a temperature sens
close to the transducer under test. The location of the temperature sensor has no influe
mduntingsand vibration of the transducer. Beside the control sensor, a second measurem
for]température should be introduced; at least thermal stability of the air in the temperatur
shguld be monitored separately.

mounting
adequate.

 designed
under test

JT] can be maintained within the specified“temperature tolerances) evenly achieves temperature

paled with
pquired to
A suitable
ign of the

ipment shall also take into,consideration the clamping of the transducer cables to redluce cable

C are not
ity within

br located
ice on the
bnt sensor
b chamber

6.5 Interferometer.

Refer to ISO 16063-11:1999, 3.6.

6.6 Reference transducer.

Together with the conditioning amplifier, the reference transducer should be calibrated according to
Clause 7 with documented uncertainty (for Method 2) and calibrated by primary or comparison means
with documented uncertainty (for Method 3). For Method 3, the temperature influence on the reference

transducer shall be less than +0,5 % of the reading.
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Other apparatuses (e.g. data acquisition instrumentation) shall be as specified in ISO 16063-11:1999,
Clause 3 for Method 1 and in ISO 16063-21:2003, Clause 4 for Methods 2 and 3.

7 Method 1: Determination of complex sensitivity using a laser interferometer

7.1 General

This test system primarily contains a vibration exciter equipped with a specially designed fixture for
mounting a transducer, a temperature chamber and a laser interferometer; see Figure 1.

1
Key
1 vibratipn exciter{(vertical or horizontal) 5 control temperature sensor
2 fixture(ceramic rod) 6  interferometer
3 transdyicer, under test 7  measure temperature sensor
4  temperature chamber

Figure 1 — Test system with a laser interferometer

When testing by laser interferometer, the fixture transfer function error may be ignored, and the
frequency response of the tested transducer’s complex sensitivity for a certain frequency range at a
fixed temperature can be determined. The laser interferometer can be positioned to measure the
amplitude of the top of the ceramic rod close to the transducer under test. To reduce bending, tipping
and transverse motion errors, several measurements can be taken around the base of the transducer
under test and the average measurement can be used in the acceleration calculation.

4 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=ef130e5d13f97230851db81add9c6b90

IS0 16063-34:2019(E)

The fringe-counting method and sine-approximation method are used to determine the complex
sensitivity in the case of a fixed temperature. The fringe-counting method is applicable to sensitivity
magnitude testing in the frequency range from 10 Hz to 800 Hz; this method may also be applied to
higher frequencies if the quantization error is suppressed by special means. The sine-approximation
method is applicable to sensitivity magnitude and phase shift testing in the frequency range from 10 Hz

to 3 kHz. For more details, see ISO 16063-11.

7.2 Method

7.21

Ing

Th
un
the

Set
ten
tes
set]
sel|
req
ten

NO
ser
res|

Th
an
am
bet

Test nrocedure
o

tall the equipment as per Figure 1.

e transducer under test is mounted by using the recommended torque from the mahufactur
Her ambient conditions. Tests in this condition permit the comparison of the complex ser
transducer at other temperatures.

the temperature of the chamber to the specified value. Once the temiperature measur
hperature sensor has reached the set value, maintain this temperature until the transdy
t has achieved temperature stability (see Annex A). Stability is.recommended within #]
the test frequency and adjust the vibrator amplitude to a certain level and measure th
sitivity using a laser interferometer. Several test frequencies are needed to determine the
ponse of complex sensitivity. Change the temperature  ahd repeat the procedure a
hperature response of the tested transducer can then be‘gbtained.

TE The temperature stability within #2 °C is not mandatory. However, in some cases where the
sitivity is changed greatly around a temperature, especially at extreme temperatures, bigger tolg
ult in higher uncertainty (see Annex B).

b design of the system should also ensure that there is no condensation/icing on the glas
1 the reflective surface on the ceramicrod occurs which would prejudice the laser inter

ter to perform the positive tempetature test first and then to dry the chamber and pe

b’s manual
sitivity of

ed by the
cer under
p °C. Then
e complex
frequency
bove. The

transducer
rances can

s window
ferometer

plitude measurement. For temperature-ranges containing positive and negative temperafures, it is

rform the

negative temperature test to avoid(ice’and frost.

7.4.2 Expression of results

If [the fringe-counting~method is used, calculate the sensitivity magnitude S, accprding to
ISQ 16063-11:1999, 7Z3; The magnitude S, of the transducer at the selected frequency or [frequency
regponse can be obtfajned at a fixed temperature.

If ghe sine-appfgximation method is used, calculate the sensitivity magnitude S; and phase [shift Ag,
acqording £o_ISO 16063-11:1999, 9.4. The magnitude S, and phase shift A¢, of the transdycer at the
selpctedifrequency or frequency response can be obtained at a fixed temperature.

If the-test data under room temperature are available, calculate the change of the complex $ensitivity

with respect to the temperature. The results can be expressed as a curve of temperature response for
the transducer.

NOTE 1

range of the vibration exciter, on the mass of the fixtures and the tested transducer, etc.

NOTE 2

Instead of an interferometer, a laser vibrometer can be used as the reference standard.

© IS0 2019 - All rights reserved
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8 Method 2: Determination of complex sensitivity using a reference transducer
inside a temperature chamber

8.1 General

This test system primarily contains a vibration exciter, a temperature chamber and a reference
transducer. The method specified allows for the reference and tested transducer to be mounted in a
suitable way on the fixture inside the temperature chamber; see Figure 2. This method is limited to the
known frequency and temperature ranges of the reference transducer.

The meth¢d is applicable to complex sensitivity testing of the transducer in the frequency rangeAfrpm
10 Hz to 1|kHz and the temperature range from -70 °C to 500 °C.

1 1
a) side by side b) back to back
Key
1  vibration exciter(vertical or horizontal) 5 temperature chamber
2 fixturd (ceramicxod) 6  control temperature sensor
3 transdlucer under test 7  measure temperature sensor
4 refere{xjce transducer

Figure 2 — Test system with a reference transducer inside a temperature chamber

8.2 Method

8.2.1 Testprocedure
Install the equipment as per Figure 2 a).

Under ambient conditions, the transducer under test and the reference transducer are mounted side by
side [c.f. Figure 2 a)] or back-to-back [c.f. Figure 2 b)] on the top of the fixture by using the recommended

6 © IS0 2019 - All rights reserved
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torque from the manufacture’s manual. Tests in back-to-back configuration reduce the influence of
rocking motions.

This setup permits the comparison of the complex sensitivity of the transducer at other temperatures.

Set the temperature of the chamber to the specified value. Once the temperature has reached the set
value, maintain this temperature until the transducer under test has achieved temperature stability (see
Annex A). Stability is recommended within +2 °C. Then set the test frequency and adjust the vibrator
amplitude to a certain level and measure the complex sensitivity of the tested transducer in comparison
to the reference transducer. Several test frequencies are needed to determine the frequency response
of the transducer’s r‘nmp]py sensitivity (‘hnngp the temperature and repeat the prnr‘pdnrp above. The

temperature response of the tested transducer can then be obtained.

8.4.2 Expression of results

Calculate the sensitivity amplitude S; and phase shiftA@, according to ISO 16063321:2003, Clguse 6.
Thg magnitude S; and phase shiftAg, of the transducer at the selected frequencior the frequgncy

reqgponse can be obtained at a fixed temperature.

If the testing data under room temperature are available, calculateythe change of sensitlivity with
redpect to temperature. The results can be expressed as a curve ‘of the temperature response for the
transducer.

9 [ Method 3: Determination of complex sensitivity using a reference transducer
outside the temperature chamber

9.1 General

This test shall be done in addition to a comparison calibration because it assesses the change of the
complex sensitivity with respect to room’temperature. The testing system consists of d vibration
ex¢iter equipped with a specially designed fixture; see Figure 3.

Thjs method is applicable to the change of complex sensitivity calibration in the frequency rpnge from
10Hz to 1 kHz and the temperature range from -190 °C to 800 °C. Because the fixture transfdr function
erifors have not been compensated for and the transfer ratios vary with frequency, the gensitivity
obfained is proportional to)the transfer ratio. The results can only be expressed as a change of the
complex sensitivity versus temperatures at the selected frequency.

© IS0 2019 - All rights reserved 7
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1
Key
1  vibration exciter(vertical or horizontal) 5:“temperature chamber
2 referefce transducer 6  control temperature sensor
3 fixturg (ceramic rod) 7 measure temperature sensor
5 transducer under test

Figufre 3 — Test system with-a reference transducer outside the temperature chamber

9.2 Method

9.2.1 Té¢stprocedure
Install thd equipment as per Figure 3.

Firstly, teft the‘transducer in the temperature chamber at room temperature by comparison to
reference fransducer. Record the sensitivity (calibration factor S,) of the transducer and phase shift

the

®o

between the output of the tested transducer and the reference transducer at specified frequencies and

amplitudes.

Then set the temperature of the chamber to the specified value. When the temperature has reached the
set value, maintain this temperature until the transducer under test has achieved temperature stability
(see Annex A). Stability is recommended within 2 °C. Adjust the frequencies and amplitudes to the
same levels as above and measure the sensitivity (calibration factor S,) of the tested transducer and
phase shift ¢, between the output of the tested transducer and the reference transducer at the testing

temperature.

Change the temperature and repeat the procedure above. The temperature response of the complex

sensitivity can then be obtained.

8 © IS0 2019 - All rights reserved
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9.2.2 Expression of results

Calculate the change of the tested transducer sensitivity S, as a percentage deviation of the calibration
factor at the testing temperature relative to room temperature at selected frequency and amplitude,

using Formula (1):

£t "0%100% (1)
SO

rel =

where

S, isthe calibration factor of the tested transducer at a fixed temperature;
Sy isthe calibration factor of the tested transducer at room temperature.

Calculate the phase shift deviation Ag, of the tested transducer at testing teniperature relative to
rogm temperature at selected frequency and amplitude from Formula (2):

Ap, =0, —9, (2)
where

@, s the phase shift between the output of the tested transducer and the reference transducer
at testing temperature;

¢, isthe phase shift between the output of thetested transducer and the reference transducer
at room temperature.

The results can be expressed as a curve of the témperature response for the tested transducgr.

10 Preferred amplitudes, frequéncies and temperatures

Preferred amplitudes, frequencies ‘ard temperatures may be chosen from the following serigs, with at
leafst six levels equally coveringithe transducer temperature and frequency range.

a) [ Amplitude, in metres per-second squared:

1, 2,5, 10 and their-multiples of ten;

b) | Frequency, inrhertz:

10, 16, 20540, 80, 160, 315, 630, 1 000, 1 250, 1 600, 2 000, 2 500, 3 000;
c) | Temperature, in degrees Celsius:

€190, -150,-120, -100, -70, -50, -40, -25, -10, 0, 5, 40, 70, 100, 155, 200, 300, 400, 500, 60(, 700, 800.

Special attention should be paid in the process of heating and cooling Temperature overshoot
shall not exceed 5 °C over the set temperature when it is at the maximum (or minimum) operating
temperature of the transducer. The temperature in the chamber should be increased or decreased
with the gradual change of temperature.

On completion of the temperature sensitivity calibration, the transducer under test should be
allowed to slowly return to ambient temperature. After a suitable rest period, the device should
again be calibrated to ensure that the device has regained its original ambient sensitivity or that a
permanent change in sensitivity has occurred. For some transducers, it may take more than a day
to recover.

In cases where a connecting ceramics rod is used between the vibrator and temperature chamber,
care should be taken to avoid test frequencies at which high transverse motion of the rod occurs. As

© IS0 2019 - All rights reserved 9
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the transducer under test and the reference can be positioned side by side, an investigation of the
rocking motion resonances of the shaker should be evaluated to exclude those frequencies or excitation
parameters in the test. It should achieve identical excitation parameters to the two transducers.

The lowest resonance frequency of the fixture (connecting rod combination) shall be far greater than
the upper test frequency.

11 Test report

As a minimum, the following information shall be included in the test report:

b)

d)

10

referg
the m
the re
— Vv
— Vv

— )
if]

any d
any u
the d4g
the fo
ambie
— 1(
—  T§
moun

— m

nce to this document, i.e. ISO 16063-34:2019;

ethod used;

sults, including a reference to the clause which explains how the results wereealculated a
hlues of test temperatures, frequencies and vibration amplitudes,

nlues of complex sensitivity or temperature response,

kpanded uncertainty of measurement (including temperature uneertainty, if possible), k fac
different from k = 2;

bviations from the procedure;

husual features observed;

te of the test.

lowing conditions and characteristics:
nt conditions:

om temperature,

lative humidity;

fing technique:

aterial of mounting.surface,

— clharacteristics of mounting components or adapters (if used),

—

— O

— 1m

ible fixing,
[ientation*(vertical or horizontal),

ounting torque;

tor

all amplifier settings (if adjustable) when the transducer is calibrated in combination with a signal
conditioner or amplifier:

— gain,

— cut-off frequencies;

laser light reflection:

— reflector (plated rod surface or mirror, etc.),

— position of the laser light spot on the reflective surface.
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All references used in the calibration should be listed, such as reference transducer and amplifier, test
amplifier and data acquisition.

© IS0 2019 - All rights reserved 11
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Annex A
(informative)

Determination of the achieving time of setpoint temperature for a
device under test

When testing at fixed temperatures, it is not feasible to mount the temperature sensor on the devlice
under test (DUT), therefore before testing the time taken for the DUT to achieve setpoint temperatyre,
stability ghould be known. A dummy transducer of approximately the same size as the DU[lcan|be
used to ddtermine this time. Replace the DUT with the dummy transducer and mount thestemperatfire
sensor onfo it using a mounting screw or by bundling it with wire; see Figure A.1.

Key

1  dummj transducer

2 measulre temperature sensor
3 fixturd (ceramic rod)

4 contro] temperature sensor
5 tempefature chamber

Figure A.1 — Test system fop the determination of achieving time with a dummy transducer

Set the temperature ofthe chamber to the preferred value T,. Once the temperature measured|by
the tempgrature sensof has reached the temperature tolerance, record this time point as t;. Maintpin
this tempgrature and observe the output of the temperature sensor until the DUT has achieved fhe
temperatyre stability tolerance; record this time point as t,. The time interval between t, and t; can be
considerefl asitlie achievement time of the setpoint temperature for the DUT; see Figure A.2. This time
interval cgn-be determined with the above procedures for every preferred temperature. r‘
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T | temperature

T, | temperature to be controlled

t | time

t; | reached tolerance time of control temperature sensor
t, | reached tolerance time of measure temperatureensor
a | Curve measured by the control temperaturesensor.

b | Curve measured by the measure tempexature sensor.

Figure A.2 — Temperature rise curves
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