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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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Ships and marine technology — Verification method for
portable power measurement using a strain gauge

1

Scope

This document specifies a procedure for the verification of portable power measurement equipment

using T Strailr gauge 11T tie taboratory:

The

merdhant ships.

2

The

consfitutes requirements of this document. For dated references, énly the edition cited
unddted references, the latest edition of the referenced document (in¢luding any amendme

ISO

perfdrmance by analysis of speed trial data

3

For the purposes of this document, the following'terms and definitions apply.

ISO gnd [EC maintain terminological databases for use in standardization at the following z

31

strajn gauge
gaugp used to measure the-strain on an object

Note [l to entry: As thie,ebject is deformed it causes a change in electrical resistance. This change
usually measured 4sing a Wheatstone bridge, is related to the strain by the quantity known as the §

3.2

shaft power. meter verification equipment
equipmént designed to provide a real torque, produced by a torque arm weighted with a |
masy, to’the torque measurement device

3.3

power measurement equipment verified in accordance with this document(ean

Normative references

following documents are referred to in the text in such a way thatsome or all of t

15016:2015, Ships and marine technology — Guidelines)for the assessment of speed

Terms and definitions

ISO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available atthttp://www.electropedia.org/

be used on

heir content
applies. For
hts) applies.

and power

ddresses:

n resistance,
rauge factor.

(fnown exact

portable power measurement equipment
equipment temporarily installed on the ship and operated during a sea trial to measure the power
delivered to the propeller by the engine and transmission systems, as opposed to the fixed-type shaft
power measurement equipment, if installed

© ISO 2018 - All rights reserved
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4 Composition of the shaft power meter verification equipment

4.1 General

The verification equipment is composed of a torque arm, a weight surface plate, a torque arm axis, a
shaft, a torque sensor, a weight and an RPM (revolutions per minute) generator. See Figure 1. The real
torque is generated by weights with known exact mass, attached to a torque arm of known length which
is attached to the shaft.

Shaft torque shall be measured by means of a verified permanent torque sensor or strain gauges on
the shaft.

4.2 Torqyie generator and RPM generator

4.2.1 General

Torque and|RPM are needed for calculating the shaft power output. The ship’s power output can be
simulated by multiplying the RPM, which are generated by an RPM generator, ‘generating exact RPM,
and the torque which is generated by a torque generator.

4.2.2 Torgue generator

Torque is applied to the shaft by a torque generator using weights with exact mass and a torqug arm
with exact length, see Figure 2. Weight shall be corrected and calibrated accurately.

The shaft mpaterial properties of the torque generator shall bé stated in a test report in accordance|with
[SO 15016:2015, 6.1.

4.2.3 RPM generator

a) The RPM generator is composed of a body(of revolution, which can be controlled from 0 RHM to
1 RPM, and a tacho sensor which measures the number of revolutions.

b) The RPM generator shall control the’\RPM precisely. It shall be designed to attach to the vafious
types of tacho sensors to be linked with the shaft power device.

c) The RPM generator shall be capable of displaying the current RPM status data. The RPM errojy rate
shall be|recorded in the testreport as specified in Annex C.

d) The RPM generator should be calibrated by a facility meeting ISO/IEC 17025. If it is not, it should be
verified by a calibrated tachometer.

e) The engine RRM generator shall be included for exact verification of the shaft power metpr as
shown in Eigure 1.

f) The RPM-errorratesha

2 © ISO 2018 - All rights reserved
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5 Giidelines for installation and verification test

5.1 General

The verification equipment shall be designed to enable a comparison with the output of the portable
shaft power meter by generating torque and RPM.

When the weights are installed to the torque arm, the specimen shaft is twisted by the torque and this
torque is measured by the shaft power verification equipment.

The torque can be verified by a torque arm weighted with a known exact mass and exact length. The
shaft power meter can be verified by comparing the output values with the verification equipment. It is
possible to verify whether the torque output measured by the torque sensor is equal to the calculated
values or not.

© ISO 2018 - All rights reserved 3
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Measured values of the verification equipment torque sensor are the standard values.

Final power (kW) of the shaft power meter for the ship’s engine can be verified when RPM data is
provided by the RPM generator.

NOTE The verification equipment is designed for the portable torque meter; however, this equipment can
verify other types of shaft power meters by agreement between manufacturers and purchasers.

5.2 Installation guidelines

The verification equipment can be designed as given in Table 1, however other types of equipment

d 3 1 1. .1 o ) ds. £ b= pa | 1 A R
€S1gns canpeapprreca oy agrecmeit petwetir matturactiurersana ptreiraser's; see annex .

Table 1 — Installation guidelines

Name Use Guidelines

Comparing and analysing the outputvalues installgd in
the test shaft and suggesting the standard value allows
verification of the shaft power-meter.

4.2.2 shall be followed for the'shaft property of the
shear modules.

Sensor to measure torque

Torque sensor .
quey values at specimen shaft

Shdft Shaft for verification test

Distance between ratation pivot point of torque arm
and acting point of weighting shall be 1 m for the sgke
of convenient cal¢ulation of moment of rotation and
torsional rigidity.

Mechanism for transferring
Torqug¢ arm the torque moment by weight
to the test specimen shaft

Device for generating artifi- |Predictable.standard torque is generated by weigh

Weight cial torque with exact'mass.

It shall be designed to equip the tacho sensor of shqft

RPM gerjerator Device for generating RPM power equipment and precisely control the RPM.

4 © ISO 2018 - All rights reserved
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Key

1 ghaft

2 dhaft angle of distortion sensor
3  torque arm

4  veight surface plate

Figure 2*— Torque generator

6 Test procedure
a) Install the shaft power meter to the shaft of the verification equipment in accordance with A.2.
b) Test the strain gaugeto ensure it is attached correctly in accordance with A.2 d).
c) Putweightin sGrface plate and generate torque.

d) Compare the installed shaft power meter values and the shaft power values by the|verification
equipmeént; and record the error rate of these compared values.

e) (Compare the number of revolutions generated by the RPM generator and measured |output data
dand‘calibrated tachometer and record the error rate of these compared values

7 Testreport

The results of the verification test shall be reported in the form specified in Annex C.

8 Verification

If the torque given by the torque generator is correctly indicated, the power measurement equipment is
deemed to have correct performance of shaft power measurement.

© IS0 2018 - All rights reserved 5
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Annex A
(normative)

Installation and verification method — Strain gauge

A.1 Principle of the measurement test

A.1.1 Med

The strain d
detective se
or contract
1/1 000 00d
formulas an

Each positig
Position cha
would be m

These posit
and changed

A.1.2 Mesg
Shaft speed

isurement of shaft distortion

auge is one of the portable type power measurement methods. It is a microdisplace
nsor, usually made of metal, which changes its electric resistance as its-léngth exp
5. The strain gauge is usually able to detect changes in electric resistance as smg
Q. The change in electric resistance can be converted to stress intensity using approp
d conversion factors.

n of point A and B is changed to point A’ and B’ when the rotation'moment affects the 5
nges are different because A point is weighted by a propéller, so the position diffej
hde as much as Y values.

on differences eventually transform the strain gauge, which is adhered solidly to the
the resistance values of the strain gauge.

jsurement of shaft speed

is measured by a tacho sensor. An analog.ptlse signal is changed to a digital signal by 3

ment
ands
Il as
riate

haft.
ence

shaft

data

acquisition ¢levice (DAQ).

A.1.3 Measurement of shaft power

Shaft power] can be measured by calculating the distortion and shaft speed.

A.2 Perermance requireiments for installation of strain gauge shaft power meter

All strain gauges have their-oWwn factors, and these values are provided by a strain gauge manufacturer.

a) A strain gauge shatl,be installed on the intermediate part of the shaft. However, do not installlit on
the flanfe or bearing.

b) Glue is pormally used to firmly attach the strain gauge to the shaft. Before gluing the strain gpuge,
clean tHeCshaft with a rust preventative oil and thoroughly remove the oil using a tissue or ljquid
(100 % acetoneJ. Shaft temperature shail be Kept steady at room temperature in order to giue the
strain gauge well, especially in cold weather.

c) The strain gauge shall be installed within +1,5 angle ranges in accordance with A.3.

d) The strain gauge shall be firmly attached to the shaft and checked for its consistency of attachment.
The E output shall be lower than 0,5 mV/V when the engine is stopped and, during this condition,
no change in the output shall occur even when pressure is applied to the top of the sensor.

A.3 Strain gauge installation method

The strain g

auge shall be installed within #1,5 angle ranges to follow the procedure below.

© ISO 2018 - All rights reserved
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Key
1 dhaft
2 pen

b) Rotate the shaft using the turning gear.

Key %Q

¢

ISO 23048:2018(E)

c) The pen draws a vertical line onto the shaft. $\\'Q

Figure A.1 — Strain gauge insta&a@on

O

a) Attach the tip of the pen to the shaft and fix the body oq\g pen.

QO
<

2 pen
3 angleruler

Figure A.2 — Strain gauge installation (2)

d) Hold the angle ruler onto the shaft and draw a line.

e) Draw a horizontal line on the shaft using the pen.

f) This creates an intersection point on the shaft.

© ISO 2018 - All rights reserved
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Key
LN
1 shaft (e)

2 strain gauge OQ
Figure A.3 — Strain gauge instal@n (3)
%
g) Attach the corner of the sensor to the intersection poi&&% the shaft using a special glue.
R\
xO

/Qf
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B.1

B.1.

The
conv

B.1.2 Frequency transducer

The frequency transducer is fixed to the propeller shaft and it generates-frequency through
afterjreceiving the strain gauge resistance value from deformation.

B.1.]

The {
the fi
rotat

B.1.1

Torq
signa
are d
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Annex B
(informative)

Shaft power measurement — Strain gauge (portable type)

Device composition

| Strain gauge

Change in electric resistance can be converted to stress intensity using apprgpriate f
ersion factors.

B Tele-metric receiver

ele-metric receiver is a device for detecting the anténna’s frequency signal with shaft
requency signal to the terminal board. It also calculates the exact RPM in accordar
ion of a metal pole with shaft.

L Electric measurement device

lie values are decided on pre-recorded information (shaft material and diameter) an|
| from tele-metric receiver. The operation is also worked by the keyboard and all of the]
isplayed as four digital lines. See Figure B.1

brmulas and

the vibrator

and delivers
ce with the

d frequency
parameters
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B.2 Instdllation and verification procedure - Strain gauge (portable type)

propeller
transmitfer (AV—AF)
strain gajuge
main engine

receiver

data acq

tachomefer (RPM)

antenna

(AF—>AV)

isition & data analysis

Figure B.1 — Design composition of shaft power meter

a) Select the proper positionfor attaching the strain gauge, which is a device of the shaft ppwer

10

verifica

the stralin gauge. SeeFigure B.2.

Lion equipment. Next, polish the surface where the strain gauge is to be attached and aftach
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~
o
<

propeller
ffransmitter (AV—AF)
dtrain gauge

ain engine
:Eceiver (AF—=AV)

g
tachometer (RPM)
gntenna

X N O U A WN

o |

\

\

lata acquisition & data analysis

Figure B.2 — Specimen shaft for strain gauge attached to the shaft

b) Connect the converter nfotmted on the shaft and the strain gauge attached to the shaft, and install

the wireless transmitter-to transmit the torque value data. See Figure B.3
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propeller

transmit
strain ga|

_%i

O

C1—s 7

i \

ter (AV—AF)
uge

main engine

receiver
data acq
tachome
antenna

The tor]
wireles
obtain

(AF—>AV)

ter (RPM)

o |

\

isition & data analysis

Figure B.3 — Installation of wireless converter

que data received by the wireless transmitter is converted into digital value throygh a
5 converter that can bevread by the measuring device and the device configured to be albple to
he data. See Figure-B.4
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