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THE TITAD HANDPUMF PROJECT

This project is being carried out at the instigation of the Netherlands
Minister for Development Cooperation and has for its main goal: To provide a
aubstantial contribution to the improvement of the (communal) drinking-water
supply and small scale irrigation, notably in Third World countries.
In this stage the project concentrates on the improvement of deepwell
handpumps, in view of: — reliability and easier maintenance,

-~ mere profitable and simpler management.

Furthermore the project will support any activities:

- stimulating management of the water supply by its users,

- leading to the production of the required pump parts in the Third World.
It is thereby in line with similar projects that have been carried out in
recent years under the auspices of the World Bamk.

First and foremost the project concentrates on measuring and analyzing the
dynamic behaviour and the stresses in the vital parts of the deepwell pump,
especially in the rising meain. Physical models will be developed to support
the analyses. The experiences are integrated into recommandations and design
rules for handpumps which will be published at regular intervals and be put
for discussion. The project results are public domain.

At the instigation of the Office for Research and Technology from the Ministry
of Foreign Affairs, the project partners have joined research on deepwell
handpumps in the IAD Handpump Project. The partners and their contribution to
the second project phase:

- DHV works out project publications (’laiting’), advices by the formulation
of the project and design rules.

— IAD coordination, realization of data acquisition hard- and software,
execution of measuring program and has final responsibility.

- JV  manufacturer and supplier of the Volanta pump, analyzing of measuring
results.

- SWNV manufacturer and supplier of the SWN8l pump, makes available part of
their infrastructure on their site in Nunspeet, assists in the erection
and conversion of the test—unit.

-~ TUE advices on the planning and execution of the program, analyses the
results, physical modelling of the dynamic behaviour of the pump,
fatigue analysis.

The partners cooperate by the formulation of advices and design rules and the

realisation of related publications.

For carrying out the measuring program a test-unit has been arranged on the
the SWNV-site, consisting of an enclosed boring having a depth of 100 metres,
in which the water level can be varied as required and data acquisition hard-
and software to enasble the different variables on the handpumps to be
measured, This infrastructure is owned by the Ministry.

Test-side situated at: SWNV, Industrieweg 47, 8071 CS Nunspeet
Telephone: 03412-54046, extension 51.

Any new orders will be welcomed by the team. For additional information,
please contact the Project Coordinator: Jos Besselink

Onderlangs 125

6812 ¢J Arnhem, The Netherlands.



PROJECT PARTNERS

WIND ENERGY GROUP, Laboratory of Fluid Dynamics and Heat Transfer
Faculty of Physics, Technical University Eindhoven (TUE)

P.0. Box 513

5600 MB Eindhoven

Tel.: 040-472680/473191

Contact: Paul Smulders, Hans Cleijne, Jacques Grupa, Jan de Jongh

DHV Raadgevend Ingenieursbureau BY (DHV)

P.O. Box 85 Laan 1914, nr. 35
3800 AB Amersfoort 3818 EX Amersfoort
Tel.: 033-689111

Contact: Kees Bonnier

InterAction Design  (IAD)
Onderlangs 125

6812 CJ Arnhem

Tel.: 085-511304

Contact: Jos and Rineke Besselink

Jansen Venneboer BV (IV)

P.0. Box 12 Industrieweg 4
8130 AA Wijhe 8131 VZ Wijhe
Tel.: 05702-2525

Contact: Kees L. Bliemer, manager adjunct

Sociaal Werkvoorzieningsschap Noordwest—Veluwe  (SWNV)
P.0. Box 87 Industrieweg 47

8070 AB Nunspeet 8071 CS Nunspeet

Tel.: 03412-54046

Contact: Pim Brouwer, technical manager

Publication number: IADHPP89.01
xkkkkkxkkkkickkkckkokorkkokk ook oRokokkook ok kkkkkkok koo ook kkok koo kkokkokkok
The research for this publication was financed by the Netherlands Minister for
Development Cooperation, who also shares copyright. Citation is encouraged.
Short excerpts may be translated and/or reproduced without prior permission,
on the condition that the source is indicated. For translation and/or
reproduction in whole the Section for Research and Technology of the
aforementioned Minister (P.0.Box 20061, 2500 EB The Hague) should be notified
in advance.

Responsibility for the contents and for the opinions expressed rests solely
with the authors; publication does not constitute an endorsement by the
Netherlands Minister for Development Cooperation.

¥kkkkokkkk kiR kokok ook ok ok iorkokok ok kokkokkkok ok ok Rk kekckookokokkokk ok



IAD Handpump Project Measuring program IAD

CONTENTS
page
1. Introduction 2
1.1 TIADHPP research during the second project phase 2
1.2 The set—-up of the measuring program 2
1.3 Progress of the measuring program 3
2. Experimental set-up 4
2.1 Introduction 4
2.2 The SWN8l experimental set-up 4
2.2.1 Basic set—-up 4
2.2.2 Variants of the experimental set-up and accessories 4
2.3 The Volanta experimental set-up (]
2.3.1 Basic set-up 6
2.3.2 Variants of the experimental set-up and accessories 6
3. Measurement equipment 8
3.1 Introduction 8
3.2 The transducers in the SWN measuring experiment 9
3.3 The transducers in the Volanta measuring experiment 11
4. Experimental procedure 13
4.1 Introduction 13
4.2 Transducer schedules SWN measuring experiment 14
4.3 Arrangement of measuring schedule 14
4.4 Numeration of measurings and measuring files 15
4.5 Calibrations 16
4.6 Taking the measurements 17
4.7 Processing the measuring data 18
5. Measuring and results 20
5.1 Introduction : 20
5.2 Measuring file clusters and analyzing possibilities 21
5.3 Preliminary results of the analysis ; 21
5.4 Experiences with the SWNB] test pump 23
5.5 Problems during measuring experiments ) 24
5.6 Recommendations to manufacturers of SWN- and Volanta pumps 25

5.6.1 Recommendations to SWNV and adjustements in the SWN8B1 design 25
5.6.2 Recommendations to JV and adjustements in the Volanta design 26

6. Deformation of the rising main (hypothesis) 28
6.1 Introduction 28
6.2 Fatigue 28
6.3 Deformation as a consequence of static loads 29
6.4 Deformation as a consequence of dynamic loads 30
6.5 Transient pressure waves in the rising main (by J. Grupa/TUE) 31
6.6 Snaking 33

7. Conclusions 35

8. References 36

APPENDICES

A Summary of datafiles of SWN8l measuring program

B Calibration data

C Measurement equipment

D Function (keys) file (an example)

First Semestrial Report -1~ Projectnr. BUZA WW/86/043



IAD Handpump Project Measuring program IAD

1. INTRODUCTION

The present is a report on the progress of the measuring program on the SWNS1
and Volanta deepwell handpumps, forming part of the IAD Handpump Project
(BUZA-number: WW/86/043). This report covers the period August lst, 1988 up to
January 3lst, 1989, being the first semester of the second phase of the
project.

1.1 TIADHPP RESEARCH DURING THE SECOND PROJECT PHASE

Summary of the goals of the examination in the second phase of the project:
to gain a better insight in the dynamic behaviour of the deepwell handpump,
notably of the pumprod, the rising main and the valves and for its
consequences for the stresses occuring in the material, so as to minimize the
causes of the breakdowns now occuring too frequently in handpumps.

This objective has led to the following approach:

1. measuring experiments on deepwell handpumps, notably the SWN81 and the
Volanta;

2. direct analysis of the measuring results with a view to the consequences
for fatigue in the pumprod and riser;

3. analysis based on physical models, to be developed by the project, so as to
gain a better insight in the factors governing the dynamic behaviour.

Section 1, concerning the measuring experiments, is executed by IAD. The

present document reports of the progress. Project partner TUE takes care of

section 2 and 3 and they have reported the progress in the first semester in:

- "Design rules for fatigue life of PVC rising mains and stainless steel pump
rods of handpumps" by P.Beekman and J. de Jongh [BEE89].

- "The dynamic behaviour of man driven piston lift pumps; semestrial report.
Period: 01.10.1988 till 31.01.1989" by J. Grupa [GRU89].

1.2 THE SET-UP OF THE MEASURING PROGRAM

In the planning of the measuring tests two basic considerations have been the

starting point for this examination:

— the examination must lead to instantly useable recommandations for the pump
manufacturer whose pump is the subject of the examination and for other
interested parties;

— the examination must procure background information, enabling a thorough
analysis of the factors that define the dynamic behaviour of the handpump.

For that reason a scheme for the measuring tests has been planned in
consultation with the project partners (including the pump manufacturers), in
which the various elements get full attention:
~ Ascertaining the dynamic behaviour of, and the stresses occuring in the
rising main and the pump rod, at various pumping frequencies, length of
stroke and heads (up to 100 metres) in:
a. the SWN81: without/with ’swivel’, ’flexible riser fixing’ and ’riser
centralizers,
without/with supported cylinder
superstructure out of plumb.
b. the Volanta: with 9 mm screwed pump rods,

First Semestrial Report -2- Projectnr. BUZA WW/86/043



IAD Handpump Project : Measuring program IAD

with 8 mm pump rods with hook and eye connection respectively
screwed pump rods,
with various valve weights and valve lifts.
and time permitting (not very likely!):
c. a hybrid of the SWN-superstructure with Volanta substructure.

N.B. ’Swivel’ = flexible pump rod fixing.

The experiments with the Volanta starts with the riser of 80 mm outside
diameter and 77.5 m length. A smaller flywheel will be tested as well.

Beside the named elements, the influence will be ascertained of:

— immersion depth (=depth of cylinder inlet under water level),

— driving system (pump handle versus flywheel, manual drive versus mechanical
drive),

- diameter of rising main and wall thickness (SWN versus Volanta),

— riser coupling system (SWN),

on:

— the propagation velocity of pressure waves,

- the dynamic behaviour, including ’snaking’,

— the stresses in pump rod and rising main,

~ the fatigue strength,

- the volumetric and mechanical efficiencies.

1.3 PROGRESS OF THE MEASURING PROGRAM

After the time planned for the experiments had elapsed and the most important
measuring experiments had been carried out on the SWN31l pump, these tests were
finalized and after that the Volanta pump was erected for testing. Out of more
than 200 files of SWN81 measuring data (16 channels and per file 8 to 10
subfiles), 60 have been processed in the mean time, i.e. of each signal the
maximum and minimum readings have been taken and recorded per subfile on
sheets. For further details see: Chapter 4 ’Experimental procedure’, Chapter 5
'Measuring and results’ and Appendix A ’Summary of datafiles of SWNB8I1
measuring program’.

IAD as well as TUE started analyzing these data. Following the reactions of
TUE a number of additional measurements have been taken: to gain a better
insight in the dynamic behaviour of the SWN pump and the displacement
transducers.

Owing to the delays in the SWN experiments and because the experimental set-up
of the Volanta pump could not possibly be realized within the month planned
for it, the Volanta measuring program is only in its initial stage.

Beside the experiments with the Volanta, the analysis of the SWN measuring
data will be continued.

IAD and DHV are preparing publications on the project, to be published in
WorldWater, Waterlines and Low-cost Pumping Systems.
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2. EXPERIMENTAIL SET—UFP

2.1 INTRODUCTION

In the planning of the measuring schemes as well as in the erection of the
experimental set—up around the SWN8l1 and the Volanta, the widely differing
requirements of the manufacturers involved in the project have been taken into
consideration, as are the specific possibilities and limitations inherent in
the differing designs, among other things in relation to the relative (in)-
accessibility of certain pump components and transducers. For example, with
the Volanta it is possible to adjust the valve lift quicker than with the SWN,
whereas with the SWN the rising main is comparatively better accessible.

2.2 THE SWN81 EXPERIMENTAL SET-UP
2.2.1 BASIC SET-UP

The standard SWN81 superstructure (stand + pump head with pump handle) was
mounted on a steel stool (365 mm high), which was fitted on to a concrete
foundation. The rising main was suspended from the stand into the well. See
figure 3.1 on the next page. In the well of 100 metres deep (with tight
bottom) and having an inner diameter of 170 mm, any desired water level could
be created; depending on the length of the riser and the desired depth of
immersion.

Beside the pump a mechanical drive had been installed, which by means of a
connecting rod attached to the pump handle, could drive the pump. The speed of
the mechanical drive was infinitely variable, so that the pumping frequency
could be varied between 0.6 and 2.0 Hz.

The over-dimensioned drive and a flywheel on the driving shaft were to provide
a constant angular velocity of the driving mechanism. However when pumping at
high lift even the 2.2 kW drive had trouble in maintaining a constant angular
velocity.

The pumped water flowed via an open return duct through a filter back into the
well.

2.2.2 VARIANTS OF THE EXPERIMENTAL SET-UP AND ACCESSORIES

By placing a metal tube on the bottom of the shaft it was possible to create
an artificial shaft bottom at any desired level (to —-20 metres). Owing to lack
of time this cylinder support has only been used with a length of the riser of
96.2 metres.

The manufacturer SWNV supplied some accessories with the standard pump, such
as the swivel, the flexible riser fixing and centralizers for the riser. All
of which have been applied in varying combinations during the experiments.

An adjustable angle of deflection (in regard to the vertical) of the stand has

been created by fitting T-section steel of different heights near the
retaining bolts between the stand and the stool.

First Semestrial Report —4— Projectnr. BUZA WW/86/043
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Figure 2.1 The SWN81 experimental set-up.
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Figﬁre 2.2 SWN81 stand out of plumb.

2.3 THE VOLANTA EXPERIMENTAL SET-UP
2.3.1 BASIC SET-UP

The Volanta stand is beside the well on a stool of 120 mm high I-sections. The
steel plate from which the riser is suspended into the well is also fixed on
the stool. The initial experiments are carried out with a riser of 77.5 metres
in length, having an outside diameter of 80 mm ('small tube’).

The mechanical drive is erected beside the pump. The drive of the flywheel of
the pump will be effected by means of a flat belt. The diameter of the driving
pulley has been so chosen that the pumping frequency can be varied between 0.3
and 1.7 Hz {for the standard flywheel).

The pumped water flows via an open duct through the inlet filter back into the
well.

2.3.2 VARIANTS OF THE EXPERIMENTAL SET-UP AND ACCESSORIES

In the experiments with the Volanta the weight of the valves will be varied.
For that purpose the manufacturer has supplied a set of loose valve weights.

Some adjustments had to be made in order to be able to vary the valve 1lift.
The lower end of the pump rod is at the same time the limit stop for the
valve, so that by rotation of the pump rod the valve lift may be varied. A
similar construction has been made for the foot-valve.

The manufacturer JV has supplied an additional flywheel, the diameter of which
is smaller by half.

Three sets of pump rods have been supplied with the pump:
~ 9 mm diameter stainless steel rods with M10 rolled screw-threads,

First Semestrial Report S Projectnr. BUZA WW/86/043
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-~ 8 mm diameter rods with M8 screw-threads,

— 8 mm diameter rods with hook and eye connection.

Time permitting, the following experiments will be carried out with:

- additional axial elasticity in the lower part of the pump rod,

- elastic clamping of the collar, from which the riser is suspended.

If possible, experiments with an SWN81 superstructure on the substructure of
the Volanta, the so—called ’Hybrid’, may be considered at a later stage.

First Semestrial Report -7- Projectnr. BUZA WW/86/043
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3. MEASUREMENT EQUIPMENT

3.1 INTRODUCTION

Taking measurements on the pump has to be done under difficult conditions,

i.e.:

~ Measuring is done on components sometimes in violent motion: riser hitting
the shaft wall, ete

— Various transducers, amplifiers and cable connections are submerged for an
extended period of time at varying pressures of more than 100 metres water
column. (108Pa)

— These transducers are located at distances up to 100 metres from the supply-
source and the recording instruments. And from the team—members.

The measuring set-up must be flexible and rigid, because of the fact that at
regular intervals changes have to be made in the set—up; other riser lengths,
etc.

For these reasons straight forward solutions have been chosen, several of
these solutions have been developed by the team-members themselves. This
concerns, for instance knots in measuring cables, conditioner casing and
displacement transducers with measuring ranges in the order of tens of
centimetres for the use under water.

In data—acquisition the so-~called ’Current loop principle’ is used. That is to
say that the signal that can be measured above—ground is directly proportional
to the current in the feeder cables of the various amplifiers. When using this
principle, two cable cores per transducer and simple and cheap analogue
amplifiers will suffice. Thereby, the resistance (thus the length and
temperature!) of the measuring cables has no influence whatever, neither have
the fluctuations in the power voltage. The amplifier chip controls the current
in the power—loop, proportional to the alteration in strain of the strain
gauge,

 LabMaster g-19V
filter condenser
g-224F
\ >
(=1 | Ab6sa | N 25 V oc
N ‘ -
active analog current. loop measuring
strain gauge conditioner .. 4-20 mA . resistor

Figure 3.1 The current loop principle.

This arrangement has led to a reasonably workable, reliable and flexible
measuring set—up, with an acceptable signal/noise ratio. A *Bes—box’ is being
used to provide the feed of the transducers and for transmitting the measuring
signals in the desired sequence.

The analogue signals are multiplexed (read one after another) and digitalized

(12 bits) with a LabMaster. The LabMaster—chart is controlled by software with
the data—acquisition package ASYSTANT+. This menu—controlled application of
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ASYST is also used in processing and analizing the measuring results.

The project has two AT-computers available, with co-processors, hard disc and
5.25" floppy-drives.

3.2 THE TRANSDUCERS IN THE SWN MEASURING EXPERIMENT

On the SWN8l-pump has been measured,

as a function of time: through transducers:
1. axial strain in upperpart of pumprod RSA 31, 32, 33, 34
2. axial strain in upperpart of riser RBA 41, 42, 43, 44
3. strain in lower end of riser axial RBB 51, 52, 53, h4
tangential 55

4, axial strain in riser at abt. 13 m above bottom end RBC 61, 62, 63, 64
5. axial strain in riser, 1.3 m below RBC-transducers RBD 71, 72, 73, 74
6. angular displacement of pump handle HVO

7. pressure in cylinder, above piston DRO

8. axial displacement of cylinder Ccvo

9. displacement of piston relative to the cylinder VA'¢]

10.opening and closing moment of piston valve ZKO

11.opening and closing moment of foot valve VKO

TRANSDUCERS AND THEIR LOCATION IN THE SWNS81 MEASURING EXPERIMENT
(See figure 3.1)

RBA:

RBB:

RBC:
RBD:

RSA:

(%)

ZKO:

VRKO:
ZVvo:

CcVoO:

Strain gauges in axial direction, glued to the ocutside of the riser,

0.25 m from the upper end. (%)

51 thru to 54 are strain gauges in axial direction, 55 is in tangential
direction, glued to the outside of the riser, at 0.2 m from the lower
end. (%)

Strain gauges in axial direction, glued to the outside of the riser, 13 m
above the lower end of the riser, at 0.3 m below the riser-coupling. (%)
Strain gauges in axial direction, glued to the outside of the riser, at
1.3 p below the RBC group, half-way a riser section. (%)

Strain gauges in axial direction, glued to the pump rod, which was ground
square locally for this purpose, at 0.2 m below the pump rod bearing. (%)

For the location in relation to one another, as well as their position,
see the set—up schedules,

A magnetic field sensor, in the middle under the piston valve, reacting
to the displacement (in axial and radial! sense) of a bar—-magnet in the
valve—fins.

As ZKO, in the middle under the foot valve.

A strain gauge, glued in axial direction to a stainless steel strip,
which bends in proportion to the displacement of the piston in the
cylinder. At right angles with the strip another strip is fitted, to
which is hooked a piece of elastic, connected with its other extremity to
the piston. This transducer will, therefore, measure the relative
displacement of the piston. This attachment is fitted in the cylinder,
above the piston.

Construction as ZVO. Measures the axial displacement of the pump
cylinder. The whole transducer is located under the pump in a PVC-tube,

First Semestrial Report -9- Projectnr. BUZA Ww/86/043
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which is retained in its place by rubber pads pressed againét the shaft-
wall.

DRO: An absolute pressure transducer, in a cylindrical titanium encasing with
vulcanized feeder cable and strain relieving core. This transducer was
placed in the cylinder, above the piston.

HYO: A digital absolute encoder, connected up with the pump handle.

N.B. A shielded 24 core cable (with every core~pair twisted) provided the feed
for the transducers RBB, ZV0O, CVO, ZKO and VKO. The DRO had a separate
feeder cable with strain relieving core. Another 24-core cable provided-
the feed for the RBC and RBD transducers. Each cable has its own reel.
Each of the multi-—core cables was connected to a steel wire cable with a
view to strain relieving. All these cables were freely suspended into the
well, along the rising main.

The various transducers based on strain gauges were coupled to the amplifiers,
which were fitted near the transducers upon and in the pump. These amplifiers
built by the project, on the basis of a loop—powered sensor transmitter chip
of Analog Devices (AD 693), were cast in wax in an aluminium U-section,
including the cable connections. With these ’third generation’ amplifiers the
leakage problems, also those under 120 m water column, have been solved in a
compact and effective way. (After melting down, however, all components are
accessible again).

See for further details and calibration data the Appendices C and B.

In order to enable the transducers and amplifiers to be fitted and measuring
cables to be passed through, a number of adjustments had to be carried out on
the pump. The most important:

— A fixture to receive the pressure transducer and the piston displacement
transducer has been fitted in the upper part of the cylinder,

— The original connecting sleeve between the riser and the cylinder was
substituted by a PVC block, on behalf of the passage of measuring cables
through the cylinder wall,

— To protect the strain gauges and the amplifiers, which were fitted on the
outside of the riser, soft PVC protection rings were fitted around the
riser.

— To facilitate the fitting work it was decided, in consultation with the SWN
manufacturer, to substitute flat neoprene rings for the teflon tape sealing
in the pipe couplings.

The water level could be measured with a simple level meter (float-switch
device on measuring tape). Through the response of the pressure transducer it
was possible to check the depth of immersion, before pumping the riser full of
water,

N.B. As a result of the riser being pumped full of water, the water level in
the well fell somewhat! This fact was taken into account in the measuring
schedule.

In order to ascertain the water delivery per stroke, the pumped water is

caught during a given number of pump strokes and lapse of time, and
subsequently weighed on household scales,

First Semestrial Report . ~10~ Projectnr. BUZA WW/86/043
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3.3 THE TRANSDUCERS IN THE VOLANTA MEASURING EXPERIMENT

On the Volanta—pump will be measured,

as a function of time: through transducers:
1. axial strain in upper end of pump rod RSA 31, 32, 33, 34
2. axial strain in upper end of riser RBA 11, 12, 13, 14
3. strain in bottom part of riser axial RBB 21, 22, 23, 24
tangential 25, 26

4, angular displacement of pump flywheel HVO

5. pressure at 0.2 m above cylinder, in riser DRO

6. axial displacement of cylinder cvo

7. displacement of piston relative to the cylinder ZV0

8. opening and closing moment of piston valve ZKO

9. opening and closing moment of foot wvalve VKO

TRANSDUCERS AND THEIR LOCATION IN VOLANTA MEASURING EXPERIMENT

RBA: Strain gauges in axial direction, glued to the outside of the riser, at
0.25 m from the upper end. (%)

RBB: 21 thru to 24 are strain gauges in axial direction, 25 and 26 are in
tangential direction, glued to the outside of the riser, at 0.25 m from
the bottom end. (%)

RSA: Strain gauges in axial direction, glued to that part of the rod that has
been ground square for that purpose, at 0.3 m below the enlarged upper
end of the pump rod. (%)

(X) For the location in relation to one another as well as their position,
see the set-up schedules.

ZKO: A magnetic field sensor, fitted sidewise under the piston valve, reacting
on (almost exclusively axial) displacements of a bar-magnet in the valve-
fins,

VKO: As ZKO, sidewise under the foot valve.

ZVO: Its construction deviates slightly from the version as used in the SWN
experiment: in connection with reduced sensitivity for non—axial
movement, Fitted in a framework mounted on the top of the cylinder,

CVO: Same construction as ZV0Q. See SWNB1l set-—up.

DRO: See SWN8]l set~up. The transducer is fitted in a framework on the
cylinder, in the bottom end of the riser. In future experiments the
transducer will be fitted at other heights in the riser.

HVO: ‘A digital absolute encoder, coupled to the flywheel shaft by means of a
sprocket-wheel and chain transmission.

N.B. The multi—core feeder cable of the RBB-group and CVO is suspended
outside and along the riser into the well. The feeder cables of DRO and
of ZVO, ZKO and VKO are suspended inside the riser along the pump rod:
recesses have been made in the rod centralizers to allow for this.

The remaining data—acquisition components are identic.
In order to enable the transducers and amplifiers to be fitted and measuring

cables to be passed through, a number of adjustments had to be carried out on
the Volanta pump. The most important:
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A framework is fitted on the cylinder to receive the pressure transducers

and the piston displacement transducer.

- Bar-magnets are fitted in the valves, magnetic field sensors are fitted
sidewise under the valves.

- To protect the strain gauges and the amplifiers, fitted on the outside of
the riser, soft PVC protection rings have been fitted around the rising
main.

— The centralizers for the pump rod inside the riser are provided with
recesses for the feeder cables to pass through.

— A spout has been made on the outlet sleeve to allow the feeder cables to be

led along the pump rod guide bush into the riser.
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4. EXPERIMENTAL PROCEDURE

4.1 INTRODUCTION

The starting point for the SWN-measuring schedule was as follows:

¥ Of each identic variant of the measuring set-up for the SWN8l measurings
will be taken with manual drive, as well as with the mechanical drive.

% Bach scan consists of the intake of transducer responses into the memory of
the computer, during 5 seconds. Each response is measured (’sampled’) 100
times per second (=sample frequency), resulting in a total of 500
samples/transducer/scan., With 16 channels this is 16%500 samples/scan.
N.B. In some scans a sample frequency of 25 Hz is used, enabling the longer
term effects to be measured.

% The measuring data of the scan are stored on the hard disc as a subfile.

% A series of maximum 10 scans resp. subfiles (in identic set-up and drive)
forms a measuring file.

¥ A series of scans of *pumping with manual drive’ consists of:

- a set of two ’rest—scans’ beforehand, when the pump handle is kept in a

fixed position:

1. horizontal handle

2. handle against the stop (with pump cranck in BDC=’Bottom Dead Centre’)

a total of eight scans of:

- ’normal way of pumping’: with little exertion and quiet strokes

- 'pumping against the stops’: pumping with maximum stroke (this way of
pumping requires more power)

- ’water milling’: pumping with full power with long strokes (with the
whole body),

- *fluttering’: pumping with short, quick strokes,

For the sake of safety two scans are taken of each way of pumping.

¥ A series of scans on the mechanically driven SWN pump consists of:

— a set of three ’rest-scans’ beforehand:

1. pump handle in horizontal position

2. mechanical drive in TDC (=BDC for pump cranck)

3. mechanical drive in BDC (=TDC for pump cranck)

N.B. In this case the handle stops will not be reached.

- scans at increasing pump frequencies, in stages of 0.2 Hz: minimum 0.6 Hz
up to a maximum of 2.0 Hz.(upper limit is lower at great heads).

% Each series of scans is carried out according to transducer schedule A as
well as D: if possible, immediately after one another.

% The water delivery is, in principle, determined at each scan.

¥ The scan is taken in a stationary condition, i.e.:

— ample time has passed before a scan is being taken, to allow the
transducers to attain a condition of equilibrium (in connection with
warming—up phenomena),

— the SWN81l pump has already been kept inactive for some time, or else has
been driven for some time at a constant frequency, (insofar as this is
feasible with a manual drive) before a scan is being taken.

N.B. A similar procedure will be followed in the measuring schedule for the
Volanta pump.

Apart from the check—up and calibration measuring, all measurements will be
taken on the complete SWN pump.
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The data acquisition hard- and software has been calculated for the processing
of a maximum of 16 analog signals. As the number of transducers per measuring

set—up is more than 16, the signals were read into the computer memory in two

each other partly overlapping schedules (A and D), and processed. See section

4.2 ’Transducer schedules’.

The measuring and processing results are saved on the hard disc, and floppies
respectively. The floppies are used as archive for the measuring data and
copies are made available to TUE. Safety copies are saved on tape, which will
be stored in a safe in Arnhem.

4.2 TRANSDUCER SCHEDULES SWN MEASURING EXPERIMENT

Schedule A: Schedule D;
Channel nr. Transducer nr. Channel nr. Transducer nr.
0 RBA 41 0 HVO
1 42 1 RBA 42
2 43 2 RBB 55
3 44 3 RBA 44
4 RSA 31 4 RBB 51
5 32 5 52
6 33 6 53
7 34 7 54
8 YA 8 RBC 61
9 cvo 9 62
10 ZKO 10 63
11 VKO 11 64
12 DRO 12 RBD 71
13 HVO 13 72
14 RBB 55 14 73
15 _— 15 74

In order to enable a comparison of the two schedules both of them include:
- HVO: the absolute encoder
— RBA 42 and 44: two axial strain transducers in upper part of the riser.

The responses in schedule A give a general view of the dynamic behaviour of
the SWN pump, schedule D gives a one-sided but detailed insight in the strains
and stresses occurring in the riser.

4.3 ARRANGEMENT OF MEASURING SCHEDULE

Based upon the agreed measuring schedule (see section 1.2) the following set-—
up variables have been chosen:

VARIABLES IN THE SET-UP (in hierarchical order):

Lengths of riser : 20, 40, 60, 80, 96 m

Immersion depth : 20, 10, 5, 2, O m

Yes/No : -~ Stand position out of plumb: x-direction 1.6 degrees
y-direction 1.6 degrees
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- Swivel
— Flexible riser fixing

Repetition, only at great heads (60, 80 and 96 m) with:
- centralizers
- cylinder support

In every set—up a measuring series should, in principle, be finalized, without
any changes in the mean time being made and in quick succession, with trans-
ducer schedule A as well as D, and with manual as well as mechanical drive.

Since such a comprehensive program could by no means be completed within three

months, which would not have made sense either, it was decided to start

exploratory measuring work. Based on the very first and later experiences in

relation to:

— the priority of certain variants in the set-up and clusters thereof,

~ the influence of the variables on the dynamic behaviour and the stress curve
of the material,

— whether or not the transducers are functioning properly,

- the time required for certain measurements and conversion of the set-up,

— the remaining time,

the measuring schedule has gradually been adjusted and restricted.

When the influence of a certain variable, for example of an angle of

deflection of the stand, had to be measured, the point of departure was each

time a series of measurings of the stand without this deflection, thereafter

(a series) with, and subsequently another (short) series, again without the

deflection. Such a cluster of measurements will therefore contain a number of

duplications:

- in order to judge any signs of drift in the transducer responses during the
measuring of a cluster,

- 80 as to check if all the transducers in the set—up variant are still
functioning properly after the measurements have been taken,

~ in order to judge if any coincidences in the measurements have occurred (for
instance: interference pulses),

- in order to be able to draw, from a statistical point of view, more reliable
conclusions.

4.4 NUMERATION OF MEASURINGS AND MEASURING FILES

Two systems of numeration are used side by side:

— consecutive numbers,

— a number of 8 characters, from which it may be derived on what set-up
variant the measurement was taken.

SWNB1 measuring numbers begin with an §, Volanta measuring numbers with a V.
The files of measuring data have the same number, derived from the set-up, as
the measuring itself, except that the suffix .DAT has been added.

THE NUMBER RELATED TO THE SET-UP

— lst character: § = SWNB1 ¥ = Volanta
- 2nd and 3rd characters:
number of set-up, depending on the set—up, the sum of:
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SWN measurements: Volanta measurements:
0 = standard / without 0 = standard / without
1 = with swivel 1 = varying valve lift
2 = with flexible riser fixing 2 = varying valve weight
4 = deflecting superstructure 4 = extra elasticity in pump rod
8 = 8 = extra elasticity in riser fixing
16 = with centralizers 16 = 8 mm pump rods
32 = with cylinder support 32 = smaller flywheel
64 = handle drive
- 4th character: H = manual drive M = mechanical drive
— 5th character: transducer schedule number (A, B, D...)

- 6th character: riser length -2 10 (rounded off)
7th and 8th character: consecutive number of measurings on identic set-up
under identic conditions.

4.5 CALIBRATIONS

See for the results of several calibrations Appendix B.

The calibrations and the files with the measuring data of the calibrations are
numbered as follows: CALX¥XXX.DAT. In this case ’**¥%’ is short for the
transducer name and ’XX' for the consecutive number of the calibration of the
transducer concerned.

THE STRAIN TRANSDUCERS: RSA, RBA, RBB, RBC, RBD

These strain transducers are calibrated on the calibrating bench: the response
of each transducer-amplifier unit has been measured and recorded as a function
of the axial strain load. That part of the riser with the RBB strain
transducer group has also been calibrated on inward pressure.

In order to limit the influence of gravity, the pump rod part with the RSA
transducers was clamped vertically for the calibrations. The longer riser
sections had to be clamped in a horizontal position. To attain an idea if the
gravity did have some influence, if the section was bent, if there were
obliquely cut screw threads on rod and tube extremities, or a strain load
acting not exactly on the centre line, etc., the measurings were repeated in
positions that were turned each time 90 degrees around the longitudinal axis.

Based on the graphics of these responses, it was possible to gain an insight
in the influence of the afore mentioned factors and the reliability of the
calibration. With this knowledge the most probable conversion factor was
decided upon for each transducer: i.e. the relation between the outward axial
load and the response of the transducer—amplifier unit.

The responses of the transducers on pump parts at no-load, the so—called
’absolute zero~values’ appeared to drift to some extent during the measuring
experiment on the complete SWN measuring set—up, so that these values can only
be used as a reference.

THE PRESSURE TRANSDUCER: DRO

This transducer is calibrated in that the response has been ascertained at

different known immersion depths (in the fully filled-up well). Up to 100 m
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water column. The response of this transducer is so stable, that in processing
the SWN measuring data, beside the conversion factor also the absolute zero-
value may be used.

THE PISTON DISPLACEMENT TRANSDUCER: ZVO

This transducer built by the project (for want of a better device!) is
calibrated statically and dynamically, in air as well as in water. The piece
of elastic forming part of the transducer was sensitive to the influence of
water and to being stretched tight for some extended period of time. Hence
checking the transducer for its proper functioning has been done on the basis
of the rest—scans at the outset of each measuring series., And by re-—
calibrating the device at regular intervals during the SWN measuring
experiment.

THE CYLINDER DISPLACEMENT TRANSDUCER: CVO

Ditto. To check the proper functioning, the calibration has been repeated
during the measuring experiment. After the pump had been installed in the
well, the proper functioning was again checked by lifting the upper end of the
riser.

THE ABSOLUTE ENCODER: HVO

For the experiment on the SWNBl pump a transducer was used on a temporary
basis, pending the delivery of the TEKEL-HVO.

The transducer is calibrated by determining the difference between the maximum
and minimum response values after several rotations. The linearity of the
transducer depends on the precision with which the digital disc has been
manufactured, and that is better than half a scale division (= the smallest
measurable angle). Unfortunately, the transducer made mistakes in counting in
certain places of the disc, so that locally a pulse—shaped response resulted.
These miscalculations have to be corrected by hand in the SWN measuring files,
a time—-consuming matter.

THE VALVE DISPLACEMENT TRANSDUCERS: ZKO and VKO

As these transducers not only reacted to axial movements of the valve, but
also to radial movements and to displacement around its axis, it was, at best,
possible to use the responses to ascertain whether the valve rested on its
seat or not. However, for this experiment it was sufficient to have a reliable
indication of the moment of opening and closing of the valves, and in this
respect the transducers proved satisfactory. ’Valve movement transducer’ would
have been a better name.

4.6 TAKING THE MEASUREMENTS
Preceding the measuring, the SWN measuring set-up is erected or converted into

the required variant. In this set—up a test-run is made to test the
transducers,
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After the set—-up schedule and the test-sheet have been completed (including
the names of the calibration files bearing relation to the experiment) and
after the pump and transducers are warmed up, a measuring file is opened by
means of the data—acquisition package ASYSTANT+ for recording the readings of
the measuring signals.

The name of the file is put in, as well as the number of signals (channels),
the channel with which to start, the starting signal (’trigger’) to be
expected, the sample frequency and the number of samples per channel.

When the SWN measuring set-up is finished, the actual measuring can start.
I.e. during 5 to 20 seconds the signals are read and subsequently visualized
on the monitor. When the scan is found to be in order, the measuring data are
saved on the hard disc. If not, the measuring is repeated. In this way a
maximum of 10 scans are taken for one measuring series, according to the
schedule as described in section 4.1 ’Introduction’. Immediately after each
scan of the signals of a pump in operation, the pumped water is caught for 20
to 60 seconds, at the same time counting the pump strokes. This quantity of
water is weighed before it is led back into the well. The results of these
determinations are recorded on the test—sheet.

The measuring series is completed herewith. The time required for measuring
bears no relation whatever to the time required for erection and conversion of
the set-up!

Finally, at the end of the measuring day the measuring files are saved on
floppy and at regular intervals on tape.

4.7 PROCESSING THE MEASURING DATA

When a cluster of measuring series is finished, the measuring data will be
processed.

The calibration data relating to the measuring series are entered upon
standard ’processing sheets’, this concerns among other things the °®zero-
values’ and ’conversion factors’. Further there are some other values inserted
relating to the experiment and set—up: material section, etc. As X, Y and Z
respectively.

The technical quantities (strain, angle, etc.) are determined therewith
according to the formula:

(transducers response — zero-value) X conversion factor / cross section.

The ’zero—values’ (= either the transducer responses in starting position, or

the response on the component under no—load condition being measured) are

derived from respectively:

—~ the calibrations; these give ’absolute zero-values’; or from

~ the rest-scans (= first and second scan of the measuring file); this leads
to ’relative zero—values’.

The measuring values from the first scan are used as zero—values for the
displacement transducers (ZVO and CV0O) and the sbsolute encoder (HVO); with
pump handle in horizontal position.

The zero-values of the strain transducers are derived from the second scan of
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the measuring file, taken with pump cranck in BDC (= Bottom dead centre). In
this position it is with reasonable reliability predictable how the load
resulting from the water column in the riser will act upon the riser and the
pump rod. In order to take up this position, the piston is moved downward,
owing to which the full load caused by the water pressure acts on the cylinder
(bottom). This load situation can be calculated with reasonable precision. The
measuring values of the scan are corrected for this load. This provides the
‘relative zero—-value’. Appendix D provides details on the calculations.

The data—acquisition package offers the possibility of programming (to a
limited extent) the function keys. This programming may be saved as a function
file, by the suffix: .SAV . This possibility is used to process, in accordance
with standard procedures, the files of measuring data per subfile. Each
transducer schedule must have its own function file.

The transducer responses (per scan of 16%500 gsamples) are converted by means

of function files into:

- technical quantities: strain, pressure, displacement, etc.

— tensile and bending stresses,

- compound bending stresses,

— total stresses: resultant of tensile—, bending-, tangential and radial
atresses,

— angular velocity and angular acceleration of pump handle,

~ axial displacement of pump rod upper end,

— absorbed energy.

For further details of a function file, see Appendix D.

All these values can be visualized on the monitor, after which the maximum and
minimum values are recorded on a sheet (with the exception of irrelevant
peaks), as well as a summary of the course of events.

These sheets of the 10 interrelated subfiles are stored in a filing folder,
together with the test sheet and the processing schedule. If so required a
print of the responses will be added.

On the basis of a cluster of files processed according to this procedure,
analyses are made with regard to the influence of the different set—up
variants.
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5. MEASURING AND RESULTS

5.1 INTRODUCTION

Hereinbelow a diagrammatic representation shows in outline the measurements

taken on the SWNS81.

-~ The numbers (1 thru to 48) in the boxes refer to the variant of the set-up,
i.e. to the 2nd and 3rd character of the numeration of the measuring series
or the measuring file, in accordance with the codification as given under
the table. The dot means that several measurements have been taken at that
same variant of the set-up.

— The pumber in the circle represents the depth of immersion at which the
measurements have been taken.

~ H = manual pumping, M = mechanical drive.

~ A and D are the two transducer schedules.
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*c_mLJlﬁ H ol n H |l ™ (= I D |
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1o _-—377;(#>d % s .i?/r
D .
0 /I;o Q 0 4
. R 1 1-5'
5 o \TJo o \]/504'
D 1 1 &
I A
A
Code: 0 = standard SWNS1 7 = stand out of plumb + swivel +
1 = swivel flexible riser fixing
2 = flexible riser fixing 16 = centralizers
3 = swivel + flexible riser fixing 32 = cylinder support
4 = stand out of plumb 48 = support + centralizers
5 = stand out of plumb + swivel

Diagram 5.1 Concise survey of SWN8l measuring program.
For a complete review of measurements taken, see Appendix A.

The results of the measuring experiments consist, for the time being, notably
of measuring data, as the analysis has only just begun.
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The set-up around the Volanta pump has been realized in the meantime. Nearly
all transducers and amplifiers have been renewed and improved in details. The
function files that will be used for processing the Volanta measuring data are
finished, as are the sheets on which the measuring data and the progress of
the program will be kept.

5.2 MEASURING FILE CLUSTERS AND ANALYZING POSSIBILITIES

As can be derived from diagram 5.1, measurings have notably been taken at an
immersion depth of about 5 metres. The influence of the riser length can thus
be determined. When taking into account that, as far as the behaviour of the
pump is concerned, the variants 0 and 1 of the set-up are practically identic,
it appears that per riser length the influence of the immersion depth can be
determined. Moreover, as the set-up is varied (with/without swivel, flexible
riser fixing and stand deflection in various combinations) at a fixed
immersion depth and riser length, it is possible to determine the influence of
these variants in conjunction with one another or separately. This applies to
manual as well as to mechanical drive,

The variants ’centralizers’® and *cylinder support® have been studied at only
one riser length and immersion depth: In view of the limited time available
and because the measurements taken are considered to be sufficiently
representative. A measuring experiment at another riser length would have
taken days/weeks of extra time for the conversion of the set—up! Besides, the
fact played its part that there were protection rings around the riser and the
cylinder (to guard the transducers and amplifiers) so therefore a set-up
entirely without centralizers was already out of the question.

The measurements taken at an immersion depth of 0 m are meant to gain an
insight in the behaviour of the pump when air is sucked in.

60 out of about 200 measuring files have been processed. It is not necessary
for all the files to be processed in this way, because a number of them are
reserve and check files.

5.3 PRELIMINARY RESULTS OF THE ANALYSIS

On the basis of table S001 the following graphs have been made (see next

page):

- §001/01: Maximum and minimum axial tensile stress in the upper end of the
SWN8] riser.

- S001/02: Ditto in the pump rod.

- §001/03: Maximum difference in axial tensile stress in the top end of the
SWNEB1 riser and pump rod. '

— 5001/04: Water delivery per stroke.

The above relates to: manual pumping, against the handle stops and at an

immersion depth of 5 metres. The riser length stands out along the X-axis. The

measuring results with supported cylinder are at the same time shown in the

graphs (data from measuring files S173, 5189, S191).

The dotted lines in the diagrams show the values on the basis of quasi-static

approximation (without accelerations or pressure waves).
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From diagrams S001/01 and $001/02 it is evident that the maximum tensile
stresses are a linear function of the riser length. The minimum stresses are
negative when the riser length is small, but will become positive as the riser
length is increased.

As was to be expected, the tensile stresses in the riser will be reduced when
the cylinder is supported. Apparently, a greater friction between pump rod and
riser is created by the support, because an extra force acts on the rod
opposite of the direction of movement of the rod.

From diagram S001/04 it is evident that the water output per stroke declines
drastically at greater riser lengths. This is mainly caused by axial
deformation of the riser, allowing the cylinder to move up with the piston.
Cylinder support gives a reasonable counter-effect: by limiting the upward
movement of the cylinder. However, it should be noted that, in order to reach
the values as indicated at measuring point S191, the riser had been jammed
between the stand and the bottom of the well. (And even then it appears that
the cylinder is being lifted from its support during part of the upward piston
stroke).

N.B. When pumping in the normal way, the output at a riser length of 80 metres
and more, without cylinder support, will be practically 0!.

When pumping at a riser length of 96 metres, without cylinder support, it

appeared that an up to now unknown phenomenon occurred:

-~ During the upward piston stroke, the piston moves downward(!) in relation to
the cylinder. (As per response ZVO).

- During the upward stroke the water output is zero, during the downward
stroke very little water is emanating from the spout.

- This bears no relation to dynamic effects, because even if there is a
waiting time of one minute after each slow pump stroke, the same phenomenon
will appear.

The concentration of air bubbles in the pumped water was ascertained in the
course of the different experiments. It appeared that this concentration was
s0 low that it was not measursble with the applied method: i.e. less than one
per mille. With the exception of the experiments in which the depth of
immersion was almost zero. In those cases concentrations of a comparatively
high percentage occurred, owing to which ’pumping’ got a totally different
character.

The riser moves in a radial sense as well during the act of pumping. However,
the analysis of the measuring files with transducer schedule D will have to be
awaited, before conclusions in regard to this phenomenon can be drawn. (For a
hypothesis of the movements and the deformations of the riser, see Chapter 6).

5.4. EXPERIENCES WITH THE SWN81 TEST PUMP

The SWN81 has, after certain adjustments in the beginning (among which
neoprene seal rings to substitute the teflon tape) survived the test program
without any problems. Only traces of wear have been discovered on the piston
sealing, and there was also a distinct increase in the play in the crank
bearing. The neoprene sealing rings have given complete satisfaction, also in
re—use. The sealing of the pump as a whole (valves, couplings, etc.) was
excellent throughout the tests: after standing idle for days on end, water
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emanated from the spout after one pump stroke!

Despite of the fact that the pump has been subjected to a reasonably severe
testing program, one should, however, be aware that the IADHPP experiment was
by no means an endurance test!

In those cases where the riser has an excessive length, cylinder support is an
effective means to have the output per stroke increased. However, as water can
only be pumped up from great depths which such large strokes that the handle
touches the handle stops, it must be stated that this pump is not exactly
suitable to cope with situations where riser lengths of 80 m and more are to
be applied.

The counter-weight in the pump handle is effective and necessary for pumping
from great depths. The transition handle/counterweight and the bolted
connection should, however, be more comfortable for the user, notably to
prevent injuries of the hands.

Various matters in connection with the outcome of the experiment with the
SWN81 will be discussed more detailed in a report on this subject, which will
be published before long.

To the members of the IAD test-team it was encouraging to notice that the
recommendations that had been given in the meantime to SWNV, the manufacturers
of the SWN8l, have led to a serious study and improvements in the pump design.

5.5 PROBLEMS DURING MEASURING EXPERIMENTS

It is, apparently, an impossible task to comply with a planning as drawn up
for the IADHPP measuring experiments. Specially technical problems in keeping
the measuring set—up in working order are the cause of the trouble. It is no
small beer to arrange and maintain a measuring set-up in good working order
under the prevailing circumstances, which has, moreover, to be wholly or
partly converted at regular intervals.

However, the closing of the measuring experiments on the SWN81 means to the
members of the IAD test-team that by far the most part of those problems lies
behind them. The operation of the measuring set-up has meanwhile become much
more reliable and, besides, the execution of the measuring program on the
Volanta pump demands less drastic *conversions?’.

Here is a selection from the technical problems the test—team had to cope

with:

* Some strain gauges broke down under the violence of the measuring program.
When an important transducer was involved this meant sometimes a delay of at
least one week:

- pump to dismantle: at least one working day for two persons,

~ defect to be detected and repaired, testing and re-adjusting the
transducer circuit: several working days,

— to calibrate the new transducer circuit,

- pump to mount and, subsequently, test the functioning of the transducers:
at least two working days for two persons.

¥ Unexpected long delivery-time for the absolute encoder: 6 weeks was promised
when the goods were ordered end of July ’88 but ultimately this proved to be
5 months: actual date of delivery of the transducer in operation was early
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January '89. For that reason the whole range of experiments on the SWN81 was
carried out with an HVO built by the project, but the way it functioned was
not optimal. This absolute encoder, at certain angles, made mis-readings,
owing to which a pulse-shaped deformation of the signal was caused. These
mis-readings can only be corrected by hand: by adjusting with the aid of
ASYSTANT+ the sample values of the saved response one by one. (N.B. The
’SMOOTH’ ~function available within ’ASYTANT+’ would affect, too, the signal
before and after the pulse. These time-consuming adjustments account for the
fact that only 60 measuring files have been processed up to now.

* The tube in which the CVO was contained appeared at a given moment to be
moving downward. This tube is to be retained in its place against the sides
of the well by means of rubber blocks. However, the well-side proved to be
so greasy (paraffin from the PVC?) that the braking strength of the blocks
became insufficient. To remedy this trouble it proved necessary to dismantle
the whole set-up and to de-grease the well-side.

¥ Unfortunately, the response of the absolute encoder is unreliable in a
number of cases, because after the encoder had been refitted, it was omitted
to tighten the bolt of the carrier on the encoder axle. GGRRRR!

¥ In the course of the measuring tests on the SWN8l, the transducers ZV0O and
CVO emitted regularly responses of which the pattern and size did not comply
with the expectations. Relatively much attention has, therefore, been paid
to the testing of these transducers. In most cases the conclusion was that
the sub-structure of the handpump had indeed been cutting capers.

5.6 RECOMMENDATIONS TO MANUFACTURERS OF SWN- AND VOLANTA PUMPS

N.B. 1. The interpretation of project recommendations by the pump manufacturer
and the ensuing adjustments in the design, if any, are the initiative
and responsibility of the manufacturer concerned.

2. The adjustments that have been effected in the design are in most
cases not solely the result of project recommendations. In the
majority of cases the manufacturer was aware of problems, but tried to
find the best solution. The project recommendation had a guiding
effect in such cases.

5.6.1 RECOMMENDATIONS TO SWNV AND ADJUSTMENTS IN THE SWN81 DESIGN

The SWN81, without cylinder support, is in its present form unfit to cope with
situations in which a riser length of 80 metres and more is required. By
pumping ’in the normal way’ the pump will deliver (practically) no water.
Though it does by pumping ’against the handle stops’, yet the output also in
this latter case is limited.

Cylinder support has a positive effect on increasing the output (by pumping
’against the handle stops’). However, the counter-weight protrudes at maximum
length from the handle when pumping from great depths, which means that by
pumping ’against the handle stops’ a stroke of 150 cm with the hands is made!
This requires, moreover, an effort that can only be put forth by physically
grown-up people.

A smaller diameter of the piston is likely to have a positive effect on the
SWN81, in that it makes the pump more comfortable to work with by pumping from
greater depths: Because the forces on the pump handle decrease and the axial
deformation of the riser is reduced (= greater ’volumetric efficiency’).
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Substitution of the teflon tape for sealing the riser screw—couplings by

elastic plastic sealing rings

- makes assembly of the pump simpler,

—~ prevents the problem of lack of tape during re-assembly when the pump has
been lifted on the site, and

—~ provides probably a better sealing at high internal pressures, so great
riser lengths.

RECOMMENDATIONS PRECEDING THE SECOND PROJECT PHASE

Riser couplings in a slightly longer form (a sleeve extending 10 mm past the
screw-thread) do not have the desired effect of reducing the bending stresses
in the screw—thread.

The swivel is effective in limiting the bending stresses in the upper end of
the pump rod (where the highest loads occur): this applies to bending
stresses caused by mis—alignment of rods, screw—threads, etc.

A special wrench was required for assembling and dismantling the piston
sealing. By applying a slightly longer securing sleeve with an opening in it
for a thick pin, the special tool becomes superfluous. (This has meanwhile
become the standard construction.)

As the threaded part of the pump rod sections was sometimes longer than the
space in the long coupling-nut could contain, the glued joint came loose as
the nuts were tightened up. (By lengthening the nuts, not only the protruding
part of the screw—thread became shorter, but it also provided a larger surface
for the glued joint.)

The glued joint between the riser and the screwed sleeve {(on one extremity of
the tube) was not resistant to water. (This flaw was to be attributed to
incorrect use of the glue, as well as to its poor quality, and has meanwhile
been remedied.)

5.6.2 RECOMMENDATIONS TO JV AND ADJUSTMENTS EFFECTED IN THE VOLANTA DESIGN

The fitting of centralizers for the 9 mm pump rod is a useless and time-
consuming job, as there is hardly any space for turning the spamnners. (A
suggestion has been made to adapt the form of the centralizers).

The threaded ends of the pump rod connections have such a tight fit that it
must be feared that they will break. (Probably this problem occurs only in the
proto type rods that have been made available for the project).

The supplied pump rods are greasy (and dirty for that matter). Cleaning before
installation is essential with a view to the quality of the pumped water. The
instruction manual does not make any mention of it. (Proto-type problems?)

Besides, some proposals have been made as regards pump variants, worth
measuring:

- Flexible fixing of the sleeve from which the riser is suspending.

— Axial flexibility in the connection of the piston with the pump rod.

— A smaller flywheel in connection with the question if the large standard
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flywheel is necessary. (A flywheel of 75 cm in diameter has meanwhile been
supplied by JV on behalf of the project.)

N.B. At the request of Mr. Bliemer, J.V., it was agreed that, if possible, a
series of measuring experiments would be carried out with new glued
Joints of the riser.

RECOMMENDATIONS PRECEDING THE SECOND PROJECT PHASE

A smaller diameter of the riser is desirable in connection with the then
possible use of the Volanta pump on 4" boreholes,

Using the same piston diameter in a riser with an inner diameter of 70 mm
requires only minor adjustments of the cylinder.

Testing a 'Hybrid’ of the Volanta substructure in conjunction with a handle
drive mechanism (for instance of SWNBl) is worth being looked into, so as to
be able to judge the differences between the two drive—systems (material
stresses!) and to examine the necessity of the voluminous flywheel.
(Measurements will be taken on a hybrid, if time permits.)
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. DEFORMATION OF THE RISING MATN
{(hypothesis)

6.1 INTRODUCTION

It appears that the plastic rising main is still a weak point in handpumps,
notably in the case of deeper heads. Sooner than one might expect the pipes
break/tear off at the upper end, close to the suspension, but sometimes also
not far from the lower end of the pipe. Apparently the material is exposed to
loads that will lead too soon to fatigue of the plastic material. In the
computation of the stresses to be expected, there are most probably too
optimistic estimations and/or a number of factors that have not been
recognized. This is not to be wondered at, as the picture of the deformations
occuring in the riser is very incomplete. Besides, it is not exactly known to
most designers what loads the plastic can stand under *field conditions’.

Therefore, in this chapter an attempt will be made to give a more complete
analysis of the deformations as a consequence of static and dynamic loads that
may occur in the act of pumping and in rest (notably) in the riser. (This is
only a hypothesis!) To this end the different kinds of deformations that may
be expected will be looked upon more closely in the following sections. In
practise these deformations may be said to take superposition, which not only
hampers the analysis of the IAD measuring experiments, but also the prediction
of the behaviour and, consequently, of the stresses occurring in the riser of
other pump designs.

Factors that may weaken the plastic itself, like inferior material and
manufacture, UV light, higher working temperatures, chemical attack (glue!),
and so on, are beyond the scope of this chapter.

6.2 FATIGUE

It can be stated that fatigue is the main cause of breaking of the plastic
riser and the stainless steel pump rod. Therefore a short digression on the
matter is justifiable. For more details, see Beekman and De Jongh [BEE89].
The occuring stresses in the rising main and the pump rod are well below the
maximum tensile strain for static loads. However, the many million pump
strokes, to endure over several years, make that fatigue becomes an important
factor.

Pumping causes a frequent load fluctuation (on top of the static loads). The
load fluctuation causes a gradual reduction of the strength of the material.
To prevent a collapse of the material at long term under these relatively
small fluctuating loads, the pump parts will need to be dimensioned and
constructed as such that the maximum occuring stresses will be well below the
tensile strain.

Grooves and cracks worsen the situation, because this results in local stress
concentration. This is the case with screw threads, but the action of glue can
cause similar effects.

Besides, it has been proved that PVC will even age and weaken under static
loads!

The report of Beekman and De Jongh shows that for calculating the necessary

diameters and wall thickness of the rising main and the pump rod the static
loads hardly play any role! The expected amplitude of the fluctuating
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stresses, its frequency and the measure and the shape of grooves (threads!) in
the material, are the determining factors!

These facts give support to the project objectives to study the dynamic
behaviour of the handpump, for a better understanding of the cause of the
oscillating bending and tensile stresses.

6.3 DEFORMATION AS A CONSEQUENCE OF STATIC LOAD

In the case of static loads one should in the first place think of the weight
of the riser itself as the riser is (mostly) suspended from the upper end.
Besides, during standstill of the pump, think of the weight of the water
column. (A cylinder support, if any, may mean a certain relief.) In the first
place this will cause axial tensile stresses in the riser, which are heaviest
in the upper end. In the bottom end of the riser the axial stresses will only
be caused by the pressure of the water. However, the water pressure also
creates tangential and radial tensile stresses in the tube, proportional to
the difference in pressure over the tube-wall in situ.

Beside these stresses, also bending stresses may occur in the riser, for

instance because:

- the riser itself is bent,

- the glued or screwed joints are not straight,

~ the stand, from which the riser is suspended, is not in line with the rising
main (either inclined or anchoring beside the centre-line of the borehole),

— the well itself is not drilled straight.

The resulting bending stresses caused by the undesired deviations are rather

difficult to judge (excluding those caused by the stand inclination). The

occurrence of not in-line joints is probably the most important,

Besides, the material stresses may in some places be higher, because of:

- variations in wall thickness (’local manufacture’),

- scratches and cracks in the wall of the riser,

- screw threads: decrease in diameter, abrupt transitions and additional
stresses caused by the coupling itself (’tighten up firmly!’),

- glued sockets: abrupt transitions to another pipe diameter and force fits,
and lesser elasticity where glue acted on the riser wall.

It is self-evident that these latter factors play a much more important part

in dynamically changing loads!

In handpumps the axial stresses will cause a lengthening of the riser and,
therefore, a reduction in diameter and wall thickness as a result of
contraction. Besides, the inside overpressure will cause a widening of the
pipe and a reduction in wall thickness (and also a slight shortening of the

pipe).

Thermoplastic synthetic materials (like PVC) will remain permanently plastic!
Eventhough the elastic properties are apt to diminish by ageing (among other
things owing to evaporation of the solution from the basic material and
fracture of the long molecules under the influence of UV-light). This may lead
to brittleness and cracks. The action of glue will have similar consequencies.

In case of imposing a tensile load or a compression load, the deformation of

the material will contipue: this is called ’creep’. As long as the load is
exercised, the material will deform further! As soon as the load is removed,
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the material will try to resume its original form! However, the material will
need much more time for this: more than 10 times! [ICI8S0] This means that the
pipe, even during short, but sufficiently frequent tensile loads, will
continue to extend! (Think of piston pumps!)

Crwp
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Figure 6.1 Creep in uPVC as a function of the tensile stress and the
temperature. (Source: Wavin R&D)

In the figure are drawn the axial tensile stresses for:
— SWNB1: by a riser length of 96 m, du= 47.5 mm di= 36 mm

—~ Volanta: ditto du= 80 nm di= 70 mm

Qhuxial,static (%105 Nm2] in riser top end: bottom end: mean:
SWNE1 2.6 1.3 2.0
Volanta 4.4 3.1 3.8

(N.B. 0.1% of 96 m is almost 10 cm!)

6.4 DEFORMATION AS A CONSEQUENCE OF DYNAMIC LOADS

The following causes for varying loads in the riser can be distinguished:

- the upward piston stroke and pressure valve closed, relieving the cylinder
bottom, followed by the downward piston stroke, applying the load of the
pressure prevailing in the cylinder to the cylinder bottom;

- acceleration of the piston (and the cylinder!), causing pressure waves that
will travel through the whole riser;

- closing of the foot- and pressure valves: this will cause minor pressure
waves;

— friction of the piston seal: acts upon the inside cylinder wall in the
direction of the piston stroke in regard of the cylinder;

-~ friction between pump rod (—guidance) and riser;

— friction between riser and shaft wall;

- reaction forces of the shaft wall on the lateral motions of the riser and
cylinder;

- any motions of the stand (owing to poor fastening and ample flexibility of
the stand).

These factors cause tensile stresses (in axial and radial direction) as well
as bending stresses. They may lead to axial and radial deformation of the
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riser, to swinging, ’snaking’ (and buckling).

To gain inside in this complex of events the following quantities have been
determined as part of the IADHPP experiments: the axial and bending stresses,
the pressure inside the cylinder, the axial movements of the piston and the
cylinder.

The development of physical sub-models by project partner TUE is limited in
the first stage to describing the axial deformation, in relation to the
pressure fTluctuations in the pump. This is complicated enough, for the
present.

The axial dynamic deformations of the riser can be described quite accurate in
relation with the momentane speed of the water in the pump (-cylinder) and the
occuring pressure fluctuations. See section 6.5 for more details.

Related to the bending of the riser, there can be distinguished between:
- bending caused by buckling, especially in the bottom part of the riser;
— snaking: a transient transversal wave in the riser.

During the upward piston stroke it will even be possible that axial pressure
stresses occur in the riser of the SWN81 (to say nothing of the bending
stresses). In the upper end of the riser the axial pressure forces may rise to
about half the load that would cause buckling of the riser. In the bottom end
the critical buckling load can even be exceeded! If even the pump rod prevents
a real buckling, yet during the time that this pressure force occurs the
(never truly straight) riser will bend between the pump rod centralizers and
couplings respectively and eventually it might touch the rod (if it were not
for the fact that the whole SWN pump rod had been provided with a protecting
PE-tube). The pump rod therefore limits also the maximum bending stresses,
which may be caused in the riser as a result of this lateral deflection
‘around the rod’. It will be obvious that there will be a greater friction
between the riser and the pump rod, especially near the cilinder.

N.B. The effects referred to above can have such a great impact that during
the upward piston stroke the cylinder will make an even greater upward stroke.
This means that during the upward stroke the piston in the cylinder moves
downward! This phenomenon has been ascertained in the SWN8l with a riser
length of 96 metres and it appeared that, when pumping very slowly, this
phenomenon still existed (that is to say without the additional pressure waves
and with counter-acting friction forces of the piston seal).

Moreover, the rather sudden relief and reloading respectively of the cylinder
bottom at the beginning of the piston strokes probably causes the phenomencn
called ’snaking’; a fierce oscillating and waving motion of the riser,

probably a transient transversal wave. See for details section 6.6 ’Snaking’.

6.5 TRANSIENT PRESSURE WAVES IN THE RISING MAIN (by J. Grupa/TUE)

To pump water out of the cylinder, the water needs to be accelerated, by the
upward moving piston and/or downward moving cylinder, relatively to one
another. The water will ’resist’ agsinst this acceleration because of its
inertia mass. This will express itself by a suited increase of the local
pressure in the water, opposing the related displacement of the piston and/or
cylinder. This local increase of the pressure will then lead a live of its
own: it will run the riser up and down as a ’pressure wave’.
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These pressure waves can be described by a theoretical model. Calculations
with this model lead to a propagation velocity of these pressure waves (=
speed of sound) of about 450 to 500 m/s for the SWN81 and the Volanta pumps.
(By pumps with a riser of steel-tube this is about 1500 m/s!)

By generating the pressure waves in just the right rhythm, the waves will
amplify one another. The waves together will form a much stronger pressure
wave of which the amplitude may become as large as the static pressure. This
phenomenon is called ’resonance’.

With the model a simple interrelation has been derived for the resonance
frequency:

fres= C / 4L
in which: fres= resonance frequency [Hz]

C = propagation velocity [ms~1]
L length of the riser [m}

These resonance frequencies have been proved by experiments.

This formula shows that the front of the pressure wave travels 4 times the
riser (twice over up and down) to generate one complete pressure fluctuation
(= called ’pregsure wave®) in the cylinder.

The pressure fluctuations in the cylinder, generated by pumping, are influen-
ced by these travelling pressure waves. Frequency analysis of the pressure
fluctuations in the cylinder, however, show that the pressure fluctuates
mainly by the pump frequency and its higher harmonics.

The effects of the pressure waves, travelling with the speed of sound through
the riser, only show in the magnitude of the pressure fluctuation in the
cylinder and the delay of the fluctuation (’phase shift’). When the pump is
operated with a frequency, equal to the resonance frequency of the travelling
pressure waves (or a multiple or half or a third of this frequency), then
resonance will occur, resulting in (much) higher pressure fluctuations in the
cylinder (and the riser!). Up to 1.5% the static pressure has been measured!
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Figure 6.2 Pressure fluctuations in the Volanta cylinder as a function of the
pump frequency. (Data file: VOOMA802.DAT. Riser length: 77.5 m)

o » N a\m

First Semestrial Report -32- Projectnr. BUZA WW/86/043



IAD Handpump Project Measuring program IAD

The magnitude of the pressure fluctuation is hard to calculate; theoretical
models do not yet have enough accuracy. (Project partner TUE is working on
this matter.) As rule of thumb it can be stated that the pressure fluctuations
closest to the resonance frequency will be amplified the most.

A main constraint in calculating the amplitude of the pressure fluctuations in
the cylinder and the riser is the necessity to know the acceleration of the
water or the velocity profile at the bottom end of the rising main. This local
velocity of the water is determined by a delicate interaction of the piston,
cylinder- and valve movements and the travelling pressure waves.

P.S. Note that the person driving the pump adapts his way of pumping and the
pumpfrequency to the pressure fluctuations in the cylinder and so to the
travelling pressure waves! (He/she can feel the fluctuations in the
handle.) This is probably the explanation for the common seen
'fluttering’ (fast pumping with a short stroke).

6.6 SNAKING
Any change in axial tensile stress in the riser and the rod is ’communicated’

by means of longitudinal waves (of which the vibration direction and
propagation direction coincide) at high velocity over the whole length [BAU ]:

Ciong = VFE / p (1 -p) x (1 - Zp)

in which: Ciong= propagation velocity [ms—1]
E = Young’s modulus of elasticity [Nm 2]
P = mass density of fluid [kgm 2]
o = Poisson’s ratio of contraction [ — ]

For a uPVC tube with u = 0.35, E = 2.5%10° and p = 1380, Ciong= 594 ms!.
For p = 0.4 Ciong= 466 ms~'. (N.B. For the SWN riser a contraction factor of
0.4 has been measured.)

But when it is a question of considerable and sudden changes transversal waves
may arise (vibrations perpendicular to the direction of propagation). This
pulsation is accompanied by a relatively great vibration amplitude and
relatively low propagation velocity. This is probably the phenomenon that is
called ’snaking’.

The next relation will give an indication for the propagation velocity of
transversal waves in the riser:

Ctrans= \rﬁxial /p

in which: Ctrans= propagation velocity [ms—1]
Taxial1= axial stress [Nm-2]

(This formula is valid for tramsversal waves in ropes. [CRE87])
During the downward piston stroke the tensile stress in the riser is maximal.
By the SWN81, with a riser length of 80 m, is in the upper part of the riser:

Taxial= 2.3%10° Nm~2. This would lead to a propagation velocity of
Ctrans= 41 ms~!. In the bottom end of the riser the mean stress will then be
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about 1.1%10% Nm-2, which means Ctrans= 28 ms~!.

During the upward piston stroke the stress is less, as will be the propagation
velocity: in the top—end about 28 ms-!, and in the bottom end about 0!

These are ruff estimations as the trustworthiness of the formule has not yet
been proved for PVC risers filled with water.

It is even possible that standing oscillations arise temporarily in the rod
and the riser.

Probably the deformations in the rising main are greater as a result of
'snaking’ and it is here that the highest bending stresses will occur, in the
pump rod (except the rod upper end!) as well as in the riser. In the case of a,
standing wave the frequency with which the bending stresses fluctuate is
probably much higher.

The deflection of the riser is so great that the riser and the cylinder can
possibly hit the shaft wall, if this would not be impeded by means of
centralizers.

In every—day practise of pumping the phenomena above referred to do not really
get sufficient time to develop entirely: the pumping strokes usually succeed
each other too quickly for that. This means that there will be a superposition
of different wave phenomena, owing to which new conditions of equilibrium may
be attained. And this hampers notably the analysis of the measuring results of
these phenomena.

To express a definite opinion on these phenomena would at the present moment
be premature. The measuring data will have to be further analyzed in the first
place. Thereby physical models for a description of these phenomena will have
to be appreciated at their proper value. Only then it will be possible to draw
up any justified recommandations to check the adverse effects of these waves,
such as perhaps:

— a flexible suspension of the riser,

- irregular spacing of centralizers,

~ a smaller ratio diameter of piston / inner diameter of riser.
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7. CONCLUSTIONS

A treasure of information about the dynamic behaviour of the SWN8l1 pump is now
available. And the same will be the case in the near future with regard to the
Volanta.

The measuring experiments on the SWN 81 have again cost more time than
originally estimated. It remains difficult to enforce the progress of such
experiments.

IAD have hardly been able to make a start with analyzing the measuring data
because of the delays and owing to the fact that priority had to be given to
the erection of the Volanta set-up (before winter had set in?). However, in
co-operation with TUE some main lines of the dynamic behaviour have been
analyzed.

The teething troubles that have pestered the measuring experiments in the
beginning, seem to have now been surmounted. Considering the difficult working
conditions, most transducers are now functioning quite properly.

The measuring program on the SWN8l has been completed, with the exception of
the measurements with centralizers and cylinder support at other riser lengths
than 96 metres. For reasons of lack of time and because it wil most likely be
possible to gain sufficient insight by the gathered measuring data.

A number of recommendations have already led to improvements to the SWN81
pumps. A further analysis of the measuring data will certainly result in more
recommendations.

Based on the experiments it may be concluded that the SWN81 pump in its tested
version, and certainly without the cylinder support, is unsuitable for heads
of 80 metres and more. The delivery per stroke decreases so much that it is
only possible to pump up water while using the maximum stroke of the pump.

Air bubbles in the pumped water will probably hardly play a part in handpumps,
since the concentration of air bubbles at normal immersion depths (minimum a
few metres) is less than 0.1 %. At immersion depths less deep ("0 m.) air
bubbles may cause a complete change in the behaviour of the pump.

And last but not least:

With the experience of all the project partners and with the measuring data,
it must be possible to raise the insight in the phenomenon of the deepwell
handpump to a higher level and to give answers to the most important questions
with regard to controlling the dynamic behaviour.
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APPENDIX A

Summary of datafiles of SWN8l1 measuring program



LHALN. OPSlas/ FUNKTIONEREN VAN OPNEMERS

| PVERZICHT PROBVEN /SWNeL/ sep e /17

& ¢ & y : SN W%
> A & > . k5 °{Q
73 égi" gf‘Q ~ S8 58 J”Q,@?f Te I (K 4 > Q“S-iq& / ;\;P % //RER // RBE BEC REp /RSA
. N . x ~2 4
QQ' &0\}“ *\} qQ’ * QT @Q qq’ &L, f..'-c. ro'é,g’ v LY ‘f“ 'VJJ‘ J{l"‘o s / P 2 ¥; Vo A gt [
Sge1|5 o HA 2@ [10.6.88ru|S 202 oloj2r | Hijolol o [H - @ W* |_gut X
soo2|s ¢a HB 21 " . olof - olef o H - . W " ~
SPB3|S e MB 201 " “ . lelol - 1« lole] o M|Bps-rghzo| . W " ~
Seod |spe MAR2ot V', " . lolol « 1. loelol o MAl - . W "
soes | s o R 28 rl?.bSQ . I52¢1 lolo] . | . lelel o |-IB] — . ) "
saeb 1S op RB 2a " . . Jolol .| . lolel o |-B] - .
Segp? [Soe RB 102 Y ) olol . | . |oto] o. |-1B] - . .
Seel [Sep RA 22 | lotei - | « [ofe] o -] - |- . 1
5@@99 Soz RD 281 |5.7.68 . ol0] . ool o {-ID - » oswk.orust)2.gs ~~
soedB| Sow RA 13 " . lolol |« lo]o| 0. {-{R] - C -y
S&i Se@ HA 222 |11.7.68] . . lolol‘n | .« lojol o HR| - = 1-@5 _ ~
s@lh | 59 HD 201 , . tolol «|. lojol © HID - . ~
sgiz | Sepe MD 2! " . o] o] B olcl o [MiDp.8-2ofn0 ‘e ™
sa | sge MA 262 o " o] « | . {olo] o. M@l . . ~
S a‘q 5@‘-! MH 2¢l I " " 0 O " - O 0 X.+O.?6 M H " ¥ . A
il s@is | Se4 MD 2@i “ " . |olo| « | . leloktoasM|D] . ‘ " i~
seb | S84 MD 22 v . B old . | . lolox+i.6 M|D “ o ~
sS@t | Se4 MA 2p2 " N . Jolo| « | - |oloke+te MIR] - " i-@b ~
sS@8 | sps MA 283 , . . lelel « | « lelopetaMp| - . ~-
sga | Spy MD 23 . " . lelot . | . lolopctazMD| . . " ~
sazp 1S ot HD 22 . N . lelot« | » loloptaz[HID|. — . " ~
s@2i | Sa4 HA 221 w ) . 1oj « | - folo+32aHA| -~ " " ~
” s@22 | Seu MA 224 “ . . ool « | « [otojx-1.6 MFH roﬂ-zq'r;.m " . |-
5@5 S¢q MD 2@"* " " " o O L n OD x'l.b D " " H ~
sgiu |Seu MD 285 " . . okz « 1 loplyrr-6iMD . . - (PF ~
s@2s |Sey MA 205 " . . |ole « fololyti-6 MRl . " : -
se2b | Seuw MR 2¢b . . . lole . lojofy-1-6 [MA y , ~|- |-
s@2f | ses MD agée ) . . lop] « | - |ofelg-1-6 MID . . -~
s@28 | Sge MD ag2 . . . el ] . loel e D “ o ~
sSg29 | Sep MA 203 " W . ole|] | . lelol o Al . " [~ —
s@3p | S@l HA 21 12.3.068] |, ool . | . |o|i} © Al - " o -1-]-
5@31 |Se MR 2@ " , . Jolof .| . lolif o Alo.8-2.9k10| - 1.8 -~~~
S@832 1595 MA 20 y . Jolof - | . loltjxsibfiR] . . .. et
Se33 | S5 HA 21 " . lolel ~ |« o]t fx+i:6lH[A] — ,, ~--
sex | Sps MA 192 " N i ool . | . jolt 9+:.b MR o.0-2.6/120] . " —[—{-
Sg35 | Spp HA 183 28.7.88] , |S 202 [ole] . | . |ole]|” o |HIRl - . " -
Se36 | S MA 284 " " . lolol . |. |lolel o M|Rjs-zgrno| . " -
S5t | Sop MD 283 “ N . ool 1. lobl o MOl . “ "
s@3d {Sg@ HD 2p2 ) " . lolo| + |« lelol o HiD| - N I-@¢9
® Wz Woler opbrengst bepaling SJA.a.a.n
l’ — e —— oy Xt — L e e I R R ENR ) M e O I R ..l, |- - _.
N | P T N . | SV N ) SR NN N IO [SNUOON ) O AN SV SNSRI IS N S N N N N I A O I A |
AR Y : e A N N : . N N .
T b“, ; “um"—— wunul e i R EnE I eaa R e d A a R e R e el —




RZICHT PR /OWN UL/ L , “ /. . :
Ve CHT PrROEVEN W BLAD Nr. /2 2/ SMALN. opsLa FUNKTIONEREN VAN OPNENERS

N4 ﬁ »~ 47 : Sy L N 33@“
A ) & A ¥ < xP/
s s/ &5 S S5 N P 2 > s;r*‘ﬁ-hj& o &’, gn /BB /RRC /RED /RSA
& R D Qgﬁ” 5 & /P N RTINS ) ép‘{jf«* &N A{v‘w_ﬂ o & / ¢
S/ ¥ Qq S ST & : < dal < e & SPAAP 2 ¢ SRR I A Aot Z

sg33|sspHMALes 12.8.68 |rk]sS 2@2 jolo| 21 | 4. o b.8.200m0) & W™ I.z2¢ 'x -
sguo |SP B HR 284 " - «  Plol -~ j4.@ o - . (W - T P X -
s@4i |see MD2ieu o -1 . o 4.8 o Sagrao| o« |W , |
s @42 |sp> HD 23 . s - () - 4.6 o - Y " l
S @43 |so MD 285 e | - folo| ~ |20 o 2qfriof o W . P i
Spau |S@d HD 224 " " ~  lopt - {2© o - . W " i
iS5 |So2 MR 226 | . P « . Prlol - lio o] p8-zofrao] o W I. 1 X -
S @4b |spes HR 295 . |- - lope] « |20 o - o W ” ; -
Seu? |Soe HA 286 o |- . ol - | o o - 8 v -
s@4l |sep MA 2¢¥ . " » | o o b.8.2.900| « _ .| ®ix -
S@49 |S@@ HD 1p5 " . . | o o - . " P
s@asg S8 MD 286 . b " . |l o o 08-20:00| _ "
s@5! |speg RA 294 [3.8.681 . - . lo o - . ol .
s@gsl |sed HD 4@t | 5.8.88] . |S4@1 39|18 o - . "
S5@53 s MD 4@t " “ " . |18 o p.8-2.gk00 ., 2.¢¢ ,
S@su |Sep HR 4 o - - 18 o - " - & -
s@s55 |Se2 MA 4@ " " 18 o pd-2.fno| .. - lex v -
5 @56 (Se® HA 4p2 ; A . 1o o < . . '! ~ -
S¢S? 5¢¢ MH "’02 " " » " (O O Pﬂ-t.o,‘rum i " 1 - b
s@58 |ses MD 42 » - " o {10 o b.&.rgfrno| .. "
5@59 Sw HD 492 i v " ’ 1o o - "
Spbp |Spe HD 493 | 8.84.89] . " - |5 o DLA - .92
5961 |ses MD 4@3 - . . . |5 o -agrazo| - s
5¢62 S5006 Mﬂ 4% " " " + 5 o] D.G.Z.Oﬁ‘zllﬂ ' " : - -
s@b3 |see HAR 423 | 3.888] . {Sup2 - 15 o - -- i - -
sabu |spp HA 44 [11.8.68] .. |sag3 .l 5 I} - . : ¥ | - -
5865 |sge MR4es | . |. | . .| s o b8-2.0f010 . X - -
Sobb |sas MD 4¢u o N " o 5 o o8- Lofr 00 "
spb? | dos HD 44 | . o " o 5 o - 2.¢3
sp68 | spu MD4gt 9 . . olo 5 x+1.6 p.&-2.0fnus] .. .
S5gb9 | sg4 MD ap2 . i . ol . |5 y+1.6 0.8-2.0fzz0] .. y .
s@¥p | Soa MA 4ol " o « olol. | . g+1.6 b8-20frne| . " - -
SeH (|Sseu MA 4@l v N " olo] - +1.6 b.8-2.0frinze] . ' - -
s@?t | sar HA agn [12.8.88] . " oclel - | 4 o - " = —
SE3y | S MA 482 {18.0.68] . |S4@u jojo] . | 4 o 8-2.80r120 o X
S [ser HR 4@2 | - - . lolo| - | . o - 2 . @ X
SQ?S 5@[ MD 4¢2 e - " 0 0 N :t O -ﬂ-z.q’i’:lw "
S@36 | 5@ HD 4p2 . " O[O} o | = o - , .
5¢?? S¢! MD AI¢3 " oot 4 (o] D -8‘!.6["':2:0 " .
S@i8 |szi MA 4e3 ) opl. {. o} A bo.8-1.6fr220d “ X
5¢13 | s¢gs MD 4@l " . . folo] . | - Xtrb [MIDjosbfrad |, “
Sl | ses MA 4ot " " o lolol. | & bott.6 MR lo.8-1.6)rad . . %@ X
5081 | sps MA 44 “ ” " oo ~ | . et 6 8-2.0fr=ud - 2.5/ 0 X
o@8r [sgs MD 4pu “ " . Jolol « | . 820fe:02d “
5¢83 3¢5 HD 4¢.5 - . . " It OO 4 " 1’!-6 0—24(::00 " . i, 7
384 |=@s MRasa | . | . « |olof. . +.6 M|Abssgrd . | . P .X e
rs,g.s_s SesMA agr |, u ~  lop| | « 5+:.6 Fa-;.q,-_m e fe e j-ga9 @ RY _ - ,
—- ol st el Kt I 8 i St Y L Ot TR St el vl ol M ¥ SRR EEEEEEL R ERL L L
AN RN N N RN N R RN : I R FEEEEEEEEEEEEEEE SRE
SR IO ST S EE RN S NI D N G VNS D QU UDUR SO DI SOOI WO N N U O N O AN O R LI N I O )




' OVERZICHT PROEV SWN81/ &iap Nn /3 / e ; , o
{ Ve EN - /MALN. OPSLA FUNKTIONEREN VAN OPNENERS
A é” Qu\
N A /A £\
R P S (X - N k, BA / RBE /RRC /RED
Q G4 A / P >, ‘ A A A,
6155 MDape :8.8.%2‘ : of ily+.6M{D
?|sed HD 4 |23.8.89 - Hil" o
SB3 MD 4p2 " . . olol-.. | .. [tjt] ©
gls@a3 MD g . - , olol . -l o
ol5@3 MR 4pi . n -~ lole t|i| o
i 1IsE3MB 4p2 . “ « tolo] « |« L] © ' X
2 15@3 MA 423 . . N "= > P R T I e X
3 |5®3 HR 42 w - . tolol .| L el o |H X
y |s@t MR 41 " “ N 153 (=1 (NP [ P T 2N Y X
sgz MD 421 “ . o ool .| . S feee6 MDD , : ;
b|spr MD 4o . " . ol, | . |#17|yr+-6MD . |
t {5@6F*MA 422 | . N DT -1 '>| IR R P RN | . , | X
sp3 MR 4v5 |24.8.88] . . lolot - le |tji[ o MA . }P&ﬁaﬁ
seaMD4ss| . j. | . lolo. |-l © , 1 . | |
$¢3 MH 4¢6 1 - '™ OO - A ! l o] Wﬁ% " |l
s HR 6pi [25.6.88| . |S6e1 |dolbe|23]0]t} © w ;
5¢I HH 6@‘ " » o O + 4 Ol o " W LA ".:x
‘s MA 6@2) - " o. | .loj o . W " 96 X
Sel MD 6p2 . " . lolol. | . |dt] o W - '
s@i MD 6¢1-|. ., | . oo .| . |0t O . W .98
s@i HD éa1 e |1.. Jolof. 1 .|ldtl o W - i
s@ MD 6ba3 N " « |olo| » jie|o9¢] © . " ;
S@l HD égz2 | . «F «~ lool. |. loli| © " 1
set MD é6e4 | . b - lool.|. ot o . . '
so1 MA 623(168.80] . . Jolol. |. o]t} © . W o 90 X
s@t MA 64| . . . lolol. . blijo W . Pt
sei HR 6@2] . . W folof. | L oli] o LW "
sitd | set HR 6@3 i - + loel .| . lol] © W 2.¢9
sty |sgrHD6g3| . | .1 . |lojo| .| . lofi| © W/ .
Stis | sei MD 6ds| . o . lolo| . |5 oli| o « W .
l Site | s HD 664 " o o o .|l. lolt] o W »
Sitz {S®@iI MA 6@5(23.888] . . 1olo]. . oli] © - W P B
5118 | s@1 HR 684 ., I ol .. ]. Idi] o W " ; X
sig | s@s MR 6gl » . o« Jolo| . | . |O]1]xtb “ A
il s12¢ | s@5 MD 6o N " o lolol ) .ol jerir b . " -
sia |sesMDogz | W || . (oo} « | . (O} lytre . 2.1
s122 |sesMA 6@z | - lofo] .} . [oh g6 " , X
?5:23 Sg@ HR 6@ |20.888| .| ., llol. | . lojof o W o X
Si12y | Se@ MR 6@t " . . lolel. 1. lop| O W " X
S12 S@@ HD 6@t " . . opl.1.lo o lw "
5126 | sp@ MDbgi.| . . . toie .1 . lop} o . W " : ,
512% | s@u MD bgn " «t . lopo| .| . loolctié . W 0" ' £
5128 | s@s MAB bz | - . . loio| . ololu+t 6 W y I X —
5129 [s@uy MA6w2 | . .| . ol . +1.6 W 3219 X -
5138 |sgu MD&B2|. .. | . lolet . |, fﬂ.b N YA I - . NERENE AT e L L
3513 |S@e MAGE2]| ., _|. w o]« | - -3 saolyfsoos | o P . X| : A1 I I R O I O Y -
@83 Hon S 13B_mtPhilids weegichgat | b T R R R B B R R
-%'_(mit— : : . 4 ! . - e b |~ 1 L]
U’-i!f% ] AL Ea I N S [ T RN ENEEARE R — M N
G ENT IR TSN WA NN NN R 0N I SO O Y I O o T I EEE EEEEPECEEEEEE EEEE N




VoK UR ZIOBVEN . /SWN L/ BLAD Nr / 4 /.

Aman' oPstas/ FUNKTIONEREN VAN OPNENERS

A ¥ f Y 4 / S /@@
A @ S X A . |
7% & égi" (aqc‘ S S ,&.49 oé’@)’ SR Py A S h:’& 5\3"? Q" 2R / RBB zee / ®ed /RsA
o o . (=) & . x o"
qq,fv FF > S S/ 4 a'q?.\- éo d‘- A d{{" i / <P < L a2 % 1"’./ DA
Si132 |S@e MARO®3|30.8.88| rbfS621 0O o Hﬂobu ;6' 3_@i9 i x B
s1%3 |o@@ MD bez |31.6.66| . 1 . oo o M o . l ,,
5134 {SnELMA S8a1 |do o M “ ” . _
$135 |s@ad HA Qpi |i.9 .688] - - o o |H 38 |W . ¥OIX -
Si% |5@8MA 8a1| . .1 . oo o A ; !
S13% |Ses MD 021 |2.9.88} . . lolo o ) .
St138 | sgz HD Jai B . ~ . lolo o H ad|w 3_@2| | _
5139 | seuw MD 8zt " . . |olol X +1.6 . N =
Siu@ | seu MA 8o » . . lolo x+i.6|M[A "
sS4l | SpuaMRA g “ . . |olo +.6 . . .
siuz | spaMD 8p2 " " «  |olo .- gﬂ.S "
5143 | SppMD 8m2i3.9.88| , - |ole o o .
Stuy sw MR §p2| °, R . |0 o} o P
sius | see MA g 119.9.88jb [ S0 [of0 o o Mi . I}dj...m “ ~
siab | se@ HA @) zo._g.aa N R (e 1) ololo|] o H 3. ™
st | Sep HR 8¢2 [1.3.00 |r.b]s §p2 [olo o |olo| © 28 S?u.m - ~ ~
5148 | sep HA 8p3 [22.9.89 . «  |o]o 5 o 38 o
Sty s@g MBA fp3 " . .« JO « lo ol 9t walr 1 ® X
S‘ $¢¢ MD 8@3 ” o " " & O (o] " ﬁl’lm F]
Sist jsop HD 883 . A ol .| . [o o 38 o
sis2 | 54 MA 83| . o . lool . | . lolo|xw.efit v |géinwatr | . -
Sis3 |sgu MR Ggu] 1 - ol | . [olo]|yr-elt . woler |
sisy |sge HA 8p4] . |. |l . lolo|. | . lele| o 38 f&:’ EN-E o —
s5iss |sop HR 8¢s j2.u88|. |S9s3|op| .| . |lop| ¢ |4 38 [%vo .. ’ Hib:
si56 | sep MA Sgs " " " olol .| .~ lolo] o M v [Fsoo . 10 X
Si5t |spep MA Ogo N » w lolol . | . lojo]l ¢ M . W v« 90 X
5158 |spp HW Geb | . " . Jolol . { « |olo] © |H . ve X
559 |se3 HA 8z |8.10.86 | . « ool .1 il o H - « 90 X
sibe |sp3 MA go “ “ u olol , . |tl] © ob-u’&,ﬁ W e X
stbr | sgF MA g1 " . - lolol . 1« i hi|xtib M “ . w 19 X
$i162 | 8% MRA g2 - . v lole] w1« |tlilgrreM 3_gbee X
1 5163 | 51 HA get [0.1.80( . [Sgei Jolojgbjzoofi[" o [|H[R] — |58 WEeeal f
516y | s@i MA 3o o ; . loleln t . foje} o Mn}ub-.b . e X
5165 | s MA yp2 , . . fotol | i lolif o IMAY re300 | | | « 10 X
SI66 | 5S¢ MA g@3 } . . fofel « | . loft| o |M{Ajob-rarang Wwﬁ o t® x|
a0t | Sen MA 9gu |4.11.88| ., . ool . | Slofi] o MPAps-r4h-sd . . -
sl | sa HA gz " . . folo|l o | - loli} o {H|A| - 58 W -
St63 | st MD ger | . . » ool « | w joltf © IMApssbh . o ~
Sito | sg HD 9@ R w « folo] .| « loji| @ jHlR 58 3.7 : —
S1#l | sos MA Q@) » N « ool . | « o beteb [MIBos- -1L&hz0l b [geanisae " —
St12 [s&5 MR ge2 " - o folof . | 4 {o]t|ytib Mﬂaba%m . lgeensatir . : ]
513> | 5p0 HA go |1.11.88] jb|Sge2 [opsz| . ool o HIA so [w "
St | soe MA get - rbl . olo[ . | . {ojo] o [MiRpérékaeo| . gesate N
S1#5 | Sew MA §e2 " . - eols | . lolo] o M HEﬁ-fﬂrﬂm o %o guaratd .,
1;* b2 s a.umu.nzuuaaﬁbe‘ﬂaggnkb loddar | [ i R S A O O O
— N - i l—4-1- - -§- -1~ L - L
- Y J . i
A ; L “’“’—’-“:‘ﬂlﬂﬁjfﬁ@ ST T T T rrer e




OVEKZICHT PROEV /SWN81/ &L ./ 5 o o :
' & A EN SEAD Nr L“/ HALN. OPsta FUNKTIONEREN VAN OPNEMERS

WY *3?’ w47 4 : >/ N ’x{é@
AP & 3 iy A .
G S S S RS o, DA \:a‘”,?-hj& £ N ‘ﬁi‘, BA / RBE /RRC /RED /RSA
S C LS/ 5 Sl év‘i"e-“fd{"*-"{‘ oy i’
¥ q 9o /5 & 4 N A < S 4 5 / AR, S oo
Spp MDA 121.1.88|cb]lSggz |0 o0 M[obsrofso] 58 hanwake  |3-27 i ié HC
Sepu MA 9t " " 9 o] a6 IM|Bbbrbfraz00] smm.(v ' ! : l <
Sou MAgg2| . . .« |0 y+.6 bb-tbfrriod | [pamwstr P8 | 4
S 8@ HA gg2 23.1.86] . . |o o |H ~ |58 |stanacugs] - te|x <
s ¢¢ MH 993 I ™ " (2] s] oﬁd.%ioo - " » " : I. X ™
5 ﬂﬂ MD 3”2 - “ " (o] 0 H }6!1“’:% " - " . x (
S o@ HD g . . PR [ o [[HPp|l - s81 .. L}~ : .
5 32 HA q@t - . o |t o - 50 |stond H;z;».J “ "X (
518 |s 32 MA gol " - w i O A ph-1.4k-300] - . " g
5185 | S 32 MD ggi . " o M o bbfredool L |, P X (
5186 |5 32 HD §p: . " w o |HIp| .- |58}). " " )
5i8% |532HD ge2 A . . ] o |H|ID] - 58 Lstand +3bsmal . :
5188 [532 MA g2 |24.1.88] - e ! o [MBheitrxo) « M. . 3-89 : _
518¢ |532 HA gee " . | o H - SEM. . « o X
$19p |S32 MD Jp2 ‘ " ¢ o |MiDlb1yhrsd . L I X
| si91 | 532 HA 903 . . - | o [HB| - |58 Ptande3osamn| .. e X
5192 |5 32 MR gp3 , n - ‘ 0 MApb-ibprad . M. . , ’
5193 | s32 MD 923 . . ” ' o M ifrdcof .« | . . x
5184 | 532 HD ap3 - “ N U o |HiD| - . . .
195 | 516 MAggr | #.12.8 .. |59¢3 |o O MiAbbrfhoo] . |tandrusomd . ' =
5196 | 516 HR 9@l o . o o HR| - 5¢9Fv[. . X ~ _
Si9t S |6 MD 3@‘ M " » o o H 6-!.“1!0) " " £ " )g(
5198 |S16 HD 9 n o |0 o Hi{D| - s¢| . . 13-ig
S99 | S48 HA %et h2a2.88|. 1. . |4 o Hi| - 48w " X
S283 | 548 MR 92 o | N o [MiAbbibracol . W - ’
5281 | S48 MD ap " . u i o M DEL-wrzsm “ “
5292 | s48 HD 9@ M . | o Pl ~ 48] + "
S203] 548 HR 902 {m.42.861 . " 1 o HIAl - |88} . %e X -
s2o4 | S48 MAger , v wo o M ﬂtf4£,&~.»u " . e X
5295 5‘43 MD 9@7-. . A " i ] M D -l-q":m " o GL' )
S2¢b | 54§ HD 92 n . . 1 o [|HID| - 50
S2¢% | S16 HD 92 w . “ 0 o HIpl - 58 [stand tudsmy
s208 | 516’ MD gp2. " " . o v Mpopsathse . | 4 o t3-N1 -
S2p9 {S16 MA 982 " " - o o |Mlgkbidfeaed . | » ‘- . te X
5212 | 316 HA gp2 ; n - o o [HR}] =~ (88| + ] . Pe X|
h n.b. prpeven gedaan bpr stohd b 865 mm Bnzjj ojnglers verimelpl .
@gb‘ugbzﬂjaﬁ (N % N O O L ) B 1.
e o - 5 [ - R - e = — - . - .
PR FEREEE T FE e




APPENDIX B

Calibration data
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Measurement equipment
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SPECIFICATIONS

T e T i o o ke b e Py ke s Bt i

(@ +25°Cand Vs = + 24V, Input Span = 30mV or 60mV, Output Span = 4-20mA,
R, = 25002, Vi = 3.1V, with external pass transistor unless otherwise specified)

ADG693AD
Model Conditions Min Typ Max Units 7~
LOAD POWER OPERATION g
TOTAL UNADJUSTED ERROR!# +0.25 =05 % Full Scale
Tmin 10 Trnax +0.4 +0.75 % Full Scale
1000 RTD CALIBRATION ERRQR? (SeeFig. 17) +0.5 +2.0 “C
LOOP POWERED OPERATION?
Zero Current Error* Zero = 4mA +25 +80 LA
Zero = 12mA *40 =120 pA
Zero = OmA® +7 +35 +100 pA
vs. Temp. Zero = 4mA +0.5 +1.5 pASC
Power Supply Rejection (RTT) 12V =Vop=36V° +3.0 +5.6 rVIV
0V=Vcpm=6.2V
Common-Mode Input Range (See Fig. 3) 0 +Vop—4Ve |V
Common-Mode Rejection (RTI) V=Vcu=6.2V +10 +30 nvrv
Input Bias Current’ +5 +20 nA
Timin 10 Trnax +7 +25 nA
Input Offset Current’ Viig=0 *0.5 £3.0 nA P
Transconductance N
Nominal 30mV Input Span 0.5333 ANV
60mV Input Span 0.2666 AN
Unadjusted Error +=0.05 +0.2 %
vs. Common-Mode V=Vem=6.2V
30mV InpuiSpan +0.03 +0.04 %V
60mV Input Span +0.05 006 %V
Error vs. Temp. +20 +350 ppm/°C
Nonlinearity® 30mV InputSpan +0.01 +0.05 % of Span
60mV Input Span *=0.02 *=0.07 % of Span ’,.-\
OPERATIONAL VOLTAGE RANGE 2
Operational Voltage, Vop® +12 +36 A
Quiescent Current IntoPin9 + 500 +700 pA
OUTPUT CURRENT LIMIT +21 +25 +32 mA
COMPONENTS OF ERROR
SIGNAL AMPLIFIER®
Input Voltage Offset +40 +200 wv
vs. Temp +1.0 +2.5 AN
Power Supply Rejection 12V=Vpp=36VS +3.0 *5.6 pV/V o
0V$VCM_‘_:‘—:6.ZV v\,:
V/ICONVERTER??
Zero Current Error QOutput Span =4-20mA *=30 +80 nA
Power Supply Rejection 12V=Vgp=36V* +1.0 +3.0 pA/V
Transconductance
Nominal 0.2666 AV
Unadjusted Error +0.05 *0.2 %
6.200V REFERENCE®"?
Qutput Voltage Tolerance +3 +12 mV
vs. Temp. *20 *50 ppa/°C
Line Regulation 12V=<Vp=36V* =200 =300 wvv
Load Regulation!! OmA=Iggr=3mA +0.3 +0.75 mV/mA
Ourput Current!? Loop Powered, (Fig. 10) | +3.0 +3.5 mA
. 3-Wire Mode, (Fig. 15) +5.0 mA
AUXILIARY AMPLIFIER
Common-Mode Range 0 +Vop—4Ve |V N
Input Offset Voltage *50 +200 pv ' P
Input Bias Current +5 +20 nA i
Input Offser Current +0.5 *3.0 nA
Common-Mode Rejection %0 dB
Power Supply Rejection 105 dB
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| AD693AD

Model Conditions ' Min Typ Max Units
Output Current Range PinIx OUT +0.01 +5 mA
OQutput Current Error PinVx ~Pinlx i +=0.005 %

TEMPERATURE RANGE } )
Case Operating'* Tnin 10 Tinax © =40 +85 ©°C
Storage . —65 +150 . ¥
NOTES

"Total ervor can be significantly reduced (typically less than 0.1%) by trimming the zero current. The remaining unadjusted
€ITOr sources are transconductance and nonlinearity.

2The AD6Y3 is tested as a loop powered device with the signal amp, V/I converter, voltage reference, and application voltages
operating together. Specifications are valid for preset spans and spans between 30mV and 60mV.

3Error from ideal output assuming a perfect 100 RTD at 0 and + 100°C.

“Refer to the Error Analysis to calculate zero current error for input spans less than 30mV,

*By forcing the differential signal amplifier input sufficiently negative the 7uA zero current can always be achieved.

$The operational voltage (Vop) is the voltage directly across the AD693 (Pin 10 to 6 in two-wire mode, Pin 9 to 6 in
local power mode). For example, Vop= Vs = (I gop X RL) in two-wire mode (refer to Figure 10).

"Bias currents are not symmetrical with input signal level and flow out of the input pins. The input bias current of the
inverting input increases with input signal voltage, see Figure 2.

8Nonlinearity is defined as the deviation of the output from a straight line connecting the endpoints as the input is swept over a
30mV and 60mV input span,

?Specifications for the individual functional blocks are components of error that contribute to, and that are included in, the Loop
Powered Operation specifications.

¥Includes error contributions of V/I converter and Application Voltages.

"'Changes in the reference output voltage due to load will affect the Zero Current. A 1% change in the voltage reference output will
result in an error of 1% in the value of the Zero Current.

2If not used for external excitation, the reference should be loaded by approximarely 1mA (6.2kQ) to common).

[ the loop powered mode up to SmA can be drawn from the reference, however, the lower limit of the output span will be
increased accordingly. 3.5mA is the maximum current the reference can source while still maintaining a 4mA zero.

14The AD693 is tested with a pass transistor so Ta=Tc.

Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to

calculate outgoing qualiry levels. All min and max specifications are guaranteed, although only those shown in boldface are

tested on all production units.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage . . ... ... ....... ... ... + 36V OUTLINE DIMENSIONS
Reverse LoopCurrent . . . .. ... .......... 200mA Dimensions shown in inches and (mm).
Signal Amp Input Range . . . ... ... ... —0.3V o Vop
Reference Short Circuit to Common . . . . . . . . Indefinite I"_o"mme’_"]
Auxiliary Amp Input Voltage Range . .. ... —0.3V1oVgp '*_'“'"'"""""'""""‘” ?
Auxiliary Amp Current Output . . . . ... .. .. .. 10mA

o HBEED S -
Storage Temperature . . .. ......... =65°C o 150°C 0.320 (8.13) 0.300 (7.62}
Lead Temperature, 10sec Soldering . . . . .. .. .. +300°C L]
Max Junction Temperature . . . .. ... e v e .. +I150°C

Il Ty 1 ——
1
PIN CONFIGURATIONS

Vil CONVERTER

ap Jean -t
g i

E e -_.”-- ~ "'"(2232)
)

12ZmA E

2ERD | 12

4mA E

&2y [ AND
REF OFFSET

P
:: DIVIDER
Pt ||.'. B
"]
4

P2 |18

s | 1001 +

+si6 [ —I L + ZI 75mv HRRd—r
-

ADg93
SIGNAL E 150mV —a={ 0.300 (7.62) l—-—
AMPLIFIER

Vx E 3 ~AUX
AUXILIARY AMP

AD693 Functional Diagram




*HEAVY INDUSTRIAL ABSOLUTE SHAFT ENCODERS SERIES “TKC 50
HOW TO ORDER (see page 30-31)
SPECIFICATIONS

Resoiution

Code

16 - 32 - 64 - 128 - 256 - 512
- 1024 - 2048
18-30-36-60-72-90-120
- 144 - 180 - 240 - 288 - 360
- 480 - 720 - 1440
250 - 500 - 1000 - 2000

GRAY or BINARY or BCD (8-4-2-1)

MECHANICAL (see aiso page 14)

Dimension
Mounting

Weight
Slewing speed

Shaft

Shaft seal

Starting torgque

at 25 °C

Low torque
Bearing life

ELECTRICAL

Supply voltage
Electronic

Protection

Frequency range
(T=0°C+60°C)

Connections

see drawings

“F" square flange standard
“8G" servo-graffe as optional

520 gr. approx.
10,000 rpm for short period
6,000 rpm for normal operation

10 mm. dia. standard
6-8-9, 52 mm. dia. as optional

available

~0.025 Nm
~0.07 Nm with shaft seal

available
10? revolutions

5Vd.c.t5% or

8 + 24V de. t10%

available electronic see on pa-
ge 23

against reverse polarity
30 days burn-in for ait electronic
components

0+20 KMz (L.5.B. read without
error)

screened cable 1 mt long axial as
standard, radial as optional

Different cable lengths as op-
tional

On connector: MS 26482-851-
02E-16-23P axial standard,
radial optional

Mating connector: MS 26482-
851-06EC-16-235 as optional

On conneactor: DE 25PF oniy axial

ENVIRONMENTAL

Temperature

Protection

Humidity

Vibration
Shock

MATERIAL

Mainframe
Housing
Shaft

Light source

Cable

Connectors

Operating from 0 °C to + 60 °C

Storage from —30 °C to 80 °C
(extended range on demand
only for encoders operating at
5Vde)

~ 1P 55 DIN 40050 without shaft
seal

~1P 65 DIN 40050 with shaft seal

—|P 66 DIN 40050 on demand -

possible execution only

with connector:

MSE26482-851-02E-16-23P

up to 98% R.H. without conden-
sation

10 G (10 + 2000 Hz)

20 G per 11 ms

“AL” termically stabilized

Aluminium

stainless steel antimagnetic

Ga. As. infrared light emitting dio-
de MTFB 100,000 Hrs min.

Colour and equivalent functions
(soe prospect on page 29)

Pin designation (see drawings on
page 28)

ME 2540R- 85102E-18-23P . 376

4 hojes @ 55

835
2..

&
o loz8

524

18 135 815

.'éu‘g,L'

[ 838

L2 [ Ly __(

(see page 28-33)

ON VERSION WITH DE 25 P CONNECTOR L, =71 L, =8

SG

MS 28482-851-020.16-23P azb

(see page 28-33)

ON VERSION WITH DE 25 P CONNECTOR L, =71L,=8

-
8,35 718
3holes M58 ro" '"r
1 i |
L o
£ ‘
i
) O
3 !5 &
[ . % *
1
1
I J 224 ])|] Iase
18 , 13, 13 L 18:05
L2 | Ly

* Analogue interface available

25



j//// ABSOLUTE ENCODERS TKC 50 - TKC 60 — TKC 100 H.D.

SERIES
e _
-k* ANALOGUE INTERFACE TECHNICAL CHARACTERISTICS
“Resolution 720, 1000, 1024 (10 bit) on '360°
512, 256, 128, 64 on 360°°
512 on 180°
256 on 90°
128 on 45°
Output + 20 mA standard (on demand)
4+20 mA standard
On demand : 1+5 Volt
P 0+10Volt
+ 5 Volt
+ 10 Volt
Optional -up/down programmable

- ZERO»signal (TTL level)
™ - ZERO signal displayed
- STROBE signal (TTL level)

Digital frequency 20 KHz max
Conversion frequency 200 KHz
Error | e + 1 bit max
Supply voltage 18+30 Vdc
Current requirement 450 mA max

on shielded cable 1 mt long
axial exit - standard

radial exit - optional
different lengths (as optional)

Electrical connections -

- on MIL circular connector
axial exit - standard
radial exit - available on TKC 50 and

TKC 100
— on connector DE 25 P -~ only axial

If ZERO and STROBE signals excluded:
MS 3102 A 16 S1P included
M5 3106 A 16 S15 on demand

Useful connector types

If ZERO and STROBE signals operative
MS 3102 A 18 1P included .
MS 3106 A 18 1S on demand

For all version :
DE 25 P included
DE 25 S on demand

~wr any other characteristics, mechanicals, environmentals, please refer to absolute

encoders catalogue - Section model TKC.
Page 2



SMALL BORE
DEPTH TRANSMITTER
Type PTX 160/D

Excellent linearity and hysteresis
+0.1% B.5.L. for ranges to 60 bar

Encapsulated electronics
High overload capability
17.5mm diameter

‘Good thermal stabifity
+0.3% total error band ~Z to +30°C

Two wire, 4-20mA

The PTX 160/D transmitter has been specifically
designed where a small diameter (17.5mm) is
-necessary for certain bore hole applications, although
it can be used in reservoirs, the sea and many other
depth measurement applications. The titanium body
is elactron beam welded and a polyurethane sheathed
cable is moulded to the body to complete a high
integrity waterproof assembly.

The cable is tough, and complete with an integral vent
tube and Kevlar strain cord.

The standard accuracy is 0.1% F.5. (0.06% F.S. is
available) and the new glectronic circuit gives very
good thermal stability.

Operating pressure ranges

70mbar, 175mbar, 360mbar, 700mbar, 1,1.5,2,3.5,5, 7,
10, 15, 20, 35, 60, 70 and 135 bar gauge.

Other pressure units can be specified, e.g. mH,0.
Intermediate pressure ranges are available.

Overpressure
The rated pressure can be exceeded by the following

multiples causing negligible calibration change:-
4 x for 70 to 350mbar ranges
2 x for 700mbar range and above.

Pressure media
Fluids compatible with quartz and titanium.

Transduction principle
Integrated silicon strain gauge bridge.

L

PTX 160/D



Transmitter supply voltage

9-30V d.c.
This voltage must appear across the transmitter
terminals and the positive supply must be earthed.

1500

g

(]

TOTAL LOAD RESISTANCE i(OHMS}

POWER SUPPLY VOLTAGE (vde)

For other supply voltages please refer to manufacturer.

Supply sensitivity
0.003% F.5.0./Volt and excellent 50Hz and 100Hz supply
rejection.

Output current

4mA atzero pressure
20mA atfull range pressure.

Resolution
Infinite.

Combined non-linearity and hysteresis
+0.1% B.S.L. for 70mbar to 60 bar ranges
+0.2% B.S.L. for 70 to 135 bar ranges

#0.06% B.S.L. available for ranges to 20 bar on request.
‘Please refer to manufacturer.

Zero offset
+0.5% F.S5.0., set @ 20°C

Sensitivity setting
+0.5% of reading, set @ 20°C

Operating temperature range
—20°to +60°C

Temperature effects
+0.3% total error band —2°to +30°C
75mbar range +0.5% total error band -—-2°ta +30°C.

For special applications itis possible to give improved
temperature compensation over a wider termperature
range.

Mechanical shock

1000g for 1ms in each of three mutually perpendicular
axes will not affect calibration.

Dimensions
17.5mm diameter X 220mm length

Weight
113 grms. nominal.

Electrical connection

1 metre integral vented cable supplied which
incorporates a Kevlar strainrelieving core.

Longer lengths available on request.
2 Core shielded cable

Red Supply positive
Blue Supply negative
Screen  N/Ctotransmitter body

Pressure connection

llustrated front end delrin cone fitted as standard.

This incorporates a hydraulic damper to protect the
device from high pressure puises caused by underwater
impact.

Pressure connections (optional)
G%B

Y% N.P.T.} Flat end

G % B 60° Internal cone

7" U.N.F. as MS, 33656-4
M12 x 1.5 Ermeto

M14 x 1.5mm 6 DIN

Others available on request.

Intrinsic safety (optional) — PTX 160/D/1S

This transmitter can be certified for use with barrier
systems to EEX ia gas group IC with a T4 rating at an
ambient temperature of 80°C to BS5501 part 7 and
Cenelec EN50020.

Options available

Pressure transducer PDCR 830 (see separate data
sheet),

Pressure connections (see above).

Intrinsically safe version (see above).

Ordering informatior

Please state the following:-

(1) Type number

(2) Pressurerange

(3) Cable length

{4) Pressure media

For non-standard requirements please specify in detail.
Continuing development sometimes necessitates
specification changes without notice.

Druck Limited

Fir Tree Lane, Groby,

Leicestershire LE6 OFH, England.
Telephone: Leicester (0533) 878551
Telex: 341743, Telefax: (0533) 875022

PTX 160/D

Agent:

Druck Neoemtamp 8.°
POSTBUS 232

2990 AE Bagensrecut
TEL: 01806-11555

7/85
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YVALVE MOVEMENT <ENSOR

12 3 456 389 1o Power
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MAGNETIC FIELD SENSOR

The KMZ10C is a magnetic firld sensor empioying the magnetao resistive cifect of thin film permatioy.
Its properties enable this sensor to be used in a wide range of apnlications for current and field
measurement, revolution courtters, angulwr or linear position measuremnent and proximity detectors, etc.

QUICK REFERENCE DATA

Bridge supply vattage
Magnetic field ranye
Auxiliary Tield

Sensitivity

Qperating temperature

Vg 1yp. 5V

H, = + 2 kA/m

H, = 3 kA/m

s typ, r_n_W_V
kA/m

Top —40to +150 OC

MECHANICAL AND ELECTHICAL DATA
Fig. 1 VO-528B.

1294009

Vg = supply voltage
V() = output voltage

{1} Tarminal dinensions uncentrotied
withan 1his area

{2} Until October 1985

{3} Starting October 1935,

Dimenstons in mm
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APPENDIX D

Function file (example)
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