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EXECUTIVE SUMMARY

Long reach arms represent one of the options available for deployment of end effectors which can
be used in the retrieval of radioactive waste, from the Hanford single shell tanks. The versatility
of an arm based deployment system is such that it has the potential to improve the performance of
a wide range of end effectors compared with stand-alone or other deployment methods.

The long term reliability and availability of the deployment system is central to the timely
completion of a waste retrieval programme. However, concerns have been expressed over the
dynamic performance of long reach arms and it is essential that an arm based system can cope with
operational dynamic loads generated by end effectors.

The test programme conducted, set out to measure static and dynamic loads and responses from a
representative arm and sluicer, with the objective of extrapolating the data to a long reach arm
system, that can be used for in-tank waste retrieval.

As an arm with an appropriate reach was not available, the test programme was undertaken to

- measure dynamic characteristics of a Magnox Electric 18 ft multi-link, hydraulically actuated
SNAKES manipulator. This is the Iongest reach unit in service, albeit only one third of the 50 ft
length required for in-tank waste retrieval. In addition operational performance and loading
measurements were obtained from a low pressure confined system sluicer under development by
ARD Environmental, to add-to the end effector data base.

When subject to impulse loading, the arm was found to behave in a repeatable manner having
fundamental natural frequencies in the vertical and transverse directions of ~ 1 Hz. There were
also a large number of higher natural frequencies measured up to 100 Hz.
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The mode shapes for these natural frequencies appear to follow classical shapes as would be
expected for a continuous beam. Hence, it should be possible to calculate natural frequencies for
an arm for retrieval of waste from a Hanford tank based on mass and stiffness distributions.
Indeed, in developing a long reach arm for Hanford tanks, fundamental natural frequencies have
been calculated at between 1.1 Hz to 1.3 Hz. Hence the dynamic response could be expected to be
similar to the shorter arm. The responses at the lower natural frequencies were shown to be
relatively highly damped. Whilst this could be expected to be applicable to a scaled-up system,
damping could be dependent on the detail joint design of the long reach arm.

A study was undertaken to determine the sensitivity of response to variations in payload, stiffness,
geometry, reach and force level, the parametric changes that would be encountered in operational
duty. Variations were detected and these were broadly in line with expectations.

The low pressure confined sluicer has been developed to improve upon the performance of other
~ shuicing systems. The sluicer spray nozzle system has been shown to be effective in breaking up
saltcake and hardpan materials. However, the prototype had only limited success in containing
water.

The sluicer was primarily designed for deployment with a remote vehicle and there is clearly a

~ mis-match in the 200 1bf payload for an arm deployment system and the 400 Ib weight of the
sluicer. The sluicer produces relatively large, broadband dynamic forces which will inevitably
excite some of the natural frequencies in the long reach arm. However in view of the high
damping, it is not expected that the resulting vibration would be detrimental to the integrity of the
arm system. To realise the potential benefits of the low pressure confined sluicer, a design
optimisation and development programme would need to be undertaken.

The test programme has provided data that goes some way to allaying concerns on the issue of
dynamic response of a long reach arm affecting long term endurance capabilities for waste
retrieval. Since the SNAKES system is considerably shorter than a system for in-tank waste
retrieval it is recommended that an integrated development programme for the sluicer and
deployment arm should be undertaken that includes rigorous combined testing, prior to "hot waste
retrieval".

Key Words: Manipulator, Dynamic, Testing, Mode, End Effector, Sluicer, Hanford
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1.0 INTRODUCTION

Long reach arms represent one of the options available for deployment of end effectors which can
be used in the retrieval of radioactive waste, from the Hanford single shell tanks. The versatility
of an arm based deployment system is such that it has the potential to improve the performance of
a wide range of end effectors compared with stand-alone or other deployment methods.

The long term reliability and availability of the deployment system is central to the timely
completion of a waste retrieval programme. However, concerns have been expressed over the
dynamic performance of long reach arms and it is essential that an arm based system can cope with
operational dynamic loads generated by end effectors.

Magnox Electric has a range of long reach arms in-service with a reach of up to 18 feet and a
payload capability of 200 Ibf. Whilst in-service experience of deploying a range of end effectors
with these arms has not highlighted dynamic instability as a problem, there is limited data to
support this position. Similarly, there is limited data available on the forces generated by waste
retrieval end effectors.

Theoretical analysis of a long reach arm system of 50 ft reach, designed for in-tank waste
retrieval at Hanford predicted natural frequencies for the first order modes of between 1.11 Hz
and 1.29 Hz. Against this background, measurements of the excitation forces generated by the
government designed confined system sluicer, albeit of a low level of the order of a few pounds,
has a fundamental frequency of vibration, when operating at optimum conditions, of 1 Hz. Thus

.reinforcing the need to resolve this issue prior to employing a long reach arm system for waste
retrieval. Similarly, a better understanding needs to be gained of the forces generated by typical
waste retrieval end effectors.

As an arm with an appropriate reach was not available, the test programme was undertaken to
measure dynamic characteristics of a Magnox Electric 18 ft multi-link, hydraulically actuated
SNAKES manipulator arm. This is the longest reach unit in service, albeit only one third of the
50 ft length required for in-tank waste retrieval. In addition operational performance and loading
measurements were obtained from a low pressure confined system sluicer under development by
ARD Environmental, to add to the end effector data base. The test programme also covered static
load measurement on the shuicer and a limited amount of static deflection measurement of the
manipulator arm.

2.0 DESCRIPTION OF TESTS

The test programme conducted, set out to measure static and dynamic loads and responses from a
representative arm and sluicer, with the objective of extrapolating the data to a long reach arm

system, that can be used for in-tank waste retrieval. In evaluating the dynamic characteristics of
long reach arm systems, it is important to consider the potential sources of excitation. The 1 Hz
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excitation generated by the high pressure sluicer is attributable to the rotational head. The Past
Practice Sluicer (PPS) loading will primarily be that of reaction force from the water jet and could
be expected to induce transient and broad band frequency excitation. The low pressure confined
sluicer under development could be expected to induce hydro-dynamic loading and broad band
excitation from turbulence in the sluicer chamber. In view of the long flexible hoses for the
services to the sluicer, the driving machinery and pump induced excitation could be expected to
be de-coupled from the arm. The fundamental mode of a long reach arm is anticipated as being at
a frequency of the order of 1 Hz. The frequency range of testing was thus limited to 0-100 Hz,
which is considered adequate to cover the frequency range of all possible excitation mechanisms.

Testing on the deployment arm was conducted at Magnox Electric premises in the UK. The
manipulator arm made available by Magnox Electric for the tests whilst having an equivalent
payload capability, at 18 ft reach is only approximately one third of the 50 ft required for in-tank
waste retrieval.

To better understand the forces generated by end effectors, measurements were taken on the novel
low pressure confined sluicer under development in the programme for the deployment of end
effectors from remote vehicles. This work was conducted by ARD Environmental at their works
in Maryland USA (Ref 1).

2.1  SNAKES Manipulator
2.1.1 Base Line Test.

The manipulator arm, fully extended in a horizontal attitude, with all rotational joints aligned for
planar motion in the vertical plane, was subject to multi-directional transient excitation employing
impulse methods. The measured responses in the three orthogonal planes were used to
characterise the manipulator arm modal behaviour and establish the frequencies of vibration and
damping factors. Additionally, measurements were made of static deflections and attempts were
also made to measure torsional vibrations.

This base line test was used to establish a basic understanding of the manipulator arm dynamic
response characteristics and identify the potential for adverse resonant behaviour. This test was
also used to formulate the testing programme for a sensitivity study of boundary condition changes
during operation.

2.1.2 Sensitivity to Payload.
The payload capacity was expected to be of limited significance in relation to the self weight of the

manipulator arm although it could take up backlash and lost motion in the joints. Nevertheless the
sensitivity of response to a range of loads applied to the manipulator arm was investigated



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 ' * TE/EXT/REP/0055/97
Technology & Central Engineering Division ISSUE 1
Page 3 of 33

2.1.3 Sensitivity to Configuration.

Changes in dynamic characteristics could be anticipated as a result of changes in configuration
when the manipulator arm is subject to transient excitation. The sensitivity of response to
configuration changes was evaluated in three ways; by rotating links to investigate changes in
stiffness of the extended manipulator arm, by progressively altering the geometry of the arm and
finally by reducing the extended reach.

The supports to the pivots of the gear driven articulated joints of the manipulator arm are believed
to exhibit maximum stiffness in the plane of articulation. By operating the two rotate joints of
shoulder and wrist in 45° steps, changes in local stiffnesses were evaluated through investigations
of dynamic responses.

For in-tank waste retrieval, the deployment system will be required to operate avoiding interaction
with in-tank hardware. This would lead to geometric changes to the configuration of the
manipulator. The sensitivity of dynamic response to such changes was examined with a range of
articulations of the arm and wrist joints in steps of 45°. '

Al retrieval work will not demand the reach of the deployment system to be fully extended. Thus
the effects of reduced reach on dynamic response were examined by retracting the arm's upper
link assembly into the outer vertical deployment tube, thereby reducing the reach by some 2 feet.

2.1.4 Sensitivity to Force Level

In assessing the dynamic behaviour of the manipulator, it is important to establish its consistency
of response over a range of force input levels. Therefore, a ‘linearity’ test was conducted in which
the proportionality of the response was evaluated against changes in input force excitation levels.

2.2  Sluicer

In attempting to resolve the issue of dynamic performance of long reach arms as a deployment
system for waste retrieval, a pre-requisite is to better understand the operational loading regime
generated by typical waste retrieval end effectors. The low pressure confined sluicer, under
development, potentially offers benefits in waste retrieval performance but represents an
“unknown” in terms of reaction forces generated in operation.

2.2.1 Reaction Forces

To provide a rigid mounting, whilst retaining manoeuvrability of the sluicer head, the
instrumented sluicer was mounted on a hydraulically actuated back-hoe. The sluicer assembly was
suspended in free space and the reaction forces of the water jets were monitored for comparison
with theoretical assessment. The effects of variations in efflux angle from the nozzles was also
monitored.
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2.2.2 Performance against Waste Simulants

One of the predicted attributes of the low pressure confined sluicer would be the ability to
break-up and retrieve saltcake and hardpan type wastes at a rate practical for a major retrieval
programme. During performance evaluation of the sluicer against simulants of this type of waste
with a simple mining strategy of ‘plunging’, the loads generated during the process were
monitored in terms of forces transmitted through the mounting structure and hydro-dynamic forces
as a result of pressure fluctuations from ‘loss of confinement’ and turbulent flow in the sluicer
chamber.

2.2.3 Blockage Effects

In operation, the suction pump would limit the release of free water when the sluicer was buried
in the waste by extracting the water and waste from the shroud. Loss of suction through pump

_ failure or extract pipe blockage would lead to pressure build-up in the sluicer shroud, generating
an up-thrust on the deployment arm, that would cause the arm to lift and thereby release the

* pressure. A long reach arm would be expected to have greater compliance than the back-hoe used
for deployment of the sluicer and oscillatory behaviour might be induced by the pressure forces.
The pressure build-up and the upthrusts generated by conditions of loss of suction were measured
over a range of conditions from a buried sluicer, through loss of suction pumps to a fully blocked
suction pipe to provide a data base to support future designs.

3.0 TEST METHOD AND TEST EQUIPMENT

3.1 SNAKES Manipulator
3.1.1 Mechanical Arrangement

Magnox Electric has a range of heavy duty hydraulically actuated multi-limb manipulators (HDM)
in service. The unit used for this series of tests was the SNAKES variant, which has sixteen '
degrees of freedom, a horizontal reach of 5.334 m (17 ft 6 in) and a payload capacity of 90 kg
(200 1bf) at full extension.

The manipulator support is formed of two concentric tubes, which would be mounted vertically in
operation. The inner tube, which carries the articulated manipulator arm assembly at its lower
end; runs in axial keys on the inside of the outer tube and is raised and lowered via a lead screw
drive. The gearbox for this vertical drive and that for the azimuthal drive of the manipulator arm
are mounted at the top of the outer structural tube.

The articulated manipulator arm assembly is made up of nine links and extends out of the lower
end of the outer tube under the control of the vertical drive. Each link is hydraulically powered by
an independent supply to avoid any possible interaction between circuits during operation. The
hydraulic actuator for each of the links is an integral part of the link assembly. In the case of the
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upper five links, a conventional piston/cylinder actuator with an offset pivot is used. The lower
four links, the tool arm, wrist/lower arm, middle arm and the upper arm, which together provide
the dextrous motion, use bevel gears to translate axial motion into ‘bend’. The joint rotation is
direct drive.

The manipulator assembly was supported in the high bay test facility for this series of tests in a
different way to the normal reactor use. Instead of being rigidly supported at the lower end of the
outer tube by the riser, the upper end of the outer tube was rigidly fixed and only a ‘weak’
restraint was provided mid-span of the outer tube. This arrangement is comparable to that
envisaged for operations in a Hanford tank where no contact would be made with the riser.

To ensure long term positional stability of the manipulator, the individual link joint controllers
incorporate a ‘position hold’ feature that automatically restores the joint position to a pre-set value.
This feature is intended to cater for effects of slow load changes, small hydraulic leakage and
thermal expansion effects. The frequency response of the system is less than 0.5 Hz. Thus to
avoid possible interaction during induced motion, the facility was disabled during the testing
programine.

In view of the limited time available for testing and the short ACTR phase 1 schedule, the tests
had to be conducted with the manipulator assembly in the pre-existing configuration. Time .
constraints precluded adapting to an optimum arrangement. For the purposes of these tests, a steel
block was clamped in the parallel jaws of the tool post. This block was used as a target for
impulse loading and as a point of attachment for the static loads. The tool arm itself, had ‘extend’
and ‘rotation’ motion and the jaws were attached to the tool arm by a pinned linkage.

3.1.2 Instrumentation

Excitation was induced into the manipulator arm by a hand held impulse hammer fitted with a
piezo-electric force transducer through which the applied force is transmitted and provides a
measure of force level.

The piezo-electric accelerometer used to measure the response was mounted on a magnet to
provide a mobile attachment for measurements at various locations and directions along the length
of the manipulator. The mass of the accelerometer and magnet was very small compared with the
mass of the structure being tested and consequently errors caused by loading of the structure by the
transducer can be ignored. )

A reference accelerometer at a fixed location close to the impulse site was used to check the
constancy of the structure for the duration of a test.

In view of the inaccessibility at mid span along the vertical outer tube a further accelerometer was
permanently positioned close to the outer tube restraint. Its orientation was aligned as required
depending on the direction of excitation.
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For detecting torsional or rotational response of the manipulator arm about its centre-line, an
additional accelerometer was used in conjunction with the response accelerometer to form a pair,
positioned equi-distant from the manipulator arm centre-line.. The difference of the two output
signals was used to derive the torsional response.

The accelerometer and force transducer output signals were conditioned through charge amplifiers
to provide calibrated outputs in texms of either mV/N for force or mV/m/¢ for acceleration.

Because of poor low frequency signal to noise ratios associated with piezo-electric accelerometers,
Linear Variable Differential Transformers ( LVDTs ) were used to obtain response measurements
for frequencies below 1.5 Hz. These transducers have an output proportional to displacement for
frequencies in the range O to 15 Hz.

The force and response signals were digitally processéd to produce frequency response functions
using a two channel frequency analyser. This data is then post-processed using appropriate modal
analysis software to extract the natural frequencies, damping and mode shapes.

Analysis of the impulse testing was performed with the vibration analyser set to exponential
"windowing" to improve the accuracies of amplitude and frequency measurements. This
"window" achieves its improved accuracy by superimposing artificial damping on the signal to
improve signal to noise ratio during data-capture. However, this damping must then be removed
numerically from any measurements.of damping coefficients. Damping values were derived from
analysis of the frequency response spectra, using Nyquist plots, computer- fitted to manually
selected data points around each natural frequency.

As a back up, all test signals were recorded on an frequency modulated (FM) magnetic tape
recorder.

The arrangement of the instrumentation and data capture analysis system is shown in figure 1.
Appendix A Section 2 provides details of the instrumentation used and calibration details.

3.1.3 Static Loading

With the manipulator arm fully extended horizontally, static loads were progressively applied at
the tool post both along the axis of the manipulator arm and vertically by means of suitable
arrangement of hangers, weights and pulleys. Static deflections were measured using LVDTs or
dial gauges. Measurements were made whilst loading and unloading the manipulator arm.

It was intended to carry out static tests horizontally transverse to the manipulator arm's axis and
rotationally but these were abandoned due to practical difficulties.
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3.1.4 Dynamic Loading

This series of tests was designed to characterise the dynamic response of the manipulator arm at
frequencies up to 100 Hz. Excitation was induced via an instrumented hammer applied at the tool
post, either translational along one of three orthogonal axes or offset from the manipulator arm's
centre-line to produce a moment.

The force waveform generated by a hammer impulse is a short duration transient event or impulse,
with a continuous frequency spectrum, having a useful frequency range determined by the hammer
mass and the stiffness of the hammer tip which acts as a filter and enables the cut-off frequency to
be adjusted to suit the application. For measurements taken with accelerometers, a plastic hammer
tip was used having a useful range up to 120 Hz (-3 dB) , but for the LVDT measurements, the
impulse was through a softer high density foam rubber which provided uniform excitation at
frequencies up to 20 Hz and thus eliminating the possibility of LVDT tip contact rattle which
might have occurred if vibrational frequencies above this level were induced.

The structural response was measured with either a roving accelerometer which gave sufficient
data to determine full modal information (natural frequencies, damping and mode shapes), or a
fixed LVDT for each axis at the driving point (tool post), which gave only natural frequencies and
damping for the low frequency modes ( less than 10 Hz ).

In some of the tests it was judged that no significant new information was being obtained, and in
those cases, the testing was restricted to a single driving point accelerometer measurement and a
single driving point LVDT measurement for each axis.

The number of degrees of freedom (accelerometer locations) was chosen to ensure accurate
representation of the total dynamics of the structure and the complexity of the expected mode
shapes within the frequency band of interest. Acceleration measurements were always made in the
direction of the excitation but in some cases additional measurements were made in a second
direction where the vibration resulted in significant motion in this direction. The measuring
positions are shown in figure 2 and correspond to the ends of each link, either side of the wrist and
shoulder rotation joints, the vertical restraint, and intermediate and bottom vertical outer tube
Jocations. Accelerometer derived response spectra were analysed on-line and recorded for
measurement positions corresponding to the tool post and at the end of each link assembly.

LVDT derived response spectra were analysed on-line and recorded for the fixed tool post
positions.

Each frequency response function stored was the result of four averages, with each individual
impulse being accepted or rejected on the basis of the pulse shape, and the absence of under or
over-loading of the instrumentation.

Modal analysis was performed using the MODENT e suite of programs (Ref 2). These programs
allow a highly interactive modal analysis of either Single- or Multi-Degree of Freedom systems
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and is designed to run on a PC. After completing the analysis it can display an animated
simulation of the calculated normal or complex mode shapes.

Rotational tests were discontinued since the data produced was inconsistent and therefore
considered unreliable. This was caused by the fact that the rotational motion produced by the off
centre application of the force was coupled to a much larger, unwanted, translational component
which dominated the accelerometer signals resulting in a poor signal to noise ratio for the
rotational component.

3.1.5 Sensitivity to Force Level

This test was devised in order to determine whether the response characteristics of the manipulator
arm changed with the excitation force level. This may have to be considered in the long reach arm
design if the change is significant. It was originally intended to carry out this test using an
electromagnetic shaker to provide a contro} over the level of excitation being applied to the
manipulator arm. However, this proved impractical with the Position Hold feature on the
manipulator arm being switched off, see Sec 3.1.1, allowing a slow drift downwards of the
manipulator. Although the amount of drift is small for normal manipulator operation, it was
considered sufficient to damage the relatively delicate force mechanism of the shaker. Therefore,
this test was substituted by an equally valid alternative of using the hammer technique and
applying impulsé loads of several distinctly different levels of magnitude. With the configuration
as in the base line test, impulses were applied at the tool post and the driving point inertance
noted. This was done for all the three orthogonal directions.

3.2  Sluicer
3.2.1 Mechanical Arrangement

The sluicer was mated to a backhoe to simulate installation on a long reach arm, and tests were
performed to determine the forces generated and the effectiveness of the sluicer. The tests were
conducted against saltcake and hardpan to determine the effectiveness of the sluicer in mobilizing
and removing waste, with the sluicer blocked to determine the maximum forces generated, and
with the shuicer suspended to determine reaction forces. The test materials used were saltcake
formulations #’s 1 and 3, and hardpan # 2 (see Ref 1). These were poured in layers 1' thick

x 8' x 12', in dumpsters per the simulant preparation instructions.

The low pressure sluicing device, shown in figure 3, consists of an external shroud approximately
24" W x 8" D x 12"H. Inserted in the external shroud is a central 3" diameter suction pipe with
14 off 0.182" diameter water nozzles arranged on a manifold around it. For the tests performed,
the nozzles were extended to within 2" of the bottom of the external shroud. The nozzles face
downwards at 22.5° to the mount axis and direct streams of water against the face of the material
to be removed, disrupting the material and providing the transportation medium for removing the
material.
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Photograph 1 shows the sluicer, nozzles and suction intake. The skirt shown in the photograph
was removed after it became damaged early in the testing. The sluicer performance improved
after the skirt had been removed, since it had inhibited downward motion of the sluicer.

The sluicer suction pipe is equipped with two 1" lines at -+/- 45° to the vertical. These are used
to provide priming water to the pump, and clog-clearing water for the shroud. The nozzle
manifold is fed from two locations to insure uniform flow to the nozzles. All connections to the
sluicer were via standard cam-lock couplings. '

The backhoe used to simulate a long reach arm was equipped with an extensible boom that
permitted linear adjustment of the sluicer position. This enabled the sluicer to be moved straight
down into the simulant as the material was eroded by the water jets.

The equipment for pumping and sluicing tests was set up at ARD’s facility (See Ref 1). Water at
approximately 200 gpm and 400 psi was supplied via two Paco model 38-15955-7B6F01
centrifugal pumps connected in parallel, each driven by a 75 hp electric motor. The Paco pumps
were powered by a portable 3 phase 480 Volt diesel-driven generator. Water feed to the Paco
pumps was via a Godwin HL80 centrifugal pump driven by a diesel engine. The suction pump
was a Godwin HL150M “dri-prime” pump, also diesel driven. The piping arrangement is shown
in figure 4.

3.2.2 Instrumentation

The instrumentation included pressure and flow sensors in the supply pipework to the nozzles to
permit pressure setting and flow sensors in the suction pump discharge line to determine the
effectiveness of water extraction. The shroud was modified for the blocked sluicer tests by the
addition of a pressure sensor to measure the internal pressure directly. This sensor was also used
to determine the dynamic forces exerted on the backhoe arm. Pancake load cylinders were fitted
between the sluicer and the backhoe to determine static loading and triaxial accelerometers were
mounted on the sluicer shroud to determine vibration responses.

Figure 3 is a drawing showing the details of the sluicer assembly and location of the pancake
cylinders as well as the interface assembly for mounting on the backhoe.

The flow sensors initially installed were Doppler acoustic units with digital readouts and 4-20 mA
current loop outputs for computer logging. The Doppler acoustic flow meters proved to be
unreliable and were later replaced with turbine-type meters that had to be read manually. These
provided accurate readings but could not be logged by computer.

The Labview © data acquisition package from National Instruments (Ref 3) was used to log and
process data. The data were sampled at a rate of 2000 samples/second to capture any significant
high frequency energy in the accelerometer signals. The data acquisition flow chart and the
instrumentation block diagram is enclosed in Appendix B.
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The data were processed in two ways. The raw data files were scanned in Labview to identify
areas that might be of interest for furthér processing. Since the software used to perform Fast
Fourier Transforms (FFTs) is limited to a data record of 2048 points or less, 1 second sections of
data were selected for high frequency processing, thus there is no information in these records
below 1 Hz.

In order to process the low frequency data, it was necessary to filter the files to remove high
frequency energy, and then decimate them to limit their length to 2048 samples. This was also
accomplished with Labview. The decimated files provide a history of the main features of each
run, but do not contain any significant data above 1 Hz, as this was filtered out.

Following.tests against saltcake and hardpan, the dépth was measured with a ruler as the water was
trapped in the depression caused by the sluicing.

3.2.3 Static Loading

The static loading and thrust tests were performed by suspending the sluicer assembly and
measuring outputs from the load cells attached to the backhoe. The assembly weight was recorded
with the sluicing water off and then on. Sluicing pressure at the measurement point was generally
in the range of 400 to 430 psi, and flow was in the range of 190 to 210 gpm.

In addition, static loadings were measured during a series of tests with the sluicer in operation
against saltcake and hardpan materials. Finally the sluicer shroud was positioned against a rubber
mat on an asphalt surface and pressure was applied with the backhoe. This sealed the mouth of the
sluicer shroud and loads were measured to determine the maximum forces generated by the sluicer
on the backhoe arm. Three tests were conducted: (1) Blocked sluicer, no suction; (2) Blocked
sluicer with the suction turned on; and (3) Blocked sluicer with the suction blocked.

3.2.4 Dynamic Loading

The sluicer mounting load cell was used for measurements of static forces in the backhoe arm but
the measurement technique did not have the dynamic capability for determining the dynamic
forces. The accelerometers mounted on the shroud did have the capability of producing dynamic

. responses but because the assembly vibration characteristics were unknown, they could only be
used for comparative measurements. The sluicer shroud pressure measurements were therefore
the only measurements which could be used to derive absolute levels of dynamic forces. These
had sufficient dynamic range and have been used to derive the dynamic forces generated in the
backhoe arm, based on a known area.

Dynamic responses from the accelerometers were observed during operation against saltcake,
hardpan and for the blocked sluicer tests. In addition, the shroud internal pressure was measured
during the blocked sluicer and hardpan tests using the pressure sensor.
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4.0  TEST RESULTS

4.1 SNAKES Manipulator

Test directions were defined, based on 3 orthogonal axes with their origin centred at the tool post.
Horizontal Impulse forces and displacements along the axis of the extended manipulator arm,
directed towards the vertical riser (support) were designated as in the +X direction. Impulse
forces and displacements in the vertical plane, directed upwards were designated as in the

+Y direction and horizontal impulse forces and displacements transverse to the axis of the
extended manipulator arm, directed to the left when looking in the +X direction were designated
as in the +Z direction.

4.1.1 Static Loading

The manipulator arm static stiffness, determined from the measured deflection during the addition.
and subsequent removal of incremental loads at the tool post, is given in the table below. These
results show significant tolerances, particularly along the axis of the arm, which correspond to the
Joad increasing and load decreasing. This difference is caused by hysteresis and not measurement
€ITor. .

Along the arm axis In the vertical plane
+X X +Y -Y

Stiffness N/mm | 460+60 195+7 8.240.1 7.84+1.2

Stiffness Ibf/in | 2600+340 | 1100440 | 47+0.6 45+6.9

Load Direction

It can be seen that the stiffness is higher along the axis of the arm, ie along the arm's length, and
shows a significant dependence on the direction of application of the load as it is higher in
compression. The stiffness in the vertical plane is relatively low in both directions.

Testing transverse to the axis of the arm and with torsional loading was terminated without
conclusive results because of high hysteresis (slip-stick friction originating at the temporary
restraint) causing erratic large stepped displacements.

4.1.2 Dynamic Loading

The results of the dynamic loading tests are contained in Tables 1a and 1b and are discussed here
in the following sections. :
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4.1.2.1 Natural Frequencies

Natural frequencies of the manipulator arm have been derived from the results of impulse tests.
Responses below 10 Hz were measured using LVDTs, while from 2 Hz to 100 Hz, accelerometers
were used. This gives some overlap which was used to verify the accuracy of the results. Repeat
impulse tests were also performed and these demonstrated repeatable behaviour and good
measurement repeatability.

Natural frequencies derived from the measured responses are summarised in Tables 1a and 1b.
These show that measurements using the accelerometers missed the fundamental (fowest) natural
frequency but there is good agreement in the natural frequencies between the LVDT and
accelerometer derived results at the second natural frequency. These results also show that there
are a range of natural frequencies from ~ 1 Hz upwards, some of which were excited by impulses
in more than one direction. ‘

Examination of the frequencies in the base line test suggests that impulses along the axis of the
arm have excited frequencies at 1.5, 3.3, 29/30 and 35 Hz which are common with the natural
frequencies in the vertical plane, while frequencies at 19.1/19.7, 30 and 53 are common with those
transverse to the axis of the arm. Where impulses along the axis of the arm have excited
responses in common with other orthogonal directions, the response to an impulse in the other
direction was in each case greater than the response to an impulse along the axis of the arm.
Hence, the 12.3 Hz frequency is considered to be the only natural frequency for vibrations along
the axis of the arm.

Following the baseline test, an assessment was made of the sensitivity of the dynamic
characteristics to changes in payload, manipulator arm stiffness, arm geometry and reach.

In Tables 1a and 1b, it can be seen that increasing the payload from 10 kg (22 Ib) to 32 kg (70 1b)
and 62 kg (136 Ib) progressively reduces the fundamental natural frequency (by up to 13 %) in the
vertical plane. However, this same addition of mass did not effect all natural frequencies in the
same manner and even had the effect of increasing some of the frequencies transverse to the axis
of the arm.

In the tests to investigate possible stiffness changes, rotation of the wrist and shoulder joints by
+ 45° and + 90°, simultaneously increased the fundamental natural frequencies in both the
vertical plane and transverse to the axis of the arm. However, this effect was inconsistent across
other natural frequencies.

In the tests to check the effects of configuration, a dog-leg was produced in the manipulator arm in
the vertical axis by operating two bend joints. The results show no change in the fundamental
natural frequency in the vertical plane and a slight increase in other natural frequencies. There
was however a more marked reduction in natural frequency, transverse to the axis of the arm.
Changing the configuration of the manipulator arm also had the effect of introducing a number of
higher natural frequencies, increasing the complexity of vibration responses.
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Reducing the length of the manipulator arm by retracting one of the links into the support tube,
had the effect of shortening the arm by approximately 2 ft. As expected, this increased the natural
frequencies in all directions.

4.1.2.2 Damping
The damping values are also shown in Tables 1a and 1b.

Damping values are generally relatively low at the higher frequencies (3% to 18% loss factor)
where the displacements are small, indicating small levels of energy loss per vibration cycle.
Whereas, at the lower frequencies (such as at the fundamental natural frequencies) where
displacements are much larger, damping is significantly higher (16% to 56% loss factor). This
difference is probably caused by additional energy loss from friction and fluid damping in the
joints. :

4.1.2.3 Mode Shapes

Mode shapes for natural frequencies f; to f; have been produced from accelerometer
measurements. Examples of these mode shape plots are shown in figures 5 to 10, for impulses in
the vertical plane and along the axis of the arm for the base line test. Comparison of these figures
confirms that many of the modes excited by impulses along the axis of the arm correspond closely
to those excited by vertical plane impulses. Analysis of the 12.3 Hz mode has shown it to be a
complex mode with a travelling vibration "wave" and no fixed nodal points. Hence, it has not
been possible to plot it, in the same manner as other modes. In this case the shape plotted
represents a single instant in time, at other times in the cycle the vibration nodes will be
elsewhere. Other complex modes were discovered in tests to investigate stiffness changes and in
tests to investigate the effects of reducing the length of the manipulator arm. ’

Examination of the modes shows the manipulator arm vibrating as would be expected from simple
beam theory, with an additional nodal point in each successive mode. The mode shapes are
smooth with no step changes, indicating there is no"excessive clearance in the joints. Examination
of the vertical support tube shows significant movement, indicating flexibility in the clamping
arrangement.

In tests with increased payload, the mode shapes remained essentially the same as in the baseline
test and it was only the frequency that changed as mass was added. Similarly, from the tests to
investigate possible changes in stiffness, there was no change in the mode shapes.

In tests to investigate the effects of changed configurations, the mode shapes were more elaborate
due to the configuration of the beam and some of the modes were essentially modes of the two end
segments of the manipulator arm alone.

In the tests to examine the effects of shortening the manipulator arm, the mode shapes were
essentially the same as in the base line test and it is only the frequencies which changed with
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change of arm length.
Vibration mode shapes are shown in Appendix A, Section 5.
_ 4.1.2.4 Sensitivity to Force Level

Response inertances were measured for varying force levels, a typical example of which is shown
in figure 11 (transverse direction response). This shows a fairly constant degree of force
sensitivity across the frequency spectrum. However along the axis of the arm, the sensitivity to
force level changes with frequency, as.does the response in the vertical direction. Response
inertances changed by up to approximately a factor ~ 2, over the range of forces tested.

4.2  Sluicer
4.271 Static Loading
The tests, test runs and files generated are tabulated in Table 2.

The weight of the sluicer head was measured as 400 Ib. This does not include the weight of the
flexible hoses (4 off 1" diameter and 1 off 3" diameter, up to 50 ft long) and water, which could
add considerably to the overall weight to be lifted depending on the orientation of the deployment
arm.

When the supply water is on, this produces water jets from the spray nozzles which in turn
produce reaction forces in the sluicer. At the nominal operating pressure for the sluicer (430 psi)
and a 22.5° angle on the sprays, this reaction force was measured as 177 Ibf. This reaction force
acts in a direction away from the surface being worked on, so that for a horizontal surface the
reaction force will tend to counteract the weight of the sluicer.

Results were as follows:

Assembly Weight: 466 pounds, water off.

Assembly Weight: 289 pounds, water on.

Flow Rate: 190 gpm

Pressure: 430 psi )

All the nozzles were angled inwards by approximately 22.5°, resulting in a reduced
vertical component of thrust.

Measured thrust: 177 pounds.
Theoretical thrust T = 0.0526 x Q x COS(22.5) x \/ (P) = 191 pounds.

The theoretical and measured values agree to within 8%, and are within experimental error.

During the tests on saltcake and hardpan, it was found that additional reaction forces were
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produced by the sluicer and that significant thrust loads were required to prevent excessive leakage
at the sides of the sluicer. Thrust loads were also required to overcome resistance from the
surrounding material as the siuicer was driven into it. These thrust loads induced by the backhoe
peaked at over 3000 Ibf but they were still insufficient to prevent all leakage. The resistance of the
saltcake to downward loads also caused damage to the soft skirt around the shroud which had to be
removed after the first test. :

During the "blocked shroud" tests the reaction forces increased further due to pressure build-up
within the shroud. Here, the pressure reached 25 psi with a thrust load of 4280 Ibf, at which point
leakage occurred (having lifted the backhoe to produce a small clearance between sluicer and mat).
In operation, if a plunging type mining strategy is used, it is possible that the pressure may not be
relieved by only a small degree of lift on the sluicer. Hence, additional up-thrust of this nature
may need to be accommodated by the deployment arm and if excessive, this could exceed the
capacity of the arm. The impressions made by the sluicer jets and the rim of the shroud were
clearly visible as indicative of the loading imposed on the sealing mat.

4.2.2 Dypamic Loading

For operation against saltcake, sluicing pressure was generally in the range of 400 to 430 p51, and
flow was in the range of 190 to 210 gpm.

The shuicer penetrated 8" during the first test, requiring about 15 minutes to do so. During this
test it was observed that the skirt inhibited the ability of the sluicer to move downwards, because
of its width and resistance of the saltcake. During the third test, the sluicer penetrated 9" in

10 minutes. The holes created by the sluicing jets were clearly discernable.

During the second test, the sluicer penetrated fully, and although the test ran for 12 minutes, full
penetration occurred sometime before that. This breakthrough to the bottom of the saltcake and
dumpster surface was first evidenced by large amounts of free water pouring out of the dumpster
from beneath the simulant. In addition, large amounts of free water also escaped at the surface
during sluicing.

The sluicer was also deployed against hardpan. Material removal rates were not determined,
however the sluicer was very effective in breaking up the material.

Photographs of these tests are included in Appendix B Section 5.

Vibration levels measured by the accelerometers were observed to increase generally with sluicer
shroud pressure indicating the turbulent flows inside were affecting the dynamic forces. There .
were also some indication of 30 and 40 Hz vibration responses from the accelerometers but these
were not at frequencies generated by the pumps and are believed to be transmitted from the
backhoe. However, these frequencies are also seen in the shroud pressure measurements when
testing against hardpan and the possibility that they are generated by the sluicer sprays cannot be
ruled out (although the forcing levels are relatively small).
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The shroud pressure measurements show dynamic levels to be highest during the blocked shroud
tests when the levels were less than 1 psi at 1 Hz. The test results show broadband forcing up to
approximately 40 Hz with maximum levels at low frequencies and levels decreasing as the
frequency increases. The 1 psi pressure reading at'1 Hz equates to approximately 170 1bf.

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1  Manipulator and Sluicer Compatibility

Concern has been expressed at the dynamic characteristics of long reach arms when deploying end
effectors for waste retrieval. The Magnox Electric SNAKES manipulator arm has been the subject
of experimental evaluation to examine its dynamic characteristics. The manipulator arm was
found to behave in a repeatable manner having fundamental natural frequencies in the vertical and
transverse directions of ~ 1 Hz. There were also a large number of higher natural frequencies up
to 100 Hz.

With excitation induced in three orthogonal directions, the seven lowest order modes of vibration
in each plane have been evaluated and estimates made of their frequency, mode shape and
damping. The responses at the lower natural frequencies are relatively highly damped. A study
was undertaken to determine the sensitivity of response to variations in payload, stiffness,
geometry, reach and force level. Variations were detected and these were broadly in line with
expectations.

The sluicer was primarily designed for deployment with a remote vehicle and there is clearly a
mis-match in the 200 Ibf payload for an arm deployment system and the 400 Ib weight of the
sluicer which will need to be accommodated in the optimisation of the sluicer design.

The sluicer produces relatively large, broadband dynamic forces which will inevitably excite some
of the natural frequencies in the manipulator arm. In view of the high damping, we do not expect
the resulting vibration to be detrimental to the integrity of a long reach arm.

Clearly mining strategy is important. An arm based system would require a download force of
3000 Ibf to be applied to penetrate the saltcake.

The fault condition of a blocked suction line could generate unacceptably high upthrust. Whilst
this is likely to be relieved by deployment arm deflection, the consequences of oscillatory motion
would need to be addressed.

5.2  Applicability of Results to Hanford Scale-up
The mode shapes for these natural frequencies appear to follow classical shapes as would be

expected for a continuous beam. Hence, it should be possible to calculate natural frequencies for a
long reach arm for retrieval of waste from a Hanford tank based on mass and stiffness
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distributions. Indeed, in developing a long reach arm for Hanford tanks, fundamental natural
frequencies have been calculated at between 1.1 Hz to 1.3 Hz. Hence the dynamic response could
be expected to be similar to the shorter manipulator arm.

Although the damping at low frequencies has been shown to be high, the applicability to a scaled
up system could be dependent on the detail joint design. Damping values may also be expected to
change if alternative methods of arm actuation are used.

Despite the shortcomings identified in sluicer performance, its potential benefits to waste retrieval
still stand.

5.3  Operational and Design Lessons Learned

The low pressure confined sluicer has been developed to improve upon the performance of other
sluicing systems. - The sluicer spray nozzle syster has been shown to be effective in breaking up .
saltcake and hardpan materials. However, the prototype had only limited success in containing
water.

The test programme was in two independent phases; the dynamic testing of a manipulator arm and
the measurement of operational loading from a sluicer. The testing highlights a need for system
design and integrated testing. The potential operational loading generated by the sluicer is
strongly influenced by the mining strategy and the sluicer system will need to provide deployment
arm overload protection.

The loading regimes and arm response characteristics have been found on the ARD low pressure
shuicer and Magnox Electric manipulator arm. No account has been taken at this stage of hose
weights and hose and umbilical handling.

5.4  Recommendations

The test programme has provided data that goes some way to allaying concerns on the issue of
dynamic response of a long reach arm affecting long term endurance capabilities for waste
retrieval. Since the SNAKES system is considerably shorter, we therefore recommend future
stages of this project are based on an integrated development programme for the sluicer and
deployment arm and that this programme should include rigorous combined testing.

To realise the potential benefits of the low pressure confined sluicer, a development programme
should be undertaken.
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hydraulically actuated manipulator arm, designed originally for Sizewell Power

Station. .

ACTR Acquire Commercial Technology for Retrieval. This is an acronym used for part of
the Hanford Tank waste retrieval programme.
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Natural Frequency f (Hz) and Loss Factor (1 % )
LVDT LVDT Test accel accel accel accel accel accel
£5 (Ny f, () No £, () f, f; () f, (ng) fs (g fs (N
1 Fully extended horizontally rotational joints aligned for vertical
tion (with a 10 Kg (22 1b) payload)
1.5 3312 1X 3.2(6) | 19.1 ®) 29.9(5) 35.5(7) | 53.0 (10)
1.5 (23) 3.4 1Y 3.2(6) 7.7(190) | 18.3(12) | 28.9(7) | 35.0(8) | 46.9 (11)
0.9 4.4 (1) 1Z 4.3(3) 8.3(13) | 19.7(10) | 30.0 (12) | 393 (3) | 53.0(12)
5 As Test 1 but with additional 50 kg (110 1b) added mass at tool-arm
. (Total payload including hanger = 62 Kg (136 1b))
1.2 3.2(13) 2X 3.7 21.9 31.0 46.4 56.8
1.3 29) 33 2Y 3.1(3) 6.4 (10) | 16.9 (10) | 28.4 (8) 36.0(9) | 41.3(18)
1.1 5.003) 2Z 4.3 (3) 8.7(13) | 20.4(6) | 30.8(9 38.8(6) | 53.8(13)
2a. As Test 1 but with additional 20 kg (44 Ib) added mass at tool-arm
(Total payload including hanger = 32 Kg (70 b))
14 3.2(12) 2aX 3.8 21.4 30.2
1.4 (56) 32 2aY || 3.1(13) | 6.9(10) | 17.2(10) | 28.7(6) | 35.0(7) | 41.8 (11)
1.1 5.0 2aZ 4.3 3) 8.1 (13) 1989 | 30.29 | 39.7(3) | 53.0011)
3 As Test 1 but with the wrist rotated +45° and
the shoulder rotated -45°
3X 3.8 1.9 13.0 18.8 31.1
3y 3.4 8.1 9.1 13.1 18.6 30.6
3Z 4.5 7.7 9.0 13.2 19.0 30.5

Results in Bold are based on multi-point testing, others on a single point test.
Complex modes are shown shaded. Where no damping is shown, this is due to un-reliable data.

Table 1a Tests 1, 2, 2a & 3 Natural Frequencies and Damping (Loss Factorn % )
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Natural Frequency f (Hz) and Loss Factor (1 %)
LVDT LvDT Test accel accel accel accel accel accel
£y (No) £; (n,) No f, () £, () £; (g £, () £ 1y fs (9
4 As Test 1 but with the wrist rotated +90°
and the shoulder rotated -90°
1.6 (36) 3.8 4x 3.9
1.6 3.6 4Y 3.3@n
1.0 22) 4.8 47 4.1 (12)
5 As Test 1 but with pivot A rotated +45°
and pivot B rotated -45°
5X 3.8 8.0 26.7 34.5 46.6
5Y 3.5 7.8 18.4 26.1 34.5
5Z 4.0 6.5 11.8 13.7 16.0 18.1
6 As Test 1 but with pivot A rotated +90°
and pivot B rotated -90°
1.6 (16) 3.8 6X 3.9 85(11) | 13.2(14) [ 18.1(15) | 22.1 (D 32.3(5
1.5 3.9 6Y 3.8(16) | 83(12) | 153 (15 | 183 (9 | 203 (9 31.5(5)
6Z 3539 | 55311 | 9.6 (17) | 12.5(18) | 13.7(16). | 16.5(8)
7 As Test 1 but pivot J at 0°, pivot H at 45°
and pivot G at 45°
1.7 37) 3.5 7X 3.6 (2) 9.2 4) 2119 | 27.5(9) §
1.7 3.5(11) 7Y 3.4 1) 8.5(10) | 2009 | 2687 | 40.4(6) 45.4 (6)
1.1 4.509) 7Z 4409 9.0(20) | 19.0(12) | 27.5(9 | 50.2 (6) 60.2 (3)

Results in Bold are based on multi-point testing, others on a single point test.
Complex modes are shown shaded. Where no damping is shown, this is due to un-reliable data.

Table 1b Tests 4, 5, 6 & 7 Natural Frequencies and Damping (Loss Factorn %)
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Force Hammer N
Kisiter 9041 Response Reference Restraint
B&K 4370 B&K 4370 B&K 4370
i i
L

H =
| -
i =3
| I— 3
"~ Racal VStore Tape Recorder
L i
anooiano
ooao
oo

RERESRSRERAES Gould Storage Oscilloscope

A

[EESERR SN EREEN!

L arn
T E; 2200 A Equipment Connection Diagram.
Frequency Response Analyser Diagram Shows Configuration For

Dynanmic Testing Using Accelerometers.
BE&K 2635 Charge Amps Were Changed For

LVDTs During The Low Frequency Dynamic
Testing.

Figure 1 Equipment Connection Diagram
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v NO OF NODES = a4 1} NO OF NODES = 2
NO OF CO-ORDS = U5 NOD OF CO-ORDS = 43
4 NO OF HODES = B 4 NO OF HODES = B
¥ |ACTIVE MOBE = 1 —X |ACTIVE HODE = -3
FREQUENCY (Hz)= 3.16 FREOQUENCY c¢Hzi= 12.33
DARPING ¢%) E 15.87 BANPING 3 = 6.75

Figure 5 TEST 1X Modes 1 & 2
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y NO OF NODES = 24 9 RO OF NODES = 24
HO OF CO-ORDS = 45 ND OF CO-ORDS = 45
4 HO OF HODES = & 4 NO OF MODES = B
— {ACTIVE HOBE = 3 — |ACTIVE HODE = [
FREOUENCY c¢Hz)= 13.14 FREQUENCY <Hz)= 29.91
DRHPING %) = 7.36 DAHPING ¢ = 5.3
Se— T

Figure 6 TEST 1X Modes 3 & 4
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v HO OF NODES = 24 v NO DOF NOPES = 24
ND OF CO.ORDS = U5 WO OF CO-ORDS = US
4 NO OF HODES = 3] 4 KO OF HODES = ]
——¥ |ACTIVE KOBE = g — [ACTIVE NODE = B
FRENUENCY (Hz)= ‘35.46 FREQUENCY c¢Hzi= 53.82
DAHPIKG %) = 7.8B DANPING - ¢ = 11.13

Figare 7 TEST 1X Modes S & 6
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v NO OF NODES = 24 I ND OF NODES = 24
NO OF €O-ORDS = 27 NO OF CO-ORDS = 27
i NO OF MODES = B 4 NO OF HODES = ]
—— [ACTIVE HODE = 1 —X JACTIVE HOBE = 2
FREOUENCY (Hzy= 3.25 FREQUENCY (Hz)= 7.8
DANFING () = 15.87 DANFING (x> = 14.81

Figure 8 TEST 1Y Modes1 & 2
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v NO DF MODES = 24 v NO OF NODES = 24
NO OF €D-ORBS = 27 NO OF CO-ORDS = 27
4 NO OF HODES = & 4 ND OF HODES = B
——X [RCTIVE KODE = 3 —x. ACTIVE MODE = [y
FREQUENCY (Hz»= 18.26 FREQUENCY <Hz)= 28.92
DANPING (%) = 14.38 DRHFING <% = T.56

Figure 9 TEST 1Y Modes 3 & 4
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Q RO OF ROCES = 2¢ '3 NO OF NODES = 24
KO BF CO-ORDS = 27 ND OF CD-ORRS = 27
4 NO OF HODES = B i NO OF WODES = B
—— |ACTIVE HODE = 5 — [ACTIVE MDBE = B
FREQUENCY c¢Hz)= 35.88 FREOUENCY <Hz)= 45.98
CANPING (%3 = 8.83 DANPING (%) = 11.92

Figure 10 TEST 1Y Modes 5 & 6
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'

Inertance m/s> per N

0.5

Peak Impulse Level (N) 688 873 . 2259

0.4

0.3

0.2

0.1 4

FREQUENCY <(H=z)

Figure 11 Sensitivity to Dynamic Loading in the Z Direction
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APPENDIX A
MANIPULATOR DATA
SECTION CONTENTS Page No.
1 Layout, Test Notations and Definitions. A2
2 Instrumentation. . Al2
3 Correction Factor for Exponential Windows. A32
4. Summary of Natural Frequencies and Damping. A34
5 Mode Shape quts. . A39
6 Driving Point Compliance Plots. ' . A86
7 Driving Point Inertance Plots. A103

8 Sensitivity to Loading Plots. Al19
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SECTION 1

LAYOUT, TEST NOTATIONS & DEFINITIONS

Figure TITLE Page
No. . ‘ ) No.
Al.l Schematic Layout of Work SNAKES Manipulator. ' A3
Al2  Test Measurement Locations. Ad
Al3 Co-ordinate System used in Tests, - A5
Al4 Summary of Tests. A6
Al.S Measurement Locations in Tests 1, 2, 23, 3 & 4, A7
Al.6 Measurement kLocations in Test 5. _ A8
Al.7 Measurement Locations m Test 6. ' A9

.- Al8 Méasu;rement Locations in Test 7. ' A10

Definitions, Filename Convention & Units. All
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Direction X | +Y | +Z [+ X[+ Y|+ 2] X | -Y | -Z | -X | -Yr|-Zx
Direction Code | 1 213 415 6|7 8 9 1A} B|C

Subscript  indicates rotation about axis

Fig A1.3 Co-ordinate System used in Tests.
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Test Number
1 2 2a 3 4 5 6 7
Manipulator :
Configuration Fig2(2) | Fig2(2) | Fig2(2) | Fig2(2) | Fig22) | Fig2(3) | Fig2(#) | Fig2(5)
(Section 7)
Static Load* 10kg | 62kg | 32kg 10 kg 10 kg 10 kg 10 kg 10 kg
221b [13641b] 7041} 221b 221b 221 221b 221b
Modal Test X X X
(accelerometer) Y Y Y Y Y Y
- Z Z YA z Z zZ
Driving Point X X X X X X
Compliance Test Y Y Y Y Y Y
LVDT) Z Z Z VA z
Sensitivity to X
Dynamic Loading Y
) Z
Driving Point X X X X X
Inertance Test ’ Y Y
(accelerometer) VA Z

*  The tool post test block weighed 10 kg and was always present. A hanger
weighing 2 kg was used to hold the 50 kg and 20 kg test weights.

Test 1 The manipulator arm was fully extended horizontally, with the rotational joints
aligned for vertical in-plane operation with all link assemblies in-line.

Test 2 As Test 1 but with 50 kg (110 Ib) added mass at tool arm.

Test 2a As Test 1 but with 20 kg (44 1b) added mass at tool arm.

Test 3 -+ Astest 1 but with wrist rotated +45° and the shoulder rotated -45°.
Test4 As test 1 but with wrist rotated +90° and the shoulder rotated -90°.
Test.S As test 1 but with pivot A rotated +45° and fhe pivot B rotated -45°.
Test6 As test 1 but with pivot A rotated +90° and the pivot B rotated -90°.
Test 7 As Test 1 but pivot J at 0°, pivot H at 45° and pivot G at 45°.

Fig A1.4 Summary of Tests
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Fll

Point No 1 2 3 4 5 6 718 9 10 | 11 | 12
-X (inches) | 0 19 { 25 | 27 | 43 | 49 | 67 | 73 | 79 | 81 | 91 | 97

Y (inches) | O 0 0 0 0 0 0 0

Z (inches) 0 0 0 0 0 0 0

Point No 13 | 14 [ 1516 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24
X (inches) | 115{ 121 | 139 | 145 | 163 | 169 | 187 | 196 | 208 | 210 | 210 | 210
Y (inches) 0 0 0 0 0 0 0 4 17 | 35 | 88 | 141
Z (inches) 0 0 0 0 0 0 0 0 (VI ) 0 0

Fig A1.5 Modal Measurement Locations used in Tests 1,2, 2a, 3 & 4 '
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—

Point No 1 2 3 4 5 6 7 8 9 10 | 11 | 12
X (inches) | O 19 | 24 | 26 ) 37 | 42 | 60 | 66 | 72 | 74 | 84 | 90
Y (inches) 0 0 2 4 15 117 {17 17 | 17 | 17 | 17 | 17
Z (inches) 0 0 0 0 0 0 0 0 0

Point No 13114 |15|16|17 |18 | 19|20 21 |22 |23 |24
X (inches) | 108 | 114 | 132 | 138 [ 156 | 162 | 180 | 189 | 201 | 203 | 203 | 203
Y(nches) | 17 | 17 | 17 | 17 | 17 | 17 | 17 | 21 | 34 | 52 | 107 | 161
Z (inches) 0 0 0 0 0 0 0 0 0 0 0 0

Fig A1.6 Modal Measurement Locations used in Test 5
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24

Point No 1 2 3 4 5 6 7 8 9 10 | 11 | 12
X (inches) | O 19 122 [ 22 | 22 [.25 | 43 )49 155 | 57| 67|73
Y (inches) | O 0 3 5 21 | 24 | 24" 24 | 24 | 24 | 24 | 24
Z (inches) 0 0 0 0 0 0 0 0 0

Point No 13 1141516 | 17 |18 | 19 |20 |21 | 22| 23| 24
X (inches) | 91 | 97 | 115 | 121 | 139 | 145 | 163 | 172 | 184 186 | 186 | 186
Y(nches) | 24 | 24 | 24 | 24 | 24 | 24 | 24 | 28 | 41 | 59 | 114 | 168
Z (inches) 0 0 0 0 0 0 (0 0 0 0 0 0

Fig A1.7 Modal Measurement Locations used in Test 6
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Point No 1 2 3 4 5 6 7 8 9 10 | 11 | 12
X (inches) | O 19 | 25 [ 27 | 43 149 | 67 { 73 | 79 | 81 | 91 | 97
Y (inches) 0 0 0 0 0 0'| O 0 0 0
Z (inches) 0 0 0 0 0 0 0 0 0 0 0

Point No 1311415 |16 17|18 | 19120121 |22} 2324
X (inches) | 115 | 121 | 139 | 145 | 187 | 196 | 208 | 210 | 210 | 210 | 210 | 210
Y (inches) | O 0 0 0o (.0 4 17 | 35| 54 | 59 [ 114 | 168
Z (inches) | 0O 0 0 0 0 0 0 0 0 0 0 0

Fig A1.8 Modal Measurement Locations used in Test 7
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DEFINITIONS
In the general case Acceleration/Force = INERTANCE.

If the acceleration is measured at the point of application of the force then this is known as the
DRIVING POINT INERTANCE

. In the general case Displacement/Force = COMPLIANCE .

If the displacement is measured at the point of application of the force then this is known as the '
DRIVING POINT COMPLIANCE

The damping figures referred to in the analysis, are not purely viscous damping but more correctly
LOSS FACTORS. These account for losses originating in hysteresis of the flexing structural
material, friction at the structural joints, friction with attached non-structural items (e.g. cables,
hoses etc.), gears, bearings as well as viscous damping at lubricated sliding surfaces. -

FILENAME CONVENTION

The frequency response functions generated during a test are either in the form of an inertance or
compliance depending on the transducer used. They are designated according to the transducer
type, impact position and direction, and the response position'and direction.

INERTANCE
e.g. The accelerometer derived frequency response function 10018012 corresponds to:-
1 force direction code (+X)
001 measurement location for point of application of force
-8 response direction code (-Y)
012  accelerometer measuring location

- COMPLIANCE

e.g. The LVDT derived frequency response function X001X001 corresponds to:-
X force direction

001 measurement location for point of application of force

X . force direction

001 LVDT measurement location

UNITS
ACCELERATION g = 9.81 m/& =32 fus
COMPLIANCE /N =14.23 fi/lb,
DISPLACEMENT m = 3.2808 ft
FORCE N = 0.2248 Ib;

INERTANCE m/s*/N = 14,23 “ft/s*/lb,
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FIGURE
No

A2.1
A2.2

-A2.3

A24

A2.5

A2.6

A2.7

A2.8

A2.9

A2.10

A2.11a

A2.11b

SECTION 2

INSTRUMENTATION
TITLE

Instrumentation Details.
Equipment Connection Diagram.

BRUEL & KJAER Type 2635 Charge Amplifier,
Inst. No. 06089.

BRUEL & KJAER Type 2635 Charge Ampllfier,
Inst. No. 07233.

BRUEL & KJAER Type 2635 Charge Amplifier,
Inst. No. 07234,

BRUEL & KJAER Type 2635 Charge Amplifier,
Inst. No. 07235.

BRUEL & KJAER Type 2635 Charge Amphfier, .

Inst. No. 06088,

BRUEL & KJAER Type 4381 Accelerometer,
Serial No. 1308998.

BRUEL & KJAER Type 4370 Accelerometer,
Serial No. 1068009.

BRUEL & KJAER Type 4370 Accelerometer,
Serial No. 1405021.

BRUEL & KJAER Type 4370 Accelerometer,

‘Serial No. 1068008.

SCHLUMBERGER Type DG 5.0, LVDTs Serial
Nos, 6950, 6951, 6954, 6955, 6957, 6966.
Table of calibration results.

SCHLUMBERGER Type DG 5.0, LVDTs Serial
Nos, 6950, 6951, 6954, 6955, 6957, 6966.
Calibration Graph.

TE/EXT/REP/0055/97
ISSUE 1
Page A12 of A124

Page No.

Al4
A17
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FIGURE TITLE Page No.
No
A2.12 - DIAGNOSTIC INSTRUMENTS Type DI-2200, A29
Serial No 532. Dynamic Signal Analyser.
A2.13 RACAL 14 Channel 'V-STORE' FM Tape Recorder, A30

Serial No T562-005. Certificate of Conformity to
Manufacturers Specification.

A2.14 KIAG Force Gauge type 9041, Serial No 85199 A3l
Statement of Calibration.
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Acceleration Transducers

B&K type 4370 and 4381 delta shear piezo-electric accelerometers (Magnetically mounted)

Type ’ Name Serial No
4370 Response 1068008
4370 Reference 1405021
4370 Restraint | 1068009
4381 Rotational | 1308998

Force Transducers

Kistler force transducer (integral part of impulse hammer)

Name Serial No
Force 85199

Signal Conditioning

Bruel & Kjaer type 2635 charge amplifiers (settings shown below)

Name Serial No Output Hi pass Low pass
Response - 07233 | 10 mV/m/s? 0.2 Hz 1 kHz
Reference 07235 10mV/m/s® | 02Hz 1 kHz
Restraint 07234 10 mV/m/s? 0.2Hz - 1 kHz
Rotational 06088 | 10 mV/m/s® 0.2 Hz 1kHz

Force 06089 0.316 mV/N 0.2 Hz 1 kHz
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Displacement Transducers

Sangamo/Solartron Type DG5.0 Linear Voltage Differential Transformers (LVDT)
( used for the low frequency vibration measurements)

Name Serial No . Output
+X 06954 597 mV/mm
+Y 06950 585 mV/mm
+Z 06957 599 mV/mm
+Xg 06951 603 mV/mm
-Xx 06966 596 mV/mm

Mercer type 259A and 250 dial test indicators with a resolution of 0.01mm.
(Used to measure the displacements caused by the static loading)

These were fixed to a substantial steel bracket mounted on a surveying tripod.
Signal Analysis
Diaénostic Instruments Model Type DI-2200 Serjal No. 532
Tape Recofding
16 channel Racal VStore tape recorder Serial No. 06152
(The recorder allows voice annotation and automatic recording of time, date, tape
identification number and tape recorder configuration. Tape recorder log sheets were

maintained for each test and are stored in the task file." Each tape is uniquely identified
by a serial number and contains the following information:

Tape Test
Number Number
2200 1
2201 4
2202 2, 2a,
2203 3,4,5,6
2204 7
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Quality Assurance

Technology & Central Engineering Division (T & CED) operates a Quality Management
System to British Standard BS5882 (ISO9001). The system uses a structured suite of
procedures to ensure consistently graded standards are maintained along with traceability. The
work involved in this investigation has been designated as Grade 2. The job has been allocated
the 'Task number' ETABZ/38797 which used as the common reference for all data,
information and other media relating to the job. A task file bearing this number contains an
index of all iteras of relevance to the job, documents, magnetic tapes ﬂoppy discs etc. and
details of where they are stored.

Calibration
Equipment used during testing has been calibrated either in house or by the original

manufacturer to traceable National/International standards. Copies of calibration certificates,
certificates of conformity etc. can be found at the end of this Appendix.
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F%‘;‘t’lgag’g’;‘f’ Response Reference Restraint
B&K 4370 B&K 4370 B3K 4370
B&K B&K B&K B&K
2635 2635 2635 2635

) E—

opoon

Raca! VStore Tape Recorder

. A~
AN o

Gould Storage Oscilloscope

Ooooo| Jd
oooo
oooo
oooca

Doooocoo
oooooono
ogoooao
2200 Equipment Connection Diagram.
Frequency Response Analyser Diagram Shows Configuration For

Dynamic Testing Using Accelerometers.

B&K 2635 Charge Amps Were Changed For
LVDTs During Tl’.nre L:yw frequency Dynamic
‘esting.

Fig A2.1 Equipment Connection Diagram
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[LVDT Calibration Results|

Vout

Ry e s . .
o 2 . 4 .8 R B 10 12
Displacement from full Extension {mm)

" [ SING9S0Y=0.56X-3.05  S/N6I57 Y =0.60X-315 o SN 6965 Y = 0.60X - 263
: ; (ST :

- |LVDT Calibration Results]|

- Vout

-4 1 . L J. L 1 )
.0 2 4 e 8 10 L2
Disptacement from full Extension (mm)

+ S/N6954Y =0.60X-3:13 > S/N6955Y =0.60X-3.16 A S/N8951Y=0861X-3.08

Fig A2.11b
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e J N - . o
DIAGNOST IC I/ISTHUMENTS o Certlf'cate number %050&'
' CALIBRATION CERTIFICATE '

Modelw 0/ 2200 | . SerIaINumber _ 8§32

"This is to ‘certify that the above mentioned umt has been checked and re—cam;rated in
- accordance with the mamzfamefs pmcedure

pole CaIfbmuonResuIts
RANGE | APPLIED | CHECK . | CALIBRATED| CHECK | CALIBRATED|
- | SIGNAL | CH-1- CE-1 CH-2 -CH-2
10V | 9004V | Qoowd | Goctd | oold 908y o
sv | as02v | y.so2d .o w.s02d wu.son - ] .

2v | 1801v t. gol. 1.300¢ | 1. Bowd i-good
TV ] 900.4mV | o0, tiBed| %0 2ote | WOtid,J | 900,235
“{s00mV | 450.2mV |- wsp.usad| wd 9GS | Lpus3d | uutBed
200mV | 180.1mV | 120, 08d | 179 Ui 1800807 | 180.085A
100mV | 90.04mV' | 90.227.J | 90.0%d | w237/ | 0. o814
o smV [45.00mV | LS.t | G956 | S 0920 | US. o2
20mV | 18.01mV | 3. 28/ | 17. %% 1823, | 18- 8./
10mV | 9.00mV | 9.0d | T00L.d D tubd 2077,/

5mV | 4.50mv ] - | p—
10008z | 1000Ez | 1000t {opohe. 1000k, | oCOH,,
delete where not spplwable uncertainties :(0.04% +/- 1 digit)
C (4~ 0.12Hz)-
ACTEST | —PASSTFAL® |  PASS/FAS—

* RELEVANT DOCUMENTATION ATTACHED.

- CaIibratedBy‘ : Zx[ @ " Date 9bshr

Cahbration Due __ 97/05A27

Ca.librauon is tracéable to recognised Nauonal Standards. Calibration was perfoxmed under a
" quality system that meets 'the requirements of BS5781. The uncertainties are for a conﬁdence
probabxhty of not Iess than 95% o . . ;

ISSUE B 151184

Fig A2.12
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.CERTI'JFICATE OF CONFORMITY
Sorial No: CSD00204 -

" Date: 29 October, 1996

Haidiey, Hyike. . -
; Som.hampmn 5045 32H . Telephone Hythe (01703) 843265
"‘Enaand = .
1 Fax:  (01703) 848919
.~ Magnox ' 0 4 .
* | Berkley Centre Contract No:BLOA8695500
" "Berkeley . . o
ToGles Sub-Contract Order No:
GLI3oPB , o
. o Works Order Nos:DR79997
Description Qty |- Serial Number
1 T562:005 -
V-Store -
T i
T R'e.ma_rkl ,‘ o Inspector’s Stamp
Tavolos Number $33547 refers . _

c«urodmmmudu-whmum(umwmomfmhmwwhmmm .

: Date:” 29 October, 1996

st AF

for RACAL RECORDERS LIMITED

" ‘Pink= Consigneswith Goods  Groen = Consignes's Quality Manager

Fig A2.13
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@AGNOX

To:  Task File -

From: B J Brent :
Conventional Equipment Group
Systems Engineering
Berkeley Centre

‘Ref: © ETABZ 38797/16 Date: 2 October 1996

Hanford Tank M: ~. ¥ Tests

. 1 hereby certify that Kiag Fotce Gauge type 9041, Sérial_No 85199 has been calibrated on
2'October 1996 and it has a calibration of 3.77 pC/N.

Calibration was performed with the force gauge installed in the actual 2 kg hammer to be

used for the Hanford manipulator tests and testing was performed through impulses agamst
a suspended reference mass and a reference accelerometer

W.

B I Brent

Fig A2.14
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SECTION 3

CORRECTION FACTOR FOR EXPONENTIAL WINDOW
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Section 3 - Correction Factor for Exponential Windows

‘When an exponential window is used in the time domain on the Di-2200 Analyser, an exponential

decay is added to the time domain record. The decay number (1 to 10) selected on the Di-2200

represents the negative exponential power to which the window decays at the end of the time
record.

Damping decay is given by e “* where w is the natural frequency (radians), ¢ is the viscous
damping ratio, and t is the time. If ¢ is the decay number set on the analyser then,

¢ = {,wT where (, is the window induced damping, and T is the time record length.

For a frequency bandwidth of b Hz, the sampling rate s = 2.56 Xb samples/second, and if the time
record contains n samples, then the time record length will be n/s seconds.

Thus, ¢ = {,wn/2.56b
Since the loss factor n = 2¢ and w =27f, it follows that the window induced loss factor
1, = 2.56cb/nfn X 100 %

and this value must be subtracted from the measured loss factor to produce the correct value.

For the current series of tests ¢ = See Table below
b = 100 (acc) = 50 (Ivdf)

n = 1024

Tabulated values of ¢

Test 1 Test 2 Test 2a Test 3 Test 4 Test5 | Test6 Test 7
Ixivlzlixivizix|ylzIxiylzix|y|z|x|iY|z|X|Y|z |X|Y|Z

acc |4 |4 |4 [4 |6 |4 |6 |6 |6 |6 |6 41416 |6 |6 |6 |16 |6

=)
=N
S
S

vde{2 (2 [2 |2 |2 12 |2 |2 |2 |2 |2 202 212 |22 |22 (2|2 |2

[

EXAMPLE: Test 1Y Accelerometer Mode 2

f = frequency (Hz) = 7.70
1 = measured loss factor (%) = 14.01
¢ = 4 (from Table above)
b = 100

n = 1024

N, = (2.56X4x100) / (nX7.70x1024)xX100% = 4.13%

- and the corrected Loss Factor would be 14.01 - 4.13 =~'10%
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TABLE
No.
Ad.1a
A4.1b

Ad.2a

A4.2b

SECTION 4

SUMMERY OF NATURAL FREQUENCIES

& DAMPING

TITLE

TESTS 1, 2, 2a and 3 Natural Frequencies and
Damping, Un-corrected.

"TESTS 4, 5, 6 and 7 Natural Frequencies and

Damping, Un-corrected.

TESTS 1, 2, 2a and 3 Natural Frequencies and
Damping, Corrected.

TESTS 4, 5, 6 and 7 Natural Frequencies and
Damping, Corrected.

TE/EXT/REP/0055/97
: ISSUE 1
Page A34 of A124

Page No.

A38
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Natural Frequency f (Hz) and Loss Factor ) (% )
LVDT LVDT Test accel accel accel accel accel accel
fo(no) f; () No f; (my) f,(ny) £5(13) f, (0 £5(ns) fs(ne)
’ 1 Fully extended horizontally rotational joints aligned for vertical
operation (with a 10 kg (22 1b) payload)
1.5 3.3 (14) 1X 3.2 (16) 19.1 (7) 29.9(6) 35.5@8) | 53.0(11)
1.528) 3.4 1Y 32Q6) | 7.7(14) | 183(14) | 289(8) | 35.0(9 | 46.9(12)
0.9 4.4 (13) 1Z 4.3(10) | 83(17) | 19.7(12) |30.0(13) | 39.3 4 | 53.0(13)
2 As Test 1 but with additional 50 kg (110 lb)'added mass at tool-arm
(Total payload including hanger = 62 kg (136 1b))
1.2 3.2(16) 2X 3.7 21.9 31.0 46.4 - 56.8
1.3 (35) 3.3 2Y 3.1(19) | 6.4(16) | 16.9(13) | 28.4 (10) | 36.0 (10) | 41.3 (19)
1.1 5.0(5) 27 43 10) | 8.7(AD 2048 30810 | 388(7 |53.8(14)
22 As Test 1 but with additional 20 kg (44 Ib) added mass at tool-arm
(Total payload including hanger = 32 kg (70 Ib))
1.4 3.2Q15 2aX 3.8 ) 21.4 30.2 »
1.4 (62) 3.2 2aY 3.1(29) | 6917 | 17.2(13) | 28.7(8) | 35.0(8) | 41.8(12)
1.1 504 2aZ 43015 | 8.1(19 | 19811 | 30211 | 39.7 (4 | 53.0 (12)
3 As Test 1 but with the wrist rotated +45° and
the shoulder rotated -45°
3X 3.8 7.9 13.0 18.8 31.1
3y 34 8.1 9.1 13.1 18.6 30.6
3Z 45 7.7 9.0 - 13.2 19.0 30.5

Results in Bold are based on multi-point testing, others on a siﬁgle point test.

Complex modes are shown shaded. Where no damping is shown, this is due to un-reliable data.

Fig Ad.1a Tests 1, 2, 2a & 3 Natural Frequencies and Damping (Un-corrected)
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Natural Frequency f (Hz) and Loss Factorn (%)
LVDT LVDT Test accel accel accel accel accel accel
. Ry f; (n) No f;(ny) f, ) £5 () f,(n) fs (ng 15 (Mg
4 As Test 1 but with the wrist rotated +90°
and the shoulder rotated -90°
1.6 (41) 3.8 4X 3.9 9.3 18.8 31.5 39.4
1.6 3.6 4Y 33(32) | 91349 | 18.5 (19) 39.1(8)
1.0 (30) 4.8 4z 4.1 (20)
5 As Test 1 but with pivot A rotated +45°
and pivot B rotated -45°
5X 3.8 8.0 26.7 34.5 46.6
5Y 35 7.8 18.4 26.1 34.5
5Z 4.0 6.5 11.8 13.7 16.0 18.1
6 As Test 1 but with pivot A rotated +90° and
pivot B rotated -90°
1.6 21) 3.8 6X 3.9 8517 | 13.2(18) | 18.1(18) | 221 (9 | 323 (6
1.5 3.9 6Y 3.8(28) | 83(18) | 15.3(36) | 18.3(11) | 203 (11) | 31.5(7)
6Z 3.5 5509 | 9.6 22) | 12522 | 13.7(19) | 16.5(11)
7 As Test 1 but pivc.)t J at 0°, pivot H at 45°
and pivot G at 45°
1.6 (42) 3.5 7X 3.6 (11) 9.2(7) | 21.1(11) | 27.5(6) .
1.7 3.5(13) 7Y 34@13) | 8.5(014) | 20.0(12) | 26.8(8) | 40.4(16) | 45.4(8)
1.1 4511 72 4406) | 9024 | 190014 | 27510 | 50.2(7) | 60.2(4)

Results in Bold are based on multi-point testing, others on a single point test.

Complex modes are shown shaded. Where no damping is shown, this is due to un-teliable data.

Fig A4.1b Tests 4, 5, 6 and 7 Natural Frequencies and Damping (Un-corrected)
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Natural Frequency f (Hz) and Loss Factor n (%)

LVDT LVYDT Test accel accel accel accel accel accel
fy () fi () No f(np f, ) f; () f, () fs (g fs (ng)
1 Fully extended horizontally rotational joints aligned for vertical
operation

1.5 3.3(12) 1X 3.2 191 (8) | 29.9(5) | 35.5(7) | 53.0 (10)

1.5 23) 3.4 1Y 3.2 (6) 7.:7 .(10) 18.3(12) | 28.9(7) | 35.0(8) | 46.9 (11)

0.9 4.4 (11) 1Z 4.3(3) 8.3(13) | 19.7(10) | 30.0 (12) | 39.3(3) | 53.0 (12)

As Test 1 but with additional 50 kg (1101b) added mass at tool-arm

2 (Total payload including hanger = 60 kg (136 Ib))
1.2 3.2 (13) 2X 3.7 21.9 31.0 46.4 56.8
1.3 (29) 3.3 2Y 3103) | 6410) | 16910) | 28.4(8) | 36.0 9 | 41.3 (18
1.1 5.0 (3) 2Z 433) | 8.7@13) | 20.4(6) | 30.8(9) | 38.8(6) | 53.8(13)

As Test-1 but with additional 20 kg (441b) added mass at tool-arm

2a (Total payload including hanger = 32 kg (70 Ib))

1.4 32(12) | 2aX 3.8 21.4 30.2

1.4 (56) 32 2aY || 3.1 (13) | 6.9(10) | 17.2(10) | 28.7(6) | 35.0 (7) | 41.8 (11)

1.1 - 5.0 2aZ 43 (3) 81(13) | 19.8(® | 3029 | 39.7(3) | 53.0(11)

3 As Test 1 but with the wrist rotated +45° and
the shoulder rotated -45°

3X 3.8 7.9 o 13.0 18.8 31.1
k) ¢ 3.4 8.1 9.1 13.1 18.6 30.6
3Z 4.5 7.7 9.0 13.2 19.0 30.5

Results in Bold are based on multi-point testing, others on a single point test.
Complex modes are shown shaded. Where no damping is shown, this.is due to un-reliable data.

Fig A4.2a Tests 1, 2, 2a & 3 Natural Frequencies and Damping (Corrected)
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Natural Frequency f (Hz) and Loss Factor 1 (% )

LVDT LVDT Test accel accel accel accel accel accel
fo () f; (n) No f; () £, () f; () fs () fs (ng fs (g
4 As Test 1 but with the wrist rotated -+-90°

and the shoulder rotated -90°

1.6 (36) 3.8 4X 3.9 9.3 18.8 31.5 39.4

1.6 3.6 4Y || 3.3@2n 18.5(17) | 30.34)

1.0 22) 4.8 4Z 4.1712)

As Test 1 but with pivot A rotated +45°

3 and pivot B rotated -45°
5X 3.8 8.0 ) 26.7 34.5 46.6
5Y 3.5 7.8 18.4 26.1 345
5Z 4.0 6.5 11.8 13.7 16.0 18.1
6 As Test 1 but yyith pivot A rotated +90°
and pivot B rotated -90°
1.6 (16) 3.8 6X 3.9 851 | 13.2(14) |18.1 (15 | 22.1(7) | 32.3(5)
1.5 3.9 6Y || 3.8(16) | 83(12) | 153 (15 | 183 (9 | 203 (9 | 31.5(5)
6Z 3539 | 5.5 | 9.6 (17) | 12.5(18) | 13.7 (16) | 16.5(8)

As Test 1 but pivot J at 0°, pivot H at 45°

7 and pivot G at 45°

1.7 37) 35 . 7X 3.6 92@) | 21.1 (9 | 27.5(5)
1.7 3511 7Y 34 | 85(10) | 20009 | 26.8(7) | 40.4(6) | 45.4(6)
1.1 4.59) 7Z 4409 | 9000 | 19002 |27.50) | 5026 | 60.2(3)

Results in Bold are based on multi-point testing, others on a single point test.
Complex modes are shown shaded. Where no damping is shown, this is due to un-reliable data.

Fig A4.2b Tests 4, 5,6 & 7 Natural Frequencies and Damping (Corrected)
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MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 ‘ TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageAdl of A124
v NO OF NODES = 2¢ v ND OF NODES = a4
NO DF CO-ORDS = 45 - ND OF CO-ORBS = [}
b fmmemsc e 3 sl e C
FREGUENCY ¢Hz)= 3.18 . FREQUENCY (Hzd)= 12.33
DAHPING ¢%> = BT DANPING (%) = B.95

Fig A5.1 TEST 1X Modes 1& 2



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97
Technology & Central Engineering Division . ISSUE 1
PageAd42 of A124

v HO OF NODES = 20 v NO OF NODES = 24
NO OF CO-DRDS =  US NO OF €O-DRDS = 45
4 NO OF MOBES = 6 :l NO OF WODES = &
—X IACTIVE MIDE ~ = 3 3 [RCTIVE HODE = ¢
FREQUENCY cHz)=  19.14 FREQUENCY cHz)=  29.91
DAMPING (3% = 7.36 DANPING (%) = b.13
S~ — "

Fig A5.2 TESTIX Modes3 & 4



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0

TE/EXT/REP/0055/97
Technology & Central Engineering Division ISSUE 1
PageAd3 of A124
v KD OF NODES = 24 v NO OF NOPES = 24
KB OF CO-ORBS = 45 NO OF CO-ORDS = 45
4 NO OF HODES = & 4 NO OF MODES = -]
—{ |RCTIVE HIDE = § —X [RCTIVE HODE = &
FREQUENCY ¢Hz)= 35.456 FREQUENCY ¢Hz= 53.82
DANPING (%) = T.86 DRMPING ¢%) = 11.13

Fig A5.3 TEST1X Modes5 &6



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageA44 of A124
v NO OF NODES = 24 1] .|NO OF NOBES = 24
NO'DOF €O-0RDS = 27 4 NO OF CO-DRDS = 27
NO OF HOBES = ;] NO OF NODES = b
4—“ ACTIVE MODE = 1 — [ACTIVE HODE = 2
FREQUENCY (Hz3= 3.85 FREQUENCY (Hz)= T.718
DAHPING ¢ = 15.87 DANPING <% = Tu.@t

Fig A5.4 TEST1Y Modes1 &2



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97
Technology & Central Engineering Division ' ISSUE 1
PageAds5 of A124
Y] NO OF NOPES = 24 v NO DF NODES = 24
NO OF €O.0RBS = 27 NO OF CO-ORDS = 27
gy [mm s e Ao
FREQUENCY (Hzi= 18.28 FREQUENCY ¢(Hz)= 28.92
DRHPING €00 = 14.38 = .58

DARHPINE €%

Fig A5.5 TEST 1Y Modes 3 & 4



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageAd6 of A124
v NO OF NOBES = 24 ) v NO DF NOBES = 24
NO DOF £0.0RDS = 27 4 NO OF CO-DRDS = 2%
NO OF MODES = B ND OF MODES = B
4—“ ACTIVE MIDE = S ——3 [ACTIVE NODE = B
FREQUENCY <Hz)= 3s.80 FREQUENCY tHz)= 46.98
DANPING 00 = 8.63 PAMPING (%) = 1.2
TN

Fig A5.6 TEST1Y Modes5&6



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0. TE/EXT/REP/0055/97
Technology & Central Engineering Division ISSUE 1
PageAd47 of A124
ND OF NOBES _ = 24 NO OF NOBES = a4
N OF CO.ORDS = 24 NO OF CO-ORDS = =24
NI DF WIBES = & NO OF WODES = &
Zz—Y RCTIVE HODE = 1 z—Yy ACTIVE MODE = 2
>L FREQUENCY (Hz)=  4.35 ,L FREQUENCY (Hz)=  B.28
DANPING ¢%) = 18.38 DANPING <3 = 1?.31

/

Fig A5.7 TEST1Z Modes1 &2



MAGNOX ELECTRIC PLC ‘HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageAdS8 of A124
NO OF NODES = 24 . NO OF NODES = 24
NO OF CO-DRDS = 24 NO OF CO-ORDS = 24
N@ OF MORES = ] NO OF NODES = ]
B ACTIVE MODE = 3 22—y ACTIVE HODE = &
FREQUENCY <Hz)= 19.72 FREQUENCY ¢Hzy= 29.956
,L BRHFING 2 =  11.81 . ,L DANPING <%} =  13.16

Fig A5.8 TEST1Z Modes3 & 4




MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division . ISSUE 1
i PageAd49 of A124
HO OF NODES = 28 ND OF NODES = 24
NO OF C€O-ORDS = 24 NI OF CO-ORDS = 24
z—v ReTTuE MiRE I 8 z—v e Mo =k
FREQUENCY <Hz)= 33.38 FREQUENCY ¢Hz = 53.63
,l DANPING () = .28 ,L DRMPING ¢ = 12.73

Fig A5.9 TEST1Z Modes5 & 6



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 ' TE/EXT/REP/0055/97

Technology & Central Engineering Division . ISSUE 1
PageA50 of A124
Y] ND OF NODES = 24 v NO OF NODES = &4
ND OF CD.ORD5 = 2B NO DF CO.ORDS = 26
4 NO OF MODES = & 4 NO OF MODES = &
—X |ACTIVE HIDE = 1 —X [RCTIVE MOBE = 2
FRECOUENCY ¢Hz)= aan FREQUENCY ¢Hz)= B.4)
DANPING ¢ = 12.14 DANP ING ‘(%) = 16.29

Fig A5.10 TEST2Y Modes1 &2



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageA5] of A124
v NO OF NODES = 24 v ND OF HOBES = 24
NO OF CO-ORDS = 26 NO DF €O-ORDS = 26
4 NO DF MOBES = B 4 NO OF HODES = B
—X [ACTIVE HIBE = 3 3 ACTIVE HIDE = 4
FREQUENCY cHz)=  18.93 FREQUENCY cHz)=  28.42
DANPING (% = 13.23 DANFING 0 =  18.19

Fig A5.11 TEST2Y Modes3 &4



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 ) TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
: PageAS52 of A124
v NO OF NOBES = @4 v NO OF NODES = 24
NO DF CO-ORDS = 26 NO OF CO-DRDS = 26
4 NO OF MOBES = ) 4 NO OF WODES = B
—X [ACTIVE HODE = E3 —H [ACTIVE HODE = B
FREQUENCY (Hz)= 3684 FREQUENCY cHz)= W1.35
DANFING (%> = 18.13 DAMPING 0 = 13.23

Fig A5.12 TEST2Y Modes5 & 6



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageAS53 of A124
ND OF NODES = & ) NO OF BODES = a4
NO OF CO-ORDS = 24 . NO OF CO-ORDS = a4
NO OF HIDES = 6 ND OF WODES = G
Zz2—y ACTIVE HOPE = 1 i Z—x ACTIVE NIDE = 2
FREOUENCY (Hz)= 4.33 FREQUENCY cHz)= 8.73
,L DANPING t%» =  1B.ES ,l DANFING 0 =  18.53

Fig A5.13 TEST2Z Modes1 &2



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageA54 of A124
ND OF NODES = 24 NO OF NODES = a4
NO OF CO-ORDS = 24 ND OF CO-ORDS = 24
HORES = NO E5 =
Ly :grgse MODE = g Z—% ncrgsanggna = E
. FREQUENCY (Hz)=  20.35 FREQUENCY cHz)=  30.81
,L DANFING 3% = B.3@ )L DANPING o> = 18.31

) )
(

Fig A5.14 TEST 2Z Modes3 & 4




MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97
Technology & Central Engineering Division ISSUE 1
PageASS of A124
NO OF NODES = 24 IND OF NODES = 2¢
- |NB DF‘CD-DRDS = 24 NO OF CO-URDS = 24
z—x RCTIE HOE = & z—vu RTivE HDoE = &
’L FREQUENCY cHz)= 36.83 ,L FREQUENCY ¢(Hz)= 53.6¢
DRHPING 50 = .88 DANPING ¢ = .37

~

)

Fig A5.15 TEST2Z Modes5 & 6



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageA56 of A124
v NO OF NODES = 24 v NO DF NOBES = 24
4 MO OF CO.ORDS = 25 4 NO DF CO-DRDS = 26
NO OF MOBES = B NO OF WODES = B
—— IACTIVE HIDE = 1 - Z—3 |ACTIVE HODE = 2
FREQUENCY <Hz)= 3.13 FREQUENCY (Hz)= 6.92
DANPING ¢X3 = 2%.31 DARPING (%) = 17.23
2N
— - ~J

Fig A5.16 TEST 2aY Modes1 &2



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 ’ TE/EXT/REP/0055/97
Technology & Central Engineering Division

ISSUE 1
PageAS7 of A124

v ND OF NODES = 24 v NO OF RODES = 24
4 NO OF CO-DRDS = &k NO OF CO-ORDS = 26
NG OF WOOES =. & 4 NO DOF MODES = &
———d$ |ACTIVE HODE | = 3 —X [RCTIVE WODE = ©
FREQUENCY (Hz)=  17.28 FREQUENCY cHz)= 2874
DANFING % =  12.57 DAHFING x> = 619
Wt

Fig A5.17 TEST 2aY Modes3 & 4



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. o TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageAS5S of A124
] .{NO OF NOBES = 24 Q ND OF NORES = 24
ND OF CO-DRDPS = 26 NO OF €O.O0RDS = 2a
4 N0 OF MBDES = b 4 ND OF MODES = ;1
— |RCTIVE HIDE = 5 —X [RCTIVE HODE = &
FREQUENCY (Hzy= 35.\2 FREOQUERCY (Hza= .81
DRHPING (% = B.38 DANPING %) = 11.61

Fig A5.18 TEST 2aY Modes5 & 6




MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division i ISSUE 1
' ' ) PageAS9 of A124
NO DF NOOES = 24 NO OF NODES = 2u
NO OF €O.0RDS = 24 o NO OF CO-URDS = 24
NO OF MODES = & ND OF MODES = &
z— RCTIVE MIDE = 1 : Zz— ACTIVE NODE = 2 .
FREQUENCY cHz)=  4.34 FREQUENCY (Hz)=  B.13
)L DANPING (%) = 1¢.83 ,L DAMPING (%) = 19.36

Fig A5.19 TEST 2aZ Modes 1 & 2




MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageA60 of A124
NO OF NODES = 2 ND OF WODES = 2t
NO DF €0-0RDS = 24 ND OF €0-DRDS = 24
ND OF HODES = & . NO OF MOOES = &
Z2— ACTIVE WODE = 3 z—y ACTIVE WODE = 4
FREQUENCY cHzd=  19.8d FREQUENCY <Hzd=  38.16
,L DRNFING tx» =  11.48 ~ ,L DANPING ¢%» =  1B.75

) ),

Fig A5.20 TEST 2aZ Modes 3 & 4




MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97
Technology & Central Engineering Division ISSUE 1
PageA61 of A124
NO OF NODES = éll NO OF MODES = 2¢
NO OF CO-DRDS = 24 ND OF CO-DRBS = 24
sy |REmE ot | a—y I
)L FREQUENCY tHzi= 39.65 ,L FREQUENCY ¢Hz)= 53.89
DANPING ¢ = .12 PAHPING ¢%» = 12.11

Fig A5.21 TEST2aZ Modes5 & 6



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageA62 of A124
Y NO OF NOBES = 24 v NO OF NODES = 2¢
NO DF <O-0RDS = 2B ND OF C0-0RDS = 26
NO OF MODES = b NO OF MODES = b
4——“ ACTIVE MODE = 1 4—“ ACTIVE MODE = 2
FREQUENCY (Hz)= an . FREOUENCY ¢Hz)= 2.1
DRNPING (%) = 32.24 DANPING ¢ = 13.53

Fig A5.22 TEST 4Y Modes1 & 2



MAGNOX ELECTRIC PLC
Technology & Central Engineering Division

HNF-MR-0538, Rev. 0

TE/EXT/REP/0055/97

ISSUE 1
PageA63 of A124

NO OF NODES = 24
NO OF €O-0RDS = 2B
ND OF HODES = 3
ACTIVE MODE = 3
FREQUENCY (Hz)= 12.88
DAMPING ) = 19.52

v HD OF NODES
NG OF CD-ORBS

4 NG OF HODES

~——X [RCTIVE HODE
FREQUENCY cHz)

DANPING <>

A
m@me

n
18.52
19.43

Fig A5.23 TEST4Y Modes3 & 4



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageA64 of A124
v NO OF NOBES = 2¢ v NO OF NODES = 2¢
NO DF €0.0RDS = 2B 4 NO OF CO-ORDS = 26
ND OF MODES = ] NO OF WODES = B
4—“ ACTIVE HOIDE = 5 — [ACTIVE WODE = B
FREQUENCY (Hz)= 38.35 FREQUENCY tHz= 3%.31
DARPING (%) = 5.82 DRANPING <) = B.19
W

Fig A5.24 TEST4Y ModesS & 6




MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0. TE/EXT/REP/0055/97

Technology & Central Engineering Division : ISSUE 1
PageA65 of A124
ND OF NODES = 2¢ ND OF NODES = 24
ND OF CO-ORDS = &4 ND OF €O-0RBS = 24
NO OF MIOES = & ND OF MOBES = &
Z—% ACTIVE HDDE = 1 Z—y ACTIVE-MODE = 2
FREQUENCY (Hz>= 12 FREQUENCY cHz)= 5.95
,L DAHPING <% =  28.42 ,L DANPING ¢%» =  34.76

Fig A5.25 TEST4Z Modes1 & 2




MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 " TE/EXT/REP/0055/97

Technology & Central Engineering Division ) ISSUE 1
PageA66 of A124
ND OF NODES = 24 ND OF NODES = 24
ND OF CO-ORDS = 24 NO OF €O-URDS = 24
NO OF WISES = & NO OF MODES = &
Z—y RCTIVE MODE = 3 z—y ACTIVE MODE = d
FREQUENCY <Hzd=  15.E¢ FREQUENCY cHz)=  26.58
,L DANFING <) =  25.78 ,L DAMPING ¢ =  21.38
AN ~

) .

Fig A5.26 TEST4Z Modes3 & 4




MAGNOX ELECTRIC PLC HNF-MR-0538, Rev, 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageA67 of A124
ND OF NOBES = 24 ) NO OF NODES = 2¢
NO OF CO-ORDS = 24 NO OF CO-DRDS =  2¢
NO OF WODES = B ND OF WODES = B
Z—Y ACTIVE HIDE = § Z—N ACTIVE MODE = &
FREQUENCY cHz)=  28.19 |FREQUENCY cHzo=  33.36
,l DAMFING (0 = 1670 ,L DRHFING (0 = 21.58
~

)

Fig A5.27 TEST4Z Modes5 & 6



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0. TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageA68 of A124
v NO OF RORES = 24 ] NO OF NDDES = 2¢
NO OF CO-ORPS = U5 NO OF CO-DRBS = 4S5
NO OF MODES = B 4 ND OF MODES = B
i—x ACTIVE HODE = 1 —X |RCTIVE HODE = 2
FREQUENCY (Hz)= 3.89 3 FREQUENCY tHz)= B.ug
DANPING (%) = 1B.64 DANPING ¢ = 17.3¢

Fig A5.28 TEST 6X Modes1 & 2



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97
Technology & Central Engineering Division

ISSUE 1
PageA69 of A124

NO OF NODES = 2¢ v ND OF NODES
NO DF CO-ORDS = uS ND OF CO-IRDS
ND OF MODES - = [:] 4 N0 DF MOBES
RCTIVE MODE = i —— [RCTIVE MODE
FREQUENCY (Hz)= 1324 FREQUENCY ¢Hz)
DANFING ) = 17.97 ) DAHPING x>

2%

43
;]
4
18.88
17.82

FigA5.29 TEST 6X Modes3 & 4



MAGNOX ELECTRIC PLC - HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
' PageA70 of A124
v NO DF NOBES = 2¢ v NO DF NODES = 24
NO DF €O-ORDS = 4S5 ND OF CO-ORDS = U5
4 NO OF HODES = b 4 NO OF HODES = -]
— |ACTIVE NIBE = 5 ——3X JACTIVE HODE = B
FREQUENCY cHz)= 22.1 FREQUENCY (Hz)= 32.27
DANPING (3% = 2.19 DANPING <) = 5.58

Fig A5.30 TEST 6X Modes5 & 6



"MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0. TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
: PageA71 of A124
v NO DF NODES = 24 v NO OF NODES = 24
NO DF €O-ORDS = 31 ND OF €O-ORDS = 31
4 ND BF MODES . = B 4 ND OF MODES = &
—HX IACTIVE NIDE = 1 —¥ [ACTIVE HODE = 2
FREQUENCY cHz)= 3.6 FREQUENCY (Hz)= 8.28
DANPING ¢ =  20.71 DAFING 0 =  18.8¢

Fig A5.31 TEST 6Y Modes1 & 2



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0' TE/EXT/REP/0055/97
Technology & Central Engineering Division ISSUE 1
PageA72 of A124
v NO OF NODES = &4 v NO OF NOBES = 24
NO OF CO-ORDS = 3 NO OF CG-ORDS = kL
3 x|l e 3 f e C
FREQUENCY cHzy= 15.38 FRECQUENMCY ¢Hz)= 18.29
DRMPING ¢%) = 35.59 DRMPING ™ ¢5%) = 11.89

Fig A5.32 TEST 6Y Modes3 & 4



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ) ISSUE 1
PageA73 of A124
v NO OF NODES = 24 '] N0 OF NOBES = 24
NO OF CO-O0RDS = 3 4 NO OF CO-ORDS = 31
NO OF HODES = ] NO OF HOPES = b
4——“ RCTIVE MODE = 5 ——X [RCTIVE HODE = -]
FREQUENCY (Hz)= £8.30 , FREQUENCY (Hz)= 3.5
DRNPING €% = .27 . DANPING (%) = .83

Fig A5.33 TEST 6Y Modes 5 & 6



+

MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97
Technology & Central Engineering Division ISSUE 1
PageA74 of Al124
NO OF NOPES = 24 NO OF NOBES = 28
NO OF CO-ORDS = 24 MO OF CO-O0RDS = 24
NO OF WODES = 7 NO OF MOBES = 7
.| Z— RCTIVE MODE = 1 Z—3 ACTIVE HODE = 2
’L FREOUENCY <Hzy= 3.52 )L FREQUENCY <Hz)= 5.49
DANPING ¢%) = §2.51 DAHPING ¢%) = 1B.B3

N

Fig A5.34

TEST 6Z Modes 1 & 2



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0: TE/EXT/REP/0055/97
Technology & Central Engineering Division ISSUE 1
. PageA75 of A124
NO OF NIDE5 = 24 NO OF NOBES = a4
NO OF €O-ORDS = 24 NO OF €O-0RDS = 24
NO OF NOOES = 7 NO OF WGBES = 7
Zz—% RCTIVE MODE = 3 z—y ACTIVE HOCE = 4
,l FREQUENCY (Hz)= 9.5l ,L FREQUENCY (Hz)=  12.58
DANFING (%3 =  22.33 DANFING 20 =  22.1B

Z

Fig A5.35 TEST 6Z Modes 3 & 4



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97
Technology & Central Engineering Division . ISSUE 1
PageA76 of A124
NO OF RODES = 24 ND OF NOBES = 24
N0 OF CO.ORDS = 2 NO OF CO-ORDS = 24
a—y fMEME G 2y RS
,l FREQUENCY (Hz)= 13.73 ,L FREQUENCY (Hz)= 16.51
DAMPING <) = 18.75 DANPING ¢%) = 1788

N .

s

&

Fig A5.36 TEST 6Z Modes 5 & 6



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97
Technology & Central Engineering Division ISSUE 1
' PageA77 of A124
v NO OF NOBES = th. v N‘u OF NODES = 2
ND OF CB.DRPS = 43 ND OF CO-ORDS = U3
A x Rerive HmE S 1 3« ACTle Hibe - 3
FREQUENCY ¢Hzy= 1.84 FREQUENCY (Hz)= 3.57
DAWPING (% = 16.43 . BAMFING (%) = 1.7
e e

Fig A5.37 TEST7X Modes1 & 2



ISSUE 1

MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97
Technology & Central Engineering Division .

PageA78 of A124

NO OF NODES 24 v NO OF NORES
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FigAS.41 TEST7Y Modes3 & 4




MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97

Technology & Central Engineering Division ISSUE 1
PageAS82 of A124
v NO OF NOBE5 = 24 ) NO'OF NODES = 24
NO OF CO.ORDS = 26 : ND OF CO-ORDS = 25
KO OF MORES = B 4 ND OF MODES = b
4—-“ ACTIVE MODE = 5 =¥ IACTIVE HODE = B
FREQUENCY (Hz)= 48.36 {FREQUENCY (Hz>= 45.45
DANPING ¢ = 15.54 DAMPING %) = B.1S
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Driving Point Compliance frequency response function
showing the mode numbers that have been identified.
X-axis Frequency (Hz)

Y-axis Modulus of Compliance (dB)

Nyquist Plot showing real and imaginary parts of
frequency response function of the mode shown in the
top left hand corner. o

X-axis Real part

Y-axis Imagindry part

Carpet plot qualitatively showing deviation from text book viscous damping. There
is a redundancy of information available allowing many independent estimates to be
made of the damping. This plot shows these various damping estimates as the Y-
axis. Classical viscous damping would produce a horizontal co-planar plot,
whereas any deviation from this is indicative of non-linearities, noise, bad

measurements etc.

Data giving Identified Mode Number
Natural Frequency (Hz)
- % Damping (Loss Factor)

Fig A6.1 Key for Driving Point Compliance Plots
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Fig A6.16 Driving Point Compliance for Test 7Z



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0
Technology & Central Engineering Division

FIGURE

No

A7.1
A7.2

A7.3
A7.4

A7.5
A7.6
A7.7
A7.8
A7.9

A7.10

A1
A7.12
A7.13
A7.14
A7.15

SECTION 7

DRIVING POINT INERTANCE
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Key for Driving Point Inertance Plots.

Modal v Point Data Coniparison.
(Test 1Y Point Inertance 80018001)

Modal v Point Data Comparison.
(Test 1Y Point Inertance 80018008)

Modal v Point Data Comparison.
(Test 1Y Point Inertance 80018016)

1st Repeat of Test 1Y Point Inertance 80018001.
2nd Repeat of Test 1Y Point Inertance 80018001.
Driving Point Inertances for Test 2X.

Driving Point Inertances for Test 2aX.

Driving Point Inertances for Test 3X.

Driving Point Inertances for Test 3Y.

Driving Point Inertances for Test 3Z.

Driving Point Inertances for Test 4X.

Driving Point Inertances for Test 5X.

Driving Point Inertances for Test 5Y.

Driving Point Inertances for Test 5Z.
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Driving Point Inertance frequency response function
showing the mode numbers that have been identified.
X-axis Frequency (Hz)

Y-axis Modulus of Compliance (dB)

Nyquist Plot showing real and imaginary parts of
frequency response function of the mode shown in the
top left hand corner.

X-axis Real part

Y-axis Imaginary part

Carpet plot qualitatively showing deviation from text book viscous damping. There
is a redundancy of information available allowing many independent estimates to be
made of the damping. This plot shows these various damping estimates as the Y-
axis. Classical viscous damping would produce a horizontal co-planar plot,
whereas any deviation from this is indicative of non-linearities, noise, bad

measurements etc.

Data giving Identified Mode Number
Natural Frequency (Hz)
% Damping (Loss Factor)

F‘ig A7.1 Key for Driving Peint Inertance Plots
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SECTION 8

SENSITIVITY TO LOADING
TITLE

Static Loading in the 1+ X Direction.
Static Loading in the + Y Direction.

Sensitivity to Dynamic loading in the X Direction.
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Fig A8.1 Static Loading in the + X Direction
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[+¥ Axis Static Loading]

Displacement

Newtons
Load

Stiffness = 8.07 N/mm, Adding Load Adding Load
Stifinees = 820 N/mm, Reducing Load - Adding Loa

-¢- Reducing Load

-¥ Axis Static Loading]

Displacement

Newtons
Load

Stitfnese = 8.58 N/mm, Adding Laad @ Adding Load -4 Reducing Load
Stifftnese = 9.07 N/mm, Reducing Load

Fig A8.2 Static Loading in the + Y Direction
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TEST NOTATION AND DEFINITIONS

FIGURE TITLE Page No.
No
Bl.1 Confined Sluicer for Hanford Tests. B3
B1.2 Sluicer and Backhoe Interface. B4
B1L.3 Test Site Layout. B5
B1.4 Pump and Piping Layout. B6

B1.5 Summary of Test Runs. . B7
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SECTION 2

INSTRUMENTATION

TITLE

Sluicer Jet Characteristics.

Sensor Type, Range and Location.

Hanford Hardware Instrumentation Diagram.

Labview Data Acquisition.

- Labview Data Analysis.
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FIGURE

No

LF1
LF2
LF3
LF4
LF5
LF6
LF7
LF8
LF9

LF10

LF11

LF12

LF13

LF14

LF15

LF16

LF17

LF18

SECTION 3

LOW FREQUENCY DATA

CONTENTS

Shuicer Test 2, Run 1: Saltcake.

* Sluicer Test 2, Run 1: Saltcake.

Shuicer Test 2, Run 2: Saltcake.
Shuicer Test 2, Run 2: Saltcake.
Sluicer Test 2, Run 3: Saltcake.
Sluicer Test 2, Run 3: Saltcake.

Sluicer Test 2, Run 4 Saltcake.

Sluicer Test 2, Run 4: Saltcake.

Sluicer Test 2, Run 5: Saltcake.

Sluicer Test 2, Run 5: Saltcake.

Sluicer Test 3, Run 7: Blocked Shroud No Suction.
Slaicer Test 3, Run 7: Blocked Shroud No Suction.
Sluicer Test 3, Run 8: Blocked Shroud, Suction.
Sluicer Test 3, Run 8: Blocked Shroud, Suction.

Shuicer Test 4, Run 9: Blocked Shroud And Suction.
Sluicer Test 3, Run 9: Blocked Shroud And Suction.

Sluicer Test 4, Run 10: Hardpan.
Sluicer Test 4, Run 10: Hardpan.
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Low Frequency Data

Each data run is shown in two graphs, see Figs LF1 to LF18. For runs 1 through 4, the first
graph is the time series data for one of the horizontal accelerometers (Ay), the vertical
accelerometer (Az), the load cylinder pressure (P1) and the water pressure (Pw) to the sluicer. For
runs 5 through 10, the times series data are Ay, Az, Pl and the pressure in the shroud, Ps.

The second graph for runs 1 through 4 are the FFT spectra for Ay, Az, and the cross-power
spectrum of Ay*Az. For runs 5 through 10, the FET spectrum of the shroud pressure is also
shown.

The triaxial accelerometers have -3 db points at 0.32 Hz for Ax and Ay, and 0.4 Hz for Az. The
table below shows the multiplier as a function of frequency to correct for the low frequency
response of the accelerometers.

f(Hz) |[0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Ax,Ay (335 (1.8 [146 |1.28 |1.19 [1.13 (1.10 [1.08 [1.06 |1.05
Az 412 (224 |1.67 {141 |128 |1.20 (1.15 |1.12 |1.09 |1.08

Runs 1

through 4: The acceleration levels in the low frequency data are very low, and generally random.
Some energy appears to be coherent from about 0.18 to 0.28 Hz, but the levels are
very low. The preload in the load cylinders was set at a nominal value of 200 psi,
however this was not done correctly in run 1. The load cylinder data reflects the
forces that were applied by the backhoe. The water pressure supphed to the shroud
was essentially constant at 430 psi.

Run 5: Some low level coherent energy at around 0.38 Hz in the accelerometer data, the
spectrum of the shroud pressure shows no coherent energy.

Run 6: This run was aborted and there are no test data.

Run 7: No coherent energy in any of the spectra. There is a correlation in the time series data

between the rise in shroud pressure and the increase in load cylinder pressure.
However, the shroud pressure rose because the sluicer was being pressed against the
ground by the backhoe, and is the effect, not the cause.

Run 8: The acceleration levels increase towards the end of the run, corresponding to increased
shroud pressure. This is due to the increased levels of turbulence as the shroud is
pressed against the ground. The maximum shroud pressure achieved was about 25 psi.
The spectra show no coherence in the data, supporting the supposition that the
accelerations are due to turbulence.

Run 9: The acceleration levels increase towards the middle of the run, corresponding to
increased shroud pressure. This is due to the increased levels of turbulence as the
shroud is pressed against the ground. The maximum shroud pressure achieved was
about 25 psi. The spectra show no coherence in the data, supporting the supposition
that the accelerations are due to turbulence.

Run 10:  The spectra show a spike of coherent energy at about 0.1 Hz. The time series
acceleration data show a large transient about 40 seconds into the run, and about 10
seconds in duration. This is the only record that exhibits this type of feature, and is
also the only record of sluicing in hardpan, however the cause of the transient is
unknown.



"ONE IVINIWNOMIANS aYY 147 3dNOId

— 008 0005315 00000S°0:LP! ¢ 1poy ' 085’00 oo
SR WA ) _ - S S
- v . 1
1 "
; L - 1duy
S Y E JHNSS3dd
i = HILVM
- o . R )
298 000S°LLS 00000S°0 :LP! € poy 99500
,,,,,,,, RN T T : o0
— ) i ¢ I jdwy
E FJHENSs3I™d
i z HIANITAD AvOn
et e e ot et e St 14 et e S S i 2 2 e e e ] = o002
208 0005 LLS 0000050 4P g
e T e e, 202000 R € WO 002~

WY (zy) 1300V
: IVOILYIA

fwo oo

fwig o0e-
wuy (AV) 71300V
TYINOZIMOH

jwo o0z

764 Jo 914 95eq
T HNSSI uoIsIAl(g SurranSuy [enud) » ASojouyda],

L6/SSOO/dHA/LXA/AL 0 "A9Y ‘8€S0-AN-INH O'Id DIALDITI XONDVIN



“ONI “IVAINSNNOYIANT GNY . - g4713unold
ZH 000000° L €56L00°0 3P L poy

;%ﬁﬂgﬁiﬂzé

;

[ERERER!

ubBep

AN
‘WIMOd SSOUD

RN RN

Qw0 02

ZH Q00000°L

. 1W000°S
g

€56100°0 ‘4P

oo

ubew

764 Jo L19 93ed _ :
T HOASSI HOISIAL(] SulIRUISUY fe1ud)) % ASofouyday,
L6/SSO0/dHY/LXT/HL . 0 A%y ‘§ESO-AN-ANH J1d DIALDATI XONOVIN



"ONI IVINIWNOMIANT QYV

2@8 005°€20L

€47 3dNold
0000050 4P ¥ oy 295 0'0

]

208 00S°€201

00000S'0 1P €

RS

99§ 005'€201

AL Fen

769 30 19 33ed
13NSSI
L6/SSO0/dFY/LXA/AL

00
WY gunss3vd
HILVM
0009
0’0
dwy
IHNSSIud

HIANITAD AVOT

M000" )
jwo ooy~
Wy (Z2¢) 1300V
AVOLLYAA
1wo ooy
WO 00v-.

(Av)' 1300V
IVAINOZINOH

1dwy

Wwo 00y

UOISIAI(J SULIRIUSUY [enyua) % ASo[ouyda],
0 49y ‘SES0-WIN-INH O1d DIdLDATH XONOVIN



“ONI IVANIWNOUIANT ONY
ZH 0000004 42600070 1P ! £ ipoy

¥

471 39dNold

it

i
o
o

TERER

uBew

zy'AY
HUIAMOC SSOUD

tin

JWO0'08

ZH 000000°¢
N Y I Y Y TN PN e e

RO Pr I
L3S

1800070+

00

ubepw

764 30 614 95ed . :
1 FNSSI . . " woIsSIAL( SuLIdUISUY [BIIUI)) 29 ASojouyda],
L6/SSOO/dTY/LXA/AL 0 A ‘SESO-AN-ANH D71d DRIIDATA XONOVIN



“ONI TVINIWNOMANT GMY g47 3¥NOId
068 00S°€20L 0000050 1P poy 2908 00
— - ]
" i
: ,_
%8s OOW.QNO;»—”.KII. 00000S°0 'Lp ' € POy 098 00

EERTERTEIRRIRRERNT)

088 009°€204

764 30 079 93ed
1 ANSSI .
L6/SSOO/dTH/LXA/AL

00000%°0 ”._,.,vyw [

g N

dwy
FHNSSTUd
HILVM

1wy
JHUNSS3Hd
H3IANITAD AVOT
Mooo'Z .

jworoov-

1Y (2yw) =00V
IVOILHIA

1Wo'00y

[wo ooe-

(dwy A\A<v|_woo<
IVLINOZIYOH

[Eals]or4

uoISIAlg SurowBuy [epua) 2 ASojouyda],

0 "A9Y ‘8€S0-YN-ANH

J1d DIALIDTTE XONDVIN



"ONI “TVANIWNONIANT auV 941 I¥NOI4
ZH 000000°L L16000°0 :4P : 2 POy zZH 00
v - . Ty - v 3 00

B

RS IRERNRRER!

uBepw

e

FAYAIN™
HIMOd SSOHD

XER

2WO0°0S

ZH 000000° 1

00

Bl PP

2y

UBRWN WM 10SdS

e

w000 0L

ZH 00000071

«
i
m

764 Jo Tzd 23ed : :
T dNSS1 : UOISIAl(] SULUISUY [ejud)) 2 AJo[ouydo],
L6/SSOO/dHY/LXH/HL 0 "49Y ‘8ESO-AN-ANK J'1d DRILOATH XONDVIN



"ONI “IVANZWNOUIANT GYY 241 38Nl

%8g 009°€20l 00000S 0 :LP: ¥ pod 988 00
- : - . 3 ¥ ]
z ,_ N
Z ! B
- 3 B
268 005°€201 } 0000050 :LlP' € Py 288 0'0 ’
o | I E b
o i &‘.Jnlf{ R e S Nt o~
. 7] ﬁ il A i B o
hnd !
083 oom.mNOr . ‘ooooow!o wptez poy

298 005'e20L

2T

769 30 774 93ed

0'0
dwy
FJHNSSIdd -
HILVM
0'009

00

1dwy

FHNSSTHd

HIAANITAD AvoT
%000°}

lwo ooe-

deY (2yv) 1300V
IVOILHIA

o002

1woooe-

duy  (AY)1EDOV
IVLNOZIHOH

1Wo'00T

T dNSSI . UOISIAL(J SuLIdUISUY fenua)) 2 ASo[0uyda],
L6/SSO0/dHA/LXA/HL 0 "A9Y ‘SESO-AN-INH O1d DIALOATH XONDVIA



"ONI “IVANIWNOMIANT QuY 841 3NNOIL

ZH 000000" L 22600070 4P ¢ 2 :pay zZHO00
M T T v 1 " 7 j\éz, 7 TV ,‘/,»J,r o°
. i
H _ﬂ usep ,
) i zv'Av
. |  ¥3IMOd SSO¥D
- 1 2W000°0L
ZH 000000° L
00
Yy
UBEW WM LORLES

1W000'Ss

| 1W000°S
764 Jo €74 98ed :
1 ANSSI . uoisiAlq Surrsuiduy [enua)) 3 A3ofouyda],
L6/SSO0/ddd/LXA/AL 0 "9 ‘SESO-AW-ANH I DIALIATI XONDVIA



‘ONI TIVANIANOYIANG XY 6471 3HNDOIL

298 0005°552 00000S'0 1P ¥ poy 2395 0°C

: Y- o d i P n A da A AW Al
: Ll v AT AT A AR

ITERETRRT)

298 0005°552

000005°0:1lp' €

:poy

208 0005'SST

0000050 :LP: 2

205 0005652

MO ST

7649 30 v7g 9%ed
1 #NSS1
L6/SSOO/dTY/LXA/AL

0000050 )P -

:poy

0 "A%Y ‘SESO-YIN-INH

]
1dwy
FJHNSS3™d
HILVM
['¥4
00
dwy’
FHNSSAUA

HIANITAD AVOT

0009
g ooz

WY (zw) 1300V
IVOILYEA

o002

O'00g-

wuy (AW) 1300V
IVINOZIHOH

o002

UOISIAL( SuLIRAUISUY [eNUd)) 3 ASo[ouyda],
J1d DIALIATH XONDVIA



"ONI .4<FZM§Z©W2>ZM GV 0Ld1 IYUNDIL
ZH 000000°L 906£00°0:4P ' 8 poyd zZH 0’0

= | O.Q
AR )
NNHLOaIS
: ) E 1W00°0Z

ZH 0000001 906€00°0:4P* £ ‘0 00
SNVTE N ANV YA DA AN _% Jéz/\,z, | : )
- J 2y
- 1 Y amod mwwmw

QWO00'0k
ZH 000000 ¢ 906€00°0 P * )
7 00
L ENIVIAN
Y
e ubenw
(Woo0’'s
00
ubep

764 30 Std 33ed
1 3ASSI : UOISIAI(Q SurouIsuy [eus)) 2 A30[0uya Y,

L6/SSOO/dHI/LXH/dL 0 "49Y ‘SES0-YAN-INH O'Hd DTELDATH XONDVIN



"ONI TIVAINIWNOYIANT aYV

L1471 3dNOI4 -

088 0005°5S¢2 00000S°0:1P! v poy 298 0'0 o0
m : x Y SunssINd
l N HILVM
o . . ) . E 00z
008 000S'SSZ 00000S'0 1P € UUON_, 088 00 00
: _, :
: #
z H jdwy
: w 3¥NSSINd

HAANITAD AVOT

o'oog

998 0005°'SGZ

0000050 1P Z

298 00057552

764 30 974 98ed
1 ANSSI
L6/SSO0/dF/1XA/IL

AN

0 A9y ‘8E€SO-YIN-ANH

1WQ 009~

WY (Z2y) 1300V
IVOILM3A

15008

[CEelelo} of

qwy (AV) 1300V
TVYLNOZIHOH

{wo ooy

uoIsIAlg SurouiSuy [enud)) 2 A30[0uydd ],
J1d DRLLDATI XONDVIN



"ONI “TVANINNOMIANT QYVY
ZH 000000 L

2id1 3dNoid

90680070 4P 8 poy ZH 00

SR RS EIENATURNINS

Do e

ZH 000000° L

Jo bl

906€00°0 :dP ' 8

ZH 000000 L
FRANS AN RATT N7

906€00°0
e G IINIR AL R A R L AARREACA

NS

Ve

764 Jo L7d 93ed
1 ANSSI _
L6/SSOO/dA/LXA/AL 0 "A%Y ‘8€S0-AW-ANH

o0

uBepw sd
NWNH1D3dS
1WOo'00S
0’0
ubew FAYAINYS

H¥3IMOd SSOXHD
owigo-00}

[s2¢]

ubew

o002

00

ubew

{0002

uotsiAl( SulduiSuy fenua) ® A30j0uyda],
J1d DIALDIATI XONDVIA



"ONI TTVAININNOMIAND GYV o ' giL473¥NOI4

008 0005°662 00000S°0:4P ! ¢ poy oes 0°0 00
: = | =i
: 3 duy
: e A e : ERDBERERE]
H 4 dH3ILtvm
: . ) . 3 oor
208 0005°GS2 0000050 1P € . ‘P : ) 288 0’0 o0
- N N _ T N i v v T N N N N |
. M ]
- ., —~ Y u
: S p——; I IyNSSAYL
: ,. L& ¥3IANITAD AVO1
- : ' . N i . = 0'008 .
29g 0005652 0000050:1pP' 2 ‘poy 298 0°0
s U - W 008~

1Y (2y) 1R DOV
TVOILYIA

wo'eoe

00000S°0 * 5
) [AcleRelel ol

juy (AW 100V
IVINOZIMOH

jwg ooy

gt

: woISIAl( SurwouiSuy [enud) 3 AJo[ouyds],
.>wm“wmmc--2-&zm UH—UEHO@AMMOZ&««E

1 3NSSI
L6/SSOO/dTH/LXH/AL

<>



"ON TVANIWNOMIANG GV ’ - pL4T7 3ENDIL

ZH 000000°L 906€00°0:4P ' 8 Py zH Q0
B = (}\/\,\{((l\<((</75>)7>\4</\f>>w)\/\7\|</>\</\/\<>\/)\/\(/ 3 00
= 1y E
z v 1 3
= 2 ubBew sd
H E NNYHLD3dS
: ) ) ) El W0 008

ZH 000000} QOOQO0.0 H4p 2 P "0 00
- ! uBepw 2z AY
- HIMOd SSOMUD
- Qw0001
e ZH 000000°t 00
AV AN ry
: \

uBew YA

W IR ALE

ERR AR e g ]

e . SISO 1woo’oe
ZH 000000}
S L

24N

ubew

764 30 679 95ed
1 ANSSI : UOISIAK( SuLIUISUY (21U % ASO[OUYIDY,

L6/S500/dad/LXH/AL 0“9y ‘8ES0-AN-ANH O1d DIILDATH XONDVIN



ONE IVAINIWNOMIANT QYV

G147 3HUNOLd

008 0005'652 0000050 :LP ' ¥ 1poy 208 0'0

: Y»[)\/\/\\/ L A N 3
: Vo Y E
= ~ 2
°eS 0005'SSE 0000050 1P ! € 1poy 008 0'0

- - : . - I : ; - - v ~
= i .
- j i o
- \ o I\ i ] I
z PN A | TV [
= ST AN Y, ] =
1 / pe—— y =

- W] ) ) -
283 000S'SS2 ) 0000050 1P ! 2 1poy 008 0°0

o
o ; WYY A A N s

098 000§'SST oo.ooomwo‘“._.mvw 13 poy

764 30 0£d 93ed
T ANSSI

L6/SSO00/dHY/LXH/EL 0 "A%Y ‘8ESO-WN-INH

0o
1wy
AHNSS3IHd
HILVM
ooy
]
1dwy
FHNSSA™d

HIANITAD AVOT

0’008
1o 00e-

19uWY(zy) 1300V
. N 21 IRYETN

1wo 00e

jworooe-

jdwy (AV) 1200V
IVAINOZIHOH

o o0T

I NN

e Lk

:owwEQ BupreomBuy [enua) % L3ojouyda],
J1d DIALIDFATE XONDVIN



"ONI TIVANIWNOMIANG ¥V - 9141 I™NDIL

ZH 000000°} 906800°0 4P 8 1poy zZH 0'0
z /\l/>>\(:)?\/\<(</>)>>>7>\/)7\f>\/\)\/\7\</\/\<(/\<\</>>>> E
= El
: 3
NI 000000°L 906€00°0 4P * h ZH 00

[ S S BB

ZH 000000°1

764 30 1€9 95ed
1 ANSSI

L6/SSO0/dHA/LXT/HL 0 "49Y ‘SESO-WIN-INH

00
uBepy sd
NNHLO3dS
|1WQo'00s
00
uBepy FATAINY)

HIMOd SSOHO

QWO0'00L
o0
ubew %
8
1000z
00

ubBew

uoisiAl(j SurswSuy [Bud)) 2 ASo[ouyday,
O1d DI4.LOATH XONDVIA



ONI IVANIANOYIANG GY¥Y 21471 34NOIld

9eg 0005°S52 00000S°0:1P ' ¥ poy R 208 0°0 o'e
T v T T - g r T ¢ - ¢ al -

: 3
: u“ dwy
- e ﬂ) e [T g};}\?ﬁf{!}?i)m FJHENSSIdd
m h :7;3& . HILYM
- : : , S— , . . R B X
208 000§'552 0000050 :LP! € :poy 203 0°0 o .
m #. I dwy
: 3 U~ N 3 IyNssIxd
: m ! 2 YIANITAD AVO1
) R . . 2 ooov
288 OOOSTECE e  000006°0:1P " Z ‘poxi o B seso0
* e et oo s s e i e A 1 i i N i o e e et LD \,. L, \w 1duwy AN<V.|_NOO<
: S IVOILLYIA

085 000§°G52 o 000Q0S°0 “LP

wuy (AV)1300V
AVLINOZINOH

o't

764 Jo 7£4 23ed
1 ANSSI worsiAl(q SueuiSuy [enud)) % A30[0uydY,

L6/SSO0O/dBd/LXH/AL ] 0 49Y ‘8ESO-WIN-ANH ‘ - D1d DILDATE XONDVIA



"ONI TIVAINIWNOUIANT ¥V - 8147 3UNOId

ZH 000000°% 906€00°0 :4p ' 8 POy ZH 0'0 00
i (/))(\)\/\/\/\/\:/\f;/\\/
_ ubepw
- WNYL1LDO3dS
- o’k
ZH 00000074 wommoo [ RE -2 Py 00
- J?<(<</>>\]\< <§>)\/\«f/\§2\/\<<< <(</\4\</>\(/
m ubep N<.><
z HIMOd SSOHD
z QW00 0

B ZH 000000 wommoo.o 4R 9 poy
E /\)\/\/\ /\(/\_\[/\ \/\/\/\/)\f/\,\/\\,\/) y -

764 JO £€9 98ed
1 dNSSI : uorsiAxg SurouiSug [enua) 2 AS0[0uyda),

L6/SSO0/dBY/LXH/AL 0 A9y ‘8€S0-IN-INH D1d DTHLDATE XONDVIN



MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0
Technology & Central Engineering Division

FIGURE

No

HF8

HF10
HF11
HF12
HF13
HF14
HF15
HF16

SECTION 4

HIGH FREQUENCY DATA
CONTENTS

Sluicer Test 2, Run 1: Saltcake. '

Sluicer Test 2, Run 1: Saltcake.

Sluicer Test 2, Run 1: Saltcake.

Sluicer Test 2, Run 1: Saltcake.

Sluicer Test 2, Run 2: Saltcake.

Sluicer Test 2, Run 2: Saltcake.

Sluicer Test 2, Run 3: Saltcake.

Sluicer Test 2, Run 5: Saltcake.

Sluicer Test 3, Run 7: Blocked Shroud No Suction.
Sluicer Test 3, Run 8: Blocked Shroud, Suction.
Sluicer Test 3, Run 8: Blocked Shroud, Suction.
Sluicer Test 3, Run 8: Blocked Shroud, Suction.

Sluicer Test 3, Run 9: Blocked Shroud And Suction.

Sluicer Test 4, Run 10: Hardpan.
Sluicer Test 4, Run 10: Hardpan.
Sluicer Test 4, Run 10: Hardpan.
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B36
B37
B38
B39
B40
B4l
B42
B43
B44
B45
B46
B47
B48
B49
B50
B51



‘MAGNOX ELECTRIC PLC HNF-MR-0538, Rev. 0 TE/EXT/REP/0055/97
Technology & Central Engineering Division ISSUE 1
Page B35 of B92

High frequency Data

Selected 1 second runs were extracted from the raw files and process to elicit any features that might
be of importance to the operation of the arm.

Run 1, four data segments; run 2, two data segments, run 3, 1 data segment:
All four segments show coherent energy at about 30 Hz. The source of this energy is
probably the backhoe. The only other possible source would be the Paco pumps, however
they operate at 3500 rpm, which gives a fundamental frequency of 58.3 Hz. Since there are
multiple blades in the impeller, blade frequency would be higher than the shaft frequency.

The feed pump to the Paco pumps was diesel-driven at 2400 rpm, which would give a
fundamental of 40 Hz. Firing rate for the diesel and blade rate for the pump would be
considerably higher, however the feed water pump was isolated from the Paco pumps by over
50" of hose, therefore it is difficult to see how any energy from the feed water pump could get
to the accelerometers. In any event, the maximum acceleration was about 1g, corresponding
to an excursion of about 0.28 mm if all the energy were at 30 Hz.

Run 5, 1 data segment: )
Some coherent energy shows up at 30 and 40 Hz. In the cross-power spectrum, and a lesser
peak shows up in the spectrum of Az at about 52 Hz. Again, the acceleration amplitude is
about 1 g.

Run 7, 1 data segment:
A very small peak at 30 Hz., but the peak acceleration levet is about 2 g.

Run 8, 3 data segments:
Some small amount of coherent energy at 30 and 40 Hz.

Run 9, 1 data segment: :
Only the time series data are shown, and appear unremarkable.

Run 10, 3 data segments:
The shroud pressure spectrum shows some coherent energy at 20, 30 and 40 Hz., while the
accelerometer spectra show energy primarily at 30 and 40 Hz. Again, levels are low, with the
peak acceleration at about 1 g. :
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7LES

RFORMANCE DATA

- VEEJET NOZZLES Equiv. CAPACITY A
ol Sipa | NOZZLE TYPEANLET CoRECTION oﬂ'}f;’.’ ¢gatons pe: eninuted . SPAAY ANGLE
a0l gzo (AW [V ) ] ,"’n':r:'e‘s 5 10 20 40 40 60 80 100 200 300 500 | 20 <0 80 200
s i [ |9 [1n [ [ LR e [sa 14 [via] 2 psi_psi_osi DS psi o3 psi psi pst psi D 95
7560 ol e ) 30 42 52 60 73 85 95 134 164
1570 | . . B . 70 86 99 111 157 192
15100 . td 54 . 7
15* {15120 . 60 85 104 120 147 170 190 27 8
15150 75 106 190 150 184 21 24 3
. 5200 10/ 73 200 B2 u 55
15250 12: S a' »
15500 2 7 115 197
151000] 50,
0003 ]

SR nEREBERE

o
SOLID STREAM

&G0

ppNRS Do

Do s wnpon =i

g'mm‘.m-_m,_-u.w.-....m*

87 100 IZS 142 158 ZZ 273" 353
10 135 156 174 245 301 389
40471, A%

645 0033275 1567180 7220:254 1285 ¢4
71 100 142 173 200 245 283 318 447 547 706
125 175 247 303 350 428 494 553 783 958 1240

;. MATERIALS
JET

: MATERIAL [ na— SPRAY HOLZLE —

: H 14 W -SS 11010

' MILDSTIﬁIEL'ESSSTE ome mu.‘nél _Nya!rh Mallev!ﬂ cag‘azﬂ"l

":w:sm TEEL e cometton e H
[316 STAINLESS STEEL Honly) DIMENSIONS & WEIGHTS
Polyvinyt Chlaride Bases on Bargestmeaviestvession of each type.

“Nozzle

H Length

i BV,

i AW [ e | T “Vaor
: Hiavvt] * i 102,

—— e

i VEEJET FOR NOZZLE STRAINER MESH SELECTION \

N DESIGN FEATURES ) NOZZLE STRAINER ORDER NO. GUIDE

¢ ggglet nozzle sirainers are '/' W" Equivalent Recommended

-6!3!6 with either brass or 303 ~— T2 Oriice - Screen

H 135 steel bodies and come * Matenat Gode Diameter Mesh

; witn 304 stainless steel screens. g materal cooe = Brass’ UP THROUGH 200

| These strainers will fit in any SS 2 303 Slamess Steel 018" (.46 mm}

§ HY UV or HY VV VeeJet nozzle. . °Sceeen Mesh 019" (.47 mm)

: They provide an effective means . THROUGH 100

; of straining out particles that are 031~ (.79 mm}

! 100 large to pass through the ‘032" ( 80" érg:) 50 -

. nozzle onfice. ! [
25 Pressure Transducer Specification-2 B92

Fig1



MAGNOX ELECTRIC PLC

Technology & Central Engineering Division

"HNF-MR-0538, Rev. 0

.
C
b
<
- L
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\-

Adj ustable

BALL FITTINGS

male mle(. femate outlet
14" %" NPT or BSPT

Adjustable ball fitings plovlda

male Inlet. lamale outlet
-1 NPT or 88PT

]

& 54 ‘4ﬁ
S,

to minimize clogging and smooth

TE/EXT/REP/0055/97
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2L
male inlet, male outlet
1147 2%" NPT or BSPT

prassure rating Is 300 psl (21 ban).

Fig2

g
e
/ §§§G &adjustable positioning of spray finished sealing surfaces to - Nozzle removal for cleaning and
§§ \ nozzles for more ] assure leal is quick and simple.
, 2 § N ggz’f:g’;m';?;::“ﬁg‘“ The machinec-type ball fiting ~* Cast-type fitiings feature locking
e Tl “ Pe ]9 i teatures a lock ring that hokis screws that hold the nozzle In
é - ‘5 °°';“’° 9;" nozizo positioning the nozzle In position when position when Jarred or subjected
- ~ without df 5‘“'::9 pipe b Jared or subjected to vibration. {0 vibration. They are rated for
—_— connections, Adjustable ball The fitting hes a relatively small pressures up to 125 psi (9 bar),
. fitings are avajiable in a wide diameter for applications requir-
rango af pipe connections. They. Ing a compact size. s maximum
feature large intemal passages
DIMENSIONS &‘H’EGHTS
niet | Outlet DIMENSIONS
! Adjustable Total
po-| Pipe | Biifiting | Type Included | whet
oo Somn | “ordering | Flanges overall 8 | Angle of weight
BSPT | BopT | NO- nches
ot T For pipe
3 ] Tx1 ThoT | an | T | 40 3 alignment
Tyl 1R | x 1Y [femaleoutietl. 5% W 40° % .
T | T | x| type | 5% | 1%} 40° 5 To position
T 17 | THex 14 CAB R spray nozzle
1M |1/ | 1Ax1taM]|  CAST 5% | 1% 40° L patterm
1M | 1M |1 x 1M ] malo outlst| 5% | 194 1 400 5
M| M| zxaM wee | &% | M| 40 18
20iM | 25M | 20 x 21AM ol swi a0 19%
H
1 Tnfet | Outiet DIMENSIONS
: Come. | domn. S: [Ftho waterat ovaran| o tochded ot
5 3 2
NPT of NPT or| #"”9 . Length{inches Angle of | V.
B8SPT | 8SPT faches
AL —
| i joereaxve |Boss | o | 2
V| F| 36276- X %58 St.Steet
VN | Vi |seateaxve [Brss | L[ s, 3 36275 Type 1 x
VA | Vi | 36275-hx %35 | St Steei | " ? 45° no material cods » 8rass | , \
P s TR R $5 « 303 Stalnless Steel -
T [semsmawss|s e | T | §s cm:;»'t:ﬂou congydion 4
Vi | F 136215 x e | Brass CastTypo
I T TS el Red n 0 matenal code = Brass
YM ¥F_|36275-Yx ¥ Brass. i =Gastiton
SeaTe ¥ veEs [ siea | 27 | T " S » 303 Stainless Steet and
) call (or ‘availability of reducing sizes. Cast 316 Stainless Steel
; A——
N -@
T oo e GAST FLAKGE
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CD 80 N
Dri-Prime ' Pumps

Features:

Close mounted crrangemen}' carrying pump
and cutomatic priming
to a dlesel engine (Listor TS+ llusirated)

£ All metal construction solids handling pump
end.

Extensive applicallon fexibility - will handle row .
sewage, siurries ond liquids with solids up 10 1%
Ins diameter.

- Recessed impeller version available.

. Continuously operatad ‘Godwin” patented air
ejector priming device reguiring no form of
- periodle adjustment ar control

Dry running, oil bath’ lubricated, mechanical
seal with high bid
Interfaces.

Solids handiing, mushroom non-return vaive
with quick release access featute.

Compact unit mounted on two wheeled highway
tealler incorporoting integral overnight running
tuet fank. Siid versions are ats

Very simple € -
to checking angine and seal cavily olt levels.

Avallable with a varlety of engines including
. . Uster, Hatz, Deutz and John Deere. Electic motor
' .  powered versions are also avallable.

Fig 3
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CD 80 Performance Curve

Technica!l Notes:
i 0 ing speed:

2200
rem Fully opan Impeller 7 11716 inch dio, meammm
Recessed Impetior 7 %8 inch dio, — ==
= . 2000 rpm
" .
§oeoptog, |
¥
3 1900 ¢ T
om
= T —— ]
E I
- = THCTEm
\ ~ s ren
1
5% pm
—_ 1799
\\
~ N
1800 rpm)
00 200 300 Z00

Qischargo — Gailons per Minute

. 20 gallons

2200 r.p.m.

+212°F
Maximum working pressure:
41 p.s.i..

Maximum suction pressure:
29.0 p.s.i.-

Maximum casing pressure:
61 p.s.i.

Fuel tank capacity:

Pipe connections:
3" A.S.A. 150

Material Specifications

Pump casing, suction cover, separation
1ank, body and wearplates:
close grained cast iron

irhpeller:
cast chromium steel hardened - -
to minimum Brinell 341 HB

Shaft sle;ave and shaft:
13% nickel/chromium steel

Adaptor and eJector housing
siticon i

Performance Table i
Dlese! Set - Lister TS1 - 6.5 h.p. ot 1760 r.p.m.
impeller Diameter 73 ins

Totaf Delivery Head - Feat

Total Suction 10 15 20 @ 25 30
Head - Feot Qutput GPM |

10 370 355 330 300 265

15 3856 330 300 265 210

20 330 300 265 210 150

25 320 265 210 150 80

MANOMETRIC or TOTAL Heads are given in the rating tables and curves based on

water tests at sea level and 20°C.
For maximum flows larger dlameter pipes may be required.

Dimensions in ins. -.Dry Woeight - Ibs, (Approximate}

Highway Trailer

Length

Width Height Weight

N.R.V. rubber:
of high nitrile

Mechanical Seal Faces:
solid silicon carbide

geawin®
PUMOS

Godwin Pumps of America, Inc.
Floodgate Road
Bridgeport. Ny 08014
Tel: (609) 467-3636
Fax: {(609) 467-4841

i sro subject to

‘€DBO/TR1

S0

54 58 1550

Fig 4

. ions and il
fevision without notice.
® Convright 1991, Godwin Pumps of Amarics, Inc.

GPAICOBO/9Y
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CD150M

Features:

Close mounted arrangement carrying pump and
vaguum priming compressor mounted to a diesel
engine or electric motor.

All metal construction solids handling pump end.

Extonsive application flexibility - will handle raw
sewage, slurries and liquids with solids vp to
3 in. in diameter.

Conti d ‘Godwin’ air
ejector priming device requiring no form of
periadic adjustmant or control.

Dry running, oil bath, mechanical seal with high
abrassion resistant silicon carbide interfaces.

Dri-Prime Pumps

Solids handling ball type non-return Vvalve with
renewable flexible rubber seat and quick release
accass feature.

Compact unit mounted on a skid base or two
wheeled highway trailer both incorporating
integral overnight running fuel tank.

Very simple maintenance - normally confined to
checking engine and seal cavity oil leveis.

Available with a variety of engines including
Lister, Hatz, Deutz, and John Deere.

and unsilenced can be supplied:

Fig S
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!
! CD150M Performance Curve Technical Notes:
. Maximum operating speed:
1 . 2200 r.p.m.
N 200 i
I IMPELLER DIAMETER: 11,02 +212°F
100 3200 APM I N . N
' 160 ¢ Maximum working pressure:
140 |22 e I 58.5 p.s.i.
H E 2100 RPM - Maximum suction pressura.
é 120 1800 RPM 29.0p.si. -
' ——
z 190 | ~e00 APm — | Maximum casing pressure:
= a0 t 300 RPM 1 88 p.s.i.
H g © 1350 RPM i [ TN M Fuel tank ity
5 uel tank capacity:
, w | B— 20 10 100 gal.
20 [ Pipe
! 67 A8 .A. 150
. °
) ° 250 500 760 1000 1260 1500 1760 2000 .
' ol - Galions per Min . - .
sonree poe Minuse Material Specifications:
IS .
: Pump casing, suction cover, separation
: tank and wearplates:
! Performance Tables close grained cast iron
. Diesel Set - Hatz 3L40C - 24.1 h.p. at 1500 r.p.m. |- .
' Impeller Diametar 10% in. e um stesl
: ‘ Total Delivary Head - Feet o mini Brineil 341 HB
- Total Suction 10 20 30 40 50 nates
; Head - Feet Cutput GPM . 13% nickel chromium steel
: 10 1850 1700 1560 1356 1050 NRV Body-Ejector Housing:
b i
¢ 15 1740 1620 1465 1200 850 sificon aluminium
N.R.V. Ball and Seat:
' 20 1700 - 1560 13586 1050 575 high nitrile rubber
25 1535 1465 1225 850 120
f Seal Faces:
p Diesel Set - John Deere 40390 - 59 h.p. at 1800 r.p.m. solid silicon carbide
’ Impeller Diameter 10.8 in.
H . Total Dehvery Head - Feet .
B Total Suction 10 20 30 40 S0
! Head - Feet Output GPM
. 10 1960 1900 ‘1850 1800 1680 .
: 15 ’ 1850 1810 1700 . 1520 1400 . H ®
! 20 1670 1590 1500 1380 1240 W" l
1 25 1500 1400 1340 1240 1100 .
. MANOMETRIC or TOTAL Heads are given in the rating tables and curves based on
i water tests at sea level and 20°C.
For maximum flows larger diameter pipes may be required. Godwin Pumps of America, Inc.
Dimensions in in. - Dry Weight - Ibs Flaodgate Road
Highway Traiter e Teta 4679655
Length Width Height ‘Weight Fax: (609) 467-4841
Hatz 3L40C <0 56 51 2,540
! * John Deere 40390 108 64 75 2,750 e oo 210 subject 0
: . *Copyright 1991, Godwin Pumps of Amarica, inc-
! GPA/CD150/91

Fig 6
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ID: 160946746841

JAN-30-97 12,44 FROM:GODWIN PUMPS -~ SALES

DESCRIPTION
The Modet MF100 is designed to provide high pressuro rating
in an Kag

and

Model MF100 maters are manufactured to cormply with the
P = of the A Water Works Associa-
tion Standard No. C704-92 and latest revision for propelier
type flowmeters. The impetler and drive assembly are easily
accessed through the open end of the meter wba. As with
all McCromaeter propeller flowmaters, standard features in.
clude a magnetloaily coupled drive, instantaneous flowratae

fndicator and straight-reading, six-digit totalizer.
impellers-are manufactured of high-impact plastic, capable
of retaining thelr shape and accuracy over the {ifa of the
meter. Each Impeller is individually calibrated at the factory
to accommodaie the use of any standerd McCrameter
register, and since no change gears are necessary, the
MFE100 can be fleld-serviced without thie need for factory
Factory steel are

used to suppont the Impelier shaft. The sealed bearing design
limits the entry of materials and fluids Into the bearing
idit bearing pi

An flowrate In is and
available in gallons per minute, cubic teet per second, liters
per second and other upits. The register (s drivenbya flexi-
ble steel cable encased within a protective vinyi liner, The
register housing protects both the register and cable drive
system from moisture while allowing clear. reading of the
{lowrate indicator and totalizer, .

INSTALLATION

d it ts mount. If the meter Is to
be mounted in the vertical position, please advisa the fac-
tory. A straight run of full pipd the length of five dlameters
ahead and one diameter behind the meter (s the minimurn
normally recommended. B

APPLICATIONS

* Center pivot systems

» Sprinkler irrigation systems

« Drip irrigation systems. -

« Golf course and park water menagément
‘e Commareial'sursefios

« Water and wastewater management

Fig 8
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SPECIFICATIONS

PERFORMANCE
ACCURACY / REPEATABILITY: +2% of reading
guanranteed throughout full range. £ 1% over
reduced range. Repeatability 0.25% or better.

IMPELLER: Impellers are manufactured of high-Impact
plastic, retalning their shape and accuracy over the
life of the meter. High temperature impeller Is

MAXIMUM TEMPERATURE: (Standard Construction) optional,
160°F oonstant. FLOW TUBE: Fusion-bcnded epoxy-coatad carbon
PRESSURE RATING: 150 ps, stesl.
MATYERIALS OPTIONS
BEARING ASSEMBLY: impefier shait is 316 v F o/ fiow
steat, Ball afe 440C stesl. * Register extensions

MAGNETS: Perrmanant typo. Cast or sintered alnico.
BEARING HOUSING: Brass; 318 stainless steel

optional,
REGISTER: An Instamaneous flowrate indicator and
six-digit g totalizer are The

raeroian 5 bamatieally souled witin a &a sast
aluminum case. This protective housing Includes a
domed acrylic lens and hinged lens cover with lacking
hasp.

« Al stainless steel construction
« High temperature construotion

* “Over Run’” bearing assembly for higher than normat
flowrates *

.* A complete line of flow recording/control
- instrumentatiah

- »_ Flow straightaning vanes
= Certifled caflbration test resuite

MF100
Weter and Nominal Pipe Size {inches) 2 2112 3 4 [ s 10 12
Maxtmum Flow U.S. GPM 250 250 250 800 1200 1500 1809 2500
Minimum Flow U.5. GPM 40 .40 49 30 80’ 100 125 150
Haae Loss In Inches at Max. Flnvl 28.50 29.50 29.50 23.00 | 17.00 8.76 3.75 2.78
Shipping Welght, ftis, 32 - 38 3% 45 1t 100 128 145 178
B (inches) 34 354 a4 - e 718 78 1 1
C (inches) 4914 512 [ 7irR 912 | 1o | 141s | 47
© (inches) 6 ? Tz [} 11 13172 18 19
i Hws | 1zae | 1212 15 18 17s | 2212 28
20 20 20 20 2 20, 20 _20
No. of Baits Per Flangs 4 4 4 8 8 [ 12 12

prenatim—————

MECrome1or rasenos faa 1igit 87 Chungye thign oo specheutions whiict nodce.

FOR MORE INFOCRMATION CONTACT:

¢ . 10M/GO/11-93/500840

3255 W. Stetson Ave.

Hemet, CA 92545

{909) 652-8811 / Talox: 676 343
Fax: (909) 852-3078

ETovin

MoCROMETER DIVISION

@ 1988 by KETEMA, INC. / Printed In U.S.A,

Fig 9
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AND STRAIGHT AEADING TOTALIZER

! Registors are six-digit, straight-reading type available in
Gallons, Cubic Feet, Acre Faet, Cubic Meters and other stan-
) dard measurements, Instantaneous flow indicator needle is
: of the magnetic cup design, and Is available in Gallons per
* Minute, Cubic Feet per Second, Miner’s Inches, Luers per
{ Second and other standards.

. can be and rep without interrup-
1 * ting service. The register case is hermetically seaied with a
B hinged lens cover and focking hasp. Material Is die cast
: aluminum. Molded lens is domed, acrylic material.

! Chan, in T are on all
McCromaeter meters by the rogister

! ’ REGISTER OPTIONS

: ’ * Forwardireverse flow

* Tast hand/index whael

= Antt-reverse totalizer

» Custom ‘scalo

« Extended digit totalizer to Increase maximum
totat reading

STANDARD FLEXIBLE DRIVE

B The register Is driven by a flexible steel cable encased in a
: . protective vinyl tiner which efiminates troublesomo and costly
i worm or bevel gear drives. This unique cable drive allows'
the register 10 be extended topward.

1 STANDARD MAGNETIC DRIVE/BEARING ASSEMBLY

The stail steel baarings st rtthe and allow
1 ‘itto lree\‘”rolé’fe "Tho two permanent magnets on elther side
: of the solid, one piece diaphram transmit the rotation of the
propalier 10 the flexible drive cable while preventing the
H process fluid from entering the hermetically seated cable and
: register areag. Stalnless stoel bearings support the impelter
] and are lubricated at the factory. The shielded bearing design
N prevents entry of materials and flulds Into the bearing
: d bearing The stan-
. dard bearing houslng is made of brass with all staintess steel
. 440C ball bearings. The.Impelier shaft, bearing spacers and
1 . seal sleeve are 316 stainless steel.

: . STANDARD INSTANTANEOUS FLOWRATE INDICATOR

BEARING OPTIONS

- All ste] housing,
ball bearings and Impeller shaft
* "Over Run" for high
« Sealed vearings
STANDARD JALIBRATES IMPELLERS .-

Impeilers are manufactured of high impact piastic which
keeps its shape and sccuracy over the lite of the inster. The

are so that ratio regt; may
bo used i High impact and broad
i fit these to a wids range of
uses.
IMPELLER OPTIONS
« High

* Adid and caustic resistant impeliers

: Fig 10
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Geneml- The imeters furnished undar (hesa specnf canons
*-ghall comply with the Water
. ‘Works Assogiation Standard’ No C704-81 “for. cold water
. meters to the'types of meters

he bid-.

throvgh a Sealed Holising to afiminate corrosioh and friction.

shell be lubricated and ‘sealed at the factory.

" ding ‘as well ag th ofthe ff
for bids. Intho oveit of confiict, the specifications herein shail.
. ‘prevail, Corrosion-resistant malterials shall be. used'
the " Exoepl for the register
& no J shall be Used. Surfaces
. of all other pans shall be treated with 2 {uslon-bonded im-.
porvluus coating. Alf rotating members, excopt membors in

' the register assembly, shall be &ither ]awal or bail beaﬂng

. mounted.

a P!
‘conbsionrasistant material of a figid BUrresilient rial
- *will not flex or otherwise change in dimanston un
flow of water, and be capable of withstanding temparatures
f 180°F without slumping orwarplng Impeitar witl be fao- "
oy tosted and y of. plus or
dhinus 2% over the formal fiow rangie and romain agolfate .
hall

FLOW RANGE AND HEAD LOSS CHARY

Wieter and Nominal Pipa Size

* . alnico magnets located on the impéifer shaftand on the sane
axis and shall bc compmaly sealed lrom walef pressure,

Reglster: The regrstﬂ shall be ot a common axls withthe .
. impeller support and shall be rigidly supported by the | hous-

",-ing support.plate or drop pipe. The register shafl’ consist of

mounted perpendicutar to the direction of fiow and which can
.. be viewed through a transparent cover. The totalizer shall

16~ 187 ¢ 20"

Flow U.5. GPM 250 [ 280 | 250 | 600 .1500 | 1800 | 2806|3000 | 4000 8500 .
Flow U.S. OPM 40 49 40 5 100 | 125 160 |-260 275 700
Maxlmum Head Loss (in. H,0) | 42,00 | 32.00 | 29.50 ; 23,00 | 17.00 | 6,75 | 8.78 | 2,76 | 2.00 | 1.75 1,00

ACCURACY AND HEAD LOSS CURVES
37 TO 12" METERS

Lass
OF HEAD
ININCHES.
OF WATER

ACGURAGY

STANDARD REGIS‘TER FACE RANGES
1

> e e
VELOCITY IN FEET PERSECOND
NOYE: 7ESYE0 /N STANDARD SIPE.

o
-

08000 0400 013 08
028000 | 0500 018 [XH
18°820° 010000 2600 020 048
24°830° 015000 1000 095 028

The ‘drive mechanisni from the inipeller coupling to the .
register shall be & flexible driveline. The drive mechan!sm F

Drive: The meter instrument shall be driven by axial .

“. an instantensous indicator dnd totalizer which ehalf be :

*. e six-digit, straight-reading, drivan- by & positive direct dnvo y
il

Fig 11
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INSTALLATION INSTRUGTIONS
' Proper meter: Instaliation i§7thg first 9ép to InSuUre’ meter "All'McCrometdr are (oé('s_d and In3péé: ’dﬁ'ﬁn‘q”~
' per Follow these closety. Consult an and prior to should be
service or the factory for any ¢lr- performed at the time of unpacklng tc detect any damage

cumstances encountered riot covered in these instructions,

INSTALLATION
REQUIREMENTS

‘ \»\“\\ )\

MIN, § DIAMETERS UPSTREAM
FROM THE PROPELLER

-

Gbstructions sue?
must be AT LEAST 8 DIAMETERS upstraam from (he motef.

Motar mode! MFHZ
cispisyed har

f— 1 CramETER

-

McCrometer propeller meters should be installed a
of five di; h ‘of any obst

tions. Flowmeters are velocity sensing devices and.are

o certain Byuuse of this,
meters need cortain longtm of straight pipe runs before and
aftor the meter. Thase distancas usually relate 1o the dlameter
of the pipe used. Obstructions can include vlbows, valves,
pumps and changos In plpoc diameter, The uneven flow
created by these obstructions can vary with each system. "
your applications provides for more than five diameters of
upstream run, use the available distance.

Downstream run should be one dlamater of straight
pipe length after the meter.

NOTE: Special attention should be given to systems us-
ing two elbows *'out of plane'” or devices suchas a centrifugal
sand separator, These cause swmlng flow In the line that af-
hct propelier meters, Welldevelopad swirls can travel up to

i Sires moat I
s(allaﬂons have less than 100 diameters to work with,
straightening vanes become necessary 1o alleviats the pro-
blem, Straightening vanes will break-up most swists and en-
sure mere . MeCi 's maintine
meters like the Mwsoo seﬂes have vanes included as a stan-
dard feature. If your modet does not have straightening vanes
(e.g.. MO30Q Bolt-On Saddia series), McCrometer actively
encourages you to include them in the pipe just ahead of the
mater.

OTHER INSTALLATION CONSIDERATIONS

. for.a fuil pipe-
llne. " the pipe ign’t cample!ely fuit. (he flowmetor

wilk the tine
pressure lsn't neccssary m an accurala measure-
ment, a full pipe st

MIN ™ DIAMETER
ISTRE,
FnoM THE FLANGE

h a2 albows, valves, pumps. oxpansius, or reductions.

that might have occurred during shipment.

Quices
s-raw R.qwes s" x 1 - a"

STRAIGHTENING VANES:
Vanes can be added to insure
steadior flow 1rough the meter.
Option # 6.

AM

TWO ELBOWS
oUT OF
PLANE

* McCromstar flowmeters can bo mounted ‘ofthor hor- -
zontally or most are
horlzontally orlented, mounxlng the meter vertically
actually offers some slight advantages. One reason is
that gravity bas 2 more pronounced flow-conditioning
ettect with (ines In the venical (as opposed to horl-

The of the

zonta)
meter must be specified when ordering.

+ With the meter installed, check the rate-of-How lndl-
cator, it should be stable to the point that it can be
easily road. Some movement Is normat, but if the
indicator is moving ematically Back and forth, disturb-
antes exist and reter accuracy. decroases.

SAFETY

« Any person or W a8
McCrometer ilowme!er should have a wurklng under-
standing of piping conﬁgurnﬁons and system: Gndes
pressure,

* Before gdjusting or removing any meter, be certain
the system has depressurized completely. NEVER
ATTEMPT 7O REMOVE A METEFl 'UNDER
PRESSURE!

« Ba careful when lifting meters, Mmefs can cause
serfous Injury it dropped or [lfted incorrectly.

. on[y necessary and appropriate ‘0ola should be used
when working on a meter.

+ Bofors starting a system, make sure af| cunns'ctlons
afe properly secured. Keep a safe and prudent dis-.
tance away from the meter during system start-up.,

Fig 12
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", optimum flew proftios

Corosion-Resistant impetier:

- Made of & dumba polymer mate
and factory calibrated to retain
accwacy. -

-Accurscy: £2% of lndicated foading:
. mBets of oxoo9ds 41 AWWA etandarc!

Mochanfesl Ra

McCROMETER Flowmeters are:

* Economical to buy and maintain

» Easily serviced by field personnel

* Available with a variety of options
« deal for ail types of mumclpal

water/

P L T

ALES ID. 18094674841

. ——————

¥ible Coblo Drfve: &lppo«ﬂ'lbmmm]rimzudbv
o troublooome and co coroeion recisiance.
goar .- Simple « k
Gueablo. Protacted by sek-

fubrioating coblo guide.

are an cholce for

dependable flow measurement in a wido variety of water
and wastewater applications including: main fine
metering, transfer lines, feeder. lines, fire hydrant

and water —

While most meters feaiure an epoxy-coated steel hody.
many are avallable in atl stainless steel. The standard
rating s 160°F, however,

higher temp mﬂngsare jlable. The register case
is hermetically sealed with a hinged lens cover and
{ocking hasp.

McCrometer alsc offers the V-CONE™ differentiat
pressure meter, which has na moving parts and provides
compatibility with a wide range of fluids. This device
offers all of the advantages of differential pressure flow
metering with greatly improved performance.

FOR IMORE INFORMATION CONTACT!

Part Number 246280
2500@D825

3255 West Statson Averwe
Hemat, CA 92545 7799 USA
909 §52-6¢

Fox 909 euz~so7a

£ Mc
= Mc

® 1295 Ly MeCromater / Primed in USA

Fig 13
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AT-MIO-16E-1, AT-MIO-IGDAT-M(WE-S

AT-m0-LHE-3

E Series Multifunction 1/0 Boards for ISA

Power-on stat

Double buffered,

Type of DAC,
FIFO bufe dac

0.3 LSB typical, 0.5 LSB maximum
24 LSB maximum

203 LSB gypical, +1.0 LSB maximumn

20 MHz, 100 kHz

Qurput coupling - DC
Queput impedance 0.1 92 maxmum
Current drive 5 mA misimum
Procection Short-circuit 1o grouad

oV
Exteraal ecference input
MV
25V powered on, 215 V poweced off
0ka

Before calibration Countcr/imers.
ic 12 bits, guaranteed Jibrati roquencys 10 MHz, 100 kHz
Offset error . Base clock:
Afict calibration 21.0 mV maximum Maximum sourec fre 20 MHz
" Before calibration 4200 mV maximumn Minimum souree pulse duration.....~ 10 hs o edge-detect mode
i Gain ctvor (selative to inccrmal referencr) Minimum gatc pulse duradon.. 10 ns i edge-detect mode
Afer calibration 10,019 of outpur maximum Data ransfes... .. DMA, incerrupts, programmed 4O
Before calibration v 20.5% of oucpur maximum DMA
Gain ereor } Triggors
trelative 1o extemal refecence) .. +0% 10 +0.5% of ourput miximum, Anahs Teigger
N fot adjustable
Voltage Output AT Mlo-lci,l ATMIO-16E-2.. ACH<0 15>, PEIO/TRIG!
Ranges ... w210V, 010 10V, £EXTREF, 0 10 EXTREF AT-MI <0..63>, PFIO/TRIG1
Giof eccable) * qu seale, incernal; £10 Y, external

1
MHz an analog trigger signal o disabled;
L 235V powered of
3psto 0.5 LSB aceuracy .
20 Vips TTL
200 §Verns, DC 10 1 MHz Rising or alling cdge
10 s inienum
2200 Y 7
. Shve
2 19A
Offet temperature coefficient . 465 VDC 04525 VDCat 1A
Gain temperature cocficient
Incernal seference ions.
Extemal refetence B oo ot including oneionl v 3385y 99 e 133 by39in)
racion refercnce
5000V (2.5 mV) oG,

. AT-MIQ-1GE-2 68-pin male SCSIHI ope
Tempesature cocfficient AT-MIO-G4E-3 100.pin female 0.050 D-
Long-term stabilicy, Envir -

Digital /0 Operating temperature . 0't055°C
Storage teenperacure 5510 150" C
Relacive humidity 5% 10 90%
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AT-M10-6HE=3
E Series Multifunction 1/0 Boards for ISA

' -ecifications
: ppical at 25° C unless otherwi d.
H t Characteristics
¥ mb« of channcls
AT-MIO-16E~1,
H ALMIO-I6E-2 v, - 16 singlo-ended or 8 differencial
i (xoﬁwze selecuable)
. ATMIO-G4E-3 . 64 single-ended or 32 differential
! (sefwme sdccnblc)

Tipe of ADC.

RM’LI((OH ~ 12 bits. 1in 4,096

- 500 kS/s single channel samplmg
333 kS/s mutichannel scanni

.0~ 1.25 MS/s
600 - 900 kS/s

»5
N
Ivear (Software Selectable)
7A1 SOUACE
R1-34TE o5 10V -
25 ow 1oV
: : v | R
frocan 10 2800 my owiv
TRo_5CUA som, 0t Somy
30 2200 mV O to 200 my
200 150 mv Oto 2100 mv
Tnputcoupling ..
Madmumn working voltage
(signal + common mode).. Eichi mpur should remain within
211 V of
. Overvol : 425V powered on, & 15 V powsred off
1 Inpuss pro
AT-MIO—lsF,l.

ACH<0..15%, AISENSE

MIO-LGE2

B O64E-3 ACH<0..63>, AISENSE, AISENSE2
- FIFO ouffer size .
; AT-MIO-16E-1 - 8,192 samples
s ATMIO-1GE-2,
: 2,048 samplos
DMA.interruprs, programmed VO
! demand aansfee
: + 512 words
H 0.5 LSB typieal ditherd,

1.5 LSB maximum undithered
205 1SB typical, +1.0 LSB rondenum
12 bits, guarantoed.

. lx-zam emror after calibracion. 212 gV maximunm
! Peegain exor before calibracion #2.5 mV maximum
: Pougm etcar after calibration 20.5 mV maximum

in etror before calibratior
Gain ervor (relative. xoalxbmuon R&mwc)

100 G in pazallel wich 100 pF
8200 mmu-num

RR, DC 0 60 Hz
Qain
o5 9548
1 100
22 106¢8
Dymamic Characteristics

Sk $igned (3 d0) | Lare Signal (1% THD)

S R

Sealing time to full-scale stcp
[ Accuracy
Board 2 20.13% 20.024%
{105 L5m) (11188)
RMIIGEL | 08 2415 boical 15 % tysieal
1 1.5y typical , 13us bpical
250 2 8 typleat 1.5 ps typicat
100 2 typical 31.5p3 typica
ATMIC-16E2 A 2 s typical 19 20l
Senamom | 250 malireen
AWIGEIES [ AN 3w tysical ~2ps rcal

Syscem noisé (ESBems, not including quandzation)

Board Gain Oithes OFF Dithar On 2
AIOL6EL 05136 | . 025
20 o4
s0 05
- 100 98
ATMIC16E2. 051520 0.15
ATMIOBIES 50 03 j
100 03 F

Recommended warm-up dmc...
Offies cempecarurc cocffiienc

Peegain.

5000 (a25 V)
(acrual value stored in EEPROM)

5 ppm/*C. m:mmum

15 pple 000

2 volige
12 bics, 1in 4,096

e calibrion (in =

. 32.5% of teadi

Gl = 1 wich gain eveor

Miusted vo 0 ut gina L. e 20.02% of reading maximum

Maximum update rate

FIFO mode waveform generacion

internally timod.
Externally dmed

Y
Non-FIFO mode waveform generarion

1 channet ...
* 2channel

1 MS/s per channel
950 kS7s per channel

... 600-950 kS/s (syscem dopendent)
300625 k dep

Continued on page 3-76.

Fig 15

NATIONAL INSTRUMENTS
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TECHNICAL ARTICLES

Low Fr’equehcy Response and ,
Quasi-Static Behavior of LIVM Sensors

irsl define the terms “Low Feequency Response,.”™ “Quasi-static
Behavior” and charge Time Constant” as they apply (0 the .
context of this article. :

Low Frequency Response — The ability of 4 sensor 10 meusure
very low frequency sinusoidal or periodic inputs {pressure, force and
acceleration) with eccuracy, This ability is best characterized by a graph
of sensitivity vs. frequency with input amplitude held constant.

Quasi-Static Behavior — The respoase of & piezoelectric sensor to
static (steady state) events, characterized by 1 geaph of sensor output vs.
time. This is & measure of the fength of time meaningful information is
retained after the initial application of a stexdy state d.
(“Quasi” means “nearly or almost.” Its use here is appropriate since
piezoelectric sensors do not have true static response, but can only
approximute siatic behavior.) .

Discharge Time Constant — The time (in scconds) required for a
sensor ousput voltage signal to discharge 63% of its initiat value immedi-
ately following the upplication of a long term, steady state input change.

— Sensor Discharge Time Constant —

The discharge time constant (TC) of the Low Impedance Voltage
Mode (LIVM) sensor and the coupling time constant of AC coupled power
units are very important factors when considering the low frequency and
the quasi-static static response capabilities of an LIVM system. For the
time being we will consider only the sensor discharge TC and not the
power unit ling TC. As you will sce. direct-coupled power units are
-available which remove the limiting effect of AC coupled power unils on
system behavior. . c

The term “Discharge Time Gonstant™ or simply “TG", Is referred to

- often on data sheets and specifications for piezoelectric sensors. Itls
- important to understand the meaning of this term to understand how this

influential design paraméter controls both quasi-static behavior and fow
frequency response. !

As we describe sensor discharge TC, s effect on quasi-static bebavior
will be quite apparent so we will relatc these two topics first, then-examine
how TC relates to low frequency response. .

— Discharge TC and Quasi-Static Response —

In the follawing explanation, we will refer 0 the term “step func-
tion" input. This ype of input is obtained, for example, by using static
meuns such s a dead weight tester o callbrate 2 pressure sensor dnd 2
proving ring to calibrate 2 force sensor. .

i
e
AALE 4

2

Switch closas atemt,
@

Figure L: Discharge Time Constant (TC) Outputss. Time

~ 68 ~

Fig 17

.- ranging capacitance placed accoss the crystal to reduce sensitivity (if need|

he sensor piczo clement and internig
amplifier may be representéd scheratically by the RC circult, batery o
switch shown in Figure t2 Gate voltage (v) responds as shown in Figu
1b when voltage step (V,)) is [mpressed across the input terminals at t
t,. Such a step function voltage input would be generated by 2 sensor
clement in response to a sudden change in peessure or force input. At
voltage (v instantly sésumes value V,,, then immediately begins 1o

For purposes of TC

lisch: (or decay) exp ially with time, The decuy function is
described by the following equation:
: v = Ve (Eq. 1)

Whete: | v= Insantneons gae Witge (Vols)
Yy initiaf voltage 22 Ume ¢, {Volis)
ex tuse of nasural fogarithm
R= gile cesistance (Ohms)
Cw total shuat capaciiance (Farads)

Itis importit to note here that the cesistance (R) is the value of the
resistor placed across the piezoeleciric element (o bias the MOSEET sensor}
The e (O s 1 of the self- of the piezd
crystal, the input capacince of the umplifier, siray capacitance and an;

The prodiict RC is the sensor discharge TC, In seconds.

RC = TC, (Ohms) x (Farads) = (Seconds)  (EqQ. 2)

Referring again to Figure 1b, we should point out a few fmportan|
features of the exponental decay curve. First, if we let ime () equal 7}
then Equation 1 feduces to:

v=Vel=V/e=37V, (Eq. 3)

Fhis result states that at time t=TC (one time constant) the signal
discharged to .37V, oc put in another way, bas lost .63 (63%) ofits i}
value Yy, In 3 X TC seconds (fve time constants), the output will have
decayed essentially 10 zero. . .

Another important point Is that the cusve shown irf Figure 1b is
relatively linear to about 10% TC, i.e., in 1% of the TC, the sensor will
discharge 1% and 50 on up to 10% T.C. In fact we may deaw the conclus]
that to have at least 1% accuracy in quasi-static force o pressure
medsrement, we must take the reading of the output within 4 time wind
of 1% of the sensor C. ~ Lo

Static response is most closely approximated when the event tim|
2 very small percentage of the sensor (or system) discharge TC. “This|
situarion is best fustrated by example:

T

(2]

Pl — T ey,
B oy
e ‘ :l'""" Sourca Verage ()
T e Trom (Seconash

Figure 2: Approaching Static Response

Figure 2 illustrutes 2 hypodtetical sitation where the stde eent fas
1% of the sensor TC. (Assume 4 force sensor with 4 1000 sec. TCand a 8
sec. event time.) Figure 22 is the force-Ume history showing input force B
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applicd to the seusor, startiog :u gme ¢, and holding steady for tew seconds.
Attme ty + 1t seconds, the force is removed.
'g..nrc b shows the correspondi

V. Autime 4, this

X foree £). After time:
ty+ 10 sec.. voltage v has decayed ith Ecuation 1 losing
1% of its initial value, At ime @, + 101 the inut foree € s abiruptly
cemuved. Voltage ¥ instantly drops to « point 1% below the original
bascline (again responding witk voltuge chuage V). then begins to charge
toward the buseline in uccordance with Equation £,

Figure 2c shows the corresponding output voltuge medsured at the
output of the sensor (at the source teeminal of the [C). Notice that the volt-
age waveform is similae in focm, but elevated upwaird by the seasor bias
voltage (upproximately +11 Volts DC).

[fwe were artempting to calibre this sensor by static meuns we would have
.01 X 100 or 1) seconds to take the ceuding of the awput voltage after the
applicaion of the input step ror a mdm*, wuh 1% decurucy: A s of mﬂb‘lml
signal cap! h s 1 digitd storugy

- Low Frequency Response —

o)
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— High Frequency Response —

The retationship between TG und high frequency response angd/or
cise time is ofien misunderstood 5o some clarification may be in order.
Sensor and power unlt coupling T have absolutely no effect on these two
charagteristies.

Tligh frequency respon: time for any sensor dre controlled
by mechinical design chacucter d may also be affected by
factors such avdrive current, cable length, mounting techniques, passuge
cesonances, muss loading, ete. These topics are covered in other sections
of this calog.

—The LIVM Power Unit as it Effects ~
l.ow Frequency Respounse and Quasi-Static Capahxluy
Atthe beginning of this section you were told to ignore the power

untit for the time belng. You cannot ignore it completely however,
because the AC coupled power uait is often the limiting frctor in low
frequency and quasi-static systen capability rather than the sensoc itself.
All AC (capacitively coupled) power units ure high pass filters, which cun
impair the low frequency response and quusi-static behavior of your
system. (Refer to the section “Systefn Low Frequency Response™ in the
arlicle ™ duction to LIVM " for a more complete

o)

|
|
l

30 50 100 200
Mz

Figure 3: Low Frequency Response Characteristics

The RC circuit shown in Figure 1a is also a Grst order high-pass filter
illustrated in Figure 3a above. We now switch to the frequency domain to
describe the effect of TC on low frequency response.

Figure 3b is a Bode plot or graph of the low frequency response of an
LIVM sensor. A very significant point on the graph is the corner frequency
£,. At this frequency the output from the sensor has decreased by 3dB or

ty 30% from its (the sensitivity that would
be obiained at about I decade (10X) above the comer frequency). The
slope or rolloff rate of the sensar is always -6dB/octave, standard for a Sirst
order high pass filter. In the Bode plot, this slope line crosses the reference
ws at £, The phase shift at fc is 45"

Corner frequency £, Is set by the TC. To 8nd f for your sensor, irst
consult the calibration certificate or data sheet supphed to obtain the TC,
then solve for the corner frequency as follows.

Corner Freq. =fc-.16/TC(Sec)/(nz) (Eq. 9

another important frequency Is where the output is down by 5% from the
itivity. This point is ‘S‘d\ecomerfrequenwor

5% Freq. = (5% = 3 X £,(¢z) 3)

Flgure 4 is a chaurt of anenuation and phase sm‘u; fmqucncl(ora high

pass Blter, The values for these tvo ¢ at multiples
of the comer frequency with this chart.
Multlple of Comer Wwnoztion Muenuzstisa Phase St
Froqueacy €, Factoe B (degrees)
A 20 B
-8 R 3.5
Pt ~3ab 30
Y Lo b
e -8 R
B -3 e
S0, £ "2 ths
s - e 57

- Figuee & Mtentation % Phase Shiftvs. Multiples of Comer Erequency

Fig 18

treatment of the effect of power unit on LE & Q-8 response.)

— The DC Coupled Power Unit —

One way to take full advantage of the long TC built into vour sensor -
is to use the Model 31158 DC coupled power unit. This unit uses 2 sum-
ming op-amp circuit rather thin a capacitor to direct couple the seasor
to the readout.

Figure 5: Funciional Schematic, Modet 41158

A User-variable negative DC voltage is applied to the summing

junicton of the amplifier to exactly null the DC bias voltage from the sensor

allowing precise zeroing of the output signal. This versatile power unit is
especially useful for calibeation of pressure and force sensors by static
means. The 41158 also has an "AC" coupling mode for use with sensors

in thermally unstable enviconments or for strictly dynamic use. Consujt

the summary product data sheet on Model 4115B elsewhere in !hns
catalog for specifications and features.

-- Transient Thermal Effects —

When using LIVM sensors with very long time constants (greater
thuin several ninutes) with DC coupled power units such as the 41158,
varying temper:tures can affect ceystal preloud steucture. generuting
slowly changing output voliages, which muy appear as aanoying baseline
shift in the outpue sigaal. n-sitwtions ike d s important to insulate
the sensor against teansient (sudden) thermal iputs. Dytran can
provide insulating jackets (or hoots) fiyr muny sefsors to minimize this ~
problem. Consult the factory for detils.

~69~
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: SPECIFICATIONS, MODEL 3014A TRIAXIAL ACCELEROMETER

. .

) SPECIFICATIONS VALUE UNITS

V . RANGE, F.S. (each axis) +- 600 a

SENSITIVITY, +/ 10% {3 100 -mvia

? FREQUENCY RESPONSE, +- 5% 2102000 Hz

! DISCHARGE TIME CONSTANT, NOM. 05 SEC

; EQUIVALENT ELECTRICAL NOISE 007 @, AMS

) LINEARITY 2] 1 %FS,

‘ TRANSVERSE SENSITIVITY, MAX, 8 %

! QUTPUT BIAS VOLTAGE, NOM. +11 Voo

! CUTPUT IMPEDANCE, TYP. 100 OHMS

. TEMPERATURE RANGE -60 t0 +260 O

' COEFFICIENT OF THERMAL SENSITIVITY 03 %OF

. MAXIMUM VIBRATION +- 600 a

; MAXIMUM SHOCK 1000 . Q

! SIZE (HEIGHT x WIDTH X DEPTH) 0.5X.875X 876 INCHES

N WEIGHT 21 GRAMS

f CONNECTOR 4-PIN [3]

;‘" SUPPLY CURRENT RANéE {each axls) {4] 2020 mA

! COMPLIANGE (SUPPLY) VOLTAGE RANGE (each axis) +1810 430 voc

) MATERIAL, HOUSING/CONNEGTOR ALUMINUM ALLOY/BRASS '

, ENVIRONMENTAL SEAL EPOXY

; . MOUNTIN.G 53 éEmRALG-GZ SCREW SUPFL_]E

ACCESSORIES SUPPLIED: (1} Modal 6156 Ground Isolation Installation Kit.

{1] Refarence sensltivity measured at 100 Hz, 1 G RMS per ISA RP 37.2

{2] Uinearity is % of spectfied full scate {or any tessex full scale range), zero-based best fit straight line methocl.

[8] Connector matss only with Dytran cable assy. Model 6041AxX. (X = length in feat)

pahblo constant current type powar unit. If power [s applied whhout cumrent
Omiting protection, the intemal amplifier will be Immediately dastoy«

15] Case ground isolation is achieved by mounting with the Mode! 6156 Ground 1solation Mounting Kit supplied with each S014A. See the

{4] Powor only with Dytran LIVM power unit of other

Qutiine/Instaliation Drawing.

Fig 19
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) ”! PR TN R] Dynamic Transducers and Systems
ANSTRUMENY S, INC.

21592 Maorilla Si, » Chatsworth, CA 91311 « Phone 818-700-7818 « FAX 818-700-7880

CALIBRATION CERTIFICATE
TRIAXIAL LIVM ACCELEROMETER

CUSTOMER ARD ENVIRONMENTAL p.O#_8714
ORDER NUMBER_._ 94002 : Temp,__ 23 oc HYMIDITY___ 47 %
MODEL___3014A SERIAL NO,___1172 RANGE, F.S____. 500 G's
FREQUENCY RESPONSE (1] A sst%v\ner (mVIG) A=
FREQUENCY (Hz) AXIS 1 AXIS 2 AXIS 3
20 ‘ g4 ZX) 0.0
30 4.9 4.7 0.0
50 (0.0 Q 7 0.1 -
100 . 0.0 9. 7 g0
300 . /0.0 Q y] 101
500 . ' (0.0 Q 7 — 100
1000 - 1.1 4.8 10.1
2000 N 10-2 ﬁ Q (0.1
‘3000 B N/A - N/A N/A
4000 - - -
5000 - - _
BIAS VOLTAGE (VDC) Q o . QQ - ﬁ i
DISCHARGE T.C. (sec) T 2.5 0.5 — O
{1] This calibration was pédorjmed n accondancé with MIL-STD-45662A using the Back-to-Back Comparison Method per ISA RP37.2
and is traceable to the NIST through test report # 4632-130LH, 822/255150-85. Void date: 07-18-96.
" CALIBRATION PERFORMED BY:__( 0 . DATE;_ 3-21-96

CERTIFICATION OF CONFORMANCE

order,

We certify that the products or services listed above are in with the raqt of your pi
Objective evidence of manufacturing, inspectios, and testing s on fie and Is avaflable for review at our faciity. .
Whtere materials or services incorporated in any of the items listed above have beert procured by s from vendors, we certify that test reports or

suitable evidence of with the reqt of the o order have been alned;é us ang are avaiable from our files.
: 2/alae

Quality assurance - * Date
. - CALIDIAOOC

Fig 20
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Dynamic Transducers and Systems
P INSTRUMENTS, INC. '21592 Marilla St. * Cholswarth, CA 91311 = Phone 818-700-7818 « FAX 818-700-7880

CALIBRATION CERTIFICATE |
UNITY GAIN CURRENT SOURCE POWER UNITS

MODEL __ 22272 : . SERIAL NO.. _QL__

BATTERY POWERED_ >¢___ LINE POWERED. 115VAC, " 230VAC
TEMP.___%Z7 OC

HUMIDITY. ___ 57 %

CALIBRATION DATA: .

POWER SUPPLY VOLTAGE voC . BATTERY VOLTAGE..&Z.&.’_VDC
METERZERO__ % ‘ METER CALIBRATION, _s¢ .

SENSOR DRIVE CURRENT (mA)

[cH1_[Ch2 JCH3 [CR4 |CH5 Jche [CH7 -[cH8 [cH9 ICH10|CH11|CH12]CH13ICH14ICH15ICH16|
ZZ {zx 1271 1 ] I i | ] I 1 i

AS RECEIVED DATA:

GENERAL CONDITION
POWERSUPPLYVOLTAGE______ VDC .BATTERYVOLTAGE..______. VOC
NO.

CALIBRATE METER S REPLACED BATTERY YES.

SENSOR DRIVE CURRENT (mA) ) h

}cm =CH2 [CH3 Ecm {CHS ICHG [ch7 IcHg [cHe IICH1o|cH11lcmz’cms{cmﬁcms:cme{
1 1 | ! 1

NOTES

This calibration was performed In accordance with MIL-STD-45662A.
CUSTOMER] ac ' PO#___ B
ORDER NO., Pro0 2. DATE__ B orB %

CALIBRATION PERFORMED BY. W . / ﬁ

Fig 22
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| ’ SPECIFLCATIONS

. MODEL 4103B 3-CHANNEL LIVM POWER UNIT

! SPECIFICATIONS VALDE ONITS

i SENSOR SUPPLY CURRENT, NOM. 1.4 5 A

SENSOR EXCITATION VOLTAGE, FRESH BATTS. +18 vpe

‘ VOLTAGE GAIN . UNITY .

? FRONT PANEL VOLTMETER, FS +20 . vDC

COUPLING CAPACITOR, EACH CHANN. 10 : uF

! PULLDOWN RESISTOR, EACH CHANN.. 1.0 : MEGOHMS

: COUPLING TIME CONSTANT: i ’

s TNTO 1 MEGOHM READOUT LOAD 5 SEC

! INTO 10 MEGOHM READOUT LOAD 9 SEC

i LOWER -3db FREQUENCY:

‘ WITH 1 MEGOHM READOUT LOAD .032 . Hz

! WITH 10 MEGOHM READOUT LOAD .017 Hz

é ’ HIGH FREQUENCY RESPONSE: DETERMINED BY SENSOR, CABLE LENGTH
: AND TYPE (TOTAL CAPACITANCE) AND
B ) OTHER FACTORS. .

' NOISE, WIDEBAND ) 60 uv, RMS
, BATTERY LIFE, NOMINALLY [1) ] ' 40 . HOURS
BATTERIES, SUPPLIED (2) 9 VOLT TRANSISTOR .RADIO TYPE
; SENSOR & OUTPUT CONNECTORS BNC JACK
, SIZE (HEIGHT X WIDTH X DEPTH) . 2.5 X 5.2 X 3.4 IN.
. WEIGHT ) ’ 12 (340) 0Z (GRAMS)

{1] BATTERY LIFE HOURS ASSUMES ALL THREE CHANNELS OPERATING
CONTINUOUSLY WITH ALKALINE BATTERYIES. OTHER TYPES OF BATTERIES MAY
PROVIDE MORE OR LESS OPERATING HOURS DEPENDING UPON CHARACTERISTICS.

Fig 23
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TRANSDUCERS

SERIES

4-20mA CURRENT OUTPUT PRESSURE TRANSDUCEHS
DESCRIPTION
Noshok 100 Series Current Qutput Pressure Transducers were

i to provide a level of perfor-
mance, utilizing Piezo Resistive or Thin film sensor technology
dependent on pressure range. 100 Series Transducers are highly
accurate, shock resistant and extremely stable over a long period
of time. EMC, electromagnetic compatibility, to IEC 801 has
been engineered in as a standard feature along with reversa
polanty ovel rvoltage. and short arcunt protectlon

with

technologlcaliy advanced szandard features aflow Noshok to offer
a level of performance pi ly found only on
costing hundreds of doHlars more.

A fina} electrical output and is
performed on alt Noshok Transducers and Transmitters
after final assembly and prior to shlpment to insure 100%

‘*out of the box"" refiability.

SPECIFICATIONS

FEATURES

(3 Thin film sensor, technology
O Current output signal

O High accuracy and long

APPLICATIONS
[} Hydraulic and paeumatic

Qulput Signal
Pressure Aanges
Proof Pressure

4-20mA, 2 wire
acuum and compound through 0-15000 PSI; gauge and absolute

-5, 010, 0-7500 through 0-15000 PS!: 1.5 fimes range
)-1§ PSI througih 0-6000 PSI: 2 imes range

term stability
0 Eleclmmaqnellc intesference

a lnduslnal machlnely and

Burst pressure

-5, 0-10, 0-7500 through 0- 15000 PSI 2 fimes. range
3-15 P8I theough 0-6000 PSI: 5 timy

machine toof

protection
I3 Injection mohfnu machines

£ Available In gauge or absolute

Accuracy (8FSL or RSS)
ﬁuluan llrhublll

= 0.5% full scale standard
uges repestad = 0.25% full scale optionat

measuring ranges

O 0-5 and 0-10 PSI ranges
avaitable

3 High attemanng toad
resistanc

O High ovelpressure protection

{J Dynamic or static
measurement capabifity

O Corrosion resistant staintess
Steel construction

O Compact slze

O Minl-Hirschmann with mating
connector electrical
connection standard

("1 Compatible with Noshok
1900 series smart system
indicators

0] Stamping and forming
resses

O Pumps and compressors

O Laboratory and test
equipment

3 Raifroad equipment

3 HVAC systems

O Medical

[ Refrigeration equipment

a=neam|mv
Hysterists.
Statitity
input Exciiation

Temperature ranges.

Response time
Pressuré cycle limit
Operating life
Adjustment

Environmental protection

= 0.05% full scale

=+ 0.1% full scale

= 0.2% full scale per year

2-30 VDG varegulated

Compensaiad 32° 10 175°F/0 10 40°C
03%/50°F

vaaae 500 to 2V20E1-40° 0 100°C

Medium -22° to 212°F/-30° 10 100°C

Ambient -40° o 185%F/=40 10 85° €

fess than 1 ms (oetween 10-50% full scale)

150Kz

100 milfon cycles

= 5% tullscale of zer0 2 span

NEMA 4x. umwss (150529)

Eeclromagnetic capability Parl 2= ESD Levt
perieC 801 -Part 3. Flelds (RFI) Levcl?
Part 4~ Burs|

Pant§— Sume e 2

Elecirical protection
Shock

Revesse palarity, overvoltage ane short cucui: protecton
Less inan = 0.05% full scate-etfect or 100¢°s @ 20ms on 2ny axis

Vibratlon

Tess than = 0.05% full scale effect for 35g°s @ 5-2000 Hz
on any axis.

Fig 24
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PRESSURE TRANSDUCERS ‘ SERIES 100

@

: DIMENSIONS WIRING DIAGRAMS AND ELECTRICAL CONNECTIONS

. = 100 Series 220mA

' T g 2WIRE

H B m@ Green ¥ Supply Redf 1A

. = s‘“’é” Runasingud +Outpul. Greeni2/B
,;, ulﬂ Case ground Blue {or non-sbieidad)/4/D

xacrple: Red7T/A o ADPECIDIa CoRr WAIe/BEOGH g Of G BIg
number:

Load Umitations &-20mA Cutput Only
Ve = 10V 4 (.022 X RL) 100 Serles
Vimin = 12V + (022 X AL) 300 Serles
R

. +Rw .
ﬁ/ : Ru =Loop Resistance (ohms) -
Rs = Sense Resistance (ohms)
Rw = Wire Resistance (chms)

2 WIRE WIRING DIAGRAM EXAMPLE

1
i 96
: —I—
!
: ORDERING INFORMATION
1 SERIES 100 Bk
. PRESSURE 0-30°VAC 30V 30772007516 30/200  O-60PSIG  60. 0600PSIG 600 O-5000PSIG 5000  O-1SPSIA . 1A
' RANGES  39+/15psiG  30M5  30</300PSIG 307300  O0-100PSIG 100~ O-TSOPSIS. 750  O6000PSIG 6000  O-30PSIA  30A
: 207/30°Si6  30/36  0-5PSIG s 0-150PSIG 150  (-1000PSIG 1000  O-7500PSIG 7500  O:60PSIA  60A
,Q 307/60PSIG  30/60  0-10PSIG 10  0-200PSIG 200 O-1500PSIG 1500  0-10000PSIG 10000  C-100PSIA 100A
£ 30"/100PSIG 30/100  0-15PSIG . 15 0300PSIG 300 © 0-2000PSIG 2000  G-15000PSIG 15000 - O-1S0PSIA 150A

30°M50PSIG 301150  0-30PSIG 30 0.500PSIG SO0  0-3000 PSIG 3000 © G200PSIA 2008
¢ : 0-300PSIA 3008
. PSIG = Gauge Préssure  PSIA = Absolute Pi Other it i .
£ ACCURACY (BFSL) 1 0.5% FULLSCALE . 2_0.25% FULL SCALE
: OUTPUT SIGHAL 1 4-20mA
H PROCESS CONNECTIONS 2 1/4” NPT MALE 3 7/16"-20 UNF (adjustable per SAE J-514) other connections avallable upon request .
: ELECTRICAL CONNECTIONS 1 967 GABLE (connected to option 7) 8 7172" NPT CONDUIT (w/35" cable)
! 2 4PN BENDIX 7-MINI (w/mating
: < 3 6 PIN BENDIX
¢ - QPTION $S THREADED ORIFICE_ORF _
!
! : ’ v

EXAMPLE 100 3000 2 1 2 7
! . Series 100 J
: Pressure Range 3000 PSIG
N Accuracy £0.25%
Output Signal 4-20mA, 2 wire

Pracess Connection  1/4"NPT MALE
Electrical Connection MINI HIRSCHMANN

Fig 25




