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SUMMARY

The Institute for Marine Dynamics (IMD) in St. John’s, Newfoundland, in collaboration with the
Memorial University of Newfoundland (MUN) was awarded a contract to conduct a feasibility
study to conduct a full-scale experiment to investigate the elastic and ultimate strength and
behaviour of the full-scale propellers of the Canadian icebreaker Louis S. St. Laurent. The
purpose of the project is to conduct a large-scale (full-scale) experiment in a laboratory
environment and collect data to complement full-scale measurements of ice loads on the
propeller blade during ship trials in 1999. As well, the experimental work will validate the Finite
Element model of the propeller developed by Fleet Technology Limited under separate contract
from the Transportation Development Centre.

Phase 1 of the project, the feasibility study, considers the logistics of propeller transportation,
handling in the laboratory space, design of the test frame, instrumentation and data acquisition
system, project schedule and budget.

The large-scale experiment will be conducted at the structural laboratory of the Memorial
University of Newfoundland in St. John’s, Newfoundland. An initial design/analysis of the test
frame, capable of an estimated load of 3 MN and able to accommodate propellers of
approximately 15 ft. diameter, and 16 t, has been conducted. As part of the actual testing, the
detailed design and construction of the test frame will take place. The final frame will be
structurally analyzed to assure the safety and feasibility of the experiment. The experimental
setup will allow for measurement of load applied to the propeller blade, blade deflections and
strain. It is anticipated that the experiment will be conducted on three undamaged propeller
blades. For safety reasons and to minimize exposure of the non-project personnel to the test
environment, the experiment will be carried out after normal working hours and/or at times when
students do not occupy the lab. The required budget for the experimental phase of the project
has been estimated at CAD$211,417, including a CAD$76,000 in-kind contribution from IMD
and MUN. The budget includes costs for test frame construction, purchase of transducers,
assembly of data acquisition system, testing, data analysis and reporting. The experiment can
be completed within six months or could be split up into two phases, depending on availability of
funds.
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SOMMAIRE

Un contrat a été passé avec l'Institut de dynamique marine (IDM), a St. John’s, Terre-Neuve,
pour la détermination, en collaboration avec la Memorial University of Newfoundland (MUN), de
la faisabilité d’'une expérience en vraie grandeur visant a mesurer la résistance élastique, la
résistance a la rupture et le comportement des pales des hélices qui équipent le brise-glace
canadien Louis S. St. Laurent. Le projet prévoit la conduite d’'une expérience a grande échelle
(en vraie grandeur) en laboratoire; il s’agit donc de collecter des données qui compléteront les
mesures en vraie grandeur des sollicitations de I'hélice par les glaces, prises lors d’essais en
mer menés en 1999. Aussi, les résultats de cette recherche permettront de valider le modéle a
éléments finis de I'hélice, mis au point par la société Fleet Technology Limited selon les termes
d’un contrat distinct du Centre de développement des transports.

La phase 1 de I'étude de faisabilité s'intéresse a la logistique du transport de 'hélice et de sa
manutention dans les locaux du laboratoire, a la conception du bati d’essai, au systeme
d’instrumentation et d’acquisition de données, a la durée du projet et au budget nécessaire.

L’expérience a grande échelle se déroulera dans le laboratoire de structures de la Memorial
University of Newfoundland, a St. John’s, Terre-Neuve. Les chercheurs ont terminé une
premiére étude conceptuelle du bati d’essai, prévu pour supporter une charge estimative de

3 MN et recevoir des hélices d’'un diametre d’environ 15 pi, pesant 16 tonnes. Dans le cadre
des essais proprement dits, on entreprendra I'étude détaillée et la construction du bati. Celui-ci
sera soumis a une analyse structurale, pour vérifier la sécurité et la faisabilité de I'expérience.
Le montage expérimental permettra de mesurer les sollicitations, la flexion et la déformation des
pales de I'hélice. Trois pales non endommagées devraient normalement étre utilisées pour les
essais. Par mesure de sécurité et pour éviter le plus possible que des personnes extérieures au
projet soient exposées a des risques, il a été décidé de faire les essais en dehors des heures
normales et/ou pendant qu’aucun étudiant ne se trouve dans le laboratoire. Le budget pour la
phase expérimentale du projet a été estimé a 211 417 $CAN et comprend une contribution non
monétaire de 76 000 $CAN par I'lDM et par la MUN. Il couvre les colts du bati d’essai, I'achat
des transducteurs, 'assemblage du systéme d’acquisition de données, les essais, I'analyse des
données et la production des rapports. Selon la disponibilité des fonds, le projet pourrait étre
achevé en 6 mois ou, encore, il pourrait s’étendre sur deux phases.

viii



CONTENTS

1 BACKGROUND. ..ottt 1
1.1 Current Project ODJECHIVES .........ooiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee 1
1.2  Experimental Project Objectives .........c.oouvviiiiiiiiiiicceeeeeee e 3
PG T O [ o1 o [0 1Y 1T 4
1.4 ReqUIrEd RESOUICES ......cooeviiieiiiie et et e e e e eees 4

2 LARGE-SCALE TESTS......cc oo 4
21 Feasibility ..o 5
2.2  Design of TESt SEUP ..uuuiiiiiieieeeee e 5
2.3 TSt PIAN. e 6

2.3.1 Test Implementation ... 6
2.3.2 Data ACQUISITION .....uiie e 7
2.4  Safety Concerns for Propeller Test. ........ooovrimiiiiiieiicee e, 7
2.5  TeSt SChedUIE ..o 8

3 BUDGET ... nnnnnnnnn 9

4 CONCLUSIONS . ... 10

APPENDICES

A: Figures
B: Frame Analysis
C: Equipment Information

FIGURES
Figure 1 Two propellers from the Louis S. St. Laurent (stacked)........................... 2

Figure 2 MUN Structures Lab showing a 600,000 Ib. actuator
in a frame being prepared for atest.........cooooeiiriiiiii 3

TABLE
Table 1 Project Cost EStimate ........oovveiiiii i 9






1 BACKGROUND

Measurements of the blade deflections of a Stone Marine monoblock propeller
under icebreaking loads were carried out onboard the Louis S. St. Laurent in
1999. Based on the as-new measured stiffness of the blades, the corresponding
ice loads have been computed for deflections within the elastic range of the
material. When the trials were carried out, however, at least three of the four
blades had already experienced some plasticity, two of them to a significant
degree. In addition, during the trials some additional plasticity was observed in
the blades.

Because the loads seen by these blades during icebreaking in multi-year ice
were high enough to cause plasticity, it is difficult to quantify the ice loads from
the measured deflections without a better understanding of the post-yield
behaviour of this material. It is understood that a small-scale sample of the
material from one of the failed blades is being tested to examine its post-yield
behaviour.

As it is understood that at least one damaged propeller of this same type is still
available in storage at the Canadian Coast Guard’s Dartmouth base, the
opportunity exists to make post-yield load and deflection measurements on at
least three intact (unbroken) blades, each of which has experienced a different
degree of plasticity. By characterizing the existing deformation before further
loading and by performing systematic load versus deflection measurements all
the way through yield to failure, the effect of plasticity on the blade stiffness and
ultimate load carrying capability can be characterized.

The information that can be obtained from such measurements would
complement those made on small-scale samples of the material by helping to
show how the large-scale strength of the material can differ (in general it should
be lower due to casting flaws) from the small-scale strength. In addition, such
measurements can help to quantify the influence of effects, such as work
hardening, on the stiffness and load carrying ability of bronze material in the
post-yield regime.

1.1 Current Project Objectives

This report describes the first phase, a feasibility study, of the project to conduct
a large-scale laboratory experiment to investigate the elastic and ultimate
strength and behaviour of the full-scale ice-strengthened propeller. The study
included the following:

Feasibility analysis. The propellers are quite massive (see Figure 1). This task
examined the dimensions, weight and handling of the propeller. The key issues




were the cost and safety issues of shipping, and the ability to fit the propeller and
test frame into the structures lab at Memorial University of Newfoundland (MUN)
(see Figure 2).

Design of test equipment. The test frame must be capable of supporting the test
load with considerations for safety. Test loads of approximately 2-3 MN (450,000
— 670,000 Ib.) are expected. MUN currently has a 550,000 Ib. actuator. An
actuator capable of 4+MN together with a load-cell and connection would be
preferable and will be investigated. (Preliminary investigation has indicated that a
5.3 MN actuator can be acquired at reasonable cost.) Structural analysis of the
frame and actuator system was used to verify the design.

Test plan and budgeting. The test schedule, costs, sensors, data acquisition and
reductions were determined. A detailed cost proposal will be produced for Phase
2 (construction and assembly of the test frame, implementation of the tests).

f:iQUre 1. Tw‘o propellers from the Louis S. St. Laurent (stcked)'
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Figure 2. MUN Structures Lab showng a 600,000. actuator in a frame being

prepared for a test. The lab has a 3 ft. thick reinforced concrete floor slab with
anchor points at 2 ft. centres (with access from below).

1.2 Experimental Project Objectives

The principal objectives are as follows:

1.

Measure the shapes of the load/deflection curves for each of
several blades that have already experienced different degrees of
plasticity in service and compare these with the small-scale test
results for new material of the same type. This will permit a more
realistic estimation of the ice loads associated with deflections in
the plastic regime.

. Quantify the effect of different initial plastic deformation on

subsequent stiffness in both the elastic and inelastic regimes, as
well as on the yield and ultimate strengths. This will help to bind the
ice loads estimated from deflections of previously yielded blades.

Characterize the variability of the blade stiffness and the Ultimate
Tensile Strength in the post-yield regime due to large-scale effects,
particularly casting variability and the degree of deformation
resulting from in-service episodic plasticity.



4. Quantify, with large-scale laboratory measurements, the loads
actually required to cause the blades of an “experienced” ice-going
propeller of this type to fail. This should provide a conservative
lower bound for the ice loads that could be carried by ice-going
propellers of modern design and materials at a similar scale. Since
many (at least a dozen) propellers of this same design and material
have experienced blade failures on this same vessel, and the
operating history is well known, this will firmly establish the
frequency of occurrence of blade loads exceeding this level.

1.3 Uniqueness

As far as can be determined, measurements of the actual loads required to
cause the blades of a full-scale icebreaker propeller that has seen active ice
service to fail have never been made. Estimates of the loads to cause the blades
to fail have always been made based on small-scale strength tests on new
material and the blade geometry. This is an opportunity to quantify how realistic
such estimates are.

1.4 Required Resources
The laboratory investigation will require two principal resources:

1. The use of a damaged monoblock propeller, ideally one from the Louis
S. St. Laurent with at least three intact blades that have experienced
differing degrees of in-service yielding. This would reveal the
importance of scale and the extent of previous plastic deformation
upon section strength for this material.

2. Access to a laboratory facility capable of applying loads of several
hundred tons to the propeller specimen, sufficient to cause the unfailed
blades to fail completely. Only a few facilities are known to be able to
readily generate the required loads for such a test and this is being
investigated further to determine the best venue for such tests.

2 LARGE-SCALE TESTS

The purpose of this report is to outline the findings of a preliminary study into the
methods and viability of conducting large structural tests to meet the project
objectives as outlined in Section 1.2. Of primary concern was the feasibility of
performing the proposed tests, both financially and physically.



2.1 Feasibility

The physical feasibility of performing these tests is constrained primarily by the
dimensions of the propeller. The weight and size of the propeller cause concern
for the following reasons:

1. Transportation of the propeller from Halifax to the S. J. Carew
Building of MUN in St. John’s. It has been assumed that CCG
would transport the propeller from Halifax to the Southside Dock in
St. John’s.  Transport from dockside to the university can be
performed by a local trucking company.

2. Test setup. The Structures Laboratory of MUN has ample room to
perform the required tests; however, the dimensions of the
propeller limit mobility within the lab. The design of the test frame
would be such as to limit any unnecessary movement of the
propeller. Once installed in the frame upon delivery, the propeller
should not need to be moved again until completion of the tests.

3. Performance of the tests. The availability of heavy structural steel
can facilitate the construction of a test frame that can safely handle
the expected loads of these tests. The required load can be
supplied by a single linear actuator operating at 10,000 psi.

Financially, the major expenses of the project will be associated with the
fabrication of the test frame.

2.2 Design of Test Setup

Please refer to the drawings in Appendix A. The test frame consists of four major
parts. The base platform, a moment-resisting-member or “shaft” on which the
propeller is mounted, H-frame subsections for mounting the actuator, and a top
cross member that also resists the applied bending moment. Combined, the
base, H-frames and top cross member create a self-contained frame that
eliminates the need to transmit the high loads of the test to the floor or exterior
structure. The structural members of the frame are | beams designated W310 x
375. The size and thickness of other steel members will be determined through
detailed design and analysis.

It is intended to make the connections between these components bolted
connections if design permits. This would allow easier installation of the
propeller and facilitate the setup for testing the third blade. As shown in the
drawings, the frame is not symmetrical about its centre. This is so that the
actuator can be placed directly over the radius of the blade that is to be tested.
To facilitate testing on a different radius on each blade, it would be more feasible
in terms of time and energy to move the actuator to an appropriate position than
to try to move the propeller. The bolted connections would allow the frame to be



removed so the propeller could be turned and the frame reinstalled at the
appropriate position for testing of the third blade.

To deform the blades of the propeller in a fashion that would represent the
deformation of the blades in operation, the load will be applied initially parallel to
the axis of the propeller shaft. Once the blade begins to deform, the combination
of bending and twisting motions will create a load path that will no longer be
parallel to the propeller shaft. If the connection were too rigid, lateral loads and
eccentricities would develop in the actuator and load cell, causing severe error in
load readings if not damage to the actuator or load cell. Universal joints, the type
and design of which are to be determined, would prevent any harmful
eccentricities developing in the actuator or load cell.

The stiffness of the test setup must be given special consideration. The test
setup has to be fairly stiff to minimize any energy absorbed during the elastic
loading. For a frame with insufficient stiffness, the absorbed energy will be
released at the post-peak (plastic) stage. As a result, full control of load and
measurements may not be attained. The current loading frame is designed
appropriately with sufficient stiffness. Consequently, the energy absorbed during
the elastic loading will be minimal. The measurements and the load will be
accurately controlled in the post-peak (plastic) region.

A detailed preliminary analysis of the test frame concept can be found in
Appendix B. For an applied load of 2 MN, the maximum stress in the structure is
116 MPa and the maximum deflection is 2.3 mm.

2.3 TestPlan

2.3.1 Test Implementation

Testing will be done after regular working hours, with a minimal number of
personnel present. Given the magnitude of the loads to be used in these tests,
safety is of utmost concern. Precautions will be taken to ensure the safety of
those operating the equipment and supervising. Enclosures, either of the test
itself or of an area occupied by operators, will be constructed to prevent injury.

Once setup and calibration are complete, tests will begin by applying a load at a
specified blade radius. The load will be recorded along with strain and deflection
at various points.



2.3.2 Data Acquisition

Measuring the displacement of the propeller blade requires measurement in
possibly three dimensions. This would make using linear measuring devices
very difficult if not impossible. Also, the scale of the tests and the loads involved
would likely cause a lot of damage to equipment, which would be costly to
replace. These obstacles could be overcome by using non-contact measuring
methods. Such methods would include photogrammetry or laser tracking. Laser
tracking is limited by the scanning speed of the equipment. For a surface the size
of the propeller blade considered here, the time would be in the order of tens of
seconds. Photogrammetry provides a means of non-contact measuring with very
high accuracy and quick measuring capability.

The strain developed in the blade upon loading will be measured by strain
gauges fastened along the chords and radii of the propeller blades. A maximum
of 256 gauges can be recorded simultaneously, giving a distribution of the strain
in the blades. In addition to measuring displacement, photogrammetry could also
be used to measure strain, which would give a better strain distribution over the
surface of the blades. Included in Appendix C is more information on
photogrammetry.

The load applied during testing can be measured in different ways. The most
common means of monitoring the load as part of the data collection and control
of the experiment is by using a load cell. Load cells of appropriate magnitude are
available and calibrated at full scale to 1.2 million Ib. or 5.3 million N. The
problem with a load cell capable of handling loads of such magnitude is its size,
weight and cost. An alternative to using a load cell would be to place a pressure
transducer in the hydraulic line just as the oil enters the actuator. This setup
would require calibration to compensate for frictional losses but could prove to be
more accurate than using a load cell. However, there are considerations for
safety that have to be made when operating at a pressure of 10,000 psi.

2.4 Safety Concerns for Propeller Test

Loading any part or member to failure always causes concern for safety. In the
case of these proposed propeller tests, the strength of the propeller blade and
the magnitude of the load required to plastically deform it makes safety of utmost
importance.

The element of the unknown increases the need to exercise extreme caution. It
is not known how the blades will fail under extreme loading. Calculations based
on geometry and material properties can give only an indication of a possible
failure mode. It is a part of these tests to determine what effect flaws in
manufacturing will have on the final strength of the blades. These same flaws



could cause the blades to fail catastrophically, and given the magnitude of the
loads there is significant risk to personnel and equipment.

To complete the proposed tests in a safe manner the following requirements
must be met:

1. Minimize the number of people accessing the lab area.

2. Contain any breakage of the propeller blade or of the test setup
within the test frame or immediate area.

3. Keep personnel and equipment as remote as possible.

Since the lab in which the tests are to be done is part of an academic unit, there
is too high a risk in performing the tests during regular working hours, as
students performing undergraduate lab exercises may be present. High
pressures, extreme loads and the possibility of broken loose debris require
containment of possible debris. An enclosure around the test setup is one
possibility but this may interfere with the data collection by photogrammetry. The
data collection requires clear viewing by multiple cameras that could be blocked
by a protective structure. Alternatively, the protective structure could be built
around a control area housing the control equipment and personnel.

2.5 Test Schedule

Ideally, the final fabrication and test setup would be done during exam periods
and between semesters when students do not occupy the labs.

Since these tests will be done in a working undergraduate laboratory, the
scheduling will be greatly influenced by the safety considerations of such tests. If
there is significant risk in performing the tests, work will have to be done after
hours so as not to endanger any students working in the laboratory.



3 BUDGET

Table 1: Project Cost Estimate

DESCRIPTION HRS. (CAD$F/{I'S‘|‘;i TOTAL COST (CADS$)
LABOUR:
Initial Setup
Safety Planning and Setup
Supervising Engineer| 20 100.00 $ 2,000.00
Industrial Development Engineer| 40 50.00 $ 2,000.00
Student Engineer| 40 25.00 $ 1,000.00
Finite Element Analysis of Frame 80 100.00 $ 8,000.00
Test Frame Setup
Supervising Engineer| 15 100.00 $ 1,500.00
Industrial Development Engineer| 40 50.00 $ 2,000.00
Lab. Technician| 42 45.00 $ 1,890.00
Student Engineer| 40 25.00 $ 1,000.00
TOTAL: $ 19,390.00
Test Setup Per Test 3 Tests
Supervising Engineer| 10 100.00 | $ 1,000.00 | $ 3,000.00
Hydraulics Setup
Lab. Technician| 8 45.00 | $ 360.00 | $ 1,080.00
Data Acquisition Setup
Lab. Technician| 100 45.00 | $ 4,500.00 | $ 13,500.00
Industrial Development Engineer| 20 50.00 | $ 1,000.00 | $ 3,000.00
Student Engineer| 40 25.00 | $ 1,000.00 | $ 3,000.00
TOTAL: $ 23,580.00
Testing (after hours)
Technician 5 68.00 | $ 340.00 | $ 1,020.00
Industrial Development Engineer| 5 75.00 | $ 375.00 | $ 1,125.00
Supervising Engineer| 4 100.00 | $ 400.00 | $ 1,200.00
Student Engineer| 5 3750 | $ 187.50 | $ 562.50
TOTAL: $ 3,907.50
Industrial Development Engineer| 120 50.00 $ 6,000.00
Student Engineer| 120 25.00 $ 3,000.00
Supervising Engineer| 60 100.00 $ 6,000.00
Printing Services $ 250.00
TOTAL: $ 15,250.00
Post Test Cleanup
Propeller Disposal $ 2,000.00
Lab. Technician| 42 45.00 $ 1,890.00
Industrial Development Engineer| 20 50.00 $ 1,000.00
TOTAL: $ 4,890.00
MATERIALS:
# CADS$/PIECE
Steel and Cables for Lifting Frame $900.00
Strain Gauges 200 15.00 | § 3,000.00 | $ 9,000.00
SUBCONTRACTS
Test Frame Fabrication - Tech. Services $ 30,000.00
Lifting Frame Fabrication $1,500.00
Propeller Transport - Local Trucking Co. $ 2,000.00
Deflection Measurement (estimate) $ 25,000.00
SUB TOTAL: $ 135,417.50
IN-KIND CONTRIBUTIONS
RATE
HRS. (CAD$/HR.),
IMD - Supervising Engineer 200 140.00 $ 28,000.00
MUN - Supervising Engineer 200 100.00 $ 20,000.00
MUN - Test Frame Materials $ 5,000.00
MUN - Rental of Laboratory $ 20,000.00
MUN - Rental of Actuators and Load Cells $ 3,000.00
TOTAL: $ 76,000.00
GRAND TOTAL $ 211,417.50




4 CONCLUSIONS

The large-scale experiment to measure elastic and ultimate strength and the
behaviour of the full-scale propeller blades of the Canadian icebreaker Louis S.
St. Laurent are feasible. The feasibility study considered logistical problems due
to size and mass of the propeller, technical problems related to measurement of
required parameters and safety aspects of the experiment.

The experiment will be conducted at the structural laboratory of the Memorial
University of Newfoundland in St. John’s, Newfoundland. A custom designed test
frame will be constructed for the experiment. The frame will be self-contained, so
that the applied loads will not be transmitted to the structure of the laboratory
and, once placed, the propeller will not be moved within the frame structure for
various test setups.

The experiments will be carried out on three blades of a propeller that has been
removed from service. The measurement will consist of incrementally applied
loads (estimated maximum value over 600,000 Ib), three-dimensional propeller
blade deflection and strains at 256 locations. Due to the size and mass of the
propeller and the considerable applied loads, safety during the experiment is a
concern. The experiment will be conduced after normal working hours and
possibly at times when students are not present in the lab.

The estimated budget is CAD$211,500 and includes CAD$76,000 in-kind support
from the Institute for Marine Dynamic and Memorial University of Newfoundland.

The project will require approximately six to eight months to be completed, and it
could be conducted in two phases depending on the availability of funds.
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Appendix B

Test Frame Analysis






General Description

This appendix contains the analysis of the proposed test frame. The analysis has been performed
with a frame analysis program called 3D-BEAM, which is part of the Nauticus Suite of programs
produced by det Norske Veritas (DNV). The objectives of the analysis are:

* To determine the stress and deformation in the different beams of the test frame.

* To ensure the overall stability of the frame.

Frame analysis is capable of assessing the overall loads and response (primary stresses and
response) of a structure, including the overall stresses and deflections. However, this type of
analysis does not model local details, such as connections and stress concentrations (secondary
stresses).

The structural elements of the proposed frame were modelled using a three-dimensional beam
element with six degrees of freedom at every node — three displacements and three rotations. The
analysis takes account of the axial stress, bending stress, stress due to torsion and the associated
shear stresses.

The boundary conditions are an important aspect of the design and analysis. The frame will
experience two points of large loads, being at the actuator support (node 13) and in the region of
the base of the propeller (node 26). The frame will tend to distort most in the loaded half of the
frame. The base of the frame directly under the actuator will tend to pull off the floor, while
directly under the propeller hub it will be pushed into the floor. The nodes on the base, under the
loaded end, are modelled using stiff springs with appropriate stiffness values. These springs are
used to simulate a set of 3 tie rods (50 mm diameter and 1 m long), which will be used to anchor
the end of the frame.

The results of the analysis indicated that the principal stresses, in each member of the proposed
frame, do not exceed a value of approximately 116 MPa at maximum load. The yield stress of the
steel used in manufacturing the set-up is 300 MPa. Consequently, the factor of safety will be
approximately equal to 2.5. The maximum deflection at the actuator support, at ultimate load of 2
MN, is equal to 2.3 mm. The frame is very stiff.
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Rendered drawing of test frame.



Node Numbers, and boundary conditions

Beam Numbers and applied loads
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Beam information, sorted by BeamNo in ascending order

Beam |Beam Name| Start Node |End Node | Length |Profile| Angle | Rigid Start | Rigid End | Hinged at | Hinged at | Non Linearities
[mm] [°] [mm] [mm] Start End
1 1 17 1042.5 2 0.0 0 0
2 3 18 1042.5 2 0.0 0 0
3 2 5 500 2 0.0 0 0
4 3 6 500 2 0.0 0 0
5 6 5 1600 3 0.0 0 0
6 4 7 500 2 0.0 0 0
7 7 8 1600 3 0.0 0 0
8 8 1 500 2 0.0 0 0
9 2 34 1825 2 0.0 0 0
10 9 13 800 2 0.0 0 0
1 10 35 1825 2 0.0 0 0
12 1 36 1825 2 0.0 0 0
13 1 14 800 2 0.0 0 0
14 12 37 1825 2 0.0 0 0
15 13 10 800 2 0.0 0 0
16 14 12 800 2 0.0 0 0
17 15 24 521.25 2 0.0 0 0
18 16 22 521.25 2 0.0 0 0
19 17 25 521.25 2 0.0 0 0
20 18 23 521.25 2 0.0 0 0
21 19 2 1042.5 2 0.0 0 0
22 20 4 1042.5 2 0.0 0 0
23 19 21 800 3 0.0 0 0
24 15 27 800 3 0.0 0 0
25 17 29 800 3 0.0 0 0
26 21 18 800 3 0.0 0 0
27 22 20 521.25 2 0.0 0 0
28 23 16 521.25 2 0.0 0 0
29 24 19 521.25 2 0.0 0 0
30 25 15 521.25 2 0.0 0 0
3 24 26 800 3 0.0 0 0
32 25 28 800 3 0.0 0 0
33 26 23 800 3 0.0 0 0
34 27 16 800 3 0.0 0 0
35 28 22 800 3 0.0 0 0
36 29 20 800 3 0.0 0 0
37 29 28 521.25 4 0.0 0 0
38 28 27 521.25 4 0.0 0 0
39 27 26 521.25 4 0.0 0 0
40 26 21 521.25 4 0.0 0 0
41 27 30 1825 5 0.0 0 0
42 31 30 2085 5 0.0 0 0
43 30 28 1898 5 0.0 0 0
44 30 26 1898 5 0.0 0 0
45 3 32 800 2 0.0 0 0
46 4 33 800 2 0.0 0 0
47 32 2 800 2 0.0 0 0
48 33 1 800 2 0.0 0 0
49 32 21 1042.5 4 0.0 0 0
50 29 33 1042.5 4 0.0 0 0




Beam information, sorted by BeamNo in ascending order

Beam |Beam Name| Start Node |End Node | Length |Profile| Angle | Rigid Start | Rigid End | Hinged at | Hinged at | Non Linearities
[mm] [°] [mm] [mm] Start End
51 34 9 1825 2 0.0 0 0
52 35 3 1825 2 0.0 0 0
53 36 11 1825 2 0.0 0 0
54 37 4 1825 2 0.0 0 0
55 14 39 1042.5 2 0.0 0 0
56 38 40 1042.5 2 0.0 0 0
57 39 38 1042.5 2 0.0 0 0
58 40 13 1042.5 2 0.0 0 0
59 39 30 2101.8 2 0.0 0 0
60 40 30 2101.8 2 0.0 0 0
Profiles
Profile [Profile Name Type Material Ignore S. C. Profile parameters
2 main I-section 1 Steel X Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Th=55 mm fy=1.0 fz=1.0
3 cross Box section 1 Steel X B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0
4 base I-section 1 Steel X Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tbh=55 mm fy=1.0 fz=1.0
5 blade General section 1 Steel X Ax=10000 mm2 Ay=10000 mm2 Az=10000 mm2 Ix=1e+012 mm4 ly=1e+012 mm4
1z=1e+012 mm4 Wx=10000000 mm3 Wy=100000000 mm3 Wz=100000000 mm3 ey=0
mm ez=0 mm fy=1.0 fz=1.0
Profile properties
Profile Axial Local x-z plane Local x-y plane Shear Centre
Ax Wx Ix Az Wy, Wy, ly Ay Wz, Wz, 1z ey e,
[mm2]| [mma3] [mm4] [[mm2]| [mm3] [mma3] [mm4] |[mm2]| [mm3] [mm3] [mm4] [mm] | [mm]
2 45600 | 946614 |5.2064e+007| 10981 | 5556728 5556728 |1.0836e+009| 23479 | 1977965 1977965 | 3.2439e+008 0 0
3 21600 | 2592000 |3.1104e+008| 12033 | 2055158 2055158 |3.9048e+008| 6763 1372800 1372800 | 1.3728e+008 0
4 52160 | 1178384 |8.8379e+007| 11392 | 7001417 6000451 |1.3248e+009| 27850 | 2336579 2336579 3.832e+008 0 5.756
5 10000 | 10000000 | 1e+012 10000 | 100000000 | 100000000 1e+012 10000 | 100000000 | 100000000 1e+012 0
Materials
Material Material Name E Density Poisson Thermal Coefficient Yield Stress
[N/mm2] [kg/m3] [mm/mm/°C] [N/mm2]
1 Steel 210000 7800.0 0.30 1.26e-005 235
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Abbreviations

Beam information:
Beam:

Beam Name:
Start/End Node:
Length:

Profile:

Angle:

Rigid Start/End:

Hinged at Start/End:

dX, dvY, dZ:
X, 1Y, 1Z:
Non Linearities:

Profiles:
Profile:
Profile Name:
Type:
Material:
Ignore S.C.:

Profile parameters:

Profile properties:
Profile:

Wx:

Where:
Sy, S,
ty:

Materials:
Material:
Material Name:
E:

Density:
Poisson:

Thermal Coefficient:

Yield Stress:

Beam identification number

User's beam identification

Node numbers for the start and end nodes respectively
Total length of beam, including possible rigid ends
Profile identification number

Angle between the profile's z-axis and the plane through the beam and the global Z-axis. Positive for

clockwise rotation when seen in positive local x-direction.
Length of possible rigid part of the beam at the start and end ends respectively

Possibly defined hinge at the start and end nodes respectively, where hinges are defined as:

Hinged with respect to translation in the global X-, Y-, and Z-direction respectively
Hinged with respect to rotation about the global X-, Y-, and Z-axis respectively
Possibly specified non-linear properties for the beam. For definition see figure below.

. . . Tension only
Profile identification number

User's profile identification
Profile type
Material identification

If ticked "X", then the program ignores the possible shear centre
offset for the profile.
Input parameters defining the profile.

Profile identification number

Compression only

Tension
gap

<—>/

/

Axial area (total profile area)

Torsion section modulus

. . . Compr. gap
Torsional moment of inertia

Shear area in local z-direction (I, t, / Sy)

Section modulus about local y-axis at top of profile
Section modulus about local y-axis at bottom of profile
Moment of inertia about local y-axis

Shear area in local y-direction (I, t,/S,)

Section modulus about local z-axis at top of profile
Section modulus about local z-axis at bottom of profile
Moment of inertia about local z-axis

Note: Wz, = Wz, = Wz ;;, for all profile types except I - types
Shear centre distance from vertical neutral axis

Shear centre distance from horizontal neutral axis
Shear factor in local y-direction

Shear factor in local z-direction

Note: The shear factor is used for shear stiffness of beam, but not for calculation of shear stress

1* area moment about y- and z- axis respectively
value for profile thickness depending on profile type

Material identification

User's material identification

Young's Modulus

Density

Poisson's ratio for transverse contraction
Coefficient of thermal expansion
Specified yield stress (information only)
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Node information, sorted by NodeNo in ascending order

Node Name X Y 4 Boundary Conditions
No [mm] [mm] [mm]
X transl Y transl Z transl X rot Y rot Z rot
1 0 0 0 Fixed Fixed Fixed Fixed Fixed Fixed
2 4170 0 0 Free Free Spring, Free Free Free
4.19e+005
N/mm
3 4170 1600 0 Free Free Spring, Free Free Free
4.19e+005
N/mm
4 0 1600 0 Fixed Fixed Fixed Fixed Fixed Fixed
5 4670 0 0
6 4670 1600 0
7 -500 1600 0 Fixed Fixed Fixed Fixed Fixed Fixed
8 -500 0 0 Fixed Fixed Fixed Fixed Fixed Fixed
9 4170 0 3650
10 4170 1600 3650
1 0 0 3650
12 0 1600 3650
13 4170 800 3650
14 0 800 3650
15 2085 0 0
16 2085 1600 0
17 1042.5 0 0
18 31275 1600 0
19 31275 0 0
20 1042.5 1600 0
21 31275 800 0
22 1563.8 1600 0
23 2606.3 1600 0
24 2606.3 0 0
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Node information

sorted by NodeNo in ascending order

Node Name X Y Zz Boundary Conditions
No [mm] [mm] [mm]
X transl Y transl Z transl X rot Y rot Z rot
25 1563.8 0 0
26 2606.3 800 0 Free Free Fixed Free Free Free
27 2085 800 0
28 1563.8 800
29 1042.5 800 0
30 2085 800 1825
31 4170 800 1825
32 4170 800 0 Free Free Spring, Free Free Free
4.19e+005
N/mm

33 0 800 0 Fixed Fixed Fixed Fixed Fixed Fixed
34 4170 0 1825
35 4170 1600 1825
36 0 0 1825
37 0 1600 1825
38 2085 800 3650
39 1042.5 800 3650
40 31275 800 3650

Abbreviations

Node No: Node identification number

Name: User's node identification

X, Y, Z: Node coordinates in the global coordinate system

X transl, Y transl, Z transl:

X rot, Y rot, Zrot:

Where:
Free:
Fixed:
FD:
Spring:

Boundary conditions w.r.t. translation along the global axes
Boundary conditions w.r.t. rotation about the global axes

The node is free

The node is fixed

The node has a prescribed displacement or rotation
The node is supported by a spring
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Beams' length and profile information, sorted by BeamNo in ascending order

Beam | Length |Profile No| Angle Profile Type Profile Name Profile parameters
[mm] []
1 1042.5 2 0.0 (l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
2 1042.5 2 0.0 I-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
3 500 2 0.0 |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
4 500 2 0.0 |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
z=1.0
5 1600 0.0  [Box section cross B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0
6 500 0.0 [-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Th=55 mm fy=1.0
fz=1.0
7 1600 0.0  [Box section cross B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0
8 500 0.0  |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
9 1825 2 0.0 [l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
10 800 2 0.0 |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
z=1.0
1 1825 2 0.0 |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
z=1.0
12 1825 2 0.0 |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
z=1.0
13 800 2 0.0 [l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
14 1825 2 0.0 |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Th=55 mm fy=1.0
fz=1.0
15 800 2 0.0 [-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Th=55 mm fy=1.0
fz=1.0
16 800 2 0.0 (-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
17 521.25 2 0.0 (l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
18 521.25 2 0.0 (l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
19 521.25 2 0.0  |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
20 521.25 2 0.0 |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
21 1042.5 2 0.0 I-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
z=1.0
22 1042.5 2 0.0 [l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
z=1.0
23 800 3 0.0  [Box section cross B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0
24 800 3 0.0  [Box section cross B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0
25 800 3 0.0  |Box section cross B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0
26 800 3 0.0  [Box section cross B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0
27 521.25 2 0.0 [l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Th=55 mm fy=1.0
fz=1.0
28 521.25 2 0.0 (l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
29 521.25 2 0.0 (l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
30 521.25 2 0.0 [l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0
31 800 3 0.0  |Box section cross B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0
32 800 3 0.0  [Box section cross B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0
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Beams' length and profile information, sorted by BeamNo in ascending order

Beam | Length |Profile No| Angle Profile Type Profile Name Profile parameters
[mm] []

33 800 3 0.0  [Box section cross B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0

34 800 3 0.0  [Box section cross B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0

35 800 3 0.0  [Box section cross B=200 mm Tt=20 mm H=380 mm T=20 mm Th=20 mm fy=1.0 fz=1.0

36 800 3 0.0  [Box section cross B=200 mm Tt=20 mm H=380 mm T=20 mm Tb=20 mm fy=1.0 fz=1.0

37 521.25 4 0.0 [l-section base Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tbh=55 mm fy=1.0
z=1.0

38 521.25 4 0.0 [l-section base Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
z=1.0

39 521.25 4 0.0 [l-section base Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0

40 521.25 4 0.0 [-section base Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tbh=55 mm fy=1.0
fz=1.0

41 1825 5 0.0  |General section blade Ax=10000 mm2 Ay=10000 mm2 Az=10000 mm2 Ix=1e+012 mm4 ly=1e+012
mm4 1z=1e+012 mm4 Wx=10000000 mm3 Wy=100000000 mm3
Wz=100000000 mm3 ey=0 mm ez=0 mm fy=1.0 fz=1.0

42 2085 5 0.0  [General section blade Ax=10000 mm2 Ay=10000 mm2 Az=10000 mm2 Ix=1e+012 mm4 ly=1e+012
mm4 1z=1e+012 mm4 Wx=10000000 mm3 Wy=100000000 mm3
Wz=100000000 mm3 ey=0 mm ez=0 mm fy=1.0 fz=1.0

43 1898 5 0.0  [General section blade Ax=10000 mm2 Ay=10000 mm2 Az=10000 mm2 Ix=1e+012 mm4 ly=1e+012
mm4 1z=1e+012 mm4 Wx=10000000 mm3 Wy=100000000 mm3
Wz=100000000 mm3 ey=0 mm ez=0 mm fy=1.0 fz=1.0

44 1898 5 0.0  |General section blade Ax=10000 mm2 Ay=10000 mm2 Az=10000 mm2 Ix=1e+012 mm4 ly=1e+012
mm4 1z=1e+012 mm4 Wx=10000000 mm3 Wy=100000000 mm3
Wz=100000000 mm3 ey=0 mm ez=0 mm fy=1.0 fz=1.0

45 800 2 0.0 |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
z=1.0

46 800 2 0.0 |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
z=1.0

47 800 2 0.0 |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
z=1.0

48 800 2 0.0 [l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
z=1.0

49 1042.5 4 0.0 [l-section base Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
z=1.0

50 1042.5 4 0.0 [l-section base Bt=328 mm Tt=75 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0

51 1825 2 0.0 [l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Th=55 mm fy=1.0
fz=1.0

52 1825 2 0.0 [l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Th=55 mm fy=1.0
fz=1.0

53 1825 2 0.0 (l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Th=55 mm fy=1.0
fz=1.0

54 1825 2 0.0 (-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0

55 1042.5 2 0.0 (l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0

56 1042.5 2 0.0 [l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0

57 1042.5 2 0.0  |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0

58 1042.5 2 0.0 |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
fz=1.0

59 2101.8 2 0.0 |l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0
z=1.0

60 2101.8 2 0.0 [l-section main Bt=328 mm Tt=55 mm Hw=280 mm Tw=34 mm Bb=328 mm Tb=55 mm fy=1.0

fz=1.0
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Abbreviations

Beam: Beam identification number

Length: Total length of beam, including possible rigid ends

Profile No: Profile identification number

Angle: Angle between the profile's z-axis and the plane through the beam and the global Z-axis. Positive for
clockwise rotation when seen i positive local x-direction.

Profile Type: Profile type

Profile Name: User's profile identification

Profile parameters: Input parameters defining the profile.
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Beam Loads in local coordinate system, sorted by BeamNo in ascending order

Beam Distributed Loads Temperature Loads
No
Px1 Pz1 Px2 Py2 Pz2 Gy Gz Temperature
[N/mm] | [N/mm] [N/mm] [N/mm] [N/mm] [N/mm] [°C/mm] [°C/mm] [°C]

1 0 0 -3.486 0 0 -3.486
2 0 0 -3.486 0 0 -3.486
3 0 0 -35 0 0 -35
4 0 0 -3.486 0 0 -3.486
5 0 0 2 0 0 2

6 0 0 -3.486 0 0 -3.486
7 0 0 2 0 0 2

8 0 0 -3.486 0 0 -3.486
9 -3.486 0 0 -3.486 0 0
10 0 0 -3.486 0 0 -3.486
11 3.486 0 0 3.486 0 0
12 -3.486 0 0 -3.486 0 0
13 0 0 -3.486 0 0 -3.486
14 3.486 0 0 3.486 0 0
15 0 0 -3.486 0 0 -3.486
16 0 0 -3.486 0 0 -3.486
17 0 0 2 0 0 2
18 0 0 -3.486 0 0 -3.486
19 0 0 -3.486 0 0 -3.486
20 0 0 -3.486 0 0 -3.486
21 0 0 -3.486 0 0 -3.486
22 0 0 -3.486 0 0 -3.486
23 0 0 2 0 0 2
24 0 0 2 0 0 2
25 0 0 2 0 0 2
26 0 0 2 0 0 2
27 0 0 -3.486 0 0 -3.486
28 0 0 -3.486 0 0 -3.486
29 0 0 -3.486 0 0 -3.486
30 0 0 -3.486 0 0 -3.486
31 0 0 2 0 0 2
32 0 0 2 0 0 2
33 0 0 2 0 0 2
34 0 0 2 0 0 2
35 0 0 2 0 0 2
36 0 0 2 0 0 2
37 0 0 -3.5 0 0 -35
38 0 0 -35 0 0 -35
39 0 0 -3.5 0 0 -35
40 0 0 -3.5 0 0 -35
45 0 0 -35 0 0 -35
46 0 0 -3.5 0 0 -35
47 0 0 -3.5 0 0 -35
48 0 0 -35 0 0 -35
49 0 0 -3.5 0 0 -35
50 0 0 -3.5 0 0 -35
51 -3.486 0 0 -3.486 0 0
52 3.486 0 0 3.486 0 0




Beam Loads in local coordinate system, sorted by BeamNo in ascending order

Beam Distributed Loads Temperature Loads
No
Px1 Py1 Pz1 Px2 Py2 Pz2 Gy Gz Temperature
[N/mm] | [N/mm] [N/mm] [N/mm] [N/mm] [N/mm] [°C/mm] [°C/mm] [°C]

53 -3.486 0 0 -3.486 0 0

54 3.486 0 0 3.486 0 0
Abbreviations
Beam No: Beam identification number
Px1, Px2: Load intensity in local x-direction at the start and end ends of the beam respectively
Pyl, Py2: Load intensity in local y-direction at the start and end ends of the beam respectively
Pz1, Pz2: Load intensity in local z-direction at the start and end ends of the beam respectively
Gy, Gz: Temperature gradients in local y- and z-directions
Temperature: Mean temperature. NB! Any non-zero value is regarded as a temperature load
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Node Loads in global coordinate system, sorted by NodeNo in ascending order

Node No Px Py Pz Mx My Mz
[N] [N] [N] [Nmm] [Nmm] [Nmm]

13 0 0 2000000 0 0 0

30 0 0 150000 0 0 0

31 0 0 -2000000 0 0 0
Abbreviations
Node No: Node identification number
Px, Py, Pz: Node load in global X-, Y-, and Z- direction
Mx, My, Mz: Node moment about global X-, Y-, and Z- axis (positive for right-handed screw)




Forces, Moments and Deflections, signed values, sorted by BeamNo in ascending order

Beam N, Q, Q. M, M, M, 5 8y 8y 8,
No. [N] [N] [N] [Nmm] [Nmm] [Nmm] [mm] [mm] [mm] [mm]
1 10724 677 -113944 1319779 -67414449 -476105 0.20049 0.0011675 -0.00032607 0.20049
2 28032 1574 -195978 -495147 121794498 -1046448 0.78392 0.0084061 -0.0011691 0.78388
3 1 3887 3348 2788810 1227948 1901965 0.85333 0.0084112 0.0007129 0.85329
4 -1 -3887 3345 -2785051 1245302 -1900465 0.85284 0.008406 -0.00065832 0.85279
5 -3887 -1 -1602 -8378 -3426932 43231 0.85333 0.0084112 0.0007129 0.85329
6 0 0 872 0 72625 0 0.00012532 0 0 -0.00012532
7 0 0 1600 0 426667 0 0.0010747 0 0 -0.0010747
8 0 0 -872 0 72625 0 0.00012532 0 0 -0.00012532
9 783178 -16565 37090 -204218 121260343 23961079 1.2321 0.54993 0.58706 0.9333
10 16565 37090 -792329 -14119535 578554295 -29468085 3.0466 1.983 0.0027645 2.3129
1 789486 16541 -37112 204834 -53610291 -54148912 2.1651 1.8751 0.0041464 1.0824
12 -67241 1766 2721 -144058 96213074 2101528 0.63988 0.6392 -0.026806 -0.012209
13 -1766 271121 54517 -2776840 -38152484 -21552362 2.0431 2.0404 0.0010984 -0.10514
14 -60945 1797 -27106 145499 -46694017 4398528 1.9613 1.9612 0.00094822 -0.02323
15 16541 -37112 792275 14119894 578555576 -29485110 3.0466 1.983 0.0027645 2.3129
16 -1797 -27106 -54583 2774807 -38152419 -21539465 2.0431 2.0404 0.0010984 -0.10514
17 21588 2765 -2288 -1026034 -49109643 823109 0.16717 0.0040102 | 4.2097e-005 0.16712
18 17300 2975 31128 2517574 7924630 176761 0.21222 0.0018899 7.0089e-005 0.21222
19 13313 2348 -26650 -944104 49389393 -733602 0.21519 0.0017291 -0.00027256 0.21519
20 24778 2344 -60842 2079475 -93226726 -627930 0.27927 0.0053544 -0.00015433 0.27922
21 28030 1560 -195766 499242 121694007 -1037494 0.78469 0.0084111 0.001209 0.78465
22 10714 658 -113650 -1324261 -67086503 -469473 0.19961 0.0011664 0.00026525 0.1996
23 -173 -3240 131508 18614648 -101991360 1375196 0.28095 0.0053596 0.00011783 0.2809
24 -207 -4265 30294 41500135 -22099016 1808450 0.16578 0.0028351 | -4.7526e-006 0.16576
25 1672 -2589 -90712 13506002 69665365 1104278 0.45199 -0.0072014 | -3.1236e-005 0.45193
26 -770 3254 -131502 -18631226 -101986768 1380594 0.27927 0.0053544 -0.00015433 0.27922
27 13290 2339 -26360 938334 49285205 727367 0.21386 0.001709 0.00020089 0.21385
28 21569 2770 -2664 1025305 -49315305 827588 0.16517 0.0040056 -0.00010915 0.16512
29 24790 2333 -60624 -2076060 -93010237 -627876 0.28095 0.0053596 0.00011783 0.2809
30 17323 2973 30866 -2522461 8005727 -780139 0.2137 0.0018922 | -0.00015215 0.21369
31 -432 -3202 56519 44821544 -45625093 1355286 0.16717 0.0040102 4.2097e-005 0.16712
32 624 -4010 -59115 41383667 45073938 1705163 0.37587 -0.011048 | -4.2071e-005 0.37571
33 -425 3209 -56360 -44826631 -45502374 1357627 0.16517 0.0040056 | -0.00010915 0.16512
34 -206 4268 -30159 -41487800 -21994647 1810329 0.16385 0.0028316 | -7.7577e-005 0.16383
35 636 4010 59088 -41360574 45051314 1706612 0.37587 -0.011048 | -4.2071e-005 0.37571
36 1681 2576 90708 -13480848 69663514 1099284 0.45199 -0.0072014 | -3.1236e-005 0.45193
37 -80830 21 -629197 -5664 689723223 -10781 0.48193 -0.0086438 | -3.7168e-005 0.48185
38 3717 14 -699973 -16 184397281 -3700 0.37587 -0.011048 | -4.2071e-005 0.37571
39 97005 -2 -1037861 -5 -273259762 -1 0.085436 -0.010871 -4.1311e-005 0.084742
40 24635 -13 -593687 -932 -694612584 -5869 0.117 -0.0054928 | -2.4752e-005 -0.11687
4 -393316 18 -101821 4869 726467705 104359 2.2911 2.2766 0.0016904 -0.25707
42 0 0 2000000 0 4170000000 0 8.6364 2.2766 0.0017152 -8.3309
43 21936 -19 -102534 7499 1147063870 67963 2.2911 2.2766 0.0016904 -0.25707
44 -967179 18 207646 -37821 -1445618325 117789 2.2911 2.2766 0.0016904 -0.25707
45 -14228 -9080 -248995 791279 -202012062 -4111928 0.78392 0.0084061 -0.0011691 0.78388
46 0 0 -1400 0 186667 0 0.0003321 0 0 -0.0003321
47 -14238 9061 248934 -794284 -202008403 -4105391 0.78469 0.0084111 0.001209 0.78465
48 0 0 -1400 0 186667 0 0.0003321 0 0 -0.0003321
49 18141 10 -337526 3660 -348382910 -6537 0.36947 -0.003356 1.9553e-005 0.36946
50 -75666 -12 -445953 -3813 335242951 -7992 0.45199 -0.0072014 | -3.1236e-005 0.45193
51 789540 -16565 37090 -204218 53570404 54193014 2.1659 1.8756 0.0013806 1.0832
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Forces, Moments and Deflections, signed values, sorted by BeamNo in ascending order

Beam Ny Q, Q, M, M, M, 8 8x Sy 5,

No. [N] [N] [N] [Nmm] [Nmm] [Nmm] [mm] [mm] [mm] [mm]
52 783124 16541 -37112 204834 -121340475 -23961430 1.23 0.54941 -0.58428 0.93252
53 -60879 1766 271121 -144058 46718117 -4345579 1.9623 1.9622 0.0012459 -0.023205
54 -67307 1797 -27106 145499 -96162842 -2160753 0.63959 0.63886 0.027827 -0.012221
55 54227 -31 103522 65 -113473814 19143 2.0774 2.0463 0.0018289 -0.35816
56 -253684 4 140571 -348 -261527038 14677 2.0636 2.0187 0.0023312 -0.42838
57 -253684 4 140571 -348 -114981313 19247 20774 2.0463 0.0018289 -0.35816
58 -74203 24 -415396 -1281 -404811374 -17025 3.0466 1.983 0.0027645 2.3129
59 120557 35 285741 114 455522377 73397 2.5551 2.5536 0.0020256 -0.088956
60 571781 -20 -119920 1047 -395327723 -40307 2.7619 2.7241 0.0022152 -0.4549

Abbreviations

Ny Axial force (Positive gives tension)

Qy: Shear force in local y-direction (Positive rotates an isolated piece clockwise)

Q. Shear force in local z-direction (Positive rotates an isolated piece counter-clockwise)

M,: Torsional moment (Positive produces a right-handed screw)

M,: Bending moment about local y-axis (Positive gives tension at local positive Z-axis side of profile)

M, Bending moment about local z-axis (Positive gives tension at local positive Y-axis side of profile)

5: Maximum total deflection of beam (N(8, + 8,” +3,% )

Oy , 0y, 6, : Maximum deflection of beam in global X-, Y-, and Z- directions
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Beam Stresses, values, sorted by SigMy in descending order
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Beam Stresses, values, sorted by SigMy in descending order
S GONx Tay TQz TMmx Omy Omz ONy ONz
[N/mm2] [N/mm2] [N/mm2] [N/mm2] [N/mm2] [N/mm2] [N/mm2] [N/mm2]
30 0 0 3 3 1 0 2 1
18 0 0 3 3 1 0 2 1
4 0 0 0 3 0 1 0 1
3 0 0 0 3 0 1 0 1
7 0 0 0 0 0 0 0 0
46 0 0 0 0 0 0 0 0
48 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0
z

Abbreviations I 7N

Principal stresses:

ONy: Axial stress (Ny/Ay) x i ———

T Torsional stress (M,/W,)

TQy: Shear stress in local y-direction (Q,/A,) ,

Tz Shear stress in local z-direction (Q,/A,) !

omy:  Bending stress about local y-axis (M,/W,) o Hx

oMz Bending stress about local z-axis (M,/W,) L,

Stress combinations: o Mz r— —

Ony! Normal stress in local xz-plane, max of (ony + Guy ) ' i f m

ONg Normal stress in local xy-plane, max of (onyx = O ) o D= il Il M

Where otz v — I

Ay Axial area (total profile area) !

Ay Shear area in local y-direction (1, t,/S,) '

Ay Shear area in local z-direction (I, t, / Sy) 7Qy

W,: Torsion section modulus WM FIG. PRINCIPAL STRESSES

Wy Minimum section modulus about local y-axis '

W, Minimum section modulus about local z-axis

Ny: Axial force

Qy: Shear force in local y-direction

Q. Shear force in local z-direction

M,: Torsional moment

M,: Bending moment about local y-axis

M, Bending moment about local z-axis

Sy, S;: 1% area moment about y- and z- axis respectively

t: profile thickness value depending on profile type
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Model with nodes and deflected shape, applied loads and reactions

Node Deflections, Reaction Forces and Moments, signed values, sorted by NodeNo in ascending order

Node S« Sy S, ry ry r, Py Py P. M, M, M,
No. [mm] [mm] [mm] [rad] [rad] [rad] [N] [N] [N] [Nmm] | [Nmm] | [Nmm]
1 0 0 0 0 0 0 -37845 2443 -40797 | -3234641 | -28725999 | 373469
2 0.0084111 | 0.001209 | 0.78465 |-0.0003633 | -0.0001409 | 5.66e-006 0 0 -328768 0 0 0
3 0.0084061 |-0.0011691 | 0.78388 | 0.0003622 |-0.0001415 |-5.625¢-006 0 0 -328445 0 0 0
4 0 0 0 0 0 0 -37821 -2455 -40438 3298347 | -29003714 | -362087
5 0.0084112 | 0.0007129 | 0.85329 |-3.167e-005 | -0.0001397 |-1.167e-006 0 0 0 0 0 0
6 0.008406 |-0.00065832| 0.85279 | 3.103e-005 | -0.0001402 | 1.191e-006 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 2472 -426667 -72625 0
8 0 0 0 0 0 0 0 0 2472 426667 -72625 0
9 1.8756 | 0.0013806 | 1.0832 | 0.0009206 | 0.0007184 | -0.0001716 0 0 0 0 0 0
10 1.8751 [ 0.0041464 | 1.0824 |-0.0009217 | 0.0007185 | 0.0001722 0 0 0 0 0 0
11 1.9622 [ 0.0012459 | -0.023205 |-6.012e-005| 0.0007494 | -0.000125 0 0 0 0 0 0
12 1.9612 [0.00094822| -0.02323 | 5.995e-005 [ 0.000749 | 0.0001263 0 0 0 0 0 0
13 1.983 | 0.0027645 | 2.3129 0 -0.001968 0 0 0 0 0 0 0
14 2.0404 | 0.0010984 | -0.10514 0 0.0002211 0 0 0 0 0 0 0
15 | 0.0028351 | -4.7526e- | 0.16576 |-0.0001025 | 5.533e-005 | 2.859¢-006 0 0 0 0 0 0

006
16 | 0.0028316 | -7.7577e- | 0.16383 | 0.0001001 | 5.572e-005 |-2.846e-006 0 0 0 0 0 0
005
17 | 0.0011675 [-0.00032607| 0.20049 | 0.0003272 (-4.253e-005 | 1.888e-006 0 0 0 0 0 0
18 | 0.0053544 (-0.00015433| 0.27922 | 0.0004849 | -0.0002343 |-2.167e-006 0 0 0 0 0 0
19 | 0.0053596 [0.00011783| 0.2809 | -0.000487 |-0.0002338 | 2.227e-006 0 0 0 0 0 0
20 [ 0.0011664 | 0.00026525| 0.1996 | -0.0003283 |-4.173e-005 |-1.935e-006 0 0 0 0 0 0
21 [-0.0050825 | -1.8527e- | -0.089927 | -1.04e-006 | 0.000359 0 0 0 0 0 0 0
005
22 | 0.0018899 |7.0089e-005| 0.21222 | -0.000212 | 5.579e-005 |-2.836e-006 0 0 0 0 0 0
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Node Deflections, Reaction Forces and Moments, signed values, sorted by NodeNo in ascending order

Node 3« 3, 5, T ry r, Py P, P, M, My M.
No. [mm] [mm] [mm] [rad] [rad] [rad] [N] [N] [N] [Nmm] | [Nmm] | [Nmm]
23 0.0040056 [-0.00010915| 0.16512 | 0.0002272 |-5.638e-005 [-2.037e-006 0 0 0 0 0 0
24 0.0040102 (4.2097e-005 0.16712 | -0.0002297 |-5.622e-005 | 2.075e-006 0 0 0 0 0 0
25 | 0.0018922 |-0.00015215| 0.21369 | 0.0002102 | 5.505e-005 | 2.818e-006 0 0 0 0 0 0
26 [-0.0062548 | -3.4115e- 0 0 0.001371 0 0 0 1323336 0 -0 0
005
27 -0.010871 | -4.1311e- | 0.084742 0 0.001377 0 0 0 0 0 -0 0
005
28 -0.011048 | -4.2071e- | 0.37571 0 0.001373 0 0 0 0 0 -0 0
005
29 [-0.0072014 | -3.1236e- | 0.45193 0 0.0003876 0 0 0 0 0 0 0
005
30 2.2766 | 0.0016904 | -0.25707 0 0.001382 0 0 0 0 0 -0 0
31 2.2766 0.0017152 | -8.3309 0 0.001403 0 0 0 0 0 0 0
32 -0.003356 [1.9553e-005| 0.36946 0 -0.000292 0 0 0 -154803 0 0 0
33 0 0 0 0 0 0 75666 12 -439505 3813 127761515 7992
34 0.54993 0.58706 0.9333 | -0.0001263 | 0.0005602 |-8.297e-005 0 0 0 0 0 0
35 0.54941 -0.58428 0.93252 | 0.0001246 | 0.0005601 | 8.327e-005 0 0 0 0 0 0
36 0.6392 -0.026806 | -0.012209 | 1.312e-005 | 0.0005732 |-6.252e-005 0 0 0 0 0 0
37 0.63886 | 0.027827 | -0.012221 |-1.396e-005| 0.0005729 | 6.315e-005 0 0 0 0 0 0
38 2.0187 | 0.0023312 | -0.42838 0 -0.0002426 0 0 0 0 0 0 0
39 2.0463 | 0.0018289 | -0.35816 0 -5.154e-005 0 0 0 0 0 0 0
40 1.9911 0.0025994 [ 0.050578 0 -0.001105 0 0 0 0 0 0 0

* this deflection is for prop tip and is not structurally relevant

Abbreviations

% By, 85 Translation in global X-, Y-, and Z- direction

Ty Ty, T2 Rotation about global X-, Y-, and Z- axis (positive for right-handed screw)

P., Py, P,;  Reaction force in global X-, Y-, and Z- direction

My, M,, M,: Reaction moment about global X-, Y-, and Z- axis (positive for right-handed screw)
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Photogrammetry . Page 1 of 4

City University  Electrical, Electronic and oty Homo
MRS London Information Engineering - Soaren

Optical Metrology Centre (Research) > Photogrammetry

"Photogrammetry is a non-contact muitiple point measuring tool which is capab
measurement of all points simultaneously but often requ_ires §9me_gggpgrtise to1

This tutorial gives an overview of photogrammetry (multiple point optical triangulation).
what the technique does and typical applications. Further detail is then given about ho
fast and how accurate. That is followed by a list of benefits and limitations and typical «
further information. For assistance on purchasing or using photogrammetric systems ¢

& what the technique
how photogrammetry works
€ how fast

& benefits
& limitations

typical costs
further information

What does it do? o
Measures the 3-D location of points or features

4 atoneinstant using between one and many cameras at the same time, or
4 over a period of time using one camera o

It prbvides hxgh accuracy results
0 between 1 part.rin 5000 to 1 part in 1,000,000 of the largest dimension of the ot

The method cén be applied to objects ranging from mm to kilometres in size
Statistical self checking is available and estimates of precision can be produced as pa

What does photogrammetry get used for?

Mapping

Shipbuilding

Architectural models of buildings or facades,

Archaeology surveys

Medical uses e.g. human body scans for back problem or gait analysis
Missile or plane tracking

Antenna measurement

Verification of the design of manufactured structures.

Virtual reality

Entertainment

2 2222222444

What type of information can it provide?

4 CAD models
4 Surfaces
4 Deformation

http://www.city.ac.uk/omc/photogrammetry.htm C-1 4/26/2002



Photogrammetry o Page 2 of 4

€ Movement
4 Reverse engineering data
€ Tracking of objects

How does photogrammetry work?
The main steps are: :

4 take images

find the locations of features (targets, edges, corners, efc.)
correspond features between

compute the 3-DJocation of corresponding points using triangulation

L 444

® X, N2
® ;B2
& X‘Y4z

To achieve this it is necessary to have the following information:
& where the cameras are
€ which direction the cameras are pointing
& the camera’s.characteristics

€ measurements in the object space to give scale
€ 2 datum definition

This information may be collected as:

4 part of the measurement process, or
€ as aseries of steps e.g. camera calibration, physical setting up

In general there are two stages

€ Start up: where the datum and information about the cameras is computed
& Measurement: where images of the object are collected, analysed, and results

http://www.city.ac.uk/omc/photogrammetry.htm  ~_o 4/26/2002



Photogrammetry
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How fast does it work?
For multiple camera scheme:

€ image capture can take place in as little as 1/10,000 of a second

€ measurement can be repeated every 1/25 of a second

4 processing of images may take place on-line or off-line hence the latency of the
but unlikely to be any less than 1/25 of a second

For a single camera scheme:

4 images may be collected over a period of a few minutes to a few hours

€ processing of images and computation of results may take a few secondsto a |

4 for either mode of operation the speed will be dependent on the type of sensor
number of targets or features being measured

How accurate?
Accuracy in photogrammetric systems related to:

€ the number of pixels in the sensor and the size of the object e.g. a bigger senst
accurate results for the same size object

¢ the type of feature being detected (in order of increasing accuracy)

Natural features such as corners, edges, etc.

Projected features (lines, grids, random patterns, dot arrays)
Black on white or white on black features

Retro-reflective targets

What are the benefits of photogrémmetrlc systems?

Simultaneous measurement of many points at one point
Storage of results for post processing or analysis
- Can capture fast events
Potentially highly accurate
Statistical feedback on reliability of the measurement process
Scaleability to measurement problem
Incorporation of additional information such as measured distances
Well developed and mature technique

L 4 4

40600¢

What are the limitations of photogrammetric systems?
The primary limitations are:

€ Geometry: clear lines of sight are required to each camera, when more than on
usually occupy a large volume compared with the object being measured

€ Set up: before measurement can take place the system must be initialised and
cameras calibrated prior to setting up

€ Complexity: these systems have many degrees of freedom and a high level of «
to get the best results

€ Cost: few off-the-shelf systems so expense is often high

€ Image collection: bright lights or specular effects can cause problems, some ot
controlled illumination especially if edges or features are used

How much do photogrammetric systems cost?

Photogrammetry can be performed for a few hundred pounds with camcorders, stand
cameras, digital cameras, or even with film cameras and a image scanner. It will be ne
some software to produce 3-D measurements and accuracy will be low.

At the other end of the extreme accurate measurement comes with a price tag of the ¢

3
L

http://www.city.ac.uk/omc/photogrammetry.htm : 4/26/2002
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thousands of pounds.

Where do | get further information?
Books

4 Close Range Photogrammetry and Machine Vision, 1996. Edited by K.B. Atkin:
Whittles Publishing, Roseleigh House, Latheronwheel, Caithness, Scotland, KV
ISBN 1-870325-46-X )

4 Manual of Photogrammetry, 1980. Edited by C.C. Slama (Fourth Edition). Ame
Photogrammetry, Falls Church, Virginia, 1056 pages. ‘

Joumals

4 Photogrammetric Record. Editor K.B. Atkinson. The Photogrammetric Record,
Geomatic Engineering, University College London, Gower Street, London, WC'
868X

€ Photogrammetry and Remote Sensing. Editor D.A. Tait. Published by Elsivier £
Molenwerf 1, PO Box 211, 1000 AE Amsterdam. The Netherlands. ISSN 0924-

& Photogrammetric Engineering and Remote Sensing. American Scciety for Pho!
Remote Sensing, 5410 Grosvenor Lane, Suite 210, Bethesda, Maryland 20814

Conferences

& ISPRS Commission V proceedings (1908 - 1996). International Archives of Phc
Remote Sensing, RICS Books, Surveyor Court, Westwood Way, Coventry, CV.

4 Optical 3-D Measurement techniques (1 - 4), Edited by A. Gruen, and H. Kahm
Wichmann Verlag, Huthig GmbH, Heidelberg.

4 Videometrics (1-5) Edited by S.F. El-Hakim. Published by SPIE. Po Box 10, Be
Washington 98227-0010, USA

#

14 June 2001

http://www.city.ac.uk/omc/photogrammetry.htm C-4 - 4/26/2002



Geodelta - Company Profile | | Page 1 of 2

There is also a Dutch version of this page

Ingenieursbureau Geodelta is a Dutch company specializing in solving complex
| measurement tasks using a technique known as plhotogrammetry, Geodelta is
one of Europe's leading scienti fic and engineering companies in geadesy,
surveying and photogrammetry. Since its foundation in 1984 Geodlelta has been
committed 1o excellence in geodetic and photogrammetric services and products.
Geodelta's ability to guarantee the highest Jevels of quality and accuracy has

been the prime saurce of its good reputation in the European geodetic and
* photogrammetric community.

Geodelta's fields of work are:

Geodesy Training
» Design, adjustment and o Specialists for photogrammetric
analysis of geodetic networks and geodetic applications
o Combined adjustment of o Operators using Geodelta software

terrestrial and GPS networks

: Customized Software development
Analytical and digital

photogrammetry Functional design
Technical design
o Close-range photogrammetry Programming and testing
» Aerial phﬁmgmmmm}f [nformation management systems

Database design & management
GIS development & management
- GIS applications

« Three-dimensional
metrology- e

» Volume computations

o Three-dimensional machine _

yision Consultancy

Image processing

FEE B B O SR SR

»

N o Legal, scientific and technical
Mapping support of photogrammetric
applications
» Topographic mapping
» Digital terrain modeling

Geodelta is a resourceful partner you can depend on for efficient answers 1o new
engineering challenges. The success of Geodelta lies in the effective
combination of tesearch, development, consultancy, training and production.
This mixture of working areas guarantees you state-of-the-art solutions for each
dimensional probleminz :

 Civil engineering ¢ -
o Urban and rural development
: G5
hitp:/Aavww.geodelta.com/profile/ 1175402



Geodelta - Company Profile Page2of 2

~Archeology
- Off-shore installations
Process industry
‘Metallurgy
 Space industry
- Underwater inspections
Military installations
Shipbuilding and repair industry.
Medical imaging
Nuclear power plants
‘Automobile industry

. . n I S 'ar

To optimize your business of discuss your applications. Call, write, e-mail or fax
to the address below. You could also fill out a questionnaire stating your
measurement task or spmm que stion about one of our products or services. .

The office of Geodelta in the center of Delft

Ingenieursburean Geodelta by, I

Oude Delft 175,

2611 HB Delft,

The Netherlands.

Phone: ++. %f {f?}i’? 2158148,

Fax: ++31 f{g)h ‘}'58}54
Email : infixaees :

Lt wwodifiod en g 2000

. C-6
hitp:/iwww.geodel ta. com/profile/ ‘ 117562



e

Advanced

C-7



P products
P applications
¥ Services
Enginearing Searvices
Training
Technical Support
P contact mava
[ Corporate
Site Map
Search

Copyright

Search | Site Map | Contact

Technical Support

MaYA's experienced engineering team provided fast, high quality support and training to
customers, We take pride in helping you effectively use our software tools and we will do
our best to help you get your job done.

We provide rapid-response worldwide support through our hotline services as well as
through our distributors in Europe and Asia-Pacific,

Hot-line Support

Access to MAYA's extensive technical support is always available to our customers current
on maintenance and support contracts. When you need assistance simply contact MAYA,

One of M&YA's support engineers will respond quickly to your call, Mot only are our
engineers here to help you solve problems, we also urge you to contact them when
starting new projects. Our trained staff will provide you with helpful tips and techniques
to avoid potential problems.

Morth America

Support Request Form: Click Here
Telephone: +1-514-369-5706
Fau: +1-514-369-4200

eMail: support@mayametriz.com

Waorldwide

Local telephione support is provided on a country level through our distributors offices in
Europe and Asia-Pacific, Of course, customers worldwide are welcome to contact MAYA
directly as well.

Support Request Form: Click Here
elMail: support@mayametrix.com

FTP Support - Exchanaging files with Maya

M&Y A Metriz maintains an anonymous FTP server to exchange files with customers, The
server is located at ftp.mayametriZ.com - you can use WinZip to collect and reduce the
size of your files. If you ftp files to MAYA please let us know:,

FTP Security Motice

Only Maya customers and authorized users are given permission to access MAYA's
anonymous ftp server. However, note that MaYa's ftp site is accessible on the internet,
We have taken precautions to make the ftp site secure and we do not allow users to view
directory contents or get files from the incoming directories, However, we cannot
guarantee security so we do not recommend you place very sensitive files on our ftp
server, You can also encrypt files with passwords using WinZip, Of course, you will need
to tell us the password |



Load Cells and Reaction Torque Transducers

41 Panicaks Style; § to 500,000 [bs. Amphﬁed Output Option;
’ Tens amz?ﬁmr;ra& n, Model 41 data sheetpdf (77.3k)

01.05% Linearity; Pancake Style; Welded Stainless Steel;
Amplified Output Option. Model 42 data sheet.p 1f €5, 2k)

Pdrmke Style; Compression Only; Amplifiec] Output
Option; 50 to 200,000 Ibs. Model 73 & 76 data sheet.pdf
721k

ot -~ ]
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75 Pancake Style; Tension/Compression: Mﬁkﬁﬁﬁ Output

Option; 50 to 200,000 lbs. Model 73 & 75 dota shestpdl
{731k -

M

45 & 47

uG 01.03% Lm@mty Welded Stainless Steel Ranges to
200,000 Ibs.

Moxdel 53

Low sz QQ‘E‘}% 1:; Linearity; 5to 50,000 |bs.
: Sk

WG 0,02% Lm&arxta;" Welded Stainless Steel Ranges to
500,000 Ibs.
TG For High Side Load Ap;:ilcamn&' Tension/Compression;

Ranges 1o 500,000 s,

M "
MIL _ Family of Ranges Up to 3,000,000 {bs.
LFH-81 Miniatune; Ranges to 100,000 Ibs.; 2" Maximum Diameter.

C-10



RI 1t 100 Tons; High Overioad Capacity; Rod End.

sp 0.03% Non-Lingarity; Compact Size: Réﬁﬁ&éf%& 100 ibs,

"féwiz::ied 8&13%@% &tﬁ&! Y@mm Qum{}t‘ﬂ% &%%31’“1’ fﬁfé grams to

Qwrmtwr ol

11 Ten $3ﬁh5ﬁm13i‘@$$ioﬂ Type; Rﬁﬁ@ﬁ%ﬁ from Q50 grams with

172" Diameter, Madel 11 data shest | xﬁf 532k

LFH-71 Compression Type; Ranges fom 250 lbs, with 172"
Diamster.

RM ‘s’dd@«:l %&mrﬂm& %«ﬁl F%amgm from 0-100 to 200,000 Ibs,

C-11



RE Welded Stainless Steel; Ranges from 0-100 to 200,000 s,
Rlodel RIA & RE pef (85.4k)

RGM Side Loading Protsctsd; Rm:;m to 53»% ﬁﬁﬁ Ibs: 0-5VDC
or 4-20mA i}gh@n fodel B - RGE :»“4‘32;,: ki

RGH Side Loading Protected; R’“&!“}Qw"’ to 53 50, G‘QQ %h&s, @-%m
» » Q!‘@Qﬁmﬁ@;ﬁ@ﬁ i den) ;,: 1 “* v ! (11 1 3

RGF Side Leading ?r&&&d@ﬁ Ranges to 0-50,000 Ibs; 0-8VDC
or 4-20mA Option. Model RGM & RGH & RGE pdf (87 7k

81882  0.03% NonLinearity; 5to 20,000 Ibs; Compact Size.

TH Compression; 1 122° Diameter; Ranges from 0-15.000 Ibs.

D 150 grams - 30,000 Ibs; Flexible Design; 0.05% Non-
Linearity.

MBL & MBH 25 gramsto 10 Ibs.; Miniature; 0.1% Non-Linearity.

C-12



DLN Compression Only; High Frecuency & stﬁfn@w Thin,
o Piezoelectric; 1000 bs.

DLS G@wmmw Gﬁi*g,, High Frequency & stiffness; Thm
' Piezoelentric; 10,0001bs.

LP Welded b’éﬁxiﬂas& Steal; Amplified Gniput C*pts@n& Ranges
r@m 5»2,53‘23@ ii:s& with 112" Diameter. Load :

Miniature: Splash Proof; High Natural Frequency.

— M

High Range; Insensitive to Contact Point Location.

Low R;nﬁg&. Universal Design: Rugged.

_ .

QSFK-9 Shaft Type; Reaction Torua Sensors; f%ﬁgm up o
24,000 in-lbs.

QFFH9 Flange ‘Tgw: 4,000 to 24.000 inbs.; Reaction Torque
Sensors.

C-13



QWFK-8M & Miniature Reaction Tor
QWLC-8M

ction Torque Sensors; Low Ranges from 0-50
in.-0z.; Shaft or Flange/Shaft Connections.

230 East 6th Avens,
Yancouver, BC VST 17
Phone (B04] 872-7604

4210 Monis Lxive,
furingien, CHLYL 818
Fhiona 1905) 3335510
Fax {#05) 3334986

. 32 4

L4

nires s £

8425 Dvacnshite,

Menireal, PO HAP 211
Phone (514) 135-8267
Fax {514} 4

o

Hoskin Scieniific & 2000 - 2001

—rtrers
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FROM : A-TECH INSTRU ENTS LTD PHONE NO. : 4167547008 . -, Ppr. 11 2002 11:23AM P1

TEL:(416) 754-7008
' FAX:(416) 754-2351
A P.0. Box 252
el ceom— Searbarough, ON
A-Tech Instruments [ td. MIE 4RS
11-Apr-02 | 27840
Memorial Univessity of Nftd
Dept of Eng., Rm BN 3059
St. John's, Nfld.
A1C 587
1709 737 8958
1709 737 4042

ATTENTION: D, Bursey
18{0} 080

Dear Dave

Thank you for your intcrest in our products. As promised, we are now enclosing our preliminary quotation for the products
that you had requested. :

We hope that this information is helpful and look forward to the opportunity of doing business. Should you have any
further questions, please do not hesitate to contact the writer at (416) 754-7008.

Yous Truly, inc(»&% eo.&(bm‘r\u\ Lb

Aluatoin. dindsasy. /. Mikib. Busai 200,000 . \bs
Item Qty. Delivery Product Description Unit Price
1 1 10-12wks F203-MIP-1200K, Cognprasion Load Cell;1200,000 Tbs; 2mV/V $8,117.00
o/p;10vde exc. Nom. Rqd;0.15%noun-lin;8 " dia.,7.5" height;PTO2E-10-6P
connector(AG002)
2 1 1-2 days AG002-2A502-030-03(160484), 30 ft. Cable 6 pin KPT to open leads; $68.57

KPTO6F-10-6S, A+exc. D-exe. Bsig C-sig; to ends with ferrules, Red+exc,

Blk-exc. Grtsig Whi-sig; KIT14580;; 4 cond. overall shield

3 1 1-2days DSCA38-05, DIN Rail Mount Strain Gauge Conditioner; +/-20mY ilp; H- $355.00
10Vde o/p, +10V exe.; 19-29Vdc@60mA pwr req'd; 3Khz BW; 22.5mm
(0.89")W DIN; removable screw term. 1o

4 1 12days 3170, Strain Gauge Conditioner; 1 to 8mV/V i/p; 3x +/-5Vdc o/p@2, 200 $1,300.00

besh aviat-{ & 2KHzexc. 5/10Vde; 115Vac pwr req'd;0.05Acc; -18 to +35deg.C;
o wel Desktop/ Panel mount; ¢/w solder comn.

s 1 12days CO-SG-S(13142), Single Channel Strain Gange Conditioner $56.00
Configuration; I/P: strain gage; O/P: analog;s;
6 1 12-16wks F347-1200K, Fatigue Rated Universal Load Cell;1,200,000 bs.;2mV/V $20,781.00

o/p; 10Vde exc.;;;bendix PT02E-10-6P cornector(AG002)

ote: Prices are in Canadian Funds and are F.0.B. our Scarborough Tacility. G.5.T. and P.S.T. are Bxtra. Our Temms are
et 30 days OAC. Interest of 2% per month applies on all over due accounts. This quote is valid for 15 days. Delivery
iven above is subject to change without notice.
Mailing address: A-Tech Ingtrarhents Ltd, P.O.Box 252 Scarborough, Ontario, Canada. MIE 4RS

B
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84/18/2882 16 55 514-638-6136 ' A-TECH INSTRUMENTS PAGE 01

7L, Tel (514) 696-5147

Fax (514) 630-6136
R N R. Tel. (416) 754-7008
T NP Fax (416) 754-2351
A-Tech [nstruments Ltd. c-mail: ssleo@@a-tech.ca
P.O.Box 447 Pointe Claire,PQ HIR N9 www.a-tech.ca
FAX TRANSMISSION
Date:  18-Apr-02 Page: /s
To/A: Dave Bursey From/ Alastair Lindsay
Memorial University ' Expéditeur: A-Tech Instruments Lid., Montréal
Fax:  709-737-4042 Telephone: (514) 695-5147
Fax: (514) 630-6136
Subject: 1.200 kip L/C Ref.:

Dear Dave,
Here are the dimensions for the two load cell models quoted.

We are in the process of finding out the details for calibrating the unit to full scale. My contact at the NRC Mass Standards
Group in Ottawa told me that we will have to use the NIST facility in the U.S. which has deadweights up to one million
pounds and hydraulics for above that.

SensorData is already in touch with them so we hope to be able to have pricing information for you shortly.

The following drawings are for the standard models which are not rated for your capacity. A final engineering drawing will
be prepared at the time of an order.

Thie F203 series will have a diameter of about 8” and an overa)) height of 2bout 7.5”

The F347 would bave a diameter of 16” and a height of 6™,

For compression only measurements we recommend the F203 since the accuracy is still very good for a much better price. A
fatigue design is only required for cyclic applications involving both tension and compression loads. The difference in price
(due to materiat and machining costs) between the two models js the result of the type of structure used. The F203isa
column type load cell while the F347 uses a shear beam structure which provides a better Jinearity,

[ trust that this information is useful for you at this time. Please letme know If you have any questions.

Regards,

Alastair Lindsay

et

C-16
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product Techflie

e sensorpete

MODEL P341 Seres ' Ttechnologics. inc.
Eatigue Rated Load Cell i ;m;
Model F341 Series 0E Lhnaddal s
 Reaction
vypical Appilcations: . Torque
The Motet F341 Serles Fatigus Ruted Losd Colls are designed for sensors
materials testing machines and applicaons where full fatigue design is . Rotating
mandatory. These field proven low profile sensors are fatigue rated for full Torque
tension and compression loading, and provide the charactaristics of high Séhéors o
performance, very fow deflection at full scale loading, and superior resistance 0 PRNE N ’
extraneous bending moments and side joading. These sensors are also available S Mul tlple
in dual bridge configuration. The Slccdel F341 romity Series of Low Profile i Axis e
load cells range in capacity from 200 pounds force to 500,000 pounds force. 'Vl‘~5,e!_1_50"5__ o o

e Low Profile

*Field Proveh Design |

* Fully Fatigue Rated

L ow Deflection

« High Accuracy Performance |

« Extraneous Load Resistance

«Traceable to NIST
Toronto  Tok (416) 7347008
st T8 By
P B74) 6308136
special Applications:

sensorDuta Technologles, Inc. welcomes the opportunity to serva your :
special testing requirements. We will be pleased to discuss the detils of your

uniquae test situation and assist in the proper selection of a standard transducer. SENSORSITRANSMI‘ITERS
Our design staff can also provide you with a special sensor design specifically ! SIGNAL CONDITIONERS -
suited to your application. Often requested accommodations, such as; mounting | "INDICATORS
alterations, wiring code changes and special capacities, are all handled with DATA COLLECTION TERMINALS
minimal amounts of delay. All special inquiries are welcome and encouraged by : DATA ACQUISITION

the factory. l HARDWARE/SOFTWARE

oo G
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mechanical mteréace

The Model FE81 Batigue Lood Call
production line machine control applications.The field prov
of high accuracy performance, very
loading They are fatigue rated
the unique shear design requires
parallel within +/-0.0005 inch, and loading is accomplished by
tension plates are available

514-638-6136 A-TECH INSTRUMENTS

Fatigue Rated Load Cell
Model E341 Series

for thote Installations where a machine finish in the mounting area is not practical.

PAGE 85

Builetin 9804/F042

Series are designed for matarial testing machines, hydraulic acaators, and
en shear beam design of these low profile sensors provide the characteristics
Jow deflection at full scale loading, and superior resistance to extraneous bending moments and side
for full tension and compression loading, and are also available in dual bridge configuration. Please nots,
the use of 3 machined mounting base for optimum performance. The mounting base must be flat and
mounting to the active center loading thread. Factory installed (optional)

RECEPTACLE PT02E-10-8P
(WATING CONNECTOR SUFFLIED)

~1" MOUNTING BOLT (RECOKMENDED)
WITH LR-IN TIGHTENING TORQUE

Dimensions snd Spaciicatons are sUbect 10 change without noice: Plosss request cwtified drawings prior to the design of mourting foaures.

sorias Modelis -
.. Model > . F312-110 - F341-110 F342-110: F344-110 -, F34B . - F847
(LBS.) | 200, 500, 1K, 2¢, 3K | 5K, 10K, 20K 50K " 100K 250K 500K
sSeries Diogram MeuasSUrements
‘Modet' | A I "B [ D E F [ H 1
F312-110 4,125 1.270 1.260 1.126 se-18UNF-38|  0.261 8 3,500 1/4-28  (180)
F341-110 6.080 2.420 1.625 1500 |1va1zuees| 0.406 12 5125 |38-24 (600)
F342-110 |  8.000 3140 ‘| 1875 1750 |1aezuwas| 0.530 16 8.500 |172-20 (1,500)
F344-110 11.000 4.920 3.500 3.375 2 /4-8UNF-3B 0.856 16 9.000 | s58-18 (3.000)
F346 12.000 5,340 4.000 3940 |3-2unras| 0.656 16 10,000 |5/4-18 (3.000)
F347 14.000 8.340 4.000 3940 [3vznuwss| 0781 16 12.000 |3/4-18 (4980)
performance SPQeIﬂcutlons temp temp effect
AT S A 20 - exo. #of o gq.oon .
fdn. | hyst. |} repeal’’} output belaoe | . resist. | voit. |overioad| bridges] cOmp usable | on,zero | cutput |accusacy|
0.06% | 0.06% | 0.02% | 2.00 1% | 700 20 | 150% | 10r2 | 7010170 |-66%0200] .002% | .002% | 0.08%
orG | osc | ORC | Nom. | ORC | OHM |musvours| ORC °F ¢ | ororF| ORO/MF| ORC

ehysicaol characteristics

MATERIAL : SAE 4340 Alloy Stee!
CAPACITIES : See Chart

: Machanical sealing methods utilized
for :

SEALING

Sonsernatn enneloplew, Mo ¢ 43626 Utica Rd. Stering Heights, Michigan 48314, USA. ¢

splashproof conditions.

C-20
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l’l MEASUREMENT SPECIALISTS, INC. 5 Qe A
"The Load Gell Source” - '

690 Discovery Dr. N. W. Phone: (800) 899-8988
Huntsville, AL" 35808 Fax. (B00) 264-9991
. N\
Memorial University
Tel 709-737-8958
Fax 709-737-4042 . '
Atn: David Bursey - QUOTATION NO.MULS030502WH
' i DATE: March 8, 2002
N

WE ARE PLEASED TO SUBMIT. THE FOLLOWING FOR YOUR CONSIDERATION:

QUANTITY DESCRIPTION ‘ UNIT PRICE EXTENSION
1 PIN XXXXXXX Dusl Male thraaded load cell $3,299.00/each

1,200,000 Lb capacity, Universal, stainless stsel.
(similar to our drawing # 1200105 that follows)

1 PIN XOOOXKXX Dual Ferndle threaded load cell  $5,990.00/each  Mordhn 24,
1,200,000 Lb capacity, universal, stainless steel,
(similar to our drawing # 1200338 that follows) ¢ Q4stuyo

**+RIN XXXXXXX is To Be Determined.

Thread will be 4” you will need to provide mounting hérdwarje'for usto perform calibration.

**The above pricing does not include calibﬁaﬁon fees. Once | know which style that you prefer | will quote
you on that. | apologize for not including this pricing in the quote but | wanted to get this preliminary pricing
over to you as soon as possible. . .

DELIVERY: . F.0.B. Huntsvllle, AL TERMS: Net 30 days WAC

IMPORTANT: ‘ '

Prices good for acceptance and shipment in 30 days. only,
Unless such time is extended in writing. Quantities shown
above are not guaranteed. ' o

TR Do g L

Y SUBMITTED,

Impsan
Salaes Representative

C-21




Modeis Available to
Maintain Pressure
To 8500 psi (590 bar)
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RPA SPECIFICATIONS
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TYPICAL PERFORMAMNCE CURVES

PVAQ0 SERIES COMPENSATED PUMPS
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PAGE 91

v MEASUREMENT SPECIAUSTS INC.
: “The Load Cel! Soume :

890 Discovery Dr. N W.. Phone: (800) 899-9988
Huntsville, AL 35806 .

Fax: (800) 264-9991

)
Memarial University .
Tel 709-737-8958
Fax 709-737-4042
Atn: David Bursey

QUOTATION NO.MULS030502WH
DATE: March 27, 2002

J
WE ARE PLEASED TO SUBMIT THE FOLLOW!NG FOR YOUR CONSIDERATION:
QUANTITY DESCR!PT!ON , UNIT PRICE EXTENSION
1 P/N XXXXXXX Shear Web Universal Load Cell $4,399.00
1,200,000 Lb. capacity, Stannless Steel. . v
**The above Vpricing does not.include calibration fees.

| DELIVERY: - F.0.B. »Hurjipvme. AL TERMS: Net 30 days WAC
IMPORTANT: ' '
Prices good for acceptance and shipment in 30 days only, RESPECTFULLY SUBMITTED,
Uniess such time is extended in writing. Quantities shown
above are not guaranteed.

Lauriellen Stimpson
Sales Representative

.-
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High Pressum Hydeaulies

Electro-hydraulic

rRemote Proportional Actuators

fapmde Prpoional Actuptss [RPAY
produce oulput fosd gngnt
proporticnst o an slecttoat npul
sl

apas can be vsed to ramaolsly
conirol sariablo voluise puraps and
s, T my san giso be used to
stoka spoos of large vakes, e
cotitEs, dtohes o brakes.

COMPACT DIRECT BOUNTING
Thess soltalens 4 kisnt whenm
mzchine skes or componant Saeation
make # hnpoesikle o operale
cernpanand direstly,

Compast sio and diseol meunting
mrakes it 045y 10 Sondan ais
;‘,&mgﬁmws for remdia a!ﬁc’im-
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ACCURATE REMOTE CONTROL
The RES proddes aosurats eoatrel
without sdditonn sontonis leedak.
thowsrrant of the fod i proportionsl I
the cfectrical signal with foros
determined Gy dv supply pressurs.
Cormpiz tsks tan be paioned withs
Higfts spoed and GUoURSY, U ingy pogi-
Hort GEnSONs O IICRPIDUESEOT N,
Thesn astuiilon Tealure Mochaniny
Pasition F&aﬁ“acﬁ: This paterdad
dasign monitors swd controls the
fosstian of the outget wod.

SPECIFICATIONS:

skl Stroke Options
Exsend of retae 0.5 ineh (12,7 sund,
with changs in podarily;

Esond 1.0 ioch (254 o} or efrast
4.0 irdy (258 s, with currant
irprean,

Supply Pressure

Wi, GO0 PG bt
Masirs, 3000 BSE (210 e
Dutguit FOICe

0 s, (0,27 104) 1 200 PSI {15 bey]
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120 s, 15,93 kM) at 3000 PH
{20 by wppﬁg PERSHUIT

SPEc:s mmm; |

SA SERIES

1200 Ibs. 5,33 kN) Output Force

ELECTRICAL DATA
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o 12 ¥ulls 26 © 1a¥alisBLR
Btar) Wiiiage atrRc #UHDE
Fult Sk Voltage. AFVG ‘ « VIR
fafad gt Gt + AT o il
Basisan 4.5 e ST
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@ far o remdd peort
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How the Actuator Works

The RPA consiens of & Jre Mok, &
pliot stage (Wb o pilet spocd and
pilisk sevesg ek s oulpiad rod,

it supnly pazses theough an

itpmat Biter and & aatd dectly 1o
e pressern chamber (P and
tenagh e it slage to e contral
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prasslng (Pl 4 8 level sl B anee
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KECHANICAL POSITION FEEDRACK

The pilat spoul rides wilhin the pilst
sioove o is held by contact with the
farce motar awatere By a sping.
The piiot slewea is held in contast
with the toliower cone by & Spdng.
3 geawiny the oliower cong i held in
contast &l the foadback cong on
by wttond 7od,

A thez vodd movas back and forh, the
fathwer cone moves up and down

Actuator Installation
And Performance

installation drvwing dimensions are
shoea in milimstars wesld s reenil,
Reler o the Vadable (Noeasions
seies o e 3 for dimeradon AT
Typical Perfarmance

S "Trpdcal Parformaace Cusves’on
g O o slegs sesponsey

Thporsd sl .
1 par HFF, [P0y

Peare ol wbifl

< W% per 10D PSR bark

fysdiagis
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PR R \

forcing e ol gleeve to move
Trraugh & popodions] dalanoe.

Tha hwos motor soves the pliol
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METERED FLOW MOVES RGD

Whaen te pilet spout is displaced
pstadive By The pliol soave, i malers
Howe i o ot of e sontrol Chambeer
i) causing & chiings By prossuoe.
Gnoe the pressuce batwads P and
7, hecornes waenal, the oulput wd
s,

Fluid Recommendations

High grads premiurs pebiodbue
based o, vl 4 combination of antie
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prickection sod foar mEslEnse
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-y of & Sunrloarad pEE e
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balance.

Tha result is aocurats rof movemant
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Cuitlelines for viscosity
Wi, 45 SUS B oS

1, GRCO BUS {1320 o8t
Mininaum Eiitration Levels

Y prdcrhs pomingl,

Molnting

o aifow seil-Dloding of air, e

abor st b mpuanted sothe
pressuee port (s gl the sare kevel
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pset with these schudors, sontact
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Hydro-static Transmission
Applications
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Electro-hydraulic
Pump Volume Control

The RPA can be used B contd the
ouinul of Dynes variable delivery
sheseiball pusops.

Kit, shown below, are svailable fo
mount e etugiar to the pumps,

Those ks nclude o beantal and
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Compact Spool
valves Rated to
10000 psi (700 bar)

M valves e mied far 5 US. gpm
118 Lovis porsinat flow at pmwl i
to 10000 pel (TOU bar). Flows it
45 LLG, gom {57 Lirin) 400 pos sl
wiith gares rroels.

These high performance valves
B at pressuraes double that of
poritionad sulbpiate mutided vales,

SMOOTH, PRECISE SHIFTING

Tha obabie siding-spont valves
provide the four-way coniol in a
sirgde oompant peckags.

A tousdnnd spool design pesures
excapiionaly smooth spoot travel
Angtonsl outhoard lends provide
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iwaoe, Blanciog grooves redud
sepdiding precisg spool

sardading,

RANGE OF OPTIONS A‘%’AIU\SLE

Selpat from maneal,
bpdesabi o aie-pliod op
range of wpols, inermel hpi‘r“i?m,}
and eiaciisad oplions.

SHECIFICATIONS

speciat Mounting
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0gs [C*EE’?'{}F 3 valves :. ; R

vm% OOUIe & B
paitorn, Referia ﬁuwf*g on page 81,

Rabeé Fressure
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onjage 19

KANUAL UPERATED MODELS
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of valve.
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Més:fétf Loy’ o page 24 s el
e oo ut right,

sAaximun Tank Port Pressure
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{ {214 b
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| HIGH PRESSURE HPO3 PATTERN

SOLENOIDS ELECTRICAL DATA
Sdncdels arg avaiabde with AC o GO,

solupsids, For detalisd information on Sofonid ok vﬁ;{ﬁi P &tﬁ!{ ééummti !ﬁimn " ggﬁ
Sesetrinat oolioHS S50 fif o aferinid Sode Vetlapr Tt Gt SrEEN| ol Resistance
#actinal ﬁ;ﬂfms w&pg@@ 1k - P thrt (Aangs] Gmps)  gas) (Db 2 195
Thig table shows slectioad specili- payen pope - pyon - ron e
i of st valvs. | B ARLL : 8 &4 z /
¥ . i Fenne AL, 8 b A% 5 ar
SPOOL SELECTION O woAL 18 AF i £
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ﬁ‘imzm{sﬁcz«amtma use Thpe 80 or 244 400, e o e b ] S04
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Typical Valve FLOW CAPACITY ~ SOLENOID MODELS
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LEVER OPERATED MODELS
Bt mansnl models arm raled for
15 168, gom (57 Liming s,
Exeaptions as mooels with opeatns
srvd spool twpas shown below

FLOW LIMITATIONS

Hoerabir Sponl B
A
GEqm  Lhsin

4 e &%
1 1 gt
3 b 9
3 e
2 1 Byt ap®
L [ i
i T
¥ an 5 k2
SR 75 2B
4 1 IO 1
H ) LhE e

@ F 1R, gren JA7 Lavep ol A0G0E oet (VO Bard
i oAy Rrsasis s el
geanssns e, 11 LS auer i) Linig of

petermining
Valve Efficiency

FRESSURE DROP

The curves indicale pressure drap

for il HPOR valves, suoepd reanusd
catagd (S0 page 21 Tor thoss

These murves show msistante o
Bow for specific How paths and
various spoeot ypes, The “Flow
Oyrve Refsence” fulile iderdiies the
PROPRE SR,

e oy copacdty depends o
vaive aelustns, nterial oparalorn,
spool type and olher appicalinn
faptars. feler o *Trpinal Valve
Parhwenance™ on pages 10-80,

AN EXAMPLE
in the fabile under spool Type 1,

casrvn I s catied ol le delerming
e presgLre diop for Ped, Loeking
it e aurves, T mdinates & duop ol
aboul 65 psi al & US. gpm (4.5 Dar
a8 Lming

Fee dadarming todal Toop” drop, the
nchividual pressure drops oy Pesd
and #-+T for P> e A-2T) must
g pitted

E

 HGH PRESSURE HPOS PATTERN_

PLOT OPERATED MODELS RN PILOT PRESSURE
The mevimune fow for ot opersted o
madels 2 depsadent on pilol pressure, Pilgt Fresssms
Gunnly, fi metimun o for mos Swige  Spoed Tre ‘@{}m
st oparaiad valves ts 8 LS, gpm cmmp——
{30 LAmnind @dven usiag & Type 911 5 har
gt fadten contery, e wundnum -
Ro rating i § ULS. gpm (23 Limin. A
Hindmumn Phos Pressure i #E 143
T tabile ghows the mirdau G160 Bodes 4 i 144
presuure renuived to s e s Halale B g A
at & U5, gom (19 Limind. These Wied  2w2h o HA
wabias wre based on zem lank muss w118
pressure. For Mpdmulic pliotsd o wro 178
resinls, @a buck presen oroasg i LI
alymve 2anc, the minkoun pliod fardl 15 24
prosauee st be baressd sgealy i a; # ;g f E
Maximum Fiot Pressure o b
h G Sy ] : 24
Hyiranfice 000 psi (210 bark; mwsehs 4 B
Alrs 200 vt {14 bary piged Zw@ 5 24
Raxirdam Volume w ﬁ;j&ﬁ fz %g;
o sl wpoct ik ok ; =
Hipdrmmifiz, 0.014 i 10,23 ared); . R
Alr, DR I (35 oo
PRESSURE DROP (4P) — ALL MODELS EXCEPT LEVER ACTUATED
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LEVER ACTUATED MODELS

The curves indicals praesLsg o
S B mrfuated HPOS
These curves show resistance 1o
flow ot spesifie fow pathe and
vorious spoud typas. The “Flow
Oy Befwance” table iderifies the
R GG,

Sasironm Fow capasily depends on
el sualor, el oparabur, spool
fypis st ot application factors.
fieder to the “Flow Limfiations” tatde
oy page 20,

AN EXAKIPLE

In 1 lable under spogd Type 1,
o O 5 calad out 1o dulsrming
e prepgure drop for PoA, Leaking
ot g cunes, 0 indicales & drop of
abeut 83 pe of B WS gom 4 bar
w19 Limink

Ty getermine total Song” drog, the
disal presauns drops far PesA
g BT for PooB angd &-oT) must
b i,

Por prampls, curds *GY i used for
s setuen Siow B-sT Sor spaal Type
Cure " mbsares g prassune drop
of 90 psi ol 5 WS gpm {2, ar &t
£ Limind, Adding the ndividuat
ra drops rpaidls & NooR”
deop fwough the valve in both
Greaiions ol B0+ 90 = S0 pet (33 +
21 =88 bark

Installation
and Dimensions

SPECIAL VALVE MOUNTING

e mounting sulage dowing

Ehows the sy Bush or pised
surlacs tequiced for this special
patlern,

Mourting facn sl be et wihin
G.0004 inghid.0 inches (00810
pren 40 ) with o surbioe fsh of
a3 pcroinsh (0,80 g SA

Porl eorings are included with
valves. KMounting m musl be
oesturad Sepat 25020 LLN.G.
Toreunded ¥ inehy (1% mmy,
Grada & ot hetlar; four regquied,
Kecommends] mousling fowge &
T2 R TG Noand maainum.

PRESSURE DROP (4P} — LEVER ACTRATED MODELS

PRESSURE
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# £33 k23 %
;& 3 ]
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HIGH PRESSURE HPO3 PATTERN

SOLENGID MOUEL DIENSIONS s G ML S ORI T .

. oo e ﬂ g»m m;
irsgeaions e ghwn for both A )
and B0, solancids; D.C. contigurstion ‘ e
s hesn peintesd n gray ; :gﬁ 1o n < WY L e ww
Oweralt fength of single sclenetd : ' < x&%

mrzhgur&? a% not shewng &

i mm S
(! ‘%ﬂ‘%“‘s‘&:ﬁ;@%ﬂ

&7 inghes (1722 mm), ACG anl
7.99 inohes {187,7 mum), DO
Weight Massh
Singfe Bobancid:
AC.3.41b (1,5 k) .
(G, B (1.8 k) £
Doutde Solensid; L ne
A, A48 Ry P ¢
s @ % il 1 X s BRI et
(16, 58124 ket b S ety
s Sodun Douli Bolpaold Modidy
Emasmi FROOF SOLENOCIDS st s ST e 5 Y
Solanpids with special enchosiings WS Asde o SR NG LU SRR T AL A A 4
dm approvest by LA aod C8A oy use R et iR b R ;Wp?g?,ﬁﬁ% s

in Barardous lecafons, Oeerall
fengh of gingle solandkd moded ot
sherern) 1 825 inchas (2080 ).

1 thit apcer plate, 10811320, &
reruimd wins wlves s mouaied on
mapioids, side oullel subplates o
whee ueed a8 & piiot et
W 'vms can be mounted without
wpg nampplate. Openligs in
& ;}fcv:ﬁa aoenss 1o mntiog
halas invakee hody,

Wight IMass]
Singge Solenchlk 881 B8 kak
Dbl Sodenokd TRD {84 Rlh

"“‘“@%‘2’&? e - . f/

%;w TR AL
e el

R B, Doslie BRIV Solpnudd Model
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MAANUAL DPERATED MODELS
L miecisds are lever mumm,
with banels losated in a cholos of fow
posiiions on githey port A7 & port "B
ani} of vabee,

Yalves van be rmounted without
ramaeing sarmeplate. Dpaniags s
mamepiate provide suoess to monling
holeg in vadoe body.

Ta spacily handle posiion, seg he
drawing e pagn t8 and refer lo
“yrical Moded Cods® ou page 24,
Weight (Mass)

42 0 {15 %)

HYDRAULIC PILOTED MODELS

Singe and doutde acluator motsls
are avalabie. Qwaral langth of single
getiztor confiurstion not shown) is
B.25 ches (U354 mon),

Walves can b mourded wilthou
removing nameptale. Openings in
rarnepiets provide acoess fo manting
Elps B vake hody

fietes 1o page 20 br mogired shilthy
prasgane sl vidume,

Weight {Mass!

Sings Actuator 2.5 8 kgk
Double Actuador: 2.8 {1,435

AIR PILOTED MODELS

Sirgie and bl ocluate redals e
avbilable. Cwgrall longt of single
actuaber gontiguration fmt shown] i
.56 inches (141.2 mimk

Valves can be mountad withom
remaving namepiate. Opsaings in
sk prosihe Soues b rromting
tedees I waive bodg,

Fhafar W poge 20 for sequitad shilting
et gnd whume,

welght (Mass

Sitle SAetustor 2.9 1.0 kik
Db Auctustos: 2.5 10 (1,1 g
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HIGH PRESSURE HPO3 PATTERN |

Typical Model Code | i

6 5§ 40 -~ HPO3 — 115/DF — R — % — 5l — 2 1]
Berity Fan dpmeior Medilisifiog
(Gade 4 w2l & Culgd o Kurigser
Spencial ?Aamiﬂg B o m ¥ Tuo Py
Pltas Lgding Sovlaed, dafuaine
Gilsst (hevese Howd Bygign
Lot & Tots Pasifion Hurcher
Byreing D! Peeise ———

Fanh, Sehuarr Daatirsdd

§ o Rt Faied Lever Prattian iarunl Wedels Ondg}

§ o .?ﬁﬁhm A12 w10 rhock posian, 00 oe AT 500 O s
" ] ) AF - Brnek poilion, on peet A7 0l if vk
AF - GO0 pediin, on el A org o W
A - ek position, on et “A" med of sk
B~ 17 gYock pastion, us e 5 gl of i

: ks : 83 e 9Pk pRéltis, ﬁnw‘a s v
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internal Operators
and Application Data

WTERNAL OPERRTORS

T lable shows avedlable indernad
operalurg and the mosl qonmaran
spoals. For othet spout eptions,
pormact the Dynar sales deparimen.

T spaolly comest vales fupolion, It i
importand to refar o fhe “Trplead
KMode! Code® her each spocilic
el

Functicn aymbols show solend
actuated modals, &5 relerence. Alr,
hpchraedic oF lever achuglons are &iso
svilighie, Fiow nattern i the caeder
position or duriag crossover s
disterrined by the Snise Baesled.

FLOW ACTUATING PATTERN
Operating sctualor "A7 apens o
path io post *A° {(P-A). Operating
sotaator ‘B opans fow path b port
g7 (Pes ), Mudels with Gode &
operatérs, Which &g astuglior
centerad, at the sxoaplion
Bpring-ceniared or spring-olfset
rrexdils arg soding positionsd unless
achsted condineouly,

Cuda 3 oparators {two position
detentad] hold the spool in the tast
actusted posifon. These vakes oan
b aptuatng momeniadly fminkanum
pheciricnl sipral dustion, 50 ra] o
shift aad hold {he spool s that
position.

APPLICATION NOTES

Mournting Position

nmairicled ko sl models

standard seals

Adt vatoes usa Fluorcaarbon { Vo™
of Fluored® o-dngs, providing greater
1 compativiiity and improved
tmparaters rangs perkmance.
Flukd Recommentdations

£ 1B00 SUS (7 o 823 o B visuosly;
B0t ROOCF L0 o 4 0 O
tesnparalarg range

Recommended Fiitration
Shawdard NEPA. (CEYOR) Pattemns,
26 wlesoes or hatier filtmtion;

MR gl HPDS Paltems,

£ emicensy o Pastter filbation;

YET Susted Vabes,

28 ieian of ety flestion

INTERNAL OPERATORS
Gsralur il Byl Types Operates Fiiiicien
£ E o .
Tnie’ peatian | ODLHPOS, 0SH, W g PRS0
' 45, HPOS DU, DUER Hluated \SW\*’
, 150 bed psl Foh @Q}?j}w
¢ Swmagawr D0 : : ‘
Ty Posilisny
1 B (] Posd
- BAL sew Bush Pt
2 Sugla v (e
Yo Poasition
n - Bl Puall
Dot deiais .. ¥ o sedleiln | Baker g
roroar 000 IEE veites PaB
Lawgyr Dpogaledl, i i e g Poshed |
Tmrt®  A0E KU e bodien Pl
R . 5% SmitE e
o . £1.3 2 N . [
p 3'%%}}% . & &y Candaed B
- Tory Pasilinn .
;A0 P ot B Swing F
258 Cargurad e
. N ] Sy Padm
o Phrae Posifion Typss Yopas Contuend Prstl
: Sl %13 o Pari} Gt
5% g pogios? o
11 - Pk Santared A@m
o Lewetpond, ﬁuﬁ U i}ﬁaﬁgﬁm‘% 'Pm;\m( %ﬁﬁi ‘
P e pedle® Astistod Prmitions . e R
s S wher SHROY RADSTR RN o8 a, i o it oo T
@ Tigwe 28 it D spwort ao v R HYNEY s M e wiven with Uik ¢ sed it 3 idurdvdt
s PRATR R deror BN vl which s T andd ¥ sl
& Coce 3 o with sovgrold Aol e et splnions: g e prsifion spadine, Mot
foriie CppebAEF A RN D B

B P 0 e TR A BT Ol S, Wit W i el s Gy € eprste it Yo apoed
¥ e Sevie f gt B R 8 i e e i)

B Code 1 cpoRIIE Gt SR WY ST UK OGRS OIS,

& Uik P gtk vl aalatiy for mahaf Tevar aganatad DI, HIIE andf DO¥ i,

Fine Bliration is cotioal koo spoot
wabens ot i ooe position for g
parioads nder poaasues, Silieg may

Drain and Pilat Connections
i piled operabed modsle, virlves am
supplise @it exteenat duain arel

iisg spool shaving e rprope
shilting. Walees shedd flen ba oyciad
perindicaly fo prevendt s profdam,
Prossure Surges
Coopsingant with starndard pragticn, the
ssdons shoald be pesdectad Jrum
g whinh can affect the
v spout vabe, b sysinns
i calves, 8 sippaate Ine o
tank, of 16 arlhian low pransus B,
is roorrmended. This & rapecially
il with deteniad soodels.

k4
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intenal pilot as slandard,

Eevteserad draim moed exiprmal plicd am
sptiongl, Bee S Tedeat Model Gote®
iy e appropale section e eack
vl ingil, Also rdes 1 e
irustalistion drawings, whidh indicals
plug lncations kor wnous drals and
pliot corfiginslions

Exdornal deain 3 reconmnanded for
aputicaions with high tank prassure,
o asuE proper sponl shiftisg.




//" R fon brown@trchydraulics. com
S T

Tet  MUN FACULTY OF ENGINEERING Fresmt  Ron Brown

At mnnmssv Pages: 7
Phoses (706)-737-8958 Date: 260312
Fme  (708)737-4042 Re:  HIGH PRESSURE SYSTEM

OUrgent i ForRaview [l Please Communt OPlease Roply [ Plesns Recycle
David,
mwmmmmmmmmmﬁwmm@mm

STY
1- #R58510D, DOUBLE ACTING RAM
1-#RP100, 10 GAL HYDRALULIC RESERVOIR
1- #PE554 HYDRAULIC POWER UNIT
2- #9782 (20) HOSE ASSEMBLY
2- #9738 MALE COUPLERS
2- #9795 QUICK COUPLER ASSEMBLY

JOTAL $20,180.00 + HST (NOTE!: 50" HOSE ASS'Y $1108.00 EXTRA)

NOTE: DELIVERY ON RAM 10 WEEKS, ALL, OTHER COMPONENTS 1-2 WEEKS

F.OB.-STJOHN'S
Regards
Ron Brown - Projects Manager
—_—2, T2
| &5 e E:cna:ﬁ"m' Staffa @"W WESMAR

L/7°d 686°ON C-40 . WLTiZ 2002 92t



High-tonnage

low cycle, hydraulic return, economy cylinders. (Similar to “Load Return”
eylinders with hydrailigally powered return.)

» Cylinders come standard with swivel caps to ﬂg,
reduce the effects of off-center loading. i

» Gylinders may bs “dead-snded” without
damage.

o Hard chrome plated, heat treated piston rod

- providss reduced wear on bath piston and

gland nut,

« Built-in safety rellef valve prevents accidental
over-pressurization of the retract circut. - 7

o Each cyllnder has two 9796 % NPTF female half ¥
couplers. g\

o In full compliance with ASME B30.1 standard.

« Integral swivel cap is a standard component on
this serles of cylinder.

Lt Cylinders ' ( series) .
fi7-=- 100-565 Ton Capacity ...

Mo

ORDERING INFORMATION

Sae current prica list for shipping weights
| ) T et oo i -t st
gl | | Oer | - DM ycnd | aded | Ovléh | 8 c'vlalf Rt | hod - gare Ehecite | intores | suns o | Pot.
Cap. |Swoke| No. [. Capasity - | Helght | Height | Dib’ Pot | Pork | Dis, | Brofrusionf;Dia, | - Arex o Press. 130,008 | A
(toa} | {in) amelt LI | i [ on | o) | ) )| (n) Lokl Ca. pe ) ()
T D | 9.2 ] 192 | 8% | &% | ok | 1 | 2% | % | M E% | 20.60 | 9,695 | 103.0 | 54
1005 [ RiseeD [ T200] M8 T0R <[, fok |- ®as L1 LB ] ), e CER T 2050 | 9,808 [10a.0 [ Bl,
100 | 10 5060 060 | 14% | 24% | 6% 2 | K | Y 20.60 | 9.6% | 1030 | 108
150 [ 20| RISKRD [L604 (i oo - T [ O | - 8o |t Thicke, vd s iyl T L 6% | 30.00 [, 9778 | 1534 |85
1605 [ FISD | 1842] 066 | Tm | mh | &4 | W1 2 | 4% L % % | 8070 | 0,778 | 1634 | 136
50 T RGN0 EB0T O A0 [ T | 2ok | B~ | T PRI W F B4 | 8070 ' 8778 ['1584: [ 17T
200 | 2 ST Ton | e | 0% | 9K | N | 2 | o] " 74| 4180 } 969 208.4 | 136
200 | 42 BT B8 N75 ] 126 | 1961 cgn | it pac f el v, ) 7 41,80 ] 9,690 | 2084. | 167
200 |15 TREBEION| #13.0] 1060 | 16% | 2% | o | i | 2% | S | K 1T 4180 | 0,850 | 208.4 | 289
280 R28620 it U1 | TR - [xI0A  [tplHed e PN (8,870 Al
o0 |8 [Rza0eD | 5402|1418 | T3% | 19% | 104 | 14 | % | 8 |k 8% | 58.70 | 9,870 | 2837 | 297
5501 T TO T REBeT00 | 887,05 2000 [ % - | 27 Tl oACA s [T ] T ST LR [ Pha | o7
S5 T3 | FaseD | 14.8] 474 | Tk | vex | vk | ok L L7k L % | 7090 | 10,017 8544 | 824
86 |1 TS [ 15K~ | 21K N, - TR Rk o0 L FONO 001 ] [ 9944, 1, 42)
358 | 10 0 7ol a0 | ok | oo [ 1k | 2 | o |~ ] W | oK | 7080 10,017 3844 | 617
438 M 4020 L7824 80,6 2% 1. Ja% . 318, b . & W3k'g .t B0y 20837} 483.0 | 439
M| 6 D] 5106 1788 | 16% | 22% | 13 | 24 8% | % | 104 | 88.80 | 9,32 [ 4330 | 558
- 'D kK ik \ 21 o g 5 1] B3 1
55| 2 280| 788 | 19% | 15% | 14% | 2% G | % | 92 | 11810 | 9,931 | 5655 | 619
RTA8 [0 7% L 08 %e | 1 5 ‘ Y TRREE T
EREIOD | 11510 9840 ] 2% | 1% | 4R | N | % | | % |12 1130 | 0,891 | 5685 | 926

4 E:.
N e
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“Eleciric Hydrailll El
* 55 cu. In./min. - 1

n‘ll‘:l‘:}
This is a proven pump for many of the toughest applications, and for starting under low voltage

ATyl el Dl e :

. s —— T <
- -

I L.

conditions. The PEG5 pump has eamed Hs place as the malnstay for heavy construction and the
concrete stressing business world wide. Generally recommended for cylinders up to 200 tons.

MR o AP OR

1
W

e pmasminy o -
PSS, . [

A sy S 3
et
- Sehe

i

1
AN R xR |
[} [ ‘. E ) - - : *

Two-speed high performance. Forty years of
reliability and constant Improvement make Vanguard®
pumps a mainstay woridwids. Some original pumps
are still In service!

Designed for operating pressures to 10,000 psl, CSA
rated for Intermittent duty. Nolss Isvel of 90 dBA.
Has 1A hp, 12,000 rpm, 110/115 volt, 50/60 Hz
universal motor; draws 25 amps at full load, starts at
reduced voltage.

Internal rellef vaive preset at 10,000 psi, 2Vs gallon,
metal reservoir.
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All have 10 foot ramote motor control except PES52S
which has a 25 foot remote miotor and valve control.
True unioading valve achieves greater pump
ghiciency, allowing higher flows &t maximum °
pressure.

Resarvoirs avallable in sizes up to 10 gallons. See
accessories page 165,

Light waight and portable. Best wesight to
performance ratio of all Powsr Team pumps.
“Assemble fo Order” System: There are times when.a
custom pump Is required, Power Team's “Assemble to
Ordss” system allows you to chooss from a wide range
of pre-engiheered, off-the-shetf components to build a
customized pump to it spectfic requirsments. By
selacting standard components you get a “customized”

"hump without “customized® prices. All pumpe corme

fully assembled, less oft and ready for work. See pages
70-73,

m www.powerfeam.com
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SPECIFICATIONS AND DIMENSIONS
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* Noise level mg!ino (dBA) measured at a 3 ft. distance, ali sides.

ORDERING INFORMATION

S Amp draw 2 10,000 ps, 230 Vorts 50/80 Hz s 16 Amps.

See current price list for shipping welghts.
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«  Pumps avallable with 230 voit, 60/30 Hz motors. Specify voltags when
ordaring, Sea “Assembls to Order” pummp options ont pages 70-73,

** Holds with motor shut off.*

4x=To ordar PESS series pumps with CSA approval, add “~C" o the Order No.

1 Valves have "PoskCheck®™ fedture.
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+ Control switch mmmtmv&m«.mmmoﬁ.mmm

for PE5526 which Is 25 f.
111 Vaving allows alternste an

lont .
d ln%‘ependem ppération of two ditfarent spring

retum tools. Valva holds pressirs only while valve is in “A” or “B" port
posttion with putnp motor shut off.

c43

= Not tv be usad for lifting.
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Unlversal pumpoart . . - R
Moblifze your h '

raullc pumps with the PC200. The rugged tubular frame
can easlly handle pumps weighing up o 200 be. With 12".wheels, tha cart
rolls easlly, Just load the pump onto the cart and wheal It right to the Job.

The universal mounting hole pattem lets you handle a wids variety of Power ’
Team pumps, = = -

i PG200] - Universal pump cart with 12" wheels. Gartdan ba used whh the followlng - Eo§
pumps: PASO, PAB4 and PASS4 alr/nydraullc puimps; PESS serles,
PE{83-2 and PE184-2 elsctricydraulle pumps; PE21, PQEO and Pai2o
sarles “Qulet” pumps; PE5S sarles gas enylie/hydrautic pumps; and

 pumps with optiondl 5- and10-gallon reservoirs; Nos. RP50, RPS1,
AP101 and RP103, WL, 27 (Stiown with pmp, pump ict lncluded)

Protective pump roll cage

Safefuarﬂs pump, gas engine and yalves an the job site. Horizontal bars
rrov de oonvenient hand holds for carrying pump, a pick-up point permits
Iting unit with an overhead crarie or other device. Standard equipment on
PG1208 and PG1204. Can be ordered as an option with any other gas, air,
or sleatrically driven hydraullo pump equipped with a 5-gallon reservoir
Note: Refer PE1203/P0 1204 spenification chart (pages 66-89) for dimensions of rall

caye.
- Roll cage for usa with PC200. (Cannot be used on pumps with 10
pallon ressrvolrs.) Wr, 36 ibs.

-}

 [Fo.TRGE] - Roll cage. W, 19.5 1bs.
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Large capaclly resesvoirs
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* FouUr mounting heles: '#-20, for 2* dlameter swrivel castars (No. 10434)
*» High censity polystityiene reservalr, + Asrinim reservol.

NOTE: All mets! recorvalss arw wih ditle
pm.aullnm‘ua o% llsms.
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order sofarisly. S0 paga 7.

Metal ressrvolr conversion kits for PUMPS ‘iociades gaxbals and fasisners.
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B Cylinder and hose couplers

Designed for use up o 10,000 psi with hydraullc Jacks,
cylinders, eto. They are the threaded union typs for
Imterchanging cylinders in seconds. Each half is valved
with a precision ball for a tight shutoff when disconnactsd.
Thess couplers also permit the separation of cylinders of
hoss from pump when at 0 psi with minimal oil loss.

C-45

-'complete quick coupler, ** NPTR. (Includes two 9800
dust caps.)

o, 7881~ m (hos) half couplet (jess hose half dust cap), 4"

[No. 8796~ chaJPaT(Fcynnuer) hat coupler with No. 8800 dust cap,
Y NPTR

[0, ST88-¥] — Same as §796, but with Viton saals.

-~ Same as 9796, but with EPR seajs.

[Ro. 798 - Optional metal dust cap (Hose haif)

o. §797]- Optiortal metal dust czp (Cylinder half)

B No-splll, push-to-connest hydraulls hose couplers

High flow, no-spill, push-to-connect couplers with locking

collar ahd flush face designed for high pressure

applications. The Hush-facs concept makes It easy to

cleat both coUpler ends before connecting. Our unique

push-to-corinect, “dry-break” design ellminates oil

splllage. The locking callar makes accidental disconnects

a thing of the past. For 10,000 psi operation. Deslgned to
permit high oil flow.

 [No- §782]~ Femals (cylinder) hatf quick coupler oaly. W, 0.3 bb.

2. 9793]~ Mala (hose) halt quick coupler anly. W, 03 b.

o, 8794] - Complete quick oouplr (male and female). Dust caps
ot Included. Wt., 0.5 Ib.

W Hydraulic coupler dust cap
Dust cap fits efther male or female half couplers.

0, 9800 - Dust cap. For male or female %" NFTF half couplers.
Wt, 03 Ib. i

www.powertcam.com m
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Thers ars five styles In lengths from 2 to 100 ft. All
have plastic hose guards except for the %* L.D.
polyurethane hoses which have spring guards.

All have °A" NPTF fittings on both snds.

Operating pressure is 10,000 pst. All comply with MHI
standard [J100.

8 Polyurethane hose

Made up of nylon cors tube with polysster flber
reinforcement which will withstand the minimur SAE
bend radius without shortaning service iifs. These hoses
last up to seven times longsr than rubber hose, and are
sultable for continuous service at tsmperaturas from -40°
to 160°F U,

W Rubber hose _—

2-ply rated hose reinforced with two bralds of high tenslle
steel wire. The rubber covering is oil and weather
rasistant, These hoses are MSHA approved.

B Noa-conductive hose '

For applications requiring electrical isolatlon by the hose,

"non-conductive” hose has a leakage factor of less than 50
microamperes, consideted 4 safe level ont conductivity by
SAE standards. The covering is polyurethane and colored
orangs for easy ldentification as non-conductive hoss. The
coveting Is not perforated, preventing molsture from

CYLINDER RETURN TIME °"‘°"“°J“msﬁo and %ﬂ‘wﬁnu ijcsiuveralL conductiviy. Al
T s show v TR]  Jbeandihs hoses e aminimum bus pssie of
the relative effect . 10 R, Hose | 10 R, Hoze ' )
two styles of hose  fCyilder | YOLD. "1 LD, B Hydraulic hose aasambly
canhave on return  |UZMG | Sisec | 14sec No. 9764 - Hose assembly consisting of 9767 (6' hose), 'A*
time. Actualtimes | DS50C [ min, 30sea] 4% . 1.D. polyursthane with 8798 hose half coupler and 9800
may vary. CEN130 [Amh, 1256.] 5936 dust cap assambiad, '
CIOGTDG |8 i, 86 b2, 1 il 8 34, No. 9754 ~ Hosa assambly conslsting of 5766 36' hosg), '
1.D. rutt)]l':eé with 9788 hoss haif coupler and 9800 dust cap
ORDERING INFORMATION aesamnt ,
- | Pese | Dwsi | Ofder ] - Hase [~ Ocder |
_‘_‘_uml Hoss LD, w [TR Hose Typé Hml.h- Loyl ’ W
e L__|_20000pd [ Fubber, Wire-orid %ﬁg_% (1171
T%. K7 AR [ oo | b, Wirebral e
Poymtae I [ mop | i -*W'“’::: D00
3 L o0l | st . 20,00
R "%‘m??%“"m“‘” %‘
o 1 [13) Fbtet; Wiré-brokd
an Auober; Wit-trad
=l R
¥ [ . W :
.o "““mmﬂ“:-?%‘ﬁ“
1w B TN
-1 W ohdLcEVS
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m_ [ Nen-Condoeive® |
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* Fully comply with ASME B30.1 standard,
§:18 © Visible indicator band alerts opsrator when
- Stroke limit is reached;
B hole") stroka limiter p
29  boing inadvertently oversxtended, .
* Alloy hsat treate plston and body for
‘exceptional reliablity and strength.
» Plated piston rods greatiy Increase corrosion
resistance arid give superlor beartng qualtles,
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h-tonnage, low cycle, gravity return, economy cylinders.
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prics list for shipping weights
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FEV-28-02 ©09:30 DE: . ID:- PAGE
Measuring up on all scales
To: Mr. David Bursey From: Jean-Pierre Perron
Memorial University of Newfoundiand Page 1 of 3
Company :| Fac. of Engincering & Applied Science | Date: February 28, 2002
Fax 709-737-4042 Subject : Tension/Compression load cell
Tel.: 709-737-8958
Dear Mr. Bursey,

Further to your request regarding the tension/compression load cell, we are pleased to send you the attached
document regarding this instrument '

Let us know if one of these models will meet your specifications.

For more information, please: do not hesitate to contact us.

Best rds,

~ %ﬂ""
Jean-Pierre Permon
Sales representative

THIS DOCUMENT MAY CONTAIN PI2VILEGED AND CONFIDENTIAL INFORMATION AND IS SOLELY INTENDED FOR ADDRESSEE. ANY DISTRIBUTION,
REPRODUCTION OR OTHERXUSE OF THIS FACSIMILE IS FORBIDDEN AND WE ASK UNINTENDED RECIPIENTS TO NOTIFY US BY TELERHONE.

Roctest Ld., 665 Pine Avetﬁw. Saint-Lambert (Quebec) Canada J4P 2P4 » Tel: (450) 465-1113 » Fax: (450) 465-1938 -
£:-mail : info@roctest.com - Web Site: http://www,coctest.com &30“
GEOTECHNICAL AND STRUC | URAL INSTRUMENTATION SINCE 1967 * VIBRATING WIRE AND AIBER-OPTIC TECHNOLOGIES

C-49 =



FEV-28-02 09:30 DE:
FANIGUE N

e e,

EEHANTR Bty 0y

X +!

Model 3129-112 (English})
Capacities Available
150K, 200K and 300K Ibs.

Model 3128-121 (Metric)
Capacities Available
750K, 1M and 1.5M Newtons

cC].0 3 £ [ H J 3 L "
In. 13, In. 8. L) | W |5 In.
15] 42:1 75§ { | 1 1] 1

; ? WE 703 BRI :

: a0
EQUALLY SPACLD OTH sNOS WAS 5y 20 150 2E0L1P

; Prtrar s v
[ oM

Model 3130 {English)
Capacities Avaitable

500K, 800K and 1,000K Ibs.
Model 3130-131 (Metric)
Capacities Available

2M, 3.5M and 5M Newtons

*Optional Dual Bridge not shown

NN EREE
ia.

Model 3127 (English)
Capacity Available

% Model 3127-118 (Metric)
% Capacity Available

10M Newtons

~Optiona; Dusl Bridge not shown

] 8 i
oL bl RS S IS I T SR A A R A P DS P A S TR
—_—— R : Sl ca
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o resists fatigue failure
« low failure rate
« special structure designs

Lebow" fatigue-resistant load cells are the result of
many years of design development. You will note
from the specifications that these load cells are
extremely resistant to extraneous pending and side

e capacities to0 2,000,000 fbs.
« bending moment resistance up
» up to 450,000 Ibs. of shear force resistance

to 7,500,000 Ib. inches

loading forces. The structure virtually eliminates

bending strains at the strain gage, minimizing the

primary cause of load cell failure.

LMCJ‘ Overioad gzg .. Llosdlmis A Now, Ringing -
Mode! Ko, Copacy b, % o S | Ecmig | TEE Vi oY,
kSN oty 7117 Lnay| 100005
3120112 150 | 75 | K| 65k | 150k | 004 | 3000
] 750 1 75 | K| 730K | 260K | 004 | 3400
19 5 55K | 840K | 236k | 004 | 400
E 150 | 50 | 94K | 4530k | 820K | 006 | 2500
] 150 | 50| 180K | 5450 | 1050€ | 006 | 3100
' 150 | 50 | 180K | 6110k | 1100K | 006 | 3600
a2t | T00 | S0 | 4s0% | 7500 | 1500K | 007 | 1900

*Pleas,e note; models 3130 and 3127 can be calibrated to 500.000 Ibs. compression only.

Caiilration in tension; consult factory.

Stat:c extrancous losd kmits are cakculated
such that only one extrancous lodd (Fx

of F,, or My o My o Mz) can be applied
simuitaneously with Aaf the nominal load
Himit capacity. Also note that these values are
for static application, Ringing frequency
values are cakculated or determined by test

with o external force or load. Fz—FOfCC on load axis.
NOTE: Refer to pages 116 and 117 for Fy, Fy—Side loads (shear forca).
Extraneous Load Coefficients M,, My, M —Bending moments.
3: ) 3127 3129 3130
Output at rated capacity: millivolts per volt, nominal .....--.ccenvnes *2 *2 +2
Nonlinearity: of rated output . ......c.ee Ceesesenaneannrassrensen +0.2% =0.2% =0.2%
Hysteresis: of rated OUIPUL ....eesvervenzureessmennsenmommmetetes . =02% =0.2% +0.2%
Repeatability: of rated output ... ...ccnees Ceevenecnaeensasnnraenes +0.05% =0.05% =0.05%
Zero balance: of rated output ...... i teereraeeecsissaisnevecananos +=1.0% =1.0% =1.0%
Bridge resistance; ohms NOMINAl . v eevnnecneaaeansns beeevessiannne 700 350 700
Temperature tange, Compensated: °F . ..ciiieiieiaiiiisiennrrnes +70t0 +170 +70to+170 +70t0 +170
Ternperature range, compensated: °C «.oovemniiienen feverenamnes ~21t0 +77 +21t0 +77 +20tw0+77
Temperature range, useable: °F c..oeeveeccaiias Cemrerasareas c.... ~—6510+200 -65t0+200 —-65t0 +200
Temnperature range, useable: O itrrececennanarrnm ey ..., -—B5Ato+93 -54t0+93 ~-54t0 +93
Temperature effect on output: of readingperF .....oveecinonns vre.  x0.003% =0.003% +0.003%
Temperature effect on outpu:: of reading per®C .....c..oovreenine- =0.0054% =0.0054% +0.0054%
Temperature effect on zero: of rated output per O o ieenenereneaaanaan =0.003% =0.003% =0.003%
Temperature effect on zero: of rated output per OC tenvnvcncenssnannss +0.0054% =0.0054% =0.0054%
Excitation voltage, maximum: volts DCOrACMS ......conrvoce-nce- 40 20 40
. o iation resistnce, bridge-case: megohms at50VDC . ..ovensere: >5000 >5000 >5000

[ Number Of bridges .. -c.c..vensareraeiiereoceiairenencecenes tor2 Tlor2 1or2

~ Fatigue life: 0 to full fatigue load {cycles X 109 c.oeenannnnns R 100 100 100

i Fatigue [ife: full fatigue tension to full fatigue

compression {cycles x 0% ... ciiiene Ceeraeeeenan 50 50 50

C-51



MAR-11-82 15:i38 DE: : ID: - PAGE 173
Measuring up on all scales
To: Mr. David Bursey B. Eng. | From: Jean-Plerre Perron
Company : MEMORIAL UNIVERSTITY Sales Representative
ST-JOHN'S NF ) ' .
Canada Date : 2002/03/11 Page : 10f 3
Fax: 1-709-737-4042 Subject :
Tel: 1-709-737-89568
E-mail dbursey@engr. mun.ca Quotation No, JPP40097

Dear Mr. Bursey,

| am very sorry for the delay to response to your request.

Attached you will find our quotation no. JPP40097, confirming our prices regarding the tension and compression

load cells.

We are hoping this will be to your satisfaction and for more information, please do not hesitate to contact us.

Best regards,
P /

= adan (e
Jean-Pierre Perron
Sales representative
ROCTEST LTD, ROCTEST INC. ROCTEST BELJING TELEMAC SA.
665, Pine Avenue P.0. Box 2907 7 DongDaMoChang Jie 10, Etffel Avenue
St-Lambert, QC J4P 2P4 Plattsburgh, NY 129010970 U.S.A.  ChongWen District, Office Tower 508 77220 Gretz-Armalnvilliers
CANADA Tel, : 1-877-ROCTEST Beijing 100062 FRANCE

. Tel. : 1-877-ROCTEST Tel. : (518) 561-3300 CMINA Tel, : 33.1.64.06.40.80

Tel, : (450) 465-1113

Fax : (450) 465-1938

E-mail ; info@yroctestcom
Webd Site : www_roctest.com

Fax : (518) §61-1192
E-mail ; info@roctestcom
Web Site : www.roctest.com

Tel, : 86.10.67.08.29.80

Fax: 86.10.67.08.29.81
E-muil ; bejing@roctest.com
Web Site : www_roctest.com

C-52
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Measuring up on all scales

TJo:

MEMORIAL UNIVERSTITY
COMPTROLLER'S OFFICE
ACCOUNTS PAYABLE
ST-JOHN'S NF A1C 587

Contact : Mr. David Bursey B. Eng.
E-mail :

Quote Date : 11/03/2002
Representative : Jean-Plerre Perron

Phone : 99999999999 Fax
ftem Description . Unit Price Qty Net
01 TENSION AND COMPRESS#ON LOAD CELL . MODEL 3130-1000K. 20 480,00 1 20490,00
*CALIBRATION TO 500,000 POUNDS COMPRESSION AND 300,000
POUNDS TENSION, NO EXTRA CHARGE**
02 TENSION AND COMPRESSION LOAD CELL, MODEL 3127-2000k. 46 580,00 1 46 580,00
“CALIBRATION TO 500,000 POUNDS COMPRESSION AND 300,000
POUNDS TENSION NO EXTRA CHARGE*™
03 CALIBRATION TO FULL SCALE IN TENSION AND COMPRESSION 7 455,00 1 7 455,00
FOR MODEL 3130-1000K
04 CALIBRATION TO FULL SCALE IN TENSION AND COMPRESSION 9 320,00 1 9 320,00
FOR MODEL 3127-2000K .
DELIVERY : 12-14 weeks VALIDITY : 90 days SubTotal 83 845,00
F.O.B.: St-LambertQC TERMS : Net 30 days G.S.T. 5869,15
CURRENCY : Canadian Dollars PS.T. 6 728,56
TOTAL 96 442,71
- Jean-Plerre Perron
Sales Representative

ROCTESTLTD, ROCTEST /NC. TELEMAC SA.
€65, Pine Averwe P.O. Box 568 10, Exfted Avenve
m QCJ4P 294 Champioin, NY 12918-3588 TT220 Gretz

U.SA, Armepinvitiers
Td. 1-877-ROCTEST Yol 19TT-ROCTYEST FRANCE
Tol, r (450) 46511713 Tol ; (650) 4656311 Tel. 2 33.1.54.06.40.20
Fax : (450) 4851938 Bax : (450) 4851938 Fax : 32.1.84.08.40.28
&mak ; Gl E-mali ; infoQtelemacrr
Web Sie : www.roctestcom Wed Site ; Www.roctest.com WD Site 2 www.talamac.ty

C-53

QUOTE NO : JPP4009T
Page 1of 1

N CASE OF PRROR, UNIT PRICE PREVAILS
SURJECT TO ROCTEST SALSS CONDITIONS
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RESISTANT St 2k
LOAD CELLS-continued T R

TENSION AND COMPRESSION 150,000 LBS.TO 2.000,000 LBS.

Model 3129-112 (English)
Capacities Available
150K, 200K and 300K Ibs.

Model 3129-121 (Metric)
Capacities Available
750K, 1M and 1.5M Newtons

:,m W

oA Bl C| D] ETFTG]® [J &KL W
“Mode -l B f b W | M | M | I ]k | I | & | W | I
31231 1 7 1 1
3128121 b 2442703

in.

3.0:1

PAGE 3/3
g

Model 3130 (English)
Capacities Available

500K, 800K and 1,000K lbs.
Model 3130-131 (Metric)
Capacities Available

2M, 3.5M and 5M Newtons

~Oprional Dual Bridge not shown

el SA 2] 5B ] A8 | O €] F. | <8 J B | ) J-K [l M W P]in0- R
i;**"f W | W | W) m | b} & | | in| || o |k | o |t& | »,
12. 01 151 261 7811 1225| 625 6251 101 7 1.75]

Model 3127 (English)
Capacity Available

2.000K Ibs.

Model 3127-118 (Metric)
Capacity Available :
10M Newtons

“Opticnal Dual Bridge not shown
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JAN-23-2002 WED 09:30 AM WESTERN HYDRAULICS FAX NO.

WESTERN HYDRAULIC 2000 LTD.
10 SAGONA AVE. MT. PEARL NF. AN 4R1
PH: 709-368-7800
FAX: 709-368-7811

FAX/ TRANSMITTAL No.of Pgs. _S (. cover)

TO: ma_ﬁgﬁgﬁ___ COMPANY: ATt
FAX# _737- 365G DATE: M

0..0...'...’.'.....‘. ...0.’.........OO'O..O.QQ.'.0..'.‘.0....O..'.‘..l"‘.'

Do g,

Olesge nform whoX S‘c\slﬁ_
ot cyqlinger Gou sasudd Lk
Plense cosk whan You (TS

s fok V /%,4(45

FROM: SCOTT MERCER
TECHNICAL SALES

Head Office: Westem Hydraulic & Mechanical Ld E-MAIL: westcrnbydraulic@ufid.net -
P.0. Box 816, Maple Valley Ind. Park
Comer Brook, Nf. A2H 6H6
Phone: 709-634-5151
Fax: 709-634-1533

WEBSITE: www.weterahydmsutic.of ost
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JAN-22-2002 TUE 11:48 AN WESTERN HYDRAUL [CxCB FAX NO. 709 634 1533 P02
Head Rectangular and .
Hoae e Mountings Series 3H Large Bore - St
Large Bore Sizes High Pressure Hydraullc Cylinders Hi
Head Rectangular Mounting o e e | * Tb
8tyia JJ (10"14* Bore) ¥ " STRORG oo
(NFPA Style MES) } - e 8o

N 1%

= = 1
1 1.
o @ = - E— — T.b
e Bo
- u— L
"
Head Rectangular Mounting ! :'
Styie JJ (16°-20° Bore) 0
(NFPA Style ME5) , 3
N
$ ; Tob
" \..
MR ARNESREIRAS S e e B ¢ O e d .

G~ Head Square Flange Mountin L l » 4
J Style JB 9 'r — i "— 1 "—-
Style MFSs)

Rod End Dimansions — sef table 2

Thread Style 4 —ur— Thread Style 8 __.__, 8pocisl Thresd
(NFPASTIe SM) |, o (NFPABtyle 89 Style d
Smull Mole Ayl Soiall Fomd'e .l 4w olal thread,
. e = L4~ [ sxiension, rod sye,
. : c ’ piank, stc., are
e | . ulso available,
T ’ ] To order, spechy
. | N *Style 3" and give
S{SDA, SIEBIA e AR
CERTT R e,
i 10d and s 2ot specliod, Byia 4 witbe  Use Btye@lars Piaations whers fomala rod el
o ed. : 3 ok m‘Mulrﬁp-P g ﬂo‘nll gkech.

. .,For additional information = call your local ..
Parker Fluldpowst Mation & Control Distributor.
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Western Hydraulic & Mechanicai L1z,

P.O. Box 816 Maple Valley Industrial Park 10 Sagena Avenue
Ccomer Brock, Newloundiand A2i4 6HY Mount Pear], Newloundland AN 411
Telephone: (709) 634-51514 Telapihono: (703) S63-7800
Fax: (709) 634-1533 Fax: (709) 368-78 11

Email: westernbydravlic@nfldnot Websile: www.wistembydraulic.nf.ca

January 24, 2002

Memorial University S
Attn: David Bursey
Subject: Price Quotation
1/ PLR 60012 600 Ton ram - 12" streks
single acting weight 1200ibs -
-\c_u(‘:(( ac Hn. :
1/ PES 5036 Power pack for abm(# N
D gundrls Cchlxm m}.c P,&ICE: $6,850.00

We are able to auate on ynn~-~'~r|mn Al tmme st if you dasire but I
nould like to point out the tost may run as high as §80,000.00.
The high cost is due -to the limite « preusuro you have ava;iahlc .

PRICE: $11,840.00
[ ard Vi b n bt

; The price quﬂted does not include fr: 'tuh* or_any chanqas ire
have to make to-the ram. B

i trust this meets your requirements. For fusther information
please da not hesitate to call.

ppgards, /
/ Z_‘. "‘é@ ‘.><.9‘ / l"\" .--’49
~John /PaHe‘f“F”"’ /

General Manager a //

™
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",'/”,...-
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JAN-22-2002 TUE 11:48 A WESTERN HYDRAULICACB FAX NO, 708 634 1533 P.O1
Tie Rod Mountings Series 3H Large Bore _'.{4"
Large Bore Shzes High Pressure Hydraulle Cylinder;
Tie Rods Extended - ' - {
5!%0 T8 -W End P
(NFPA Styte MX3) ~ n-t-v-m 18
. d % ‘7;" A
'.:_f e n:
;‘-—H T STTRRG o M ":" '!If
T Rods Extended Cap End - — o B i
(sr:%m Style MX2) o by e | A '.’"':1 E
T e T,
- = Tty b

xtond Mourking (1)~ ! 8« STTOKES
g:;lz%' E “ Bﬂh 'M’. mﬂmnl)‘ ﬂrm fomnns —]——'"-—--fvnm—--n- . ! )
(NFPA Style MX1) . Umnnqnd e o~ ST T Ll
i
1
o )
Rod End Dimenslons — eee table 2 -+ R
Tiread Style 4 jomvmidPooms Thread Style 9 a . Specisl Thread ol
(NFPA Style SM) Aeed W b (NFPA Sty's 6F) w Style 3 )
sraapeie .. [TNTIME  SmatFemas (M [T Special thresd,
0= i % mnﬂ&n‘; ".’f. owe,
S Lo\ _-v_.L L docnydlu'bb. }
; A0 R To order, pecity R i
- -0 B | . . *Stylo 3 and ghe .
' A - - o e and
Tasea 7. || 8 5 for KK A &
e W e,
' ; fwiorod el
’urf:g mummm‘mm gﬂs;.sl"yr gg&r"ag?tuumvmm 3 siona) skotch.

+ « . For additional information ~ call your local - -.
Parker Fluidpower Motion & Control Distributor.
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Cap Fixed Clevia and Series 3H Large Bore
ou
Lirga Bore Sizes High Pressure Hydraulic Cylinders
Propy - pm—-

©Cap Fixed Clevis Mounti ey — —. R
e evin MadnTiaa o — ]

(NFPA Styls MP1)

3

b a0 B e X o CTAGNE e Sow——r

‘' HWead Trunnion Mounting

Stz'.e D
10*-14" Bore onl
(NFPA Style MT1)

f" ————— T b gym..._.-ﬂ'—-cj

ey T..__-..p.m--—m-—'@

B« BTIN(T

\

.....
| o ooe—— e et &

-

y
f
- :

- e iy e vl L'»!,. -

.3

a—————
e e Y e e
PR

Cap Trunnlon Mounting
Styls DB
10°-14" Bore only

intermediate Fixed Trunnlon Mounting

Shyla DO -
(NFPA Stylo MT4)

e

P

)\

T

For additional information — call your jocal

parker Fluidpower Motion & Control Distributor.
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Cap Rectangular

and Squere, Side Lua

and Centeriine Lug Mountings
Large Bore Sixes

FAX NO.
FAX NO, 708 634 1533

Serles 3H Large Bore |
High Pressure Hydraullc Cylinders

?,
Pl 03

o ectnglar Wouigs e e R P
(NFPA Style MES) - ]

:::7.’«[‘::: ?

ERdsree
Cap Square Flangs Mounting
Style HB
{NFPA Style MFS)
o
% ‘1 [ -3 rin%
AT
§ HOABE

Side Lugs Mounting  New: Suee isosns on lag meurid WA ot b el Tk 1
c? B ey S S o

-1931?4' Bore only
(NFPA Style MS2)

e o o swe e Up Smnne weamne o

conhEvIluo Luge Mounting

Style
10*-14* Bore anly °
(NFFPA Styla M93)
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GENERAL DESCRIPTION:

~ Aload cell incorporating from 8 to 16 high output

electrical resistance strain gauges, in full bridge
configuration bonded to a high strength steel or
stainless steel spool. This arrangement
compensates for both temperature effects and off
center loading. Available in virtually any size, in
both annular and solid styles. Gauge
_waterproofing is provided utilizing the latest
application techniques and protective materials.
The rugged design includes heavy duty protective
cover, sealed. construction, and low deflection
under load.

Mounting surfaces should be flat and parallel for
optimum performance. RST recommends the
use of top & boftom loading platens for best
performance with annular load cells. -

FEATURES:
e Compatible with any conventional strain
indicator instrument

e Options readout instrument in engineering
units — Models IR-2840 -

¢ High resistance strain gauges to minimize
cable effects

» High sensitivity
* Long term reliability
¢ Heat treated and stress relieved load element

e Available with either a plug connector, or with
cable attached to load cells per client
specified length

e Accommodates off center loading

e Custom manufactured to fit project
requirements

e Matched calibration for readout in
engineering units

e Temperature compensated

STRAIN GAUGE LOAD CELLS

400 Kip Tie back cell with IR-2840 Intelligent
: Readout 50 Kip Tie back cell

OPTIONS:

e Armored cable

*  Metal military, or plastic connectors (connectors not
recommended in waterproof applications)

SPECIFICATIONS:

e  Capacity 5,000 Ibs to 2,400,000 Ibs (22.5 kN to
10675 kN)

e Hole Size 5/8 in. to 14 in. (16mmto 356mm), as
required

e Material High strength steel or stainless
elements

e  Temperature -40Fto+107F
Compensation (40 Cto +40C)

e Overrange - 100% FS

®  Sensitivity 2.0 mVIV
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STANDARD DIMENSIONS:
MODEL ' CAPACITY 1.D. O.D. HEIGHT
Kips (kN) In. (mm) |. In. (mm) In. (mm)
SGA-50-1 50 (233) 1.0 (25) 4.0 (102) 3.0 (76)
SGA-100-1 100 (445) 1.0 (25) 4.0 (102) 3.0 {76)

SGA-136-14 | 136 | (605) | 1.4
SGA-200-1.75 | 200 | (890) | 1.75
SGA-25520 | 255 | (1135) | 20
SGA-300-2.0 300 | (1334) | 20
SGA-300-30 | 300 | (1334) | 3.0
SGA-400-25 | 400 | (1779) | 25
SGA-40035 | 400 | (1779) | 35
SGA-600-30 | 600 | (2669) | 3.0
SGA-6004.0 | 600 | (2669) | 4.0

(36) 45 | (114) | 35 (89)
(44) 50 | (127) | 50 | (127)
(51) 55 | (140) | 525 | (133)
(51) 55 | (140) | 525 | (133)
(76) | 60 | (152) | 625 | (159)
25 (63) | (152) | 625 | (159)
(89) 70 | (178) | 7.25 | (184)
(76) 70 | (178) | 75 | (190)
(102) | 775 | (197) | 85 | (216)

NOTE: These dimensions are typical only and may be modified to suit project requirements.
The model number is determined as follows:

SGA - strain gauge annular cell.
200 — maximum capacity in Kips
1.5 - hole size ininches.

ANCILLARY EQUIPMENT:

ORDERING INFORMATION:
1. Application » Digital strain indicator
2. Annular or solid cell e Cable
3. Maximum capacity and smallest ¢ Load and bearing plates
increment required * Terminal stations
4. Environmental data ¢ Centralize bushings if required
5. Size limitations .
6. Cable connection and length
7. Loading Platens
8. Options
LPBOO05A
CANADA HONG KONG MALAYSIA
RST INSTRUMENTS LTD. 5 RST INSTRUMENTS (HK) LTD. 3 RST INSTRUMENTS (MALAYSIA) LTD.
PH: (1) 604-540-1100 PH: (852) 2650-0391 : PH: (60-3) 737-8525
FAX: (1) 604-540-1005 N FAX: (852) 2690 0391 FAX: (60-3) 737-8530
EMAIL: info@rst-inst.com x EMAIL: rst_hongkong@rst-instcom EMAIL: rst_malaysia@rst-inst.com
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