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1 Introduction
'

1.1 Scope

This document describes'the tests performed on the_Nordion. TITAN ,

Gamma Radiography Exposure Device. The purpose of the' tests was to
demonstrate that the TITAN meets the regulations for the design of
gamma radiography Exposure Devices and the regulations for the safe ,

transport of radioactive material.
,

The testing of the TITAN was performed in accordance with-IS/DS- '[
0055 N990 revision 3, " Test Plan for the Titan Gamma Radiography '

Exposure Device" [1]. The Test Plan describes the test
requirements and contains details of the purpose and procedures for
each test. :

Table 1 summarizes the tests that were performed on the TITAN and
its peripherals.

!

1.2 Definitions ,

Most terms used in this report are defined in the Test Plan. Many
other terms are defined in the TITAN Gamma Ray Projector User's
Manual [2].,_

L . 1.3 Quality Assurance and Test Data ;

'

The Quality Assurance requirements are defined in the Test Plaa.
All tests were recorded on videotape and witnessed by a Quality -i

Assurance Representative. The test data-is stored in~Nordion's i

Central Records Department file No. 8925 " TITAN Licensing and
Marketing Test Data". All high magnification photographs are filed
in Nordion's Metallurgy Laboratory (file reference No. 93-19)..

1.4 Prototype Configuration

The fabrication of prototypes S/N 002 and 003 is documented in the
Nordion Central Records Department file No. 8925 " TITAN Prototype
Unit History File". The modifications made to prototype S/N 002
are documented in the Deviation Disposition Requests included in
Appendix A.

,

.i

D
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Table 1. Summary of Tests

Device Test Notes Result j

Under Test

jEntire Projection Initial test peak torque = 24 in-lb Pass

Apparatus Under
Stress Test Final test peak torque = 28 in-lb Pass

Endurance 20,000 cycles.
Test 11 problems, all related to Remote Pass

control.

Exposure Radiation Initial test: shielding too thin in Fail

Devxce Shielding spots.
Test

Final test no significant increase in Pass
fields.

Horizontal 6 orientations. Push-button lock Fail
Shock deforms

Rotest with bumpers. Outer Plate Fail
deforms.

Retest with new Cover Plate. No Pass
deformation.

Vertical 100 impacts. No significant damage. Pass
,

| Shock

Handle 1.1 m drop snatch. No significant Pass
Wrench damage.

Penetration 4 impacts. No significant damage. Pass
;
1 Test

Puncture 2 prototypes tested. No significant Pass
Resistance damage.

Accidental 2 prototypes, 3 orientations tested. Pass
Drop No excessive increase in fields. No

loss of containment.

j Remote Kinking 10 trials performed without incident. Pass

| ' Control
Crushing 10 trials performed without incident. Pass j

| Tensile 10 trials on sheath without incident. Pass

12 trials on cable. Pass
1 failure of Source Assembly at 133%.

Projection Kinking 10 trials performed without incident. Pass
Sheath

Crushing 10 trials performed without incident. Pass
,

I |

| Tensile 19 trials performed in total Pass
4 tests to failures'

a) crimp failed at 113%
b) crimp failed at 175%
c) crimp failed at 165%
d) crimp failed at 182%

!

Source Tensile 20 trials performed on each of two Pass
Assembly source assemblies without incident.

!
!

!
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|

2 Tests on the Entire Apparatus j

J 2.1 Projection Under Stress Test ,

1

2.1.1 Equipment

The Projection Under Stress Test was performed before and after the ,

tests for conditions of normal use. The initial test was performed
using a new TITAN projector (S/N 002), a new Remote Control ,

Assembly, a new Projection Sheath, and a new Source Assembly (S/N
0003).

,

The final projection under stress test was completed after the
TITAN projector had been subjected to the Endurance Test, the
Horizontal Shock Test, the Vertical Shock Test, the Handle Wrench
Test and the Puncture Resistance Test. In addition, the Projection
Sheath had been subjected to the Endurance Test, the Kinking Test,
the Crushing Test and Tensile Test. Because of a failure during
the Projection Sheath Tensile Test, only four trials of this test
were completed prior to the final Projection Under Stress Test.

The Remote Control Assembly had been subjected to the Endurance
Test and the Crushing Test and part of the Tensile Test. Because '

of a failure of the Source Assembly during the Tensil< Test on the -
'

Remote Control Cable, only eight trials of this test were performed
prior to the final Projection Under Stress Test. Also because of +

h this failure, a new Source Assembly (S/N 0002) was used for-the ,

A,/ final Projection Under Stress Test.
'

The torque meter used for the test was a Snap'On torque wrench,
model number TQS2FUA. It had an analog readout and was equipped
with a follow-up needle which indicated the highest torque reading. !

'

The torque meter was fitted with an adaptor and attached to the
Remote Control Pistol Grip Assembly. '

,

2.1.2 Results

The Projection Under Stress Test Data Sheets are included in
Appendix B.

.

The torque meter was read at regular intervals and the torque was
recorded. The follow-up needle was reset after each data. point.
Data for each cycle was grouped into four phasos: Source Assembly
leaving the Exposure Device, Source Assembly travelling forward in
the Projection Sheath, Source Assembly travelling backward, and !

Source Assembly entering the Exposure Device. The four groups of
datr for each cycle are separated by square brackets on the data
sheets.

2.1.3 Analysis L

i

_ O( /
The peak torque required to drive the source out of the Exposure
Device increased from 24 in-lb (2.7 N-m) during the initial test to '
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28 in-lb (3. 2 N-m) during the final test. This increase is less j
'.

than 25%.

f]JL The drive torque requi*ed to retract the Source Assembly into the
S-tube decreased. 1

-!

The torque required to drive the source forward and backward
through the Projection Sheath did not change over the course of the ,

'
tests for conditions of normal use.

Regardless of the variations in the actual measurements, it is
important to note that all of the measured torques are considered
to be low from a human engineering perspective. Test exposures
completed manually showed that the C990 Source Assembly exposed
easily, retracted easily and secured easily before and after the
tests for the conditions of normal use.

.

2.2 Endurance Test
.

2.2.1 Equipment

The setup and final adjustment of the automated endurance test
apparatus was performed using the TITAN Demonstration Unit (S/N
001). Preliminary testing was also performed using the
Demonstration Unit.

The Endurance Test was performed on the entire apparatus that had
/ been subjected to the initial Projection Under Stress Test. The !

iTITAN and its peripherals were laid out as shown in the Test Plan.

The automated operation of the TITAN was accomplished using a ,

pneumatically controlled wrist mechanism, an.
electrically / pneumatically controlled drive mechanism and a variety
of feedback sensors This equipment was controlled by a
microcomputer. A listing of the software used to control the '

equipment is included in Appendix c.

The wrist mechanism used to turn the Exposure Device's Selector
Ring into the operate position is shown in Figure 1. It consisted
of two fingers mounted on a pivot plate. In order to-turn the
Selector Ring into the operate position, the pivot plate was driven
forward by two pneumatic cylinders. This action caused the two
fingers to engage against two pins on a band clamped on the
Selector Ring. A third pneumatic cylinder rotaial the pivot plate
and Selector Rir.g counterclockwjr e, With the Selector Ring in the
operate position, the wrist meun nism was resa.t by retracting the
fingers and rotating the pivet plate back to its clockwise ,

position.
i

The drive mechanism was used to push the source Assembly to the end '

of the Projection Sheath and then pull it back again. This was
accomplished using a 1.5 hp 3 phase motor with a motor controller ,

and.a pneumatically controlled clutch. The motor and clutch were4

f. coupled to the pistol grip assembly. The drive mechanism turned,

- the gear wheel inside the pistol grip assembly, driving the Source
,

'
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Assembly forward. When the Source Assembly reached the end of the

'Q Projection. Sheath-and the torque on the gear wheel reached a pre-
Aj defined limit, the clutch disengaged and the motor was shut off.

The appropriate clutch torque setting was determined~

experimentally. (See Appendix D.) Once the clutch was reset, the
motor was reversed and the Source Assembly was retracted into the ,

Exposure Device. When the Source Assembly reached the secure .

position and the clutch disengaged, the motor was turned off and f

the clutch was reset again.

An exposure cycle was broken down into eight sequential steps:
;

1. Push fingers forward to engage on pins on Selector Ring ,

2. Rotate pivot plate and Selector Ring counterclockwise
3. Retract fingers from Selector Ring
4. Return pivot plate to clockwise position
5. Drive motor forward until clutch disengaged
6. Reset clutch
7. Drive motor backward until clutch disengaged
8. Reset clutch ,

The status of the system was checked prior to each step. This
feedback was accomplished using seven mechanical limit switches and
one optical sensor. A cycle was considered to be successfully
completed only after all eight steps were completed and confirmed ,

by.the limit switches and optical sensor.
t

Error messages were printed if the system was not in the
( appropriate configuration or if a step was not completed. When an i

error was detected, testing was interrupted immediately.
i

Data was output in three ways. For each of the eight steps of a
cycle, a single-line description of the action was written to the
computer monitor. At the end of every perfect cycle a message with -

the number of completed cycles and the time and date was written to
the computer monitor and to a file on the hard disk. When the
testing was interrupted because of a problem detected by a limit
switch or the optical sensor, an error message was printed to the
monitor, to the hard disk and to the printer. A message also was
written to the printer every tenth cycle.

,

In this manner, a description of the current ' operation being
performed was displayed on the monitor. A list of every cycle
performed and every error message generated was recorded on the i

hard disk. As a backup, a list of every tenth cycle and every
failure message was output to the printer.

The printer data was reviewed periodically by a Quality Assurance .

Witness and compared with the Endurance Test Log Sheets.

After 20,000 cycles were completed, the TITAN and its peripherals
were moved to the Canadian Marconi Company for thermal testing.
The equipment was installed in a Sexton Espec environmental chamber
model number WC-T34-15-15.

6 Aug 93
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)
A 2.2.2 Results

. .

Prior.to the start of the Endurance Test, preliminary testing was
performed on the TITAN Demonstration Unit (S/N 001). The

,

Demonstration Unit was subjected to 1000 cycles. As a result of 1

the preliminary test, the design of the TITAN was improved and ,

modifications were made to S/N 002. These changes are documented
~

in DDR-N990-033 in Appendix A.
.

The Source Assembly and Selector Ring Assembly were dimensionally
inspected prior to the start of the Endurance Test. This data is *

presented in Appendix E. The Source Assembly was also photographed
and checked with a Go/No-Go gauge. An impression of.the interior 1

of the Exposure Device's S-tube was made using Dow Corning Mold
Making Compound HS II. .

After the Endurance Test, the Selector Ring was removed and a new
impression of the S-tube was made. A small spine was worn on the
inside of both curves in the S-tube. This spine was examined i

microscopically and determined to be approximately 0.005 inches
(0.1 mm) deep.

Prior to the start of testing each day, and at other periodic
occasions, the test setup and operation was inspected by a Quality
Assurance witness. These inspections were documented on the TITAN ,

Endurance Test QA Witness Check Sheets and are included in Appendix
- I E. These are held on file at Nordion along with the printer output

and are available for inspection. ,

During the Endurance Test, 290 interruptions occurred 'due to
problems. Most problems were related to the test equipment, and ;

not the equipment under test. For example there were 14 limit |
switch failures and 265 problems associated with resetting the '

clutch. Only 11 problems were attributed to the equipment under
test. The discussion of the test results will focus only on these

'
problems.

One problem was a failure of a crimped fitting on the Remote
Control Sheath. During cycle number 1314, when the source reached
the end of the Projection Sheath, a fitting disengaged from the :

*

Remote Control Sheath. The sheath was reversed end-for-end and
switched with the reserve sheath. Testing was then resumed.

The other 10 of the 11 problems with the equipment under test were
premature disengagements of the clutch caused by kinks in the
Teleflex Cable. These occurred at cycle numbers 456 (twice), 678,
1848, 1923 (four times) , 5984 and 6485. .The Teleflex Cable was 4

replaced after cycle number 1923 and again af ter cycle number 6485. ,

After the Endurance Test, the Source Assembly was checked with a
Go/No-Go gauge and found to pass. It was then photographed at high i

magnification.

.

8 Aug 93
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100 cycles were performed manually with the TITAN thermally
stabilized at +55'C without incident. 100 cycles were performedq
with the TITAN thermally stabilized at -40*C. At this temperature

'

the selector Ring was stiff to turn. Once the source was returned
to the storage position at the end of a cycle, the Selector Ring
snapped back automatically, but travelled slowly. The Selector R

Ring fully secured the Source Assembly every cycle, however.

2.2.3 Analysis .

In order to fasten the Remote Control Sheaths and the Projection
Sheath to the floor in the predefiraed layout shown in Figure 2 of
the Test Plan, nylon tie-wraps were used with adhesive mounts. It
was found however, that the tie wraps were breaking because of the
energy dissipated in the Remote Control Sheath immediately before
the clutch disengaged. In order to further restrain the Remote
Control Sheaths, six 100 lb patio stones were placed against the
sheaths. The patio stones were later replaced with a 1.5 inch
diameter conduit which defined the path of the sheaths, yet still
allowed some freedom of movement when the clutch disengaged.

Rigidly restraining the sheaths caused excessive stress on the
Remote Control Sheath and Teleflex Cable that would not be

'

encountered during normal use. This stress forced the crimped
fitting off the Remote Control Sheath during cycle number 1314.

It was later demonstrated (refer to paragraph 4.3) that the Remote

O Control Sheaths are capable of withstanding tensile forces of 500
V N for 30 seconds, as required by ANSI N432. The failure of the

crimped fitting is therefore attributed to excessive stresses ;

generated by the automated Endurance Test apparatus and not to a
design or manufacturing problem with the Remote Control Sheath.

The Teleflex Cable that was replaced after cycle 1923 had two kinks
in it. One kink was located 1.1 m from the end of the cable
opposite the male connector. The other was located near the mid

'
point of the cable. The cable that was replaced sfter cycle 6485
also had a kink located 1.1 m from the end of the cable opposite
the connector. These locations correspond to the position of the
Teleflex Cable on the Remote Control Gear Wheel when the source is
fully exposed and fully retracted respectively. The kinks near the
end of the cables were caused by the excessive force transferred to
the cable by the gear wheel when the Source Assembly reached the
end of the Projection Sheath. The other kink was caused by the
same excessive force transmission when the source reached the
storage position inside the gamma Exposure Device. Since these
high forces would not be encountered during normal use, the failure
is attributed to the excessive test conditions.

1

!
.

|
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' - 3 Tests on the Exposure Device

3.1 Radiation Shielding Test

3.1.1 Equipment

initial Radiation Shielding Test was performed on the TITANThe
prototypes S/N 002 and 003. The shields had not yet been potted in l

> shells with epoxy foam, so a jig was used to secure then.the
Figure F-1 in Appendix F shows how the Model' C-337 Source Assembly
used for the test was secured.
The final Radiation Shielding Test was performed on the prototypes
after the Puncture Resistance Test and the Accidental Drop Test.,

The Lock Assembly was removed from each prototype and a C-337
Source Assembly was installed in an adaptor. (See Figure F-2.)
The survey instruments used for the tests were a Bicron Surveyor
2000 GM Tube, a Bicron Model RSO-5 Ion Chamber, and a Victoreen

*

Model 471 Ion Chamber.
1

3.1.2 Results

The results of the initial Radiation Shielding, test are discussed
in the report " TITAN Radiation Survey Results" included in Appendix
F.

The results of the Radiation Shielding Tests completed after theO
drop tests are shown in Figures F-3 and F-4. These illustrations
are included in Appendix F.

After the drop tests, the maximum ~ radiation level at the surface of|-
|

S/N 002 was 900 mrem /h on contact using a 2.66 TBq (72 Ci) source.

The maximum radiation level at the surface of S/N 003 was 1.3 rem /hon contact using a 3.96 TBq (107 C1) source.

3.1.3 Analysis

The prototype units require additional shielding to satisfy the
ANSI N432 requirement for a field of 50 mrem /h at 50 mm from the
surface of the Exposure Device. It is estimated that the
additional shielding will increase the weight of the Exposure
Device by 6.7 N (1.5 lbs).

Extrapolating to the maximum allowable source activity of 4.44 TBq
(120 Ci), the maximum radiation level would be 15.0'mSv/h (1.50

| rem /h) at the surface of the Exposure Device S/N 002 after thei

| accidental drop tests. Similarly, the radiation level would be
14.6 mSv/h (1.46 rem /h) for S/N 003. The increase in radiation
level is due to the poor fit of the adaptor used to secure the
source assembly for the radiation shielding test. The poor fit is
a result of the impact against the face of the exposure device.
After the tests for accident conditions of transport, and with its
maximum radioactive contents, the TITAN contained sufficient
shielding to keep the radiation level at 1 m from the package less

|
-

.

than 10 mSv/h (1 rem /h).
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3.2 Horizontal Shock Test j

,,
'

3.2.1 Equipment

The test was setup as described in the Test Plan using TITAN S/N i

002. The Exposure Device had been subjected to the Endurance Test !

and the Projection Under Stress Test. Because the prototype weighs
'

less than the production design of the TITAN, the release height
for the impacts was increased to 105 mm.

.

3.2.2 Results

The Exposure Device was tested in the six orientations described in |

the Test Plan.

The impacts against the side and bottom of the Exposure Device did >

not cause any significant damage, nor did the impacts against the
side and the face of the 2xit Port.

The 20 impacts against the face of the Selector Ring caused the
push-button lock to deform. The design was therefore changed to
include two bumpers to protect this lock. The prototype was
modified accordingly and 20 impacts were repeated against the face
of the Selector Ring. The prototype modification is described in
DDR-N990-034 which is included in Appendix A.

After this test, the push-button lock was undamaged but the
Selector Ring was difficult to turn. |

The problem was found to be that the standoffs of.the Inner Plate
(K122213-203) had been forced into the' Outer Plate (K122213-201).
This deformation caused the Inner and Outer Plates to pinch the web
of the Outer Ring (K122213-202) . In order to prevent this problem, 4

the design was changed so that the standoffs bear on'the stainless
steel Cover Plate (K122213-204) rather than on the titanium Outer
Plate. (See Appendix P for copies of the above engineering
drawings).

The prototype was modified accordingly and 20 impacts were repeated
against each the face and the side of the Selector Ring. 'The
modification to the prototype is described in DDR-N990-035 which is
included in Appendix A.

Following each of these two sets of 20 impacts, three exposure .

cycles were performed on the Exposure Device in order .to
demonstrate that it was in working order. After the impacts
against the face of the Selector Ring, the Exposure Device
performed perfectly. Following the impacts against the side of the
Selector Ring, the Selector Ring was slightly stiff to rotate, but ,

it returned to the " Lock" position automatically.

The tests were recorded on videotape and photographed. The
Horizontal Shock Test Data Sheets are included in Appendix G.

11 Aug 93
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p 3.2.3 Analysis
'

The design' of the TITAN was improved and is resistant to the
Horizontal Shock Test. The stiffness in rotating the Selector Ring
after the final 20 impacts was the result of burrs on the edge of
the Selector Ring. This condition does not pose a safety problem,
and the removal of any such burrs is addressed as a standard
maintenance procedure in the TITAN Users' Hanual.

3.3 Vertical Shock Test

3.3.1 Equipment

The equipment was setup as described in the Test Plan using TITAN -

S/N 002. The Exposure Device had been subjected to the Horizontal
Shock Test, the Endurance Test and the Projection Under Stress
Test. Because the prototype weighs less than the production design
of the TITAN, the height of the drops was increased to 160 mm.

3.3.2 Results

No damage to the prototype was observed. The test was recorded on
videotape and photographed.

3.3.3 Analysis

The Exposure Device suffered no damage during the Vertical Shock
Test.

3.4 Handle Wrench Test

3.4.1 Equipment

The equipment was setup as described in the Test Plan using TITAN
S/N 002. The Exposure Device had been subjected to the Vertical
Shock Test, the Horizontal Shock Test, the Endurance Test and the
Projection Under Stress Test. Because the prototype weighs less
than the production design of the TITAN, the height of the drop was
increased to 1.1 m.

3.4.2 Results.

The test was recorded on videotape and photographed. After the-
test, the four screws fastening the handle were slightly loose.

4.3.3 Analysis

The Exposure Device suffered no significant damage during the
Handle Wrench Test.

|
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3.5 Penetration Test
r

- ! 3.5.1 Equipment

The equipment was setup as described in the Test Plan using TITAN
S/N 003.

3.5.2 Results

The Exposure Device was struck four times as described in the Test
Plan. The test was recorded on videotape and photographed. The
Penetration Test Data Sheet is included in Appendix H. After the
test the Selector Ring was difficult to turn.

3.5.3 Analysis

Because this test is a transport requirement, the Exposure Device
is not required to be operational afterwards. The damage caused to |
the Selector Ring is therefore acceptable.

I i

3.6 Puncture Resistance Test

3.6.1 Equipment

The test was setup as described in the Test Plan using TITAN S/N
002 and 003. Because the prototypes weigh less than the production

/ sign of the TITAN, the height of the drop was increased to 1.05

3.6.2 Results

Both prototypes were released in an upright orientation so that the i

pin struck the Selector Ring. On the first attempt using S/N 003,
the pin did not strike its target properly. The test was therefore
repeated. The impacts caused no significant damage. The
observations are included in Appendix I.

The tests were recorded on videotape and the prototypes were
photographed after each impact.

,

3.6.3 Analysis

The 1.05 m drop onto the pin did not cause any damage that
adversely affected the prototypes' ability to satisfy the transport
requirements. The dummy sealed source was retained and no
significant deformation was observed.

,

3.7 Accidental Drop Test

3.7.1 Equipment

f The test was setup as described in the Test Plan using TITAN S/N
\. 002 and 003. The prototypes had been previously subjected to the

13 Aug 93
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'

n

Y. Puncture Resistance Test. Because the prototypes weigh.less'than ,

'O the production design of the TITAN, the height of the drop was
increased to 9.45 m.'-

3.7.2 Results

S/N 002 was released in an upright orientation. The impact caused
the end plates to bend. A tear occurred'in one end plate below the
belly of the Exposure Device, but there was no breach of the
Exposure Device's shell. ,

S/N 002 was released in an oblique orientation as shown in Figure
8 of the Test Plan. The Exposure Device rotated before striking
the target, however, and landed at an oblique angle on its side.
The impact orientation and a description of the deformation are
included in Appendix I.

S/N 003 was released with the Selector Ring facing downward. The
Exposure Device rotated slightly before landing. Examination of
the prototype after impact suggests that it struck with
approximately a 20' slant toward a bottom corner.

P

The tests were recorded on videotape and the prototypes were
photographed after each impact.

Once the prototype Exposure Devices were returned to Nordion, the
Selector Rings were removed. At this time it was determined that
the radiation shield in S/N 002 had shifted approximately 5 mm
toward the Exit Port. There was no measurable shift in the
radiation shield in S/N 003.

3.7.3 Analysis

The Radiation Shielding Test performed after the drop tests
(paragraph 3.1) demonstrated that the Exposure Devices satisfy the
transportation requirements for accidental conditions.
Examination of the C-990 Source Assembly showed no damage to the
sealed capsule. The containment system was intact.

l
;
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4 Tests.on the Remote Control Device-

4.1 Kinking Test

4.1.1 Equipment

The Remote Control Sheaths used for the ' Kinking Test' had - been
subjected to the Tensile Test.

The apparatus was setup as described :in the Test Plan. It was
found however that the Ametek digital tachometer was not suitable l

for measuring the speed of the Remote Control Sheath. Instead the-
time required to . manually pull the sheath until the loop had

[ disappeared was recorded. A time of 0.76 seconds or less was
required to achieve an average speed of at least 2.0 m/s.

,

jt4.1.2 Results
i
"The test was recorded on videotape and the times were recorded on

the Remote Control Kinking Test Data Sheet which is included in
Appendix J.

4.1.3 Analysis j
i

The Remote Control suffered no danage and was later demonstrated to
pass the Projection Under. Stress Te'st (paragraph 2.1).

4.2 Crushing Test .

!

4.2.1 . Equipment

The apparatus was setup as described in the Test Plan. The Remote.
Control Sheath had been subjected to the Projection Under Stress
Test and Endurance Test. The Remote Control Cable had been
subjected-to over 13,000 cycles of the Endurance Test.

,

4.2.2 Results

Th'e test was recorded on videotape and photographed. The Crushing-
Test Data Sheet is included in Appendix K.

b 4.2.3 Analysis

The Remote Control suffered no damage and was later demonstrated to
pass the Projection Under Stress Test-(paragraph 2.1).

('

15 Aug 93
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4.3 Tensile Test

- 4.3.1 Equipment

The apparatus was setup as described in the Test Plan. Because the
Remote Control Sheaths used for the Endurance Test had been over
stressed and damaged, the Tensile Test on the. Remote Control Sheath
was performed using new sheaths. The Teleflex Cable used for the
Tensile Test on the drive cable was the same cable used for the
last 15,000 cycles of the Endurance Test.

An Omega Bending Beam Load Celi model No. LCCB-300 was used to
measure the force. Later, because this transducer became damaged,
it was replaced with an Omega Bending Beam Load Cell model No.
LCCA-500. The data was collected using a Fluke Hydra Data Logger.

4.3.2 Results

The test was recorded on videotape and photographed. The data was
plotted and is included in Appendix L. The plots for the Tensile
Test on the Remote Control sheath are labelled "rctest trial #1"
through "rctest trial #10".

During trial #7 of the Tensile Test on the Remote Control Sheath,
the bolt restraining the crank handle failed. The impact that
ensued damaged the force transducer. This is evident from the 90
lb offset after 17 seconds in the plot "RC Cable Trial #7" in
Appendix L.

Because the damage to the transducer was not observed _immediately,
testing continued. During the next trial, a significant_over test
resulted. The force applied to the Teleflex Cable reached 265 lb
(1179 N) before the C990 Source Assembly failed. This trial is
plotted in "RC Cable Trial #8" in Appendix L.

With a new force transducer, the testing wat, resumed. Four new
trials were completed. These are labelled "RC Cable Trial #9"
througn "RC Cable Trial #12".

At the conclusion of the tests, the male connector on the drive
cable was checked with a Go/No-Go gauge and passed.

4.3.3 Analysis

The Teleflex Cable was demonstrated to meet and exceed the test ,

requirements. j

|
I

|
!
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5 Tests on the. Projection Sheath I

7)( 5.1 Kinking Test

5.1.1 Equipment

The apparatus was setup as described in the Test Plan. Rather than
using a pneumatic cylinder however, the force was applied to the
Projection Sheath by hand. An Omega Bending Beam Load Cell model
No. LCCB-300 was used to measure the force. The data was collected
using a Fluke Hydra Data Logger. The Projection Sheath used for'
the test had been subjected to the Projection Under Stress Test and
the Endurance Test.

5.1.2 Results

No damage to the Projection Sheath was observed. The test was
recorded on videotape and photographed. The Projection Sheath
Kinking Test Data Sheet is included in Appendix M.

5.1.3 Analysis

The Projection Sheath suffered no damage and was later demonstrated
to pass the Projection Under Stress Test (paragraph 2.1).

5.2 Crushing Test

5.2.1 Equipment

The apparatus was setup as described in the Test Plan. The
Projection Sheath used for the test had been subjected to the
Kinking Test, the Projection Under Stress Test and the Endurance
Test.

5.2.2 Results

No significant damage to the Projection Sheath was observed. The
test was recorded on videotape and photographed. The Crushing Test
Data Sheet is included in Appendix K.

5.2.3 Analysis

The Projection Sheath suffered no damage and was later demonstrated
to pass the Projection Under Stress Test (paragraph 2.1).

O
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5.3 Tensile Test

5.3.1 -Equipment

The apparatus was setup as described in the Test Plan. An Omega

Bending Beam Load Cell model No. LCCA-500 was.used to measure the
force. The data was collected using a Fluke _ Hydra Data Logger.
The Projection Sheath used for the first four trials of the test''
had been subjected to the Crushing ' Test, the Kinking' Test, the
Projection Under Stress Test and the Endurance Test. For the
subsequent trials, new Projection Sheaths'were used.

5.3.2 Results

~The test was recorded on videotape and photographed. During trial

#4, a crimped fitting pulled off of the middle section'of the
Projection Sheath. The applied force reached 126 lbs (560 N)
before the sheath failed. The plot is labelled "PS Tensile #4" and
is included in Appendix.N with the test data.

Because the force at which the Projection Sheath failed during
trial #4 was considered to be low, the crimping procedure used-for
the manufacture of the Projection Sheaths was improved.
Three new sections were ' fabricated including one ' termination
section and the testing was repeated. During the first trial of
the re-test, the applied force reached ' 196 lbs (872. N)- and a
crimped connection failed again. The plot of the force profile is
labelled "PS Tensile Trial #5".
The failed Projection Sheath extension was replaced.with one used
in trials #1 through #4. Testing resumed and~ eleven successful
trials were. completed. These are labelled "PS Tensile #7" through
"PS Tensile'#17 and are included in Appendix N. Note that trial'#6
was rejected.

The Projection Sheath was then tested until failure. During trial
#18, a crimped connection failed at 185 lbs (823 N). This sheath
had been crimped according to the old procedure. During trial-#19,

failure occurred at 204 lbs (907 N) . This failure was at a fitting-

crimped using the new procedure.

The Projection Sheath subjected to the first four trials was later
demonstrated to pass the Projection Under Stress Test (paragraph-
2.1). A C-990 Source Assembly was shown to freely pass through all
six of the Projection Sheath sections after the Tensile Test.

5.3.3 Analysis

With the improved fabrication procedure, the Projection Sheath was-
demonstrated to exceed the Tensile' Test requirement. The improved
crimped fittings failed at 175% and 182% of the 500 N (112 lb)g

- rated strength. The fittings crimped prior to the change'in the
' fabrication failed at 113% and 165% of the rated strength.
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6 Test on the Source Assembly
, , .

( 6.1 Tensile Test

6.1.1 Equipment

The apparatus was setup as described in the Test Plan. An Omega
Bending Beam Load Cell model No. LCCA-500 was used to measure the
force. The data was collected using a Fluke Hydra Data Logger.
Because the Source Assembly used for the Endurance Test had been
over stressed and failed during the Remote Control Cable Test, a
new source was used for this test.

6.1.2 Results

The Source Assemblies were dimensionally inspected prior to the ,

testing. The C-990 Source Assembly Data Sheets are included in
Appendix 0.

Source Assembly S/N 0005 was subjected to ten trials of 1000 N (225
lbs) applied to each of the capsule and lock ball. The duration of
the applied force was only 5 seconds, however. The force profiles
are plotted in " Source Capsule #1" through " Source Capsule #10" and
" Source Ball #1" through " Source Ball #10". These figures are
included in Appendix 0.

The test was repeated with Source Assembly S/N 0004, with the
/ applied force held for 30 seconds. This data is presented in-
k " Capsule Pull #21" through " Capsule Pull #30" and " Lock Ball Pull ,

#31" through " Lock Ball Pull #40". This data is also included in '

Appendix 0.

After the Tensile Tests, the Source Assemblies were dimensionally
re-inspected.

6.1.3 Analysis

The Source Assemblies met the Tensile Test Requirements. The <

Source Assembly (S/N 0003) that failed during the Remote Control
Cable Tensile Test (paragraph 4.3) was subjected to a force that
exceeded its rated strength.

,

1

|
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APPENDIX C,r]-
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TITAN Endurance Test Software
Document Number K122215-001 Revision D
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C (06/25/93 14:10:44) Page 1
.

.

y
-TgifT A,N D '.

( lay Jure 25. 1993 2:13 PM
O .

t

+1 !

./* */ j

|/* Docunert No: K122215-001 R r/ D
*/ |TITAN GAMMA FCtOJECTCR TEST SCFTilARE/*' Title: i
*/

ly '
*/

/.* Co np il ed : A Anderson / E IIenna
+f.

;/* */
./+ Dreaf ting Approval: M.F.

*/ .i
/+ */ ;

C/ * Pro.iect Erg: M.K.
+/ :

>

/* */ :

/* Eng Aporevale G.A.3.
*/ '

./* +/
/+-

/ * RE'/ WO/DCR DATE AUTHGR APPROVAL DESCRIPTION */ ',
'

'
*/

/ * - m * m v e * e n +> * * *- * * + 4 * * w * * * * * * w * * + + * * * * * * * * * * * * * * * * * *
/.* A 62?O 933uneOi AA/3M /A original' issue =/ '

/* ?- 27'29 933une09 AA/sM DCR No. 2727 */>

-/* C 2730 93jurell BM DCR No. 2730- */ ;
'

/e D E73o 923une25 AA/EM' DCF No. 2729 */ ;

l+!
/* */
./*

|
i

- r%
s

!
aclude "inc.c" !

,

,

char time _stringC26]; <

',
FILE * fp_ file;

.

>oid nain') '!. '

i

cfcle_ count.num_t:mes,num,numi,cycin_ start; |
4.

int i

0; Inum_ times =
'

= 0:.cvel?_coun;
cycle start = 0: q

i
;

NULt)if(ffp_ fila = fcpen("til;an.dat" a"))" ==

,
{

orintf(" Cannot open file t i ta n.dat " ) ;
-j

;

fclose(fp_ file);
.

;
!

$ '
t-

.;octc_ reset ():
start ();

i

,

.i n ; t i a l C.) *
clear _screnn();

i
'

(1AX_CYCLET)wh i l e ( nuin _,t i mes <= 0 11 oun_ times -

.|
<

)]fflush(s-din);
cisar_line '5(. - 1

POSi5,5);( orintfi"How trany cycles would fru l tFe to run: ")e

3 C s nf ' "'/.d " . bnum, O i 09H } jrufD =

i

wn t l e i c icl e_s t ar t (= 0 !3 cvcle jtert ' !. W 9)

C-2. s
~ ' . ., s n t , e3 -

1,
, S ,-.. .x - - - - - - . . - . _ -
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n -4 -
'

pr.intf(" Resume' counting at what cycle nunber : ");.. .
-

I- num = scsnf("%d",Lcycle_ start);T
};

t/*- ' check'date and' time. */

fflush(stdin);'

system (" time");
systom("date");

fprintf(fp_ file,."%s%d\n"3" The number of cycles to run iis' : "'num_ times)5,

fprintf(fp_ file,"%sMd\n"i" Resuming count at cycle number': "fcycle_ star /

cycle _ count = cycle _ start;
#

cycle _ start + num_ times;num_ times =

do
C

step _1();
waitsec(0,0);

stap_E();
/*~ wait for camers to engage in opera:e cosition- */

waitsec(0.5);

step _3t');
waitsec(0.0);

step _4C);-

.

waitsectO.0);-

step _5();
/*' wait for moto- to stop spinning */

waitsec(E.0);

steo_6();
Waitsec(0.0): ,

'

d

step _7(): ;

./* wait for. motor tc'stop spinntrg- */ -j
waitsec(0.7);- j

;!

is t e p _ 8 ( ) ;--
.

waitsec(0.d); .i

. .- .1
tt_ time (time _ string); a
fprintf(fp_ file,"%s%d%s%s"," Cyc i.e count = " cycle _:oud , " - :" 3 t i meis trip!

== 03 - 1if((numi = cycle count %10)
{ i

" c /c l e_ccunt .,7 |fprintf(stdprn,"%s%d%s%s'." The cycle count is : ,

.

fflushistdprn); ';
.

;?- } .

"", time _ string); |" cycle _ count," -pr.1ntf("%s%d%s%s"," Cyc1e coun = ,
.

cycle _ count ++t. i
3

> 1
wnilei ycleic?unt nom _tiner): _f-

(,-3 ;j' ' fi Noc ' . m mc 14_ Peuct t .? 12 '' r
.

.-. , , . .- - - ._ - _ _, _ .. _- -
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tt_ time (time _ string);.

",--cycle _ count,"
"

f pr i ntf ( s td pr n , :";s".d /.s t;s " , " Cycle count =

fflush(stdprn);
4

yo
i

? .fclose/fp_ file);
5

l
J

~!
;}.

,

-1
-

J'

jint engage _ clutch _at_and(';t

long start _to_ engage, current _ time; ..

int flag = 1;
i.-

g

i : if(clutch _ engaged (]) .t
;-{

printf'"\n Clutch is engaged"); j
-j,

0

If(lclutch_ engaged ()) /*' clutch is no t engage =d */ ' _j4

,

- .e
.

high_ press _to_ clutch ();
.

motor _cw_ slow () jtime (', star t to _ engage) ;
[. _ - I%
1- do

i
' { ,

<. CLUTCH _ TIMEOUT !start _to_ engage
|: > while((time (Lcurrent time.n... -

if(currert_ time - start _to_ engage >= CLUTCH _ TIMEOUT);|
O .,r j
I flag 0;= o

, ?

||,O*pr_CW_CCW_Off(); ].

[
motor _ slow _ fast _off(): |

,

.

waitsec(0.3);

|
no_ press _to_ clutch (); _

y
.. , 't

| *

||' eturn flag; :

.
.) .j

-

1,
-!i

1
; ; int engage _ clutch _at_begin() !

1- c, f
|= long start _to_ongage, current _ time;

1;
'

j

[ int- flag i=

q
2-

. . _

. .;

if(clutch _ engaged ()) .

i4

L ;
> .-

16p
d printf("\n Clutch is engaged"); 4,

*/ - .|4, . 3 ' /* clutch is not engaged.
5|

if''. clutch _ engaged ()I
I;

[ C
'|

( motor _cw slow (); )b( waitssc(3.0);
_

;

( high_ press _to_clut=n(1; ''

i
~ time (Estart to engage); !

,

( bO
b.

. .
- . :j

;

.r

q| . Nri'at r + t c e ' ,*,. c u r u t. -+iac: . e -t-to- -

C' JJT H T rdEC.3 ;j. <
- e ~- e . e

- -

|
' _'&*h .,

:,
'-'---~.- --,--.: _ . , , , . . _ _ _ _ - - . . . - - - - - _ - . - _ _ _ __ - ~ ~ -. ,,n-- , . , . , ,4
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if(current _ time.- start _to_ engage >= CLUTCH _ TIMEOUT).t '
As,

{

' flag:= 0;-
,

i
}

motor _cw ccw off();
,

_ _

motor _ slow fast _off();_

waitsec(0.3);
/* .releave residual-clutch torque */ 1

'!no_ press _to_ clutch ();
motor _ccw slow ();
waitsec(0.7); j

_

motor _cw ccw off();_ _

motor _ slow fast _off():_ :

} .
.

return. flag;
t,

.,

}' ;
.

' y
fint-cw until_ disengage () :_

r- J
w

long start _to_ turn, current _ time;
t

-int flag = 1; ::
,

,

if(' clutch _ engaged ()) '
i

<
POS(10,5);~

printf(" Clutch is disengaged"); ;

J
}.

if(clutch _ engaged ()) /* clutch is engaged */ |
.!

I
{

motor _cw fast ();
|
,

_

time (& start _to_ turn): |
,

do &

.
. :

C ~

} while((time (Lcurrent_ time) - start to turn < TIJEN TIMEOUT) && ]
if(current _ time - start _to_ turn >= TURN _TIMECUT) .,
r *

b

flag = 0; ,

} -

motor cw ccw off(), '

motor _ slow fast _off();
.

_

} l

- return flag;- ,'

} .i
t

!| int ccw until_ disengage ()_ '

? >

long. ' start _to_ turn, current _ time;

int flag =-1; .

~

,)
if(! clutch _ engaged ()) 3
(~ +

POS(10,5),
\ printf(" Clutch is disengaged");

}

( if(cluten_ engaged ()) /* clutch is engaged 4/.

{-
motcr_ccw fastr):_

' tied (fs art,to turn- (,- 5
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.

- ; ~.
-( .do ,

-

( ,

) while((time (Leurrent,. time) - start _to_ turn < TURN'TIMECUT)fLL.-!
if(current _ time - start _to_ turn >= TURN _ TIMEOUT) {

'

a
1. :

flag = 03:
3 i

motor _cw ccw off(); ,

motor _, slow fast _off(); {j_ _

_

|3 .

return fisg; .,

.j'

.)
.-f

1

void; motor _cw()' q

(. " ..{
out_2_off(); 3,

|;ou t _ i _,on f ) ;
|- ) .-

.void-motor _ccw()
-]

.(
out_i_cff(); ,

out_2_on(); ;

i-

}
.. |

,

-t".gid meter _cw ccw off()
i

_ _

|out_i_off(); :
|out_2_off();

~|}
void motor _ enabled () .j

,
-.

(. .!
out_3_offi);

'

}.

void. motor disabled ()
. ],-

..(
out 3 on(); j

4

Y
-void speec_ slow ()

.. t{ i
!out_5_off();
!

out_4_on(); -i
}. .. !

-void speed _ fast <>
.( ;

cut _4_off(); ;

out_5_on();
'L
ivoid"moter_ slow fast _off()

~

.'(
_

out_4_off(-);
out_5_off();

id motor _cw slow ()_

(-
motor _ disabled ();
speed _ slow (i;
mote--cwt);

-'.

{-h . -

m eer' p au'.se o r
, . . . . ,,. ,, , , , ._, - ., . - . - - . . , .. . -
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. .

,

y, ;

}fioid motor _cw fast ()_,

}||t- .

{;, motor _ disabled (); ,

;

O speed _ fast ();~ . i .: ,.

motor _cw(); - 3 :

|

.

_ motor _ enabled ();- ,

: }-
| void. motor _ccw slow ()~_

t .(- |
motor _, disabled (); ,.

speed _ slow (); ,

motor _ccw();-
,

motor _ enabled (); ,

.). j

void meter _ccw_ fast () ,

., -disabled () . , .motor , ""

speed _, fast (); t

mctor_ccw(); .

motor _ enabled (); ,

.} |

void forks fwd ()-
,

-(
4

out_11_off(};
out_10_on(}, .;

,

.

vcid forks back() >
-

f :

out_10_of#():
out_11_on( ;

s
+ )

.:voi-d pivot _cw() a:.

; C :. -

,.

out_13_off(); ,

out_12_on()- q<

,

}' e
,

,

. , 'void pivot _ccw()- .;
{-

out_12_off()'; g

out_13_on(); ,|
:

.>
.

liveid low precs_sel_on()'
.i

_

Et
]iout_9_on();-

_.)
vcid'icw press _sel_off()

_

.1 out_9_off(;;
\
vpid high_ press _sel_,oni)
.<

Cut _'$ 4_Cn ( ) ;
(=}f ,;-R11 n.1at r. 9ew 7u .,rer>

- -- -
1

,, , ...J, ,,, J. m '- , . ~ , , , , , .m., ... -,m. . . . . . _e . _ _ J



.._m . - , , . _ , . .. _ . ,,,,.~._._m.._, , _ . - . - , . . , . . , - . _ , . _ . _ . . _ . . . . _ _ _ - , _ _ _ . . _ . _

.,

,.
. ,

'
s ;

,

t

.
-

:. ;
,

>

-(06/E5/93 .14:10:44) Page 7f 1

,~ - T s,I' T.. 'N-D.. CI
.

3: . Friday..- June 25,'|1993 -2:13-PM-
!

jl m
,

out_-14 off(): ,

,

n L }- I

. void noipress._to_ clutch () .g
n - (- .

.
lou _ press _sel_off(); ;. .

.

I high_ press _sel_off();
!
:

1.c ~}
'

.
. -ivoid high_ press _tc_ clutch () -!L

-p
r t

'

low _ press _sel_on();- .j
'!

|: high_ press _sel_on();
t > :s

i

f? -1/ * ; High level input routines- */ .;
.t

-

;-

int. clutch _ engaged () i

~ ,

| {
. l

if(in_1())
.;return 0;
'{.

F else
. :jreturn 1:

s.
.) .

!
-

i .' "i.

.

. int is cable-at c etr.er a t ); ||
,

j

[' if(in_7()) .
.|

i' return (1); ,

:
,

else- '![.' ,

return (O); !
'

-. fj }-
int is cable at enc ()

j
j,

:(.4

~i
iffin O())'

. . ,
-

return 0; .

;

else 7
i

return '1: .)
.}.

d
.. ;

.- l
4

b. . int are_ forks _back'() c,
- ,1

.

- 1 '!
,
'

if(in_d())'D
' return 1:

,

else'

i ' return-0;
!}

;.
,,

int L are_ for ks_ fwd ( )g
~C

.

~if(in St))b. -

return 1;
,
4

| -else
1 return 0:

.

L.
-

:1rtdts_p wot_cw 11 c-9'

,

.

.

!
--.,,,%._.,...m. . . _ . - . . - _ , . . , . . . - . . _ . , _ _ . . . . _ . . . . . _ , . - . . . ~ . , . - - . - - . . _ _ - . _ . - - . - -
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if(in_4('))' ;
return 1;' 1

a

else-
return 0; q

. . ,

-}- .i
9

.. ;

| int is_ pivot _ccw() :, ,

<< :

if(in_5())
,

t,'

return 1; . .;
else: .i,

return 0;

}. '

j
4

1~nt is_ camera _ locked ()o
.{' j

.,

if(in_6()) ;
return 1;

,

else
return 0; :

'}^ f
!

int.is_ camera _in_ operate () 8

.

{. ic

if (in_9())
,

.;return 1; '

else .;
,

return 0;
i,

}. |

i

void waitsec(double secs) . 1
r

'

{-

unsigned long counto, count;
countO = t_ counts (); i. unsigned long) isecs * 15.2);(-ccunt = countO +
wnile(t_ counts () <. count)

,

. )

-

;
) '

unsigned-long t_ counts (void)
.

-{ .l,
union REG 5 rin, rout; :

3

unsigned long tc; :

rin.h.ah = O; !

'
,

; i nt S6 ( It4T_ TIME , ar in . Lrou t ) ;
tc =~((long) rout.x.cn) << 16; ;

tc -= rout'.u.dx;
return tc;

-4'}
.

void opto_ reset () :

{ i,
outp(OxleO,01); i

}

Lvoid opto_on(unsignedLint mask, unsigned-int address) ::
1 (

int old_value;
ol di /alaa' = icpfadorsas;; C-3 ||ma e ;- =. e4 s k o l<i_ v a ir m <

.
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k |D '' outp(address. mask);
'

.
<<

void opto_off(unsigned int mask.unsioned int Address) .|
|

{
.

.

.|
1

int old_value; i

old_value = inp(address); ~q
'

1

mask = mask L olo value;
outp(address, mask);

5f

.iht coto in(unsioned int mask unsigned int address)
.

L{-
-|unsigned int temp;

temp = inp(address); 'q
!

return (temp L mask);
-.)

-/*- .Opto routir.es to turn off frist 6 outputs * /.

/* ~ Address hex 100. Outputs 1 to 8 */

void' cut _i_off(veid)
{
epto_off(GUT _0_OFF OUT_100);3

S.
d out_2_off(void)

{

opto,off(OUT_1_OFF,0UT_100);
i

void out_3_off(void)-
C

octo_off(OUT_E_OFF,OUT_100);
]

void ~out_4_offivoid)
este_off(OU~_3_OFF,0UT_100);

,
e

' void out_5_off(void)-

C

'opto_off(OUT_4_OFF,0UT_100);
3

~

. void out_6_offivoid)
't

octo_offtOUT_5_OFF,0UT_100); J.

void outj7_off(void).
.

opto_offiOUT_6_OFF,0UT_100);
}.

void out_8_off(void)
I

opto_off(OUT_7_OFF,0UT_100);
}

:/*- 03ro routinen.to turn on the fitst 3 cutouts */

/+.. Adoress *00 hen. Outputs 1 to 8' */
,

C-lojda m e '. j n i v o i ci ) .
-- - - - - _ _ _ - _ - - _ _ - _-___ L.
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-

.

t r
-6s '

-opt _on(OUT_0_ON,0UT_iOO);
}

evoid out 2 on(void)
. C

opto_on(OUT_1_ON,0UT_100);
-}

Ocid.out_3_on(void),

{

opto_on(OUT_2_ON,0UT_100);
} .-

' ,

: void.out_4_on(void) !

{ j
opto_on(OUT_3_ON,0UT_100); .

''
}

. void out_5_on(void)
. g .

epto_on(OUT_4_ON,0UT_100); a
} I

Evoid out_6_on(void)
r

opte_on(OUT_$_ON,0UT_100);
.

} :!
void out_7_on(void) .

!

S
;

.opto_on(CUT _6_ON.OUT_100);
}} ;

void out_G_on(void) |
C

opto_on(OUT_7_CN,0UT_100);
t}

- / *- Coco routines to turn off the second benk of outputs */'
*

,

>

/* Address 101 han. Outputa 9 to-16. */.

'l

void cut _9_off(void)
. C. l

opto_off(OUT_0_OFF.OUT_101);
i

,

S
jvoid out_10_off: void) .s

( !

opto_off(OUT_1_OFF,0UT_101);_

4

} f

-void out_111_off(void) (
i

op'co_off(OUT_E_OFF,0UT_101);

[|
I

void out_1E_off(void)
dC

opto_off10UT_3_OFF,0UT_101);
4

}

:)d out_13 off(void)
J

{
.. s

opto_off(OUT_4_OFF,0UT_101);
1-

vold out_14_off(void) j
>

'- (
]on .:c | c.f f Gb~._'I /F 01 Fj co ) ;
:

, .. , . . , - _ _. ___ _ _ _ _ ___o .
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94 1:
?

Evo.d out 15 off(void)' i
'

? !
^ i

onta offfDUT-6 OFF,0UT_101); ;

s. . ,,.

Void sut,16 ;f"' void)
-

' ~ ,ccto of#CCi)T 7 3.".OUT 1~ )- ,
. - . !

- 3 ci
)

{/+' Ca tc tatin+s to tun on t h = = = men,i 'bant c c outputs. .*/

: / * :- . M. d re s 101. Gutt.uts 9 t c. 1A, -v .- ::
. , ,

~1

void out.9-on(void) ,

- . :;

{
-

c p to _on ( CUT _0_CM ,3JT_1M ) e
:

,;/oid;out_10_on(void}
-

y.e
. . ,

catc_ontCUT_1_ON'3UT 10;); (3
,

' ..

i
void out 11 onivoic) n

.,~

,
e a

oc t o ' er-(CU T E nh ,0UT-101): ,'

, .

t-

-|

)
d out_1E_:n. void)

.

.' !
-

cr,to o n ( CUT 3 0;J,00T 101 : ,

.,, ,
4

void cut !3 ontvoidi . ;

I'

C. .

101): g:.1cotc_on(OUT.9.GN,.OUT- .- .

.; ;

Oj
~- v o i d o u t _ i t._ o n : v o i d ) 1

4,

( .;
^ op t o_on i OUT_ E_CN , OU~ _101 ', ; ;

.) ij
' void out_1E_ontvcid) .

j(
,. ,iopto_on(OUT_6_ON,0UT_101);

--7 ,

!void out_16_on(void)
{
opto_on(DUT_7_,CN,OUT_101);

-} -:

s .-

1

F Opte input routines */
-

t~ in_,1(void)
4 ,

#,i 4

r e tur n ( o p t o ,_ i n ( OUT_0_ON , I N _102 ) ) ;
- ).
- int in 5(void; , c.Q

. . .-
jy.
j

'I-
. .v-.. , , , , . , , , , n -, _ . . . . - . . . - . . . . . - , , . . ~ , . - , . . - + . - . . - . ~ . - - . , , . . - -;-.a..- i.L: '
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i

k. - r e turn ( op t o_ i n ( OUT_1'_ON , I N_,102 ) ) ;
-

, .? :
. .

,

,

-int''in 3(void) _

.{
s W .,

,

return (opto_in(OUT_2_ON,IN_,10E)); |
3

+

.i n t i n'_,4 ( v o i d )
.

{~

freturnfopto_intDUT_3_ON,IN_102));
-).
| i n t - i n'_5 ( vo i d ) .|

1(. ..

return (opto_in(OUT_4_ON,IN_102));'

'

.!
}. . . -

Lint in_6(void) ,

({ .;-
i

. _

' return (opto_in(OUT_5_ON,IN_102));
'}

.,

int in 7(void) 't
-

t. .,
5,

return (opte_in(OUT_6_ON,IN_10E));'

'). -(

. i n t i n ,,,8 ( v o i d ~)
{

. return (opto_in(OUT_7_ON,IN_102)i; .,.

s

; |in 9(void) -t
-

.

{.
return (opte_in(DUT_0_ON,IN_103)); ;

.y
-!. int.in_10(void) .j

!{
raturn(opto_in(GUT _1_ON,IN_103)); ,

:

s. -

i n t' -in 11(void) ,

'{
return (opto_in(OUT_2_ON,IN_103)); $

!2,
' .

. int.- i n_12 ( void ) . t

{ .;

return (opto_in(DUT_3_ON,IN_103)); P

): '!
intLin_13(void) y

.!
.{' 4

r e t ur n i o p t' o_ i n ( OUT_,4 ION', I N; 103 ) ) ; a
'

; *r
_ _ :(

,

'' int in_14(void) i
7

, .'{
return (opto_in(DUT_3_ON,IN_103)); ;

'i.- ) ...
-

t in 15(void) !
-2

~

' returntopto_intOUT_6_ON,IN_103)); ;<

q
yj

- ' int:in_16(void',
-{ ;

.

. r etu- n t o;3to_ int CUT 7 ON. IN 103)):-
' 4g ;

-

i

,, , . - . , -_s _ - ._ ,-



. . . . . _ . .,_ . - - ..

:<

, . ' (-''

-et .
-

~(06/25/93 14 10:44)- Page 13-
. 4_T-;;I-hT A N

D_. C .
Fr'iday.; June 25, 1993 2:13 PM

'

'#
:

1
v ,.- rd clear screen ()

'

?{ -
unsigned'shortyfar *v;

.
_,

unsigned- i;. .

v. = (unsigned short far *) (OxbOOOL << 16): ;

for(i=L0; ic< (80*43); i++)
*v++ = 0x1f20;

void' set _ curs (unsigned char x, unsigned char y, unsigned' char p=ge)-
{

union REGS inreg,outreg; ;
inreg.h.ah = 2; '

inreg.h.dh = x;
*

inrag.h.dl = y;
+

inreg.h.bh = page;
.

..

intG6(Ox10,&inreg,Loutreg); ,

}_

voi'd start ()
,

C' -!
forks _back?), ,

waitsec((double) 2.0);
pivot _cw(); ,

waitsec((double) 2.0); ;

i) -

*

d initial ()
J

int' flag = 1;
if(!is_ pivot _cw())-

{

flag = 0;
printf("\n Pivot is not CW"'; .

)
if(!are_ forks _back(;)
{

flag = 0;-
printf("\n Forks are not back");

.,

-

}. '

if(! clutch _ engaged ())
'

(
flag = 0; 3

printf("in Clutch is not er.g ag ed " ) ;
}

..

iftlis_ camera _ locked ())..
,

q
_(

' flag = 0;-
'

printf("\n Camera is not 1ccked");
, )
i if(! flag)
E C- -

-

.

printf("\n System.is not in proper starting ccnfiguration");
.

- [' . exit (1);
'\ - 1.

" ~ ' '

if' flag)

,

priatf("\n System checked and eady to do a.run.");<

.s

-iold-steo-1/1
C-lim

a-

1
, , , . . . . . _ , - _ .

1
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~

,

'long _ start _ time, current _ time; }
initial ();
priretf_("\n Step 1. - Move forks forward."); t

time (astart_ time); ._

forks _ fwd ();
<

-ido r

..
. .

_ . .
,e

}while((time (Lcurrent time) - start time < TIMEOUT) &Lf(!are_ forks _ fwd ())l
'if(current time - start time >= TIMEOUT) !

&
'

tt_ time (time _ string);
_

_

"
_ _

.

, t i me_s t r i ng ) ;: .printf("%s%s"," Timeout moving forks fwd step.1 '-

fprintf(fp_ file,"%s%s"," Timeout moving ' forks fwd stop 1 - ", tim < '
.

.

fprintf(stdprn,"%s%s"," Timeout moving _ forks fwds step 1- " time;*,

'fflushistdprn); ,

fclose(fp_ file);
exit (1); ;<

}
:

}
.

.I
a

-' void step _2()

' <~ r

long start _ time, current _ time; ,

if(lare_ forks _ fwd ()) ,

{

tt_ time (time _ string); .
.

.

.

printf("%s%s"," Forks are not forward at the start of_ step 2.--~",,

fprintf(fp_ file,"%s%s"," Forks are not forward ab the start of s:j
forintf(stdprn,"Ms%s"," Forks are not forward at the start'of ste!
fflushistdprn);

.

,

fclose(fp_ file);
exit (1)- -;

}
'

printf("\n Steo 2. Pivot forks CCW."); ,3
time (Lstart_ time); .;

pivet_c:w(); j
do '

{
~ (lis_ pivot _ccw(1)::

.. +

}while((time (Lcurrent time) - start time < TIMEOUT) LL
if(current _ time - start _ time >= TIMEOUT) ;

:{' ;;

tt_ time (time _ string);
_

_

_

. .. ,

printf("%s%s"," Timeout moving pivot CCW .in step. 2 - ~", time _striri
fprintf(fp_ file,"%s%s"," Timeout moving pivot CCW . in step 2 - " ,il
fprintff.stdprn,"%s%s"," Timeout. moving ptvot CCW inistep.21 ",ti!

fflush(stdprn);
fclose(fp_ file): |
exit (1);

. ,

}

1,

1

d step _3()
_|

s_/ .

start _ time. current _ time;
'

long <

if(!is_ pivot _ccw()) )
( I

t t ,t i.me t t i me _s t r i ng ) ; ~)
.orintf'"h %s',"-civnt-im. rot cw at the start o f -'s tep 3 - ",tio(|

L-15 1
. . - - _ _ , _ _
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.p
.QL fprintf(fp_ file,"%s%s"," Fivot is not ccw at the start-~of step 3f-|'

fprintf(stdprn,"%s%s"," Pivot is not ccw at the_ start of. step 3 ->
fflushtstdprn); ,

fclose(fp_ file); ,

>

exit (1);

-}

$

.printf("\n Step 3. Retract forks."';
.

time (Lstart_ time);
forks _back(); +

do ,

,

{

}while((time (& current time) - start _ time < TIMECUT) LL (lare forks back(U
if(current _ time - start _ time >= TIMEGUT)' ;

{ ,

;tt time (time string);
printf("%s%s"," Timecut moving forks back in step 3 ", time _str:

fprintf(fp_ file,"%s%a"," Timeout moving forks back in step 3 ",

fprintf(stdprn,"%s%s"," Timeout moving forks back in step 3 "i-

fflush(stdprn); ,

fclose(fp_ file);
exit (1)- i

-

-1

3

) 1
-

,

( d step _4(;"

long start _ time, current _ time;

ifttare_ forks _back())
{

>

tt_ time (time _ string):
"printf("%s%s"," Fo r t.:n are net back at the start.of steo 4- , tio

fprintf(fp_ file,"Ms%s"." Forks are not back at the' start of stetj
fprintf(stdprn,"%s"a"." Forks ara not bstk at the stert of s tep ;
.fflush(stdprn);

' !

fclose(fp_ file);
exit (1);

i.
} !

printff"\n Step 14. Pivot for ks CW. '' ) ; i

time (Lstart_ time); .;
.

pivot _cw();
do
6

}while((time (Lcurrent_ time., - star,t_ time < TIMECUT) && (!is_pivotacw())1'.

if(current _ time - start _ time ';= TIMECUT)
"

- !
- 1

C

tt_ time (time _ string);
printf("%s%s"," Timeout moving pivot CW in step 4- , time _strir"

fprintf(fp_ file,"%s%s"," Timeout moving forks back in step 4, ' '

-"
fprintf(stdprn ""sh" " Timeout moving forks back in etep 4
fflush(stdpen):

,

\ exit (1);
}

Y :

@c:d -3tec_5() / * P*s # cac1e no t h a . > 9 ~/ ged. *e

l*N
i
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V _ int flag; !

ifilis_ camera _in_ operate ()) {
{ i

.tt_ time (time _ string);
printf("%s%s"," Camara is not in operate mode step - 5_ ", time y
printf("%s\n"," Relieve. tension in drive cable and restart (repea :;
fprintf(fp_ file,"%s%s"," Camera 11s not in operate-mode step - 5;

'

fprintf(fp_ file,"%s\n"," Relieve tension.in drive. cable and'resthri
forintf(stdprn,'"%s%s"," Camera is not in operate mode step 5 -E

fprintf(stdprn,"% sin"," Relieve tension in drive cable. and restar'.
fflush(stdprn), ,

,

I'

motor _cw_ slow (); '

'

waitsec(.5);
motor _cw ccw off(); '

_ .

step _1(); j
"step _2();

step _3();
step _4(); ;

}

if(lis_ camera _in_ operate ()) !
{

tt_ time (time _ string); i'

printf("%s%s"," Camera is not in operate mode - , time _ string);"
,

A fprintf(fp_ file,"%s%s"," Camera is not in operate mode - , time j!"

fprintf(stdprn,"%s%s"," Camera is not in operate mode - "stime_st'
fflush(stdprn); ;

'
fcloseffp_ file);
exit (1);

} .

printf("\n Steo 5. Push source to end.");
'

flag = w until_ disengage ();
_

if(! flag)
'

.

tt_ time (time _ string); .{
printf("%s%s"," Timeout disengagirg clutch ccw in step 5 ", time _;
fprintf(fp_ file,"%s%s"," Timeout disengaging clutch tw' .in ste s 5-
fprintf(stdprn,"%s%s",' Timeout disengaging clutch cw in step 5 -.,
fflush(stdprn);

~

exit (1); |
1-y

4

31

nvoid stap_6f) /* Engage clutch after source is the expose position * !
'{ _ i

int flag;
if(lis cable at end())

1.r
.i

'

tt_ time (time _ string): ( 1

printf("%s%s"," Cable is not at the end at the start of step 6:- ,

forintf(fp_ file,"%s%s"," Cable is not at the end at the start-of '

fprintf(stdprn,"Ms%3"," Cable is not at the end at the start of s-
fflush(stdpen):

1fclose(fp_ file); .
exit (1);

}
C~ll a

;

_ m .
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p
if(clutch _ engaged ())-

tt_ time (time _ string); .

.

printf("%s%s"," Clutch i.s engaged at.the start of' step 6 - ", time
fprintf(fp_ file,"%s%s"," Clutch is' engaged at the start of step i
-fprintf(stdprn,"%sY.s"," Clutch is engaged at-the start-|of step 6~
fflushtstdprn);
fclose(fp_ file);

g( exit (1);
}'

printf("\n Step 6. Re-engage clutch.");
flag = engage _ clutch _at_end();
if(! flag)

'

{

tt_ time (time _ string);
printf("%s%s"," Timeout engaging clutch cw in step 6 -'",t.ine_sti
fprintf(fp_ file,"%s%s",'" Timeout engaging clutch cw in step:6 -
fprintf(stdprn."%s%s"," Timeout engaging clutch cw in step?6~ "

fflush(stdprn);
exit (1);

'

}

} .

void step _7() /* Pull cable into.the camera. */

int flag;
if(! clutch _ engaged ())
{

tt_ time (time _ string);
printf("Y.s%s"," Clutch is not engaged at the start of step 7.--"-
-fprintf(fp_ file,"%s%s","-Clutch is not engaged at the start of's

| fprintf(stdprn,"%s%s",". Clutch'is not engeged at the,stert o f s t .-
fflush(stdprn);L

fclose(fp_ file);
exit (1);

}

printf("\n Step 7. Pull source back.";;
flag = ccw until_ disengage ();

_

-if(! flag)
<

tt_ time (time _ string);. . . ' .

printf("%s%s"," Timeout disengaging clutch ccw in step.7 ", time;

fprintf(fp_ file,"%s%s"," Timeout. disengaging clutch ccw;in step 7-.

-fprintf(fp_ file,"%s%s"," Tim?out disengaging clutch.ccw-in stepi7'
exit (1);

0.
motor _cw slow ();

_

waitsec(0.5);
motor _cw ccw off();_ _

t

' voidLstep_8()
l|{

int flag;
if(clutch _engagsd())

.( f-@

, - . - .. _ . - . . . .
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*

if ') tt_ time (time _ string);--

k/ printf("%s%s"," ' Clutch .is engaged at the' star t of' step ' 8 ", tim'e; '
fprintf(fp_ file,"%s%s","-Clutch is engaged atithe startHof step'E:
fprintf(stdprn,"%s%s"," Clutch is engaged-at the start of step 8 [
fflush(stdprn); ;

fclose(fp_ file); .|
exit (1);

} ;
i

printf("\n Step 8. Re-engage clutch.");
'

flag'= engage _ clutch _at_begin();
'

if(! flag)
< ,

printf("%s%s"," Timeout engaging clutch cw
.

,

I
'

:tt time (time string);
_ in step - 6 - ", time _stt; [

fprintf,(fp_ file,"%s%s"," Timeout engaging clutch cw in step 8 -- ;' !
fprintf(stdprn,"%s%s"," Timeout engaging clutch cw.in step 8 -~"|,,

'

fflush ( stdprn ) ;-

exit (1), .i i

}

}
,

,

,

void clear _line_5() -;

{ ,

; F05(5,0);
printf("%80c",' ');ss

}
i

)struct tm *newtime;

time _t aclock; ,

void tt_ time (char time _stringEJ) j

I !

timethaclock);
'

runct ime = localtime(Laclock);
strcpv(time string,asetimetnewtime));

} .

:<

$|

4
,

,

b

c

f
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'

APPENDIX D

Determination of Endurance Test Torque.

'

Background

ANSI N432 states that during the Endurance Test, a torque of T =
500 X L N-m must be exerted on the crank shaft at both extremities
of its normal movement, where L is the length, in meters of'the
crank lever.

The length of the crank lever for the Remote Control used with the
TITAN is 0.103 m (4.063 in). The torque requirement is therefore
51.6 N-m (38.1 ft-lbs).

This torque is transferred to the Remote Control drive cable via-
the control cable gear wheel which has a radius of 4.0 cm (1.6 in) .
The corresponding force on the drive cable is therefore 1276 N (287
lb). This force exceeds the rated strergth of Teleflex Cable,
however.

It was therefore necessary to determine experimentally a realistic
torque setting.

Equipment ;

[} An experiment was designed to measure what torque would be exerted
(/ on the Remote Control by a human operator. The Remote Control was

connected to a rigidly mounted bracket. The Teleflex Cable was
projected through this bracket and secured to another bracket
rigidly mounted 3 m away. In order to measure the tension on the
Teleflex Cable, a force transducer was connected in series with the
projected section of Teleflex Cable. The force transducer used was
Omega Model LCCB-300.

The excitation voltage for the force transducer was provided by a
Triple Output DC Power Supply, BK Precision Model No. 1660.

The signal from the force transducer was input into a Dual Channel !

Signal Conditioner, Gould Electronics Model No. 56-2400-00. The
output from the signal conditioner was captured using a Gould

,

Digital Storage Oscilloscope Model No. 4050.

The oscilloscope was then directly output to a Hewlett Packard
plotter Model 7470A.

Results

Data was first collected for human operators in a dynamic
situation. The Teleflex Cable was retracted quickly by hand. The
oscilloscope was triggered manually just before the slack in the
cable was taken up. Figures D-1 through D-3 are representative :

f samples of the profile of the impact when the cable became taught.
' Note that imV corresponds to 29 N (6.5 lb).

D-| Aug 93
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- Next data was collected for human operators in a static situation.-
-

;

With no slack in the cable, the operator pulled back on the' crank
. [~ 'as.hard as'possible. Figures D-4.throughzD-6 show three profiles a

.g
for the static test. Note that two plateaus are shown in Figure D- |

'6. The second and . lower plateau is the result on the operator
placing the' pistol: grip assembly against ' his thigh in order to ,

'

brace it.to achieve'a higher. torque.

In order to determine the-force profiles. produced,by the' automated-
test equipment ~ described in. paragraph 2.2.1, the. gear shaft of the
. Remote Control assembly was coupled to the pneumatic' clutch of-the- :

Endurance Tester. The drive ~ cable.was wound back.at,180 RPM:with~
~

the air pressure to the clutch set'at.different pressures ranging.
'

from .15 to 24 psi. Figures D-7,. D-8 and. D-9 show the- forces -
profiles recorded for clutch air pressures of 1S psi,16 psi and.17: .j-

'

psi respectively. .
.

Analysis
'By.: comparing the' force profiles'for the manual operation against

-those for the automated operation, it was determined that a clutch
air pressure setting of 16 psi would provide a release torque'that ? .i
safely represented the torque encountered in reality. As discussed |

in . paragraph 2.2.3, the air - pressure chosen caused excessive t

stresses not encountered during normal use.
'

.
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*

DESIGN SPECIFICATION

Endurance Test Log Sheet

(~)iL
Test Engineer

OC1 % Ibtit(d. O.
,

Cyc!) Action (e.g., startup/ maintenance) initials
No. Date Time

@V!C4 3C4 bt' e m Ed. < n m e T ~i-

M (o / 6(Wf or b(6 I
l

,'
- 6v\ 783 -?

-

a: OL <s

HRh cid%/shpahg%%/W $ .3
_

38 9Wes)y 5:06
hMh.N It -

ft

too 9/6c/ov sco sulo- B,n

6M (e
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One Titan shield was surveyed on 1993 March 02; b'oth Titan shields
twere surveyed on 1993 March:05. The effect of source position on
external radiation fields and the effect of depleted uranium (DU)
shrinkage on external radiation fields were investigated in greater
' detail.

,

Measurement Geometry and Instrumentation.

.The distance between the shield's surface and the geometric centre
of the instrument's sensitive volume was 50 mm.- The measurement
of the exposure rate at this distance from the surface shall-be- >

2averaged over an area of 10 cm with no linear ~ greater than 5 cm. ;

This field shall no exceed 50 mR/h (3.583 aA/kg). If this field
requirement is achieved, the field requirments at the surface and
1 meter from the surface will be achieved.

Three instrument's were used for the survey. Instrument (1) is a |
GM tube which detects crack leakage more easily than an ion chamber
because of its smaller sensitive volume. Instruments (2) and (3)
are ion chambers which are closer to the requirements required by
ANSI for radiation survey measurements. -

(1) Bicron Surveyor 2000 GM Tube

S.N. 6-144-060
Calibrated on 93 Jan 26
Active Length 6 cm

i

(2) Bicron RSO-5 Ion Chamber

S.N. 6-144-107
Calibrated on 93 Jan 26
200 cubic cm volume ,

t

(3) Victoreen 471 Ion Chamber

S.N. 6-144-266
Calibration Due Date 93 March 24
485 cubic cm volume with an equilibrium cap

Instruments (1) and (3) were used for the first survey on 1993
iMarch 02; Instruments (1) and (2) were used for the second survey

on 1993 March 05. ,

,
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Source Activity

The Ir-192 source activity was 119 Ci on 1993 March 01, vaing |

2Nordion's exposure rate constant of - 0.54 R m /h C1. (ANSI us's an
2exposure rate constant of 0.48 R*m /h Ci.) ;

Radiation Survey Results
.

!

The grid pattern used for the radiation surveys is illustrated in
Figure 1. Each surface has been divided into. a number of
incremental areas. The radiation survey results for shield 1 on
1993 March 02 are summarized in Figure 2; the radiation survey

results for shields #1 and #2 on 1993 March 02 are summarized in
Figures 3 and 4 respectively. ,

1

,

Effect of Shrinkace on Measured Radiation Fields
,

Figure 5 shows the measured shrinkage in thousands of an inch (and ,

mm) for Shield #2. (These measurements were performed by QNDE.)
.

>

Figure 6 shows the vertical plane of the Titan through the S-tube ,

for Shield #2. The exposure rate measurements (mR/h) for a number ;

of field points, the measured DU shrinkage (mm) and the estimated
'

increase in DU (mm) to reduce fields to 50 mR/h are summarized for -|
a number of points in that plane.

Figures 7 and 8 show the estimated increase in DU to reduce the
fields at 50 mm to 50 mR/h for all measurement points for Shields
#1 and #2 respectively.

.

TECHNICAL NOTE

For estimating the DU necessary to reduce fields to 50 mR/h, it is
very important to distinguish the transmission of *,Ir in depleted -

uranium from the transmission of wzIr in depleted uranium after
transmission through about 40 mm of depleted uranium.

,

This is important since most low energy photons have been filtered
!

out with this thickness of shield; the energy spectrum has become
quite hard. (It will take more depleted uranium to reduce - the !

fields after transmission through 40 mm DU . ) For example,' the-
half-value layer of Ir-192 in DU is approximately.1.5 mm;.after
transmission through 40 mm, the half-value layer is approximately ;

Table 1 summarizes the transmission factors for a number !3 mm.
!of thicknesses of DU after transmission through about 40 mm of DU.-

,
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Table 1
.

Transmission of w2Ir in DU after Transmission '

through 40 mm DU
.

|!

Thickness of Transmission Field '!
Depleted- Factor Reduction i

Uranium (%) -[
(mm) ;

i
0.5 0.90 10 :

'

1.0 0.82 18
1.6 0.75 25 i

2.0 0.67 33
2.5 0.62 38' - |

3. 0 - 0.55 45 ;

3.5 0.51 49 .|
4.0 0.46 54

f

The half-value layer of w2Ir in stainless steel after transmission ;

through 40 mm DU was measured to be 20 mm. ;;

i

!
i

Effect of Source Position on Radiation Fields
'

For Jhields #1 and Shield #2, the entire surface of the Titan was
'

ses ned using the Bicron Surveyor 2000 for a number of known, source
po zions. (The Surveyor 2000 is better suited for detecting i

loc, lized radiation fields due to its smaller sensitive volume.) i
The results are shown in Figures 9 and 10. !

. . |
Figure 9 illustrates - the maximum exposure rate at 50 mm as a i

function of source position for each' surface. Figure 10 shows: the j
same data except that the fields have been. normalized to the field .;

-

|measurement with the source in the optimum position.
.;
;|
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Summarv

Radiography film will be used to map all six Titan surfaces. This
is particulary important for mapping the riser of Shield #2. 100
mR/h could be measured with the GM tube while only 50 mR/h could be
measured with the ion chamber.

In general there was a good correlation between the ion chamber
measurements and the GM tube which indicates good field uniformity

! over the cross-sectional area of the ion chamber.
l

Shrinkage has accounted for some of the high field measurements.
The original shield design assumed 0.7% linear shrinkage; some of
the shrinkage measurements performed by QNDE show shrinke.ge.much
greater than 0.7%. A larger shrinkage factor can be-used in the
model; however, this will mean overshielding a large portion of the
surface. The shield's manufacturer has estimated that the
shrinkage is about 2.5%. Nordion must be .certain that the
shrinkage is reproducible; if not, it must be accounted for.

Overall, the radiation field measurements show a good degree of
optimization. Depleted uranium will have to added in some areas-
due to shrinkage.

The position of the S-tube within the DU shield must be. determined.

Lastly, it must be verified that the shields which have been.
produced are the shields which were calculated (with the exception
of shrinkage). One method is to check the estimated DU thickness
based on the digitized surface with the calculated DU thicknesses
based on Nordion's model.

.. .. .. . - - - _ _ _ _ - - - _ _ - _ _ _ - _ _ _ - _ - _ _ _ _ _ - __-_-_-__-___________-___________-__ -
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TEST SID0'.ARY

This technical note summarizes the drop testing conducted on the Titan
Gamma Radiography Exposure Device (GRED) developed by Nordion for Quality
NDE of Montreal.

Two prototype devices (serial numbers 002 and 003) vere tested as follows: .

*

TEST 01 1.05 m Puncture Test onto Lock Assembly of S/N 003

TEST 02 1.05 m Puncture Test onto Lock Assembly of S/N 003
(Repeat of TEST 01) '

TEST 03 1.05 m Puncture Test onto Lock Assembly of S/N 002
,

TEST 04 9.45 m Upright (Flat Bottom) Drop Test of S/N 002

TEST 05 9.45 m Oblique Drop Test onto Handle of S/N 002

TEST 06 9.45 m Vertical Drop Test onto Lock of S/N 003
,

The drop height was increased by 5% from normal regulatory drop heights to

8 compensate for the differences in weight between the prototype devices
(42.5 lbs) and the production devices.

i

The results of each test are recorded on the attached drop test record
sheet. A visual record of the testing can also be found on the following
films and photographs:

- High Speed Films AVC No.

- Normal Speed Video AVC No.

- Photographs, 9307-21627-1 to 40

,

Ill :
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n1 NA)
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IS/DS 0005 N990 (REV B)DE::;iGN SPECIFICAT1CN

C990 Source Assembly Tensile Test Data Sheet
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[du!3- T4casvemd bCalibration Due Date

ukot Vck 5hief\Final Length ~$ C t

Test Engineer or Technician mA h cu Date 93 07 M
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IS/DS 0055 N990 (REV B)
- DE 'lGN SPECIFICATION -

s
*

C990 Source Assembly Tensile Test Data Sheet

rce Assembly Senal No. 0004
/ A. Initial Measurement

5mt"Micronieter Model No.

N[4Serial No.

cth Mea 5afe_re d 3Calibration Due Date

Initial Length $(E etkuke

u - Date D 7 PTest Engineer orTechnician

C MC
B. Additional Testing

/
7 N|

^

Was any additional testing performed on source assembly (e.g., endurance testing)? Y

If yes, indicate details of test (e.g., endurance test, date, first cycle no.,last cycle no.)
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IS/DS 0055 NWO (REV B)
DESIGN SPECIFIC ATION

C990 Source Assembly Tensile Test Data Sheetj

'

ISource Assembly Serial No. COO 6

A. Initial Measurement

Micrometer ModelNo. 5 M E.

Serial No. 'J/4-

Calibration Due Date (o Meawr< med

InitialLength DEC 4

Test Engineer or Technician Date 9 7 R
'

fd hvc W b))O. Additional Testing
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/ NWas any additional testing performed on source assembly (e.g., endurance testing)? Y

If yes, indicate details of test (e.g., endurance test, date, first cycle no.,last cycle no.)
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