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1 Introduction
1.1 Bcope

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
regquirements 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].

1.3 Quality Assurance and Test Data

The Quaiity Assurance requirements are defined in the Test Plaa.
All tests were recorded on videotape and witnessed by a Quality
Assurance Representative. The test data is stored in Nordion’s
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.
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2 Tests on the Entire Apparatus
2.1 Projection Under SBtress Test
2.1.1 Egquipment

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 liandle 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
this failure, a new Source Assembly (S/N 0002) was used for the
final Projection Under Stress Test.

The torgue 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 torgue 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 torgue 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 phascs: 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

dats for each cycle are separated by square brackets on the data
st cets,

2.1.3 Analysis

The peak torque required to drive the source out of the Exposure
Device increased from 24 in-1lb (2.7 N-m) during the initial test to
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28 in-1b (3.2 N-m) during the final test. This increase is less
than 25%.

The drive torgue requived to retract the Source Assembly into the
S~tube decreased.

The torque reguired 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 torqgues are considered
to be low from a human engineering perspective. Test exposures
completed manually showed that the C$90 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 alsc 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
TITAN 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 sensore 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. 2 thLird pneumatic cylinder rota . 1 the pivot plate
and Selector Ri.. counterclociwi’ :., With the Selector Ring in the
operate position, the wrist me:. nism was res«t by retracting the

fingers and rotating the pivet plate back to its clockwise
position.

The drive mechanism was used to push the Source Assembly to the end
of the Projection Shenth and then pull it back again. This was
accomp.ished using a 1.5 hp 3 phase motor with a motor controller
and a pneumatically controlled clutch. The motor and clutch were
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
Projection Sheath and the torque on the gear wheel reached a pre-
defined limit, the clutch disengaged and the motor was shut off.
The appropriate clutch torgue setting was determined
experimentally. (See Appendix D.) Once the clutch was reset, the
motor was reversed and the Source Assembly was retracted intoc the
Exposure Device. When the Source Assembly reached the secure
position and the clutch disengaged, the motor was turned off and
the clutch was reset again.

An exposure cycle was broken down into eight sequential steps:

Push fingers forward to engage on pins on Selector Ring
Rotate pivot plate and Selector Ring counterclockwise

. Retract fingers from Selector Ring

Return pivot plate to clockwise position

Drive motor forward until clutch disengaged

. Reset clutch

Drive motor backward until clutch disengaged

Reset clutch

WO WM

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.

Error messages were printed if the system was not in the
appropriate configuration or if a step was not completed. ¥hen an
error was detected, testing was interrupted immediately.

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
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.
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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
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
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
microscopically and determincd 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
Fndurance Test QA Witness Check Sheets and are included in Appendix
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 eguipment 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 eguipment 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
replaced after cycle number 1923 and again after cycle number 6485.

After tne Endurance Test, the Source Assembly was checked with a

Go/No-Go gauge and found to pass. It was then photographed at high
magnification.
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100 cycles were performed manually with the TITAN thermally
stabilized at +55°C without incident. 100 cycles were performed
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
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 tn the floor in the predefined 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 1lb 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 Contrcl 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
Control Sheaths are capable of withstanding tensile forces of 500
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. Oone 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 after 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 conditinons.
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3.2 Horizontal Bhock Test

3.2.1 Equipment

The test was setup as described in the Test Plan using TITAN S/N
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 Ixit 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,
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 Apvendix G.
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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’ Manual.

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 Eguipment

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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Puncture Resistance Test. Because the prototypes weigh less than
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
t+he 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.

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.

i4 Sept 93



TR~930%fN990 Rev.A

"HORDIONAINTERNATIONKL INC.PBOPR}?TARY"

4 Tests on the Remote Control Device

4.1 Kinking Test

Equipment

Control Sheaths ed

the Tenslle Test

apparatus 4 ed in the Test Plan. It was

d however iat th metek 3 wometer was not suitable

measuring 1€ speed O e Remote Cont Sheath. nstead the
reguired ¢t ] pull the sh 1 until the loop had

appeared was 0.76 seconds less was

to achie

rea X

Remote

Results




“NORDION INTERNATIONAL INC.PROPRIETARY" TR-9302~N99%0 Rev.A

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 Cel. 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
1b 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 1lb
(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 was. 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 toc meet and exceed the test
regquirements.
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5§ Tests on the Projection Bheath
$.1 Kinking Test

$.1.1 Eguipment

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
usiiig 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 incliuded in Appendix M.

$.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

$.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.
$.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.

$.2.2 Analysis

The Projection Sheath suffered no damage and was later demonstrated
to pass the Projection Under Stress Test (paragraph 2.1).
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‘ $.3 Teansile 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.

$.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 1lbs (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
wps Tensile #17 and are included in Appendix N. Note that trial #6

was rejected.
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The Projection Sheath was then tested until failure. During trial 1
#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.
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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.

$.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 1b)
. 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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§ Test on the Source Assembly

6.1 Tensile Test

6.1.1 Eguipment

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 Femote 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 O.

Source Assembly S§/N 0005 was subjected to ten trials of 1000 N (225
1bs) 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 O.

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

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

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.
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7 References

. 1 Nordion Document IS/DS 0055 N990
"Test Plan for the TITAN Gamma Radiography Exposure Device".

2. Nordion Document IS/OP 0090 N9%0
"Titan User’s Manual".
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APPENDIX A

Deviation Disposition Requests
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TITAN Endurance Test Software
Document Number K122215-001 Revision D
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inr2g.h.dl = y3
inreg.h.bh = page:
: intS& {010 . &inreg doutrey);
3
void start(.
<
forke _backi):
waitsec ({double) 2.0);:
pivot_cwll;
waitsec ({double! 2.003
3
. inttial(}

int flag = 1:
j ifilis_pivot _cwl))

flag = O3

printfi"\n Fivot 18 not 5
J
iTllare _forks_back(,
P
faag = Of
printf{"\n Forks ar2 not back®
3
ifilclutcn_engaged(})
L
flag = O3
printf{"..n Cluteh i1e n3% AQ e
3
: ifilis _camera_locked!))
<
flag = 01
printfi{"\n Camera is not be
. 3
[ if (1 flag)
) £
. printf{“\n Bystem is not pre starting ccnfigu
. @nitills
: if'flag)
~ priatfi{"\n System checled and “esady tc do a e PR
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)

. long start_time,cuwrrent_time: 1

initiald)s :

prirntf{*\n Step 1. Move forks forward."); }

time(Lstart _time); i

forks fwd();

do

{

jwhilef((time(&ecurrent_time) - start_time < TIMEOUT) && (lare_forks_fwd())
iflocurrent _time - start_time = TIMEOUT)

c i

tt_time({time_string)i

printf("%s%s” ,"Timecut moving forks fwd step 1 - " time _stringlg
fprintfi(fp_file,"%s%s"," Timecut moving forks fwd step 1 - ",time
fprintfi(stdprn, “Ysis”," Timeout moving forks fwd step 1 - “,time
ffluzshistdprnig -
fclosei(fp _file)ls

@nxitil);

[

b n
void step 20

. i

long start_time,currert_times é
ifitare_forks_fwd())
b ?
. tt _timel(time_string) :
printf("%s4%s"," Forks are not forward at the start of step 2 = ™,
fprintfi(fp _file."%sis","” Forks are not forward at the start of s
forintf(stdprn,"4%s%s"," Forks are not forward at the start of ste
fflushistdprnig :
close!fp_file); f
axititls 2
o N ‘

p
printft"\n Step B. Pilvot for:s CCHW.")3
time Lztart _time)

pivet_cowilg

de

r
.

Ywhilel (time{lcurrent_time) - start_time < TIMEOUT) && (!is pivot _cowl::
iflcurrent _time ~ start_time = TIMEQUT)

:
|

r

1 |
tt_ timel{time _string s
printfi{"%s%s”"," Timecut moving pivet CCW in step @ - ",tima_ltriﬂ
fprintfifp_file,"%s%s"," Timeout moving pivot CCW in step 8 -~ ",
forintfistdprn, "%e%s"," Timeout moving pivet CCH in step 2 -~ ",t3
fflush (stdprn); T
felose(fp_fileds f
exitill; i

b

T

ong start_ftime Current_tim
ifllais _pivet cow())d

2 At

t Simeitine Sstringls

EF I v aYe ) Y Blont ie ot zow at the start of aten 3 o« P Sime
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. fprintfifp _file,"4sis"," Fivot is not ccw a3t the start of step &
forintfistdprn, "%ske”," Pivat is not ccw at the start of step 3

fflushistdprnii
felose(fp fileiy
exitildg

"

printf("\n Step 3. Retract forks,"';s
time(lstart_tima);
forks_back()s

do

‘

while((time(Scurrent_time) - start_time ¢ TIMERUT) &4 {(lare_forks_backl
ificurrant_time —~ start_time .= TIMEGUT)

r .
{

tt_timel(time_stringlj

printfi"%s¥%s"," Timecut moving forks bhact in step 3 - ",time_str
fprintf(fp_file,"Us%s","” Timeout moving forks back in step 3 - "
fprintfistaprn, "Ysis"," Timeout movaing forks back in step 3 - ",
fflush(stdpyn:;

foclogselifp _filels

exiti{ll)s

()

d step &

- v

lc gtart_tame,curvent_fime:
if{lare_forks backf})
r

s

tt_ timeitime _string!:»
orintf("%e%s"," Fortz are nct back at the start of sten & - B
fprintfifp_file,"%s%s"." Forks are not back at %has star |
forintfistdp-n,"%e%s” " Furks ara not back al the st
fflush{stdprn’s

frolcsel(fp file)s

exitil)s

[

grintfi"\n Step 4. Fivet forks CW,." 13
timetdstart_time) s
p:vcf_:wf);

do

L

iwhilef(time/dcurreant time, - siart_*ime 7 TIMECUT) & (1is _pivet =wl2):

iflcurrent_time - start_time "= TIMETUT)

r
tt_timeltame_string)s
printf("%s%s",” Timeout moving pivoet ClW in step 3 = "stime _shrir
forintfifp _file,"%a%z"," Timeout moving forks Sack in step & = )
forintfistdprn,. 'Ustie" . " Timgout moving forks back 10 step &4 -~ i

. fflushi{stdprni

exiti{lds

J

e .:‘ 3V e o - e :I.. i ¢ = _‘4(.‘. i
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|

]

I

i

‘. int flag; !
r 1¥{lis_camera_in_operate()) ,
i

|

|

|

i

!

:

i

<

tt_time(time_string):

printf(“"%s%s”," Camera is not in operate mode step - 5 - ",time_¢
printf("%s\n","Relieve tension in drive cable and restart (repea-
fprintf(fp_file, "Us%s"," Camera is not in operate mode step - § -
fprintfifp_file,"%s'\n","Relieve tension in drive cable and restar
forintfistdprn,"%s%s"," Camera is not in operate mode step - 5 -
fprintf (stdprn."%s \n","Relieve tension in drive cable and restar’
ffiushistcprn);

motor _cw_slowi)s
wailtsec (.53

motor_cw_ccw_nffli)g i
step_1()3 l
step B()3
atep_3():
step_4()3

4
1filis_camera_in_operatel )
x
LS

| tt_timel(time_string)j
printf "%s¥%e”,"” Camera is not in operate mode - “",time_string’;
fprintfi(fp_file,"%s%s"," Camera is not in opersate mode - ", ,time
. fprintfistdprn, "%sis"," Camera 1s not in operate mode ~ “,time_st
ffiushistdprnl g
fclosel(fp_file);

@ritil)s |
|
I
printf{"\n Step %5. Push source %o and.")} |
flan = tw_until _disengage? ) g :
1if{1¥1lag) |
tt_timeitime_string)s :
printf{"%s%s"," Timeout disengagirng clutch cow in step € ~ “,time
fprintf(fp_file,"%s%s",” Timecut disengaging clutch cw in ste ., S 4
fprintfistdprn,"4%s%s"," Timecut disengaging clutch cw in step 5 ~ |
ffilushistdprn) '
exitdliig h
3 !
3
void step &) /% Engsge clutch after scource is the sxpcse position ¥
r
.

\
:
I
|
int flacs i
ifllis _cable_at_end()) |
tt_tims(bime_string’; §
printf("%e%s",” Cable is not at the 2nd at the start of step &6 -
forint7(fp_file,"%s%s"," Cable is not at the end at the start of |
. ferintfistdprn,"Ysis"," Cable is not at the end at tne start of &
fflushi{ssdprnis
fizlose(fp _file);
exitiilz

-y
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. tt_timel(time_string’:
printf("%s%s","” Clutch is engaged at the start of step B - ",time
fprintfi(fp_file,"%s%s"," Clutch is engaged at the start of step ©
fprintfi{stdprn, "%s%s",." Clutch is engaged at the start of step B
fflush(stdprn);
fclose!fp_file)s
enitil)s

=
J

printf{"\n Step 8. Re—-engage clutch.")j
flag = engage_clutch_at_begin();
if(lflag)

r
L

tt_time(time_string’;

printf{"%s%s”," Timecut engaging clutch cw in step & -~ ",time_str
forintf(fp_file,"%s%s","” Timeout engaging clutch cw in step 8 - '
fprintf(stdprn,"%s%s"," Timecut engaging clutch cw in step 8 - ",
ffiushi{stdprn)lg

exitill;

void clear_line_8i1)

£

FOB(S,01}
printf{"%@0c" 3" "3

b
4

struct tm #newtime?
time_t aclocks

voagd tt_timeichar time_stringll)
time dacliock)s

newtime = localtime(daclock):

strepvi(time_string.asctime newtime)) s

-9
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AFPPENDIX 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 regquirement is therefore
51.6 N-m (38.1 ft-1lbs).

This torgue is transferred to the Remote Control drive cable via
the control cable gear wheel which has a radius of 4.0 cn {1.6 in).
The corresponding force on the drive cable is therefore 1276 N (287

1b). This force exceeds the rated strergth of Teleflex Cable,
however.

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

Equipment

An experiment was designed to measure what torgque 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 tc 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  470A.

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
samples of the profile of the impact when the cable became taught.
Note that 1mV corresponds to 29 N (6.5 1b).

b~ 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 through D-6 show three profiles
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 Centrol 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 1% psi, 16 psi and 17
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
safely represented the torque encountered in reality. As discussed
in paragraph 2.2.3, the air pressure chosen caused excessive
stresses not encountered during normal use.

D-1 Aug 923
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. APPENDIX E

Endurance Test Log Sheets
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