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1 108.07 -0.104 2.580 108.07 0.220

2 1180.50 0.085 0.376 1072.42 0.583
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18 33.57
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1 217.43 0.147 -0.122 217.43 0.003

2 496.88 0.123 -0.483 279.46

3 649.08 0.166 -0.597 152.20 0.031

4 934.93 0.147 -0.315 285.85 0.103
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17 34.44
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Loss 

(dB)

Reflectance 
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Slope 

(dB/km)

Rel. Dist. 

(m)

Total loss 

(dB)

Uncertainty

1 102.96 0.007 -3.058 102.96

2 375.38 0.054 -69.81 1.214 272.42 0.030

3 632.45 0.037 -0.726 257.07

4 816.63 -0.135 0.911 184.17 0.040

5 963.71 0.121 0.529 147.08 0.058

6 1082.02 0.166 -1.091 118.31 0.096

7 1231.66 0.122 -0.256 149.64 0.214

8 1550.76 0.151 -0.204 319.11 0.260

9 1836.61 0.119 -0.338 285.85 0.297

10 2356.52 0.078 0.244 519.90 0.519

11 2585.45 0.050 -0.203 228.94 0.577

12 2866.19 -0.144 0.686 280.74 0.782

13 3657.88 0.201 0.448 791.69 1.054

14 4042.21 0.100 -0.406 384.33 1.064

15 4552.52 0.146 0.249 510.31 1.292

16 4675.94 0.207 -1.901 123.42 1.200

17 5131.26 0.082 0.194 455.32 1.513

18 5403.04 -0.239 271.78 1.532

19 32.88
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File

File :
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MTS 5100 Num. 2437

5026VHD Num. 2739

Event 

(11)

Distance 

(m)

Loss 

(dB)

Reflectance 

(dB)

Slope 

(dB/km)

Rel. Dist. 

(m)

Total loss 

(dB)

Uncertainty

1 977.14 0.018 0.207 977.14 0.244

2 1300.08 -0.063 0.500 322.94 0.371

3 2328.38 0.054 0.155 1028.30 0.495

4 2667.95 -0.044 0.114 339.57 0.538

5 2945.49 -0.100 0.628 277.54 0.659

6 3185.93 -0.151 0.678 240.45 0.717

7 3352.84 -0.198 1.263 166.91 0.774

8 3783.86 -0.091 0.484 431.02 0.817

9 4035.82 0.106 0.200 251.96 0.802

10 5404.32 0.192 1368.51 1.197

11 34.99
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File

File :
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Device :

Module :
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21/12/2007 16:16:38

MTS 5100 Num. 2437

5026VHD Num. 2739

Event 

(2)

Distance 

(m)

Loss 

(dB)

Reflectance 

(dB)

Slope 

(dB/km)

Rel. Dist. 

(m)

Total loss 

(dB)

Uncertainty

1 5411.36 -45.02 0.348 5411.36 1.885

2 33.27
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File

File :
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Module :
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MTS 5100 Num. 2437

5026VHD Num. 2739

Event 

(2)

Distance 

(m)

Loss 

(dB)

Reflectance 

(dB)

Slope 

(dB/km)

Rel. Dist. 

(m)

Total loss 

(dB)

Uncertainty

1 5413.27 -46.09 0.206 5413.27 1.069

2 34.54
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MTS 5100 Num. 2437

5026VHD Num. 2739

Event 

(7)

Distance 

(m)

Loss 

(dB)

Reflectance 

(dB)

Slope 

(dB/km)

Rel. Dist. 

(m)

Total loss 

(dB)

Uncertainty

1 966.27 0.018 0.311 966.27 0.308

2 2341.81 0.066 0.379 1375.54 0.857

3 2749.80 -0.004 0.185 407.99 1.040

4 4084.42 0.031 0.309 1334.61 1.410

5 5236.14 0.026 0.356 1151.72 1.850

6 5412.00 -46.69 0.082 175.86 1.903

7 33.21
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File

File :
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MTS 5100 Num. 2437

5026VHD Num. 2739

Event 

(5)

Distance 

(m)

Loss 

(dB)

Reflectance 

(dB)

Slope 

(dB/km)

Rel. Dist. 

(m)

Total loss 

(dB)

Uncertainty

1 982.26 0.015 0.208 982.26 0.194

2 2809.91 0.053 0.202 1827.66 0.561

3 5160.68 -0.103 0.227 2350.76 1.146

4 5413.27 -40.86 0.632 252.60 1.189

5 34.24
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File

File :
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MTS 5100 Num. 2437

5026VHD Num. 2739

Event 
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Distance 

(m)

Loss 

(dB)

Reflectance 

(dB)

Slope 

(dB/km)

Rel. Dist. 

(m)

Total loss 

(dB)

Uncertainty

1 988.01 0.085 0.254 988.01 0.279

2 1324.38 0.060 0.075 336.37 0.399

3 3241.57 0.024 0.329 1917.19 1.042

4 4109.36 0.022 0.318 867.79 1.373

5 5421.59 -53.65 0.373 1312.23 1.881

6 33.12
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File

File :

Date :

Device :

Module :

fyx.wtk

21/12/2007 16:12:31

MTS 5100 Num. 2437

5026VHD Num. 2739

Event 

(2)

Distance 

(m)

Loss 

(dB)

Reflectance 

(dB)

Slope 

(dB/km)

Rel. Dist. 

(m)

Total loss 

(dB)

Uncertainty

1 5422.87 -51.50 0.211 5422.87 1.157

2 34.84
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2. TESTS CARRIED OUT ON SAMPLES 
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2.1 FIBRE OPTIC TESTS 
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2.1.1 FIBRE OPTIC HYDROSTATIC TESTS 
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      Mechanical & Materials Engineering Division 
      October 10, 2007 
 
Mr. Brian Herbst 
AFL Telecommunications 
150 Ridgeview Circle 
Duncan, SC 29334 
 
Subject: “External Hydrostatic Pressure Tests of Fiber Optic Tube Assembly” 
 
Reference: Southwest Research Institute (SwRI®) Project No. 18.18072.01.348 

AFL Telecommunications Purchase Order No. 147664 
 
Dear Mr. Herbst: 
 
This letter is to document the external hydrostatic pressure testing conducted at Southwest 
Research Institute on an AFL Telecommunications singlemode optical fiber that was clad 
in a stainless steel tube. The fiber optic cable, which was spun onto a spool for the tests, 
consisted of approximately 1.5 km of 1.17 mm, 304 stainless steel tube with two optical 
fibers inside the steel tubing. The tests were performed on September 27, 2007. 
 
The external hydrostatic pressure testing was performed in SwRI’s 30-inch I.D., 10,000 
psig test chamber using fresh water at ambient temperature as the test medium. A Hardy 
Instruments Model HI2151WC digital pressure indicator and a Dynisco Model  
G831-300-15M pressure transducer were used to monitor the test chamber pressure. Prior 
to testing, all pressure measuring instrumentation was calibrated on a SI Barnet dead 
weight tester which has calibrations traceable to the National Institute of Standards and 
Technology (NIST). A Soltec Model 1243 chart recorder was used to produce a permanent 
record of the test pressure versus time. A copy of the recording is enclosed with this report. 
 
Prior to performing the pressure tests, the fiber optic cables were molded onto an SwRI 
fabricated high-pressure penetrator (Figure 1). The cable penetrator was used for the 
purpose of penetrating the optical fibers through the test chamber lid and facilitate the 
performance of optical measurements on the cable assembly while at test depth. The tubing 
was not penetrated through the lid and was left open along with the opposite end of the 
fiber/tube assembly to the test chamber water. Once the molded feed-thru was installed, the 
assembly was secured in the test chamber and made ready for testing (Figures 2 and 3). 
 
The test consisted of subjecting the spool of optical fiber/tube to one (1) external 
hydrostatic pressure cycle to 6,000 +10/-0 psig. This maximum test pressure was 
maintained for a period of six (6) hours. Attenuation measurements were performed at each 
1,000 psig increment during pressurization, at 1-hour intervals during the six-hour hold 
period at test pressure, and at 1,000 psig decrements during depressurization. 
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The pressurization and depressurization rates for the tests were approximately 100 psig per 
minute in accordance with AFL test procedures. At the conclusion of the six hour hold 
period at maximum test pressure, the test pressure in the chamber was reduced to 0 psig. 
 
Fiber Optic Pressure Testing Results 
 
The measurements on the optical fiber were conducted using an EXFO Model FTB-100B 
Optical Time Domain Reflectometer (OTDR). This instrument measures the optical 
attenuation in an optical fiber, measuring reflections from scattering, bends, breaks or 
endfaces. It can be used with singlemode or multimode fiber and measures at multiple 
wavelengths. 
 
The OTDR was connected to an optical fiber, and measurements were recorded. 
Measurements were recorded at each pressure interval (every 1,000 psig) while the 
pressure was increased to 6,000 psig, then once per hour while the pressure was 
maintained for six hours. As pressure in the chamber was decreased, measurements were 
recorded at every 1,000 psig until the pressure in the test chamber was at 0 psig. The 
attenuation measurements for the fibers are shown in the graphs included in this report. 
Page 3 of this report shows two data captures from the OTDR screen showing the loss 
trace. These traces show the distance along the fiber where an event occurs and the 
measured loss over a given section. Between points 1 and 2 marked with the red arrows, 
the loss gradually increases. This is the fiber. Then the spike indicates reflection from the 
end of the fiber which the instrument measured to be at about 1.56 km. A second spike at 
exactly twice this distance is simply an echo from the back reflection bouncing back from 
the first face of the fiber. 
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Plot of the measured fiber attenuation over time during the pressure testing with the 
vessel pressure for each measurement shown in the thick blue line. 
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TRACE 001 
 

TRACE014 
OTDR traces for the optical fiber at 1,310nm (dark line) and 1,550nm (lighter line). The top 
trace (TRACE 001) is at the starting time with no pressure applied while the bottom trace 
(TRACE 014) is after six hours at 6,000 psig. 
 
The first OTDR trace was taken before the test began (point 1), and the second trace is 
from the last measurement at 6,000 psig (point 15). The dark line is 1,310nm, and the 
lighter line is 1,550nm. As seen from the plot on the previous page, there is very little 
effect on attenuation of the fibers with the increases in pressure. The observed fluctuations 
may simply be system noise. No extra loss locations were seen in the OTDR traces. 
 

Page 44 of 135



Mr. Brian Herbst
AFL Telecommunications

SwRI Project Number 18.18072.01.348
October 10, 2007
Page 4

SwRI appreciates the opportunity to provide this testing service and if you have any
questions or if we may be of further assistance in the future, please do not hesitate to call.

Sincerely,

&<;-~
Lee E. Ries

Principal Engineering Technologist

Reviewed and Approved by:

~A.{~
Jesse 1.Ramon, Manager
Test and Evaluation Section

C:\Documcnts and Scttings\aschuue\My Documcnts\Rics\18072.348.RPT .doc/as

Enclosures

cc: Record Copy B
A. Schutte
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Figure 1. 
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Figure 2. 
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Figure 3. 
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1.0 INTRODUCTION 
 
Two bend fatigue tests have been carried out on the RM0011 ROV Umbilical for SMD Hydrovision.  
The first test was carried out at the Global Marine test facility in Chelmsford and the second at the 
Bridon test facility in Willington Quays.  The first test at Global Marine failed and on subsequent 
investigation it was found that the set up and equipment used by Global Marine was inappropriate and 
failure had occurred for this reason. The second test, performed at the Bridon facility, passed. 
 
 
 
2.0 GLOBAL MARINE TEST 
 
This test was reported by Global Marine in their report number 0755.  An explanation of the test set up 
and results obtained is provided within their report.  Optical failure occurred after 2834 passes and 
electrical continuity after 9180 passes. 
The test rig and set up were subsequently reviewed and a number of observations have been made, 
which are as follows: 
 

1. Load was applied to the cable via two large steel ropes (connected to either end of the 
umbilical) and from two winch drums.  The size and accuracy was applicable to very large 
umbilicals.  The system was inappropriate for this small umbilical.  Transient loads at reversal 
points would have been very high. 

2. The sheave wheel was flat, non-circular and in poor condition.  There was, therefore, no lateral 
support for the umbilical.  The transients which occurred could have resulted in the umbilical 
lifting off the sheave wheel at the reversal points. 

3. Global Marine had not determined the correct travel length for the diameter of sheave wheel 
used.  The sheave wheel diameter was 450mm which is a circumference of 1414mm.  The 
travel was 750mm and less than 50% of the cable was in contact with the sheave wheel 
(estimate approx  40%).   The definition of a cycle is straight – bent – straight.  Hence, with this 
set up a cycle is completed in one pass.  Global Marine had intended, and had state in their 
report, that two passes were required for one cycle, but in fact, one pass resulted in the 
umbilical doing one cycle. 

4. Connection of the steel rope to the umbilical was via a trolley on inflated wheels, once again 
introducing other transients particularly at reversal points.  

Numerous cyclic reeling tests have been performed on similar products with no problems, thus it was 
concluded that this test rig was inappropriate and had induced faults, causing premature failure. 
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3.0 BRIDON TEST 
 
 
This test was preformed at the Bridon Willington Quays facility on Tuesday 15 April 2008.  It was 
performed on a test machine designed for steel rope of a similar diameter to this umbilical and by 
Bridon personnel who are very experienced in doing this type of work. Catherine Toleman of SMD and 
Alan Clark of Cortland Fibron witnessed part of the testing. 
 
Some photographs of the test rig with the umbilical install into it are shown below: 
 

                
 

               
 
The sheave wheel had a pitch circle diameter of 347.3mm and a root diameter of 330mm which was 
less than the diameter of the Global Marine sheave wheel which had a 450mm root diameter.  Thus, in 
theory, the Bridon test should have been more onerous. 
 
The groove in the sheave was 17.3 + 7.5% (18.6mm). 
 
A load of 60kN (6.1T) was applied and it was cycled at approximately 9 cycles per min. 
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Ovality was monitored every 250 cycles, but optical and electrical continuity could not be performed 
until the test was completed. 
 
The optical testing, electrical continuity and visual examination were performed at the Cortland Fibron 
factory after completion of the cycle test.  
 
Optical and electrical continuity were tested and both passed. 
 
Ovality on load varied between 17.26mm and 17.02mm in one plane and between16.83mm and 
16.6mm in the opposite plane. 
 
The optics and electrical units showed no discernable change from the virgin state. 
 
Photographs of each dissection stage are provided below. 
 

Sample of the umbilical at the transition 
section that had been on and off sheave 
wheel (i.e. cycled) and that which had not. 

Section of the umbilical with the armour 
removed. 

Section of the umbilical with outer jacket 
removed.  Discoloured portion is the area that 
had seen bending. 
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Copper polyester tape removed from the 
umbilical.  Signs of the tape cracking.  This is 
typical on a cable that has undergone 5000 
cycles. 

View of the assembly.  Shows the assembly 
in good order with no evidence of mechanical 
damage to the component parts. 

View of the central quad.  Again in good 
order with no signs of damage to the 
component parts 

 
Although there was clear evidence that the cable had undergone a 5000 cycle test there were no visual 
signs of any degradation to the component parts. 
 
 
 
As expected the cable had convincingly passed the cycle test. 
 
4.0 CONCLUSION 
 
 
The umbilical passed the 5000 cycle test on the Bridon test rig.  There were deficiencies with the Global 
Marine test rig and set up that had resulted in premature failure. 
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Materials Technology Ltd. 
5 Rushington Court, Rushington Business Park, 
Chapel Lane, Southampton SO40 9NA 
 

Tel:  +44 (0) 2380 580240 
Fax:  +44(0) 2380 661758 
 

e-mail: info@mtechltd.co.uk 
Web: www.mtechltd.co.uk 

Swell Tests Performed on Polyethylene 
and Polypropylene Granules in Royal 

Purple Hydraulic Fluid 

Mr A. Clarke 
Cortland Fibron Ltd. 
Unit 2 RD Park 
Stephenson Close 
Hoddesdon 
Herts EN11 0BW 
 
September 23, 2008      Job No: A88555 
 

Introduction 
This report details swell tests performed on a sample of polyethylene and two samples of 
polypropylene granules immersed in Royal Purple hydraulic fluid. The tests were 
performed for 7 days at 50°C. 
 
The hydraulic fluid and polymers were supplied by Cortland Fibron Ltd. 
 
The samples were identified as follows: 
 

1. Polyethylene granules (PEH3366) 
2. Polypropylene granules (PP553) 
3. Polypropylene granules (PP4821)
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Method & Results 
Discs approximately 30mm in diameter and 2-3mm thick were pressed from each of the 
materials. The samples were then immersed in the Royal Purple test fluid for 7 days and 
maintained in an oven at 50°C. Following the test the discs were washed and dried prior 
to weighing. 
 
The results are given below: 
 

 

 
PE (PEH3366)  

Disc 
 

PP (PP553)  
Disc 

PP (4821)  
Disc 

Test solution Royal Purple 
 

Test Temp 50°C 
Test duration 7 days 7 days 

wt pre test 2.9543 2.737 4.2723 
wt post test 2.9617 2.8221 4.5534 
Difference 0.0074 0.0851 0.2811 
% change 0.25% 3.11% 6.58% 

 

Visible differences post 
test No visible changes Sample has yellowed & 

possibly softened slightly. 
 
 
 
 
 
Justin Bates 
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