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Ladies and Gentlemen:

On March 13, 2009, NRC issued an inspection report concerning the July 12,
2008 failure of the generator drive coupling on the 1B Emergency Diesel
Generator (EDG) at the Edwin I. Hatch Nuclear Plant (HNP) of the Southern
Nuclear Operating Company (SNC). The March 13, 2009 inspection report
included a finding preliminarily determined to be of low to moderate safety
significance (i.e. a White finding) when assessed using the Significance
Determination Process (SOP).

SNC is in basic agreement with the statement of the facts related to this event as
described in the Inspection Report. SNC has calculated that this finding meets
the established criteria for a Green finding rather than White. In discussion with
Region II Risk Analysts and as noted in the inspection report, the difference is
essentially due to the application of common cause treatment by the NRC.

SNC has concluded that application of common cause failure (CCF) treatment is
not appropriate in this case for the following reasons:

- EDG coupling failures are unique, infrequent, and independent events, as
supported by review of the NRC CCF Database and Analysis System.

- The 1B EDG is the Unit 1/2 shared diesel generator. Its coupling had
significantly worse cracking and over 20% more run time than the other
couplings, with more than twice as much run time over 1800 hours, the
approximate point at which surface cracks begin to progress. Run time is
the dominant factor related to coupling failure. The higher run time of the
1B coupling is a significant factor against applying common cause
treatment.

- Post-event examination and testing of the other couplings revealed them
to be in significantly better condition than 1B, supporting estimated
remaining lifetimes equating to several years of standby service.
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- Testing confirmed that probabilistic risk assessment (PRA) mission times
for the couplings would have been clearly met for the remaining EDGs.

As evidenced by the report provided in Enclosure 2, SNC devoted considerable
resources to exploring the root cause of the 1B EDG coupling failure and to
determining the remaining life expectancies of the other EDG couplings, which
were found to be considerable. These actions were taken with the expectation
that understanding the condition of the equipment, including the significant
difference in the run time hours of the 1B EDG compared to the others, would be
paramount to making an assessment regarding application of common cause
treatment. By not discounting the actual condition of the equipment during the
NRC assessment process, licensees will be encouraged to expend resources for
extent of condition determination. This would be consistent with the promotion of
good root cause determination techniques and the aims previously stated by the
NRC.

SNC has reviewed the NRC Risk Assessment of Operational Events (RASP)
handbook, I\IUREG/CR 5485 (Guidelines on Modeling Common-Cause Failures
in Probabilistic Risk Assessment), and other relevant guidance. We have
concluded that the guidance would allow for consideration of actual extent of
condition to be a factor towards the decision whether or not to apply common
cause. We believe this to be the more appropriate approach. This guidance
acknowledges that common cause determinations involve evaluation and
judgment based on a host of factors, including similarities and differences
between the failed component and the rest of the component population. We
respectfully request that the I\IRC explain why the actual condition of the
remaining couplings, as shown in the Enclosure 2 test report, was not considered
in the decision to apply common cause treatment.

Enclosure 1 of this letter provides additional information supporting treatment of
this event as an independent failure rather than as a common cause failure,
leading to SDP assessment of the finding as being of low safety significance (Le.
a Green finding). Enclosure 2 provides a copy of Altran Technical Report 08
0372-TR-001, Revision 1, January 2009, "Emergency Diesel Generator Coupling
Assessments." This is a technical report describing examination and testing
performed at offsite laboratories to determine the extent of degradation in the
other couplings. This information on the condition of the other couplings supports
the conclusions of Enclosure 1.

NEI has recently submitted Industry comments on the Risk Assessment
Standardization Project (RASP) Handbook. Several comments address common
cause treatment, and the NRC has acknowledged that work is needed to improve
the process in this area. SNC fully endorses the NEI comments and encourages
the NRC to work with NEI to improve the gUidance in the RASP Handbook,
specifically, but not limited to, the application of common cause treatment.
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Mr. D. R. Madison states he is Vice President of Southern Nuclear Operating
Company, is authorized to execute this oath on behalf of Southern Nuclear
Operating Company and to the best of his knowledge and belief, the facts set
forth in this letter are true.

This letter contains no NRC commitments. If you have any questions, please
advise.

Respectfully submitted,

SOUTHERN NUCLEAR OPERATING COMPANY

p.~Y7/cJ.' ,
D. R. Madison
Vice President - Hatch

*Sworn to and subscribed before me this~ day of A-p ~ \ \

'"YYl~<- ~,C~
Notary Public

My commission expires:~

DRM/DWD/daj

Enclosures:

1. Discussion of Common Cause in 1B EDG Coupling Failure
2. Altran Technical Report 08-0372-TR-001, Revision 1, January 2009.

"Emergency Diesel Generator Coupling Assessments"

cc: Southern Nuclear Operating Company
Mr. J. T. Gasser, Executive Vice President
Ms. P. M. Marino, Vice President - Engineering
Mr. M. J. Ajluni, Manager, Nuclear Licensing
RType: CHA02.004

U. S. Nuclear Regulatory Commission
Mr. L. A. Reyes, Regional Administrator
Mr. R. E. Martin, NRR Project Manager - Hatch
Mr. J. A. Hickey, Senior Resident Inspector - Hatch

State of Georgia
Mr. N. Holcomb, Commissioner - Department of Natural Resources

,2009.



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Edwin I. Hatch Nuclear Plant 
Response to Preliminary White Finding on 1B EDG Coupling Failure 

 
Enclosure 1 

 
Discussion of Common Cause in 1B EDG Coupling Failure 



Enclosure 1 
 

Edwin I. Hatch Nuclear Plant 
Discussion of Common Cause in 1B EDG Coupling Failure 

 

E1 - 1  

 
SNC agrees with the description of the facts surrounding failure of the 1B 
Emergency Diesel Generator (EDG) coupling as stated in the March 13, 2009 
NRC Inspection Report, with the following minor corrections: 
 

- The 1B EDG coupling failed catastrophically at about 1.5 hours (not 30 
minutes) into a fully loaded 2-hour test run. 

 
- Coupling 2C (not 1C) was subjected to full load offsite testing without 

failure, and prior to testing had accumulated about 2260 hours (not 2200 
hours) of run time. 

 
Key points of agreement include: 
 

- Surface cracking in the gland rubber of an EDG coupling (2C) was first 
noted in 1988.  (An air test was performed on the gland at the vendor’s 
recommendation, with satisfactory results, and the cracking was 
considered normal wear.)  Cracking was not recognized as an indication 
of coupling degradation, no condition report was written and no further 
actions were taken.     

 
- The 1B EDG was manually shut down on July 12, 2008 due to abnormal 

vibration at just over 5 hours into a planned 24 hour surveillance run. 
 

- After investigation, the 1B coupling was replaced, as were all four other 
EDG couplings.  The 1B EDG was tested and declared operable on July 
14, 2008. 

 
- The exposure time due to the 1B EDG coupling failure was 182 days, 

counting back 178 days to include periods of successful EDG operation 
summing to the 24 hour mission time, plus the 4 day repair interval.  (Note 
that during this exposure time period multiple successful test runs were 
conducted with all the other EDGs.) 

 
- 1B EDG coupling failure was due to degradation from age related 

deterioration combined with accumulated operating time under load.  
 
Where SNC chiefly differs from the finding description in the NRC Inspection 
Report is in determination of the applicability of common cause failure (CCF) and 
consequent treatment in the Significance Determination Process (SDP).  SNC 
has calculated the significance of this finding to be Green rather than White.  The 
difference is due to the application of common cause treatment by NRC.  The 
factors discussed below support SNC’s conclusion that common cause treatment 
is not appropriate in this case. 

 
The NRC Common Cause Failure Database and Analysis System, maintained by 
Idaho National Laboratory, is compiled from industry operating experience input 
via the Equipment Performance and Information Exchange (EPIX) and the 
Institute of Nuclear Power Operations (INPO) Nuclear Plant Reliability Data 
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System (NPRDS).  Review of this comprehensive database disclosed no 
comparable failures of an EDG coupling.  This factor in itself supports 
consideration of the 1B EDG failure as a unique, infrequent, and independent 
event. 

 
 

Following removal of the couplings from service, hardness of the gland rubber in 
the 1A, 1B, 1C and 2C couplings was tested and cracking extent was determined 
by visual examination and depth gauge probing as detailed in Enclosure 2, Altran 
Technical Report 08-0372-TR-001, Revision 1, January 2009, “Emergency Diesel 
Generator Coupling Assessments”.   The gland rubber of all four couplings tested 
had hardened with age to a similar degree, making the rubber more susceptible 
to crack initiation due to environmental factors and surface flexure in operation, 
and hence more susceptible to crack propagation under load.  While minor 
surface cracking was first noted in 1988 and has been observed even in unused 
couplings, correlation of run time hours with cracking extent indicated that 
cracking began to progress after around 1800 hours of operation, with 
subsequent run time being the dominant factor in crack growth leading to 
coupling failure.   

 
 

The 1B EDG is the Unit 1/2 shared diesel generator, and in that application 
accumulated about 20% more run time than the next most frequently operated 
EDG, with more than twice as much run time over 1800 hours.  The 1B EDG 
coupling exhibited a much greater extent of cracking than did the other couplings.  
This demonstrated the great effect which the difference in run time had on the 
condition of the coupling.  SNC believes that this difference in run time is a 
significant factor against applying common cause treatment. 

 
 

The coupling from the 2A EDG was judged the least degraded and was therefore 
enveloped by the condition of the others; it was used as a remanufacturing core 
to expedite coupling replacement.  The other couplings, from EDGs 1A, 1C and 
2C, were subjected to post-event examination and testing along with the failed 1B 
coupling.  Investigation of these couplings revealed them to be in significantly 
better condition than 1B, supporting estimated remaining lifetimes equating to 
several years of standby service.   
 
 
The coupling from EDG 2C, which had the most accumulated run time after 1B, 
had flaws inserted to mimic the most severe cracks observed (which were found 
in coupling 1C) and thus served as a bounding case for all the couplings aside 
from the failed 1B.  Testing of the 2C coupling was performed to simulate full-load 
EDG operation equivalent to 9.5 days.  This simulation confirmed that PRA 
mission times would have been clearly met by the couplings on the remaining 
EDGs.  Table 1 below provides the EDG coupling condition data and estimated 
remaining life. 
 
 



Enclosure 1 
 

Edwin I. Hatch Nuclear Plant 
Discussion of Common Cause in 1B EDG Coupling Failure 

 

E1 - 3  
 

 
Table 1 – EDG Coupling Condition Data 

EDG 
#  

Total  
Operating 

Hours 

Avg. 
Run Time 

Hrs/Yr 

Gen Side 
ID Crack 

% 

 Est. (or Proven) 
Run Time Hours 

Remaining 

Est. (or Proven) 
Years of Standby 

Service Remaining 
1A 1830 54 1.4  400 7.4 
1B 2754 81 51.4 failed failed 
1C 1746 51 1.4 400 7.8 
2A 1702 57 n/a1 400 7.0 
2C 2260 75 16.7 391 (228) 2 5.2 (3.0) 2 

      

1. Coupling 2A was not sent for offsite examination; it was judged least degraded (i.e. condition 
bounded by others) and used as a remanufacturing core to expedite coupling replacement. 
2. Values in ( ) are proven run time without failure.  Coupling 2C had flaws inserted bounding the 
cracks seen in all others (except 1B) and was subjected to cyclic testing equivalent to 9.5 days (228 
hours) of full load operation, then passed static proof testing at nearly twice full load torque.   

 
In consideration of the condition of the other EDG couplings as shown in Table 1 
above, SNC disagrees with application of common cause treatment for the 1B 
EDG coupling failure as described in the Inspection Report.  The guidance of 
NUREG/CR 5485, “Guidelines on Modeling Common-Cause Failures in 
Probabilistic Risk Assessment,” should be taken into account when performing 
common cause assessment as described in the Inspection Report (i.e. in 
accordance with Volume 1, Section 3.4 of the RASP manual).  NUREG/CR 5485 
supports treatment of the EDG coupling failure as an independent event. 
 
SNC fully agrees and recognizes that the same degradation mechanisms (i.e. 
aging and run time) which were root causes for the 1B EDG coupling failure were 
at work on the other EDGs.  However, SNC observes that for a common cause 
failure situation to exist a shared root cause must be accompanied by a coupling 
factor that creates or confirms multiple component failures by that shared root 
cause.  In the NRC CCF Database and Analysis System, an event involving 
multiple component failures is not considered as a common cause event unless 
there is both a shared root cause and a coupling factor.   
 
The coupling factor necessary for common cause treatment of the 1B EDG 
coupling failure would exist if the other EDG couplings had also been allowed to 
degrade until they failed or were near failure from the shared root cause based 
on run time.  For example, if the event was caused by an inadequate design or 
inadequate application of equipment (rather than an adequate design and 
application, but poor maintenance practices) then run time would not be a 
consideration.  In the actual event, a coupling factor was absent due to the 
substantially better condition of the other EDG couplings, as determined by the 
examination and testing performed by offsite labs (ref. Enclosure 2).  The 
differences in coupling condition create a large disparity between the 
demonstrated remaining life of these intact couplings and the failed 1B EDG 
coupling.  Using the guidance of NUREG/CR 5485, this disparity dictates 
treatment of the 1B EDG coupling failure as an independent failure rather than as 
a common cause failure.   
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Determining the applicability of common cause treatment involves not only the 
mechanism leading to the failures, but also the timing of the failures.  The real 
world potential for near-term failure of a redundant component due to the same 
cause as the observed failure must be considered in assessment of the potential 
for common cause failure.  The NRC Common Cause Failure Database and 
Analysis System uses a timing factor probability to account for failures distributed 
over time to determine if database events are due to a common cause.  
 
In this case, only one EDG coupling failure (i.e. the 1B EDG coupling) has 
actually occurred within the purview of the industry data base, and in response to 
this failure all EDG couplings at HNP were replaced.  This failure thus served as 
a leading indicator of the degradation problem, showing the strength of the HNP 
surveillance testing program and the current corrective action program in 
protecting against this type of potential common cause failure.  Note that during 
the 182 day exposure time period associated with the 1B EDG coupling failure, 
multiple successful test runs were conducted with all the other EDGs, 
demonstrating that no exposure to common cause failure from coupling 
degradation existed during this period.  Since EDG coupling failures are unique 
and rare occurrences, for determination of common cause factor applicability the 
timing of a potential second failure must be extrapolated based on the condition 
of the removed couplings.  
 
Approaches for assigning a measure of probability that an event involving 
multiple component failures is due to a common cause failure are described on 
pages 63-64 of NUREG/CR 5485.  For standby components (such as the EDGs), 
two approaches are provided.  Both approaches are based on the time between 
failures and the interval between tests.  Using the Standby Failure Rate model, if 
two component failures are separated by a time interval longer than 1.5 times the 
test interval, the event is interpreted as two independent failures.  Using the 
Probability of Failure on Demand model, failures separated by more than two 
successful challenges can be assumed to be independent.  Under either 
approach, the 1B EDG coupling failure together with a postulated failure of the 
next most degraded coupling (2C) would be considered independent failures, 
with the Standby Failure Rate Model providing the more stringent criterion (i.e. 
failures separated by longer than 1.5 test intervals are independent). 
 
At the time of the 1B EDG coupling failure, the 2C coupling had accumulated 494 
fewer operating hours than coupling 1B, but bounded all other EDG couplings in 
run time.  Considering the standby service of the 2C EDG, which accumulated 
run time at an average rate of about 75 hours per year, 494 hours equates to 
about 6.6 calendar years of normal service, or over 3 times the 24 month test 
interval between 24 hour EDG tests.  
 
During offsite testing, additional artificial flaws were inserted into coupling 2C to 
create a bounding case, representing the most severe cracks identified in all the 
other couplings as well as the longest run time.  The Altran report (ref. Enclosure 
2) estimated the remaining useful life of the 2C coupling with inserted flaws to be 
a minimum of 391 hours, or over 5.2 calendar years of normal service, about 2.6 
times the 24 month test interval.  
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After flaw insertion, Coupling 2C was subjected to the equivalent of 9.5 days of 
full load operation without failure, and subsequently was statically tested at a 
proof load torque nearly twice maximum normal operating torque (operating 
torque exceeds the startup torque) with minimal crack growth observed.  This 
proven operation time is well beyond the 24 hour mission time used in the NRC 
SPAR model for SDP risk assessment. 
 
Taking the 9.5 days of demonstrated full load operation as a minimum value for 
the remaining operating life of the coupling gives slightly more than 3 calendar 
years of normal service remaining before a postulated failure.  This very 
conservative value still exceeds 1.5 times the 24 month test interval, hence the 
postulated coupling failure meets the NUREG/CR 5485 criterion for treatment as 
an independent failure rather than as a common cause failure.    
 
Conclusion 
 
As evidenced by the report provided in Enclosure 2, SNC devoted considerable 
resources to exploring the root cause of the 1B EDG coupling failure and to 
determining the remaining life expectancies of the other EDG couplings, which 
were found to be considerable.  These actions were taken with the expectation 
that understanding the condition of the equipment, including the significant 
difference in the run time hours of the 1B EDG compared to the others, would be 
paramount to making an assessment regarding application of common cause 
treatment.  By not discounting the actual condition of the equipment during the 
NRC assessment process, licensees will be encouraged to expend resources for 
extent of condition determination.  This would be consistent with the promotion of 
good root cause determination techniques and the aims previously stated by the 
NRC. 
 
SNC has reviewed the NRC Risk Assessment of Operational Events (RASP) 
handbook, NUREG/CR 5485 (Guidelines on Modeling Common-Cause Failures 
in Probabilistic Risk Assessment), and other relevant guidance.  We have 
concluded that the guidance would allow for consideration of the actual extent of 
condition as a factor towards the decision of whether or not to apply common 
cause. 
 
SNC accepts the NRC’s finding involving failure to identify and correct cracks 
observed during routine maintenance inspections, which resulted in degradation 
and eventual failure of the 1B EDG coupling.  However, examination and testing 
of the EDG couplings has shown that there was significant life left in the 
remaining couplings to accomplish numerous PRA mission times.  The coupling 
failure was a unique, infrequent, and independent event that does not warrant 
common cause treatment.  SNC concurs with the NRC that elimination of the 
common cause adjustment in application of the SDP will result in categorization 
of this finding as a low safety significance (Green) finding.  We respectfully 
request that the NRC conclude that, based on the actual condition of the 
couplings and the discussion contained in this document, that application of 
common cause treatment is not appropriate in this case and that the finding 
should be of low safety significance (Green). 
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Executive Summary 
An Emergency Diesel Generator (EDG) in Unit 1 of the Edwin I. Hatch Nuclear Plant was 
observed to have excessive vibration during a July 2008 24-hour EDG system test.  The 
coupling, designated 1B, was removed from the Unit 1 generator and found to have multiple 
cracks in the rubber gland.  Inspection of the couplings installed in the other generators by Plant 
Hatch personnel found that cracks were also present in those parts.  Altran solutions received a 
total of four (4) couplings from Plant Hatch to assess the condition of the couplings, to identify 
contributing factors to the damage, to model the coupling geometry, measure mechanical 
properties and to estimate the remaining life of the couplings in use. This was accomplished by 
testing and analyses performed by a technical team consisting of Altran Solutions Corp., 
Kinectrics Inc. and Clark Testing, LLC.  

The couplings received had between 1746 and 2754 hours of operation.  Three of the couplings 
were manufactured in 1969 and installed in 1971.  The manufacturing date of the fourth coupling 
was not determined, but the coupling was installed before 1975. The samples were subjected to 
various laboratory analytical techniques including visual and optical microscopic examination, 
sectioning, static and dynamic mechanical analysis, and stress testing. Conditions and findings 
observed throughout the analysis were noted and digitally recorded. Analytical modeling 
including the use of a 3-D finite element analysis model was applied as a tool to further evaluate 
the coupling beyond the bounds of the testing performed. 

Noteworthy results of the analyses performed and observations show that: 

• For all couplings, the side of the coupling gland facing the generator contained 
consistently more cracks than the side facing the diesel.  The difference is likely due to 
increased degradation from ozone created during generator operation.    

• Most cracking appeared to be superficial, and cracks with measurable depths were found 
only along the inner and outer rim circumferences near the interface between the main 
gland structure and the steel rims. None were found to penetrate the fabric reinforcement. 

• Based on a possible trend observed between gland cracking and hours of operation at 
Hatch, the 1A, 1C and 2C couplings would be projected to have at least 400 additional 
hours (16+ days) of remaining operating life. 

• Shore A durometer hardness for all coupling surfaces indicated significant aging of the 
rubber, with average values of 78 to 87 units versus the new part specification of 60+/-5 
units.  However, the hardness of the rubber away from the surface obtained on a cross-
section of 1A was more pliable, as evidenced by a Shore A average of 73 units, which 
was 13 units lower than the external rubber average for this coupling. 

• Although there was variation in the hardness averages between couplings, the averages 
fell within the 10 unit range required by the vendor specification so differences in relative 
aging were judged to be not meaningful. 

• Cyclic load testing applying the equivalent torsional fatigue caused by 9.5 days of 
operation resulted in minimal crack growth. 
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• The 1C coupling was conservatively prepared and tested to represent bounding 
conditions for all the inspected couplings except 1B. The various test results provide 
assurance that the 1C coupling faults would have allowed it to operating at 3000 kW and 
1700 kVAR for more than 7 days even with cracks 5/16” to ½” deep. In an actual 
emergency, the loading would be less than these values for the bulk of the 7 day mission 
time. This conservatism in the test provides extra confidence in the adequacy of the 
couplings to perform. 

• Upon conclusion of 9.5 days equivalent cyclic fatigue testing of the degraded 2C 
coupling, which contained additional inserted flaws, the coupling was subjected to a 
proof-load torque equal to the manufacturer’s rating.  This proof-load torque was nearly 
2x the maximum normal operating torque applied to the coupling during operation.  Only 
minimal growth in two of eleven induced flaws was seen in this final test.  This provides 
a very high level of confidence in the ability of all the other couplings (except 1B) to 
fulfill their respective mission times. 

Several conservatisms in testing were adopted to increase confidence in the interpretation of 
results:  
 

Parameter Test Conditions Used Actual Service Conditions 

Full scale cyclic full load test 
duration 

9.5 day mission time equivalent 7 day mission time 

Static torsional load testing of 
2C aged, flawed coupling 

33,000 ft-lbs, 50,000 ft-lbs, 64,000 
ft-lbs each performed twice  

33,000 ft-lbs 

Aging effects of coupling Most aged coupling with additional 
flaws was tested 

Limited to most aged coupling 

Flaw profiles Square profile defect inserted into 
specimen 

Tapered crack profile typical 

Test loading 23000 +/- 9000 ft-lbs 24300 +/- 7250 ft-lbs 

 
The investigation results presented in this report support the conclusion that the 1A, 1C, and 2C 
EDG couplings in the as-found condition would not have failed in-service during a postulated 
run in excess of 7 days at 3,000kW and 1700kVAR. The cracks identified in the couplings 
removed from service could have grown larger during additional operation, but would not have 
propagated to the point where vibrations would have significantly increased or load capacity 
would have been significantly reduced. This evaluation also supports acceptance criteria of 0.25” 
deep cracks during future in-service inspections. This basis is bounded by the larger induced 
flaws in coupling 2C prior to testing. 

Finally, the 1B coupling was evaluated via rotational and torsional testing as part of the scope of 
this assessment.   The 1B coupling failed after approximately 1.5 hours of torsional testing. 

dwdaughh
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No evidence of pre-existing flaws or manufacturing defects was found during destructive 
examination of the 1B coupling after failure.  The likely cause of the observed gland surface 
cracking and failure under service loading is the extended age of the gland rubber and adhesive 
material.  
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1.0 INTRODUCTION 

1.1. Background 
At the Edwin I. Hatch Nuclear Plant 24-inch Falk Type A AirFlex couplings transmit 
mechanical power from the diesel engine to the generator and serves to isolate and dampen 
vibrations resulting from the interaction between the piston driven engine and the generator. 
Degradation of the coupling can result in excessive torsional vibration of the diesel. This 
vibration, if allowed to continue for excessive periods of time, could result in internal or 
external damage to diesel components. Complete failure of the coupling would result in the 
inability to drive the generator and provide backup electrical power to the safety-related 4kV 
busses. 
 
The outer coupling rim is attached to the diesel engine flywheel and the inner rim is attached 
to the generator. Because of this configuration, only the generator side of the coupling is 
visible without removing the entire assembly. The stress is higher on the inner coupling hub 
than the outer coupling hub because of the difference in circumferential surface area. The 
vendor verbally reported the acceptance criterion for observed surface cracking is 1/8 inch 
crack depth with an allowance to go up to 1/4 inch at a couple of points around the 
circumference. 
 
The coupling gland removed from the swing diesel (1B) had extensive cracking at the inner 
rim on the generator side of the coupling gland. The 1B diesel coupling gland also had 
cracking and tearing of the flexible element on the diesel side of the inner rim. The 1B diesel 
coupling gland had less severe age-related cracks along the outer rim on the diesel side than 
on the generator side. The 1B diesel generator bearings had shown a change in vibration 
levels since June 2007 and were listed at the alert level on the monthly maintenance 
engineering predictive maintenance status report. The 1A, 2A and 2C diesels had no adverse 
vibration trends. 
 
A detailed examination of the 1C EDG coupling gland on 7/23/08 also found that the 
degradation/cracking on the engine side was less than that on the generator side. Additional 
vibration instrumentation was installed similar to that used on the 1B diesel when the 
degraded coupling was still installed, and the vibration on the diesels was well under the 
levels observed on the 1B.  
 
The detailed inspections of the 1A, 1C, 2A and 2C couplings with the coupling covers 
removed revealed surface cracking around the outside flange to rubber connection area. This 
condition was reviewed with the coupling vendor who confirmed that the surface cracks 
identified were due to aging of this material and possibly some slight misalignment as there 
cannot be “prefect” alignment. The cracks as seen in the photograph provided to the vendor 
were actually multiple small cracks that simulate or appear as a single crack. The vendor 
recommended that the depth of the crack(s) be measured at a couple of places around the 
circumference of the gland to confirm that the depth is around 1/8 inch (by conversation he 
indicated that 1/4 inch could be the high end using 1/8 inch as an approximate depth). The 
depth of the crack(s) varied from 1/8 inch to 1/4 inch.  
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The degraded coupling that affected operability of the swing diesel generator appears to be 
the original coupling provided with the diesel in 1971[coupling was manufactured in 1969]. 
This coupling would also be representative of the 1A and 1C couplings. The 2A and 2C 
diesels were manufactured in 1975, so their couplings may be a few years younger than the 
1A and 1C couplings. A review of the diesel maintenance history shows that the 2C diesel 
had the coupling removed and reinstalled in 1986 when the associated generator and diesel 
bearings failed. The 1B diesel had the coupling removed and reinstalled in 2004 when the 
bearings were replaced. The 1A diesel had the coupling removed and reinstalled when the 
new generator was installed in 1995.   
 
No history of any of the couplings being replaced has been located. The original coupling 
vendor (Falk) has been merged into the Rexnord Company. They still manufacture couplings 
under the Falk Brand. Neither the original Falk information provided in the Unit 1 / Unit 2 
vendor manuals nor recent information obtained from Rexnord contains any 
recommendation on service life information for these couplings.  
 
Altran solutions received a total of four (4) couplings from Plant Hatch to assess the 
condition of the couplings, to identify contributing factors to the damage, to model the 
coupling geometry, measure mechanical properties and to estimate the remaining life of the 
couplings in use. This was accomplished by testing and analyses performed by a technical 
team consisting of Altran Solutions Corp., Kinectrics Inc. and Clark Testing, LLC.    

 

1.2. Objective 

The objectives of this investigation were: 

1. To determine the ability of the as-found cracked 1B and 1C couplings to operate beyond the time 
they were removed from service. (Appendix C includes the 1B coupling data.) 

2. To provide a technical basis for a ¼ inch deep crack to be used as an acceptance criteria  for 
continued coupling operation  

3. To determine the damage mechanism and contributing factors to the observed coupling damage. 

 

2.0 INPUT 

Four (4) couplings were received from the Hatch Nuclear Plant.  They were manufactured 
by The Falk Corporation (Milwaukee WI) and were AirFlex, size 62 Type A (62A). The 
following information was provided (Table 2-1). 
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Table 2-1.  Plant Hatch Coupling Information 

Coupling ID Manufacturing Code Hours of Operation 

1A 6-9-69 1830 

1B 6-9-69 2754 

1C 6-2-69 1746 

2C 45P105 2260 

 

Manufacturer’s information was received from Skip Lynn, Senior Engineer, FalkTM Brand 
Couplings at Rexnord Industries LLC.  The Manufacturing codes for couplings 1A, 1B and 
1C indicate the date of manufacture (June 1969).  These were installed at Hatch in 1971.  
The manufacturing code for coupling 2C was not easily located in the Rexnord archives, 
but information from Plant Hatch identified the installation date as prior to 1975.  The 
gland consists of natural rubber containing 16 layers of fiber reinforcement.  The current 
fiber is polyester obtained from Firestone Fibers & Textiles, and Rayon (cellulose-based) 
is thought to be the fiber originally used in the Hatch couplings. 

The couplings are manufactured by a process where a continuous inner rubber bladder 
(hollow) is wrapped with rubber and rubber-coated sheets of fiber.  The long axis of the 
fiber is oriented 45o to the long axis of the bladder. Alternate fiber layers are oriented 90o 
to each other.  The structure is then wrapped with natural rubber and joined to the steel 
rims using a two-part adhesive.  The adhesive is Chemlok® 205 primer/nitrile-butadiene 
rubber (NBR) adhesive (gray liquid) used with Chemlok® 220 rubber adhesive (black 
liquid) made by Lord Corporation (Erie PA).   Here, the gray liquid primer is applied to the 
steel hub, the black liquid adhesive is applied to the gland and the gland is inserted into the 
hub assembly.  A mold then surrounds the gland, and the rubber and adhesive are 
vulcanized (cured, cross-linked) in place.      

A schematic of the coupling from the Falk AirFlex Coupling catalogue 481-110 is shown 
in Figure 2-1. 
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Figure 2-1.  Coupling Schematic As-Installed.  The Coupling is Bolted to the Diesel on the 
Right and to the Generator on the Left.  

 

The Falk catalogue and Skip Lynn also described various ratings and properties for the 
AirFlex 62A coupling: 

Catalogue Torque Rating (continued use) – 760,000 in-lb (63,333 ft-lb) 

Calculated Torque Rating for Hatch (continued use) – 485,293 in-lb (40,441 ft-lb) 

Allowable speeds – 650 to 1000 RPM 

Catalogue Torsional Stiffness – 21.0 x 106 in-lb/radian (1.75 x 106 ft-lb/radian) 

The vendor uses a rule of thumb where cracks in the gland >1/4” deep are considered 
problematic for long term coupling operation.  At Plant Hatch, a .005" thick feeler gauge 
was inserted into cracks, a mark was made on the feeler gauge at the surface of rubber, and 
then the feeler gauge was removed and measured from the mark to the end of the feeler 
gauge.   By this method, two (2) cracks 5/16” deep were identified in coupling 1C with 
another location measured to be 1/2” deep after receipt by Altran.  These cracks were 
considered to provide worst-case condition information.  

 



Altran Solutions 
Technical Report 08-0372-TR-001 

Revision 1 
 

16 

3.0 APPROACH 
An integrated approach has been applied in the assessment utilizing both testing and 
analyses techniques in order to provide the sound technical basis necessary to meet the 
stated objectives. It includes a rigorous program of data collection from an operating EDG, 
laboratory assessments, full scale testing of couplings removed from operating service and 
finite element analytical (FEA) modeling. It also leverages the ability of analytical model 
parametric studies to properly interpret discrete coupling tests and allow these test results 
to be extrapolated to other couplings and to postulated operating conditions. 
 
For this reason the testing program was designed to allow the destructive assessment of 
one representative coupling to be used as a basis to draw conclusions about other situations 
and other couplings.  

 

a) Operational Data Acquisition at Hatch 
Vibration and torque data were collected from a test run of a Hatch EDG to obtain dynamic 
torque characteristics and other operational loads imposed on the coupling during various 
loading schemes. Sensors consisted of accelerometers and strain gages that were mounted 
on and/or around the coupling with wireless data transmission capability. Data were 
collected for various loading sequences. 
 
The testing performed is further described in Section 4.5 of this report.  

 

b) Develop FEA Model Including Sensitivity Studies for Use in Test Plan Refinement 
A three dimensional finite element analysis (FEA) model was generated using the ANSYS 
FEA computer code. The properties of the gland in the model are representative of the 
fabric reinforced rubber construction and the model was used to determine the operating 
stresses in the gland using bounding values from observed field conditions and 
specification allowances. 
 
The analysis was performed to represent each loading and displacement case to determine 
the stresses in the coupling rubber gland in the observed crack locations. The initial FEA 
analyses utilized “best estimate” properties for the rubber and reinforcement and 
approximate geometries.  This information was obtained through discussions with the 
manufacturer and by procuring a smaller new coupling of similar design for destructive 
assessment.  The properties used in the FEA were then adjusted based on benchmarking 
test runs and mechanical testing of samples removed later from coupling 1A. 
  
Details of the FEA are presented in Section 5.0 of this report. 

 

c) Testing and Laboratory Assessment of Couplings 

Labeling and photodocumentation of couplings 1A, 1B, 1C and 2C 
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The coupling perimeter was labeled circumferentially in degrees from a fixed reference 
origin. A complete digital photodocumentation was collected with reference labels 
included in the images in order to provide a crack record for reference and post-test 
comparison. 
 
Accurate geometry measurement 
 
Three dimensional measurement of the 2C coupling was performed to confirm coupling 
features such as bolt size, bolt pattern, shape of bolt holes, etc.  The dimensional 
measurements were converted to a drawing which was used to facilitate fixture design and 
fabrication.  
 
 
Cracking characterization  
 
The extent of cracking was recorded by photodocumentation and by probing with a 0.005” 
sheet metal depth gauge and recording of the results. Fluorescent dye (selected to be non-
reactive with the rubber) was applied to all couplings in order to record the as-found crack 
sizes prior to full scale testing. 
 
A coupling pressure test for cross-coupling leaks was also performed on the 1A, 1C and 
2C couplings by blanking off one side of each coupling with a temporary pressure plate. A 
nominal air pressure was applied on the enclosed cavity and water with surfactant added 
pooled on the opposite side in order to identify bubbles which would be indicative of a 
through-coupling flaw. 
 
These assessments are further described in Section 4.2 of this report. 

 

d) Hardness testing 
Durometer hardness testing was performed on coupling glands 1A, 1B, 1C and 2C. 
Increased hardness is known to be an indicator of rubber aging. The hardness readings of 
couplings were used to determine if there were significant differences between the 
couplings which would influence the selection of a coupling for testing as being 
representative of all others without applying artificial aging. 
 
These assessments are further described in Section 4.3 with augmenting results presented 
in the Kinectrics report included at Attachment 1. 

 

e) Comparison Statistical Analysis 
Available EDG operational histories were collected for couplings 1A, 1B, 1C and 2C 
including the coupling ages, estimated total number of starts and run history.  A 
comparison was made with the as-found crack configuration in order to identify any 
evident trends. The results of this analysis were considered in determining the relationship 
between these variables and gland cracking. 



Altran Solutions 
Technical Report 08-0372-TR-001 

Revision 1 
 

18 

 
These assessments are further described in Section 4.2 of this report. 

 

f) Full Scale Testing of Couplings 
 
Preparation of coupling 2C to simulate the as-found coupling 1C cracks 
 
Based on the characterization of the as-found cracks in coupling 1C, crack-like defects 
were produced in the rubber of coupling 2C to simulate coupling 1C. The cracks were 
created mechanically using a sharp tool in a depth and configuration to bound the cracking 
found in 1C. 
 
2C and 1A stiffness testing 
 
Coupling axial and torsional stiffness tests were performed. Each load applied did not 
exceed the safe working elastic range as determined by the FEA model or the manufacturer 
rating. Applied load and displacement were recorded and the axial and torsional stiffness 
of the coupling reported. Coupling 2C was tested before inducing the added defects, after 
the added defects and after the full scale load testing. The results were compared to what is 
predicted by the FEA model and used to confirm that there was no significant internal 
damage resulting from the full scale load testing. 
 
This testing is further described in Section 4.6 of this report. 
 
Full scale load testing 
 
The results of the FEA analysis and the field data acquisition were reviewed prior to 
finalizing the full scale load-test protocol. The torsional vibration and load variation were 
judged to be the most significant operational stressors on the coupling that would 
contribute to crack growth over an operational period of 7 days, as also confirmed 
analytically. 
 
A cyclic load test was designed to simulate 7 days of operation plus an additional margin 
number of 2.5 days (9.5 days total). A steady state torque was applied with a superimposed 
cyclic component to represent the field measurements. Steady-state torsion was 
representative of the torque producing the maximum 3000 kW generator output with a 
variable component superimposed designed to represent measured vibration. 
 
At the completion of the cyclic testing, the coupling was subjected to a proof torque 
equivalent to the vender published capacity in order to demonstrate load capacity of the 
coupling 
 
The testing performed is further described in Section 4.5 of this report 
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g) Test material and adhesive properties of 1A  
Pieces of the rubber and gland fabric were cut from the 1A coupling gland and load-tested 
to failure. A section of the metal hub with adherent rubber was also removed in order to 
determine the strength of the rubber-to-metal bond. 
 
The testing performed is further described in Section 4.4 of this report.  

 

h) Estimation of Crack Propagation Rate 
With the data collected from the full scale cyclic torque testing, a crack propagation rate 
was conservatively estimated. Considering the stress results from the FEA, the influence of 
other loadings was also considered. A predicted crack size during a 7 day EDG run was 
then estimated and evaluated for stability. 
 
This analysis is further described in Section 6.0 

 
Figure 4-1 presents a data flow chart which depicts how data from various tests and 
assessments were used in the overall coupling evaluation project. 
 
 

4.0 RESULTS AND DISCUSSION 

4.1. Visual Examination and Imaging 
Upon receipt each coupling was marked on both sides of both rims in 15o increments for 
position identification.  In all cases, the valve stem for the bladder was positioned at 225o.  
The markings were placed in a clockwise direction on the diesel side of the coupling (bolt 
holes on the outer rim) and counterclockwise on the generator side (bolt holes on inner 
rim).  An overall image is shown in Figure 4-2.  For all couplings, each marked section 
was photographed at higher magnification to document visual characteristics (cracks).  An 
example is shown in Figure 4-3.  The full images for coupling 1B and 1C were then 
marked digitally to document positions of the significant cracks (Figure 4-4).  Here, 
obviously superficial cracking on the gland surface was not recorded as significant.   
A smaller new coupling was purchased from the same vendor for cross-sectioning and 
hardness testing.  This coupling was size 15A and had an 11+” gland OD with 4-ply 
polyester reinforcement and was assembled with comparable materials and procedures. 
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Figure 4-1.  Flow Chart Depicting Data Flow to Support the Evaluation  

 

Figure 4-2.  Coupling 1B Diesel Side Showing Clockwise Markings Every 15o.  The 0o 
Position is at the Top Center (12 o’clock). Visual Cracks Digitally Marked 



Altran Solutions 
Technical Report 08-0372-TR-001 

Revision 1 
 

21 

 

Figure 4-3.  Close-Up of Coupling 1B Generator Side Showing Markings and Cracks Near 
the Rim-Gland Interfaces. 

 

 

 

Figure 4-4.  Coupling 1B Generator Side with Visual Cracks Digitally Marked. 
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4.2. Crack Profiling and Pressurization 
Crack depths were measured using a 0.005” thick steel shim cut to ~1/16” width and 
marked in 1/8” increments.  All cracks with a depth greater than 1/8” were recorded by 
position on each side, and by location on either the inner rim-gland interface (ID) or outer 
rim-gland interface (OD).  Where continuous cracking was present around the 
circumference of the rim-gland interface, measurements were taken at 15o increments.  In 
summary, the following observations were made on the as-received couplings: 

• Coupling 1B 

o On both generator and diesel sides, there was a crack along the ID near the 
rubber-steel interface that extended from 260o to 80o.  This crack was too deep 
to be measured by the shim (>2”).  All other ID cracks were on the surface only 
(<1/8”). 

o The diesel side OD did not contain any measurable cracks. 

o The generator side OD had a nearly continuous crack (few gaps where not 
continuous) and was measured every 15o.  The depth of this crack was found to 
be 3/16” in most locations, with two locations having ¼” depth and one 
location having 5/16” depth. 

• Coupling 1C 

o The generator side OD crack angled along the rim depth-wise, was continuous, 
and measured >1/4” deep in several locations. 

o The generator side ID cracks were discontinuous at 1/8 inch depth or less 
except at the 255o location (1/4”). 

o The diesel side OD had no measurable cracks (surface only). 

o The diesel side ID had mostly superficial cracks and cracking was 
discontinuous, aligned at ~45-degrees diagonal to the rim. Cracks >1/8” were 
found between 175o and 285o.  

o  Two (2) cracks 5/16” deep were identified in coupling 1C on the generator side 
OD and several cracks were measured to be >1/4” on the diesel side ID, with 
one (1) of them 1/2” deep. 

• Coupling 2C 

o The generator side cracks followed the rim circumference and were angled 
along the rim depth-wise (follows steel curvature, not in main gland). 

o The generator side OD crack was continuous, at or near ¼" depth over most of 
the circumference.  The crack depth measured just under ¼"at 30-degrees and 
at most locations between 270-degrees and 315 degrees. 
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o  The generator side ID cracks were discontinuous and were >1/8” depth at 300o  
and in several locations between 60o and 170o. 

o The diesel side had no cracks >1/8”. 

• Coupling 1A 

o The generator side OD crack was not quite continuous (close to connecting but 
not completely), and was measured here to have a depth of <1/8" except for 
several locations between 20o and 130o. 

o The generator side ID had one measurable crack of ¼” depth at the 295o 
location. 

o The diesel side was smooth, shiny and black, with few superficial surface 
cracks. 

 
Graphs of the crack locations and depths for the couplings are presented in Figure 4-5 
through Figure 4-9.  
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Figure 4-5.  Crack Profile for Coupling 1B Gen. Side.  The Surface is at Depth Zero (0). 
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Figure 4-6.  Crack Profile for Coupling 1C Gen. Side.  The Surface is at Depth Zero (0). 
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Figure 4-7.  Crack Profile for Coupling 1C Diesel Side.  The Surface is at Depth Zero (0). 
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Figure 4-8.  Crack Profile for Coupling 2C Gen. Side.  The Surface is at Depth Zero (0).  
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Figure 4-9.  Crack Profile for Coupling 1A Gen. Side.  The Surface is at Depth Zero (0). 
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4.2.1. Correlation between the Coupling Hours of Operation and Amount of Cracking 
Using the operating data provided by Hatch, the correlation between cracking and hours of 
operation was determined. For this correlation analysis, only the generator-side ID cracks 
were used.  This was the site of the large deep crack in the 1B coupling, and this site 
showed the most variation between couplings. 

 

%Crack Calculation 
For a 360-degree circle at 5-degree increments, there are 72 total potential crack locations.  
From the data collected, the generator-side ID crack locations were counted, summed, and 
the % cracking calculated.  For example, if cracks were recorded at 15, 20, 25 and 30 
degrees, the number of crack locations would be counted as 4.  The % cracking would then 
be calculated as 4/72 x 100 = 5.6%.  The values used for the correlation are presented 
below in Table 4-1.  

 

Table 4-1.  Coupling Operation and Crack Data 

Coupling ID Hours of Operation Gen Side ID Cracks %
1A 1830 1.4
1B 2754 51.4
1C 1746 1.4
2C 2260 16.7  

 

These data were graphed (Figure 4-10) and the linear correlation coefficient was 
determined to be 0.9582 (96% correlation) with an equation of: 

 

%Cracks = 0.499 (# Hours) – 89.386 

 

From this equation, cracking begins after ~1800 hours of operation (x-intercept = 1807 
hours).   Other alternate curve fits were evaluated.  For the quadratic fit using the available 
data and the same assumptions, similar values were found for the couplings’ remaining use 
life (Figure 4-11). 
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Operation Hours vs. Gen ID Cracks

Equation for Hours vs. % Cracks
y = 0.0499x - 89.386
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Figure 4-10.  Correlation between the Number of Hours of Coupling Operation and 
% Crack Coverage on Generator Side ID. 
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Figure 4-11.  Quadratic Trend for the Number of Hours of Coupling Operation and % 

Crack Coverage on Generator Side ID. 
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Correlation Discussion  
The correlation results presented are based on limited data and should therefore be 
considered for information only.   
 
The 1B coupling showed extensive vibration during the test run, so that the EDG was 
stopped.  The crack assessment above shows that the generator ID cracks in 1B 
accumulated to 51.4%.  Using this basis to assume that a coupling requires replacement 
when the generator ID crack reaches 50%, and using the correlation equation above, a 50% 
crack condition is reached at 2767 hours of operation.  For the remaining couplings we 
would then expect a minimum of 507 hours (21 days) of operation life remaining (2C).  
For other types of curves fit to the data, a 400-hour (16+ days) remaining use life for these 
couplings would be a conservative estimate.  
 
For coupling 2C, where 9 generator-side ID flaws were inserted prior to testing in order to 
mimic the bounding 1C coupling flaws, the remaining useful life was estimated to be a 
minimum of 391 hours (16 days).  
 

4.2.2. Crack Tagging 
In anticipation of stress testing and identifying crack growth, cracks in all couplings were 
tagged using fluorescent dye at 0.5% wt/wt in a water:isopropanol 1:1 mixture, applied 
with a syringe.  This was performed with the couplings lying flat.  The dye was selected 
for its distinctive yellow fluorescence when wet, and it’s solubility in water/alcohol 
mixtures.  The water/alcohol mixture was preferred for not interacting with the rubber (no 
localized change in rubber properties in the cracks), for having a low surface tension to 
ingress completely into the cracks and for fast drying.  The dry dye remained on the crack 
surfaces, and the fluorescence was checked for re-activation by lightly misting with water 
under a black light.  
  
During this process it was discovered that the 1B coupling ID crack extended through the 
coupling near the rim-gland interface. Upon application of the dye solution, the fluid 
flowed through the crack and out the other face of the coupling.    

 

4.2.3. Pressurization 
In order to determine whether any through-cracks existed in the other couplings, e.g. along 
the rim-gland interface going from one face to the other, a pressurization test was 
performed.  Here, the couplings were sealed along the OD and ID rim on the generator side 
to a thick fiberglass plate and an air pressure fitting and gauge were installed.  Sealing was 
accomplished using high pressure gasket material. A steel brace was then placed over the 
coupling and bolted to the floor.  The contained volume under the coupling was then 
pressurized up to 8 psi using a hand pump.   Water containing a small amount of surfactant 
was poured over the gland, so that any air leaking through the gland would cause 
bubbling/foaming.  An image of the test set-up is shown in Figure 4-12.  No through-
cracking was detected for couplings 1C, 2C or 1A. 
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Figure 4-12.  Testing a Coupling for Through-Cracks Using Pressurization.   

4.2.4. Bolt Hole Inspection 
The coupling bolt holes were inspected for uniformity using a light, magnification, and a 
1” diameter 14-thread bolt.  All holes were wiped with degreaser prior to inspection to 
remove any lubricant.   

• For coupling 1B, all of the bolt holes were free of anomalies. 

• For coupling 1C, the generator-side hole at 60o had a slightly loose fit, and those at 
300o and 285o contained a small burr. 

• For coupling 2C the bolt holes were inspected by Kinectrics with no indications of 
abnormality noted. 

• For coupling 1A, all generator-side threaded holes were free of anomalies. Diesel-
side holes contained thread-impact areas.  They were located at: 

o 60-degrees 

o 240-degrees 

o 255-degrees, and 

o 330-degrees 
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The others had some machine marks, but did not appear to be imprinted by threads. 

In terms of thread impact orientation within the holes, when facing the diesel side of the 
coupling and rotating the coupling to orient each of the holes in turn to be in the top 
position (12 o’clock), the thread impacts were as follows: 

 

60-degree hole: impact at 6 o’clock through 10 o’clock 

240-degree hole: 4 o’clock through 10 o’clock 

255-degree hole: 4 o’clock through 10 o’clock 

330-degree hole: 6 o’clock through 10 o’clock 

 

Using a drawn picture there was not a clear interpretation of the pattern except perhaps 
for clockwise rotational forces.  

4.2.5. Cross-Sections 
Both the 62A coupling (1A) and the smaller 15A sample coupling were cross-sectioned for 
evaluation.  Images are shown in Figure 4-13 through Figure 4-15.  
 

4.3. Hardness Testing 
According to the coupling vendor, Shore A hardness of the coupling gland is specified to 
be 60 +/- 5 units as manufactured.  As aging occurs, the hardness values increase, and aged 
couplings typically have average hardness values in the 80-unit range. All couplings were 
tested using a Type A durometer, and ten measurements were made on each side of the 
couplings.  The averages are presented in 
Table 4-2.  
 
Statistical comparisons were made on the averages.  Coupling 1A did not show a side-to-
side difference at 95% confidence.  The other three couplings did show side-to-side 
differences, but did not show one side to be consistently harder than the other (not all 
generator sides had a higher or lower average than the diesel sides).  Then all the diesel 
side data and the generator side data between couplings were compared.  For all 
comparisons, coupling 1A and 1C were indistinguishable at 95% confidence.   
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Figure 4-13.  Cross Section of Coupling 1A Showing 16 Fiber Layers of Reinforcement, 
Red Colored Inner Bladder and External Rubber Covering.  Diesel-Side Rim is at Top. 

 

Figure 4-14.  Cross Section of Small Sample Coupling  Showing 4 Fiber Layers of 
Reinforcement, Inner Bladder and External Rubber Covering.  Diesel-Side Rim is at Right. 
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Figure 4-15.  Small Coupling Cross Section Close-Up of Generator Side ID Rim-Gland 
Interface. 

 

Table 4-2.  Average Shore A Hardness Results 

ID Generator Side Diesel Side Overall  

1A 86 87 86 

1B 82 85 84 

1C 86 88 87 

2C 82 78 80 
 

 
Although statistical differences were detected in this analysis, the range of averages fell 
within 10 units as originally specified by the manufacturer.  Since there is no way to know 
what the original hardness values were for these specific couplings, the variation of 
averages within a 10-unit range is not thought to be meaningful. 

Coupling 1A was cross sectioned for mechanical testing, and hardness readings were 
obtained from the rubber interior (edge-on).  An average of 10 readings was found to be 73 
+/- 4 units, indicating less aging of the rubber away from the surface (softer compared to 
surface value of 86 units from 
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Table 4-2, and closer to manufacturing specification by 13 units). 

 
The new, small coupling was tested for hardness at the surface.  Here, 13 measurements 
gave an average of 61 +/- 1 units, which is close to the center of the manufacturing 
specification. 
 

4.4. Material Mechanical Testing 
Tensile testing, lap shear testing and dynamic mechanical testing were performed to 
evaluate the mechanical properties of the coupling rubber material, fiber reinforcement and 
adhesive for the Hatch couplings.  Tests were performed with material from coupling 1A 
and from the small new sample coupling. 
 
Preliminary tensile testing of rubber material and fiber reinforcement of the small sample 
coupling was performed to obtain preliminary data for FEA modeling. The rubber material 
and fiber reinforcement of the 1A coupling were tested for comparison and for calibrating 
the FEA model. 
 
Lap Shear tests were performed to evaluate the bonding characteristics of the adhesive for 
joining the rubber to the metal rim in the coupling assembly. 
 
Dynamic Mechanical Testing provided information on the frequency-dependence of the 
dynamic torsional shear modulus, and was used to determine how the coupling test 
parameters might influence results. 
 

4.4.1. Tensile Testing 
ASTM standard D412 was used as the basis for the rubber tensile testing.  Samples were 
taken from the rubber located between the fiber reinforcement and the steel rim. During 
preparation of the sheets of rubber material to be used for dogbone tensile specimens, 
ASTM standard D3138 was used to ensure proper surface finish and specimen geometry. 
The tensile specimens were cut with a die conforming to the requirements of ASTM D412, 
with a gauge length of 0.50″ and gauge width of 0.125″. The stress values reported here 
were calculated using the samples’ dimensions in the gauge area, measured with a digital 
caliper. 
 
A second test was performed on the fiber reinforcement/rubber composite section for 
tensile modulus.  No specific ASTM standards exist to evaluate this type of sample so the 
geometry of the test specimens was customized to accommodate the nature of the coupling 
structure.  Due to the coupling construction and the orientation of the fibers in the 
composite, strip materials were cut and machined in line with the fibers.  As a result half of 
the layers of fibers were evaluated, the second half were perpendicular and did not 
contribute to the tensile modulus evaluation.   
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A servo-hydraulic load frame was used to pull the samples to failure.  A crosshead 
displacement rate of 2 in/min was used for the rubber tensile strength and fiber modulus 
evaluation.   
 
One specimen each of the rubber and the fiber reinforcement were cut from the small new 
coupling.  The new rubber had a modulus of 180.5 psi and an ultimate tensile strength of 
1336 psi at 800% strain.  No break occurred in the specimen over this strain.   
 
Several rubber samples were cut from the Hatch 1A coupling for tensile testing.  Results 
for the 1A coupling rubber and fiber reinforcement (treating it as a composite) are 
presented in Table 4-3 and Table 4-4. 
 
All 1A coupling rubber samples failed with approximately 200% strain which, when 
compared to the new small coupling, can be indicative of aged rubber, assuming that the 
two had similar properties when new.  Post-test review showed the rubber samples 
consisted of two distinct layers, one black and one gray. The gray region was determined 
by visual examination of the coupling cross section to be the adhesive material used to join 
the rubber gland to the steel rim.  Each specimen failed in the region containing the highest 
amount of the gray layer, and an example is shown in Figure 4-16.  As a result, it is 
possible that the approximate average peak strain is conservative due to the presence of the 
adhesive. 
 

4.4.2. Lap Shear Testing 
Lap shear tests are a common way to determine the shear strength of adhesives for bonding 
materials and to test welds (rubbers/plastics and metals). A lap shear test is primarily 
comparative, since the end results and test method are unlikely to match expected end 
usage. For the Hatch coupling lap shear test, the shear strength of adhesives between the 
metal rim and the rubber gland was evaluated.  Figure 4-17 shows the specimen before 
testing. The lap shear testing specimens were taken from the inner diameter (ID) of the 1A 
coupling. 

Table 4-3.  Tensile Test Results for Coupling 1A Rubber.  

Ultimate Tensile 
Strength Strain Modulus Rubber 

Specimen psi % psi 

1 869 196 437 

2 652 159 388 

3 885 204 413 

Average 802 186 413 

st dev 130 24 24 
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Table 4-4.  Tensile Test Results for Coupling 1A Fiber Reinforcement. 

Max Load Slope Ultimate Tensile 
Strength Modulus Composite 

Test lbf lbf/in psi psi 

1 852 7238 2026 16131 

2 760 5227 1807 11650 

Average 806 6233 1917 13890 

st dev 65 1422 155 3168 
 
A servo-hydraulic load frame was used to pull the samples to failure.  A crosshead 
displacement rate of 2 in/min was used.   
 
Results of the lap shear test for the coupling samples are presented in Table 4-5. Sample 
failures were initiated inside the rubber layer or in the adhesive adjacent to rubber.  A close 
up of this region is shown in Figure 4-18.  The nominal maximum torque for the 1A 
coupling ID estimated based on the lap shear test results alone is 2.7×105 ft-lbf.  
 

 

Figure 4-16.  Tensile Fracture Surface of the 1A Rubber (Sample 1). 
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Figure 4-17.  Lap Shear Test Specimen.  Tension is Applied Horizontally. 

 

 

Figure 4-18.  Side View of the 1A Lap Shear Test Specimen.  The Distinct Layer at the 
Metal Rim Interface is the Rubber Adhesive.  Failure Occurred at the Interface Between 

the Gland Rubber and the Adhesive Rubber. 
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Table 4-5.  Lap Shear Test Results for Coupling 1A. 

Area Max Load Max Load/Bond surface 
Test 

in2 lbf lbf/in2 

1 0.54 218 405 

2 0.59 207 353 

3 0.60 240 403 

Average 0.57 222 387 

std dev 0.03 17 29 

 

4.4.3. Dynamic Mechanical Testing 
Dynamic mechanical testing was performed at Intertek Plastics Technology Laboratories 
on the rubber from the diesel side of coupling 1A according to ASTM D5279-08 and 
ASTM D4065-06.  This testing provided information on the frequency-dependence of the 
dynamic torsional shear modulus, and was used to support the selection of the 33Hz 
frequency for coupling testing at Clark. 
 
Results showed that the shear modulus is relatively constant over the frequency range of 
15Hz to 60 Hz, increasing slightly from 856 psi to 957 psi.   
 

4.4.4. Material Crack Tear Testing 
 
To measure the tensile tear strength of the coupling, a section of coupling 1A was 
prepared.  A crack 3” long and 5/16” deep was inserted in the rubber along the gland-rim 
interface along an existing crack.  The specimen is shown in Figure 4-19.  The specimen 
was tested in tension at a rate of 0.2 in/min.  The initial crack growth occurred away from 
the coupling rim at pre-existing cracks. The final failure site included rubber removal from 
the steel rim (interface).  The tensile force required to propagate the existing crack 
measured 777lbs, initiating not through a plane containing the 5/16“ deep induced crack, 
but across a plane containing a full length crack at least 0.10” deep.  
 
The average stress across the failure plane, measured to be 6.51 in2 area, was calculated to 
be 119 psi.  
 
These results are used to estimate critical stress intensity discussed in Section 6. A uniform 
stress of 119 psi is taken to be conservative, because some bending was induced by the test 
geometry resulting in higher tensile stresses at the crack tip than would be found in the 
intact coupling during use. 
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Figure 4-19.  Section from Coupling 1A used for Crack Tear Testing.  The Inserted Crack 
Was Between the Yellow Markings (bottom, above ruler). 

4.5. EDG Measurements at Hatch 

4.5.1. Background 
The in-service operation of the coupling is subjected to a combination of complex stresses: 
thrust, torsion, vibration, bending, misalignment, etc.  Although the exact stresses are 
highly dependent on installation and on specific diesel and operating parameters, it is 
reasonable to assume that the general stress states are similar between all the emergency 
diesel generators. EDG 2C reportedly had major equipment issues in the 1970’s including 
a thrown rod, and 2 bearings were replaced in 1986 due to vibration issues, one on the 
generator and one on the diesel.  Measuring the type of stresses and magnitude during 
operation was essential in establishing modeling and laboratory testing parameters. 
 

4.5.2. Plan 

Clark Testing measured the operational loads on the EDG coupling to eventually be used 
as input for modeling and laboratory testing.  Hatch Nuclear Power Plant made EDG 2C 
available for the evaluation on 16-17 September 2008 (Figure 4-20).  Although the 2C 
coupling was recently replaced, the installation is consistent with the original 2C coupling 
and is valid input for this evaluation. 
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Figure 4-20.  Emergency Diesel 2C at Plant Hatch. 

 
Hatch applied loadings were consistent with operational loads.  Data acquisition captured 
slow starts, fast starts, idling, engine speed variations and various types of generator loads.  
The actual loading plan is listed in Table 4-6.  Two test runs were performed during the 
Hatch 2C EDG evaluation. The first run was initiated with a slow start where the engine 
speed is set to 500 rpm and increased to 900 rpm a few minutes later.  The final run was 
initiated under a real world emergency fast start where the engine speed is immediately 
increased to 900 rpm. 
 
Run 1 included a progressive increase in generator loading with a final shut down under no 
load.  Run 2 was a simple start and no load finish. 

Generator 

Coupling 

Diesel 
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Table 4-6.  2C EDG Test Plan. 

 Description Approximate Time 
(minutes) 

Engine Speed 
(RPM) 

Load 

(MW) 

    

Slow Start 0 0 0 

Run at reduced speed 0 500 0 

Increase speed 6 0 

Initiate load 24 1 

Increase load 41 2 

Increase load 49 2.8 

Increase load 64 3 

Reduce load 77 1 

No load 79 

900 

0 

RUN 1 

Shut down 84 0 0 

Fast Start 0 0 0 

Run at speed 0 900 0 RUN 2 

Shut down 5 0 0 

 

4.5.3. Instrumentation 

Many issues must be considered prior to instrumentation of rotational equipment, and 
given the diameter of the coupling, engine speed and expected loadings, limited equipment 
could be used safely for this study.  The available space for reliable wireless transmission 
of the data allowed for three main signals to be measured: torque, bending and radial 
acceleration.  In addition, the engine speed was monitored using an optical sensor.  In order 
to achieve the bending and torque a measurement, the generator shaft was instrumented 
with two rosettes (BLH Electronics Type SR-4 FEAR-12B-35-S6EL Strain Gauge) 180 
degrees apart on the shaft.  The configuration of the rosette was selected to provide full 
scale measurements with a compact shape to fit the limited exposed generator shaft.  The 
diesel side shaft could not be instrumented. 
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The rosettes were positioned 90 degree from the shaft key to minimize the impact on the 
torque and bending measurements.  It is expected that the key has minimal impact on the 
bending measurements. 
 
Two of the three sensors on each rosette combined into a full bridge to measure torque.  
The sensors on each rosette were configured at 45 degree from the axial direction in order 
to measure displacement in shear.  Opposing 45 degree sensors allowed torque 
measurements to be performed in clockwise and counterclockwise directions (Figure 
4-21). 

 

4.5.4. Bending 
One sensor on each rosette capable of measuring axial displacements combined into a half 
bridge to measure bending loads.  (Figure 4-22) 

 

Figure 4-21.  Exposed Generator Shaft. 

 

Coupling 

Shaft 
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Figure 4-22.  Rosette on Generator Shaft. 

4.5.5. Acceleration 
The outer diameter of the coupling (diesel flange) was instrumented with a single axis 
accelerometer.  The measurement direction was radial in order to measure the acceleration 
of the coupling in the rotational direction (Figure 4-23).  The accelerometer and associated 
signal processing was configured to measure accelerations of less than 400g. 

4.5.6.  Measurement Results 
The testing on EDG 2C was performed on 17 September 2008.  Testing was initiated with 
Run 1 and a first data acquisition file was recorded at 5000 samples per second per channel 
(Figure 4-24).  Upon confirmation of good operation of the sensors and the data acquisition 
system, testing was completed for test Run 1 and Run 2 (Figure 4-25). 
 
Analysis of the data measured during Runs 1 and 2 demonstrated that the highest torque 
values were measured during 3 MW generator load.  The slow and fast start had torque 
peaks that were lower in magnitude than those measured during the 3 MW portion of the 
test.  Further analysis of the 3 MW test showed a cyclical torque loading (Figure 4-26).  
Upon repeating torque loading, a dominant frequency of approximately 45 Hz (three times 
engine speed) was observed.  Further frequency analysis showed torque cyclical peaks at 
15Hz, 30Hz, 45Hz, etc.  The highest and most significant torque cyclical peak was found 
at 45 Hz. 
 
The bending measurement peaks also had a repeating pattern at 15 Hz which corresponds 
to 900 rpm, the engine speed.  Frequency analysis revealed that the dominant peak was at 
75Hz. 
 

Rosette 



Altran Solutions 
Technical Report 08-0372-TR-001 

Revision 1 
 

43 

 

Figure 4-23.  Accelerometer on Coupling, Diesel Flange Side. 

 

4.5.7. Loading for Testing 
 
Based on the field measurements, a testing regime was developed for the laboratory 
evaluation.  Although the forces applied to the coupling in the field result from a 
combination of stresses, an approximation can be performed by applying an equivalent 
sinusoidal loading.  Torque being the dominant load on the coupling and the frequency of 
45 Hz being the most significant, a sinusoidal loading of 45 Hz was selected. 
 
The actual torque loading magnitude required additional calculations to ensure that the 
measured torque was consistent with the applied torque under a 3MW generator load.  
  

4.5.8. Mean Torque Verification and Selection 
 
The mean torque selected for testing was based on the actual measured in the field and the 
theoretical applied generator load.  The measured mean torque was 28200 ft-lb.  The 
theoretical torque applied can be calculated as follows: 

 

RPM
PowerTorque 5252×

=  
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As a result, for 3 MW, the applied torque is 23476 ft-lb.  According to Fairbanks Morse 
(Email communication from Ted Stevenson, dated 9/30/2008), the generator efficiency at 
2.6 MW is 0.966 and at 3.2MW is 0.9685.  The applied theoretical torque is therefore 
24302 ft-lb (based on a conservative 0.966).  The torque measurements in the field were 
16% higher than the expected (theoretical) mean torque. 

 

 

Figure 4-24.  Start of Test, First Half of Run 1. 
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Figure 4-25.  Completion of Test, Second Half of Run 1 and All of Run 2. 
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Figure 4-26.  Torque Analysis at 3 MW Generator Load. 

 

4.5.9. Cyclical Torque Values 
 
In order to determine the actual minimum and maximum applied torque values, numerical 
analysis of the data was required.  A rain flow analysis of the torque data at 3MW resulted 
in a measured torque range of 6375 ft-lb to 8375 ft-lb.  When corrected for the 16% factor 
(described above), the torque ranged from 5495 ft-lb to 7220 ft-lb from the mean value. 
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4.5.10. Proposed Test Loading 
 
Combining the cyclical torque range to the mean torque applied by the diesel to generate 3 
MW, it was determined that an equivalent sinusoidal loading of 24300 ±7250 ft-lb would 
be appropriate to simulate field conditions.  Testing at Clark actually applied a sine wave 
of 14000 to 32000 ft-lb for the laboratory testing, which is conservative (23000 ±9000 ft-
lb). 

 

4.6. Axial and Torsional Stiffness Testing  
Axial and torsion testing was performed on the 2C coupling at Kinectrics and at Clark 
Testing in order to provide test data to help validate the FEA model.  
 
The testing consisted of loading the coupling axially and torsionally, and then recording 
the resultant displacement. For the axial test, the applied load was limited to 700 lbs and 
displacement was limited to 0.050” based on preliminary analyses at Altran to assure no 
damage to the coupling. If either parameter was reached testing was to be stopped. For 
torsion, the bounding conditions were 10,000 ft-lb of applied torque and 0.30 degrees of 
rotation. 
 
The results of the axial and torsion testing from Kinectrics are presented in Table 4-7. 
More details are included in Kinectrics report K-014698-0001-RA-0001-R00 (see 
Attachment 1).   
 
The 2C coupling with inserted defects had its axial stiffness measured by Kinectrics (2.3 - 
2.9×104 lbf/in) and Clark Testing (2.7 – 3.3 ×104 lbf/in).  The independent measurements 
were comparable. 
 
The torsional stiffness as tested by Kinectrics and Clark Testing was also consistent, and 
determined to be 3.3 – 3.8 ×104 ft-lbf/deg and 3.3 – 3.7 ×104 ft-lbf/deg, respectively. 
The Falk catalog torsional stiffness value is reported to be 3.1×104  ft-lb/deg.  The 
Kinectrics torsion testing measured a torsional stiffness slightly stiffer than the catalog 
value.  This result is expected for an aged coupling. 
 

4.7. Torsional Cyclic Test 

4.7.1. Scope and Objective 

 
The 2C coupling with additional induced flaws to bound the flaws found in all couplings 
received for evaluation (except 1B) was put in a hydraulic test rig with two MTC actuators 
that allowed the load to cycle torque between 14,000 ft-lbs and 32,000 ft-lbs at a frequency 
of 35 Hz. This load was used based on the maximum loads obtained from the Hatch field 
testing of the 2C Emergency Diesel. The observed frequency was dominated by 45 Hz so 
the test was run to accumulate the correct number of cycles to mimic the desired operating 
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time. The minimum test duration was set for an equivalent of 7 days or 27 million cycles 
and the maximum duration was targeted to be 9.5 equivalent days or 35 million cycles.  

 

Table 4-7.  Axial and Torsion Testing Results from Kinectrics (ref attachment 1). 

Test Condition Maximum Load Maximum Displacement 

Axial Test 1  As received 700 lbf 0.024″ 

Axial Test 2 As received 700 lbf 0.027″ 

Axial Test 1  Post Fault Insertion 700 lbf 0.029″ 

Axial Test 2 Post Fault Insertion 700 lbf 0.030″ 

Test Condition Maximum 
Torque 

Maximum Rotation 

Torsion Test 1 As received 10,000 ft·lbf 0.30° 

Torsion Test 2 As received 9,760 ft·lbf 0.26° 

Torsion Test 1 Post Fault Insertion 10,000 ft·lbf 0.30° 

Torsion Test 2 Post Fault Insertion 9,820 ft·lbf 0.30° 

 

4.7.1.1. Test Configuration and Instrumentation 
 
The test configuration was setup as shown in Figure 4-27 below. The coupling was 
instrumented with accelerometers at the 0-degree and 270-degree positions to measure 
vibration.  LVDTs in the actuators were used to monitor the displacement of the coupling 
at 90 and 270 degrees. The applied load was measured with a calibrated load cell and the 
output was continuously recorded on a strip chart recorder.  
 

4.7.1.2. Periodic Monitoring 
 
The data from the load cell, accelerometers and LVDTs were collected for 10 seconds 
every hour on a computer. The surface temperature of the coupling was measured twice a 
day during the testing using surface laser thermography, with results taken over the 
duration of the test at 45° intervals around the coupling gland. The results indicate 
temperatures ranging from 70°F to 108°F over the duration of the test. Generator side 
cracks were monitored visually with a strobe light twice a day. This observation was video 
taped at the beginning of the testing and at the end. 
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Figure 4-27.  Full Scale Cyclic Torque Test Set-Up 

 

4.7.1.3. Test Observations 
 
At approximately one day into the test a load cell stud broke and had to be replaced. This is 
shown in the data. The setup was adjusted at about 10 million cycles to relieve some back 
pressure on the system. The displacement after this adjustment shifted and the load 
amplitude increased slightly. The accelerometer G force was reduced following this 
adjustment. The frequency was able to increase slightly after this adjustment. At 20 million 
cycles the displacement also shifted, but the amplitude did not increase. No differences 
were observed on the video tape of the testing. The coupling was also monitored by strobe 
light over the test duration with no change noted. 
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Figure 4-28.   Displacement of Coupling 2C During Cyclic Torque Test 

 
Figure 4-29.   Applied Torque on Coupling 2C During Cyclic Torque Test 
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4.7.1.4. Crack Growth Observations 
 
Flaws were inserted by Kinectrics into the 2C coupling in order to establish equivalence to 
those found in coupling 1C.  The geometry and location of these inserted flaws are shown 
in Table 4-8. 
 
The 3 generator side cracks #9 #10 and #11were probed at 21 million cycles and no 
changes in length or depth were measured.  
 
All 11 cracks and the generator side circumferential cracks were probed after 35 million 
cycles (9½ equivalent days), and results are shown in Table 4-8. In some cases, the slim 
probe could not be easily inserted into the cracks after testing without bending, so some 
depths after testing were recorded as being shallower than they were before testing. The 
only observed change was that crack #8 on the diesel side ID had grown in length by 3/8 
inch and depth by 7/8 inch. This is documented in Figure 4-30.  
 
The locations of these cracks are displayed in Attachment 1. 
 

 

Figure 4-30.  Crack Growth as a Result of Cyclic Torque Test 
 

4.7.2. Coupling Proof Load Testing 

4.7.2.1. Scope and Objective 
 
The 2C coupling with induced flaws was put in a static torsion test rig that allowed the 
load to cycle between 0 ft-lbs and 64,000 ft-lbs. The load limit was based on the catalog 

Crack growth after 
35 million cycles 
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rating for the coupling from the vendor. The axial proof-test was performed using the same 
equipment configured for an axial load application. 
 
The axial test was performed to validate the coupling, for comparison to the test performed 
after the flaws were added at Kinectrics. The torsion test was performed before dynamic 
testing up to the test load of 33,000 ft-lbs. After the dynamic testing (see section 4.5.3) was 
complete, a static torsion test was performed at 33,000 ft-lbs, 50,000 ft-lbs and 64,000 ft-
lbs. Each test was performed at least twice.  
 

Table 4-8.  Crack Probe Depth Summary 

Crack # Pre-Cyclic Test 
Flaw Size 

Post-Cyclic Test Flaw 
Size 

1 3/16 - .25 x 1" 1/8 - 3/16 x NC 

2 3/16 x 5 1/8 - 3/16 x NC 

3 1/2 x 1" 1/2 x NC 

4 3/8 x 1.5"  3/16 x NC (shallower 
than before test) 

5 3/16 x 1.5" 3/16 x NC 

6 1/4 x .9" 1/4 x NC 

7 1/4 x 1.3" 1/4 x NC 

8 3/16 x 1.2"        (<1" 
Field) 

1 1/16" x 1.2"    (Grew 
3/8”) 

9 1/4-5/16 x 5deg 1/4 - 5/16 x NC 

10 1/4 x .75" 1/4 x NC 

11 5/16 x .9" 1/4 x NC (shallower 
than before test) 

Gen OD 1/8 - 1/4 1/8 - 1/4 

Note:  See Attachment 1 (Kinectrics Report) for crack numbering 
 

4.7.2.2. Test Configuration and Instrumentation 
 
For the torsion test, the coupling was placed in a torsion test assembly and position 
indicators added 180 degrees apart to measure angular displacement. An angular load cell 
was used to record the applied torque. The data from the test were recorded by computer. 
 
For the axial test, the coupling was placed in the same assembly. A hydraulic pump was 
used to apply the force measured by a calibrated load cell. The displacement was measured 
at 2 locations. The data from the test were recorded by computer. 
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Figure 4-31.  Static Proof Load Teat Set-Up 

 

4.7.2.3. Test Observations 

 
The stiffness testing performed at Clark before the dynamic tests commenced confirmed 
the results from Kinectrics.  
 
After the dynamic load testing the coupling was taken to 50,000 ft-lbs and then visually 
inspected. The depth of Crack # 7 increased but the length stayed the same. No other 
parameters changed. The coupling was then taken to 64,000 ft-lbs and the length of crack # 
7 grew but the depth did not change. Crack #8 grew in length, but the depth did not change 
and, actually, the probe did not go in as far. The outer cracking on the generator OD depth 
increased slightly. The loading curves were very consistent for all three load tests. Each 
test was repeated a minimum of twice. 
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Figure 4-32.  Results of Clark Torsional Stiffness Test of 2C 

 

Figure 4-33.  Results of Torsional Proof Load Test 
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Table 4-9.  Measurements Before and After Proof-Load Torque Testing 

Crack # Pre-Cyclic Test 
Flaw Size 

Post-Cyclic Test 
Flaw Size 

After 50K 
torsion 

After 64K 
Torsion 

1 3/16 - .25 x 1" 1/8 - 3/16 x NC 1/8 - 3/16 x NC 1/8 - 3/16 x NC 

2 3/16 x 5 1/8 - 3/16 x NC 1/8 - 3/16 x NC 1/8 - 3/16 x NC 

3 1/2 x 1" 1/2 x NC 1/2 x NC 1/2 x NC 

4 3/8 x 1.5"  3/16 x NC 3/16 x NC 3/16 x NC 

5 3/16 x 1.5" 3/16 x NC 3/16 x NC 3/16 x NC 

6 1/4 x .9" 1/4 x NC 1/4 x NC 1/4 x NC 

7 1/4 x 1.3" 1/4 x NC 1/2 x NC 1/2 x 1.7"       
(Grew 0.4”) 

8 3/16 x 1.2"       
(<1" Field) 

1 1/16" x 1.2"    
(Grew 3/8”) 1 1/16" x 1.2" .92 x 1.42" 

9 1/4-5/16 x 5deg 1/4 - 5/16 x NC 1/4 - 5/16 x NC 1/4 - 5/16 x NC 

10 1/4 x .75" 1/4 x NC 1/4 x NC 5/16 x NC 

11 5/16 x .9" 1/4 x NC 1/4 x NC 1/4 x NC 

Gen OD 1/8 - 1/4 1/8 - 1/4 1/8 - 1/4 1/8 - 5/16 

 

 

Figure 4-34.  Crack # 7 Growth Resulting from Torque Proof-Loading 

#7 Crack growth 
after 64K load 
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Figure 4-35.  Crack #8 Growth Resulting from Torque Proof-Loading 

 

5.0 FINITE ELEMENT MODELLING 

5.1. Introduction 
 
A two dimensional axi-symmetric finite element model of the rubber coupling was developed as 
shown in Figure 5-1 and Figure 5-2 below.  The finite element analysis was performed using the 
general purpose industry standard computer code ANSYS.  The model includes the rubber, 
reinforcement, and steel rims.  The FEA model was developed early in the project using external 
computerized measurements of the actual coupling, estimated geometry information from the 
manufacturer and best estimate for the rubber and reinforcement material properties.  The 
properties were adjusted during the progress phase of the project by benchmarking against test 
results.  The autopsy performed on coupling A1 provided the most accurate information for the 
rubber and reinforcement material stiffness and for the internal dimensions of the coupling. 
 
Details of the finite element analyses and results are included in Appendix B.  This Section 
provides a brief summary. 

 

5.2. Objectives 

 
The finite element analysis included the following cases: 
 

#8 Crack growth 
after 64K load 
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1. Axial static analysis 
2. Torsion static analysis 
3. 900 rpm static analysis 
4. Lateral misalignment analysis 
5. Angular misalignment analysis 
6. Modal analysis 

 
Finite element analyses were also performed for a new 12” coupling. 
 
The 12” coupling analysis and the axial and torsional analyses of the full size coupling provided 
the means for early predictions of the stiffness of the rubber and reinforcement. The full coupling 
analyses also provided the load and deflection limits used in the preliminary stiffness tests 
conducted at Clark Testing and Kinectrics. 
 
The rubber stresses due to 900 rpm loading were computed and found to be important relative to 
other critical stresses for failure analysis of the rubber and specifically for crack growth. 
 
Lateral, axial and angular misalignment analyses showed that the resulting stresses are relatively 
lower and therefore not considered in simulation tests at Clark and Kinectrics and crack growth 
analysis. 
 
Modal analysis produced the natural mode shapes and natural frequencies of the rubber.  These 
dynamic properties were used to assess dynamic interaction with the driving frequencies based 
on the 900 rpm operating speed.  These results are provided for information only and show that 
resonance in the rubber to shaft RPM is not expected unless the coupling stiffness is significantly 
altered.   
 
 

 
 

Figure 5-1.  Global View of The 2D Axisymmetry Geometry 
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Figure 5-2.  General View of the Finite Element Mesh 

 
 

5.3. Results 

The stress results listed in Table 5-1 provide the maximum tensile stress in the rubber 
gland in the vicinity of the cracks adjacent to the rims for each load case analyzed. These 
results are used in the crack growth calculation provided in Appendix. A. The table also 
lists the maximum tensile stress that occurs anywhere in the gland rubber for each load 
case. It can be seen that all listed stresses are significantly less than the ultimate tensile 
stress of the rubber measured to be 802 psi  (See Section 4.) 
 
 

Load Case Load Multiplier 
Applied to FEA 
Results (Appendix B) 

Stress in Cracked 
Regions (psi) 

Maximum Stress in 
Coupling Rubber 
(psi) 

35 FT-K Torque 3.5 25.6 75.6 
900 RMP 1.0 13.6 54.3 
.010” Axial Offset .33 1.9 5.3 
.010” Lateral Offset 2.3 6.8 21.6 
.010” Angular Offset .02 2.1 5.0 

 

Table 5-1. Stress Results Summary from FEA (max tensile stress) 
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6.0 CRACK INITIATION, GROWTH AND STABILITY 

Cause of Observed Cracking 
In the examinations and assessment of the couplings, no evidence of manufacturing defects 
or other deficiencies contributing to the cracking were noted. The observed cracking was 
determined to be caused by environmental and flex cracking and is considered to be a 
result of aging and usage. Mechanistically, the combination of mechanical stressing and 
rubber aging resulted in cracks particularly adjacent to the inner and outer rims. Studies 
have shown that repeated stressing can eventually cause displacement of fillers, developing 
a stress concentration point and location for fatigue crack initiation.  Fatigue crack 
propagation is then assisted by oxidative chain scission at the induced crack locations.  
Due to the tendency to be more severely cracked on the generator side, it is thought that 
ozone exposure also contributed to surface damage. 

 

Significance of Observed Cracking  
The cracks observed would likely have continued to grow over time as the effects of aging 
and operational stresses continued. However, due to the low calculated stresses and the 
small crack lengths, they were determined not to be near the critical length. Critical length 
is defined here as the length which would result in uncontrolled crack growth, eventually 
resulting in the inability of the coupling to perform its intended function. The ability of the 
observed cracking to continue functioning for a period of time is further demonstrated by 
the calculation of an approximate stress intensity and comparing it to a critical stress 
intensity. Because the rubber properties vary as a function of depth from the surface (due 
to aging influences) it is conservative to assume the near-surface properties to be 
representative of the properties throughout. 
 
Fatigue crack growth properties are estimated by interpreting the results of the rotational 
cyclic load testing of 2C which resulted in the growth of a single crack that existed prior to 
the test. It is assumed that this one crack grew as a result of the applied cyclic loading. It is 
conservative to use the behavior of the only detectable crack growth as being 
representative of the material. Measurable growth was not observed in any other crack. 
The cracks that were most stressed in the opening direction including the crack that 
propagated during the full scale load test of 2C were oriented at approximately 45 degrees 
angle to the circumferential direction. 
 
In the configuration of the coupling gland, the cracks behave in a plane-strain geometry 
which provides confinement at the crack tip. Linear-elastic fracture mechanics is applied as 
a method to approximate crack growth . For the purposes of this assessment, the critical 
stress intensity KIC is conservatively estimated using the testing results described in 
Section 4.4.4. The calculated KIC in Appendix A of his report is approximately 84 psi√in. 
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The calculation presented in Appendix A is an evaluation of crack growth and stability. 
The crack shown in Figure 4-30 extended from a depth of .019 inches to 1.062 inches as a 
result of the 35 million cycles of applied torque ranging from 14K to 32K ft-lb during the 
test. The first principal stress (S1) from the analytical model for the torsional stress case  
ratioed to reflect the loading applied in the test (factors of 1.4 and 3.2). The crack growth 
rate was then calculated for given alternating stresses assuming continuous crack growth 
during the test.  This cyclic loading was representative of what was measured in the field 
test. The cyclic test did not, however, include the effects of alignment or centrifugal stress 
that the coupling would be subjected to in the plant. These effects were considered, and 
only the effects of centrifugal stresses were found to be potentially significant. The 
maximum allowed misalignment across the coupling was verified to be 0.010” based on 
the manufacturer specified alignment procedure (Georgia Power 205-781). The centrifugal 
stresses, being relatively constant during operation, do not contribute to the stress range, 
but do increase the mean stress and therefore the crack growth rate. This effect is bounded 
by the conservative assumption that the Energy Release Rate increases in proportion to an 
increase in R (min/max). 
 
Using published relationships, the effects of a higher mean stress on crack growth rate 
were estimated. In Appendix A the effects of the addition of centrifugal stresses were 
calculated to increase crack growth rate by a factor of 2.8. This still resulted in a stable 
(slow growth) crack size. 
 

7.0 SUMMARY AND DISCUSSION 
Results of the analysis of the couplings showed: 

 

• For all couplings, the side of the coupling gland facing the generator contained 
consistently more cracks than the side facing the diesel.  The difference is likely due to 
increased degradation from ozone created during generator operation.    

• Most cracking appeared to be superficial, and cracks with measurable depths were found 
only along the inner and outer rim circumferences near the interface between the main 
gland structure and the steel rims. None were found to penetrate the fabric reinforcement. 

• Based on a possible trend observed between gland cracking and hours of operation at 
Hatch, the 1A, 1C and 2C couplings would be projected to have at least 400 additional 
hours (16+ days) of remaining operating life. 

• Shore A durometer hardness for all coupling surfaces indicated significant aging of the 
rubber, with average values of 78 to 87 units versus the new part specification of 60+/-5 
units.  However, the hardness of the rubber away from the surface obtained on a cross-
section of 1A was more pliable, as evidenced by a Shore A average of 73 units, which 
was 13 units lower than the external rubber average for this coupling. 
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• Although there was variation in the hardness averages between couplings, the averages 
fell within the 10 unit range required by the vendor specification so differences in relative 
aging were judged to be not meaningful. 

• Cyclic load testing applying the equivalent torsional fatigue caused by 9.5 days of 
operation resulted in minimal crack growth. 

• The 1C coupling was conservatively prepared and tested to represent bounding 
conditions for all the inspected couplings except 1B. The various test results provide 
assurance that the 1C coupling faults would have allowed it to operating at 3000 kW and 
1700 kVAR for more than 7 days even with cracks 5/16” to ½” deep. In an actual 
emergency, the loading would be less than these values for the bulk of the 7 day mission 
time. This conservatism in the test provides extra confidence in the adequacy of the 
couplings to perform. 

• Upon conclusion of 9.5 days equivalent cyclic fatigue testing of the degraded 2C 
coupling, which contained additional inserted flaws, the coupling was subjected to a 
proof-load torque equal to the manufacturer’s rating.  This proof-load torque was nearly 
2x the maximum normal operating torque applied to the coupling during operation.  Only 
minimal growth in two of eleven induced flaws was seen in this final test.  This provides 
a very high level of confidence in the ability of all the other couplings (except 1B) to 
fulfill their respective mission times. 

 

Noted Conservatisms in the Approach 
The evaluation of the subject couplings required approximations, and several noteworthy 
conservatisms in the approach applied are noted below: 
• The full scale cyclic test applied loading equivalent to 3000kW and 1700kVAR for 

an equivalent of 9.5 days of equivalent operation. A realistic loading demand for 
actual 7 day operation is equivalent to 2000kW and 1000kVAR after 6 hours at 
3000KW and 1700kVAR. 

• The 2C coupling used in the test had the most service hours and included induced 
flaws intended to bound all couplings received for evaluation including 1C. 

• The single crack that was found to propagate in the 2C test was artificially initiated 
by cutting a more severe profile than actually found in 1C. 

• Only one crack out of several grew during the cyclic torsional test. This growth was 
considered representative. 

• In the analysis performed, to consider other loadings not included in the cyclic test 
(such as misalignment and centrifugal stresses), very conservative approximations 
were applied such as assuming a homogeneously degraded material rather than the 
actual condition of being more degraded near the surface. 
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8.0 CONCLUSIONS 

The investigation results presented in this report support the conclusion that the 1A, 1C, 
and 2C EDG couplings in the as-found condition would not have failed in-service during a 
postulated run in excess of 7 days at 3,000kW and 1700kVAR. The cracks identified in the 
couplings removed from service could have grown larger during additional operation, but 
would not have propagated to the point where vibrations would have significantly 
increased or load capacity would have been significantly reduced. This evaluation also 
supports acceptance criteria of 0.25” deep cracks during future in-service inspections. This 
basis is bounded by the larger induced flaws in coupling 2C prior to testing. 

In reference to the further investigation of coupling 1B, described in Attachment C: 
 

• Based on the results full scale torque load testing following high speed rotational 
testing of coupling 1B, it cannot be demonstrated that the coupling would have 
maintained functional integrity during postulated operational loading at Hatch. 

 
• The as-found (Hatch plant) separation of the coupling from the inner metal rim 

occurred in the adhesive material. This is likely due to the fact that the adhesive 
material aged differently than the gland rubber over the life of the coupling. 

 
• No preexisting material flaws or defects were identified in the coupling which 

would make the 1B coupling more susceptible to cracking or failure than the other 
couplings evaluated. 
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APPENDIX A - CRACK GROWTH & STABILITY CALCULATION 
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Appendix A

All references are shown in brackets [ ] and appear at the end of this calculation.

This calculation performs manual computations to assess the influence of 900 RPM centrifugal stresses
 on crack growth observed during cyclic testing. Since the centrifugal stresses would add a steady state 
stress superimposed on top of the cyclic torsional stresses, it must be considered. The simplifications and 
appoximations applied in this calulation will provide a conservative result.

 The analysis is based on input stress values obtained from FEA, literature of crack growth in rubber 
materials, and crack growth data from full scale testing of the coupling described in section 4.5.3. of this 
report. Also see Section 6.0 of this report for additional discussion.

The crack considered in this analysis is oriented 45 degrees with radial and tangential directions as 
shown in the Figure below.

Stress due to various misalignments are also 
calculated and compared to torque stresses.  
The relative magnitude of stresses is 
considered to include or exclude stress 
components.

The maximum and minimum range of crack 
opening stresses and stress intensification 
values are calculated and used to predict the 
range for crack growth.

A.1 Input

ΔaΔn 3 10 8−
⋅

in
cycle
⋅:= crack growth measured from full scale testing based on averaging 35 million 

cycles growth 0.87" from 0.19" to 1.06" in depth

Tmax1 32 103
⋅ ft⋅ lbf⋅:= highest maximum torque in the Hatch plant test

Tmin 14 103
⋅ ft⋅ lbf⋅:= minimum cyclic torque in the Hatch plant test

10/27/2008 11:12 AM coupling rubber crack analysis prelim 3.mcd
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σmin 20 psi=σmin σTmin σ900rpm cos 45 deg⋅( )⋅+:=

σmax1 33 psi=σmax1 σTmax1 σ900rpm cos 45 deg⋅( )⋅+:=

Misalignment stress contributions are small and negligable.  Therefore, the stress range at the crack is only 
due to the min and max torques augmented by the centrifugal stress due to the angular velocity.  This 
cetrifugal stress is resolved to obtain the stress normal to the crack by multiplying by cos(45 deg).

σTmin 10.22 psi=max principal stress at crack due to min cycle torqueσTmin σ10ftlbs
Tmin

10 103
⋅ ft⋅ lbf⋅

⋅:=

σTmax1 23.36 psi=max principal stress at crack due highest max torqueσTmax1 σ10ftlbs
Tmax1

10 103
⋅ ft⋅ lbf⋅

⋅:=

A.2 Calculation

max principal stress at crack due to 10 ft-K torqueσ10ftlbs 7.3 psi⋅:=

radial stress at crack due to 0.0045" misalignment (3 psi x 0.01/0.0045)σalign_lateral 6.8 psi⋅:=

radial stress at crack due to 0.01 rad misalignment (110.4 psi x 0.01/0.52)σalign_bending 2.1 psi⋅:=

radial stress at crack due to 0.01" misalignment (5.8 psi x 0.01"/0.03")σalign_axial 1.9 psi⋅:=

radial stress at crack due to 900 rpm angular velocityσ900rpm 13.6 psi⋅:=

Ratioing the S!tress results of the FEA in Section 5 

total number of cycles for crack growthntotal 35 106
⋅ cycle⋅:=
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KImax2 41 psi in⋅=KImax2
C σmax1⋅ π a2⋅⋅

IΦ2
:=

KImax1 25 psi in⋅=KImax1
C σmax1⋅ π a1⋅⋅

IΦ1
:=

IΦ IΦ1 IΦ2+( ) 0.5⋅:=C C1 C2+( ) 0.5⋅:=

Use average values for the above crack constants.  This does not affect the final results since we use 
only the ratios of the stress intensities where these constants cancel out.

USE IΦ2  = 1.6 IΦ2 2.215=IΦ2

0

π

2

φ1
c2 a22

−

c2
sin φ( )2⋅−

⌠
⎮
⎮
⎮
⌡

d:=

the value of this 
constant will be higher 
as the crack grows and 
a grows causing lower 
K.

IΦ1 1.105=IΦ1

0

π

2

φ1
c2 a12

−

c2
sin φ( )2⋅−

⌠
⎮
⎮
⎮
⌡

d:=

C2 1.000:=sayC1 1.16:=

a2
c

1.767=

a2 1.06 in⋅:=

a1
c

0.317=a1 0.19 in⋅:=c 0.6 in⋅:=
aspect ratio of semi-elliptic 
crack at initial stage.  As 
crack grows, a will increase to 
a2.

assume that a/B is very small.

as a grows, C will reach 1.049

KI
C σ⋅ π a⋅⋅

IΦ
=

Use properties for a semi-elliptic crack from Reference 1, pages 43 and 44 to obtain the stress intensification 
for mode I crack opening.

R2 0.602=
R2

σmin

σmax1
:=

R1 0.437=
per equations (1) of reference 2.R1

σTmin

σTmax1
:=
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a_w_cetrif 2.806 in=a_w_cetrif 0.19in
7in dadtRatio⋅

8
+:=

Thererfore it is conservatively estimated that the crack growth rate 
with the presence of a superimposed constant cetrifugal tensile 
would grow faster than the rate in the cyclic test. Using the worst 
case (only) crack depth propogation in the cyclic test of 7/8" and 
aplpying the approximaate factor derived above, a crack depth is 
estimated 

dadtRatio 2.989=
dadtRatio maxERratio

3
2
⋅:=

Therefore the change in crack growth rate  rate is estimated to be 
proportional to 3/2 times the change in energy release rate

From Figure 8 of reference 2, the maximum to minimum crack growth rates changes in a log - log axis in linear 
fashion with a slope of 3/2 :

maxERratio2 1.993=
maxERratio2

KImax2

KITmax2

⎛
⎜
⎝

⎞
⎟
⎠

2

:=

maxERratio 1.993=maxERratio
KImax1

KITmax1

⎛
⎜
⎝

⎞
⎟
⎠

2

:=

Hatch vs Test 

The energy release rate is proportional to the square of the stress intensity.  Thus,

KITmax2 28.774 psi in⋅=
KITmax2

C σTmax1⋅ π a2⋅⋅

IΦ2
:=

KITmax1 18 psi in⋅=KITmax1
C σTmax1⋅ π a1⋅⋅

IΦ1
:=
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ESTIMATION OF DEPTH AT WHICH SLOW CRACK 
GROWTH WOULD REACH A CRITCAL SIZE APPLYING 
THE RESULTS PRESENTED IN SECTION 4.4.4 OF THIS 
REPORT

Using a simple edge plate geometry to estimate an equivalent KIC from the tensile test performed

σ test 120psi:= stress at which the crack propogated under tensile loading

a .125in:= crack depth in specimen

KIC 1.12 σ test⋅ π a⋅⋅:= KIC 84.223 psi in⋅=

Using this derived critical sress intensity the critical crack size is calculated

acrit

KIC IΦ⋅

C σmax1⋅( )
⎡
⎢
⎣

⎤
⎥
⎦

2

π
:=

acrit 3.256 in=

Applying many conservatve approximations, the critical crack depth of (acrit)  is greater than that predicted 
with a cyclic test including cetrifugal stresses a_w_cetrif( )

A.3 References

1.  H.L.E. Ewalds, R.J.H. Wanhill, "Fracture Mechanics."
2.  W.V. Mars, A. Fatemi, "A Phenomenological Model for The Effect of R Ratio on Fatigue of Strain 
Crystallizing Rubbers."
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Finite Element Modeling 
 
B.1 Scope and Objectives 

Finite element analysis is used to model the behavior of the rubber and steel rims of the 
subject couplings.  Modeling is also performed for a new sample small coupling from the 
same manufacturer to help understand the coupling behavior.  All finite element analyses 
are performed using the general purpose finite element code ANSYS version 11. 

The models were used to perform analyses of axial loading, torsional loading, 
lateral/angular/axial misalignment and centrifugal loading with 900 rpm. Dynamic natural 
modes were also determined 

The FEA analysis used in the evaluation included couplings without simulated cracks. 
This is appropriate for small cracks because the far field stresses calculated are used in the 
crack evaluation presented in Section 6.0 and to determine the influence of various applied 
loadings on the stress state of the gland. 

The main objectives of the FEA analysis are: 

• Provide load and displacement limits to be used as guidelines for the full 
stiffness testing done at Kinectrics and Clark. 

• To perform stress comparison of various misalignments to determine whether 
they impact the coupling performance.  Those misalignments judged to be 
important would be included in the full scale testing performed and further 
considered in the coupling evaluation. 

• Determine the natural frequencies of the rubber gland.   

• Determine the stress state in the coupling to be used in the structural 
assessment  of the coupling 

Because the early finite element analyses provided input to the full scale testing at 
Kinectrics and Clark and these tests later provided input to the FEA, the model 
development had to begin early during the project using available input.  As more input 
became available, additional refinements were adapted into the model. 

B.2 Geometry and Modeling 
 

The early version of the FE model was generated based on preliminary information 
provided by the original manufacturer of the coupling.  Refinements were introduced based 
on precise measurements of the exposed coupling surfaces.  The last internal geometry and 
material property refinements were introduced based on the autopsy of coupling 1A. 
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Figure B-1 shows a general 2-D view of the FE model.  This model is axi-symmetric and is 
represented in the XY plane. Figure -2 shows a 2-D view of the meshing in the rubber and 
steel.  The mesh consists of the PLANE83 axisymmetric harmonic 8 node structural solid 
element.  This FE simulation has capability to analyze symmetric loading such as axial 
forces and non-axisymmetric loading such as torsion and bending.  A similar model was 
generated for a 12” new coupling that was procured from the original manufacturer of the 
Hatch emergency diesel generator coupling 
 
Steel properties are assigned to the elements within the two steel rims, rubber properties 
are assigned to the inner and outer rubber layers, and reinforcement properties to the 
central reinforcement layer.  All materials are modeled as linear elastic with a Poisson’s 
ratio close to 0.5 for the rubber and reinforcement to simulate incompressible behavior.  
Based on the level of strains anticipated in the rubber, this material assumption was 
assumed adequate for this specific analysis.  Typical rubber analyses use more complex 
material models with hyperelastic capability such as Mooney-Rivlin material model.  The 
level of strains obtained and nature of analyses performed justify the noted simplification 
of the rubber material model. 
 
Inner and outer rims are respectively bolted to the gland hub and the adapter hub. We 
assume those areas to be rigid compared to the rest of the model.  These are used to apply 
loading and boundary conditions. 
 
Material properties for flexible rubber and reinforcement elements are evaluated and 
calibrated based material testing performed.  

 
B.3 Material Properties 
 

Original properties used in the FEA model included “best estimate” based on an industry 
search of similar rubber properties. 
 
Laboratory testing of the rubber removed from a new 12 inch coupling has shown a ratio 
of 100 between Young’s modulus of reinforcement and rubber. As the number of polyester 
cord layer varies with coupling size, there is some difference between this 12 inch coupling 
and the Hatch couplings in term of behavior so that the load-deflection curve can not be 
scaled. Tensile testing of samples removed from the 12 inch coupling gave stiffness values 
for un-aged rubber.  These un-aged properties gave guidance to estimated aged properties 
used in the FEA.  These early estimated properties helped in performing comparative FEA 
of misalignments and estimating deflection limits for the initial full scale axial and 
torsional testing. 
 
For the final model, an estimate of the rubber modulus was selected based on the tensile 
testing of samples removed from the 1A coupling.  The modulus for the reinforcement was 
measured from tensile testing of specimens removed from the 1A coupling and it was also 
back calculated from the full scale load-deflection testing as shown in the table below.  The 
Young’s modulus for the reinforcement is selected for input to the FEA to derive the 
desired properties 
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Table B-1.  FEA Material Properties 

Material Young’s 
Modulus 

Poisson’s 
Ratio density 

Steel 28 x 106 psi 0.3 0.285 lbf/in3 

Rubber 412 psi 

11,218 psi (1) 
Reinforcement 

14,300 psi (2) 

0.499 0.03287 lbf/in3 

 

Notes: 

(1) Young’s modulus from tensile stress of samples removed from 1A coupling  

(2) Equivalent Young’s modulus from full scale coupling stiffness tests 

 
B.4 Loading Analyses of Un-Cracked Coupling 
 

Because the FEA of the uncracked coupling used linear elastic simulation, nominal forces 
and displacements were applied with the results scalable to other loads and displacements. 
The following load cases have been run to characterize their relative contribution to stress 
distribution: 

 

1. Axial load (tension or compression) 

2. Torsional moment 

3. Angular velocity (900 rpm) 

4. Lateral offset ( lateral misalignment) 

5. Bending (Angular misalignment) 

-  

Boundary conditions for each load case are presented below.. 
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Table B-2.  Boundary Conditions Applied in FEA Analysis  

  Boundary Condition 

Load case Type of analysis 
Nodes on top  

of adapter hub 

Nodes on 
bottom of 
gland hub 

Axial Axi-symmetric about Y axis 
UX = 0 

FY = ± 700 lbf. 

Torsion Axi-symmetric about Y axis MY = 10,000 lbf-ft. 

Angular velocity Axi-symmetric about Y axis 
UX = 0, UY = 0 

Ω = 900 RPM. 

Lateral offset Non axi-symmetric loading 
FX = 1,000 lbf 

UY = 0 

Bending Non Axi-symmetric loading MZ = 10,000 lbf-ft. 

UX = 0 

UY = 0 

UZ = 0 when 
needed 

Note X= Radial, Y- Axial to Coupling, Z= Circumferential 
 

B.5 Results 
 

Table B-3 summarizes the maximum displacements per load case. Axial and torsion cases 
have been calibrated to match lab material property testing. These results are scaled 
elsewhere in this report prior to being used in evaluations. 

 

Table B-3.  FEA Displacement Vs Load Case Summary Table 

Load case Load applied in 
FEA 

Resultant 
displacement Location - Figure 

Axial 700 lbf 0.03 in Top of external rim – B4.1 

Torsion 10,000 ft-lbf 0.3° Upper edge of external rim – B4.2 

Angular velocity 900 RPM 0.0087 in Center of rubber – B4.3 

Lateral offset 1,000 lbf 0.0044in Top of external rim – B4.4 

Bending 10,000 ft-lbf 0.52 in = 1.47° Upper edge of external rim – B4.5 
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The following table summarizes the stress range in the rubber at the locations where cracks were 
observed in the full size couplings.  This is basically near the four corners of the coupling as 
shown in the figures.  The stress range is given for the loading defined in Table B-3. 

 

Stresses (psi) Sx Sy Sz Sxy Syz Sxz S1 S2 S3 Max in 
rubber 

min -4.6 -3.3 -3.3 -3.1     -1.7 -3.3 -4.9  axial 
max 3.0 5.2 4.1 1.5     5.8 4.1 2.4 

15.8 

min         -7.2 -1.8 4.2 0 -7.3  torsion 
max         1.7 6.8 7.3 0 -4.2 

21.6 

min -11.7 -16 -13.8 -0.4     -9.6 -13.8 -18 900 RPM 
max 12.7 9.7 9.5 10     13.6 9.5 5.6 

54.3 

min 0 -0.4 0 -1.8     0.9 0 -1.8 lateral offset 
max 2 2.6 2.3 0.4     3 2.3 1.6 

9.5 

min -45.5 -101.1 -73 -19.8     -45 -73 -101.7bending 
max 104.7 44.3 74.2 24     110.4 74.2 40.5 

249.7 

Table B-4.  Max and Min Stresses in Vicinity of Cracks (FEA Output Results) 
 
 

B.6 Modal Analyses 
 

Modal analysis is performed to evaluate modes of response of the rubber gland.  Boundary 
conditions are based on the installation configuration in between the two hubs, which are 
considered as rigid compared to the rest of the coupling. All displacements are restrained at 
both hubs. The natural frequency results below are presented for information. 
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Table B-5.  Natural Frequency Results of Rubber Gland from FEA 

Mode Frequency Description 

 Hz cpm Orders of 900 rpm  

1 19.6  1176 1.3X Rotation / CL between rims 

2 20.9  1254 1.4X sliding up and down between rims 

3 22.9  1374 1.5X Bending around rubber center line 

4 25.0  1500 1.7X Rolling 

5 32.8  1968 2.2X twisting 

6 35.4  2124 2.4X Blow-up on the inner rim side 

7 35.8  2148 2.4X -- 

8 36.9  2214 2.5X -- 

9 41.6  2496 2.8X -- 

10 42.8  2568 2.9X -- 

 

 

 

 

 

 

 

 

 

 

 

 

Global view of the 2D Axisymmetry Geometry 

Gland hub 

Adapter 
h b

Inner Rim 
Outer Rim 

ReinforcemeRubber 

Axis of 
symmetry 

Air volume 
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Local View of the Mesh in Crotch Regions Where Cracks Form 

 

 

Cracks Locations and Areas Where Stress Range is Listed  

 

 

Crack 1 Crack 2 

Crack 3 
Crack 4 
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Deformed shape for axial loading (Uy, vertical displacement) 

 

 

Deformed Shape For 900 RPM Angular Velocity (Ux, radial displacement)  
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FEA SY Stress Results for Noted Load Cases 

 

 

 

 

 

 

 

Figure A  – Axial, Sy stress Figure B – angular velocity, Sy stress 

Figure C– lateral offset, Sy stress Figure D– bending, Sy stress 
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FEA Hoop SZ Stress Results for Noted Load Cases 

 

 

 

 

 

 

 

 

Figure A – axial, hoop stress Figure B – angular velocity, hoop stress 

Figure D – bending, hoop stress Figure C – lateral offset, hoop stress 
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FEA Shear Sxy Stress Results for Noted Load Cases 

Figure A – axial, shear stress Sxy Figure B – angular velocity, shear stress Sxy 

Figure C – lateral offset, shear stress Sxy Figure D – bending, shear stress Sxy 
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FEA Shear Sxz Stress Results for Torsion Load Case 

 

 

 

FEA Shear Syz Stress Results for Torsion Load Case 
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APPENDIX C - COUPLING 1B ASSESSMENT 
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C.1 Objective  
 

The assessment of the 1B coupling was intended to provide data to Southern Company to 
assist in determining the ability of the coupling to perform its function in the as-found 
condition. The assessment also intended to identify any conditions which may have 
contributed to the as-found degraded condition and assist in effective future condition-
monitoring of the replacement couplings. 
 

C.2  Approach 
 

A three step approach was planned for the life assessment: 
 

1. Full scale load testing of the 1B coupling was performed at Clark Testing using 
torque information provided by Plant Hatch to simulate EDG demand if called 
upon. 

 
2. Destructive laboratory testing of the coupling was performed in order to 

characterize the as-found condition and damage produced at Clark by full scale 
testing. 

 
3. If the coupling maintained load carrying capability during the testing at Clark, finite 

element analyses was planned to help translate the test results into a life 
determination of the coupling. 

 
C.3 Full Scale Testing at Clark 
 
C.3.1 Rotational Test 
 

The 1B coupling was installed in a rotational test rig that allowed the rotational speed to be 
adjusted to 900 rpm. The standard 900 rpm was used as the test speed because this is the 
rated speed of the installed Emergency Diesel Generators at plant Hatch. The rotational test 
was run at speed for up to 2 hours and the instrumented acceleration loads recorded. 
Additionally, a second rotational laboratory test at 900 rpm measuring shaft stress was run 
to correlate actual values measured in the field for the 2C Emergency Diesel Generator to 
any subsequent FEA modeling required.  

 
C.3.1.1 Test Configuration and Instrumentation 
 

The test configuration is shown below. The coupling was instrumented with 
accelerometers at the 0-degree and 270-degree positions to measure vibration for Test 1. 
Strain gauges were installed on the shaft after the adapter plate for Test 2. 
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Rotational Test Set-Up 
C.3.1.2  Periodic Monitoring 
 

The data from the motor speed sensor, accelerometers and strain gauge were collected on a 
data acquisition computer. Generator side cracks were monitored visually with a strobe 
light periodically during the test.  

 
C.3.1.3  Test Observations 
 

The acceleration and strain values measured were low during the 900 rpm tests. The sound 
of the test configuration changed and the vibration levels reduced slightly after the first 30 
minutes of testing.  
 

C.3.1.4  Crack Growth Observations 
 

There was no noticeable change in the cracks observed in the 1B coupling during or after 
the 900 rpm test. 

 
C.3.2  Torsional Cyclic Test 

Plant Hatch established the expected loading requirements for a 24-hour Technical 
Specification surveillance. Although the in-service operation of the coupling is subjected 
to a combination of complex stresses, a torsional equivalency loading profile for a static, 
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non-rotational test was established.  The EDG 1B coupling had been previously tested at 
900 rpm in the unloaded condition where the bending and vibrational information had been 
collected.  
 
The simulated 24-hour Technical Specification established by Plant Hatch is as follows: 

1. Slowly increase load to ~2775 - 2825 kW and hold for ~ 5 seconds 
2. Apply a load increase from the preceding load to ~3250 kW and begin decreasing 

to the next load value after reaching ~3250 kW 
3. Decrease load to > 3000 kW until completion of the first 2 hours 
4. Decrease load to a load of ~2775 to 2825 for the remaining 22 hours 
5. Terminate testing after 24 hours 

 
The 1B coupling was put in a hydraulic test rig with two MTC actuators that allowed the 
load to cycle torque at a frequency of 35 Hz. The applied load corresponded to the 
maximum loads measured at Plant Hatch during field testing of the 2C Emergency Diesel 
Generator. The dominant observed frequency in the field was 45 Hz.  The laboratory test 
was planned to run to accumulate the correct number of cycles corresponding to field 
operation at the 45Hz dominant frequency.  

 
C.3.2.1 Test Configuration and Instrumentation 
 

The test configuration was setup as shown below. The coupling was instrumented with 
accelerometers at the 0-degree and 270-degree positions to measure vibration.  LVDTs in 
the actuators were used to monitor the rotational displacement of the coupling at 90 and 
270 degrees. The applied torsional load was measured with a calibrated load cell and the 
output was continuously recorded on a strip chart recorder.  
 

C.3.2.2 Periodic Monitoring 
 

The data from the load cell, accelerometers and LVDTs were collected on a computer. The 
surface temperature of the coupling was measured using surface laser thermography. 
Coupling cracks were monitored visually with a strobe light twice a day. This observation 
was video taped. 
 

C.3.2.3  Test Observations 
 

At approximately 1.5 hours into the test the coupling failed and could no longer support 
the equivalent field load.  This result made further FEA modeling unnecessary.  

 
C.3.2.4 Crack Growth Observations 
 

The inner and outer rims were displaced 5 degrees and several crack locations were opened 
up significantly. 
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Full Scale Cyclic Torque Test Set-Up 

 
C.4 Destructive Examination 
 

Following the Clark torsional testing-to-failure, coupling 1B was returned to Altran for 
fracture surface examination and characterization.  The objective was to determine where 
the crack occurred in the coupling during Hatch operation (as-found) and where the 
subsequent separation occurred during Clark’s testing.  
 

C.4.1  New and Original Crack via Visual and Fluorescent Tag Documentation 
 

The original cracking in coupling 1B as-received from Plant Hatch was previously 
documented, and all cracks were tagged with fluoroscein dye.  Recall that a through-crack 
along the internal diameter (ID) hub was detected from approximately 80-degrees through 
0-degrees to 255-degrees (see earlier, Figure 4-2 and Figure 4-4). After testing at Clark, the 
1B coupling showed almost complete detachment of the rubber gland from the inner hub 
(generator hub).  Additionally, the inner and outer hubs were dislocated relative to each 
other by approximately 5 degrees from the original markings.   
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Crack Growth as a Result of Cyclic Torque Test 
The coupling was cut into two pieces at 75-degrees and 280-degrees.  The piece containing 
the majority of the original crack was completely detached from the inner hub.  Upon 
visual inspection, the locus of failure was seen to be smooth and very close to the metal.  
There were rings of rubber along the outermost edges of the hub, presumably due to the 
rubber overlay used during molding/curing. 
 
The portion of the coupling that was fractured during Clark’s testing had two notable 
characteristics:  the location of new fracture was a continuation of the original separation 
along the metal hub.  This propagated for a short distance before changing direction into 
the rubber matrix.  Secondly, the portion fractured at Clark still had good attachment 
between the internal hub and the rubber gland.  This was evidenced by ligaments of rubber 
in the new fracture.  After cutting the ligaments and removing the inner hub, the exposed 
“Clark” fracture surface was seen to be very different from the original fracture over the 
majority of the piece.  Here, the fracture moved back and forth very unevenly between the 
rubber, near the fiber reinforcement, and the metal hub, and exhibited areas of dynamic 
stress fracture.  
 
Once separated, the fracture surfaces were misted with water to rejuvenate the dried 
fluorescent dye and viewed under ultraviolet light.  This examination showed the 
fluorescent dye throughout the coupling thickness for the original crack, and only on the 
outer surfaces for the more superficial cracks.  The “Clark” fracture did not show any 
evidence of the dye. 
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Coupling 1B Gen Side Showing Offset of ~5o After Clark Testing.  Original Inner-to-Outer 

Hub Alignment Mark in White, New Mark in Pink. 
 

 
Original Crack Site in the 1B Coupling Showing a Smooth Fracture Surface Between the 
Rubber Gland and the Inner Hub.  Remaining Rubber Along Inner Hub Edges Indicated 

with Arrows.  

Offset 
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Section of Coupling 1B Containing the Failure Induced at Clark Testing.  End of Original 

Hatch Crack Shown with Arrow. 
 

 
Close-Up of the Clark-Induced Crack.  End of Original Hatch Crack Shown with Arrow. 
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Close-Up of the Clark-Induced Crack further along the Coupling. 

 

   

Close-Up of the Clark-Induced Crack at 135-degrees (top) to 165-degrees on the Coupling. 
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Close-Up of the Clark Induced-Crack at 75-degrees (top) to 120-degrees on the Coupling. 

 

 
Close-Up of Rubber Ligaments Remaining in the Clark-Induced Crack. 
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Close-Up of Another Rubber Ligament Remaining in the Clark-Induced Crack. 

 
 

 
Fracture Surfaces of the Clark-Induced Crack after Severing Rubber Ligaments and 

Separating Hub. 
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Additional View:  Fracture Surfaces of the Clark-Induced Crack after Severing Rubber 
Ligaments and Separating Hub. 

 
Image of Original Hatch Crack Surface Showing Fluorescent Dye through Full Width of 

Coupling. 
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End of Original Crack Surface near 280-degrees Gen Side Showing End of Hatch 

Breakthrough and New Clark Damage (no fluorescence). 
 

 
End of Original Crack Surface near 280-degrees Diesel Side Showing End of Breakthrough 

and New Clark Damage (no fluorescence). 
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C.4.2 Adhesive Thickness 
 

The adhesive and primer used for attaching the reinforced natural rubber gland to the hubs 
is a 2-part liquid system consisting of nitrile rubber (NBR, black) and a proprietary primer 
(contains lead catalyst, gray).  As a result, there is a slightly different appearance to the 
adhesive after curing that allows measurement of the layer thickness.  In order to determine 
if a meaningful difference in adhesive thickness existed between the damaged 1B coupling 
and an undamaged one (1A), measurements were taken on magnified cross-sections of 
couplings 1B and 1A and compared.   The table below summarizes results. 
 
Common statistical techniques were used to evaluate data and interpret results.  In this 
study, the student t-test probabilities (p-values) were used.  By definition, the t-test p-value 
is the probability of making an error by rejecting the hypothesis that the mean values of the 
data sets are equal.  This can be interpreted as follows: 
 
For two sets of data being compared and a t-test p of 0.0100, there is 99% confidence that 
the two means are different.  Here, the p-value is subtracted from 1.0000, and then 
multiplied by 100 to obtain percent (%). 
 
There are underlying assumptions for using the t-test related to the normal distribution of 
data and equivalence of variance, both of which have been taken into account with the 
results generated here.  For product development, manufacturing and regulatory agencies 
there are typically different levels of confidence sought for decision-making purposes.   
 
The adhesive thickness showed considerable variation, as indicated by the high relative 
standard deviation values (RSD).  On average, the 1B coupling had a thinner adhesive 
layer, with the difference statistically significant at the 98% confidence level.  The 
magnitude of the overall difference (0.26mm) is thought not to be meaningful.   

 

Coupling ID Location n
Average 

Thickness (mm)
Min 

(mm)
Max 

(mm)* Std Dev RSD (%)
1A 18 1.57 1.34 2.10 0.21 13.1

1B Clark Break 15 1.43 0.53 37.0
Original Break (Hatch)** 18 1.21 0.26 21.3

1B Overall 33 1.31 0.95 2.74 0.41 31.5

t-test p 1A vs. 1B all 0.0141 different at 98% conf
1B Clark vs. Hatch Break 0.1275 no difference 

1B Clark Break vs. 1A 0.29437 no difference 

**A very thin layer of adhesive was left on the 1B hub, but was not measurable (too thin)

*One area in the 1A cross-section showed showed a thickness of ~3.7 mm and a through-section pinhole at the rubber:adhesive interface.  This 
measurement was not included in the data. 

   
 

Since the adhesive and gland rubbers are different, it is highly probable that their long term 
aging properties also differ.  There is a large body of literature on rubber aging, and 
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difference between various materials, and even between similar base materials with 
different additives/formulations, is well known. 
 

C.4.3 Adhesive Lap Shear Strength 
 

In order to test the coupling system strength, lap shear joints were tested using segments of 
the 1B coupling outer hub.  Results were compared to those previously obtained for 
coupling 1A (Table 4-5).  Here, the maximum load and peak stress was greater on average 
for coupling 1B than for 1A, although differences were not statistically significant at the 
90% confidence level.  The variation in maximum load to break was greater for 1B than 
for 1A (RSD of 16% vs. 8%, respectively).  Additionally, the locus of failure for the 
fracture was different.  In the previously tested 1A samples, fracture occurred through the 
adhesive or, in one case, in the rubber between the first and second fabric reinforcement 
layer.  For the 1B samples, fracture occurred stepwise through the rubber separating 1-2 
fiber reinforcement layers.  Note that the fibers for this test geometry are not oriented to 
provide strength to the lap joint.  Since breakage occurs in the weakest part of the sample, 
these results indicate that the inter-layer rubber in the 1B was weaker than its adhesive 
layer in the segments tested.   A summary of the test data for 1B is presented in the table 
below. 
 

Area Max Load Peak Stress
in2 lbf psi

1 0.61 227 372
2 0.72 308 426
3 0.75 297 397

Average 0.69 277 398
st dev 0.07 44 27

Test

  
 

 
C.5 Finite Element Analysis 
 

FEA of the 1B coupling was not performed because of the clear failure of the coupling 
during the full scale testing performed at Clark. 
 

C.6 Conclusions Regarding Coupling 1B 
 

The following conclusions are offered based on the results of the coupling 1B testing and 
laboratory investigations performed. 
 

• Based on the results full scale torque load testing following high speed rotational 
testing of coupling 1B, it cannot be demonstrated that the coupling would have 
maintained functional integrity during postulated operational loading at Hatch. 
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• The as-found (Hatch plant) separation of the coupling from the inner metal rim 
occurred in the adhesive material. This is likely due to the fact that the adhesive 
material aged differently than the gland rubber over the life of the coupling. 

 
• No preexisting material flaws or defects were identified in the coupling which 

would make the 1B coupling more susceptible to cracking or failure than the other 
couplings evaluated. 
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SUMMARY 
 

As part of Remaining Life Assessment and Failure Analysis of Hatch Emergency Diesel Generator 
Couplings undertaken by Altran Solutions and Southern Nuclear, Kinectrics performed the 
following. 
 
Measurement of the rubber section of the drive coupling using our AECL indenter to determine if 
additional aging would be required for the 2C coupling.  
 
The indenter testing showed that the condition of the rubber section was aged as would be 
consistent with the service environment.  The condition of the natural rubber would not prevent it 
from being suitable for service; however it is susceptible to propagation of cracks 
 
A preliminary survey of the coupling to evaluate possible ultrasonic testing (UT) to locate any 
rubber to flange disbands.  
 
The trial of Ultrasonic methods showed that it may be possible to identify areas of disbonding, 
however precise measurements of the disbond areas were not possible with the methods used. 
 
Mechanical testing of the sample coupling and insertion of simulated cracks into the coupling to 
aid in verifying the FEA model of the coupling produced by Altran. 
 
Mechanical testing of the coupling demonstrated that when loaded in the axial direction, the load 
boundary condition was reached well before the displacement boundary specified by the model 
prepared by Altran.   
 
For torsion loading, the test results showed good correlation with those predicted by the model. 
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To: William McBrine 
 Technical Manager 
 Altran Solutions  
 80 Fargo Street  
 Boston MA, 02210 USA 
  
 

Kinectrics Measurement And Testing 
Of 

Southern Nuclear - Hatch Diesel Generator Coupling 
 
 
1.0 CONCLUSIONS AND RECOMMENDATIONS 
1.1 Indentor Measurement 

Indenter measurements of the rubber gland of the coupling indicate that the rubber is in the 
aged condition that would be expected for the service conditions stated for the coupling. 
In the aged state, the rubber is however more susceptible to cracking. 
After evaluating the results of the indenter measurements and visual examination of the 
coupling condition, R Lewak was able to offer the opinion that, the rubber, while aged, is 
still suitable for service. 
 

1.2 UT Measurements 
Initial measurements UT of the drive coupling showed promising results that it would be 
possible to identify areas of disbond between the rubber gland and the metal of the 
coupling.  However subsequent work to qualify the UT measurements with known defects 
showed that the techniques attempted were not reliable. 
 
Further work in qualifying the use of UT measurements is recommended to improve the 
reliability of the measurements.   
 
Future UT measures should consider using an immersion (or water-jet) technique for 
coupling the UT probes to the surface drive coupling.  The measurement and resolution 
of metal to rubber disbonds would be much more accurate and reliable than the contact 
inspection used for these trials.  
 

1.3 Mechanical Testing 
Mechanical testing showed that there was good correlation between the catalogue values 
for torsional stiffness of the coupling and the observed properties when tested.   
 
The limiting values for load and displacement were defined by Altrran to assist in 
developing their FEA model. The axial stiffness test of the coupling showed that the load 
boundary condition was reached before the displacement limit was recorded.   
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2.0 BACKGROUND 
  
The work described in the report is in support of a failure analysis requested by Altran Solutions.   
 
During routine testing of an emergency generator at Southern Nuclear Hatch plant, excessive 
vibration was observed.  The source of the vibration was identified as a drive coupling with cracks 
in the rubber gland section.  In order to provide assurance that the drive coupling would have 
functioned in the event of an emergency, Southern Nuclear requested that a team of 4 different 
companies (Altran Solutions, Kinectrics, Clark-Testing, and Southern Nuclear) support Southern 
Company’s efforts in resolving operability issues with the couplings.  Altran Solutions is the lead 
contractor to Southern Nuclear with Kinectrics and Clark testing providing specific test work. 
 
When the vibration problem was traced to the drive coupling, Southern Nuclear replaced all of the 
drive couplings at the Hatch plant.  The couplings removed from the generators are to be used for 
this investigation.  
 
The generators at the Hatch plant are installed in two groups of 4 with generators 1A-D being the 
first set installed.  In order to preserve the 1 A-D couplings for future analysis coupling 2C was 
identified as the sample coupling to be used for destructive testing.  The purpose of the testing 
was to perform a remaining life assessment and failure analysis of Hatch emergency diesel 
generator couplings. Coupling 2C would be mocked up to match the condition of coupling 1C with 
additional aging if required and with additional flaws created to match coupling 1C. 
 
Kinectrics role was to provide indentor testing of the rubber section of the coupling to further 
evaluate the condition of the rubber as received, perform ultra sonic testing (UT) to determine any 
possible method of non-destructively characterizing any de-bonded areas of the rubber metal 
interface of the coupling.  Following the preliminary inspection, Kinectrics performed axial and 
torsion load testing on the ‘as received’ coupling.  Flaws were then artificially inserted into the 
coupling in order to mimic the degradation seen in the (1C) coupling.  Following the insertion of the 
flaws, the axial and torsion loading testing was repeated. 
 
3.0 PROCESS 
 ITP 
The test program by is described by Kinectrics Inspection and Test Plan (ITP) 
K-014698-ITP-0001.  The ITP is attached as Appendix A. which defines the sequence of 
operations and details the records to be produced for the testing at Kinectrics. 
 
3.1 Indentor Measurements   
 
Elastodynamic spot tests were performed on the Natural Rubber section of Southern Nuclear 
Hatch NGS 2C Diesel/Generator Coupling using the Atomic Energy of Canada Limited Mark II 
Elastodynamic Spot Tester (Indenter).  The test method used is described in the AECL Operating 
Manual, “Spot Testers Users Manual”, 153-108320-OM-001 Revision 0 and Kinectrics TWI 530-
136 Rev. 0 – AECL Indenter. 
 
A discussion of the indentor measurements and the results are presented in Kinectrics Technical 
Memo K-014968-TM-0002 (Included as Attachment 1) and summarized in sections 3.1, 4.1 and 
5.1 of this report. 
 
In elastodynamic spot tests, an indenter is driven into the elastomer for a specified distance.  
During this operation, the force and position of the indenter is measured.  When the external load 
is removed from the indenter, the force exerted by the elastomer on the indenter and the indenter 
position is measured with time.  From these measurements the following parameters are 
calculated: 
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• Spot Stiffness, which is the force required per inch of indenter depth into the rubber 
• Relaxed Stiffness which is the asymptotic with time value of the force required per inch of 

indenter depth 
• Stiffness Relaxation which, is the decrease in indenter force after a long time period 

described as a fraction of the initial peak force 
• One minute Recovery which, is the fraction of recovery of the rubber following one minute 

after the external indenter load is removed. 
 
The Spot Stiffness value essentially quantifies the hardness of the rubber.  A higher the Spot 
Stiffness, indicates a harder rubber.  Relaxed Stiffness is a parameter which indicates the 
elasticity of the rubber.  The closer the Relaxed Stiffness is to the Spot Stiffness, the more elastic 
is the rubber.  Stiffness Relaxation indicates the elasticity/viscosity relationship of the rubber.  The 
higher the value of the Stiffness Relaxation, the more viscous is the rubber. One Minute Recovery 
measures the rubber’s resistance to permanent set. 
 
Altran Solutions performed durrometer hardness measurements of the samples 1A, 1B, 1C and 
2C in order to compare the aging state of the available samples. Based on the durrometer 
measurements and the indenter test results, all of the samples were determined to be at the same 
aging level when the allowable variation in hardness reading is considered for as manufactured 
rubber.  All parties agreed that further artificial aging of the 2C sample would not be required. 
 
3.2 UT Measurements   
 
A discussion of the UT measurements and the results are presented in Kinectrics Technical Memo 
K-014968-TM-0001 (Included as Attachment 2) and summarized in sections 3.2, 4.2 and 5.2 of 
this report. 
 
Kinectrics performed a preliminary feasibility study of using UT on coupling 2C. Trials were made 
to determine if inspection using contact ultrasonic (UT) method would be able to display any 
information about the rubber/metal bond interface  
 
The objectives of the tests were: 
• To determine if cracks in rubber or disbonds between metal and rubber could be detected and 

measured by the contact UT technique with standard probes. 
• To determine the best UT technique and the most appropriate transducers for flaws detection 

and sizing. 
 
During this testing a UT flaw-detector USN-60 was used to evaluate the rubber/metal bond 
interface.  The testing involved the use of various contact UT probes: angle and normal beam 
(incident angles from 80 degrees to 0 degrees), large and small diameters (from 25mm to 5mm), 
and high and low frequencies (from 5MHz to 0.35MHz). 
 
In addition, a computer-based UT test system was used for tests. A study of the application of 
different transducers and techniques was performed. Data were recorded for those results that 
appeared to be applicable for further work.  
 
Unfortunately, ultrasound (even the low frequency waves) does not propagate well through this 
type of rubber. Therefore, cracks within the rubber could not be detected. At the same time, the 
results indicated that the best inspection method for disbond detection was normal beam pulse-
echo technique with contact non-focusing UT probe (diameter 4mm and centre frequency 5MHz). 
The contact inspection was performed from the OD metal surface and utilized a UT coupling gel 
(Sonotech Ultragel II). 
 
Subsequent attempts to qualify the UT inspection techniques using known defects inserted on a 
section of a 12” size coupling of similar construction could reproduce the results found on the 2C 
coupling.  The results recorded during the trials are presented to record the attempts made at 
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identifying disbonded areas of the 2C coupling.  As indicated in section 5.2 further development 
work is required to produce reliable indication of disbonded areas. 
 
3.3 Mechanical Testing   
 
Mechanical testing was performed on the 2C coupling to provide test data to validate the FEA 
model of the coupling developed by Altran Solutions.  This testing consisted of axially loading the 
coupling and recording the resultant displacement.  In addition, the coupling was also loaded in 
torsion.  Similar to the axial test, the applied torque and resultant rotation were recorded.  The 
bounding conditions for these tests were provided by Altran.  For the axial test, the applied load 
was limited to 700 Lbs and displacement was limited to 0.050 Inch.  If either parameter was 
reached, testing would stop.  For torsion, the bounding conditions were 10,000 LbFt of applied 
torque and 0.30 degrees of rotation. 
 
3.3.1 Axial Testing 
 
Axial Loading was performed following Kinectrics PSWI K-014968-PSWI-0001. 

For axial loading the coupling was loaded using the equipment shown in Figure 3.3.1.  The 
coupling was placed on a bearing plate secured to the structural testing strong floor.  The coupling 
was then loaded on the face of the generator side inner hub.  The axial load was applied by the 
hydraulic ram pulling through a tie rod connected to the strong floor.  Load was recorded by the 
load cell shown in figure 3.3.1.  Displacement was measured using the 2 linear displacement 
transducers shown in figure 3.3.1.  The displacement transducers were secured to the inner hub 
and referenced to the outer hub of the coupling. 

The weight of the adaptor plate, hydraulic cylinder, lifting hardware, and load cell was measured 
and recorded.  The components were then assembled onto the coupling.   
 
The axial load was applied in several stages in order to achieve the required load of 700 Lbs, the 
hydraulic cylinder was pressurised using a manual hand pump.  The adaptor plate was suspended 
above the coupling to record the displacement at zero load.  The first load step is the application of 
the weight of the adaptor plate, hydraulic cylinder, lifting hardware, and load cell. The load was 
then increased in steps of 100 Lbs by the hydraulic cylinder until either the limiting load of 700 Lbs 
or the limiting displacement of 0.050’ was reached.  At each 100 lb step the load and displacement 
were recorded. A data logger also recorded the load and displacement readings during loading. 
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Figure 3.3.1 
Axial Test Equipment 

 
 
3.3.2 Torsion Testing 
 
Torsion loading was performed following Kinectrics PSWI K-014968-PSWI-0002. 

The torsion test equipment is shown in figures 3.3.2 to 3.3.4. For torsion testing, the outer hub 
(diesel side) of the coupling was secured to the bearing plate on the strong floor.  The adaptor 
plate and a torque arm were then secured to the inner hub (generator side) of the coupling.  The 
torque arm was loaded by a hydraulic cylinder connected to the strong floor.  A load cell in line 
with the hydraulic cylinder was used to measure pull load.  This load, along with the known torque 
arm radius was then used to determine the applied torque.  The rotation was determined by 
measuring the linear displacement of the torque arm and calculating rotation knowing the radius of 
the measurement point.  Two support bearings mounted between an axle secured to the strong 
floor and the torque arm were using to ensure no twisting of the coupling would occur. 
 
Torque was applied in stages using a hand pump to pressurize the hydraulic cylinder.  The load 
was increased in steps of 1,000 LbFt until either the limiting torque of 10,000 Lb-Ft, or the limiting 
displacement of 0.30 degrees was reached.  At each 1000 LbFt step the torque and rotation were 
recorded. A data logger also recorded the torque and rotation readings during loading. 
 

Strong Floor 
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Coupling 

Adaptor Plate 

Hydraulic Cylinder 
Load Cell

Displacement Transducer

Displacement Transducer 
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Hydraulic Cylinder

Load Cell

Load frame used for displacement reference

Floor Plate

Coupling mounted on floor plate

Torque Arm

Strong floor stud
is used as pivot point for 

torque arm

Bearing for torque arm support

Bearing support frame

Plan  View

Elevation View

Bearing Support Frame

Bearing mounted on shaft secured to strong  test floor
supporting torque arm 

Load Cell

Upper Adaptor Plate

Lower Adaptor Plate

Upper Adaptor Plate

Lower Adaptor Plate

 
Figure 3.3.2 

Torsion Test Fixture 
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Figure 3.3.3 

Torsion Test Fixture - Base Plate 

 

 
Figure 3.3.4 

Torsion Test Fixture - Torque Arm 
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3.4 Flaw Creation   
 
Flaws to replicate those in coupling sample 1C were inserted into coupling 2C following Kinectrics 
PSWI K-014968-PSWI-0003.   
 
Trials of  the proposed method of using a sharp knife to out line the desired flaw and cutting the 
bulk of the material to be removed with a dremel tool on the section of a 12” Falk coupling showed 
that the cut made by the dremel tool was rough and somewhat difficult to control.  The procedure 
was revised to have the flaws cut using an Exacto knife and monitoring the depth of cut by 
marking the tip of the knife.  This was monitored while looking through a microscope. When the 
flaws were completed they were marked using Rhoda mine-B, dye mixed with 50:50 water and 
alcohol. 
 
The location and dimensions of the flaws to be produced are listed in Table 3.4.  Figures 3.4.1 and 
3.4.2 show the flaws as they were being created. The locations of the flaws are shown in figures 
3.4.3 to 3.4.5. The flaws as they were created are shown in figures 3.4.6 through 3.3.11. 
 
Close up picture of flaw 10 in figures 3.4.12 and 3.4.13 show the dye applied and the features of 
the flaw. 
 

Table 3.4 
Flaws Produced on Coupling 2C 

 

 Generator Side Diesel Side Notes 
Inserted 

Flaw  
(#) 

 OD ID Length OD ID Length 

 
Location 
Degrees 

(Start of Flaw) 
Depth and Length  (inches) 

 

9 0 to 5 
-0.25  

To 
 0.31 

 
Cut approximately 1/2 distance - probed the remaining 
length of existing crack and found that it was already at 
the required depth 

175  -0.19 1 
1 

180  -0.25 1 

Flaw cut approximately 1” in length  with break in 
center  

2 185  -0.19 1 Flaw was determined to be approximately 5o in length 
as determined by examination of photograph 

3 195  -0.5 1.6 
Already marked w/ white both ends 
Flaw inserted mostly in the bottom of channel with 
angle into center 

4 210  -0.38 1.2 

5 220  -0.19 1.5 

6 225  -0.25 0.9 

7 240  -0.25 1.3 

Cut as a V notch to get only center of flaw deep 

11 255  -
0.25 0.75  This is the first flaw  cut  

The tip of knife is marked with the required depth. 

8 285  -0.19 1.2 Depth cut for whole length of crack 

10 350 -0.31  0.9  Probed flaw at 350o and found existing depth to be 
0.31” 

Flaws were produced following procedure K-014968-PSWI-0003 
Flaws inserted By D. Oad and verified by R. Bunt of Southern Nuclear 19 Sept 2008 
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Figure 3.4.1 
Cutting Flaw 

 
Figure 3.4.2 

Inserting Dye After Flaw is Cut 



 10 K-014698-RA-0001-R00 

 
Figure 3.4.3 

Coupling 1C Diesel Side  
Marked Locations of Flaws 1 - 2 - 3 - 4  - 5 - 6 - 7 

 
Figure 3.4.4 

Coupling 1C Diesel Side  
Marked Locations of Flaw 8 

    
Figure 3.4.5 

Coupling 1C Generator Side  
Marked Locations of Flaws 9 - 10 - 11 
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Figure 3.4.6 

Created   Flaw 1-2-3 

 
Figure 3.4.7 

Created  Flaw 4-5-6 

 
Figure 3.4.8 

Created  Flaw 5-6-7 
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Figure 3.4.9 

Created  Flaw  8 

 
Figure 3.4.10 

Created  Flaw  9 & 10 
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Figure 3.4.11 

Created  Flaw  11 

 
Figure 3.4.12 

Close up of flaw 10 with dye inserted 
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Figure 3.4.13 

Close up of flaw 10 with dye inserted showing depth of flaw 
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4.0 RESULTS  
 
4.1 Indentor Test Results   
The measured Elastodynamic Spot Tester values are as follows: 
 

Table 4.1 
 

Location on Generator Side 
of Coupling 2C 

Spot Stiffness 
(lb/in) 

Relaxed 
Stiffness (lb/in) 

Stiffness 
Relaxation 

One Minute 
Recovery % 

300 deg Center* 33.59 18.10 0.461 75.4 
0 deg Center 28.65 16.54 0.423 76.3 

0 deg Outer Diameter 41.49 23.66 0.430 72.0 
90 deg Center 36.54 21.54 0.411 76.1 

90 deg Outer Diameter 35.94 21.66 0.398 68.2 
180 deg Center 37.72 21.02 0.443 76.7 

* Indentation of 0.010 inches - all other readings used 0.020” 
 
The Spot Stiffness values are quite consistent and appear not to be dependent upon location 
around the coupling circumference.  There is significant difference in the Spot Stiffness, 
Relaxed Stiffness and One Minute Recovery values at the 0 degree position between the center 
region and the Outer Diameter region.   At the 0 degree position the spot stiffness and the one 
minute recovery readings indicate that the outer diameter region of the coupling rubber has 
hardened to a greater extent than the center.  At the 90 degree position this is not clearly 
demonstrated.  The viscosity of the rubber is almost the same at both locations as 
demonstrated by similar Stiffness Relaxation values.   
 
4.2 UT Inspection Results. 
 
4.2.1 USN-60 Flaw Detection 
 
Initial trials of detecting disbonds in the rubber flange interface were made using the flaw 
detector USN-60. 
 
A-scans were observed on the USN-60 display. The reflections from the metal/rubber interface 
were clearly seen. It is possible to detect the interface disbond location by manually scanning 
the probe along the coupling surface in two dimensions and watching the response amplitude 
variation.  For example, if in some areas the interface response increases, it means that the 
interface has a disbond in this area. Two typical A-scans for areas without disbonds are shown 
in Fig. 4.2.1, while two typical A-scans obtained on areas with disbonds are presented in Fig. 
4.2.2.  
 
Moving probe along the outside surface of the metal layer in two directions (circumferential and 
axial) and measuring its displacement at –6dB pulse amplitude, the dimensions of the detected 
disbonds can be estimated.   
 
Note that in areas with good attachment between metal and rubber the UT wave, transmitted by 
transducer located on the OD surface, passes through the outside metal layer, partially (∼85-
90%) reflects from the rubber layer and returns to the transducer. In the areas with disbonds 
∼100% of the UT wave reflects at the interface metal/air. Therefore, the amplitude of the 
reflected pulse for the defected areas is higher than response amplitude for the good regions.    
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Figure 4.2.1. 

 A-images observed on the screen of flaw-detector USN-60. Two typical reflections with 
“medium” amplitude related to the interface areas without disbonds. 

 
 

 

 
Figure 4.2.2 

 A-images observed on the screen of flaw-detector USN-60. Two typical reflections with “large” 
amplitude related to the disbonds at the interface metal/rubber. 

(All Scaling parameters are the same for figures 4.2.1 and 4.2.2) 
 
 
4.2.2 Computer Based 2D C Sanas 
 
As a second method employed a computer-based UT test system.  This system was used to 
perform 2D amplitude C-scans (∼300 long x 18mm wide) over part of the outside surface of the 
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OD metal layer to record the distribution of the UT beam reflections. The amplitude C-scans for 
two different areas of the coupling are presented in Fig. 4.2.3. All signals in the areas without 
disbonds have amplitude of approximately 50% screen height. This indicates good bonding. For 
regions with disbonds the C-scans demonstrate the high amplitude (∼70% screen height) of the 
reflected signal, i.e. the defected areas.  
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Figure 4.2.3. Amplitude 2D (circumferential-axial) 
C-images obtained using computer-based UT test system 

Two different areas of coupling were scanned. Areas with large amplitude (∼70% screen height) 
at the bottom of images are related to the disbonds at the interface metal/rubber. Areas with 
medium amplitude (∼50%) are related to areas without disbonds 
 

Areas with large response 
amplitude due to disbonds 
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Figure 4.2.4 below shows the amplitude C-scan of the area presented in Fig.4.2.3 has been 
performed again after a small axial artificial disbond was made approximately at 3550.  
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Figure 4.2.4. 
Amplitude 2D (circumferential-axial) C-image of the same area as in Fig. 4.2.3 after a small 

axial flaw was inserted at approximately at 3550.  
 
 
Areas with large amplitude (∼70% screen height) at the bottom of images and probably a narrow 
axial area at 3510 are related to the disbonds at the interface metal/rubber. 
 
The C-image presented in Fig. 4.2.4 shows some “suspicious” axial area with high amplitude 
located at ~3510. May be, this is the indication of the inserted flaw. However, it is not reliable.  
Subsequent trial of the UT scanning on a section of a 12” coupling with similar construction also 
did not show a repeatable indication of known disbonds. 
 
4.3 Mechanical Testing Results 
 
Table 4.3.1 provides a summary of the results of the axial and torsion testing. The electronic 
record of the axial loading and the torsion loading are presented in figures 4.3.1 for the axial 
loading and Figure 4.3.2 for torsion loading. 
 

Table 4.3.1 
Summary of Axial and Torsion Testing 

Test Limiting conditions for 
Load / Torque 

Max Axial Load - 700 Lbs 
Max Torque 10,000 LbFt 

Max Displacement / Rotation
Axial displacement  - 0.050” 

Torsion -Rotation - .030 ° 

Axial Test 1 Sept 18 As received 700 Lbs 0.024 “ 
Axial Test 2 Sept 18 As received 700 Lbs 0.027 “ 
Axial Test 1 Sept 20 Post Fault Insertion 700 Lbs 0.029” 
Axial Test 2 Sept 20 Post Fault Insertion 700 Lbs 0.030 
Torsion Test 1 Sept 18 As received 10,000 Lb-Ft 0.30 o 
Torsion Test 2 Sept 18 As received 9760 Lb-Ft 0.26o 
Torsion Test 1 Sept 20 Post Fault Insertion 10,000 Lb-Ft 0.30o 
Torsion Test 2 Sept 20 Post Fault Insertion 9820 Lb-Ft 0.30o 
 
 



 

 

 
19

K
-014698-R

A
-0001-R

00

 
Figure 4.3.1 

Plot of Axial Loading of 2C Coupling 

Blue  - As Received 
Red  - After Flaws Inserted 
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Figure 4.3.2 

Plot of Torsion Loading of 2C Coupling 

Blue  - As Received 
Red  - After Flaws Inserted 
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In the axial load tests the load on the coupling reached the limiting load well before the limiting 
displacement was achieved.  The load results for the coupling following the creation of the flaws 
showed that the displacement for the allowed maximum load was greater than observed for the 
coupling as received.  For each successive loading in the axial test the displacement for a given 
load increased.  This increase did not bring the displacement to the suggested displacement of 
0.050” at 700 Lbs.  The flaws inserted are very small compared to the cross section of the 
coupling.  The increase in deflection is seen for each successive loading of the coupling and 
therefore is attributed to the repeated loading rather than to the creation of the flaws. 
 
In torsion testing the coupling showed a much closer correlation to the boundary conditions for 
toque and rotation.  The limits for torque and rotation were basically coincident as shown in table 
4.3.1.  Also the pre and post flaw insertion rotation of the coupling was very similar.  
 
 
5.0 ANALYSIS 
 
5.1 Indentor Test Analysis 
The relatively low values for spot and relaxed stiffness of the natural rubber on the generator 
side indicates that although the natural rubber of the coupling has hardened with age and 
exposure to the operating environment, the rubber is still in an acceptable condition for service.   
 
The values for one minute recovery, however, are lower than that of a new rubber.  In addition, 
the one minute recovery values in the outer diameter region where the majority of cracks have 
occurred are lower than those in the Center.  New rubber which is in excellent condition will 
generally have One minute recovery values in the 85 to 95% range.  The low One Minute 
Recovery indicates that the rubber is more susceptible to cracking. 
 
From the results of the Elastodynamic Spot Tests on the Generator side of the 2C coupling it 
can be concluded that the Natural Rubber of the coupling has hardened with age and exposure 
to the service environment.  This hardening of the Natural Rubber however does not prevent the 
coupling from service.  The aging of the Natural Rubber has also caused the rubber to be more 
susceptible to the propagation of cracks. 
 
5.2 UT Inspection Analysis 
In general, the obtained results presented in Figs 4.2 -1-4 showed that detection of the disbonds 
is possible, however the reliability and accuracy of measurements is not known.  
This is due to the following factors: 

1. Looking at the coupling one can easily see that disbonds are actually located not at the 
interface metal/rubber, but a little bit inside the rubber layer. Because UT does not 
propagate well through rubber, this significantly affects the results decreasing the 
difference between signals reflected from good and defected areas. 

2. Contact inspection is reliable only if there is a good acoustic contact between the 
transducer and test object. In our case, the outside surface of metal layer was rough and 
flat transducer did not fit the convex OD surface of the coupling. Therefore, the 
variations in acoustic contact during scanning substantially increased the noise level and 
distorted the obtained results. Moreover, the inspection from the ID concave surface of 
the coupling was not performed at all, because contact between flat transducer and 
concave surface on the ID metal layer was not possible. 

3. It was very difficult to perform consistent manual scanning of rather large area of the 
coupling providing good acoustic contact. 

4. Attempts to verify UT detection of disbanded areas on the 2C drive coupling could not be 
repeated on a section of a smaller coupling with known defects inserted. 

 



 

 22 K-014698-RA-0001-R00 

The results, obtained during this feasibility study, should be considered only as the preliminary 
ones. They only confirm that UT testing could possibly be used for coupling inspection to detect 
flaws and evaluate their locations and dimensions. The testing on the smaller coupling with 
known flaws did not repeat the detection of disbonded areas observed on the 2C coupling.  As a 
result, the sensitivity and resolution of testing, the efficiency and reliability of inspection, and the 
accuracy of measurements were very low. 
 
Any destructive analysis of the 2C coupling should record any disbonds observed in the areas 
predicted by these UT measurements. 
 
The immersion (or water-jet) technique of UT inspection would be much more accurate, 
informative and reliable than the contact inspection, and allow getting the detailed accurate 
contour maps of the coupling. Results of the immersion inspection will be easier to document 
and interpret. There will be no problem of acoustic contact between transducer and coupling 
surface. The focused transducer can be used for testing; and it will further improve sensitivity 
and accuracy of measurements. It may be possible with the improved coupling of the immersion 
technique to detect flaws within the rubber layer.  
 
5.3 Mechanical Test Analysis 
 
The mechanical testing results are to be used to validate the FEA model of the coupling prepared 
by Altran Solutions.  Kinectrics understands that the boundary limits for the axial and torsion 
testing were derived from the Falk catalogue data for a new coupling.  In the axial testing the load 
displacement relationship recorded differs from the conditions predicted by the bounding 
conditions specified by Altran Solutions, with a lower deflection for a given load.  This deflection 
appears to vary with the limited number of load cycles applied to the coupling in the axial mode.  
This may indicate the aged condition of the rubber is a predominant characteristic as in the axial 
direction. 
 
In torsion testing the response of the coupling closely follows the values predicted by the Falk 
catalogue data.  In this case, the aging of the rubber may not be as critical as the condition of the 
internal fibre reinforcing of the coupling gland. 
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1. APPLICATION 
This Inspection and Test Plan is applicable to the examination, testing and flaw insertion by 
Kinectrics as described by quote K-403380 R-1 and the scope of work is as described by Statement 
of Work No. 08-0372-01-01 for Southern Company Hatch Coupling 

The drive coupling is as shipped to Kinectrics from Altran Inc.   

The coupling is to be shipped to Clark Testing Inc following insertion of flaws at Kinectrics. 

 

2. FLOW SHEET 
Flow Sheet for use in the evaluation of the sample coupling.   

Appendix A:  Testing and Inspection of Hatch Diesel-Generator Coupling 

3. REFERENCES 
3.1 General: 

Scope of work is as described by Statement of Work No. 08-0372-01-01 for Southern 
Company Hatch Coupling 
Altran Solutions Inc 
451 D St 
Boston, MA 02110 
Remaining Life Assessment and Failure analysis of Hatch Emergency Diesel Generator 
Couplings 
 

3.2 Codes and Standards: 

ISO 9001:2000  

 
Technical Documents: 

3.3 Kinectrics Work Instructions: All work instructions to be current revision. 

K-014698-PSWI-0001- Axial Loading of Coupling 

K-014698-PSWI-0002 - Torsion Loading of Coupling 

K-014698-PSWI-0003 - Flaw replication for 2C coupling 

TWI 530-136 Rev. 0 – AECL Indenter  
 

4. QUALITY ASSURANCE 
 

4.1 General 

All work will be completed under Kinectrics’ registered ISO 9001:2000 quality system.  

Altran will be notified of any non-conformances requiring a rework or accept as is resolution 
via a Kinectrics Non-Conformance Report (NCR) using ISO form QF13-1.  
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4.2 Control / Inspection / Test Equipment 

a) Receiving Inspection 

Requirements are set out in the component Flow Sheet, Appendix A. 

Customer supplied components will be labeled and retained in segregated storage.  Any 
non-conforming product will be clearly identified as such and quarantined pending 
resolution of the associated Nonconformance Report. 

b) In-process Inspection  

Inspections will be performed by qualified personnel. 

c) Measuring and Testing Equipment 

Measuring and testing will be performed using calibrated equipment. 

d) Witness and Hold Points 

Critical points, as identified on Flow Sheet, will be subject to witness by a designated 
independent Kinectrics inspector. 

 
4.3 Records 

Records required by the Flow Sheet and project specific work instructions will be assembled 
into a Project Data File. 

Electronic records for loading tests will be provided in excel spread sheet format. 

 
 

4.4 Final Test Report 
Final test report, issued by Kinectrics for conforming items items, shall include:  
• Data sheets recording the dimensions and coupling condition as received. 
• Test results for any NDE measurements. 
• Test results and summary of findings derived from AECL indentor measurements. 
• Test results for Axial and Torsion load tests. 
• Record of induced flaws - Photographs of inserted flaws after application of dye. 
• Test Report to be submitted to Altran for review and acceptance prior to issue. 
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MANUFACTURER 

Falk 

PART/MODEL No. 
 

QTY. 

1 
Sample Identification ID:   Sample 2C 

Customer  PO  #:   
Altran Statement of Work No. 08-0372-01-01 

TECHNICAL SPECIFICATIONS: 

K-014698-PSWI-0001- Axial Loading of Coupling 

K-014698-PSWI-0002 - Torsion Loading of Coupling 

K-014698-PSWI-0003 - Flaw replication for 2C coupling 

TWI 530-136 Rev. 0 – AECL Indenter 
 

    
    
    

SIGNATURES AND DATE 

INSPECTOR/QA NO. PROCESS DESCRIPTION NCR No. 
TECHNICIAN 

KINECTRICS CUSTOMER 

010 Perform incoming inspection following Kinectrics procedure  
OP 10-2 and record results using Record Of inspection Of 
Incoming Goods QF10-1 
Tag and controls as customer supplied goods 
Tag and control the original shipping container for re-use 

  
 

 

020 Perform preliminary indenter measurement survey to establish 
feasibility of indenter measurement 
 
TWI 530-136 Rev. 0 – AECL Indenter; to be used for indenter 
measurements  
 

  

 

 

030 Perform preliminary NDE survey of rubber metal interface to 
determine the feasibility of using NDE UT inspections to 
characterize bond interface. 

    

040 Perform Indenter survey and record results 
     

050  Perform detailed NDE survey in the following areas: 
 
• Across the face of the outer ring from 150 degrees to 180 

degrees to depict the bond integrity. 
• In the area of the Schrader fill valve. 
• In the area from 350 degrees to 5 degrees 

  

 
 

060  Perform axial load test 
 
Perform testing following Kinectrics’ Project specific work 
instruction for axial load testing K-014698-PSWI-0001 
 
Loading values to be supplied following Altran mode analysis. 

  

 
 

070  Perform torsion load test  
 
Perform testing following Kinectrics’ Project specific work 
instruction for axial load testing K-014698-PSWI-0002 
 
Torsion and load values to be defined 

  

 
 

080  Flaw Replication for 2C Coupling 
 
Kinectrics to replicate defects on drive coupling 1C per mapping to 
be provided by Altran solutions. 
 
Perform replication outlined in Kinectrics’ Project Specific Work 
Instruction K-014698-PSWI-0003 

 

  

 

 

090  Record and mark defects with dye supplied by Altran Solutions as   
per PSWI K-014698-PSWI-0003 
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MANUFACTURER 

Falk 

PART/MODEL No. 
 

QTY. 

1 
Sample Identification ID:   Sample 2C 

Customer  PO  #:   
Altran Statement of Work No. 08-0372-01-01 

TECHNICAL SPECIFICATIONS: 

K-014698-PSWI-0001- Axial Loading of Coupling 

K-014698-PSWI-0002 - Torsion Loading of Coupling 

K-014698-PSWI-0003 - Flaw replication for 2C coupling 

TWI 530-136 Rev. 0 – AECL Indenter 
 

    
    
    

SIGNATURES AND DATE 

INSPECTOR/QA NO. PROCESS DESCRIPTION NCR No. 
TECHNICIAN 

KINECTRICS CUSTOMER 

100  Perform Axial load after flaw replication completed 
 

Axial Load testing is to be performed again after the flaw 
replication is completed. Perform testing following Kinectrics’ 
Project specific work instruction K-014698-PSWI-0001 
 
Loading values to be supplied following Altran mode analysis. 

 

  

 

 

110 Perform Torsion load after flaw replication completed 
 

Torsion Load testing is to be performed again after the flaw 
replication is completed. Perform testing following Kinectrics’ 
Project specific work instruction K-014698-PSWI-0002 
 
Loading values to be supplied following Altran mode analysis. 

  

 

 

120  
• Prepare report K-014698-RA-0001 summarizing results of NDE 

inspection, Indentor test results and evaluation of rubber aging 
and suitability for service condition.  

• Include photographs of induced flaws. 
• Test data from axial loading and torsion loading test results. 
     Submit summary report to Altran for review and acceptance. 

  

 

 

130 Package coupling 2C in original shipping crate for shipment to Clark 
Testing for further testing 

    

 W – Witness, Inform inspector of testing  
 H – Hold; do not proceed until released by inspector 
 R – Review Data 
 V - Verify records or documents 
 



 

  K-014698-RA-0001-R00 

 
 
 
 

Attachment 1 
 

R Lewak Memo indenter K-014698-TM-0002 
 



 

 
KINECTRICS    K-014698-001-TM-0002-R00 
  Page 1 of 3 
 

TECHNICAL MEMORANDUM 
 
K-014698-001-TM-0002-R00 
 
Date September 17, 2008 

From R. J. Lewak 

Subject Southern Nuclear Company Hatch NGS 2C Diesel/Generator 
Coupling  – Elastodynamic Spot Tests with Atomic Energy of 
Canada Ltd. Indenter 

Project Number K-0146980 

 
 

1. BACKGROUND 
 
Elastodynamic spot tests were performed on the Natural Rubber section of Southern Nuclear Hatch 
NGS 2C Diesel/Generator Coupling using the Atomic Energy of Canada Limited Mark II Elastodynamic 
Spot Tester(Indenter).  The test method used is described in the AECL Operating Manual, “Spot 
Testers Users Manual”, 153-108320-OM-001 Revision 0 and Kinectrics TWI 530-136 Rev. 0 – AECL 
Indenter.  The test plan called for spot tests to be performed at Positions 0, 90, 180 and 270 degrees on 
both the Generator side and Diesel side of the Natural Rubber section of the coupling at locations near 
the Outer Diameter, the Center, and the Inner Diameter.  However, due to a malfunction of the 
equipment, spot tests were limited to those performed at Positions 300 degrees Center, 0 degrees 
Center, 0 degrees Outer Diameter, 90 degrees Center, 90 degrees Outer Diameter, and 180 degrees 
Center on the Generator side of the coupling only.  However, as the Generator side of the Natural 
Rubber section of Coupling 2C has significantly more damage than the Diesel side, any conclusions 
drawn from tests on the Generator side could be considered as conservative as applied to the Diesel 
side as the conditions which caused the damage to the Natural rubber section of the coupling are more 
severe on the Generator side. 
 
2. ELASTODYNAMIC SPOT TESTS 
 
In elastodynamic spot tests an indenter is driven into the elastomer for a specified distance, 0.020 
inches unless otherwise specified in these tests, and the force and position of the indenter measured.  
When the external force is removed the force exerted by the elastomer on the indenter and the indenter 
position is measured with time.  From these measurements the following parameters are calculated: 
 

•  Spot Stiffness which is the force required per inch of indenter depth into the rubber 
•  Relaxed Stiffness which is the asymptotic with time value of the force required per inch of 

indenter depth 
•  Stiffness Relaxation which is the decrease in indenter force after a long time period described 

as a fraction of the initial peak force 
•  One minute Recovery which is the fraction of recovery of the rubber following one minute after 

the external indenter force is removed. 
 
The Spot Stiffness value essentially quantifies the hardness of the rubber.  The higher the Spot 
Stiffness, the harder is the rubber.  Relaxed Stiffness is a parameter which indicates the elasticity of the 
rubber.  The closer the Relaxed Stiffness is to the Spot Stiffness, the more elastic is the rubber.  
Stiffness Relaxation indicates the elasticity/viscosity relationship of the rubber.  The higher the value of 
the Stiffness Relaxation, the more viscous is the rubber. One Minute Recovery measures the rubber’s 
resistance to permanent set. 
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3. TEST RESULTS 
 
The measured Elastodynamic Spot Tester values are as follows: 
 

Location on Generator Side of 
Coupling 2C 

Spot Stiffness 
(lb/in) 

Relaxed 
Stiffness (lb/in) 

Stiffness 
Relaxation 

One Minute 
Recovery % 

300 deg Center* 33.59 18.10 0.461 75.4 
0 deg Center 28.65 16.54 0.423 76.3 

0 deg Outer Diameter 41.49 23.66 0.430 72.0 
90 deg Center 36.54 21.54 0.411 76.1 

90 deg Outer Diameter 35.94 21.66 0.398 68.2 
180 deg Center 37.72 21.02 0.443 76.7 

* Indentation of 0.010 inches     
 
The Spot Stiffness values are quite consistent and appear not to be dependent upon location around 
the coupling circumference.  There is significant difference in the Spot Stiffness, Relaxed Stiffness and 
One Minute Recovery values at the 0 degree position between the center region and the Outer 
Diameter region.  The Outer Diameter region of the coupling rubber has hardened to a greater extent  
than the center.  The viscosity of the rubber is almost the same at both locations as demonstrated by 
similar Stiffness Relaxation values.  The relatively low values for Spot and Relaxed stiffness of the 
Natural Rubber on the generator side indicates that although the Natural Rubber of the coupling has 
hardened with age and exposure to the operating environment the rubber is still in an acceptable 
condition for service.   
 
The values for One Minute Recovery, however, are lower than that of a rubber in good condition.  In 
addition, the One Minute Recovery values in the Outer Diameter region where the majority of cracks 
have occurred are lower than those in the Center.  New rubber which is in excellent condition will 
generally have One minute recovery values in the 85 to 95% range.  The low One Minute Recovery 
indicates that the rubber is more susceptible to cracking. 
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MEMORANDUM                                                          
 
 
 
 
 
                                                                                                                     September 17, 2008 
 
To: David Mitchell                                                                                         
 Technical Specialist 
            Nuclear Parts & Qualifications, NPES,  
            Kinectrics 
                                                                                                 
                                                                                                           K - 014698-TM-001-R00 

 
Ultrasonic Inspection Of Coupling 

 
In September 2008 Kinectrics performed preliminary experiments (feasibility study) on 
coupling inspection using contact ultrasonic (UT) method. The objectives of the tests were: 
• To determine if cracks in rubber or disbonds between metal and rubber could be detected 

and measured by the contact UT technique with standard probes. 
• To determine the best UT technique and the most appropriate transducers for flaws 

detection and sizing. 
 
During this testing we used UT flaw-detector USN-60 and various contact UT probes: angle 
and normal beam (incident angles from 80 degrees to 0 degrees), large and small (diameters 
from 25mm to 5mm), high and low frequencies (from 5MHz to 0.35MHz).  Also the 
computer-based UT test system was used for tests. A study of the application of different 
transducers and techniques was performed without rigorous procedures. Data were recorded 
only for those results that appeared to be fruitful for further work.  
 
Unfortunately, ultrasound (even the low frequency waves) does not go through this type of 
rubber. Therefore, cracks within the rubber could not be detected. At the same time, it turned 
out that the best inspection method for disbond detection was normal beam pulse-echo 
technique with contact non-focusing UT probe (diameter 4mm and center frequency 5MHz). 
The contact inspection was performed from the OD metal surface, special UT gel was used 
for coupling. 
 
During testing the A-scans were watched on the USN-60 display. The reflections from 
interface metal/rubber were clearly seen. Manually scanning the probe along the coupling 
surface in two dimensions and watching the response amplitude variation, it is possible to 
detect the interface disbond location. For example, if in some areas the interface response 
increases, it means that the interface has a disbond in this area. Two typical A-scans for good 
areas (without disbonds) are shown in Fig. 1, while two typical A-scans obtained on areas 
with disbonds are presented in Fig. 2.  
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Figure 1. A-images observed on the screen of flaw-detector USN-60. Two typical reflections 

with “medium” amplitude related to the “good” interface areas without disbonds. 
 

 

 

Figure 2. A-images observed on the screen of flaw-detector USN-60. Two typical reflections 
with “large” amplitude related to the disbonds at the interface metal/rubber. 
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Moving probe along the outside surface of the metal layer in two directions (circumferential 
and axial) and measuring its displacement at –6dB pulse amplitude, the dimensions of the 
detected disbonds can be estimated.   
 
Note that in areas with good attachment between metal and rubber the UT wave, transmitted 
by transducer located on the OD surface, passes through the outside metal layer, partially 
(∼85-90%) reflects from the rubber layer and returns to the transducer. In the areas with 
disbonds ∼100% of the UT wave reflects at the interface metal/air. Therefore, the amplitude 
of the reflected pulse for the defected areas is higher than response amplitude for the good 
regions.    
 
The computer-based UT test system was used to perform 2D amplitude C-scans (∼300 long x 
18mm wide) over part of the outside surface of the OD metal layer to record the distribution 
of the UT beam reflections. The amplitude C-scans for two different areas of the coupling are 
presented in Fig. 3. All signals in the areas without disbonds have amplitude about 50% 
screen height indicating good bonding. For regions with disbonds the C-scans demonstrate 
the high amplitude (∼70% screen height) of the reflected signal, i.e. the defected areas.  

       
 

       
 

 
 
Figure 3. Amplitude 2D (circumferential-axial) C-images obtained using computer-based UT 

test system. Two different areas of coupling were scanned. Areas with large amplitude 
(∼70% screen height) at the bottom of images are related to the disbonds at the interface 

metal/rubber. Areas with medium amplitude (∼50%) are related to areas without disbonds. 

 

Areas with large response 
amplitude due to disbonds 

cm
 

cm
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The amplitude C-scan of the area presented in Fig.3 has been performed again after a small 
axial artificial disbond was made approximately at 3550. This C-scan is shown in Fig. 4.  
 

       
                       
Figure 4. Amplitude 2D (circumferential-axial) C-image of the same area as in Fig. 3 after a 
small axial artificial disbond was made approximately at 3550. Areas with large amplitude 
(∼70% screen height) at the bottom of images and probably a narrow axial area at 3510 are 

related to the disbonds at the interface metal/rubber. 

 
C-image presented in Fig. 4 shows some “suspicious” axial area with high amplitude located 
at ~3510. May be, this is the indication of the artificial axial disbond. However, it is not 
reliable.  
 
In general, the obtained results presented in Figs 1-4 showed that detection of the disbonds is 
not reliable and accuracy of measurements is very low. It happens because of the following 
reasons: 

1. Looking at the coupling one can easily see that disbonds are actually located not at 
the interface metal/rubber, but a little bit inside the rubber layer. That significantly 
affects the results decreasing the difference between signals reflected from good and 
defected areas. 

2. Contact inspection is reliable only if there is a good acoustic contact between the 
transducer and test object. In our case, the outside surface of metal layer was pretty 
rough and flat transducer did not fit the convex OD surface of the coupling. 
Therefore, the variations in acoustic contact during scanning substantially increased 
the noise level and distorted the obtained results. Moreover, the inspection from the 
ID concave surface of the coupling was not performed at all, because contact between 
flat transducer and concave surface on the ID metal layer was not possible. 

3. It was very difficult to perform consistent manual scanning of rather large area of the 
coupling providing good acoustic contact. 

 
The results, obtained during this feasibility study, should be considered only as the 
preliminary ones. They only confirm that UT testing can be used for coupling inspection to 
detect flaws and evaluate their locations and dimensions. We did not have an opportunity to 
perform tests on the samples with known flaws; we did not have the reference specimens, 
and therefore could not calibrate the inspection system and could not properly optimize its 
parameters. As a result, the sensitivity and resolution of testing, the efficiency and reliability 
of inspection, and the accuracy of measurements were very low. 

cm
 



 5
 
The immersion (or water-jet) technique would be much more accurate, informative and 
reliable than the contact inspection, and allow getting the detailed accurate contour maps of 
the coupling. Results of the immersion inspection will be easier to document and interpret. 
There will be no problem of acoustic contact between transducer and coupling surface. The 
focused transducer can be used for testing; and it will further improve sensitivity and 
accuracy of measurements. May be, even flaws within the rubber layer will be detected.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Alex Karpelson  
Senior Engineer                                 
IMS, NPES, 
Kinectrics      
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1. Scope 

This procedure describes the steps required to perform axial load testing of the Hatch 
diesel-generator coupling. 

2. Reference Documents 
2.1. K-014698-ITP-0001 
 

 
3. Safety and Environmental Requirements 

3.1. Observe all Kinectrics’ workplace safety requirements. 
 

3.2. A JSA will be developed to identify potential hazards to personnel for the test. 
 
 
4. Calibration and Check Standards 

4.1. All instruments will have an up to date calibration certificate as per Kinectric’s ISO 
9001 Quality system. 

 
5. Qualifications of Examiner 

5.1. Personnel performing the testing must be familiar with mechanical testing and with 
the operation of electronic data logging equipment. 

 
6. Test Method 
 

6.1. General Requirements 
 

Pressure rating of connected components (cylinders, hoses and test fittings) shall be 
greater than the jig’s design rating. 
 
All bolts to be tightened to SAE recommended specifications. 
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6.2. Installation / Test 

  
Step 1 Weigh components to be placed on coupling during test. 
Step 2 Place the coupling on the lower base plate secured to strong floor 
Step 3 Install measurement pins in generator side flange bolt locations 180 

degrees apart. 
Step 4 Support upper loading plate above (generator side) of the coupling 
Step 5 Install displacement transducers (qty 2). 

The transducers must be configured to monitor the relative movement 
of the inner ring vs. the outer ring of the coupling. 

Step 6 Install the loading rod, load cell, onto the upper loading plate. 
Step 7 All instruments (load cell, displacement transducers) are to be 

monitored and logged by a data acquisition device during testing 
Step 8 Photograph test setup 

 

6.3. Axial Test 
 

Step 1 Visually observe coupling; note any anomalies in the test report 
Step 2 Record the pre-test displacements and load suspended as zero 
Step 3 Load placed on coupling not to exceed 700 Lbs. 

Displacement not to exceed 0.50” during test 
Load the coupling using initially the static weight of the upper load 
plate.  - Approximately 300 lbs 
Subsequent load steps to be 100 lbs until maximum load or 
displacement is reached. 
When maximum load of 700 lbs or maximum displacement is reached, 
record the load and displacement at the beginning and end of a 5 
minute duration hold. 

Step 4 Unload the coupling and record any residual displacements and load. 
Step 5 Remove displacement transducers and upper load plate. 
Step 6 Visually examine the coupling for any change in appearance 
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7.   Quality Control 
 

7.1. All work shall be performed under Kinectrics ISO 9001:2000 Quality Assurance 
Program. 

 
7.2. All instruments used shall be recorded on a Kinectrics Instrument Sheet. They 

shall be calibrated in accordance with ISO 10012. Calibration equipment and 
standards shall be traceable to national or international measurement bodies, 
e.g., National Research Council of Canada (NRC) or National Institute of 
Standards and Technology (NIST). Since there is no accredited method of 
“traceability to recognized standard” for ozone test equipment, Kinectrics to 
provide “recognized acceptance” on this deviation and suggest to client that this 
test can be witnessed. 

 
 
8. Records/Reports 
 

8.1. Records of testing shall be recorded on attached data sheets. 
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TEST REPORT – AXIAL LOAD 
Date of test: September 18, 2008 

Specimen ID #:  Sample 2C Description of test specimen:  Hatch Diesel-Generator Coupling 

 
Pre-Test 
Visual Inspection: 

 

 

Load: Displacement #1: Displacement #2: 

Axial Load Test 
 Displacement #1 Displacement #2 Load 

Start of Test    

End of Test    
 
Post-Test 
Visual Inspection: 

 

 

Residual Load: Residual Displacement #1: Residual Displacement #2: 
 
 
Instruments Used Cal. Date Cal. Due 
   

   

   

 
Comments:  _________________________________________________________________________  
 
____________________________________________________________________________________  
 
____________________________________________________________________________________  
 
____________________________________________________________________________________  
 
Completed By: Reviewed By: 

Date: Date: 
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1. Scope 

This procedure describes the steps required to perform torsion load testing of the Hatch 
diesel-generator coupling. 

2. Reference Documents 
2.1. K-014698-ITP-0001 
 

 
3. Safety and Environmental Requirements 

3.1. Observe all Kinectrics’ workplace safety requirements. 
 

3.2. A JSA will be developed to identify potential hazards to personnel for the test. 
 
 
4. Calibration and Check Standards 

4.1. All gauges will have an up to date calibration certificate as per Kinectrics ISO 9001 
Quality system. 

 
5. Qualifications of Examiner 

5.1. Personnel performing the testing must be familiar with mechanical testing and with 
the operation of electronic data logging equipment. 

 
6. Test Method 
 

6.1. General Requirements 
 

Pressure rating of connected components (cylinders, hoses and test fittings) shall be 
greater than the jig’s design rating. 
 
All bolts to be tightened to SAE recommended specifications. 
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6.2. Installation 

  
Step 1 Fix lower base plate to strong floor 
Step 2 Bolt the  coupling to the base plate 
Step 3 Fix upper base plate to the smaller bolt-centre of the coupling 
Step 4 Install torque arm onto upper base plate 
Step 5 Install 10,000 lbs load cell and hydraulic onto torque arm reaction 

frame. 
Step 6 Install displacement transducer to monitor displacement of the torque 

arm 
Step 7 Measure and record the ‘as built’ distance between the centre shaft of 

the coupling and the pin of the torque arm.  Calculate the 
displacement of 0.3 degrees of rotation for use during torsion test. 
Calculate the normal load for 10,000 ft-lb of torque. 

Step 8 All instruments (load cell, displacement transducer) are to be 
monitored and logged by a data acquisition device during testing 

Step 9 Photograph test setup 
 

6.3. Torsion Test 
 

Step 1 Visually observe coupling; note any anomalies in the test report 
Step 2 Record the pre-test displacement and load 
Step 3 Using the hydraulic jack, load the coupling to the required test 

parameter (not to exceed 10,000 ft-lb or 0.3 degrees of rotation).  
Load increments not to exceed 1,000 ft-lb 

Step 4 Monitor both load and displacement during loading. At load step hold  
for 30 second and verify displacement limit is not exceed prior to next 
load step/ 
Record the load and displacement to at the beginning and end of a 5 
minute hold. 

Step 5 Unload the coupling and record any residual displacement 
Step 6 Visually examine the coupling for any change in appearance 
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7.   Quality Control 
 

7.1. All work shall be performed under Kinectrics ISO 9001:2000 Quality Assurance 
Program. 

 
7.2. All instruments used shall be recorded on a Kinectrics Instrument Sheet. They 

shall be calibrated in accordance with ISO 10012. Calibration equipment and 
standards shall be traceable to national or international measurement bodies, 
e.g., National Research Council of Canada (NRC) or National Institute of 
Standards and Technology (NIST). Since there is no accredited method of 
“traceability to recognized standard” for ozone test equipment, Kinectrics to 
provide “recognized acceptance” on this deviation and suggest to client that this 
test can be witnessed. 

 
 
8. Records/Reports 
 

8.1. Records of testing shall be recorded on attached data sheets. 
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TEST REPORT – TORSION LOAD TEST 
Date of test: 

Specimen ID #: Description of test specimen: 

 
Pre-Test 
Visual Inspection: 

 

 

Arm Distance: 

Load: Displacement: 

Torsion Load Test 
 Displacement Load Applied Torque (Arm Distance x Load) 

Start of Test    

End of Test    
 
Post-Test 
Visual Inspection: 

 

 

Residual Load: Residual Displacement: 
 
 
Instruments Used Cal. Date Cal. Due 
   

   

   

 
Comments:  _________________________________________________________________________  
 
____________________________________________________________________________________  
 
____________________________________________________________________________________  
 
____________________________________________________________________________________  
 
Completed By: Reviewed By: 

Date: Date: 
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Verify the this location and then mark the extent of the flaw using a silver ink 
marking pen. Following the marks the required flaws are to be cut with a sharp 
knife.   
 
To increase the depth of flaws near the edge of the coupling flange remove 
material to allow access to the base of the existing flaw.   To cut the flaw, a 
straight cut of material on the inner radius of the existing flaw will be removed with 
a straight cut.  The material to be removed does not provide support for to 
mechanical loading of the coupling.   

 

Base of existing flaw.

Material removed using straight cut.

Flaw depth increased

Rubber

Flange

 
Mark the knife for depth as a guide to flaw depth during cutting. Verify the 
depth of cut using the tip of the knife when flaw is complete. 
 

5.2 Location of Flaws on Generator Side of Coupling 2C 
 

• Orient the 2C Coupling so that the generator side faces up and that the 
complete circumference of the coupling is accessible. 

 
• Using the photograph of the generator side of Coupling 1C supplied by Altran 

Solutions and shown in Figure 1 mark the locations and lengths of the two red 
colored flaws on the generator side of Coupling 2C.  One flaw is located 
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between 0 and 5 degrees and the other flaw located at 350 degrees as noted 
on the Crack Depth/Length/Direction Spreadsheet for Coupling 1C provided by 
Altran Solutions. 

 
5.3 Cutting of Coupling Generator Side Surface 
 

• From the photograph of the 1C Coupling provided by Altran Solutions it would 
appear that the all the flaws to be created on the generator side of the 2C 
coupling are at the Outer Diameter and are between the steel flange and the 
natural rubber section.   

 
• Probe area of existing flaws with a 0.005” x 1/16” shim to determine entry 

angle of flaw.  Use this angle of entry as a guide for the angle of entry for the 
flaw to be cut into the coupling. 

 
• Using the method described in section 5.1 cut the flaw into the surface of the 

rubber. 
 

• When inserted flaw is complete mark the flaw using Rhodamine-B, dye mixed 
with 50:50 water alcohol (isopropanol or ethanol). 

 
6.0 Production of Flaws on Diesel Side 
 
6.1 Location of Flaws on Diesel Side of Coupling 2C 
 

• Orient the 2C Coupling so that the diesel side faces up and that the complete 
circumference of the coupling is accessible. 

 
• Using the photograph of the diesel side of Coupling 1C supplied by Altran 

Solutions and shown in Figure 2 mark the locations and lengths of the eight  
red colored flaws on the diesel side of Coupling 2C.  The location of the flaws 
is shown in the photograph and the corresponding depths and lengths shown 
in the 1C Crack/Depth/Length Spreadsheet provided by Altran Solutions.  

 
6.2 Cutting of Coupling Diesel Side Surface 
 

• From the photograph of the 1C Coupling provided by Altran Solutions it would 
appear that the all the flaws to be created on the diesel side of the 2C coupling 
begin at the Inner Diameter and progress at 45˚ to the radial direction towards 
the Outer Diameter. 
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• Probe area of existing flaws with a 0.005” x 1/16” shim to determine entry 

angle of flaw.  Use this angle of entry as a guide for the angle of entry for the 
flaw to be cut into the coupling. 

 
• Using the method described in section 5.1 cut the flaw into the surface of the 

rubber. 
 

• When inserted flaw is complete mark the flaw using Rhodamine-B, dye mixed 
with 50:50 water alcohol (isopropanol or ethanol).  

 
7.0 Quality Control 
 
7.1 Any non-conformances during the creation of flaws should be noted. 

 
7.0 Records/reports:  
 
7.1 Photographs shall be taken of all the created flaws. 
 
7.2 The location, length and depth of each of the created flaws shall be recorded and 

reported. 
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Figure 1.  Generator Side of Coupling 1C 
(note larger detailed sections of this photograph were used t determine flaw locations) 
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Figure 2.  Diesel Side of Coupling 1C 
(note larger detailed sections of this photograph were used t determine flaw locations) 
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