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1.0 Test Objectives 

The primary objective of this testing was to obtain torque tension data for the use of Super 

Koropon
®
 Primer Base which was proposed for use on the Orion project. This compound is a 

corrosion inhibitor/sealer used on threaded fasteners and inserts as specified per NASA/JSC 

PRC-4004, Sealing of Joints and Faying Surfaces. Some secondary objectives of this testing, 

were to identify the effect on torque coefficient of the following variables: 

 The effect of multiple cycling of inserts on torque coefficient, 

 The effect of fastener and washer replacement in multiple cycling of inserts on torque 

coefficient, 

 The affect of use of multiple lot and or multiple type inserts of a given size on torque 

coefficient, 

 The effect on torque coefficient of isopropyl alcohol (IPA) ultrasonic cleaning of all 

hardware vs. use in as received, un-cleaned condition, and 

 The effect of multiple cycling of locking inserts on “running torque”. 

Two different fasteners sizes, #10-32 and 1/4-28 A286 corrosion resistant steel (CRES) (160 ksi 

ult) were tested at the Goddard Space Flight Center (GSFC). The fasteners were torqued into 

three different types of A-286 locking Keenserts
®
, Light Weight (LW), Heavy Duty (HD) and 

Extra Heavy Duty (EXHD). In addition to the different type inserts, two different lot numbers for 

each size and type were also tested to determine the effect on the torque tension relationship of 

these variables.  

To establish a baseline, the fastener-insert combinations were initially tested in the “un-

lubricated dry” conditions. The follow on testing was then performed in the “wet lubricated” 

condition with the lubricant being Super Koropon
®
 Primer Base without its curing agent so that 

multiple torque cycles could be applied.  

Also, to provide additional variables, one half of all the test hardware (fasteners, inserts and 

washers) were cleaned ultrasonically using IPA to determine the effect of cleanliness on the 

torque tension relationship.  

2.0 Hardware 

The fasteners and washers tested were made of A286 Stainless Steel. They are specified in  

Table 2.1. The Keenserts
®
 tested are specified in Table 2.2. 

Table 2.1. A286 stainless steel fasteners and washers tested. 

 Fasteners Washers 

1 #10-32 Hex Head A286   NAS6703U12 LMC21D5AC3C/A286  CS 

2 1/4-28 Hex Head A286   NAS6704U12 LMC21D5AC3C/A286  CS 
 

Table 2.2. Keenserts
®
 tested. 

  HD EXHD LW 

1 #10-32 MS51831CA201L MS51832CA201L MS51830CA201L 

2 1/4-28 MS51831CA202L MS51832CA202L  
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It is noted that DFL was applied by the manufacturer to all Keensert
®
 threads and this lubrication 

was not removed by ultrasonic cleaning. The inserts were installed into a 0.75-inch-thick  

6061-T651 aluminum test plate. Countersunk washers were used to insure sufficient clearance 

for the fastener head to shank transition radius.  

3.0 Test Equipment 

For this testing, a bolt-load measuring system consisting of three Omega miniature compression 

load cells was used. This system was previously used for small fastener testing at GSFC. 

Different size bushings were fabricated of high-strength steel to provide the proper interface 

clearance for each different size fastener. Figure 3.1 illustrates the equidistant load cell 

configuration from a center bushing used for fastener insertion into the test plate and insert 

interface.  

 

 
Figure 3.1.  Load cell and test fixture arrangement. 

The output of applied torque and compression from calibrated load cells and digital torque 

wrench was integrated into Code 549 recently upgraded bolt analyzer system shown in  

Figure 3.2. 

 Test Plate with 

Keenserts®

Test Fixture

 

Top Meter

S/N M2790

--------

LC 200357

Bottom Meter

S/N M2802

--------

LC 200292

Middle Meter

S/N M2609

--------

LC 200410

No. 1

No. 2No. 3

Threaded Hole for Inserts



 

3 

 
Figure 3.2.  Bolt analyzer system. 

The bolt analyzer system simultaneously records both the tensile bolt load and applied torque. 
The various components of this system are as follows:  

1. Three Omega Load Cells; Model LCGD-1K   
a. ID:  Top S/N LC200357  
b. ID:  Bottom S/N LC200292  
c. ID:  Middle S/N LC200410  

2. Three Interface Advanced Force Measurement Load Indicators; Model 9800-000-1  
a. ID:  Top S/N M2790 
b. ID:  Bottom S/N  
c. ID:  Middle S/N M2832  

3. Digital Torque Wrench  
a. ID:  S/N 9437 − 200 in-lb calibrated capacity  
b. ID:  S/N 9644 − 300 in-lb calibrated capacity  

4. Signal conditioning box 
5. Laptop PC running LabVIEW™ (Laboratory Virtual Instrumentation Engineering 

Workbench), Version: 8.6  

Prior to fastener testing, the load cells were calibrated in the B29 Tinius Olsen as shown in 
Figure 3.3. A typical load cell calibration data sheet is shown in Figure 3.4 and a digital torque-
wrench calibration curve is shown in Figure 3.5. 
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Figure 3.3.  B29 Tinius Olsen 

 
Figure 3.4.  A typical load cell calibration data sheet. 
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Figure 3.5.  A digital torque-wrench calibration curve  

4.0 Test Description 

Prior to testing, one-half of all fasteners, inserts, and washers were ultrasonically cleaned in IPA 

and bagged, similar to flight. The bolt test fixture and test plate were also cleaned with IPA and 

clean room gloves were worn during test performance and when handling the test hardware.  

Dry testing was performed first, followed by wet lubrication testing with Super Koropon
®
. For 

wet lubrication runs, the Super Koropon
®
 (without activator) was applied to the upper and lower 

washer surfaces and to the underside of the fastener head. Application was by use of a dropper 

with four drops applied circumferentially to each washer and fastener surface. No Super 

Koropon
®
 was applied directly to the threads, although some may have seeped into the threads 

during successive cycling. All surfaces were thoroughly cleaned with IPA after third and sixth 

cycles. The inserts were cycled six times with fasteners and washers replaced after the third 

cycle.  

Torque tension data were recorded at specified intervals up to 65 percent of the fastener yield 

strength. This target preload level represents the standard preload specified for most flight 

hardware. The specified target preload and torque levels were as indicated in Table 4.1. 

Table 4.1. Target preload levels. 

Fastener Size 
Diameter 

(in) 
Pitch Area (in

2
) 

Target 

Preload (lb) 

65-percent 

Fty (160 Ftu/ 

120 Fty) 

Est. High 

Torque Dry 

(k = 0.23) 

Est Low 

Torque Wet 

(k = 0.11) 

No. of Turns 

for 1.5-dia. 

engagement 

#10-32 UNF 0.19 32 0.0226 1765 77.1 36.9 9 

1/4-28 UNF 0.25 28 0.0404 3154 181.4 86.74 10.5 

 



 

6 

 

Both torque and fastener preload were monitored continuously until the full preload was attained.  

4.1 Test Sequence 

Each fastener was cycled three times while each insert was cycled six times. A typical run log 

used for testing is shown in Figure 4.1.1. It includes run numbers and specific hardware and test 

conditions associated with that particular series of tests. It also specifies the target preload levels 

obtained and when the change out of fasteners and washers occurred. After three cycles into a 

given insert, a new washer and fastener were used for the next three cycles into the same insert. 

Each time a fastener and washer were replaced, the test plate and fixture interface were cleaned 

with IPA. All post-test fasteners and washers were bagged and tagged with their appropriate run 

numbers. The number of insertions in each insert was recorded and tracked to ensure that each 

insert was not cycled more than six times. 

 
Figure 4.1.1.  Typical run log used for testing.  

Separate test plates were used for the wet and dry cases. The fastener torque was applied at a rate 

of approximately 6 rpm until the target load was reached. At the beginning of each day of 

testing, a set of test weights (5 lb, 10 lb, and 50 lb) were placed on the test fixture plate with the 

output recorded. This was done to ensure the stability of the torque-tension measuring system. 

All testing was recorded in run logs with test plate and insert locations clearly identified. A 

typical test plate is shown in Figure 4.1.2 and the corresponding run log is shown in Figure 4.1.1. 

A complete set of Run Logs with test plate drawings are included with the test results in the 

Appendices. The temperature and humidity in the lab was recorded at the beginning and end of 

each day of testing.  
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Figure 4.1.2.  Typical test plate layout. 

5.0 Test Results 

As previously noted, each insert is cycled six times with fasteners and washers replaced after the 

third cycle. For wet, lubricated testing, Super Koropon
®
 Primer Base (without activator) was 

applied at the washer and bolt-head interfaces. A full set of the torque-tension test data, including 

data plots, is included in the Appendices as follows: 

Appendix A  Full set of #10-32 Torque Tension and Running Torque Plots for six cycles per 

insert, Excel
®
 Torque Coefficient Data at 65 percent Pre Load, Test Plate Layouts and complete 

set of Run Logs. 

Appendix B  Full set of 1/4-28 Torque Tension and Running Torque Plots for six cycles per 

insert, Excel
®
 Torque Coefficient Data at 65 percent Pre Load, Test Plate Layouts and complete 

set of Run Logs. 

Appendix C  Full set of #10-32 Torque Tension and Running Torque Plots for ten cycles per 

insert, Excel
®
 Torque Coefficient Data at 65% Pre Load, Test Plate Layouts and complete set of 

Run Logs. 

Appendix D – Full set of 1/4-28 Torque Tension and Running Torque Plots for ten cycles per 

insert, Excel
®
 Torque Coefficient Data at 65% Pre Load, Test Plate Layouts and complete set of 

Run Logs. 
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The torque-tension data plots are presented in two formats as follows: 

1. The cycle plots combine individual cycles (i.e., the “first cycle plot” combines all 

individual first cycles, the “second” combines all individual second cycles and so-forth) 

(see Figure 5.1). A total of six cycle plots are required per each set of data runs. 

2. Torque-tension plots combine all six cycles for each specific insert on one plot (see 

Figure 5.2). The total number of plots for this sequence would equal the number of 

inserts tested.  

 
Figure 5.1.  Typical cycle plot for first cycle on one set of #10-32 LW inserts. 
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Figure 5.2.  Torque-tension plot combining all six cycles.  

A complete set of cycle and torque tension plots, including individual Excel
®
 data files, for each 

data run has been uploaded to the NASA Safety Center Knowledge Now (NSCKN) website for 

reference. 

5.1 Excel
®
 Data Sheet Calculations at 65-percent Preload 

The Excel
®

 data sheet calculations, containing a summary of torque coefficients “K”, at  

65 percent yield for #10-32 and 1/4-28 fasteners and inserts are included in Appendices A and B. 

The measured friction coefficients “K” for all test runs are included in these calculations. The 

calculations are performed using single tailed B-basis and two tailed methods as follows: 

 The sample base was segregated based on fastener size, type of insert and cleanliness. 

The typical sample sub-base consisted of n = 8 to 10 units or inserts. The mean, median 

and standard deviation was calculated for each “n” unit sub-base. 

 Calculations were first performed on an individual lot and type insert basis. 

 Calculations were performed again with all test runs combined to simulate multiple lot 

testing for a given size fastener.  

 The values for Kmax and Kmin were calculated using statistical interval methods.  

 Since each insert was cycled six times, the above properties were calculated for each 

cycle and then were used to determine the statistical tolerance interval for Kmax and 

Kmin using Excel
®
 spreadsheet methods.  
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 The basis for these calculations was  

1. MIL-HDBK-5F Table 9.6.4.1 for one sided B-basis intervals. 

2. “Statistical Tolerance Intervals for a Normal Population”, by Gerald Hahn, General 

Electric Company, for two sided intervals. 

 The “Kmax-Kmin” interval based on the two-sided method was found to be slightly more 

conservative. 

6.0 General Assumptions and Conclusions 

The following generalized conclusions can be drawn based on the torque-tension test results to 

date: 

 As-received “un-cleaned” hardware was found to have slightly lower friction coefficients 

for initial torque cycles (1 and 3) but had greater variation over all cycles 16. 

 The calculated mean after repeated cycling was found to be essentially the same for 

cleaned and un-cleaned hardware. 

 The friction coefficient results for various insert types, of the same size, were found not 

to differ significantly. 

 Therefore, combining test results for HD, EXHD and Light Duty (LD) Keenserts
®
 could 

be assumed equivalent to multiple lot testing. 

 The same assumption could be made for combining cleaned and un-cleaned sample sets. 

 Replacement of fasteners and washers in multiple cycling into a given insert is beneficial 

in reducing the torque coefficient variation. 

 The calculated B-basis variance, i.e. Kmax-Kmin, was found to exceed slightly the 

measured variation shown in Table 6.1 and Figure 6.1. 

Table 6.1. The measured difference in friction coefficients (i.e., Kmax-Kmin) for cleaned and un-cleaned 
inserts. 

Un-cleaned #10-32 Fasteners and Inserts IPA Cleaned Fasteners and Inserts 

Torque 

Cycle 

Minimum Maximum Mean Minimum Maximum Mean 

1 0.201 0.285 0.256 0.225 0.279 0.241 

2 0.211 0.303 0.272 0.257 0.309 0.280 

3 0.221 0.368 0.316 0.311 0.368 0.328 

4 0.229 0.300 0.259 0.245 0.321 0.256 

5 0.244 0.367 0.303 0.281 0.367 0.301 

6 0.277 0.368 0.330 0.324 0.367 0.353 
 

The running torque was found to decrease markedly after initial cycles when preload is applied during each cycle. 

 

6.1 Dry Test Results without use of Super Koropon
®
 as Lubricant 

A series of dry tests without Super Koropon
®
 were first performed to establish a baseline for 

Orion testing. As previously noted, one-half of all fasteners, inserts, and washers were 

ultrasonically cleaned in IPA and the remaining hardware was tested in the as-received 

condition. The fastener threads and washer interface surfaces were not lubricated, but all inserts 
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had Dry Film Lubricant (DFL) applied to the threads by the manufacturer. A total of (14) #10-32 

inserts were tested, 9 in the as- received un-cleaned condition and 5 were ultrasonically cleaned 

in IPA (see Figure 6.1.1). The measured difference in friction coefficients (i.e., Kmax- Kmin) for 

cleaned and un-cleaned inserts was as noted in Table 6.1. 

 
Figure 6.1.1.  Plot of torque coefficients vs. cycles on dry un-lubricated #10-32 fasteners and inserts.  

Test Results and observations: 

 As noted in Table 6.1, the measured difference (i.e., Kmax-Kmin) was typically larger for 

the as-received un-cleaned specimens.  

 However, there was little difference in the mean coefficients as shown in Figure 6.1.1.  

 For the as received, un-lubricated fasteners, the friction coefficients increased with 

number of cycles on a given insert. 

 After fastener and washer replacement on third cycles, the friction coefficients decreased 

to that of initial torque cycles.  

Testing of un-lubricated 1/4-28 fasteners was aborted due to high friction coefficients and 

extreme galling of the washers and bolt-head interface surfaces. Results for total of four un-

cleaned and two cleaned inserts are as noted in Tables 6.1.1 and 6.1.2, respectively. 

Table 6.1.1. Results for as-received un-cleaned 1/4-28 fasteners and inserts. 

Cycle-1 Cycle-2 Cycle-3 Cycle-4 Cycle-5 Cycle-6 

0.302-0.441 0.375-0.457 0.421-0.449 0.368-0.414 0.354-0.481 0.389-0.521 

 

Table 6.1.2. Results for IPA cleaned 1/4-28 fasteners and inserts. 

Cycle-1 Cycle-2 Cycle-3 Cycle-4 Cycle-5 Cycle-6 

0.38-0.431 0.455-0.470 0.479-0.484 0.426-0.461 0.563-0.569 0.567-0.553 
 

It is noted that the severe galling and resulting high friction coefficients for the 1/4-28 fasteners 

was not experienced by similar testing performed at the University of Oakland, by Dr. Nassar. 
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The difference in results may be due to use of a torque tension machine by Dr. Nassar, whereas 

GSFC testing was performed by hand torque application, similar to that used in assembly of 

flight hardware. 

6.2 Wet Test Results for Fasteners with Super Koropon
®
 as Lubricant 

Testing with Super Koropon
®
 was performed to get an estimate of the torque tension relationship 

when using this compound during flight hardware assembly. In order to allow for multiple 

cycling of inserts, the Super Koropon
®
 was applied without use of its curing agent. With Super 

Koropon
®

 applied to the washer and bolt-head surfaces, the variation of friction coefficients 

(Kmin-Kmax) based on measured values at 65 percent preload are listed in Tables 6.2.1 and 

6.2.2, respectively, for #10-32 fasteners and inserts.  

Table 6.2.1. #10-32 measured friction coefficients (Kmin-Kmax) for as-received un-cleaned hardware.  

Insert Cycle-1 Cycle-2 Cycle-3 Cycle-4 Cycle-5 Cycle-6 

MS51830CA201L(LD) 0.195-

0.206 

0.178-

0.205 

0.162-

0.208 

0.188-

0.215 

0.188-

0.208 

0.178-

0.197 

MS51831CA201L(HD) 0.216-

0.261 

0.215-

0.254 

0.197-

0.247 

0.239-

0.268 

0.238-

0.257 

0.222-

0.298 

 

Table 6.2.2. #10-32 measured friction coefficients (Kmin-Kmax) for IPA cleaned hardware. 

Insert Cycle-1 Cycle-2 Cycle-3 Cycle-4 Cycle-5 Cycle-6 

MS51830CA201L(LD) 0.196-

0.233 

0.173-

0.201 

0.169-

0.181 

0.229-

0.257 

0.217-

0.254 

0.201-

0.230 

MS51831CA201L(HD) 0.206-

0.237 

0.207-

0.233 

0.198-

0.232 

0.233-

0.241 

0.217-

0.263 

0.194-

0.248 

 

Since each insert was cycled six times, the above measured (Kmin-Kmax) was based on a 

sample base equal to the total number of each type insert tested.  

The mean torque coefficient vs. cycles plots for both #10-32 and 1/4-28 test hardware is shown 

in Figures 6.2.1 and 6.2.2.  
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Figure 6.2.1.  Mean torque coefficients vs. cycles for various #10-32 locking Keenserts

®
.
.
 

For #10-32 hardware in Figure 6.2.1, the following observations are made: 

 The un- cleaned HD Keenserts
®
 exhibited slightly higher friction coefficients than that of 

IPA cleaned hardware.  

 The LD un-cleaned Keenserts
®
 had the lowest friction coefficients but the cleaned units 

had the greatest variation per cycle. 

The first cycle range of mean friction coefficients was observed to be from 0.20 to 0.23. 

 
Figure 6.2.2.  Mean torque coefficients vs. cycles for various 1/4-28 locking Keenserts

®
. 
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For 1/4-28 hardware in Figure 6.2.2, the following observations are made: 

 The IPA cleaned HD Keenserts
®

 exhibited slightly higher friction coefficients than that 

of un-cleaned hardware.  

 The HD un-cleaned Keenserts
®
 had the lowest friction coefficients and variation per 

cycle but the cleaned units had the greatest variation per cycle. 

 The first cycle range of mean friction coefficients was observed to be from 0.16 to 0.18, 

which was lower than that observed for the #10-32 units. 

Combining all insert types, cleaned, un-cleaned, and different lot numbers into one data set for 

#10-32 and 1/4-28 fasteners, the statistical B-basis tolerance interval (with 95-percent 

confidence, for 95 percent of the population) was calculated as shown in Tables 6.2.3 and 6.2.4, 

respectively. Figures 6.2.3 and 6.2.4 show the torque coefficients and percent variance vs. cycles 

plots for #10-32 and 1/4-28 lubricated with Super Koropon
®
. 

Table 6.2.3. Combined data set for #10-32 fasteners into locking Keenserts
®
 

Cycle Mean Median STDA Kmin Kmax 
Variance, 

percent 

1 0.218 0.220 0.020 0.180 0.257 17.7 

2 0.210 0.210 0.025 0.161 0.258 23.1 

3 0.202 0.200 0.025 0.153 0.251 24.4 

4 0.233 0.239 0.022 0.190 0.277 18.7 

5 0.231 0.240 0.026 0.180 0.282 22.0 

6 0.218 0.225 0.030 0.159 0.277 26.9 
 

Table 6.2.4. Combined data set for 1/4-28 fasteners into locking Keenserts
®
 

Cycle Mean Median STDA Kmin Kmax 
Variance, 

percent 

1 0.169 0.165 0.0170 0.139 0.199 17.8 

2 0.165 0.165 0.0159 0.137 0.193 17.0 

3 0.162 0.160 0.0140 0.138 0.187 15.2 

4 0.180 0.182 0.0203 0.144 0.216 19.9 

5 0.174 0.174 0.0220 0.135 0.213 22.3 

6 0.175 0.179 0.0239 0.123 0.218 27.9 
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Figure 6.2.3.  Torque coefficients and percent variance vs. cycles for #10-32 Super Koropon

®
 testing. 

 

 
Figure 6.2.4.  Torque coefficients and percent variance vs. cycles for 1/4-28 Super Koropon

®
 testing. 

Conclusions and significant observations based on the B-basis torque coefficient data plots, for 

both #10-32 and 1/4-28 fasteners and inserts are as follows: 

 Both cleaned and un-cleaned, LD inserts in Figure 6.2.1, when lubricated with Super 

Koropon
®
, exhibited slightly lower friction coefficients than the thicker HD inserts.  

 Friction coefficients decreased slightly with torque application cycles 13, then increased 

for fourth cycle on fastener and washer replacement. This can be verified on data plots in 

Figures 6.2.1 through 6.2.4. 

The friction coefficient variance was least for cycles 13 and increased for cycles 46 on a given 

insert. It is noted that fasteners and washers were replaced and lubrication re-applied for the 

fourth cycles. 
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6.3 Running Torque 

“Running Torque” as measured and defined in this report is that torque required to overcome 

friction in the threads prior to the application of fastener tensile loading. For “locking” type 

inserts, the running torque becomes an important factor since it is used to validate the locking 

feature during flight hardware integration.  

The running torque was measured for all test cycles. Atypical running torque plot is shown in 

Figure 6.3.1. A complete set of running torque plots for #10-32 and 1/4-28 size fasteners and 

inserts is included in the Appendices A and B. 

 
Figure 6.3.1.  Running torque plot. 

Based on Figure 6.3.1, the following general observations are made: 

 Running torque values are highest for initial fastener torque cycles. This is confirmed by 

first and fourth torque cycles. Fasteners and washers are replaced after third cycle; 

therefore, fourth cycle is with new hardware but into the same insert. 

 Running torque is reduced significantly for repeat installation cycles 23 and 56.  

The above observations can also be deduced from torque tension plots (see Appendices A and 

B). 
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7.0 Test Description for 10 cycles per Keensert
®
 

Additional testing was performed for the Orion project to determine the effect of ten cycle 

testing on a given Keensert
®

. The previous testing consisted of six cycles per insert with fastener 

and washer replacement after three cycles. For ten-cycle testing, fasteners and washers were not 

replaced unless running torque was less than the required minimum of 3 in-lbs.  

Also, the previous six-cycle testing was performed without Braycote
®
 fastener thread lubrication 

since Keenserts
®
 were received with DFL applied by the manufacturer. For ten-cycle testing it 

was requested by the Orion project, that fastener threads be lubricated with Braycote
®
 to 

determine if additional benefit could be derived by way of lower friction coefficients due to this 

lubrication. Two types of Braycote
®
 lubricant were tested, Braycote

®
 601 and Braycote

®
 602EF.  

The Braycote
®
 601 contains a rust preventer while 602EF contains molybdenum disulfide which 

prevents galling. Testing was performed for three test conditions as follows: 

1. As received DFL inserts with no additional Braycote
®
 fastener thread lubrication.  

2. As received DFL inserts with fastener threads lubricated with Braycote
®
 601. 

3. As received DFL inserts with fastener threads lubricated with Breycote
®
 602EF. 

It is noted that in addition to the specified test conditions above, Super Koropon
®
 lubrication was 

applied under washers and bolt heads for all testing. Also, fasteners and washers were not 

replaced unless running torque was less than specified minimum of 3 in-lbs, at which time 

lubrication was reapplied.  The inserts that required fastener replacement are identified in the 

Run Logs of Appendix C and D. 

A full set of torque-tension test data, including data plots, similar to six-cycle testing is included 

in Appendices C and D as noted below. The torque-tension plots are shown with and without 

running torque. However, the spreadsheet torque coefficients calculations were performed based 

on removal of running torque. 

Appendix C – Full set of #10-32 Torque Tension and Running Torque Plots for ten cycles per 

insert, Excel
®
 Torque Coefficient Data at 65% Pre Load, Test Plate Layouts and complete set of 

Run Logs. 

Appendix D – Full set of 1/4 - 28 Torque Tension and Running Torque Plots for ten cycles per 

insert, Excel
®
 Torque Coefficient Data at 65% Pre Load, Test Plate Layouts and complete set of 

Run Logs. 

The 0.25-28 fastener test results were based on total of (14) inserts with each insert cycled ten 

times. For #10-32 fasteners, a total of (8) inserts were subjected to ten cycles each. The 

spreadsheet calculations were performed for the different groups as follows: 

 Fastener threads lubricated with Braycote
®
 601 inserted into HD and EXHD Keenserts

®
. 

 Fastener threads lubricated with Braycote
®
 602EF inserted into HD and EXHD 

Keenserts
®
. 

 As received, un-lubricated fasteners inserted into HD and EXHD Keenserts
®
. 
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7.1 Torque tension data plots are presented in two formats as shown below: 

1. Typical torque tension plot for ten insertions into a given insert, with and without running 

torque is shown in Figure 7.1. 

2. Typical cycle plots for individual cycles where all first, second, and third cycles are 

combined individually is shown in Figure 7.2. 

 
Figure 7.1.  Torque-tension plots combining all ten cycles with and without running torque. 
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Figure 7.2.  Torque-cycle plots combining all first cycles with and without running torque. 

A complete set of these plots can be found in Appendix - C for # 10-32 and Appendix - D for 

0.25-28 fasteners and inserts. The cycle plots can be used to evaluate the effect of various 

variables such as insert type, lubrication etc. on torque coefficient whereas the torque-tension 

plots indicate change due to torque application cycles into a given insert.   

7.2 Excel
®
 data sheet calculations at 65 percent Preload 

These calculations were performed using single and two tailed B-basis methods similar to that 

used for six-cycle testing as described in section 5.2 of this report. The details of these 

calculations are included in Appendices C and D.  

Figure 7.3 is a summary of measured and calculated torque coefficient variation with torque 

application cycles 110. The specific torque coefficients are defined as follows: 

1. Combined mean - is the calculated Kmean based on all (8) #10-32 data points for a given 

cycle. The number of data points is equal to number of inserts tested. 

2. Calculated Kmax 90/95 – The two-sided B-basis Kmax based on Kmean + Standard 

Deviation x B-basis constant for number of data points. 

3. Calculated Kmin 90/95 – The two-sided B-basis Kmin based on Kmean  Standard 

Deviation x B-basis constant for number of data points. 
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4. Max Data Torque Coefficient - maximum measured torque coefficient for the (8) inserts 

tested in that specified torque cycle.  

5. Minimum Data Torque Coefficient - minimum measured torque coefficient for the (8) 

inserts tested in that specified torque cycle.  

 
Figure 7.3.  Torque coefficients vs. cycles for Kave, Kmax and Kmin measured and calculated. 

Significant observations based on Figure 7.3 are as follows: 

 The difference in (Kmax- Kmin) for both calculated and measured values is least for first 

cycle, indicating that preload uncertainty increases for follow-on torque cycles. It should 

be noted that fastener assembly was not re-lubricated between cycles and 

fastener/washers were not replaced. 

 The calculated Kmean does not change significantly for first six cycles. However, as 

noted above the variation or increase in (Kmax-Kmin) for follow-on torque cycles is 

significant. 

 Based on measured torque coefficients, Kmax from Kmean is greater than that for Kmin 

for follow on cycles.  

 The calculated B-basis Kmax and Kmin values are conservative since all measured data 

values fall within these calculated values. This is further substantiated by Figure 7.4. 
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Figure 7.4.  Comparison of Kmax and Kmin measured and calculated for typical first torque cycle. 

Significant observations based on Figure 7.4 are as follow: 

1. The calculated B-basis values for both Kmin and Kmax are nearly equal for single- and 

two-tailed basis. 

2. For a given applied torque, the calculated Kmin values are lower than the measured 

values which is conservative with respect to predicted maximum preload. The lower 

Kmin will predict a higher preload than that based on minimum measured value. 

3. Conversely, the calculated Kmax values are greater than the measured values, which is 

again conservative since it will predict a lower preload than that based on measured 

values. 
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Appendix A  Full set of #10-32 Torque Tension and Running Torque Plots, 

Excel
®
 Torque Coefficient Data at 65 percent Pre Load, Test Plate Layouts 

and complete set of Run Logs. 
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Appendix B  Full set of 1/4-28 Torque Tension and Running Torque Plots, 

Excel
®
 Torque Coefficient Data at 65 percent Pre Load, Test Plate Layouts 

and complete set of Run Logs. 
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Appendix C  Full set of #10-32 Torque Tension and Running Torque Plots 

for ten cycles per insert, Excel
®
 Torque Coefficient Data at 65% Pre Load, 

Test Plate Layouts and complete set of Run Logs. 
 

 



 

337 

 

 

Appendix C:

Section 1 10-32 No Braycote Torque Tension Plots

Section 2 10-32 Braycote 601 Torque Tension Plots

Section 3 10-32 Braycote 602 Torque Tension Plots

Section 4 10-32 No Braycote Running Torque Plots

Section 5 10-32 Braycote 601 Running Torque Plots

Section 6 10-32 Braycote 602 Running Torque Plots

Section 7 10-32 No Braycote Cycle Plots: Torque v. Load

Section 8 10-32 Braycote 601 Cycle Plots: Torque v. Load

Section 9 10-32 Braycote 602 Cycle Plots: Torque v. Load

Section 10 10-32 Friction Coefficients with Statistics

Section 11 10-32 Test Plate Layouts

Section 12 10-32 No Braycote Run Log

Section 13 10-32 Braycote 601 Run Logs

Section 14 10-32 Braycote 602 Run Logs
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Appendix D  Full set of 1/4 - 28 Torque Tension and Running Torque Plots 

for ten cycles per insert, Excel
®
 Torque Coefficient Data at 65% Pre Load, 

Test Plate Layouts and complete set of Run Logs. 
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