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Eight 1/8” thick glass-reinforced sheets approximately 2.5” by 4” are tested using 

two different variables.  The two test variables are spindle speed and tool penetration 

depth, both tested at two extremes.  Spindle speeds of 600 rpm and 4200 rpm and depths 

of 0.010” and 0.065” were used to as the four different test parameters.  Two specimens 

were tested for each test case (slow/shallow, slow/deep, fast/shallow and fast/deep). 

 
Results  
 

Testing at the slow spindle speed of 600 rpm shows that the material would get 

churned up.  The figure below shows a sheet that was tested at the slow spindle speed and 

the deep penetration.  It is difficult to interpret the results of these tests; however there are 

no notable signs of brittle failure. 

 

 

Figure 32:  Test run at 600 rpm with a depth of 0.065” penetration. 
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When samples were tested at the high spindle speed of 4200 rpm, the sample 

would melt significantly.  Figure 33 shows the test specimen that was tested at the fast 

spindle speed and the deep penetration depth of 0.065”.  

After noticing that the higher spindle speeds resulted in melting, two samples are 

also tested at a still slower spindle speed of 60 rpm.  Those two samples looked very 

similar to those tested at 600 rpm. 

 
Conclusion 
 

The results of this test are inconclusive.   There are no results indicating brittle 

failure.  Since the test specimens melt at the high spindle speed that most closely  

 
 

 

Figure 33:  Test run at 4200 rpm and 0.065” penetration.  Note that there is residual 
plastic material that stuck to the tool as it melted. 
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recreates the deformation rate that would occur in the barrel of the gun, this test does not 

adequately simulate the deformation that the rotating band experiences.  A possible cause 

of the plastic melting instead of just deforming, as the rotating bands are required to do, 

may be a result of the tool impacting a particular point on the test specimen multiple 

times.  The feed rate of the table on the milling machine is not fast enough to move the 

specimen through the tool without impacting a particular point multiple times.  A similar 

test that would only allow for one pass may give different results; however, it would be a 

difficult test to produce. 
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CONCLUSION 

Previous research has indicated that absorbed moisture will increase the impact 

strength of nylon materials.  Our testing has confirmed those findings showing that a 

significant increase in impact strength is found when both neat resin and reinforced nylon 

6/12 is subjected to hydrolysis and tested while the materials still retain absorbed 

moisture.   

Both tests investigating the effects of moisture and temperature show that 

absorbed moisture increases the impact strength of both neat resin and glass-reinforced 

nylon 6/12.  No significant change is seen in the impact strength for glass-reinforced 

nylon samples that experienced a variety of cycled wet and dry environments with the 

end of each cycle being a drying period.  This seems to indicate that cycling moisture 

environments will not compromise the integrity of the rotating bands.  It may be possible 

that increasing the number of cycles could show a change in impact strength for these 

types of materials.  Cycle length may also be increased in addition to increasing the 

number of cycles to investigate whether longer cycle lengths have a significant effect on 

impact strength.  Without doing further testing however, there is no reason to believe that 

the variety of temperature and moisture environments that the projectile may be in will 

compromise its integrity. 

There is a significant change in SHORE D hardness in all of the cases tested using 

glass-reinforced nylon except that of the 144-hour cycle.  This may indicate that there 

was some residual moisture in the shorter cycle lengths.  The higher impact strength and 

the lower hardness resulting from the 24-hour soak test group indicate that an inverse 

relationship between hardness and impact strength seems to exist.  Further testing with 
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the changes in parameters mentioned in the previous paragraph could possibly shed more 

light on this relationship and yield a meaningful test method for determining the integrity 

of rotating bands. 

The rifling simulation test did not adequately recreate the deformation 

experienced by the rotating bands.  It is possible that a similar test could be developed 

that would show different results that represent the deformation of the rotating bands 

better.  One possibility for facilitating such a test is to use an apparatus that would 

compensate for the slow feed rate of the milling machine table.  This could be 

accomplished by attaching a separate fixture to the table of the milling machine that 

could feed the specimen at a faster rate. 

Further research may look for new factors that embrittle nylon materials.  Future 

research could also include the increased number of cycles and increased cycle length 

testing as well as some different types of testing.  Should such research be pursued, I 

propose that a tensile test be performed that measures the amount of plastic deformation 

for a constant strain rate on samples that have been conditioned similar to those of this 

research could help to investigate the amount these materials could endure for a 

prescribed conditioning environment.   
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Figure 34: Spreadsheet data from Arrow Tech 
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#

Thickness 
behind 
notch (in)

Total 
Thickness 
(in)

Break 
Energy 
(ft*lb)

Impact 
Strength 
(ft*blf/in)

Chauvenet's 
Criterion

Expanded 
Uncertainty 
95% (ft*lbf/in)

Impact 
strength hot/wet hot/dry

1 0.432 0.484 0.9256 2.142593 2.55218391 0.903714035 t 5.549861
2 0.42 0.478 0.4056 0.965714 0.45087168 v 9.98342
3 0.427 0.485 0.5421 1.269555 0.32444269 from table 2.228
4 0.429 0.471 0.453 1.055944 0.22063121
5 0.42 0.479 0.3688 0.878095 0.67445033 Significant Difference
6 0.428 0.485 0.3894 0.909813 0.5935155
7 0.424 0.482 0.9879 2.9150973
8 0.417 0.466 0.4438 1.064269 0.1993894 hot/wet cold/wet
9 0.413 0.46 0.4236 1.025666 0.29789247 t 4.997832

10 0.427 0.486 0.4142 0.970023 0.43987601 v 8.908623
Std Dev 0.006001 0.009009 0.227388 0.391894 from table 2.262
Mean 0.4237 0.4776 0.5354 1.142408

t95 2.306 bstrength 0.001582 Significant Difference

11 0.427 0.473 0.2694 0.630913 1.95839551 0.311942343
12 0.422 0.46 0.1726 0.409005 0.27588864 hot/wet cold/dry
13 0.422 0.481 t 5.473565
14 0.424 0.477 0.1245 0.293632 0.59886471 v 8.076369
15 0.422 0.467 0.1631 0.386493 0.10520423 from table 2.306
16 0.407 0.454 0.155 0.380835 0.0623091
17 0.402 0.454 0.0958 0.238308 1.01832733 Significant Difference
18 0.425 0.461 0.1122 0.264 0.82353454
19 0.422 0.461 0.6848 2.82517754
20 0.427 0.474 0.1613 0.377752 0.03892911 hot/dry cold/wet

Std Dev 0.008485 0.009624 0.182897 0.131892 t -1.75942
Mean 0.42 0.4662 0.215411 0.372617 v 12.67082

t95 2.365 bstrength 0.00144 from table 2.16

21 0.431 0.482 0.2029 0.470766 0.00500663 0.222666061 No Significant Difference
22 0.423 0.472 0.1992 0.470922 0.00341841
23 0.419 0.465 0.1801 0.429833 0.42087358
24 0.425 0.479 0.1493 0.351294 1.21880966 hot/dry cold/dry
25 0.427 0.477 0.1909 0.447073 0.24572261 t -1.11731
26 0.426 0.455 0.2754 0.646479 1.78019863 v 7.525009
27 0.426 0.485 0.1641 0.385211 0.87421932 from table 2.306
28 0.424 0.441 0.2727 0.64316 1.74648349
29 0.419 0.464 0.184 0.439141 0.32630773 No Significant Difference
30 0.425 0.478 0.1822 0.428706 0.43232418

Std Dev 0.003598 0.013718 0.042019 0.098427
Mean 0.4245 0.4698 0.20008 0.471258 Cold/wet Cold/dry

t95 2.262 bstrength 0.00142 t 1.406253
v 10.49352

31 0.426 0.474 0.1797 0.421831 0.14235413 0.06252101 from table 2.11
32 0.427 0.475 0.1822 0.426698 0.03740107
33 0.419 0.446 0.2029 0.484248 2.16297492 No Significant Difference
34 0.431 0.481 0.1687 0.391415 1.26573209
35 0.423 0.47 0.188 0.444444 0.69285544
36 0.43 0.477 0.1783 0.414651 0.40753502
37 0.415 0.465 0.1801 0.433976 0.30620846
38 0.427 0.478 0.1736 0.406557 0.70647237
39 0.421 0.472 0.2777 15.7223361
40 0.422 0.467 0.1719 0.407346 0.67734627

Std Dev 0.005021 0.009925 0.032168 0.027075
Mean 0.4241 0.4705 0.19031 0.425685

t95 2.306 bstrength 0.001418

41 0.426 0.451 0.2626 0.616432 0.29978348 0.217998211
42 0.404 0.434 0.2778 0.687624 1.20649828
43 0.422 0.437 0.2069 0.490284 1.30685946
44 0.424 0.442 0.228 0.537736 0.70250693
45 0.426 0.444 0.2694 0.632394 0.50308462

Std Dev 0.009317 0.00658 0.030183 0.078516
Mean 0.4204 0.4416 0.24894 0.592894

t95 2.776 bstrength 0.001449

As cast

Hot/Wet

Hot/Dry

Cold/Wet

Cold/Dry

 

Figure 35: Neat resin test results spreadsheet w/ uncertainty and t-test results 
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Figure 36: Glass-reinforced test results spreadsheet w/ uncertainty and t-test results 

 


