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INTRODUCTION 

Bore erosion is one of the major problems of advanced Army Gun Barrels, 

and indeed it is one of the thrust areas under investigation in DARCOfl.  One 

of the immediate areas of concern is the secondary wear in the 105 mm M68. 

Currently in an effort to control wear in guns numerous protective coatings 

are being evaluated as an immediate solution to the secondary wear problem. 

To ascertain the uniformity of the thickness and concentricity of coat- 

ings as well as the non-uniform circumferential erosion of gun tubes, a preci- 

sion bore measuring gage became necessary.  Under an MTT project entitled, 

"Measurement of Bore Erosion"^- a gage was developed by Watervliet Arsenal's 

Gage Section which provided circumferential profiles up to 40 inches from the 

origin of rifling of the bore with high sensitivity.  The gage which measured 

the radius of the bore from an established centerline provided the required 

data, except that the gage, upon disengagement and remounting did not yield 

reproducible results. 

The object of this effort was: 

a. To modify the centering stage of the gage in order to make it 

insensitive to positioning errors and thus rugged for field tests. 

b. To provide documentation as well as test results representing the 

enhanced reproducibility attained based on statistical analysis of the data. 

^S. J. Krupski and F. J. Audino, "Measurement of Bore Erosion," WTV-QA-7701, 
December 1977. 



DESCRIPTION OF DESIGN MODIFICATION 

Reference 1 describes in detail the erosion gage shown in Figure I. 

Prior to the modtfication, alignment of the gage was accomplished by means of 

four slit pads spaced 90° apart which were positioned at the rear of the gage 

assembly as shown in Figure 2.  This provision allowed for a fine adjustment 

of up to 0.020 inch of radial displacement In positioning the rear of the 

assembly in order to achieve coincidence between the center line of the gage 

and the axis of the bore. 

The modification of the gage described here and shown in Figures 3 and 4 

is based on the requirement that the instrument record reproducible circumfer- 

ential profiles of the gun bore.  This was accomplisned by replacing the 

adjustable but very sensitive rear positioning mechanism of the gage with a 

more rugged fixed unit that remains stable during successive engagements to 

the tube. 

The modification shown in Figure 4 consists of a centering ring, tapered 

on the outside diameter to coincide with the powder chamber taper of the tube, 

and a straight bore bearing surface which slides on the rear bearing surface 

of the gage during the centering operation.  Also shown in Figure 4 is a set 

of knurled headed toggle screws.  The screws are mounted on the face 

of the ring and serve to release the tapered centering ring during disengage- 

ment of the gage from the tube. 

^S. J. Krupski and F. J. Audlno, "Measurement of 3ore Erosion," WTV-QA-7701, 
December 1977. 
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EXPERIMENTAL APPROACH 

Two sets of data were taken for the evaluation of the modified bore ero- 

sion gage.  The first set was taken from a non-eroded gun tube stub.  This 

data was used to determine the reproducibility of the gage readings.  The 

second set of data was taken from a worn tube stub, prior to, and after suc- 

cessive electropolishing steps which effectively enlarged its bore diameter. 

CALIBRATION 

Preceding any test, calibration was accomplished by means of a precision 

block.  This block when placed over the extended sensor pin of the gage, 

locates an arbitrary zero for the y-axis.  The pin is then shifted on a preci- 

sion machined 0.050 inch step of the calibration block, and the y-axis range 

is adjusted to be 5 inches over the zero line.  Thus the y-axis represents 

0.010 inch per chart inch or 1 mil of bore radius change per division (0.1 

inch) change of the y-axis.  The x-axis represents the circular travel of 

the pin within the tube and is calibrated to be 360° full scale.  Both axes 

are shown in Figure 5. 

PROCEDURE 

Twelve circumferential profile runs were taken from the non-eroded tube 

over the course of several days under varying equipment warm-up periods. 

Prior to each run the gage was removed from the tube and reseated.  Benchmarks 

were established in order to reseat the gage in the same position relative to 

the tube.  All runs were taken at the two inch mark on the gage's z-axis.  It 

should be noted that this point represents the full extension of the gage, and 

errors due to gage misalignment are most pronounced at this point. 
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Each profile run contains a representation of the bore radius on each of 

the 28 riflings around the 360° circumference of the bore.  Two data points 

were taken from each rifling; relative land distance and relative groove dis- 

tance.  Tables I and II show both measurements expressed In ten thousands of 

an inch with respect to an arbitrary zero line established during calibration. 

In the second test, the gage was used to evaluate the extent of removal 

of material Inside a worn tube stub due to successive electropollshlng Inter- 

vals. Prior to electropollshlng, a calibration was performed and benchmarks 

were established. Ten runs were obtained at the nine Inch setting of the z- 

axls. Two data points (land and groove radial distance) were taken for each 

rifling. The tube was electropollshed for one hour and three profile runs 

were recorded. The tube was electropollshed a second time for two hours and 

five profiles were recorded. 

ANALYSIS AND DISCUSSION OF RESULTS 

Figure 6 is a typical profile indicating a non-uniform radial distance 

along the 360° bore sweep.  This is either due to the test item being out of 

round or because the gage does not seat In the center of the tube.  Further 

investigation indicated that both factors contributed to the effect.  Since 

the Inner diameter tolerance specification is 2-4 mils and the deviation 

indicated by the data was 12 mils, it is concluded that the remaining error is 

due to the gage being misaligned with respect to the axis of the tube.  It is 

this misalignment that prevents accurate measurements of the bore radius on an 

absolute scale.  Given a precision machined tube, the gage axis could be 

adjusted by means of a laborious trial and error approach, thus enabling 
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absolute raeasurements to be made In this instance.  However, since such a time 

consuming calibration could not be applied to a different tube under test, 

attempts to establish absolute measures of the bore radius were not undertaken 

but only precise relative changes in radial distances were sought. 

The mean and standard deviation of the data were calculated and are 

summarized in Tables I and II.  The mean represents the average distance that 

the rifling seats from the gage.  The value of the mean is used as a baseline 

from which all subsequent measurements are referenced.  One should observe 

that while the gage is not measuring absolute radial distances it provides a 

means of measuring changes in radial distances.  This is the advantage of this 

instrument over other devices, such as star gages, which can only provide 

diametrical data.  The standard deviation of the data is an indication of the 

accuracy of the measurement.  It should be noted that the standard deviations 

are highest on two riflings which are diametrically opposite and lowest on the 

two riflings which are 90° displaced from the maxima.  This suggests that 

the gage consistently seats tightly along one particular axis of the tube. 

Additionally the repeatability of the gage readings depended upon the 

consistency of the seating. 

The utility of the gage depends upon the degree of success in reducing 

statistical error.  A confidence interval about the mean may be calculated 

using the Student T distribution:  confidence interval is given by 

ta/2s               -  ta/2s 

x _ < y < x +  (1) 
/N /N 

11 



where x   =  sample mean 

ta/l  =  T Score at (1-a) 100% confidence 

S   =  standard deviation of the data 

N   =  number of data points 

p   = actual mean 

Using rifling 10 of the land measurement and worst case standard deviation of 

7.8 and a 90% confidence Interval 

1.796 x 7.8             1.796 x 7.8 
260.2 < U < 260.2 +  

256.1 < y < 264.2 

the actual mean lies between 25.6 and 26.4 mils. 

If It Is required to reduce the size of this Interval In order to obtain 

more accurate results equation (1) can be used.  Notice that an Increase In 

the number of data points will decrease the Interval size.  Thus, from 

equation (1) for a given tolerance of error, the number of data points 

necessary to obtain this confidence level may be calculated 

zcx/2a 
N = ( )2 (2) 

where e = maximum error in mils 

za/2 = ^ score at (1-a) 100% confidence 

a = standard deviation* 

N = number of necessary data points 

*The standard deviation a is estimated by taking a preliminary sample size 
N > 30. 

12 



Assuming an error tolerance of ± 0.5 mils, a standard deviation of 0.8 mils 

and a 95% confidence level: 

1.96 x 0.8 0 N = ( )2 = 9#8 2 l0 

0.5 

Approximately 10 data points would be necessary. 

The bore erosion gage can provide accurate changes of the dimensions of 

the bore radius.  Virtually any level of statistical accuracy may be realized 

by adjusting the number of data points.  The limitations of the gage's accuracy 

are its electrical and mechanical tolerances which are adequately described in 

reference 1. 

In the second test, the electropolishing of a gun tube was investigated. 

Prior to electropolishing, ten profile runs were obtained and rifling means and 

standard deviations were calculated.  A summary of the results appears in Table 

II.  After electropolishing for one hour, three profiles were obtained. 

The initial ten profiles show that rifling numbers 6 and 19 have the 

lowest standard deviations.  Subtracting the new means from the original means 

for these two riflings yields a change of 5.1 and 4.9 mils respectively.  After 

a second electropolishing step of the tube, five profiles were recorded, and 

the difference between the two means calculated.  The result was a difference 

of 15.2 mils from the original tube radius, which suggests a removal of 10 

mils off the radius during the second electropolishing step. 

IS. J. Krupski and F. J. Audino, "Measurement of Bore Erosion," WTV-QA-7701, 
December 1977. 
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These results are consistent with the polishing durations; when polishing 

time was doubled so did the amount of material removed, and the values compare 

remarkably well with the results of a star gage (three point) and an in- 

process ultrasonic system which monitored the polishing process. 

CONCLUSION 

Several independent tests which have been presented confirm that the bore 

erosion gage has been successfully modified and can be used effectively to 

measure relative changes of the bore radius.  These measurements are accurate 

and easily reproduced. 

The problems associated with the calibration of the gage for monitoring 

the absolute bore radius are numerous; the calibration is very time consuming 

and therefore not likely to be practical for this application. 

The modified gage will be put to service in the measurement of the 

thickness and concentricity of chrome and other protective coatings of 105 mm 

1168 tubes.  These materials are presently being evaluated for their potential 

use in solving the secondary wear and erosion problem. 

14 
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