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ABSTRACT

In recent years changes in cannon amunition have led to

the occurrence of a wear (erosion) maxima downbore from the

origin of rifl ing . Conventional inspection equipment is not

adequate to obtain the necessary data for the study and

evaluation of this wear progression.

New inspection equipment has been developed for the

105mm., M68 gun tube which will prov ide the necessary data

for use i n the study and evalua tion of eros ion and its effect

on cannon tube serviceability .

CROSS-REFERENCE DATA

Bore Eros ion
LVDT
X-Y Plotter
Propel len t Additives
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I. INTRODUCTION

During the early 1960 ’ s the greatest wear in gun tube bores

occurred at the origin of rifl ing. For the 105mm., M68, a condem-

nation criteria was based on .075 inc h wear at the origin of rifling

as the accuracy limiting factor.

With conventiona l ammunition , wear maxima at the origin of

rifl ing decreased with distance downbore. Wear reducing propel lent

additives caused a change in pattern to a second local wear maxima .

These max ima were much smaller than the am plit ude at the origin of

rifling.

In la te 1973 and earl y 1974, severe flight degradation in

additive ammunition in the M68 prompted an extensive investigation.

It was found that second wear maxima exceeded the maxima at the

origin of rifl ing (see Fig. 1). This erosion condition has been

generall y referred to as secondary wear. Secondary wear appears

in a region 1 to 2 inches from the origin of rifling to 25 inches

downbore (see Fig. 2).

Since erosion does not occur evenly around the bore circumference

conventi onal methods of measuring were not adequate. The use of

star and pullover gages only indicate a change in diameter. There-

fore , a new system was requ ired with capabil i ty of measur ing rad ii

about an establ i shed cen ter l ine as well as the circumferen ti al

location of the various radii measurements.

1
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II . SYSTEM REQUIREMENTS

The secondary bore erosion measuring system required had to

measure and plot very m i nu te chan ges resul ting from eros ion on the

lands and grooves of cannon tube bores, circumferentiall y an d

downbore 25 inches from the origin of rifling .

In th is way , data gathered from use of such a system at firing

tests could determine the progression of erosion relative to the

type and number of rounds fired. The tests would also include a

study of eros ion i n cannon tu bes made of var ious types of steel s

as wel l as electro-plated cannon tubes.

The requirements of a bore erosion measuring system as des-

cribed above dictated a design that would prov ide the capa bi li ty

of measur ing in three axes or planes ; “X” data , sensor head rota tion ,
“Y” data, probe tip deflection and “Z” data, downbore distance.

-
i

“XII ‘ ly ll liz”

The following section describes the bore erosion measuring

system designed , procured and tested to provide the necessary

equipment for the bore erosion study on the 105mm., 

M68.2



III. SYSTEM DESCRIPTION (See Fig. 3)

A precision instrument is described that has been designed

and set up to determine and record radial and axial point or line

scan measurements inside long bores up to 25 inches long with in

diametral boundaries of 4.228 ± 0.075 inches.

The system consists of a BORE INSERT UNIT tha t is a precise

electromechanical assembly containing a rotating sensor head and

an X-Y PLOTTER that produces a trace of sensor head probe radial

displacement vs angle of head rotation in a plane perpendicular

to the axis of bore being scanned.

An ELECTRONICS UNIT is attached to the X-Y PLOTTER containing

• signal processing electronics , an d electron ic di gital readou t of

probe tip radial position , and a control for electronic range

suppression of the head rotation signal.

The system is shown in Figure 4 and its specifications follow.

SPECIFICATIONS

General
X—Y Plotting Area 11 x 15 inches

• (See Fig 5) Accuracy ± 0.2 % of full scale

• X Data Range 0 Deg to 360 Deg
Sensor Head Rotation Overtravel 5 to 6 Deg
~See Fig 6) Dial 1 Deg markings

Setability Within ± 30 Arc Minutes
Engraving Acc .Within ± 10 Arc M1nute~Sensor ± 0.1 % Lineari ty

• Suppression 0 to 360 degrees
Max Sensit. Usable to 1 Deg/inch

of trace
Sensor Type Resistance element
Motion Handwheel control

3
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Y Data Cal ib. Range ±0.0750 inches
Probe Tip Deflection Sensor Range ±0.100 inches
(See Fig 7) Accuracy ±0.0003 inches of

• digital reading
Resolution 0.0001 inches digita l

0.00005 inches analog
Trace Expans. To 20 milli onths per

chart grad.
(0.0002 inch deflect./
char t inch)

Sensor Type LVDT
Sensor Mo tion Spr i ng Restra ined

Z Data Ran ge 0 to 25 inches
Ax ial Bore Traverse Total Travel 27.9 inches
(See Fig 6) Readout Direct Linear Scale

Setability ± 0.05 inches
• Scale Accur. ± 0.010 inches

Motion Con trol Knurle d Palm Wheel
no backlas h
scewed roller dr ive

Accurac y Trac ki ng stra ightness
to be tested; better
than ± 0.005 inches ,
better than ±0.002
repeatability at
constant temperature.

BORE INSERT UNIT

The pr imary element of th i s electromechan ical assembl y is the

48 inch ARM. The ARM consists of six precisely ground roller

bear i ng tracks represent i ng the state of the art i n grind i ng parallel

and straight surfaces in range of 48 inch lengths. Precision is of

the same order of magnitude as flatness of equivalent length

laboratory grade granite plattens.

A series of holes were incor pora ted in the ARM for app l ication

of a compensati ng bar that can be used to alter the axial straight-

ness of the ARM for changes in its dimensional stability

.4
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The un it embodies four major items representing its points of

precision and reference as follows (refer to figure 3):

• 1. The forward Reference Ring
• 2. The rear Gaging Ring• 3. The ARM tracking surfaces (six)

4. The Head rotational plane (ball bearing)

The unit has adjustment areas that are used operationally or

• in major assembly opera tions as fol l ows :

5. ARM side support rollers with eccentric studs for preloading
and alignment (eight places). Range is ± 0.005 inches for 180°
rotation.

• 6. ARM vertical support rollers with eccentric mounting for
preloading and alignment (four places). Range is ± 0.005 inches
for 180° rotation.

7. ADJUSTABLE PAD (rear) bearing points (four) spaced 900 apart.
• The pads are split an d the expand ing ta pered set screws mus t not be
• screwed in beyond the “flush to the end” point. This provides a fine

adjust range of 0.020 inches expansion in positioning the rear of the• assembly for axis coincidence with the center line of the bore.
• Spacers are provided to accommodate this °fine ran ge” to var ious

chamber diameters of small variation.

• 8. GAGING RING (rear). This is a hardened disk with a precise
tolerance (± 0.0001) roundness specification . This disk has been

• aligned to be wi thin 0.0005 inches coaxial with the average axis of
the six roller tracks. The disk is not pinned allowi ng further
adjustment and is held in place by six screws, four of wh ich also
pass through the control housing flanges. Adjustment would require
removal of the housing.

9. REFERENCE RING (forward). This is a precise hardened ring
held to ± 0.0001 roundness tolerance of the spherica l surface about
its center line . The ri ng is a sli p fit, can be replaced , but is
non-adjustable. Curvature is such that bottoming of the assembly

t

will align it coaxially wi th the chamber taper at this point .

10. Sensor head rotational plane. The sensor head assembly is
attached to the ARM by four internal screws. The plane of rotation is
determined by a singl e ball bearing where-in preload can be changed by
an outer race spacer change. Radial free play (in the direction of

• probe tip measurement) is In the order of 0.0001 inches. This assures
operator feel of tip load ing and thus minimization of tip breakage

• and head damage.

5
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DATA PROCESSING AND DISPLAY - ELECTRONICS

This function is represented by the X-Y Plotter, the ELECTRONICS

UNIT , and direct reading dials - scales. Refer to Figure 3.

One power cord attached to the pl otter serves the complete

system. One switch, l ocated on the plot ter control section , con trol s
• the power ON-OFF function. One cable connects the BORE INSERT UNIT

with Plotter/ELECTRONICS UNIT assembly. Fuse protection is through

the provisions made for the recorder.

The X-Y Plotter front panel controls are fully active as marked.

The signal input points are at the rear connector location. The

“top-side” signa l input locations are active but not used.

The ELECTRONICS UNIT contains the electronic digital readout

and circuitry for analog signal processing. A Head rotation signal

suppression control is located adjacent to the digital display. The

suppression allows recording of angular rotation at high gain with

ability to always maintain the trace on the chart.

As shown in Figure 3, four adjust points are located at the

ELECTRONICS UNIT as follows :

1. Digital fine span adjust. Located behind front right corner
of display window .

2. Digital zero adjust. Same location as “1.”
3. LVDT span adjust. Screw driver adjustment thru hole in side

of case.
4. Suppression range adjust. Adjacent location to item “3.” ,

unmarked .

6
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The digita l displ ay shows probe tip deflect ion ei ther side of

a zero reference position to a resolution of 0.0001 inches. A sign

indication is present to show which side is active. The zero reference

has been set up to read zero for the expected cannon rifl ing diameter.

This may be adjusted by relocation and locking of the LVDT housing .

The two major assemblies are inter-connected by a shielded

cable that carries only low level DC power and the return DC signals.

AC excitation and signal demodulat ion are done locally by circuitry

in the SENSOR HEAD.

A small electronics board is located in the rotating sensor head

assembly that serves to generate a sensor carrier frequency and de-

modulate a sensor output signal and amplifi cation. A gain control

pot is located on the board for LVDT signal setup.

MECHANICAL ALIGNMENT

Means are provided for altering the ARM tracking path with

respect to its carrier cyl inder by use of roller studs and shafts

that have been eccentrically machined. This also is the preloading

means for the ARM.

The complete assembly is aligned by means of four split pads

spaced 900 apart at the instrument rear. The adjustment may be

relocated to accommodate various ZONE A diameters by application of

pad spacers. The assembly forward section is self locating by means

of an Integral hardened ring with an outer spherical su
rface.7



Adjusting means-ranges are as follows:

1. ARM relocation 0 to ± 0.005 inches in the lateral
direction at each roller station
(180° shaft rotation).

O to ± 0.005 inches in the vertica l
direction at each roller station
(1800 shaft rotation).

2. Assembly rear Fine range of spli t pads in direction
normal to the plane of the split ,
O to ± 0.010 inches .

Incremen tal relocation of the f ine
range to accommodate diameter
cha nge in Zone A.
0.030 inch diameter change spacer
set
0.064 inch diameter change spacer
set
0.094 inch diameter change by
combination of above.

Note: The tapered screws for fine
adjust must not be turned in
beyond the flush condition
in expanding the pads. Use
spacers to bring the adjust-
ment within range.

IV. TESTING RESULTS

Testing of the system to assure proper performance was

accomplished in a 105mm., M68 gun tube wi th plots shown in figures

8 and 9. Figure 8 illustrates a complete circumferential plot ,

full scale on the plotter set to accept 3600 probe rotation.

Adjustment of the amplification of both the X and Y scales

gave us a representation of 2 grooves and lands spread over full

scale. This is shown in figure 9. The digital readout on the

plotter is used to measure actual depth of rifl ing so actual

plotter amplification can be recorded
.8



V. CONCLUSIONS
F Based on the testing and eval uation results , it is concluded

that the system developed and designed under this project provides

a practical and effective means of collecting measurement data

required for the study and evaluation of secondary bore erosion.

V I. IMPLEMENTATION

Present plans are for utilization Of the bore erosion measuring

system to obtain measurement data as part of an erosion study to be

conducted by Watervliet Arsenal.

I:

I.

9
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