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I. Introduction

There are some instances in the developmental testing of projectiles when controlled
yaw induction is a requirement. In general, a projectile will have some initial value of
yaw at the onset of its flight, but the magnitude may be too small to satisfy the testing
requirement. In order to conduct larger-than-normal yaw tests, some method of inducing
more yaw must be used.

One method of inducing yaw is to create a region in the projectile’s flight path where
the applied loads on the projectile are unsymmetric. (Another proven yaw induction tech-
nique requires that the projectile be eccentrically balleted by the use of mass imbalance.’
Unfortunately, there are some tests that cannot use this technique because the required
projectile alterations are not possible or allowable.) This has been done by using a modi-
fied muzzle brake (Figure 1). This configuration induces yaw by creating an unsymmetric
flow field for the gun gases resulting in an unsymmetric pressure load on the projectile.
This pressure has been found to induce the desired amount of yaw on several occasions.

The previously mentioned method of yaw induction has one serious drawback. When
the modified brake is subjected to the gun-gas pressure, it transfers a force and a moment
to the gun mount that do not occur under normal operating conditions (Figure 2). If these
additional loads are large enough, they will cause catastrophic damage to the gun’s recoil
system.

This brings us to the purpose of this report.. A method of yaw induction that mini-
mizes the recoil-damaging loads has been researched:*This report discusses how the yaw
inducer functions and how its shape was determined. After a workable configuration was
determined, 12 test rounds using four types of 155mm projectiles were fired, some with
muzzle velocities greater than 800 m/s. The results of these test firings are documented.
Finally, thoughts for improving this device are provided.

II. Initial Design Work

The criteria for the yaw inducer that were set by the project’s sponsor are as follows:

(1) An experimental projectile to be fired from a 155mm weapon system is required
to have a first maximum yaw between 8 and 12 degrees.

(2) The propelling charge to be used is the M203/M203A1, which should produce a
velocity of approximately 826 m/s.

(3) While testing, the gun elevation angle is to be the largest angle that will be used
with this experimental projectile. At present this angle is unknown, but it is estimated to
be close to 50 degrees (£ 10 degrees).

Besides this set of criteria, the Ballistic Research Laboratory (BRL) expressed an

! C. H Murphy, “Yaw Induction By Means of Asymmetric Mass Distribution”, BRL Memorandum Report No. 2669,
August [976.




interest in being able to vary the amount of induced yaw (from round to round) in a
predictable fashion. These requirements made large-caliber high-velocity (LCHV) yaw
inducer the logical namne for this device.

The initial design for the LCHV yaw inducer is shown in Figure 3. Part 1 is a standard
brake that has had its baffles removed. This part is attached to the muzzle of the gun
using the original thread-connection system. Part 2 is the part that induces yaw, and is
attached to Part 1 by shear pins. The shear pins are the only mechanism keeping Part 2
from falling to the ground. The ledge on Part 1 keeps Part 2 from rotating in a clockwise
manner. When the gun barrel is stationary, the yaw inducer is in the position shown in
Figure 4.

The LCHV yaw inducer operates in two stages. The first stage occurs between the
time of ignition and when the projectile clears the front lip of Part 1 (Figure 3). The
second stage begins when the gun gases apply pressure to Part 2. It should be noted that
Stage 2 begins before Stage 1 ends. In Stage 1, Part 2 induces yaw in the manner that
was discussed in Section I (Figure 1). The difference between the LCHV yaw inducer and
traditional yaw inducers occurs in Stage 2. When the LCHV yaw inducer is subjected
to the gun-gas pressure, it transfers this load to the shear pins. When this load becomes
large enough, the pins break. After the pins are broken, Part 2 is no longer attached to
the gun barrel, thus eliminating the additional force and moment (Figure 2) a traditional
yaw inducer creates. Hence, the recoil system only experiences the customary recoil loads.
Stage 2 is complete when Part 2 impacts the ground and stops moving.

A test program was shot using the LCHV yaw inducer shown in Figure 3. The purpose
of the test was to determine the amount of induced yaw generated by this configuration.
Because of the cost of the experimental projectile, inert M549 projectiles were used in the
initial testing of the LCHV yaw inducer. The M549 was chosen because it was assumed to
best simulate the flight characteristics of the experimental projectile. The instrumentation
used in this test was a 16mm framing camera, two smear cameras, and a single yaw card
(Figure 5). The 16mm camera was used to record the motion of LCHV yaw inducer during
the launch cycle. The smear cameras were used to determine velocity, verify projectile
integrity, and estimate yaw at those two positions. The yaw card was placed at 34 meters
because this is the estimated location of the first-maximum yaw for the M549 projectile
at the M203 velocity level. The test plan was to start the firings with a lower-velocity
propelling charge (M3A1 Zone 3, ~ 270 m/s). After the data was examined, the next
higher-velocity zone would be shot. This pattern was to continue until the design charge
(M203/M203A1) was achieved or a failure of the system occurred.

Something was learned soon after this test began. There was a major flaw in the
design configuration. As shown in Figure 6, the center of gravity of Part 2 was below the
pivot point. When ignition occurred, the gun barrel recoiled with a large acceleration.
This large acceleration created an inertial force for Part 2. Because the total inertial force
of a body can be assumed to be applied at the center of gravity, the recoil acceleration
created a counterclockwise moment centered at the pivot point. This caused the lip of
Part 2 (Figure 3) to rotate into the path of the projectile. The projectile then would strike
Part 2; the evidence being the engraving marks detected on the front lip of Part 2 caused
by the projectile’s rotating band.

(3%}




This design flaw took few iterations to correct. The first attempt to correct this
problem was to mechanically restrain the brake from rotating in the counterclockwise
direction. Two different restraining systems were tried. Neither system was successful at
the required test conditions, both failing at well below the goal. The second approach to
correct the problem was to move the pivot point in line with the center of gravity. This
was done by attaching angle-iron pieces to Part 1 as shown in Figure 7. The shear pin
holes were then placed in the angle irons and new mating holes were drilled in Part 2.
After this was done, Part 2 stopped rotating into the flight path of the projectile.

Several projectiles (> 10), some before the aforementioned rotation problem was
solved and some after, were fired using Design I (Figure 3). Three important results
were observed from the acceptable test firings (An acceptable test firing was one where
the projectile does not hit Part 2).

First, several shots’ induced yaw were high (> 10 degrees). Second, the damage of
Part 2 because of impact with the ground was limited to inward bending of the sides. This
was a problem, but it did not occur on every shot. When it did occur, it could be corrected
at the test site by using a hydraulic jack to push the sides to their original position. Third,
the gun-gas pressure created severe outward bending of the sides. This bending problem
caused by the gun gases was considered to be so large that a design change was necessary.

To correct the outward-side-bending problem, Part 2 of the original design was mod-
ified; Part 1 remained as it is shown in Figure 7. As shown in Figure 8, Design II was
different from the first design in the following ways. The side area of Design II was consid-
erably reduced. As a result, the side-bending load, which was proportional to the product
of the side area and gun-gas pressure, was reduced. Also, the geometry of the front lip
area was simplified. These changes reduced the weight by approximately fifty percent when
compared to Design I. This was significant because the size of the shear pins is dependent
on the weight of Part 2.

Design II was tested, but the results were mixed. The yaw inducer did not fail
structurally. The goal of launching the M549 projectile with the M203 charge was achieved.
Unfortunately, the level of induced yaw was not high enough. Four shots were fired at the
high velocity and the yaw was never more than 6 degrees. These results, along with the
results from Design I, were used to design the next generation of the LCHV yaw inducer.

III. A Workable Configuration

Figure 9 is the third iteration of the LCHV yaw inducer. It has a front lip similar to
Design I and low sides like Design II. Its shear pins are located in line with the center of
gravity of Part 2. Design III has a new feature. It has the capability to change the level of
induced yaw by varying the height of the sides. This side-height variation is accomplished
by using aluminum-plate inserts (Figure 10) that are attached to Part 2.

After Design III was fabricated, a test program was fired. The test included four
types of projectiles. The types of projectiles used were M549, M825, M864 and M107.
The projectiles were all inert. The propelling charges used were the M203 Zone 8 and the
M4A2 Zone 7. The projectile/charge combination for each test round is shown in the table




Table 1. Design III Test Results

Rd | Projectile | Charge/ | Yaw Card Yaw Comments
No. Type Zone | Location (m) | (degrees)
1 M549 M203/8 34 15 premature breakage of pins(PBP)
2 M549 M203/8 34 12 PBP
3 M549 M203/8 34 9
4 M549 M203/8 34 10 FBP
5 M549 M203/8 34 11 PBP
6 M825 M203/8 34 7 PBP
7 M825 M203/8 34 17 PBP, sides 50.8mm higher
8 M864 M203/8 22 10 PBP
9 M864 | M4A2/7 22 7
10 M107 | M4A2/7 34 ~0
11 M107 | M4A2/7 34 =0 sides 50.8mm higher
12 M864 | M4A2/7 - no data gun elevated 28 degrees

of results. The instrumentation used was similar to that shown in Figure 5, except that
the yaw card location for the M864 rounds was 22 meters from the muzzie.

Table 1 is a summary to date of the test firings using Design III. The results from
Rounds 1-5, which used the M549 projectile, are encouraging. They show yaw at the
desired level at the required velocity. Rounds 6 and 7 were shot to see what effect (if
any) increasing the side height of Part 2 (Figure 10) would have on the induced yaw level.
The side height for Round 7 was 101.2mm, which was twice the height of the standard
(no plate) configuration used for Round 6. M825 projectiles with the M203 propelling
charge were used. The data indicate that varying the yaw level by varying the side height
seems possible. Rounds 8 and 9 are M864 projectiles that used different size propelling
charges. Round 8’s yaw was greater than Round 9’s because of the larger pressure of the
M203 charge. This result was expected. Rounds 10 and 11 are both M107’s fired at the
same velocity. Round 11 used the side plate extensions, but no significant difference in
yaw could be measured. Though the yaw card was not positioned at a first-maximum
location, it was in a position were differences in yaw levels should be measurable. The
M107’s gyroscopic stability at this velocity (=~ 560 m/s) is much greater than those of the
other projectile types used in this test. The test results for the M107 projectile seem to
indicate that inducing yaw at high velocity for this projectile is not possible. Round 12
was the final shot using Design III. It is significantly different from the other shots because
the gun was elevated at 28 degrees. The projectile used was an M864, and it was fired with
Zone 7 of the M4A2 propelling charge. In order to obtain yaw data, the required yaw card
placement was 11 meters above the ground. The firing range was not capable of meeting
this requirement, so yaw data were not obtained. The purpose of using the yaw inducer
with this particular round was to determine what happened to Part 2 after it separated
from Part 1. The results were not good. The rear section (where the shear pins holes are
located, Figure 9) of one of the sides bent when Part 2 impacted with the ground. The
damage was severe enough that testing could not continue.




Another problem occurred during several shots of this test. The shear pins broke
prematurely, due to the following reasons:

(1) For Rounds 1, 2, and 6-8 a 12.7mm (1/2 in) pin was used, and this size was too
small to structurally survive the inertial load caused by the recoiling gun tube.

(2) For Rounds 3-5 and 9-12, a 19mm (3/4 in) was used. Round 3 was the first round
that used the 19mm pins and they functioned correctly (They broke because of forces
created by the gun-gas pressure and not because of the inertial forces). After Round 3 was
fired, Part 2 was inspected and the shear pin holes were no longer circular because the
loads were large enough to cause the material of Part 2 to yield. This created a problem
because the shear pins for every shot that followed Round 3 could move relative to Part
2 at the beginning of recoil. This created a scissoring action that cut the pins before the
projectile exited the muzzle.

Because the shear pins did break before projectile exit, Part 2’s position relative to the
gun tube (Figure 11) varied at the time of yaw induction for each round. This difference of
position could create a difference in the amount of induced yaw. By comparing the results of
Rounds 4 and 5 (rounds whose pins prematurely broke) to the results of Round 3 (correctly
functioning pins), it does not seem to create a considerable difference. Therefore, the results
of Rounds 1, 2, 4, and 5 are assumed close to those that would have been obtained by
correctly functioning shear pins.

IV. Thoughts for the Improvement and Use of the LCHV Yaw
Inducer

Design III of the LCHV yaw inducer produces the desired amount of yaw. There are
certain aspects of the design that need to be changed, and some thoughts about this are
now presented.

The most significant problem with Design III is the premature shear-pin breakage.
This problem was created when the shape of the holes used to attach the shear pins became
noncircular. This situation occurred because the steel used to make Part 2 had a lower
bearing-load strength than the aluminum used to make the pins (almost a factor of two
smaller). This allowed Part 2’s material to yield. One method to correct the yielding of
the material is to use a higher strength steel. Another option is to make inserts out of
a weaker strength material as shown in Figure 12. After every shot the inserts would be
deformed, but Part 2 would remain in its original shape. The inserts could then be replaced
and testing could continue. In either case, the shear pin holes should be repositioned to
increase the material around them.

The damage that resulted from Round 12 (elevation 28 degrees) may have been pre-
vented by having supports as shown in Figure 12. The actual size and shape of the supports
would be in part decided by the location of the gun tube. Reducing the height of sides at
the problem area would also help.

The LCHV yaw inducer could be optimized for reduced mass. The bottom plate and




front lip could possibly be thinner, reducing the weight of Part 2. Part 2’s inertial force
during recoil would then be reduced, which would allow for smaller diameter shear pins.

The LCHV yaw inducer was developed using a research gun mount, not a standard
field mount. If a field mount is used with the LCHV yaw inducer, the shear pins may
have to be redesigned. The reason is that the recoil acceleration and pressure histories for
a field-mount firing may be significantly different then those obtained from a comparable
firing using the research mount. If the insert system (Figure 12) is implemented, the shear
pin diameters could be varied by changing the inner diameter of the inserts. The holes
for the inserts in Part 2 would not have to be changed. This would simplify any required
machining.

V. Conclusions

Research for a yaw induction system which does not create loads that can damage the
recoil system has been completed. Test firings using several types of 155mm projectiles at
high velocities were done, and yaw values of 10 degrees or more were obtained on several
occasions. The ability to vary the amount of induced yaw to fulfill a specific requirement
seems possible. Final design considerations have been formulated.
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155mm GUN TUBE PART 1

Figure 4. Side view of Design I.
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Figure 5. Test set-up.
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