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ABSTRACT

Twenty pairs of standard rockets and Z9 pairs of modified rockets
(with IMK-l heads) were fired at a ground target. Also, one 10-round
ripple of standard and three 10-round ripples of modified rockets were
fired. Nomin;A test conditions were with helicopter airspeed of 110
knots, altitude of 250 meters, and slant range of 1000 meters. Results
indicated anjular accuracy improvements of 7 to 40 percent for the
modified rocket configurations.lI
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SUMMARY

Low Spin J7olding Fin Aircraft Rockets (IS FFAR) with MK-J inert
heads were firec from the CHINOOK helicopter at Redstone Arsenal,
Alabama, to compare their.accuracy to rockets modified with a small
wedge attached to each fin tJ p. Twenty pairs of standard rockets, 29
pairs of modified rockets, one 10-round ripple of standard rockets, and
three 10-round ripples of modified rockets were fired for accuracy 4
comparisons. The CHINOOK helicopter, with a pylon mounted 19-tube
XM-159 rocket pod on each side, fired at a ground target while in a dive
of about 10 degrees. The helicopter airspeed was nominally 113 knots,
the firing altitude was approximately 250 meters, and the slant range
to target was 1000 meters.

Results indicated that, with bias removed, the azimuth angular

error was 7. 0 mils a- (20 pairs) for the standard rocket configuration and
5. 0 mils (r (29 pairs) for the modified rocket configuration - a 30-percent
accuracy improvement due to the addition of wedges to the fins. Com-
parisons in the pitch plane (bias removed) indicated angular errcrs of
7.7 mils a- for the standard and 7. 2 mils o for the modified rockets.

The accuracy of 10-round ripples of wedge modified rockets was
degraded in azimuth by a factor of about two from that calculated from
single pair firings.

Strong azimuth crossover bias values were in evidence for both
configurations fired (30.2 mils bias for the standard round and 18. 1
mile bias for the modified round). The smaller bias value of the config-
uration with wedge fins is attributed to delayed fin opening, thus reduc-
ing the sensitivity of the rocket to a strong outward wind flow over the
nose of the helicopter.

Consideration should be given to splaying the launchers of the
CHINOOK to cancel part of the crossover bias if improvement of the
azimuth &ccuracy is desir-blo. Of course, the launcher splay angle
would be optimized for a particular type of helicopter (CHINOOK or
other) and helicopter velocity. Additional firings similar to those
reported would be necessary to prove the desir;.bility of such an
approach.

All accuracy comparisons between the standard and modified rockets
indicated accuracy improvements of from 7 to 40 percent when wedges
are added to the fins of the standard LS FFAR configurations.
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Section I. INTRODUCTION

Several CH-47A (CHINOOK) helicopters have been equipped recently
with additional armor and a variety of armament. The armament
includes the M-5 subsystem, the M-24 subsystem, five 50-caliber
machine guns, and a subsystem employing 2.75-inch Folding Fin Air-
craft Rockets (FFAR) with an XM-159, 19-tube rocket pod on each
pylon. The entire system is referred to as the Armored or Armed
CHINOOK.

A test program was conducted at the Army Missile Command
(MICOM) Redstone Arsenal, Alabama, to examine problem areas
involved in combining the CHINOOK and the FFAR subsystem. Parts
of that test program involved rocket firings from the ground and from
the air. Firings from the air were augmented to include closely con-
trolled firings of rocket pairs and rocket ripples at a ground target.
Rocket impacts were staked after each pass and later surveyed. The
resultant data were combined to provide accuracy comparisons for the
standard LS* FFAR (with scarfed nozzles) and the standard rocket
modified by adding an uncanted wedge at the tip of each fin. *irings
were conducted at Range I, Redstone Arsenal, Alabama, and nominal
firing conditions were with the CHINOOK in a slight dive of 10 degrees
at 1000 meters slant range to target, 250 meters altitude, and 110 knots
helicopter velocity. Inert MK-l heads were employed for all air firings.

*Low Spin (for helicopter applicatiou)
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Sectim II. BACKAROUND

MICOM recently conducted a test program designed to improve the
accuracy of tne LS FFAR with only minor changes on the rocket and no
changes on the launcher. Those results are reported in Report No.
RD-TR-66-2.1 A modification with 0 degree cant wedges on the fins
(Figure 1) increased the rocket roll rate at launch frorn a nominal 1. 8
revolutions per second for the standard rocket to rates between 5 and 6
revolutions per second at launch. Air-to-ground firings of those two
configurations (with XM-151 heads and XM-.423 fuzes) were made from
a UH-IB helicopter under similar test conditions to those herein.
Results indicated that the angular accuracy in the pitch plane was
improved 23 percent by employment of the wedges to increase launch

roll rate. ihe asimuth comparisons were inconclusive since some of
the rockets crossed in flight and some did not. Unfortunately, the
determination of which rockets crossed could not be made; therefore,
the crossov-r bias could not be determined for each configuration, and
the azimuth accuracy was not considered to be a proper indication of
comparative accuracy. The sample sizes were 10 pairs for the stand-

ard ricket and 21 pairs for the modification with 0 degree cant wedges.
Consequently, controlled firings, from the CHINOOK, of greater sample

sizes of the two configurations were considered appropriate to provide
a better comparison of the 4ccuracy of the two rocket configurations,
thus permitting a better basis for consideration of the rocket modification

for tactical usage.

Im

'U. S. Army Missile Command, Redstone Arsenal, Alabama. 2. 75-

INCH ROCKET ( .-FAR) ACCURACY IMPROVEMENT STUDY by William
M. Hadaway an. Ivan H. Shokes, January 1966, Report No. RD-TR-66-2
(Unclassified P .port).
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Swim IlI. INSRUMNTATICS

Two i6-rnm Millen rioton picture cameras were mounted on the
CHINOOK he'" opter, one on each 20-mm gun mount directly above the
XM-i59 launc..r pod (Figures Z, 3, and 4). These cameras were usad
to determine if the rockets crossed.

A chase aircraft (UH-1B helicopter) was also equipped with one
16-mm motion picture camera to monitor rocket impacts. A view of
the target from the relative position of the chase ship at time of firing
is indicated in Figure 5. The target was laid out on the ground with
cheesecloth. The primary target for pair firings was 100 meters long
an:! 50 rreters v-'de and was divided into 25-meter squares. A second-
ary target, indicated across the road and to the left of the primary tir-
get, was used for the ripple fire tests. The center of the grid target
was %urveved. to be 100 feet right of the range centerline and the center
of the alternate target was 200 feet left of range centerline. Both tar-
g .s were at the station 12,200 feet downrange. The test plan called for
the rockets to be fired as the helicopter passed over the station 903r- feet
downrange, at an nltitude of 250 meters, and an airspeed oi 110 knots.
Th~s was calculkted to provie.e a nominal slant range of 1000 meters.

Two 35-mm Conttraves cinetheodolite tracking cameras were utsed
to record CHINOCK Rlight c€nditions at the instant of rocket firing.
Figure 6 shows the tracking camera view of the CHINOOK helicopter
i .ur._g a firing pass.
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Figure 3. Front View of the XM-159 Launcher Pod and 16-mm
Camera Mounted on the CHINOOK Helicopter
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au*ee IV. TEZT PROCID•IIES

Accuracy tests were begun on 5 March 1966. Nine practice firings
were conducted to familiarize all personnel participating in the teats
with procedures. Both the CHINOOK and the UH-IB chase helicopters
participated in the practice tests. After both helicopters landed, the
XM-159 rocket pods of the Armed CHINOOK were loaded with rockets of
both configurations of the FFAR in & random sequence. Proper identi-
fication of impacts was assured by personnel in the chase helicopter
which landed after each firing pass. Each impact was properly marked
and identified, and the impact coordinates were surveyed after completion'
of the tests. The firing order of each rocket pod is indicated in Figure7.
The normal firing sequence is indicated on the right pod. The left pod
firing sequence is different because of the wiring on the particular
CHINOOK helicopter rather than the wiring on the launcher pod. The
nose of e'ch rocket with wedges on the fins was painted red in order to
aid in proper double checking of tube. firing sequence, and configuration
prior to takeoff for each run. Herein. a pass denotes a firing condition
(either a rocket pair or a ripple) and a run denotes a condition from pod
loading to pod loading.

The rocket firings of 5 March were terminated after 8 pairs had
been fired for accuracy(three standard pairs and five pairs with the

I wedge configuration). The winds were 10 to 25 knots with gusts and the
validity of accuracy data under such conditions was questionable.

The helicopter was flown from Fort Benning, Georgia, to Redstone
Arsenal, Alabama, on 4 March to permit the accuracy firing program
to be conducted on 5 March. It was decided that the heliccpter would
return to Fort Beaning after termination of the tests on 5 March and
return again to Redstone Arsenal on 8 March for further testing on 9

S...March. Because of the small sample *is* of firings and the prevailing
wind conditiosu, no conclusions of accuracy were made from results of
the S March firings. The decision wav made to begin toe tests again on
9 March rather than continue from the point of termination on S March.
For the 5 March firings, the rocket pods were boresighted to converge.
1000 meters ahead of the helicopter. The normal alignment procedure,
however, for the XM.159 pods on the CHINOOK is with specific bore-
sighting equipment to align the pods parallel to the helicopter longitudinal
centerlin. Consequently. tho Fort Boming personnel were requested
to boresight the pods by normal procedures parallel to the helicopter
centeorline prior to retaraing to Redstone Arsenal on 8 March. The
boresight!" procedures and additional CHDOOOK/FFAR test results,

10
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other thian the accuracy tests reported bterein, are documented in Report
No. RT-TM-66-31.'

For FFAR accuracy tests on both 5 March and 9 March, all
CHINOOK armament other than the XM-159 pods was removed at Fort
Benning prior to the flights to Redstone Arsenal. A description of the
armament is indicated in Appendix A.

1U. S. Army Missile Commanad, Redstone Arsenal, Alabamao,
XM-159 2. 75-INCH REUSABLE LAUNCHER POD MOUNTED ON THE
CH-47A (CHL*4OOK) HELICOPTER by lack L. Childers. April 1966,
Report No. RT-TH-66-31 (Unclassified Report).

..........
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Section Y. TEST RtESULTS

II

On 9 March 1966, the CHINOOK/FFAR accuracy program was con-
ducted at Range 1, Redstone Arsenal, Alabama. The same helicopter
crew and test personnel were employed as on the 5 March firing, and
the same test conditions and procedures were followed, except for the
parallel rocket pod boresighting referred to i n Section IV. Twenty pairs
of standard rockets and 29 pairs of standard rockets with 0 degree cant
wedges on the fin tips were fired at the primary target. Also, four
ripples of rockets were fired at the alternate target, one 10-round ripple
with standard rockets and three 10-round ripples with the wedge fin
configuration. All motors of the accuracy comparion test program were
loaded in 19"53, J.iring order, inpact data relative to the target center,
meteorological data, and some launch condition data are recorded in
Table I for the accuracy firings of 5 March and 9 March. Additional
helicopter attitude and rate data are indicated in Table II. The data of
both tables were used to determine slant range, angle of fire, and accu-
racy for both pair and ripple conditions. Accuracy computations for
pair firings are shown in Tables III and IV and ripple fire accuracy results
are shown in Tables V and VI.

Camerab above each rocket pod indicated that 38 pairs of the 49
pairs which were fired on 9 March crossed prior to impact. Four more
pairs probably crossed and no information from either camera was
available on the remaining seven pairs becauae the cameras were aimed
too high to pick up the rocket exhausts. No film data were available on
the ripple firing of Run 1. but the ripple data of Runs 2. 3, and 4 indicated
that each pair in the ripple crossed. For analysis, therefore, it seems
proper to assume that all rockets crossed prior to impact.

t The data of Table II indicate the position of the center of the top
rear rotor at the instant of firing. Therefore, in the process of deter-
mining altitude, range, and xlanl range, 15 feet were subetracted from
the altitude and 25 feet were added to the range of each helicopter position
indicated on Table 11 in order to provide data relative to the XM-IS9
launcher pods. The pods were mounted at CHINOOK longitudinal station
251, 38 inches below the waterline, and 90 inches outboard of the center-
line. Overall CHINOOK dimensions and XM-159 pod positions are
indicated in Figure 8.

In Table I. the first two passes and pair firings on the first run of
"9 March were designated as practice *irings and, although all necessary
data were obtained for analysis, they were not included in the accuracy
analysis, One mcdified rocket misfired (left pod) on the IC-h pass of

13



Run 1; therefore, only 29 pairs of the modified rocket impacts could
be analysed rather than the planned 30 pairs.

On Run 3, Pass 1, an eight-round ripple was inadvertently fired
instead of one pair because the firing selector was not reset after the
10-round ripple at the end of the previous run. The data of the eight-
round ripple were not used in the analysis of ripple accuracy because of
of a configuration mix, two standard rockets and six modified rockets.
The remainder of Run 3 was fired according to the test plan, but the
firing order and type configuration appcrtionment were changed prior
to loading the pods &r Run 4. This provided the number and type pairs
and ripples called for in the test plan, excluding the loss of a wedge
pair on Run I due to a r.isfire.

After completion of the accuracy comparison test plan, Run 5 ¶ms
made which involved four ripples of standard LS FFAR's with new pro-
duction motors. No impacts were recorded.

14
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Figure 8. Overall Dimensions of the CHINOOK Helicopter
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Section Vi. PAIR FIRING ACCURANCY COMPARISONS

The initial accuracy computation and comparison was made by
disregarding pod separation and rocket crossover effects. The azimuth
pair differences were divided by the average slant range for each pair
and the computed azimuth standard deviation indicated the following
(Tables MI and IV):

1) (r Azimuth (standard) 22. 4 mils (20 pairs)
2) Azimuth (wedge) 13.7 mils (29 pairs)

This comparison resulted in a 40-percent azimuth accuracy improve-
n~ent due to addition of the wedges to fins.

Because of the azimuth crossover of both rocket configurations, the
bias due to crossover and pod separation was estimated as follows:

1) Crossover bias (standard) 30. 2 mils
2) Crossover bias (wedge) 18. 1 mils

Upon computing the dispersion about the bias, the following results
were obtained:

1) Aimuth ^standard) 7.0 mils (20 pairs)
2) ¢ Azimuth (wedge) 5.0 mils (29 pairs)

This treatment indicates a 30-percent azimuth accuracy improvement
for the wedge configuration. These are the values that would be expected
under conditions of 110 knots helicopter speed and no outward flow over
the helicopter nose to provide a bias trajectory toward the helicopter
centerline. The rocket trajectory turns inward (toward the centerline)
in the presence of such airflow due to aerodynamic stability; the effect
is similar to that produced by a transient cros&~wind. The crossover
bias of the wedge fin configuration is less than that of the standard
configvration, probably because the fins with wedges do not open as
quickly as standard fins. Therefore, the standard rocket is subject to
the outward airflow around the fuselage sooner than the rocket with
wedge configuration, resulting with a greater bias for the standard
rocket.

The range difference of each pair was multiplied by the sine of the
sight angle at mean pair impact between the ground plane aw,• 1he heli-
copter at the instant of rocket launch. This converts the range impacts
in the ground plane to a plane perpendicv," to the helicopter sight line.
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The rotated range pair impact differences were divided by the mean
* slant range. thus providing range angular errors perpendicular to the

flight path (sight line). This treatment basically eliminated firing alti-
tude and guadrant elevation from the analysis and provided pitch angular
errors for comparison with azimuth angular eirrors (Tables MI and IV).

The resulting pitch angular accuracy computation indicated the
following:

1) 0 Pitch (standard) 7. 9 mile (20 pairs)
2) W Pitch (wedge)7.5mie(9pr)

This comparison, indicating a 5-percent angular accuracy improve-
ment due to wedge additions to the fins, is not statistically significant.

The bias for the two configurations was estimated as follows for
the pitch plane:

1) Pitch bias (standard) -3. 3 mils (left launcher low)
2) Pitch bias (wedge) -3. 4 mile (left laun~cher low)

Computation of the pitch dispersion about the bias indicated the
following:

1) Pih(standard) 7.7 mile (20 pairs)
2) ~rPitch (wedge) 7. 2 mile (29 pairs)

The range error in the ground plane can ..ie estimated for either
configuration by multiplying the pitch plane error by the ratio of slant

rneto firing altitude (O'ane OpthxR

The pitch and azimruth dispersion for each configuration show rea-
sonable agreement. With no azimuth or pitch bias, the standard rocket
angular accuracy with firing conditions of 110 knots from the CHINOOK
helicopter is between 7. 0 and 7. 7 mile a,, and the corresponding accuracy
with wedge fin configuration is between 5. 0 and 7. 2 milse an accuracy
improvement of betweer. 7 and 30 percent. if the azimuth bias is
uncorrected, the azimuth precision accutracy for the wedge configura-
tion is 40 percent inr prov~d over that of the standard rocket.

The alignment of *ubes within each pod and the alignment of tubes
between pods was determined by the Ground Support Equipment Labora-
tory after completion of the test program. Results indicated malallgn-
ments of I mlllradian or less, and no corrections for tube alignment
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were made except in the total bias computations. Tube alignmrent mea-
surement procedures and results are provided in Appendix B.
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seem ViI. RIPPLE FIRING RESULTS*

Rocket impact coordinates relative to the alternate target center
for three 10-round ripples with the wedge fin modification and one 10-
round ripple of the standard rocket configuration are shown in Figure 9.
The order of rocket impacts was determined for three of the four ripples
from film of the chase helicopter. Film was not available to determine
impact order on the remaining wedge configuration ripple of Run 2.
Data film from above the launcher pods indicated that for each rocket
pair within the ripples, izimuth crossover occurred prior to impact
(no information was available on Run I because the cameras were aimed
too high to pick up the rocket exhausts).

Only nine impacts were recorded for the 10-round ripple of standard
rockets (Run 4). The film from the chase helicopter showed only nine
impacts. Film from.the pod position indicated that the trajectory of the
first rocket from- the left pod was up and to the right of the other nine
rockets for which impacts are recorded in Figure 9. Analysis of data
film from both pod and chase helicopter indicate that the impact location
of the last rocket had to be at least 350 feet beyond and 125 feet right of
the alternate target center. How far beyond these minimum ordinates
the rocket impacted is unknown; no attempt was made to compute an
accuracy value for the 10-round ripple of standard rockets.

Accuracy for the three 10-round wedge ripples was first determined
without consideration of azimuth or pitch bias (Table V). The range
impacts were converted to pitch angular errors in a similar manner to
that of the pair firing accuracy computation. The following is the results
for pooled dispersion computed about the centers of impact.

4Asimuth = 13.5 dr (*three 10-round ripples vw ithSPich = S. 7 th wedige -trodification) -

Since these values include biases due to azimuth and pitch plane
crossover, Runs I and 3 were analyzed to obtain q'aiontitative estimates

of these biases. For these two ripple groups, the biases were insignif-
icatlydiferet fom hevales btanedin hesingle pairs; therefore,

it was assumed that the previously estimated biases were valid for the
ripple. Under this assumption, the ripple dispersion about the center
of impact with biases removed becomes

*Ripples are sequences of simultaneous pairs.
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I

S.•Azimuth = 10-.0 nh
•rPitch = 8. 5 rh

Comparing these values to the analogoaus single pair data, the azirauth
dispersion is degra-ied in ripple firing by about 100 percent while in

pitch the degradat;-•n in insignificant.
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Figure 9, Impact Coordinates Rel3tive to the Alternate Target Center

for Three 10-Round Ripples with the Wedge Fin Modification and One

10-Round Ripple with Standard Rockets (Order of Impacts Indicated)
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Sec"te VIII. CONCLUSIONS
6t

Pair firings and ripple firings of standard and modified IS FFAR
(with MK-l inert heads) from the CHINOOK helicopter at a nominal
helicopter velocity of 110 knots indicated the following:

I) With bias removed, the azimuth angular error was 7. 0 mila 4Y
(20 pairs) for the standard rockets and 5. 0 mils a (29 pairs) for
the modified rockets, a 30-percent accuracy improvernent due
to addition of wedges to the fins.

2) With bias removed, tht pitch angular error was 7.7 mils a for
the standard rockets and 7. 2 mils a for the modified rockets.

3) The accuracy of 10-round ripples of wedge modified rockets
was degraded in azimuth by a factor of about two over that
calculated from single pair firings.

4) Strong azimuth crossover bias values were in evidence for both
configurations fired (30. 2 mils bias for the standard rounds
and 18. 1 mils bias for the modified rounds). The smaller
bias value of the configuration with wedge fins is attributed to
delayed fin opening, thus reducing the sensitivity of the rocket
to a strong outward wind flow over the nose of the helicopter.

5) Consideration should be given to splaying the launchers of the
CHINOOK to cancel part of the crossover bias if improvement
of the azimuth accuracy is desirable. Of course, the )auncher
splay angle would be optimized for a particular type of helicopter
(CHINOOK or other) and helicopter velocity. Additional firings
similar to those reported herein would be necessary in order
to prove the desirability of such an approach.

6) All accuracy comparisons between the standard and modified
rockets indicated accuracy improvements of from 7 to 40 per-
cent when wedges are added to the fins of the standard IS FFAR
configurations. Although all rockets fired in this program had
MK-I heads. it is assumed that similar comparisons with
rockets employing the heavier XM-151 head would yield similar
qualitative results
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Appendl B8

MALA'.IGMMENT MEASUREMENTS ON TUBES
OF XM-159 ROCKET PODS

Measurements were taken on the two XM-159, 19-tube launcher

pods after completion of the firing program to determine the relative

alignment of 18 tubes with respect to the center tube. Looking forward

from the helicopter, the left pod is designated number 1 and the right

pod is designated number 2. It was decided not to use a plug gage

because it would distort the tubes. Since the tubes were already dented
at the ends as a result of rocket firings, the following method was used.

The launchers were first placed on a surface plate in the horizontal

position with the mounting lugs up. A centerline was established for

the No. I tube by taking bore measurements at positions one inch inside
the tube at both ends. The launcher was then positioned to make the

centerline parallel with the surface plate.

Measurements were taken on each tube at one inch inside with

vernier height gages to determine center point of bore at both ends of
tubes on the "Y" axis with r.tspect to the established centerline of
No. I tube.

The launcher was then rotated 90 degrees about the pod longitudinal

axis and the above procedures were repeated to determine the center

point of the bore at both ends of the tubes on the "'X" axis with respect

to the centerline of No. 1 tube. After the launcher was rotated 90

degrees and prior to any measurements, the centerline of No, 1 tube

was realigned w-th the surface plate.

Figures 10 and 11 show the relative position of the centerlines at
the forward end of the launcher, above and below and right or left of
the point on the same centerline vAth respect to the aft end of the same

tube. This means that for No. 15 tube on number 1 launcher, the

centerline is 0. 006 inch lower at the forward end of the tube in the

vertical plane than at the aft end. Aiso, the lateral centerline point

at the forward end is 0.016 inch to the left of the aft end point when

looking aft at the forward end of the launcher. From the above mea-

surements, Table VII shows the deviation of each tube from the pod

center tube, in mils, looking forward. A 46-inch tube length was

used, since measurements were taken at one inch inside of both ends

of the 48-inch tubes,
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Comparisons of alignment of tubes from which rockets were fired
as pairs are also made. If the assumption is made that the pods are
perfectly boresighted, there is an indication of an elevation angle
difference of 1. 014 mils in the tube seventh in firing order and 1. 087
mils azimuth difference in tubes fired second. All other 'tubes fired
as pairs have less than one mil difference in either plan..-

i4
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No. 1 Launcher QLft'2 16
•+.01611 4+. 006"1 *+.013"

0 +.15" +.001 •.004 "+, .040"+ o
+.01 +..008 +.01211

LI
+Y

14 7- X

•+.0011 + .003 " +.o.019+oo, 1/

.40 .013"+ .*019"+ * .032"+ )
+.027"1+02 .11

. 3+ .O 'm.013"+

Figure 10, Relative Position of Centerline Points at the Forward End
of the Left Pod, Looking Aft (Tube Firing Order Indicated)
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