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AISTRACT

Twenty pairs of standard rockets and 29 pairs of modified rockets
(with MK-l heads) were fired at a ground target. Also, one lO-round
ripple of standard and three 10-round ripples of modified rockets were
fired. Nomin~l test conditions were with helicopter airspeed of 110
knots, altitude of 250 meters, and slant range of 1000 meters. Results
indicated angular accuracy improvements of 7 to 40 IJercent for the
modified rocket configurations.
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SUMMARY

Low Spin Folding Fin Aircraft R:>ckets (LS 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 tip. Twenty pairs of standard rockets. 29
F-airs of modified rockets. one 10-round ripple of standard rockets, and
three 10 -round ripples of modified rockets were fired for accuracy
comparisons. The CHINOOK helicoptel'. with a pylon mounted 19-tube
XM-l59 rocket pod on each side, fired at a ground target while in a dive
of about 10 degrees. The helicopter airspeed was nominally 110 knots,
the firinR 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 (1' (20 pairs) for the standard rocket configuration and
5.0 mils Cf (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 anguli'r errers of
7. 7 mils (1' for the standard and 7. Z mils (1' for the modified rockets.

The accuracy of 10-ro'tnd ripples of wedge modified rocle,ets 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
confi.gurations fired (30.2 mils bias for the standard round and 18.1
mils bias for the modified round). The smaller bias value of the config
uration with wedge fins is attributed to delayed fin opening, thus reduc.
i11g the sensitivity of the rocket to a strong outward wind flGW over the
nose of the helicopter.

Consideration should be given to .playing the launchers of the
CHINOOK to cancel part of the cro8lover bia. if improvement of the
azimuth l'i("curacy i. desir--bl,.. Of course. the launcher splay angle
would be optimized for a particular type of helicopter (CHINOOK or
other) and helicopter velocity. Additional flrhlge similar to tho.e
reported would be nece"8ary to prove the de.ir...bility of .uch an
approach.

All accuracy compari.on. hetweea the .tandard and modUled rocket.
indicated accuracy improvementa of from 7 to 40 ,.rcent when wed••a
are added to the flu of the .taadatd 1.8 FFAlt confilul"ationa.
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Sec:tIOft I. INTRODUCTION

Several CH-47A (CHINOOK) helicopters have been equipped recently
with additional armor and a variety of armament. The armament
includes the M-S subsystem, the M-24 subsystem, five 50-caliber
machine guns, and a subsystem employing Z. 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 prosram 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 tal"get.
Rocket impacts were staked after each pass and later surveyed. The
resultant data were combined to provide accuracy compari.on. for the
standard LS* FFAR (with scarfed nozzles) and the standard rocket
modified by adding an uncanted wedge at thp. 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 degree.
at 1000 meters slant range to target, Z50 meters altitude, and 110 knot.
helicopter velocity. Inert MK-I heads were employed for an air firing•.

• Low Spin (for heUcopter appllcatioa)
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I U. S. Army MiuHe Commaftd. Red.tone Ara~D&l. Alabama. 2.75
INCH ROCKET (·-FAR) ACCURACY IMPROVEMENT STUDY by William
M. HI-cia..yan- Ivan H. Shoke•• January 1966. Report No. RD-TR-66-Z
(Unclassified It :port).

S.ctl.. U. IACIU"ROUMD

MlCOM recently conducted a test program designed to improve the
accuracy of tile 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) incr~ased the rocket roll rate at launch from a nominal 1.8
revolutions per second for the standard rocket to rates between 5 and 6
revolutions per second at lawlch. Air -to-ground firings of those two
configurations c;with XM-151 heads and XM··423 fuzes) were made from
a UH-! B helicopter under similar test conditions to those hereir!.
Re.ulte indicated thilLt the angular accuracy in the pitch plane wae
improved 23 percent by employmp.nt of the wedges to increase launch
roll rate. 1'he ••dmuth comparisons were inconclusive since some of
the rocket. cro.led in flight and some did not. Unfortunately. the
determiution 01 which rockets crossed could not be made; therefore.
the cro.lov,r bias could not be determined for each configuration. and
the azimuth accuracy was not con.idered to be a prope!' indication of
comparative accuracy. The sample size. were 10 pairs fOT the .stand
ard r'1cket and 21 paiu for the modification with 0 degree cant wedges.
Consequently. controlled firings. from the CIDNOOK. of greater sample
.izes of the two configurations were consideted approprillte to provide
a ~tter comparison of the dccuracy of the two rocket configuration••
thus permitting a better bali, for consideration of the rocket modification
for tactical u.age.
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S8ctI-. III. IMSTlUMlMTAnOM

'1'wo 16-mm MilH":en r.r.ot~on pictur~ camera" were mounted on the
CHINOOK ht>o",: opter, one on each ZO-mm gun mount directly above the
XM-159 laun(,u'OIl' pod (Filf'.lres Z, 3, and 4). These cameras were u8~d

\'4,} determine if th-a rockets crossed.

A chase aircraft (UH-IB helicopter) was also equipped with one
16-mm motion' picture camera to monitor rocket impacts. A -yj.ew of
the target from the relative position of the chase ship at time of firing.
ia inr'icated in Figure 5. The target was laid 'out on the g~ound ~ith

che·~8ecloth. The primary target for pair firings was 100 meter's long
an:! 50 rr.'eters ,,,:de and was divided into Z5-meter squares. A 8econd~

ary target, hldicated across the road and to the left of the primary hr
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 il11d the cent;"r
of the alternate target was ZOO feet left of range centerline. Both tar-
g .. ~. were at the station 12, ZOO feet downrange. The test plan called foi'
the rocket. to be fired al the helicopter passed over the station 901~ reet
downrange, at an l\ltitude of 2;50 meters, .and an aits·peed oi 110 knotl.
Thia was calculp,ted to ,pr«ivic.e a p.ominal slant range of 1000 meters.

Two 35 -mm Cor.ltra.ves cinetheodolite tracking cameras were uljed
to record CHINOCK flight ct>nditions at the instant of rocket firing.
Figure 6 shows the tracking camera view of the CHINOOK helicopter
rlur:"8 a fhing pass.
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Figure 3. Front View ;;;,f the XM-1S9 Launcher Pod and 16-mm
Camera Mounted on the CHINOOK He!icopter
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The heUcopter ..... flOWD from Fc>rt BeJUlma, aeorala. to Red.tone
Ar.aaat. Alabama. 0Il4Yarch to permit th~ accuracy flriDJ prolram
to be cODducted OD 5 March. It ..... deddedthat the heUcepter would
l'ebll'1l to Fort Beulna alter termllUltlClll 01 the t••t. OIl 5 W.rch and
2"etul"D .laiD to Red.teme Ar.eu1 OD 8 Warch lor further te.tinl Oft 9
M.l'cb. Seeau. of tb••mall .ampl••ia. of tirlA•• gel the prevaUlna
wiDd coadittou. 1M) coaclulou of accuracy 1N... mad. from re~ulta of .
• e5 ".l"chftrlq.. The deciaiOD wa~ made to bep ta. t.sta alam OIl

9 Marcia "albel' thaD cOlltillue from. Ibe polllt oftermlnatioD OIl 5 Warcb.
For the SYard, 8ria", tll.rocket pod. were bore.lahted to tOllver.e
1000 meter••acI of the heUcopte... Th. GOrmalaUpm.nt procedure,.
however. for .e XM-159 pocla OA theCHtHOOK i. with _pecific bore •
• 1.bdDa ....pm•• to aUp the poet_parallel to U.ebeUcopter lODptucUaal
ceaterl1M. C......tly.th~ Fort a..-in, ptr.ODb.l werer• .,..e.~
to bor••lpt m. pod. by DCfl'IIlal procedur•• paraU.1 to the heUcopter
Cdt4t..llM prior to returalJla to ."toIl. Ar••al _ 8 March. Th.
bore.lpt!q procedure. aDcl addltloul CHINOOK/FFAll te.t r"111t.,

s.... ,v. TIST 'IOC""I.I

10

The rocket 'firinl' of 5 March were terminated alter 8 pair. hac!
been fired for accuracy (three .tandard pairs andfj.ve pair. with the
wect.e cQD.ftpratiOll). The wind. were 10 to 25 knot. with p.te and the
validity of accuracy data U.Ilder .uch cOlldition. wuque.tlonable.

Accuracy te.ta were begun Oft 5 March 1966. Nine practice firing•
• ere cCmduc:ted to familiariae all peraonnel participating in the teat.
with procedure.. Both the CHINOOK and the UH.IS chaa. helicopters
pal'ticipatecl iD the practice teata. After both helicopters landed. the
XU.159 rocket pod. of the Armed CHINOOK were loaded with rockete of
both coaflpatiODa 01 the FFAR in .. random aequence. Proper identi.
fieatiOil of Impact. was a.,ured by personnel in the chaae helicopter
which !aDded after e.ch ftrinl pa.'. Each impact waa properly marked
ancI identified. and the impact coordinates were aurvttyed alter cotnpletion'
of the testa. The firm. order of each rocket pod is indicated in Figure 7 .,
The normal firln. sequence is indicated on the right pod. The left pod
firin. sequence is different becau.e of the wiring on the particular
CHINdOK heUcopter rather than the wirinl on the launcher pod. The
noae of e~ch rocket with wedlea on the fins wa. painted red in order to
aid in proper double checkina of tube. firing sequence. and configuration
prior to takeoff for each rUD. Herem. a pa•• denotes a firing condition
(either a rocket pair or a ripple) and a run denotes a condition from pod
loac1lD. to pod 10&&1.i
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For FFAR accuracy telte on both 5 March and 9 March, all
CHINOOK armament other than the XM-159 podl was removed at Fort
Benning prior to the flights to Redstone Arsenal. A delcription of the
armament ie indicated in Appendix A.

other than the accuracy telts reported herein, are documented in Report
No. RT-TM-66-31. J

I U. S. Army Mb.Ue Command, Red.tolle Arlenal, AI_barna,
XM.159 Z. 75·!NCH REUSABLE LAUNCHER POD MoUNTED ON THE
CH-47A (CHINQOf{l HELICOPTER by Iack L Childer•• April 1966,
Report No.RT.TU·66 ..31 (Unda••Wed Report).
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Front End (Loollm, Aft)

Flp!'e 7. FrODt aDd Aft View of the D.( ... IS9 LAuncher Poci.
ShowUl. Rocket Fbla. Ord.r '

L.ft Po..

12



t
~.

,,:.
{

On 9 March 1966, the CHINOOKI FFAR accuracy program was con~

ducted at Range 1, Redstone Arsenal, Alabama. The same helicopter
crew and telt personnel were employed a. on the 5 March firing, and
the same test condition. and procedures were followed, except for the
parallel rocket pod boresighting referred to in Se~tion IV. Twenty pairs
of standard rockets and 29 pairs of standa.rd rockets with 0 degree cant
wedges on the fin tips were fired at the primary target. Also, four
ripple. of rocket. were fired at the alternate target, one IO-round ripple
with standard rocket. and three IO-round ripples with the wedge fin
configuration. All motors of the accuracy compaf'ion test program were
loaded in 19:»3. .\~iring order, inpact data relative to th4! target center,
meteorological data, and 80me launch condition data are recorded in
Table I for the accuracy firing. of 5 March and 9 March. AdditiOJl&!
helicopter attitude and rate data are indicated in Table n. The data of
both tahles were u8ed to determine slant range, angle of fire. and accu
racy for bot.h pair and ripple condition.. Accuracy computation. for
pair firings are shown in Table. m and IV and ripple fire accuracy result.
are shown in Tables V and VI.

Camera. above each rocket pod indicated that 38 pairs of the .9
pairs which were fired on 9 March cro••ed prior to impact. Fourmore
pairs probably crossed and no information from either carnerawa.
available: on the remain~ .even pairs becaul. the camera.. were aimed
too high to pick up the rocket exhault.. No film data were av.ailable on
the ripple firin, of Run 1. but the ripple data of Run. Z. 3. and 4lnd,cated
that each pair in the ripp'ecro••ed.For ..lyait. therefore, it.eems
proper to a••u.one that aU rocket.cro••eeI prlortoimpaet.

T'he data of Tablen indleate the po.ition of the CeDter of the top
rear rotof' at the instant of firiD.,. Therefor., in the proce•• of deter
nlinin, altiNde. ran,., and ~1an~ ran,e. IS feet ,"re ,,,"tracted from
the altitude and 25 feet .ere added to the raft,e of eacll helicopter po.ltlOll
indtc..t~d on T.bl. U irl or~el' to provide data relative to the XM-159
h~Wlcher pod.. Th.. pod. were mOUllted at CHINOOK 10ftlitucUnal.tatlao
251, 38 irlche. below the nteriiDe, a.ad 90 inches outboard of the cater.
line. Overall CHINOOK dimen.iou aDd XM-159 pod po.1UoD. are
iDdlcated in Ftsure 8.

In Table I. the fir.t two pa•••• ud··pair firlna. 011 the fir.t I1IIl of
9 March were desipated a. pracdee ibiD•• and, althoup all Dece••ary
data we!'e obtalDed for analy.i•• they were DOt included in the accuracy
&I1&ly_l.. OIle Dtcdifiedroc:ketmt.ftrecl (left .po6) _ the lC.;h pa•• of

13
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Run 1~ thereiore. only 29 pair. of the modified rocket impacts could
be ualy.ed rather than the planned 30 pair•.

On Run 3, Pal. 1. an eight-round rippl~ was inadvertently fired
mltead of one pair becau.e the firing .elector was not reset after the
lO-rOUDd ripple at the end of the previous run. The data of the eight
roUDd ripple were not u.ed in the analy.is oI ripple accura<:y becau.e of
of & cODfipration mix. two .tandard rocket. and six m-:>dified rockets.
Theremalnder of Run 3 was fired according to the test plan, but the
firma order and type configuration appcrtionment were changed prior
to ioadin, the pod. far Run 4. Thb pro"ided the number and type pairs
and ripple. called for in the te.t plan, excluding the 1088 of a w£dge
pair on Run I due to .. ,;"iafire.

After completion of the accuracy comparison te.t plan, Run 5 was
made which involved tour ripple. of ltandardtS FFAR'. with new pro
ductiOD motor.. No impact" were recorded.
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Figure 8. Overall Dimensions of the CHINOOK Helicopter .
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SactfOft VI. PAIR FIRI"' AeWRANCY COMPARISONS
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30. Z mils
18. 1 mils

22. 4 mils (20 pairs)
13. 7 mils (29 pairs)

7.0 mils (20 pairs)
5.0 mils (29 pairs)

D t't rrx '_'It"Sm "pe••". 'bisMr dt"rlr t»dtC 'it

A
CT Azimuth (standard)
A
(f Azimuth (wedge)

"..
~Azimuth ,standard)
CT Azimuth (wedge)

•

1)
2)

1)
2)

1) Crossover bias (standard)
Z) Crossover bias (wedge)

Beca''l1se of the azimuth crossover of both rocket configurationa, the
bias due to crossover and pod separation was estimated as folloWIJ:

This comparison resulted in a 40-percent azimuth accuracy improve
ment due to addition of the wedges to iins.

Th'1l range difference of each pair WiLS multiplied by the sine of the
sight angle at mean pair lmJ:>act between the ~round plano!! a4';' the heli
copter at the instant of ro~ket launch. This converts the l'&nge impacts
in the ground plane to a plane perpendic\.·7~;( to the helicopter sight line.

Upon computing the dispersion abOl\t the bias, the following results
were obtained:

The initial accuracy computation and comparison was made by
disregarding pod separation and ri)cket 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 ill and IV):

This treatment indicates a 30-percent azimuth accuracy improvement
for the wedge configuration. These are the values that would be expected
undor.r conditions of 110 knots helicopter speed and 'no outward flow over
the helicopter nose to provide a bias trajecto::.-y toward the helicopter
centerline. The rocket tl-ajectory 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
confignration, 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 biaB f"r the standard
rocket.

.......'. h"° •



-3.3 mils (left launcher low)
-3.4 mils (left lau.,,",cher low)

7.7 mils (20 pair3)
7.2 mils (29 pairs)

7.9 mils (20 pairs)
7.• 5 mils (29 pairo)

A
fT Pitch (standard)
'"U' Pitch (wedge)

,..
~ Pitch (I1tandard)
fT Pitch (wedge)

1) Pitch bias (standard)
Z) Pitch bias (wedge)

1)
2)

1)
2)

The range e1'ror in the ground plane can ~e estimated for either
configuration by multiplying the pUch plane idrror by the ratio of slant

range to firing altitude (O"range =fTpitch x ~~t. ).

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

The pitch and azUrJ.uth disperiion 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
hf.'llicopter is between 7.0 and 7. 7 mib fT, and the cor:responding accuracy
with wedge fin confi~uration is between 5. (} and 7.2 mils -.an accuracy
improvement of betweer. 7 and 30 percent. If the azunuth bias is
uncorrected, the azimuth precision accuracy for the wedge configura-
tion is 40 pe!cent irr.prov 3d over that of the standard rocket.

The a.lignment of +ubes within each pod and the alignment of tubes
between pods was determined by the Ground Support E"!Uipment Labora
tory after completiou of the test program. Results indicated malalign
ment8 of 1 millradian or less, and no corrections for tube alignment

This comparison, indicating a 5-percent angular accuracy improve
ment due to wedge a.dditions to the fins, i8 not statistically significant.

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

3Z

The rotated range pair impact differences were divided by the mean
slant range, thus providing range angular errors perpendicular to the
flight path (sight Une). This treatment basically eliminated firing alti
tude and auadrant elevation from the analysis and provided pitch an'ular
errors for comparison with azimuth angular ~rror8 (Tables m ar.td IV).

The resulting pitch angular accuracy computation indicated the
following:

'RCb
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were made except in the total bias computations. Tube alignment m~a
surement procedures and results are provided in Appendix B.

I
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SectI_ VII. R.PPLI '.R.NG RISULTS*

(three IO-round ripples <';'o1th
wedge modifi\:aticn)

A
~A.imuth :;: 13.5 rh
cr Pitch .::;; 8.7 tit

*Ripples are lequences of aimultaneous pairs.

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

Rocket impact coordinates relative to the alternate target center
for three lO-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 fUm 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, azimuth crossover occurred prior to impact
(no information was !LvaHable on Run I because the cameras were aimed
too high to pick up the rocket exhausts).

Only nine impact8 were recorded for the IO-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 frOJ.n 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 attf!mpt was made to compute an
accuracy value for the lO-round ripple of standard rockets.

Since these values include biases due to azimuth and pitch plane
crUS80ver, Run" 1 and 3 were analyzed to obtain Cf.1antitative estimates
of these bi.ae,. For these two ripple aroups, the biases were insignif
icantly different from eh~ values obtained in the single pairs; therefore,
it was a8lumed that the previoulty estimated biasea were valid Cor the
\"ipple. Under this .slumption, the ripple ciilpersion about the center
of impact with bialea removed becomel



~. '.

ulli

/'
~Azimuth = 10. a rh
If Pitch = 8.5 rh

Comparing these values to the analcgO\lS sir1g1e pair data, the azimuth
dispersion is degrar\ed in ripple firing by about 100 percent while in
pitch the degradat; ')n is insignificant.
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Sectl. VIII. COMCLUSIOMS

"

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

1) With bias removed. the azimuth angular error was 7.0 mils- (1

(20 pairs) for the standard rockets and 5.0 mils cr (l9 pairll) for
the modified rockets, a 30-percent accllracy improvement due
to addition of wedges to the fins.

2) With bias removed, the:: pitch angular error was 1. 7 mils cr for
the standard rockets and 7.2 mils cr for the modified rockets.

3) The accuracy of lO-round ripples of wedge modified rocket,
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. Z mils bias for the 8tandard round.
end 18.1 mils bias for the modified rounde).TheemaUer
bias value of the configuration with wedge fina ie attributed to
delayed fin opening, thus reducing the sen8itivi~' of the rocket
to a strong outward wind flow over the nose of the helicopter.

S) Consideration should be given to splaying the launchers of the
CHINOOK to cancel part of the crouover biaa if improvement
of the admuth accuracy is desirable. Of course, the }aunchet'
splay angle would be optimized for a particultu' type. of helicopter
(CHINOOK or other) and helicopter velocity. Additional firlna
lSimilar to those re~orted herein would be nece••ary in order
to prove the desirability of 8uch an approach ..

b) All accuracy comparisona between the standa.rd and modine'
rockets indicated a.ccura.cy improvement,o! from 7 to 40 pel'.
cent whenwedge8 are added to the fina of th••tandard LS FFAR
configurations. Although aU rockets fired in. thh ptolram had
MK-l head., it i. a.awned that similar compa,rllOAI with
rocket. employing the heavier XM-15\ he.d would yield .hnUar
qualitative rClulta,
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DISCRlPnOM Of ARMED AMI) a\-.oIED
01 ..71,. (QfIMOOK) "B.'COPTIR

The CHINOOK uses its payl~d capability to advantage by m~unt

ing an extensive :\rray of armament, as well as armor to pr::;~e<;t the
crew and vital parts of the aircraft against heavy caliber grou"d fire.
Mounted on the nose is an M-5 40mm Automatic Grenade Launcher.
This turret-mounted weapon is controlled by the copilot, who is abie
to !-:ov.::r an extensive area on either sidp. of the flight path. Compli
mt';~~tlng this nose turret. pylons on each side of the aircraft carry
{i1,o:-d forward-firing weapons including a lOmm gun and either a 19
rDund 2. 7S-inch rocket !h)d o. a- "1 6lmm high-rate-of-fire Gatling
mact,'.ne gun. The [lanio".;,::;{ thic di-,,;::::a.ft are protected by four gunners
stahoned two to eithe:. sid~ of the c.bin. Each of these gunners is
prnvided wi~h eil-her • 1.02 mm or 50 caHber machine gun on flexible
mounts. A.nether !.pnner ia s~a.tioned ...it with the same type weapon
mo'mtec1. on the reil!" load.iug ramp. From this viUltage point, the
gunner ::;:;"1 ?rl)t~ct the .urcr.ft hom ground fire After the aircraft has
passed.
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MALA:"IGMMlMT MEASUREMENTS OM ruilS
OF XM -159 ROCKET PODS

Measurements were taken on the two XM-159, 19-tube lau."'1cher
pods aft~r completion of the firing program to determine the relative
alignment of 18 tubes with respect to the center tube. Look~ng 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 aheady 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. 1 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 01'1 each tube at one inch ins;.de with
vernier height gages to determine center point (.\f bore at both ends of
tubes on the "Y" axis with r'~spect to the established centerline of
No. 1 tube.

The launcher was then rotated 90 degrees about the pod longitudinal
axis and the above procedures were rep""at~d to determine the center
point of the bore at both ends of the tubes on the "X" ax:.~ with respect
to the centerline of No. 1 tube. Aftl;;r the launcher was rotated 90
degrees and prior to any measurements, the (;~nterline 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 with 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 i.n the
vertical plane than at the aft end. Also, the lateral centerline point
at the forward end is 0.016 inch to the left of the aft end point when
looking a.ft 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, sinc~ meaeurements were taken at one inch inside of both. ends
of the 48 -inch tubes. t
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Comparisons of alignment of tubes from which rockets were fired
as paire are also made. If the assumption is made that the pods are
perfectly boreeighted, there is an indication of an elevation angle
difference of 1. O!4 mils in the tube seventh in firing order and 1. 087
mils azimuth difference in tubes fired second. All other tubes fired
as paira have l~sa than one mil difference in either plan,.:.
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No. 1 Lau'."icher <Jdi.!.t)

-'I

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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Figure 11. Relative Position of Centerline Points at the Forward End
of the Right Pod. Looking Aft (Tube Firing Order Indicated)
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