UNITED STATES ARMY AVIATION BOARD
Fort Rucker, Alabume '

REPORT OF TEST

PROJECT NR AVN 2260 /

— - s a8 A 85 s o et ¢ B ‘
\\ mcovm-mmn 8 -IL'.L "-\

: ANT.:.-TAM( GUIDED MSSILE S'YS'.EB( \
e JUN 1960




Ate o

UNITED STATES ARMY AVIATION BOARD
Fort Rucker, Alabam

REPORT OF TEST

PROJECT NR AVN 2260

HELICOPTER-MOUNTED SS-11 ANTI-TANK GUIDED MISSITE SYSTEM

1. (C) AUTHORITY.

a. Directive.

(1) Ietter, ATDEV-L 471.94/558(C) (20Nov58), Headqmarters,
USCONARC, 20 November 1958, subject: "Test Directive for User Service
Test of an Anti-tank Cuided Missile System (U)."

(2) DF, ATDEV-l, Headquarters, USCONARC, 22 January 1959,
subject: "User-Service Test of an Anti-Tank Guided Missile System (U)."

(3) Letter, ATDEV-4 471.94/119(C) (30 Mar 59), Headquarters,
USCONARC, 30 March 1959, subject: “Test Directive for User Service Test
of an Anti-tank Guided Missile System (U)."

b. Purpose. To determine if the helicopter is a suitable vehicle
from which to fire and control the 8S~11 missile.

2. (U) REFERENCES.

a. Plan of Test, Project Nr 2011, "Test of SS-11 Anti-Tank Guided
Missile System (DA Project Nr 516-~05-015) (U)," US Army Armor Board, 22

July 1959.

b, Report of Test, Project Nr FA 1158 (Supplemental), "User Service
Test of French Anti-Tank Guided Missile System, SS-10 {Helicopter-Mounted),"
US Army Artillery Board, 19 December 1958.

c¢. First Partial Report of Project Nr 2011, "Test of SS-1l Anti-
Tank Gulded Missile System, Part I - Test of Basic Anti-Tank Guided Missile
System Without Regard to Vehicle Mount," US Aruy Armor Board, 29 Janvary 1960.

3. (C) BACKGROUND.

. 8. In 1958 the U.S, Army Aviation Board completed testing of

the SS~10 Antitank Guided Missile (ATGM) installed on the H-13H Helicopter.
It was concluded that the helicopter-moynted 88-10 system was suitable for
Army use. It was recommended that it be classified Standard, Modernization
Code B (STD-B), that certain deficiencies be corrected prior to procure~
ment, and that orgenization and basis of issue be determined by the U.S.
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Army Avistion School. Subsequent to the service test the Aviation School
conducted troop tests of the system at Ft. Rucker, Als., Ft. Benuing, Ga.,
and Ft. Knox, Ky. Procursmsat action on the helicopter-mounted £5-10
system was held in absyance until the completion of the service test of
the helicopter-wounted 8S-11 system. Some 22 the factors considered were:

(1) Componerts ¢f the SS-10 system peculiar to the heli~
copter installation were not in producticn. The French do not employ
the S35-10 from aircraft.

(2) Majer redssign of the lawnchers would be necessary to
ccrrect the deficiencies noted during the test (see paragraph 2b above).

(3) Information svailable on the SS~11 system indicated
that it bad the following advantegss over the SS-10 system when considered
as 8 helicopter-mounted systems

(a) In preduction and in operational use on both
rotary- and fixed-wing aircraft in other countries.

(b) Meximum range of approximately 3200 meters compared
to the 1500-meter meximum range of the SS5-10.

(e) Maximum velocity of 425 m.p.h. compared to 179

m.P.ho for the 58«10 wiickh weeld wzan & reduction of the exposure “time for
the helicopter.

(@) A type of control system more suitable for air
lzunching the missile.

(e) A wingspen of approximately 10 inches less than
the SS~10 which would allow & more compact installation.

b. The HU-1 wag selected &s the most sultable helicopter for
mounting the SS-11 system. Factors conslidered vwere:

(1) The EU-1( ) Helicopter is a standard item in production
and will be organic to many Army tactical units.

(2) It ehouid accept a six.missile §S-11 system without
restricting the utility of the helicopter except for the added welght.

(3) The HU-1 carries & considerabls payload, has a low
noise level, and has a low sllhouette.

(4) The high mounting of the main rotor would reduce or
eliminste the possibllity of 1ts severing the missile control wires.
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c. The Aviation Board SS-1l project officer and one other HU-1
helicopter pilot were trained as Ss-11 gunners at the US Army Infantry
School, Fort Benning, Georgla.

d. Engineering testing of the helicopter~rounted S8-11 ATCM
system was conducted by the U.S. Army Rocket and Guided Migsile Agency
at Redstone Arsenal, Alabetme, during the period 3 December 1959 through
ol Mexrch 1960. Thirty-five SS-11 missiles were fired from the HU-1l
helicopter during the enginsering test. The Aviation Board provided the
helicopter ard crew, including gunners, for the tests at Redstone Arsenal.

S

\
4, (¢) DESCRIPTION OF MA'IERIEL{_," The 8S~11 ATGM system was installed

on an HU-JL. %eﬁcop%er Tsce-—figure 1), Dallast was required in this instal-

lation (see-Test No--T, appendix &), ~There is reason to believe, however,

that ballast will not be required in production inptellations. (Items of

the helicopter-mounted S8-11 ATGM gystem which are identical with those

of the ground systems asre not described in detail in this report.)

g, 8ix missile launchers (three on each side, mounted on horizontel
booms) were ingtalled on the helicopter. The launchers can be jettlsoned
from the helicopter individwally or simultaneously in an emergency. The
launcher booms can be readily removed or folded vertically to the stowed
position (see figure 2). -

) b. The gunner's controls were installed on the copilot's side
of the cockpit without removing the flight controls. The control box
was mounted on the pedestal between the pilot's end copllot's seats
in a position convenient to the gunner, (see figure 3). Items on this

o

control box were: )7\—».__.,,, -

(1) A voltmeter for checking the supply voltage.

(2) A switch for remote operation of the signal generator.

(3) A rotary-selection switch for selecting the desired
misesile for firing.

(4) A firing button to fire the selected missile.

(5) A switch to jettison the control wires from the
launcher after the missile reaches the target. |

(6) A switch to jJettison the individwal launcher selected |
on the rotary selection switch. !

(7) A svitch to jettison all launchers gimultaneously.

iﬁ
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¢c. ‘The gunner's missile control stick and the sight were located
oo a pole mounted on the front of his -eat (see figure 4). The sight used
wzs one devsloped by the University of Rochester for the P-61 "Black Widow"
night fighter. It ccasisted of eight-power binoculars mounted in & frame
and isolat 1 from the helicopter vibrations in the horizontal plane by two
dampers wh ‘h employed a rubber diaphragm in & thin cylinder. Vertical
vibrations induced to the sight by the helicopter were reduced to an accept-
able level by mounting the sight on four vibration dampers. The mownt for
the sight and the control stick was fabricated and installed at the Aviation
Beard. A standard Mark 8 aircraft gunsight was installed on the pilot's
side (see figure 5). The pilet's sight and the gunner's binoculars were
aligned to enable the pilot to keep the target in the gunner's binoculars,

d. A heading control system for the helicopter, (see figure 6)
designated as the Iear Millimin Automatic Control and Demper Hesding Commend
(Iear MIIACON DHC), was menufactured by Lear, Inc., for this test. Item
was comprised of components in production and designed to military specifica-
tions. The system welghed approximately four pounds. Two switches were
provided on the cyclic stick for pilot operation of the system. Jpon
gighting the target in his sight the pilot would throw the engage switch
to the ON position. This lockad the hellicopter on the heading to the
target. By means of the two-way rate trim, the pilot was able to command
smell heading changes to correct for crosswinds on the firing run withoub
disengaging the heading lock. This feature also enabled the pilot to track
moving targets smoothly. The two operating switches were installed on the
pilot's cyclic control stick (see flgure 5) so that he could engage, operate,
and disengage the heading control without diverting his attention from the
target.

5, (C) SUMMARY OF THE TESTS,.

ae gical Charactexrdstics. The six-migsile SS~11l system
installed on the HU~L welghed T2{ pounds including missiles, imposed
only & small volume penalty wpon the helicopter, and was sultable in
configuration with one minor exception: the signsl generator end the
selection box should be ralocsted tn one of the electrical compartments,

b, Reliabllity. The helicopter-mounted 88~11 system was 100~
percent reliable, No failures or mlfunctions occurred. No component
required repelr or replacement.

co Accuracy. Overall accuracy obtained was 70 percent (28
hits out of Y0 ZFirings).

——

(1) of 20 firings in crulsing flight, 1l were hits
{85 rpercent).

(2) of 8_ firings in hovering flight, 6 _were hits
(15_ percent).

}

—CONEIDENTIAL-




i BENTIAL
(3) Of 1z firings from the helicopter operating on the
greand, L were hits (9% percent).

(4) of 13 firlngs utilizing the Tear MITACON DHC ia its
present configuration, 1l were hits (85  percent).

This sharp increase in accuracy is a dlrect result of the positive heading
control provided by the MIIACON DHC.

d. Ruggedness. The helicopter was flown 202 hours with the 11
system insta.ﬁeg. Vo failures or defects were noted in any compo ent of
the system.

8. Climatic Effects. AlL components of the system functioned
properly after operation in rain and dust. Only normal care and cleaning
wera necessary.

£. Readiness, It required 30 minutes for the pilot end gunner
to wpack, check, and load six missiles. It required seven minutes for
an experienced four~man ground-loading crev to load six prepared missiles.

g Hellcopter Missile Imad. The HU-1l hell opter can carry a
full load of fuel, pilot and gumner, the SS-11 system complete with six
missiles, and 1267 pounds of cargo. This adoitional cargo capebility
permits carrying six SS-11's in shipping crates.

he Minimum and Maximum Feaglble Ranges.

(1) The minimum Peasible rsngs was the same as that for the
ground systems; however, tre mobility of the alrbornme system enables the
craw to fire at the most desirable ranges.

(2) The maximum fezasible range was 3000 meter:, the maximum
range of the system. The helicopter £light speed and slbtitude had no
apparent effect on the rang of the mizsl.e.

i. Maintenance nd Preflight Requirements. The hellcopter crew
chief could perform organizational meintenance and pre-firing checks of
the system after approximately elght bours of instruction. The pre-
firing system circult check was similar to -bhat parformed on the ground
vehi« le systems and reguired approximately 15 minutes.

Je Sefety. Safety pr.visions of the system as installed were
ade vate with one exception: +the missi es could not be jettisuned menually
in the event of an electrical power failure. No lncldents occurred which
created a hazard to the crew or to the safe operation of the helicopter.
Ballest had to be added to the tail of the helicopter to maintain the
center of gravity if the helicopter was to be f£lown at airspeeds above 80
nots.

>
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k. Suitability of the HU~l Belicopter, The HU-l equipped with
an automatic hesding control wez & sulteble wvehicle from which to fire
and gulde the S8~1l., Ths guaner's field of vision was good, and wind~
shield distortion was not apperent. The missile system did not materially
restrict the utility of the helicopter., Its configuration permitted firing
in forward flight, at a hover or on the ground. An HU-l on the alert line
can be one mlle away in less than 60 ssconds after the pilot engagas the
starter., It had & low noiss level and a low silhouette. Ihe ease of
opsration allows the pllot to devote maximum attention to ‘the tactical
sitwtion,

6. (C) DISCUSSION,

8, Sighting Devices.

(1) A sight was not provided a2 part of the helicopter=
mounted SS-11 system. The Franch bave not yet developed a suitable
sight for uss in the belicoptsr and, consequently, are wnable to take
adventage of the full range of the SS-11 when firing it from the air.
Optical magnification is necessary for the gunher to gulde the missile
to tank-size targets at ranges beyond 1000 meters., Obstacles to pro~
viding suitable optical megnification for helicopter~borne sights have
been the vibrations and the instability inherent in all helicopters.

(2) During the englneering test of the helicopter-mounted
S8~11 systems at Redstone Arsenal, & wide variety of devices was tested
in the search for & meens of providing optical mmgnification to sid the
guner in guiding the missile to the targst, Items tested included
helmet-mowted binoculars and monoculsr, gyro-stabilized binoculars,
chest~mounted binoculars with gyro stabilization, low~power binoculars
worn like eyeglasses, & French tank sight in & variety of mounts, and a
prototype sight developed for the P-61 night fighter,

(a) Only the P~6l sight proved suitable for use in
the helicopter. This sight wss developed at the Univerasity of Rochester
for the P-61 "Black Widow'" night £ighter. It is nol known if the sight
was placed in operational use. Mounts for the sight were fabricated by
Board personnel after many trial-and-error experiments. This sight
provided the heliccpter<borne SS«11 gunner a stable, magnified target
image and a means of gulding the miselle tv tank-size targets at the
meximm range of the system. The sight is rugged, -eliable, simple
to manipulate, and has no moving verts except for the rubber diaphragus
in the two dempers.

(%) With some engincering reseerch snd design this
besic sight could possibly be improved to aliminate all of the helicopter
vibrations from the gunner's sight, !¢ incresse the field of view, and
to increese the magnification. The production version of the sight should
also be mounted from the roof of the gunner's compartment to allow out-of-
the-way stowage when not in use and to remove & potantial hazard.

6
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(¢) A means of enabling the pilot to keep the target in
the guner's sight had to be devised as the gunner could not gulde the
migsile and adjust the sight simultansously. A standard Mark 8 aircraft
gunsight was installed for the pilot. The two sights were aligned prior
to firing. Thus, by keeping the target in his sight, the pilot was able
t0 keep the terget in the gunuer's sight.

b. Helicopter Ingtabillty,

(1) The slightest tendency of the helicopter to yaw, pitch,
or roll caused wovement of the target in the gunner's sight and wsvally
resulted in & target miss., This problem becume acute in turbulent and
gusty air. Simulated firing runs revealed that the pilot could meintain
the desired pitch and roll attitude but could not meintain yaw (heading)
control as accurately as necessary; f£light in turbulent air caused the
helicopter to yuw to the point where the target would pass out of the
field of view of the gunnexr's sight. A positive means of meintaining
alrcraft heading was necessary to eliminate misses caused by yaw movements
of the helicopter.

(2) In wmid-March 1960 the Aviation Board contacted Iear, Inc.,
Sants, Monica, Californla, and requested the loan of a Lear Super ARCON
(automtic rudder control), an item evaluated by the Board in 1958, A
Super ARCON wes not available but the Astronics Division of Lear, Inc.,
offered to fabricate & heading control system at no cost to the government.
On 4 April 1960, a representative of the Astronics Division arrived at
Fort Rucker with the equipment and installed it in the HU-) helicopter
oguipped with the 88-11 system.

{3) Testing with the heading control system (Lear MIIACON DHC)
began with service~test firing number 11 (see chart in appendix C), Initial
test firings utilizing the Lear MIIACON DHC indicated several modifications
wore accsassary to give the eguipment more positive control., The changes
wera mde as testing continued and, by service~test firing number 25, the
equipment was functioning as desired. Subsequent to firing numbar 25, 17
misegiles were fired of which 15 were hits, resulting in an accurascy
figurec of 89 percent. This high percentage of hits was & direct result
of the positive heading control provided by the Lear MITIACON DHC,

co S8-11 Kit for the HU=-l, %Yhe SS~1l system as installed on the
HU~1 could be readily adapted as a "kit" installation.

(1) The adoption of the SS-11 system in kit form would offer
these advantages:

{(2) A1l HU-1l series helicopters could be readily fitted
with the S8-11 system in the field. .




on other aircraft.

helicopter are:

(2)
(b)
- ) (e)
(a)
(e)
(2)
(e)

(b) The commander would have the option of varying the
number of SS~11 equipped HU-1 series helicopters to fit each situation.

(c) 8S-11 equipment on grounded aircraft could be used
(2) Items which would be permenently installed on the

() Internal cebles and wires.
(v) Herd poiants for launcher attachment,

(¢) Brackets to accept the two sights, the control i
gtick, the generator, the selsction box, and the comtrol box.

(3) Components of the "kit" wowld bes

~ CONFIDENTIAL—

Isunchers aad support booms :
Two sights :
Control stick |
Control box

Genexator |
Selection box

Automstic heading control (Leax MITACON DEC). |

7. (C) CONCLUSIONS.

be corrected.

8. 'The helicopter equippad with automatic heading contyrol is a
sultable vehicle from vhich to fire and control the S8-11 misslle.

b, The HU~-1( ) helicopter is sultable as & vehicle for the S8-11
system and so mownted, the system will provide tactical comsrnders with
an airborne anti-tank weapon which is fast, rugged, reliasbla, saccurste,
reedy, and easily operated by a two-wan crew.

ce Accuracy in the order of 90 percent can be achleved if the
P61 and Mark 8 sights and the-Yesr MIIACON DHC ar2 incorporated as
essential components of the SS-1l system,

d. Discrepancies and shortcomings listed in appendix B should
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8. (C) RECOMMENDATION!: It is recommended thatt

&. BSubject *o incorporation of squirment outlined in persgraph
Tc and correction of disoreimncies outlined in s@ction I, appendix B,
the helicopter-moun.ed S9«11 antitink guided missile system be t
clagsified Standexd A. (This will replace no existing equipment.

b, The HU-1( ) helicopter be utilired for mcwnting the S88-11

/
/

¢, Tha 88«11 ATGM system be adopted for hslicopters in kit form.

£ ‘ﬂ” JACK L, MARTNE é ’>!‘7
Colonel, Artillery

)\7 President

systen.,

Sy
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Detadle of Test

1. (C) Test No. 1 = Physical Cherscteristics.

a. The SS-11 system as installed on the HU-1 helicopter mounted
three lawnchers horizontally on each aside of the fu 2lage near the éenter
of gravity of the aircraft. The gwmuaer's controls were installed in the
copilot's side of the cockpit withouv removing the copilot's flight controls.

b The 8S-11 system installed on the EU-l helicopter, including
six missiles, weighed 727 pounds., The instelled system imposed & small
volume penalty upon the HU«l helicopter since most of the cof.ponents were
mounted,externally., Only ths control stick, the control box, the TIC
generator, the selection box, and the ner's and pilot's sights were
installed internelly (see figure 7). (In future installations the selec-
tion box and the T9C generatcr should be instelled in uno of the radio or
electrical compartments, since they are not wenipulated in flight.) The
ingtallation of the system 41d not impair the ability of the helicopter
to perform any of its normsl missions.

c. With outbord missiles in place, the ingtallation extended
4 feet 10 inches from the sides of the fuselage, and wes easily stowed
vertically by removing four bolts, With missiles installed ox the
launchers, minimum ground cledrance was one foolt six inches. Tl inkosrd
missiles (pumbers 5 and 6) clearsd the fuselage by 11} inches.

A. The launcher booms were adjustable through the rangs of O to
10 degreess elsvation in relation to the longitudinal axis of the helicoptar.
Ordnance eng'vaer testing determined that nine degrees' elevativa vas
sultable for firing when the helicopter was on the ground, hoverdng at any
altitude, or cruising at any altitude. No missiles were grounded becaduse
of low launches, &nd no coatrol wires were cut by the rotor.

e. Each launcher was individwelly wired to the selection box
and an inoperative launcher did not preclude utilization of the other
lawnchers,

2., (C) Test No. 2 ~ Relisbility. The helicopter-mounted SS-11
system was JOO-percent reliable throughout the test. All of the components
functioned properly throughout the test without rerair or replacemant,

One missile received for the test was not fired because a test perZormed
by Nord Aviation representatives indicated tbat it was probably defective.

10




3. (C) Test No. 3 ~ Accuracy. 40 missiles were fived from the HU-1
helicopter at stationary targets at ranges from 800 to 3000 msters, fiom
flight altitudes of O to 500 feat, al sirapeeds Trow Q_to T3 _ knots,
Moving targets were not aviilabhle. Missiles were fired while the helicopter
wag oparated in ‘hree general flight regiwes, i.e., in crulsing flight at
various altitude: and alrspaeds, in hovering flight at various altitudes,
and on the ground with the engine and rotors turming at operating r.p.m.
(see figures 9, 10 ., and 11 ). Tenk-type targets were used.

a. The overall accuracy obtained was 0 percent hits (28 hits
out of 40 firings).

(1) The percentage of hits obtained firom firings while the
helicopi):er vas operated on the grownd was 92 percent (11 hits out of 12
fivings).

(2) The percentage of hits obtained from firings while the
helicopter was operated &t & hover was 75 percent (_6 hits out of 8
firings).

(3) The percentage of hits obteindd from firings while the
helicopter was operated in crulsing flight was 55  percent (ll hits out
of 20 firings).

b. Two firings were disqualifisd frowm accuracy computations.
Firing wwiber 4 (see chart in appendix C) was dlsqualified because the
missile struck a.sepling stump and crashed short of the target, This
firing was conducted in modaorste rain and the stump was not visible to
the gunner because of the range and the rsin., The missile was well ata-
bilized on the target for 4 or 5 saconds prior to impact with the stump.
One minute before this firing the same gunner got a good hit on the same
target wnder the same conditions. Firing number 24 was disqualified because
zhe gunner did not comnmect the control stick cable and the missile £1ight
was wcontrellied. Detalled informztion on all firings is preseated in
appendix C.

co The considerable lmprovement in accuracy which resulted when
the Iear MITACON DAC was utilized in its present configuration should be
noted. The overall percentage of hits obtained from firings in flight
using the lear MITACON DHC in its present configuration (see persgraph
& ) was 85 percent (11 hits out of 13 t.rings).

L, (¢) Test No. 4 - Ruggednsss. The HU~1 helicopter with the 85-11
system installed was flown 202 hours. All flights were made with all
control components of the SS~1l1 syastem installed; the majority of the
flighis were conducted with s full missile load. The helicopter was op-
erated at maximwm gross welght approximstely 75 percent of the test period.
The helicopter was flown through all maneuvers considered normel for its
types These included autorotations, running landings, raplid decelerations,

1l
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steep turns and £lights in moderate turbulence. Migsiies were installod
on the launchers in the "Ready~to-Fire" condition and flown for periods
ranging from 1 to 6 hours pric~ to firing with no apparent effects. No
replacement or repair was required by any system component, and no failures
or defects were noted in the lawmchsr booms, supports, braces or other
hardware.,

5. (C) Test Noo 5 ~ Climatic Effects. The helicopter equipped with
the SS-11. system was operated in tae vieinlty of Fort Rucker, Alebama,
Redstone Arsenal, Alsbama, Fort Knox, Kentucky, and Fort Benning, Georgia,
during the pericd 1 November 1959 to 27 May 1960, The helicopter was
marked outdoors the entire teogt parlod except for hrief periods when it
wag bangared for maintenance which required shop facilities.

8. The helicopter was flown through light to moderate rain with
nissiles loaded in the "Ready" condition prior to firing. The wissiles
functioned properly with no adverse effects from the rain. The rain which
accumulated on the windshield did not restrict the gunner's use of the
P-61 sight. The gunner's side of the cockpit (copilot's side) was not
equipped with a windshield wiper.

b, Freguently during the test the helicopter was operated in areas
where sand and dust clouds wele easily generated by the rotor wash end the
wind. The 85-11 system, including.missilds, fumctloned properly duriag
exposure to this type of conteminstion. Only normal care and cleaning
practices were required to mxintain the system under all conditions encoun-
tered during the test period.

6. (C) Test No. 6 = Re&dineaé.

a. Two tests were run to determine the preperatione snd time
required to load the full complement (six) of missiles aboard the helicopter
in the "Ready~to-Fire" condition.,

(1) 1In one test, the hellcopter was landed at an amunition
point where a ground loading crew and missiles ready for loading were
available, The ground loadivg crew consisted of four men, two men to load
each side of the helicopter. Tha missiles were assembled and checked prior
to the arrival of the helicopter. Seven minutes were required for the
loading crew to loed the six missiles aboard the helicopter in the "Ready=
to~Fire" condition. .

(2) In the second test, the helicopter was landed at an
ampunition "cache" where the missiles were stored in thelr shipping crates
and grownd personnel were not available to 2ssist the helicopter crew.

The helicopter pilot and the gunner performed the entire operatien, This
consisted of removing the misslle components from the shippirng crates,
checking and instelling the three dry cell batteries, fixing the warhead
to the missile body, checking the jetavators (control spoilers at the

12
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sustainer motor exhaust port) for proper cperation, and loeding the missiles
on the launchsrs. It required 30 minutes for the helicopter crew to land,
perform this operation, and take off.

b. The HU~1l hellcopter possesses excellent readiness characteris«
ties. An HU-1 on the alert line can be one mile awsy at 500 feet altitude
in less than 60 seconds after the pllot engages the starter. Further, this
"scramble" takeoff is accomplishsd without exceeding any of the operational.
limitations imposed upon the helicopter. This type of readiness materially
enhances the sultability of the HU~1 helicopter as & platform for the SS-11
system.

7. (@) Test No., 7 = Halicopter Missile Load.

8. Tha HU=1l helicopter with the complete SS-1l system still
retained considerable load-carryipg capabllity., Tést welght flgures were:

HU=-1A Hallcopter

Meximm gross weight ' 7200 1b.
Helicopter empty welght 3975 1b.

88-11 system (less missiles) 365

Six 911 wissiles R 378

Fusl (full load) 825

Crev (pilot and gunner) 400

Ballast (say be eliminated in 50

production version) )
Total o ¢ o o ¢ » ;993 1Ib,

Total subtracted from maximum grose welght « o o o o o o « o 5993 1b.
mo&mbiutyremj-ningooe-oooooooo;otooo 1207 lv.

HU~1B Hellcopter

These figures are based on information svailabld on the HU~1B and not
on actwal tests.

Moximum gross weight 8500 1b.
Hellcopter empty welght 4400 1b.
88-11 gystem (less missiles) 365

13
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HU-1B Helicopter Chart (Continued)

Six SS-11 missiles 378 1b,
Fuel (full load) 936

Crew (pilot and gunner) 400
i Totaolnooooo-a:79lb-

Total subtracted from maxivam gross welght o o o o ¢ o ¢ o o o _6479 1b,
I.o&dca.pi'bilityremining. e o o o v 0 0 0 o e e o0 s e e e s o 2021 1b,

bo These figures show that, welghtwise, the HU-1A Helicopter, and
the HU-1B Helicopter when it becomzs avallable, possess the capability of
carrying missiles in addition to ths six carried on the launchers. If the
missiles are transported in the shipping crates, six can be carried in the
cargo compartment of the HU=lA. This loed will require that ballast be
placed in the helicopter tail boom to maintain the center of gravity within
dmits. )

8. (C) Test No, 8 - Minimum and Maximun Feasible Ranges. During
the test, missiles were fired at targets at & range o 500 meters to
3000 meters.

&c Minlmum Rangs. It was determined that the same factors did
not apply when determining the minimum range of the helicopter-mounted
SS-11 system as those for ths ground and other vehlcle systems. Toe
wique mobility of the HU.L helicopter euwsbled tha crew to fire the missile
at the wost desirable range without encountering the problems which mey
confront a ground system crew. Furthsr, since thé vulnerablility of the
helicopter increases as range decreaseg, the helicopter should avold
attacking targets at renges less than 1000 meters., Should it ever be
necessary for the hell.copter to altack & target close in, tha best miniwum
range applicable to the ground systems would apply since tha gunner vas
never offset from the missile and the misslle could always ba launched
directly at the target.

b. Moximum Renge. The maximm feesible range for the helicopter
system utilizing the P-61l sight was 3000 meters. The flight speed re¢ the
altitude of the helicopter had no espprarent effect on the range of the
migsile.

9. (C) Test No. 9 - Maintenance and Preflight Service Requirements.

Organizational meintenance and preflight servicing of the system was performed

by the helicopter crew chief and the pilot-gunners. The crew chief was not
school trained to weintain the system but received instruction and assis~-
tance from the Nord Avistion tachnical representatives during the test.

Thé helicopter crew chief could perform organizatiocnal maintenance and
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daily pre-~firing tests of the system after approximately eight hours of
lagtruction. The systew reduired no repairs during the test. The crew
chief inspected the system each day ss psrt of the normal preflight in-
spection of the helicopter. The pre~firing test of the system circults,
which required 15 minutes, was siwmilar to that performed on the ground
vehicle systems with the addition of a check of the emergency Jjettison
system. A defective signal generator, control box, control stick, or
selection box should be replaced and repaired at a higher echelon
maintenance facility.

10, (C) Test No. 10 ~ Safety.

8o Safely features provided were good. The missile motors
could not be ignited and the warhesd could not be armed unless the missile
was free to lea- +he launcher. A micro~switch on the launcher had to be
activated by the wissile locking lever going to the full unlocked position
before the motors could ignite %see figure 8). If & missile had melfunc~
tioned on the launcher during firing, it could have been jettisoned by
pressing the "Individwal" jettison switch on the control box. This would
have Jettisoned the launcher and missile selected on the rotary selection
switch, All launchers and missiles could be jettisoned from the helicopter
by pressing the "Total" jettison switch to be located convenient to the
pilot. In the HU=1 this switch was located on the pedestal to the pilot's
left, near the Mark 8 gunsight control (see figure 3). The jJettison
system provided was electrical and the missiles could not be Jettisoned
manwally in the case of & power fallure.

b. Safety procedures outlined in the Nord Aviation menual on the
sir-to-gsurface version of the SS«11 gystem were adequate. No incidents
occurred vhich created a hazard to the crew or to the safe operation of
the helicopter.

1. (C) Test No. 11 ~ Sultatility of the HU-L Helicopter, The HU-1
Helicopter equipped with automatic heading control proved to be a suit-
able veliicle from which to fire and gulde the SS-11 missile. Ne flight
regime of the helicopter adversely affected the proper functioning of
any component of the missile system. Conversely, firing the missile
did not affect the operation of the helicopter. The gunner's field of
vislon from the helicopter was good. Windshield distortion wes not
apparent, even when using the elght-pbwer P-6l sight. The HU-1 heli-
copter has these adventages as & vehicle for the S5S-11 system.

a. The six-migsile 88«1l gystem 4id not Hmit the utility
of the HU-l except for the welght penalty., The HU-1l carried the complete
six-missile S8-11 system, pllot and gunner, and & full load of fuel,
retaining load capebllity of 1207 pounds and an unrestricted cargo com-
partwent to carry it in.
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b. The HU«l conflguraticn permitted the firing of the missiles
vhile the helicopter was operated in forward flight, at a hover, or on
the ground (see figures 9, 10, and 11). No missiles were grounded because
of low laumch, and no control wires were severed by the rotor., All
lsanchers were set at the ssme slevation, nine degrees wup.

¢e. The HO-L readiness characteristics are excellent., An HUl
on the alert line can be airborne and & mile away in less than 60 seconds
after the pilot engages the starter (see paragraph 6b).

do The HU-1 has & low nolse level and & low sllhouette.

¢, HU-1 features such as sbundant power, autopatic r.p.m. and
power control, a gocd flight control trim system, and overall ease of
operation allow the pilot to devote maximum attention to the tactical
gituvation. This is especially important since the method of employment
deviged during this test requires that the pllot keep the target in the
gunner's binocular sight by maintaining & precise f£light attitude on the
target beading.

16
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APEENDIX B
FINDINGS

Section 1

Tois section contalns discrepancies rsquiring elimination 1n order to
make the ltem acceptable for uwse on & minimum basis.

Discremncz

l. No sights wers providsd with
the helicopter-mountsd systes.

2. Yawing movements of ths bhall-
copter caused the gunner to lose
the target and missile in the
sight and miss the tsxget.

3. The mowting for the P61
sight and mlissile contrcl stick
fabricated at the Aviation Boaxd
was sstisfsctory functionzlly but
was cubersons and 8 potential
hazard to the gunner if & crash
cceurred,.

i, There were no provisicns fur
mnual Jettisoning of the wlssiles
in the event that the electrieal
Jettison system fellad.

Suggested Corrective Action

Adopt the P-61 sight evaluated
Guring this test for thes heli-
copter-mounted system. Adopt
the standard Mark 8 gunsight for
use 'by the Pilo'to

Adopt the lear MIIACON DHC, evalu~
ated during this test, as & neces-
sary couwponsat of the helicopter-
mounted 995~11 system.

Mount the P-6l sight overhead in
the HU-l installstion in such &
msnaer that 1t can be telescoped
down before the gumner for firing
end s'owed vhen not in use. The
mounting should be adjustable in
the three axes and should provide
vibration damping sdequate to
eliminste or substantially reduce
the effects of helicopter vibra-
tions. Mownt the wmissile control
stick on a small support which
could be quickly inserted in a
bracket on the front of the
gunner's seat for firdng and
gtowed near the gunner when not
in use.

Provide for manwal Jettisoning
of the missiles and lawnchsrs.

17
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Section IT

This section contains shortcomings which are desired te be corrected
a8 practicable, concurrent with elimination of dlscrepancies in Section I,
or in production englneering or by preduct improvement.

Shortcomings

l., The P~6l sight had & narray
field of view, characteristie
of binoccuwlar~type sights.

2, The signel generator snd the
selection box were installad in
the cabin just aft of the pedestal
between the two pilcets. Thase

two items were not manipulated by
the gunner and should have been
installed out of the way.

3., The test instaliation was
forward of the helicopter center
of gravity requiring ballast

in the helicopter tail boom

to maintein the center of gravity
within acceptable limits.

18
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Suggested Corrective Action

Increase the fieid of view and the
power of the optics.

Ingtall the signal gcncrator and
the selection box in one of ‘the
aft wlectrical or accessory
compaxrtmantse.

Install the S88-11 system at the
helicopter center of gravity.
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PHOTOGRAFES AND CHARTS
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Figure 1, HU~l helicopter with the
88«11 ATOM system installed
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Figure 2. Iauncher booms in the
stowed position
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Figure 3. Location of the control box and the
pilot's "Total" Jettison switch
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Figure 4. Gunner's sight and misslle control stick
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. ’ . PILOT'S MARK 8 SIGHT
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Figure 5. Pllot's ¥ark 8 sight showing illuminated
reticle. Switches on the pilot's control

stick for opereting the Lear MITACON IHC
(automatic heading control)
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Figure 6. Components of the Lear MIIACON DHC
(sutomatic heading control)
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generator in the test helicopter
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Figure 9. 88-11 firing from HU-1
helicopter in forward
flight
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§5-11 firing from HU-1 helicopter

in hovering flight

Flgure 10.
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§S-11 firing from BU-1 halicopter

Flgure 1.
operating on the sround
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