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It is going to be difficult for the US Army to
improve on its record in the Light Observation
Helicopter (LOH) programme. The LOH devel-
opment was completed within the initial time
schedule, it stayed within the original cost goals,
and it pushed the technical state-of-the-art to a
significant degree. For example, the LOH will
cruise about 509 faster than the light helicop-
ters it will replace in Army scrvice. Such claims
for technical advancement plus accurate sched-
ule and cost planning can be made for few other
aircraft development programmes since World
War II.

The LOH is highly significant for an addi-
tional reason. It is the first US programme since
the late 1940°s in which a flight test competi-
tion was held to select an aircraft design for
operational military service. Five prototypes of
the Bell Helicopter Company’s OH-4A, Hiller
Aircraft Company’'s OH-SA, and the Hughes
Tool Company’s OH-6A. the three compeling
LLOH designs, were purchased by the Army for
the flight trials.

The Army flight competition was far more
rugged than any US competitive flight trials of
the past. It lasted six months, and cach type of
LOH was flown an average of more than 10
hours each day for the whole period including
Sundays. About 2.000 hours of total flying time
was accumulated on each type with a single air-
craft of each type operated for at least 1,000
hours to provide a good indication of parts life,
durability and ease of maintenance.

Another unique feature of the LOH pro-
gramme is that it is the first aircraft develop-
ment which the Army has been allowed to
manage since the Army Air Force was splil
away to become a separate service of cqual
rank. the US Air Force, in the middle 1940's.
The Army’s performance upon rcassuming this
responsibility must be considered impressive. It
has exceeded its stated goals of obtaining a sim-
ple. low cost, casy-to-maintain. 4-man, high
performance helicopter to serve as an “aerial
jeep”. The Hughes OH-6A, which won the
1LOH compétition surpasses the Army’s require-
ments in most arcas. Undoubtedly, it is the
fastest helicopter in the world for its size, cruis-
ing at 144 m.p.h. with top speeds above
160 m.p.h.

Even more important. the Army, by making
good on its development plans, has secured the
support of the top civil echelons in the Depart-
ment of the Army, and the budgetary authorities
in the Office of the Secretary of Decfense, and
will now purchase 714 Hughes OH-6A LLOH
aircraft under a three vear plan. The OH-6A
production costs are well helow the cost prediz-
tions of several years ago and the prospects
scem bright for a total army buy of 3.000 to
4,000 LOH’s and a production run of several
years, well into the 1970's.

Despite its successes, the LOH programme
has not been without its critics. Perhaps this
was inevitable. The sheer numbers of aircraft
involved give it great importance. Apparently,

Above: Hughes produced the
Icast complex and most in-
expensive entry for the US
Army LOH competition—and
won the contract.
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Lefte aclearly-arranged instru-
ment pancl, simple layout and
exceptional  visibility charac-
terise the two-scat cockpit of
the Hughes OH-6A.

Light Observation
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more LLOH’s will be produced than any other
helicopter in history. And it is a good bet that
the US Army will operate more LOH’s than
any other aircraft in its inventory. These pros-
pects have made the programme the subject of
intense industry and government scrutiny from
the technical. operational and fiscal standpoints.

Army requirements

Much criticism has been directed at the
Army’s |.OH requirements during the past five
years. These requirements were enunciated of-
ficially for the first time early in 1960 by the
Army Aviation Requirements Review Board,
an ad hoc group of general officers, headed by
1.t.-Gen. Gordon B. Rogers. Known as the
Rogers Board, this committee laid down a list
of priorities for new aircraft, and a general plan
for improving Army aviation during the
1960—1970 period.

The Rogers Board backed the early develop-
ment of only one aircraft, the LOH. It was to
be a replacement for three operational models.
the Cessna L-19, Bell H-13 and the Hiller H-23.
The basic operational objectives for the 1.OH
were to improve the air mobility, reconnais-
sance, command and control, and the target
acquisition ability of small Army units, at bat-
tulion level and lower.

To satisfy these operational objectives the
Rogers Board pointed out that the number onc
technical requirement was for the LOH to be
able to “live well™ in the field with the troops.
During the 1950s helicopters had not distin-
guished themselves in this respect. All types and
all models of helicopters had experienced main-
tenance difficulties during prolonged field oper-
ations. Compared to fixed wing aircraft they
required large numbers of spare parts and un-
usual attention from highly trained technicians,
cquipped with specialized tools.

In calling for the immediate development of
the LOH. the Rogers Board expressed the opin-
ion that helicopter technology was advancing
rapidly and that the LOH specifications could
call for significantly better speed, pavload and
range performance than that of existing light
helicopters. And, the Board enjoined the Army
to keep the LOH gross weight low so that costs
would remain low and the aircraft could be
purchased in the largest possible numbers.

As a result of the Rogers Board action, the
primary LOH performance specifications as is-
sucd to industry in the original request for pro-
posals (RFFP) in 1960 werc: a maximum gross
weight of 2,450 1h.: hover out of the ground
effect at 6,000 feet altitude and a temperaturc



of 95 “F: cruise at 127 m.p.h. at normal rated
power of 212 h.p. and normal gross weight;
and an endurance of 3 hours at 85 /s of cruise
power. The specified powerplant for the LOH
wis a 250 h.po turbine engine, and the normal
pavioad, which must be carried when meeting
the speed and endurance requirements, was (wo
passengers weighing a total of 400 Ih. The pay-
load did not include a 200 1b. pilot and 340 Ibh.
of fucl and oil. which brought the useful load
to 940 Ib. This performance, in almost every
category. represented about a 30, improve-
ment over the performance of the existing light
helicopters.

The Army also gave the prospective contrac-
tors a priority list of characteristics to guide
their design work. This was: (1) cost and gross
weight. (2) reliability, (3) ease of maintenance
(4) physical capability for specified overload
items, and (5) performance.

Originally there were two  basic criticisms
raised against the Rogers Board action and the
LLOH requirements. Many technical men inside
and outside of the government were extremely
disappointed that the Army had not been more
aggressive technically by calling for a VTOL
aircraft to do the LOH job. It was their opinion
that VTOL technology was in a usable state
and that further progress was going to be slow
if there was no stimulus from an operational
development programme.

In answer to this criticism, Brig.-Gen. Clifton
IF. von Kann, then Director of Army aviation,
and a member of the Rogers Board, expressed
the opinion of the Board and other LOH pro-
ponents by stating four helicopter advantages
which tipped the scales in favour of the heli-
copter over the higher speed VTOL. He pointed
cut that VTOL fuel requirements were consid-
erably higher, that considerably more stability
and control research would be needed to make

Onc of the most complex assemblies on a helicopter and one requiring the most
maintenance is the rotor head and blade attachment. In their attempts to climin-
ate this weab spot on the OFH-6A, Hughes engineers discovered some sur-
prisingly simple solutions: the picture above shows the blade attachment which
allows quick changing or folding of the blades. Two adjustable-diameter bolts
(Fxpando-Grip) hold the blade, whilst & similar bolt of smaller diameter retains
the damper arm. The drawing helow shows the construction of the Flexrotor
brackets which are a lamination of fifteen fiexiblie steel plates. Hinges for Napping
and swivelhing movements (A and B) are thereby climinated.

Right. the rotor head shown with blades folded rearwards. Dismantling
or fitting of a blade can be done in less than one minute.

The three competitors in the LOH programme: in the foreground Hiller's entry, the OH-5A; behind, the Bell-developed

OH-4A helicopter and on top, the Hughes OH-6A.

the VTOL the cqual of the helicopter in low
speed piloting qualities, that the VTOL down-
wash velocity was much higher than the heli-
copter’s and the effect of this in tactical opera-
tions was unknown, and that the helicopter had
considerable growth potential that could be ex-
ploited in relatively short time.

In sclecting a helicopter for this mission, the
Rogers Board also was in step with the predom-
inant technical opinion in the Department of
Defense. At about the same time, the Air Force
re-evaluated its position on VTOL technology
and revised its plans by cancelling development
of a Mach 2 VTOL fighter for the Tactical Air
Command and replacing it with a 3,000 foot
take-off STOL aircraft, which has now become
famous as the TFX and F-111.

The second 1960 criticism concernced the
LOH performance specifications. A significant
number of technical experts believed that the
Army had been too rigid in specifying the
I.LOH’s exact gross weight and the single
250 h.p. powerplant. This had limited the
speed. payload and endurance of the aircraft
and it did not provide the designer with
enough latitude to build in the kind of growth
potential needed for the 1970’s.

A great deal of growth potential was consid-
ered nccessary if the LOH was to remain oper-

ationally uscful for ten to fifteen ycars as de-
sired, and if it was to fit into the Army’s air
cavalry concepts which were still in the forma-
tive stage in 1960. The Howze Board had spelled
out the nap-of-the earth air cavalry operations
which are now becoming operational in Viet
Nam with the First Cavalry Division. The
Howze .Board foresaw large acrial convoys
moving at trectop level at more than 150 m.p.h.
This concerned the critics, for the LOH with its
127 m.p.h. cruise speed would not be able to
keep up with such attack forces, much less pro-
vide an armed escort.

In addition. many critics pointed to the fact
that most Army aircraft had been underpow-
cred upon entering operational service and had
been modified later at considerable cxpense.
Consequently, they belicved that in the long
run it would save money to give the LOH an
initial capability of 200 m.p.h. speeds. and five
hours of endurance, because such performance
would be an absolute necessity in the 1970,

Despite these criticisms, some of which have
persisted until today, the Army has followed
through with the original LOH development
plan. The basic objectives and milestones of the
original plan have been met. Unfortunately,
this has not always been the public impression
of the programme. Contractor changes and
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Army reviews have been made which have
given the impression that plans and <chedules
were fluctuating. Some top officers believe that
the programme was explained very poorly with-
in the Army and that this resulted in much un-
warranted criticism.  This criticism. plus the
contractor changes and officiul re resulted
in a “poor press” at times in US trade journals.

The programme actually began in 1960 when
the request for proposals was issncd. Farly in
1961 a total of 17 proposals were submitted to
the Army by 12 contractors. Initiallv Bell and
Hiller were sclected 1o compete for the TOT
production contract, ‘This selection was made
under the supervision of the Navy which was
acting as the technical manager for the pro-
gramme at the direction of the Department of
Defense, and was supplying most of the person-
nel to monitor the development programme.

At this point the first cloud of misunder-
stunding passed over the programme. Many
army officers looked with favour on the Hughes
proposal in which many “traditional™ helicopter
design techniques had been discarded and re-
placed with new ideas in an cffort 10 reduce
weight, cut costs, and increase performance. At
the same time, the Armyv was also pushing to
take over completely the technical management
and procurement of its aircraft and cut out the
extra step of operating through one of its sister
services.

About the muddle of 1961 the Armv's de-
sires were satisfied. Hughes came in with o pro-
posal in which they guarantecd their LOH de-
sien would exceed the Army’s requirements by
at least ten pereent, and that the aircratt would

cost Jess than the tinget costs. On tivs basis
Hughes was included in the team of competing
contractors with Bell and Hiller. The Army was
given full technical responsibility with the stipu-
lation that the LOH aircratt would mect the Fed-
cral Avianon Agency's Civil Air Regulations
and could consequentiy be considered oft-the-
shelf wireraft ready for both civil and military
service

I'he development schedule called tor cach
contractor 1o dehiver five FAA-certibied  heli-
copters to the Army al the end ol 1903 ready
for the siv months of field tads wineh would
terminate at the end ol June 1964, On the basis
of performance duringe the hield trials the Army
plianned e seleet one design as the production

LOH

I'he three contractors,  Bell,  Hiller  and
Hughes, all signed fnixed price LOH contracts in
mid-1961. They guarantced the performance
and weights set forth in their design proposals
and they guaranteed delivery dates. The total
airframe development cost to the Armiy was
about $20 million spread among the three con-
tractors.

The first major problem concerned the pow-
erplant, the Allison T63, 250 h.p. shaft turbinc
cngine. Late in 1961, there were persistent ru-
mours that the engine was hehind schedule and
was not meeting its performance specilications
The rumours were substantiated  during  the
first hall of 1962 when the Army contracted
with Continental to preparc the T65 as an alter-
nate LOH powerplant. The enginc develop-
ments also were covered by fixed price con-
tracts with the cost to the government for both
engines totalling about $7 million. Especially in
the casc of the engines. the fixed prices were
exceeded. but under the terms of the contracts
the manulacturers absorbed all overruns,

I he next major sign of uncertainity came
later in 1962 when complaints about the LOH
being underpowered and undersized reached
their peak. A new board was formed under
Brig.-Gen. Donald C. Clayman to review the
entire LOH programme. ‘The contractors and
technical authorities from the Department of
Delense and the National Aeronautics and

Space  Administration  were  consulted  along
with all major Army Commands. Studies were
made concerning the technical problems and
costs which would be encountered in enfarging
the 1O, adding considerably more  engme
power. revamping the totor system, and adding
stuh wings to allow hicher speeds. The Clavman
Board concluded that the original 1.OH specili-
cations and the original  development  pro-
eramme correctly met the Army’s needs. The
Board re-emphasised that the primary concern
wis to produce a small. low-cost. “jecp like™
helicopter for use by all Army units for recon-
naissance.  liaison.  target  acquisttion,  troop
movement. and cven fire support. using two
standard NGO infantry machime guns or 40 mm
erenade launchers in heht brackets. 11 heavier
weapons, higher speeds and heavier pavioads
were desired the Clayman Board recommended
the use of farger special purpose aircralt
Development work contimued unabated dur-
ing all of the criticism, review. and adjustment

of the engine programme. All three of the LOH
aircraft were FAA certified on schedule. Both
the T63X and T6S engines came along well and
were certified for civil use. on scheduie. Deliv-
cries of test arrcraft to the Army were made on
schedule and the six-month ficld trials were
conducted as planned. Many Army officers and
industry leaders believe that the strong competi-
tion in hoth the airframe and engine develop-
ments were responsible for keeping the pro-
gramme on schedule. It was apparent that any
contractor who slipped was in great danger of
heing climimated trom the competition.

Technical competition

Technically. there was one major question to
bz answered in the 1.OH competition. Hughes
had staked its chances on the belief that the
L.OH specifications were somewhat conserva-
tive. The company believed it could build a
helicopter to perform the LOH mission which
was about 400 Ih., or nearly 209/, lighter than
the Army had specified. That s, the normal
gross weight of the Hughes OH-6A was about
2.050 Ih. compared to 2.450 Ib. specified by
the Army for the primary observation mission.
Bell and Hiller on the other hand produced air-
craft that grossed out near the Army’s maxi-
mum allowable weight of 2,450 |b.

On the basis of empty weight, the Hughes
proposal was even more startling. The OH-6A

Armament of the OH-6A can be of several types, all of
which can be quickiy mounted on the sides of the helicop-
ter. The cabin behind the cockpit can be used for am-
munition stowage. In the photo. /efi, taken at the recent
Paris Salon, the OH-6A carrics twin machinc guns
mounted on cither side of the (usclage, and a heavier
gun can be seen lying on the ground. A detailed view of
the MG mounting 1s shown, righs; the ammunition belt
is fed out of the cabin through the pylon mounting and
the empty cartrides cases arc cjected from the two
openings in the fairing

weighed 1,050 Ib. compared to about 1.500 Ib
for the other two entrants. or nearly 30, less.
Largely on the basis of the lower weight
Hughes alse forecast substantialiv lower initial
costs and higher speeds. For esample. Hughes
guaranteed a sea fevel ernise speed of 142 mup.h.
at normal rated power. compared to 115 m.p.h
by Bell and 127 mp.h. by Hiller. According to
the 1.OH contracts cach company would pay
penalties if these guaranteed speeds were not
met

Seldom in the history of aircraft design com-
petition has the conflict of technical opinion
been more cleariv drawn. Seldom has one de-
sign group contended that it could produce an

aircralt 1o perform g given mission, which had
10 %, lower empiy weight than its competitors

Fortunately the Army had revived the svstem
of fhght testing prototypes to seleet an LLOH
design for production. e is doubtful that am
paper destgn competion could have  properiy
resolved the confiicts of technical opimon con-
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cerning the three LOH designs. However, the
strenuous six month, 2,000 hour 1.OH flight
trials were adequate to establish beyond reason-
able doubt whether the aircraft could perform
as guaranteed and could stand up to the rigours
of performing the Army’s nap-of-the-carth mis-
sions. day in and day out with littie mainte-
nance.

Three design features are the Kevs to the
Hughes weight cutting formula. First. the sim-
plificd power train which transfers power from
the engine to the main and tail rotors. The main
gear box in this train has only two gear meshes
compared 1o approximately 22 pgear meshes in
the average light helicopter in Army service
today. The OH-6A main gear box greatly resem-
bles an automobile differential in its simplicity.
Another improvement in this system is the cfim-
ination of the heat exchanger and oil transfer
plumbing normallyv associated with helicopter
gear box cooling. On the OH-6A, the gear box
is cooled by drawing the main engine air in
around it with a fan. This fan is attached to the
main engine drive shaft and does not require a
separate shaft. gearing and bearings. Still an-
other important fcature of the power train is
the aluminium tail rotor drive shaft which
weighs less than six Jh. Only one right angle
pear mesh is required at the tail and the tail
rotor drive shalt is w completely strarght tube
with none of the bearings and universal joints
normally associated with such drives.

The second key to the OH-6A weight cutting
formula is the rotor svstem. from which all
bearings have heen eliminated. A series of thin
stainless steel straps absorb all of the torsion,
drag. lift and centrifugal loads from each blade.
This strap svstem not only reduces weight by
climinating the feathering and flapping hinges
normally associated with an articulated rotor. it
also reduces the size of the hub becausc it car-
ries the centrifugal loads across the hub. from
onc blade into the opposite blade.

Hughes went to a four-blade rotor which. for
a given power devel. is relatively efficient at
high speeds and relatively inefficient at low
speeds and in the hover comparced (o the two-
blade desien used by Hiller and Bell. The four-
blade svstem is 26 feet in diameter, several feet
less than the two-blade system.

The third major element in the Hughes
weight cutting plan was to keep the ontside di-
mensions of the OH-6A to an absolute mini-
mum. In terms of length and rotor dimensions
the OH-6A is 259/, smaller than the 1-13.
Still it is possible in the short range overload
configuration to carry six men in the OH-6A,
including the pilot.

Hughes also reports excellent success in re-
ducing the acrodynamic drag of the OH-0A.
For a number of vears now the National Acro-
nautics and Space Administration and several
of the manufacturers have pointed out the
gains which could be made in forward speed
and fuel economy by “cleaning up™ helicopters
and streamlining them to reduce drag. An indi-
cation of the potential in this area is the fact
that most 1950 helicopters. such a< the 11-13
and H-23 had a parasite drag area equivalent 1o
a fiat plate of more than 16 sq. 1. NASA in its
studies had estimated that it would be possible
by 1965 to cut this by more than SO, (o
7.4 sq. it Hughes, however. reports that the
equivalent parasite drag arca of the OH-6A is
only 4 sq.ft.. while predicting that the mini-
mum arca which ever could be achieved for a
four-place helicopter with side-by-side scating
probably will be about 3 sq. ft,

The low weight and low drag of the OH-6A
resulted in some rather significant performance

Technical data on the OH-6A

Powerplant: one Allison T63-A-5A lurbine of 250 h.p.
at 6,000 r.pn.m.
Main dimensions

Lenath, rotors turning . . 301t. 4in.
Length, rotors folded 23 1. 0 in.
Width between skids 61t 9in.
Heiaght over rotor fairing . . 81fl.2in.
Main rotor
Diameter 26 {t. 4 in.
Discarea . . . . . . . 544.63sqg.1t.
Blade aren (4 blades) 29.625sq.1t.
Tail rotor
Diameter 41t.3in
Disc area . 14.19 sa.ft.
Bladne area 1.70 sq.ll.
Weights
Emply weioht . . . 1,163 |h.
Design gross weiaht 2,100 Ib.
Maximum qross weight . s owow e w7008
Payload with full fuel . . . . ... . 400Ilb.
Overload payload . . . . . . . . ... 937lb.

Performance
Maximum speed 128 kis.
Cruising speed . 120 kis.
Rate of climb . .. 21320 f.p.m.
Hover ceiling (Std.atmos.)

in around effcct 14,600 f1.

out of around eflect 12,000 1.
Haver cniling at 35°C

oul of ground eflect 6,000 1.
Range . . . . . . . . . 280n.m.
Ferry range . . . . . . 1,400 n.m.
Endurance at 100 kis. . . 3 hrs. ™
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predictions by Hughes. One is a useful load
which is ncarly 110 "4 of the ecmpty weight. In
this definition the usclul load is the pilot, pay-
load. fuel and the communication gear. By
comparison the other LOH's had a useful load
of less that 90 %4 of the empty weight. In addi-
tion. the company predicted that the OH-GA
would have about 3094 lower fuel consumption
than its competitors.

Field trials

The Armv's six-month logistical evaluation
and ficld trials which were conducted primarily
at Ft. Rucker. Ala.. were an unqualified suc-
cess. All three aireralt performed well. For ex-
ample, the OH-6A was scheduled for a total of
550 missions and only 16 of these aborled.
Scven major problems arcas were revealed by
the prolonged field tests. These were: high fre-
quency vibrations in the tail rotor, low fre-
quency vibrations in several parts of the rotor
and power train, airframe structural defects,
landing gear wear. clectrical system and instru-
ments. exhaust pipe support structure and the
main gear box. ‘The number of occurrences of
cach type of problem ran from a high of 32
landing gear skid plates replaced. to only 2 in-
stances when the main gear box gave trouble.
It was possibic to correct all of these problems
and 1o prove the fixes. so 1t is expected that the
production aircralt has been thoroughly de-
bugged.

The trials also proved that all three of the
atreralt could be nuintained by two men using
only the tools in o standard Army tool Kit. The
cost ol normal nunntenance exclusive of major
overhaul Tor the OH-6A was found 1o be $1.90
tor unscheduled  overhanl and  parts replace-
ment. and the maintenance personnel require-
ment per hour of flight has been guaranteed to
be less that 0.25 manhours. These are radical
improvements over past Army experience.

Cost competition

On the basis of the Dicld trial results, a selec-
tion board of general officers reported in the

fall of 1964 that two of the LOH aircraft met
the Army’s requirements, the Hiller OH-5A
and the Hughes OH-6A. After this ruling it was
decided that the production LOH would be
sclected on the basis of the lowest price bid.
from the two companies. The production run
for which they prepared fixed bids totalied 714
aircraft over a three year period, from fiscal
vear 1965 through 1967. The first year's pro-
duction is & aircraft, the second 168, and the
third year 458.

The companies were given from October
1964 to May 1965 1o prepare these detailed
fixed price bids which they would guarantee.
Hughes was awarded the LOH production con-
tracts on the basis of a $19.860 cost for cach
LLOH airframe, not including engine, avionics
or other equipment. The Hiller bid was $ 29.415
for each airframe. The lighter weight, about
400 Ib.. of the Hughes machine is reflected
quite accurately in this bid. Past experience in-
dicates that the cost of light helicopters ranges
from $30 o $40 per pound of empty airframe
weight, Consequently, the 400 b, lower weight
of the OH-0A results in savings ol more than
S10,000 while still allowing the company a
profit potential.

The Allison T63 which also was selected for
quantity production will be purchased by the
government under separate contract arrange-
ments.

The chances appear to be good that the LOH
will be a strong competitor in both civil and
military aviation in all non-communist nations.
Mass production of the LOH to mecet Army
demiands is certain 1o lower initial cost to an
unprecedented level for a hehicopter of s type.
Unprecedented mass operations, both in terms
of numbers of aircraft and hours flown will
have «a similar effect in improving service life
and lowering operational costs. The triple ad-
vantages of low initial cost. low operating cost
and exceptionally high performance will make
the 1.LOH a prominent aircraft for years to
come. *4



