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SUBJECT: Project No. AVN 2461,1/62, "High Alt1tude Evaluation
of the Bell 47G-3B Helicopter"

>
Qo: Commanding General
8 United States Continental Army Command
ATTN: ATDEV
l_'_"j Fort Monroe, Virginia
e
<7
b"""." 1. AUTHORITY,
C.“
e

a, Directive., Letter, ATDEV-6 452.1, Headquarters,
USCONARC, 13 January 1961, subject: ''Evaluation of the JH-13K."

b, Purpose., To conduct an evaluation of the Bell Model
47G-3B during operation at high elevations to determine whether this

helicopter warrants further Army interest.

2. BACKGROUND,

a. By agreement between Bell Helicopter Corporation and
the Army, the last two helicopters of the FY 60 H-13H production were
to have been equipped with Franklin 6¥S-335 turbosupercharged engines
in lieu of the standard Lycoming VO-435 engine. In addition, both
helicopters we re to have been mcdified to increase the rotor diameter
two feet, and to increase the fuselage length 14 inches. These heli-
copters were to have been designated JH-13K's, and one was to have
been delivered to this Board for evaluation as directed above., However,
a slightly modified commercial 47G-3 helicopter, equipped with the
Franklin 6VS-335 engine, was delivered instead.

b. Since current H-13( ) helicopters utilize Lycoming engines,
arrangements were made to evaluate a Bell Helicopter Company Lycoming-
powered 47G-3B during the conduct of high-altitude test at Fort Carson,
Colorado, during early August 1961. Pt ‘\
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SUBJECT: Project No. AVN 2461.1/62, '"High Altitude Evaluation
of the Bell 47G-3B Helicopter"

3. DESCRIPTION OF MATERIEL. The 47G-3B is a product
improvement of the 47G-3 with a certificated gross weight of 2850
pounds.

a. The 47G-3B differs from the H-13H in the following signifi-
cant respects:

(1) The power-plant installation for the 47G-3B helicopter
is a Lycoming TVO-435, The engine is equipped with a Marvel Schebler
MA-6 Carburetor, and an Air Research Model T-1108 turbosupercharger.
This engine is rated at 260 horsepower for two minutes and 220 maximum
continuous horsepower, as compared to the 250-horsepower VO-435
engine derated to 200 horsepower installed in current H-13H's,

(2) The supercharger used in the 47G-3B is a typical turbo
type. A pressure-temperature sensing device located in the intake mani-
fold actuates a ''waste gate'' controlling the volume of exhaust gas to the
turbosupercharger. This then prevents overboost of the engine and pro-
vides sea-level horsepower up to the critical altitiude of 15,000 feet.

(3) The center frame is 14 inches longer than that of the
H-13H. The configuration has provisions for the installation of the follow-
ing power plants:

27 Lycoming Model VO-435 (H-13H Engine)
{b) Lycoming Model TVO-435

(c) Lycoming Model VO-540

{(d) Franklin Model 6VS-335 (H-13K Engine)

(4) The main rotor diameter has been increased two feet
to 37. 125 feet,

{5) The following minor modifications have also been incor-
porated in the 47G-3B:
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SUBJECT: Project No. AVN 2461.1/62, "High Altitude Evaluation
of the Bell 47G-3B Helicopter"

(a) The static stop in the main rotor system has been
replaced by centrifugally-actuated dynamic flap-restrainers to prevent
excessive blade flapping at low rptor speeds.

(b) The transmission has been modified to improve
lubrication.

(c) The antitorque rotor pitch-change links and pitch-
change horns have been modified to provide increased pitch to the
tail-rotor blades.

(d) Straight landing gear cross tubes are used in lieu
of the curvedtubes in the H-13H. The skid tube-wall thickness has
been increased and the length shortened nine inches forward of the front
cross tube to meet FAA structural requirements.

(e) The cyclic control has a variable, spring-loaded
pressure plate at its base which aliows it to be pre-positioned. Thus
it is similar to a trim device. The pressure is such that when the cyclic
pressure forces are Mght, the helicopter can be flown '"hands off. '

(f) An electric boost fuel pump is provided in addition
to the engine-driven fuel pump. A light is mounted on the instrument
panel to indicate failure of the electrically-driven boost fuel pump.

(g) The bubble and doors are blue-tinted plexiglass.
The doors incorporate sliding windows.

(h) Two electric fans have been installed in the cockpit.

b. The 47G-3B Helicopter as tested was provided with the
following equipment:

(1) A cargo sling kit of 1000-pound capacity.
(2) A rotor brake.

(3) Two external litters.
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of the Beli 47G-3B Helicopter"

4, TESTS. The Bell 47G-3B was picked up at Bell Helicopter
Company plant in Fort Worth, Texas, by Army Aviation Board pilots
and flown to Fort Carson, Colorado, for high altitude test. These
tests were conducted during the period 1 August to 7 August 1961,
Tests were oriented primarily toward determining the high altitude
operational capability of the helicopter.

a. Physical Characteristics.

(1} Welght Comparison,

‘a} The manuficturer reports the following with
respect to the weight differential tetween an H-13H and the 47G-3B:
""The empty weight of the H-13H is 1777 pounds and the 47G-3B when
equipped with communication equipment, heavy duty battery, first

aid kit, shoulder harness, night flying kit, heavy duty ignition harness,

electrical wiring, etc., comparable to that in the Model H~13H is 1913
pounds. '

(b; Based on the above the following weights have been

computed:

H-13H 47G-3B
+. Basic* {Ib.) 1779 1915
2. Allowable gross (lb.) 2450 2850
3. Useful lcad (1b.) 671 935

* Includes trapped fuel and cil.

(2) Cockpit Configuraticn.

{a) As compared to an H-13H, the glare and heat have
been reduced by using the tinted plexiglass bubble and doors. Ventila-

tion and defogging were improved by the use of the electric fans and the

sliding windows.
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(o} The bocust-fuel-pump amber warning light, mounted
low on the left side of the instrumert panel, is not readily visible to

either pilct or copilet.

b. General Characteristics.

{1} Starting. Star‘ing was normal at density altitudes
of 1,000 feet to 11,000 feet.

(2} Hovering Flight,

{a) Hovering flight, in ground effect with an external
load at a gross weight of 2850 pcunds, was conducted atop Pikes Peak
(14,110 feet m.s.1.) at a density altitude of approximately 15,000 feet
under light and variable wind conditions. The helicopter was hovered,
urder the same atmoapheric conditions, out of ground effect above
Pikes Peak at a grcss weight of 2507 pounds.

b} Hovering flight of the 47G-3B at a gross weight of
2850 pounds with external loads ... nd out of ground effect was con-
du~ted at Butts AAF, Fort Cars:n, Colorado, at a density altitude of
appreximately 9,000 fezt. As a . mparison, H-13H helicopters opera-
ting in the same area were un.bl , with full throttle, to hover in ground
effect at a gross weight of app o -ur arely 2400 pounds.

(3) Takeoffs a:.d L:- L

{a} Normal tak ff ..1 landings were readily
accomplished., In comparison v..th '.e H-13H the 47G-3B had a faster
rate of climb and a slecwer rate of ( :3cent at comparable indicated
eirspeeds.

{b; Comnirol response was comparable with that of the
H-13H during takecffs and landings. However, throttle correlation in
the 47G-3B was not gocd. This was attributed partially to the reaction
of the turbcsupercharger and partially to throttle rigging. During tests,
no adjustments were made tc the throttle rigging to improve correlation.
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of the Bell 47G-3B Heliccpter"

(4) Cruising Flight.

(2) The following indicated cruise speeds were con-
sidered normal at a gross weight of 2750 pounds and the density alti-
tudes shown below:

Speed
Knots M.P.H, * Density Altitude (ft.)
69 80 1,000 - 4,500
61 70 4,500 - 10,000
43 - 52 50 - 60 10,000 - 15,000

(b) The heliccpter, at a gross weight of approxi-
mately 2500 pounds, was flown at maximum permissible indicated
airspeeds as shown below:

Speed
Knots M.P.H, * Density Altitude (ft.)
91 165 Sea level to 10,000
61 7C 15,000

* Airspeed indicator and flight handbook present data in miles per hour.

(3! Autorotative Descents and Landings.

(a}! With the gross weight at 2500 pounds, auto-
rotative landings were made at density altitudes up to 11,000 feet.
Performance of the 47G-3B was superior to that of the H-13H; this
was attributed to the larger rotor blades.

(b} Hovering autorotations were made at density alti-
tudes from 6,900 to 11,000 feet, and engine stoppage resulted each time.
However, when the throttle was closed slcwly, the engine idles satis-
factorily at these altitudes. ({It is understocd that the manufacturer has
eliminated this problem.)
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(6) Slope Landings. Landings cn slopes up to 1C degrees
were accomplished. Ther= was no significant difference in perform-
ance of the H-13H and the 47G-3B.

(7} Turbulence. In-flight turbulence was encountered at
density aititudes varying from 7,000 te 15,0C0 feet. On severzl
occasicngs, retreating blade stall occurred. Control in blade stall wae
positive and recovery easily effected by reducing airspeed. Overall
handling characteristics in turbulence were considered excellent,

(8) Vibrations. No excessive viktrations were found during
any phase of testing. Compared to the H-13H, *he 47G-3B was a much

smoother helicopter in all regimes of flight reported above.

(9) Engine Shut-Down. Engine shut-down was normal.

(a} By decreasing blade drcop at low rotor r.p.m.,
the centrifugally-operated dynamic {fiap-rzsirairers greatly reduced
hazards to personnel and reduced the possiblity of the main roter
blade's striking the tailboom.

(b) The rotor brake decreasad hazards to personnel
and equipment by providing positive and rapid rotor deceleraticn from

100 r.p.m. to zero r.p.m.

d. Transition Training_.

(1) Pilot. Transition training in the 47G-3B can te
accomplidhed by qualified H-13{ } pilots in approximately ore hcur,

(2) Mechanic. Nyo additional training would be required
for H-13( ) qualified helicopter mechanics for aivframe and airframe
dynamic component maintenance. A sho:-t period of on-the-jsb train-
ing would be sufficient for transition to the turbosupercharged engine.

e. Tactical SuitakLility.

(1) The 47G-3B provides advantages over the H-13( ) ir
performance of tactical missions by virtue of its increased payload and
excellent performance capabilitjey at density altitudes up to 15,000 f=et,
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{2} Using a carge sling, externa. loads of 450 pounds
were flown witknut difficully,

{3) The 47G-3B wars examined ‘o de‘ermine its potential
armament capabilities. This examinaticn revealed that, frc . 2 stand-
point of cenfiguration, weight-carrying capability, and available
horsepower, the 47G-3B would accept the XM-. michkine gun kit,

f. Deficiencies and Shortcomings. All deficiencies and
shortcomings repozted ir. Report of Tes:, Proajeci No. AVN 355,
"Service Test of YH-13H Helicozrer,' 24 Acgust :1934; Report of Test,
Project No. AVN 285¢, "Test c¢f Producticn Model H-13H Helicopter, "
May 1957; and Repest of Test, Project No. A/N L96u, 'Evaluaticn of
Modified H-13H Helicopter, ' =re either nct applicable or have been
corrected in the 47G-3B. No deficiencies w=2re encountered; however,
the following are ccnsidered shortzomings -1 the 47G-3B:

Short-oming Sugges:ed Ccrrective Acticn
(1) The electric fuel-bosst-pum;: Mo vs the warning iight tc a
warning light is not readily visi- position readily visible to the
ble to either pilot or copilot. pilct and copilet,
(2) The thro*tle correlaticn is srpoose throttla correiation.
poor.
(3) Rapid throttle closure re- ‘nstall a carbure‘or capzble
sulted in engine stoppage at high cf preventing engine stcppagze
density altitudes. when the throttie Is closed

rzpidly.

5. DISCUSSION.

a. Since the Army nermally cperzies in ztmospheric con-
ditions well above these of sea level standard, the primary advantage
of a supercharged engine such as installed In the 47G-3B Helicopter
is that the engine will develcp s=aelevel horsepower at high altitudes.

A further advantage of the 47G-3B Helicopter is its increased payload
and ability to carry this payload at high ele-rations and density altitudes.
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Under conditicns such as were experianced at Fort Carson, the 475G-3B
could be flown with two :ilste aboard and ar external load of 400 psounds,
whereas the Army H-13H cculd barely be flowr with only a pilot aboard
and no cargo. Therefors, the 47G-5B not cniy 1 rsvides more horse-~
power and payload capacity fcr use in the Army envircnment, but would
be particulzrly suited fcr cperation in arszs where high elevations aze
habitually encountered.

b. Reference is made tc paragrach 4a(l) atove and the us=ful
load of the 47G-3B (935 pounds) zs& ~cmpared 2 the useful 1ozd of the
H-13H (71 pounds):

(1} The ins*alizticn and t'lization ¢f armamernt {the XM-1
machine gun kit) on the H-13H reguired exceeding the allowable weight
and horsepower limits; the 47G-3B with it3 increased payload can easily
accommodate the XM-1 machire gurn ki¢ withcut exceeding the a2llcwakble
horsepower or weight limitztions,

{2} Utilization of *he tull piylcad capecity of the 47G-3B
configuration requires distribution of the i~ad near the center of gravity.
This can best Ye accomplished by irst2liatizn of 2xternal armament kits
or by use of an external sling tc transport high-priority supplies or light
equipment, It s considered that the ztili‘y to transport external sling
loads allows full utilization of the increas=d payload ceapability of the
47G-3B and enhances the tactical sultatility cf the helicepter.

¢. Remanufacture cf the Army H-13H Helicopter t¢ a militaxy
version of the 47G-3B is feasicle and wauld be relatively simgle to
accomplish. Primary mecdificaticns o the airframe would be extension
of the centzr frame 2nd instaliation <f iong=sr rotor blades. Since the
power plants of the H-13H and 47G-3B Heli.>pters are basically the
same, conversion cf the VO-435 en;re to *the TVO-435 can be accom-
plished easily and economically at ergine cverhz2ul, It should be ncted
that any remarnufacture program must inclide toth engine and airframe
modification since ins*allation of the supercharged engine is required
to provide the increased power for better performance, and the larger
rotor is required to take full advantags ot the additicnal power available.
The longer rotor blades aiso improve ‘he autorctational characteristics
of the modified helicopter at the higher gross weights and altitudes at
wh.ch it will be able tc fly.
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SUBJECT: Project No. AVN 2461, 1/62, "High Altitude Evaluation
of the Bell 47G-3B Helicopter"

d. Paragraph 3a{5) above lists minor modifications which have
been incorporated in the 47G-3B, Foliowing are comments as to the
desirability of incorporation of these features in future procurement of,
or remanufacture to, a military versicn of the 47G-3EB:

ITEM

(1) Centrifugally-actuated
dynamic flap-restrainers.

{2) Modification of trans-
mission to improve lubrication.

(3) Modification of antitorque
pitch-change links and pitch
change horns.

(4) Straight landing gear tube
in lisu of curved tube.

(5) Variable, spring-loaded
pressure plate for cyclic
control.

COMMENT

This s a highly desirable product
improvement and safety feature
thzt should be incorporated cn
future procurement or remanu-
facture.

This is a highly desirable product
improvement that should be incorpc-
rated cn future procurement or
remanufacture. Bell Heliccpter
Ccmgarny advises that this modifica-
ticn can be easily incorporated at
ransmission overhaul.

Modification is required with the
supercharged engine in order to
provide adeguate control at high
altitude. This modificaticn shcuid
te included cn any future prccure-
ment or remanufacture.

Change is not desirable. It is under-
stocd that an undesirable weight
penalty of approximately 25 pounds
results from this change.

M-~dification improves suitability
by permitting '"hands off" flight
and shculd be incorporated on any
future procurement nr remanu-
facture.

1c¢
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ITEM COMMENT
{6 Electric fuel boost pump Item is required for supercharged
and 1light, engins to meet F A.s standards,
{7! Tinted plexiglass an This is 2 desireble change previ-
sliding windcws. ~usly recomnmended by the Boazd.

These items should be included on
future procurement but not required
on rzmanufacture unless th:e tubble
znd door plexiglass require re-
c-atement,

(8) Two electric fans. Ti.ese are nice-to-have itams but
are not reguired.

2. Paragraph 3b above lis:s additiznzl equipment provided with
the test helicopter. Following are c:mrmer‘s witk respect tc these items:

ITEM COMMENT
(1) Cargo sling kit. Zhe desirability of a cargo slin
13 g g g
kit (s discussed in paragraph 5b
above.
(2) Rotor brake. This 15 2 highly dezirable item with

the longe> rotor blades for 'shut
down'' under gusty conditiors. How-
erer, provided the centrifugally-
actua‘sd dynamic flap-restrainers
ar: Installed, the rotor brake is

not reguired,

(3) External litters. Currernt H-13H's can already accept
externa: litters if desired.

1l
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¢, CONCLUSIONS,

2. The Bell 47G-3B Helic-p%er is superior to the H-13( )
heliccoprer for pericrmance of tactical missions because of its increased
pavlioad and its atllitv to cperite at gross weight at high density altitudes.

b. Product imprcvzmen® i the H-13H %y remanufacture to a
militarv vewsizn »f the 475-3B is fezeibie and would make the H-13{ )
mocre suitzble for Army ure, pariicuially for operation in areas of high
elevaticn and high density altitudes and in an armament role.

c. Tre adlliticn ¢f a carge sling wculd increase the capability of
a military version cf the 47G-3b,

d. The 47G-3B c¢onfiguration permits installation and utilization
of existing armament {XM-1 Kit] without exceeding allcwable weight or

hecrsepower limics,

7. RECOMMENDATIONS, I*:is ecommended that:

a. Future procurement of cbservationstype helicopters, prior
tc availability of the Light Observaticn Helicopter (LOH), be a military
version of the Bell 47G-2B cornfiguration.

b. Any remanufacturz ot H-13( ) helicopters provide for
cenversion to the miiitary version oi the 47G-3B.

c. The shcrtcomings listed in this repcrt be corrected prior
to prccurem=nt > a military verszion of the 47G-3B helicopter as a

Standard Army heiicopter.
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JACK L., MARINELLI

Colonel, Artillery
President

FOR OFFICIAL USE ONLY



