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EFFECTIVENESS OF ELECTRICAL HEATING in keeping wind-
shie ld Í ree of  ice is  shown in th is photograph taken immedi-
ately aÍter HU2K-1 left test rig.

is anti-iced by internal lubricatÍng oil flow),
and the starter cover or bulletnose.

Production HU2K-1 aircraft are fitted with
a so-called 'rsinglerr engine air inlet which
draws air only from the right-hand side of the
aÍrcraft rather than from both sides as is the
case with the frdoubleil inlet installed on the
earlier ones. rWht1e this stmplified inlet duct
ls not thermal|y protected, it Ís designed to
ensure satisfactory operation in icing condi-
tions. A "blow-inn door is provided to furnlsh
air to the englne when ice clogs the standard
proteetivescreen which is mountedin the inlet
cluct. The blow-ln door opens automatically
when the pressure drop across the inlet screen
reaches a predetermined level, and will re-
main open until closed manually after the
flight. The secondary aÍr for the blow-in
door is drawn from the main transmisslon
ssmpartment, and is sulïicÍent to sustain
normal engine operation throughout its opera-
tÍng range.

An electrical deicing system provides icing
protection for the aircraft rotor system. The
leading edgeof the mainrotor blades and flaps
are covered with a deicing boot consisting of
resistance heating elements imbedded in a
rubber blanket with an integral stainless steel
erosion shield. Power for the svstem is fur-
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nished by the 10 KVA No. 2, or deicing, gêtr-
erator. The three phase A-C outpnt from this
unit is rectified, and 263 volt D-C power is
furnished to the blades through the rotating
stepping switch on the rotor head. Each blade
5es1 ssnfsins eight fulI span heating elements
which are located side by side to cover the
full leading edge area. Power is applied to
only two blade elements at a time-the sarne
element in each of two opposite blades. The
stepping switch distributes power to the t 6
pairs of elements in turn, winding up by ener-
gizing all four flaps at once to complete a full
deicing cycle. Each flap boot contains sply
one heating element covering the entire boot
atea. An ambient-temperafirre-controlled
timer automatically increases the electrical
energy supplied to the blades as the tempera-
ture drops. The only pilot control is a slmple
system on-off switch which relies on the pilot
to recognize possible icing conditions and act
accordingly. Provision is made in the basic
system for incorporation of tail rotor deicing
iÍ this should prove desirable.

With a few refinements to facilitate test
operations, plus a suitable instrumentatÍon
installation, the test helieopter conformed
with the conÍiguration described above. Inas-
much as this set-up represents the proposed
production ice protection system, it marked
the first time that an aircraft had been taken
to Ottawa for test of aproduction system ïyith-
out previous evaluationof a prototype install-
ation.

ïhe Ottawa ieing test facility is essentially
a laxge spray frame, supported 70 ft. in the
air by amast, that produces anartificial icing
cloud of super-cooled water droplets through
steam atomization. Steam and water flow
control allows variation of the cloudrs icing
intensity, aad the cloud is large enoggh to
sornpletely envelope the helicopterts rotor
system as it hovers downïrind from the spray
rig.

Test objectives with respect to the rotor
system were lumped into two general areas-
the effects of icing flight without protection,
ice accretion characteristics, seU shedding,
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TEST ENGINEERS found tail rotor performed in a satis-
Íactory manner at 15" F. without eÍectrical deicing. Providing
deicing protection below this temperature, if required, will
not be difficult.

The other aircraft systens exposed to the
effects of icing tvere found to operate satis-
factorily i:n general. The value of the engine
inlet blow-in door was proven ï/hen large ice
buildups partially blocked the inlet screen,
causing the door to open. In all caaes nor-
mal eneine operation continued uninterrupted.
Operation without the inlet screen ln icing con-
ditlons is not recommended in order to avoid
the possibility of engine lee lngestion aa a re-
sult of ice brealdng off the tmproteeted walls
of the inlet plenum chamber. Windshield and
pitot hrbe heaters functioned without a hitch
throughout the program, aod no freeze-ups of
movable components or a"ssemblles oceumed.
The one exception to this generally favorable
record was the inability of the rotor droop
stops to seat ÍIrmly when carrylng a load of
ice. 

'When 
required during the Ottawa testing,

the stops werebrushed in with a cornrnon straw
broom, but obviously some formof protection
wtll have to be provided in this area.

Tbe lïnprovements and modifications noted
above have now been translated into the hard-
ware stage, and are available for evaluation.
Although it is obviously too late for further
test work at Ottawa this year, these changes
will be incorporated in the cold weather test

6

helicopter, so that their influence on deicing
performance can be determined by use of the
icingspray rig in the climatic hangar at Egltn
Field.

As previously indlcated, no ice detector is
installed inthe HU2K-1 inthe interest of sim-
plicity and lighter weight. Sufficient advance
indieations of entry into icing conditions exist
to enable the pilot to detect the situation and
turnon the deicing system well beforegerious
problems appear. The most obvious of these
would be small Íce formations on the nose
area - windshield wipers, window frames,
even rivet heads. In addition, engine power
required to rnaintain a given fiight condition
will go up due to increased rotor drag. This
poïyer increase was found to be on the order
of 100 to L20 hp at Ottawa, and can be recog-
nized by comFarable increases in N1 and T5
indications. A brief, light taÍl rotor buzz will
also be felt after about two to three mlnutss
in ice as the initial self-shedding of tail rotor
blade- ice takes place. Orce flight in icing
eonditions is established, extreme maluevers
should be avoided since blade maximum lift
coefficient is reduced by ice formations, even
though available lift is essentÍally unchanged at
normal blade angles of attack.

If icing conditions are forecastor antlcipat-
ed, the rotor deicing system can be turned on
ln advance with no adverse effeets. The same
is true of the engine anti-Ícing system, which
should be activated prior to any ftight whenthe
dry bulb fsmperature Ís 39oF., or below, arrd
the dew point is within ?oF. of the dry bulb
va1ue, as a conservative criteria for icing
condition prob abiliti es .

The absence of maintenance problerns with
the SEASPRITE at Ottawa demonstrated that
no specific precautionary work is required
prior to icing ÍIight. Commonsense might Ín-
dicate a functional check for normal deicing
system operatlon somefi.me before the onset
of cold weather. Regular maintenance of the
main rotor slip rfurg, primarily cleaning, will
help to ensure retable system operation.
Thorough inspection of the aircraft should, of
course, be made after flight inicing. Ice shed
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Oo" handbooks and our technical articles in
Rotor fips always refer to torque in trpound-

inches, tt or tfpound-feet, rr instead of Itinch-

pounds, rf or ttfoot-pounds. tt A fewmonths ago,
a careful and valued reader of Rotor Tips
took time out to write us about it. He ex-
pressed the opinion that pound-inches and
pound-feet are not common language. He
felt this might be confusing to our readers,
and that we should use the terms inch-pounds
and foot-pounds when refeming to torque,

There is certainly much to be said for his
point since torque wrenchesand varioushand-
books read that way. Most important of all,
however, a good maJr.y nssfusniss use the terms
inch-pounds and foot-pounds when speaking of
torque. However, one of the specifications
that our handbooks must conÍorm with is ANA

Frorn titne to time in this column, C. L. Morr'ís, Assista.nt Vice
Presil,ent-Field, Seraice Manager, usill comment on sub jects of
particular interest to operating actiuities.

INCH-POUNDS or POUND-INCHES?

Bulletin #261 (30 M"y, 1945) which says a
momentof torque is measured inpound-inches
and pound-feet. Inch-pounds and foot-pounds
are de ined as moments of movement. Since
our handbooks conÍorm with the ANA directive,
we feel that Rotor Tips should be consistent
with them. In dddition, many physics and
machinistsr handbooks use the same termino-
logy as ANA 26I- when referring to torque.

We are looking into the whole question again,
as we have from time to time before. Natur-
ally, however, any change in terminology
could only be done with proper authorization.
But in the meantime, when you see torque re-
quirements, remember that the numerical
values are the same whether yourefer to them
in inch-pounds or pound-inches-foot-pounds
or pound-feet. K a

Applies - No. 8-36, 13 March, 1961
H-438 Use of Locktite Grade 'rEn on the Threads of the

Lag Pin Loclinut K310046-11

No. B-38, 20 March, 1961
Use of Hub and Rotor Shaft Color Coding as an
Installation Aid.

No. B-39, 24 March, 1961
Starter Generator, P/N VG-600-11 Operating
Limitation (H-43B).

CURRENÍ CHANGES

FrErD TNFORMAï|ON DTGESTS (KAMAN)

Applies - No. A-60, 3 April, 1961
HOK-I Use of Hub and Rotor Shaft Color Coding as an
HUK-1 InstallationAid.

Ápplies - No. C-8, 3 April, 1961
H-43A Use of Hub and Rotor ShaÍt Color Coding as an

Installation Aid.
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If you huue a question regarding Kannan
craft maintenance, send ít along to Rotor
The Seruice Depat'tntent's analysts utill be
to answer it.

A. No speclfïc value. ïhe test switch is
only to determine that the fueI quantlty indi-
cator is functioning properly.

Pressing the test switch simulates a lower
fuel quantity; consequently, thepointer should
move to a lower rea.ding and stop. This lower
reading can vary between aireraft, due to the
tolerance in the fuel quantity system units
and the amount of fuel in the tanks.

If, when the test slvitch is released, the
pointer returng to its origlnal reading, the
indicator is functioning properly. - P. A. G.

Q, wuy DOEs TTIE ENGINE OILCONSUMP-
TION INCREASE WHEN PRACÏICING AUTO-
ROTATTON? (Applies H-438)

A. ïbe prÍmary design of the T53-L-18
engine lncorporates provisions for air pres-
sure to help the oil seals function properly.
During autorotation the engine turns without
engine po\iler and the pressure balance of the
englne is disrrpted. In autorotation only
about 65%oof the desired pressures are avail-
a.ble. This loss of sealing pressure will
allow oll to pass through the seal fit tnto the
englne and be consumed with the fuel. This
does no harm; however, if extensive auto-
rotation practice is scheduled, maintenance
people should keep an eye on oil consumption
and be eure that no oil starvation resulte. At
the present time there is no maximum oÍI
consumption established for an engine whieh
uses more oll on a fltght when many autorota-
tions have been made. Of course, if unusual
oil consurnptionoccurs during flights when no
autorotations rvere practiced, then the condi-
tlon should be fuIly investigated. - A. A. W.

Air'-
Tips.
glad

a, WHAT ARE SOME PROBABLE CAUSES
OF ERRAÏIC DIAL INDICATOR READINGS
WHEN USING TIIE K304835 OR K704835 L-
CRANK RIGGING FD(TURE ? (Applies HOK'I,
HUK-I, H-434, H-438)

A, Loosenegs between the rotor hub teeter
loeks and the hub droop stops because of im-
proper clamp-up of the teeter-locks is the
usual cause. Horvever, one of the three fol-
lowing serious conditions may be indicated:
(1) improper teeter pin torque (2) damaged
teeter pin bearings (3) Iarge ID bearing used
erroneously on the emall endof the teeterpin.
ïhese conditions are more apparent when the
L-Crank RiSginS Fixture, or runout tool, is
used vrith the blades installed. - G. M. L.

a, HOril MANY POUNDS OF FUEL SHOULD
THE FUEL QUANTITY INDICATOR READ
WHEN PRESSING TIIE TEST SWITCH? (Ap-
plies H-434, H-438)
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LOCAL BASE CRASH RESCUE

our military services have been using helicopters j
Crash Rescue vehicles for a long time. In the pre-

-43 days, ASR meant merely answering the crash horn,
king your map, warming up the helÍcopter, then fly*
to the crash scene, hoping no fires had started and

for survivors. If there were survivors and the
machine hadnft burned, you made your rescue.

With the advent of the H-43 and its fire suppression
apability, a new dimension was added to the Local Base otll,fï,"ï tt'

rash Rescue. You get airborne much more quickly with the turbine engine
have a fire suppression capability right with you.

How to make best use of these new capabilities? Each base will have pro-
erns peculiar to itself and have varieties of physical layouts, requiri

maginative planning by each local commander to make best use of existing
acilities.

The following factors exist in successful operations: (1) The Base Com-
is 10070 behind the program. (2) The rescue pilots are available,

rested, and free from the entanglement of numerous additional duties. The
for having these pilots available is no less important than that of hav

firefighters themselves available and standing by. (3) Provisions are
forplacing the helicopter, fire suppression kit, firefighters, and

ots in a spot where a quiek scramble is not only possible, but also simFr
efficient.

FROTW THE NEADY ROOIhI

Base Crash Rescue Units opera
for nearly a year. One of thes
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The USAF has a number of H-438 Local
ve. some of which have been in business
licopter units, at Luke AFB, Glendale,
a successful operation.

Arizona, is an excellent examp

The Luke unit is under the direction of Capt. Walter McMeen, with Capt.
Dreibelbis his number one assistant. The people at Luke have the ful

00V0, unqualified support of their Base Commander, their pilots are unen
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KAMAN SCROLLS OF HONOR awarded Íor  their  part ic ipat ion in
the HUK-1 rescue oÍ  n ine crewmen from the tanker Pine Ridge are
displayed by members of  the Hel icopter  Ut i l i ty  Squadron Two,
Naval  Air  Stat ion,  Lakehurst ,  N.J.  Front  row, lef t  to r ight ,  are V.M.
Proto.  ADR3: C. E.  Reuther,  ADR3; and K.  L.  Hel i in,  AM2. Rear
row, Mr.  C.  L.  Morr is ,  Assistant  Vice President  and Fie ld Service
Manager,  Kaman AircraÍ t  Corp. ;  Cdr.  Char les B.  Campbel l ,  Com-
manding OfÍ icer  oÍ  HU-2;  Lt-  ( ig)  Frank J.  Erhardt ;  and David Rush,
Fie ld Service Representat ive,  KAC. (U.S.  Navy photo)

Cfri"t Aviation Machrnistts Mate Martin D.
Sims, Jr., (AP), USN, and his crewrnan'
Arlington L. Levi, AD3; of NAS Agana, Guam;
have been awarded Kaman Serolls of Honor
for their resclte of two Navy s\riulmers who had
beenswept to sea ard were approximately 600
yards offshore.

Therescue, accomplished in anHUK-l, was
ma.de despite choppy waters, poor vÍsÍbility
caused by the combination of whltecaps and a
setting sun, arod hrbulent air eonditions.

The misslon began after one sallor found he
was unable to swim back to shore due to the
strong tide. The other eailor jumped into the
sea to assist his friend and also found it im-
possible to buck the strong current. In hie
report of the incident, one of the survlvors
summed up his feelings with a heartfelt, frl

would like to take this opportunity to thank the

l 4

people in the helo. They certainly lioew what
they were doing. tt

A few days after this mlsslon, personnel
from the Agana Naval Air Station were once
agaln called upon to rescue s\il'lmmers caught
in a treacherous rip tide. Lt. (i$ Allen E.
Weseleskey, already holder of the Kaman
Scroll of Honor, and his creïvrna:r, S. O. Davis,
AD8; responded Ín án HUK-I.

One of the swimmers, a Navy Chief, was
unconscious a.nd being held up by aNavy Chtef
Warrant Officer. The first picliatp waa made
smoothly, even though rain showershampered
visibthty during the entire rescue. Davis
brought the chief ahoard and immediately ad-
mlnistered arttflcial respiratlon. Afler guc-

cessfully revivlng the eurvivor, Davis then
hoisted the eecond sïv"lmmer aboard. He was
completely e:irhausted by his exertions and
narro\iv escape from death.

ICE FLOE RESCUE-H-438 helicopter crew from Selfridge Air Force
Base, Mich. ,  receives congratulat ions Íor  rescuing seven oí  14
persons marooned on an ice f loe in Lake Er ie.  Three others were
picked up by boat and four others by a Navy helicopter. Left to \
right are T/Sgt. Donald A. Anderson, crew chieÍ; lst Lt. Gerald F. t
Pet ty,  co-pi lot ;  Lst  Lt .  Owen A. Heeter,  p i lot ;  and Bi l l  C.  Welden,
KAC.Field Service Representat ive.  The crew members have been
awarded Kaman Scrol ls  of  Honor.  (USAF photo)
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THIS SCHEMATIC DIAGRAM i l lustrates the three basic parts of  the
Harmoníc Dr ive system. (A) is  the r ig id c i rcular  spl ine which is  part
o f  t he  t r a  nsm iss i on  case ;  (B )  i s  t he  f  l e x i b l e  sp l i ne  wh i ch  a l so  supp l i e  s
output  power,  and (C) is  the wave generator  dr iven by power input .
ïhe el l ip t ical  shape oÍ  (C) when dr iven c lockwise def lects the Í lex ib le
spl ine (B) whose teeth progressively engage teeth on the r ig id
spl ine (C),  causing (B) to rotate counterc lockwise.

THE ARRANGEMENT OF PARTS in a typical  Harmonic Dr ive as-
semb ly  i s  shown  i n  t h i s  cu taway  d raw ing .  R ig i d  sp l i ne  i s  a t  (A )
as  pa r t  o f  t he  case ;  Í l e x i b l e  sp l i ne  i s  a t  (B )  and  wave  gene ra to r  a t
(C).  Power input  rotates (C),  def lect ing (B) and causing teeth to
engage (C) progressively.  Rotat ion oï  (B) suppl ies output  power at
the r ight .  As can be seen, only two parts oÍ  the system are in mot ion.
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CHECK AND DOUALE CHECK-U.S. Air  Force and KAC personnel  met recent ly  at  Kaman Aircraf t  at  a Command Review ConÍerence
held to careful ly  examine the H-438 Fl ight  Manual  and consol idate the exper ience of  the var ious using Commands in Íormulat ing a
product ion-type manual  which wi l l  be technical ly  complete and accurate,  and support  the missions of  a l l  us ing commands. As a resul t
of  the Command Review, the manual  wi l l  be re issued wi th a l l  required changes.  Among those at tending the Review were,  seated,  lef t  to
r ight ,  Maj .  R.  C.  Kirk land,  ATC, Stead AFB; Capt.  J .  R.  Lut t inger,  TAC, Pope AFB; Mr.  C.F.  Peters,  MAAMA, Olmstead AFB; Mr.  M. Czuczko,
WAAD, Wright-Pat terson AFB; Mai .  R.  R.  Tyler ,  MATS, Scot t  AFB; Capt.  W. C. McMeen, TAC, Luke AFB; Maj .  J-  T.  Hami l l ,  ATC, Stead AFB;
Mr.  E.  C.  Gust in,  MAAMA. Standing,  í ront  row, L.  A.  Barret t ,  Mi l i tary Operat ions Research Engineer,  KAC; Capt.  W. T.  Calva,  TAC, Nel l is
AFB; Capt.  J .  Womack,  MATS, Or lando AFB; Capt.  J .  B.  Grasser,  ATC, Stead AFB; Capt C.  R.  Ratc l i Í Íe,  Jr . ,  ADC, Kincheloe AFB; Capt.
W. B.  Haaser,  WAAD, Wright 'Pat terson AFB; Mr.  D.  R.  P.  Sweeney,  MAAMA. Rear row, Capt.  J .  S.  Honaker,  ARDC, Edwards AFB; Capt.
R.  E.  Hennessey,  SAC, March AFB; Maj .  S.  B.  Jennings and Maj .  R.  B.  Bai ley,  SAC, Barksdale AFB; S/Sgt.  T.  Lee,  ADC, Kincheloe AFB;
J.  F.  Higgins,  Technical  Wri ter ;  G. L.  Wood, Group Leader,  Service Publ icat ions;  P.  J.  Russel l ,  Senior  Test  Pi lot ;  R.  E.  Slu is,  ïechnical
Wri ter ,  KAC. Other serv ice-at tached personnel  who at tended the Review are:  Lt-  Col .  J .  C.  Schwartz,  Mr.  J.  Young, Mr.  D.  Norman, WAAD,
WÍight-Pat terson AFB; Lt .  F.  J.  Albrecht ,  USN, BUWEPS; Mr.  K.  R.  Ferrel l ,  ADRC, Edwards AFB; Capt.  R.  L.  Maddox,  ATC, James Connal ly
AFB; Capt.  R.  L.  Hur lbert ,  MATS, Scot t  AFB.
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CAPT.  B .  K .  LLOYD,  U .S . Í \ .
Ready for  check f l ight

MR.  R .  L .  WERNECKE,  ENGR-  and  CAPT .  D .  A .
SPURLOCK,  USMC,  pause  du r i ng  i nspec t i on

LCDR.  J .  L .  BLADES,  USN,  and  MR.  W.  J .
HOERMAN, KAC Making pre- Í t ight  inspect i

CAPT .  L .  K .  KECK,  USMC,  and  LCDR.  D .  J .  ROULSTONE,  USN
Looking over their  in- Í l ight  notes

MR.  R .  C .  DUMOND,  ENGR;  AD-1  R .  H .  HAGLER,  USN;  MR.
B .  H .  CRA lc ,  ENGR;  LCDR J .  L .  BLADES,  USN:  MR.  C .  H .
VAN CLEAVE, ENGR. Evatuat ing f t ight  data

Me*fers of the three divisions at the U. S. Naval Air Test Center, patuxent
River, Maryland, are presently conducting Navy Frelirninary Evaluation (ID
with the HU2K-1 helicopter. Members from Flight Test, Service Test, and
Weapons System Test have been flying the SBASPRITB under all weather condi-
tions and both day and night. Their $/ork includes evaluation of flyrng qualities,
mission capabilities, and functional tests of electronic and associated systems.
The teams are gaining familiarity with this new, high-performance helicopter.
From their work will come recommendations and suggestions for improvement
or changes which will further enhance the efficiency with which the HU2K-1 will
perÍorm its vital mission.

Naval Air Test Center personnel who have been in attendance during NpE II
are: capt. B.K. Lloyd; cdr. P.L. sul l ivan; cdr. c.B.Hamilton; Lcdr. D.J.
Roulstone; Lcdr. J.L. Blades, USN; Capt. D.A. Spurlock; Capt. L. K. Keck,
USMC; AD-1 R.H. Hagler; ADR-LD.E. Felix; AD-zK.L. Adams, USN; Mr.
R.L. Wernecke, Mr. R.C. Dumond; Mr. C.H. Varr Cleave; Mr. B.H.Craig
andMr .w .M .B rowne ,Eng inee rs .  
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