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rotor pitch or lift in the same manner as the
aileron on a fixed-w'rng aircraft causeg it to
bank. Thus the helicopter pilot can cause the
angle of attack of the flap to increase or de-
crease in pitch, causing the blade to alter-
nately dive or climb.

Ihe servo flap, as the name imFlies, does
the work of more complicated servo units
used in other helicopters. ïhe forces felt by
thepilotareonly those transrnitted by theflap
and are so light as to be negligible.

Another feature of the synchropter rotor
system is the a,bsence of pitch change bear-
ings. Ibe blades, made primarily of wood,
are fixed in metal grips to the hubs. Ttre
flaps, reacting withthe bladest trailing edges,
actually twists the blades against their own
torsional stiffness. ïhis stiffness is called
trspring constant. rr The amount of stiffness
or spring congtant isdesigned Ínto the blades
and held to close tolerances, otherwise, if
the amount sf sflffngsg wàs not controlled,
the resultlng more lÍmber blade would react
much more quickly than the stiffer blade,
causíng a noticeable out-of-track condition.
One other feattre of the rotor system is blade
folding. ïhe blades can be folded about the
lead and lag hinge, positioning them parallel
to and on either slde of the fore-and-aft
centerline of the aircraft. To do this, lead
stops on one rotor and lag stops on the oppo-
siterotorcan be folded toallow greater blade
movement. Once the blades are in the {olded
position, a hook-shaped lock is trlositioned by

hand and engages the blade grip, thus secur-
ing the blades in a folded position.

Other unique components of the synchropter
are the ilreverserrt and the differential cyclic
shifter (DCS). No attempt will be made at
this time to analyze their functions as they
will be covered in detail in subseqrent para-
graphs.

v

ROTATION

BLADE DAMPERS

TEF;IFR d

BLADE
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The above sompletes the description of the V

s5nrchropter. Before venturing into the basic
control systems, it should be mentioned that,
although Kaman Aircraft has entered into the
field of siagle rotors for the Navyfs HU2K-1,
the intermeshingrotor design is by no me4ns
being abandoned. As Charles H. l(s1mpn,
company president, pointed out in an article
for Aviation Week, r''We believe that each
rotor confi guration has particular adv antage s,
and that it is our job as designers and manu-
facturers to chose the rotor arralrgement best
suited to the requirements.tr

The synchropter has provenmany times the
particular advantages of its twin-rotor design.

Vertical ascent and all other flight rrtarleu-
vers of the synchropter are accomplished by \./
shifting the lift/drag resultant of the rotor
plane. Thi6, in hrrn, is brought about by
three prÍmary control systems: collective,
cyclic and directional. Included under the
directional system are differential cyclic
(fore-and-aft), dÍfferential collective, and
the directional stabilization system (DSS).
The latter is found only in the H-438.

LEFT HAND ROTOR

LEAD BUMPERS
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lows this movement up to the maximum of
six per cent of the full control travel. This
limiting action is automatically controlled by
the cam azimuth in the H-434, H-4BB and
HUK-I. In the HOK-I mechanical stops are
provided that are adjustable when each new
azimuth assembly is installed.

only if both rotors are equally adjusted re-
lative to pitch or lift. So far in our discus-
sion, we hnow how tofly vertically and in any
given direction. To make firrns, directional
pedals are linked mechanically to the basic
collective and fore-aft cyclic systems. Tirrn-
ing of the synchropter is brought a.bout by in-
tentionally changing the relationship between
the rotors with application of the pedals.

When the pilot applies rudder pedal, both
differential collective and differential cyclic
are induced into the rotors. For example,
udren right rudder pedal is applied, the left
rotor increases in pitch and the right rotor
decreasesin pÍtch (see figure 4). This action

H|GH COLLECTTVE, HtcH coNES
LOOKING FORWARD

\-/
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FIG.3 LATERAL CYCLIC LOOKING FORWARD

DIRECTIONAL CONÏB'OL SYSTEM,
|TPOWER-ON|!- Up to now, the synchropter
rotors reacted in much the same manner as any
other helicopter. However, inthe directional
systemthe similarity ends. Dueto the count-
er-rotating rotors, as e>glained in previous
paragraphs, rotor torque is nulified. It is
important to keep in mind that this is true

ó

FIG.4  DIFFERENTIAL COLLECTIVE .  POWER ON
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continued, on page 1 It
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untll ready for use. In addition to preservlng
aerod5mamic cleaaliness, thÍs intemal stow-
age protects the hoist from environmental
hazards, lncreasing reliabillty. The hoist is
provÍded with 100 feet of stainless steel non-
turisting cable, arrd fitted with a cable-cutter
undercontrolof the pilot, actuated by a button
on the pilot cyclie stick grip. ïhe hotst can
lift 600 lbs. at 100 feet per rninut€, arnd may
be fitted with a variable-speed attachment so
that speed of hoisting can be gradually and

continuously varied by the crewman. The
hoist hook has also been shrdied, a:rd a hook
will be available preserving the advaatages of

instant one-hand loading, but which cnnnot be
tripped open by movement of the load, which
has occunedoccasionally with present hooks.

Toassist the pilot inmaking let-downs, and
in hovering, safely and with conÍidence, in all
kinds of weather, the HU2K-1 is equipped
with Kaman-designed Automatic Stabilizing
Equipment which largely relieves the pilot of
the strqin of rnelntaining the let-down path
andsubsequent hover. Although the pilot con-
tinues to fly the helicopter through his normal
flight controls, the stabilizing equipment vir-
tually takes over the task of malntaining the

attitude and speed or hover the pilot has se-
lected. It also rnaintains a desired altitude,
either in forward flight or hover. ïhis al-
titude-holding feature is always operative,
aadacts whenever the pilotreleases pressure
on the collective stick, after it has been pro-
perly trimmed, to maintain the altitude exis-
ting when the stick was released. In addition,
the pilot is provided rrith a true ground speed
instrument whichindicates whena true hover,
relativeto the sea gurface, hasbeenachieved.
ïhe reslrcnse of this cross-pointer instrument
to helicopter motions, ard the electronically-
derived rete-of-clirnb data also displayed on
it are e:rpected to make instrument-hovering
quite feasible. Coupling of these electronic
data into the ASE permit a virtual hands-off
hover at any altttude over ary 1rcint, regard-
less of winds, turbulence, or visibility.

Perhaps the most signiflcant single feature
Ín improvement of rescue capability of the
HU2K-1 wtll be afforded by a guide boom for
the hoist cable. Present helicopter rescue
techniques present the pilot with a formidable
task; he must fly the helicopter, maintaining
horizon contaet by loold.ng out forward, and
at the same time maneuver so as to posltion
the rescue device (usually a seat or net) ad-

(continued on page I8)

e

e

&

NAVIGATIONAL AND COMMUNICATIONS EQUIPMENT located behind HU2K-1's c lam sheÍ l  doors wi t l  a id in accompt ishing
high-speed, long-range search and rescue missions.
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If you lnue a question regarding Kaman Ah'-
craft maintenance, send it along to Rotor Tips.
Th.e Seruice Department's analysts taill be glad
to answer it.

Q, WHAT Is TÍIE PTTRPOSE FOR ïÏIE SLIP
CLUTCH USED ON THE DC GENERATOR
MOUNTING PAD OF TIIE H-434 AIRCRAFT?
(Applies H-434)

4, ïbe sllp clutch ls deslgned to prevent
eheaxlng the generator ehaft durlng aceelere-
tlon or de-celeratÍon of the engine. A large
amount of energy ls required to start the gen-
erator lnto motlon, conversly, dtre to ltsf
lnertia momenhrm 1t wfll not slow down as

Ertckly es the engÍne.

Torque range for the slip clutch ls gÍven
as 400-600 inch pounde; sllp values above or
below these langês is calse for rejecflon.

To check the sllp clutch (1) remove the
generatori (21 uElng a plece of square hex
stock to fit Ín the spllne of the clutch, and a
standard s/g trch drÍve torque wrench et the
other end of the adapter, read the torque to
dsf,sirnlnslts value. Another method Ísto use
an old generator shaft gromd square on one
end to flt an adapter for the S/g fncl drlve
torque wrench. - C.W.J.

t o

Q, WHAT CAT.I BE ONE CAUSE FOR THE
ROTOR BI,ADES TO BE INTERIVÍITTENTLY
OUT OF Ïts,ACK IN FLIGHT? (Applies HOK-I,
HUK-I, H-434, H-438)

A, A bhding flap cable at the íntroar:d end of
the serryo flap is one cause of fuÉermittentout
of track. If a flap cable ls found bipding, the
ftrst thlngto doistotqrlst the outboard slotted
end of the cable with a screw drlver. If a
reasonable amount of tumtng force doee not
free the cable, remove the outboard nut and
tapthe cóle gently wtth a plastic mallet which
ehould free lt. A more permanent solutlon
to the problem ls to lap the flap cable soeket.
This can be done by uslng a discarded cable
and ball assembly and some double tor grlt.
Ttren cleaa the ball and eable shank and wlpe
on a coat of light oll before re-lnstalllng.
-  c . J .N .

IGN ITOR PLUG

Q- wnAr Is A pRrIuE cAusn FoR rcNIToR
PLUG FAILURE? (Appltes H-438)

A, Ignttor plug malfunctlonlng has been
caused by constant chaftag and rubbtng be-
tween tàe tgnttor plug and the combustlon
cha^mber líns1. lhe openlngs ln the llner for
the lpltor plq wfll vary and shtft wlth heat
and vtbratlon. ïhls results Ín contect be-
tweenthe lgnltor plugs andthe combustlon llner
wblch causes brealdng of the ignÍtor plug
porcelaÍnlngulator. Thls, lnhrrn, wlllglve an
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FROM THE READY ROOM

SLOW FLIGHT CHARACTERISTICS OF
THE H.438 HUSKIE

rom tal(eoff to hover, several features of the HUSKIE immediately be-
apparent to the helicopter pilot checking out in the H-438. First no-

ced will be control symmetry, as exemplified by lack of rudder require,
ment to counter-act changes in torque with changes in

. Rotor rpm loss or po\Mer droop does not occur
applicatÍon of rudder pressure, although extreme

manuevers may require power adjustments as a
function of rate of turn. Ttrese features of control sym-
metry, combined with proper control sensitivity, pro-
duee a docile helicopter in a hover.

In general, all helicopters to date have been limited
in their operations, eitd scope of operating conditions, due to power limita-
tions. A highly guccessful, and different, power concept has been incorpo-
rated in the H-438 whereby it is torque-limited rather than power-limited.
Since \Me are torqre-limited, the pilot monitors the torquemeter installed in
the helicopter to avoid delivering more power to the drive syÊtem than it is
designed to take. The torquemeter registers actual horsepower beÍng de-
livered regardless of rpm a^nd can be used to gage a 'rGo - No Go" situation
from the standpoint of power available. For example, if 35 psi of torque is
required to lift a eertain gross weight at sea level, it will require 35 psi of

':ltorque to do the same job at ten thousand feet.

The faet that the aireraft is now torque-lirnited permits as much as 2570
power reserve, on a standard day, improving performance greatly in high
1sïnperature and altitude conditions. When the HUSKIE encounters flight
eonditions requiring more power to perform eÍïiciently, ttre pilot can draw
on the porper reserve right up to design stress of the various power trans-
mission parts. ïhe successof tàis cohcept can be geen in therecent altitude
record set by a standard, production-line H-438 in its climb to 30,000 feet
at mission gross weight.

l Í ; . . f ,rír i , j f"
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characteristics of the H-438. When opera-
ting in the slower speed ranges, it is com-
fortingto lonow the HUSKIE can be autorotated
successfully from slightly over translational
airspeeds (15-20 lcrots) and from compara-
tively low altitudes. Rotor rpm decay sub-
sequent to throttle-chop is slow, &d, since
the HUSKIE autorotates at an rpm lower tbaa
its normal powered operating range, more
time is availa.ble for smooth autorotation
entrieg. Good rotor rpm stability provides
for a comforable linear rate of descent in
autorotation. A moderate flare at the proper
time gives a nice rotor rpm increase and
plenty of rrstopping power" is available. ïhe
H-438 is equipped ïrith sturdy landing gear
capable of withstanding an eight foot per se-
cond drop, &d since there is no torque re-
action due to the s5rmmetry of the control
system, power recoveries and power losses
in a hover are easy to handle. Ttrese auto-
rotating characteristics, together with a com-

-  --&
Synchropiel continued. Jrom page 6

is loown as differential collective and eauses
the left rotor to have more lift and the right
rotor less lift, thus banking the helieopter to
the right in the same manner a fixed-wing
aircraft banks to the right. SÍnce both rotors
are no longer of equal pitch, the rotor with
the HIGHER pitch produces a greater torque
reaction than the rotor with the lower lift.
An unbalanced condition then exists which
causes the helicopter to turn in the direction
of the greatest torque, or to the right in this
case. Conversely, when left rudder pedal is
applied, the right rotor lncreases in pitch,
the left rotor decreases in pitch causing the
helicopter to bank and turn to the left since
the greatest lift and torque reaction ís now
about the right rotor. It must be remember-
ed that this occurs uÀile the helieopter is in
powered flight.

As differentlal collective is induced in the
rotors, another action, loown as differential
cyclic, takes place simultaneously. Applica-
tion of right rudder pedal not only causes the
left rotor to increase in pitch, but also tilt
forward, (see figure 5). Ttre right rotor de-
creases in pitch collectively and tilts aft.

l 4

fortable rate of descent, (1500 feet per min-
ute or less) reduce the trDead Manls Curverr
by helicopter standards as we licrow them.

ttPower settlingrr in the most diffÍcult land-
ing situation should be no problem. Our test-
ing has revealed that better than 500 feet per
minute rate of descent with zero airspeed is
re4rired to approach this phenomenom. These
parameters should be considerably beyond
the normal scope of operation.

In analyzing these characteristics, it can
be seen that the H-438 HUSKIE has nearly
unlimited mlssion applications in its weight
class where slow speed and refined control
are required for the unique capabilities of
the helicopter to be fully utilized.

The H-438 is at home in the flightregimes
briefly mentioned here. There are many
techniques which can be learaed to extract
the maximum performance from anyhelicop-
ter, but fewer are required of the HUSKIE
pilot to enable the completion of the mission
assigned. K

*<-qi>5-ft'.1.

---RIGHT ROTOR

-=:: ; ,_ '--_LEFT ROTOR

FIG.5 DIFFÊRENTIAL

RIGHT TURN
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increages pitch and the right rotor decreases
piteh. lhis causes the helicopter to turn and
bank to the right. On entering autorotation
v&ile maintaining the same amount of right
pedal, the ptlot lowers his collective lever to
the fuIl trdo\rínrr lnsition, and the signal rod
from the collective lever automatically and
mechqnlcally causes an overeentering lever
ln the reverser to shift moving the output eide
of thereyerser in the opposttedirectloa from
that applied by the rÍght pedal. Ïbis action
reyerses the pitch between the rotors, de-
creasing pitch Ín the left rotor, and increaÊ*
ing piteh tn the rlght rotor. lhe direction of
tum is now in the same direction as rudder
applied and, so far, the reverser has accsm-
plished what it was designed to do. Ilowever,
as ln most reversing mechanigms, there is a
pecullarity which, in this case, oecurs i:r the
ttdwell zonett, or neutral area, which the re-
verser must pass throughin order toreverse
the control direction.

As the pilot lowers hls collective lever
from a normal power-on flight condition to
the full rtdosrntt position for autorotation, the
reyerger shifts from normal to reverge.
Drring this time, at some lntermediate col-
lective lever positlon, the reverser paÊses
througb this dwell zone. Ïhere are times in
flight whenthe pilot may fly at this intermed-
iate stick position (partiaf power fiight during
a letdown). If he were to apply rudder pedal
with the reverser in the dwell zorre, there
would be no rtlffssslrflal collectlve oufinrt and
all the pilot would be relying on for a turning-
foree would be differential cyclic. Conse-
quently, the dlrectionalcontrol would become
lnsufficlent due to the Lack of differenflal col-
lectlve, a powerful tuming force.

To oyercome thie peculiarity, which is a
marglnal condition, a control linkage has
been added to the dlfferentlal cycllc eystem
to augment the differential cyclic control.
This is called the dirferential cyclic shlfter.

DTFFERENTIAL CYCLIC SHIF TER (DCS) -

Ibe primary pru?oseof the DCS Unkage 1s to
increage the outlxrtof the alrea.dy presentdif-
ferential cyclic control so there will be ade-

l ó

quate directlonal control whenever the rever-
ser is ia, or near, the trdwell zonett (see
the schemetic diagram figure 7 for the prfuil-
ciple of operations). Illustrated 1s a rudder
pedal, eollectlve stick, DCS linkage and a
rotor disc. Crosses (+) indicate fixed pivot
points.

The rudd^er pedal is linked to the DCS link-
age by an inprt control rod. An outlut con-
trol. rod links the rotor disc thru a bell-crank.
ïhe collective lever is illustrated by three
rlifferent stick positions, numbers 1,2 and 3.
Position (1) is full down collective (autorota-
tion). In this position, cayïr rrAtt is at its low-
est point in the DCS link slot. Movement of
nrdder pedal at dourn (1) collectlve position
causes the rotor to tilt a small amount about
its neutral position. IVith the collective lever
at the intermedlate (2) position, reverser
dwell zo: e, point rrAtr riseg to the upper end
of the link slot. Movement of rudder pedal at
this collective position causeÉt maximum
rotor tilt (differential cyclic), increasing the
effectiveness and compensating for the little
or no differential colleetive outprt conditlon
which e>dsts. UP collective positíon(3), nor-
malpower-on flight, causeg point rrArr to tra-
vel back down toward the bottom of the link
slot thereby redueing the amount of differen-
tÍal cycllc to its normal output. ïhe reason
Ís that differential collective ls now in play
with the reverser in its normal operating
range. If point rrArr of the DCS was allowed
to remain at the upper end of the link slot,
the pilot would be over soaf,ro'l lin g iu his turns .

Further applicationof collective stlck above
position (3) has no effect on the DCS as this
motion is absorbed in a bungee (HOK, HUK,
II-43A) located between the eollective lever
and DCS link assembly. In the H-438 a pro-
grarnmer camis used, incorporating an over-
ride slot.

DIRECTTONAL STABILIZATION SYSTEM
(DSS)- ï.oe II-438 hrrbine-powered heli-
copter ls the newest in the Kaman famlly of
sSmchropters and incorporates an automatic
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Advanced Water Rescue ConcePts
continued, lrom page I

jacent to the surrrivor in the water. ïn the
ease of the net, he must actually drag the net
up to and dip out the immoblle survivor. The
hoist cable Í.s traillng behind the helicopter
completely out of his area of vision; and the
pilot mustdepend upon intereom signals from
the erewman, or risk peering out and back
with consequent loss of horizon reference at
low altitude. The problem is further com-
plicated by the fact that the hovering heli-
copter and wave-tossed survivor each has its
independent motion, not necessarily ln phase.
It would be easier to grab a prize with the
mechanical claw in the penny arcade, while
blindfolded.

the HU2K-1 installation will rectify this
sifirati.on by meqns of the guide boom which
attachesto thenose of the hellcopter and pro-
trudes about I feet sideways. ïbe hoist cable
willpass throughthe endof this boomand then
down, to contact the water in an area easily
visible to the pilot, pernitting direct visual
control of the situation without changing his
position in his seat. Upon hoistlng, the hook
on the cable wtll pick up the boom, which will
swing up and aft to position the hook directly
over the door in the side of the helicopter for

easyaceess to thesurvivor. ïhe rrpole-vault-

ingrr action of the boom keeps the survivor in
view of the pilot and clear of the side of the
helicopter until the last few feet of the hoist
travel, whenhe is swungdirectlyinto the door.

This guide boom should be useful not only
in rescue operations, but inroutine helicopter
utility chores, such as transfer of personnel
and mail.

In conclusion, Kaman engineers are con-
stantly studying ways of improving helicopter
rescue lsshniques and devices. Now in the
research stage, for example, is self-propell-
ed eqripment, similar to a miniahre floating
drydock, which can be attaehed to the hoist
cable. It would be inflated by the crewman
andpowered by twinscrews drivenby electric
motors. Power for the motors, and steering
signals, are delivered from the helicopter
vÍa conductors buried ln the holst cable.

ïhe theory being followed is that the heli-
copter crewman should be able to guide this
rescue devÍce through the water to an im-
nobile survivor and ttgather him in, ft as the
aireraft hovers in easy view. ïhere would
be no need for the rcopter to tow the equip-
ment while the rescue was in progress. K
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CAPTAIN WALTER C. McMEEN, USAF, receives a Kaman
Scrol l  of  Honor f rom Harold W. Hines,  KAC Field Service
Representat ive at  Luke Air  Force Base, Ar izona. Lt .  Ryland
R. Dreibelb is ( leÍ t )  and TSgt.  Wi l l iam H. Erkert  a lso received
Scrol ls  for  their  part  in a recent  rescue mission.  ïhe three
men crewed an H-438 HUSKIE dur ing the rescue of  three
teen-age mountain c l imbers.  In addi t ion,  Captain McMeen,
who commands the Search and Rescue Uni t  at  Luke,  per-
formed another rescue wi th the HUSKIE recent ly ,  in the
Grand Canyon.

MASTER SERGEANT LeROY E. CATRON, USMC, and Acting
Corporal  Eddie R. Scot t  are presented Kaman Scrol ls  oÍ
Honor by Lt .  Col .  Clarence F.  Zingheim, Commanding OÍf icer ,
Mar ine Aircraf t  Repair  Squadron 17,  lwakuni ,  Japan. Ser-
geant Catron,  a veteran hel icopter  p i lot ,  wi th Scot t  as crew-
man, rescued a U.S. Navy pi lot  fo l lowing a mid-ai r  col l ís ion
of  two jet  a i rcraf t .  The rescue was performed in a Kaman
HOK-I .  Looking on is  Lt .  Col .  Char les D. Garber ( r ight) ,
Faci l i ty  Operat ions OÍf icer .  (Off ic ia l  USMC Photo)
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