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A second trainer, now being assembled at
Kaman AircraÍt, will be used for instructing
the last two Navy groups at the plant and then,
aÍter being checked out by NAMTG, Memphis;
will be used for training Pacific F1eet per-
sonnelon the West Coast. Servicerepresent-
atives from the companyrs Field Service De-
partment will accompany the trainers for a
six-month period.

More than a year-a:rd-a-ha1f of research
and planning in close cooperation with Navy
e4perts is represented in the two trainers.
Constantly in the minds of those at Kaman
participating in the design ald construction
of the trainers was the Navy philosophy that
the quality of the training devices used to in-
struct its personnel is of the utmost import-
aneebecause of themajor part good mainten-
ance plays in the performance of an aircraÍt,
or any other weapon.

The trainers consist of three pa.nels: (1)
Hydraulic; (2) Flight Controls, Transmission
and Power Plant; (3) Electrical. Eaeh pa:rel
is comprised of several sections and ineludes
all belicopter conponents in the systems re-
presented. Duplication of systems or com-
ponents is avoÍded. However, in some cases,
mock-ups or plastic animated devices are
used to more clearly show operation and
maintenance principles while the eorrespond-
ing acfual parts are mounted on one of the
other panels to provide for training in ser-
vicing and in installation ahd removal.

The panels include provisions which enable
theinstructors to simulate possible malfunc-
tion in the various systems and components.
In this way, maintenance personnel wili re-
ceive actual experience in trouble shootÍng,
Some examples arer Generator failure with
resulting automatic operations of emergency o

-_ e€*etb;

THE HU2K- l  SEASPRITE-U .  S .  Navy  pe rsonne l  a re  now  unde rgo ing  i n t ens i ve  Í ac to r y  t r a i n i ng  i n  t he  ma in tenance  o ï  t h i s
h i gh -speed ,  l ong " range  he l i cop te r .  The  t u rb i ne -powered  a i r c ra Í t  w i l l  be  used  Í o r  sea rch  and  rescue  t oge the r  w i t h  u t i l i t y
and  l i a i son  du t y  w i t h  t he  F lee t .
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FIRST DAY-Robert Spear, assistant supervisor, training;
explains operation of rescue hoist control on hydraulic sys-
tem training panel to D. G. Beasley, AT2; and R. R. Porter,
ATN3; during tour oÍ classrooms.

system, ventlng of accumulators requiring
recharging; stoppage or loss of pressure in
hydraulic llnes and fatlure of electrical con-
trols for the rescue hoist.

Some of the most unusual features of the
trainer are in the deslgn of the Flight Con-
trols, Transmission and Power Plant panel.
This panel, approdmately 20 feet long, can
be sqrarated into three sections using qdck
disconnects. The maximum length, in ship-
prng conditiàn, of these sections is 12 feet.
Ïlrey can be reassembled under al0-foot high
ceillng using only the special support equip-
ment supplied with the trainer. lbe forward,
or cockplt section of tbÍs panel forms a com-
plete Automatic Stabilization System (ASE)
trainerand ca.n be disconnectedandrolled in-
to a separate classroom for f,pnÍní1g on ASE
while the aft sectlons axe used i11 11'alnlng on
transmlssion, power plant, main and tail
rotors and other components. {Ihis method
of operation doubles the number of sfirdents
receivlng f1'qining ln a given pertod of time.

In addition to hydraultc systems and com-
ponents, the Hydraulic panel lncludes the
helicopterts flotatlon geax. In order to de-
monstrate operatlon of thls eEripment and to
pfovlde for serviciag, it was necessary to
simulate action of the gas generator used to
lnflate the flotation bag on the aircraft. Ïbe
gases generated by this unit could cause a
serious problem in a classroom, therefore,

6

'LECTRIC LECTURE-KAC Instructor  Robert  Krans explains
HU2K-1 electr ical  system to R. E.  Mikesel l ,  AEC; M. E.
Richards,  AE2; V.  F.  Knight ,  AEC; D. G. Beasley,  AT2; R.  R.
Porter ,  ATN3; and H. E- Pasch,  AEMAN.

an air compreÊsor a.nd tank have been fun-
cluded. Use of the achral aircraft controls
on the panel achrates a valve releasing com-
pressed air to the Ílotation bag thus tnflating
it in a manner sirni.lar to the actlonof the gas
generator. lhe air compressor and the
hydraulic pump which supplies pressure to
the panel are mounted on a separate unit
whlch may be located outside the classroom
to eliminate noise.

The HU2K-1 Handbook of Maintenaace In-
strlctlons wlll be used for maintenance train-
ing on the panels end all special support
eqtrlpment requlred for the helicopter will be
provlded. this will insure, for the malnten-
ance personnel, complete familiarity with
thehandbookand equipment they will be wing
in the Fleet.

To summarize the ttHUzK-l Tralner Story, tt

every effort has been made by Kaman Air-
craft to ellminate in the deslgn of tbls train-
€T, all problems eïperlenced by the Navy on
existing equlpment and to provide both a
f,lalnsr and training that meet or exceed the
Navyrs high standards. When the instructors
from NAMTG complete thelr check-out of
the trainer later this year, we wlll have a
good indication of how well this has been
aceomplished--but the final results will be
best measured by the performaace of the
HU2K-1 Weapons System with the Fleet. K
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If you h,aae a question regarding Katnan Air-
craft mainteno,nce, send ít along to Rotor Ti,ps.
The Seruice Department's analysts usilt be glad
to anszaer it.

W@rmu
a. RoroR BLADEs AppEAR To HAvE A
DIFFERENT FABRIC COVERING TTIAN DO
THE FLAPS. IS TïIIS SO? (Applies HoK-l,
HUK-I, H-434, H-438)

A- Yes. Blades are covered with cotton bal-
loon cloth spec. MIL-C-332, T5rpe III tnd the
flaps are covered with a Rip-Stopnylon fabric,
Spec. MIL-C-7020, which is thinner, lighter
and stronger than balloon cloth. The Rip-
Stop nylon fabric can be recognized by the
checker-board texture, while balloon cloth
has a smooth texture. -N. W.

A, ISTHERE ANALTERNATE FLUIDTHAT
CAN BE UTILIZED WHEN SERVICING THE
CoNTROL DAMPER P/N K350154-3, SESCO
P/N p025-800E? (Appties HOK-I, HUK-I",
H-434, H-438)

A, No, the only damping fluid specified for
use in the P/N K350154-3 Sesco darnpers êt
this time is Dow Corning #200, (100 centi-
stoke), FSN 9150-269-8246. Ttris fluid will
be replaced in H-438 production aircraft in
the near future with Dow Corning #510 (100
eentistoke), FSN 9150-597-6628 because of

8

its ability to withstaad fsmperatures as low
as -90oF. The use of a viscosity grade other
than 100 centistoke (Dow Corning Fluid), is
not recommended since readjustment of the
damper would be reErired to maintain the
desired damping rate. Ttrere is also the
question of incompatibility when mixing siti-
cone t5rpe fluids. As an example, #510 fluid
when mixed vritÀ #200 causes clouding a:ld a
slight residue forms. --R. A. B.

T I P  D O W N

FLAP CONTROL ROD

a, WHEN TRACKING ROTOR BLADES
HOW MUCH TIP TRAVEL OCCURS FOR A
GIVEN AMOUNT OF ADIUSTMENT AT ÏTIE
Tts,ACKING TURNBUCKLE AND FLAP TO
BLADE CONTROL ROD? (Applies HOK-I,
HUK-]", H-434)

A. The following blade tip travel figures are
provided and shouldbe construed asapproxi-
mate because of variations in air density,
temperature and blade spring constant. These
figures are representative only with the col*
lective pitch stick full down and engÍne rpm
at 2200 during ground tracking in no wind
conditions.

Point
Amout of
Adju6tment

Flap Angle
Chmge

Blade Tip6 Travel I'OK-HUK, H-43A
ffi

Blad€ Tirm-
Buckle

One Hole o o  - 3 , 3 / 1 6 "

One ïurD o" . 25' L r/2" 1 "
Flap Rod I/2 T\rrn o w  . 4 2 1 2 3/8" r s/8"

NOTE: One half turn of the flap rod clevis
equals 13 holes of adjustment at the tracking
turnbuckle. - C. N.

\

TRACKING TURNBUCKLE

T I P  U P
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SYNCHROPTER ROTOR SYSTEM
TRACKING and RIGGING

T*, article on riggtng and tracldng helicopters using
the synchropter or intermeshl.B rotor blades design ls
almed at aldrng ptlots checldng out aireraft after new
rotor blades have been installed.

Duing the followtng rigging proeedures the terms
treonetr and rrapexfr wlll be used to describe condltions

the rotors durtng hrrn-up. ïbe cone of a rotor is
dtsc shape the blades form as the rotor ls turning. ANDY FOSTER

Tesl Pilotïbe emaller the angle of the blades, as measured from
a plan6 perpendlcular to the rotor shaft, the lower the cone. ïhe apex is the
poht at which the blade tlp path planes of the two rotors lntersect, often re-
ferred to as rrcrossover. tr ïhe aecompaaytng lllustratlons show the rotor
eone and opex or erossover as they would appear faclng the front of the heli-

-.ïi{copter. A properly rlgged synchropter wlll require neutral nrdder regard-
.  l i l r ^^^  ^ r  ^ -^^ r  - ,L^ -  + ra^  - reà iá++ rà  r i  r ^ - la -^^ , r  r r ra r^4  an  a  aana*ar***,{less--of speed or power when the alrcraft te tn balanced ÍlJght on a constant
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eauseof these factors, gome experlencemust
be gained ln order to see the crossover pro-
perly. You may get the indication that you
need a much larger nrdder correction than
you really do, tf the cones are high and the
collective 1s in the dwell zone. This can
happen Wlte easily when the gross wetght of
the aircraft is light. Rotor rpm is aaother
varlable, since lese collective is reqrired
with higher qpm.

Now, letrs go on with this imaginary rig-
gÍng and tracldng job and see what else de-
velops. We are increasing rpm slowly and,
as I mentioned earlier, any combinadon of
the basic problems can be present. Letts
say lnthis case you have been, and should be,
holding brakes órr*trg yonr run-up, and as
the rpm gets withtn the low fifght r?m range,
you encounter an ttout-of-tracktr condltion
extreme enoughto needcorrectirog before yotr
go any further. It is llkely that ln this brlef
tum-up, Jrou were unable to get a t'good feel'l
for crossoverlocation or anyother indication
asfar &g eones were esncerned. Ia thls ease,
lower the hlgb blade and raise the low blade
by the sa"me amount. You can expect that a
one-half firrn adjustmeat at the senro-flap
clevls will glve you appro:dmately L-L/Z ta-
eheg of blade up or down tip travel and that a
l3-hole a.djustment at thetracldng turnbuckle
will give approxlmately the same amount.
ïheee figures can only be "ball ptrH', or
approdmate, flgures becanse of tolerance
butld-ups in blades and flaps.

After adjustments have been made, tàenext
tum-up n'iIl again be slow, as you feel your
way to a htgher rotor rpm. Thís time, yor
can get ma^:dmum rpm, but as Jrou release
your wheel brakes, the helicopter wants to
hrrn in one direction or the other. It s'ill
turn, in this case, 1n the directlon opposite
to the rotatlon of the high cone. Make your
cone adjustment so as to favor the overall
cone settlng. You may have been able to feel
the aircraÍt getting light on the oleos. lbis
ls generally the case wherelarge torque dlf-
ferentlals are e:<perienced.

It may be worth mentlonÍng at this point
that you eould have had a cone, or comblna-

t 2

tlon of cone gettings, tàat would have made
the airaraft ltght e'nough to tur:n ln spite of
the wheel brakes betng on. In thie ease, re-
dtrce rotor rpm lmmedtately, As for the
amount of correctlon requlred to get the
nrdders back to netrtral, we can expect 1t to
be in excess of two hrnrs at the flap. You can
usually get one to L-L/Z inehes of dlfferent-
ial mdder for every one-half hrrrr at the flap
on a eone adjustment. After having made
this correctlon, you can expect that the nrd-
ders will betn the "ball pffik, " andit ts likety
that you cen go into a hover and, poeslbly,
forn'ard ÍLightonthis firn-up. Cautlon should
sttfl be used ln getting the ship alrborne,
however, since it is posslble (and it has
happened with very good mechanics) that the
adjustments have been made fuo the rrrong
direction.

In attempttng to get the aircraft airborne
for the flrst tlme, low fifght rpm is recom-
mended. Tbe reason for thle is that more
collective wlllbe required to get airborne,
thereby assuring that colleetive wtll be out
of the dwell zone. Small amounts of rudder
in eaeh directlonshould be used as collective
Ís Íncreased, a.nd the alrcraft becomes light,
toassurethe pilot that he bas positlverudder
eontrol in each direction.

the rernatnÍng partof rtggÍng and tracking
the aircraft wttl be setting the autorotatlon
rpm accordlng to the chart, adjusttng the
mdders to neutral for hover and any 'rflnett

blade tracldng that migbt be required.

I mÍght mention that thte example of blade
tracklng Ís not usually the case, slnce initial
rigghg is seldom this far off; but it can, aad
does happen so the pilot mwt be prepared
for it.

trFinerr tracking the aircraft is usually not
too difflcult but, sometimes bad weather
conditions (wtnd and turbulence), and,/or per-
haps the occaslonal correction in the wrong
direction, can cause the pilot to wonder what
ls happening to him. In the newer modelalr-
craft the in-flight tracking equipment ellrnin-
ates the need to do fine tracking on the ground,
so far as traelilng one blade to the other ln

a
a
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emphasis is placed on so-called "ground
resonancett and the destruetive results that
can develop from it unless proper corrective
action is taken. Maintenance of the helicopter
can have an importaat bearing on ground
resonance, so it seerns appropriate todiscuss
it briefly here.

Actually, there are two basic types of
resonance generally associated with heli'
copters- one is the ground resonance just
mentioned; the other is "rig" or 'ftle-dowu

resonancetf which is a particular type of
ground resonance. In order to satisfactorily
e4plain the meaning of these terms, it is
firet necessary to give a general description
as to what resonance is as eneountered in
everyday life.

Any stmcture or mechanism has its own
natural vibratory frequencies. If some par-
ticular vibratory force has the same fre-
quency as one of the nahrral structural fre-
quency, the structure or mechaaism is said
to be operating IN RESONANCE. An example
of this occurs when a car is being driven over
a rough road, for the occupants may find it
especially rough at one speed, but, if the
vehicle is driven faster or slower, it may
get rout of resonancer with the rough spots
and the ride will be quite smooth.

A helicopter rotor system is no exception
to the rule, for it has its own natural vibra-
tory frequencies. Due to limitations on the
size and construction of rotor blades, some
of these natural freqtrencies rnay fall in a
range that is resonant, or in phase with, the
turning speed of the rotor or wlth other parts
of the hellcopter structure sr psshqnism.

Since the whirling rotor mass has a tremen-
dous amount of energy stored in it, engineers

t4

Each month in this column, C. L. Mot'r'is, Assi.stant Vice President-
Field Seruice Manager reports on a subject in utltich particular
interest  has been shoun

GROUND RESONANCE

I

f) uring the early trq i n ing of helicopter pilots, must introduce checks wherever such reson-
ance is discovered in order to avoid serious
diÍïiculties from the rotor mass. The great-
est problemof this natureis termed GROUND
RESONANCE. Ttris occurs when the landing
gear, while in contact with the ground, trans-
mits a rockiug or sideward motionto the rotor
system, at a particular frequency. Ttris, Ín
turn, forces the rotor blades somewhat out of
theirnormal balanced pattern; the unbalanced
rotor systen then passes the impact back to
the landing gear and the cycle repeats itself.
Ground resonance need not be serious unless
it is UNSTABLE or divergent, that is, unless
it grows increasingly powerful. ïhe rocking
that some helicopters experience during rev-
up or shut-down is not ground resonance; it
is quite docile due to low rotor speeds and to
thefact that the rotor soonpasses through the
resonant speed.;:-q

continued on page 76

EXAMPLE OF RESONANCE is shown in th is sketch oÍ  a d iver
test ing the board Íor  spr ing.  The or ig inal  downward thrust
oÍ  h is legs,  which removes the weight  of  h is body and al lows
the board to spr ing into the ai r ,  establ ishes the f i rs t  cycle.
Provid ing his t iming is  correct ,  h is feet  wi l l  make contact
wi th the board in phase,  oÍ  in resonance, wi th the v ibrat ion
oÍ  the board.  However,  i f  the diver 's  t iming is  oÍ Í ,  he wi l l
no longer be in resonance wi th the v ibrat ion f requency oÍ  the
board,  and he is  brought to an abrupt  and io l t ing stop.
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ed to, andpivotson the blade, and itcontinues
the pilotrs control eommaad to the servo-
flap. Horuever, if a gust of air or other dis-
turbance twists the blades in one direction,
the 'rbell crankrt is forced to rotate with re-
spect to the "walking beam"; and it thereby
moves the remaining linkages w"ithinthe blade
to rotate the flap in the correcting direction.
Tbus, the aerod5mamic spring is always
centered. The pilot, by manipulating the
controls, establishes this centering point of
blade pitch; a:rd the aerodynamic spring re-
stores the blade, if disturbed,to this center-
ed position.

If a mechanical spring was used, either
the purely mechanical or the structural
equivalent, only one centered position would
be possible; and preloads have to be estab-
Iished through servo-flap loads, if the blade
is to be stabilized at other than the centered
posÍtion.

:á' 
{È *- -r}'à r}t

The aerod5mamic spring therefore permits
the servo-flap to operate at much lower total
lift levels, reducing stresses not only in the
flap andsupporting strueture, but in the por-
tions of the blade influenced by the flap
structural attachment. This design saves
power, reduces vibration levels, and allevi-
ates blade tip stall at high speeds. A further
advantage of the Pitch Feedback Rotor Con-
trol System is that flap loads remain pro-
portional to blade loads as altitude is increas-
ed. Therefore, the effectiveness of the
control system no longer changes with alti-
tude.

The basic research and design of this new-
est development of the Kaman Servo-Flap
Control System has now been completed. It
will be an integrai feahrre of the HU2K-1high
speed utility helicopter as it enters service
next year. Look for it! ! ! K

*--r-TÍ:.- {ri

importance of tire pressures, strut servicing
and blade daynper friction should be empha-
sized at all times, but these assume particular
irnportaace whenever operations are contem-
plated which may require keeping the nose
wheels in the air with the main wheels on the
deck, or when operating in the higher gross
weight range.

rfRig resonarcerr can occur when running
the rotors with the aircraft tied down. Since
the degree of tension on the tie-down cable
can change the resonant frequency of the air-
craft, it is not possible for the engineers to
design around every conceivable tie-down
condition. It is therefore imFerative, if a
helicopter must be run with the aircraJt tied
down, to slacken the tie-down cables suJfi-
ciently to allow the landing gear oleo struts
to function freely. Kamaa AircraJt engineers
are available for additional guidance, if de-
sired, in preparing for any specific tie-down
operations. K

I

Z'/íoap 7** /@.. - .
cotr t int rcd f rotn page 1/1

Experience has proven that with' ?divergent"

ground resonanee, the oscillations can get
progressively worse in an extremely short
time-two to three seconds at most in some
heiicopters-causÍng severe damage to the
aircra-ft and possible injury to the crew.

In 100,000 hours of operatÍon with Kaman
helicopters, there has been only one case
where ground resonance ïyas reported as a
possible factor. In this case, the Íact that
the oscillations continued for an estimated
eight seconds indicates that it was not the
type of groundresonancethat would t'diverge"

rapidly. The following factors contributed to
this incident: (1) main gear tires inflated to
only 50-60 per eent of normalt (2) one main
landing gear strut deflated and bottomed out;
(3) blade dampers on the soft side; (4) air-
craft partially airborne, main landing gear on
the deck, nose vrheels in the air.

Each of these items will a-ffect the natural
frequencies of the helicopter as a whole. The

l ó K A M A N  R O I O R  ï I P 5
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MERCY FLIGHTS

PLATTSBURG, N.Y.,AIR FORCE BASE-This base, which recently received the
H-438, is maldng good use of the turbinelowered helicopter.

Recently the aircraft was used for an emergency night flÍght when the base hospital
sent out an urgent call for arare blood type. The nearest place where blood could be
found was in a hospital in Burlington, Vt., 30 aír rniles away on the other side of Lake
Champlain. WÍthin 90 minutes aÍter the emergency was called, the blood was at the
base hospital.

This was the firstnight flight that the pilot, Capt.II. H. Davis has flownin the H-438.
He was accomptnied by lst Lt. J. A. Richardson and A,/lc William Cole. Ïn another,
later Ílight, Captain Davis flew the helieopter to St. Johnsbury, Vt., to pick up an
airman who was in an auto accident andreturned him to the base hospital. Accompany-
ing him on the flight was Lt. CoI. J. H. Washington, Capt. L. S. McGinnis, MD; and
Cole.

STEAD, NEV. , AIR FORCE BASE-Major Jimmy Hamill of this base recently used
the H-438 to fly semm to Lake Tahoe after an Air Force sergeaat was bitten on the
hand by a cottonmouth snake.

Q, r and A, s (continuei l frompageg)

BUTTER FLY VALV E

s _ .  T . \ / - _ - _ ,

a, wHAT rs oNE cAUsE FoR A sl,ortr
BREAKAWAY OF THE CLUTCIT WHEN
ENTERING INTO AUTOROTATION? (Applies
HOK-I, HUK-1, H-434)

l 8

A. Usually a stickybutterflyvalve in the car-
buretor wÍll have this effect. It canbe check-
ed as Íollows: With engine rpm stabilized at
22A0 and rotors engaged while on the ground,
reduce throttle to idle. Normal lapse of
time for the engine to return to idle is approx-
imately 2.5 seconds.

ff the lapse time is in excess of 2.5 seconds,
inspection of the carburetor butterfly valve
for excessive friction would be in order, us'
ing the following procedure: With the car-
buretor bowl filled and the accelerating purnp
primed, a pull of 6.8 lbs on tll.e L-L/Z indn
arm of the carburetor with a spring scale is
desired. If this torque value is in excess of
6.8 lbs, replacement of the carburetor is
recorrmended. - C. W. J- K

K A M A N  R O T O R  T I P S
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Letts hit lt crew, here comes a guy,

A charger tlpe, who loves to flY.

Check those tires for bruises or cuts'

Then for in-fl.ation along with the struts.

Doors secure and windows clem?

Visibility a must in this flying machine.

Rotor blades with wax a-glisten,

Be sure to check for flaP Position.

Flap cables clean, none are bomd?

Check this one right from the ground.

Pylons, shear tie, ard mouting strut'

All secure with bolt md nut.

Hub Êssemblies are importmt perts'

Give thorough check beÍore bird staxts.

Letrs not Íorget the PowerPlant,
Ship's good without, but fly it can't.

Drive 6haft tunnB at terrific speed'

Careful check here is tlle need.

What did the dash two handbook say?

It must be greased once everY daY.

POEM

A DAY ON THE LINE

Control rods have no excesslve play?

A real ggg.t check Íor every day-

Gearbox security, look for leals,

Very importmt when power Peaks.

Letrs not forget the rotating bar,

Control rods secure?, Yes they ue!

Collective and cyclic are tle rods,

Never, never, take my odds'

Long rods md their condition,

Improper cross is wrong Position.

Is there something we did omlt?

Internal cabin appearance, that is it,

Dontt forget to check the rudder,

Any sloppiness makes pilot shudder.

What's the "Scoop" on this brace cable?

Un-sure of tension? Check the table !

Be sure to check elevator stop,

First the bottom, then the top.

on turn-up, what does pilot get?

control response check, you can bet.

Now letrs check for proper track,
lherers no senae in tuming bÊck.

Next check cone height position,

Then we cm do some trmsition.

"Hmds off,rr this blrd flys l ike crazy!

Still, flyboy should not get ls'zy.

Letts see, we've been gone three hours,

Now go back md hit the showers.

Five minutes later we touch the mat,
TeIl the crew chief itrs a "going cat. "

Nowrs no time for crew neglect,

Blades and airframe we must protect.

If winds come up, this will lick it,

Blade tie-down boots are the ticket.

Bird's to bed, sure it wil l stay?

Itrs your tum now to go md p1ay.

The above tips arê just a few,

A great deal more is uP to you.

b y  B l t L  W E L T S

KAC Sen ior  F ie ld  Serv ices  ReP.
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Komon Aircroft Corp.
Field Service Dept.
September, I9ó0
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