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Energ3r Saurce

Are Alterseste

The Energy Crisis
By now, a l l  o Í  us are aware of  the energy cr is is ,  which

was dramatically emphasized by the oil embargo oÍ
just over a year ago. That embargo brought into iharp
Íocus the developing energy shortages whi'ch have been
mounting for several years in this country and overseas.
The .problem is not just the dependence on Íoreign oil,
which .can be manipulated in  supply level  and pr ice,  but
also the basic structure of our society; how it works,
how it plays, indeed, how it l ives.

The solution to the problem is apt to take a long time
and carry a h igh pr ice tag.  l t  wi l l  requi re a subsiant ia l
reduct ion in  energy demand in th is  country and in other
developed nations. lt wil l require an incrèase in energy
production by all energy producing nations. And it wiÍl
demand choices on the development of new fossil fuel
resources and an increasing dependence on nuclear
power.

Al though i t  appears that  coal ,  o i l ,  gas,  and nuclear
energy wil l supply most of our requirements for the rest
of this century, alternative forms oÍ energy are being
sought  to a id in  meet ing our  needs.  One oÍ  the lareest
and most intensive development areas is solar eneigy,
the heat  oÍ  the sun,  harnessed to heat  and cool  bui lá_
ings, generate electricity, and provide heat for industrial
processes. Another form of solar energy presenily under
development is wind power. Although usually not re.
ferred to as solar energy, winds are generated by the
global  heat  cyc le and thus qual i fy .

Wind Power
Wind power is one of man's oldest Íorms of energy.

ReÍerences to the uti l ization oÍ wind power can be Íound
as Íar  back as the ancient  Greeks,  a l though the o ldest
documented use of  wind power was,  i ronical ly  enough,  in
Pers ia ( l ran) ,  in  the seventh century A.D- Gradual ly ,
the technology oÍ wind power migrated westward and
appeared in France in about the twelfth century. By then,
the propel ler- type windmi l l  (as opposed to the paddle.
type windmi l l  used by the Pers ians)  was developed,  and
quick ly  spread to England,  Hol land,  Spain,  and other
countr ies.  The Dutch were the most  prominent  in  de-
veloping the windmi l l  on a large scale and per Íected
their designs, between the Íifteenth and eiehteenth cen-
turies, to a relatively sophisticated level o-f technology.
The Engl ish then took over  the lead unt i l  the U.S.  became
one of the largest producers and users of wind-generated
energy systems.  Over one mi l l ion windmi l ls  were Dro-
duced in th is  country,  but  by 1950,  only  50,000 were
st i l l  in  use.
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by R.  C.  Meier ,  Manager
Wind Energy Program

The success oÍ rural electriÍ ication and low cost energy,
in  the form of  coal ,  o i l ,  and gas,  caused the demise oí  the
windmi l l  or ,  as i t  is  now cal led,  the wind generator
system. However, as the energy crisis emerged in the
late 1960's,  the Uni ted States Government  turned to the
task oÍ  examining wind generator  technology to determine
i Í  i t  could compete wi th,  or  supplement ,  other  Íorms
oÍ energy.

Why Wind Power?
Wind power has many distinct advantages. lt is a

Íeasible alternate energy source (many successÍul energy
generation systems based on wind power have been built
in the past); it is a non.depletable source oÍ energy (it is
solar energy); it is independent of foreign embargoes; it
could be a readily exportable product; it involves only
moderately sophisticated technology; and, very impor.
tantly, it has low environmental impact. lts disadvantages
can be summed up in one word:  cost .

Although many oÍ the older wind generator systems
bui l t  in  the U.S.  had technical  problems,  they were
identiÍ iable and correctable. Despite this however, all
technically.successÍul wind generator systems have Íailed
commercia l ly .  The largest  and probably the most  suc-
cessÍul wind generator system ever constructed was the
Íamous Smith-Putnam wind turb ine.  This uni t  was bui l t
in  the ear ly  1940's,  and operated in termi t tent ly  on the
Centra l  Vermont  Publ ic  Ut i l i t ies network unt i l  i945.  The
machine was capable oÍ  producing 1250 k i lowat ts  of
regulated electric power, suitable Íor use by an electric
uti l i ty. lt had a two-bladed stainless steei rotor, 175
Íeet in diameter, mounted on an oil derrick.type tower.
The machine fa i led in  1945 when one oÍ  i ts  b lades broke
at the root and was thrown 700 Íeet down the mountain.
The pro ject  was not  abandoned due to the b lade Ía i lure,
but  rather  due to the Íact  that  in  1945 the ut i l i ty  could
purchase alternative Íorms oÍ generation capacity at 40
percent less per installed kilowatt, and uti l ize low-cost
Íoss i l  Íue ls .

Additional wind generator system development work
was conducted in Europe aÍter the Smith-Putnam project
was concluded. The best work was conducted in France,
Denmark,  Germany,  and England,  wi th the most  modern
machines being constructed in  Germany in the la te
1950's.  ïhese machines ut i l ized hel icopter- type Í iber .
glass blades. Because of their modern technology and
sophist icated design,  one oÍ  these machines is  curreni ly
being reproduced by NASA, near Cleveland, Ohio, and
it is scheduled to begin operation in July of this year.

The purpose of NASA's wind generator is to provide
a test unit capable of evaluating different types oÍ com-
ponents and gather ing operat ional  and engineer ing ex-
perience on wind generator systems. This task is part
oÍ NASA's project to assist the Energy Research and
Development Agency (ERDA) to develop a cost-competit ive
wind generator system Íor electric uti l i ty use by 1980.
It is believed that the application of modern helicopter
technology and innovative design approaches can over-
come the cost  and technical  problems that  have p lagued
past  wind generators and that 's  where Kaman comes in.

KAMAN ROTOR TIPS
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To properly address economic and operational ques-
tions, Kaman is being assisted by Northeast Util i t ies, an
electric uti l i ty serving a large section oÍ Southern New
England. Northeast Util i t ies has a wide variety oÍ generat-
ing Íacil i t ies (nuclear, oil, coal, and hydroelectric) and
a wide variety of service requirements (urban and rural,
residential, commercial, and industrial). Personnel Írom
Northeast Util i t ies are also advising Kaman on technical
matters relating to the wind generator. With a high level
of activity in the development oÍ many new energy
sources, and broad capabil it ies in all aspects of uti l i t ies
operations, these personnel are also helping to insure
that our evolving design wil l meet the requirements of
the consumer.

Other Applications
Although the current study is oriented toward uti l i ty

applications, there are a number oÍ additional applications
for wind generator systems in other sectors of our
economy and overseas. Electricity produced by a wind
generator system can be used to power irrigation systems
and might be very attractive for large scale farming
operations. There are also applications in the process
industries where the demands on power are not t ime
crit ical. The drying of grain, Íor example, which currently
consumes great quantit ies of propane, could be at least
partially accomplished with wind power, perhaps in com-
bination with other solar power.

An even greater potential exists Íor Íoreign sales. In
countries such as India, vast areas oÍ interior lands wil l
greatly beneÍit from irrigation projects currently under
development. Farm wells of these projects are fi l led

with water Írom diesel-powered electric pumps. Because
oÍ shortages of Íuel in India, the Indian government has
actively pursued wind generator system technology de-
velopment in recent years. Thus, it is quite possible that
the technology developed under this program will f ind
broad applications in countries such as lndia and Drovide
Kaman with another export market.

Advanced Wind Generator Systems
Beyond the immediate goals Íor wind generator sys-

tems lies their potential applications in the far future.
Some of the most popular discussions on wind generator
systems have centered about their use off the coast oÍ
New England, which is one of the most windy areas oÍ
the world. Vast "farms" oÍ these units could be used to
generate electricity which in turn would convert sea water
to hydrogen. The hydrogen would then be used in l ieu
oÍ natural gas for heating and other applications. Another
idea envisions using large floating wind generators Íor
the production of ammonia, the basic ingredient oÍ arti-
Í icial ferti l izers. lt has been claimed that a wind generator
powered Íloating ammonia Íactory in the Southern hemi-
sphere could produce much of the ammonia required for
the world's ferti l izer production.

The question oÍ whether these advanced uses Íor wind
generator systems materialize wil l be heavily influenced
by the work which Kaman is now conducting. As is the
case with most technological developments, it is diff icult
to forecast whether wind generator systems wil l be com-
petit ive with other forms oÍ energy technology. However,
we are conÍident that Kaman's expertise in rotary wing
technology wil l evolve a wind generator system design
capable oÍ meeting that goal.

Canznt*dore ferasese Visíts Ksrseaqs
Capt ït i/. L. Jensen, Commander Helicopter Sea Control $ling One, visited Kaman

Aerospace Corporation's facil i t ies in Sloomíield, CT, to tour ïhe SH-2 MOD line and
other LAMPS-related areas- while at Kaman, the commodore was brieÍed on up-
coming LAMPS improvements including the new tail rotor blade. He took advantage
oÍ the opportunity to view Kaman's effort in producing various F-14 components Íor
the Grumman Aircraf t  Co.  Cdr M. A.  Runzo,  CO of  FIM-12 accompanied the Com-
modore on h is  v is i t .  HM-12 is  the last  rernain ing Navy minesweeping squadron and,
although only Íour years oid, the unit has received world-wide reccgnition for two
oÍ its minesweeping operations: Operation fndsweep off the coast of North Vieinam
and Operation Nimbus Star in the Suez Canal. Both efforts included extensive air-
borne minesweeping in or near combat zones.

In photo below leÍt, Kaman Aerospace Corporation president, Will iam R. Murray,
answers questions posed by Capt Jensen, center, and Cdr M. A. Runzo as they
tour  the SH-2 MOD l ine.  In  photo below r ight ,  P.  H.  Dinan,  KAC plant  manager,
BloomÍield operalions, provides the Captain with details concerning LAMPS manu-
Íacturing operations. Others in the phota are, from right, F. 1-. Smith, Chieí, KAC
Test Operations and Customer Service, and Mr. Murray. Partially visible {Íar leÍt)
is "Andy" Foster, KAC Chief Test Pilot.
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Rust Lick Procedure

Pilot Seat - Height Adjust Track, Identi-
fication of

Alignment of LN-66HP Radar Display
Unit

SH-2D/SH-2F - Sensor Operator Seat
Inertia Reel

K660006-5 Azimuth Arm Assembly and
K660014-7 Trunion Bar Assembly Rework
Limits

ASE Accelerometer Solenoid

Rotor Overspeed Inspection Requirements

Bearing Instaliation, K659667-1 1 Beam
Assembly

Cancelled

Folding Stays Installation - Main Land-
ing Gear

Tail Rotor Drive Shaft Self-Aligning
Bearing

Inspection of Retention Control
Cranks after AFC 176

Rescue Hoist Striker Cap

Engine Build-up/Engine Installation

Tail Wheel Lock Control - Installation of

Tail Rotor Spider Removal and Inspec-
tion Criteria

Fuel System, Boost Pump Pressure
Switch

Intermediate Gearbox - Fuselage
Skin Interf,erence

APN-17 1 Radar Altimeter

Pilot and Co-pilot Cyclic Control
Stick Connector Installation

Cancelled

Oil Cooler Blower, P/N K677707-1
Trou bleshooting/Inspection of
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TECI{rlrCAr SECTI0rl

PHOTO 1

Boli. P/N LWB-22.7 46- NOT FOR SH-2F
Bol t ,  P/N K618769-11 -  SH.2F APPROVED

PHOTO 2

MAIN TRANSMISSION/ROTOR HUB ATTACH.BOLT

1 .
2.

Although the bolts shown in Photo t have the same shank
diameter, they are not identical because one has a higher
tensile strength and a larger bearing head as can be seen in
Photo 2. The larger-head, higher-strength bolt,  P/N
K618769-11,  i s  used on  the  SH-2F a i rc ra f t .  Whi le  the
stronger bolt may be used on all H-2 aircraft, in no case
should the smaller-headed bolt,  PiN LWB-22-?-46, be used
on SH-2F aircraft.  The bolt secures the main rotor hub to
the main transmission as seen in Photo 3. When instal l ing
the bolts be sure to use new PLI washers. P/N PLI?-14.4.

The quickest method of determining i f  the proper bolt  is
ins ta l led  is ,  the  SH-2F bo l t ,  P i  N  K618769-11,  requ i res  use
of a 9/16-inch, 12-point socket or box end wrench and the
LWB-22-7 -46 bolt requires a 1.12-inch,12-point wrench.

W. l i lagernaker, Service Ertgineer

1. Bolts with PLI washers (untightened).
2. Transmission with slipring assembly.
3. Rotor hub.

PHOTO 3

What's Wrong???????

A major maintenance error is visible in the accompanying
photo. The area shown is the fuel quantity amplifier and
related wiring located beneath floor, aft of pilot's seat.
For the answer refer to page 14.

KAMAN ROTOR TIPS
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AUX TANK JETTISON CABLES

Several recent UR's report aux tanks dropping to the deck

when the ground safety pins were removed' Review of

information contained in the MMI, NAVAIR 01-260HCA-

2-4, revealed that the procedures are correct and adequate

to properly accomplish the rigging. Photo A shows a close-

up of what should be observed when looking through the

inspection hole. Before withdrawing the ground safety

pin, be sure the cam-angle is as shown.

Photos B and C show unsafe condit ions. I f  the camirol ler

position resembles these photos, DO NOT remove the

ground safety pin. Instead, remove the shackle access

panel on top of the aux tank support and determine why

the shackle release lever is not correctly positioned at the

aft end of the lever slot as shown in PHOTO D.

Photo E applies to SH aircraft only because it deals with

the aux tank electrical solenoid release mechanism. Note

that the solenoid has been activated and is pressing against

the shackle release lever, forcing it to the forward (release)

posit ion. I f  inspection reveals a condit ion as shown in

Photo C, suspect that the solenoid has been activated. Do

not remove the ground safety pin. I f  the condit ion shown

in Photo E is discovered, recocking of the shackle and

solenoid is required. The latched posit ion for the solenoid

is as shown in Photo D. Note that the solenoid plunger is

retracted and the release lever is aft.

Inadvertant tank drops when pins are removed, can only

be attr ibuted to one of the fol lowing:

a. Release cables not rigged per the MMI (Cable Ten-

sion too t ight ).
b. An interference exists somewhere in the release

cable routing.
c. The electrical jettison system had been activated.

Correct View
PHOTO A

H. ZubkofJ, Service Engineer

Any of the three possible causes will result in the visual

indication of an unsafe shackle as shown in Photos B or C
(when viewed through the inspection hole). Complete

rigging instructions are included in a previous KRT
art icle (September-October 7972 issue) and ihe MMI.

Refer to "What's Wrong" 0n page 10 f or more
on jettison cables.

U n s a f e v i e w . . .
suspect binding or improperly rigged cable.

PHOTO B

U n s a f e v i e w . . .
If inspection reveals this condition, suspect solenoid

activated.

I

t2

PHOTO C

KAMAN ROTOR TIPS
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HOT AIB

The coming summer months suggests some thoughts be
given to areas which can relate to higher ambient tempera-
ture operating conditions. Among such areas are SDG OIL
TEMPERATURE ENGINE TOPPING ANd IN-FLIGHT
OPEN CABIN DOORS.

SDG OIL  TEMPERATURE

Airframe provisions for cooling the SDG oil are adequate
and effective ---PROVIDING-- no degradation of the cool-
ing system is permitted to continue. Primary conditions
that will eventually cause excessive SDG oil temperature,
if not corrected, are:

a. dirty oil coolers.
b. deteriorated or distorted engine aft firewall

seals (allowing hot engine air into the SDG
compartment).

A detailed article on this subject appeared in the July-
August 19?4 issue of Rotor Tips. In summary, it suggests
washing the exterior of the oil coolers concurrent with the
scheduled aircraft wash. It further suggests checks to in-
sure proper condition and contact of the engine aft firewall
seal against the engine nacelle upper door.

ENGINE TOPPING

Prevailing temperatures are now in the range where T5 will
be the limiting factor instead of Ng. This should raise a
question concerning accuracy of the T5 indicating system.
Was it properly JET-CAL checked at the last required in-
spection as detailed in NAO1-260HCA-2-4? Pilots should
conscientiously be aware of the Ng-Tb relationship during
topping. T5 error should be suspected if a gross disparity

H. Zubkoff, Service Engineer

exists. Refer to the MAXIMUM GAS GENERATOR
SPEED CHARTS in the T.58 MMI and/or the NATOPS
MANUAL:

NAVAIR 028-105AHD-6-1, 15 October 19?3.
Figure 10-21.

NAVAIR 01-260HCD-1, 15 April 1974,
Figure 11-5.

As a general reminder, no topping adjustment is required
if T5, at topping power, is between 684oC - 690oC (T58-F
engine) or 671oC - 677oC (T5S-8B engine), and Ng does
not exceed MAX operational limit for the prevailing
temperature.

To summarize the physical act of adjusting topping, clock-
wise rotation of the adjusting screw will increase T5 and
Ng. Counter clockwise rotation will decrease both. Ten
clicks will change Ng by 0.87o and T5 by 11oC. However,
there is a limit on how much the topping adjustment screw
can be turned in one direction. A sudden noticeable re-
sistance to further turning is an indication that the adjust-
ment screw has bottomed. Continued attempts at turning
the screw in the same direction can cause internal failure
of the control.

IN .FL IGHT OPEN CABIN  DOOBS

Summer weather operation invites flight with partially
open cabin doors. It can also invite trouble - if tracks are
worn, if roller hardware is worn or if doors are not proper-
ly rigged. A quick pre-flight check for excessive vertical
play and for proper lower roller engagement is strongly
suggested. For complete, detailed information relative
to door hardware inspection and rigging, see NAVAIR
0t-260HCA-2-2.

WHAT'S WRONG??????

Close inspection of the accompanying photo reveals a con-
trol cable routed through a wire harness cable clamp ap-
parently accomplished subsequent to re-wiring/repair!
Note the cable entering at upper arrow and leaving at lower
arrow. This particular cable was...the aux tank jettison
cable running from the bomb shackle up to the cockpit.
Fortunately, this was discovered prior to fire, damage or
personal injury. This is hardly in accordance with NA01-
1A-505 Installation practices; aircraft electric and elec-
tronic practices. Use good judgement, take the time to do
it properly, and get the job done faster and safer.

l4 XAMAN ROTOR TIPS
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Having discussed low frequency range vibrations, the
next area to be considered is the medium frequency
range.  As cal led out  in  the MMl,  medium Í requencies on
H-2 aircralt include: Tail rotor one-per-rev at 1708 RPM;
main rotor  four-per- rev at  L l92 RPM; and,  ta i l  ro tor  dr ive
shaf t ing at  3122 RPM. Remember,  however,  the Vibra-
tach wi l l  not  prov ide exact  readings,  thus RPM's oÍ  ap-
proximately  l7OO, LZOO, and 3100 wi l l  be noted.  Taking
them in the aforement ioned order ,  le t 's  s tar t  wi th ta i l
rotor one-per-rev. In the September-October, 1974 issue
oÍ Rotor Tips, we pointed out the method whereby tail
rotor one-per-rev's can be isolated Írom other medium
Íreqs v ia the use of  the v ibratach.  Let 's  d iscuss cause
and corrective action.

The H-2 tail rotor contains most of the basic features
of  the main rotor  assembly.  That  is ,  i t  has Í lapping and
lead/ lag provis ions as wel l  as p i tch change capabi l i t ies.
I t  is  actual ly  a b i t  s impler  than the main rotor  f rom a
contro l  s tandpoint  because a l l  contro l  inputs f rom the
pilot are collective in nature with no cyclic considerations.
Our "az imuth equivalent"  Íor  the ta i l  ro tor  would be the
pitch change spider mounted on the tail rotor gearbox
pitch change shaÍt. The only "rotating Íl ight control
l inkage" are the four  ta i l  ro tor  p i tch l inks which extend
Írom the sDider  to the indiv idual  ta i l  ro tor  b lades.

Lead i lag provisions are provided via the crowned
center  por t ion of  the rocking p ins whi le  Í lapping is  pro-
v ided through the Í lapping bear ings in  the ta i l  ro tor  b lade-
to-hub connect ion.  The inner  race íor  the Í lapping bear-
ings are the bearing surÍaces at each end of the rocking
pins. Pitch change is accommodated by bearings secur'
ing the b lade shank in the b lade gr ip housings.

When faced with a tail rotor vibe, one of the Íirst things
that should be checked is the tip-path track between
opposing b lades.  Proper r igg ing wi l l  normal ly  prec lude
th is  possib i l i ty .  When r igging ta i l  ro tor  b lades,  i t  is  a
good policy to position each blade being checked in the
"hanging down" or  ver t ica l  posi t ion.  AÍ ter  r igg ing p ins
have been installed, give the pitch control spider a "jerk"
away from the fuselage before checking each blade in
order  to e l iminate any p lay in  the system. (This wi l l  g ive
more accurate readings on the protractor.) Make it a
point  to  check b lade r igging angles a couple oÍ  t imes
aÍ ter  you in i t ia l ly  set  them. You might  f ind that  the
protractor you thought was correctly seated on the blade
gr ip was actual ly  r id ing up on the gr ip sur face and con-
sequently providing erroneous readings.

One oÍ the least understood, yet most important as'
pects oÍ tail rotor blade installation involves proper shim'
ming at  the hub at taching jo int .  There is  a two-Ío ld
concern for insuring that this is accomplished correctly.
The Íirst is that excessively loose shimming can cause a
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vibration to occur due to excessive lead/lag action of one
indiv idual  b lade as re lated to i ts  opposing b lade.  Con-
versely, excessively tight shimming can cause some bind-
ing,  especia l ly  in  the Í lapping ax is .  Any b inding can
result in a vibe. The second, and most important Íeature
of proper shimming is that it provides proper lubrication
seal ing Íor  the f lapping ax is  components.  Insuf f ic ient
shimming wi l l  a l low grease leakage to occur  dur ing opera-
t ion and a lack of  adequate lubr icant  wi l l  eventual ly  cause
a Í lapping bear ing andlor  rock ing p in deter iorat ion.

The obvious answer here is  "shim i t  to  the MMI in-
structions." There are mechs who state that a "standard"
amount  of  sh im wi l l  work every t ime.  This is  not  t rue.
ïail rotor blade grips are oÍten reworked to removè scor-
ing Í rom the gr ip ear  Íaces dur ing overhaul  wi th a re-
sul tant  var iat ion of  th is  d imension.  A good c lue to
undershimmed tail rotor blades is heavy grease leakage
streaming down the b lade.  Proper ly  shimmed blades
will have some Íeathering oÍ grease from the ílapping axis
outboard but not thick, heavy deposits.

Since the establishment of a 240-hour service l ife on
ta i l  ro tor  Í lapping bear ings,  an extremely l imi ted number
oÍ tail rotor vibrations can be traced to defective bearings,
or rocking pins. In cases where vibrations have occurred,
insuf f ic ient  lubr icat ion was usual ly  found to be the cause.
The 60-hour inspect ions present ly  requi red for  th is  in-
sta l la t ion wi l l  usual ly  detect  impending problems.

Excessively loose/worn pitch l ink rodend bearings
and /or  rodends which are b inding due to insuf f ic ient
" rod ro l l "  can cause v ibrat ions.  The c lev is  ear  s l id ing
bushing concern d iscussed in the March-Apr i l ,  1975
issue of  KRT can a lso cause problems ( the bushing must
be properly seated). Any pitch l ink rodend that is Íree
to move axia l ly  on i ts  at taching bol t  shank can cause a
vibrat ion.

Since the Í lapping and lead /  lag ax is  problems can
cause ta i l  ro tor  v ibrat ions how about  p i tch bear ings? In
truth, I have never experienced a pitch bearing problem
which gave tail rotor vibes and iÍ we review tail rotor
p i tch operat ion we can see why.  Since a l l  p i lo t ' induced
contro l  to  the ta i l  ro tor  is  co l lect ive,  and s ince the ta i l
rotor blades essentially remain at f ixed angles for steady
state Íl ight, no cycling input is present. lÍ a worn pitch
bear ing causes a problem, i t  is  usual ly  one oÍ  a s t ick-
ing nature where the p i lo t  at tempts to push rudder con'
t ro l  and the rudder wi l l  not  move.  Since a l l  the b lades
are actuated by the same spider ,  one st ick ing b lade wi l l
cause the other  three to a lso remain immobi le and s ince
the t rack between the indiv idual  b lades doesn' t  change,
no v ibe develops.  l Í  the p i lo t  succeeds in f reeing the
blade Í rom i ts  s tuck posi t ion,  then a l l  Íour  b lades move
together retaining a constant track condition.

Ví brotíon Troubíeshooting

vibrations which occur as a result oí maintenance actions.

The H-2 Hel,ícapter

Part 7 explained how to recognize vibration Írequencies and methods of isolating
the problem to a general area on the helicopter. Part 2 presented intormation on
the operation oí H-2 basic systems because without knowledge oí what a system is
supposed to do, it is sometimes difficult, occasionally impossible, to determine if a
system is ÍunctÍoning properly. Part 3 explored methods oÍ troubleshooting those
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l Í  the preceding areas check out, then there are other
places to explore. For example, the flat strip which runs
down the center oÍ the aft cabin Íloor adds stiffness to
the Íuselage st ructure and a ids great ly  in  min imiz ing
Íour-per-revs. Check the torque on the bolts securing
the strap to the Íloorboards. A warning here: t ighten the
bolts with a torque wrench only to the proper torque as
cal led out  in  the MMl.  "Overtorquing"  can break the
bolt and cause needless effort in replacement oÍ the
anchor nuts beneath the Íloor boards.

The Í ina l  p lace to look is  Íor  cracks/ Ía i lures in  any
structure which supports heavy electronics equipment,
such as the LN-66 power supply in  the nose doors '
Cracks/ Ía i lures here resul ts  in  s t ructura l  f lex ing and,
ultimately the heavy component wil l resonate and ag'
gravate the vibration.

The Íinal vibration in the medium frequency range is
the 3122 RPM oÍ the tail rotor drive shafting. Vibra-
tor ies in  th is  area are usual ly  accompanied by v isual
conÍ i rmat ion oÍ  a mal funct ion:  the temp tape c losest  to
the d iscrepant  component  wi l l  usual ly  turn b lack.  Com'
ponents which Íall into this category are: deÍective tail
ro tor  dr ive coupl ings,  warped dr ive shaÍ ts  or  worn p i l low
support bearings. lÍ a vibration develops and there is no
visual  ind icat ion of  the t rouble area,  the f ie ld can st i l l
be narrowed considerably by the use oÍ the Vibratach.
Part I oÍ this series discussed how to use the Vibratach
by positioning it at various locations on the fuselage
whi le watching Íor  a change in the v ibratory magni tude.
When a change is  noted,  the mal funct ioning component
has been found. Remember, however, always stay well
c lear  of  that  ta i l  ro tor  b lade!

What are the primary causes oÍ tail rotor drive shafting
vibrat ions? Answer:  coupl ings,  shaÍ ts ,  bear ings and gear '
boxes.  Coupl ing mal Íunct ions wi l l  invar iably  resul t  in
an overheated and blackened temp tape to alert the
troubleshooter ;  d isassembly and examinat ion oÍ  the
coupl ing is  then in order .  When checking Íor  bent  or
warped drive shafts, two methods may be employed. One
method is to place a straightedge on the shaÍt and look
for bends; the second, and preÍerred method, is to clamp
a dial indicator and rotate the shaÍt one revolution to
determine maximum bend.  Out-of -balance shaf ts  are
diff icult to detect. lÍ no obvious signs are evident, such
as miss ing balance weights,  etc . ,  we are back to " replace
and turnup."  (Not  the best  method,  but  i t  is  a l l  we can
do at  the l ine maintenance level  in  th is  case.)

Troubleshooting pil low support bearing problems is
generally straightforward and logical with one exception.
A bear ing mal funct ion wi l l  usual ly  show up v ia a d is-
colored temp plate; however, remember that the bear'
ing is  mounted in a universal  housing oÍ  the "unibal l "
type in  order  to a l low for  se l Í -center ing dur ing normal
operat ion.  Pro longed inoperat ion,  par t icu lar ly  in  humid
weather, can allow Íretting corrosion to form and the
bear ing mount  to " take a set . "  When th is  happens,  the
selÍ-aligning feature is deÍeated and troubleshooting can
become diff icult. For example, recently a temp tape on
a dr ive shaf t  coupl ing turned b lack.  The coupl ing was
replaced and the new temp plate turned b lack whi le  the
temp plate on the bear ing remained whi te.  The mechanic
assumed the dr ive shaf t  was at  Íaul t ,  and,  i t  was the
next item to be replaced, but again the temp plate turned
black.  F inal ly ,  the coupl ing was d isassembled and a
Írozen uniball was discovered. Light oil was applied to
the bearing area and it was "worked" with the hands
until i t loosened and pivoted Íreely, then it was re'
insta l led.  A subsequent  15-minute hover  d isc losed the
coupl ing running cool  to  the point  that  the bare hand
could be held on it immediately aÍter aircraft shutdown.
The point here is that whenever tail rotor drive shaft
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components are disassembled, check the selÍ-aligning
Íeature on the support  bear ing.  Apply l ight  o i l  and check
that each is free to pivot to any angle within its range.
You might be saving some work you would otherwise be
doing later. Another point to remember is to use the
proper coupl ing in  the proper locat ion.  According to the
lPB, the PD 854 coupl ing is  to  be insta l led in  the "A"
locat ion only,  whi le  the coupl ing used in other  locat ions
is  the PD 832.  (The PD 854 coupl ing can be ident i f ied
by i ts  longer hub which conta ins a s lot . )

The preceding sums up medium Í requency v ibra-
tion troubleshooting. Remember, the key to successÍul
t roubleshoot ing is  tak ing logical  act ion,  to  p inpoint  a
problem in as shor t  a t ime as possib le,  wi th a min imum
oÍ ef for t  and -  th is  means wi th a min imum of  par ts
changing.  Almost  anyone can cure maintenance problems
by changing a l l  the par ts  unt i l  the errant  one is  " Íound."
The proÍessional, however, gathers data, analyzes it and
then moves in the most logical direction to solve the
problem. In some cases,  i t 's  as much a process oÍ
e l iminat ing "What  i t  isn '1,"  as i t  is  in  f ind ing "What  i t
is . "  Remember these key points:

1. Review recent maintenance records. When a
smooth Ílying aircraft suddenly experiences vibra'
t ions aÍter a rotating component change or adjust'
ment, troubleshooters should certainly first con'
s ider  the newly- insta l led/adjusted component  as
the cause.

2. Check that the right parts are installed correctly.
Remember,  many UH-2C, SH/HH-2D par ts  are
physical ly  but  not  funct ional ly  in terchangeable wi th
those oÍ  the "F"  model .  In termix ing non' funct ion '
ally interchangeable parts such as these can lead
to serious problems.

3. Take nothing for granted. Start at the basics. lÍ
an engine wil l not start - check to see if there is
fuel  in  the tank,  etc .  l f  cont inued rer igging hasn' t
solved a rigging problem - check your tools -
they may be discrepant, or review your pro'
cedures, perhaps you overlooked or misread a
key point.

4. Learn how a system is supposed to operate -

when it fails to do this properly, your job of de-
termin ing why wi l l  be made a great  deal  easier .

5. When working on an aircraÍt - perform the work
as iÍ you were going Ílying in it on the next f l ight.
Pilots and fl ight crewmen depend on you to keep
them saÍe. Their trust deserves your best.

In  conclus ion Have a PROFESSIONAL at t i tude.
l Í  there are any quest ions remain ing,  wr i te  to us and

we wil l try to answer them. Also, let us know if the in-
Íormation has been useíul in practice or iÍ Íurther ex-
pansion is  desi red.

Tail Rotor Drive ShaÍt and Coupling

I$MAN ROTOR TIPS
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TrsnsÍ,atíon
The gap between Íounding a business based on one's ideas and seeing the

Íruit ion oÍ your labors is great. Yet, Charles H. Kaman achieved that goal in a short
time because he seemed to inspire everyone around him. No one reÍlected that at-
titude more than Kaman's Íirst Íull t ime employee, test pilot, and Íriend, wil l iam
"Bil l" R. Murray. The two men worked hours-on-end translating test data into hard-
ware and then mating all into a Íunctional aircraÍt. With l imited capital, progress
was slow at Í irst. However, by 1946, sufficient engineering had been accomplished
to prove that the servo flap control was not only practical but it offered advantages.
with prooÍ in hand, Kaman was able to get greater Í inancial support. In January oÍ
1947, the experimental Kaman helicopter, designated the K-125, made its init ial Í l ight.
with the Íirst Í l ight, the military began to take an active interest, and, in May of 1947,
the Navy Bureau oÍ Aeronautics gave Kaman its f irst Navy contract Íor engineering
development. A second, similar contract, Íollowed in early 1948.

Cognizant Navy personnel were Íollowing the Kaman progress and arranged to
buy two K-225's Íor tests and evaluation. Shortly, thereaÍter, the U.S. Goast Guard
afso purchased a K-225. When the exhaustive tests were completed and evaluated,
the Navy was impressed and immediately placed its Í irst large order Íor production
aircraÍt, the HOK-1, in June oÍ 1950. ln September that year, Kaman also received
a contract íor Navy Training helicopters, the HTK-I. The Íirst HTK was delivered to
Anacostia Naval Air Station on April 26, 1951.

In photo above leÍi, Bil l  Murray checks his clipbaard data against the test rig
gages and Charlie Kaman checks the entries. Both men insisted their aircraÍt be a
saÍe, stable platíorm. In photo above right, the íirst Karnan helicopter on its historical
maiden Íl ight. Designated ihe K-125, ths aircraÍt was powered by a lour cylinder
Lycoming engine ol 125 horsepower. In photo below leÍt, test pilot Bil l Murray
demonstr-ates how well the pioneers succeeded as he fi ies the second helicopter, the
K-190. Note the "hands-off" hover proving their aircraÍt to have the saÍe, stable
characteristics they were striving to produce. In photo right below, Kaman hirnself
takes the controls oÍ the K-125 helicopter beÍore the Íuselage was completed.

Fírst Flight

Kantan
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