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EUSTIS DIRECTORATE POSITION STATEMENT

This Directorate concurs in the findings presented in this report and
rec ommends use of the informa tion con tained here in to enhance the design
and development of ice protection systems for rotary-wing aircraft .

This report documents the results of simulated helicopter icing tests
of the Lockheed U}I-IH electrotherma l deicing system. These tests were
performed in the hovej~ mode using the Ottawa Spray Rig . The Spray Rig
tests are an extension of the forward flight simulated icing experiments
performed during 1975 using the Helicopter Icing Spray System (HISS),
recorded in USAANRDL-TR-75-34A and -34B. The results of both sets of
icing tests are not entirely conclusive due to inheren t l imi tations in
the simulation systems . The extension of these results to the per-
formance of the deiced helicopter in natural icing conditions requires
caution . While the Spray Rig tests have increased confidence in the
dependability and efficiency of the Lockheed deicing system , and have
indicated the range of certain design parameters , further testing in
both the Spray Rig and natural icing is required to conclusively verif y
previous results and to optimize the system .

Mr . Richard I. Adams was the project engineer responsible for overall
test program guidance; Ms. Phyll is F. Kitchens was his assistant. Both
personnel are assigned to the Military Operations Technology Division .

DISC LAIMER S

The findings in this report are not to be construed as an of f ic ia l  Department of the Army position unless so
designated by other authorized documents.

When Government drawings , specifications , or other data are used for any purpose other than in connection
with a definitel y related Government procurement operation , the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the Government may have formulated , furnished.
or in any way supplied the said drawings , specifications , or other data is not to be regarded by implication or
otherwise as in any manner licensing the holder or any other person or corporation , or convey ing any ri ghts or
permission , to manufacture , use, or sell any patented invention that may in any way be related thereto.

Trade names cited in this report do not constitute an off icial endorsement or approval of the use of such
commercial hardware or software.

DISPOSITION INSTRUCTIONS

Oestroy this report when no longer needed. Do not return it to the originator.
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~A total of 18.1 hours of t stin wer accomp lished in 51s days at Ottawa. Test
conditions ranged from 0 ~ C to — C and liquid water contents equivalent to
the recommended atmospheric icing criterion for continuous max imum . The
deicing controller system demonstrated excellent functioning and reliability
characteristics. In general , the deicing of the rotor blades was considered
to be good. Test results were obtained to define recommended heater—on times
for delcing as well as heater—off time between cycles. Limited tail rotor
icing and deicing were evaluated. Natural icing flights were planned after
system readiness was established but none were made due to the lack of proper
weather conditions.

It is recommended that further testing be accomplished under natural icing
conditions to complete the evaluation. Prior to this additional testing ,
another set of heated main rotor blades or modifications to existing blades,
incorporating minor design and manufacturing changes , should be procured to
preclude reoccurrence of the heater element—to—erosion shield short problem
and other deficiencies noted from the experIence to date.
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PREFACE

This test prograrn,to perform simulated icing flight tests in the NRC

Spray Rig at Ottawa, Canada, was conducted by the U.S. Army Aviation

Engineering Flight Activity (USAAEFA) with support from the Lockheed—

California Company under Contract DAAJO2—76—C—0012 to the Eustis

Directorate , U.S. Army Air Mobility Research and Development Laboratory

(USAA ~1RDL), Fort Eustis, Virginia.

The program was performed during the period 20 January 1976 through

• May 1976. Technical monitoring of the project for USAA~~DL was by

Richard I. Adams and Phyllis F. Kitchens .

The Lockheed support was under the technical direction of

R.H. Cotton , Flight Test Staff Engineer. Additional Lockheed Engineering

personnel were F.L. Batcheri, F.P. Leritine , J. Van Wijk, W.M. Crooks,

H.D. Carr and C.C. Price.

The USAAEFA personnel who conducted the simulated icing flight tests

were CW/~ John Tulloch , Engineering Test Pilot, and Capt . Louis

Kronenberger , Project Officer and Flight Test Engineer . -

The test aircraft was maintained by sF16 Larry Sanders , 155th Avn . Co.,
Ft. Ord , California and R. Metcalf and R. Lennert of Lockheed . I

The 2.75—inch rocket pod testing was directed and monitored by

Major N. Batten and Mr. Don Davis of U.S. Army Missile Command

(usA MIcoM).

The spray rig was operated under the directiOn of Mr. Ron Price of

the National Research Council (NRC).

The aircraft and test crew were hangered at the Canadian Armed Forces

South Base Hanger Number 10 where support was provided by the 2nd Armed

Forces Maintenance Squadron (2AFMS).
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D E T ’ ’ I D N  1

T R O l U ~D ’TON

Ar. Ire ~-rc~ eetinr . tec !,nr 1 ;tTr r e ’~ ow and tea-Ic—c ff’ ct~ ‘as e~
conc1~~te that the electr-rtherr--aI cyclic deic~ s’,’ote~ is th e  cr~n—

0 - - ~t shoul i be a~ r 1ied t~ h e l i c o et e r o  r e qu i r i n~ r o t o r  blade ice or~ —

t e c e  I o n .  This re ’.’iew and s t_ d y  was reported in Befer er .ce  I .  As ~art  of

oha~. oro gr am , an advanced e lec t ro thermal  -le i c inc  sys tem was de s i i r , e d ,

bui1~~, an d i ns t ai le l on an •lrn;r Oil—i S a i r c r a f t . I n i t i a l  sirru1 ate~~~ic i n c

• : l ie h t  t e s t s  o: ’ th is  s~~rt en  were con - i-~cted d ’r r i r ~ the w i n t e r  of 19 -2/19 7 5

an~ r er r er t e ! in  References  2 an-I • . There  t es t s  were cor 1Thctcd  at

• No se :  Lake , Ua:h~ n I lton , len i n  the  Army Ob — - -T !!elic:rter Tcinr Decay

- y st en  ( H I S S ) .

T hr i n~ the w i n t e r  of 1975’1976 , addi t iona l  s imulate-I  icin o  f l ight

tes t s  were c cn d - r : t e i  in the  N H ’  Soray R ir  at ~t t awa , Ontar io , Canada

( F i d -~re i ) .  This re~ ort diso- :sses the  resu l ts  of these tests . The test

ororram was con-iucte-i lurinr the  period of 21 -Tanuary 1976 to 16 March 1906 .

1Oerner , J .2 . ,  THE DEVELOP MEN T OF AN ADVA: ;cEo ANTI — IOIDG /DE ICING CAPABILITY
FOR US ARMY HELICOPTERS , Volum e 1 — Design Cri ter ia  and Techno 1o~~’ Con-
sid e r a t i o n s , tJSAANR DL—TR— 75—3 14A , Eustis Directorate , US Army Air N ob i l i ty
Research and evelopment Laboratory , Fort Eustis , Virginia ,
::ovember 1975, AD- AO1901414

tDerner , J . D . ,  THE DEVELOPMENT OF AN ADVANCED ANTI-ICING/DEICING CAPABILITY
FOR US ARMY HELICOPTE R S , Volume 11 — Ice Protection System Application to
the 05—1!! Helicopter , USAAIv~~DL_ TR~ 75— 3 14B , Eustis  Directorate , US Army Air
Mobility Pesearch and Development Laboratory , Fort Eustis , Virginia ,
::o-rember 1975, AD- AO19014 9

3USAJ1EFA Project No. 7 14— 13, Final Report , ARTIFICIAL ICING TESTS , LOC}GiEED
ADVA ; :CE D lOFT PROTECTION DY STEM INSTALLED 0;: A UH— 1H HELICOPTER , US Army
Avia t i on  Engineering Flight Activity , Edwards Air Force Base , California ,
T’~ne 1275
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1. Tes t  U S— Ob in the  DP I  -Thra ’r Sir
(2 0  mph - m d , — 10 °~~‘

, ~~~~~~ 
Th~3)

A to ta l  of 13 .1 hc~~rr  of t e st i ng  were accompl i shed  in the spray rig during
t oe  514 days at Ot t a w a .

It was planned  to condoct  natura l ic ing  f l igh t  tests  also ; however .
s a t i s f a c t o ry  weather  c o n d i ti o n s  were not available af te r  sys tem readiness
was ~ : t-ab1ished.

The US— iS aircraft was flown to Ittava from Edwards AFB , C a l i f . and

retorned at the completion of the program . Iltandard 101—15 rctor blades

were ised on the ferry flights to minimize the amount of flight time on

the modified test blades.
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DECT’ I ON 2

E D - C - T E l  I ’ D’ OF ThE T EDO A I R C R A F T

2 .1 ICE I--R T :FT”ITT :: D ’:’fl”O- I: : ’ O : r F T ’ O T T T :; TO ‘H— I ll HELICOPT ER

The t es t  a i r c r a f t  s i o - w n  in  F igures  2 and 3 is a standard 011—IS

hell r oote r  S/I :  ‘:T_1rI~~l3 that was modified under a previous contract to in—

coreorate an advanced anti—ioing/’leicing system by Lockheed—Cal i forn ia

Thmr- am y . The m o d i f i c at i o r .~; erov ide  for  e lec t ro thermal  de ic ing  of the main

and tai l  rotor  blades , hea ted  glass w i n  i sh ield :  and heated an t i—ice

blanket: on the stabilizer bar an-~i tie weights. ‘These ice protection sys-

tems are orerate ! w i t h  ac e l e c t r i c a l  power from an ac -en erator  ins ta l led

as car t  of the  m o d i : i o a t i o n .  Th e sys tem sas the  o arrah i lit : .- to ceerate

automat ica l ly , u s i ng  ic i n c  cond i t ion  inputs from an o-:tsi ’C e air  tempera-

tur e sensor ans an ice detector  wi th  an i cin g  severi ty output . T h o  ice

de tec tor  and rate  meter  systems are instal led for evalua t ior.. The is am

u l t r a son i c  type ; the o the r  is an in ~ ’rar e-l occ lus ion  typ e . Roth  sensor s

m d c c  asp irators using er.~:ine bl eed air  to inC -ro e  increased a i r f l o w  aoros s

the  detector for hover operat ions . In add i t i o n , the  a i r c r a f t  ir - r o ro or a t e l

the  m o un t i n g  wed ge tha t  increases  the t i l t  angle of the p:-: a n t e n n a  away - •

from the  plane of the t a i l  r o t o r .

The heated rotor blades are s tand ard  05—15 blades modi f ied  by remov ioc

the standard erosion shield ar.-] replacing it wi th  a new one incorpora tinc

the heater elements and associated electr ical  w i r i n g .  The main b l a l e  lead-

ing edge is heated sequentially from tic to root in six separate srramvi :e

zones . Each heater zone provides  for chordwise co-.-erage of 12 percent

the  upper surface and 22 percent  on the  T ower su r f a c e .  Full span o- ver9 ’~-

of the main rotor blades is eros- i ic- i w i th  a manufac tu r ing  io in t  at - t-l —

t ion 33 ( . 2 9 5 ) .  S ta in less  steel mat er i a l  is used for the  e ros ion  sh i e l

12
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Figure  2 .  Test A i r c r a f t  F o l I r v i r u - a ‘~O- -0r ~’rte Fun
at —T - 00 , 1 .5 rO- ‘r:ra~,’ Nc -i

- r

Figure 3. Rocket Pod Installation on the 151—15
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cr utb :ar i o r ’ Ills ~~
- ‘  - s: ’ -’~ - ‘ - a  ll’~ :~~- -r : c -- ~ - - - s r , is r - cn - ; t ’ r : 4, .  T m l - , a r I

of .~tu ’~i :r. 3-3 , i1 ’~ ’ i o  ,r i; - ‘“ :  • - :e’ ‘
~~~~~~ 

‘ai’-a i -1 len  u r e a .

- he t a i l  rot  ~r ocu l a r  :- -s’er : toe ‘ e- - ~~ crC - ~-r:l of the  l - T a ~~e scan .

- he er -  oss  :oiei-r  ~- u t e r i i  f o r  T i e  Tai l s l ur  is eO b ct r o ’c r”-e-l n i c k e l .

The  leT T I r u ’ s,::ter . -r an s eer - -ate as a ~‘onc t i o r. of l i s ’~id  wa te r  content

( ::. •
‘ at t:, ree T i i i ~f er e r t ‘.‘oltag es: 160 , 200 an 3 230 Oar . This  provides

: ar - i s : l i tT :  t -  cycle Tirro - ogh th e  bl ade heater  zones at — l i f f e r e n t

i . eacin r  ra tes  ~eoend iog  on icing  severity in the event the total time

r e s-~I r e r t o cycle  th row-h  all the zones was longer than the desired o f f —

tis ,e T e tw een  hea t e r  cycles for an individual zone. It appears from the

rata  :bt ’i ir ,e i to date that for  the two—bladed UH — lH with six heater zones

~~~ b l ad e , these  voltage variat ions are not necessary and even the lowest

‘.--rlta :e would  er o v ide  de ic ing for icing condi t ions  up to a l iquid water

r o n t en t  o f  2 . 0  Crams per cub ic  meter .

The  t e s t  deb Tor oyster .  has two cont ro l  panels  in  the  cockpit . T~~e

f i r s t  panel is  f-o r normal -seeration of the protection system. The other

panel is the  b-lade de ic inc  con t ro l l e r . T h i s  panel incorporates setscrews

to permit  a d l u ot n e n t  of hea te r  zone - r n — t i m e  e i ther  Trod iv idual ly  or co l lec—

tis-ely based on deicing test results. This panel includes heater zone—on

llht:, failure indicators , and off—t ine controls.

The ac electrical power leads are routed up through the rotor shaft

to sliprings installed on top of the hub. Sliprings are also provided on

the tai l rotor shaft for the wiring to the tail rotor blades. The test

a i r c r a f t  and the modifications are described in more detail in Refer-

ences 1 and 2.

2.2 IN STALLATIO N CHANGE S INCORPORATED SINCE PREVIOUS TESTING

The test aircraft underwent initial simulated icing flight tests the

previous winter (19714/1975) at Moses Lake, Washington. These tests were

conducted using the U .S. Army CH—147 Helicopter Icing Spray System (HISS).

: urmng that testing , certair~ failures and deficiencies were noted and

111 

--- ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— -~ -—-~~~~~~~~~ ---~~-- -----——------- -. -
~~~

- —.- ---
~~~~

-- - -

desi gn modif ications accomplished prior to the ttawa testin g to correct

the deficiencies and/or preclude recurrence. In addition , some m i nor changes
were incorporated dur ing the Ottawa program to improve operation of the

system. The following describes the modifications that were incorporated

either before or during the Ottawa program and whether they appeared to be

effective .

2.2.1 Main Rotor Blades

Several problems wer e experienced durin g last year’s I-~cses Lake te st ing

with the deicing wiring installation at Station 83 on one blade. Although

repairs had been made and the blade considered serviceable , it was desig-

nated the spare for Ottawa and the backup instrumented blade used on the
hypothesis that the problems were peculiar to the first manufactured flight

blade. This appears to be the case , as no problems were experienced with

the Station 83 wiring on either of the two blades used this year.

2.2.2 Blade Sealing

A degradation of the dielectric strength of the main rotor blade

heater insulation was noted last year . This was subsequently associated

with moisture ef fects  in a high humidity environment as high dielectric
strength was regained during the blade storage period since the winter

season. In an attempt to seal the blades from moisture ingress , the en-

tire edge of the boot installation was coated with STABOND E’Pl97, a water-

proofing epoxy adhesive. This effort was unsuccessful,as degradation of

the dielectric strength was experienced again. Blade inspection did reveal

some peeling of the sealer, and epoxy materials can absorb on the order

of 5 percent moisture .

2.2.3 Stabilizer Bar Heater

The heater boot on one of the stabilizer bar tip weights had become

delaminated last year . It did not affect anti—icing operation; however,

the boot was replaced prior to Ottawa. No further problem was encountered .

This indicates that the delamination was probably a fabrication deficiency

of the first item manufactured.

15
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ll2. 1 Main Rotor Sl ipr i ng  wir in g

• The wiring inside the shaft to the main rotor sliprings was repaired

and the wire guide  tube (s tand p ipe )  that had failed was redesigned and

replaced. The new design incorporated a universal joint at the slipring

attachment , and no further problems were experienced.

2.2.5 Tail T-c tor :;ut Torque

• The installation of the ins t rumentat ion mounting bracket on the tail

rotor was modified to prevent the loss—of—torque condition found on the

main tail rotor retention nut at the completion of last year ’s testing.

The bracket is attached to the retention nut . Changes were made to reduce

free play which had resulted in excessive wear, and fly weights were added

which generate a positive torque on the nut under rotational forces . The

modif ica t ions  were ef fect ive  in prevent ing any loss in torque .

o .2 .6  FM Radio Antenna

A new mounting fitting for attaching the FM whip antenna to its base

was designed to increase the antenna tilt away from the tail rotor plane .

Two new fittings were fabricated. One provides for 15 degrees of tilt in

addition to the standard 15—degree wedge. The other provides for 30 degrees

of additional tilt . In the spray rig, no ice was accumulated on the antenna
so the effectiveness of the increased angle of 15 degrees that was installed

could not be evaluated .

2.2.7 AC Electrical System

The supplier investigated the problem of the delay in the generator

coming on the line under cold temperatures and made a modification which

demonstrated satisfactory performance in laboratory tests. However, the

problem recurred at Ottawa and will require further investigation .

Occasionally, the generator dropped off the line when switching from

230 volts to 160 volts. The overvoltage instantaneous t r ip time was in—

creased and no further malfunctions were experienced .

16

_ _ _ _ _ _ _ _  - -‘ -- —•—,--~~ ~~~‘~~~-- - - -
~~~~~~

_ -
~~~~~~~~~~~~~~~~~ _ • - - • -



---~ -

2.2.8 : ei c i n -~ 0ontrol

1. 2 .8.1 OAT Indica t ion

Laboratory investigation of possible sources for the approximately
+5 °C error noted last year showed that the signal conditioning

amplifier card in the deicing control box was sensitive to moisture . The

meter limiting and calibrating resistors were moved to the meter terminals ,

and , based on labor atory tests , the problem appeared corrected . Flight

results at Ottawa showed the same apparent error, so the 5 °C biasing resis—

tor used last year to correct the error partially was reinstalled in the

circuit. As shown in Section 14.114, however , this did not provide correct

OAT readings. Further investigation is necessary to determine the cause

and/or correction for this error.

2.2.8.2 Zone Indicator Lights

The light emitting diodes (LED) used in the deicing controller panel

to indicate when the heater was on in any zone were too dim for good day-

light detection. These were changed to 28 Vac lamps which were considered

to be satisfactory .

2.2.8.3 Logic Controller

Three changes were made in the deicing controller box. A capacitor

was added at the tail short over on—time input signal to the controller

fault latch of logic controller card No. 8. This was done to minimize

the susceptibility of the controller fault to electromagnetic inter-

ference (EMI).

A buffer was added between the main short output and the zone counter

- - on card No. 3 to eliminate the zone skip after resetting a main short fault .

It was a successful change .

The ground test and automatic update cycles were redesigned to coin-

cide with zone 1 as originally intended rather than zone 6. This change

eliminated the precise timing previously required to push the overload test

button coincident with the zone 6 light illumination when conducting the

short test.

17
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2 . 2 .9  Ice : etection Sy s t em s

~~~~~~~ Ice I electors

The electrical power for the  ice de tec tors  was remove -i  f ro m the deTci r~g

system master  power swi tch and routed direc tly To the  de tec tor  switches .

This  change allows the ice detectors to remain on when the master power

switch is tur i ie i off to reset fault indications .

2 .2 .9 .2  Infrared  Occlus ion System

A ground  test switch was added to permit maintenance check of the

system without the engine runrs inr  to supply bleed a i r .

Three i n d i c a t o r  l i g h t s  were added to d i s p lay the  L , M , and H ( l i g h t ,

modera te , and heavy)  ic ing si gnals  from the  i n f r a r e d  d e t e c t o r .  The o the r

see detector si gna l was left on the deicing control pane l indicator. Pre-

v i o u sl y ,  a s e l ec to r  swi t ch  was used to con t ro l  w h i c h  ice de t ec to r  was

d i s p layed . This change pe rmi t t ed  s imul taneous  obse rva t ion  in  the  cock p i t

of bo th  the i n f r a r e d  and the u l t r a n s o n ic  ice d e t e c t o r s .

A light was added in the cockpit overhead panel to indicate  when the

infrared probe deicin g heater was on; this ai ded in ascertain ing that the
ice detector probe was functioning properly during testing .

Sh ielded wire was adde d at the recommend at ion of the ice detector
supplier between the photo—transistor circu its and the comparator cir-

cuits of the detector and the rate box as a precaution to minimize FMI

susceptibility of the system . Proper system operation was noted with

or without the shielded wiring , thus , it appears that shielded wire is

not necessary .

2.2.9.3 Ultrasanic Type

The ultrasonic type detector was returned to the manufacturer after

the Moses Lake testing to investigate an automatic deice problem experi—

enced towards the end of that program . As a result of that failure in—

vestigation , the manufacturer replaced a faulty main amplifier. The value

18
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of the R317 resistor was changed also to assure dei ’r ir ,g at the  0.02.O—in ch

ice thickness. In addition , several changes were incorpora ted  to improve

performance at the lower temperatures. These included increasing the

heater power from 200 watts to 280 wat ts .

2.2.9.14 Inferential Type

A third ice detector and icing rate system was installed while the

aircraft was at Ottawa. This system was the inferential type that con-

sisted of a sensing head which was mounted adjacent to the right hand ice

detector mast on the cabin roof and a rate box and LWC indicator which were

temporarily mounted in the cockpit area.
U

2.2.10 UH—lH Aircraft Configuration

2.2.10.1 IF Suppressor

In order to evaluate the possible e f fec t  of the engine exhaust on tail

rotor icing or main rotor heater—on times , tests were conducted with and

without the exhaust lB suppression kit installed.

2.2.10.2 Generator Drive

It was noted when the ac generator was initially installed that the

drive quill was worn from previous dc generator operation. This wear

appeared to have increased during the testing at Moses Lake. In order to

get a better baseline for evaluating the ac generator installation , the

drive quill was replaced with a zero time component prior to the Ottawa

program . No evidence of wear was noted at the 25—hour inspection .

2.2.10.3 Rocket Pod

A 19—round , 2.75—inch (M—200) rocket pod was installed on the right—

hand rear-mounting point location to permit evaluating icing of the pod.

Figure 3 shows the pod installation during a test with individual white

polyurethane foam plugs inserted into the front end of the tubes. This

was one of the ice protection configurations for the rocket tubes that was

tested .
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SECTI ON 3

TEST IN2TPLL ~ENTATiO::

.1 lATh A ‘S ’I TS I TIO N SYSIS -IM

The fl ight test inst rumen tation and data acquisit ion system are

described in letail in Feference 2. The instrumentation consisted of

strain gages on the  main and ta i l  rotor  blades and control system for

m o n i t o r i n g  s t r uctur a l  loads , thermocouples on the blades and win dsh ields
to measure surface temperatures , and sensors monitoring pertinent ice

detector and electrical system parameters. These measurements were

recorded on an FM magnetic tape system in the aircraft . Onboard oscil—

loscopes were utilized to monitor structural loads in real time by an

eng ineering observer crew member. The FM system was used to provide high
level outputs from the sensors and thus m in imize  potential noise problems

-an the instrumentation signal lines that are necessarily routed from the

rotors in clo3e proximity with 3-phase , 1400.-cycle ac deicing wiring .

The photo panel that recorded engine and general flight condition

parameters during previous testing at Moses Lake was deleted for the

Ottawa program . The necessary sensitive instruments either replaced

standard cockpi t instruments or were added an d the readin gs manually
recorded .

Two main rotor blades and two tai l rotor blades were instrumented for
the program, although only one each was installed for testing and the others
kept as spares .

3.2 DATA GROUND STATION

In order to extract data from the FM magnetic tape at the test  s i te ,

a portable tape playback ground station was utilized . This was a small

20
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wsee I c-I - r a r t  m r s  r r  r a t i ng  th e  necessary  i h - --- -~ mi cater : , a 6—channel brush

r er o r oe r , a n i  a t i r . e  co~ e t r a n s l a t o r .  Letwec-n each test flight , pert inent
lata were e:~:tracted from the tape and reviewed fo r  proper deicing systems

sera t  i -s- n and da ta  collection. A similar ground station was used last

year  at Moses Lake , Washington .

B ° TOR BLADE CAThPA

A llmm motion r-icture camera was mounted on top of the slipring

assembly on the main rotor hub , which eho torrarhed  the instrumented blade

in—flight . During the Moses Lake pro gram last year , the heated window in

front  of the camera lens did not remain clear in icing condit ions , and no

s i— : t u r e s  were obtained of ice on the blades.  Changes were made to improve

the  window heater control , and a casing of insulating mater ial was installed
ar-ron-i the camera body to increase its heater efficiency . Following these

cha n ge:, r easonab ly  lood pictures of deicinc sequences were obtained at the
end ’cf the -T -tt awa program .

Fig- ire  - . shows a sequence typical of the best frames from a deicing

cycle ac c o m p l i s h e d  w h i l e  operating in the  sPray r ig just below the cloud .

5cr eh ;t o gr a oh i c  pureoses , the blades were painted flat black with white

s tr i pes o ut l in i n g  the heater boundaries of the six zones. An additional

O . t — T r r : - w b ~~e spanwise white stripe was ad ded 6 inches aft of the heater
lary to  provide a chordwise dimensional reference in the picture . It

was fo- :n- -1 t ha t  unless there is a dark enough background to provide suffi—

n est cs-n t ra st , ice cannot be seen on the leading edge . In the pictures

shown i s. Figure 14 , the ice is visible only out to Station 102 (.355), which

is the zone I/zone 5 boundary . Outboard of this , the white background o f

the snow at the spray rig and the small image size in the l6mm film make

the assessment of ice accretion difficult to impossible . In addition , the

chordwise coverage of ice on the upper surface of the blade is a minimum

in the hover flight condition (relati’:el~r high blade angle),whi ch adds to

the difficulty in detecting blade ice with the top—mounted camera.

The camera was geared to run at 05 frames per second but) apparently

due to the low temperatures, ran at ar;or ximatelv 140 frames ter  second ,
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res  il t in g  in 7—I frame: ser rotor re--clot icr .. Additional improvement of

ramera seater efficiency arinearo to he necessary .

3. -. - LE TEb~OS-AT~ i S

Evaluation c-f the thermocouple data oLtained during the test program

:scweu that there were two problem : with the measurement accuracy. It was

found that tse data could nut be used for absolute temperature determina-

tion recause of a random and unexplainable zero shift . The thermocouple

measurements are the  tenperatures of the windshield and the main and tail

rotor bla-ie surfaces . The zero shift that occur: in the transfer from

external to internal dc electrical power appears  to be con stant for a

given test but varies in magnitude from test to test. Therefore , there

was no wa-n to oe t e rr i n e  and aprl y a suitabl e c o r r e c t i o n .

All  t roub leshoo t ing  checks that were made showed there was no problem
cm external ic power. The previous calibrat icns were verif ied and using
these , good agreement was obtained between stable surface temperatures

recorded in the warm han gar or outsi de at low amb ient s and read ings from
a mercury thermometer, however , when operating on ship ’s dc power , there
was no correlation between measured temperatures and calculated surface

temperatures based on air temperature measurements. The error varied as

v-sob as 30 O~ and was generally colder than the actual temperature. How-

ever , it was found that the change in surface t emperature with time on a
given test agreed with in der endent ly  measured air temperature changes .
Also , the surface t emperature rise (AT ) during deicing heater operation

agr-eec closely with theoretical calculations. Thus , it was concluded that

the data  cool-I be used for temperature changes to aid in determining the

pr-rper heater—on time for deicing . This same problem was indicated in

last year ’ s test data but was attributed to the many electrical and FMI

d i s tur b - a c r e s  exper ienced  during the 1271/1976 t e s t ing  due to the chaffed

wiring inside the rotor sh a f t .

T h e  ether problem which became apparent in evaluating the blade tem-

perature rise data (ST) was that different changes were measured with the

two instrumentel main rotor blades . The thermocouples were installed on
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Sue f i r s ’  in:: s~~ .s e - : t e :  i - l a : e  (u se- c  T a s t  y e ar )  d i r e c t l y  on the s u r f a c e .

‘a i : r a t i  : :.  se ru: hei is:ioate- ,an a:’c-:rac’,’ :-rchler - assoc ia t ed  w i t h  the

of toe  e ro s ion  s hi e l  i th a t  was c-osrerte-i t’n u sin g

a -c s’-~o e u : : i s :e r  en ent r-o ser s u m r T v  f-z r each t T a d e  th ermo cs-noS e .  The

se -n on : t I e  :e ~h ac  v-o s !nsrrur ente-I sal a o s i n  i ss- : a t i ng  mater ia l  i n st a l e-:

c s -n-ncr. toe  Sser: o~~r o r e  an:: t he  l a :~ surface to pr o v i d e  iso7 a t ion  from

“L~ ia t a ~r m  t h ~ two ‘i i ~ fer cn ’Y~s’ j s- t r rc’--nt ed  blades showe d tha t

‘se tsr -Ma te-i ~~-~rmo’ouzles , a-’ co fLi ~~~ —xre -t~~i , m e ar nr e-i  -a T -rw er .~ T ~or

-u : d l  ‘ :-om ~~i~~nt ce:-v er ’it-~r e cha r: ec , :u:h as a I - e a t e r  cod e , than  the

: l a tez  r i c e :  t oc : - coco  u r M e s .  a t -  Mi ’  t o t :  in - :t a l l at i ’n s  ar e

f r  I~e-ntio :. -- . 15.

of - - 
~
- t e : ;td r  “ i n ’  the  ot u  o r - ‘sa: - :une w i th  the  ins’s —

~at e :  tr e : ’ . - - - T e b l ale .  H owe -ncr , t h e  S Ta l c  was rerM ace-I when heater—

e le~~ i - t r o d  r h o  r t s  s - - r e  e x o u r i  ence ’: and the orcunded thermoccunle

b ia ie -.--a : i n :t~M Th :. Mn t o t e r -r i s i ng  the  °-la :e n -zr f a c e  t ev re ru t u re  r i se

~~~~~~ o’ oa ~~~, a ‘~~~~~ -r ~as le~~~’--- ‘- -p 1 ano

- ::ez vuere  se n e s n a r y  to c o nve r t  :nru -i 0-: t ner :-ccour l e  data to grounde-:

tu e :-m-oc :onle n o s e .  Th e lat t e r  is o t v i o u s l y  c-rnsidere-i to be more represen—

tst-M:e of’ the or--re:’ surface temner-at-,re .

The t a i l  ro tor  h - la -des  were ir:str s-ente : wi th  ~-rn nn-ied thermocouples ,

t h e r e f o r e , no ad .i u :tment was necessary . S~ cti-o-n 1 .15 discusses the use of

tue  blade t e mp e r a t ur e  data in d e t e r m i n i ng  the  r equ i r ed  hea t e r—on  t imes

based on su r f a c e  t emp era ture  chang es .  -
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M n - : t l s e  o f  t h e  s: ray r ig  t est  or ’ gr am v-ac to  e-,a nat e  t ire

effe:ti:eness of t:re i-re or- tection sy s t e m , rarticularly rotor blade

: ei n i n o , o’ner as vi ic a ros~-e 0-f a i r  t es.s e :-ot u r e s  end m o i s t u r e  c on d i t i o n s

as n-:::~ t -T ” . ~e r r :m - ir - .- ar ea o f -‘ ntorcnt v—is heto’e”’- ou t s i d e  a ir  ceo-ncr—

as : 5- ’: ( ~s2) :f 0 and _ 95  ~C -inS -it toe I d n u i d  w-~’-er ccnt ’~-rT (‘l-~C) “or

each 4evro:’ature as r cro -~~~e’r led in °of ~ r ’nn ce  1 for  t he  c c o t i n s 0s maximuri

con l i t i o n  ( st r a ’Y form cM- :ds) for  15 mir ’- -rn d r o r l e t  s i re .  This Tt-~C -nersrs

SAT m d a ry  agrees w i ts  FAir Ta r t  25 requi rements  and is shoov , in F i g —

ore 5 :cmpared with the  data  po in t s  of the T h — lh  testing . ‘The spray rig

::- plet  size was renorte-i to be 30 mic ron :  an-I therefore offers a somewhat

more douser-native basis than wool-I be encountered in natural icing . Also

sloow:: in Figure 5 (f-zr reference) are the test conditions covered dun- i ~ng

the  prev ious  5’S—I N simulated icing testing at I - loses Lake , Tashi~ otcn ,

during the wi nt e r  of 1971/1975, using the U.S ~ 
- _

~‘7 0 -ray Tanker

(siss). The spray tanker ’s -orcolet : are reps-ote i to be consiterably

larger , i . e . ,  apr ro -:- :imat ely 150 m i s s — n : .

It can be seen in F igu r e  5 t h a t  sh e  S cundaro cor~-- ii t i- no were ade-

quately investigated. Additional testing within the l z : n  deco - at lower

liquid water contents (L~r) woul:I h a -ne  been -d e s i s a t  !e.

14.2 SPRAY RIG TES SIt•T :CITSUF F

The test nr ce-: ,re used was to irn-:e:-se the aisnsa - r. 5:e cloud for

an estimat e-i t i r e  inter-n od to collect a 0.15— m d--: thi:kn~-rs o r i c e  or . the

rotor blade n t  t i e  -~-er : en t  roan point . An en~-ine sh:,t i -wv was made and
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the :‘:‘— s i m - :  :‘ :n - tIn: - .25 in -:: of i c u .  A l . !  u-ms - - : in 1 -ur ~ T i m .- ad t~~ i

v a l e  f r r  the w ind v e l o c i t y ,  gus t  in -rn: : , a n t  r oto r  immersion  f a c t o r s .  i~Mg_

ure r rh -nw: -  b lade  ice sp a n vir e  and chor-dwire dis tribution at — 11 °C.

:e tn n e o n  ice accretion run: , the  de i c in~-’ sy st e m was use-i to remove the

i-c e f-or  the  next run . A shut-town inspection was made again to ver i f y that

t he  b a-re: where clear, prior to the next run . If  the blades were not en-

tirely clean , the deicing cycle was repeated or the  residual ice was rercc-.’e-i

i-v hand , u s in g  a mallet and/or scraper. Thus , in the process of de ter—

mini s- - the rroper o f f — t i n e  for  0 .25  inch of ice , de ic ing  evaluation of a

ran -c -c- f i ce  thickness and spanwise coverage was obtained.

‘moe the  t i m e  to- accrete 0.25 inch of ice was determined for the test

I the single—cycle blade deicing appeared satisfactory , a nominal

IT- -minute c-sn in the spray cloud was made, neriodi cally cycling the blade
I c ine s s  at the previously determined o f f — t i m e  inte rval ,  to simulate cont in—

-so-os opera t ion  in an i c in g  environment . This resulted in 5 to 12 deic inr

cycles , lenending —cc test LI-Al in a 30—minute cloud immersion . All deicing

cl,dles were initiated man-sally in the semiautomatic mode. Automatic opera-

tion was not attempted, pending determination that the icing condit ion

innuts from the onboard ice detectors an-! other system parameters were

proner. iTt the end of the 3- S—minute per iod , the a i rcraf t  was moved out of

the cloud and the final deicing cycle was accomplished in clear air. This

is considered by the USC spray rig operator to be a more diffi cult deicing

condition because the ice temperature drops when removed from the super—

coole d water droplet environment and simulates emerging from a cloud under
natural ic ing conditions . At the completion of this last deicing cycle ,

the aircra ft was shut down and again inspected visually for residual blade

ice , rurihack , air inlet screen condition, and general ice collection on all

parts of the aircraft . Pertinent photographs were taken and observations

recorded crc data sheets.
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:~e : e i - c- is . ’ u-a u t o s — - n  tt:- O -cur- ode ;-e j~~lti’ t I-n wit:; nr: r -::~i~ .rn~_el’r

0 tr that ‘ire-i : :od:.- tire : soccer: test ‘~~- : ‘n-ncr’: at - ‘ - s e n  t ake .  I h i s

:-: ‘n - :1’s ho : - t nrea :-e t t -i - ;e : u T i 0~~ : - t . ~-en u M n , :  in  f l ~ t ’ gram a l t h o ugh

toe -‘ .aluatj -n of : ei c j : .r  e f ” e c t i-c erre :s vu:; h a r e - :  soleM n on i n — ”l i ght

0! . - ::uati j~~ : a chnnn e i , e l i c o r ;t e r .  I h e se  n— -m in o on—times were arrr ox i—

- c _ I -  t he  : o i ’ : — r - r i u t  of toe a-!.iu::t~-:ent range - :r each gon t :-oS .  he i n i t i a l

ccl - ing r es u l t s- i n  tic-ito : r-:nhark , e - - - -rrial ly on the ii. t~~nir b lade ar ea .

.:::e- ;-:ent cru s , toe o -n — t io . e -na n ;-c--gressi- .-’eiy re-i nre I by selecting a

:-:a -’ - .er—than—ar-bjent te:ornerntuc-e setting with the cockpit outsise air ten.—

ocr- it crc (OAT ) control . This “offset TAT ” c-once-ian-c pro-cade t a convenient

Sort :retuc : for reducing the on—time vers-os °TTT so:~~:uie. ~:ternati ve1y it

-n c-rIo have been -nocomnlis he-d with the setscrew ad/ o stm e n t s  ava i lab le .

1—ecause of the mars: varial les which load to be e-caluate-t , the deic ins

:lrite’:. was orerateu at 200 Vac for most of the testing to expedite

crti :sicing the on—time . The run was made -osing the alternate voltages of

l~ 0 art-I 230 Sac in -or-sec to permit determi sing the on—times at these

~:clt- n. ’er which or ;-s e the  same t eak :o :r faor-  too ner’iture.’ an f o r  20 1) t’ac .

p e r a t i o n s  in the SirS spray rig showed tha t  the data g a t h e r e d  ar-cl the

consl-r:i- :n : -drawn are subject to careful analysis art-i evaluation of tire

Tess en v i r o n m e n t . It was found that  for acceptable spray cloud operation

with tne CS—lIt , the win d veloc ity should be a m i n im u m  of 10 mph.  At lower

win-S velocities , satisfactory immersion of the rotor and the aircraft

cannot be obtained within pilot visibility requirements. The difficulty

in maintaining or obtaining satisfactory aircraft immersion in the sPray

c l - o i l  r e s u l t e d  in incons is ten t  spanwise blade ic ing  d i s t r ibu t ion, p e r m i t t e i

only a pa r t i a l  or momentary evaluation of the ice detector systems , arc:!

limited forward and aft fuselage (tail rotor) icing evaluations, lIven at

higher wind velocities , these factors were still present and repeat runs
would be required to obtain sufficient data for an adequate quantitative

evalciation. Figure 1 illustrates two tyr-- ical variations in a scray d o -u -I

at Sow wind velocity. These pictures are during the sam e t e s t  run at

—3 .5 0” and = 0.8 ‘ram ser cubic  m e t e r  in  a i—mph w i n - i .  Seith ’-r

i t io r  is rn c- r ; sd - i e r e - i  to i - c  gool . Fig-ire 1 illustrates a : -re  Se i -’at d o
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Figure 1. Spray Rig Cloud Variations with i mph Wind , — 3 . 5  C , 0.0 g i n

LWC
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clouc o-oris ition although the difficulty in obtainir,g fill aircraft and

st-rrs immersion is still apparent . However , spray rig testing does pro—

a good baseline for icing investigations and permits data collection

in a minimum of time .

1 ,3 l.t~I:: 5050P BLADE PEITIINO

verall , the deicing of the main rotor blades was sa t is factory under
— all c::-nditions tested. During the Ottawa program , 18 individual ice accre-

t i - :n  conditions were inspected visually before and after a deicing cycle

to e-caluate deicing effectiveness, A total of 121 deicing cycles were

accomplished under icing conditions.

Although they are considered not to be of enough magnitude to preclude

testin - in natural icing, there were two discrepancies in main blade

ieicing : mild runback in the inboard portion of the blade (20 — 140 percent
sna~~), and residual leading—edge ice of varying magnitude in the same area .

The latter and possibly both appear to be caused by the manufacturing

,~oint in the heater and erosion shield at Station 83 (29 percent span).

At this station , two design features are concluded to be responsible for

the imperfect deicirig . The erosion shield material thickness changes

from 0.016—inch aluminum over the inboard “doubler ” area of the blade to

0.030—inch steel. This difference in skin thickness results in a step in

the blade surface contour that opposes the spanwise shearing action of ice

separation . Ifl addition , there is apparently a 1—inch—wide cold band

(lack of adequate heater coverage ) caused by the wraparound conducter that

carries the C phase ac current from the upper blade surface to the lower

surface. This joint is approximately the midpoint of zone 5. Figures 8

and 9 are examples of the residual ice on the blade in this area after
deicing . The white appearance of the ice at the joint shows the ice has

separated (or been melted by the heater ) and has an air space under it

but was still retained on the blade . Many times the same area would be

completely or almost clear of residual ice as shown in Figures 10 and 11.

It was found also that the small bumps caused by the strain gage and

thermocouple installations impaired deicing. The noninstrumented blade
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Figure 8. Fesidual Ice in Zone 5 - -  f te r  Attempting to Induce Runback
lith Three t-eice dlycles at -lb°C and 0. 145 g/m 3 LWC
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Figure 10. Zone 5 Condition after 30-Minute Run at —15°C, o.14 g/m3 LWC

‘ I A-
i-’i~-crre 11. ‘one 5 Condition and ~unback After 30—Minute Run

at —11°C and 0.55 gum LWC
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wit s a lway s  c leaner  th an the i n s t r um e n t ed  one which ha-I residual ice

where-ncr tm~ surface was uneven.

ii enresentat ive  runback format ion aft of the heated area can be seen

in Figure 11. Attemr-ts were made to induce  heavier  r irnback by prolonged

oeration with a short off—time and long on—ti - - schedule. However, due
possibly to the unfavorable spray cloud conditions , the runback obtained

was cons idered  i n s u f f i c i e n t  to w a r r a n t  a check of the e f f e c t  on pe r fo rm ,

ance , such as autorotation rpm . It is concluded that none oil the runback

experienced to date would be significantl y det rimental to any f l i ght

c o n d i t i o n  such as c r u i s e  or a u t o r o t a t i o n .

Figure 12 shows the heater—on times tha t  were evaluated during the

program. As mentioned , the on—times were reduced by setting the OAT con-

trol to a warmer than actual temperature . -.  ~This OAT offset method effec— —~

ti-nd -: shifted the on—time versus OAT schedule line downward and provided

an expeditious way to make adjustments from run to run at the spray rig.

::-ote on Figure 12 that only 2 points resultei in -rnnatisfactory deicing

because of too short a heater—on time . --n ortio rn. -on—time sche dule versus

OAT , equi-nalent to anoroxivately a 10- leer-ce offset. n’ s indicated by these

qualitative test results. A recommer, led on—time schedule was determined

also from the measured blade surf-ace temr-erature data. These data are

presented in Section 14.13 and agree closely with  the foregoing indications .

14 ,1, TAIL ROTOR BLADE DEICING

The effect iveness  of tail rotor blade deicing was difficult to estab—

lish during the spray rig testing. The tail rotor would only accrete ice

when the wind velocity provided a good cloud which reached the tail rotor .

Th e  available data , therefore , were extremely limited. There were ice

accretions observed that varied in thickness from 0.0~ inch to 0.20 inch

at the midspan point . The outboard 12 inches had always self—shed. After

-leicing , the heated area of the blade was almost always clean . fometimes

there was ice -on the inboard 1 to 2 inches of the heated area. This ice was

an extensior. of the ice on the inboard unheate-i portion o~ the blade.

Apparently this i n h n a r - J  ice would self—shed after a modest thickness had

a
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Figure 12, Summary of Main Rotor Blade Heater—On Times Used
in Ottawa Test Program
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-arc - ’n t - ~ : , s i n ce  too  en~ Is.:- - a :0 n-as clean  a ’ least  50 serp ent  of the tis.e

Moe of t he  ohel: ir •e va - : - t i c~ able to t°e ‘ht crew.

er~ts -n - o r , - ‘te vito an vi thu  :t t i r e  e: ~~~~~ en - h a - n o t  irifrares s-sn r e s n or

i n s t a d l e  :h~nve no effe-nt or, t a i l  r - : t :r  bla n - icing . As can he seen in

1- igu r e  ,Id , Th : : .  t o O  a f t  : ; :ela-e  ice aco - -
~~~ 

- - i r r ir o ’  f r eez ing  rain opera—

S ion , the e :-:ir- -~u n t n-l in - .e is  r e d  €c - :te-i by tir e r o t o r  -icwnwa sh arid never reaches

t h e tail i’: t i s  o- :os  with t i r e  I!- cu r u r e n s o r  i~ stcrlle’i .

.5 ftMdI- lThll ~AS A l l  —1 (155

The anSi—: cir:e r outer tLanxets kent t~ e stabilizer bar a-iequate lv

clear ~f ice. The to-’ ocute : oortTh -o at the ,~ano n u t s  on either side of

toe tin veigots cclle :tei ice wom b o c c a s ion a l ly  bridged around the t ip

weigot  -on the  retreating s ide  of the w e I gh t , but th is presented no or~ hlem .

Fie se 13 shows this con n i t i - o - r: as f ou n t  following 5 minutes in a cloud at
1 .6 0~ and TWO 9. 3 e/m 3. it dii not d o - o k  si -n i f i c a n t l y  d i f f e r e n t  a f t e r

a 30—no in- ste exposure , wicich indicates that  the  i ce  n e l f— s h e d s  per iodica l ly

w i t l -cort  an’: detectable effect on aircraft cr- er aoior: . T h i s  agrees with the

fo rward  flight test experience at -loses l ake.

14.6 t:IlN-sSIllL:- !i:-IAT::;O

The he-a,ted w i nd s h i e l d s  remained clear at all  times . An at temrt  was

made to evaluate the minimum heating requirements by usin c  the Variac to

reduce the voltage on the cosil:t’: win ! sh iel ! .  ~ll hut t :r e e  of the spray

rig rums were made witl-~ the c-rr :ts--;-l set at 190 Sac and no difference was

noted between it and the right-hand windshield nerating at 200 Vac . How-

ever , there was never a significant ac- s-nm -rIot ic — n of ice on the unheated

edges of either panel which was tI .-n i c a l  l ur i n g  : reo’io-s s tes t ing behind

the HISS tanker . Thus , the  tent result: are not conclusive due to the

fact that the windshield did not get e:-~~~:ei t a signi~~icant ic ing

env i ronmen t  in the  s r r av  rig .
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na- : i u e  a i r  I n l e t  ‘~~~~i c -e ns of the st an d a rd t m— l i - i  do not incorporate-

an’- s p - ~ ia l pr~ vi S i - en s  I or ice protection . Mo changes were made to  the air

in~ ct con r i -cu r a ti on as p a r t  i t  the icing t i- st modificatio ns because previous

i c i n g  t e s t  e x p e - r  Ic-n e w i t h  t h e  U H - 1 H  has not  i n d i c at e d  a r e q u i r e m e n t ;  how-
ever , the e-I I ~n I n e  air i n l e t  p lenum was i n s t r u m e n t e d  to monitor ~ P. Ice d i d
e u - i  l - c ~ on the screen s in var ying di-~ rees during all of the spray cloud runs ,

hut t he pre s sure - drop across the  screens generall y did not exceed a .~P of

~ to 5 inches of w a t e r .  I f  i t  appeared  n e c e s s a r y ,  t he screens were removed
b e t w e e n  runs and the ice melted off in a warm building prior to the next run.

n fou r  of the  30 run :; in the spray cloud,a rap id  increase in ~~~° wan

cx: e r l e n c e d  and re-ncs.e n toe test l i m i t  of 18 inches ‘of water, wh ich r e ou l t eu

in n rc. t nre termination of  the o-lanned run . It was snowing dur ing  t h r ee

oe f o o r r ’sns c:: ’~-h ic h  l i m i t  ~ 1° was r eached .  This ma-n have t een

Fje-~re 1’- sos-vS an ice accumu la t ion  on t i re  air i n l e t  screen: that

l~~~k: s i g n i f i c a n t  lot produced only a neglicible change in~~ l . iiigure 15

shows the  l ea-rn in le t  screen icing that  r e su l t ed  in hi gh .~~ . A rap id

increase (l~i seconds) in screen ~ P was no ted a fter 5 :n,in - :tes of operat ing

at only 25 psi engine torque . The condition of the inner screen protectine

the  ai r  r ar t i cl e  separator for the same run is s i on in 1-ig- n r c-  16.

It was 01-anne-i to check inlet icing in snowing conditions alone (not

in the spray -cloud ) but the opportunity was not available. fln one test ,

toe air-or-aft was hovered around the airi-ort rams, stirrinc un 3 inches of

freshly fallen snow with the rot-or -:owr.wash. Altlo~ n h ;  the  a ir cr a f t  war t

nearly obscured in the agitated snow , no change in in l e t  ~~T or ice acc nr-!n—

lation on the inlet screens was experienced.

The operating conditions under which high ~~F was experienced are
note- i on Figure 5 by special symbol coding t--n show their relationship to

each other and the other test conditions. This shows that no specific

c orrelation with LWC , OAT or snow conditions is apparent . The one run

with h igh ~~ P with no snow pr e - r e n t  ( F l igh t  ~2) was a low wind velocity con-

d i t i on  where  the cloud was 0-ery dense and envelope-i the aircraft so

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _
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F i — n n - e  13. ‘ly r i c a l  Ice Accre t ion  on the Unheated Portion of the
foablli zer iar Tip W eight  Ins ta l la t ion
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:- mn 1ete 1y t ha t  t i r e  run  ha I to be conducted  wi th  the aircraft resting on

toe crc-u:, i .

It is f e l t  th a t  the  in le t  screen i c i n g  may be a stray rig rhenomer .on~
but f ur t h e r  e-r a l ra t i o n  is requi red  for  v e r i f i c a t i o n .

14 . 8 U:li:- 5E-TTEL-

Shere were no unprotected areas on the  aircraft that appeared from
t he  ~ttawa test ing to require ice protect ion . The results of the rocket

sod testing are not included in this report, as U.S. Army Missile -Conimarr i

:er:onnel were on—site and monitored that activity .

5 . MTTS-COURAT LOADS AND VIBRATION

A s was found in the initial test ing last year behind the HISS spray
tanker , neither the ice accretion on the rotor blades nor the shedding

of t h e  ic~ nr odu ced  a detectable change in rotor  str -r c tu ral  loads . An

on—boar -i engineering observer monitored key parameters in real time during

each ron . In addition , main and tail roto r fl arw se and chordwise bending

moments and pitch link loads were recorded on the  magne t ic  tape and the

traces were reviewed between each test .

During some of the deicing sequences , the fli ght crew reported that
spec ific zone ice shedding could be felt , but this was not detectable on
the transmission lateral vibration trace. The flight crew also reported

that ice shedding during deicing could occasionally be observed in the

forward quadrant . Sometimes the ice would shed with relatively high

velocity and other times it would seemingly float in larger light pieces

down in front of and on the right side of the aircraft within the rotor

circle .

l-~.l0 DEICING SYSTEM OPERATION

Operation of the deicing system was considered to be excellent . Very

few false fault lights were experienced in flight . The ones that occurred

are discussed in Section 14 .15. Two actual electrical grounds or shorts

14Q 
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in tir0 i l a n e  h e a l e r . ; w’: - - :-c-’r . -: ce i in l i - i , t , ‘to - ;  o:e~~e

-or ; t he  co’ cl ‘ ri--I :1,’ 50c- ac gso ~n cot

he change in tire - ,O’rte- s nv ne ligi ts to 2 8 .’ - d~- J r  - in, :Ja’- e or ’

lic i t — e m i ’  ting -d in- l e o:  e l i m i n a t e  t ire ‘ni f f i c ’ ; I  log in obo e -h ng s~ rce ‘ -r era—

t i o n  -on icr lay l igh t  condit  I on: that was sen r t - t e - ;  f r o m  :;re- ,’i’--~~s Sect

e xoe r i e n c e .

111 b lade  - d e i c i n g  was acc n .p l i n } e - n i r .  the  se ;o i aot v ot i c  mmdc -

o’Iight crew manually set t i re  c - on t o -n i  1cr for the - n c r  i re -n  voltage an-n heater—

nor. times and initiateon t i re  — l e i c i n g  sequ ence  wi th  tire main and tail switches.

Auto:;ati;- operation with the :‘.-stem accepting air temperature an-I LV’ ins~t:

fm :- . the installec on— b oar - i  sensors was not attemcoted . She - —te n . 1-AT

gao- e random reading,s in hc’ner , and the ir,-di c- aten TW ° was always lower th an

t i re  sPr ay ri g se t t i n g  because the detectors  wer e locate- ;  on the furvar  I

en-I -o n ’ the cabin roof where  the~- were root immersed in the  cloud and, thus

were not exocoe n to- t i re  n -sorer  c1o-u-~ en v i r o nm e n t . It app ears  that  t e s tin g

in t i re  au tomat ic  mode can only be accompli;-:ned under natural icing con-il—

tions or in a sim-olate i i c i n g  -:1ord that fully and uni forvly envelops at

least the rotor -tn-i the ice detectors .

0-ne chang e  in ~iesign  concept of t h e  l e i c i n c  cont ro l le r  that a--pear :

necessary is the  m e t o o i o f  sc h edu l i n  t i re  n-ron-er o f f — t i - n e  hetveen ;eicing

cycles. The present configuration pro -si en for  o f f — t i n e  as a f u n c t i o n  of

TWO w i t h  a 5—m in u t e v -st ing  c i r cu i t  c on t r o l l i ng  an us rate - refie~ t chances

in LW-C . Ib i s  m u t i n g  f eat u r e  is ioten-i~~-i to co un t. i ze  ac cenet -ator vol tage

changes in r e sronu e  to ohort  - d u r a t i o n ,  and f r equ e n t  changes  in 5W~’. In

order to main ta in  a reasor :al-1e u n i f o r m i ty  in the am o :nt of Ice accretion

on the rotor blades between deic ing cycle s and, yet acccro n bite the  chances

in LWC that actually are experienced under  natural icing flight , the  -:

troller r:eed: to integrate LWC with respect to elarsed t ime aird Os ~ ;‘ a

deice signal pulse when a pre - ie t ermined  valise is reached. This  w i l l  ;- ‘or n lt

in the o f f — t i m e  varying nonuni formly il ’ or i n g  flight thr own - i , a ro -n :r,i form

i c ing  environment . An anomoa ch  to t h i s  type of s1,- :tem was ev a l u at e -I  b r - m r

the Ottawa testing and is -described in C- ’c t ion  14. 11.
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;~ st a te  i previously , two ice de tec to r / i c ing  sever i ty  meter des igns

were installe-s or. the test aircraft for evaluation . These were an ultra-

sonic typ e an:  an infrared occlusion type . These were mounted on top of

1, - i n c h-h i ch  masts on top of the aircraft cabin . Both detectors had

aspirators to omovide increased airflow over the sensor for operation in

ho--er flight . The aspirator on the ultrasonic typ e detector is removable.

A t h i r d  ice detector and rate meter u t i l i z ing  the inferent ial  techni que

was installed during the program . It did not incorporate an aspirator

system , and therefore , it did not provide valid indications in hover. It

was to be evaluated during the planned natural icing flights but these

were not accomplished.

Figure 17 shows the installations of all three types after a series

of d o - st imr-iersions at —12 0C in a 15-mp h wind.

Cockpit indications and test tape recordings showed that both detector

systems functioned properly , whereas during the Moses Lake testing last

year the infrared type did not indicate in fli ght at all. Because the nose

of the aircraft could not be fully immersed in the cloud in order to permit

the pilot to maintain outside visual reference , both of the rate meters

-osually- indicated lower than the LWC setting for the cloud. Thus, a quanti—

tative accuracy evaluation could not be made . An overall evaluation based

on flight crew reported observations is shown in Figure 18. This shows

that  the ultrasonic type generally read a lower LWC condition than the

cloud . Based on these data , the infrared type appears , in general , to

correlate with the cloud LWC. Both were supplied with the same bleed air-

flow at approximately 40 to 45 ps i and 70°C . Further evaluation on a more
quantitative nature is required.

One discrepancy was noted in operation of the ultrasonic type ’s rate

meter. t appears that the hold period of 16 to 17 seconds on the rate

indication while the detector probe deiced and cooled in preparation for the

n~ xt accretion period was insufficient , as the rate indication would dec rease

to zero periodically . This was not noted during the previous winter ’s
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Figure 11. Ice Detector Installations on the Test Aircraft

testing and can be corrected. The amount of ice accretion between probe

rieice cycles was set for 0.0140 inch thickness. The system can be a’I,~iosted

to trip at as low as 0.020 inch thickness. This would permit deicing

within the present hold time or the hold time can be increased. In order to

use the ratemeter information to schedule blade heater off—time , a shorter

updating time would provide greater accuracy and therefore be more desirable.

14.11.1 Use of Ice Detector to Program 0ff-Time

In preparation for natural icing flights and ultimately automatic

operation of the ice protection system , a method of scheduling the proper

off—time using an ice detector signal was evaluated. ‘The present control-

ler configuration programs off-time as a function of LWC with a 5—minut-:

muting circ-sit between updates . This configuration would not control the

amount or’ blade ice accretion between deice cycles u n i f o r m ly  in  an i c in g

environment that changed very much or very often . An accreti on type c-f an
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i ce  ;e l -~- ’ L o 5  :elces each tir e a O n-ned an,cunt oh’ ice is collected arcs thus

rycles  at ‘in in ter - ía 5 tha t  varies ier ~end izoe ’  on the LWC or i c ing  severity .

For th e  eva1’;ati~-n , a digital co-cater- was added to the cockpit i n s t r u —

:nentat ion that registered each -;eicing cycle of the ice detector sensor as

a - n o - m t . The r:u:Jer of counts that were registered during the time to

‘tccrete 0.25 inch of ice c- ri the o-utcr blade was noted during the off—time

interval for two dO—minute runs in toe spray cloud at two different LW-C

values. She infrared detector signal was used for this purpose because

it had the shorter cycle time of the tv-n systems available and thus pro-

wl-led the greatest accuracy.

From the two runs it was det ermined that although the total counts
for 0.25 inch of blade ice were not exactly the same for the two LWC ’s,

they were reasonably close (~~.o for 0.55 g/n3 and 9.6 for 0.3 g/m3). A

30—minute run at an OAT of —11 °C was made with the spray rig operating

at an unknown LWC . To further simulate a natural icing encounter , the
LWC was changed during the run to a d i f f e r e n t  TWO . The run was completed

uneventfully with the blades deiced each 10 counts. Good correlation

was found between the off—times that resulted and those determined from

earlier tests. This procedure warrants further test evaluation and points

out another use of the spray rig; namely , that of gaining confidence in

onboard instrumentation and ice protect ion systems prior to natural icing

testing .

14 .12 0FF—TIME DETERMINATION

As described in Section 14.2, the initial testing at each cloud LWC

consisted of runs to determine the time to accrete 0.25 inch of ice on the

main rotor blades at the midspan point . The time thus determined was used

as the off—time between deicing cycles when operating in the cloud for

30 minutes . Figure 19 shows the test data obtained from these ice accre—

t i cro runs. All measured ice thicknesses were not the desired 0.25 inch

and not always available at the midspan point because of self—shedding and

nonun i fo rm cloud immersion. Appropriate corrections were applied to the
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measured data using the local velocity ratio to correct thickness for span

location and the desired—to—measured ice thickness ratio to correct the

time . The fairing shown is for a product of LWC and time (in minutes ) equal

to a constant of 1.75. This obviously assumes that the catch efficiency is

constant and independent of temperature . Figure 19 also shows the accre-

tion times used during the HISS test program last year. As might be

expected from the many variables in the spray rig tests , considerable data

scatter is apparent . An attempt was made to associate the scatter with

temperature and/or wind velocity but no positive relationship could be

established . The points indicated by a subscript 1 and 2 were from runs

with marginally light and relatively high wind speeds , respectivel y. Dis-

c o u n t i n g  these  po in t s , the curve is a reasonab le  bas i s  fo r  use in fu t u r e

t e s t i n g  of the UH- 1H a i r c r a f t . I t  appears  to be va l id  for  i n - f l i g h t  or

spray rig opera tion .

A s i m i l a r  evaluation of tail rotor ice accretion data was tried but

there is little confidence in the indications from the results. An assump-

tion was made O sit the criterion for thickness would be a scaling of the

0.25 i r .cb  on the  main  r-otcr on the basis of main to tail blade chord dimen—

ni-on ratio . Th i s  results in a desired thickness of one—tenth of an inch

at the midspan point of the tail rotor blade . The available data for the

tail rotor are sh wr; in Figure 20. The data are extremely limited and

show considerable scatter although the relative scatter is interestingly

very similar to the same points for the main rotor. If the same fairirig

is used for the tail rotor , it indicates that the off—time for the tail

rotor to accumulate 0.1 inch of ice is the same as the time for the main

rotor to accumulate 0.25 inch of ice. However , on the basis that the
velocity of the midspan point on the two blades is approximately the same ,

the tail rotor of f—t ime  should be on the order of one—hal f of that for the

main rotor. The discrepancy is probably due to the fact that in the spray

rig cloud, the tail rotor is not exposed to the same icing environment
as the main rotor .

It is felt that the tail rotor data obtained in the spray rig is not

representative of the hover condition because of the incomplete cloud

147

—----- --- --— — - --- — —---- — -- __— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~



F - —.
~~~~

- - - ---
~~~~~~~~~~~~~.~~~~

- - --

— 

~: -  F - 
- 

ri 
-

I S

- - - $-  .. . : r” - : ’ . n:: . ,

‘ 7 1 -  — 
-

~~~~~~~~

- V ~~ ~~-

I: 
-
~~~~~~: , i

g T~~ ~~~ -~~~P p,~ç 19 -

- - 
:

- 
-

- 
- N H~--~ -

n - I  n j ’ - :r:r :::: -I-
- - 

- 
- I ,:’ , : : : , : :: ,:

-— ~~~~~~~~~~~~~~

: , j h : a : : : ’ .. : ‘  - -

- 
- 

- 
- : 

- - 
.: 

-

r : :’ . : m ~~~; : . .  • # , : : i i~~~~ 

‘L-’ure 20. Tail Rotor Of f’ - - i r - .e

148

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _



V — - - - “ ~~~O ~~~~~~~~~~~~~~~~~ -- - ‘
~~ 

- 
~~~~ - - --

- 0 - - e: -- ~~a �. ocr - a : -  so , orn t lS so- re n ’-~~i n l t d 0 0  d a t a  - go - ‘ ‘ a~ r a : , 0:00-
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- r’ o~ ’ ’ —~ - - t- ;::e is one—hal f of ode ‘ a i r -

Ide r-reoe: .t c nrn . b ’icnratiorn of Oh-a -leicing controller scO—d~~Ie: 0-me

t a i l  r otor ’  - o f f — t i m e  ir ironI es of the — ri—time ,-~-hi-n h in t o r n .  Is a ‘ - a n t i -

of  - ntsi ne air temper -a ’. - : 0  ( n A T ) .  It an t -ea r - s  toat  oh i  s ~dç uid be s e - - I s o - - n

o roche n-ole ton e tal 0-otor as a “urcc:tion of li-c n i - i  w a t e r  co r i t a -  0 t n  a sam e

as the  m a i n  r’ 0

.13 :-iPlTi- - — :1 5 -  

As d i s c  no se - i  I” t i -o n 5 .3 , the  o r i - -in ai  hea t -  - — - no t i - -e s  n o  sched -sl e I
- e ~~~

“ o c ow- - j o- ’- and -‘ - o--s1~~ “s- ~

e ‘“o”r S 0 C no - or- se ~i rg  ~se a tat~ e ~~~~~~

.0 oS-ye-: t one on— d ir- a can Inc re n - _ ce cons i’nerahly. To n-u pal c--ant n-j o-m o

f i n - n - d in cmn , t I -n e  t h o r - n - c- n Ia seas-coed s’:r”ace te ’—r erat ,re iota  ,-:-w -a ov al n at e  -

l tb -o--s ’:, t he  n’s- her  -uf t :f - r : - - -  n o . 2 c c  were l i m i t e -n  an-S ode :st~ -oe ’-o n o t

ad o -c r a t e  as abc- -I ~te t ’- - - : c - - t o - es b e c a u s e  oh’ the  i nstr -ir - o n n t a ’n i - o- n noob l e— .

iso sce~ _ ‘- u~ “0 ~ sa~u~s t “ a 4 - ’  en use or

a delta cnara—e basis .

-- . 13.1 Solon - o - t

Figures 21 t, ,ac:. 25 I -r e se n t  the basic data of blade s nrfno- e temnoera—

tore rise with heater—o-n time at 200 Vac for each of the f:-cnr main Sin Ic

stations n-eac-cre-i . ‘The curves present the temperature rise r :easnnce I wit: .

and vititoot ice on the blades.

During the T~estiro , ‘nSa insoh- mo nte ; bOa :e was replaced with t o -  ba ck—

sp in:tr-sr ente- : bla Ic . A ~~~i.2-- nose-n in ‘co-ti n q.b , the tans bla--les have

their thermoco-so-Ines - ci len d - i i  ‘f e r en t l - ,- on the  lola Ic surface. °ne ha-i

the  t oe r m oc o u r l e  ot t - s - -he rd  w i t h  a i r i t o r  of tape for electrical isolat io- n

between it arn d the I a-ia w n n ich cano es an insulating e ’ ’~-’c- ~ . Thu s , -bu rino

the n :sort -bcr a tl - -i ; of to e - ac. — an th e , the’ I. a~ -n “s- nm this h- I-.2e l o l l —

c a t e  : a ~o -w en’ t o -rn - : e”-~ ’ un - a r i s e  than th e n t-her b -l ade . -e~-aon - ” tine an-n- n -an t

of cata with tn-n e u-o-~nned ti - rron:c ousbo --r was ‘-n -nt - r - e: - :e y h r -i l en , - me
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- s as Is- :, or ’ t h ese  a ttn  w Ith die a n ’ i l i o 4 - t i y - a  - r e j o i n , - r esu lt ::  of

Fi - s- id sin-O’s:n en-noe~ - a’,’. - — ~ ‘e- - - - .e- s t . It is -n or :rl-n-i’- I , the -c f-ore , t hat t I-ne

o :tlrn ,onr-n - O n ,—t ;rntm , -s at te’nn t toe sche- ,-sie that sh~- n 7 - 1  he e’-’aJ - c o t e n  in - n

n u t n s e  to-s~~in~’, is e-;nsi-naient to an ti to 10 -lessee o f f s e t  f rom the i-resent

m omm a! s e t t i m , ~- of ’ the o-ontrolier. The —niffereoce between 8 and 10 decrees

is only 0 . - oe on o- o on., o in er ’e fcn - e , in the in te res t  of caro-nenienoce , 10 dat-sees

Ia - n o e l .  l I - n m noon -od d r-er:-:it nr in- :nnl y -chancing tin e ~lT :°Io-o - n - gsa-i sa—

ci no la lel s  fr-or - n t i n e  r -s ’-oe- .t +5
0 to — - 0 ’  range t -  — -O°0 r-a n- ’e.

o nes 5 aoo on: ,  he :, :  te n 1 t o  2 s e - n o n r , n s  ,- ho r tc”  at — 
-; ‘ , but t h i s

sh corl l Be n-n one - - ‘ocr i m o l o d a l l y  ‘- na -~n i r ,g  t he  1- - ’  es O h— c- .

- - .13.2 Tai l _ mo - f r 

‘OSy t a n  ~~5’ t ’. r-e n - i - -a  data ‘- r- ‘nbc  tail c- - tar - are oh ~c, i r~ 
- 

ure do . ‘
: 10, ’ t o m  t e n ’ s ’- m e  s - i re for cr’ s-sol ed therr-nonoonrro en -so-i w i t h  ice

-no the ~lade an n a-n -n cn ’oi os ‘~-r -m ’ m na t i -o he a t i n g  as ia siv e -i  “-‘or the m ai r ,

:1’s-ic, the m a o - c : — ; :  t i - - ,e ‘ n- - n r a ise  ~:.a sur ’ace to Q0~~ is shc ’o ,no in

nra - ). . isnilnir’ so the  oaTh s o t - -s , t ine dat a i n d i c a t e  a shorter - -n— tim-a

non be :eO on the i n b o a r d  area -coon- -un-ed to the  mid—sr  an measu remen t . Ol n e

lasso -c  u f f ~~ t noon - :  y , i : oa t en  tine i nboa rd  results and since s e l f — s h e - d i m :

seen-.: to keeno the tail s-on t o- s clear particularly outboard , the nomir,al

l-° — -oacrae -o f f s e t  is recc-:- :- :exnded for f - c t —n ra  evaluat ion.

h .l .3 Recommended Heater-S-in Time as a Function of Generator Voltage

Figures 30 and dl present the e f fec t  of generator voltage chan ges on

main and ta i l  blade surface tempera ture  r i s e .  Using these -data as incre-

mental e f fec t s  and apply ing them to the data previously discussed , the

reco’ir ended heater—on time to raise the surface temperature to 0~ C for the

ma in and tail rotor blades for each voltage sett ing of lEo , 200 or 230 Vac

are shown in Figure 32. The slight difference in slope of the tail rotor

schedule from the ma in  r a t -o r  is nerd ’- the s l ight  n I i f ” er ence in ch ar ’ac—

teristics of tone individual con n’:lies ci e n tr - ’nic no --o- m n r o n m o e s i t : .
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A li— n d ed eval no- in o ’ c-si  :e a i r  to -n - . : o-~- ’- t O s ’ - -  ~O
’f’ ) --e-to - nr’ -o-:”nt n-rn ::

n-na-ic . I ata ~r or -o th e  t : n - s a  sy s t e m  on n-:en’~- n - n - n u n - -c r n - Yin -  - toe -n -n rrty “ ‘  U 1101/

nno e ’ t:o nr em-ner ,t . l o r e  to--ce oysters :  o - - r c i  Ste of a shied- led an I insulated or a

i n s t al l e d  n -n t in-n - n - :e of ~I-oe a d s - c r a f t  n - eu no r ’  - - - r t  - m s  a . : - -r s i t i - : e

ont O on (TI I I r C - T ) ,  tine stannan ; IF—lb :r-be 1in -iiaa ton -- i :n o ’n a di e -i th o ;c,t

sine w i n  : - :n l e d -n i ( “ ~~~~0 CAT) , or , I t on e f lu  -b o-n e sensor i r:n-mtaiied on the

n - - s o-I Ic o f  the n ’-: r’-sntr- n f u n n e l - c c  an d  sea i n -  a n t  r. t o o  aicing ccno r-o 

O A T ) .

i

~

3 s

~

- : t t m - e -ono no:n -no ~o o f each o -h r o t~o :  ‘n: . the - n - r a y  r i g -n’s-n- —

s ,r- -n - - e n t. The fii ,’i,t :a ta  am— a oho---mo - n ’ o~~ s:-tion in clear- air aol yl-n ile

tTh sonar’ rig in n in g clou I . The- dots show ths t the TEST ond the SHIP OAT I - - : i , L

arn -n -c~ i--itt’-ly 2 n o ~ de —re-s .n - -o- ’:co’ t o a n o  the -no - a - : ri- n-rI-,efoa;- in clans -sir

-or in-, t oe  icint’ c l - a n t i .  10:15 n~~;l~i n -a n n ’r t— - t:oe e:o:aust recirc-S atl 0-m m

- a f f e c t :  in rn-over  or 10 c o - o l d  be tn -st the  o r -  ray ri .  DAT is ir, e r so r .  Tx - c e o—

si’ie t e s t  n - :im: t  sc-~t t es  i n ,  the  r e a l m s: fr-o n -n the  SY : T IFT-I  ‘:1,2 indicates a

cs’abiem no of -or ,koc- ,-,-r. r, -a s - 0re at  t : n i -  t im e , h -st  one whic i  make :  the  r n - c -s -snot
:1,-:;coo and /cm- l o c a t i on  unsa t in :f - s ct c r - :  ‘los a nei - c iru o - s-- st em in: —i o t . Conflict-

ing t r e n d s  and cor ::oar- i n -non :  i0a’ie bean in-li-cat ch By the -h t - n - - ob t a in e d  so f’n- s .

For e n-n -~mp le , lab tes ts  ind ica t enn  a hmnrn i - i i t y  an- i/or  moist-ore pn’olles . in the

s i-n at  cc- n - i i t i ’omi ra -- in the  -leicin c c- :ritr ’n i s—an d . A c o r r e c ti o n  was n -at e

vonici n el im inate-n i  the  se n s i t iv i t y  i r-n t ine  lab ; however , fbi slot data still

irndioated amnproximatel y a ~—da~ ree error. 
- - . Biasir.g resistor was ad-led t:

the circuit prior to tne c’e:-nlts s h o w n  in Tic-ire  33 but a 5— -degree average

err- -;- is still indicated in ho-icr. Limited c:mraris--or. with a crc-or::

t h e r m o m e t e r  showe d s-n- a d arreer ::ern t u n d e r  s t a t i c  c o n d i t i o n s . So t - a  in c l imb

showed exaot correlation with the TESS’ DAT Boo t increasing error when corn—

rare.;  to SPIT OAT . In level f l i c o o t , t l .e SYI ’ h-S° OAT showed decreasing

temtperatoire w i t h  increase in air soeed -she ;-o’nt s t}oe TESS OAT shove-i the

mn r-orar cl- -a nn -c. ‘ ---~ ra l t n t i  a ino’es ttonti- :: of ate oy s t e r :  calii n ” - t in r.

and possible cis’r,ad — on n I t  I -a int- errors sh o i n l - I  be a- ’ , -n-r id she-i :rion’ ‘ -

as -a - AT i. ..  It is m- -on :sidle that tine senmo On - ’ I no - 1’ni ln under

t i , e r, - o e is ‘in - - t i  s fa - :tory . , : jnsc t he r e  o n -c two sensor :  p;’-n:~~n d 1 v  : r n r t a d  1 0 1 .

n.e n ~- ; l-I be r e l oc a t e  I an d  e’?-i~ - t t e o  in f o o t e r - c  t e s t  i n n s .
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-- so ’ i n n  of t,- e ice o n - t o  - - t i - _ rn :;y:o~n -- - . o-in .- t r . i n n  :/ f, ;lr t : n o e n : t i r , - ’ n - oar ;

cemn er- a I br- -n-n of false in-Iicatin rl _ -on failure:. Sloe f’ao~ t I i~- ot i n : i c n ~—

t ~ n nn : ‘tm -n e r - r a t ~ c : esot i -o ri -chi oh were experience-i during tIne r ;‘e- :icn:

w nt o -m ’’s t e s t  - m- - ‘5- :- . —-er- c el :- irnated b-I: to.e r lacer- ant of’ toe broken ‘sire

F - _ i  no- -n - . . 5 :- n - seo-~~I O I n .  - oh a f n en wires inside of’ tue main so-ta-s shaft ca i rns
— t ’ o -  sl i t rim , -:. - r,5 I c  1 ,;:onoarizes toe nuno be r ’  n-n I’ p rob lens :  and d e f i —

n’iencie .: e : : n o r - ~~- . r , °ed -i ns in . - 015 e~ r’~ ,3 p ann. . t h i s  sur sar-v shun-:: IC

- -ne - o n . en ~~~~
- - - , 1- ;‘aIiaLilis: itenon; an si I loS -lI items .

Alt:. - - . to e  - oar ’ of nsa , :‘:no’tisno anu na i l ores is not considered t o

he ° -rnenn. : lye :‘or a ~:;r -:te:- . a: como n lex a.- toe ooei ’c i n ;  oyster . , 1nves tiga toan

and c r ; ’en t i o o  w o u l o n  n-s ov in e in - ros y-n- : o’elioi i l i t: .

Ten-., t ine m . i . ~ , n er ’a t i c -nno  ~f t : , -s n - - I c i n g  con t ro l  system occur r ed

m l  igh t .  - S n t  of tines. were disom ’-ere utine maintenance

cnneck s on external s- un: electrical pu-ser. ‘e-raral were in the spare or

ont o - k in - c i r cu i t  carol s not in:tal’,e-: in tie ship.

ThSLE . , IT- -ItbY CF :~~:-idES, c-F : - i A L F u : I C T I I : : S / u E F I c i E l ; c I E s
:: ITEL AT -l-TTh -IA 

- -

I l- I VELOPi~~NT S E LI AE I L TY El-il

3 8 2

b Ice Seteoticr, 14 — 2

~ i-at om’ b lase :  
- 

1 14 —

P AC I l - ’n n t r i : -~l — 2 — —
Cyst- son

S’O’IAL 10 12 14

li~~ n ’ l l - n n L r n  - t :rnes of pro-alan;;: have b- - a n fonln 1 nor -’ tlnuno once n-nI

- ;‘cf r- - -i’ - corn - si or - n-- i to be -:e- -Iln oints i n :  the pr o t o i l onp - spot -em :
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• :ei:Lng ~~o;tn - - - l :-- :-xes

o 1-;’ I -n-n -n n-: i ;-c- , : n - - m n - : -n n :n - -un n en t s  n o n n : m r t e - o  -a, t ine  n romn t oanelro - f tnj n -
-0 - o t S o l  Lox  a r :  t i r e  - n -otr -o l lam - sold .

• 0 n eo nn  in the  i n to-cr a t e :  d o -cul t (IC) k at s .

o or -keo  w i re s  and r ins in tire no b ly. ‘s sinne c-~n ,mn -e ct- rs d’c; r
the c -ntm’ o-l b-::x ann- u tine c- - mn - tn’ ~1ller .

• -lain S tor i-lade:

o i-rea kd-oo1- nn of the mn - ;ss la t  i - o r ;  b e t w e - n n  t i ,e  b e at i oc  e l em e n t
an-sm t:ne ers- ,obun sh ie lo .

o F eo bu c t i - mo  in tin e die ec t r - i c  st : ’en ‘O n .  of t:.e i n n : o o , a t i o n
h-ct-seer; nreaten- and sh ie ld .

o i :es idua i  ice at t Ine l t a t i n - n  5 3  e r n : l  on n :r~~e 1; ‘hea ter ,~-ain t
a f t e r  d e i c i o - .

• AC enem’as -r - - -

o Tnlon-n se ;uen -n :unn -i- -m - -:- 1n -nt - e oen ns: ’,i-::tn m a O :e as - ‘enesatom’
ne ;on1ator an-n mn ecti-:-n sand .

Tat-la ; 2, 3, ~~, aot: 5 de .ncr ibe each malfunction or deficiency in n nrcr-e

As :oo’sn in Table 2 , only tv- - IS -IT t r i - m ~ere-.i f au l t  i ri n n i -nations were

e x p er i e n c e d .  The main short licont was t’i ;r’erei falsely -only wirer the

-sltr-aoo-nic ice detector systenn . switch was tun-m oed on an-si c r~1y on an

a’-;era-Te of one out -s- f ten time:. The a c t u a l  r o ir t  at wh ich  t in e  fa lse

signal co-spled into the c i r c u i t r y  we,: :, ot  d e t e m - o - : ,n e d .  An attemn :r-t was

made to suopress it  w i t h  a cnn - n- r n - c i t  r - i n s t a l  l e d  at an arBitrary poInt Cut

it was not successful. The contro llt- r t au lt light was triggered approx i-

matel y three t imes during the program from undetermined sources , It oc-

cured durin g the overload test and was also suspected when t he  stabilizer

bar was turned on. Both of these false fault indicati ons occurred durin g

checkou t for flight and after the fault indication was cleared , no furtht- r

pr l -hie m was  -xperi rnced .

A n-ar -:-:m ski n - - 5  zone 1i~ int inobicat i -on-n ; on t I n e  d e i c in c  c - a r t s - n -  l I en  wou l d

- - c-c u ;’ a fte - r an-; ~ - I’ cycl ing in a warm barn -ui’ - ‘ r i I c  c:- o n :  n s t ’s • ; ne :~

6’s



-. -- ~~~~n-~~~~~
’ - -~~~~~~

n ’’
~~~
’

H 
_

0 u a )  n-
n o  o~~n o  ‘C - 0 P ~~ 0 G j  -‘5 -d

~- C ;~n , -p 0 qj 0 45 a) 0 a) a)
0’  :‘i ‘n- .,—4 I 0, 0 ~~- - ~~ C I — - - ,0 ~J U C

0, E ’ s ~ ,O o, :n o - -o 0 Ifl a) C~ .0
C nni E~~ O 0 1 0 L O ~ on on a ) 0 i  C r-H

0~ 4~) o- •p --H n , , . 0 -0 ~p C 0~ 0,
~~O d O d  O O r 4 -~ C - (0 O i o OO  CI) a)
no C) -4-’ .—~ an 0 ~ C, n -  (On - no: an p 0) an an

2’ : n ~ o o -
~C C. 0 -o E-1 -

- -  — ‘ a I • 4—C
- _ E -  - -H 0, 0 1 0  0 - ‘ 5 0 no ( : 4-’

a ) Q ) C -
~~ 

-n- nO o u r
:1: D O  -~~~~~~ a ) C P4 C. - \-Q
no :-~~0 ,O 0 ,  0 -no

i-n- • 4-4 -4-) - -o C a) 0 ‘0
0, 0 4 5 0  c’i 0 0 o i

-n on- c~~O I ’n- a) 0 0 to -- 
~, n - n - n -I ~ - ‘tI c c -  ( 0 0  CI) N ( 0 0’~-’i_ - I C~~~ C 0 ’t, 0~

n-.n~ I), .5 -p C ’ d C .0 0, O Q J  a ) C  •H --i n-o- C
E-i 0 S C  0 II) 0 a ) (~ O n - H  ~‘0 ~~~~4 - ~~ --1~~~ - -
or 0 0  0 0 0 5  4-)~~H 0 0  n- -I C r 0  ,-4 4~) - -

04 (O 4-’ C 0 4 - ’  -r4 . - I0 0  0 0  0 ,0  -p oJ c o o n - -
n-n ~~ ~ — C) —1 C) C(I • ,—4 “—4 (1) 0, ~— 0) 0) a) 0 - --‘ 0

00 a) n n ’-d ~~ -p -p -p ~~~-p -p -p a ) - —  am
C - H 4 5  4 — I - c ~ P , o S U  0 0  d O  ‘—‘ ‘0

- - C. rn-~~ -3) ~~~~O 0  d 0 c ~~a) 0 , 0  0 5 0  a ) 0
1-. n-n no ‘-0 45 n--I U 0 C) 4~) no u an 0 -o no ~: - a

~I O ~~~~~~~~i H I O  

-:



- 

~~~~~~~~~~~~

H ~~~~~~~~~~~~~~ H 
H

~~~~~~~~~~~~~~~~~~~~~~~~~

- + - .‘ • H C C ( 0 -1— O C  lo on • 0
- 

— - - 0 0 - H  - - H O C. 4 ) 0 0  ( 0 0
C - o -  no 5 0 - n - I c - C - p a n  oJ - - 0
o n - ,  : oo  0 0 0 0 4 0) d~~~

) n-, ;: C) 0,
- - 0 v--I d ,—; n--i 0 :~ r — t~no ‘0 (0 ‘0 CI)

- : - 0, - - - - o, 4) 0 CI) 0 0 ‘,-~ - (3 0, ‘CI 0
• 0 0) n-H 0, CI) 0 • ~- 0) iS ~) r I 0)

- O r-C C O C C i  0, 0 O~~I — - ~ 0( 1- 0 ’ -
0, C I i - C  o n - o r  -n- -—-- (H U)

- -1- C ( “ 1 3 , - C O O  0 0) In C)no - -n ) C 4-~ 4 H +- o ÷-‘ ‘o on ‘ ;, ~~ n- 0O 0 ,
t -  : 0 0 ( 0  i-I • 0 4 - ) W C O C  0 - H -i-i O n i
- n  -o n ci 0 Ci 0 C no ~-i --~ a) ci P~ Ci 0, 15 , 0,
>-- (/) O ’~~~~~l 0 r n - n 0 ~ - ,-

~ 0-: 0 0 0 ~-~i 0 1,  C. a

• ‘ - ‘0
5 ’  n - -  - - - s-n ,~n ~~‘ am ~p am ~~‘ am

no a n - - Ci no o 0 0 no o
C. n-:~~ 4 - - ‘ -0) - ‘- 4 0 - - 4 0 )  “-I a) -‘-C a )
a, 0 0  no n :1 cO —I C n-i 4) d 4) C 45

C.:- n o - s  a- an :~n o  n- n a
“ 0 0 - )

iS
n - - ,  O- 0, COn
C C )  

~~, ‘Ci C.
‘C n - n on + — C v--i 0 51 , -

C •o 0 0) I (0 on -U i n
4 5 5  O t-, 0 -v-I ‘ I 00

C.— a) ci (1) (0 - - I ‘C (~~ - - H
(‘Si 4 0 0 0 0 0 n- - I 0) iS - I

-H Ci) (0 0 - -  - 0 -d -1; :1 C , - -V -; Ci
n’S n - -s  -0 ~r’ 0 C 0. P C a) 0-0 ) 01 (1) (0 -

- 0, CI)
C (3 iS no a) 0 ~0 ;s , U ci —I - 0 0 0 ci - I

- - - - - n-n I-. -O n-H , p - ~-) O n - n--I 0 - --- -4 o l i n - - v--I
C. :n ‘- ‘ 0 0  C C )  d - - O n - I  d IC C

- 0 -  -~-i -p O C r > , 0 m ~~t- - ( 0 0 ) 0 5 4 - )  0 , P , 4) cfl C 0 0 5 -’- - 4 03 0) + n - O  -o n>, C O  s e ,~~’ O C . C u
a ) O J  CD ‘d o-, • u o , ’ i ~~ (0 p c-I -H • + ‘ O c t l (0

0- U -p p  is; .o -00 0 no. -v-i -o n-- i n~ 0 0 p o~-o
C ~~ a) C (>1 iTO -o C n o  0) 0 to 0 0  0-. ,~
n-~) C ‘CI 0 C --- 4’ 0 - Lf’\ 4) (‘1
n-n-. -v—i CI) CI) U 01 0 ,ci i n c  ‘Ci nO 0 , 0
.1 f l ’ d’0 4-’ (0 -H E- -P 0-, ~ 04-’ 0 0 0 ,

O d j nO a) 0 0 )  4 — C O d  :1 — n - -v -C O i-I ‘ H d  C d - o O
c O 0~~ - o - 0 ~~~~ 0O n - : - m u  ~~~H~~~~~nO

- 

(0 

_ _ _  1

(59

_ _ _ _



-— —“—--— 5_i: ’ -- -

- 
‘ 

CI) I

I 
-~~ - - - -r- - - -

C-c
- - 0 - - 0 n o n -- no

a -n - - - - - - ‘ o s - , D C  On
0 - - - - - n- - -O ~ - - no - -
- n ~~ n - -‘ -_ - - _ :  - ‘00 01 - -  -

-no :n n— - - On — - - :‘ :1 n--, n. - on
n- (0- ’ - - n- - I -0 n-n

o r  - -~n -I- - U C 0



—-- ‘--4 -

n-n)
2) 5) (-0) 5
n- - i l  : 1 - —I a)
0 1) 5) C u )
C 0-~ :-. o n-i

0 H n- -,
-~~ 5 c- o ) - ‘
0) -~~~-H -so
I 0 0),

- ‘S ‘ O n H  --  no
- ,0 I0 4-)~~ 

- -

--s-i j  ‘ 0 - ‘ ‘Si - c
2-0 n- p 

~n no - - - ‘
‘H i’ ll - n - - n  n- - o cc
~ , 5T~ _ c0) n-i ‘S - ~:no 

_______ __________0 — - -

03
001 - 0  0
n-i v-I -1 I
4-I - 0 no - - 1 I
° - 0 :  ,i 0 _

- -  ~
- ‘-I ‘‘ I

s o  s O n s  -- - i - -�i~~~ 0 ) 0 0
CD n-I n - ,  n - • p

- — I —I to r— _ - ~o- - - s  i-I
C - C C  5) - -I~~~r n - i  n-j o
-‘1 SOOn 0 0 )  , n + ’ - D U O
~OO) —‘10 n-~~~~ n ’ ~~~0 H 0 1

- O n - -C 0 ( 0  H - ’ l - C D
C) :-: -so -

~~~~-~ 
-
~ v- _ to

0-. 1’)
s o  ‘~~‘ -0 -0 I I

- ) no ~n n--i
no , : 5 I 0 •v-I C
~ - ; n-S_s ‘cc) i-C 0 0) -4 )  .0 v-H S

n- . — -2 11 01 in) “1 0) -H H -H
(0 ‘ 0 d~~ - i 0

0 0  0. H 0 C )  0 (0 v - I ri) .H IrO C)
d U n - -, 4 )0 4 ) 0 1  0 0 )

- - C 0,-, n-I iS -.-) 4) 0 5 - -H O
0 0-0 10 ’-c -H -0 CI) 0 - p c

- T O  i-i ‘ -0-) C Ci 0) 0) -‘1 0-. C S
- 1  ‘-1 n o o l d O  n - - r > . H o) c - U - H

0) SOO~_s C—, ( C ’ n - - l  5 ) 4 0 3 -p  v - I
- n -  (0 -0 5)
n - n -  so — 5 0-’ 0 (0 -H U 0-0, 0 (0 0 Ci)
04 CO 0 00 0  0 i 0 n -O~ - H 0 0 i CI)

0-C ‘On C) ci 0 - 0  0) 0 “5 4) 0,
‘--I _____ ________ _______________

05010 0 -~~s~i a n o
v--I 4-I n-H 4-)
-n-n- 0 )0 ’  4) am
H v-IO n-H UI)
~~ a n s o  0

Do nc n--I c 1 4 5
2)51 I ) 0  5-’,
0 0 0 )

no
n - -n - 0:)

an ~~o no • UI)
F- n.i ci 0 ‘ d O n - - I 0)
0 —1 C .H
an ‘o 1 ) 0 0  1 0 v - I( - 5 4-’ -v-I

4 ) 0 0 )  C.-i (0 O ’ C
• - -‘I C C - t i  0 - H R  -H

00 H - H O C i )
0 ( 0 0 ,

:: 0-) H a) 0 ci ~~ ‘Ci
—-C C. •o cd -p - 0 0 ,  0 0 ,
- S i  C—4 5 C . -~<05 - -  v--i C ctl 0 0 , 0
5 - -. - s i S C . -  (0 ’ti 0 ) ,O

s o  C i O n o  • r - I 0 , C  -p
0) 0 Cl) S C a ) a ) C i a )

- - H C - r j
C n o a ) C  H P C C  C
-v-s s D C  a ) 0 0 r — I (5l ,--I

no c i p  fl~~H 0 ,O 0 , O

C
_

-C

-i--I-

,

~ 

, ,
~~~~~~ 

-

~~~



- ‘~~~~~~~~~~~ -- --
~~~~ : n - - - ~~~~~~~~~~~~~~~~~~~~~~ 

- 

-~~~~~~~~~~

C -
- 

-

O n -.

C 
- 

- 

I l

- 
- 

~~~ ~~ (I 
-

0 -I ‘
— -

~ 

- - - - —--_ _

- C c-, —
-

5 ’ I ~~~~~~ 
- ‘- ‘

-
, 

- - 
-

- 
C

- )  ~~~~~ ‘- -°
- ‘  - :~ - ‘ 0 ,_ n 10 no .‘ i o -- - - -

-
~ :I - 

- o s :
- - :: 0 , - o r n- ,

— 

_ n ~~~ 
~~

n - - o n - s n - -
-

- 
- C t o O  -- -4 0 ,

- C. -, . -

-0; --s - - -- ( 5~~~ i~~~,

- - 1  n-I
- - -~

— (‘~1

- 



!~

“

~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-----_— ----‘--‘ — — - — -- 

~~~~~~~~~~ 
, - - - - -~-—- ‘-“~~~

- -  - -- -— -_--— — . — ---‘--- - -

to -n
C 

~~: :~~- °C I I ’
O - ,  - -4 ,_  4-)

‘-I) U) ‘I - ’
E—i C ,  ‘51 n-~c C 0
1 c-i -0)
0. ‘.-, n-j a n-.
1 F )  0 0 —n- ~I U)

- ‘ C  :1 :1 ci 0 CI)
H U) <2 5) 5-.
ci 0 on no -ri cO

5 0 )  non -H 5~0 -H

n-I I
‘0) 1~) 0 )  I 0 1 — , I
1 - C - , 0 C  II Q- - H a ) 5 ) 4) -H 0 ) 0  I

:0 s-i - + ~~~C i 0  5 o 1 -1) ’On i
--i C - , -_ C C - - - -1 0 , 5  0 4)

‘00) 5 -0 0  5 o i 0 + C I )  H O  H C
-‘I ---, n - s o  ,10 - H IC p - s  - -(0 ,--.
C - C  - n- 0 01 n-C) 5 1  ~) 0, 0, o3 p n- n (0
0) 0 ) 0  (0 0 e f l0 c l i~ G o - C  - - - ‘ -,4 (0

- 0  01 H iS to 55 +~ CI) -0) 4_) 01 ‘ -~1 25 v-H-lo s 5 ) - C  0 J . r n  ( 0 0  0 ) 5 ) C s n n 1
- 4 4 -4  0, (0 CI) C) ‘Ci n-i 5 1—, ~-‘ -H 51) CC) ~1 (0) - ‘ 0. - --  - p ri ii (0 4 )

C. O n -  - J ’ -- - . 0 , 5  [ 4 ’~3 0 C 0 0 0 5 0
— ‘ 0 0 1 0  0 , 0 1 0 - 0 -0 1 0  -c’0 , 5 0 a ) C J-H Q)

- ‘2  ‘1 - P  5 C 0 s i 5~~ P o  0 -H R 4 -) to +) 4-)

0 .—~ 0)
-00’ Cs 0 0 n- , In-—4 n--I -in- no
- -  - ‘ r>pn-i C. +- - CI) I
0) SOOn 4-3 on 4-D O)

5 0 n- -iS -H 4) n-i -~ -s- ‘~0
C n-H H Cl) 4-’ •o 0
P-’- -4 0) 0, v-I 4~) 0 0, - 4  5--, ‘0, to

- 1  - - 1  4) 4 ) 0 1 4 )  0 0 - 0 3 c ’ J
-- 0 H •n--l to 5 - H O -H ’- ,  5)-p H I-. C C 0-0 -‘5 0-

n - , 0-0 , 0 ~5, 0 0 cc-, ” - 4  51) 4-)—- ~ •v 0 ) -v-I + 0  -H
0 0 0 -n - s -ti 0 ( 0 0  . 0 0 5 1 0 ) 0 1

( C O P
- )  O’I SI C- -H Si ~~~~~ ~~~-H +) 501 0,
5—I SOOn (D i n -  ‘

~n - C C  0 4 )  ‘d -) -H
C t-v - Q ) C F .  ( 0 C m ic c 0 ) C f l O
0)  - --4 +) am UI) C- -I-C -H

n o n - - s n- -n o C ( 0 - H  (SO ii a-
01-01 - ‘ S -- C 5 - 0 :) O

5-?
-]  ( -C C .  -Ci 4-) -0

- -  n- - n - n -  (‘0 4)
-n-n- I--I n-i UI)
C O  0 n-4 -o

nOn 5-10 :0 C —I v--I
-4 150, -

-so ‘so

~~~~~~ fl_-

‘0 ‘0) 0 - -
00 5 -  0 , 0
-‘-I TO ~n-j- - TO I—i s o  o 0
0 ::: no 0, C a ) 45 [-.-~--

~~~~~~ 
0) 5 o n - ( 0

to, - H  0, a ) C i n >
n - n 0 : 0 )  0 4 ) 5

O O n - o~~~ O C  (0 C.-. 4)
‘4 C 0 0 0  -___ I C -p

no: - , — c-I 0 n-ri
O~) S I C  C o  0 - 0  [—i c-I C
04 - - - 0, 0 •n-4 ‘C v-I IC v~ CI) CI)

n--~ ‘ ‘ - H C  -v-I ( 0 0 2 1 5 (tl O C E
-‘On ‘ H ’ C O  ‘C i O O ’ l

. 5  ~~, 0 00 0 5
5) 0 ) - H 0,~~~ - H C C l )  01 C I ) 0~~~~C I C
1-, . n C a )  C v - I 0 ) c l  ,O Ci
- - 1 - I  • n- a) 4-) 0) +‘ 0) n-H - 0  Cl) 00 )  4-~- i~ - O : n - a )  ~~ R a ) d 0 ,  r > . C O  0

C i ’ C i 4 ) H  (JO) lSZ lfs C

5 H (‘Si c-i

73

_ _ _ _ __ _- - -



- ~~~~~~~~~~~~~~~~~~~~~~~~ - -
~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~

n’- - ono n oes s -,- --.n-o sk~ rn-ed in the normal cycle sequence and would Leccrn-e more

are’.-a~ ent the longer the cyr~ ins continued and , consequently , the warmer

t~- cso n n - t r - -lle1- becune. The source of the zone skip was isolated to Card ~
by b e a t ir . .’ i t - ~’ith a heat ~un ;  however , the spec i f i c  sect ion or componen t

caoising the skip I.as n ic t  located. Operation during flight was not affected

because of the ~on-’er ambient temperature and relatively infrequent cycling .

Tahle 3 shows that three main rot or blade heat er fa ilures occurred ,

all apparently due to some type of insulat ion breakdown between the heater
elements and the erosion shield. All three shorts were indicated by the

ac ground fault detection system . The first one, which was repaired tern—

rosrari l’.’ at °t ta wa, occurred dur i r 0 -~ operation of the system on external

rower in the hangar and resulted in a hole being burned in the erosion

shiel-l  at the point of failure. Under normal operation in flight , the

same fail-ire would have merely illuminated the ac ground fault light and

continued deicing operation would have been possible (as was the case in

the  second and third occurrences). However , operation of the aircraft on

external power v o i d s  ~h -:- in0.osi ded prot . o t i o n  of the ungrounded iin -s5. n-’al

system. This is because most power carts used in a hangar have their neu-

trals t ied to the hangar ground system. Ai rc ra f t  ground points that are

manually connected to the hangar ground system also create a path for  the

fault current to be conducted through a short in the blade . A more de—

tailed description’, of the problem encountered when operating from an ex-

ternal power cart is contained in Section 14.16.

The three electrical shorts that were experienced in the main rotor

blades were all located in the leading—edge area between the heating ele—

ment and the erosion shield . As noted , two of the failures occurred in

the same blade near the tip. The other occurred in another blade near the

inboard end of the steel erosion shield . It appeared that there was a

common problem in the leading —edge area. Since the third failure occurred

only one day pr ior to the scheduled termination date of the program , i t

was not repaired and the testing at Ottawa was discontinued.

A degradation in the dielectric strength of the insulation between

the  heating element and the erosion shield was experienced also with the
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o a i n r o t - - n -  blades durin : the Ittawa 0 r 0 ) ’r—IJ n - .  Thi s was noted i n  t he

previous y eu r ’ s tes t ing  at ~-~oses Lake , - a s h i n n , ~ton . Although this degrada—

t ion has no ot  been associated wi th  any of the failures , it does imply a
poten t ia l  101C.Oblerfl. The degradati- - n is suspected to be due to moisture

effe-:ts. This was in-:Iicated from measurements of the dielectric strength

- f .  the i n s o l a ti o n  in n- ’ u5-o sn t  after the blades had been stored at Edwards

AYB in the low hunridity envn-n’soronoent of the ~-Po jave desert area. It was

foumd that  a h i o ~’~ r e s i s t a noc e  (50 nnse~ ’;hnn-s) was regained ; therefore , prior

t -~- n -eav inc  fo r  t he  °T ttawa p r lo , -run , an attempt was made to seal the edges

of th o- erosion shield installaticn by application of a waterproofing coat

of en--- :-xy cement . ~loom after the blades had been exposed to the spray rig
environment at tta’..’a, however , the dielectric str ength had dropped to the
san-ne 50,1-D O — 80,-oDo 0100 range as n-n-easured at 1oses Lake. Table 6 shows

a chronological record of the dielectric strength measurements since
initial fabrication. After return’, to Burbank , California, a teardown
investigation of the erosion shield/heater element installation was made

in an attempt to identify r o -os c ib l e  ca in - n - eon  for this problem and the elec-

trical short problem. The result.s c- f this investii~atiun are described in

Sect ion  14.17.

Table 14 shows t n at the t~~n n - e : e l o~ in th e  ac -eno e: ’at - n’ ccn ’. inc  on the

l ine tn -oat c-cc-orre- ol l a r ot  :n -e a i-  was e xr - e r l em n - c e d  aca n o .  Th~ so pr - -t - lem was 5

i nves t  i~~ated by th~ supr I ~er of toe cen ’os ~in t -  - 1  vo_tage : e - u l a t - o - r  1- ro d pro-

tec t ion  panel , aro - .1 a c o rr e ct iv e  n - - c  ~i n ’ican - i- - rn was i nco rpora t ed .  H-o-w e - .- I- ’n - ,

a l t h-onn , -h so- -os opera ti n-n - was ~ a~ is-’d - l o o r i n c  in - so t of t h i s  year ’ s p-ro-rann - ,

the prob enni reoccurred t ward : toe end . The spare regulator which had

also been nnnc -lified --;as- mr:ct a l~~c5 , i -it the problem reoccurred aft er an

initial period -n-f sati o- fa t:- 5~- -sne. F’c rt h e r  inves t iga t ion  of th i s

phenomenon is necessary .

14 . 16 -OPERATIflOI c-rr ~X’l FD- - A - I  —

As described in ’.  ~ e o n t i  n - 5 - -  . lO , -n - s e  m a i n  i- - ’t cr  blade was dal-snic e - h o n - l I ,--

operation on external ac p- -wer in t~~ , C I  ha n- a-’ . A o  ele c ’ r i cal sb r t  o c e u r i- e - ~

between the heater c~ enn - -n , t  and t n , e  ci- - sol on :hieL on which 1 - ni one— i to
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thr-:-s~ }o the erosi .1 eld at the point of the Sn-I i~i ore .  ‘I¼ s~ - - th e r  son -n -a Icr

in-so :51I atissnl b i - eakd-o-wns occur red  in - n  1 , jt  but merely resu l ted  in an ‘~~n - • o ::o ”
caution li1:ht and no blade dam a~ e .  Ohe urnu -dun o e- on neutral  of t : s l o  ac

s y s t em  desi ,~~n , in-n contras t  t n - -  a o - snven t i -o - r o a i  gr- un se n n e u t r al  sy sot eno. ,  iS  t :~€s

reason for the J i f f e r e n o en - :  m o  r e a c t ion .  ~-,n -sn o r ounde  i ac n--enerot ’sr - sI,o~ten n-

was desi -ned fo o r  the deicin~ sIn-ster n- to permit continued deicin~ n-’/ :;tcn-n-n-

cperatior : fotiowin -: a heater insu la t ion  breakdown or sh o-r t  to a i r c r a f t

structure, the most comrn orn  type of heated rotor blade failure. However ,

this type of system is not on-ireotly conoorsatible witro m ost external cc rower

n -a r t s , especially electric motor—generator sets used in loann-:ars because

they are ~r-sunded.

Rigure l~. illustrates schen:natically tine conditions which existed when

the hole was burned in the blade . External ac power was supplied by the

external auxiliary power unit  ~APU), and the generator contactor (Cl) con—

roe-n-ted it t-n- the ac bus. lain rotor power relay (C2) is closed when the

n -n - as te r  power switch n-n the deicin~ controller is tur-ned on. Shortly after

the m aster power swi tc~n was turned on , an aud ible arc ing occurred and the

switch was immediately turned off~ stopping the arcing.

Under normal condit ions between deicing cycle s when with heater power

is not bein~ applied to the blades (SCR I s not conducting), three—phase

half—wave rectified dc voltal:e is applied to the heater n--u -id thr oon~ h

diodes Dl, D2 and D3 as part of the syste&s ac ;rc und fault detection

systennn This vo1ta~ e is approximately 165 Vdc between the heating ele-

ments and the erosion shield . 1-Then heater power is applied to deice ,

SCR ’s 1, 2, and 3 co nduct , and ac voltage of each phase is applied to the

appropriate heater element terminal , resulting in peak voltage of as mu c h
as 11461 1.C-ac between the heater element and the erosion shield . Either the

dc or the ac voltage is sufficient to light the AC OND fault light if a C

short should occur between the element and the erosion shield. The resis-

tance of the light circuit is sufficient to limit the current thrn--u 1-:h the

short tn-s a nondestructive level. With the floating or ungrounded neutral
at the generator , operation of the deicing cycle i s st ill possible with
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n- - - n - e  t e r o u r a t i or  in ab i l i t y  to deice  the b l ades .  dh o o- uld a second i r n —

‘-u .  a t l n -  n -i ~ r - e a k d - o w n  occur , an -oo.’erc s . -rent condi t ion  would be sensed an-i

the m a i n  mt l i gh t  would be ill :n-:oinated and the deicing cycle halted .

in the case at Ott o-s c wi th  an external  APU sn-unp iy ing  power , the

cor rer ~t lin -n-sitin r Ad -1db light was shunted by the AhU ’s neutral n-:r-ound an-i

n - s- _ r n -sal -n- -u - son -n n - ln g cable attached to the aircraft in the hangar. In-s

t h i s  co n f ir ur - a t i o n , -shea the insulation breakdown occurred , cur-rent t io r- ood ,

the  f au l t  was l i m i t e d  only by the  impedances of the  hea t in~- eleme nt s , h a:n -e

power wires , liodes , and cr u n s i  s traps.  As shown by the a r -  won iro  F ir -

ure 31 , ha l f—wave  rect i  I i  -‘:1 fan -n It  cur r e n t  f luwed  from the  cart n e u t r a l  t — ;

hangar ground , through the  a i rcra  t :r oun-l.  s trap to a i r c ra f t  st r -u c ioure ,

th r - : u :h  the  a i n - - o nr a f t  :t ruc t -os-e to the erosi’-n sh 1 4 e l d , thr :o,-ongh the b r e a k —

-d - - -~-n to the heater  e l emen t s , and back th a - -so u 1:h the diodes Dl , 52 , an -nd 53

and tioe sIn-stem to the croun-d n-~-n- wer cart shase  t e rmina l s .  Fault cu r ren t  was

interrupted by opening of the n-n-aim r-ut- -r n-sower rela ’,’ (C2) when the master

on-witch was turned off by the operator .  Fa ult  r n -n o - r e n t  flowed for

~- n- spr - oox~ m a t el y  2 seconds ani was n-:,anual r inteo-ronnte-n- b e for e  the circuit

onreakers tn - -i n -n ed.

There are ways to rn -al o t a i m n  t i ,~ n - e n - -S o  - - n - . af S n--l ed  by th e un -nc roun de ci

ac e ec t r i c a l  sys tem when opera tin . - on an - i e x ter n a l ‘t o x a  I i ’n - r - : ,- rowe r u n i t

~A F 1J ) .  The neut n ’-a l—to—han g ar—ground connect  n - o n  c-f t n - n e  r ower unit can be

disconnected. Thi s would require special placardin- on the unit t o - warn

other  users  of the nonstandard AP T - . In l ieu of that , - n - n -n- i sol n- t i  n - . tn - oommn -n--

fo rmer  could be inserted between the APU output and t C- oe external  n- -sowe r

receptacle of the aircraft , or a smaller isolation transformer cn--ul.i be i r s11- -n - - -

posed between the circuit breakers and the main rotor power relay in the
aircraft as shown in Figure 35. The latter approach would add wei1 -it hut

this is considered acceptable for a test aircraft and provides the sin-mol est

compromise for the testing problem. There are other additional changes

that could be implemented on a product ion design that would mi n imi ze the

weight penalty.
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-+ 1-’ - 1 4 n -n-~~ -_ hi-I n-lb ~- A I I _ U k b  11’’LiA i~~::~ :-

As a r - n - s n - n - l t  of the t o f e e  e l ec t r i c a l  s d - i t s  n - n - n -  e : .eat

an-si t n - n e  er - so - s iu r :  sh i e l d  t s a t  n -n -crc e x r e o ’ i e m n c o o  s - n r i r - : n ;  C - - -  -C
-

- - - ,

in -~ ;, a tenriown investi gatin--mn of -n - r o e of the biases;- n-a: rn-abe. In -A ; - so- n- - —
was n a-ne in an atten-; r-n-. t n - n - n - e t e r : n - l r n o  t oe  -n -o~ s~e c f  ‘o:.e r c I u - ~o- -n - 5. a:. -

t~~ o:o ~~Sj m n e  co r rec t ioe  ch.i - es fo r  f u tu r e  iesn i ’r: . A sec- n-no on e-~ 511 .

o : er:n-mn -ne a r-ss so -n-ible cnn - u - n e fn - n - r the o- ed u c t i o m n -  in O n - e r e c t : ’ , c .: - , - -

‘sIn -n- n - r r s : -u l a t  in~ ma te n - - l a l  b e tw e e n  the h e at i n c  e len - - o en - n t  an - n - - s S o - -  er- n - - : n - I on  s n - i - n i

The blade selected for the investi gation had two failures in the lut er

portion of the blade. The other failure was in another blade near n-he in-

board end of the steel erosion shield but also along the leading ~~~~H -  - The

erosion shield was removed by forcing a thin wedge h e t a c - - in the er- s io n

shield and the heater element . The shield peeled o il rather easil y unn -h-r

a pr (-’0ressive pr\ in~i action and separated on the bond line between it and

the heater outboard insulation material. Fi n - n - u r n s 36 t hmo- - inn - h 39 sl~~~ rise

blade with the shield removed and some of the overall condition u - - - C - r C l -OC L h .

Detailed inspection ol the heater installation revealed the t - l I n w i n ~ :

• Then--c nra-on n ot h i nc  obvious that  would explain t he -  n- :- :act fa i
n -n - rn - ol e .

• There were t n-n- n - os or t h n - e e  places along the leaoinr  edge where  -
heater and i ts  i n s u l a t i n g  mate r i a l  did not adhere to the c- on - S i - s n - ±
shieli . This condition was present in  the  area where the t n - -
f a i l u r e s  were e n - : o en i en ce - i .

• The heater  element did not adhere to its backing material n - f

~lass cloth laminates al--no almost the entire leading en-i — c Sn - ’cn - ; .
0 r - e r ce n t  to 5 r~- - n - ’ s o e m n t  chord .

• I -n-cr c were vp- id -‘nr- -soas in the b-- n - rn - s in  adhesive l -e t w ee r ,  the  en-- - s i o n
shield/heater  elemer .t /ba cking material assembly and the bar-ic
b l a d e  c c - m t - o u r .  This condi t ion was af t  of the Ieadinr edre.

• There was an apparent difference in the i n s u l o n t i n g. ‘lass cl - t i .
n-iso-i inboard of Statisosmos 176.6 , the zone 2 and 3 L- --undary , Sm-on -n-n
t i n - t  used outboard . The cloth inboard appeared to l e  dry  (t m -so
and devoid of atsI- ’ i n - - n- n - -c - m a t i n g  r e s in .  I ’s  is n - . ‘s km n - -nn- ~~~i o e r ’  a l l
t l - oe  blades were l i k e  t i n  I -

, as only one hla;3e wn -- s -ii  on o n ’ e n - n - h - i e d
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• A few of the solder joints of the lead wire braids to the heater
element tabs were not good solder connections and appeared t oo- be
o n i n - n i l a r  to a cold j o in t .

Pros: ;, these indications , the following conclus ions concerning the
asser;:hly were es tabl ished:

• Although the exact failure mode is not obvious , the general on -or—
dit ion c—f incomplete bon ding contact and/ or adhesion along t he
leading..edge area suggests potential hot spots that  could even-
tually result in a breakdown through the insulation.

• ‘line “dry ” condition of the insulating mater ial found under the
inboard half of the steel erosion shield would easily absorb ar--i
con duct  moisture if the installation were not moistureproof. This
could explain the reduction in dielectric strength recorded in
tests of th is  blade both at ~-1oses Lake and Cttawa .

It is felt that minor refinements in  the manufacturing r rc-cess sh o u l d

be made that would improve the heater inst allat ion considerably. These
are :

• The contour fit of the in-eater to the erosion sinield in the
leading—edge nose section needs to be mn -n-prc- n- ’ed.

• The contour fit of the heater and its 0.01~O—i nch—thick backing
material in the leading—edge nose section needs to be improved.

• The contour match of the steel erosion shield and the basic blade
section in the leading—edge nose section needs to be improved.

• The built—up contour of the basic blade after removal of the
original erosion shield needs to be improved.

• 1.A. procedures need to be implemented to insure that the type and
quality of the insulating material are uniform .

• ~~. A. procedures need to be implemented to insure good solder con-
nections of lead wires to the heater element . -

• The thickness of the insulating material between the heater ele—
nent and the erosion shield should be incr eased to reduce the
sensitivity of the installation to breakdown and/or penetrati--n .

• The sealing around the edges of the shield installation from
possible moisture ingress to the i n su l a t i ng  mater ia l  needs to be
improved.
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• The de i c i n g  control  systems performed very well d u r i n g this prugrar..
This ind ica tes  that  almost all of the problems exper ienced d u r in g
the doses Lake t es t ing n -oust  have been re lated to the ch affed wiri ng
inside the main shaft because no other changes were made .

• Blade deicing,which has been evaluated now over a wide range of con-
ditions in hover and forward flight, has no measurable effect on
structural loads and no significant effect on vibration.

• Main and tail rotor blade deicing is effective except for some
residual ice on t he inboard po r t i on  of the  main b lade.  This
def i c i ency  was noted last year and now is related to the 1. 9-~inch—
wide cold spot and sur face d iscont inuity at the Stat ion 83 jo in t
between the steel and aluminum erosion shields. iiinor design refine-
ment s can be made on fut ure blade instal lat ions that should el iminate
or significantly improve the condition.

• The main rotor blade heater installation has a problem near the lead-
ing edge that resulted in electrical short failures after ho to 50
flight hours. It appears from a blade teardown investigation that
getting a better fit of the mating components (erosion shiel-i—
insulation—heater element-blade contour ) durinc the manu facture and
o n r-r - i b i l i t y  increasing the th ickness  of the insulat i on- n will eliminate
the problem.

• A deterioration in dielectric strength of the heater insulation was
again experienced during the year ’ s test program . Mino r  design n - - c —
f i n e m e n t  to assure sealing the edges from moisture ingress should
eliminate this deficiency in future blade installations.

• The problem of a delay in the ac generator coming on the line at low
ambient temperature was again experienced even though a change in the
generator controller was made . This problem requires further
i nves t iga t ion .

• The pictures obtained with the hub—mounted 16mm camera do not provide
sufficient blade ic e de finition against a white background for ice
accretion and/or deicin ’ evaluation .

• Due to the frequency of unfavorable weather conditions (i.e., m w
wind , warm temperatures , freezing rain and snow), a l l of the do-
s i r ed test variables could not he investigated during the test period .
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• 5lhamg es in the m ;o ain rotor blade heater installation to eliminate the
deficiencies that have been identified should be incorporated in the
blades prior to further testing .

• dat-ural icing t e s t s  s h o u l d  be conducted as a final evaluation of
ice p ro tec t ion  system e f fec t iveness :  i n c- I - s o l i ng  t he  ice detectors and
the need for icing severity ind ic -a t i - so rn .

• The heater—cm tin-n-c versus OAT de ’reloped f r o m  the  Ottawa test resu l t s
should be evaluate-i  in i t ia l ly  in Suture  t~~sti n -n - g to c o n f i rm  the i r
acc-sracy .

• The heater— -n - - S f time versus LI-IC esoab.liohe : f rom:  t e s t i ng  to date
should he evaluated fur ther  in fu t ure t e n - t i n - o r .

• The system c o n t r ol l e r  should be modi f i ed  to schedule  hea te r—off  time
based on a f i xed  qn- a :stity of accreted ice .  Th s could be the irstegra—
tion of LI-IC versus  time or a number -of ice detector deicing cycle
cc- -nn t s  us ing  the current ly  available hardware .

• The tail rotor-off time should l,e scheduled as a funct ion of LWC
si:;.ilar to the main rotor  instead of heater—on t ime as the control ler
i~n- Pr e sen t ly  conf igun --ed .

• I l -n e u l t rason ic  type ice de t ect o r  shou ld  be readjust ed to cycle as
oft e n  as possible in order to permit use c-f the count system to
s o o h e — s n - o l e  ma in  blade de icing .

• e t inerr : c-cc ip le  temperature n - e a s n - ni- en-:;ent r-rob lem:s should be corrected
ri  -r tn -n - further testing.

• i ; j aoi e  ins t ruroentat ion should inc lude  at least one sur face  temperature
- - eas on -r e m en t  per zone to aid in o p t i m i z i n g  the  i eate i- — ; - -n t imes .

• A - c-s-end camera should  be ins ta l led  to p inot ogra rdos  the main i lm-d e
lower surface  for ice a s r - e r s r ; o e n -n t .  This could be a n -n - nrnrn -- t a t i ng  camera
s o t o n  ie~i t -o illuminate and ~-h o t - o n r r a r h  the blade .

• The ex te rna l  ac APU or - n - m n I ‘s—m - -i len-;o- should i -c - r ev iewed  to - i n t e r n - n -i n - ne
whether a system chain-ge is re-~nni re d for future design .
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• F u r t h e r  Ot tawa spray ri g testing should be conducted to gain
additional data on the following variabl es:

1 . Ice accretion rate and type as a function of cloud U-IC,
OAT , and mixed li quid water and crystal content.

2. Rotor blade deicer heater blanket er5ergy-on-time , power
density and off-time as a function of LWC and OAT .

3. Runback as a function of LWC , OAT , energy on- and off-
t imes and power dens i ty .

~~ . The e f f e c t  of  runback on autorotation .

5. Substantiation of the adverse effects of ice buildup
on the inboard section of the main rotor blade.
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2F °TTc-T~ 7

OTTAWA 11Th’ — og tn -A” ~-~~r- S’~~n - o v

T .l i n - i n -n --n- 1 TFSTTZ2 ‘-c-c-

A s-n -r -or sn ry of t in - -n - e;~ — n-s n- o-’o - - :  i n - n -  rd-. e IFP C son- ran -- r i o  in - n - rr~ re;sot~ — i  in

Thbl-c “. T e s t i ng  -n - - is a -o s - - so n -n -n -A ;s ;he d icr 15 lii fers-r r :c~~J ± t i-n - n -n - ’- 

s- ~~~ “ l i — l o t  h— n -mr s ‘-me r e -is - so -nn - s’ i Ia ’n~~d ~~n-- ‘
~~

- n -  -co-n - . ‘15 these  in- -n-- - n - r s , 18 1

so s n - n n - i - i e r e i  n - o n ;  i’ n - c t ive j - -; in- : - “ I i  cdt io o —: n - r ;  w i t h  ° . 1 ~sours ast ned lv in

t he o;-~~i f I c i T. ‘ i n - s og e n - n - n - ’ l o - n - - m r e m~t .  Ti -c - c - ; ;  1n0 and 1-1 :on’erent tyrical test

i ’at ;l n - i— -ne t s  -noo n- e - -n-~ n- econ -- - . - n-og the ice so s - n - n - - l i  t i c -n  S n - u r n - - i  on tin e n - t i r - n -r a f t

-o ’n- -c- ’ a r n -n - s i r  tb-n- is  - n-u — - - i c  : i -

-h I  n - l I L Y  A- ’Th V iT Y  LOG

Table 5 n-ieScr ibe c t i n e  l a i t y  ac t iv i ty  Son -- t ine  55—day - ; n - n - l e an -- ~sp ’ n - mn -

at - .~~~ n -ann-a , and is - nuoo -e :n teo  Sc- on -n - n - n e in -n - f u tu r e  n -nr c -gra m s l a n n -n i n g .  The n - - o n - —

n- -ran- ; n a s  n-n- n n - n - n - n - ; t  ed n - s a s o i n - n -~~1e—sAn - i St s ix— day—week b a s i s .  I :ur - ir :c n - i e  —

- r a n-n- ; - o ,-t  o t  n - ; n C  t I m e  r-n- -n- -o s i r e n - i  fo r  unscheduled : o o a i n t e n a n - -  c c i : n c i t e - i

fan - c-rn -n - i  ln-’ w i t h  omsu i t a l - t e  weather  condi t ions .  This  n-°n- :n ns t e n -  in - n ‘ -

all ;nt i l i za t ion  of the test Sean-os . There a-cone 35 v-s- n-rd day s n - u n - -

span e x c l u - i i m n - - rn -o - t ;- r blade recon fi ora t i on  ti:;:e. l e s t  l a g  was a -- - n - n - n - -

p l i sh e d  in 13 lay , resu l t ing  in a pro- ram efficier ion--- °f 37 ~ - n- - .-e n-d in

te r n --n - c n - of w o r k i ng  - i an - - on , ;--r -  214 percent in ten - -m o o of cn n - e n - i - m ar - l a n - c a ; - —

c: -as  t down —t i n -n - ic din e t oo t est  i r - n - ; t rson - ;nen ta ti on or other r — n - -e iZ en - - : s  was n - - n - - ’

3.5 days. The weather was ‘unnuit - shI e Sri- t e s t i n  on l~ of the  35 a-; .-

able t n- sn ’s days.

88 

-- -- ~~~~ - --



_ _ _ _ _ _ _ _ _

-i — - - i -

n-i
-‘

:~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

Li 

n- 
t 4 ~X. C -

~Ed ::G~~~ n-
____ 

— -———- ———--—~~~~ -—— -—- —-—----~~ —— — -~~~~~~~ — — ---—~~---————— - - - - — —

in - — - - I
— 

— , - - 
-

t 
- - -

~~~~~~~

_ _  ~~~ HI___

T I ~~~~~~~
i
t u I i ~~~~

~~~~~~~~~~~ 1~ . :L~ ~ A 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—‘--,.------ ‘—-- 
~~~~~~~~~~~~~~~~~~~~~ ~n-~~~-

— - 1~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-____________ ______ _______

-- 0_n- 0_ n- -
- so n-n -
-- -4 - 0 

- 
n - 0  - -

S - - - n-n- -_  0
- -- ~ - - - v  .C - -

- n- - -  - n-n-
- Ii - - i n-i -- - 

- ,  - :1 4 tn- on - U

4 - - - 
-

- V
- 0_n - -‘ Sn- -_  n - n - -- - - -_ n-

- sr n - :  4 .n- -- -- n-j U~~~ - —I
- - - -- -n - 0  - -- - - - p  - -- - - 1 n- n - n -  0 - -  - 0 0 _ n -  n-n - —4

- : ~n- n- o - - 4 0_- 1 4 )
on - -- - -  - 40_ on - n - _  -n- Si 5,- n- 0_ n- On - n - — I  0

-,  - Sn- 5 - > t n-~ 4 - - - -, :1 4

_
_

~

I

~~~

u

~

I_

n-- i n -. ~~~~i- 1

____ - — - 
S

on0 - 
-

- - 
n - -

- - 
-
- - 

n -
- 

I 
n - I  ‘

~ __
__

_ J in , n-
n - ’  irs -‘1 i-n- in- -~ ~n- ~ . E

h g  , so, c’
-~~ - — - ‘- - - -- ---- 

‘-4 -4- — - -- - - — ‘- —

14 14 4, 14 - -
03 03 03 03 4, - ‘

‘ - I ~-: n-: :5 :°~ >: ~-
-in- -fl

90

-- - — - -- - -— ~~~~ -‘---‘--‘--~~~ - —- -—-- - — - - ,—---- -— — - —- -~~~~~- - -  
j



-.4-, - - - - 
- —~~~~ sn-- — —

~~~
.--- - ,-~~

_“_
~
.
~~~n-—

:-- ---— 
~~~~~~~~~~~~~~~~ 

-- —

ZONE _______
ZON E ______

ZO NE _______
ZONE !_ ZO’ iE ____________ZO’

~

E 
_______

14007 14006 14001 14003

~ 
- - ~~~~~ 

Rr 0
&.3T~~

)

~ ? ~ a”~ 
n-~~ ~~~~~~ 

‘-~~ ;ee A4-~~
/ c~~~fI ‘Joel

‘~~~~~~~

‘ 

~ ~~~~~~~~~~~~~

‘

~~~~~~

‘

~~~~

‘ 

~~~~~~~~~~ ~~~~~Th

~~~~~~~~~~~~~~~~~~~~~~~ ii 
V~lIVE ~ \

TEST -3Y A FTER RUN / INSPJCTION MADE:
FLIGHT 7S TIME 133(’s—’ ~~~AFTER ICE ACRET ION
DATE 7-/R / ?~ OAT 0 AFTER SINGLE DEICING
SHEET. L_OF ~ LWC ~~~- (0 j Im  0 AFTER MULTIPLE DEICING
OBSERVER RUN DURATION ~~~~~~~~~~ 0 OTHER

L C n I ~~- n- - !~~~S - ( o j ~,- (

- f~-s _ ? 
4--

Fi -u i -n  140. l~ p i-ca1 Pc-mn —l c ia1 - Test Visual - l-n - -erv- n - L - - n -n - n - n i n n - i t - -n- T n--el — 

—

A I’t~ o-i Tee ~n-c n - _ n-— • - - -

9 1 

~~~~~~~~~~~~~ - - -- - ~~~~~-~~~~ — - ~~~~- - --—-- 

_
~~ - -- - 



- — ~~~ ‘ n-n-r~ -,,s- -~~~ - -- - - ----- —~~- —- 
n-n- ~~~~~~~~~~~~ 

- — - - -  ‘
~~~~~

- - T’:n--- - -~~~~~~l

ZO NE _ J ~~~~ ZONE ) Z3- _,! _ ZCNE 
__________ ZONE 

_____________
ZO .’

~

E

111_~~~uS 
~~~~~~~~~~ 

I

rd -O S ’ ~ 40f l6  1400 0 14003

/

/~~~~ 

~1~~~~~

- -r n - ,  
- 

~ I - 
ii -

gro I
~ so5T~ n-n-) 

~
j. —4---—--- - - -

~~~ 
_______________________________________

L~~~~ 
~~~~ ‘ - I  

Ic— ~~ 
.°)

-
~~~~

-n-
~ \. 2~~ 

~~~~~~~~ 
-~

--ç
~ 

-° ~~ - -

_——-----
~~~~~ -~~~~~ ___ ___ —_, / 4)/ 4- 

~
j f -

0 

~~
j 5

- IL
- - 

- ~ 
- \

I I t I f 5 0~ ’ 
~~~ 

1
o R .29 R AR 5R .75R R

~~
c-(l

~~ ~
j n-o 1

.) 4—~oc ~~~~ -

TES T -~)Y  AFTER R U N  iNSPECTION MADE:
F L I G H T  7~ TIME LI AFTER ICE ACRETION
DATE 2~j’~~/ 7(o-’ OAT — °‘I ~

°
°~ - - LI ,~.FTER SINGLE DEICING

SHEET~~ _ OF 3 LWC ~ -~~~~~‘ II~(AFTER MULTIPLE DEICING
O B S E R V E R  ~ -1I~~~ RUN DURATION l1’ ’ro LI O T H E R  ______________

r ‘1(11 
~~~~~~~~ -

--_ __ _

— 
~~~~~~~~~~~~~~~~~~~

F l -mn - i - c  n - i l  n-n- ric al ~~~ — I c - i n c  l e s t . :1cc -n -al ‘- l - . s e n - - n - s~ t n - o n - ion  n - - n - t n- - I n - C L - I  —

A en F’ ~n on - ic dci c . i n -~~

92 

- - - 



-- -~~~~~ —- - -_ - -  ‘- .~~n-n-~°---’----s ---- ‘~~~~~n-- -~~~~. - -.- ~~~~~~~~~~~~~~~~~~~ 
—-—‘-4 - — ---‘I- - ‘

~~
‘ 

-4,’

TABLE 8. LATLY fn-CIIlTTP LTd

- n - - mT-n-A i9~~~C iThi- . -
°C Wi-IAmFIT

I 
AC TIVITY

1 22 Jan — - — Tect aisocr ant arT ;;osn n - n -  c r - r n- on —

- 
I site an -- n - i  re-s in- ; fur reccs rn -n - i •--n -r-n -t Ic -n.~

5 l(- Tarn — — Tru ck n m - - n y c - -n-- w i t h  n-o n-n- s - t O , ‘ c-cia
an -n d t es t  e n - u i p n - ; n - e n i t .

8 19 Jar- -
• .dos- -~’in -n -g Pe cn - nn - -: S T ’ u r n -n - t n - ’n- rs con - - n- c- l en - e s . lr— ,mn n-

n - n -rn and wen -n- t o i n - n - - s —  - I rn - i5c5—n n- n - n - - ti -oonal -
- check flight (FCF) accc-m nlisnn - ’n-e-l .

9 30 -Ta n - n - — — ‘n -n - n -n -n - si et~ - n -  FCF. n-’n - i r - c n - a f t  n - - e nn - i’ i  f -o r S

icing test oct 3 p . n - ; .  -

10 31 Jar —15 .1 win -~ n- , Ac nim ;piislsen- 1st spray r ig  test  in 
—

sn-n o n - - i c s g  a t e r r o n -o r s , when wind suitable Sn n- -

test. .

11 1 Feb - - 1 —~ a m i - s  n - i  n ‘- n -c -O’rn ( - un - go

12 2 Feb — 5  n-i n - n - n - w i n g  
- 

Weat iner no n-n-0 d fcr testing.

13 3 Feb — e Overcast Testet  in - n - c a n - .’ P ig .

lb 14 Feb —2 Snowing, & I l eather no good for  t e s t i n -n - g .
no wind 

- —

15 5 Feb -20 Clear but - i-T ’-TInes good for t es t ing .
noo n- wind

16 6 Feb — 1 3  Clear but iii~~ol came up in p . ;-n - . lo ut  found
no wind broken de ic ing  control wire .

17 7 Feb —15 l largina]. Tested in l’pray Fig .
wind

18 8 Feb — — Coo’ sn- - n - i n - -n - s o T’s- I a - n - o r -h  ~~‘u ;n - J a y ) .

19 9 Feb —10 Clear but Weather  no good f — n  t e s t i n g .
- no wind

20 10 Feb — 5 n- ic- wind -leather  no good Scm testing, .

21 1 Feb + to wind ~a t l  en - nc- goes for k i n
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22 1 11± Pci. — 1 1 . 5  -0 ’  - c - n- ’ I 5 - o n - s o n - c : i n - . r ig  t n - t oo-c -ca- clco-cge n-
n-n-- i - b  — - s n - o n i r ne -a ir  in -n - l e t .

13 Feb +~~ — • C n - ’5 n - C 5  too war m . f - s r  te ; ;t irn -g.

dl , 
- 

J i , Feb — 10 f ’ c T f r  h e n -  — n - n - r e d  b l oc - ic  h eat e r  damage .

25 i 15 F~ l. — — J s s ’ ~~~ n-s-5 C n -  hlo n -n - oc~ -

1 i. i-ct -J Too- n - - s n - rn - -. - Fin - F of tn - la - ic  i - cc -a ir  an - s i i ce  cap
tn-n--stir. g n -ceo c }n - e -nk  f l igh t

17 
- 

l- eb I-Tm-;;. Co a-ic-i I-n-~ot n--e r n-no n-n -cd fo r tec  l ag .

20 13 Yen - . -3 he awy rn - m o- n -a- T ec t ei  ir s sn- no-r a n - . - r i - .
- fo r - n - o n- n - m n - t e d

t c ;s ti c -g

1.’ Feb -T Thu w an -n -n - Flew - i l - -c n- n -- - n - n -  check n- Thin-lit.
— 

- or t e r n -t i n -

1 in-s O Yet- 1 —3~~ n-lear  & i e s t e i  in n - n - n - O n - / n -  r i .
-

: 
sun-i n-n-m -

31 I 21 Feb ~ Co wi n -n d - Weather no s-c -cd fo r  t e s t i ng .

n-I 22 Feb — — Cc- n-n- - s  sch - - i n - - n - J  ( lio n - n - c,.: ) .

33 23 Feb -13 .3 :-: ‘ s - n - i m n n - n - l  T e st e l  in n -n -ray  r ig .
w i n -~i

31, 2L Feb —l 
I 

10 n - ; r i .  a- ic - i l e c t e n -  in sr-ran ’ r i - n - .

L 

~ 2 5 , 26 I--5amr;o Cc- a- ic-i ,/e~n t o .en-’ no good fn-— n- testing.
n-
~~ 

21 Feb

38 28 Feb —T I n n - a -  n- ;n r e i irn cr°w.

~I9 Feb — — j  wn - sn - ; . -
~~ I n ~

n-- J n - n - i e n - i  ( - n - n - n - n - I :)

10 i n - n - c — - n - l e n - n -n Dry  n_ - in - n - n - - f m a I n - n - c l  i c ing  n - n - i n - i - I
- in - si n - n - on T— n-n- 2 , UP— I n - s  crash/rescue

L I a i r - - i - n - n - m t  and r a d ar  n - n - -  -n - nt n-- lien .

L) n-
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0C Wn-/n-’/IPLJ--

1+1 2 n - -n - n - n - n -~ —l ~ o 20-n - n - n - - I n  a - in -- n - i  Tn - ro te - i  in spray rig (wea th e r  c-cs
gc-c-d for  na tu ra l  i c i n g ) .

- 2 - :-:n -~~ —11.5 Light , - l~~s s t e i  in spray r i o :  ( w e a t her  no

I - 
fr- - en-T rio -n- good Sor~ natur -a l  i c i n g ) .

3 :-: n- r- —5 cell j c -g Changed  r a i n  bI a le . Chase f/ c - n-:

- I 
— :- :n -non rn - c-i l  n-ample to lrer s ton .

- 
5 :-inn -~ — P a in  I- -n-e a ther  no gn-od for  testinon .

15 6 n - -n -a r  — n-lear -/ean-her no good f-cr testing . F1~ n~-- 
clear am - tenc-  — a l t .  sun --vey .

~ :- Td- I - — ::c- work schedule -i  ( 2 - u n l a y ) .

- -7 3 -n - ar — I l  -Thear w i t in  - n - c n n - t e d  in spray r ig  ( 1—30 c - i n .
I~ 

1-2—15 n-n-p h c-u n - n - c ) .  
—

9 n - n - a r  —12 Clear wi th  l ea ther  no good for r ig  - o r
rn - c - lad nat-cral i c i ng  te:t i n - n o n .

- ~0 - n - a r  — I n - o n - w i n - s o n , Weather n - n - c good for r ig  or
with low n-- n - s tu n - - a l  ic ing t e s t i n g .
v i s it i l it -

50 11 l Iar —11 Clear with Tern-ted in sn--nay rig; no good for
10 n - s p I n -  wi n - n -n - i 

I

n

- 

n — n t c c c l  i c i ng .  ‘Short ” in n -Inn -i

I 
main blade ten --co in-sated tine ~- rn -g n - ;osn -.

51 12 n - -n - ar 
- 

— Good for r ig  i - c c - s c - f i gur a t i o n  for f e r ry
- or natural c n n - r I o t e d .

i c i ng

I 52 13 I - n - ar — Snowin g F r i s -v en t e - i  check f i l i g l n t  n - S  -~ - n - n - - , -

blades .

53 lb n - - n - a n - - — - No work schedule—i (2u:n~ a’o
chec k flight acc - -r Ii

514 15 Mar — — F Ic - - ci pac i-;im: - - I

55 16 n - - ic - n - - — — . - - -“ “ n ew r -

q.
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