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INTRODUCTION 

BACKGROUND 

1. The US Army requires that the AH-64A helicopter operate safely 
In a moderate Icing environment (ref 1, app A). The AH-64 
Icing program was divided Into a development effort and a qualif- 
ication effort. Both the development and qualification efforts 
used the artificial spray cloud produced by the Helicopter Icing 
Spray System and subsequent flight in natural Icing conditions. 
Development and qualification tests on different Individual 
aircraft systems were conducted simultaneously to prevent duplica- 
tion of effort. 

2. The AH-64 icing program began in St. Paul, Minnesota during 
the winter of 1982. Table 1 presents the tests required to 
complete development and qualification of the AH-64 anti-lce/deice 
systems. 

Table 1. AH-64 Icing Tests 

Date Test Results 

Jan-Mar 1982 
Artificial icing (development 
tests) Ref 2^ App^ A 

Feb-Apr 1985 
Artificial and limited natural 
icing (development and qualif- 
ication tests)1 

Appendix F 

Nov-Dec 1985 
Feb-Mar 1986 

Natural icing (development and 
qualification)^ 

Appendix G 

Nov-Dec 1986 Natural icing (qualification This report 

NOTES: 

'-Further development testing was required to integrate the LWC 
signal for automatic rotor blade deice system operation. 

^Qualification not completed due to grounding of the AH-64 
fleet. 

The 1982 development phase of artificial icing was conducted by 
McDonnell Douglas Helicopter Co. (MDHC), formerly Hughes Heli- 
copter Co., with the US Army Aviation Engineering Flight Activity 
(AEFA) in a supporting role (ref 2, app A). The development 
effort was not completed in 1982 because of problems with the 



automatic operation of the rotor delce system. In order to 
expedite the completion of Icing development and qualification 
efforts, the US Army Aviation Systems Command (AVSCOM) tasked 
AEFA to conduct icing tests in conjunction with MDHC during the 
winter of 1985 (ref 3). The artificial Icing portion of the 
development and qualification tests was completed in March 1985. 
Natural icing tests began during this icing season but could not 
be completed because of continued difficulties with the engine 
inlet liquid water content (LWC) sensor which prevented proper 
operation of the automatic blade delce system. Results of this 
test are Included as appendix F. 

3. AVSCOM again tasked AEFA to conduct natural icing tests with 
MDHC during the winter of 1985/86 (ref 4). During these tests, 
the engine inlet LWC sensor was replaced with a roof mounted 
aspirated LWC sensor. Additionally, electrical heater blankets 
were added to a portion of the aft nose gearbox/cross shaft 
fairings to prevent ice formation in the engine Inlets. Grounding 
of the AH-64 fleet in March of 1986 prevented completion of the 
qualification effort. Test results for the 1985/86 icing season 
are presented in appendix G. Natural icing qualification tests 
resumed in   November   1986   and   were   completed   in December   1986. 

TEST OBJECTIVES 

4.    The   objectives   of   this   test   were   to   conduct   natural   icing 
flight tests of the AH-64A helicopter to: 

a. Determine  the effectiveness  of the  AH-64A ice protection 
and detection/rate measuring system*. 

b. Determine  the   impact   of  ice  accumulation   on performance 
and handling qualities. 

c. Determine   the   capability   of    the   AH-64A   to   operate   in 
moderate icing conditions. 

DESCRIPTION 

5. The AH-64A is a two-place, tandem seat, twin engine helicopter 
with four-bladed main and anti-torque rotors and conventional 
wheel landing gear. The helicopter is manufactured by MDHC and 
is powered by two General Electric T700-GE-701 turboshaft engines. 
The AH-64A has a movable horizontal stabllator. A 30mm gun is 
mounted on the underside of the fuselage below the front cockpit. 
The helicopter has a wing with two pylons on each side for carrying 



HelIfIre missiles, 2.75-lnch folding fin aerial rockets and/or 
external fuel tanks. Aircraft configurations tested were: Hell- 
fire missiles outboard and the M-261 lightweight rocket launchers 
Inboard; Hellflre missiles Inboard and the M-261 lightweight 
rocket launchers outboard; and auxiliary fuel tanks Inboard with 
the M-261 lightweight rocket launchers outboard. The test hell- 
copter was USA serial number 84-24285 (production vehicle 145). 
Further description of the helicopter may be found In the system 
specification (ref 1), the operator's manual (ref 5), and 
appendix B. 

6. The AH-64 antl-lce/delce systems are depicted In figure 2, 
appendix B. The deice system consisted of an outside air 
temperature (OAT) sensor, ice detector probe and signal processor 
unit, icing rate meter, blade deice control panel, slip rings for 
the main and tail rotor, and a deice controller. The main and 
tail rotor blades contained electrothermal resistive heating 
mats. Anti-ice systems were provided for sections of the 
windshield, pitot tubes, air data sensor, engines, engine inlets, 
nose gearbox/cross shaft fairings, and target acquisition 
designation sight/pilot night vision sensor (TADS/PNVS). The 
frangible HELLFIRE deice system was not installed on the test 
aircraft since satisfactory system performance was previously 
demonstrated (ref 2, app A). 

TEST SCOPE 

7. Previous portions of this program completed 8.3 hours of arti- 
ficial and 22 hours of natural icing tests (apps F and G). The 
present evaluation Included clear air and natural icing flight 
tests conducted in the vicinity of Duluth, Minnesota from 
1 November through 18 December 1986. A joint MDHC/AEFA test team 
was used for these tests. A total of 10 flights were conducted 
resulting in 9.4 productive hours. Of these flights 2 were in 
clear air totaling 1.9 hours and 8 were in the natural icing 
environment totaling 7.5 hours of cloud Immersion. Specific 
icing conditions are presented in table 1, appendix E. The 
aircraft configuration consisted of external fuel tanks on each 
inboard pylon and 2.75-inch rocket pods outboard. Anti-ice and 
deice systems were operated continuously while in the icing 
environment. Flight limitations contained in the operator's 
manual and the airworthiness release (ref 6, app A) were observed 
during testing. 



TEST METHODOLOGY 

8. Test methods used during artificial icing (1982 and 1985) are 
described in reference 2, appendix A and appendix F. Flight test 
data were obtained from calibrated test instrumentation and 
recorded on magnetic tape. Additional data were obtained using 
16mni movie and video cameras on the test aircraft and both air- 
borne and postflight still photos and video. A detailed listing of 
test instrumentation, test techniques and data analysis methods, 
and test results is contained in reference 2, appendix A and 
appendix F. Results of the artificial icing tests provide an 
essential supplement to the natural icing data in determining the 
capability of the AH-64A to operate in moderate icing conditions 

9. Natural icing tests were conducted by flying in instrument 
meteorological conditions using instrument flight rules (IFR). 
The JU-21A scout aircraft configured with a cloud particle measur- 
ing system assisted in locating and documenting the icing condi- 
tions. Photos were taken from the JU-21A after the test aircraft 
exited the icing environment into visual meteorological condi- 
tions. Close coordination between air traffic control and the 
chase and test aircraft crews was required to find and stay in 
the icing environment and to implement in-flight aircraft 
rendezvous for photographic documentation. Procedures included 
radar vectoring, navigational aid holding, and block airspace 
assignment. Time in the clouds was limited by the availablility 
of the natural icing conditions and aircraft IFR fuel require- 
ments. Video cameras were mounted on the test alicraft to docu- 
ment main rotor, tall rotor, engine inlet end nose gearbox/cross 
shaft fairing ice accretion and shedding characteristics both 
during and after cloud Immersion. 

10. Test data were recorded on magnetic tape in frequency modula- 
tion format. A detailed description of special equipment and 
instrumentation is provided in appendix C. Test techniques and 
data analysis methods are presented in appendix D. These include 
methods to determine cloud parameters and definitions of icing 
types and severities. 



RESULTS AND DISCUSSION 

GENERAL 

II. Natural Icing tests were conducted in November and December 
of 1986 as a continuation of the Icing evaluation required for 
AVSCOM to establish a moderate Icing envelope, through 1.0 gm/m^ 
LWC, for the AH-64A Apache helicopter. Results of the Initial 
development testing performed In the winter of 1982 are presented 
In reference 2, appendix A. Results of additional artificial 
and limited natural Icing tests conducted In February through 
April 1985 are presented In appendix F. Results of continued 
natural Icing tests conducted In November/December 1985 and 
February through April 1986 are presented In appendix G. The 
qualification effort was completed In December 1986. The high 
potential for engine foreign object damage (FOD) due to shed ice 
from the mismatch at the Joint between the fore and aft nose 
gearbox/cross shaft fairing fairings was Identified as a defic- 
iency. Eleven shortcomings were Identified. The most significant 
shortcomings are: 

a. The susceptibility of the engines to damage due to ice 
shed from the external alrframe components such as the canopy 
frames, windshield wipers, and fuselage handles/steps. 

b. Unpredictable failure of the blade delce system due to 
the design/operation of the K-3 contactor relay. 

c. The potential failure of the delce controller caused 
by penetration of oil and water into the unit. 

d. The Inadvertent unplugging of the helmet communication 
cord when the pilot or copilot/gunner (CFG) leans forward or turns 
his head to perform normal cockpit duties. 

e. The poor location of the ice protection system advisory 
lights/anti-ice control panel. 

ROTOR DEICE SYSTEM OPERATION 

General 

12. The AH-64A helicopter rotor delce system was previously 
evaluated for operational characteristics and effectiveness during 
8.3 hours in the artificial icing environment and 22.0 hours in 
natural icing (apps F and G). Eight flights totaling 7.5 hours 
In natural icing were conducted during this evaluation at the 
conditions shown In figure 1, appendix E. The rotor delce system 
operational characteristics and effectiveness were satisfactory 
for the conditions tested. 



Rotor Blade Heater-On Time 

13. The AEG-Telefunken delce controller determined blade heater 
element on time as a function of OAT. Several modifications 
were made during previous testing to adjust the on time schedule 
and integrate the OAT signal for automatic system operation. 
The deice controller provided blade heater element on-tlmes 
which were consistent with the design schedule and actual OAT 
(fig. 2, app E). No residual power required Increases were 
observed following blade heating cycles and only a minimum 
increase in vibration levels occurred during rotor ice shedding. 
Rotor blade heater-on times are satisfactory. 

Rotor Blade Heater Off-Time 

14. The AEG-Telefunken deice controller determined blade heater 
element off time as a function of LWC. Heater-off time determines 
the amount of ice accreted on the rotor blades between heating 
cycles. This in turn affects increases in power required, vibra- 
tion levels, and potential aircraft damage due to shed ice. The 
controller provided a blade heater-off time consistent with the 
design schedule in both automatic and manual modes of operation 
(fig. 3, app E). No unusual vibration levels occurred and power 
required increases of 6 to 8% indicated torque (collective fixed) 
were observed between heating cycles. One engine sustained FOD 
(para 31) due to Ingestion of ice shed from an unknown source, 
possibly the main rotor blades. No other aircraft components 
were damaged during this test. The rotor blade heater off-times 
are satisfactory. 

Ice Detection/Rate Measuring System 

15. An aspirated Rosemount LWC probe (model 871ff2) was mounted 
on the aircraft upper fuselage (photo 1). This probe provided 
a LWC (icing rate) signal through a signal processor to the 
delce controller and to an icing rate meter on the pilot's instru- 
ment panel. Previous modifications to the ice detection/rate 
measuring system are described In appendix G. Further modifica- 
tions prior to the beginning of this test include mounting the 
probe on a fiberglass ramp to reduce possible fuselage airflow 
Interference and improving the pressurized air source to provide 
probe aspiration at approximately 23 pounds per square inch, gauge 
and 65 deg C. The JU-21A chase aircraft was used to document 
actual cloud conditions and verify ship system LWC indications. 
The Ice detection/rate measuring system provided LWC readings that 
were consistent with the actual icing rate and is satisfactory. 





ANTI-ICE SYSTEMS OPERATION 

General 

16. The AH-64A anti-ice systems were previously evaluated in arti- 
ficial and natural icing (apps F and G). Eight flights totaling 
7.5 hours in natural icing were conducted during this evaluation. 
Specific test conditions for this evaluation are shown in table 1, 
appendix E. Anti-ice systems on the AH-64A helicopter protect 
the engines, engine inlet cowling rings, nose gearbox and cross 
shaft fairings, windshields, pi tot-tubes, air data sensor (ADS), 
and TADS/PNVS. All anti-ice systems were activated prior to 
entering the icing environment and were operational for all icing 
flights. A detailed description of each system is presented in 
references 1 and 5, appendix A and appendix B. 

Engine 

17. Engine anti-icing was accomplished by a combination of hot 
air from the axial compressor and heat transfer from the air/oil 
cooler in the engine airframe. The system was controlled by a 
single engine anti-ice switch located on the pilot's lower left 
subpanel (fig. 1, app B). The engines were inspected daily and 
engine health indication tests were performed prior to each 
flight. No engine deterioration was observed and there were no 
indications of ice accumulation in the engine. The engine anti- 
ice system is satisfactory. 

Engine Inlet Cowling Ring 

18. Engine bleed air heated the engino inlet cowling ring to 
prevent ice accumulation. There were no accumulations of ice 
noted on the cowling ring. The engine inlet cowling ring anti-ice 
system demonstrated satisfactory operation. 

Nose Gearbox/Cross Shaft Fairings 

19. The forward nose gearbox/cross shaft fairings were anti-lced 
using electrical heater elements inside the fairings. These 
electric heaters were activated by the same tvo-position switch 
on the pilot's anti-ice panel (fig. 1, app B) that activated the 
engine anti-ice bleed air system. Heater blankets were added under 
a portion of the aft nose gearbox/cross shaft fairing when ice 
formation was discovered in the engine inlet following an icing 
encounter (para 3c(4), app G). Further modification of the aft 
fairing heater blankets was required during this test which 
eliminated small ice accretions in the engine Inlets. The nose 
gearbox/cross shaft fairing anti-ice system with these modifica- 
tions is satisfactory. 



Heated Windshields 

20. The two panels forming the pilot and CPG's windshield were 
antl-lced electrothermally. The windshield temperature was 
regulated between 65 and 85 deg F (18 to 29 deg C) which kept the 
heated windshields Ice free. The windshield anti-Ice system Is 
satisfactory. 

Pltot Tubes 

21. The dual, wing mounted pltot tubes were antl-lced electrically 
and controlled by a single switch on the pilot's anti-tee control 
panel. No Ice accretion was observed on the pltot tubes (photo 2). 
The pltot  tube anti-ice system Is satisfactory. 

Air Data Sensor 

22. The Air Data Sensor (ADS) was located above the main rotor 
and attached to a stand pipe through the main rotor mast. The 
rotating hub and arms of the ADS were electrically heated. The 
same switch that activated pltot heat activated the ADS anti-ice 
system. Ice did not accrete on the heated portion of the ADS 
(photo 3). On one occasion after departing Icing conditions, an 
ADS failure occurred probably due to a weak heater. The ADS was 
replaced and no further Incidences occurred. The ADS anti-Ice 
system Is  satisfactory. 

Target Acquisition Designation Sight/Pilot Night Vision Sensor 

23. The TADS/PNVS anti-Ice provisions Included window, window 
frame, and selected turret surface panel heating. During natural 
icing tests the TADS and PNVS were coupled to the pilot's and 
CPG's helmets to provide turret movement which prevented loss In 
range of motion due to Ice build-ups. The final TADS/PNVS anti-ice 
system configuration tested (described in ref 9, app A) Is 
satisfactory. 

UNPROTECTED AIRCRAFT COMPONENTS 

General 

24. Ice accretion and shedding characteristics of the unprotected 
aircraft components were previously evaluated throughout the 
tests reported in appendixes F and G and at the test conditions 
shown in table 1, appendix E. Ice formed on all unprotected 
stagnation areas and sharp protrusions from the alrframe and main 
rotor.    Large    ice    formations    accreted    on    the    canopy    frames, 
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Antl-Iced Rotating 
Sensor 

Photo  3.     AH-64A - Air Data Sensor 

Conditions:     Avg LWC  = 0.43  gm/m3 

Avg OAT   = -8.50C 
Time  In  Cloud   = 83   minutes 

II 



windshield wipers, fuselage handholds/steps and on the mismatch 
at the joint between the fore and aft nose gearbox/cross shaft 
fairings which create the potential for engine FOD and/or aircraft 
damage due to shed Ice. The high potential for engine FOD due 
to shed ice from the mismatch at the joint betweer the fore and 
aft nose gearbox/cross shaft fairing is a deficiency. 

Main Rotor 

25. Minimal amounts of ice accumulated on the unprotected blade 
surfaces inboard of the heater mats and on the blade retention 
mechanisms. No restriction of any movable component on the main 
rotor head was noted. No aircraft damage resulted from ice 
shedding characteristics of the unprotected portion of the main 
rotor and rotating components. The ice accretion and shedding 
characteristics of the unprotected main rotor components are 
satisfactory. 

Stabilator 

26. Minor ice build-ups observed on the stabilator leading edge 
created no problems. Minor paint chips and dents occurred on the 
upper surface of the left stabilator due to tail rotor shed Ice 
but were not considered a problem. The ice accretion and shedding 
characteristics  of  the  stabilator are satisfactory. 

Fuselage 

27. Typical fuselage ice accretions are shown In photo 4, 
enclosure 6 to appendix F. Large accumulations of ice were noted 
on the wing leading edges, nose, handholds/steps, landing gear, 
landing gear struts, and surface irregularities on the fuselage 
but created no operating difficulties. All windows, doors, and 
access panels remained functional after icing encounters. Ice 
accretion and shedding from the right and left side fuselage 
nandholds/steps (photo 4) create the potential for engine FOD 
(see para 31) but no damage was specifically documented as being 
due to ice shed from these areas. Future aircraft designs should 
incorporate recessed handholds/steps to minimize ice accretion 
and   FOD potential. 

Unprotected Windows 

28. No ice protection was provided for any window panels except 
the two electrically heated forward facing windows dicussed in 
paragraph 20. Minimal ice accretions on the unprotected window 
areas created no obstruction to the field of view. The ice 
accretion and shedding characteristics of the unprotected windows 
are   satisfactory. 

U 



No. 1 Engine 
Inlet 

Photo 4.  AH-64A - Left Side Fuselage 

Conditions:  Avg LWC = 0.28 gm/ra3 

Avg OAT = -11.0oC 
Time In Cloud =  51 minutes 

13 



Canopy Frames 

29. The framework supporting the essentially flat plate canopy 
was not anti-iced. The forward canopy frames accreted large 
quantities of ice (photo 5) which could break away during flight 
and damage aircraft components or result in engine ice Ingestion. 
No damage was specifically documented as being due to ice shed 
from the canopy frames. Future aircraft designs should incorporate 
canopy  frames which minimize  ice accretions. 

Windshield Wipers 

30. I ^rge ice formations on both the pilot's and CPG windshield 
wipers (photo 5} could break away resulting in aircraft damage 
or engine ice Ingestion. No damage was specifically documented 
due to ice shed from the wipers. The wipers were deliberately 
not activated in flight to prevent any damage. Future aircraft 
designs should incorporate windshield wipers which minimize ice 
accretions. 

Engine  Ice Ingesti on 

31. The No. 2 engine sustained FOD during one natural icing 
flight. No unusual cockpit indications were observed. Post- 
flight inspection revealed a 1/2 inch curl in a first stage 
compressor blade. A video camera mounted to observe one fourth 
of the No. 2 engine inlet did not reveal when the damage occurred. 
The most probable sources of the ingested ice are the handhold on 
the fuselage right side, windshield wipers, canopy frames, or the 
nonstandard camera mounted on the right forward avionics bay. The 
susceptibility of the engines to damage due to ice accretion and 
shedding  from the  external  alrframe   components   is a  shortcoming. 

32. Ice accretion on the mismatch at the joint between the fore 
and aft nose gearbox/cross shaft fairings was previously docu- 
mented during artificial icing tests (photo 6, enclosure 6 of 
appendix F). Ice accreted in this area is immediately in front 
of the engine inlet and presents a high probability of damage to 
the en^'ne. No permanent modification to correct this problem 
has y».t Veen implemented and the mismatch has been observed on 
most »lolm lion aircraft. The fairing edges were smoothed during 
this tlUV. to eliminate the mismatch and prevent engine FOD. An 
examp'e tf the mismatch present with the most recent fairing 
configuration is shown in photo 6. The high potential for engine 
FOD due to shed ice from the mismatch at the joint between the 
fore and   aft   nose   gearbox/cross   shaft   fairing   is   a  deficiency. 
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Antennas 

33. The Ice accretion and shedding characteristics of the aircraft 
antennas were evaluated throughout these tests« Many AH-64A 
antennas are flush mounted and thus accrete little If any Ice. 
Exceptions to this are the transponder antenna (cabin overhead), 
the radar Jammer receiving antenna (upper fuselage), radar Jammer 
transmitting antenna (TADS/PNVS assembly), and the two radar 
warning antennas located on the front of each forward avionics 
bay. No degradation In radio transmission or reception was 
noted in any aircraft systems, however, no specific tests were 
conducted to evaluate these characteristics. Ice shed from these 
antennas presented no operational difficulties. The Ice accretion 
and shedding characteristics of the aircraft antennas are satis- 
factory. A study should be conducted to determine the possible 
degradation of transmission or reception of the radar Jammer and 
radar warning antennas   with  Ice  accreted   on   their  forward   face. 

M-130 Chaff Dispenser 

34. The Ice accretion and shedding characteristics of the M-130 
chaff dispenser were evaluated throughout these tests. One 
dispenser was mounted on the left side of the tallboom. The 
M-130 system was not operated during this evaluation. No Ice 
accretion or subsequent sheds were observed which would Interfere 
with operation of the system during or after an Icing encounter. 
The ice accretion and shedding characteristics of the M-130 chaff 
dispenser are satisfactory. 

ALQ-144 Infrared Countermeasures Device 

35. The dummy ALQ-144 Installed on the test aircraft was Identical 
to that used in previous tests and described in appendix F. The 
Ice accretion and shedding characteristics of the ALQ-144 are 
satisfactory. 

Hellfire Missile System 

36. The frangible Hellfire delce system described in appendix B 
was not Installed on the test aircraft since satisfactory system 
performance was previously demonstrated (ref 2, app A). The ice 
accretion and shedding characteristics of the Hellfire missile 
system are satisfactory. 

Wing Pylon Articulation 

37. Satisfactory performance of the wing pylon articulation system 
was previously demonstrated (app F). No restriction of pylon 
travel was noted during these tests. 

17 



Area Weapon System 

38. The Ice accretion and shedding characteristics of the 30nmi 
chain gun area weapon system were evaluated In natural Icing 
conditions. Weapons firing was not attempted following flight in 
icing conditions. Although live fire operations were not per- 
formed, the accreted ice did not hamper the traversing operation 
of the weapon. The gun was traversed in-flight through its full 
range in azimuth and elevation to verify unrestricted motion. A 
muzzle protector made of cloth prevented ice build-ups inside 
the barrel. An environmental cover (photo 7) was installed on 
the ammunition chute and turret assembly. This dual purpose 
cover prevented both ice accumulation Inside the chute which 
would Jam ammunition feed and cold air from entering the aft 
cockpit through the turret assembly. An additional seal was 
Installed to improve the seal between the cover and the lower 
fuselage (photo 8). The Ice accretion and shedding characteristics 
of the area weapon system are sat sfactory. The production 
configuration of the area weapon environmental cover should 
Incorporate a seal between the cover and fuselage similar to the 
one used  on the test  aircraft. 

M-261  Lightweight Rocket Launcher 

39. The ice accretion and shedding characteristics of the M-261 
lightweight rocket launchers were evaluated during this test. 
Protection covers identical to those previously described and 
tested (app F) were installed on the launchers. Ice accreted 
on the protective covers as shown in photo 9. Rocket firing was 
not attempted following an icing encounter. The ice accretion 
and shedding characteristics of the M-261 lightweight rocket 
launcher are satisfactory. A test should be conducted to deter- 
mine the consequences of the M-261 protective covers departing 
the  launcher,  with and without  accumulated ice. 

Proposed Wire Strike Protection System 

40. Installation of the proposed Wire Strike Protection System 
(WSPS) would mount wire cutters on the front of the aircraft and 
the upper and lower fuselage. The proposed WSPS should he 
evaluated In natural Icing conditions to determine possible impact 
on existing anti-lce/delce systems and the potential for aircraft 
damage   (i.e.,   engine FOD)  due  to the shed  ice. 

18 
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PERFORMANCE 

Level Flight Performance 

41. Level flight performance characteristics of the AH-64A 
helicopter were evaluated at the specific natural icing test 
conditions listed in table 1, appendix E. Collective control posi- 
tion was fixed at pre-immersion trim position, altitude was 
maintained and airspeed was allowed to vary as necessary during 
the encounter. Indicated power required increases between 
blade deice cycles ranged from 6 to 8 percent torque. The level 
flight performance characteristics of the AH-64 during flight in 
icing conditions are satisfactory. 

Power Loss with Operation of Anti-Ice Systems 

42. The engine performance characteristics were recorded with the 
engine bleed air anti-ice system OFF and ON for comparison during 
previous testing (figs. 7 and 8, enclosure 4 of appendix F). An 
approximate 50 deg C increase in measured gas temperature was 
observed with anti-ice system use. The power available losses 
with activation of the anti-ice systems were significant. A 
note should be added to the operator's manual performance charts 
to indicate that an approximate 10 percent loss in power available 
and 8 percent decrease in maximum effective range occur when the 
engine anti-ice system is activated. 

HANDLING QUALITIES 

43. A qualitative handling qualities evaluation was performed 
during natural icing flights at the conditions listed in table 1, 
app E and during previous testing described in appendixes F and G. 
The evaluation was accomplished by performing typical Instrument 
flight maneuvers with and without ice on the aircraft. No degra- 
dation of aircraft handling qualities was noted as a result of 
aircraft ice accretion. 

44. General handling qualities were evaluated during the entire 
icing evaluation. With the attitude hold system engaged, the 
pilot was required to make continuous lateral and longitudinal 
control inputs during instrument flight to control pitch and roll 
attitudes. Additionally, uncommanded pitch, roll, and yaw attitude 
response occurred wh«n the momentary force trim interrupt was 
engaged due to the operational characteristics of the digital 
augmentation system (previously reported in ref 10, app A). These 
aircraft characteristics increased the pilot workload. Future 
models of the AH-64 should incorporate an Improved attitude hold 
system to reduce pilot workload during instrument flight. 
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VIBRATION 

45. The aircraft vibration characteristics were monitored through- 
out these evaluations. Qualitative crew comments were complied 
during the Icing Immersions and flights to home base with residual 
Ice. No significant Increase In vibration levels was noted. 
The alrframe vibration characteristics resulting from flight In 
Icing conditions are satisfactory. 

RELIABILITY AND MAINTAINABILITY 

Tall Rotor Elastomerlc Bearings 

46. The four-bladed, semi-rigid teetering tail rotor has four 
elastomerlc bearings which connect each delta hinged hub assembly 
to a titanium fork and provide the teetering axis for each pair 
of blades. Postfllght inspection revealed three elastomerlc 
bearings debonded from the fork, assembly following a natural 
icing flight at -11 deg C. No unusual in-flight aircraft response 
was noted as a result of elastomerlc debonding. Debonding of 
the tail rotor elastomerlc bearings in the cold weather environ- 
ment (0 to -20 deg C) is a shortcoming. 

Fault Detection/Location System 

47. The Fault Detection/Location System (FD/LS) monitors the 
blade delce subsystems. These are the tall rotor heaters, main 
rotor heaters, distributor, and power controller. When AC 
electrical power is applied and the blade delce switch is in the 
OFF position, the FD/LS displays NO-GO (fall) messages for each 
subsystem, regardless of actual system status. These fail messages 
are continuously displayed when the blade delce control switch 
is in the OFF position and requires the crew to scroll through 
several pages of displayed NO-GO messages to identify the status 
of other systems. Additionally, display of NO-GO messages with 
the system turned OFF is contrary to the design philosophy of 
other anti-lce/deice systems. The continuous FD/LS should be 
modified to display NO-GO status messages only when the blade 
delce switch is in the ON position and a subsystem has failed. 
NO-GO status messages for the blade delce subsystems resulting 
from tne blade delce switch being placed In the OFF position are 
a shortcoming. 

Main and Tall Rotor Deice Controller 

48. The main and tall rotor deice controller is mounted on the 
forward transmission deck (photo 10).  Cooling vents and a fan 
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Inlet at the ends of the controller case (photo 11) allow oil, 
hydraulic fluid, and water to penetrate the unit. Following a 
flight in natural icing, the deice controller was removed from 
the aircraft and water was discovered inside the unit. The 
potential for failure of the deice controller caused by penetra- 
tion of oil and water into the unit is a shortcoming. 

49. The AEG-Telefunken controller is designed to prevent a blade 
heater element from exceeding 55 deg C. The controller measures 
blade element temperature as a function of electrical resistance 
during element heating and requires the controller to be "trimmed" 
for the electrical resistance characteristics of each blade/blade 
element. The controller potentiometers must be adjusted each 
time a main or tail rotor blade is changed (previously reported 
in app F). The required peculiar ground support equipment may 
not be available at unit level. Since main and tail rotor blade 
changes are a unit level maintenance function, this will cause 
a system maintainability problem. The requirement to manually 
adjust the deice controller to the rotor system electrical resis- 
tance characteristics following a main or tail rotor blade 
change remains a shoitcoming. 

K-3 Contactor Relay 

50. The K-3 contactor relay (fig. 3, app B) monitors the blade 
deice system power source, normally the No. 2 generator, and is 
designed to switch to the No. 1 generator if an electrical current 
variation occurs. Switching power sources results in a momentary 
break in electrical power and a blade deice system failure. 
During several flights, the blade deice system failed when there 
was no apparent malfunction of the generators or deice controller. 
Normal system operation was regained by recycling the blade deice 
control switch. System analysis revealed the K-3 contactor relay 
was the most probable cause of failure. The unpredictable failure 
of the blade deice system due to the design/operation of the K-3 
contactor relay is a shortcoming. 

External Auxiliary Fuel Tanks 

51. External auxiliary fuel tanks were installed on the test 
aircraft (photo 12). Fuel was transferred from the external 
tanks by means of the pressurized air system. When the aircraft 
is shutdown, the external tanks remain pressurized. When the 
aircraft was hangared for several days with the tanks pressurized, 
fuel began leaking from the tank access panels (photo 13) and 
fuel line fittings. The only way to vent pressure from the 
external tanks was to open the fuel filler caps following each 
flight.  The tendency of the external auxiliary fuel tanks to 
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Photo 13.  Auxiliary Fuel Tank - Top View 
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leak when    the   aircraft    Is    stored   after    normal    shutdown   Is   a 
shortcoming. 

Internal Laser Boreslght 

52. An Internal laser boreslght of the TADS assembly was attempted 
following a cold soak of the test aircraft at an average tempera- 
ture of -14 deg F for 14 hours. This test was performed during 
February 1986 and the results were not Included In appendix F. 
The test was performed by starting the auxiliary power unit and 
allowing the aircraft systems to run for 25 minutes. The first 
portion of the boreslght was successfully completed using the 
medium field of view. When the final boreslght sequence was 
attempted In the narrow field of view, there was no Indication 
of the laser firing. Internal boreslghtlng was attempted follow- 
ing two separate cold soak tests with the same results. The 
cause of the failure to internally boreslght has not been identi- 
fied. The failure of the TADS to successfully perform internal 
laser  boreslght following cold soak at -14  deg F is a shortcoming. 

HUMAN FACTORS 

General 

53. Human factors were evaluated during this test and previous 
evaluations reported in appendixes F and G. The cold aft 
cockpit environment previously reported as a deficiency has been 
corrected by the Installation of a production environmental 
ammunition chute and turret assembly cover (para 33). The poor 
location of the ice protection system advisory lights and control 
panel remains a shortcoming as prevously reported. Two additional 
shortcomings were  identified. 

Helmet Communication Cord 

54. The production configuration position of the aircraft 
communication cord connector has been modified since the previous 
evaluation reported in appendix F. During flight, the pilot and 
CPG inadvertently unplugged their helmet communication cord from 
the aircraft connector by simply turning their heads to the right 
or leaning forward to perform normal cockpit duties (photo 14). 
The integrated helmet and display sight system (IHADSS) cord 
remained connected. Both the pilot and CPG experienced this loss 
of communication capability on numerous occasions during instru- 
ment flight. The inadvertent unplugging of the helmet communica- 
tion cord  is  a  shortcoming. 
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Ice Protection Systems Advisory Lights/Control Panel Location 

55. The pilot's antl-lce control panel (fig. 1, app B) was 
located at the aft end of the pilot's lower left console. Two 
advisory lights (deice system ON and engine Inlet anti-Ice system 
ON) were located on this panel and are not in the pilot's normal 
instrument scan pattern. Additionally, the pilot is required to 
memorize switch locations since it is difficult to simultaneously 
fly the aircraft and read the switch labels. The ice protection 
system advisory lights/control panel should be located in the 
pilot's normal instrument scan pattern. The poor location of the 
ice protection systems advisory lights and anti-ice control panel 
remains a shortcoming. 

External Auxiliary Fuel Tanks 

56. External auxiliary fuel tanks were installed on the test 
aircraft at the inboard wing stores location (photo 12). A fuel 
drain located on the bottom aft end of the tank is the standard 
type drain used on several different auxiliary fuel tanks in the 
Army inventory. Ground maintenance personnel are required to 
depress a Phillips head plunger in the center of the drain assemb- 
ly to obtain a fuel sample. It is difficult for a crewmember to 
perform this task without getting fuel on his hands which creates 
the potential for cold weather injury. The lack of an adequate 
drain valve on the external auxiliary fuel tank creating the 
potential for cold weather injury is a shortcoming. 

Operator's Manual 

57. A significant number of modifications were made to the AH-64 
helicopter during the icing tests. This information and recom- 
mended procedures will be forwarded to the Program Manager's 
Office under separate cover for review. The operator's manual 
should be updated to reflect the latest anti-ice/deice systems 
configuration, recommended procedures for instrument flight, and 
recommended procedures for flight in icing conditions. 
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CONCLUSIONS 

GENERAL 

58. The following general conclusions were reached as a result of 
the artificial and natural icing tests of the AH-64 helicopter. 

a. One deficiency, previously reported, was still present. 

b. Eleven shortcomings were found, three of which were 
previously reported. 

c. Forty equipment performance reports/test incident reports 
were submitted (February 1985 - December 1986). 

DEFICIENCY 

59. The high potential for engine FOD due to shed ice from the 
mismatch at the joint between the fore and aft nose gearbox/cross 
shaft fairing is a deficiency (para 32). See appendix D for the 
definition of a deficiency. 

SHORTCOMINGS 

60. The following shortcomings have been identified and are listed 
in relative order of importance. See appendix D for the definition 
of a shortcoming. 

a. The susceptibility of the engines to damage due to ice 
accretion and shedding from external airframe components 
(para 31). 

b. The unpredictable failure of the blade deice system due to 
the design/operation of the K-3 contactor relay (para 50). 

c. The potential failure of the deice controller caused by 
penetration of oil and water into the unit (para 48). 

d. The inadvertent unplugging of the helmet communication 
cord (para 5A). 

e. The poor location of the ice protection systems advisory 
lights and anti-ice control panel (para 55). 

f. NO-GO status fall messages for the blade deice subsystems 
resulting from the blade deice switch being placed in the OFF 
position (para 47). 
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g. The requirement to manually adjust the delce controller 
to the rotor system electrical resistance characteristics follow- 
ing a main or tall rotor blade change (para 49). 

h. Debonding of the tall rotor elastomeric bearings in the 
cold weather environment (0 to -20 deg C) (para 46). 

1. The lack of an adequate drain valve on the external 
auxiliary fuel tank creating the potential for cold weather injury 
(para 51). 

j. The tendency of the external auxiliary fuel tanks to leak 
when the aircraft is stored after normal shutdown (para 51). 

k. The failure of the TADS to successfully perform internal 
laser boresight following cold soak at -14 deg F (para 52). 
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RECOMMENDATIONS 

60. The following recommendations were made: 

a. Release the AH-64A helicopter for flight In the moderate 
Icing environment after correction of the deficiency. 

b. Correct the shortcomings as soon as practical. 

c. Future aircraft designs should Incorporate recessed 
handholds/steps to minimize Ice accretion (para 27). 

d. Future aircraft designs should Incorporate canopy frames 
wMch minimize Ice accretion (para 29). 

e. A study should be conducted to determine the possible 
degradation of transmission or reception of the radar Jammer and 
radar warning antennas with Ice accreted on their forward faces 
(para 33). 

f. The production configuration of the area weapon environ- 
mental cover should Incorporate a seal between the cover and 
fuselage similar to one used on the test aircraft (para 38). 

g. A test should be conducted to determine the consequences 
of the M-261 protective covers departing the launcher, with and 
without accumulated Ice (para 39). 

h. The proposed WSPS should be evaluated In natural Icing 
conditions to determine possible Impact on existing anti-lce/delce 
systems and the potential for aircraft damage (I.e., engine FOD) 
due to shed Ice (para 40). 

1. A note should be added to the operator's manual perform- 
ance charts to indicate that an approximately 10 percent loss in 
power available and 8 percent decrease in maximum effective range 
occur when the engine anti-ice system is activated (para A2). 

j. Future models of the AH-64 helicopter should incorporate 
an Improved attitude hold system to reduce pilot workload during 
Instrument flight (para 44). 

k. The continuous FD/LS should be modified to display NO-GO 
status messages only when the blade delce switch is in the ON 
position and a subsystem has failed (para 47). 

1. The operator's manual should be updated to reflect the 
latest anti-lce/delce systems configuration, recommended pro- 
cedures for Instrument flight, and recommended procedures for 
flight in icing conditions (para 57). 
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APPENDIX B. DESCRIPTION 

SYSTEMS DECRIPTION 

General 

1. The delce system consists of an outside air temperature (OAT) 
sensor Ice detector/rate sensor and signal processor unit, Ice 
rate meter, blade delce control switch, main and tall rotor slip 
rings, and a delce controller. The main and tall rotor blades 
contain electrothermal resistive mats. Antl-lce systems are 
provided for sections of the windshields, pltot-statlc tubes, 
air data sensor, engines, engine Inlet cowling ring, nose gearbox/ 
cross shaft fairings, target acquisition and designation system 
(TADS), and pilot night vision system (PNVS). The delce/antl-lce 
systems are activated by switches located on the pilot's antl-lce 
control panel (fig. 1). Delce/antl-lce systems on the test 
helicopter, serial number (S/N) 84-24285 (production vehicle 
145),  are shown In figure 2. 

ELECTRICAL POWER SUPPLY 

2. Potter to the AH-64A electrical distribution system Is supplied 
by 115/200 vac, S-phase, 400 Hz, 35 Kva generators. The two 
generators are located on the transmission accessory gearbox. 
Normally each generator supplies Its own ac essential bus. If 
one generator falls, the remaining generator takes over the bus 
of  the  failed generator. 

3. Input power to the blade delce system Is three-phase, 400 Hz, 
115/200 vac which Is fed to the blade delce controller through 
the blade delce system's three-phase double-throw contactor (K-3 
contactor/relay). The blade delce system Is normally powered by 
the No. 2 generator, however, the K-3 contactor/relay (fig. 3) Is 
designed to sense a malfunction of the power source and transfer 
the blade delce system to the No. 1 generator. The 115/200 vac 
power to the b]ade delclng controller Is converted to 268 vdc by 
a silicon control rectifier In the controller. The 268 vdc power 
Is used  to energize  the blade delclng heaters. 

4. Two    250-ampere    transformer/rectifiers    powered    from   the   ai 
buses provided  the aircraft  28 vdc  power  supply. 

ROTOR BLADE DEICE  SYSTEM 

5. The AH-64A rotor blade delce system utilizes the electro- 
thermal cyclic delclng concepc. A controlled amount of Ice Is 
allowed  to  build-up  on   the   blade   by varying heater   off-time  as a 
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fu '•t.lon of liquid water content (LWC) and removed periodically 
by energizing electrical heating elements to raise the blade 
surface temperature to break the ice bond and allow shedding. 

6. The main blade heater consists of five spanwise heating zones 
running from root to tip. These zones are energized sequentially 
and produce chordwise ice shedding. The main blade heater elements 
are bonded to the inner surface of the blade structure and extend 
from 19 to 94 percent span. 

7. The tail rotor blade heater is installed internally but 
consists of only one heater zone which covers 43 to 91 percent of 
the blade spanwise. 

8. The amount of chordwise coverage of the heaters is essentially 
the same for the main and tall rotor blades, beginning from 
10 percent aft of the leading edge on the upper surface to 26 
percent (main) and 25 percent (tall), on the lower surface 
(fig. A). The power density of the heaters (watts per square 
inch) is varied spanwise on the main rotor blade to take advantage 
of kinetic heating and reduce the electrical load requirements. 
The power density decreases in 14 steps from root to tip. The 
Inboard and outboard steps are 36 and 30 inches in length, 
respectively. The remaining 12 steps each cover 12 inches of 
span. The tall rotor is uniformly herted at one power density 
over Its span. 

9. The blade delce system Is shown schematically in figure 3. 
Three-phase, 115 vac, 400 Hz electrical power from the generator 
is rectified In the delcing system controller to 268 vdc for 
blade heating. The dc power from the controller is routed to the 
main and tall rotor through slip rings. The main rotor instal- 
lation Incorporates a distributor that sequentially delivers the 
electrical power to the five heating elements of each blade. 
The system deices all four of the tall rotor blades simultaneously 
and steps through the zones of pairs of opposing main rotor 
blades. 

10. Figure 4 shows the blade and zone heating sequence that is 
used. After the blades have accreted the prescribed amount ( 
Ice, a pulse train is initiated to delce the tail and main rotor 
blades in a sequence that deices the tall rotor twice as often as 
the main rotor. The controller does not allow simultaneous 
heating of the tall rotor with the main rotor since the cmbined 
electrical load could exceed electrical system capacity. 

11. The time interval between the applications of heat to any 
given zone is called heater-off time.  For normal operation. 
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blade heater-off time Is controlled automatically by the blade 
deiclng controller and is scheduled as a function of ice accretion 
rate signal multiplied by time. The controller integrates the 
icing rate signal (corresponding to LWC) from the ice detection/ 
rate measuring system with respect to time and initiates a blade 
deicing signal each time the integral reaches a predetermined 
value. This predetermined value is selected to approximate a 
0.25-inch thickness of ice accreted on the main rotor blade at 
the mid-span location. The tail rotor blade airfoil, which is 
approximately one-half the scale of the main rotor, is deiced at 
one-half the main rotor LWC-time integral (twice as often as the 
main rotor) to maintain the same proportion of ice accretion as 
fur  the main rotor blades. 

12. The main rotor off time scheduled by the controller corres- 
ponds to the curve shown in figure 5. This curve is a constant 
LWC multiplied by the time value of 1.76 gm-minutes/m^. The LWC 
signal from the ice detector processor is a dc voltage with a 
0.2 gm/m^ equivalent to 1 volt dc. The main rotor volt-time 
integral, therefore. Is 8.8 volt-minutes. The tail rotor volt- 
time  integral  Is  approximately 4.A volt-minutes. 

13. Also shown in figure 5 are the manually selectable off times 
that are available in the event the system is not operated in 
automatic mode. The manual tail rotor off times are one half of 
the main rotor off  times  shown. 

14. The duration of time that heat is applied to a given zone is 
called heater-on time and is controlled automatically by the 
blade deicing controller. The heater-on time varies as a function 
of OAT. The lower the air temperature, the longer the heaters 
are energized to raise blade surface temperature for deicing. The 
design heater-on   time  versus   OAT   schedule   is   shown  in  figure  6. 

15. The design heater-on time is the same for each of the main 
blade heater elements and for the tail rotor. The delce controller 
must be manually adjusted for the electrical resistance character- 
istics of the main and tall rotor following a blade change to 
ensure proper   system   operation   and   over-temperature   protection. 

Ice Detection/Rate Measuring System 

16. The ice detection/rate measuring system consisted of an 
Model 871FF2 aspirated Rosemount LWC probe and a Model 524Y4 
signal processor unit. The LWC sensor Is a vibrating probe which 
changes frequency as ice is accreted. The signal processor 
monitors the probe frequency shift and provides an analog output 
voltage  signal  to   the  deice   controller   which  is   proportional   to 
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sensed LWC. The probe was mounted on a fiberglass ramp on the 
upper right side of the fuselage. The ramp was Installed to 
provide separation between the probe and fuselage. A metal rod 
(not part of the production configuration) was mounted adjacent 
to the probe (photo 1). Uniform Ice accretion on the rod Indicated 
that probe readings were not Influenced by any water flowing 
from the heated windshields and the probe was operating In undis- 
turbed   free stream airflow. 

17. The PITOT AD SENSOR switch on the antl-lce control panel 
(fig. 1) opens a valve which allows the aircraft pressurized air 
system to provide aspiration air to the probe. The pressurized 
air source was modified and the external air line was insulated 
to provided aspiration air to the probe at approximately 23 pslg 
and 65° C. These modifications provided significant Improvement 
In probe performance over that observed In previous testing 
(app F). 

18. The Ice detector/rate probe Is powered by direct current and 
Is on whenever ship's power is on. The icing rate signal Is 
generated whenever ice build-up on the probe is between 0.015 
inch and 0.060 inch thick. When the ice thickness reaches 0.060 
inch, the probe is electrothermally deiced and the cycle repeated. 
The ENG ICE caution light on the pilot's caution/warning panel 
illuminates when the ice thickness reaches 0.015-Inch and remains 
on for a minimum of 90 +10 seconds. If no further icing were 
encountered, the light would go out at the end of that time. If 
icing  is     continually    encountered,     the    light    will    remain    on. 

19. During the time the sensing probe is deiced and recovering 
from its 6 second heater application, a hold circuit Is employed 
that maintains the LWC signal at its last value. The hold circuit 
operates until the probe has thermally recovered and then releases 
when accreted Ice thickness again reaches the 0.015-inch or 60 
+10 seconds of time has elapsed. Thus, if the aircraft emerges 
from an Icing environment prior to reaching 0.015-inch thickness 
the LWC signal would go to zero after this time interval to 
indicate a zero LWC condition. The probe recovery time (time 
the detector/rate sensor is off line) varies with LWC and OAT. 
Typical maximum recovery times for a probe velocity of 112 knot- 

are 75 seconds at LWC = 0.12 g/nr, 15 seconds at 0.5 g/m-*, aiut 
10  seconds  at  1.0 g/m^. 

20. The output of the ice detection/rate measuring system will 
vary with air temperature and local flow velocity over the probe 
at a fixed LWC. Additionally, accuracy will vary with LWC at a 
fixed temperature and flow velocity. The probe is calibrated in 
an icing tunnel to read LWC +10 percent for local flow velocity 
of  112    knots.      At   higher   and    lower    local    flow   velocities,    the 
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system will indicate slightly higher or lower than actual LWC 
values. 

21. The delce system Included an Icing rate meter which displayed 
LWC as measured by the ice detector/rate probe and the signal 
processor. The LWC meter (fig. 7) is mounted on the upper right 
side of the pilot's instrument panel. 

Outside Air Temperature System 

22. The OAT sensor is a flush-mounted resistance type temperature 
sensor installed on the right side of the fuselage between the 
engine nacelle and wing. This location was selected to shield 
the 1.25 inch diameter sensor from exposure to direct sunlight 
heating and also to be in an area that will not be subjected to 
ice impingement. The OAT sensor's resistance output is fed to 
the blade deicing controller for use in scheduling blade heater- 
on time.  No cockpit indication of OAT sensor output is provided. 

23. A second identical OAT sensor was installed immediately 
adjacent to the deicing controller sensor as test Instrumentation 
to provide a signal for recording on the data acquisition system. 
This permitted a check on the OAT signal going to the blade 
deicing controller. 

Blade Delce System Operation 

24. Rotor blade deicing operation was initiated as follows. 
Prior to entering a potential icing environment, all ice protec- 
tion system swiches were turned on. The blade delce system was 
set for automatic operation using the mode selector on the anti- 
ice control panel. When icing was encountered, the pilot was 
alerted by illumination of the E?JG ICE segment light on the 
caution/warning panel (fig. 8). The normal procedure was to 
allow the collective to remain fixed and to maintain cruise 
altitude by allowing airspeed to decrease. As ice accreted on 
the rotor system, power required (Indicated torque) increased 6 
to 8 percent and airspeed dropped 5 to 10 knots. Blade deicing 
would commence after the scheduled ice accretion period elapsed 
and continued automatically. Power required and indicated air- 
speed returned to their original values following a blade shed 
cycle. Except for the indicated torque rises and indicated 
airspeed loss, operation of the blade delce system is essentially 
transparent to the crew. 

25. Heater-off time shortens with increasing icing Intensity 
(LWC) and heater-on time lengthens with decreasing OAT. At some 
high level of LWC and OAT, the system will saturate.  On time 
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TEST SWITCH 

Figure 7.     Icing Rate Indicator and Test Switch 
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takes precedence over off time and will prevent ice from building 
up to the desired thickness before deicing. In theory, this could 
have a deterimental effect on blade shedding characteristics. 
However, during the developmental phase of testing no adverse 
blade shedding characteristics resulted from short blade heater- 
off times. Saturation does not occur until -14.7 deg C at a 
LWC - 1.0 g/m3. 

26. The manual mode of blade deice system operation may be selected 
if the aircraft is operating in an icing environment and the 
pilot suspects the icing rate system is malfunctioning and not 
detecting the true icing intensity. In this mode, the blade 
heater on-time is one of three fixed values chosen with the mode 
selector on the pilot's anti-ice control panel: TRACE - 528 
seconds, LIGHT « 264  seconds, and MODERATE - 132 seconds. 

Rotor Blade Deice System Checkout 

27. A deice system TEST switch and an icing rate indicator are 
provided to enable ground checkout of the system. The deice 
syjtem test consists of a rapid heater on sweep or duty cycle 
(0.3 second on-time per element) and an advisory light to indicate 
heater operation. Any failures will activate the BLADE ANTI-ICE 
FAIL light on the caution/warning panel (fig. 8). The icing 
rate indicator test is activated by depressing the test button 
adjacent to the icing rate meter. This test conducts a check on 
the icing rate meter electronics only. 

28. The Fault Detection/Location System (FD/LS) provides an "on 
command" check of four blade deice subsystems. The check is 
performed by selecting the FD/LS mode on the copilot gunner (CFG) 
data entry keyboard and entering the appropriate pystem code 
displayed on the menu. Required actions to be performed by the 
crew are displayed on the visual display. The four dubsysterns 
are: 

a. main rotor heaters 

b. tail rotor heaters 

c. power controller 

d. distributor 

During normal aircraft operations, the FD/LS will display NO-GO 
(fail) messages for these subsystems when the blade deice switch 
is in the OFF position. When the switch is ON, NO-GO messages 
will be displayed only if a subsystem has failed. 
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Blade Delce System Protection Circuits 

29. The blade delclng controller contains monitoring circuits to 
sense a system malfunction. The fault monitoring functions and 
protection features are: 

a. Main   or   tall   rotor   heater   undercurrent   or   overcurrent. 

b. Main    or    tall    rotor    heater    ground    current    (6.0    amp 
maximum). 

c. Distributor mechanism does not advance. 

d. Heater current on too long (+24 percent maximum). 

e. Controller over temperature (>100 deg C). 

f. Excessive  Input  power  (115 vac +10 percent). 

g. System     ON     advisory     light   (caution     while     performing 
maintenance). 

h.    System disable  above  4  deg C OAT  to  preclude  blade  over 
temperatures. 

ENGINE ANTI-ICE SYSTEM 

30. The engine antl-lce system Incorporates two electrically 
operated valves, the engine anti-ice valve and the inlet anti-ice 
valve, to route hot engine air to the engine swirl frame, hollow 
inlet guide vanes and the bellmount shaped nacelle inlet cowling 
ring. Additionally, electrothermal anti-ice protection is provided 
on the forward nose gearbox/cross shaft fairing and a portion of 
the aft nose gearbox/cross shaft fairing forming the engine air 
inlet (fig. 9). The engine anti-ice system is controlled by a 
single two-position ON/OFF toggle switch located on the pilot's 
anti-ice control panel (fig. 1). In the ON position, green ENG 1 
and ENG 2 advisory lights above the switch illuminate when the 
bleed valves are properly positioned and the heated nose gearbox/ 
cross shaft fairings have reached a monitored temperature thres- 
hold. The advisory lights will extinguish and No. 1 and No. 2 
ENG ANTI-ICE fail lights on the caution/warning panel (fig. 8) 
will illuminate if a bleed valve fails to open or if the heated 
fairings reach an over temperature or under-temperature condition. 
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Engine Inlets 

31. Hot engine air Is routed to the bellmouth shaped nacelle 
inlet cowling ring (fig. 9) through the electrically operated two 
position inlet anti-ice valve. This valve is electrically (28 
vdc) closed when the engine anti-ice switch is OFF and spring 
loaded open when electrical power is removed, engine anti-ice 
switch is ON or there is a complete electrical failure. The 
heated inlet cowling ring surface extends around the entire 
leading edge of the inlet to where it mates with the engine. 
Thus, the runniug wet surface extends into the engine during 
operation in icing conditions. The amount of engine bleed air 
flow was designed to anti-ice the inlet even under low power 
descent conditions. 

Nose Gearbox/Cross Shaft Fairings 

32. The forward nose gearbox/cross shaft fairings incorporate 
electrothermal heating blankets for anti-icing (fig. 9). Addition- 
al heater blankets were added to the aft nose gearbox/cross shaft 
fairing at the engine inlet to prevent runback and refreezing. 
The heater blankets are controlled automatically by a temperature 
controller which maintains the surface at a temperature sufficient 
to prevent moisture that impinges on the fairing from freezing. 

33. The electrothermal heating blankets are turned on by the same 
switch that activates the engine air inlet anti-ice system 
(para 30). Overheat sensors are provided that activate the ENG 
ANTI-ICE fail lights on the pilot's caution/warning panel and 
shut the electric heaters off automatically. The controlling- 
type overheat sensor allows the system to operate at the higher 
temperature without additional overheat protection. 

Canopy Anti-Ice System 

34. Transparent electrothermal anti-ice elements (115 vac) are 
built into the two laminated glass panels located in front of and 
directly above the CPG. The pilot's windshield, which is the 
panel above the CFG, is heated in two zones with Phase A and B 
of the three-phase current. The CPG's panel is powered by Phase C. 
A single temperature sensor, located on the left side forward 
zone of the pilot's windshield, signals the controller to main- 
tain the windshield's outside surface temperature between 65 and 
85 deg F using a power density of 4.57 watts/in.*. Canopy anti- 
ice is activated by the CANOPY HTR switch on the pilot's anti-ice 
control panel (fig. 1). 

35. Failure of the canopy anti-ice system is indicated by the 
CANOPY ANTI-ICE FAIL light on the caution/warning panel (fig. 8) 
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and Che continuous FD/LS visual display. An "on command" FD/LS 
check is provided through the CPG data entry keyboard. Unlike 
the blade deice systen, a NO-GO (fail) message is displayed only 
when the CANOPY HTR switch is ON and the system has failed. 

Defogging/Demisting 

36. Cockpit defogging/demisting is accomplished by two sources. 
The two windshield sections are electrothermally heated as 
described in paragraph 34. This serves to defog as well as to 
anti-ice. Pressurized air from the shaft driven compressor (SDC) 
is mixed with ambient crew station air in diffuser outlets at 
the CPG and pilot stations to defog the canopy side panels. In 
case of SDC failure, No. 2 engine bleed air is used. Canopy 
side panel defogging is controlled by an ON/OFF switch on the 
pilot's anti-ice control panel (fig. 1). 

Rain Removal 

37. Two windshield wipers are mounted on the canopy frame. Both 
wipers are electrically driven and are normally controlled by a 
four-position rotary knob on the pilot's anti-ice panel (fig. 1). 
The wipers are powered from the 28 vdc emergency bus. Two speeds, 
HIGH or LOW, are selected by the pilot. The C'G has limited 
control over the windshield wipers. Normally, the W WIPER switch 
on the CPG's anti-ice panel (fig. 1) is left in the PILOT posi- 
tion. When the CPG position Is selected the wiper on the front 
windshield moves at slow speed. 

PITOT TUBES AND AIR DATA SENSOR 

38. The pitot tubes installed on the outboard leading edge of 
both wings and the air data sensor (ADS) on top of the rotor mast 
are electrothermally anti-iced by 28 vdc power using internal 
heating elements. An ON/OFF toggle switch labeled PITOT AD SNSR 
is located on the pilot's anti-ice control panel. On the ADS, 
the rotating hub and arms are heated. The support pylon (mast) 
of the ADS is not anti-iced. 

TADS/PNVS ANTI-ICE PROTECTION 

39. Anti-icing for the TADS/PNVS consists of electrothermal 
heating of the three viewing windows and portions of their frames. 
In addition, thermostatically controlled heaters are located 
inside of the TADS shroud above the night side and dayside windows 
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to keep these limited shroud regions clear and ensure chat ade- 
quate TADS elevation motion can be achieved. Unheated front 
Ice shields protect the IADS azimuth gear and Inboard sections 
(Immediately adjacent to the centerpost) along the top two-thirds 
of the TADS shroud. A detailed description of the TADS/PNVS 
anti-ice systems is contained in reference 9, appendix A. 

40. The TADS/PNVS anti-ice system is powered by 113 vac current 
and is normally controlled by a three-position switch on the 
pilot's anti-ice control panel (fig. 1). When the switch is in 
the ON position and the aircraft is airborne, electrical power 
is routed through the tail wheel squat switch relay to the TADS/ 
PNVS heater switch. When the aircraft is on the ground and the 
squat switch is depressed, power to the TADS/PNVS heater switch 
s interrupted. On the ground, power may be provided to the 
TADS/PNVS heaters by moving the TADS/PNVS switch to the GND 
position. 

HELLFIRE DEICE SYSTEM 

41. The Hellfire deice system was evaluated during a previous test 
(ref 2, app A). This system utilizes a frangible glass dome 
attached to the missile seeker as shown in figure 10. A switch 
at the CPG station applies dc current to a squib enclosed in a 
plastic housing adjacent to the glass dome. Firing the squib 
extends a plunger which fractures the glass dome removing the 
accreted ice and exposing the missile seeker. 
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APPENDIX C. INSTRUMENTATION AND SPECIAL EQUIPMENT 

GENERAL 

1. In addition to standard aircraft Instruments, McDonnell 
Douglas Helicopter Company Installed and maintained calibrated 
instrumentation. Data from the cockpit Instrumentation was hand 
recorded on flight cards. The instrumentation system recorded 
frequency modulation (FM) data on magnetic tape. Additional 
equipment installed at the pilot's station included full instru- 
ment landing system instrumentation (locallzer, glide slope, and 
marker beacon). Special equipment installed at the copilot/gunner 
station included an icing rate indicator for the aspirated system 
and a control panel for operation of the video camera and data 
system. 

FM DATA PARAMETERS 

2.    The    following   data   were   recorded    on   magnetic   tape   in   FM 
format. 

Time code 
Total air temperature 
Observed air temperature (rotor deice system) 
Blade deice current Phase A 
Icing severity (aspirated system) 
Target Acquisition Designation System temperature 

Top of dayside window 
Bottom of dayside window 
Dayside window frame 
Nightside window 
Nightside window frame 
Nightside shroud main heater 
Nightside shroud heater element 

Pilot Night Vision System temperature 
Window 
Fairing 

CAMERA SYSTEMS 

3. Four video cameras were located on the test aircraft to 
document ice accretion characteristics. One camera was mounted 
on the right forward avionics bay to photograph the main rotor 
advancing blade leading edge and lower surface (photo 1). Another 
camera located on the top of the left wing tip photographed the 
tail rotor and horizontal stabilator (photo 2). The third camera 
photographed the left engine inlet (photo 3). A fourth camera 
was mounted on the transmission access panel to document ice 



Photo   1.     A1I-(S4A  -  Left   Side  VI cw 
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accretion on the right engine aft nose gearbox cross shaft fairing 
(photo 1). 

4. An additional video camera was located on board the chase 
aircraft to document ice accretion on the test aircraft after 
exit from icing encounters. Single lens reflex 35mm cameras were 
useJ for still photo (color prints and slides) documentation both 
in the air and on the ground following icing flight. 

CLOUD SAMPLING EQUIPMENT 

5. For cloud measurements in the natural environment, the US 
Army Aviation Engineering Flight Activity employs a JU-21A fixed- 
wing aircraft, US Army S/N 66-18008, equipped with a cloud 
measurement package. The cloud measurement package consists of 
the following equipment: a Particle Measuring Systems, Inc. (PMS) 
Forward Scattering Spectrometer Probe (Model FSSP-100), a PMS 
optical array cloud droplet spectrometer probe (model OAP-200X), 
Rosemount total temperature sensor and display, Cambridge model 
137 chilled mirror dew point hygrometer and display, Leigh Mk 12 
ice detector unit. Cloud Technology Inc., model LWH-1 (Johnson 
Williams type) liquid water content (LWC) indicator system. 
Small Intelligent Icing Data System (SIIDS), and two visual accre- 
tion devices: Aeroplane & Armament Experimental Establishment's 
Vernier Accretion Meter (Harvey-Smith) and a Small Airfoil Section 
probe (0H-6 tail rotor section). Photos 4 and 5 show the exterior 
of the aircraft with the probes in place, while photo 6 shows 
the interior instrumentation rack with displays. 

6. Each PMS probe projects a collimated helium-neon laser beam 
normal to the airflow across a small sample area. In forward 
flight, particles passing through the beam (sample area) are 
counted and measured into 15 size channels per probe, each probe 
operating over a different size range. While these probes are 
primarily intended as particle sizing devices, an LWC can be 
calculated from the drop size measurement and number count within 
the sample volume relative to airspeed. 

7. The FSSP-100 determines particle size by measuring ehe amount 
of light scattered into the collecting optics aperture as the 
particles pass through the laser beam. A pulse height analyzer 
compares the maximum amplitude of the scattering signal pulses 
with a reference voltage derived from a separate measurement of 
the illuminating light signal. The pulse height analyzer output 
is encoded to give the particle size in binary code, and resolves 
particle sizes from 2 to 27 pirn into 15 equally spaced increments 
3 \m  wide.  It is capable of sizing particles having velocities 
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of 20 to 125 meters/sec (39 to 243 knots). A gate output signal 
provides a measure of particle transit time, and a velocity 
averaging counter and control system determines an average 
transit time. The sysiem automatically rejects particles with 
transit times less tbea average since these are susceptible to 
edge effect errors and result from particles passing through 
regions of less than maximum Intensity. A laser beam width of 
0.186 mm and depth of field of 2.76 mm provides a total sample 
area of 0.513 mm^   (before velocity  reject). 

8. The OAP-200X determines particle size using a linear array of 
photodiodes to sense the shadowing of array elements. Particles 
passing through the field of view illuminated by its laser area 
imaged as shadowgraphs on the array and a flip-flop memory element 
Is set if the photodiode elements are darkened. Size is given by 
the number of elements set by a particle's passage, the size of 
each array element, and the optical magnification. Magnification 
is set for a size range of 20 to 300 \m, and 24 active photodiode 
elements divide particles into 15 size channels, each 20 um wide. 
It is capable of sizing particles with velocities of 5 to 100 
meters/sec (10 to 194 knots). Depth of field, effective array 
width, and sample area vary with sensed particle size to a maximum 
of 61mm, 0.44mm and  18.3miir,   respectively. 

9. The SIIDS was designed by Meteorological Research Inc. and is 
a data acquisition system programmed specifically for icing 
studies. A more complete description appears in the user's guide 
(ref 11, app A). It consists of four main components: a 
microprocessor, Techtran data cassette recorder, Axiom printer, 
and an operator control panel. The SIIDS has three operational 
modes: (1) data acquisition, in which averaged raw data are 
recorded on cassette tape and engineering units are displayed on 
the printer, (2) a playback mode in which raw averaged data read 
from the cassette are converted to engineering units displayed on 
the printer, and (3) a monitor mode used to set the calendar 
clock and alter programmed constants. During data acquisition, 
the operator may select an averaging period of 1/2, 1, 2, 5, or 
10 seconds. The following parameters are displayed on the SIIDS 
printer  in engineering units. 

a. calendar:      year,    month,   day,   hour,    minute    and    second 

b. pressure altitude  (feet) 

c. airspeed (knots) 

d. outside air  temperature (0C) 
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e. dew point (eC) 

f. total LWC observed by the FSSP (gm/m"3) 

g. total LWC observed by both FSSP and OAP (gm/wP) 

h. median volumetric diameter (um) 

1.  amount of LWC observed for each channel (total 30) of 
both probes (gm/m^) 

10. The Cloud Technology Ice detector has a calibrated resistance 
wire which Is mounted In the alrstream and connected as one branch 
of a balanced bridge circuit. This wire Is heated by an electric 
current. As the water droplets in the cloud strike the wire, they 
are evaporated, cooling the wire and decreasing Its resistance. 
The change In resistance causes the bridge to become unbalanced. 
The degree of unbalance Is a function of the LWC of the cloud. A 
second resistance wire, mounted with Its axis parallel to the 
alrstream direction and hence not subject to water-drop Impinge- 
ment, is connected as an adjacent branch of the bridge. This 
wire serves to compensate for variations in airspeed, altitude, 
and air temperature, so that the bridge becomes unbalanced only 
in the presence of water droplets. The output of the bridge is 
proportional to the rate of impingement of water on the sensing 
wire. This signal is converted to concentration of water per 
unit volume of air by means of an adjustment for true airspeed. 

11. The Mark 12 ice detector draws in ambient air by means of an 
aspirator. During icing conditions, ice builds up on the sensor 
probe at a rate proportional to the LWC of the ambient air. This 
Ice, accreted on the probe, occludes an infrared light beam 
crossing the central area of the probe at an oblique angle. The 
degree of occlusion is determined by the amount of ice on the 
probe. When the light occlusion reaches a predetermined level, 
representing maximum permitted ice thickness, a heating cycle is 
Initiated to remove Ice from the probe. The shedding of built-up 
ice restores the original light path conditions, the heating 
cycle is terminated and the accretion operation is resumed. The 
time taken to accrete ice between two predefined levels is used as 
a measure of the icing rate from which the LWC can be calculated. 
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS 

GENERAL 

1. The delce system on the AII-64A helicopter was functionally 
tested prior to each icing flight. All anti-ice systems (i.e., 
pitot heat, windshield anti-ice, and engine air induction system 
anti-ice) were activated prior to cloud immersion. The JU-21A 
icing scout aircraft located and documented the icing condition 
before the test aircraft entered the icing environment. The 
JU-21A then loitered in the area to facilitate a post-immersion 
rendezvous with the test aircraft for photographic documentation. 
The liquid water content (LWC), median volumetric diameter, and 
ambient temperature were documented by the JU-21A aircraft. The 
Rosemount icing rate meter in the test aircraft was also used to 
monitor LWC  in natural clouds. 

ICE ACCRETION AND  SHEDDING 

2. Ice accretions were documented using hand-held video from the 
chase aircraft and four video cameras mounted on the test air- 
craft. Post-flight photographs were made to document the ice 
remaining on the individual components of  the airframe and rotors. 

WEIGHT AND BALANCE 

3. Prior to testing, the aircraft gross weight and longitudinal 
and lateral centers of gravity (eg) were determined by using 
calibarated scales. The aircraft was weighed with full instru- 
mentation onboard, without fuel, and with auxiliary fuel tanks 
installed inboard and rocket pods outboard. The aircraft basic 
weight was 11,594 pounds with a longitudinal eg location at 
fuselage station 208.9 and a lateral eg location at buttline -0.2 
left. 

DEFINITIONS 

4. Icing characteristics were described using the following 
definitions of icing severity. These definitions may be found in 
FM 1-230. 

a. Trace Icing: Ice becomes perceptible. Rate of accumula- 
tion slightly greater than rate of sublimation. It Is not hazard- 
ous even though deicing equipment is not used, unless encountered 
for an  extended period of   time  (over   1 hour). 
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than this median diameter. The SIIDS data averaging Intervals 
(sample accumulation rate) normally used was ten seconds for the 
natural Icing environment. 

7. To substantiate LWC measurements obtained from other devices, 
two visual accretion probes are mounted on the JU-21A. Mounted 
on the left side of the aircraft is the Aeroplane and Armament 
Experimental Establishment (A&AEE) Vernier Accretion Meter 
(Harvey-Smith). On the right side is the Small Airfoil Section 
probe constructed from an OH-6 tail rotor section. Readings of 
Ice accretion on both probes were taken at timed intervals in 
order to determine the accretion rate. By visually aligning the 
datum lines of the "Harvey-Smith" (photo 1), the apex of the 
"V" was at zero on the calibrated scale (fig. 1). The pilot reads 
the ice depth on the scale at the point where the accreted ice on 
one leg of the "V" crossed the varnler scale on the other leg. 
A calibration chart (fig. 2) was used to determine LWC from the 
Indicated Icing rate (mm/mlnute) and airspeed. The Small Airfoil 
Section probe has a protruding 3/16-inch diameter steel rod 
painted with multi-colored 1/A-lnch stripes to provide a reference 
for ice thickness estimation. Figure 3 was used to determine 
LWC for this probe's Indicated Icing rate (inches/mlnute). 

8. Figure 2 was developed from the equation: 

I - (Vt x t x 0.1852 x LWC)/0.8 (1) 

Uhere: 

1 - potential ice accretion (cm) 
Vt ■ true airspeed (knots) 
t ■ elapsed tine In cloud (hours) 
0.1852 ■ conversion factor (m^/nis-cm^) 
LVC ■ liquid water content (gm/m3) 
0.8 - assumed density of ice (gm/cm3) 

The same equation Is used to develop figure 3 by applying a 
conversion factor (2.54 cm/inch). Equation 1 assumes a catch 
efficiency of 100Z. From tunnel tests conducted by A&AEE, catch 
efficiencies approaching 902 (drop size 15 um at 120 knots) arc 
obtainable for LWC at: 

up to 1.0 g/m2 at -20oC 
up to 0.8 g/m3 at -10'C 
up to 0.5 g/m3 at - 6'C 
up to 0.2 g/m3 at -3.50C 
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APPENDIX E. TEST DATA 

Table Table Number 

Specific Test Conditions 1 

Figure Figure Number 

Natural Icing Test Conditions 1 
Blade Deice On-Time 2 
Blade Deice Off-Time 3 
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APPENDIX F. REPORT. ARTIFICIAL AND NATURAL ICING TESTS OF THE AH-64A, 
USAAEFA PROJECT NO. 84-23 
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DEPARTMENT OF THE ARMY 
US   ARMY AVIATION ENGINiERlNO FUOHT ACTIVITY 

EDWARDS AIR FORCE BASE, CALIFORNIA    93523 

MPir to 
ATTINTION  OF 

ccp  i 7 »PR 
SAVTE-TA OI-r ' ' ^^ 

SUBJECT:  Report, Artificial and Natural Icing Tests of the AH-64A, USAAEFA 
Project No. 84-23 

Commander 
US Army Aviation Systems 

Command 
ATTN:     AMSAV-ED 
4300 Goodfellow Blvd. 
St.  Louis,  MO    63120-1798 

1. REFERENCES, a. Systems Specification, Hughes Helicopters, DRC-S-H10000B, 
13 April 1982,  with all current specification change notices. 

b. Letter, USAAEFA, DAVTE-TA, 3 September 1982, subject: Letter of Effort, 
YAH-64  Icing Survey,  USAAEFA Project No.  80-08. 

c. Letter, AVSCOM, AMSAV-ED, 10 September 1984, subject: Artificial and 
Natural Icing Tests  of   the  AH-64A,   USAAEFA Project  No.   84-23.     (Test  Request) 

d. Test Plan, USAAEFA Project No. 84-23, Avtifioial and Natural IcAnr, 
Teste of the AH-64A   October 1984. 

e. Test Plan, Hughes Helicopters, Report No. 77-FT-8005P-3, TePt Plan for 
Artifioial arid Natural Icing Teets of Production AH-64A Advanced Attack 
Helicopter   January 1985. 

f. Technical Manual, TM55-1520-238-10, Operator'e Manual for Army AH-64 
Helicopter   28 June 1984. 

g. Letter, AVSCOM, AMS,.V-E, 25 February 1985, subject: Airworthiness 
Release for Artificial and Natural Icing Test of the AH-64A Helicopter, USA S/N 
82-23356. 

2. INTRODUCTION, a. Background. (1) The US Army requires the AH-64 helicopter 
tc jperate safely In an icing environment up to and including the moderate 
le^el of intensity (ref la). The AH-64A Incorporates a rotor blade deicing 
system, anti-icing systems, and ice detection systems. Qualification tests 
were required to substantiate airworthiness for operation in a moderate icing 
environment. 
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(2) A preliminary investigation of the AH-64 helicopter capability 
to operate in icing conditions was conducted during the 1981-82 icing season 
(ref lb). The AH-64 main and tall rotor delcing systems operated satisfactorily 
when the controller was operated manually, however, the automatic functioning 
was inadequate. Since that evaluation, the AH-64A rotor delcing system has 
been redesigned to include a controller provided by AEG-Telefunken. The US 
Army Aviation Systems Command (AVSCON) tasked the US Army Aviation Engineering 
Flight Activity (USAAEFA) to conduct artificial and natural icing tests of the 
AH-64A during the winter of 1984-1985 (ref 1c), In accordance with the approved 
test plans  (refs Id and le). 

b. Test Objectives. The objectives of this test were to conduct artificial 
and natural icing flight  tests of the AH-64A helicopter to: 

(1) Determine the effectiveness of the AH-64A Ice protection and detection 
systems. 

(2) Determine the impact of ice accumulation on performance and handling 
qualities. 

(3) Determine the capability of the AH-64A to operate in moderate icing 
conditions. 

c. Description. (1) The AH-64A is a two-place, tandem seat, twin engine 
helicopter with four-bladed main and anti-torque rotors and conventional wheel 
landing gear. The helicopter is manufactured by Hughes Helicopter Incorporated 
(HHI) and is powered by two General Electric T700-GE-701 turboshaft engines. 
The AH-64A has a movable horizontal stabllator with three modes of operation: 
Manual, Automatic and Nap-of-the-earth/Approach. A 30mm gun is mounted on the 
underside of the fuselage below the front cockpit. The helicopter has a wing 
with two pylons on each side f^r carrying Hellfire missiles, 2.75-inch folding 
fin aerial rockets and/or external fuel tanks. 

(2) The deice system consisted of an outside air temperature sensor, ice 
detector, icing rate meter, blade deice control panel, slip rings for the main 
and tail rotor, and a deice controller. The main and tail rotor blades contained 
electrothermal resistive heating mats. Anti-ice systems were provided for 
sections of the windshield, pitot-static tubes, air data sensor, engines, 
engine inlets, nose gearbox and cross shaft fairings, target acquisition and 
designation system/piIrt night vision system (TADS/PNVS). Deice capability 
was also provided for one of the Hellfire missiles. The test helicopter was 
USA serial number (S/N) 82-23356 (production vehicle 02). Further description 
of the helicopter may be found in the system specification (ref la), the 
operator's manual (ref If),  and enclosure 1. 
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d. Test Scope. Clear air and artificial and natural icing flight tests 
were conducted in the vicinity of Duluth, Minnesota from 26 February through 
11 April 1985. A joint contractor and USAAEFA test team was used for these 
tests. A total of 24 flights were conducted totaling 17.8 productive hours. 
Of these flights, 5 were in clear air totaling 3.0 hours, 13 were in the 
artificial icing environment totaling 8.3 hours of cloud immersion, and 6 were 
in natural icing for 6.5 hours of cloud immersion. The aircraft was flown 
with three different stores configurations: 8 Hellfire (4 Hellflre dummy 
missiles on each inboard pylon), 8 Hellfire inboard and 2.75-inch rocket pods 
outboard, and inboard Hellfire and outboard rocket pod on one side and outboard 
Hellfire and inboard rocket pod on the other side. A summary of test conditions 
is presented In table 1. Specific icing conditions are presented in table 1, 
enclosure 4. Anti-ice and deice systems were operated continuously while in 
the icing environment. During one flight in natural icing conditions, heater 
OFF times for the deice system were manually selected. The frangible Hellfire 
deice system was not activated since satisfactory system performance was pre- 
viously demonstrated (ref lb). Flight limitations contained in the operator's 
manual and the airworthiness release (ref lg) were observed during testing. 

e. Test Methodology. (1) Artificial icing was conducted by flying in a 
spray cloud generated from the Helicopter Icing Spray System (HISS). The JU-21A 
aircraft configured with the cloud particle measuring system was used to docu- 
ment the HISS cloud and provide photographic coverage while the test aircraft 
was in the artificial cloud. Ice accretion was also documented on the ground 
following icing encounters. A detailed discussion of the test sequence and 
procedures is contained in references Id and le. 

(2) Natural icing tests were conducted by flying in instrument meteorologi- 
cal conditions (IMC) using instrument flight rules (IFR). The JU-21A chase air- 
craft configured with the cloud particle measuring system assisted in locating 
and documenting the icing conditions. Photos were taken from the JU-21A after 
the test aircraft exited the icing environment into visual meteorological 
conditions. Close coordination between air traffic control and the chase and 
test aircraft crews was required to find and stay In the icing environment and 
to implement in-flight aircraft rendezvous for photographic documentation. 
Procedures used included radar vectoring, navigational aid holding, and 
block airspace assignment. Time in the clouds was limited by the availability 
of the natural icing conditions and aircraft IFR fuel requirements. 

(3) Test data were recorded on magnetic tape in pulse code modulation 
format. A detailed description of special equipment and instrumentation is 
provided in enclosure 2. 

(4) Test techniques and data analysis methods are presented in enclosure 3. 
These Include methods used to determine cloud parameters and definitions of 
icing types and severities. Qualitative vibration assessment ratings were 
assigned in accordance with the Vibration Rating Scale (VRS). 
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3. RESULTS AND DISCUSSION, a. General. Artificial and natural icing tests 
were conducted to establish a moderate icing envelope through 1.0 gm/m-' liquid 
water content (LWC)) for the AH-64A Apache helicopter. A joint contractor 
(HHI) and USAAEFA test team performed the evaluation with HHI having primary 
responsibility for the development phase of testing and the government having 
primary responsibility during the second phase, or government evaluation. 
The government evaluation was not completed during these tests due to the Ice 
detection system development requirements and unavailability of natural icing 
conditions at the conclusions of the test period. A summary of the specific 
test conditions for each flight is presented in table 1, enclosure 4. Addition- 
ally, the specific icing conditions In which the AH-64A was tested are presented 
In figure 1, enclosure 4 for the artificial environment and figure 2, enclosure 
4 for the natural environment. The AH-64 rotor delce system operational char- 
acteristic should be further evaluated in the natural icing environment to 
verify calibration and modified damping characteristics of the ice detection 
subsystem. The cold aft cockpit environment during flight at approximately 
-20°C without the nonstandard boot Installed on the 30mm gun turret and a 
properly sealed emergency air door was determined to be a deficiency. There 
were additionally eight shortcomings  the most significant of which are: 

(1) Debondlng of the tail rotor elastomeric bearings in cold weather. 

(2) Ice Impact damage to the tall rotor blades. 

(3) High potential for engine foreign object damage (FOD) due to shed Ice 
from the fairing mismatch between th nose gearbox and cross shaft fairing. 

b. Delce System Operation. (1) Rotor Delce System. The AH-64A helicopter 
delce system was evaluated for operational characteristics and effectiveness 
during 8.3 hours In the artificial icing environment and 6.5 hours In natural 
Icing. During the artificial icing tests, the rotor delce system heater-on 
time was automatically controlled by the AEG Telefunken delce controller. 
Heater-off time was manually controlled using a test instrumentation panel 
with a signal equivalent to the HISS spray cloud measured LWC. Initially the 
heater-on time schedule corresponded to the dashed line shown In figure 3, 
enclosure 4. When problems were encountered with ice shedding characteristics 
at -5eC and below -150C ambient temperature, the heater-on schedule was adjusted 
as shown in figure 3 for the remainder of the tests. The heater-off time 
conformed to the design line as shown In figure 4, enclosure 4. During one 
flight in natural Icing conditions heater-off times were manually selected 
with the ship's control panel to verify system operation in the event that the 
automatic mode failed. No evidence of runback was observed during or following 
any of these tests. No residual ice accretions were observed on the tall 
rotor protected surfaces. Photographs showed some residual Ice on the main 
rotor blade protected surfaces. The accreted ice on the main rotor blades did 
not appear to shed during every delce cycle especially between 30%   to  70% of 
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the main rotor span. Subsequent delce cycles were required to shed this resid- 
ual Ice accretion completely. No objectionable aircraft vibrations or problems 
vere noted as a result of this residual Ice. At the higher LWCs and the colder 
ambient temperatures apparent but not annoying vibration levels (VRS 5) were 
noted In the cockpit. The AH-64A rotor delce system operational characteristics 
should be further evaluated In natural Icing conditions. 

(2) Automatic Outside Air Temper*ture (OAT) Sensing Subsystem. During the 
initial clear air and artificial i^lng flights It was determined that the 
automatic OAT subsystem did not Interface properly with the Telefunken delce 
system controller. A mismatch In amperage between the controller and the 
Lewis temperature probe caused the probe to self heat. The Telefunken control- 
ler was modified to compensate for this erroneous temperature signal. This 
modification allowed full Integration and proper operation of the automatic 
OAT sensing subsystem. During subsequent artificial Icing tests, the Ice 
shedding characteristics of the main rotor blades at -50C and below -150C 
ambient temperature necessitated two changes to the Telefunken controller to 
modify the heater-on time schedule. The first change Involved establishing 
1.9 seconds as the minimum heater-on time at -5.2*C and all warmer ambient 
temperatures. The second change Increased the rest of the schedule Vß 20%. 
This modified schedule Is shown In figure 3, enclosure 4 and was used for the 
remainder of the testing. 

(3) Ice Detection Subsystem. The Ice detection subsystem consisted of a 
Rosemount Ice detector In the left engine Inlet (photo 1, end 6) and an 
Icing rate meter located on the pilot's Instrument panel. The size and 
composition of the HISS cloud precluded correct functioning of the Ice detector 
In the artificial icing cloud, and, therefore, automatic system operation was 
only evaluated in the natural environment. Initial natural testing in strati- 
form clouds indicated that the ice detector was operating in the saturated 
mode (LWC indications of approximately 2.0 gm/m^) resulting in system OFF 
times much shorter than the design schedule for the actual LWC. The saturated 
condition also caused the icing severity meter on the pilot's instrument panel 
to indicate higher icing intensity than the actual conditions. Analysis of 
the data by Rosemount personnel revealed two problems: relay chattering caused 
by aircraft vibrations and a crystal failure. Once these were corrected, further 
natural icing tests in cumullform clouds Indicated a problem with the damping 
characteristics of the ice detector. Subsequent Icinp wind tunnel tests at 
the Rosemount facility in Burnsvllle, Minnesota revealec. essentially no damping 
in the system. Changes in LWC resulted in large and persistent fluctuations 
in the undamped icing severity signal. Rosemount changed the damping character- 
istics of the ice detector, however, this modification was never evaluated in 
flight because of a lack of natural icing test conditions. A verification of 
the calibration and modified damping characteristics of the ice detection 
subsystem should be accomplished In the natural icing environment. 

84 



SAVTE-TA 
SUBJECT:  Report, Artificial and Natural Icing Tests of the AH-64A, USAAEFA 

Project No. 84-23 

c. Anti-Ice Systems Operation. (1) General. The AH-6AA anti-ice systems 
were evaluated for operational characteristics and effectiveness during rotor 
and fuselage artificial icing exposures of 4.3 and 4.0 productive flight hours 
respectively, as well as 6.5 hours of natural icing testing. Anti-ice systems 
on the AH-64A helicopter protect the engine, engine Inlet cowling (bleed air), 
nose gearbox and cross shaft fairing, windshield, pitot-static tubes, air data 
sensor (ADS), and TADS/PNVS. All anti-ice systems were activated prior to 
entering the icing environment and were operational for all icing flights. 
A detailed description of each system is presented in enclosure 1. 

(2) Engine. Engine anti-icing was accomplished by a combination of hot 
air from the axial compressor and heat transfer from the air/oil cooler in the 
engine frame. The system was controlled by one engine anti-ice switch located 
on the pilot's lower left subpanel (fig. I). The engines were visually inspec- 
ted (including borescope) daily and an engine health Indication test was per- 
formed prior to every flight. No engine deterioration was noted during this 
program. There were no Indications of ice accumulation in the engine. The 
engine anti-ice system demonstrated satisfactory operation in the icing 
environment. 

(3) Engine Inlet Cowling Ring. Engine bleed air heated the engine inlet 
cowling ring to prevent ice accumulation. The cowl ring anti-ice surface 
temperature and anti-ice characteristics were evaluated throughout the arti- 
ficial and natural icing tests. There were no accumulations of ice noted on 
the cowling ring throughout the tests. The engine inlet cowling ring anti-ice 
system demonstrated satisfactory operation. 

(4) Nose Gearbox and Cross Shaft Fairings. The nose gearbox and cross 
shaft fairings were anti-iced electrically using embedded heater elements in 
the Kevlar material. These electric heaters were activated by the same single 
two position switch on the pilot's anti-ice panel (fig. 1) that activates the 
engine air inlet bleed air system. Surface temperatures were recorded through- 
out the icing tests. Some ice accumulation was observed on the front of the 
nose gearbox oil cooler but no adverse effects were noted. No ice accretion 
was noted on the heated surfaces, however, ice did accrete on the sharp edge 
of a poorly fitted fairing and may have caused engine ice Ingestion damage 
which will be discussed later. The anti-ice provisions of the nose gearbox 
and cross shaft fairings are satisfactory. 

(5) Heated Windshields. The two panels forming the pilot and copilot/ 
gunner's (CFG) windshield were anti-iced electrothermally. The windshielc1. 
temperature was regulated between 65° and 850F (18° to 290C) which kept the 
heated areas ice free throughout these tests. The field-of-view through the 
CFG windshield was occasionally obscured in the artificial icing environment 
by liquid water, requiring windshield wiper operation, (para 3e(5)). The heated 
windshield panels remained free of ice in the natural icln; environment. Ice 
accretion characteristics of the AH-64A heated windshield are satisfactory. 
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(6) Pitot Tubes. The dual, wing mounted pitot tubes were antl-iced elec- 
trically and controlled by a single switch on the pilot's anti-ice control 
panel (fig. 1). The pitot heat was activated for all flights in icing con- 
ditions.  No ice accretion was observed and the system operated without failure. 

(7) Air Data Sensor (ADS). The ADS was locaced above the main rotor and 
attached to a standpipe through the main rotor mast. The rotating hub and 
arms of the ADS were heated. Control of the anti-ice function of the system 
was by the same switch as the pitot heat. Ice did not accrete on the heated 
portions of the ADS in either the natural or artificial icing environments. 

(8) Target Acquisition and Designation/Pilot Night Vision System. The 
target acquisition and designation/pilot night vision system (TADS/PNVS) 
anti-ice provisions included window, window frame, and selected turret surface 
panel lit.:t Ing. During the artificial icing fuselage Immersions, the PNVS was 
coupled to the pilot's helmet while the TADS turret was fixed forward but was 
slewed periodically to determine the effects of ice accretions on range of 
motion. Several changes were made to the TADS/PNVS anti-ice system during the 
evaluation in an attempt to improve performance. However, the final configur- 
ation tested failed to provide adequate anti-icing in artificial icing con- 
ditions at high LWC (1.0 gm/m3). Ice buildups on the TADS/PNVS windows 
severely restricted the field-of-vlew and the PNVS horizontal range of motion 
after approximately 20 minutes in the cloud. The anti-ice system functioned 
satisfactorily in natural icing conditions at low LWC (0.3 to 0.4 gm/m3) which 
was the most severe natural conditions available. The TADS/PNVS anti-Ice system 
should be evaluated in moderate natural icing conditions (LWC > 0.5 gm/m3). 

d. Flight Control Surface Ice Accretion and Shedding Characteristics. 
(1) General. Flight control surface ice accretion and shedding characteristics 
were evaluated throughout these icing tests. Specific test conditions are 
presented in table 1 and figures 1 and 2, enclosure 4. No in-flight or post- 
flight difficulties associated with flight control surface ice accretion or 
shedding were identified. 

(2) Main Rotor Blades. Ice that accreted on the heated surfaces of the 
main rotor blades was eventually shed though not always after each delce cycle. 
Minimal amounts of ice accumulated on unprotected surfaces and components of 
the main blades. Specifically, ice formed and was retained on the blades 
Inboard of the heater mats and on the blade retention mechanisms. These 
accretions were small and should not present a significant problem either from 
accretion or subsequent shedding. 

(3) Main Rotor Head. A typical ice accumulation on the unprotected main 
rotor head Is shown In photo 2, enclosure 6. Ice as much as 3/4 inches thick 
accreted on sharp edged components during most icing exposures. Lesser thick- 
nesses of ice were noted on flat surfaces (low catch efficiency) ard areas 
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facing opposite the direction of rotation. No restriction of any movable 
component on the main rotor head was noted. It could not be determined if 
aircraft damage could be caused by shedding these ice accumulations. Future 
natural icing tests should attempt to document the ice shedding characteristics 
of the main rotor head unprotected rotating components. 

(4) Tail Rotor. The tail rotor blades and hub area accreted ice in a manner 
similar to the main rotor system. High speed still and motion picture photog- 
raphy documented ice shedding from the protected portions of the tail rotor 
blades. Residual ice accumulations on unprotected portions of the tail rotor 
blades and hub area were noted but no difficulties were associated with these 
accretions. Ice shed from the tail rotor repeatedly struck the stabllator 
causing minor dents (photo 3, end 6). Tail rotor blades were damaged during 
flights in both artificial and natural conditions. On two occasions in arti- 
ficial conditions when the blade deice system was not functioning properly, a 
tall rotor blade was struck by shed ice causing debonding of the erosion shield 
and subsequent replacement. During a natural icing flight at -7.5eC and average 
LWC of 0.37 gm/vß, two tail rotor blades were damaged in a similar manner. 
In none of the cases did the damage cause a noticeable increase in vibrations 
or change in aircraft handling characteristics. The Equipment Performance 
Reports submitted by USAAEFA on the incidents are presented in enclosure 5. 
The modified calibration and damping characteristics of the ice detection system 
(para 3b(3)), scheduled for evaluation in future icing tests, may alter the 
potential for tail rotor damage due to main rotor ice shedding. Ice impact 
damage to the tail rotor blades is a shortcoming. 

(5) Stabllator. The ice accretion and shedding characteristics of the 
stabllator were evaluated throughout the program. Minor Ice buildups were 
observed on the stabllator leading edge. No problems were identified due to 
these accretions. 

e. Airframe Ice Accretion and Shedding Characteristics. (1) General. The 
airframe ice accretion and shedding characteristics were evaluated at the test 
conditions shown in table 1 and figures 1 and 2, enclosure 4. Ice formed on 
all stagnation areas and sharp protrusions from the airframe. Large ice forma- 
tions accreted on the canopy frames, handholds, and poorly fitting panels on 
the cross shaft fairing. Also, the CPG windshield wiper system performed 
poorly in the artificial icing cloud. 

(2) Fuselage. The fuselage ice accretion and shedding characteristics were 
evaluated during four artificial icing test flights and six natural icing test 
flights. Typical fuselage ice accretions are shown in photo 4, enclosure 6. 
Large accumulations of ice were noted on the wing leading edges, nose, steps, 
handholds, landing gear, landing gear struts, tall wheel, vertical stabilizer/ 
tail rotor pylon leading edge and many other surface irregularities on the 
fuselage. No  operating  difficulties  were  identified due  to these  ice 
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accumulations. All windows, doors and access panels remained functional after 
these icing encounters. 

(3) Unprotected Windows. All window panels except the two electrically 
heated forward facing windows discussed in paragraph 3c(5) were unprotected 
from ice accumulation. During flight in the icing environment, mininal ice 
accreted on these unprotected window areas. Ice crystals were observed on an 
area of about 1/2 square foot directly above the pilot's head. This area is 
not used extensively for critical outside reference and these accumulations 
were not significant for normal flight, but could possibly reduce the pilot's 
fleld-of-view if the .iircraft was required to perform an air-to-air combat 
mission immediately following flight in icing conditions. 

(4) Canopy Frames. The framework supporting the essentially flat plate 
canopy was not anti-iced. The forward canopy frames accreted large quantities 
of ice (photo 4, end 6). Supercooled water droplets which impinged upon the 
heated glass in some cases pooled on the window and the windshield wiper was 
used to aid removal. This water and the normally accreted ice combined (par- 
ticularly around the CFG window) to form significant sized hard ice accumula- 
tions on the canopy frames and windshield wiper arms. During flights these 
ice formations became large enough to be broken away by free stream air and 
impinged on the nose gearbox or were ingested by the engine. The potential 
shedding problem created by these ice accretions should be further evaluated 
in the natural icing environment. 

(5) Windshield Wipers. Frequent use of the windshield wiper system was 
required when flying behind the spray aircraft, particularly on the CFG wind- 
shield. The higher angle of incidence of this window relative to free stream 
air flow allowed for greater amounts of water impingement and pooling effects 
than the shallow angle on the pilot's window. The canopy frame ice (paragraph 
above) immobilized the windshield wipers by freezing them to the canopy frame 
on several occasions. This was not encountered in natural icing tests. The 
poor performance of the AH-64A CFG windshield wiper in the HISS cloud (arti- 
ficial icing) should be further evaluated in natural icing conditions. 

(6) Engine Ice Ingestion. In the artificial environment, several instances 
of ice particles entering the engine inlets were noted by the chase aircraft. 
No unusual cockpit engine indications were observed and borescope inspections 
failed to reveal any compressor damage. Following a natural icing encounter, 
ground personnel heard a high pitched whine emanating from the No. 2 engine 
which was not apparent to the flight crew. Borescope inspection revealed a 
5/16 to 3/8-inch curl in one first stage compressor blade, requiring engine 
replacement. Ice could have shed from four possible areas of accretion 
(photo 4, end 6) to cause the engine FOD: the handhold on the right side of 
the aircraft, the canopy frames and windshield wipers, the camera mount on the 
right  forward  avionics  bay  (FAB)  (a  nonstandard  icing  instrumentation 
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configuration), or the mismatched fairing fit between the nose gearbox and 
cross shaft fairings. The mismatched fairing (photo 5, end 6} is the most 
probable area for ice buildup resulting in engine FOD because it is positioned 
directly in front of the engine inlet. Ice accretion on the mismatched fairings 
was observed on several flights in the artificial icing environemnt (photo 6, 
end 6). The mismatched fairing fit between the nose gearbox and cross shaft 
fairings which creates a high potential for engine FOD due to shed ice is a 
shortcoming. The susceptibility of the engines to damage from shed ice should 
continue to be investigated in natural icing conditions. 

(7) Antennas. The ice accretion and shedding characteristics of the air- 
craft antennas were evaluated throughout these tests. Many AH-64A antennas 
are flush mounted and thus accrete little if any ice. Exceptions to this are 
the transponder antenna located on the cabin overhead and the two forward 
facing radar warning antennas located on the front of each FAB. No degradation 
in aircraft radio transmission or reception was noted on any communications or 
navigation radios, although no specific tests were conducted to evaluate these 
characteristics. Ice shed from these antennas presented no operational diffi- 
culties. A study should be conducted to determine the possible degradation of 
reception with ice accumulation on the forward facing radar warning antennas. 

(8) M-130 Chaff Dispenser. The ice accretion and shedding characteristics 
of the M-130 chaff dispenser were evaluated throughout these tests. Two 
dispensers were installed on the test aircraft, one on each side of the tailboom. 
The M-130 system was not operated during this evaluation. No ice accretions or 
subsequent sheds were observed which would interfere with the operation of the 
system during or after an icing encounter. 

(9) Dummy ALQ-144 Infrared (IR) Countermeasures vice. The ice accretion 
and shedding characteristics of the dummy ALQ-144 IR Countermeasures device 
were evaluated during these tests. The dummy device was approximately the 
same shape as an ALQ-l/4 and was located Just aft of the main rotor mast on 
the top of the fuselage. This location offered the advantage of masking some 
of the ice particles which would normally impinge and accumulate on the forward 
surfaces of the device. The resulting accumulations did not adversely effect 
the operations of the aircraft. Future natural icing tests should use an 
operational ALQ-144 to verify test results. 

(10) Dummy Hellflre Missile System. Ice was accreted on the dummy Hellfire 
missiles and launcher racks at the specific flight conditions shown in table 1, 
enclosure 4. Typical accretions are shown in photo 7, enclosure 6. All sharp 
edges and stagnation points on the missiles and launcher racks accreted ice. 
Deice tests of the Hellfire missiles were not accomplished. Ice accretion and 
shedding characteristics of the Hellfire missile system remain the same as 
previously reported (ref lb). 
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(11) Wing Pylon Articulation. Following artificial icing exposures of the 
fuselage (4 flights), the wing pylons which are articulated in pitch, were 
moved through the full range of travel. No restriction of pylon travel was 
detected.    Natural   icing   tests   verified   these   artificial   icing   test   results. 

(12) Area Weapon System. The ice accretion and shedding characteristics of 
the 30mm chain gun area weapon system were evaluated in artificial and natural 
icing conditions. Ice accreted on all stagnation points and sharp edges as 
shown in photo 8, enclosure 6. Weapons firing was not attempted following 
flight In icing conditions. Although live fire operations were not performed, 
the accreted ice did not appear to hamper the traversing operation of the 
weapon. The gun was traversed inflight through its full range in azimuth and 
elevation to verify unrestricted motion. For these flights, a temporary muzzle 
protector made of cloth tape accreted up to 1 1/2 inches of ice (photo 8, 
end 6). Testing should be conducted to determine the effects of firing live 
ammunition through a 30mm gun muzzle protector vlth ice accretions. A nonpro- 
duction cover was also fitted over the ammunition chute. Without this cover 
ice would have been allowed to accumulate inside the chute and could prevent 
proper ammunition feed. Consideration should be given to incorporating the 
ammunition chute cover as a permanent installation and testing should be con- 
ducted to verify proper system operation during live fire exercises with the 
cover  installed. 

(13) Rocket Launcher, M200. Rocket launchers for the 2.75 Inch folding fin 
aerial rockets were installed for three flights in artificial icing conditions. 
Forward facing protective covers were installed on the rocket pods. These 
covers were made of a thick, black plastic material and appeared to be very 
durable. Ice accreted on protective covers installed on the rocket launchers 
(photo 9, end 6). Tests of these covers and their separation characteristics 
have not been accomplished. Further testing should be conducted on the 
2.75 in. aerial rocket launcher system with the pod covers installed to deter- 
mine the consequences of the covers departing the launcher, with and without 
accumulated  ice. 

f. Performance. (1) Level Flight Performance. Level flight performance 
characteristics of the AH-64A helicopter were evaluated at the specific natural 
icing test conditions listed in table 1, enclosure 4. Collective control 
position was fixed at pre-immersion trim position, altitude was maintained and 
airspeed was allowed to vary as necessary during the encounter. Figure o, 
enclosure 4 is a typical time history of ice accretion over a full deice cycle 
in natural icing. Power required increases between deice cycles ranged from 
3 to 7 percent for the majority of the natural icing conditions. These 
increases may not be representative since the icing severity indications from 
the ice detector were always much higher than the actual icing conditions. 
This erroneous signal resulted in OFF times that were much shorter than the 
design schedule   for   the   actual  LWC.     An  adjustable   i-WC   signal   multiplier   was 
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Installed on the aircraft for the purpose of this test. When the multiplier 
was set at 0.4, to approximate actual icing severity, power required increases 
as high as 12% were recorded. Further tests should be conducted in the natural 
icing environment after the modified ice detection subsystem damping has been 
incorporated to document level flight performance degradation due to Ice 
accretion. 

(2) Power Loss with Operation of Anti-Ice Systems. The engine performance 
characteristics were recorded with the bleed air anti-ice systems OFF and ON 
for comparison. The comparison is shown in figures 7 and 8, enclosure 4. An 
approximate 50oC increase in measured gas temperature was observed with anti-ice 
system use. The power available losses with activation of the anti-ice systems 
observed during these tests are significant. Performance information incorporat- 
ing these losses should be published in the operator's manual for the pilot to 
use in preflight planning. 

g. Handling Qualities. The effect of airframe and flight control surface 
ice accretion on the aircraft handling qualities was qualitatively evaluated 
throughout all the Icing flights at the conditions listed in table I, 
enclosure 4. The evaluation was accomplished by performing typical instrument 
flight maneuvers with and without ice on the aircraft. No degradation of 
aircraft  handling qualities  were   noted  as  a   result   of   aircraft  ice  accretion. 

h. Vibration. The aircraft vibration characteristics were monitored 
throughout these evaluations. Qualitative crew comments were compiled during 
the artificial icing immersions and flights to home base with residual ice 
still accreted. At -150C ambient temperature, a noticeable but not annoying 
increase in overall airframe vibration levels was observed (VRS 5). No signifi- 
cant Increase in vibration levels was noted during flight in natural icing 
conditions. This may not be representative of a production aircraft since the 
final configuration of the ice detector system (para 3b(3)), which determines 
main rotor blade heater-off time, was not evaluated. Further evaluation of 
vibrp.tlon characteristics in an aircraft using the modified ice detector system 
should be conducted under  natural  icing conditions. 

i. Reliability and Maintainability. (1) Tail rotor olastomeric bearings. 
The four bladed semi-rigid teetering tail rotor is designed with four elastoraeric 
bearings which connect each delta hinged hub assembly to a titanium fork and 
provide the teetering axis for each pair of blades. The elastoraeric bearing is 
bonded to the fork assembly. On four separate occasions, postfllght inspection 
revealed that an elastoraeric bearing had debonded from the fork. An Equipment 
Performance Report (EPR) was submitted following each occurrance (EPR 82-23-4, 
84-23-10, 84-23-12, 84-23-15, end 5). A field repair procedure was used to 
rebond the bearing. Following the repair, approximately 20 hours was required 
for adhesive curing. A ground run and tall rotor balance was then performed. 
On one occasion, a postfllght inspection Immediately after shut down revealed 
no  debonding.     Approximately   one   hour   later,   after   the   aircraft was   h&ngared, 
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a debonded bearing was discovered (EPR 84-23-15, Mr I 5). No unusual Inflight 
aircraft response was not»H as a result of elastomerl : debondlng. Debonding of 
the tail rotor elastomeric bearing in the cold weather environment (0° to -200C) 
is a shortcoming. 

(2) Fault Detection Location System (FD/LS). The FD/LS incorporates 
continuous monitoring of selected subsystems to advise the pilot of system 
stat is during aircraft operation. The "on command" FD/LS program allows 
maintenance personnel and/or aircrew to perform system checks and troubleshoot 
failed or partially failed systems by entering a two digit code for that system 
on the data entry keyboard. A number of discrepancies were noted in the 
operation of  the anti  ice/deice FD/LS (EPR 84-23-16). 

(a) FD/LS Software Logic. When a fault is detected in a system contain- 
ing two or more subsystems the FD/LS terminates its check at the first faulty 
subsystem and fails to check the remaining subsystems. It Is not possible to 
interrogate the remaining subsystems until the first faulty subsystem is 
repaired. Failure of the FD/LS software logic to allow interrogation of all 
subsystems  In a faulty  system is a shortcoming. 

(b) Tail Rotor Heater. A continuous tail rotor heater no-go status is 
displayed by the FD/LS. Investigation revealed that the tail rotor heater 
blankets were functioning correctly. This incorrect no-go status message is 
believed to be the result of an incorrect FD/LS software interface with the 
AEG-Telefunken Deice Controller. The tail rotor heater no-go status message 
when the system is functioning correctly is a shortcoming. 

(c) Canopy Heater. When AC electrical power is applied and the canopy 
heater switch located on the pilot's anti-ice control panel is in the OFF 
position the FD/LS will display a canopy heater no-go message, regardless of 
system status, the keyboard mode swith must be rotated from "STBY" position to 
"FD/LS" and back to "STBY" to clear the incorrect status message. The software 
should be modified to give a canopy heater no-go message only when the canopy 
heater switch is in the ON position and the system has  failed. 

(d) Engine Anti-Ice System. When the ENG anti-ice switch is placed in 
the ON position,   the following occurs: 

(1) Anti-ice bleed valve opens allowing bleed air to route to the 
forward ENG  inlet  cowling. 

(2) The ENG anti-ice  thermal switch starts heating. 

(3) The  nosegear box electrothermal heaters begin heating. 
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The engine anti-ice caution light on the caution panel and the master caution 
light illuminate until the nosegear box fairing temperature reaches 205° F to 
233° F and the thermal switch reaches 155eF which closes the switch contacts and 
energizes the anti-ice fail relays. At this time, the caution lights go out 
and the green engine Inlet lights on the pilot's anti-ice panel illuminate. If 
for any reason the engine anti-ice thermal switch did not close or the bleed 
valve did not open, the engine anti-ice caution lights will remain Illuminated. 
When the aircraft enters icing conditions, the engine anti-ice caution lights 
and the master caution light cycle on and off continuously. It is believed 
that this condition Is the result of the nose gearbox fairing temperature 
dropping below 205or • The caution light remains on for 3 to 5 minutes and then 
goes out when the nose gearbox temperature again goes above 205oF. This Inter- 
mittent illumination of the engine anti-ice caution lights provides the pilot 
with a fall indication when in fact the system Is functioning. Furthermore, 
the nose gearbox fairing heaters are designed to operate at 30 AMPS. Circuit 
protection is provided through 30 AMP circuit breaker which may result In the 
circuit breaker opening during normal system operation. This circuit breaker 
has not opened on any flights to date. Consideration should be given to per- 
forming an electrical load survey of this system. It should also be noted 
that there is no provision to interrogate the engine anti-ice subsystems through 
the on call or continuous FD/LS system. Consideration should be given to the 
addition of FD/LS software to check the engine anti-ice bleed valve, anti-ice 
thermal switch and nose gearbox fairing temperature. This will aid in the 
troubleshooting of a system since the failed component can't be identified 
with normal maintenance procedures. The engine anti-ice system already incor- 
porates the necessary electrical signals to provide FD/LS interrogation of 
engine anti-ice subsystems. The periodic illumination of the engine anti-ice 
fail/master caution lights during normal system operation and the failure of 
the FD/LS to provide the capability to interrogate the engine anti-ice sub- 
systems  is a shortcoming. 

(3) Main and Tail Rotor Delce Controller. The requirement exists to trim 
the deice controller to the electrical resistance characteristics of each main 
and tail rotor blade. This procedure is required each time a main or tail 
rotor blade is changed. The reason for this Is that the AEG-Telefunken control- 
ler has the inherent capability of preventing a blade or blade element from 
overheating. The overheat temperature limit is 55° C. The controller measures 
blade element temperature by the change in electrical resistance as the element 
is heated. Hence the requirement for the controller to be "trimmed for the 
variation In resistance in each blade/blade element. The specific procedure 
and equipment required is not contained in the -23 series TMs. The procedure 
and the peculiar ground support equipment required is only documented In the 
rotor blade delce HHI production test procedure (FTP) PTP 77-TP-7541-3, Rev A, 
Main and Tail Rotor Blade Delce system. Furthermore, charts are required 
which are contained oily in the AEG-Telefunken manual. The required equipment 
and charts   are   only   available   at   HHI   in   Mesa,    Arizona.      Since   main  and  tail 
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rotor blade changes are an AVUM function, this will cause a system maintain- 
ability problem at unit level. The requirement to manually adjust the delce 
controller to the electrical resistance characteristics to each main blade and 
the  tall rotor following a blade change is a shortcoming. 

j. Human Factors. (1) Ice Protection Systems Advisory Light Location. 
The pilot's anti-ice control panel was located on the pilot's lower left console 
at the aft end. Two advisory lights (delce system ON and inlet anti-ice system 
ON) were located on this panel and are not in the pilot's normal instrument 
scan pattern. The ice protection system control panel and/or the advisory 
lights should be located in the pilot's normal instrument scan pattern. The 
poor location of the ice protection systems advisory lights is a shortcoming. 
Consideration should be given to moving the advisory lights and/or the pilot's 
anti-ice control panel to a more suitable location. 

(2) Cabin Environment. The cabin environment at both crew stations was 
monitored throughout these tests and qualitative pilot and CFG comments were 
recorded. To resolve a previously reported problem (ref lb), the emergency air 
door in the pilot's compartment was sealed for these tests and a boot was in- 
stalled around the ammuntion chute on the 30mm gun turret (photo 10, end 6). 
With these seals Installed, the cabin environment was satisfactory at all 
ambient temperature conditions. On one flight at -20oC the boot was removed 
from the 30mm gun turret. After 30 minutes in this environment, the pilot 
experienced extreme discomfort in the legs and numbness of the feet. The 
nonstandard boot installed for this test on the turret of the 30mm gun should 
be Incorporated as a permanent Installation in the AH-6A and the emergency air 
door should be modified to provide a better seal. The cold aft cockpit environ- 
ment during flight at approximately -20SC without the nonstandard boot installed 
on the 30mm gun turret and a properly sealed emergency airdoor constitutes a 
safety of flight hazard and is  a deficiency. 

4. CONCLUSIONS, a. General. The following general conclusions were reached 
as a result of the partially completed artificial and natural icing tests of 
the AH-64A helicopter. Potential problem areas requiring further evaluation 
are described under recommendations  (para 5). 

(1) One deficiency was found. 

(2) Eight shortcomings were  found. 

(3) Seventeen Equipment Performance Reports were submitted. 

b. Deficiency. The cold aft cockpit environment during flight at approxi- 
mately -20 C without the nonstandard boot installed on the 30mm gun turret and 
a properly sealed emergency air door constitutes a safety of flight hazard 
(para  3j(2).i. 
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c. Shortcoming. The following shortcomings (listed In the relative order 
of  importance) have been identified. 

(1) Debondlng of the tall rotor elastomerlc bearings in the cold weather 
environment (0°  to -20oC) (para 31(1)). 

(2) Ice impact damage to the tail rotor blades  (para 3d(4)). 

(3) The high potential for engine FOD due to shed ice from the fairings 
mismatch  between    the    nose    gearbox   and    cross    shaft    fairing    (para    3e(6)). 

(4) The requirement to manually adjust the deice controller to the electri- 
•".al resistance characteristics of each main rotor blade and the tail rotor 
following a blade change (para 31(3)). 

(5) Failure of the FD/LS software logic to allow interrogation of all 
subsystems  in a faulty  system (para 31(2)(a)). 

(6) The periodic illumination of the engine anti-ice fail/master caution 
lights during normal operation and the failure of the FD/LS to provide the 
capability  to   Interrogate    the    engine    anti-Ice    subsystems    (para    3i(2)(d)). 

(7) The poor location of the pilot's anti-ice control panel and/or advisory 
lights  (para 3j(l)). 

(8) The tail rotor heater no-go message when the system is functioning 
correctly  (para 31(2)(b)). 

3.     RECOMMENDATIONS.    The following recommendations are made: 

(1) The AH-64 rotor deice system operational characteristics should be 
further evaluated  in natural  icing conditions   (para 3b(l)). 

(2) A verification of the calibration and modified damping characteristics 
of the ice detection subsystem should be accomplished in the natural icing 
environment  (para 3b(3)). 

(3) The TADS/PNVS anti-ice system should be evaluated in moderate aatural 
icing conditions  (LWC > 0.5 gm/m3)  (para 3c(8)). 

(4) Further natural icing tests should attempt to document the ice shedding 
characteristics of the main rotor head unprotected rotating components 
(para 3d(3)). 
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(5) The potential shedding problem resulting from Ice accretions on the 
canopy frames and windshield wiper arms should be further evaluated In the 
natural icing environment  (para 3e(A)). 

(6) The poor performance of the AH-64A CPG windshield wiper in the HISS 
cloud (artificial icing) should be further evaluated in natural icing conditions 
(para 3e(5)). 

(7) The susceptibility of the engines to damage from shed ice should con- 
tinue  to be  investigated in natural icing conditions  (para 3e(6)). 

(8) A study should be conducted to determine the possible degradation of 
reception with ice accumulation on the forward facing radar warning antennas 
(para 3e(7)). 

(9) Future natural icing tests should use an operational ALQ-144 to verify 
test  results  (para 3e(9)). 

(10) Further testing should be conducted to determine the effects of firing 
live ammunition through a 30mm gun nozzle protector with typical ice accretions 
(3e(12). 

(11) Consideration should be given to incorporating the nonstandard ammu- 
nition chute cover used during these tests as a permanent installation and 
testing should be conducted to verify proper system operation during live fire 
exercises with the chute cover Installed  (para 3e(12)). 

(12) Further testing should be conducted on the 2.75 inch aerial rocket 
launcher system with the pod covers used during this test Installed to determine 
the consequences of the covers departing the launcher, with and without 
accumulated  ice (para 3e(I3)). 

(13) Further tests should be conducted in the natural icing environment 
after the ire detection subsystem damping has been Incorporated to document 
level   flight     performance    degradation    due    to     Ice     accretion    (para     3f(l)). 

(14) Performance information incorporating power loss due to operation of 
the bleed air anti-ice system should be published in the operator's manual for 
pilot  use in preflight  planning (para 3f(2)). 

(15) Further evaluation of vibration characteristics in an aircraft using 
the modified Ice detector system should be conducted under natural icing 
conditions  (para 3h). 
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(16) The FD/LS software should be modified to give a canopy heater no-go 
status message only when the canopy heater switch is In the ON position and the 
system has failed (para 31(2)(c)). 

(17) Consideration should be given to performing an electrical load survey 
of the nose gearbox fairing heater system (para 3i(2)(d)). 

(18) Consideration should be given to the addition of FD/LS software to 
check the engine anti-ice bleed valve, anti-Ice thermal switch, and nose gearbox 
fairing temperature (para 3i(2)(d)). 

(19) Consideration should be given to moving the advisory lights and/or the 
ice protectior   system  control  panel   to a more suitable   location  (para 3JO)). 

(20) The nonstandard boot installed on the gun turret of the 30mm gun for 
this test should be Incorporated as a permanent installation in the AH-64 
and the   emergency  air   door   modified   to  provide   a   better   seal   (para   3J(2)). 

6. AUTHORS. This report was prepared by CW4 James M. Adkins, Project Officer, 
Autovon 350-4986, Commercial (805) 277-4986, and Mr. Ralph Woratschek, Project 
Engineer,  Autovon 350-4023,  Commercial (805)   277-4023. 

6 End ALAN R.  TODD 
as COL,  AV 

Commanding 

98 



SYSTEMS DESCRIPTION 

GENERAL 

1. The delce system consists of an outside air temperature sensor. Ice detector, 
Icing rate meter, blade delce control panel, slip rings for the main and tall 
rotor and a delce controller. The main and tall rotor blades contained 
electrothermal resistive heating mats. Anti-ice systems were provided for 
sections of the windscreens, pltot-statlc tubes, air data sensor, engines, 
engine Inlets, nose gearbox and cross shaft fairings, target acquisition and 
designation system, and the pilot night vision system. Delce capability was 
also provided for one of the Hellfire missiles. The test helicopter was serial 
number  (S/N) 82-23356  (production vehicle 02). 

ELECTRICAL POWER SUPPLY 

2. Power to the AH-64A electrical distribution system Is supplied by two 
115/200 VAC, S-phase, 400 Hz, 35 kVA generators. The two generators are located 
on the transmission accessory gearoox. Normally each generator supplies Its 
own ac essential bus. If one generator falls, the remaining generator takes 
over the bus of  the failed generator. 

3. Input power to the blade delce system Is 3-phase, 400 Hz, 115/200 vac 
which Is fed to the blade delce controller through the blade delce system's 
3-phase double-throw contactor. The blade delce system is normally connected 
to the No. 2 generator, however, when only the No. 1 generator is operating 
the contactor transfers to the No. 1 generator. The 115/200 vac power to the 
blade delclng controller Is converted to 268 vdc by a silicon control rectifier 
In the controller. The 268 vdc power is used to energize the blade delclng 
heaters. 

4. The aircraft's 28 vdc power supply comes from two 250-ampere transformer/ 
rectifiers powered from the ac buses. 

ROTOR  BLADE DEICE SYSTEM 

5. The AH-64A rotor blade delce system utilizes the electrothermal cyclic 
delclng concept. A controlled amount of ice is allowed to build up on the 
blade and then removed periodically by energizing electrical heating elements 
to raise  the blade surface temperature to break the ice bond and allow shedding. 

6. The main blade heater consists of five spanwise heating zones running from 
root to tip. These zones are energized sequentially and produce chordwise ice 
shedding. The main blade heater elements are bonded to the inner surface of 
the blade structure and extend from 19  to 94  percent  spanwise. 

7. The tall rotor blade heater is installed Internally but consists of only 
one heater zone which covers 43 to 91  percent  of the blade  spanwise. 

End  1 
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8. The amount of chordwlse coverage of the heaters Is essentially the same 
for the main and tall rotor blades, I.e., to 10 percent aft of the leading 
edge on the upper surface and 26 and 25 percent, respectively, on the lower 
surface. The power density of the heaters (watts per square Inch) Is varied 
spanwlse on the main rotor blade to take advantage of kinetic heating and thus 
reduces the electrical load requirements. The power density decreases In 
14 steps from root to tip. The Inboard and outboard steps are 36 and 30 Inches 
In length, respectively. The remaining 12 steps each cover 12 Inches of span. 
The tall    rotor    Is    uniformly   heated    at    one    power    density    over    Its    span. 

9. The blade delce system Is shown schematically In figure 1. Three-phase, 
115 vac, 400 Hz electrical power from the generator Is rectified In the 
delclng system controller to 268 vdc for blade heating. The dc power from the 
controller Is routed to the main and tall rotor through slip rings. The main 
rotor Installation Incorporates a distributor that sequentially delivers the 
electrical power to the five heating elements of each blade. The system de ices 
all four of the tall rotor blades simultaneously and steps through the zones 
of pairs of opposing main rotor blades. 

10. Figure 2 shows the blade and zone heating sequence that Is used. After the 
blades have accreted the prescribed amount of Ice, a pulse train Is Initiated 
to delce the tall and main rotor blades In a sequence that delces the tall 
rotor twice as often as the main rotor. The controller does not allow simul- 
taneous heating of the tall rotor with the main rotor since the combined elec- 
trical  load would exceed electrical system capacity. 

11. The time Interval between the applications of heat to any given zone Is 
called heater-off time. For normal operation, blade heater-off time Is 
controlled automatically by the blade delclng controller and Is scheduled as 
a function of Ice accretion rate signal multiplied by time. The controller 
Integrates the Icing rate signal (corresponding to liquid water content (LWC)) 
from the Ice detection system with respect to time and Initiates a blade delclng 
signal each time the Integral reaches a predetermined value. This predetermined 
value Is selected to approximate to a 0.25-inch thickness of Ice accreted on 
the main rotor blade at the mid-span location. The tall rotor blade airfoil, 
which Is approximately one-half the scale of the main rotor. Is delced at 
one-half the main rotor LWC-time Integral (twice as often as the main rotor) 
to maintain the  same proportion  of Ice accretion as   for the main rotor  blades. 

12. The main rotor off-time scheduled by the controller corresponds to the curve 
shown In figure 3. This curve Is a constant LWC multiplied by time value of 
1.76g/m^ - minutes. The LWC signal from the Ice detector processor is a dc 
voltage with 0.2 g/rn-^ equivalent to 1 volt dc. The main rotor volt-time 
Integral, therefore, Is 8.8 volt-minutes. The tall roto■ volt-time Integral Is 
approximately 4.4 volt-minutes. Tall rotor off-time Is half of the main rotor 
off-time. 

13. Also shown in figure 3 are the manually selectable off-times that are 
available in the event the ice rate detection system is not used. The manual 
tall rotor off-times  are one-half of  the main rotor off-times  shown. 
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Figure   3.    Blade Heater-Off  Time Schedule 
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14. For the artificial Icing program, the aircraft was equipped with additional 
special test controls for use In scheduling heater-off time. 

15. The duration of time that heat Is applied to a given zone is called heater- 
on time. Heater zone on-time is also controlled automatically by the blade 
deicing controller. The heater-on time varies as a function of outside air 
temperature (OAT). The lower the air temperature, the longer the heaters are 
energized to raise blade surface temperature for deicing. The design heater-on 
time versus OAT schedule is shown in figure 4, enclosure 4. A +25 percent 
gain adjustment capability was incorporated into the test aircraft controller 
to allow optimization of the heater-on time schedule. 

16. The design heater-on time is the same for each of the main blade heater 
elements and for the tail rotor. The gain of the heater-on time can be adjusted 
on the ground independently for the main rotor and the tail rotor but not for 
each main rotor heater element. 

Ice Detection System 

17. The ice detection system consists of a Rosemount Inc., Model 871FG1, ice 
detector and a Model 324Y4 signal processor. The ice detector is of the ice 
accretion type that employs a vibrating sensing probe which changes frequency 
as ice is accreted. The probe is located inside the left-hand engine air 
inlet duct on the outboard side. Engine airflow provides a relatively high and 
fairly constant velocity over the probe both in hover and forward flight. 
The system includes a signal processor to output an analog voltage signal 
proportional to the LUC. 

18. The ice detector is powered by dc current and is on whenever ship's power 
is on. The icing rate signal is generated whenever ice buildup on the probe 
is between 0.013 inch and 0.060 Inch thick. At the 0.060-inch thickness point, 
the probe is electrothermally deiced and the cycle repeated. The ENG ICE 
caution light omes on at the 0.015 inch point and remains on for a minimum 
of 90 +10 seconds. If no further icing were encountered, the light would 
go out at the end of that time. If icing is continually encountered, the 
light will remain on. 

19. During the time the sensing probe is deiced and recovering from its 6 
second heater application, a hold circuit is employed that maintains the LWC 
signal at its last value. The hold circuit operates until the probe has thermal- 
ly recovered and releases when accreted ice thickness again reaches 0.015-inch 
or 60 +10 seconds of time has elapsed. Thus, if the aircraft emerges from 
an icing environment prior to reaching the 0.013-inch thickness point, the 
LWC signal wuuld go to zero after this time Interval and Indicate a zero LWC 
condition. The probe recovery time (time the detector is off line) varies 
with LWC and OAT. Typical maximum recovery times for a probe velocity of 112 
knots are 75 seconds at LWC - 0.12 g/m*, 15 seconds at 0.5 g/m^, and 10 
seconds at 1.0 g/m^. 
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20. The output of the Ice detector system will vary with air temperature and 
local flow velocity over the probe at a fixed LWC. In addition, the accuracy 
will vary with LWC at a fixed temperature and flow velocity. The ice detector 
system is calibrated in an icing tunnel to read LWC +10 percent for a local 
flow velocity of 112 knots. At higher and lower local flow velocities, the 
system will Indicate slightly higher or lower than actual LWC values. Since 
the probe is mounted in the engine inlet, flow velocity variations result from 
variations in engine power. Therefore, the accuracy of the ice detector system 
ove. the most likely range of air temperature, velocities, and LWC values to 
be encountered in actual use has not been determined. 

21 . The deice system included an icing rate meter which displayed LWC as 
measured by the ice detector and a signal processor system. The LWC meter 
display is mounted on the pilot's Instrument panel. 

Outside Air Temperature System 

22. The OAT sensor is a flush-mounted resistance-type temperature sensor instal- 
led on the right-hand side of the fuselage between the forward portion of the 
engine nacelle and the wing. This location was selected to shield the 1.25-inch 
diameter sensor from exposure to direct sunlight heating and also to be in a 
surface area that will not be subjected to ice impingement. The OAT 
sensor's resistance output is fed to the blade delcing controller for use in 
scheduling blade    heater-on    time.      A    cockpit    Indication    is    not    provided. 

23. A second identical OAT sensor was insialled immediately adjacent to 
the delcing controller sensor as test instrument it ion to provide a signal for 
recording on the data acquisition system. This permitted a check on the OAT 
signal going to the blade delcing controller. 

Blade Deice System Operation 

24. Rotor blade delcing operation is initiated as follows. When entering a 
potential icing environment, all ice protection system switches are turned on 
including the blade deice switch. When actual icing Is encountered, the pilot 
will be alerted by illumination of the ENG ICE segment on the caution and 
warning panel. Blade delcing would commence after the scheduled ice accretion 
period has elapsed and continue automatically as long as icing is present. 
The off-time is automatically regulated based on Integration of the icing 
rate  signal from the  ice  detection system. 

25. An alternate mode of operation would be to turn the ice protection system 
on when the ENG ICE segment is illuminated which indicates icing is present. 
For the proper delcing scheduling It is important to turn the blade deice 
system on immediately so Integration of the icing rate can commence as soon 
as ice starts to accrete. 

26. Heater-off time shortens with increasing icing intensity (LWC) and heater-on 
time lengthens with decreasing OAT. At some high level of LWC and low OAT, 
the  system will saturate.     When saturated,  the time interval between the single 
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tall rotor pulse and the main rotor/tail rotor/main rotor train pulses will be 
zero. Since the on time takes precedence over off time, the system pulses 
continuously and the Ice on the blades Is not allowed to build up to the desired 
thickness before delclng. In theory, this could have a detrimental effect on 
Ice shedding, however, saturation does not occur until -19.30C at an LWC ■ 
1.0 g/m3. 

27. In the event the aircraft Is operating In an Icing environment and the 
pilot suspects the Icing rate system is malfunctioning and not detecting the 
true Icing Intensity, the pilot may select a manual mode of operation. In this 
mode, the blade delclng heater-on time Is still regulated according to OAT but 
the blade heater-off time Is one of three fixed off-times that the pilot can 
select based on his assessment of Icing intensity. These selections are shown 
on the anti-ice control panel of figure 4 as TRACE, LT, and MOD representing 
trace, light, or moderate icing Intensities. The pilot would have to base his 
assessment of the icing intensity from indications other than the ice detector. 
These indications might be observation of ice accretion rate on visible portions 
of the aircraft, premature and asymmetric blade ice shedding resulting in 
Increased vibration levels, or lack of change in vibration levels when blade 
delclng heater cycles occur. 

Rotor Blade Deice System Checkout 

28. A deice system TEST switch and an icing rate indicator are provided to 
enable ground checkout of the system. The deice system test consists of a 
rapid heater-on sweep or duty cycle (0.5 second on-time per element) and a 
heater-on light to indicate heater operation. Any failures will activate the 
BLADE ANTI-ICE FAIL caution segment on the caution and warning panel. The 
icing rate indicator test Is activated by depressing the test button adjacent 
to the LWC meter. This test conducts a check on the icing rate meter electronics 
only. 

Blade Deice System Protection Circuits 

29. The blade delclng controller contains monitoring circuits to sense a 
system malfunction. The fault monitoring functions and protection features 
are: 

a. main or tail rotor heater undercurrent or overcurrent 

b. main or tail rotor heater ground current (6.0A maximum) 

c. distributor mechanism does  not advance 

d. heater-on    current  on    too    long (4-25 percent maximum) 

e. controller overtemperature   (>100oC) 

f. input power must  be  115 vac +10 percent 
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g.     system ON advisory light  (caution while performing maintenance) 

h.     system   disable   above    40C    OAT   to   preclude    blade    over    temperatures. 

30. A built-in test equipment (BITE) test is provided to verify that the 
monitoring circuitry in the controller is functioning properly. Fault 
isolation may be performed with the controller installed by use of an extension 
harness to provide access to the BITE control and indicator. The test aircraft 
will also display to the pilot and copilot/gunner (CPG) the fault detection/ 
location system outputs from the delce controller on the normally installed 
high action displays. 

Special Test Operating Provisions 

31. Because of the limited vertical thickness and larger droplet diameters of 
the helicopter icing spray system (HISS) cloud, the test program had to 
provide for blade delcing system operation with the ice detector not immersed 
in the cloud. Automatic operation of the system in the HISS cloud is not 
feasible. To tailor the heater-off times for proper blade delcing, special 
test adjustment of LWC input parameter is necessary. For these purposes, pro- 
visions were made in the test aircraft  to permit: 

a. Manual delce capability for main and tail rotor blades independent of 
LWC.    This permitted single cycle evaluation. 

b. Manual insertion of an LWC signal equivalent to the HISS setting. 
This permitted simulated automatic operation while operating in the HISS 
spray cloud even though the ice detector was not immersed. 

c. Manual adjustment of the volt-time integral which controls heater-off 
time. This permitted fully automatic operation in natural icing after the 
volt-time  Integral was optimized. 

32. A special blade delcing test control panel as shown in figure 5 was instal- 
led in  the   CPG   flight   station.     The   false   OAT   adjustment   was   not   operative. 

ENGINE  AIR INLETS 

33. The engine air inlets use engine bleed air to heat the bellmouth- 
shaped nacelle inlet ring. The heated surface area extends around the entire 
leading edge of the inlet to where it mates with the engine. Thus, the running 
wet surface continues into the engine during operation In icing conditions. 
The amount of engine bleed air flow is designed to anti-ice the inlet even 
under  low power descent conditions. 

34. The bleed air system is activated by an electrically operated, two-position 
valve which falls open in the event of complete electrical failure. The 
system is operated by a single, two-position on/off toggle switch on the 
pilot's anti-ice  panel  (fig.  4).   In the  ON position,   advisory  lights   above the 
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switch for ENG 1 and ENG 2  will illuminate.  This switch also operates the 
electrothermal heater blankets on the nose gearbox and cross shaft fairings. 

NOSE GEARBOX AND CROSS SHAFT FAIRING 

35. The nose gearboxes and cross shafts from the engine to the transmission 
are covered with a fairing that Incorporates electro-thermal heating blankets 
for anti-icing. The heater blankets are controlled automatically by a temper- 
ature controller which maintains the surface at a temperature sufficient to 
evaporate the moisture that impinges on the fairing. This evaporation 
precludes runback and subsequent refreezing downstream of the heater area. 

36. These electric heaters are turned on by the same single two-position 
switch on the pilot's anti-ice panel that activates the engine air inlet 
bleed air system. Overheat sensors are provided that activate the ENG ANTI-ICE 
segment on the pilot's and the CPG's caution and warning panels and shut the 
electric heaters off automatically. The overheat sensor is a controlling-type 
sensor which allows the system to continue operation at the higher temperature 
without further overheat protection. 

WINDSHIELDS 

37. The two windshields, located in front of and directly above the CPG, 
have transparent electrothermal anti-ice elements (115 vac) built in the 
laminated glass panels designed to prevent ice accumulation. The pilot's 
windshield, which Is the panel above the CPG, is heated in two zones with 
phase A and B of the 3-phase current. The CPG's panel is powered by phase C. 
A single temperature sensor is located on the left-hand side of the forward 
zone of the pilot's windshield. This sensor signals the controller to maintain 
the windshield's outside surface temperature between 65° and 85"F. An overheat 
caution segment labeled CANOPY ANTI ICE FAIL is provided to indicate failure 
of the automatic control and the windshield heater is automatically shut off. 
The windshield is heated at a power density of 4.57 watts/in^. 

Defogging/Demisting 

38. Cockpit defogging/demisting is accomplished from two sources. The two 
windshield sections are electro-thermally heated as described previously. 
This serves to defog as well as to anti-ice. Pressurized air from the shaft 
driven compressor (SDC) mixes with ambient crew station air in diffuser outlets 
at the CPG and pilot stations to defog the canopy side panels. In case of SDC 
failure, engine bleed air from the left engine is used. Canopy side panel 
defogging is controlled by an on/off switch on the pilot's anti-ice control 
panel. 

Rain Removal 

39. Two windshield wipers are mounted on the canopy frame to set vice the two 
windshields.  Both wipers are electrically driven and are normally controlled 
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by a four-position rotary knob on the pilot's antl-lce panel (fig. 4). They 
are powered from the 28 vdc emergency bus. Two speeds, HIGH or LOW, may be 
selected by the pilot. The CPG has limited control over the windshield wipers. 
Normally the WSHLD WIPER switch on the CPG's antl-lce control panel (fig. 4) 
Is left li> the PILOT position. By selecting CPG, the CPG's wiper blade moves 
at a LOW speed. 

PITOT TUBES AND AIR DATA SENSOR 

40. The pltot tubes Installed on the outboard leading edge of both wings and tne 
air data sensor (ADS) on top of the rotor mast are electrothermally anti-lced 
by internal heating elements. Both are and-lced with 28 vdc power. An on/off 
toggle switch labeled PITOT AD SNSR is located on the pilot's anti-ice control 
panel. On the ADS, the rotating hub and arms are heated. The support pylon 
(mast) of the ADS is not ice protected. 

TARGET ACQUISITION DESIGNATION SYSTEM (TADS)/PILOT NIGHT VISION 
SYSTEM (PNVS) ANTI-ICE PROTECTION 

41. Anti-icing for the TADS/PNVS consists of electrothermal heating of the 
three viewing windows and portions of their frames. In addition, continuous 
heaters are located inside the TADS shroud above the night side and the 
dayslde windows to keep these limited shroud regions clear and ensure that 
adequate TADS elevation motion can be achieved. Unheated front ice shields 
protect the TADS azimuth gear and inboard sections (immediately adjacent to 
the centerpost) along the top two-thirds of the TADS shrouds. 

42. The power density of the windows is between 3.2 and 4.0 watts/in^. The 
PNVS and TADS window heaters are ac powered, whereas the boreslght windows are 
dc powered. 

43. TADS/PNVS anti-ice is controlled by a switch located on the pilot's antl-lce 
control panel or by a switch on the CPG's antlice control panel. 
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INSTRUMENTATION 

GENERAL 

1. In addition to standard aircraft Instruments, calibrated Instrumentation 
was Installed and maintained by the Hughes Helicopter Incorporated. Data from 
the cockpit Instrumentation was recorded on flight cards, and the specially 
Installed Instrumentation system recorded pulse code modulated (PCM) and multi- 
plex bus (MUX) data on magnetic tape. 

Pilot Panel 

2. The pilot's panel Instrumentation and test Instrumentation are listed 
below: 

Airspeed (ship's system) 
Altitude (ship's system) 
Altitude radar (ship's system) 
Rate of climb (ship's system) 
Free air temperature (ship's system) 
Rotor speed (ship's system and sensitive) 
Engine torque (both engines ship's system) 
Engine turbine gas temperature (both engines ship's system) 
Engine gas generator speed (both engines ship's system) 
Engine power turbine speed (both engines ship's system) 
Stabilator position (ship's system) 
Icing rate (ship's system left engine inlet) 
Full instrument landing system instrumentation 

Localizer 
Glide slope 
Marker beacon 
DME 

Control panel for operation of data system to Include event 
marker 

Time code readout. 

Copilot/Gunner Panel 

3. The copilot/gunner panel instrumentation and test Instrumen- 
tation are listed below. 

Airspeed (ship's system) 
Altitude (ship's system) 
Engine torque (both engines ship's system) 
Rotor speed (ship's system) 
Engine power turbine speed (both engines ship's system) 
Total air temperature (Rosemount system with deice capability) 

End 2 
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Icing rate indicator (aspirated independent system mounted on aft cockpit 
overhead) 

Manual control panel for delce system (with LWC active only) 
Coiitiol panel for operation of data system to include event marker 
Time code readout 
Camera controls. 

PCM Data Parameters 

4. The following data were recorded on magnetic tape in PCM format. 

Airspeed 
Altitude 
Observed air temperature (Rosemount sensor) 
Observed air temperature (Rotor deice system) 
Event markers (pilot and copilot) 
Engine torque (2) 
Engine measured gas temperature (2) 
Engine gas generator speed (2) 
Main rotor speed 
Control positions 

Longitudinal 
Lateral 
Directional 
Collective 

Vibrations 
3 axis at pilot seat 
3 axis at copilot seat 
2 axis at tail rotor 90 degree gear box 
Tail rotor mast structural attachment vertical 

Stabilator incidence angle 
Icing severity (Deice system sensor) 
Icing severity (Aspirated independent system) 
Voltage 

Ship's system Bus 2 
Battery 

Rotor blade heater ON/OFF status 
Current 

Generators Phase A (2) 
Windshield Phase A 
Blade Deice Phase A 
Nose Gearbox Heat Phase A 
Battery 

Engine inlet surface temperature (left) 
Time code 
Pilot's station temperature 

Head level 
Waist level 
Foot level 

Copilot's station temperature 
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Head level 
Waist level 
Foot level 

Cockpit supply duct air temperature 
FAB air inlet temperature (left and right) 
FAB average exhaust temperature (left and right) 
Cockpit air temperature at exhaust to TADS/PNVS turret 
Pressurized air system manifold pressure 

MUX Parameters 

5. The following MUX parameters were recorded on magnetic tape: 

Heading and Attitude Reference System (BARS) attitudes 
Pitch 
Roll 

HARS magnetic heading 
HARS rates 

Pitch 
Roll 
Yaw 

Sideslip angle (pacer system) 
True airspeed longitudinal (pacer system) 
True airspeed lateral (pacer system) 
Observed air temperature (pacer system) 

Onboard Video 

6. The data recording system was configured to record the video imagery of 
the copilot/gunner's TADS optical relay tube display. Time code was inserted 
on the video frame to allow coordination with other data. 

CAMERA SYSTEMS 

7. A video camera and a 16mm motion picture camera were located onboard the 
chase and Helicopter Icing Spray System aircraft and used to document ice 
accretion on the test aircraft both in the spray cloud and after exit from 
icing encounters. Single lens reflex 33mm cameras were used for still photo 
(color prints and slides) documentation both in the air and on the ground 
following icing flights. 

8. Initially three high speed 16mm cameras were mounted on the tesi. aircraft 
to document these icing tests. One camera was mounted on the right forward 
avionics bay (FAB) to photograph the main rotor advancing blade leading edge 
and lower surface. Another camera located on the top of the left wing tip 
photographed the tail rotor and horizontal stabilator. The third camera 
photographed the left engine inlet. Mechanical failure of the tail rotor camera 
shortly after the beginning of testing only permitted the monitoring of the 
main rotor blades and left engine inlet during the artificial and left engine 
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Inlet during the artificial Icing tests.  A second camera failure restricted 
the natural Icing monitoring to the left engine Inlet* 

HELICOPTER ICING SPRAY SYSTEM (HISS) 

9. The HISS Is Installed In a modified CH-47C helicopter and consists of an 
Internally mounted 1800 gallon water tank and a hydraullcally rotated external 
spray boom assembly suspended 19 feet beneath the aircraft from a cross-tube 
through the cargo compartment. The spray boom consists of two 27-foot center 
sections, vertically separated by 5 feet and two 17.6-foot outriggers. The 
spray cloud Is generated by pumping water at known flow rates from the tank to 
97 Sonlcore model 125-HB nozzles Installed on the boom center sections and 
using bleed air from the aircraft engines and an auxiliary power unit to atomize 
the water. A radar altimeter with aft-facing antenna, wired to red and yellow 
station-keeping lights on the underside of the CH-47, Is used to position the 
test aircraft at a known standoff distance. At the 150 foot standoff distance 
used for Icing tests, the size of the visible spray cloud Is approximately 
8 feet high by 36 feet wide. 

CLOUD SAMPLING EQUIPMENT 

10. For cloud measurements in both the natural and artificial environments, 
USAAEFA employs a JU-21A fixed-wing aircraft, US Army S/N 66-18008, equipped 
with a cloud measurement package. This package consists of the following 
equipment: a Particle Measuring system (PMS), forward scattering spectrometer 
probe (model FSSP-100), a PMS optical array cloud droplet spectrometer probe 
(model 0AP-200X), Rosemount outside air temperature sensor and display, 
Cambridge model 137 chilled mirror dew point hygrometer and display, Cloud 
Technology ice detector unit, and a Small Intelligent Icing Data System (SUDS). 
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TEST TECHNIQUES AND DATA ANALYSIS METHODS 

GENERAL 

I. All antl-lce systems (I.e., pltot heat, windshield anti-ice, and engine air 
induction system anti-ice) were activated while enroute to the test area. For 
artificial icing, the test aircraft then entered the artificial spray cloud 
from a position below and approximately 150 feet behind the spray aircraft. 
Test and spray aircraft separation distance was maintained during the icing 
flight by observing yellow (greater than 160 feet) and red (closer than 
140 feet) lights mounted on the bottom of the spray aircraft. The visual 
indications were supplemented as required by information relayed from the spray 
and chase aircraft. Airspeed and outside air temperature (OAT) were established 
with the calibrated instrumentation system of the spray aircraft. All artificial 
flights were flown with a predetermined liquid water content (LWC) and OAT. 
Flight continued in the cloud condition until the spray aircraft water limit 
was reached. For natural icing the JU-21A would locate and document the icing 
condition before the test aircraft entered the icing environment. The JU-21A 
would then loiter in the area to facilitate a post-immersion rendezvous with 
the test aircraft for photographic documentation. The LWC, OAT, and relative 
humidity were documented by the JU-21A chase/scout aircraft configured with 
the particle measuring system instrumentation. The two Rosemount icing rate 
meters in the test aircraft were also used to monitor LWC in natural clouds. 

ICE ACCRETION AND SHEDDING 

2. Ice accretion on the test aircraft was documented using hand-held video and 
high-speed mction picture cameras photographing from both the chase aircraft 
and spray aircraft. Post-flight photographs were made to document the ice 
remaining on the individual components of the airframe and rotors. 

3. Ice shedding characteristics were qualitatively assessed by crew members in 
the test, spray, and chase aircraft. 

ENGINE PERFORMANCE 

4. Engine and engine inlet finti-ice system performance were monitored during 
the icing tests. Data were obtained with all anti-ice systems ON and then 
compared to baseline data with the anti-ice systems OFF. 

5. The engine power required to operate the anti-ice/deice sytems was determined 
by measuring engine performance at various test conditions. Shaft horsepower 
was calculated using equation 1. 

End 3 
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N x Q x K 
SHP -  (1) 

5252.113 

where: 

SHP ■ Calculated shaft horsepower (shp) 
N = Main rotor rotational speed (rev/mln) 
Q ■ Engine output shaft torque (ft-lb) 
K * Gearing constant between engine and main rotor (72.4243) 

Data on SHP, turbine gas temperature (TGT), and gas generator speed (Ng) were 
referred as follows: 

a. Referred SHP (RSHP): 

SHP 
RSHP -   (SHP) (2) 

6/e" 

b. Referred gas temperature (RTGT): 

TGT + 273.15 
RTGT - - 273.15     (0C) (3) 

eO. 96 

c. Referred gas generator speed (RNg): 

RNB -  * (X) (4) 'g 

B0.5 

WEIGHT AND BALANCE 

6. Prior to testing, the aircraft gross weight, longitudinal and lateral centers 
of gravity (eg) were determined by using calibrated scales. The aircraft was 
weighed with full instrumentation on board, without fuel, and in the clean 
configuration. The aircraft weight was 12,318 pounds with a longitudinal eg 
location at fuselage station 211.1 and a lateral eg location at buttline -0.8 
(left). 
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DEFINITIONS 

7. Icing   characteristics   were   described   using   the    following   definitions   of 
icing severity.    These definitions may be found in FM 1-30. 

a. Trace icing: Ice becomes possible. Rate of accumulation slightly 
greater than rate of sublimation. It is not hazardous even though deicing 
equipment is not used, unless encountered for an extended period of time (over 
1 hour). 

b. Light icing: The rate of accumulation may create a problem if flight 
is prolonged in this environment (over 1 hour). Occasional use of delcing/antl- 
icing equipment removes/prevents accumulation. It does not present a problem 
if the deicing/anti-icing equipment is used. 

c. Moderate icing: The rate of accumulation is such that even short 
encounters become potentially hazardous and use of deicing/anti-icing equipment 
or diversion is necessary. 

8. Results were categorized as deficiencies or shortcomings  in accordance with 
the following definitions. 

Deficiency; A defect or malfunction discovered during the life cycle of an 
item of equipment that constitutes a safety hazard to personnel; will result in 
serious damage to the equipment if operation is continued or indicates improper 
design or other cause of an item or part, which seriously impairs the equipments 
operational capability. 

Shortcoming; An imperfection or malfunction occurring during the life 
cycle of equipment, which must be reported and which should be corrected to 
Increase efficiency and to render the equipment completely serviceable. It 
will not cause an immediate breakdown, jeopardize safe operation, or materially 
reduce  the usability of  the material or end product. 
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FIGURE 1 

ARTIFICIAL ICING TEST CONDITIONS 

AH-64    USA   S/N 82-23356 
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FIGURE 2 

NATURAL ICING TEST CONDITIONS 

AH-64A    USA   S/N 82-23356 
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5.1 1 DENOTES RANGE OF LWC VARIATION DURING 

FLIGHT IN CUMULIFORM CLOUDS 
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EQUIPMENT PERFORMANCE  REPORTS 

The    following    Equipment    Performance    Reports     (EPR's),    DARCOM    Form    2134, 
1  September  1976,  were submitted by USAAEFA during this evaluation. 

EPR Number Subject 

84-23-01 Wiring harness assembly:    TADS  system 
84-23-02 Wiring harness assembly:    TADS  system 
84-23-03 Vibration gearbox caution/warning system 
84-23-04 Tall rotor elastomerlc bearing 
84-23-05 APU control panel 
84-23-06 Main/tall  rotor blade delce controller 
84-23-07 Visual MUX  assembly (TADS FL1R) 
84-23-08 Tail  rotor  blade  damage 
84-23-09 Holder assembly 
84-23-10 Tall rotor elastomerlc bearing 
84-23-11 Engine foreign object damage 
84-23-12 Tail  rotor elastomerlc  bearing 
84-23-13 Power supply:    strobe lights 
84-23-14 Nose gearbox wiring harness 
84-23-15 Tail rotor elastomerlc bearing 
84-23-16 Fault detection/location system 
84-23-17 Engine anti-ice system 

End 5 
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EQUIPMENT PERFORMANCE REPORT 
(DARCOM AMCR 700-38) 

DATE    22 March 1985 
OFFICE SYMBOL; SAVTE-TA 

TO. 
Conmandcr 
US Army Aviation Systems Command 
ATTN:    AMCPM-AAH-SE 
4300 Goodfallow Blvd.  St.  Louis. MO 63120 

FROM: 
Commander 
US Army Aviation Engr Flight Activity 
ATTN:    SAVTE-TA 
Edwards AFB. CA    93523-5000  

I.    EPRNO.: 

84-23-1 

2.   TEC0M/AVSCOM PROJ NO.; 

USAAEFA Proj. No.   84-23 
3    TEST TITLE 

AH-64 Artificial and Natural Icing Teste 

I MAJOR ITEM DATA 
4 MODEL      AH-64A 

T 
s. SERIAL NO.     82-23356 

6.  QUANTITY: 7. LIFE PERIOD: 

8. MFR: 
Hnghen 9. USA NO.; 

II PART DATA 
iQ. NOMENCLATURE/DESCRIPTION:   wiring Harness Assembly;     TADS Syatt 
II. FSN; U. MFR PART NO. 13Ö76Ö54 
13. DRAWING NO.; u. MFR; Martin Marietta 
IS. QUANTITY: 1 16. NEXT ASSEMBLY: 

17. MAC FUNCTIONAL CRP- 18. PART TEST LIFE; 

III INCIDENT DATA 
19. DATE OF OCCURRENCE:   26 February 1985 20. TYPE OF REPORT: 21. ACTION TAKEN: 

22. MAINT SPT, ELM, CODE; 
a. INCIDENT a. REPLACED 

23. OBSERVED DURING 24. TEST ENVIRONMENT: b. INFORMATION b. REPAIRED 

a. OPERATION 25. INCIDENT CLASSIFICATION: c. ADJUSTED 

b. MAINTENANCE 

c. INSPECTION 

d. OTHER 

o. CRITICAL d. DISCONNECTED 

b. MAJOR •. REMOVED 

c. MINOR I. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22); 

During cross country flight,   faults appeared  in TADS system.   Faults were evident through 
out two days of cross country upon arrival for icing testing. Faults were (1) TADS stuck 
in NFOV (2) TADS cools down and has no display,   (3) TADS computer doesn't power up 
(4) PNVS operates intermittently, uncommanded. Martin Marietta troubleshot TADS approxi- 
mately 16 hours plus and found burnt wire.   1A1W7J4-42 to 1A1W2TB2-3A located  in wiring 
harness assembly P/N:     13076054 harness assembly located at  fuselage station 35.50 be- 
hind PNVS rotating mount. The wiring burnt had been nicked or cut on terminal block 
frame,  apparent  sharp edge on  frame where wires are hand tied  in groups of 3 or 4 wires. 
Cut resulted in short of +2"V wire to OPT. ADJ. motor for field of view. Traced wire 
back to within 2  inches of connoctor which would have been unrepairable at  connector. 
Assembly P/N:   13076L^   vould  have been replaced.  Repair time was 8 hours plus.  Martin 
Marietta manual  reference:    DE? 9-1270-476-23P.  See attached drawing for location of 
repair and harness assembly. 

* Vendor's P/N under Martin Marietta 13075408 for harness assembly. 

INCIDENT CLASSIFICATION IS SUBJECT TO RECLASSIFICATION 
27. DEFECTIVE MATERIAL SENT TO: 

28. NAME, TITLE & ^-E*1 0F PAEPARER; 

/iCftr ME« 
''(805)277-2522; AV:   350- 

»^P^feW^J^Ti 
MICHAEL A. GULICK 
CPT, AV, C, Plans and Programs 

DARCOM ,;°;M
?, 2134 Previous edition may be used until exhausted. 

129 



OEP 9-1270-476-23P 

) 

Figure 11. Aircraft interface assembly (13076250) (Group OHO) (Sheet 1 of 2). 

Attachment 1 of ERR No. 84-23-1 
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r EQUIPMENT PERFORMANCE REPORT 22 March 1985 
IDARCOV AVCR 700-38) OFFICE SYMBOL:                                                 ~   ' 

SAVTE-TA 
TO commander 

US Army Aviation Syscema Command 
ATTN:    AMCPM-AAH-SE 
4300 Goodfallow Blvd. St.  Louis,  MO 63120 

FROM: commander 
US Army Aviation Engineering Fit Actv 
ATTN:     SAVTE-TA 
Edwards AFB,  CA    93523-5000 

).    EPR NO.: 
84-23-2 

2.   TECOM/AVSCOM PROJ NO.: 
USAAEFA ProJ.  No.   84-23 

3.    TEST TITLE 
AH-64 Artificial and Natural  Icing Test» 

I                                                                                   1 MAJOR ITEM DATA                                                                                 ~1 
4   MODEL        ^.54    A 5 SERIAL NO     82-23356 
6. QUANTITY;          1 7. LIFE PERIOD 

9 «FR         Hughes 9   USA NO., 

II PART DATA 
10. NOMENCLATURE'DESCRIPTION:    wiring Harness Assembly:     TADS  System 
II. F5N:         12. MFR PART NO.:   130761665 
13. DRAWING NO.        )4. MFR:                 Martin Marietta 
15. QUANTITY:                            J 16. NEXT  ASSEMBLY: 

17. MAC FUNCTIONAL GRP 18. PART TEST LIFE: 

I                                                                                    III INCIDENT DATA                                                                                      1 
19 DATE OF OCCURRENCE:      26 February 1985 20. TYPE OF REPORT: 21. ACTION TAKEN:                               | 

22   MAINT SPT. ELM, COOEI X 
a   INCIDENT 0. REPLACED 

|23. OBSERVED DURING 24. TEST ENVIRONMENT. b. INFORMATION X b   REPAIRED 

X a. OPERATION 25. INCIDENT CLASSIFICATION: c. ADJUSTED 

b. MAINTENANCE 0. CRITICAL d. DISCONNECngD 

c. INSPECTION X b   MAJOR 1, REMOVED 

d. OTHER c    MINOR (. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22): 
During cross country flights,   faults were noted  in TADS System.  Upon arrival  for  icing 
testing,  TADS  system was troubleshot by Martin Marietta and fault was discovered  to be 
stripped wires  causing short of +28V wire to OPT.  ADJ.  FOV,  specifically wire 
1A4W1P1-2 to  1A4W1J3-40, dayside.  Three other wires were damagea  in adjacent area  to 
funny ha. .,ss.   Damage appeared to be from rough and  Jagged edges in casting with TADS/ 
PNVS systems operated,   harness moves  in acft.  Interface assembly P/N:     13076250  (Vendor 
» 13076075)  during left/right ^wlveling motion.  Access to this harness was through covers 
P/N:     13075830-1   and P/N:     13074621.  Fairing on left  side has  to open P/N:  13075114 for 
access  to cover  P/N:     13074621.  Funny harness  involved  in repair was P/N:   13076165. The 
short was from wire 1A4W1P1-2 to  1A4W1J3-40 dnysld«.   This short also caused short and 
damage  to wire   1A1W2TB2-C TO side.  This short also caused short and damage to wire 
1A1W2TB2-C TC   1A1W2J10-2. 

See attached drawing and refer to EPR 84-23-1 

INCIDENT CLASSIFICATION IS SUBJECT TO RECLASSIF1CATI0N 

27   DEFECTIVE MATERIAL   SENT TO:                                                                                           /        J            % S   /f / 

28. NAME, TITLE & TEL EXT OF PREPARER: 

^OFT MECH   fl      T 
0805)277-2512;  AV:     350- 

MICHAEEA. GULICK 
CPT,  AV,  C,  Plans and Programs 

DARCOM  ,;»:"„  2134 Previous edition may be used until exhausted. 
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OEP 9-1270-476-23P 

ACFT. 
/An-gftFACg   Art 

__PAJ :   ;307^lfcb' 

Figure 11.    Aircraft  interface assembly (13076250)  (Group 0110)  (Sheet 1 of 2). 

Attachment 1 of EPR No. 8^-23-2 
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EQUIPMENT PERFORMANCE REPORT 
<DARCOM AHCR 700-38) 

To:   Commander 
US Army Aviation Systems Command 
ATTN:    AMCPM-AAH-SE 
4300 Goodfallow Blvd,  St.  Louis, MO 6312|0 

DATE: 22 March 1985 
OFFICE SYMBOL: SAVTE-TA 

FROM: Coamander 
US Army Aviation Engineering Fit Actv 
ATTN:   SAVTE-TA 
Edwards AFB, CA    93523-5000 

I.     EPR  NO.: 

84-23-3 
2.   TECOM/AVSCOM PROJ NO.: 

USAAEFA Proj.  No.   84-23 
3.   TEST TITLE 

AH-64 Artificial and Natural  Icing Testi 

I MAJOR ITEM DATA 
4. MODEL YAH-64A s SERIAL NO.   83-23356 
6. QUANTITY 1 7. LIFE PERIOD: 

a MFR      Hughes 9   USA NO. 

II PART DATA 
viPraclon Gearbox—cauciotylirarntng  Lighc 10. NOMENCLATURE-DESCRIPTION: 

I I. FSN: 12. MFR PART NO.: 

13. DRAWING NO.: 14. MFR: 

15. QUANTITY 1 16. NEXT  ASSEMBLY: 

17. MAC FUNCTIONAL  3RP 16. PART TEST LIFE: 

III INCIDENT DATA 
19. DATE OF OCCURRENCE:     5 March 1985 20. TYPE OF REPORT: 21.   ACTION  TAKEN: 

22   MAINT SPT. ELM, CODE: 
a. INCIDENT a. REPLACED 

23. OBSERVED  DURING 24. TEST ENVIRONMENT: b. INFORMATION b   REPAIRED 

<j. OPERATION 25. INCIDENT CLASSIFICATION: e. ADJUSTED 

b.  MAINTENANCE 

e. INSPECTION 

■i. OTHER 

a. CRITICAL d. DISCONNECTED 

b. MAJOR •. REMOVED 

e. MINOR f. NONE 

IV INCIDENT DESCRIPTION 
24. DESCRIBE INCIDENT FULLY MNCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22): 
On Flight //190, 5 March: Light for gearbox vibration illuminated frequently and at 
random through duration of flight. Electricians troubleshot wiring for any obvious 
faults from gearbox monitors (accelerometers) to signal processor then to annunicator 
panel. No apparent wiring damage found. Signal processor ordered, P/N:  7-211E10004-3, 
S/N:  1019, installed on acft. Signal processor S/N:  1074 removed. Aircraft Flight # 191 
6 March, fault repeated as same as Flight // 190. Electricians ordered accelerometer, 
P/N: 7-311 El0007. Removed and replaced intermediate gearbox acceleror.ater located near 
fuselage station, 525.0. Next flight, fault reoccurred. Electricians removed accelerome- 
ter that was Installed new at intermediate gearbox and installed in 90 gearbox, and 
removed old one. Next flight, fault reoccurred. Fault is thought to be in -3 signal 
processor. 

INCIDENT CLASSIFICATION IS SUBJECT TO BECL ASSIF IC ATION 

0%/^^^^^ 
27   DEFECTIVE MATERIAL  SENT TO: 

U   NAME,  TITLE & TEL EXT OF PREPARER: 
MICHAEL   L.   WAITS      , 

^6FT MEC^/^rf5^^^  
(805)277-fei22^AV:     350- 

MICHAEL A.  GULICK 
CPT,  AV,  C,  Plans and Programs 

DARCOM  , ;S:M„ 2134 Previous editio i may be used until exhausted. 
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EQUIPMENT PERFORMANCE REPORT 
(DARCOM AMCR 700-38) 

DATE: 
22 March 1985 

OFFICE SYMBOL: 
SAVTE-TA 

T0   Cormandar 
US Amy Aviation Systam» Command 
ATTN:     AMCPM-AAH-SE 
4300 Goodfallow Blvd. St.  Louis, MO 6312( 

FROM:    coanander 
US Army Avn Engineering Flight Activlt 
ATTN:     SAVTE-TA 
Edwards AFB,  CA 93523-5000 

I.    EPft NO.: 
84-23-A 

2.   TECOM/AVSCOM PROJ NO.: 
USAAEFA Proj. No.  84-23 

3.   TEST TITLE 
AH-64 Artificial and Natural Icing left 

I MAJOR ITEM DATA 
4. MODEL AH-64A ly SERIAL NO.    82-23356 
6. QUANTITY 7. LIFE PERIOD: 

8. MFR: Hltah*a 9. USA NO. 

II PART DATA 
io. NOMENCLATURE/DESCRIPTION:    Elastromaric baaring (Mount.  Rssiliec»:, Tail Rotor) 

1.  FSN; 12. MFRPART NO.:    7-211421025 
14. MFR:  LORD 15. DRAWING NO.: 

15. QUANTITY: 1 16. NEXT ASSEMBLY: 

17. MAC FUNCTIONAL CRP: 18. PART TEST LIFE; 

1». DATE OF OCCURRENCE: 12 March 1985 
III IMCIDINTDATA 

20. TYPE OF REPORT: 2». ACTION TAKEN; 

22. MAINT SPT, ELM. CODE: 
i. a. INCIDENT a. REPLACED 

23. OBSERVED DURING 24. TEST ENVIRONMENT: b. INFORMATION b. REPAIRED 
a. OPERATION 35. INCIDENT CLASSIFICATION: e. ADJUSTED 

b. MAINTENANCE a. CRITICAL d. DISCONNECTED 

e. INSPECTION X     b. MAJOR .. REMOVED 

J. OTHER Ic. MINOR NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22): 

During ground inspection, after No. 2 flight, resilient mount was found to have debonded 
from forked housing on tail rotor yoke housing. Further inspection revealed only one of 
the four mounts had debonded. Maintenance crews removed the outboard T/R to remove 
debonded mount. Clean up on fork assembly and old mount was required before rebonding 
and cure time. Proceeded through bonding procedures titled:  Bonding Procedures for the 
7-211421008 Tall Rotor Fork Assembly. Time cured before testing bond on ground was 
approximately 20 hours. Ground run was accomplished approximately 22 hours after bonding. 
Ground inspection after run revealed no debonding. Balancing of T/R was required after 
rebonding of mount. 

Reference:  TM 55-1520-238-23 and 23P; Fig. 127, Item 20 

INCIDENT CLASSIFICATION IS SUBJECT TO RECL ASSIFICATIQN 

M/mfait&zdi^- 
U   DEFECTIVE MATERIAL SENT TO: 

28, NAME, TITLE & TEL EXT OF PREPARER: 
MICHAEL L-WAITS 

1805) 277-^22; ÄV:    350- 

MICHAEL A.   GULICK 
CPT,  AV,  C,  Plans and Programs 

DARCOM  /Aft. 2134 Previous edition may be used until exhausted. 
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TM 55 • 520-238-231» 

,«\^ 13lf^\     T^SC 

9  10 

P/n: 1~Zll4Zl02S 

308 

K'09- 

FIGURE 127. GROUP OS TAIL ROTOR INSTALLATION 
(HEAD BLADES) 7-311420002 
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Attachment 1 of EPR No.  84-23-4 
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I.I     «<J--.C.w-£.,,-CJ 

Ij-S-ll.    I.ML nOTO^ PITCH LINK ASSEMBLY REf'OVAl/Jf'fTrV.L^TIOM (cent) 11-5-11 

TJ !iZ<T PA3£ 

Attachment 2 of EPR No. 84-23-4 
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EQUIPMENT PERFORMANCE REPORT 
(DARCOM AMCR 700-381 

(DATE: 22 March 1985 
OFFICE SYMBOL: SAVTE-TA 

Cammatm ~~— 
US Army Aviation Systems Command 
ATTN:  AMCPM-AAH-SE 
4300 Goodfellow Blvd. St. Louis, MO 631 

TRö^—Luuouudvr  
US Army Avn Engineering Fit Activity 
ATTN:  SAVTE-TA 

)     Edwards AFB, CA 93523-5000 

TO: 

I.    EPRNO.: 

8A-23-5 
2.   TECOM/AVSCOM PROJ NO.: 

USAAEFA Proj.  No.  84-23 
3.   TEST TITLE 

AH-64A Artificial and Natural Icing TeStl 

I MAJOR ITEM DATA 
4. MODEL AH-64A S. SERIAL NO. 

82-23356 
6. QUANTITY: 1 7. LIFE PERIOD: 

8. MFR: Hughes 9   USA NO. 

II PART DATA 
io. NOMENCLATURE/DESCRIPTION:        APU Control Panel,   Start/Run 

II.  FSN: 12. MFR PART NO.: 7-3n650003 
13. DRAWING NO.. 14. MFR: 

15. QUANTITY: 16. NEXT ASSEMBLY: 

17. MAC FUNCTIONAL GRP 18. PART TEST LIFE: 

III INCIDENT DATA 
t9. DATE OF OCCURRENCE: ^ March 1985 20. TYPE OF REPORT: 21. ACTION TAKEN: 

22. MAINT SPT, ELM, CODE: 
a. INCIDENT a. REPLACED 

23. OBSERVED DURING 24. TEST ENVIRONMENT. b. INFORMATION b. REPAIRED 

3. OPERATION 25. INCIDENT CLASSIFICATION: c. ADJUSTED 

b. MAINTENANCE 

c. INSPECTION 

d. OTHER 

a. CRITICAL d. DISCONNECTED 

b. MAJOR • . REMOVED 

C   MINOR f. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22): 

On APU start, pilot observed traces of smoke from his right console. Pilot terminated 
APU run. Electricians removed APU panel from right console and discovered an apparent 
burnt diode. Damaged panel was removed and a new APU panel was installed. Further trouble 
shooting of damaged panel reaffirmed the one apparently burned diode, and another one was 
damaged due to the one that burned. No apparent cause for failure was discovered. 

Reference:  TM 55-1520-238-23 

See attached drawing for diodes location and APU panel. 

INCIDENT CLASSIFICATION IS SUBJECT TO RECLASSIFICATION 

MICHAEL A.  GULICK 

27   DEFECTIVE MATERIAL  SENT TO: 

28. NAME, TITLE 4 TEL EXT OF PREPARER: 
MICHAEL L._ WAIIS       . 
MFT  MECl 
)805)277-2922; äV:  350- 

MICHAEL A. GULICK 
CPT, AV, C, Plans and Programs 

OARCOM  , ™, 2134 Previoun edition may be used until exhausted, 
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TM 55-1520-233-23 

15-2-24.   APU CONTROL PANa START/RUN SWITCH REPl/CCTEWT (AV1M)  (cont) 15-2-24 

"Cljr  ;' 

LOCATlDM   oP   APU   PflNEt 
cu   PiLOr't   or   co*j<6i& 

a 

Attachment 1 of EPR No. 84-23-5 
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EQUIPMENT PERFORMANCE REPORT 
(DARCOW AMCR 700-38) 

DATE: 
22 March 1985 

OFFICE SYMBOL: 
SAVTfe-TA 

TO Commander 
US Army Aviation Systems Command 
ATTN: AMCPM-AAH-SE 
4300 Goodfellow Blvd. St. Louis, MO 6312( 

"o^ Commander 
US Army Avn Engineering Flight Actv 
ATTN:  SAVTE-TA 
Edwards AFB, CA 93523-5000 

I,     EPR  NO.: 
84-23-6 

2.   TECOM/AVSCOM PROJ NO.: 
USAAEFA Proj. No.  84-23 

3     TEST TITLE 
AH-64A Artificial and Natural Icing Tes I 

I MAJOR ITEM DATA 
4 MODEL    AH-64A 5. SERIAL NO 

6. QUANTITY. 7. LIFE PERIOD: 

B   MFR 
Hughea 9    USA NO.: 

II PART DATA 
to. NOMENCLATURE DESCRIPTION: ^^ and Tali Rotor Blade De-ice Controller 

7-311A10023-5  (S/N:   ÖÖ52) II. FSN: 12. MFR PART NO. 

13. DRAWING NO. u. MFR:  AEG - Telefunken 
15. QUANTITY: 16. NEXT  ASSEMBLY: 

17. MAC FUNCTIONAL   ORP- 18. PART TEST LIFE: 

III INCIDENT DATA 
i'». DATE OF OCCURRENCE: 20. TYPE OF REPORT: 21. ACTION TAKEN: 

22. MAINT SPT.  ELM, CODE: 
a. INCIDENT 3. REPLACED 

2J. OBSERVED  DURING 24.  TEST ENVIRONMENT. X I b. INFORMATION fa.  REPAIRED 

a. OPERATION 25. INCIDENT CLASSIFICATION: c. ADJUSTED 

b. MAINTENANCE 

c. INSPECTION 

d. OTHER 

o. CRITICAL d. OISCONNEC1KD 

b. MAJOR • . REMOVED 

c. MINOR I. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE lOENTIFJEO IN,BLOCK,22):, 
The requirement  exists  to trim the De-ice controller to the electrical resistance charac- 
teristics of each main and tail rotor blade.  This procedure is required each time a main 
or tail rotor blade is changed. The reason for this  is that the AEG-Telefunken controller 
has  the inherent capability of preventing a blade or blade element from overheating.  The 
overheat temp,   limit  is  55    Celcius. The controller measures blade element  temperature by 
the change  in electrical resistance as  the element  is heated.  Hence the requirement for 
the controller  to be "trimmed" for the variation in resistance in each blade/blade ele- 
ment.  The procedure is only documented and  the peculiar ground support equipment describe« 
in the rotor blade de-ice production test procedure  (FTP)   PTP 77-TP-7541-3,  Rev A, Main 
and Tail Rotor Blade De-ice system.  Furthermore charts are required which are contained 
only in the AEG-Telefunken manual. The specific procedure and equipment required  is not 
contained in the -23 series TMs. The equipment is only available at HHI  in Mesa,  AZ.  Sinci 
main and  tail rotor blade changes are an AVUM function this will cause a maintainability 
problem at unit  level. 

INCIDENT CLASSIFICATION IS SUBJECT TO RECL ASSIF ICATION 
27   DEFECTIVE MATERIAL  SENT TO: 

28. NAME. TITLE 1 TEL EXT OF PREPARER: 
MICHAEL L^WAJIS»     ^^ 
iOPT MEQ 
J850)277-Ü52;  ^V 50- 

ifäidh^to*<iKC~^A~ 
MICHAEL A. GULICK 
CPT, AV, C, Plans and Programs 

DARCOM  I;°:
M

M 2134 Previous edition may be used until exhausted. 
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EQUIPMENT PERFORMANCE REPORT 
(DARCOV AHCR 700-38) 

DATE:   22 March 1985 
OFFICE SYMBOL: 

 SAVTK-TA 
TO: Conmander 

US Army Aviation Systems Command 
ATTN:     AMCPM-AAfl-SE 
4300 Goodfallow Blvd.  St. Louis,  MO 6312( 

FROM: 
Commander 
US Army Avn Engineering Flight Activity 
ATTN:   SAVTE-TA 
Edwards AFB, CA    93523-5000 

I.    EPRNO.: 

84-23-7 
2.   TECOM/AVSCOM PROJ NO.: 

USAAEFA ProJ. No.  84-23 
3.   TEST TITLE 

AH-64A Artificial and Natural Icing Tesia 

4. MODEL    AH-64A 
I MAJOR ITEM DATA 

5 SERIAL NO.    82-23356 
6. QUANTITY: 1 7. LIFE PERIOD- 

8   MFR: Hughes 9   USA NO. 

II PART DATA 
io. NOMENCLATURE DESCRIPTION:    VISUAL MUX Aasembly  (TADS FLIR) 
II. FSN: 12. MFR PART NO.:     13075911 

14. MFR: Martin narletta 13. DRAWING NO. 

15. QUANTITY: 1 16. NEXT ASSEMBLY: 

17. MAC FUNCTIONAL GRP' 18. PART TEST LIFE: 

19. DATE OF OCCURRENCE: 19 March 1985 
III INCIDENT DATA 

20. TYPE OF REPORT: 21.  ACTION TAKEN: 

22. MAINT SPT, ELM. CODE: 
a. INCIDENT a. REPLACED 

23. OBSERVED DURING 24. TEST ENVIRONMENT, b. INFORMATION b. REPAIRED 

a. OPERATION 25. INCIDENT CLASSIFICATION: c. ADJUSTED 

b. MAINTENANCE 

c. INSPECTION 

d. OTHER 

a. CRITICAL d. OISCONNECIED 

b. MAJOR •. REMOVED 

C    MINOR f. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY {INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22): 
Target acquisition designation system (TADS) FLIR Image modulates inflight making the 
system marginally useable. This image modulation is not the result of any anti-ice 
systems being activated. The electro-optical multiplex unit has been replaced. System 
does not appear to have been functioning properly since the beginning of the icing tests 
A representative FLIR image is required to complete the TADS portion of the icing test 
since one of the test objectives requires comparlslon of FLIR imagery with antl-lce 
systems on and off. 

INCIDENT CLASSIFICATION IS SUBJECT TO RECL ASSIF ICATI0N 

27. DEFECTIVE MATERIAL SENT TO: /I 
MICHAEL A. GULICK 
CPT, AV, C, Plans and Programs 

28. NAME, TITLE & TEL EXT OF PHEPARER: 

1ICHAEL L. -VAU*     ,, 
XSI MECH «-^Mf^«- 
^05)277-2^2; A^:   350- 

DARCOM ,;»;*;, 2134 Previous edition may be used until exhausted. 

140 

d&J^&^^ 



4*ä & 
EQUIPMENT PERFORMANCE REPORT 

(DARCOM'AMCR 700-38) 

DATE: 
29 March 1985 

OFFICE SYMBOL: 
SAVTE-TA 

TO: Commander 
US Army Aviation Systems Comnand 
ATTN:    AMCPM-AAH-SE 
4300 Goodfellow Blvd. St. Louis, MO 63120 

FR0M: Commander 
US Army Aviation Flight Activity 
ATTN:     SAVTE-TA 
Edwards AFB, CA    93523-3000 

I.    tPR NO. 

84-23-8 
2.   TECOM/AVSCOM PROJ NO.: 

USAAEFA Project #84-23 

3.   TEST TITLE 

AH-64A  ICING TESTING 

I MAJOR ITEM DATA 
4. MODEL    AH.64A 5. SERIAL NO 

82-23356 
4. QUANTITY: 1 7. LIFE PERIOD- 

B. MFR HUGHES 9. USA NO.: 

II PART DATA 
10. NOMENCLATURE/DESCRIPTION:     JAT[_    RQTOR   BLADE 

II. FSN: 12. MFR PART NO. 2-311422050, 
13. DRAWING NO. 14. MFR: COMPOSITE DYNAMICS 
15. QUANTITY: 16. NEXT ASSEMBLY: 

17. MAC FUNCTIONAL GRP: 18. PART  TEST LIFE; 

III INCIDENT DATA 
19. DATE OF OCCURRENCE: 

24 MARCH 1985 20. TYPE OF REPORT: 21. ACTION TAKEN: 

22. MAINT SPT, ELM, CODE: 
XXX "• INCIDENT XXX * REPLACED 

21 OBSERVED  DURING: 24. TEST ENVIRONMENT: b. INFORMATION b. REPAIRED 

m a. OPERATION 25. INCIDENT CLASSIFICATION: c. ADJUSTED 

b. MAINTENANCE 

e. INSPFCTION <xx 
d. OTHER 

o. CRITICAL d. DISCONNECTED 

b. MAJOR e. REMOVED 

c. MINOR f. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN bLOCK 22): 

Post flight inspection revealed damage to the #3 and #4 tail rotor blades. 
This flight was a 1 hour 16 minute immersion in natural icing conditions at 
-5 C to -8' C and with a liquid water content (LWC) of 0.3 to 0.5 gm/m 
Damage to the #4 blade (an inboard blade) was on the inboard side and is 
described in detail in the attached HHI Field Data Report. Damage to the #3 
blade was a two inch deformation of the leading edge, approximately 1 5 
inches from blade tip. The #3 blade also sustained a 1" spanwise crack, 
approximately 1,5 inches from the trailing edge on the outboard side of the 
blade and one inch inboard of the blade tip. The #3 blade is an outboard 
tail rotor blade. Tail rotor blade damage is attributed to ice shedding. 
However, it has not been determined whether the shed ice came from the main 
rotor or fuselage. 

INCIDENT CLASSIFICATION IS SUBJECT TO RECL ASSIFICATION 
27. DEFECTIVE MATERIAL  SENT TO: 

28.,NAME. TITLE & TEL EXT OF PREPARER: 

POMMES M.  ADKINS       ^-      S£ 
CW4, USA 
(805)  277-4986 

HJIM. 

29. FOR THE COMMANDER 

MICHAEL A.  GULICK 
CPT, AV, C, Plans and Programs 
(805)   277-4643 

DARCOM ,™,  2134 Previous edition may be used until exhausted, 
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EQUIPMENT PERFORMANCE REPORT 
iDARCOW .4VCR 7W-J»; 

DATE 29 March 1985 
OFFICE SYMBOL:  SAVTE.TA 

Commander 
US Army Aviation Systems Command 
ATTN:    AMCPM-AAH-SE 
4300 Goodfellow Blvd. St. Louis. MO 63120 

FR0M; Commander 
US Army Aviation Flight Activity 
ATTN:     SAVTE-TA 
Edwards AFB, CA   93523-5000 

1.    EPRNO.: 

84-23-9 
2.   TECOM/AVSCOM PROJ NO.: 

USAAEFA Project #34-23 

J     TEST  TITLE 

AH-64 Artificial & Natural Icing Test 

1                                                                                     1 MAJOR ITEM DATA                                                                                      | 
4 MODEL      AH.64A s SERIAL NO     82-233356 
6. QUANTITY        2 7. LIFE PERIOD: 

a «FR       Hughes 9   USA NO.: 

II PART DATA 
10. NOMENCLATURE/DESCRIPTION:      Holder    (TADS) 
II, FSHs 12. MFR PART NO.;           13075990 
13.  DRAWING NO.: 14.MFR:          MARTIN MARIETTA 
15. QUANTITY:     \ 16. NEXT  ASSEMBLY: 

17. MAC FUNCTIONAL  GRP- 18. PART TEST LIFE: 

!                                                                                     Ill INCIDENT DATA                                                                                       I 
i9. DATE OF OCCURRENCE:   24Ma'-ch  1985 20. TYPE OF REPORT: 21. ACTION TAKEN:                                j 

22   MA1NT SPT,  ELM, CODE: 
X a. INCIDENT o.  REPLACED 

123. OBSERVED DURING 24. TEST ENVIRONMENT: b. INFORMATION b. REPAIRED 

X a. OPERATION 25. INCIDENT CLASSIFICATION: c. ADJUSTED 

b. MAINTENANCE o   CRITICAL d. DISCONNECTED 

c. INSPECTION X b. MAJOR e. REMOVED 

d. OTHER r     MINOR (. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK  22): 

During a 1.2 hour flight in natural  icing conditions  it was noted by the CPG that the 
day TV image was inoperative.    Post flight inspection revealed a broken internal part 
described in the enclosed pages.    This part cannot be changed without performing 
critical adjustments to the optical  system.    Therefore,  it has been proposed that the 
entire daysld« assembly be replaced.    Action to be taken is uncertain at this time. 

INCIDENT CLASSIFICATION IS SUBJECT TO RECL ASSIF IC ATION 
27. DEFECTIVE MATERIAL  SENT TO: 

28. NAME, TITLE &  TEL EXT OF PREPARE«: 

ft^MES M. ADKINS       fJ         //L       n, 
CW4, US Army         J^J (/ P/iJO^L 
(805) 277-4986             (/ 

29. FOR THE COMMANDER: 

MICHAEL A GULICK 
CPT, AV, C, Plans  md Programs 

DARCOM t\°r7, 2134 Previous edition may be used until exhauatvdL 
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EQUIPMENT PERFORMANCE REPORT 
iDARCOM AMCR 700-38) 

T0: Commander 
US Army Aviation Systems Command 
ATTN: AMCPM-AAH-SE 
4300 Goodfellow Blvd, SI Louis, MO 6312C 

DATE: 29 March 1985 
OFFICE SYMBOL: 

FROM: 
-SAlCTEsIL 

Commander 
US Army Aviation Flight Activity 
ATTN:    SAVTE-TA 
Edwards AFB, CA    93523-5000 

1.   EPRNO.: 

84-23-10 
TECOM/AVSCOM PROJ NO. 

USAAEFA Project #84-23 
3. TEST TITLE 

AH-64 Artificial & Natural Icing Test 

I MAJOR ITEM DATA 
4  MODEL AH-64A s SERIAL NO    82-23356 
6. QUANTITY 1 7. LIFE PERIOD: 

8. MFR: Hughes 9. USA NO, 

II PART DATA 
10. NOMENCLATURE/DESCRIPTION: Elastromeric Bearing (Mount Resilient Tail Rotor) 
1 I. FSN: 12. MFR PART NO.:     7-211421025 
13.  DRAWING NO.: 14. MFR: LORD 
15. QUANTITY: 16. NEXT  ASSEMBLY: 

17. MAC  FUNCTIONAL   CRP: 18. PART TEST LIFE: 

III INCIDENT DATA 
19. DATE OF OCCURRENCE: 25 March 1985 20. TYPE OF REPORT: 21. ACTION TAKEN: 

22   MAINT SPT. ELM, CODE: 
a. INCIDENT a. REPLACED 

23. OBSERVED DURING 24.  TEST  ENVIRONMENT. b. INFORMATION b. REPAIRED 

a. OPERATION 25. INCIDENT CLASSIFICATION: c. ADJUSTED 

b. MAINTENANCE 

INSPECTION 

d. OTHER 

a. CRITICAL d. DISCONNECTED 

b. MAJOR • . REMOVED 

MINOR (. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22): 

During ground inspection following a ground run for tail rotor change due to T/R damage 
on FLT 15, resilient mount was found to have debonded from forked housing on tail rotor 
yoke hosuing. Further inspection revealed only one of the four mounts had debonded. 
Maintenance crews removed the outboard T/R to remove debonded mount. Clean up on fork 
assembly and old mount was required before rebonding and cure time. Proceeded through 
bonding procedures titled: Bonding Procedures for the 7-211421008 Tail Rotor Fork 
Assembly. Time cured before testing bond on ground was approximately 20 hours. Ground 
inspection after run revealed no debonding. Balancing of T/R was required after 
rebonding of mount. This was not the same elastrometric bearing that was debonded on 
FLT #2 (see EPR #004). 

REFERENCE: TM 55-1520-238-23 and 23P; FIG. 127 ITEM 20. 

INCIDENT CLASSIFICATION IS SUBJECT TO RECLASSIFICATION 
•27   DEFECTIVE MATERIAL SENT TO: 

,28. NAME, TITLE & TEL EXT OF PREPAR.ER 

TllkHAEL L.  WAITS 
ACFT MECH 
(805)  277-2522; AV:  350- 

29. FOR THE COMMANDER: 

MICHAEL A. GULICK 
CPT, AV, C, Plans and Programs 

DARCOM .^r,.  2134 Previous edition may be used until exhausted, 
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EQUIPMENT PERFORMANCE REPORT 
IDARCO¥  AMCR 700-38) 

TO: Commander 
US Army Aviaclon Systems Command 
ATTN:     AMCPM-AAH-SE 
4300 Goodfellow Blvd.   St.   Louis,  MO 

DATE. 
30 March   1985 

OFFICE SYMBOL: SAVTE-TA 

63120 

I.   EPRNO. 

84-23-11 

FROM: Commander 
US Army Aviation Flight Activity 
ATTN:     SAVTE-TA 
Edwards AFB,  CA    93523-5000 

2.   TECOM/AVSCOM PROJ NO.: 

USAAEFA Project  //84-23 

3.   TEST TITLE 

AH-64A Icing Testing 

I MAJOR ITEM DATA 
4. MODEL AH-64A 5. SERtAU NO. 82-23356 
«. QUANTITY: I ;. LI^E PERIOD- 

8. MFR: HUGHES 9. USA NO.: 

II PART DATA 
10. NOMENCLATURE/DESCRIPTION:        ENGINE 

II. FSN: 2840-01-114-2111 12. MFR PART NO.: 6044T06G01   (S/N:   374133) 
13. DRAWING NO.: u. MFR:    GENERAL ELECTRIC 
IS. OUAMTITY: 1  EA. 16. NEXT ASSEMBLY: 

17. MAC FUNCTIONAL CRP; 18. PART TEST LIFE: 

III INCIDENT DATA 
19. DATE OF OCCURRENCE:       28  MARCH   1985 20. TYPE OF REPORT: 21. ACTION TAKEN: 

22. MAINT SPT. ELM, CODE: 
a. INCIDENT X    a. REPLACED 

2X OBSERVED DURING: 24. TEST ENVIRONMENT: b. INFORMATION b. REPAIRED 

o. OPERATION 25. INCIDENT CLASSIFICATION: c. ADJUSTED 

b. MAINTENANCE 

e. INSPECTION 

d. OTHER 

a. CRITICAL d. DISCONNECTED 

b. MAJOR •. REMOVED 

c. MINOR I. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22): 

Following a 1 hr. and 20 minute flight in natural icing conditions (total 2.0 hr. flight 
time), the ground crew reported an unusual engine noise during landing and shutdown. 
The flight crew was not aware of any unusual engine noise.  Engines were bore scoped by 
General Electric representative.  Number two (2)   engine was found to have a 5/16 to 3/8 
inch curl  in the  tip of one blade in the first stage compressor.  General Electric 
recommended that engine was flyable for a maximum of 10 hours and engine should be 
changed prior to departing Duluth. AVSCOM Engineering gave VOCO release on 29 March 1985 
for five (5) hours flight time to complete icing tests.  Engine will be replaced prior to 
departing from Duluth. 

INCIDENT CLASSIFICATION IS SUBJECT  TO RECL ASSIFICATION 
27. DEFECTIVE MATERIAL SENT TO: 

2«. NAME, TITLE A TEL EXT OF PREPAREP 

JAMES M. ADKINS 
CW4, USA 
(805) 277-4986 

2?. FOR THE COMMANDER: 

MICHAEL A.   GULICK 
CPT,  AV,  C,   Plans & Programs 
(805)   2 77-4643 

DARCOM , ;sr,. 2134 Previous edition mmy be used ijrfi7 exhausted. 
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EQUIPMENT PERFORMANCE REPORT 
(DARCOH AMCR 700-38) 

DATE: 
29 March   1985 

OFFICE SYMBOL: 
SAVTE-TA 

TO:   Commander 
US Army Aviation Systems Command 
ATTN:     AMCPM-AAH-SE 
4300 Goodfellow Blvd.   St.  Louis,  MO  63120 

FROM:   Commander 
US Army Aviation Flight Activity 
ATTN:     SAVTE-TA 
Edwards AFB,  CA    93523-5000 

I.    tPRNO.: 

84-23-12 

2.   TECOM/AVSCOM PROJ NO,: 

USAAEFA Project  #84-23 

3.   TEST TITLE 

AH-64A  Icing Testing 

I MAJOR ITEM DATA 
4. MODEL       AH-64A 5   SERIAL NO. 82-23356 
6. QUANTITY:    1 7. LIFE PERIOD: 

aims 8. MFR: 9. USA NO.: 

II PART DATA 
10. NOMENCLATJRE/DESCRIPTION:   ELASTROMETRIC BEARING   (MOUNT RESILENT TAILROTOR) 
II. FSN: 12. MFR PART NO.: 7-211421025 
13. DRAWING NO.: 14. MFR: LORD 
IS. QUANTITY: 16. NEXT ASSEMBLY: 

17. MAC FUNCTIONAL GHP: 18. PART TEST LIFE: 

III INCIDENT DATA 
19. DATE OF OCCURRENCE:        28  MARCH   1985 20. TYPE OF REPORT: 21. ACTION TAKEN: 

22. MAINT SPT, ELM, CODE: 
X a. INCIDENT o. REPLACED 

23. OBSERVED  DURING: 24. TEST ENVIRONMENT: b. INFORMATION b. REPAIRED 

a. OPERATION 25, INCIDENT CLASSIFICATION: c. ADJUSTED 

b. MAINTENANCE 

c. INSPECTION 

U OTHER 

o. CRITICAL d. DISCONNECTED 

b. MAJOR •. REMOVED 

c. MINOR (. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22): 

During ground Inspection following Flight //17 the resilent mount was found to have dsbouded 
from forked housing on tailrotor yoke housing. Maintenance crew removed the outboard T/R 
to remove debonded mount.  Repair was made as before on mount I.A.W. rebonding procedures 
(See EPR //004). Mount cured for the 24 hours and then was run-up for T/R balancing. This 
was the same mount that debonded after Flight //15 (See EPR //010) . Tailrotor balancing was 
good and ground inspection after run found no discrepancies with bonding of mount. 

REFERENCE: TM55-1520-238-23 AND 23P; FIG. 127, ITEM 20. 

INCIDENT CLASSIFICATION IS SUBJECT TO RECL ASSIFICATION 
2/. DEFECTIVE MATERIAL SENT TO- 

28. NAME, TITLE & TEL EXT OF PREPARER: 

JAMES M.   ADKINS 
CW4,   USA 
(805)   277-4986 nX3ir 

29. FOR THE COMMANDER- 

MICHAEL A.   GULICK 
CPT,  AV,  C,   Plans & Programs 
(805)   27704643 ;ini|P 

DARCOM 2134 Previous edition may be used until exhausted. 

145 

-^■•Ä'^^^^^ 



r EQUIPMENT PERFORMANCE REPORT 
DAT-F 

4  APRIL   1985 
IDARCOH AHCR 700-38) OFFICE SYMBOL:    ^^          . 

To Conunander 
US Army Aviation Systems Command 
ATTN:     AMCPM-AAH-SE 
A300  Goodfellow Blvd.   St.   Louis,  MO  63120 

FR0M: Commande- 
US Army Aviation Flight Activity 
ATTN:     SAVTE-TA 
Edwards AFB,   CA    93523-5000 

1.    EPRNO.: 2.   TECOM/AVSCOM PROJ NO. 

USAAEFA Project  #84-23 

3.   TEST TITLE 

AH-64A  Icing Testing 

|                                                                                      1 MAJOR ITEM DATA                                                                                       | 
4. MODEL         AH-64A 5. SERIAL NO.   82-23356 
4. QUANTITY:     I ;. LIFE PERIOD: 

8- MFR             HUGHES 9.  USA NO.: 

II PART DATA 
10. NOMENCLATURE/DESCRIPTION:      POWER  SUPPLY   (STROBE  LIGHTS) 
II. f%H: .2.MFRPARTNO.:             7_ , , , n , ^ ?_ , 

13. DRAWING NO.: 14. MFR: 

15. JUANTITY:         1 16. NEXT ASSEMBLY: 

| 17. MAC FUNCTIONAL  GRP- 18. PART TEST LIFE' 

I                                                                                  IIMNaDENTDATA 
19. DATE OF OCCURRENCE:     2APRT1     1985 20. TYPE OF REPORT: 21. ACTION TAKEN: 

22. MAINT SPT, ELM, CODE: X a. INCIDENT a. REPLACED 

121 OBSERVEr DURING: 24. TEST ENVIRONMENT: b. INFORMATION b. REPAIRED 

a. OPERATION 25. INCIDENT CLASSIFICATION; c. ADJUSTED 

b. MAINTENANCE d. CRITICAL d. DISCONNECTED 

X e. INSPECTION b. MAJOR «. REMOVED 

d. OTHER X c. MINOR f. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22): 

During pre-flight   inspection of  cockpit  area,   strobe  lights were  not  working  both  sides. 
Electrician troubleshot  power  supply  for  strobe  lights P/N:   7-311B2022-3  located,   left 
XSMN panel,  access,   next  to   left   transformer.     Previous months  had  shown  two  other power 
supply  failures.     Power supply had  all  voltages going  to   it  as  required.     Condensation 
was  only  probable  cause  noted  after  troubleshooting.     Cleaned/dried  connectors  and 
reapplied  PWR.     Strobes worked. 

INCIDENT CLASSIFICATION IS SUBJECT TO RECL ASSIFICATION 
27. DEFECTIVE MATERIAL SENT TO: 

29. NAME, TITLE & TEL EXT OF PREPARER 

MICAHEL WAITS 
ACFT MECH                                                . 
(805)   277-2522                  ü  .^ «  JA«.,.-' 

29. FOR  THF COMMANDER 

MICAHEL  A.   GULICK 
CPJ,   AV,   C,   PLANS  &   PROGRAMS 
(805)   2 7 7-4643                                         V'r'i' 

DARCOM ,;°r7. 2134 Previous edition may be used until exhausted, 
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EQUIPMENT PERFORMANCE REPORT 
IDARCOH AMCR 700-38) 

DATE: 
4 APRIL  1985 

OFFICE SYMBOL: 
SAVTE-TA 

TO: Commander 
US Army Aviation Systems Command 
ATTN:  AMCPM-AAH-SE 
4300 Goodfellow Blvd. St. Louis, MO 63120 

FROM: Commander 

US Army Aviation Flight Activity 
ATTN:  SAVTE-TA 
Edwards AFB, CA 93523-5000 

I.    EPRNC: 

84-23-14 
2.   TECOM/AVSCOM PROJ NO.: 

USAAEFA Project ^84-23 

3.   TEST TITLE 

AH-64A Icing Testing 

I MAJOR ITEM DATA 
4. MODEL AH-64A J, SERIAL NO. 82-23356 
6. QUANTITY: 1 ;. LIFE PERIOD: 

8. MFR: HUGHES 9. USA NO. 

II PART DATA 
10. NOMENCLATURE/DESCRIPTION: NOSE GEARBOX FAIRING,  LOWER HALF 

12. MFR PART NO.:       7-311140174-2 II. FSN: 

13. DRAWING NO.: 14. MFR: HUGHES 
IS. QUANTITY: 1 I«. NEXT ASSEMBLY: 

17. MAC FUNCTIONAL CRP: 18. PART TEST LIFE: 

III INCIDENT DATA 
19. DATE OF OCCURRENCE:       3  APRIL    1985 20. TYPE OF REPORT: 21. ACTION TAKEN: 

22. MAINT SPT, ELM, CODE: 
a. INCIDENT o. REPLACED 

21 OBSERVED DURING: 24. TEST ENVIRONMENT: b. INFORMATION b. REPAIRED 

a. OPERATION 35. INCIDENT CLASSIFICATION: e. ADJUSTED 

b. MAINTENANCE 

c. INSPECTION 

d. OTHER 

a. CRITICAL d. DISCONNECTED 

b. MAJOR •. REMOVED 

c. MINOR (. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22): 

When installing nose gearbox fairing,   lower half,  P/N:   7-311140174-2,   the wire bundle to 
the nose gearbox was found  to be pinched between the fairing and  fan  (D/S Covering)  P/N: 
7-31132001.    There was no definite   indication to  the desired routing or anywhere to secure 
the wires from being left  to dangle.    Further inspection revealed the wires had been 
chaffing in that area due to no way to secure them to fairing.     Velcro had been tried but 
it appeared  that   it  doesn't  hold.     An alternate  routing was tried behind a fairing support 
(see  * on drawing),   but connector at J48/P48 location was  short  from routing and won't 
connect. 

See Attached Drawings. 

INCIDENT CLASSIFICATION IS SUBJECT TO RECL ASSIFICATION 
27. DEFECTIVE MATERIAL SENT TO: 

28. NAME, TITLE & TEL EXT OF PREPARES' 

MICHAEL WAITS 
ACFT.   MECHANIC 
(805)   277-2522 

-äJ 

29. FOR THE COMMANDER; 

MICHAEL A.   GULICK 
CPT, AV,  C,  Plans  & Programs 
(805)   277-4643 >I6NE' 

DARCOM  ,;•«;,  2134 Previous edition may be used until exhausted. 
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r EQUIPMENT PERFORMANCE REPORT 
DATE:     5 APRIL   1985 

(DARCOM'AMCR 700-38) OFFICE SYMBOL:                                        ' 
SAVTE-TA 

TO: Commander 
US Army Aviation Systems Command 
ATTN.     AMCPM-AAH-SE 
4300 Goodfellow Blvd.  St.   Louis,  MO 63120 

FROM: Commander 
US Army Aviation Flight Activity 
ATTN:     SAVTE-TA 
Edwards AFB,  CA    93523-5000 

1.    EPH NO.: 

84-23-15 

2.    TECOM/AVSCOM PROJ NO.: 

USAAEFA Project  #84-23 
3.   TEST TITLE                                                                                     | 

AH-64A Icing Testing 

i                                                                                 1 MAJOR ITEM DATA                                                                                 1 
4. MODEL     AH_64A 5. SERIAL NO.    82-23356 
6. QUANTITY-    [ 7. LIFE PERIOD: 

8. MFR:        HUGHES 9. USA NO.: 

II PART DATA 
10. NOMENCLATURE/DESCRIPTION:    ELASTROMERIC  BEARING  (MOUNT,   RESILIENT TAILROT0R) 
II. FSN: 12. MFR PART NO.:         7-211421025 
13. DRAWING NO.: 14. MFR:                               L0RD 

IS. QUANTITY:         ^ 16. NEXT ASSEMBLY: 

17. MAC FUNCTIONAL CRP: 18. PART TEST LIFE: 

I                                                                                      III INCIDENT DATA                                                                                       1 
19, DATE OF OCCURRENCE:          5   APRIL   1985 20. TYPE OF REPORT: 21. ACTION TAKEN:                               | 

22. MAINT SPT, ELM, CODE: X o. INCIDENT a. REPLACED 

121 OBSERVED DURING: 24. TEST ENVIRONMENT: b. INFORMATION X b. REPAIRED 

o. OPERATION 25. INCIDENT CLASSIFICATION: c. ADJUSTED 

b. MAINTENANCE o. CRITICAL d. DISCONNECTED 

X c. INSPECTION X b. MAJOR •. REMOVED 

d. OTHER c. MINOR (. NONE 

IV INCIDENT DESCRIPTION 
2«. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22): 

After   first   flight,   a post flight inspection revealed no debonding of   the T/R resilient 
mounts.     Approximately   1   hour  later,   after acft.   had been relocated  inside  the hangar and 
allowed  temperature  change, an   inspection of  the mounts   revealed  that   the IU  T/R mount had 
debonded fib   the  third  time (see EPR's  010,   012).     The   first  debonding when adhesive was 
mixed,   it was heated prior to  application so as   to speed up cure.     This was  //3 T/R mount, 
(see   EPR ^004), and  has  not since debonded.     Other factors involved besides  coldness  couxd 
be the  use of   tap water   instead of distilled or any materials   in  the bonding  procedures 
used   that might leave a  filmy  substance on fork assembly.    P/N:   7-311421039 on the   inside 
of the   race  area,   contributing  to debonding. 

See EPR's oo4, 010,   012. 

INCIDENT CLASSIFICATION IS SUBJECT TO RECL ASSIFICATION 
27. DEFECTIVE MATERIAL SENT TO: 

28. NAME.   TITLE i. TEL EXT OF PREPARE«: 

MICHAEL WAITS 
ACFT.   MECHANIC              Clf-^ 
(805)   27702522             WB^ 

29. FOR THE COMMANDER: 

MICHAEL A.   GULICK 
CPT, AV,  C, Plans & Programs 

(805)  277-4643                                      \\CiHf1 

DARCOM ,;;?;, 2134 Previous edition may be used until exhousted. 
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r EQUIPMENT PERFORMANCE REPORT 
DATE-      1 APRIL 1985 

IDARCOM AMCR 700-38) OFFICE SYMBOL:        SAVTE.TA 

TO Commander 
US Army Aviation Systems Command 
ATTN:    AMCPM-AAH-SE 
4300 Goodfellow Blvd. St.  Louis,  MO   63120 

FROM- Commander 
US Army Aviation Flight Activity 
ATTN*     SAVTE-TA 
Edwards^AFB,  CA    93523-5000 

1.    EPRNO.: 

84-23-16 
2.    TECOM/AVSCOM PROJ NO. 

USAAEFA Project *84-23 
3.   TEST TITLE 

AH-64(   Icing Testing 

1                                                                                       1 MAJOR ITEM DATA                                                                                      | 
4. MODEL      AH-64A 5. SERIAL NO.        82-23355 
6. QUANTITY:    1 7. LIFE PERIOD: 

8.MFR             HUGHES 9. USA NO.: 

II PART DATA 
io. NOMENCLATURE/DESCRIPTION:       FAULT DETECTION/LOCATION SYSTEM FD/LS 
11. FSN: 12. MFR PART NO.; 

IX DRAWING NO.: 14. MFR: 

15. QUANTITY: 16. NEXT ASSEMBLY: 

17. MAC FUNCTIONAL GRP 18. PART TEST LIFE: 

I                                                                                                 III INCIDENT DATA                                                                                                 i 
19. DATE OF OCCURRENCE:       5   MAR-31   MAR   1985 20. TYPE OF REPORT: 21. ACTION TAKEN:                              | 

22. MAINT SPT, ELM, CODE: 
a. INCIDENT o. REPLACED 

1 23. OBSERVED DURING: 24. TEST ENVIRONMENT: X b. INFORMATION b. REPAIRED 

X a. OPERATION 
_ 

25. INCIDENT CLASSIFICATION: c. ADJUSTED 

b. MAINTENANCE o. CRITICAL d. DISCONNECTED 

c. INSPECTION b. MAJOR • . REMOVED 

d. OTHER X c. MINOR f. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULL/ (INCLUDE IMPACT UF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22): 

A  number of discrepancies have been noted in the operation of the anti-ice/de-ice fault 
detection  and   location   system   (FD/LS).   The  first  problem area  is  the result of  FD/LS 
software  logic.   When a  fault  is  detected  in a  subsystem the FD/LS terminates its check 
of   the   remaining   subsystems.   For   example,   the   FD/LS  check   of  the   de-ice   controller 
includes  a check of  four subsystems:   Tail   rotor heater, main  rotor heater, distributor 
and   power controller   (enclosure #1).   If a  fault  in  the tail   rotor heater  is detected, 
the   FD/LS   displays   a   tail    rotor   heater   fail   message   and   does   not   check   the  other 
subsystems.   Therefore,   the   pilot  can't determine the  status   of the main rotor heater, 
distributor, or the power controller   using "on call" FD/LS. 

The   remaining   subsystems  are never  checked and  their  status   is  therefore unknown.   The 
test A/C presently disp1ays a continuous "tail  rotor heater no go" messar1: oecause of an 
incorrect FO/LS software interface with the AEG-Telefinken De-ice Cont. jller.  Therefore, 
the    status   of   the   three   other   de-ice   controller   subsystems,    (main   rotor   heater, 
distributor  and  power  controller)   is   not  available Msinj FD/LS.   Recommend  the FO/LS be 
modified to    allow a check of each subsystem irrespective of the status of the other 

INCIDENT CLASSIFICATION IS SUBJECT TO RECL ASSIFICATION 
27. DEFECTIVE MATERIAL  SENT TO: 

7f. NAME, TITLE & TEL EXT OF PREPARER: 

fr^AMES M. ADKINS        . }              , 
'   CW4,  USA                    M, , , ~/f? 

(805)  277-4786  /^H^/ '^'u^^ 

29. FOR  THE COMMANDER: 

MICHAEL A.  GULICK 
CPT, AV, C, Plans & Programs 
(805) 277-4643                                 SjMFr 

DARCOM  1;S^,  2134 Previous edition may be used until exhausted. 
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subsystems. Further recommend the FO/LS be modified to correctly interpret the tail 
rotor heater fail signal from the AEG-Telefunken De-ice Controller. 

When A/C power is applied and the canopy heater switch is in the "off" position, the 
FD/LS will display a "canopy heater no-go, check heater switch" message. The message 
will appear under any outside temperature conditions. The keyboard switch must be 
rotated from "STBY" to FD/LS position and back to STBY to clear this message. The 
canopy heater position of the FD/LS is operating as designed. However, since 
modification of FD/LS software will be required to correct other discrepancies, 
recommend this subsystem will be altered to give a "canopy heater no go" message only 
when the canopy heater switch is in the "on" position and the system has failed. 

ENG. ANTI-ICE SYSTEM ENCLOSURE #2 

When the ENG. anti-Ice switch is placed in the "on" position, the following occurs: 

a) Anti-ice bleed valve opens allowing bleed air to route to the forward ENG. 
inlet cowling. 

b) The ENG. anti-ice thermal switch starts heating. 

c) The nosegear box electro thermal heaters began heating. 

The engine anti-ice caution lights (enclosure #3) and the master caution light 
illuminate until the nosegear box fairing temperature reaches 205° F to 235° F and the 
thermal switch reaches 155° C closing the switch contacts energizing the anti-ice fail 
relays. At this time the caution lights go out and the green engine inlet lights on the 
pilot's anti-ice panel (enclosure #2) illuminate. If for any reason the eng. anti-ice 
thermal switch did not close or the bleed valve did not open, the eng. anti-ice caution 
lights will remain Illuminated. When the acft. enters icing conditions the engine 
anti-ice caution lights and the master caution lights cycle on and off continuously. It 
is believed that this condition is the result of the nosegear box fairing temperature 
dropping below 205° F. The caution light remains on for 3 to 5 minutes and then goes 
out when the nosegear box temperature again goes above 205° F. This intermittent 
illumination of the eng. anti-ice caution lights provides the pilot with a fail 
indication when in fact the system is functioning. Furthermore, the nosegear box 
fairing heaters are designed to operate at 30 AMPS. Circuit protection is provided 
through a 30 AMP circuit breaker which may result in the circuit breaker opening during 
normal system operation. This circuit breaker has not opened on any flights to date. 
However, suggest consideration be given to performing an electrical lead survey of this 
system. It should also be noted that there is no provision to interrogate the engine 
anti-ice system through the on call or continuous FD/LS system. The addition of FD/LS 
software to check the engine anti-ice bleed valve, anti-ice thermal switch and nosegear 
box fairing temperature will aid in the troubleshooting of a system that has failed, 
because inflight conditions will be difficult to duplicate. 

A copy of the proposed fix for the engine anti-ice caution lights cycling on and off is 
included on enclosure #4. 

Attachment 1 of EPR No. 84-23-16 
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DEICE FDLS 

A, B, C     Order in which major systems are checked by FDLS 
1, 2, 3, 4   Order in which subsystems are checked by FDLS 

DASE 
MRTU 

14T2 - 13 - 15 Tail RTR HTR Fail 

14T2 -13-16 Main J*TR_ HTR Fail 

14T2 - 13 -  17      Distributor Fail 

14T2 - 13 - 18      Power Controller Fail 

<   14T2 - 14 - 17     Sensor Fail/Controller Fail 

14T2 - 14 - 18     Detector Fail 

4R1 26 -  4 FDLS ON 

4T1 - 29 -  13 

4T1  -  29 -  14 

W1ndshield Sensor Good 

Controller Good 

M 4T1 - 29 - 15       Input Power Good 

DEICE 
Controller 

ICE 
Detector 

Control ler 

In Maintenance FDLS, if the Detector Fail Bit is high (14T2 - 14 - 18) the 
FCC commands FDLS ON (4R1 - 26 - 4). Then the FCC checks 14T2 - 14 - 17 to 
see if the sensor failed (Bit 17      1) or if the controller failed  (Bit 17 = 0), 

Enclosure I PM    4-9-84 
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DEICE FDLS 

The FCC Software tests the status of the 14T2 - 13 message 
(Bits 15 - 18) and the 4T1 - 29 message (Bits 13 - 15) in both Continuous 
and Maintenance FDLS. Any error will result in a "NO-GO" for the individual 
failure. 

Continuous FDLS tests the 14T2 14 - 18 Detector Fail message for a 
failure but does not check the 14T2 - 14 - 17 Sensor Fail/Controller Fail 
message. 

When the FCC detects an error it displays an error message and then 
exits the DEICE test. Any further DEICE test beyond the fail point will be 
bypassed. 

Enclosure I PM  4/13/84 
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29 March 1985 

When icing system is turned on, three things happen. 

a. Anti-ice valve opens allowing engine hot air to be routed to nose 
gear box fairing. 

b. Engine anti-ice thermal  switch starts heating. 

c. Nose gear box heaters are turned on (FULL).  The ENG 1 & 2 Anti-ice 
Lite will  come on until  ENG Inlet Lite (Green) turns on.* 

When Thermal switch reaches 155° F- switch contacts will close completing 
path to energize Anti-ice Fail Relays K 3-8 and K lj-J3. If for any reason ENG 
Anti-ice valve does not open or Thermal switch did not close, the ENG 
Anti-ice Lite  (CW) will  come on. 

When NGB Temperagure reaches 205° to 235°, the ENG Inlet Lite (Green) will 
come on. Power to heaters is reduced to approximately . When aircraft goes 
into an icing condition, sensors of NGB Temperture may go below 205° F. IF 
this happens, the ENG Inlet Lite Green will go out and ENG Anti-ice Lite 
(CW) will come on.* 

NGB Heater PWR will be increased and ENG Inlet Lite Green may or may not 
come on, depending on temperature. 

*This is an undesirable condition and will soon be corrected by 7-332165033. 
The corrected method will be if the ENG Inlet Lite goes out because of 
Reduced temperature and not a failure. The (CW) ENG Anti-ice Fail Lite will 
not come on. 

Enclosure 4 
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EQUIPMENT PERFORMANCE REPORT 
(DARCOM'AMCR 700-38) 

DATE: 10 April   1985 
OFFICE SYMBOL: SAVTE-TA 

T0: Commander 
US Army Aviation Systems Command 
ATTN:     AMCPM-AAH-SE 
A300 Goodfellow Blvd.   St. Louis, MO 63120 

FROM: Commander 
US Army Aviation Flight Activity 
ATTN:    SAVTE-TA 
Edwards AFB,  CA    93523-5000 

I.    EPRNC: 

84-23-17 
1.   TECOM/AVSCOM PROJ NO.; 

USAAEFA Project //84-23 

3.   TEST TITLE 

AH-64A Icing Testing 

I MAJOR ITEM DATA 
4. MODEL       AH-^A 5. SERIAL NO. 82-23356 
6. OUANTITT:      [ \7. LIFE PERIOD: 

8. MFR: HgjBa 9. USA NO.: 

II PART DATA 
io. NOMENCLATURE/DESCRIPTION:      AIRCRAFT ANTI-ICii: DE-ICE SYSTEMS MAINTENANCE 
II. FSN: 12. MFR PART NO. 

13. DRAWING NO. 14. MFR:      COX 

IS. QUANTITY: 16. NEXT ASSEMBLY: 

17. MAC FUNCTIONAL CRP: IB. PART TEST LIFE: 

III INCIDENT DATA 
19. DATE OF OCCURRENCE: 20. TYPE OF REPORT: 21. ACTION TAKEN: 

22. MAINT SPT, ELM. CODE: 
o. INCIDENT a. REPLACED 

2X OBSERVED DURING: 24. TEST ENVIRONMENT: b. INFORMATION b. REPAIRED 

a. OPERATION 25. INCIDENT CLASSIFICATION: e. ADJUSTED 

b. MAINTENANCE 

c. INSPECTION 

d. OTHER 

o. CRITICAL d. DISCONNECTED 

b. MAJOR •. REMOVED 

c. MINOR f. NONE 

IV INCIDENT DESCRIPTION 
26. DESCRIBE INCIDENT FULLY (INCLUDE IMPACT OF INCIDENT ON MAC CODE IDENTIFIED IN BLOCK 22): 

When the Eng ifl or Eng #2 anti-ice fail lights (master caution panel) illuminate one of 
three conditions have occurred: (1) Eng. anti-ice thermal switch failed or is sensing 
less than 155° C. Three electrical signals which identify failed components in the cox 
eng. anti-ice system are available for maintenance troubleshooting but at present, are 
not connected to the FD/LS system (necessary wiring and software are not installed in 
the aircraft). These three electrical signals are (1) Nose gear box and cross shaft 
fairing heater blanket controller failure. (2) Nose gear box fairing heater failure 
(3) AC power failure. Failure to utilize these three electrical signals significantly 
increases time required to troubleshoot system components. In most cases, the only 
reliable method of repairing a failed engine anti-ice system is to systematically 
replace components until the system functions properly. TM 55-1520-238-T describes a 
number of troubleshooting procedures which are not consistent with system operation 
(Eng. anti-ice and blade de-ice systems). The number of errors or omissions are too 
nuinerous to list. Recommend a complete review of maintenance procedures for these 
systems. 

INCIDENT CLASSIFICATION IS SUBJECT TO RECL ASSIFICATION 
27. DEFECTIVE MATERIAL SENT TO: 

28. NAME. TITLE & TEL EXT OF PREPARER: 

JAMES M. ADKINS 
CW4, USA 
(805) 277-4786 

c t r 
J ■;..» L*' 

29. FOR THE COMMANDER: 

MICHAEL A.   GULICK 
CPT, AV,   C, Plans d Programs 
(805)   277-4643 SIGfal 

DARCOM    'Sjr;.  2134 Previous edition may be used until exhausted. 
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Photo 2.  Residual Ice Accumulation on Unprotected Main Rotor Head Components 

Conditions:  Environment - Artificial 
Configuration - Ilellflre and Rockets 
Flight - 2 

Avg OAT -  -90C 
Avg LWC -  1.19 gm/ra3 

Time In Cloud - 30 minutes 
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APPENDIX G. REPORT, ARTIFICIAL AND NATURAL ICING TESTS OF THE AH-64A, 
USAAEFA PROJECT NO. 84-23 (PHASE II) 
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2. INTRODUCTION, a. Background. (1) The US Army requires the AH-64A helicopter 
to operate safely in an Icing environment up to and including the moderate 
level of intensity (ref la). The AH-64A incorporates a rotor blade deiclng 
system, anti-icing systems, and ice detection systems. Qualification tests 
are required to substantiate airworthiness for operation in a moderate icing 
environment. 

(2) A preliminary investigation of the YAH-64 helicopter capability 
to opernte in icing conditions was conducted during the 1981-82 icing season 
(ref lb). Manual operation of the YAH-64 main and tall rotor deiclng systems 
was satisfactory. The automatic function was Inadequate. Since that evaluation, 
the AH-64A rotor deiclng system has been redesigned. The US Army Aviation 
Systems Command (AVSCOM) tasked the US Army Aviation Engineering Flight Activity 
(USAAEFA) to conduct artificial and natural Icing tests of the AH-64A during 
the winter of 1984-1985 (ref 1c), in accordance with the approved test plans 
(refs Id and le). Results of this test (Phase I) are presented in reference 
If. The AVSCOM Directorate for Engineering position on these test results is 
presented in reference lg. Failure of the ice detection/rate measuring system 
to accurately indicate the rate of ice accretion resulted in AVSCOM tasking 
USAAEFA to conduct further natural Icing tests (Phase II) of the AH-64A during 
the winter of 1985-1986 (ref Ih). 

b. Test Objectives. The objectives of this test were to conduct artificial 
and natural icing flight tests of the AH-64A helicopter to: 

(1) Determine the effectiveness of the AH-64A ice protection and detection/ 
rate measuring systems. 

(2) Determine the impact of ice accumulation on performance and handling 
qualities. 

(3) Determine the capability of the AH-64A to operate in moderate icing 
conditions. 

c. Description. (I) The AH-64A is a two-place, tandem seat, twin engine 
helicopter with four-bladed main and anti-torque rotors and conventional wheel 
landing gear. The helicopter is manufactured by McDonnell Douglas : .icopter 
Company (MDHC) (previously called Hughes Helicopter Incorporited) and is powered 
by two General Electric T700-GE-701 turboshaft engines. The AH-64A has a 
movable horizontal stabllator. A 30mm gun is mounted on the underside of the 
fuselage below the front cockpit. The helicopter has a wing with two pylons 
on each side for carrying Hellflrp missiles, 2.75-lnch folding fin aerial 
rockets and/or external fuel tanks. The test helicopter was USA serial number 
(S/N) 83-23811 (production vehicle 36). Further description of the helicopter 
may be found in the system specification (ref la), the operator's manual 
(ref 11), and enclosure 1. 
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(2) The AH-6'* anti-ice/deice systems are depicted in figure 2, enclosure 1. 
The deice system consisted of an outside air temperature (OAT) sensor, ice 
detector probe and signal processor unit, icing rate meter, blade deice control 
panel, slip rings for the main and tall rotor, and a deice controller. The 
main and tail rotor blades contained electrothermal resistive heating mats. 
Anti-ice systems were provided for sections of the windshield, pitot tubes, 
air data sensor, engines, engine inlets, nose gearbox/cross shaft fairings, 
and target acquisition designation system/pilot night vision system (TADS/PNVS). 
The frangible HELLFIR" deice system was not installed on the test aircraft 
since satisfactory system performance was previously demonstrated (ref lb). 

d. Test Scope. A previous phase of this program completed 8.3 hours of 
artificial and 6.5 hours of natural icing tests (ref If). The present evaluation 
included clear air and natural icing flight tests conducted in the vicinity of 
Duluth, Minnesota from 12 November through 20 December 1983 and 10 February 
through 11 April 1986. A joint contractor and USAAEFA test team was used for 
these tests. A total of 23 flights were conducted resulting in 17.4 productive 
hours. Of these flights, 3 were in clear air totaling 1.9 hours and 20 were 
in natural icing environment totaling 15.5 hours of cloud immersion. Specific 
icing conditions are presented in table 1, enclosure 4. The aircraft was 
flown in two different stores configurations. The first configuration consisted 
of 8 Hellfire (4 Hellfire dummy missiles on each inboard pylon) with 2.75-inch 
rocket pods outboard. The second configuration had external fuel tanks Inboard 
with rocket pods outboard. Anti-ice and deice systems were operated continuously 
while in the icing environment. During 14 flights, the deice system operated 
in the automatic mode. During six flights totaling 3.6 hours in natural icing 
conditions, heater OFF times for the deice system were manually selected. 
Flight limitations contained in the operator's manual and the airworthiness 
release (ref 1J) were observed during testing. 

e. Test Methodology. (1) Artificial icing using the Helicopter Icing 
Spray System was completed during Phase I testing in February and March 1985 
(ref If). Results of the artificial icing tests provide an essential supplement 
to the natural icing data in determining the capability of the AH-64A to operate 
in moderate icing conditions. A detailed discussion of the test sequence, 
procedures, and results is contained in references Id, le, and If. 

(2) Natural icing tests were conducted during both phases of the evalutlon 
by flying in instrument meteorological conditions using instrument flight 
rules (IFR). The JU-21A chase aircraft configured with a cloud particle 
measuring system assisted in locating and documenting the icing conditions. 
Photos were taken from the JU-21A after the test aircraft exited the icing 
environment into visual meteorological conditions. Close coordination between 
air traffic control and the chase and test aircraft crews was required to find 
and stay in the icing environment and to implement in-flight aircraft rendezvous 
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for photographic documentation. Procedures Included radar vectoring, navi- 
gational aid holding, and block airspace assignment. Time In the clouds was 
limited by the availability of the natural Icing conditions and aircraft IFR 
fuel requirements. Video cameras were mounted on the test aircraft to document 
main rotor, tall rotor, engine Inlet and nose gearbox/cross shaft fairing ice 
accretion and shedding characteristics both during and after cloud Immersion. 

(3) Test data were recorded on magnetic tape in frequency modulation format. 
A detailed description of special equipment and instrumentation is provided in 
enclosure .'. 

(4) Test techniques and data analysis methods are presented In enclosure 3. 
These Include methods used to determine cloud parameters and definitions of 
Icing types and severities. Qualitative vibration assessment ratings were 
assigned in accordance with the Vibration Rating Scale (VRS). 

3. RESULTS AND DISCUSSION. a. General. Natural icing tests were conducted 
during the winter of 1985-1986 as a continuation of the artificial and limited 
natural icing tests reported in reference If to establish a moderate icing 
envelope (through 1.0 gm/tiH liquid water content (LWC)) for the AH-64A Apache 
helicopter. A joint contractor (MDHC) and USAAEFA test team performed the 
evaluation with MDHC having primary responsibility for the development phase 
of testing and the government having primary responsibility during the qualifi- 
cation effort. The government evaluation could not be completed due to the 
ice detection/rate measuring system (LWC probe and signal processor unit) 
development status, nonavailability of natural icing conditions, and grounding 
of the AH-64A fleet. A summary of the test conditions for each flight is 
presented in table 1, enclosure 4. The specific icing conditions in which the 
AH-64A was tested are presented in figure 1, enclosure 4. During these tests, 
the unasplrated LWC probe in the engine inlet was replaced with an aspirated 
LWC probe mounted on the upper fuselage. Ice accretions found in the engine 
inlet required the incorporation of heater blankets in the aft nose gearbox/ 
cross shaft fairing. Since only 4 of the 26 natural icing flights encountered 
values of LWC greater than 0.3 grn/in-*, the effect of more severe conditions on 
various systems could not be thoroughly assessed. The AH-64A should be further 
evaluated In natural icing conditions at higher LWC (>0.3 gm/m^) with outside 
air temperatures (OAT) between 0oC and -20oC to verify: 

(1) Accuracy of the Ice detection/rate measuring system. 

(2) Main rotor Ice shedding characteristics when the automaM'' rotor deice 
system Is operating at the correct design blade heater on- aad off-times. 

(3) Satisfactory performance of the modified nose gearbox/cross shaft 
fairing heater blankets. 
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The cold aft cockpit environment during flight at approximately -20oC without 
the nonstandard boot Installed on the 30min turret (ref If) remains a deficiency. 
Additional deficiencies identified are: 

(1) The high potential for engine foreign object damage (F00) due to shed 
ice from the fore and aft nose gearbox/cross shaft fairing mismatch. 

(2) Blade heater off-times that are inconsistent with actual icing condi- 
tions. 

(3) Inaccurate indications on the pilot's icing severity meter. 

(4) Rotor blade heater on-times which are inconsistent with the design 
schedule and actual OAT. 

Three shortcomings were identified including two shortcomings previously 
identified in reference If. 

b. Deice System Operation. (1) General. The AH-64A helicopter rotor deice 
system was previously evaluated in February through April 1985 (Phase I) for 
operational characteristics and effectiveness during 8.3 hours in the artificial 
icing environment and 6.5 hours in natural icing (ref If). Twenty flights 
totaling 15.5 hours in natural icing were conducted during this test. Specific 
test conditions for this test are shown in table 1, enclosure 4. Test conditions 
for the total 22.0 hours that the AH-64A has spent in natural icing (Phases I 
and II) are shown in figure 1, enclosure 4. Only four flights have been per- 
formed in stable LWC's above 0.3 gm/nr*. These four flights were conducted 
in ambient temperatures of -70C to -90C. Further natural icing tests should 
be conducted at higher LWC (>0.3 gm/m-*) and over a broader range of temperatures 
(CC to -20oC). 

(2) Rotor Blade Heater On-Time. The AEG-Telefunken deice controller deter- 
mined blade heater element on-time as a function of OAT. Several modifica- 
tions were required during previous icing tests (ref If) to adjust the on-time 
schedule and integrate the OAT signal for automatic system operation. The 
deice controller provided a blade heater on-time consistent with the OAT 
input signal and the design schedule during testing in November and December 
1985. A modified deice controller which allowed the blade heaters to activate 
for a minimum of 2.25 seconds at temperatures colder than +4.7+leC, was 
Installed prior to testing in February 1986. Following this modification, 
on-times were as much as 2.0 seconds shorter than the design schedule for a 
given sensed OAT (fig. 2, end 4). The main rotor blades did not appear to 
completely shed accumulated ice during the heater cycles as indicated by 
residual torque increases and vibration levels. During one flight in natural 
icing conditions at an OAT of -7.50C, LWC of 0.15 gm/m^ and with heater off-time 
manually selected,  the short heater on-time  resulted in indicated torque 
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required incieases of up to 17% (collective fixed) and a noticeable Increase 
In alrframe vibrations (VRS 6). Maximum Indicated torque Increases of 8 to 
10% were observed on previous flights under similar conditions when heater 
off-time was manually selected and the heater on-time was consistent with the 
design schedule and OAT. The cause of the short blade heater on-tlmes following 
modification of the delce controller has not been determined. Rotor blade 
heater on-tlwes which are inconsistent with the design schedule and actual OAT 
are a deficiency. Fuvther natural Icing tests should be conducted to verify 
correct  bl-jde heatei   on-time. 

(3) Blade Heater Off-Time. The AEG-Telefunken delce controller determined 
rotor blade heater off-times as a function of LWC. Heater off-time controls 
the amount of Ice accreted on the rotor blades between heatln? cycles. This 
In turn affects power required Increases, vibration level*", and potential 
aircraft damage. Tl.e controller provided a blade heater off-time consistent 
with the design schedule (fig. 3, end 4) and Input LWC signal. However, the 
Ice detector/rate measuring system frequently provided an erroneous Input 
signal (erratic and/or higher than actual LWC) resulting In short off-tlraes 
(fig. 4, end /:). Inconsistent performance of the Ice detection/rate measuring 
system (para 3b(4)) resulted In the rotor delce system operating on the correct 
blade heater off-times for only 7.3 hours of the total 22.0 hours In natural 
Icing conditions. Of these 7.3 hours, 3.6 hours were with manually selected 
off-times and only one flight (reported In ref If) was performed In LWC > 
0.21 gm/nP. Blade heater off-tlmes affect the main rotor shedding characteris- 
tics described in paragraph 3b(5). Blade heater off-tlmes that are inconsistent 
with actual   Icing  conditions are a deficiency. 

(4) Ice Detection/Rate Measuring and Indicating System, (a) The Initial Ice 
detection/rate measuring system consisted of an unasplrated Rosemount LWC 
probe (model 871FG1) In the left engine Inlet, a signal processor unit, and an 
Icing rate meter located on the pilot's instrument panel. To verify the ship 
system LWC readings, an aspirated Rosemount LWC probe (model 871FF2) was mounted 
on the upper fuselage of the test aircraft (photo 1, end 5) with an Ice rate 
meter/signal processor unit in the copilot/gunner (CPG) cockpit. Additionally, 
the JU-21A chase aircraft was used to document actual cloud conditions and 
further verify ship system LWC Indications. Natural Icing tests In stratiform 
clouds Indicated that the ship system LWC probe and/or signal proof ior were 
providing an erroneous LWC signal (erratic and significantly higher than actual 
conditions) resulting In short blade heater off-tlmes and high readings on the 
pilot's l;lng severity meter. To correct this problem the Rosemount signal 
processor anlt was modified to Incorporate the aspirated LWC probe located on 
the upper fuselage (photo 1, end 5) In place of the engine Inlet LWC probe. 
Correct system operation (LWC Indications and heater off-time) was demonstrated 
during one natural Icing flight (test 13). The aspirated probe was then moved 
to the proposed production location shown In photo 2, enclosure 5 and correct 
system     operation    was     demonstrated     during     the     next    natural     Icing     flight 
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(test 14). During the next series of natural Icing flights (tests 16 through 
29), the ice detection/rate measuring system provided erratic LWC readings 
believed to be the result of flow interference due to probe location. The 
probe was moved back to its original location on the upper fuselage and four 
test flights (tests 30 through 33) were conducted. The LWC readings were 
noticeably more consistent but indicated higher than the actual conditions. 
The aspirated LWC probe was moved to the far right side of the upper fuselage 
(photo 3, end 5) to minimize possible flow interference. During the last 
test flight (test 34) the LWC readings appeared constant but higher than 
actual conditions. The grounding of the AH-64A fleet on 12 March 1986 prevented 
further testing. Extensive trouble-shooting and system analysis has failed to 
provide a satisfactory explanation for the ice detection/rate measuring system's 
inconsistent performance. The AH-64A should be further evaluated In more 
severe natural icing conditions to verify the accuracy of the ice detection/ 
rate measuring system. 

(b) An icing severity meter on the pilot's instrument panel is driven by 
tie ice detection/rate measuring system signal processor unit. The erroneous 
LWC signal discussed in paragraph 3b(4)(a) results in high indications on the 
icing severity meter. Accurate icing severity indications are essential to 
allow the pilot to determine when icing conditions exceed the aircraft anti-ice/ 
deice system limitations. High icing severity readings may create a hazardous 
situation when the pil^t employs emergency procedures to depart what he believes 
to be severe icing conditions. Inaccurate indications on the pilot's icing 
severity meter are a deficiency. 

(5) Main Rotor Ice Shedding Characteristics. Main rotor shedding charac- 
teristics were evaluated to determine potential aircraft damage due to shed 
ice, increases in power required between blade heater cycles, and changes in 
alrframe vibration levels. Field repairable main rotor blade damage was dis- 
covered on post flight inspection following several flights in natural icing 
conditions. No other difficulties associated with main rotor ice shedding 
were observed during any test flight. At the lower LWCs and warmer ambient 
temperatures occasional, but not annoying vibration levels (VRS 5) were noted 
In the cockpit. The AH-64A main rotor ice shedding characteristics should be 
further evaluated in more severe natural Icing conditions with the automatic 
rotor  delce   system   operating   at   the   correct   blade   heater   on-   and   off-times. 

(6) Tall Rotor. The fail rotor ice shedding characteristics and suscepti- 
bility to damage from ^hed main rotor ice were evaluated during these tests. 
Residual ice accumulations were noted on unheated portions of the tail rotor 
blades and hub assembly but no difficulties were associated with these accre- 
tions. Ice shed from the tall rotor repeatedly struck the stabllator causing 
minor dents (see para 3d(3)). Ice impact damage to the tail rotor was previously 
reported as a shortcoming in reference If. No tall rotor blade damage occurred 
during thes<» tests but operation of  the rotor deice system at the correct blade 
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heater off-times in higher LWC may alter the potential for tall rotor damage 
due to main rotor ice shedding. Susceptibility of the tall rotor to damage 
from shed main rotor ice should be further evaluated in more severe natural 
icing conditions when the automatic rotor deice system is operating at the 
correct  blade heater on-  and off-times. 

c. Anti-Ice System Operation. (1) General. The AH-64A anti-ice systems 
were initially evaluated during February through April 1985 for operational 
characteristics and effectiveness during 8.3 hours of artificial icing and 
6.5 hours of natural icing (ref If). An additional 15.5 hours of natural 
icing were performed during this test. Specific test conditions for this test 
are shown in table 1, enclosure 4. Anti-ice systems on the AH-64A helicopter 
protect the engines, engine inlet cowlings, nose gearbox and cross shaft fair- 
ings, windshields, pitot tubes, air data sensor (ADS), and TADS/PNVS. Ice 
accretions found in the engine inlet required the addition of heater blankets 
to the aft nose gearbox/cross shaft fairing. All anti-ice systems were activated 
prior to entering the icing environment and were operational for all icing 
flights. A detailed description of each system is presented in reference If 
and  significant    changes    or    system   modifications    are   listed    in    enclosure   1. 

(2) Engine. Engine anti-icing was accomplished by a combination of hot 
air from the axial compressor and heat transfer from the air/oil cooler in the 
engine frame. The system was controlled by one engine anti-ice switch located 
^n the pilot's lower left subpanel (fig. 1). The engines were visually inspec- 
ted (including borescope) daily and an engine health indication test was per- 
formed prior to each flight. No engine deterioration was noted during this 
program. There were no indications of ice accumulation in the engine. The 
engine anti-ice system demonstrated satisfactory ^^ration in the icing 
environment   for  the conditions   tested. 

(3) Engine Inlet Cowling Ring. Engine bleed air heated the engine inlet 
cowling ring to prevent ice accumulation. The cowling ring anti-ice character- 
istics were evaluated throughout this tes;.. Video documentation of the No. 2 
engine inlet during three flights in natural icing revealed visible moisture 
running off the heated cowling ring and nose gearbox/cross shaft fairing into 
the engine inlet. This phenomenon may have contributed to the unacceptable 
performance of the engine inlet LWC probe ( )ara 3b(4)(a)). Therr ^ere no 
accumulations of ice noted on the cowling ring. The engine inlet cowling 
ring anti-ice system demonstrated satisfactory op ration for the conditions 
tested. 

(4) Nose Gearbox and Cross Shaft Fairings. The nose gearbox and cross 
shaft fairings were anti-iced electrically using heater elements Inside the 
fairing. These electric heaters were activated by the same two-position switch 
on the pilot's anti-ice panel (fig. 1) that activates the engine air inlet 
bleed  air   system.     Some   ice accumulation  was   observed   on   the front  of   the nose 
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gearbox oil cooler but no adverse effects were noted. No Ice accretion was 
noted on the heated surfaces. Video documentation revealed visible moisture 
running off the heated fairing/cowling ring causing Ice to accrete In the por- 
tion of the engine Inlet formed by the unheated aft nose gearbox/cross shaft 
fairing (photo 4, end 5). This Ice accretion presented a substantial engine 
foreign object damage (FOD) hazard. The addition of heater blankets under a 
portion of the aft nose gearbox/cross shaft fairing appears to have corrected 
this problem at the conditions tested (LWC <0.3 gm/m3). Additionally, the 
sharp edge created by poorly fitted fore and aft nose gearbox/cross shaft 
fairings (previously reported In ref If) accreted Ice and may result In engine 
Ice Ingestion damage and Is discussed In paragraph 3d(8). Operation of the 
modified nose gearbox/cross shaft fairing heaters should be further evaluated 
in more severe natural Icing conditions. 

(5) Heated Windshields. The two panels forming the pilot and copilot/ 
gunner's (CPG) windshield were anti-lced electrothermally. The windshield 
temperature was regulated between 65* and 850F (18° to 29*C) which kept the 
heated areas ice free throughout these tests. Ice accretion characteristics 
of the  AH-64A heated   windshield   are   satisfactory  for   the   conditions   tested. 

(6) Pitot Tubes. The dual, wing mounted pitot tubes were anti-lced elec- 
trically and controlled by a single switch on the pilot's anti-ice control 
panel (fig. 1). The pitot heat was activated for all flights in icing con- 
ditions. No ice accretion was observed and the system operated without failure. 
The ice accretion characteristics of the pitot tubes are satisfactory for the 
conditions  tested. 

(7) Air Data Sensor (ADS). The ADS was located above the main rotor and 
attached to a standpipe through the main rotor mast. The rotating hub and 
arms of the ADS were heated. Control of the anti-ice function of the system 
was accomplished by the same switch as the pitot heat. Ice did not accrete on 
the heated portions of the ADS. The ADS anti-ice system is satisfactory for 
the conditions tested. 

(8) Target Acquisition and Designation/Pilot Night Vision System (TADS/ 
PNVS). a. The TADS/PNVS anti-ice provisions included window, window frame, 
and selected turret surface panel heating. During natural icing tests the 
PNVS was coupled to the pilot's helmet vMle the TADS turret was fixed forward 
and only slewed periodically to determine the effects of ice accretions on 
range of motion. During one flight, the PNVS anti-ice system failed approxi- 
mately 30 minutes after entering natural icing conditions. The failure was 
believed to coincide with movement of the pilot's function switch from the NVS 
position to STBY and back to NVS. Post flight inspection revealed no apparent 
reason for this failure. Several changes were made to the TADS/PNVS anti-ice 
system during the evaluation in an attempt to improve performance. The final 
configuration tested    provided    adequate    anti-icing   under    the    natural    icing 
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conditions tested (LUC < 0.3 gm/m3).  The TADS/PNVS anti-ice system should be 
further evaluated in more severe natural icing conditions. 

(9) A proposed production TADS laser safety shield (Part No. 79923857-1/2/3) 
was installed on the test aircraft (photo 5, end 5) on 3 March 1986. No 
natural icing flights were performed after Installation of this shield. Ice 
accretion and shedding characteristics of the new TADS laser safety shield 
should be evaluated in natural icing conditions. 

d. Unprotected Aircraft Components. (1) General. Ice accretion and shedding 
characteristics of the unprotected aircraft components were evaluated at the 
test conditions shown in table 1 and figure 1, enclosure 4. Ice formed on all 
unprotected stagnation areas and sharp protrusions from the airframe and main 
rotor. Large ice formations accreted on the canopy frames, windshield wipers, 
handholds/steps, and nose gearbox/cross shaft fairing mismatches. The accretions 
create the potential for engine FOD and/or aircraft damage due to shed ice. 

(2) Main Rotor. Minimal amounts of ice accumulated on unprotected blade 
surfaces inboard of the heater mats and on the blade retention mechanisms. No 
restriction of any movable component on the main rotor head was noted. No 
aircraft damage resulted from ice shedding characteristics of the unprotected 
portion of the main rotor and rotating components. 

(3) Stabilator. The ice accretion and shedding characteristics of the 
stabilator were evaluated throughout the program. Minor ice buildups were 
observed on the stabilator leading edge. No problems were identified due to 
these accretions. A crack in the stabilator skin (photo 6, end 5) was dis- 
covered after the test aircraft returned to the MDHC facility at Mesa, Arizona. 
The cause of the crack has not been determined and is under investigation. 
Further evaluation of the potential for stabilator damage due to shed tall 
rotor ice in natural icing should be accomplished. 

(4) Fuselage. The fuselage ice accretion and shedding characteristics were 
evaluated during these tests. Typical fuselage ice accretions are shown in 
photos 7 and 8, enclosure 5. Large accumulations of ice were noted on the 
wing leading edges, nose, handholds/steps, landing gear, landing gear struts, 
tail wheel, vertical stabilizer/tall rotor pylon leading edge and many other 
surface irregularities on the fuselage. No operating difficulties were identi- 
fied due to these ice accumulations. All windows, doors and access panels 
remained functional after these icing encounters. Ice accretion and shedding 
from the fuselage handholds/steps create the potential for engine FOD and 
aircraft damage and should be further evaluated in natural icing conditions 
with LWC > 0.3 gm/m3. 

(5) Unprotected Windows. No ice protection was provided for any window 
panels except the two electrically heated forward facing windows discussed in 
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paragraph 3c(5). During flight In the Icing environment, Ice accretion on 
these unprotected window areas was minimal. No obstruction to the field of 
view resulted from these minor accretions. 

(6) Canopy Frames. The framework supporting the essentially flat plate 
canopy was not ant 1-Iced. The forward canopy frames accreted large quantities 
of Ice (photo 9, end 5). The CPG windshield wiper was used for removal of 
water which pooled on the heated glass window. This water And the accreted 
Ice (particularly around the CPG window) combined to form significant Ice 
accumulations on the canopy frames and windshield wiper arms. These ice 
formations became large enough to break away during flight and could impinge 
on the nose gearbox or be Ingested by an engine. Ice accretion and shedding 
from the canopy frames should be further evaluated in a more severe natural 
Icing environment. 

(7) Windshield Wipers. The CPG windshield wiper was occasionally used 
at warmer temperatures (-5eC) during natural icing conditions and demonstrated 
satisfactory performance. Use of the pilot's windshield wiper was never 
required in natural icing conditions. Ice formations on both the pilot and 
CPG windshield wipers (photos 9 and 10, end 5) became large enough to break 
away and could impinge on the nose gearbox or be ingested hy an engine. Ice 
accretion and shedding from the windshield wipers should be further evaluated 
in natural icing conditions with LWC > 0.3 gm/m^. 

(8) Engine Ice Ingestion. The potential for engine ice Ingestion was 
evaluated during this test. A video camera mounted to observe No. 2 engine 
inlet recorded several instances of the engine Ingesting small pieces of ice. 
No unusual cockpit indications were observed and borescope engine Inspections 
failed to reveal any compressor damage. The most probable areas from which 
this ice shed are the handhold on the right side of the aircraft (photo 8, 
end 5), the canopy frames, windshield wipers, or the camera mount (a non- 
standard configuration) on the right forward avionics bay (FAB). Ice accretion 
on the mismatch between the fore and aft nose gearbox/cross shaft fairings 
was previously documented during artificial icing tests (ref If). No permanent 
modification to correct this problem has yet been Implemented. The fairing 
edges were smoothed during this test (photos 11 and 12, end S) to eliminate 
the mismatch and prevent engine FOD. The high potential for engine FOD due to 
shed ice from the mismatch between the fore and aft nose gearbox/cross shaft 
fairings is a deficiency. The susceptibility of the engines to damage from 
shed ice should continue to be investigated in natural icing conditions with 
LWC > 0.3 gm/m3 and OAT between 0^ and -20CC. 

(9) Antennas. The ice accretion and shedding characteristics of the air- 
craft antennas were evaluated throughout these tests. Many AH-64A antennas 
are flush mounted and thus accrete little if any ice. Exceptions to this are 
the transponder antenna located on the cabin overhead and the two forward 
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facing radar warning antennas located on the front of each FAB. Ice shed from 
these antennas presented no operational difficulties. No degradation In 
aircraft radio transmission or reception was noted on any communications or 
navigation radios, although no specific tests were conducted to evaluate these 
characteristics. A study should be conducted to determine the possible degra- 
dation of reception with ice accumulation on the forward facing radai warning 
antennas. 

(10) M-130 Chaff Dispenser. The ice accretion and shedding characteristics 
of the M-130 chaff dispenser were evaluated throughout these tests. Two 
dispensers were Installed on the test aircraft, one on each side of the tallboom. 
The M-130 system was not operated during this evaluation. No ice accretions or 
subsequent sheds were observed which would Interfere with the operation of the 
system during or after an icing encounter. 

(11) ALQ-144 Infrared (IR) Counterraeasures Device. The ice accretion and 
shedding characteristics of a simulated ALQ-144 IR Countermeasures device were 
evaluated during these tests. The device was approximately the same shape as 
an ALQ-144 and was located just aft of the main rotor mast on the top of the 
fuselage. This location offered the advantage of masking some of the water 
drops which would normally impinge and accumulate on the forward surfaces of 
the device. The resulting accumulations did not adversely effect the operation 
of the aircraft. Future natural icing tests should use an operational ALQ-144 
to verify test results. 

(12) Hellfire Missile System. Ice was accreted on the dummy Hell fire 
missiles and launcher racks at the specific flight conditions shown in table 1, 
enclosure 4. All sharp edges and stagnation points on the missiles and launcher 
racks accreted Ice. The frangible Hellfire delce system was not installed on 
the test aircraft since satisfactory system performance was previously demo- 
nstrated (ref lb). 

(13) Wing Pylon Articulation. Satisfactory performance of the wing pylon 
articulation system was previously demonstrated (ref If). No restriction of 
pylon travel was noted during these tests. 

(14) Area Weapon System. The Ice accretion and shedding characteristics of 
the 30mm chain gun area weapon system were evaluated in natural icing condi- 
tions. Ice accreted on all stagnation points and sharp edges (photo 13, end 5). 
Weapons firing was not attempted following flight in icing conditions. Although 
live fire operations were not performed, the accreted ice did not hamper the 
traversing operation of the weapon. The gun was traversed inflight through 
its full range in azimuth and elevation to verify unrestricted motion. For 
these flights, a temporary muzzle protector made of cloth prevented ice buildups 
inside the gun barrel. A nonproduction cover was also fitted over the ammunition 
chute.  This cover was modified from previous tests (ref If) and Incorporated 
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a 30 mm turret boot (see para 31(2)). Without this cover ice would have accumu- 
lated inside the chute preventing proper ammunition feed. An ammunition chute 
cover should be Incorporated as a permanent Installation and testing should 
be conducted to verify proper system operation during live fire exercises 
with the cover installed. 

(13) Rocket Launcher, M200. Rocket launchers for the 2.75 inch folding fin 
aerial rockets were Installed for 20 flights in natural icing conditions. 
Forward facing protective covers were installed on the rocket pods. These 
covers were made of a thick, black plastic material and appeared to be very 
durable. Ice accreted on those protective covers. Tests of these covers and 
their separation characteristics have not been accomplished. Further testing 
should be conducted on the 2.75 inch aerial rocket launcher system with the 
pod covers installed to determine the consequences of the covers departing 
the launcher,  with and without accumulated ice. 

(16) Radar Jammer Antennas. A radar Jammer transmitter antenna was mounted 
on the TAOS/PNVS capsule (photo 14, end 5) and a radar Jammer receiver antenna 
was mounted on the upper fuselage (photo 1, end 5). Operation of these antennas 
were not evaluated during the artificial icing tests (ref if). The 20 natural 
icing flights with these antennas installed included only two flights with LWC 
> 0.3 gm/m^. Large ice accretions on the unprotected radar Jammer transmitter 
antenna could possibly restrict PNVS capsule motion. The potential for restric- 
tion of PNVS capsule range of movement by large ice accretions on the unpro- 
tected radar Jammer transmitter antenna should be further evaluated in more 
severe  natural  icing condltons. 

(17) Proposed Wire Strike Protection System. Installation of proposed 
Wire Strike Protection System (WSPS) would mount wire cutters on the front of 
the aircraft on some unspecified upper and lower fuselage sections. The proposed 
WSPS should be evaluated in natural icing conditions to determine possible 
impact on existing antl-ice/deice systems and the potential for aircraft damage 
(i.e.,  engine POD)  due to shed ice. 

e. Performance. (1) Level Flight Performance. Level flight performance 
characteristics of the AH-64A helicopter were evaluated at the specific natural 
Icing test conditions listed in table 1, enclosure 4. Collectivp control 
position was fixed at pre-Immersion trim position, altitude was maintained and 
airspeed was allowed to vary as necessary during the encounter. Indicated 
power required increases between deice cycles ranged from 4 to 10 percent for 
the majority of the natural icing conditions. During one flight at 0.15 gm/m^ 
and -7.50C, indicated power required increases of 17Z were observed between 
blade heater cycles (para 3b(2)). This Increase in power required was believed 
to be the result of short blade heater on-times. However, only one natural 
icing flight was performed with LWC > 0.3 gm/m3 while the blade deice system 
was operating  on  the  correct  on- and  off-time  schedules.    Further tests  should 
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be conducted In more severe natural Icing conditions to document level flight 
performance degradation due to ice accretion when the automatic deice system 
blade heaters are operating at the correct  on- and off-times. 

(2) Power Loss with Operation of Anti-Ice Systems. The engine performance 
characteristics were recorded with the bleed air anti-ice systems OFF and ON 
for comparison (ref If). An approximate 50oC increase in measured gas tempera- 
ture was observed with anti-ice system use. The power available losses with 
activation of the anti-ice systems were significant. Performance data incorpo- 
rating power losses due to operation of the anti-ice systems should be published 
in the operator's manual  for preflight planning Information. 

f. Handling Qualities. A qualitative handling qualities evaluation was 
performed during natural icing flights at the conditions listed in table 1, 
enclosure 4. The evaluation was accomplished by performing typical Instrument 
flight maneuvers with and without ice on the aircraft. No degradation of 
aircraft handling  qualities were  noted as  a  result  of  aircraft  ice  accretion. 

g. Vibration. The aircraft vibration characteristics were monitored 
throughout these evaluations. Qualitative crew comments were compiled during 
the icing immersions and flights to home base with residual ice. No significant 
increase in vibration levels other than those previously discussed was noted 
during flight in natural icing conditions. Further evaluation of vibration 
characteristics should be conducted under more severe natural icing conditions 
with the automatic delce system blade heaters operating at the correct on- and 
off-times. 

h. Reliability and Maintainability. (1) Tail rotor elastomeric bearings. 
The four bladed semi-rigid teetering tall rotor has four elastomeric bearings 
which connect each delta hinged hub assembly to a titanium fork and provide 
the teetering axis for each pair of blades. The elastomeric bearing is bonded 
to the fork assembly. Debondlng of the tail rotor elastomeric bearings was 
previously reported as a shortcoming (ref If). As a result of a new bonding 
procedure no evidence of tall rotor elastomeric bearing debondlng was observed 
during  this  evaluation. 

(2) Fault Detection/Location System (FD/LS). The FD/LS is a function of 
the fire control computer (FCC) program. The FD/LS Incorporates continuous 
monitoring of selected subsystems to advise the pilot of system status during 
aircraft operation. Additionally, the "on command" FD/LS program allows main- 
tenance personnel and/or aircrew to perform system checks and troubleshoot 
failed or partially failed systems by entering a two digit code for that system 
on the data entry keyboard. The latest version of the FCC software (part no. 
7-319200001-23) was installed for two flights (tests 33 and 34) to evaluate 
the FD/LS operation. Four FD/LS shortcomings previously reported in reference 
If had been corrected and one additional shortcoming was  identified. 
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(a) FD/LS Software Logic. The failure of the FD/LS software logic to allow 
Interrogation of all subsystems In a faulty system has been corrected. An 
additional blade delce system FD/LS software logic shortcoming was Identified 
(see para 3h(2)(e). 

(b) Tall Rotor Heater. The erroneous tall rotor heater no-go status message 
has been corrected. 

(c) Canopy Heater. Previous FCC software allowed the FD/LS to display a 
canopy heater no-go message when the heater switch was placed In the OFF 
position, regardless of system status. The FD/LS has been corrected to display 
a no-go status only when the  system Is activated and  has failed. 

(d) Engine Anti-Ice System. The periodic Illumination of the engine anti- 
ice fall/master caution lights during normal operations has been corrected. 
Additionally, failure of the FD/LS to provide the capability to Interrogate the 
engine anti-ice subsystems has been corrected by addition of bleed valve advisory 
lights on the antl-lce  control panel. 

(e) Blade Delce System. The FD/LS monitors four subsystems through the 
blade delce controller. These four subsystems are the tall rotor heaters, main 
rotor heaters, distributor, and power controller. When AC electrical power Is 
applied and the blade delce switch located on the pilot's antl-lce control 
panel Is In the OFF position, the FD/LS displays no-go (fall) messages for 
each subsystem, regardless of system status. These fall messages are continu- 
ously displayed as long as the blade delce control switch remains in the OFF 
position and requires the crew to scroll through several pages of displayed 
no-go messages to Identify the status of other systems. Additionally, display 
of no-go messages with the system turned off Is contrary to the design 
philosophy of other antl-lce/delce systems (see para 3h(2)(c). No-go status 
fail messages for the blade delce subsystems resulting from the blade delce 
switch being placed In the OFF position are a shortcoming. The continuous 
FD/LS function should be modified to display blade delce system no-go messages 
only when the blade delce switch Is In the ON position and a subsystem has 
failed. 

(3) Main and Tail Rotor Delce Controller. The AEG-Telefunken controller 
has the Inherent capability of preventing a blade or blade element from over- 
heating above a temperature limit of 55° C. The requirement to trim the delce 
controller to the electrical resistance characteristics of each main and tall 
rotor blade was documented during previous tests (ref If). The controller 
measures blade element temperature by the change in electrical resistance as 
the element Is heated requiring the controller to be "trimmed" for the variation 
in resistance in each blade/blade element. This procedure is required each 
time a main or tall rotor blade is changed. The specific procedure and equip- 
ment required   was    not    contained   in   the   -23    series    technical   manuals.      The 
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procedure and the peculiar ground support equipment required was documented 
only in the MDHC rotor blade deice production test procedure (PTP), FTP 
77-TP-7541-3, Rev A, Main and Tall Rotor Blade Deice system. Furthermore, 
charts are required which are contained only in the AEG-Telefunken manual. 
The required equipment and charts are only available at MDHC in Mesa, Arizona. 
Since main and tail rotor blade changes are a unit level maintenance function, 
this will cause a system maintainability problem. A modified deice controller 
is proposed to correct this problem but has not been Incorporated in production 
aircraft. The requirement to manually adjust the deice controller to the 
rotor system electrical resistance characteristics following a main or tail 
rotor blade change remains a shortcoming. 

i. Human Factors. (1) Ice Protection Systems Advisory Light Location. 
The pilot's antl-lce control panel (fig. 1) was located at the aft end of the 
pilot's lower left console. Two advisory lights (deice system ON and inlet 
anti-ice system ON) were located on this panel and are not in the pilot's 
normal instrument scan pattern. The ice protection system control panel 
and/or the advisory lights should be located in the pilot's normal instrument 
scan pattern. The poor location of the ice protection systems advisory lights 
and anti-ice control panel as previously reported in reference if remains a 
shortcoming. Consideration should be given to moving the advisory lights 
and/or the    pilot's    anti-ice    control    panel     to    a    more    suitable    location. 

(2) Cabin Environment. The cabin environment at both crew stations was 
qualitatively evaluated. To resolve a previously reported cabin environment 
problem (ref lb), the emergency air door in the pilot's compartment was modified 
for these tests and a nonstandard boot was Installed around the ammunition 
chute on the 30mm gun turret (photo 13, end 5). The modified pilot's emergency 
air door was satisfactory. The 30mm turret boot and 30ram ammunition chute 
cover (para 3d(14)) previously evaluated in reference If were combined into a 
single unit for this test. MDHC reported that this configuration failed the 
live fire tests and a proposed production configuration is undergoing further 
modification/evaluation. With the modified emergency air door and nonstandard 
turret boot, the cabin environment was satisfactory at all ambient temperature 
conditions. The cold aft cockpit environment during flight at approximately 
-20°C (ref If) without ehe nonstandard boot modification on the 30mm gun turret 
constitutes a safety of flight hazard and remains a deficiency. A permanent 
boot should be installed on the 30mm gun turret to eliminate the undesirable 
aft cockpit environment  in cold weather flight. 

4. CONCLUSIONS, a. General. The following general conclusions were reached 
as a result of the partially completed artificial and natural icing tests of 
the AH-64A helicopter. Potential problem areas requiring further evaluation 
are described under recommendations (para 5). 
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(1) Five deficiencies were found. 

(2) Three shortcomings were found. 

(3) Sixteen Test Incident Reports were submitted. 

b. Deficiencies. The following deficiencies have been identified and are 
listed in relative order of importance. 

(1) The high potential for engine FOD due to shed ice from the mismatch 
between the fore and aft nose gearbox/cross shaft fairings (para 3d(8)). 

(2) Blade heater off-times that are inconsistent with actual icing condi- 
tions (para 3b(3)). 

(3) Inaccurate indications on the pilot's icing severity meter 
(para 3b(4(b)). 

(4) Rotor blade heater on-tlmes which are Inconsistent with the design 
schedule and actual OAT (para 3b(2)). 

(5) The cold aft cockpit environment during flight at approximately -20oC 
without the nonstandard boot installed on the 30mm gun turret constitutes a 
safety of flight hazard (para 31(2)). 

c. Shortcoünings. The following shortcomings have been identified and are 
listed In relative order of Importance. 

(1) The requirement to manually adjust the delce controller to the rotor 
system electrical characteristics following a main or tail rotor blade change 
(para 3h(3)). 

(2) No-go (fail) status messages for the blade deice subsystems resulting 
from the blade deice switch being in the OFF position (para 3h(2)(e). 

(3) The poor location of the ice protection system advisory lights/anti-ice 
control panel (para 31(1)). 

5. RECOMMENDATIONS.  The following recommendations are made: 

a. Correct the deficiencies and verify proper system operation prior to 
clearing the AH-64  for operational use in a moderate icing environment. 

b. Correct the shortcomings as soon as practical. 
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c. The AH-64 should be further evaluated in natural icing conditions at 
higher LWC (>0.3 gm/m^) and over a broader range of temperatures (0oC and 
-20oC)  to evaluate and verify: 

(1) Correct blade heater on-time  (para 3b(2)). 

(2) Accuracy   of   the   ice   detection/rate   measuring   system  (para   3b(4)(a)) 

(3) Main rotor ice shedding characteristics when the automatic rotor deice 
system is   operating at the   correct blade heater  on- and  off-time (para  3b(5)). 

(4) Susceptibility of the tail rotor to damage from main rotor shed ice 
(para 3b(6)). 

(5) Operation of the modified nose gearbox/cross shaft fairing heaters 
(para 3c(4)). 

(6) TADS/PNVS anti-ice system operation (para 3c(8)). 

(7) Ice accretion and shedding characteristics of the new TADS laser shield 
(para 3c(9)). 

(8) The potential for stabllator damage due to shed tail rotor ice 
(para 3d(3)). 

(9) The potential for engine F00 and aircraft damage due to ice accretion 
and shedding from: 

(a) The fuselage handholds/steps  (para 3d(4)). 

(b) The canopy frames (para 3d(6)). 

(c) The windshield wipers (para 3d(7)). 

(10) Susceptibility   of   the   engines   to  damage   from   shed  ice  (para   3d(8)). 

b. A study should be conducted to determine possible degradarion of 
reception with ice accumulation on the forward facing radar warning antennas 
(para 3d(9)). 

c. Future natural icing tests should use an operational ALQ-144 
(para 3d(ll)). 

d. Incorporate a 30nm ammunition chute cover as a permanent installation 
and conduct testing to verify proper system operation during live fire exercises 
with  the cover installed (para 3d(14)). 
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e. Further testing should be conducted on the 2.75 inch aerial rocket 
launcher system with the pod covers installed to determine the consequences of 
the covers departing the launcher, with and without accumulated ice 
(para 3d(15)). 

f. The potential for large ice accretions on the unprotected radar jammer 
transmitter antenna to restrict PNVS capsule range of motion should be further 
evaluated in natural  icing conditions  (para 3d(16)). 

g. The proposed WSPS impact on existing anti-lce/delce systems and poten- 
tial to cause engine FOD and aircraft damage due to Ice accretion/saedding 
characteristics should  be  evaluated in   natural icing  conditions  (para  3d(17)). 

h. Level flight performance degradation (power required increases) due to 
ice accretion when the automatic deice system blade heaters are operating at 
the correct on- and off-times should be further evaluated In more severe natural 
icing conditions (para 3c(l)). 

1. Performance data Incorporating power losses due to operation of the 
anti-ice systems should be published In the operator's manual for preflight 
planning  information (para 3e(2)). 

J. Further evaluation of vibration characteristics should be conducted in 
more severe natural icing conditions with the blade heaters operating at the 
correct on- and off-times (para 3g). 

k. The FD/LS should be modified to display blade deice system no-go messages 
only when the blade deice switch Is in the ON position and a subsystem has failed 
(para 3h(2)(e). 

1. Consideration should be given to moving the advisory and/or the pilot's 
anti-ice  control panel  to a more suitable location (para 31(1)). 

m. Incorporate a permanent boot Installation on the 30mm gun turret to 
eliminate  the undesirable aft cockpit environment in cold weather (para 31(2)). 

6. AUTHORS. This report was prepared by CW4 James M. Adklns, Project Officer, 
Autovon 527-4986, Commercial (805) 277-4986, and Mr. Ralph Woratschek, Project 
Engineer,   Autovon 527-4786,   Commercial  (805) 277-4786. 

6 End ALAN R.  TODD 
COL, AV 
Commanding 
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SYSTEM DESCRIPTION 

GENERAL 

1. The delce system consisted of in outside air temperature (OAT) sensor. Ice 
detector/rate measuring sensor and signal processor unit, Icing rate meter, 
slip rings for the main and tall rotor, and delce controller. The main and 
tall rotor blades contained electrothermal resistive heating mats. Anti-ice 
systems were provided for sections of the windscreen, pi tot-static tubes, air 
data sensor, engines, engine Inlets, and nose gearbox/cross shaft fairings, 
target acquisition designation system, and pilot night vision system. The 
deice/antl-lce systems were activated by the pilot and copilot/gunner anti-ice 
control panels (fig. 1). The antl-ice/deice systems on the test aircraft 
S/N 83-23811 shown in figure 2 were identical to those described in reference If 
except  as noted  below. 

2. During this test, several major modifications were made to the deice/antl- 
lce systems. The unasplrated ice detector/rate measuring probe mounted In the 
No. 1 engine inlet and previously tested in February-April 1985 (ref If) was 
replaced with an aspirated Rosemount probe mounted on the upper fuselage. 
Several different probe locations were evaluated (see para 3b(4)). Additionally, 
the blade heater on-time schedule was modified and additional heater blankets 
were added   to   the  aft   nose   gearbox/cross   shaft   fairing   at  the   engine   inlet. 

ROTOR BLADE DEICE SYSTEM 

3. The rotor blade delce system is described in reference if. The modified 
blade heater on-time schedule is shown In figure 2, enclosure 4 and the off-time 
schedule  is shown in figure 3,  enclosure 4. 

ICE DETECTION/RATE MEASURING SYSTEM 

4. The ice detection/rate measuring system consisted of an aspirated Rosemount 
liquid water content (LWC) probe. Model 871FF2 and a Model 524Y4 signal proces- 
sor unit. The LWC probe is of the ice accretion type employing a vibrating 
sensing probe which changes frequency as ice Is accreted. The probe is aspirated 
by heated compressor air and was mounted on the right side of the upper fuselage 
for the most recent configuration as shown In figure 2. The system Includes a 
signal processor    to    output    an   analog    voltage    signal    proportional    to   LWC. 

5. The ice detector rate probe is powered by dc current and is on whenever 
ship's power is on. The icing rate signal is generated whenever ice buildup on 
the probe is between 0.015 inch and 0.060 inch thick. At the 0.060 inch 
thickness point, the probe is electrothermally delced and the cycle repeated. 
The ENG ICE caution light illuminates at the 0.015 inch point and remains on 
for a minimum of 90 +10 seconds. If no further icing were encountered, the 
light would go out at the end of that time. If Icing is continually encountered, 
the light will remain on. 

End 1 
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Figure 1.    Pilot Anti-Ice Panel 
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6. During the time the sensing probe is deiced and recovering from its 6 second 
heater application, a hold circuit is employed that maintains the LWC signal at 
its last value. The hold circuit operates until the probe has thermally 
recovered and releases when accreted ice thickness again reaches 0.015 inch or 
60 +10 seconds of time has elapsed. Thus, if the aircraft emerges from an 
icing environment prior to reaching the 0.013 inch thickness point, the LWC 
signal would go to zero after this time interval and indicate a zero LWC 
condition. The probe recovery time (time the detector is off line) varies with 
LWC and OAT. Typical maximum recovery times for a probe velocity of 112 knots 
are 75 seconds at LWC = 0.12 gm/nH, 15 seconds at 0.5 gm/m-', and 10 seconds at 
1.0 gm/m^, 

7. The output of the ice detection/rate measuring system will vary with air 
temperature and local flow velocity over the probe at a fixed LWC. In addition, 
the accuracy will vary with LWC at a fixed temperature and flow velocity. The 
ice detection/rate measuring sytem is calibrated in an icing tunnel to read 
LWC +10 percent for a local flow velocity of 112 knots. At higher and lower 
local flow velocities, the system will indicate slightly higher or lower than 
actual LWC values. 

8. The deice system included an icing rate meter which displayed LWC as measured 
by the ice detector probe and a signal processor. The LWC meter display is 
mounted on the pilot's instrument panel. 

NOSE GEARBOX/CROSS SHAFT FAIRING 

9. The forward nose gearboxes and cross shafts from the engine to the transmis- 
sion are covered with a fairing that Incorporates electro-thermal heating 
blankets for anti-icing. The heater blankets are controlled automatically by 
a temperature controller which maintains the surface at a temperature sufficient 
to prevent the moisture that Impinges on the fairing from freezing. Additional 
heater blankets were added to the aft nose gearbox/cross shaft fairing at the 
engine inlet to prevent runback and refreezing. 

10. The electric heaters are turned on by the same two-position switch on the 
pilot's anti-ice panel that activates the engine air inlet bleed air system. 
Overheat sensors are provided that activate the ENG ANTI-ICE segment on the 
pilot's and the CPG's caution and warning panels and shut the electric heaters 
off automatically. The overheat sensor is a controlling-type sensor which 
allows the system to continue operation at the higher temperature without 
further overheat protection. 
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INSTRUMENTATION AND SPECIAL EQUIPMENT 

GENERAL 

1. In addition to standard aircraft Instruments, McDonnell Douglas Helicopter 
Company Installed and maintained calibrated instrumentation. Data from the 
cockpit Instrumentation was hand recorded on flight cards. The Instrumentation 
system recorded frequency modulation (FM) data on magnetic tape. Additional 
equipment installed at the pilot's station included full instrument landing 
system Instrumentation (localizer, glide slope, and marker beacon). Special 
equipment installed at the copilot/gunner station included an icing rate 
Indicator for the aspirated system and a control panel for operation of the 
video cameras and data system. 

FM DATA PARAMETERS 

2. The following data were recorded on magnetic  tape in FM format. 

Time code 
Total air temperature 
Observed air temperature (rotor deice system) 
Blade deice current phase A 
Icing severity (aspirated system) 
Icing severity (engine inlet probe) 
Target Acquisition Designation System Temperatures 

Top of dayside window 
Bottom of dayside window 
Dayside window frame 
Nlghtside window 
Nightside window frame 
Nlghtside shroud main heater 
Nightside shroud heater element 

Pilot Night Vision System Temperatures 
Window 
Fairing 

CAMERA SYSTEMS 

3. Four video cameras were located on the test aircraft to document ice accre- 
tion characteristics. One camera was mounted on the right forward avionics 
bay to photograph the main rotor advancing blade leading edge and lower surface 
(photo 5, end 5). Another camera located on the top of the left wing tip 
photographed the tail rotor and horizontal stabilator (photo 7, end 5). The 
third camera photographed the left engine inlet (photo 7, end 5). A fourth 
camera was mounted on the transmission access panel for three flights to docu- 
ment ice accretion on the right engine aft nose gearbox cross shaft fairing 
(photo 15, end 5). 

End 2 
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4. An additional video camera was located on board the chase aircraft to 
document ice accretion on the test aircraft after exit from icing encounters. 
Single lens reflex 33mm cameras were used for still photo (color prints and 
slides) documentation both in the air and on the ground following icing flight. 

CLOUD SAMPLING EQUIPMENT 

5. For cloud measurements in the natural environment, the US Army Aviation 
Engineering Flight Activity employs a JU-21A fixed-wing aircraft, US Army S/N 
66-18008, equipped with a cloud measurement package. This package consists of 
the following equipment: a Particle Measuring System (PMS) forward scattering 
spectrometer probe (model FSSP-100), a PMS optical array cloud droplet spectro- 
meter probe (model OAP-200X), Rosemount outside air temperature sensor and 
display, Cambridge model 137 chilled mirror dew point hygrometer and display. 
Cloud Technology ice detector unit, Leigh MK 12 ice detector unit, and a Small 
Intelligent Icing Data System. 
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TEST TECHNIQUES AND DATA ANALYSIS METHODS 

GENERAL 

1. The delce system on the AH-6AA helicopter was functionally tested prior to 
each icing flight. All anti-ice systems (i.e., pitot heat, windshield anti- 
ice, and engine air Induction system anti-ice) were activated prior to cloud 
immersion. The JU-21A icing scout aircraft located and documented the icing 
condition before the test aircraft entered the icing environment. The JU-21A 
then loitered in the area to facilitate a post-immersion rendezvous with the 
test aircraft for photographic documentation. The liquid water content (LWC), 
median volumetric diameter, and ambient temperature were documented by the 
JU-21A aircraft. The Rosemount icing rate meter in the test aircraft was also 
used to monitor LWC in natural cloudj. 

ICE ACCRETION AND SHEDDING 

2. Ice accretions were documented using hand-held video from the chase aircraft 
and four video cameras mounted on the test aircraft. Post-flight photographs 
were made to document the ice remaining on the individual components of the 
airframe and rotors. 

3. The vibration characteristics of the aircraft before and after ice shedding 
were evaluated using the Vibration Rating Scale shown in figure 1. 

WEIGHT AND BALANCE 

4. Prior to testing, the aircraft gross weight and longitudinal and lateral 
centers of gravity (eg) were determined by using calibrated scales. The 
aircraft was weighed with full Instrumentation onboard, without fuel, and with 
auxiliary fuel tanks installed Inboard and rocket pods outboard. The aircraft 
basic weight was 12,101 pounds with a longitudinal eg location at fuselage 
station 208.4 and a lateral eg location at buttline -0.3 left. 

DEFINITIONS 

5.  Icing characteristics were described using the following definitions of 
icing severity. These definitions may be found in FM 1-230. 

a. Trace Icing: Ice becomes perceptible. Rate of accumulation slightly 
greater than rate of sublimation. It is not hazardous even though deicing 
equipment is not used, unless encountered for an extended period of time (over 
1 hour). 

b. Light Icing: The rate of accumulation may create a problem if flight 
is prolonged in this environment (over 1 hour). Occasional use of delcing/anti- 
icing equipment removes/prevents accumulation. It does not present a problem 
If the deiclng/anti-icing equipment is used. 

End 3 
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c. Moderate Icing: The rate of accumulation Is such that even short 
encounters become potentially hazardous and use of delclng/antl-lclng equipment 
or diversion Is necessary. 

6.  Results were categorized as deficiencies or shortcomings In accordance with 
the following definitions. 

Deficiency; A defect or malfunction discovered during the life cycle of an 
Item of equipment that constitutes a safety hazard to personnel; will result In 
serious damage to the equipment If operation Is continued; or Indicates Improper 
design or other cause of failure of an Item or part, which seriously Impairs 
the equipments operational capability. 

Shortcoming! An Imperfection or malfunction occurring during the life 
cycle of equipment, which must be reported and which should be corrected to 
Increase efficiency and to render the equipment completely serviceable. It 
will not cause an Immediate breakdown. Jeopardize safe operation, or materially 
reduce the usability of the material or end product. 
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