
. ‘II AD—AO 55 039 ARMY AVIATION ENGINEERING FLIGHT ACTIVITY EDWARDS hF-—ETC FIG 1/3
1’ MOO I FI E D HELICOPTER ICING SPRAY SYSTEM EVALUATION. (W

MAR 77 6 L SENDER. M S MATHEWS, J S T%&LOCH
UNCLASSIFIFO USSAVFA—7S— fl~

I
I _

I 
_ _  _ _

_ ! ~JI U _
7 . .



i i•~ L.~I .~._J L ‘
~~

_ _ _  

L ~~~ 2 2
I’
.
’

I i  ~ ~
: 

~IlI~I=~IflIL~ IIIII~ Iun~
~~~~~~~~~ ~~~~~~~~~ I t~J



F~~~~~~~ N~~~2~~ / ,2~USAAEFA PROJECT NO . 75—04

MODIFIED HELICOPTER ICING
SPRAY SYSTEM EVALUATION

FINAL REPORT

GARY L. BENDER
PROJECT OFFICER JOHN S. TULLOCH

CW4, AV
MATHEW S. MATHEWS III US ARMY

CPT , IN PROJECT PILOT
US ARMY

PROJECT ENGINEER

D D C
[~~JPf ~~ ~~ flfl fl~ f l

JUN 13 1978

MARCH 1977 1~ .~ ft]U U

~~~~ Li—. Approved for public release; distribution unlimited.

~~~~~ UNITED STATES ARMY AVIATION ENGINEERING PLIGHT ACTIVITY
EDWARDS AIR FORCE BASE, CALIFORN IA 93523

78 06 12 115

• •
~

- 
~~~~~~~~~~~~~~~~~ -- --—-~~ - - -~



- - -

r - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
•~~~~~

-

•
1

DJ SCI.AJMER NOTICI~

The Findings of this report are not to be construed as an official Department of
the Arm y position unless so designated by other authorized documents.

DISPOSITION INSTRUCTiONS

l)estr oy thi s report when it is no longer needed. Do not return it to the originator.

TRADE NAME S

The use of trade names in this report does not constitute an official endorsement
or approval of the use of the commerc ial hardware and software.

___ —



UNCLASSIFIED -

SECURITY CLASSIFICATION OF THIS PAGE (B~,.n D.t. KnS.r.l~
D~~ D(%~~T W S IU ~~bJ1 AfIf%bJ DA r E READ INSTRUCTIONS
~~~~~~~~~~~ i ~~~~~~u~~ i-i~ I ~ I ‘~~~I~ BEFORE COMPLETING FORM

I REPORT NUMBER 
L 

2. GOVT ACCESSION NO 3. RECIPIENYS C A T A * 06 NUMBER

USAAEFA PROJECT NO. 75—04 I
/~ ~ . TITLE ( id SubISUi) ~~~~~ t _______

NAL~~~~~~~~~~~~P7~~

MODIFIED ~~LIC0PTER ICING ~~RA~1 SYSTEM ~ VALUATION~ Sep U~~~ 
— 4 Dec ‘L_ *~

—

_______________________________________________ JSAAEFA PROJECT NO. 75-04
____________________________ I. CONTRACT OR 8RA NT NUMSER(.)

.—
~~~~ ~~~~~~~~~~~ 

-
~~~ i . •  ~~

_ . DRESS tO. GRAM ELEMENT. PROJECT . TASK
ARE WORK U ~

‘ NUMBERS

US ARMY AVIATION ENGINEERIN G FLIGHT ACTIVITY
EDWARD S AIR FORCE BASE, CALIFORNIA 93523 EJ G HO EJ EJ

II. CONTROLLING OFFICE NAME AND ADDRESS /1
US ARMY AVIAT ION ENGINEERING FLIGHT ACTIVITY (JJ 

R

EDWARDS AIR FORCE BASE, CALIFORNIA 93523 
89

ONITORING AGENCY NAME & ADDRESS(SI dItI.vw.I from Can(,oIIIn 5 OWeS) ¶ 5.  SECURITY CLASS. (of SAl. r.po rt)

I~ I .sAA ~ 1~A—75—i ’/~ I 1i~~~~ CCLASSI FICA1i ON/OOWNGRAO INO
SCHEDULE

_____________________________________________ NA
15. DISTRIBUTION STAT EMENT (of SAl. R.port)

Approved for public release; distribution unlimited. ________________

Ii. DISTRI BUTION STATEMENT (of A. .b.t ract .nt.,.d In Slock 20, If dSlf.r.nt from R•port)

¶ 5 . SUPPLEM E N T A RY  NOTES

19. K EY WO POS (Coflhlnu. on r.vera. aId. If fl•C••Iafy .td Id.n?Sfy by block numb.,)

Modified helicopter icing spray system Structural tests
CH—47C helicopter Boom stresses
Additional modification /
Dynamic tests /

20. A B S T R A C T  (Conllnu. an ,•..ra. aid. if n.c.a.ary and idmsu f y  by blork numb. r)

The United States Ar~y Aviation Engineering Flight Activity conducted
qualification tests/of a modified helicopter icing spray system
installed on a CH—çC helicopter. The initial tests were conducted
at Edwards Air Forge Base, California, between 23 September and

• 4 December 1975. F~llowing a further modification to the icing
spray system, sixjadditional flights were conducted between 15
and 30 June 1976VA11 tests required 55 f ht~ hours (41 fl ights)c~~

~1D I lLt . 
(contd)~ ~~j

DD ~~~~ ~473 EDITION OF NOV S$ IS 05 o T UNCLASSIFIED
SECURITY CLASSIFICATI ON OP THIS PAGE (~~ m, 0.0. Enftt d)



—.....-. —..
~~~~

.. ,
~~~~

—
~
“--..—.—.— 

~~~~~~ 
•—

~
-
~

-—-.——
~ 
.— .—

UNCLASSIFIED 
—

SICU ITY CLASSI FICATION OF THIS PAG((NAan D.0~ -

~2O. Abstract

9fluring the first testing period, struc tural and dynamic tests
were conducted throughout the CH—47C flight envelope and the
physical properties of the spray cloud generated by the modified
icing spray system were measured. Two def iciencies were found :
boom stresses greater than the aat.rtals endurance limit which
severely restricted the maximum airspeed at which the system
could be operated (110 knots true airspeed), and an inadequate
and unsafe boost extension/retraction system. Additional modification
was made to the system and envelope expansion tests were repeated.
During the second testing period , the two deficiencies were eliminated.
However , f l ight  with the boom retracted (except at very low airspeeds)
and f l igh t  at a rotor speed of 235 rpm continued to produce excessive
boom stresSes. These excessive stresses constituted a shortcoming.
Additional modification to the HISS was made to correct this short-
coming. The modified HISS with this additional change is airworthy
within the unrestricted CH—47C flight envelope.
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INT1ODUCTI ON

bACKGROUND

1. The United States Army Aviation Engineering Flight Activi ty
(USAAEFA) conducted qualification tests in 1973 of a helicopter
icing spray system (HISS) mounted on a CH—47C helicopter (ref
1, app A) . This system was subsequently used during simulated
icing tests of several Army helicopters. During these teats several

4 deficiencies of the HISS were noted . The most significant deficiencies
were (1) insufficient depth of the spray cloud ; (2) rotor dowuwash
and vortices from the CH—47C in the spray cloud , making it extremely
difficult to stabilize a test aircraft in the spray cloud at
a constant distance from the HISS ; (3) nonuniformity  of the l iqu id
water content (LWC) in the spray cloud; and (4) corrosion in
the water lines. The All American Engineering Company (AAE) ,
which designed and buil t  the HISS , was contracted to modify the
system to correct the deficiencies and shortcomings noted in
the Army tests. The United States Army Aviation Systems Conmtand
(AVSCOM) requested USAAEFA to conduct qualification tests of
the modified HISS (ref 2). Results of a follow—on test of the HISS,
which was conducted to qualify improvements made by All American
Engineering (AAE) subsequent to this evaluation , are included in
Appendix F.

TEST OBJECTIVES

- • 2. The objectives of this evaluation were as follows :

a. To conduct an airworthiness evaluation of the modified
HISS installed on a CH—47C aircraft.

b. To determine if the modified HISS meets the requirements
of the development contract (ref 3, app A).

c. To evaluate the suitability of the modified HISS in simulating
an icing environment in which to flight test aircraft.

DESCRIPT ION

3. The modified HISS (fig. A) consists of two hoiizontal booms
with spray nozzles and atomizers , internal and external supporting
structure for these booms , hydraulic actuators to extend and
retract the external apparatus , an 1800—gaflon unpressurised

• 78 06 12 115
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Figme A. Dual Boom Configuration.
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water tank , and operator control equipment. In the extended position
the upper and lover horizontal booms are 20 and 25 feet below
the aircraft , respectively. The upper horizontal boom and vertical
extensions are made of steel. The lower horizontal boom and vertical
extensions are made of aluminum. The booms and part of the supporting
structure are jettisonable in an emergency . The water can also
be jettisoned .

• 4. The spray cloud is created by pumping water from the tank
to the nozzles in the booms and atomizing the water with pressurized
air from the aircraft engine compressor section. The LWC and
water droplet size distribution are controlled by adjusting the
water flow rate and the air pressure. There are 174 nozzle locat ions
on the booms . Atomizers can be used at only 54 of the locations
at one time because of a limited air supply . Nozzle spacing on
the two booms is shown in figure B. A complete description of
the icing spray system may be - found in the AAE handbook (ref
4, app A). A complete description of the CH—47C helicopter is
contained in the operator’s manual (ref 5).

5. Because of problems with the initial dual boom system, the
extension/retraction system was modified and a stiffener was
added to the lower horizontal spray boom. The configuration of
the stiffener is shown in figure C. .

TEST SCOPE

6. The initial modified HISS qualification tests were conducted
by U SAAEFA at Edwards Air Force Base, California, between 23
September and 4 December 1975. Following a further modification
to the HISS, 6 additional flights were conducted between 15 and

• 30 June 1976. All tests required 55 flight hours (41 flights).
Maintenance and instrumentation support were provided by USAAEFA.
The spray equipment was installed by AAE with the assistance
of USAAEFA personnel. The limitations of the safety—of—flight
releases (ref s 6 and 7, app A) were observed throughout these
tests.

7. The inital tests were conducted in two phases: envelope expansion
and spray clou~l measurements. Maximum airspeed during both phases
was limited by oscillatory stresses in the lower horizontal boom.
The system was subsequently modified to correct this and other
problems, and envelope expansion tests were conducted on the
modified system. The test conditions for the first envelope expansion,
the spray cloud measurement, and the second envelope expansion
tests are shown in tables 1, 2 , and 3, respectively.

3
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Table 1. First Envelope Expansion Test Conditions .1

Calibrated True
Altitude Flight Condition Airspeed

(f t) 
_____________________________ 

(kt)

2800 Low—speed translational2 Zero to 45 KTAS 3

Maneuvering 72 , 103

51 to 142 in
Level 10—knot increments

7160 55 to 11 1 in
Climb 10—knot increments

55 to 116 in
Descent 10—knot increments

• 56 to l4 l in11 800 Level 10—knot increments

1Boom retracted and extended at all conditions. Water tank
1500 gallons and empty at all conditions except 11 ,800 feet,
where it was 1500 gallons only. Tests conducted at rotor
speeds of 235 and 245 rpm and mid center of gravity (cg).
2Sideward , rearw~ird , and forward f l ight .
3KTAS: Knots true airspeed.

Table 2. Spray Cloud Measurement Conditions.

Calibrated Water Distance
Airspeed Flow Rate • Behind CH—47C
(kt) (gal/mm ) (ft)

85, 100, 115 20, 35, 50, 75
- 200 , 250 , 300

125 20, 35

6
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TEST METHODOLOGY

8. Since flight envelope expansion was inherent in the modified
HISS qualification tests, these tests were conducted in accordance

• with the provisions of AVSCOM Regulation No. 70—11 (ref 8, app
A). The engineering analysis required by the - regulation consisted
of technical reviews of ME reports by AVSCOM prior to issuing
a safety—of—flight release, as well as an independent analysis
of spray boom dynamics by the Ames Directorate of the United
States Army Air Mobility Research and Development Laboratory
(ref 9) and an independent AVSCOM structural analysis. The USAAEFA
technical committee also reviewed these documents and the test
operations plan . for the project (ref 10). The test aircraft and

• spray system were instrumented as described in appendix B. Data
were monitored in real time by telemetry during all envelope
expansion and cloud measurement fl ights. Detailed methods of
test are outlined in the appropriate sections of the Results
and Discussion section of this report.

8



RISULTS AND DISCUSSION

GENERAL

9. Qualification teats of a modified HISS installed on a Cli—
47C helicopter were conducted to determine the airworthiness

- 
, of the system and to evaluate the system ’s capability to simulate

a natural icing environment in which to flight test helicopters.
First , structural and dynamic tests were conducted throughout

4 the CH—47C f l ight  envelope and then the physical properties of
the spray cloud generated by the modified HISS were measured.
Two deficiencies of the modified HISS were found : boom stresses
greater than the materials endurance limit which severely restricted
the maximum airspeed of the CH.-47C/HISS (110 KTAS ) ,  and an inadequate
and unsafe boom extension/retraction system. Additional modification
was made to the system and envelope expansion tests were repeated .
During the second envelope expansion tests , the two deficiencies
were eliminated. However, flight with the boom retracted (except
at very low airspeeds) and fl ight at a rotor speed of 235 rpm
produced excessive boom stresses . Attempts to relate the measured
LWC of the spray cloud to water flow rate, relative humidity,
cloud geometry, distance behind the CH—47C, or CH—47C airspeed
were unsuccessful

FLIGH T ENVELOPE EXPANSION

General

10. The initial flight envelope expansion tests were conducted
in three flight regimes: low—speed tcanslational flight; forward
climbing, level , and descending fligh t ; and maneuvering flight.
At each stabilized flight condition, aircraft control margins,
boom stresses, and boom dynamic response were measured. Maximum
airspeed of the CH—47C/HISS was limited by lower horizontal boom
oscillatory stresses during the initial envelope expansion tests.
Following installation of the stiffener to the lower boom, maximum
airspeed was restricted by aircraft power available with the
boom down at a rotor speed of 245 rpm. At 235 rpm , or with the

- 
- boom retracted, boom oscillatory stresses were excessive .

Weight and Balance

11. Prior to testing , the a i rc ra f t  gross weigh t and longitud inal
cg were determined . The a i rcraf t  wan weighed wi th  the boom stowed
and instrumentation installed at the following conditions:

• 9 



-~ -~~~ - - -

a. No fuel, no water .

b. No fuel , 1100 gallons of water .

c. Full main and forward auxiliary fuel tanks , 1100 gallons
of water (two weighings).

d. Full main and forward auxiliary fuel tanks , 1500 gallons
of water.

e. Pull main and forward auxiliary fuel tanks , no water.

12. All of the above weighings were completed at a level aircraft
attitude except for one weighing at each of configurations c
and d, where a 6—degree nose—up attitude weighing was performed
to determine aircraf t cg change caused by water shifting to the
aft of a partially filled water tank. As shown by figure D, the
water transfer resulted in an aircraft cg shif t  of approximately
10 inches which moved the cg beyond the operator’s manual aft
limit. This condition was cleared for flight by the safety—of—
flight release.

13. The test plan required weighing in configurations c and d
to be at a 7—degree nose—up attitude (the lift—off attitude of

H the CH—47C/HISS). However, a 7—degree attitude could not be achieved
because the lower boom contacted the ground at a 6—degree nose—
up attitude. Therefore, the lower vertical extension tubes were
canted 6 degrees to provide adequate ground clearance during
lift—off to a hover. This modification was accomplished pr ior
to the start of flight tests.

Boom Dynamics

14. Boom dynamic response to gusts was evaluated at each stabilized -
test condition shown in table I by making 1—inch , 1/2—second
pulse control inputs about each axis . Response to lateral and
directional control pulses was well damped at all conditions
tested. Boom response to longitudinal inputs was a symmetrical
pendulum—type oscillation at a frequency of approximately 0.8
hertz (Hz). The damping of this oscillation decreased with airspeed
from a damping ratio of 0.057 at 107 KTAS to 0.043 at 145 KTAS.
Although the damping of this dynamic mode was low, the damping
was greater than that of the low—frequency modes of the previous
HISS boom configuration. The oscillation could be felt in the
aircraft during f l ight in turbulence but presented no aircraft
control or boom stress problems . Response to gusts was again
checked with the stiffener installed and found unchanged. Dynamic
response of the boom system to simulated gusts was satisfactory.

10
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The lower (aluminum) horizontal boom did respond to the aircraft
I—per—rotor—revolution (1/rev ) and 3/rev excitation under some
conditions . This response caused some structural  fat igue problems

H which are discussed in later paragraphs.

h 15. Addition of the -s t i f fener  changed the shape of the lower
horizontal boom and created an apparently aerodynamically induced
vertical oscillation at a frequeni. y of 6 Hz in the lower boom
in the extended position. This oscillation was encountered in
an airspeed range of 90 to 110 knots calibrated airspeed (KCAS).
This oscillation was uncomfortable to the crew and caused boom
stresses near the endurance limit. Tape was added to the lower
boom and stiffener to change the aerodynamic shape (fig. E).
The oscillations were not observed after addition of the tape.
This tape (MIL—SPEC—PPP—T—OO6OC or equivalent) should be a part
of the standard HISS conf iguration until a more permanent modif ication
is tested .

• DIIECTION OF FLIGHT .—.-—-—-~~~~
.

• 

lOOM

TAPI

Figure E. Lower Boom Final Conflguraflon ~,

12 
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Boom Stresses

16. Boom stresses at the locations shown in appendix B were recorded
at the flight conditions presented in tables 1 and 3. The tests
were conducted in smooth air with control motion held to a minimum.
Therefore , the stresses presented are the minimum encountered
at the test conditions. The data are presented as mean bending
stress (vector stun of the bending in two axes) and alternating
stress (one—half peak—to—peak stress in each axis). Stress data
gathered in level, climbing, descending, and maneuvering flight
pr ior to stiffener installation are presented in figures 1 through
18, appendix C. Stress data at the critical location , gathered
after stiffener installation, are presented in figures 19 through
22. Strain gage locations are shown in figure 1 , appendix B.
Predicted maximum stress levels at all strain gage locations
are given in ME Report P—281 (ref 11 , app A).

17. The alternating stresses in the steel components of the boom
system were well below allowable fatigue limits at all conditions
tested. Mean stresses in steel components were well below the
design limit stresses specified in the safety—of—flight release
exc~pt for bending at location D on the outrigger. Mean bending
stress at this location exceeded the design limit at high speed.
However , the stresses were well below yield strength for the
steel used in the outrigger. Addition of the stiffener had no
effect on the stresses in steel components. Stresses in steel
members of the boom system are acceptable.

18. The lower horizon tal spray boom, vertical tubes, and 90—
degree elbows were made of heat—treated aluminum alloy. After
fabr ication, the welded areas were not heat—treati~d, and theref ore,
material strength near welds was less than the st:~ength of heat—
treated alloy. Allowable stresses for the two types of material
are shown in figure F. After completion of the low—speed translational
flights during the first envelope expansion tests (5.9 hours
of flight), fatigue failures were found near welds on both the
vertical tubes (app D) .  Subsequently, ME bu ilt new, stronger
vertical tubes and heat—treated the tubes and 90—degree elbows
after welding. The horizontal boom was left  in the “as welded”
condition. The new tubes were used for the remainder of the tests
and no failures were encountered.

19. Throughout the level flight tests, before stiffener installation,
high 1/rev and 3/rev oscillations were present in the aluminum

• sections of the spray boom system . With the boom UP, the oscillations
were vertical and with the boom DOWI4, they were f o r e/ a f t .  The
magnitude of the oscillations generally increased as aircraft
vibration , power required , and collective blade angle increased

13
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(fig. 8, app C). Alternating stresses in the aluminum sections
were larger with spray ON than with spray OFF. Figures 8 and
9 illustrate the higher loads with spray ON. The stresses at
location E reached the endurance limit specified in the safety—
of—flight release at 138 KTAS during the envelope expansion tests
with spray ON. However, during the cloud measurement flights,
significantly higher alternating stresses were randomly encountered
(mean stresses were unchanged). These higher alternating stresses
could not be correlated to changes in gross weight , density altitude,
rotor speed , water remaining in the tank, or water flow rate.
Without the stiffener installed, the CH—47C/HISS would be restricted
to 110 KTAS for all flight conditions.

20. With the stiffener attached , two conditions produced oscillatory
-

• stresses in the aluminum sections in excess of the endurance
limit. At a rotor speed of 235 rpm, the stresses were above endurance
limit at all flight conditions with the boom retracted or extended
(figs. 19 and 20, app C). At 245 rpm, the stresses were excessive
with the boom UP at airspeeds greater than 30 KTAS in any direction
(figs. 21 and 22). Stresses at all other conditions (ie , boom
DOWN , 245 rpm, greater than 30 KTAS) were acceptable. Excessive
oscillatory stresses at 235 rpm at all flight conditions and
at 245 rpm with the boom retracted at greater than 30 KTAS constitute
a shortcoming. All fl ights should be conducted at 245 rpm. During
flight with the boom retracted, airspeed in any direction should
be limited to 30 KTAS.

21. Weights were attached to the lower horizontal boom in an
attempt to change the boom natural frequency and damping to reduce
alternating stresses. During a ground run, weights were attached
to the boom as shown in table 4. At each weight configuration,
the boom was deflected, then released, and the frequency and
damping of the subsequent oscillation measured. The test was

- 
- repeated at various rotor speeds. The lowest response at operational

rotor speeds was with 25 pounds attached to the center of the
• lower boom. This configuration was flight tested and appeared

satisfactory in a hover with boom UP. With boom DOWN, however ,
3/rev alternating stresses reached ±2610 psi at location H, ±5080
psi at location E, and ±3690 psi at location J (endurance limit

• 2160 psi). These stresses were excessive and therefore this method
of detuning was abandoned and a stiffener was designed.

Boom Extension and Retraction

• 22. The spray boom was successfully extended and retracted at
a hover and at 10, 20, 30, and 40 KTAS. Extension and retraction
were attempted at 50 KTAS but could not be accomplished. During
extension attempts at this airspeed , the up—locks released

15
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properly and the boom extended nearly all the way. However , the
down—locks would not move into position until airspeed was reduced
to 40 KTAS. Similarly, during retraction attempts, the down—
locks would not release until airspeed was reduced to 40 KTAS.
Boom extension times increased and retraction times decreased
with increasing airspeed . Extension times ranged from 54 to 69
seconds , while retraction times were between 52 and 44 seconds.
These results did not change when the extension/retraction system
was modified.

23. Prior to modification of the extension/retraction system,
the procedures for raising and lowering the boom were confusing
and the boom status lights did not give an accurate indication
of boom UP , DOWN , or LOCKED conditions. With the initial system,
extending the boom required the copilot to first push the BOOM
UP button to remove the weight of the boom from the aft latches
so that the crew chief could manually release those latches.
Once the latches were released , the BOOM DOWN button was pushed
to extend the boom. Similarly, the first step required to retract
the boom was to push the BOOM DOWN button. Throughout the procedure ,
the position of the boom and locking mechanisms had to be visually
checked by the crew chief because the status lights did not give
proper indications. This system was unacceptable and was modified
by AAE.

Handling Qualities

25. The handling qualities of the CH—47C and the control margins
remaining with the modified HISS were evaluated throughout these
tests. Quantitative data were gathered prior to the stiffener
installation to evaluate simulated hovering in winds and control
positions in trinmied forward flight . These data are presented
in figures 1 through 4, appendix C. Handling qualities in the
low—speed flight regime and in trimmed forward flight were essentially
unchanged from those of the basic CH—47C and the control margins
were adequate. The variation of longitudinal cyclic control position
with airspeed provided inadequate cues when trimming to a predetermined
airspeed . The increasing aft control required with increasing
airspeed is a shortcoming of the CH—47C and is unchanged by the
addition of the HISS.

26. The maneuvering and static latêrál—directional stability
characteristics of the aircraf t  were evaluated quali tat ively
at 70 and 100 knots indicated airspeed (KIAS) at pressure altitudes
of approximately 7000 and 10,000 feet. These characteristics
appeared to be unaffected by the installation of the modified
HISS. Adequate cues were available to the pilot to maintain the
desired heading and ground track or turn rate. Within the scope

- 
- 
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of this evaluation , the handling qual i t ies  of the CH—4 7C wi th
the modified HISS installed are adequate for the proposed mission ,
with or without the s t i f fener .

OPERATING CHARACTERISTICS

• 
General

27. The spray boom is extended and retracted by two hydraulically
operated rams attached to either end of a torque tube located
in the cabin section. Control of the hydraulic rams is through
an electrical control panel located on the copilot side of the
angled console. This control panel also incorporates the emergency
jettison switch for boom and water, an arming switch for jettison
capab ility, and a boom air switch that controls engine bleed
air to the system. During the evaluation , it was found that 40
KLAS was the maximum airspeed for extending and retracting the
boom because the down—locks would neither lock nor unlock at
higher indicated airspeeds. A CH—47C aircraft checklist (TM 55—
1520—227—IOCL) was modified to incorporate the HISS operational

• checks into the standard preflight , start—up , shut—down , and
emergency procedures. Additional information and procedures for
and about extending and retracting the boom , spraying, and in—
flight emergencies are detailed in paragraphs 28 through 32.
Since the HISS is a special type of test equipment, and will
be operated by personnel specially trained for a specific mission,
the operating characteristics are satisfactory. If, however ,
other uses for the HISS are conceived , additional refinement
o the operating characteristics will be necessary to issue a
safety—of—flight release for the new mission.

Extending the Boom

28. Extending the boom req~ Lrc~ coordination between the copilot
and crew chief. Once the aircraft has been stabilized at the
extension airspeed , the copilot activates the BOOM DOWN switch
and the crew chief pulls the manual up—lock releases and places
the pull rings over catches located adjacent to the releases.
There are two manual up—lock releases, one on each side of the
aircraft at floor level. The crew chief must bend over , pull
the release ring, place the ring over the retaining catch, stand
and walk to the other- side of the aircraft , and repeat the procedure.
It should be noted that the release rings must be left over the
retaining catch while the boom is extending because the control
box logic is such that the boom will stay in or return to the
retract position if the up—lock releases are in any other position.
As the boom begins to traverse, the BOOM UP and the LOCKED lights

18
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on the control panel extinguish. Once the boom is full y extended,
the boom down—locks engage and cause the BOOM DOWN and the LOCKED
lights to illuminate. As the boom extends , the aircraft slowly
pitches nose—down , requiring continual retrimming. This continual
retriiwning is barely noticeable because of the pilot workload
with the poor handling qualities of the aircraft at low airspeed.

• The time required for the boom to extend is approximately 1 minute.
Operating procedures for extending the boom are satisfactory.

~~ rayinj

29. Operating procedures for the HISS were prepared and attached
to the water tank located in the cabin section. The procedure
requires the copilot to place the boom air switch in the ON position,
and the crew chief to set air pressure and water flow rate to
the desired test conditions. The crew chief may also purge the
water line at the completion of a spray mission by stopping the

• water flow and diverting bleed air into the water line. While
transiting to and from the test altitude the bleed air switch
will be in the ON position, and bleed air will be diverted into
the water line to preclude freezing of the residual water that
collects in the lower portions of the boom. Under these conditions

• the pilot must be especially cognizant of engine temperature
limits, since there is a 300C rise in power turbine inlet temperature
with a corresponding loss of power available (approximately 3
percent registered at the pilot torquemeter). Operating procedures
for the spray system are satisfactory.

Retracting the Boom

• 30. Retracting the boom requires coordination between the copilot
and crew chief. Once the aircraft has been stabilized at the
ret raction airspeed , the copilot advises the crew chief to remove
the up—lock release pull rings from the catches located adjacent
to the releases. The copilot then activates the BOOM UP switch
which causes the down—locks to disengage, extinguishing the BOOM
DOWN and LOCKED lights , and s tarts  the boom traversing toward
the BOOM UP position. Once the boom has engaged the up—locks,
a BOOM UP and a LOCKED light Illuminate on the control panel.
As the boom retracts, the aircraft slowly pitches nose—up, equiring
continual retrimming which is again barely noticeable. Time required
for boom retraction is approximately 1 minute. Operating procedures
for retracting the boom are satisfactory.

• / In—Flight Emergencies

31. In view of the large number of in—flight emergencies that
can arise, no attempt will be made to dictate specific procedures

19
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to be executed; therefore , the following discussion is to be
viewed as advisory in nature , and should be tempered with the
specifics of the situation. If it is determined that the aircraft
and/or crew are in danger, the pilot may elect to jettison the

- 
• boom, the water, or both boom and water. In—flight jettison of

the boom and/or water is accomplished by activating the guarded
jettison switch. Ground jettison of the boom system showed that
the explosive bolts in the boom system fired and released simultaneously.
In—fligh t boom jett ison tests were not performed. In—flight jettison
of the water was accomplished and a very slight trim change was
experienced.

32. Should the boom transit part way and come to a stop, the
copilot can activate the red BOOM STOP switch on the control
panel, and then activate the switch for the direction he wishes
the boom to move . If several attempts do not precipitate movement ,
the copilot should then activate the opposite direction switch.
Barring movement in any direction , the crew chief has a manual
override switch which can be used to retract the boom . Assuming

• that the manual override is ineffective , the hydraulic lines
to the hydraulic rams can be disconnected and a gentle landing
accomplished so as to force the boom up. This technique is not
recommended at high gross weights. As a last resort, the boom
can be jettisoned using the procedure outlined above .

Spray Cloud Measurement

33. Measurement of spray cloud properties was accomplished at
a 7000—foot pressure altitude at the conditions shown in table

• 2. The LWC and water droplet size distributions in the cloud
were measured using a laser spectrometer mounted in a Piper Aztec
aircraft flying behind the CH—47C. Relative position of the two
aircraft was determined with a rear—facing radar altimeter and
t-heodolite mounted in the CH—47C. The LWC and droplet size distribution
measurements were taken by Environmental Research and Technology ,
Inc. (ERT) under contract to the Army. An analysis of the results
was published by ERT (ref 12 , app A). Because of various problems
discussed in the ERT report, the variation of LWC could not be
related to airspeed, water flow rate, relative humidity, position
in the cloud, or distance behind the CH—47C. The droplet size
distribution in the HISS cloud is similar to that found in a
precipitating tropical cloud, although the droplet concentration
is quite low for such a cloud. The excessively large droplet
size distribution generated by the HISS is a shortcoming. A procedure
for determining water flow rate for a desired LWC is outlined
in appendix E. 

-
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34. Qualitatively , the cloud appears to be of sufficient size
to totally inuserse a Ull—Ill helicopter in an icing environment.
During these teSts the CH—47C wake turbulence in the spray cloud
was evaluated . A UN—lit helicopter was flown at various ver t ical
and horizontal positions in the cloud at several d istances beh ind
the CH—47C. At stand—off distances up to 300 feet  the U R— 1M was
virtually unaffected by CH—47C wake turbulence . At 80 KIAS it
was d i f f icu l t  to stabilize in the cloud at distances greater
than 300 feet , but the maximum usable s t and—off  distance increased

• with airspeed. The ease of stabilizing in the spray cloud is
greatly increased in the modified HISS as compared to the original
system. The minimum usable standoff distance was 150 feet. This
is the distance at which the clouds generated by the upper and
lover spray booms converge .

21
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CONCLU$IONS

33. The mod if ied HISS , with the lower boom stiffener and tape
applied , is airworthy within a restricted C}i-.47C flight envelope.

36. Dynamic response of the boom system to gusts is satisfactory
(pars 14).

37. Addition of the lower boom stiffener caused an apparently
aerodynamically induced oscillation (pam 15).

38. Changing the shape of the lower boom and stiffener with tape
eliminated the aerodynamically induced oscillation (para 15).

39. Stresses in steel members of the boom system were acceptable
(pam 17).

40. With the boom UP and stiffener installed , St messes in the
aluminum members of the boom system are -e p t :ib lv  at  airspeeds

- 
• 

lean than 30 KTAS and a rotor speed of 245 rpm (pnra 20).

41 • Wit1~ the boom DOWN with stil fetier and tape Instn.t it’d , at messes
in t. he alum [nun membe rs att’ acceptab to at all cond It ions tea ted
at 245 rpm (para 20).

42. The mod ified boom extens ion/ ret rac t  ion syst em ( inc luding
status lights) is satisfactory (para 24).

43. The handling qua Lit ten of the CH—4 7C with the modifi ed HISS
and stiffene r installed art’ adequate for the pmopo~ed mission
(pam 26). —

44. The variation of LWC ol thi’ cloud could not he e x p e r i m en t a l ly
correlated to changes In airspeed , water f l ow r aft ’ , re la t ive
h u m i d it y ,  position in the cloud , or distance behind the CH—47t~
(pars 33).

45. Water droplet sizi ’  distribut ion in the HISS cloud Is s i m i l a r
to that  found in a p r ec i p i t a t i n g  t r o p i c a l  cumu-1 h e m  cloud (para
31).

46. The ease of 8tah [liz Ing ~ test helicopter in  the spray cloud
is great ly increased in the mod i f i e d  HISS as compared to the
original  system (para 34) .

47 . Three r t eomtn ga  we’re i den t i f i e d .

22
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SHORTCONINGS

48. The following shortcomings were identified:

a. Excessive oscillatory stresses at 235 rpm at all, flight
conditions and at 245 rpm with the boom retracted at greater
than 30 KTAS (para 20) .

b. The increasing aft  control required with increasing airspeed
(para 25).

c. The excessively large water droplet size generated by
the HISS (para 33).

23
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MCOMMUNDATION$

49. The shortcomings listed in paragraph 48 should be corrected.

50. The adhesive tape (MIL— SPEC—PPP --T—0060C or equivalent) wrapped
around the lower boom and s t i f fener  should be part of the standard
HISS configuration until a more permanent modification is tested
(para 15).

51. The flight envelope contained in the CH—47C operator ’s manual
should be used for the CH—47C/HI SS with the following additional
restrictions:

a. All flights should be conducted at a rotor speed of 245
rpm (para 20).

b. With the boom retracted , maximum airspeed in any direction
should not exceed 30 KTAS (para 20).

24

-
I --—. ~~~~~~ - -  _ — 



r’, ,C r._-~ --._ _- _—. .—,_~~r —
~ -r— -—~~;’~~~ C— —— ~~~~~~~~~ -_ ___-_

~~~
_ - _

~
_ — —-— -—— - —--_ -

~~ - . —_‘-__.“‘_‘~~~
__ -7—- ---—— - - ~ .__ ———.— -—

APPINDIX A. II UIINCIS

1. Final Report, US Army Aviation Systems Test Activity, Project
No. 72—35, hel icopter Icing Spray System Qualification , October
1973.

2. Letter, AVSCOM, AJ4SAV—EQI, 18 February 1975, subject: AVSCOM
Test Request No. 75—04 , Modif ied Hel icop ter Icing Spray Sys tem
(HISS) Evaluation.

3. Contract , DAAJO1—74—C— 1021 (P6C), awarded by US Army Aviation
Systems Coninand to All American Engineering Company , 27 June
1974.

4. Handbook, All American Engineering Company , SM—280B, Installa-
tion, Operation, and Maintenance Instructions, With List of Parts,
Icing Conditions Simulation Equipment , Change 1 , November 1974.

5. Technical Manual , Th 55—1520 — 220 — 10 , Operator ’s Manual , Ar~ny
Mode l CH—47B and CH—47C Helicopters , 30 April 1969.

6. Letter, AVSCOM, AMSAV—EQI, 21 October 1975 , subject : Sa f et y
of Flight Release (SOFR) to Conduct Flight Envelope Expansion
Testing for the CH—47C With the Modified Helicopter Icing Spray
System Installed (AEFA Project No. 75—04).

7. Message, AVSCOM, DRSAV—EQI, 19 1345Z May 1976 , subject:  Revised
Safety of Flight Release (SOFR) to Conduct Flight Expansion Testing
for CH—47C With the Modified Helicopter Icing Spray System (HISS)
Installed and Stiffener Aff ixed to Lower Boom (AEFA Project No.
75—04).

8. Regulation , AVSCOM , No. 70—11 , Experimental Flight Testing
by US A2~ny Aviation Sy8tems Test Activity , 30 July 1969.

9. Letter , USAAMRDL, SAVDL—AM—T , 9 August 1974 , subject : Dynamic
Analysis of the Modified Spray Rig Configuration.

10. Disposition Form, USAAEFA, SAVTE—TA , 29 July 1975 , subject:
Test Operations and Safety Plan for Modified Helicopter Icing
Spray System Qualification.

11. Basic Loads and Stress Report , All American Engineering Company ,
Report P—28 1 , Helicopter Icing Spray System (HISS) Dual Boom
Modification, Volumes I and II , September 1974.
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12. Technical Report , Environmen~a1 Research and Technology ,
Inc., Document P—1840, Characteristics of a Spray Ptwne , March
1976.

13. Technical Report , Ca] span Inc. , No. CG—5391—M— 1 , Measurement
of the Miorophyeical Properties of a Water Cloud Generated by
an Airborne Spray System, December’ 1973.
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APPIN DIX B• TIlT IN$TIUMINTATION

COCKPIT INSTRUMENTATION

- 
- 1. The following special instrumentation/equipment was provided

to the flight crew: -

Pilot Panel

Main rotor speed
Gas producer speed (one per engine)
Airspeed

1 Altitude
Outside air temperature
Total fuel used

- :  
Engineer Panel

Event switch
Record switch

-~ Stop switch
• Time code display

DATA ACQUISITION SYST~ I

2. The data acquisition system employed on the CH—47C helicopter
incorporated a magnetic tape unit to record flight parameters.
Vibration parameters were encoded using frequency modulation

-
~ (FM). All other parameters were encoded using pulse code modulation

- (PCM). All the PCM data were telemetered to a ground station
where 18 parame ters were displayed and monitored in near real
time during all flights.

TEST TRANSDUCERS

3. Test transducers were incorporated to monitor the parameters
shown below.

Parameter Location Rang~
- Longitudinal cyclic Beneath forward Zero to 100%

position cockpit area

27
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Lateral cyclic position 
- 

Beneath for~ard Zero to 100%
cockpit area

Roll rate Same gyro as pitch 100 deg/sec
rate , but using roll to —100 deg/sec
axis

Yaw rate Same gyro as pitch and 60 deg/sec to
roll rates, but yaw —60 deg/sec
axis is used

CG normal acceleration On spray system 4g to —4g
platform

Gas producer speed N 1 engine No. 1 70 to 105%
N 1 engine No. 2 70 to 105%

Airspeed Plumbed into static Zero to 150 kt,
and airspeed air lines 100 to 200 kt

Altitude Plumbed into static Zero to 20 ,000 f t
air line

Outside air temperature Beneath nose of ship —30 to +30°C

Bleed air pressure Plumbed into bleed —0.74 to
air lines 50 psi

Rotor speed - 170 to 255 rpm

Pilot seat acceleration Mounted under — 2 g all axes
(vertical , lateral , longitudinal) pilot seat

Rudder pedal position Beneath forward Zero to 100%
cockpit area

Collective thrust lever position Beneath forward 
- 

Zero to 100%
cockpit area

Pitch attitude On spray system +46 to —46 deg
platform

Roll atti tude Same gyro as pitch +62 to —62 deg
at t i tude, but using
roll axis

Longitudinal automatic flight Mounted within cockpit Zero to 100%

2$ 
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control system (AFCS) position and linked to AFCS
servo linkage

Lateral AFCS position Mounted within cockpit Zero to 100%
and linked to APCS
servo linkage

Directional AFCS position Mounted within cockpit Zero to 100%
- 

and linked to AFCS
servo linkage

Collective AFCS position Mounted within cockpit Zero to 100%
and linked to AFCS
servo linkage

Pitch rate On spray system +30 to
platform —30 deg/sec

CC acceleration (vertical , —2g all axes
lateral , longitudinal)

Boom tip acceleration:
Lateral ± lOg
Longitudinal ±lOg
Vertical ± lOg

STRAIN GAGES

3. The following strain gage information is supplemented by figure 1.

ABx (bending) gage factor 2.06 ±600 microinches per
inch (liin./in .)

~~~ 
(bending) gage factor 2.06 ±600 Uin. / in .

F A.r (torsion ) gage factor 2. 05 ±1300 pin./ in.

BBx (bending) gage factor 2.06 ±2400 I,iin./in.

BB~ (bending) gage factor 2.06 ±2400 Min./ in .

CBx (bending) gage factor 2.06 ±2400 ~iin./in.

CB~ (bending ) gage factor 2.06 ±2400 ~iin ./ in.

CT (torsion) gage factor 2. 05 ±2400 pin./ in.

29
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DBx (bending) gage factor 2.06 - ±650 ).Iin ./in .

DB Z (bending ) gage factor 2.06 ±650 Min./ in .

EB
~ 

(bending ) gage factor 2.105 ±1600 pin ./in .

EB~ (bending) gage factor 2.105 ±1600 ~iin./in.

~~~ 
(bending) gage factor 2.06 ±800 ~in./in.

FB~ (bending) gage factor 2.06 ±800 ~iin./in .

FT (torsion ) gage faètor 2.05 ±115 ~j in /in .

GB
~ 

(bending) gage factor 2.06 ±1600 ~iin./in.

GBz (bending ) gage factor 2.06 ±1600 iin./in.

HBx (bending) gage factor 2.105 ±850 ~iin./in.

‘~~Z (bending) gage factor 2. 105 ±850 pin./in .

JBx 
(bending) gage factor 2.07 ±800 iin./ in.

.
~~~~~ 

(bending) gage factor 2.07 ±800 iiin./in .

X Fore and af t  motion with boom DOWN . Up and down motion
with boom UP.

Z Up and down motion with boom DOWN. Fore and aft motion
with boom UP.

Y Lef t and right motion

30
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APPUNDI X C. TIlT DATA

INDEX

Figure Figure Number -

Boom Stresses in Low—Speed Translational Flight 1 through 4
Boom Stresses in Level Flight 5 through 12 - 

-

Boom Stresses in Climbing Flight 13
Boom Stresses in Descending Flight 14

Boom Stresses in Maneuvering Flight 
- 

15 through 18
Boom Stresses in Maneuvering Flight 19 and 20

(Stiffener Installed)

Boom Stresses in Low-Speed Translational Flight 21 and 22
(Stiffener Installed)
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APPINDIX D. IQWPMINT PUPORMANCI REPORT

£QUIV N T O
~~~~~~~~~

RIPO5T 

— - 
~~~~~

‘ .. w pt l97b

P.o..
14.~4 L~~~ - 44 Coimaander
..~~~~~. -.+~~~I I S 4 . OM4sAC4C? US A m y  Aviation Engr Fit Activity ,• - ATTN: SAYT E-TA

4 I l l S  ? C I L  E~ ards Air Force Base, CA 93523
— 

Pbdlfled heflcopter Icing75-04-01 ProJect 7b 04 sorev cyst •va1uatt ~~SICTION A - MJoa ITS~ DATA
I 

~~~ 1~8[4~~~~~~~~~~~ 1 t~~.IpNUp.eTU ..u. losing
~lCTIOw S.  PA ST DATA

4.fl £ I t I P I~~P$C f l 4 1 .OPC

Lower_virtical_ extension_ tubes ___________________________

- UC NC a.wuP.S

N/A _A U P~~rican Enntnp#rtn~II. f l s T S U UMS*.V

2 N/A
sIC TION C - II.CIO(N T DATA 

4.14 ? t l I t  S W V N OW M 4 - N ?  l~~ IN CID INT C L S  fl. A6V.W flflN

T. L~~~~ -44 •4 0E 1C1 U ? 4C5

XI I. .. ....+ , 
Hover , low airspeed 

~ ~~~~~~~~~~~~~~~~~~~~boom extended S Re- t
trac ted water tank , ‘ 514 0~~~~5 4 t b 1  0 O V U ~~~~ SS? _

4 
LDlU~I6O

empty and 1100 gallo ~ °‘“‘ __________________
__________________________ X-

1
- _________. __________ 

_ _ _ _ _ _ _ _

4 , - -  _ Z ~~i~pt~ i.~7c

~~cTIow p .  iwcso...t oesc..P,ms
4 ‘ * 4 4  ?I. qii 10áP *4” .oW•- I I. .4. I . .M0r41 )

Cracks In weld between upper attaching flange and rlaht-hand tube were
discovered during routine Inspection ~ol1ow ing 4th flIght. Removal and
Inspection of left-hand tube revealed similar cracks. C us. aepsars
to be insuffic ient fusing of weld material and tube. Investigation Is
continuing. Tubes have been removed and will be replaced .

4
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APPINDIX I. SPRAY CLOUD CALIBRATION 
- 

-

1. A listing of symbols and abbreviations used in this appendix is
shown below.

Symbol Definition Unit

a Ambient speed of sound f t/sec

C Celsius temperature deg

D Distance behind C}l—47C f t

G Thermodynamic function cm2/sec

C0 Constant (60 x 10
_8
) cin

2
/sec 

I -

H
D Density altitude ft

Pressure altitude ft

Indicated pressure altitude ft
IND

Altimeter instrument correction ft
IC

Altimeter position error correction ft
PE

K Kelvin temperature deg

LWCc Corrected liquid water content gre/rn3

LWCD Decay liquid water content percent/sec

LWC~ Programmed liquid water content gm/rn3

N Mach number —-
Saturation vapor pressure for dew point millibars

Saturation vapor pressure for static air millibars
temperature

Rh Relative humidity - percen t

T
a Ambient air tempera ture deg

4- 
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H ii

T Indicated ambient air tempera ture degaIND
tsT IC Ambient air temperature instrument correction deg

T Total temperature deg

T Static air temperature deg

V~;j~ Calibrated kt

VIND Indicated airspeed kt

L~Vic Airspeed instrument correction kt

~
VPE Airspeed position error kt

VT True airspeed

W
R 

HISS water flow rate galimin

e Ambient air temperature ratio —

Air density slug/ft3

a Ambient air density ratio —

2. Icing severity should be established for each test flight
using the following technique. The spray aircraft can establish
airspeed , altitude, and static air temperature for the required
test condition using calibrated instruments in the CH—47C. Estab-
lishing the required LWC is more complicated, since a direct meas—

• urement of LWC cannot be made. To obtain the correct LWC,- first
the forst point should be obtained by utilizing a Cambridge ther—
moelectric dew—point hygrometer. The fros t point should then be
converted to a corresponding dew—point condition by a conversion
table (table 1) reprinted from the instrument manufacturer’s
manual. Table 2, published by the Smithsonian Institute, can then
be used to determine a saturation vapor pressure (millibars) for
the dew—point and static air temperature. Relative humidity can
then be computed using the values obtained from table 2 and the
following equation:

Rh = x 100
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Tsb.l. 1. Cembri d~i Thsrao slsctr ic Div Point
Hygrouster Conversion Valus~ (Digress Centigrade).

Frost Point Div Point Frost Point Div Point

—0.0 —0.1 —13.0 —14.5
—0.5 —0.7 —13.5 —15.0
—1.0 — 1 . 2  —14.0 —1 5.6
—1.5 —1.8 —14.5 —16.2
—2.0 —2. 3 —1 5.0 — 16.7
—2.5 —2.9 —15.5 —17. 3
—3.0 —3.4 —16.0 —17.8
—3.5 —4.0 —16.5 —18.4
—4.0 —4.5 —17.0 —1 8.9
—4 , 5 —5.1 —1 7.5  —19.5
—5.0 —5.6 —18.0 —20.0
—5.5 — 6.2 —18.5 —20.6
—6.0 —6.7 — 19.0 —21 .1
—6.5 — 7. 3 —1 9.5 —21.1
—7.0 —7.9  —20.0 — 22.2
—7.5 —8.4 —20. 5 — 22.8
—8.0 —9.0 —21.0 —2 3.3
—8.5 —9.5 — 21. 5 —23.9
—9.0 —10.1 — 22.0 — 24.5
— 9.5 — 10 ;6 — 2 2.5 —2 5.0

—10.0 —11 .2  —23.0 — 25.6
— 10.5 —11 .7  —23 .5 —26.1
—11.0 —12.3 —24.0 —26.7
—11.5  —12.8 —24.5 — 27.2
—12.0 —13 . 4 —25.0 —27.8
— 12.5 —13.9 —25.5 —28.3

5$
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Table 2. Saturation Vapor Pre ssure Over Water.
(Milhibars)

‘I.mper.tu,e o 2 3 4 .5 6 .7 .8 .9

1~ 097)24 0,07044 0.06064 0(11.4*5 0,1)61407 OM(.730 0.(W .l.54 0 w.578 O.IW.503 0 (V.429
45 (1 07976 90714*. 0.07797 0.077)1 0.07624 0.075.)s 9.u7453 007370 0.072)47 0117 .’95
47 I)fl14’IiM 1)0)45)9 0.08722 0.0)1025 0.08530 0.0)1435 011134) (l.tw248 0y81156 0.0*065
U, 111)9%) 0.09552 0.09744 0.1)0637 1)11)531 O.0942~. 0.09322 0.09220 0.09118 0.090)7

-iS 0 ) 111 4) lIP”) 0.10)17 0.1075 0.1(11.3 0.1051 9.1041 0.1030 0.101* 0.1007
-I- I I) 12.19 0.l.’.’b 0.1213 01200 0.1187 (1.1174 11.1)1.1 0.1)49 (L)136 0.1)23
-~i II 1179 II 1 31.4 0.1350 0.13.15 0.1 )21 0.1 W)? II.I.~&I I) 1279 0.1261. 01252
4: I) 1 14 0 151$  0.1502 0.1446 0.1170 0)455 11)4411 1)1424 0.144$I 01394
4) 1) 1 7114 II 11.144, 0.14,4.9 0 )65! 0.I(.J4 0.1617 II lotS) (1.15143 0.1567 0.1530

40 (1 )8’) ) 0)8 7 2  0.1)152 0.1*33 0.1*15 0.17% ‘El??? 0.1759 0.1740 0.1722
49 IP2IP)7 0.2074. 0.2034 0.1033 0.20)3 1) 1092 II.)’)? ) 0.1951 0.1931 0.19)1

-1$ (1.232.1 02.’~$I 02276 0.2253 0.22311 02207 0.21)45 1)2)62 0.2)40 02)19
- .17 0.257) 1) 15.45 02520 02494 02409 02444 024)9 02395 0.2.17) 0.2347

36 02842 9.2)114 027146 0 2758 0 2730 0.270) 0 .~.76 0.2649 0.2623 0.2597
- .16 0.3)39 0.3)011 0 3077 0.1047 0.3017 0.29117 0.2957 02928 0,2899 0.2870
- .14 0 3463 0.3429 0.33% 0.3362 0.3330 0 3297 0..l2i~3 0.1233 0.320) 0.3170
.13 0381$ 0.3781 03745 0371)11 0.3673 0.31.37 (131.92 03367 0.3532 0.3497
32 0.4206 0.4165 0.412% 0.40)45 0.4046 0.4(11)7 039 ,i4 0.39.10 0.3149.3 0.3855
.11 0.462)1 0.43*4 0.454) 0.4497 0.4454 0.4412 11.4370 0.432* 0.42*7 0.4246
.11, 0.54)88 03040 0.4993 0.4946 0.4*99 04*53 0.4)1(17 0.4702 0.4717 0.4672

0.56W) 0.55.17 0.5445 0.5.4.14 0.53*3 0.5.1.1.) 1)52143 0 52.14 0.5185 0.5l31~06)34 0.6077 1)1,02 1 0.5W”. 0.5911 0.5*54. 0.5.1402 0.574* 0.5694 0.5642
27 0.6727 Oji.aV, 06005 0.6344 064)14 0.6425 0 6360 0.t.307 0.6249 0.0)9)
26 0.737) 0.7304 072311 0.7)7 2 0.7)07 0.7042 069714 0.0914 0.6851 (16759

01070 0.7997 0 7926 0.78.64 0.7783 0.77)3 0 7643 0.7574 0.7506 0.74314
0.8827 087414 0.067) 01593 0.85)7 0.844) 0.8360 0.829! 0.8217 0.8)43
0.0649 0.9564 0.9479 093% 0.93)3 0.92.10 0.9)4* 0.9067 0.8986 0.14906

-22 .OSi* 1.0446 1.0354 1.0264 1.0173 1.0084 0.999% 0.994* 0.9*21 0.97’4
- -2 ) 1.1500 1 1400 1.1301 1. 1203 1 .1101. 1.100’) 1.11)13 1.0818 1.0724 1.0631

20 12540 12432 I ‘325 1.22) ’) I 2114 12010 1 190’S 1.1*04 1.1702 11600
-I’) 1.3604 1.3548 1.3432 3.11$ 1 3204 1 .1091 1.2970 l.1&.$ 1.2158 1.2648
-1$ 1.4*77 - 1 -1751 1.4627 1.45(11 1.438) 1.4259 14 13$ 1.4018 1.3899 1.3781

— 17 1.6181. 1.6051 1 5.9)6 1. 57*3 I 3650 I 5.6)9 1 5.38’) 1.5.259 1.5131 1.5003
-16 I 75.97 II 745) 1.7306 1.711.) 1.7(120 11819 1.673)4 1.0390 1.6460 1.6323

191 1)1 IJ4W.I 1.8805 1.81.30 1*4% 1.834.) 1.8191 1 .8041 1.7892 1.7144
-14 2.073% 205*6 2.0418 2.025) 2.00*3 1.9921 1,975$ I 9596 1.9435 1.9276

— 13 225)3 22.133 2215.1 2)973 2.1795 2.1619 2 )444 2.1210 2.1097 20925
—12 2.440’) 2.42)3 2.40)9 2.3826 2.3635 2.3445 2.U56 2.3069 2.28*3 2.269*
-u 2.6443 2.6233 2.6~~4 2.514) 7 2.36 12 2.5-408 2.3205 2.5004 2.4804 2.41.01.

-10 2.14627 2.8402 2.8)78 2.7956 2.7133 2.75) 6 2.729* 2.71*2 2.6868 26655
3.0971 3 0729 3.0489 3.0250 3.00)3 2.97714 2.9544 2.9313 2.90112 2.8)454

— $ 3.3484 3 3225 .12*57 3.2111 3 2457 .1.22(15 3. I”SS 3 17111’ 3.14%’) 3.1214
— 7 36177 .1.5*99 3,5623 3 5349 3.3077 3.4)107 3,45.39 .3.4272 .tlQOS 3.3745
- 6 3.906) 38 764 3 84’S 38)75 3.7883 3.7594 .17307 3 7(121 3.6738 3.6436

— 5 4.2)4* 4.1)13(1 4 1514 4 )200 4.9*8)1 4.0579 41)27) 39060 .1.0602 30361- 4 4 5451 4 61)1 4,477.1 4.4437 4.4103 4.377! 4,144.1 43 114. 4 27’)) 4 246$
- 3 4.898) 4*617 4.1425”. 4.71497 4.754) 47)87 41.835 4)64*6 4.6)38 4.5794
--2 5275.1 52.16-s 5 )6)79 515.9% 5.12)4 508.5. 5(6460 5.09*7 4.9711, 4.9347
- I 5 67140 56.11,5. 5 5544 5 5)38 5 4734 5.4,133 539 31 5 353* 53 )44

- 0 6.10711 6 (11,36 ~6Dl96 59759 S 9325 5.8894 5.8461’, 3 8040 5.7617 57) ’ )?
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3. The percentage of spray cloud evaporation is then computed
using the following equation and figure 1.

LWC - 
G( 100 — Rh)

B 4.5G
0

Where :

C0 is a constant of 60 x 10 ’•
~ cm2/sec

This procedure was recommended by Caispan Inc. following a cali—
bration effort conducted in september 1973 (ref 13, app A). A
corresponding increase in water flow rate will adjust the spray
cloud to the proper LWC by using:

LWC
( D) 

~
1.6889V T~ 

(LWc~ ) + LWC~

Information furnished by the manufacturer of the icing spray
system concerning cloud depth at various stand—off distances
from a single boom is shown in figure 2. This information and
the geometry of the dual boom configuratio1. were used to compute
and construct flow rate versus corrected LWC graphs utilizing
the conversation of mass principle. The results of these compu—

• tations are shown in figures 3, 4, and 5. The flow rate estab-
lished from the above computations and a constant bleed air pressure
of 15 pounds per square inch gage (psig) were used to control
the spray cloud test environment.
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APPENDIX P. POLLOW-ON TESTING OF THE MODIPIID
HELICOPTER ICING SPRAY SYSTEM

REFERENCES

1. The following references established the requirement for
USA.AEFA to conduct follow—on testing of the HISS and modified
the HISS safety—of—flight release.

a. Letter, AVSCOM, DRSAV—EQI, 23 February 1977 , subject:
Follow—on Testing of Modified Helicopter Icing Spray System,
AEFA Project 75—04.

b. Let’~er , AVSCOM, DRSAV—EQI , 3 March 1977., subject: Safety—
+ of—Flight Release (SOfl) for Follow—On Testing of Modified Helicopter

Spray System, HISS , AEFA Project 75—04.

c. Letter, AVSCOM, DRSAV—EQI, 14 March 1977 , subject: Revision
to Follow on (sic) Testing of Modified Helicopter icing Spray
System, AEFA Project 75—04.

BACKGROUND

2. During the evaluation of the modified HISS, structural loads
were noted which limited the opera tional life of the system and
restricted the flight envelope of the HISS for icing operations.
The oscillatory stresses at cer tain rotor speeds and in some
flight conditions exceeded the allowable limits of the low material
strength of welded aluminum sections of the boom. All American
Engineering Company (AAE) was contracted to redesign the lower
boom vertical support tubes (fig. 1) to correct the shortcoming,
thus providing for an infinite life system and a full fligh.t
envelope. The United States Army Aviation Sys tems Command (AVSCOM)
requested USAAEFA to conduct follow—on testing of the modified
HISS with the redesigned support tubes (ref s a and c).

TEST OBJECTIVES

3. The objectives of the follow—on testing were as follows:

a. Evaluate the modified HISS with redesigned lower vertical
support tubes.

b. Expand the operational flight envelope of the modified HISS.
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DEScRIPTION

4. The redesigned lover boom vertical support tubes were machined
from a solid block of 6061—T6 heat—treated aluminum, rather than
of welded fabrication as were the original support tubes. The
tubes are of tapered wall—thickness, with thickness increasing
from the center toward each end (fig. 2). Each tube weighs 3.75
pounds more than the tubes of welded construction. The lower
boom stiffener that had been added during the previous tests
was removed for the follow—on testing .

TEST SCOPE

5. The follow—on testing of the modified HISS was conducted
H by USAAEFA at Edwards Air Force Base, California, between 31

March and 14 April 1977. The qualification required 6-2 flight
hours (6 f1j~hts) . Maintenance and instrumentation support were
provided by USAAEFA. The limitations of the safety—of—flight
release (ref b) were observed throughout the tests.

6. The follow—on testing was conducted to qualify the redesigned
support tubes and to expand the operational flight envelope of
the HISS. Test conditions are shown in table 1.

TEST METhODOLOGY -

7. The follow—on testing was conducted in accordance with the
provisions of AVSCOM Regulation No. 70—11 for envelope expansion.

- ‘ The USAAEFA technical committee reviewed the previous evaluation
of the HISS and also the test plan for the follow—on testing.

8. The HISS was instrumented with strain gauges at the locations
indicated in figure 3. In addition to the strain gauges, the
CH—47C had the test instrumentation listed below installed. Boom
stresses were monitored by telemetry during all test flights.

- - Rotor speed
Boom position
Engineer event
Center—of—gravity normal acceleration
Outside air temperature
Airspeed (ship’s system)
Pressure altitude
Fuel quantity

9. Detailed methods of test are outlined in the appropriate
sections of the Results and Discussion portion of this appendix.
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Table 1. Envelope Expansion Test Conditions1

Density True
Altitude Flight Condition Airspeed - 

Boom
(ft) 

- 
(kt) Position

1800—2700 Low—speed translational2 Zero to 35 
- 

R3 -

Climb 65 R

6000 Level 50 to 167 R 6
in 10—knot increment

Descent 80 ‘ R

1Water tank 1430 gallons , 750 gallons and empty at all conditions.
Tests conducted at rotor speeds of 245 and 235 rpm at mid center
of gravity (cg).
2Sideward, rearward, and forward f l ight .
3R: Retracted.
~E: Extended. -
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RESULTS AND DISCUSSION

GENERAL

10. Tests were conducted to expand the flight envelope of the
HISS with redesigned lower vertical support tubes installed.
The machined lower vertical support tubes and removal of the
lower horizontal boom stiffener eliminated structural restrictions
of the airspeed of the CH—47C/RISS. Mean and oscillatory stresses
on all boom components were below specified limits for all test
conditions. Handling qualities, stability and control, and operating
characteristics of the HISS were essentially the same as found
in the first envelope expansion. Boom and aircraft dynamic response
were unaffected by the machined support tubes. The maximum airspeed

• of the cH—47C/HISS was limited by the aircraft density altitude—
gross weight restrictions of the operator’s manual.

BOOM STRESSES -

11. During the first expansion tests, fatigue failures occurred
in the aluminum lower vertical support tubes after 5.9 hours
of flight. When the boom system was assembled with heat—treated
replacement tubes provided by ME, a lateral preload bending
stress of approximately 3600 pounds per square inch (psi) resulted
in the replacement tubes. This preload was caused because of
imprecise fit of the replacement tubes to the assembly. The preload
in the boom system was eliminated by the replacement of the heat—
treated welded tubes by more precisely fitting tubes in the follow—
on tests. The allowable stresses for the machined vertical support
tubes are shown in figure 4. The new allowable stress limits
were substantially higher for the machined tubes than for tubes
of heat—treated weld construction. The requirement for the stiffener
on the lower horizontal spray boom used during the second envelope
expansion tests was eliminated because of higher fatigue limits
allowable at location E. The aluminum lower horizontal spray
boom, which is unhe .at—treated at the flanges , became the critical
component for the follow—on testing. Allowable stresses for this
material are shown , in figure 5.

12. Boom stresses at the locations shown in figure 3 were recorded
at the flight conditions presented in table 1. The tests were
conducted in smooth air with control motion held to a m inimum.
Thus, the stresses presented are the minimum encountered at test
conditions. The data are presented as mean bending stress (vector
sum of the bendin g in two axes) and alternating stress (one—
half peak—to—peak stress in each axis). Data are presented in
figures 6 through 11.
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13. The alternating and mean stresses in the steel components
of the HISS were unaffected by - the replacement of the vertical
support tubes and removal of the stiffener. Stresses in aluminum
nmmbers of the boom were changed by the replacement of the vertical .
tubes. The differences are attributed to a reduction in preload
(par a 11) and to the different stiffness and weight of the new
tubes. Stresses in the aluminum components while spraying and
with the boom retracted were below allowable limits. Stresses
in all boom components were below the current limitg at all conditions
tested. The cH—47C flight envelope should not be restricted as
a result of HISS installation except for minimum extension/retraction
airspeed. This airspeed should be limited to 40 knots indicated
airspeed (KIAS) . - 

-

-: CONCLUSIONS

14. The modified HISS with machined lower vertical support tubes
installed and no stiffener on the lower horizontal spray tube,
is airworthy within the CH—47C flight envelope with the boom
up, down, and while spraying. The boom should not be extended
or retracted above 40 KIAS.

RECOMMENDATIONS

15. The modified HISS should be restricted to the current ~H—
47C flight envelope with the additional restriction that the
boom be extended and retracted at or below 40 KIAS.
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