MC FILE COPY

AEFA Project No. 87-30

o f
™M
< EVALUATION OF THE PRODUCTION CH-47D ADVERSE
8 WEATHER COCKPIT (AWC) AERIAL REFUELING SYSTEM
I .
Q Robert D. Robbins Marvin L. Hanks
< Project Officer/Pilot LTC, AV
Project Pilot
I Michael K. Herbst
Project Engineer
A
E
F September 1988
A

Final Report

i

.......

@ELECTE
\\‘gf JANG 1069 3 !

z,

Approved for Public release, distribution unlimited.
\ AVIATION ENGINEERING FLIGHT ACTIVITY /

Edwards Air Force Base, California 93523-5000




DISCLAIMER NOTICE

The findings of this report arc not to be constrned as an official Department of
the Army position unless 3o designated by other authorized documents.

DISPOSITION INSTRUCTIONS

Destroy this report when it is no longer needed, Do not return it to the originator.

TRADE NAMES:

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




\

| shortcomings, one of which was identified on a previous evaluation of the standard CH-47D,were noted. The aerlal refueling

UNCLASSIFIED &‘2&20%030

[7
REPORT DOCUMENTATION PAGE st

a. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
UNCLASSIFIED

;!EURlTY CLASSIFICATION AUTHORITY 3. DISTRIBUTION / AVAILABILITY OF REPORT

§|; égqx ﬁ!!ﬁ;] |Q£ SYSTEMS COMMAND

ECLASS!FICATION / DOWNGRADING SCHEDULE

:. ﬂiFSimia ORGANIZATION REPORT NUMB!RM . 5. MONITORING ORGANIZATION REPORT NUMBE

AEFA PROJECT NO. 87-30

€ OF PERFORMING ORGANIZATION 7u. NAME OF MONITORNG ORGANIZA TION
U.S. ARMY AVIATION ENGINEERIN

FLIGHT ACTIVITY

6b. OFFICE

Y L
o appllublo)

& ADDRESS (Clty, State, and 2 Codk) 75, ADDRESS (Ciy, State, and ZIP Code)
EDWARDS AIR FORCE BASE, CALIFORNIA 93523-5000
s, NAME OF FUNDING /SPONSORING ]85, OFFICE SYMBOL | 3. PROCUREMENT INSTRUMENT TOENTIFICATION NUMBER
ORGANIZATION 1J.§. ARMY (if applicable)
AVIATION SYSTEMS COMMAND
B¢ ADORES! (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
'WORK UNIT |
4300 GOODFELLOW BLVD. PROCHAM o | aoiECT o KCCESSION NO,

ST. LOUIS, MO 63120-1798
. TITLE (lncm S«UW amlﬁaﬁ&vT

Evaluation of the Production CH-47D Adverse Weather Cockpit (AWC) Aerial Refueling System. Unclassified.

12, PERSONAL AUTHOR(S)

Robert D, Robbins, LTC Marvin L. Hanks, Michael K. Herbst

EJsAA001-02}-EI-EC

.. 'PORT 135, TIME COVERED . .. . |14 DATE OF REFORT (Vear, Month, Day) ]1%. PAGE COUNT |
FINAL FROM _17/06/88 vo _15/07/88| SEPTEMBER 1988 86
e -7
16. SUPPLEMENTARY NOTATION
B R Voo e 1/" ?“‘ % ‘—7
. COSATI CODES T8, SUBIECT TEAMS l tinue on reverse 7 necessary and iGentify by Block number)
FIELD GROUP SUB-GROUP -

=1 CH-47D AWC Helicopter, Production Aerlal Refueling System

mm«:o on reverse If necessary and identify by block number)

Y%An evaluation of the CH-47D Adverse Weather Cockpit (AWC) helicopter with the production aerlal refueling system was
conducted by the U.S. @rmy Aviation Engineering Flight Activity (AEFA), The evaluation was conducted at Boeing
Helicopters Greater Wilmington, Delaware Flight El'est Ficility during the period 17 June through 15 July 1988, Eight flights
were conducted for a total of 11.9 flight hours, B.5 of which were productive, with 106 probe-to-drogue contacts and
18,160 pounds of fuel transferred. Level flight performance tests, aerial refueling tests and aerial refueling system tests were
conducted by the contractor and were witnessed by (AEFA personnel. No drag increment determination could be made from
the inconclusive level flight test data. The contractor intends to analytically estimate the external drag of the aerlal refueling
system. The AEFA evaluation included day, night unaided vision and night aided vision aerial refueling operations using
Aviator Night Vision Imaging System (ANVIS-6) night vision goggles with a U.S. AAit' Force HC-130P tanker aircraft. Tests
included a tanker proximity wake turbulence evaluation and evaluation of the handling qualities in the refueling environment
including off-center disconnects and non-responsive hose operations. One enhancing characteristic, one deficiency and three

lighting system is an enhancing characteristic. The requirement to have the battery switch ON in order to single ~point refuel on

20, DISTRIBUTION / AVAILABILITY OF ABSTRACT 21, ABSTRACT SECURITY CLASSIFICATION
CIUNCLASSIFIEDUNUMITED O SAME AS ReT. [ pric users | UNCLASSIFIED '
728, NAME OF RESPONSIBLE INDVIDUAL 22b. TELEPHONE (Include Area Code] | 225, OFFICE SYMBOL
SHEILA R, LEWIS (805! 277-2115 SAVTE-PR

0D Form 1473, JUN 86 Preovious editions are obsolate. SECURITY CLASSIFICATION OF THI§ PAGE
UNCLASSIFIED




S
~

b
i Block 19 (Continued)

3 the ground is a deficiency. The inability to select anything other than full bright on the refueling probe light and
refueling searchlight during inltial filament activation is a shortcoming., The CH-47D AWC helicopter
incorporating the Boeing Helicopters production aerial refueling system is suitable for day and night aerial

refueling operations. , (‘/‘J’DC' ;)\, ‘_\

.
.

<

...m*
TN e o
! ’ .. ....._..._..—.‘-d'.' 1
SR | :
CL (]
sereed W
EFEETETRSE R i
. ot g — ot U [
: B" e oy ——— p———e e S e wed
- gt Lo/ B
piotrivattons .
\ﬁ PRERESER SN A lv; :
\’ - “&\'f::'.“.tl f.\'.’uﬂ/“v 1
\, Gporelud
1

R




TABLE OF CONTENTS

PAGE
INTRODUCTION

Backgroundi!Illl‘lllIIIOIOOOIO0"0!0.00'000'0000!0!‘0!060!00
Test Objectives ... .. e e e e e e
. Description . ...,
TEBL SCOPE vttt e e e e e e
Test Methodology « v v v v i v v tiivin ot iar oo toarisicns

P e

RESULTS AND DISCUSSION !
G.neralIll'IIOOO'OIli!"ﬂ"ll'i“.‘t“"‘b"“""‘ll'lﬁiiil 5
Drag Increment Determination ............ s
Handling Qualities ..o vv i ittt iiiaiiiaas ]
Generalt.llOOODIOOCIODIIQIIDOCIOGC llllllllllllll LU I I s
Ground Handling Character{stics v vvvvvviviisriisninviiiin 6
Slope Landing Characteristies « v oo vvvviii vt 6
Aerial Refueling Procedures ...oovvvv it iiari oo 7
Aerlal Refueling Characterdsties .. vvvvviiiiiiiiiiiiiiinin 8
General .........ovvuins 8
Tanker Turbulence Evaluation .. ..o ivuvviviiviiiviiiini, 9
Day, Non=Turbulent Alr ...ovvii ittt 9
DaygTurbu,entAirbi.lhoo.blo.‘lll.ll‘!t‘.““llll‘l‘ 10
Night, Unaided Vislon ........... 1
Night'Aldedvls‘ol‘llb"OOOC'lbO‘blleiOliOl!ll‘Oio‘l 11
Non-Responsive Hose Operations ............ e 12
Off-Centel' Dl!COhnectl L e O O I T I T T T I T T I S S O S S U B R I 12
Aircraflt System Failures «.....ooov it iiiiii i, 13
Single AFCS ... ...vvvviivvnnns Vi ise i 13
Simulated Single Engine ........ civiiiiiiiiiiiiiiiin 13
In-Flight Clearances ....... ... ittt ittt ittt 13
Rotor=to~Drogue Clearance ... . icivvviarvionrss 13
Receiver-to-Tanker Clearance ......... e e 14
Structural Dynamics . oo vv i i i i 16
Vibrations . . voocvv v i Cirsarr e Ve 16
stmcturﬂll‘oads LI O LR R R I T I I B I IO O O I I I R I TN T I B DI B I B R N A B ) 17 4
: Human Factors ........... 19
Aerial Refueling Lights Control Panel .........vovviniviiionas 19
Cabin Aerial Refueling Control Panel ....... 20 ]
. Night Lighting Evaluation ........... R 20 [
Control Panels . .....oovvvuinsn e e e 20
Aerial Refueling Lighting System ............ o0 0vvioi, 20

Reliability and Maintainability ............ Cheara s Vieras
Fuel Transfer System Check Valves...........coovviiiivnnin
Fuel Flow Transducers . ... ... vivviiiiiiiiniiaoiiiniiones
Single-Point Ground Refueling .. ........ovvvvi v

(S SN = S
DN st pun o




Aerial Refueling System Tests . ... ..ovvvrenrviroiionsarsiairinsioy. 22 1
General . ..o e e e e 22
Static Structural Test v v v vt iviir i i 23
Natural Frequency Response Tests . ...ovvvvvva.ns 23

Functional’rests 00!t‘llblllllbl‘llllOt!!oti'l'!i,t..lbl.l‘ 23

Static Blade-to~Probe Clearance ....... e Cereea .28

Weight and Balance ... ..o v iivii ittt i 28 ]

Electromagnetic Compatibility/Rudio Frequency Interference .. .... 25 ¢

Refueling Probe Grounding .. ....v o viiiiiinvniiniiiaiioisy 25 -
Miscellaneous .......0vv s e e 27 ]

Design Considerations for Pressure Refuelable Imemal Fuel Tanks 27
Forward Looking Infrared/Aerial Refueling Probe Interface ...... 27

CONCLUSIONS

GeNeral o v e e e e s 29
Enhancing Characteristic ......o.cvvvi ittt itiriiiiiiieias 29
Deflclency « v e e e e 29 j
shoﬂ.comings EEEEEEE R R 29

RECOMMENDATIONS I R O O L L T I R I O O I R N N N N 30

APPENDIXES

A. References .................. Vel s TR . 32 ,
Description v v i e e e e 33 :
lnstmmenlat‘on llllllllllllllllllllllllll L I R N A A N N A ) ss

Test Techniques and Data Analysis Methods ...... 57
TestDﬂta IIIII L R N R N A ] LI T T O R I T T ) L 2NUI I I I I B B L I I R I B A A ) 62

moOw

DISTRIBUTION R




INTRODUCTION

BACKGROUND

1. The U.S. Army has a mission requirement for extended-range flight capability and
intends to support this requirement with the CH-47D Adverse Weather Cockpit (AWC)
helicopter moditied to accept an serial refueling system. A feasibility study was begun in
November 1984 by the contructor (Boeing Helicopters (BH)) to desigh, fabri ate, install
and flight test a prototype aerlal refueling systern for the CH-47D helicopter. This system
included a two-section telescoping refueling probe that was 38 feet, 9 ffiches long
(measured {rom probe tip ‘to :Waye) when fully extended. The inijtial feasibility
;demonstration was congductsd by BH at the Boeitig Center n Philadelphia, Pennsylvania
and the Greater Wllmlngton. Delaware Flight Test Facmty. The U.S. Army Aviation
Engineering Flight ‘Activity (AEFA) evaluated the prototype system at the Wilmington
Flight Test Facility {rom 6 through 9 August 1985 (ref 1, apn A). Results of the initial
flight tests Jud to the evaluatlc.n of the' system with the probe fixed at a sliorter length of

29 feet, 9 Inches: (ref 2). The results of .these tests indicated that the CH-47D could .
. ‘safely perform reme)lng oporations with the shorter probe-and fed to the BH asign of a -
* produstion system utilhins a‘ope-picce rék‘uellng robe with a length of 29 feet, 7 itiches..

" Accpidingly, the (1.8, Army Aviation Systems Command (AVSCOM) tasked AEFA to
conduct an evaluution of the production aerial refuellng system devel\)ped ty BH for the
. CH«D AWC hellcomer (ref 3) The tesis to be conducted weré ‘set for;h in the test
. plqn (vet; 4)

TEST onmc-nvss K ) S .'g

2. The objectlve of this test was to evaluate the capability of the CH-47D AWC
helicopter to perform day and night aerlal refueling operations with the BH aerlal
refueling system. Additional objectives were to evuluate the effects of the gerial refueling
system on the performance and handling qualities nf. the CH-47D AWC and to provide
sufficient data to substantiate an airwortliiness release for the Army user,

DESCKIPTION

3, ‘The test Lalicopter was s production CH-47D (Seriul Number 82-23763) modified to
incorpurate the Collins Integrated Cockpit. Bendix RDR 1301C weather radar,
- AN/AAQ-16 Forward Louoking Infrared system, and BH aerlal refueling system, The
aevial refueling system consisted of a one-piece probe (29 faet, 7 Inches longy mounted
on the right side of the alrcraft, moudifications to the alrcraft’s pressure refueling systen: i
allow fuel transfer through the probe, a cabin-mounted aerial refualing coniiol panel, an
external lighting system installed in the forward pylon for night aerial refusiing operations
and an aerial refueling lighting system co itrol panel installed in the cuckpit. A more
detalled description of the CH-47D) is ¢r,.valned in the operator's manual (ref 5) and a
more complete description of the aerlal refueling system is contained In appendix 3.




I

I TEST SCOPE

4, The evﬂuation of the CH«47D AWC helicopter with the production acrial rofueling

- systermn. was coriducted ‘at the BH 'Wilmington ‘Flight Test, Facility during-the period
17 June through 15 July 1988. The evaluation-consisted of vatious ground and flight tests
conducted by the contractor (including aerial refueling system. tests. envelope vermcatlon
tests, level flight performance and derial refueling tests), aerial refusling'tests conducted
by AEFA. and aerial relueling training nmms (with an AEFA test pilot). for the Army uset
pilots. AEFA flight test personnel witnessed all contiactor grourid and flight tests. Eight
AEFA flights were conducted for a total of 11.9 flight hours, of which 8.5 were
productive, with 106 probe-to-dregue contacts and, 18,160 pounds of fuel transferred in

flight. Additional user pilot aerial refueling training was conducted at Marine Corps Alr .

Station El Toro, Santa Ana, California between 1 and 4 Aupust 1988, ‘A total of

27.8 flight hours were flown during aerial refueling training of two CH-47D AWC unit .
pilots. A total of 478 contacts were performed ‘during the AEFA and BH flight tests and
the unit tralnlng Prior to performing this evaluaticn, ‘the . flight <rews attended
[initial/refreshyr aerial . refueling training . conducted by the 15518t “Flying - Tralning

~ Syuadren st Kirtland Alr. Force Base, New Mexico,  Griund refyeling tests: were
conducted using a-Murine Corps KG-130T tanker and créw frum 4th Marine ‘Aircralt
Wing, Naval Alr Station Glenview, Ulenview. Ilinols and an Alr Force HC-130P tanker

and crew from the 9th decia{ Orarations. Squadron, Eglin Air Force Hnse, Floridn, The .

Air Force HC-130P was used for the aerial refueling tests and was under the operational

contral of the Alr Fotce Flight Test Center, Edwards Alr Force Base, California.

D Company, 160th Special Operatiuns Aviation Regitent, ‘Fotrt Campbell, ‘Kentucky
provided a UJH-60A with flight crew and medic for chase und crash rescue support. The
AVSCOM Technology Anplications Program Office coordinated the tanker and crash
rescae afreraft and flight crows for both the contractor and government flight tests. BH
provided a fixed wing chase alrcraft and crew, photographic support, test aircraft
maintenance, instrumentation, and data reduction support. The 352nd Marine Aerial
Refucler Traigport Squadron (VMGR-352) located at Marine Corps Alr Station El Toro,
Santa Ana, Calirornls provided a KC-130R tanker to complete the unit pilot aerial
refueling training. The limitations contained in the operator's manual (ref 5) and the
alrworthiness release (ref 6) vere observed. Alrcraft flight characteristics with the aerial
refueling system insialled were cumpared to previous tests of the CH-47D (ref 2), Military
specifications MIL-H-8501A (ref 7) and MIL-F-38363B (USAF) (ref 8) were useu as
guides during the evaluation. The aerial refusling flights were conducied at gross weights
from 28,800 pounds to §9,000 pounds and a! nid to forward center of gravity, Tanker
gross weight during these flights was between 116,000 pounds (light) and 140,000 pounds
(heavy). Aerial refueling was performed with unaided vislon and with aided night vision
imaging system (ANVIS-6) night vision goggles. Reluellng was conducted at density
altitudes between 3,000 and 6,000 feet and included simulatad single-engine, single
advanced flight control systein refueling operations and off-center disconnects. The
general test conditions are presented In table 1,
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TEST METHODOLOGY

5. Flight test techniques are briefly described in the Results and Discussion section of
this report. Flight parameters were recorded by the flight test engineer, onboard pulse
code modulation recording system, and telemetered to a ground recording station, A
listing of the recorded parameters is contained in appendix C. Video and photographic
documentation were recorded from the test, tanker, and chase aircraft. Test techniques
for the ground tests including static structural tests, static rotor blade-to-probe clearance,
probe natural {requency determination, and refueling system functional tests are discussed
in appendix D. Methods used to determine refueling system external drag, aircrait
vibrations, probe tip loads, tip-path plane to probe/drogue clearance, and receiver o
tanker clearance are also discussed in appendix D. Qualitativé ratings of the handling
qualities and vibrations were based on the Handling Qualities Rating Scale and the
Vibration Rating Scale contained in appendix D,




RESULTS AND DISCUSSION

GENERAL

6. An evaluation of the CH-47D Adverse Weather Cockpit (AWC) helicopter equipped
with the Boeing Helicopters (BH) aerial refueling system was conducted during day and
night aerial refueling operations., Ground functional and in-flight systems tests were
performed. Aerial refueling wus conducted with a U,S. Air Force HC-130P during the
flight tests and initial user pilot training. A U.S. Marine Corps KC-130R was utilized for
additional user pilot training. One enhancing characteristic, one deficiency and three
shortcomings were noted. The aerial refueling lighting system used for conducting night
aerial refueling operations is an enhancing characteristic. The requirement to have the
aircraft battery switch ON in order to single-point refuel on the ground is a deficiency,
Based on the scope of this evaluation, the CH-47D AWC helicopter incorporating the BH
aerial refueling system is suitable for day and night aerial refueling.

DRAG INCREMENT DETERMINATION

7. The contractor, BH, conducted level flight performance testing to determine the
change in power required in level flight due to the installation of the aerial refueling
system. The test conditions are listed In table 1. The test data were inconsistent;
therefore, no drag increment determination could be made from the test data. Because
of this, the contractor intends to analytically estimate the external drag of the aerlal
refueling system,

8. The most likely explanation [or the inconsistency is that the power required data were
not accurate, The performance data were based on measurements taken from calibrated
and uncalibrated ship system instrumentation (app C). The standard CH-47D torgue
measuring system was instrumented and was the sole source of data for power required.
The system was unteliable during flights early in the evaluation but the problem was
identified and presumably resolved before commencing with the performance testing,
Performance data for the CH-47D AWC with the aerial refueling system should be
obtained using an instrumented aircraft with calibrated engines and measured rotor shaft
torques.

HANDLING QUALITIES
General

9. The handling qualities of the CH-47D AWC helicopter configured with the aerlal
refueling system were evaluated during ground and flight operations. Evaluations were
conducted at the conditions shown in table 1. The slope landings and high altitude
refueling operations were performed by the contractor and monitored by U.S. Army
Aviation Engineering Flight Activity (AEFA) personnel. Additional high altitude refueling
operations (10,000 feet pressure altitude) were performed during the unit pilot training
program conducted by an AEFA test pilot. Procedures for operating the aerial refueling
gystem were recommended by the contractor and evaluated throughout the tests.
Additionally, the CH-47D AWC Aerlal Refueling System Operator and Crewmember




Supplemental checklist authored by BH was evaluated and changes were recommended.
The final version of these two documents will be published and provided to the operrting
unit by BH.

Ground Handling Characteristics

10. Ground handling characteristics of the CH-47D AWC aircraft fitted with the aerlal
refueling probe were qualitatively evaluated throughout these tests. Normal procedures
for taxi were utilized and included running landings, four wheel and two wheel ground
taxi. The clearance between the probe tip and the ground was measured over a level
surface with properly serviced landing gear struts and tires. The aircraft gross weight and
center of gravity (cg) were 34,020 pounds and fuselage station (FS) 329.1. The clearance
was measured at 45.5 inches but should be slightly less at higher gross weights and more
forward cg's. Taxi over or near ground obstructions and uneven terrain will further
reduce these margins. Pilots and ground guldes must be mindful of the potential for
probe and/or aircraft damage when ground handling the CH-47D AWC (probe installed)
aircraft near obstacles or over uneven terrain, No objectionable probe oscillatic 1s were
noted during ground operations associated with these taxi tests. The ground bLandling
characteristics of the CH-47D AWC aerial refueling probe equipped aircraft observed
during these tests were satisfactory, but the following CAUTION should be placed in the
CH-47D AWC Aerial Refueling Procedures Supplement:

CAUTION

Care must be taken when ground handling aircraft
equipped with the aerial refueling probe near obstacles
or on uneven terrain to avoid contact and possible
damage.

i1, The only significant probe oscillations observed during ground operations occurred
during engine start/runup and shutdown. Probe tip oscillations of approximately
43 inches in a random direction at approximately the probe natural frequency were
observed when the rotor speed was between 35 and 45 percent (approximately 79 and
101 revolutions per minute). Even at these extreme conditions, probe bending moments
of only =45,000 inch-pounds vertically and =30,000 inch-pounds laterally were
observed. These are equivalent to less than 3 percent of the maximum bending moments
measured during the static structural test (para 40). The ground handling characteristics
of the CH-47D AWC aircraft equipped with the refueling probe were satisfactory.

Slope Landing Characteristics

12. Slope landing characteristics of the CH-47D AWC aircraft equipped with the aerial
refueling probe were demonstrated at up to ten degree slope angles in all four directions.
Observed characteristics were similar to those of a standard CH-47D helicopter except for
the necessity to allow for adequate probe clearance considering the location of the probe
and landing gear (para 10). This additional concern is minimized since the probe is in
relatively cleat view of both pilots during these maneuvers. Within the limited scope of
these tests, the slope landing characteristics of the CH-47D AWC aircraft equipped with
the aerlal refueling probe were satisfactory.




Aerial Refueling Procedures

13, A general description of the aerial refueling procedures is contained in the Air Force
Flight Crew Air Refueling Procedures Flight Manual (ref 9, app A). A more detailed
description of the aerial refueling procedures evaluated during this test are briefly
described here for clarity. The refueling operation is initlated by rendezvous of a tanker
and receiver aircraft at a predetermined location, time and track. The tanker and
receiver complete their respective rendezvous and join up aerial refueling checklists, The
tanker assumes formation lead after overtaking the receiver aircraft on the right, then
maintains the desired refueling airspeed and prepares to transfer fuel. The receiver
alrcraft assumes the left observation position until cleared by the tanker for left refueling
drogue contact, The left observation position is approximately 200 feet from the tanker
alrcraft, off-set on a 45 degree angle such that the tip of the tanker's left horizontal
stabllizer is centered on the star erablem which is painted on the fuselage just aft of the
paratroop door, Looking across the tanker, the right wing should appear centered on the
rudder and only the right aileron should be visible to the receiver pilot. When the tanker
gives the receiver clearance to contact the drogue and transfer fuel, the receiver moves
down and right to the precontact position. The precontact position is aft of the drogue,
with the probe In line with the hose and probe tip 10 to 15 feet behind and centered on
the drogue. The receiver then moves forward so that the probe nozzle contacts the drogue
(contact position) with a positive rate of closure. Too small a closure rate will result in a
soft contact, and the drogue refueling receptacle will not seat properly on the probe
nozzle. Approximately 140 pounds of force is required to properly seat the nozzle in the
drogue receptacle. After contact, the recelver moves forward, left, and up to the left
refueling position to transfer fuel. This position is aft of the left wing tip of the C-130
tanker with the right seat pilot sighting down the left wing fuel dump mast located on the
tanker’s wing tip. The receiver’s vertical position is such that the tabs on the top of the
tankers No. 1 engine cowl are barely visible. The C-130 tanker's fuel transfer hose is
designed to automatically retract and extend as the receiver aircraft moves fore and aft.
Fuel can be transferred when the refueling hose i3 extended between 56 and 76 feet from
the tanker refueling pod. These distances are marked by two, five foot white bands
separated by a 10 foot black band on the refueling hose. When fuel transfer is complete,
the receiver moves right and down, then straight back to disconnect. Approximately
420 pounds of force is required to unseat the nozzle from the drogue receptacle. The
disconnect is made 5 to 10 feet above the contact position so that the drogue drops away
from the receiver aircraft refueling probe. The receiver aircraft then moves to the left
observation position, Similar procedures are used when refueling from the right drogue.
When in the right refueling position, the left seat pilot is sighting down the right wing fuel
dump mast.

14. Reference cues on the C-130 tanker utilized by the receiver pilots during aerial
refueling operations are essentially the same. However, each refueling tanker flies at its
own unique attitude based on gross weight, power settings, trim settings, and refueling
drogues vary in their flight characteristics. Therefore, it is imperative that receiver pilots
select. specific tanker reference cues during the precontact phase of the refueling
operation.




15. The Air Force Flight Crew Air Refueling Procedures Flight Manual refers o
helicopter refueling procedures for helicopter refueling probes which extend beyond the
rotor tip—puth, The tip of the aerlal refueling probe on the CH-47D AWC s
approximately § feet 11 inches aft of the forward rotor tip-path. This requires a different
precontact position than wused by helicopters with aerial refueling probes which extend
beyond the tip-path to insure adequate separation between the drogue and rotor. The
precontact position used during this evaluation was to align the refueling probe laterally
with the refueling hose, probe tip positioned vertically with the center of the drogue, and
10 to 15 feet aft of the drogue. The 10to 15 feet probe-to~drogue distance, while in the
precontact position, allows sufficient clearance between the drogue and rotor during gust
upsets in turbulent air conditions or inadvertent receiver low positions. The Air Force
T.O. 1-1C-1-20 and the CH-47D AWC Aerial Refueling Procedures Supplement should
define the precontact position for the CH-47D AWC as follows: “The precontact position
for the CH-47D AWC is the refueling probe laterally aligned with the refueling hose,
probe tip positioned vertically with the center of the drogue, and 10 to 15 feet aft of the
drogue.” The aerial refueling procedures used during this evaluation were satisfactory.

Aerlal Refueling Characteristics
General

16. Test aircraft handling qualities during aerlal refueling operations were gqualitatively
evaluated at all normal refueling station-keeping positions for the left and right drogue as
well as from both pilot and copilot seats. The effects of tanker wake turbulence on aerial
refueling operations were also evaluated with tanker gross weights of 111,000 pounds
(light) and 140,000 pounds (heavy). Contacts were accomplished at receiver gross
weights from 28,800 to 50,000 pounds. Refueling operations were also evaluated at
receiver alrspeeds from 105 to 120 knots indicated airspeed (KIAS). The longitudinal
cyclic trim (LCT) actuators of the CH-47D AWC were operated in the manual mode with
both rotor heads programmed to the normal trim position for the test day refueling
altitude and airspeed. The tanker wake turbulence and resultant airspeed fluctuations
caused undesirable tip~path~plane motion when the LCT actuators were operatesd in the
automatic mode. The procedure that was used minimized the tip-path-plane motion and
provided a more stable refueling platform. This procedure will be described in the
CH-47D AWC Aerial Refueling Procedures Supplement, Small probe tip oscillations
(approximately 2 inches) which were quickly damped were apparent in turbulent air or
when excited by flight control inputs. These oscillations did not adversely affect aerial
refueling operations. The advanced flight control system (AFCS) of the CH-47D AWC
maintained ball-centered trim condition within 2=1/4 ball throughout the refueling task
requiring infrequent and minimal pedal applications. Approximately 5§ to 10 percent
torque reduction was noted between the power required to maintain the precontact
position as compared to the observation position. An additionat § to 10 percent reduction
was noted when stabilized in the left aerial refueling position. Slightly more power
(approximately 5 percent) was needed when conducting operations on the right drogue.
The maximum radial probe tip load observed was 810 pounds and occurred while moving
from the contact to the refueling position in turbulent air conditions. Nominal radial




p{robe tp load during this maneuver was 350 pounds. Littlle difference was noted
between the handling qualities associated with left and right drogue refueling operations,

Tanker Turbulence Evaluation

17. The effect of the turbulence created by the HC-{30P tanker on the CH-47D AWC
helicopter was evaluated on several flights with tanker gross weight at approximately
111,000 pounds and approximately 140,000 pounds. Thi~ evaluation was conducted to
determine how the helicopter would react if the aircraft was allowed to get out of the
normal refueling station-keeping positions behind the tanker. The evaluation was
conducted by stabilizing the test aircraft approximately 100 feet aft and high behind the
tanker left wing tip, number one engine, fuselage cenierline, number four engine and
right wing tip. A vertical sweep was accomplished at each of these lateral positions while
maintaining a constant stand-off distance and stopping briefly above the tanker wing, at
the refuel drogue, 10 feet below drogue and 30 feet below drogue vertical heights, The
turbulence caused an increase in airframe vibration and was percelved as low frequency
buffeting. The highest level of vibration was experienced when the helicopter was
immersed in the prop wash of any tanket engine regardless of left or right wing locations
and was assessed at 6 on the vibration rating scale (VRS) (fig. D-2, app D). Even though
vibrations were high, aircraft control was nnt in question and the aircralt could be easily
maneuvered out of the high vibration environment, The helicopter was generally clear of
these vibration levels when at heights greater than 10 feet above the drogue and below
approximately 20 feet below the drogue, Vibration levels of lesser magnitude were noted
when accomplishing these maneuvers behind the tanker wing tips or the fuselage
centerline and were rated as VRS 4, Again the helicopter was relatively clear of the
vibration when above a vertical height of 10 feet below the wing or below a vertical height
of 30 feet below the wing. Alrcraft control was maintained at all times during the tanker
turbulence evaluation, and the pilot ¢ould easily fly out of the tanker turbulence. The
handling quslities of the CH-47D AWC equipped with the aerial refueling probe in
HC-130P tanker turbulence were satisfactory,

Day, Non-Turbulent Air

18. Day, non-turbulent air refueling operations were conducted at both heavy and light
gross welghts. A total of 47 drogue cngagements were attempted in these conditions,
resulting in 43 successful and 4 missed engagements. Operations were conducted on both
the left and right drogues and from both pllot seats. A time history plot of representative
refueling operations in non~turbulent air Is shown in figure E-{, appendix E. In
non-turbulent air, the maneuvers requiring lower station-keeping precision, such as
observation position and the refueling position, could be accomplished with moderate
pilot compensation (Handling Qualities Rating Scale (HQRS) 4) and were no more
difficult than other formation flying tasks. The aerial refueling tasks requiring more
precision, such as the precontact and moving to contact positions, were accomplished
with considerable pilot compensation (HQRS $5). The low gain tasks required
approximately £1/4 inch control displacements in each of the longitudinal, lateral and
thrust axes about every 3 to 5 seconds, while directional inputs were only Infrequently
required. The higher gain tasks required these same control inputs but were required
approximately every 1 to 2 seconds. It was noted that when conducting left drogue
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operations from the left pilot seat that the drogue could block the pilots view of the
refueling pod and hose markings if a slightly high refueling position was attained. The
pilot quick!y learned to fly a slightly lower left refueling position (approximately 2 feet) to
prevent this loss of station-keeping cue. Otherwise, little difference was noted between
handling quality ratings during left or right drogue operations. Low frequency vibrations
associated with the tanker wake turbulence were noted at each refueling station-kesping
position. The highest vibration level observed while conducting normal operations was
VRS 5 when maintaining the precontact position. This level improved to approximately
VRS 4 when the receiver aircraft moved to the refueling position. During flights at
heavier gross weights, occasionally quick thrust control movements changed the rotor
speed sufficiently to cause the pilot or copilot seat vibration absorbers to detune. This
condition normally lasted for o=, nximately 15 0 30 seconds (until the absorber retuned)
but resulted in an overall increcs in pllot perceived vibration levels of about one on the
VRS. Additionally, it the pilot allowed the aircraft to [all too far behind the drogue
(greater than 15 feet) or stray too far inboard of the drogus (approximately 3 feet) and
into the tanker prop wash, overall sirframe vibration increased to the VRS & level, With
practice and adequate pilot concentration, these conditions could be avoided, Overall,
handling qualities during aerlal refueling operations to both drogues and from both pilot
seats in day, non=turbulent air conditions were satisfactory.

Day, Turbulent Alr

19. Day, turbulent air refueling operations were conducted at both heavy and light grosa
weights, Alr conditions ranged from light to moderate turbulence. ' A total of 53 drogus
engagements were attempted under these conditions, resulting in 39 successful and 14
missed engagements. A time history plot of representative refueling operations in
moderate turbulence is shown in figure E-2. The number of missed sngagements was
greater during turbulent air flight because the drogue movement (as much as =6 feet
vertically and laterally) and the decreased aircraft stability due to turbulence made the
precontact position more difficult to maintain and the drogue more difficult to engage.
Operations were conducted on both drogues and from both pliot seats. In turbulent alr,
the maneuvering requiring lower station-keeping precision, such as the observation
position, and the refueling position could be accomplished with considerable pilot
compensation (HQRS 5), The aerial refueling tasks requiring more precision, such as the
precontact and movement to contact positions, were accomplished with extensive pilot
compensation (HQRS 6). Since the probe tip is approximately § feet 11 inches inside
the rotor tip-path, establishing the proper precontact posion with the drogue
approximately 10 to 15 feet beyond the tip of the refueling probe is very important. It is
equally important that the pilot utilize the technique of acquiring probe~-to~drogue
contact during those briel periods of calm air when the drogue is momentarily still or by
engaging the drogue at the highest point in its movement arc if the alr conditions are such
that the drogue is constantly oscillating. Utilizing these techniques will allow adequate
safety margin between the rotor blades and the refueling hose/drogue for turbulent air
refueling operations. An additional consideration during heavy receiver, high density
altitude and turbulent air conditions is the increased transient oscillations of cruise guide
indicator values (para 31). Frequent excursions into the yellow arc (100 to 150 percent)
and occasional excursions Into the red-and-yellow striped band (150 to 200 percent)




were normally assacinted with elther pilot commanded pitch inputs or AFCS responses to
gusts. Monitoring of the cruise guide indicator distracts the pilot when his concentration
must be directed toward safely engaging the refueling drogue. These conditions can and
should be minimized by careful mission planning. The operator's manual (ref 5) states
that operation in the red-and-yellow striped band shall be avoided, Decreased gross
weight and/or lower altitude lessen high cruise guide indications. The contractor has
agreed to provide the user with a planning chart which will establish recommended
maximum gross weights versus altitude with consideration given to refueling task power
marging and cruise guide indicator activity in turbulent air, This chart has not yet been
provided and, therefore, s not included in this report. Overall, handling qualities during
nerial refueling operations to both drogues and from both pilot seats in day, turbulent air
conditions were satisfactory. The user should be provided recommended gross weight
versus altitude planning information for aerial refueling at the earliest possible time.

Night, Unaided Vision

20. Night, unaided vision aerial refueling operations were conducted at heavy gross
weight (greater than 48,000 pounds) and in non-turbulent alr conditions, The aerlal
refusling lighting system (para 35) was used and infrared. (IR) light filters were not
inctalled. A total of 10 drogue engagements were attempted, ali.of which were successful
and were accomplished to both left and right drogues from both pilot positions. Night
refueling operations were no more difficult to perform than day operations particularly
since the acrial refueling lighting system adequately illuminated the tanker features used
in day procedures. ‘The handling qualities associated with night unaided vision aerial
refueling operations were satisfactory, = ;

Night, Aided Vision

21, Night vision goggle (NVQ) aided aerial refueling operations were conducted at heavy
(approximately 48,000 pounds) and light (approximately 33,000 pounds) receiver gross
welghts in non-turbulent air conditions. The Aviator Night Vision Imaging System
(ANVIS:6) NVG were used during these tests. Tanker lighting was varied but generally
was at Air Force regulation minimum lighting for these operations, Probe-to-drogue
engagements were accomplished using uerial refueling lighting system white lights at very
dim settings and with IR filters installed. A total of 14 engagements were attempted, all
of which were successful, Refueling operations at night using NVQG were no mors difficult
than day operations when the refueling light system was used in either the wh'te light or IR
filtered light configuration. The drogue and key formation tanker features were
adequately illuminated (para 35) with either extremely dim white lights or somewhat
brightened IR filtered lighting. The amber light on the aft of the tanker's refueling pod
was extremely bright when viewed through NVG, The halo around this light obscured
visual references in this general area and the hose markings in particular, When the
receiver was within normal refueling range the amber light was out and visual cues were
restored. The handling qualities associated with night NVG aided aerial refueling
operations were satisfactory. The C-130 tanker refueling pod light indication system
should be altered when used in conjunction with night vision goggles.




Non-Responsive Hose Operalions

22. Non-responsive hose operations were evaluated during day non-turbulent air
conditions. This is an emergency procedure used when the receiver must take on fuel and
no other properly operating refueling pod reel is available. Normal contacts were made to
both left and right drogues and smooth transitions to the refueling position were
accomplished. There was no tendency for the hose to whip or display any other unstable
behavior. Probe bending moments were less than those observed during normal refueling
operations conducted in turbulent air conditions. Secondary refueling position station-
keeping cues were used since the normal hose marking standoff cue was no longer
provided. A normal refueling position resulted in a large stable hose loop and provided
adequate station~keeping tolerances, When moving to disconnect, a slower than normal
deceleration was used to minimize the tendency of the hose and drogue to snap upward to
a position higher than the static position. This modification of normal procedures at the
disconnect maximized rotor tip-path plane to drogue/hose clearance. The Alr Force
T.O. 1-1C-1-20 and the CH-47D AWC Aerial Refueling Procedures Supplement should
include the following CAUTION: A

 CAUTION

Movement from the refueling to the disconnect position
when performing non«responsive hose refueling
operatiors must be performed slowly to minimize the
tendency for the hose and drogue to snap upward at
disconnect, :

Non-responsive hose operations with the CH-47D AWC equipped with the aerial
refueling probe were satisfactory.

Off-Center Disconnects

23. Off-center disconnects were conducted to provide probe loads data (para 30) and

. to evaluate rotor-to~drogue clearance. Disconnects were accomplished at other than the
normal position on both hoses from three relative positions. First a disconnect was made
at the normal refueling position height but directly behind the refuel pod. Next, a
disconnect was made from the normal refueling position as if the pilot had allowed the
tanker to pull away from the receiver. This was considered the most likely and common
type of inadvertent disconnect. Lastly, a disconnect was made from the refusling position
lateral spacing from the tanker but at a vertical height equal to the normal disconnect
position (outboard of the normal disconnect position). No degrada:' n in handling
qualities were observed while performing these off-center disconnects. Proie loads are
presented in table 4 and discussed in paragraph 30. Rotor-to-drogue clearances were
adequate In all cases tested. It was noted during these tests that the drogue had a
tendency to slide along the side of the probe tip particularly during slow disengagements.
This action could easily damage the drogue chute material making that drogue unstable
and unusable for the refueling sortie. Off-center disconnects of the type and mugnilude
tested showed no unacceptable handling qualities, loads or rotor-to-drogue/hose
clearance problems and were satisfactory.
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Alrcraft Systems Fallures
Single AFCS

24, Single~AFCS ON aircraft system failures were evaluated to determine adequacy of
handling qualities in accomplishing the aerial refueling mission. Single-AFCS refueling
operations were conducted at heavy receiver gross weight, in moderate turbulence and at
density altitudes of up to 4800 feet. Each AFCS was failed individually and contacts were
made to both the left and right drogue. No qualitative differences were noted during
single AFCS operations while performing aerial refueling tasks. The handling qualities of
the CH-47D AWC while performing aerial refueling operations with a single AFCS were
satisfactory.

Simulated Single Engine

25. Simulated single~engine aerial refueling characteristics were evaluated to determine
feasibility and recommended techniques. Specific test conditions are shown in table 1.
Single-engine operations were simulated by placing the normal engine trim switch of one
engine in the MANUAL position and decreasing the emergency engine trim switch for the
same engine until the engine torque reached zero, Rotor speed was maintained by using
the normal engine beep trim switch for the other engine. This procedure was used to
minimize the time required to regain use of the simulated failed engine should it be
necessary to quickly regain power. Approximately 94 percent single-engine torque was
required to maintain the observation position on the left side of the tanker at
approximately 30,000 pounds receiver gross weight while flying at 110 KIAS and
6100 feet density altitude. A descending diagonal approach was made to the drogue from
the observation to the contact position without decreasing power or stopping at the
precontact position. This procedure provided satisfactory results and was easily
accomplished. Using this procedure, if the recelver aircraft has sufficient power to
maintain the left ohservation position, adequate power should be available to successfully
engage the drogue and establish the refueling position, The simulated single-engine
procedures and characteristics of the CH-47D AWC aerlal refueling equipped helicopter
were satisfactory.

IN-FLIGHT CLEARANCES
Rotor-to-Drogue Clearance

26, An in-flight evaluation of flight characteristics and rotor-to-probe clearance was
performed at various airspeed and LCT positions. In-flight video was used to determine
minimum rotor-to-probe clearance at airspeeds of 105, 110, and 120 KIAS and during
dynamic maneuvers simulating movement from precontact to contact. The radius of the
drogue was subtracted from the rotor=to~probe clearance (0 cailculate the
rotor-to-drogue clearance., Data was recorded with both forward and aft LCT's in
manual position programmed at the test refueling alrspeed, with the aft LCT at the
programmed airspeed while the forward LCT was retracted to the ground (GQND)
position, and with the aft LCT at the programmed airspeed while the forward LCT was in
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the fully extended position. Light gross weight represents worst case (minimum rotor=to-
drogue clearance) due to less blade coning. The data is presented in table 2, Calculated
rotor-to-drogue clearance was generally greatest with the forward LCT retracted to the
OND position. The minimum clearance observed with the LCT's programmed at the
aerial refueling airspeed was 6.7 feet. Although more clearance existed with the forward
LCT retracted to GND, the potential for forward rotor droop stop contact becomes
greater in this position as altitude increases. Additionally, aircraft vibrations were one
VRS higher with the forward LCT retracted to the GND position (VRS 4 versus VRS 3)
than with the forward LCT programmed at the refueling airspeed. Flight characteristics
and probe-to-drogue clearance with the LCT's in the manual position programmed at the
refucting airspeed were satisfactory,

Recelver-to-Tanker Clearance

27. Receiver~to-tanker clearance was determined while performing refueling
maneuvers. A laser distance measurement system was used from the ramp of the
KC-130R to measure distances to a specific point on tho CH-47D AWC fuselage. The
distance was then calculated from the forward rotor of the CH-47D AWC to the

horizontal tall of the KC-130R. This distince represents the approximate minimum -

distance between the receiver and tanker during refueling operations. A more detailed
explanation of how the data was obtained Is in appendix D. Minimum distances wers
determined at the precontact position, contact position (refusling probe inside the
refueling drogue), refueling position, and while moving from the contact to refueling
position. Also, the minimum distance was determined while maintalning minimum
refueling hose length (56 feet of refueling hose extended from the refueling pod) and
descending to the disconnect position. Movement to the disconnect position at minimum
hose length (56 feet) represents worst case minimum acceptable aerial refueling
procedures. Minimum dlstances while performing aerial refueling maneuvers behind the
left and right refueling drogues are presented in table 3.
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Table 2. Rotor-to-Drogue Clearance Calculations!

. Calculated Rotor-to-
Forward LCT . | Allipsed | Progue Citmrance-Suaict) o rance- Dynamics
. Positlon . (feet)
| “OND 108 - 7,58 y.28
. .GND 110 996 948
OND 120 9.56 8.21
Trim 10 e 681
Um0 7.14 - 7.06
Coosl o mam a0 674 674
) | Pully Extended | 105 6.22 '6.84
"puuy" Emnaé;& : 11fq_;‘;f' 6.85 7,01
““Fully Extm&eci-* 126 H .37 9.75

‘NOTES:

1

1Clearances obtained by analysis of video data using known dimensions. ‘
Aft longitudinal cyclic trim (LCT) actuator in manual and programmed at the test
airspeed and altitude, 6000 feet pressure ailtitude, 1009% rotor speed,

31,310 pounds

average gross weight, 317.9 average center of gravity, non-turbulent air,
2Static refors to a stable point at the test airspeed.
3Dynamic refers to simulated movement from the precontact to
the ¢ontact position at the test airspeed.
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Table 3. Clearance Betweon Receiver Forward Rutor
and Tanker Horizontal Tail (feet)

Recelver Position Left Drogue Operations Right Drogus Operations|
Precontact 62.5 ‘ 53.5

Contaat 46.5 41.5 7
Refueling 35.5 28.5

Moving from Contact
to Relusling 34.8 29.5

Moving from Refueling
to Disconnect 31,5 20,5

at 56 foot Hose Length
(worst case)

Recelver-to-tanker clearances are less when performing refueling operations on the right
drogue as opposed to the left since the refueling probe is mounted on the right side of the
recelver, The minimum clearance observed while operating behind the left drogue was
31.5 feet while the minimum behind the right drogue was 20.5. The minimum clearances
occutred whlle moving from the refueling to the disconnect position while maintaining a
56 foot refueling hose length. ' Typically the refueling hose should be at mid refueling
range (66 feet) or greater while moving to disconnect which provides additional
clearance, CH-47D AWC clearance to C-130 tanker aircraft while performing aerlal
refusling operations behind the left and right refueling drogues was satisfactory.

STRUCTURAL DYNAMICS
Vibrations

28. The CH-47D AWC cockpit vibrations were evaluited In level flight, non=turbulent
air conditions as described in appendix D. Cockpit vibrations were evaluated with the
refueling probe installed and with the probe removed and were compared to vibration
data from a previous report on the CH-47D (rel 10). Data are presented in figures E-3
through E-7.  There were small changes in cockpit vibration levels with the
removal/installation of the refueling probe but the changes were not perceived by the
pllot. With the probe Insialled, vertical and lateral vibrations at the 3/rev and 6/rev
frequencies between approximately 80 and 125 knots calibrated airspeed (KCAS) were
slightly higher than with the probe removed . The CH-47D AWC vibration levels with the
probe installed or removed were generally higher than those in the CH-47D, The
vibrations were objectionable above 140 KCAS in the CH-47D (ref 10) and remain
objectionable in the CH-47D AWC abave 140 KCAS. These vibrationa could become
fatiguing to the flight crew if endured over an extended period of time. 'There are several
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configuration differences between the CH-47D AWC and the CH-47D that could account
for the change in cockpit vibration levels, Among these are the additional weight and
structure for the AWC cockpit modification and the structural modifications at FS 95 and
FS 160 for the aerial refusling probe Installation. Cockpit vibration levels in the CH-47D
AWC above approximately 140 KCAS were objectionable and remain a shortcoming.

29. Cockpit vibration levels in the refueling environment were generally higher than
those in stabilized level flight and varied as a function of position relative to the tanker
aircraft and the maneuvering conducted behind the tanker. The fraquent changes of
power setting required to maintain position and to maneuver caused the rotor rpm to
change and resulted in the detuning of the pilot or copilot vibration absorbers. In smooth
air conditions, vibrations were typically VRS § in the precontact position and decreased
to VRS 4 in the refueling position. Vibration levels increased in turbulent air conditions
due to increased difficulty in maintaining position, the larger and more frequent power
changes and the increased buffeting In the tanker wake. The cockpit vibration levels of
the CH-47D AWC in the refusling environment did not affect the ability of the crew to
perform refueling tasks and were satisfactory.

Structural Loads

30. Probe bending moments and support strut loads (FS 95) were measurad during
refueling operations, The probe bending moments were used to derive tip loads as
described in appendix D. Values [or nominal and peak loads observed during refueling
operationy are shown in table 4 along with design allowable loads and flight test limits,
Loads in turbulent air were generally higher than those in smooth alr but did not
approach any test limitations. All loads were typically highest just after contact while
moving to the refueling position. ‘The highest tip load measured during the evaluation was
810 pounds (radially downward to the left) and occurred during flight in moderate
turbulence while moving from right drugue contact to the right refueling position, The
highest support strut load measured was a 2500 pounds compression force on the lower
strut and occurred during the same maneuver as the peak tip load. A time history plot of
this maneuver is shown in figure E-8, Off-center disconnects were conducted
intentionally to evaluate probe and support loads for out-of~position conditions, These
out-of-potition conditions generally did not result in bending moments or tip loads higher
than those in the refueling position but the disconnect was characterized by greater than
normal probe tip oscillations, The highest tip load measured during the off-center
disconnects was 400 pounds and occurred when the test aircraft was approximately
10 feet high and outboard of the normal disconnect position. This is an off-center
disconnect from the normal refueling position as I the pilot had allowed the tanker to pul
away from the receiver. A time history plot of an off-center disconnect is shown in
figure E-9, The structural loads observed during refueling operations were all well below
flight test limits and were acceptable.

31, Cruise Guide Indicator (CGI) levels are a function of gross weight, cg, airspeed,
dansity altitude end air wrbulence. Refueling operations during this evaluation were
conducted primatily at 110 KIAS and between 4000 feet and 6000 feet density altitude.
A significant effect on CGI levels was evident when the remalning variables were changed.
In non-turbulent air, at approximately 31,000 puunds gross weight and with the cg at
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FS 37, CGI levels were nominally 40 percent in the observation position and 50 percent
In the precontact position. During the run-in {from precontact to contict) and translation
to refueling position, CGI level generally Increased to 90 percent with occuslonal spikes to
120 percent. The CGI level would decrease Lo approximately 50 percent when stabllized
in the refueling position, During flight in turbulent air at 48,000 pounds with the cg at
F$ 329, COI levels were approximately 50 percent in the observation position and 60 to
70 percent In the precontact and refueling positions. During the run-in and translation to
refueling position, CGI spikes to 120 percent were typical and occaslonal spikes to
160 percent occurrsd. BH conducted refueling operations in non-turbulent air at
33,580 pounds, with the cg at FS 317.9, at 11,380 feet density altitude to demonstrate
the ability to refuel at higher altitudes, CGI levels were approximately SO percent in the
observation position and 80 percent in the precontact and refueling positions. During the
run-in and translation to refueling position, CQOI spikes to 100 percent were typical and
occasional splkes to 125 percent occurred. During the tanker-proximity wake turbulence
evaluation (para 17), CGI levels increased as the test alrcraft descended to below the
wings of the HC-130P. At approximately 36,000 pounds while in the wake turbulence,
the CGI levels were typlcally 60 to 90 percent and spiked up to 100 percent, At
48,000 pounds In turbulent air, CGl levels were typically above 100 percent and
occaslonally exceeded 200 percent. Although CGI levels were high while maneuvering or
while out of position (too far behind or below the tanker) in the refueling environment
they did subside when stabilized in any of the normal refueling positions and were
acceptable.

HUMAN FACTORS
Aerial Refueling Lights Control Panel

32, Operation of the aerlal refueling lights control panel (figs. B-16, B-17 and para 11,
app B) was evaluated on the ground In a darkened hangar and in-flight during night
visual ineteorological conditions (VMC) both unaided (white lights) and alded (NVG
using white lights or IR filters), The pane! allowed the pilot who was not manipulating the
flight controls to control the function of both the refueling probe light and refueling
searchlight, Light level control was also provided for both lights through the use of
brightness increase/decrense momentary switches, Each time that elther light filament
switch was cycled to the OFF position and turned back ON, the alfected light would again
operate at full intensity regardless of the previous level. Since the filament and light level
switches were adjacent to each other and of similar shape, it was extremely easy to
Inndvertently actuate the bulb filament causing the light to return to full bright, This was
annoying to the flight crew particularly when conducting NVG refusling operations. If the
searchlight is pointed too close to the tanker fuselage, full bright illumination will
temporarily blind the C-130 scanner and force delay of refueling operations until his
vislon Is adequately restored. Activation of these lights to full bright also increases the
chance of detection by threat land and air forces. The inability to select anything other
than full bright on the refueling probe light and refueling searchlight during initial fllament
activation i3 a shortcoming and should be corrected prior to operational deployment.
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Cabin Aerial Refueling Control Panel

33, Operation of the cabin aerial refueling control panel (figs. B-11, B:12 and para 6,
app B) was evaluated during aerial refueling test flights in day and night VMC. Night
operations included use while wearing NVQ and with unaided vision. Switches and
indicator lights were well organized on the panel. All required functions for aerial
refueling of the six standard aircraft fuel tanks were available on the one centrally located
panel. Automatic and manually terminated refueling operations were easily conducted
with logical switch manipulations. The operation of the cabin aerial refusling control
panel was satisfactory.

Night Lighting Evaluation
Control Panels

34, The refueling light panel (fig. B-16) and cabin aerial refueling control panel
(fig. B-11) were evaluated for night lighting characteristics during night VMC flights while
performing the aerial refueling mission. The evaluation was conducted with the crew
using NVG and with unaided vision. The acrial refueling lighting system control panel
was well lighted, NVG compatible, and was dimmable through the same circult which
controlled the other lower console equipment lighting, No windscreen glire was observed
by either pilot which could be attributed to this panel lighting. Although none of the
lighting on the cabin aerlal refueling control panel, exuept the press=to-test lights, could
be dimmed, it was NVG compatible and no operational difficulties were noted. The NVG
and unaided night lighting characteristics of the cabin aerial refueling control panel and
aerial refueling lighting system control panel were satisfactory.

Aerial Refueling Lighting System

35. The aerlal refueling lighting system was evaluated for night lighting cliaracteristics
during night VMC flight while performing aerial refueling tasks. The evaluation was
conducted with the crew using NVG and with unaided vision. The refueling lighting
system (paras 8 through 11, app B) consisted of a fixed probe illumination light and a
movable searchlight, both mounted on the forward portion of the forward transmission
cowling (fig. B-15). The installation of this system was required due to the limited up
travel of the standard aircraft searchlights, and beam masking of the tanker caused by the
refueling probe, Forward Looking Infrared (FLIR) pod and AN/APN-209 standoff
mounts. The refueling probe light adequately illuminated the probe tip and drogue during
all night conditions tested. The probe light was dimmable with sufficient light level
control to conduct unaided vision ot NVG aerial refueling operations, The dimming
feature and area of illumination were equally acceptable when the probe light was IR
filtered. The movable refueling searchlight could be moved through sufficlent ranges of
elevation and azimuth to illuminate Key features of the tanker in the observation,
precontact, refueling and disconnect station keeping positions. Light levels were
attainable, through the dimming feature, to adequately illuminate tanker references when
performing aerial refueling tasks whether using unaided vision or NVG. When using NVG
and an IR filtered searchlight beam, adequate brightness control was also attainable.
Sufficiently low white light intensities were avallable to conduct NVQ refueling operations
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without installing the IR filters on either the probe light or refueling searchlight. The
white light intensities were so low during these operatinns that observers on the C-130
tanker could not see the lights without the ald of NVG. The ability to control the light
intensities over this wide range enables the crew to conduct either unaided or NVG aided
aerial refueling tasks without configuring the lights with IR filters (approximately
2 manhours required). These lights were also usable during norma! landing and ground
operations and provided excellent illumination of areas poorly lit by the standard aircraft
searchlights due to shadows from the FLIR pod, AN/APN-209 standoffs and the refueling
probe. The aerial refueling lighting system is an enhancing characteristic for the conduct
of night aerlal refueling operations and should be incorporated in future designs.

RELIABILITY AND MAINTAINABILITY
Fuel Transfer System Check Valves

36. Operation of the aircraft fuel system was evaluated throughout these tests. Two
check valves that prevent uneven transfer in the standard CH-47D fuel system were
removed for the aerial refueling system modification. They were not included because
designers felt that the adjacent fuel flow transducers would act as check valves. Uneven
fuel transfer was observed on several of the early envelope expansion flights, The
proposed solution for this problem was to modify the manifolding and incorporate the
check valves (identified as left and right main tank refuel check valves shown in fig. B-9).
These check valves and manifolds had to be manufactured and were unavailable for most
of these tests. ‘Continued flight test was possible only by electrically closing the gate valves
adjacent to these check valves using the cabin aerial refueling control panel, Shortly after
the completion of the in-flight refueling tests, the final check valve assemblies were
available and were installed duting the final probe-off performance flight. Normal fuel
transfer was observed during this flight, No adverse effects were noted in refueling system
surge pressures due to the check valve installation. Within the limited scope of this
evaluation, the fuel transfer system check valves functioned satisfactorily.

Fusl Flow Transducers

37. The operation of the aerial refueling system fuel flow transducers was observed
throughout these tests. These transducers (fig. B-9) were installed to provide the
refueling operator a positive indication of flow (0 the individual fuel system tanks and to
verify proper operation of the high level shutoff valves. Throughout these tests, the right
forward auxiliary and left main fuel flow transducer lights remained illuminated during the
primary and secondary fuel shutoff tests, Both valves were replaced, but the left main
transducer continu- - to provide false flow indications. The left main tank transducer was
replaced once again and still malfunctioned. These erroneous indications force the
operator to assume a high level refuel valve fallure and manually override the automatic
shutoff system at a lower than filled level (approximately 650 pounds for auxiliary and
1600 pounds for main tanks) to preclude potential fuel tank overpressurization. The
poor reliability of the aerlal refueling flow transducers is a shortcoming and should be
corrected prior to operational deployment of this system,




Single=Point Ground Refueling

38. Single~point ground refueling operations were performed and evaluated throughout
these tests, During these ground refueling operations, ground external power was always
applied to the aircralt to power the special instrumentation package. Upon completion of
the program, the aircrafi was deinstrumented and flown back to the user unit home
station. - Single-point refuel operations were atiempted at the first fuel stop on the
cross~country flight using standard operator's manual procedures. Power to operate the
external single-point refueling panel was not available until the battery switch was placed
to the ON position, This is not a normal requirement on CH-47D or CH-47D AWC
aircraft. Placing the battery switch to the ON position in the CH-47D AWC aircraft
applies power to many of the installed communication/navigation radios and display units.
This drain on the battery during single~-point ground refueling operations will exceed
stored DC power capabilities quickly, During the period of unit pilot aerial refueling
training at Marine Corps Air Statlion El Toro the alrcraft battery became discharged
resulting in the loss of one day availability while the battery was being deep cycled and
recharged. Provisions must be made to perform ground single=point refueling operations
without the necessity for energizing the entire group of DC powared equipment controlled
by the battery switch, The requirement to have the aircraft battery switch ON in order to
single-point refuel on the ground is a deficiency and must be corrected immediately.

AERIAL REFUELING SYSTEM TESTS
General

39, BH conducted several tests to verify that the design, fabrication and installation
efforts had produced a refueling system that would operate safely and efficiently, These
tests were witnessed and/or the resulting data was evaluated by AEFA personnel. The
results of the static structural test and the loads observed during the refueling operations
{(para 30) indicated that the structural Integrity of the probe and external support
hardware was adequate. The natural frequencies of the probe installation were
determined and were adequately separated from the primary harmonics of the rotor
system. The aircraflt was refueled through the probe from a fuel truck, a Marine Corps
KC-130T tanker and an Air Force HC-130P tanker to verify system operation and
compatibility with the tanker alrcraft. Flow rates of up to 240 gallons per minute (gpm)
were measured while refueling from the KC-130T and up to 155 gpm while refueling from
the HC-130P. A maximum allowable surge pressure of 180 pounds per square inch (psi)
(as stated in MIL-F-38363, ref 8) was part of the design criteria, Surge pressures during
flow stoppage were below 180 psi and were satisfactory. The ground refueling station and
aerial refueling control panels functioned properly with one exception: two flow lights
(aerial refueling panel) remalned on after flow had been confirmed siopped. The
minimum blade-to-probe clearance was measured at 16.5 inches. The Army intends (o
utilize the CH-47D AWC with the probe removed. The removal of the probe and the
installation of the hose fitting at FS 160 amount to a change in weight of 280 pounds at
FS -17.1. The weight of the entire refueling modification was calculated to be
457 pounds at FS 28.6 and BL 26.4 right. An electromagnetic interference (EMI)
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check and probe grounding check were conducted, No EMI was observed and the
refueling probe was properly bonded to the airframe.

Static Structural Test

40. BH conducted a static structural test to verify that the probe and external support
hardware met or exceeded the design ultimate loads, The frangible fitting designed to
break at 2500 pounds normally located at the tip was removyd for this test. The probe
and external support hardware were mounted on a fixture and a downward load was
applied incrementally to the tip until failure of the probe occurred. The probe yielded at
approximately 30 inches forward of-the support ring located at FS 95. The tip load at the
time of failure was 5,445 pounds and the deflection of the tip was 31.5 inches. The
external support hardware did not incur any damage during this test, This test was
conducted at room temperature conditions, but the strength of the probe will vary with
the ambient temperature and relatlve humidity, A stress analysis conducted by BH
concluded that to account for the hot/wet (180 degrees Fahrenheit and 100 percent
relative humidity) design conditions, the minimum acceptable fallure for a probe tested at
room temperature conditions would be 4875 pounds. The results of this test and the
loads observed during refueling operations (para 30) indicate that the structural integrity
of the probe and external support hardware was adequate.

Natural Frequency Response Tests

41. Accelerometers were mounted near the end of the probe and were used to
determine the natural frequency of the probe In the vertical and lateral axes. Natural
frequency response tests were conducted on the ground both with and without fuel in the
probe fuel transfer tube, The natural frequencies of the probe with fuel in the tube were
4.4 hertz (Hz) vertically and 4.6 Hz laterally. The natural frequencies of the probe with
no fuel in the tube were 4.7 Hz vertically and 5.0 Hz laterally, The 1/rev and 3/rev
frequencies of the rotor system are¢ 3,75 Hz and 11.25 Hz at 100 percent rotor speed.
The natural frequencies of the probe installation were not on or near any of the primary
harmonic frequencies of the rotor system.

Functional Tests

42. Initial ground refueling tests were done with a fuel truck to verify system operation
and to check for leaks. Refueling through the standard CH-47D single-point connection
at a fuel truck pressure of 33 psi resulted in flow rates of up to 168 gpm. Refueling
through the probe nozzle at a fuel truck pressure of 35 psi resulted in a flow rate of
150 gpm. Flow rates while refueling from a fuel truck through the single-point
connectlon were satisfactory.

43, The aircraft was also refueled on the ground through the probe nozzle to verify
system compatibllity with the U.S. Marine Corps KC-130T and the U.S. Air Force
HC-130P tanker aircraft. The KC-130T was included in this evaluation because it's fuel
transfer system is capable of operating at higher pressures and flow rates than the
HC-130P. The CH-47D AWC was positioned behind the tanker aircraft on the ramp and
the refueling drogue was reeled out and connected manually to the probe nozzle. Fuel
system pressures were monitored and aerial refueling system functions were operated at
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the cabin refueling panel during fuel transfer. The initial tests conducted with the
KC-130T resulted in surge pressures in the CH-47D fuel system of up to 225 psi when the
precheck swiich on the cabin refueling panel was placed in the ALL OFF position. These
surge pressures were considered unacceptably high so plans were made to modify the
panel wiring and the precheck switch. The intended modification was to change the
precheck switch function from a simultaneous closing of all shut-off valves to a separate
closing of primary shut-off valves and secondary shut-off valves. The primary/secondary
shyt-off switch on the ground refueling panel was used on subsequent tests with the
KC-130T to evaluate operations with the intended modification of the cabin panel
precheck switch. Surge pressures during operation of primary and sesondary shut-off
valves were reduced to 135 psi and 115 psl, respectively. The highest surge pressure
measured during closure of the individual gate valves was 175 psi at the probe-hose
outlet. A fuel pressure of 53 psi measured at the tanker resulted in the maximum flow
rate of 240 gpm with fuel flowing to all tanks, Flow was allowed to continue until the
high-level shut-off valves in each individual tank had closed automatically, The highest
surge pressure measured during automatic shut-off was 155 psi at the inlet to the laft
main fuel tank and occurred as the last tank (left main) filled and flow was stopped. Flow
rates and surge pressures while refueling from the KC-130T were satisfactory. -

44, Ground refueling tests with the U.S. Alr Force HC-130P were conducted with the
cabin panel precheck modification incorporated. Surge pressures and flow rates were
generally lower when refueling with the HC-130P because of the lower operating pressure
of the HC-130P fuel transfer system, The highest surge pressure measured during the
precheck was 80 psl when the secondary shut-off valves were closed, A fuel pressure of
37 psi measured at the tanker resulted in a flow rate of 155 gpm with fuel flowing to all
tanks. The highest surge pressure measured during closure of the individual gate valves
was 150 psi at the probe-hose outlet. The highest surge pressure measured during
automatic shut-off was 150 psi at the crossfeed and occurred as the last tank (left main)
filled and flow was stopped. Flow rates and surge pressures while refueling from the
HC-130P were satisfactory,

45, Two check valves were installed in the system subsequent to the functional tests to
correct a problem with uneven fuel transfer during flight (para 36). Because the
additional manifolds and valves could potentially alter the characteristics of the fuel
system during refueling, another ground functional test was conducted. The aircraft was
refueled on the ground through the probe and surge pressures and flow rates were found
to be similar Lo those observed during earlier testing without the check valves. After
modification of the precheck switch and installation of the check valves the refueling
surge pressures were acceptable and the flow rates were satisfactory,

46. A ground functional test was conducted to verify that the jet pumps would evacuate
the fuel that remains in the probe, probe hose, crossfeed line and fuel manifolds after
refueling through the probe. A total of up to 4.5 gallons can be contained in these areas
after refueling. The aircralt was refueled through the probe, the boost pumps were
activated and the resultant fuel flow was observed through clear plastic tubing that was
installed for this test. After approximately 12 minutes, the fuel was completely evacuated
from these areas.

24




47. The vatious functions at the ground refueling station panel and the aerial refueling
cabin panel were operated throughout the functional tests. The only problem observed
was that the left main tank and right forward auxiliary tank flow lights remained on after
fuel flow had been confirmed stopped (para 37). This condition remained a problem
throughout the entire evaluation.

Static Blade-to~Probe Clea‘rnncé

48. Measurements were taken.on the ground with the rotor blades stopped to determine
the minimum vertical clearance between the rotor blades and the probe nozzle. The
clearances were a function of forward longitudinal cyclic trim actuator position, cockpit
flight controls position, and whether hydraulics were ON and OFF. Results are presented
in table 5. The minimum clearance was 16.5 inches and occurred with hydraulics OFF,
the forward LCT fully extended, the collective in ground detent, the longitudinal cyclic
full forward and the lateral cyclic and . directional controls [ull left, The static
blade~to«probe clearance of the CH-47D AWC with the refueling probe installed was
satisfactory. : S

Weight and Balance

49. The refueling probe and external support hardware are removable and the Army
intends to utilize the CH-47D AWC with the probe removed. The probe and support
hardware were weighed to determine the change in weight and ¢g for the two
configurations. The removable items include the probe, the support ring and the four
support struts at FS 95, and the outer half of the support ring at FS 160, The aerlal
refusling hose (fig. B-8) that extends on the underside of the aircraft from the aft end of
the probe to just below the right side dry bay will remain installed. During operation with
the probe removed, the forward end of this hose, normally attached to the probe, will be
secured to a fitting that replaces the outer hall of the support ring at FS 160, The
removal of the probe and the installation of the hose fitting at FS§ 160 amount to a change
in weight of 280 pounds at FS =17.1. The weight tnd cg of the entire aerial refueling
modifications was determined using the weight and cg for each component or subsystem.
Based on the actual welght of the probe and support hardware and the actual and
estimated weights (BH estimation) of additional components, the weight of the aerial
refueling system was calculated to be 457 pounds at FS 28,6 and BL 26.4 right,

Electromagnetic Compatibility/Radio Frequency Interference

50. The aerial refusling system was tested for EMI with standard alrcrait electrical
systems to include communications and navigation systems. No EMI was found to be
present during ground or in-flight tests,

Refueling Probe Grounding

51. A refueling probe grounding check was conducted to verify that the probe was
properly bonded to the airframe. An ohm-meter was used to measure the continuity
between probe nozzle and the probe fuel transfer tube and between the probe nozzle and
probe attachment fittings. Electrical resistance was less than one ochm in each case,
indicating that the probe was properly bonded to the airframe,
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MISCELLANEOUS
Design Considerations For Pressure Refuelable Internal Fuel Tanks

52. The CH-47D aerial refueling system which was developed over the past three years
and was tested during this evaluation Incorporated many safety/design features that
minimize the rigks associated with aerial refueling operations. In order to be consistent
with the safety/design features incorporated in the production CH«47D AWC uerial
refueling system thus far tested, any internal tank aerial refuelable system design should
Include as a minimum the following features.

a. A check valve system that will prevent lnfemal fuel tanks from continuously filling
the crossfeed refuel transfer tube and/or allowing unbalanced fual transfer between the
left and right side aircraft fuel systems,

b, An external vent system for the internal tanks which will prevent fuel or fuel
vapors from venting into or near the angine air inlets or being drawn by air flow through
the cargo ramp into the cabin area,

¢. An automatic high level pressure refuel shutoff system which is redundant and can
be prechecked during the initial aerlal refueling process.

d. A fuel level indication to provide the crew with backup manual high level pressure
refuel shutolf information and the ability to accurately monitor in=flight transler of \he
internal fuel.

¢, A fuel dump system, as provided in other aerial refuelable helicopters, that allows
the crew to rapidly reduce gross weight thereby providing limited range single-engine
capability.

Forward Looking Infrared/Aerial Refueling Probe Interface

53, The CH-47D AWC aircraft modifled with the aerial refueling system also
incorporates a FLIR system mounted beneath the nose to the left of the refueling probe,
The FLIR image is displayed on two screens in the cockpit, one on the pilot’s conscle and
one on the copilot's console. The FLIR optics are controlled from the cockpit by elther
the pilot or copllot and are capable of viswing 360 degrees in the horizontal plane and
218 degrees in the vertical plane. The system has a wide and narrow fleld of view and a
“look ahead” feature which aligns the optics with the aircraft longitudinal axis at a preset
elevation. The system also has an automatic tracking featurs which enables the optics to
automatically track an object that has an infrared signature which contrasts with its
surroundings.

54. When operating the FLIR in the “look ahead” mode in the wide fleld of view, the
tip of the refueling probe is 13 degrees right of the center of the screen. The tip of the
probe (s not visible If the FLIR optics are slewed 11 degrees lelt of the aircraft
longltudinal axis. Approximately 25 percent of Lhe screen is obscured when looking
90 degrees right of the aircraft longitudinal axis. In the “look ahead” mode in the narrow
fleld of view the probe is not visible. The FLIR can be slewed 10 degrees right of the
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alrcralt longitudinal axis before the tip of the refueling probe is visible on the right side of
the screen. When looking 90 degrees right of the aircraft longitudinal axis, the probe
image fills the entire screen, The automatic tracking feature was used to track a moving
object while the aircraft was at a hover. Ay the aircraft was turned, the refueling probe
came between the object and the FLIR optics causing the automatic tracking feature to
lose lock and discontinue tracking the object. The impact during a mission scenario of
the FLIR's obstructed field of view and disengagement of the automatic tracking feature
due to refueling probe interference must be determined by the operational unit. The
following NOTE should be placed in the forthcoming CH-47D AWC Aerial Refueling
System Operator's Manual Supplement to be published by Boeing Helicopters:

NOTE

The aerial refueling probe limits the FLIR right forward
field of view and may cause the automatic track feature
to loss lock If the FLIR line of sight is obstructed by the
refueling probe,
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CONCLUSIONS

"GENFRAL

§5. The following conclusions were reached upon completion of this evaluation of the
production CH-47D Adverse Weather Cockpit (AWC) aerial refueling system: ’

a. The CH-47D AWC helicoptér incorporating the Boeing Helicopters aerial
refueling syst m is suitable for day and night aerlal refueling, '

b, One enhancing charucteristic, one deficlency relating to the electrical system, and
thiree shortcomings were identified.

ENHANCING CHARACTERISTIC

§6. The following enhancing characteristic of the CH-47D AWC production aerial
refueling system was identified: The aerial refueling lighting sysiem (para 35).

DEFICIENCY
§1. Thé following deficiency of the CH«47D AWC production aerial refueling system was

identified: The requirement to have the battery switoh ONM in order to single~point refuel

on the ground (para 38).

SHORTCOMINGS

58. The following shortcomings of the CH-47D AWC production aerial refueling system \'
were identified and are listed in decreasing order of relative importance:

a. The inability to select anything other than full bright on the refueling probe light
and refueling searchlight during initial filameat activation (para 32).

b. The poor rellability of the aerial refueling flow transducers (para 37).

¢. Cockpit vibration levels in the CH-47D AWC above approximately 144 knots
calibrated airspeed were objectionable (para 28).
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RECOMMENDATIONS

§9. The enhancing characteristic listed in paragraph $6 should be lncorporated In future
designs.

60. The deliciency in paragraph 57 must be corrected immediately.

61, The shortcomings listed in paragraph 58 should be corrected prior to operational
deéployment.

1

62. Performance data for the CH 47D Adversé Weather Cockpit (AWC) wlth the aerlnl:
refueling systern, should be obtained using an instrumentéd aircrift including calibrated’
engines and measured rotor shaft torques (para 8).

63. The following CAUTION should be placed in the CH 47D AWC Aé¢rial Refueling
Procedures Supplement (para 10):

S CAUTION

Care must be taken When ground handllng alrcruft
equipped with the serial refusling probe near obstacles
or on uneveh terrain’ t0 avoid contact and posnblo
damage. ‘

64. The Air Force T.0. 1-1C-1-20 and the CH-47D AWG Astial RefuelingProcedure

Supplement shiould define ths precontacy posltlon for the CH-47D AWC a3 topowr “Itie

. precontact positlén for the CH4TD AWC is the refueling probe lutemlly gllgnqd with thp
refueling hose, probe tip positioned wettically with the cénter of the drdQUQ. 'nnd 10°to
15 feet aft of the drogye” (ﬁara 18). .

65. The user should ‘be provided recommended nrosu weight - versus altnude plunnlng
Information fof aerial refueling at the earliest possible time (para 19).

66. The C-130 tanker refueling pod light indication system should be altered when uxed
in conjunction with night vision goggles (para 21).

67. The Air Force T.0. 1-1C-1-20 and the CH-47D AWC Acrial Refueling Procedures
Supplement should Include the following CAUTION (para 22):

CAUTION

Movement fron: the refueling to the disconnect position
when performing nnn-responsive hose refueling
operattons must be performed slowly 1o minlmize the
tendency for the hose and drogue to snap upward at
disconnect.

68. Internal tank aerlal refuelable syitem design should Include as a minimum thy
following features (para 52):

4. A check valve system that will prevent internal fuel tanks from continuously lilling
the crossfeed refuel transfer tube and/or allowing unbalanced Tuel transfer between the
left and right stde aircraft fuel sysiems,
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b. An external vent system for the internal tanks which will prevent fuel or fuel
vapors from venting into or near the engine air inlets or being drawn by air flow through
the cargo ramp into the cabin area.

¢, An automatic high level pressure refuel shutoff system which is redundant and can
be prechecked during the initial aerial refueling process,

d. A fuel level indication to provide the crew with backup manual high level pressure
refuel shutoff information and the abllity to accurately monitor in-flight transfer of the
internal fuel, '

¢, A fuel dump system, as provided in other aerial refuslable helicopters, that allows
the crew to rapidly reduce groys weight thereby providing limited range single-engine
capability,

69. The following NOTE should be placed in the forthcoming CH-47D AWC Aerial
Refueling System Operator's Manual Supplement to be published by Boeing Helicopters
(para 54):

NOTE

The aerial refueling probe lirnits the FLIR right forward
field of view and may cause the automatic track feature
to lose lock if the FLIR line of sight Iy obstructed by the
refueling probs,
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APPENDIX B. DESCRIPTION

CH-47D ADVERSE WEATHER COCKPIT AERIAL REFUELING SYSTEM

1. The first production nerlal refueling system for the CH-47D Adverse Weather Cockpit
(AWC) was Installed on aircraft 8/N 82.23763. The modification Included structural
rework, installation of a refueling control panel and wiring, installation of aerial refueling
lights, fuel system moditications, and installation of an aerial refueling probe. The system
allows the six primary fuel tanks and any suitable internal ferry fuel tanks to be fueled in
flight, A detailed description of the CH-47D may be found In the operator's manual
(ref 5, app A). Additional modification details are provided in the System Specification
CH-47D AWC (ref 11).

STRUCTURAL REWORK

2. Structural modifications to the fuselage were incorporated at fuselage station (FS) 95
and 160 (figs. B-1 and B-2), These modifications were necessary o provide adequate
load bearing capabllity for the refueling probe attachment fittings, Additionally, mounting
provisions were incorporated [or the aerial refueling manifolds located in the forward
landing gear dry bays,

AERIAL REFUELING PROBE

3. The aerial refueling probe Is made of IMC graphite composite material and is 29 feet
7 inches long (fig. B-3), A detailed drawing of the probe Is shown in figure B+4, The
diameter and wall thickness are constant with layup comptised of 3 inch wide graphite
tape. The mounting rings at FS 95 and 160 are filament wound onto the pre-cured
graphite tube, Attachment hardware alfixes the probe at FS 95 and 160 (fig. B-5) such
that the probe centerline is at waterline =36.0 and right buttline §7.75. FS 95 i.nd 160
attachment hardware is shown in figures B-6 and B-7, respectively. The tip of refueling
probe extends 16 feet 6 inches forward of the CH-47D AWC nose. Fuel ls transferred
through a two inch diameter aluminum tube, internally supported by “Dow Ethafoam”
spacers, within the probe body., A standard MA2 nozzle Is attached to the end of the
probe with a frangible fitting designed to shear at 2500 pounds radlal load. The franglble
fitting incorporates a double [lapper valve to stop fuel flow from both sides i the fitting
shears, A hose, mounted externally to the lower fuselage of the hellcopter, routes fuel
into the right forward landing gear dry bay and connects to the existing pressure refueling
system (fig. B-8). Copper grounding straps are bonded to the full length of the probe and
connected directly to the airframe,

FUEL SYSTEM

Fuel Shut-off Valves and Flow Transducers

4. New gate valves and flow transducers have been added to the existing pressure
refueling system (fig. B-9). Flve gate valves have been installed, one [or each of the main
and forward auxiliary tnnks and one for internal’fuel tank Installation. A flow transducer
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B-1. Relueling Probe Attachment Points

Flgure




Figure B-2. Relueling Probe Attachment Polnts
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Aetlal Refueling Hose

Figure B-7. Statlon 160 Probe Attachment Ring
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Is installed at each of the six fuel tanks to monitor fuel flow to that tank. The fuel
quantity indicating system has been expanded to permit the flight engineer to verify fuel
quantity (except for any internal ferry tanks) at the control panel during refueling
operations. . , i

. lnternal Fuel Provlslom :

5 An internal retual connector (fig, B-IO) and gate vnlve are added to the left slde of
the forward cabin nt FS 255 to permit aerial or single~point refueling of the intcrnal ferry
tanks. There Is nq, flow transducer- or indlcator for internal tank(s) servicing.

ln-Flight R;fuellng Conﬂoﬁ Panel SRR '! RN

6. Bxcept for the existlnn REFUEL STAT!ON switch on the cockpit FUEL (.ONTROL
panel, all aerial refyeling ontrols and lndicamrs are on the IN~-FLIGHT REFUEL
control panel (fig. B-11) loéated in the heater compartmem (fig. B-lz) :

"¢ "a, The MASTER switch has two poaitlons. matked RDY and. OFF It provides

" power to. the,ref eling system. - The refueling control’ ‘panel will receive power in flight
when the REFUEL STATION switch-on the cockpit fuel control panel is at ON dnd the
 MASTER éwiteh is at RDY. Operation of the panel lights is controlled by 4 two-position
switch marked ON and OFF

b quer to opérate the panel and refueling system ls provlded through four cirouit
breakeru marked FUEL QTY IND and REFUEL on No. 1 power distribution panel
(PDP) and IN.FLT REFUEL and FUEL FLOW XDCRS on No‘ 2 PDP. All fourtean 8
Indicator lights. on- the panel are presmo-tem. o ‘

¢. Placing the MASTER switch at RDY will cause the TRANS!'I‘ llght to come on tor
any refuel valve which is in transit to the commanded position, The- transit lights go out
when the refuel valves are In the commanded position. The commanded position is
determined by the seven REFUEL VALVE POS switches labeled OPEN and CLOSE.
The switch is adjacent to the TRANSIT light that it controls. The REFUEL VALVE POS
switches will normally be left in the OPEN position, Placing the MASTER switch to OFF
or cockpit refuel station switch OFF will close the R and L AFT AUX valves and open the
R and L FWD AUX and main valves regardless of the REFUEL VALVE POS switch
position, This will allow normal fuel transfor from the auxiliary tanks to the mains tanks,

¢. The PRECHECK switch has three positions marked PRI OFF, FLOW, SEC OFF,
It tests the automatic high level fuel shutoff system., Fuel flow into the system will be
indicated by the lllumination of the six FUEL FLOW lights marked FWD AUX, MAIN,
and AFT AUX. The lights are in the center section of the control panel. Moving the
PRECHECK switch to PRI OFF or SEC OFF stops fuel flow as Indicated by the FUEL
FLOW lights going out within twenty seconds. If the fuel level shut~off valve fails for any
tank, the REFUEL VALVE for that tank can be closed, preventing fuel flow to that
particular tank., Closing the main tank fuel valve will prevent fuel flow to both the maln
and aft auxiliary tanks on that side.

e. Refueling of internal ferry tanks is controlled by a two-position switch marked
OPEN and CLOSE. A transit light adjacent to the switch provides the same function as
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Figure B-12. In-Flight Refueling Control Panel Located In Heater Compartment
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the L and R REFUEL VALVE POS switches, A fuel flow indicator is not provided for
internal ferry tanks on the control panel,

AERIAL REFUELING MODIFIED POWER DISTRIBUTION PANELS

7. The No, 1 and No. 2 power distribution panels are modified to power the aerial
refueling system. Modifications to the panels for lighting and fuel system requirements
are shown in figures B-13 and B-14,

AERIAL REFUELING LIGHTING SYSTEM

8. ‘The aerial refueling lighting system consists of a fixed probe light and movable
searchlight behind a transparency in the forward pylon (fig. B-15), a lighting control
panel in the pedestal console, and two light dimming units on the right hand cabin wall at
FS 240, Both the probe light and the searchlight can be manually configured for night
vision goggle (NVQ) compatible infrared (IR) light by adding an IR filter to each light,
The light dimming units provide continuously varinble dimming over the entire range of
control from full brightness to no light at all. Power for the lighting is provided from
No. 2 DC bus through four circuit breakers marked REFUEL LT-PROBE LT CONT,
PROBE LT FIL and REFUEL LT-SLT CONT, SLT FIL.

Probe Light

9, The probe light is positioned to illuminate the tip of the refueling probe and the area
40 feet in front of the refueling probe, The 150 watt lamp can be configured for NVO
compatible IR output using the same filter as currently used on other CH-47D
searchlights,

Movab: - Searchlight

10, Initlal searchlight angle s set to permit illumination of the tanker wing pod or
wing/fuselage interface when the helicopter Is slightly above normal relueling operation
positions. The searchlight may be electrically extended to illuminate the tanker as the
helicopter position drops relative to the tanker, The 250 watt lamp can be configured for
NVG compatible IR output using the same filter as on other CH-47D searchlights,

Refueling Lights Control Panel

11. The refueling lights are controlled through a switch panel (fig. B-16) located on the
cockpit lower console (fig. B-17). Placing the PROBE LT FIL switch ON turns on the
lamp at full brightness. Holding the PROBE LT LVL switch at DIM will dim the light
linearly from full bright to completely extinguished In approximately five seconds,
Holding the LVL switch at BRT reverses the process linearly from extinguished to full
bright In approximately five seconds. A two-position SRCH LT control switch marked
ON/RETR provides power to the four-way momentary searchlight position switch,
Adjusting the switch R or L will rotate the light 360 degrees clockwise or
counterclockwise. Holding the switch from RETR to EXTND will provide 23 degrees of
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rolation in the vertical plane. When the SRCH LT ON/RETR switch is at RETR, the
searchlight will fully retract and rotate clockwise until the lamp is centered. The SRCH
LT FIL switch Is a two~position switch marked ON/OFF, When the switch Is at ON, the
lamp is turned on at full brightness, Holding the SRCH LT LVL switch at DIM will dim
the searchlight lamp linearly from full brightness to completely out in approximately
five seconds, Holding the LVL switch at BRT reverses the process linearly from
extinguished to full bright in approximately five seconds.

CABIN ENTRANCE DOOR

12, The lower cabin entrance door is the same as on existing helicopters except the
support structure and mechanism has besn modified by extending the lower hinge
assembly to clear the probé when the door Is lowered (fig. B-1 and B-18). A door
extension/step has been added to provide a step over the probe and fill the gap whert the
door is open which was created by the extended door hinges. The door extension/step is
hinged to the troop commander's seat pallet.
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Extended Door
Hinges
Figure B-18, Cabin Entrance Door '
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APPENDIX C. INSTRUMENTATION

1. The test instrumentation was installed, calibrated and maintained by Boeing
Helicopters. The system included various sensors, signal conditioners, pulse code
modulation (PCM) multiplexers, an onboard tape recorder and a telemetry transmitter,
A total of 33 parameters were recorded onboard and telemetered to & ground monitoring
statlon,

“ 2. Ship system instrumentation was used to provide electrical input for some parameters.
Fuel quantity data were recorded by hand using the ship system fuel quantity guge located
on the cabin refueling panel.

3, The parameters displayed on the pilot and/or copllot instrument panels included:

, Alrspeed (pilot and copilot systems) (kt)
Altitude (pilot and: copilot systems) (ft)
Total Air Temperature (deg C)
Rotor Speed (rpm)
Engine Torque (%)
#1 Engine
#2 Engine
Crulse Guide Indicator
Fuel Quantity (Ib)
’ Alrcraft Attitude (deg)
Pitch
Roll
Alrcraft Heading (deg)
Longitudinal Cyclic Trim Actuator position
Forward
Alt

4. The PCM parameters measured and recorded during this evaluation were:

Airspeed (pllot system)* (kt)
Pressure Altitude (pllot system)* (ft)
Total Alr Temperature (deg C)
Rotor Speed (rpm)
Engine Torque® (%)
#1 Engine
#2 Engine
Cruise Guide Indicator® (%)
Alrcraft Attitude (deg)
Pitch
- Roll
Probe Bending Moment FS 90 (in-Ib)
Vertical
Lateral
Probe Support Strut Tension, FS 95 (Ib)
Upper Strut
Upper-middle Strut

* Ship system
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Lower~middle Strut
Lower Strut

Probe Tip Linear Acceleration (g)
Vertical
.Lateral '

Cockpit Floor Linear Acceleration, Pilot Side, FS 50, BL 33 RT (g)
Vertical B ' . .
Lateral

Cockpit Floor Linear Acceleration, Center, FS 95, BL 0 (g)
Vertical
Lateral
Longitudinal

Fuel Pressure (psi)

“Left maln fuel tank inlet
Left aft auxiliary fuel tank Inlet
Right main fuel tank inlet
Right aft auxiliary fuel tank inlet
Crossfeed inlet
Crossfeed line
Probe hose output
Left side dry bay manifold
Right side dry bay manifold
Time of day .
Event number
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS

A}

DRAG INCREMENT DETERMINATION

"1, Lével fight performarice testing was conducted by the contractor In ball-centered
flight and' the results were analyzed by U.5. ‘Army Avidilon Engineering. Flight Activity
'(AEFA) personnel to determine the ¢hange in power reqiiired for the installaton of the

" -aerlal refueling system. Data anzlysis methods used are described in the Ariny Materiel

-Command Pamphlet 706-204 (ref 12, app A). Contractor test techniques were evaluated
: by AEFA personnel and were found to conform with the methodu described in

‘ ~reference 12.

VIBRATXONS

S 2 ’l"he output of vibration accelerometere were rdduced uslnn 8 fust Fourler transform
method to obtain average vibration ampiitudes as a function of fréquency. Amplitude at
. the main rotor harmonic frequencies was then determined.

IPkOBE TIP LOAD DE'I'EI%MINATION ‘ R
3. Probe tip loads were calculated using the longltudlnnl and. latzral bendlng homants
measured at fuselage station 90 and the moment arm to the probe tip (278 Inches). Total
radial load at the p.lp._ was calculated_ using the followlng oqumlom

Jlecal bending moment® + Lateral bending moment

Total radlal tip Iond 278

ROTOR-TO~-DROGUE CLEARANCE DETERMINATION

4, Vertical clsaranices between the forward rotor blades and the refueling drogue were
obtained by analyzing video recordings of the test alrcraft (pary 26). The test was
conducted with three different longitudinal cyclic trim actuator settings in stabilized level
Mlight 10 determine the average clearances and during simulated run-in (approach to
drogue) maneuvcrs to determine minimum clearances, Video of the test aircralt was
taken from the right side using a fixed-wing chase aircraft, The tapes were analyzed on a
video monitor at slow speed and using single-~{rame advance untll the minimum clearance
for the specific condition oecurred. With the tape stopped at the time of minimum
clearance, a photogruphlc print was made for each condition. The probe length and the
distance between the rotor disk and the refueling probe tip were measured on the prints
and converted (o actual values by using the known length of the probe. The radius of the
refueling drogue was subtracted from the rotor-to-probe clearance to obtain the
rotor~to~-drogue clearance,

RECEIVER-TO-TANKER CLEARANCE DETERMINATION

5. The approximate receiver~to-tanker clearance while performirg aerial refueling
operations was determined in the precontact, contact, refueling, movement from contact




Lo refueling and -aovement from refueling to disconnect positions behind the left and right
drogue (para 27), An observer using a hand held Laser Distance Measurement System
(LDMS) froin the cargo loading ramp on the tanker aircraft measured distances to
reflective tape targots affixed to the pilot and copllot emergency escape doors. Angles
between the receiver's forwurd main rotor mast and the LDMS were notnd for each of
the refueling positions, Post-flight measurements were made of the distance between the
reflective tape targets and the forward rotor tip-path plane and the distance between the
LDMS and that part of the tanker nearest to the recelvers forward rotor for the angles
corresponding to the refueling positions, These two measurements were summed and
subtracted from the LDMS readings to yield the approximate clearunce between the
receiver and tanker,

AERIAL REFUELING SYSTEM TESTS
Static Structural Tust

6. Prior to fight test, Boeing Helicopters conducted a static structural test of a refueling
probe and the external probe-support hardware. The probe and external support
hardware were mounted on a test [ixture and a hydraulic actuator was attached, in sories
with a load-measuring device, to the tip of the probe, The actuator was used to
incrementally increase the tp load until failure of the probe occurred. The sarne
apparatus was used to calibrate the strain gages on the probe used during flight tests,

Natural Frequency Response Tests

7. Accelerometers were mounted near the tip of the probe and were used to determine
the natural [requency of the probe in the vertical and lateral directions, Loads were
applied manually at the tip to induce oscillation and the cycles of tip movement per
second were obtained by analyzing the accelerometer data. The natural frequencies were
used to predict aircraft and pliot-induced probe oscillations.

Refucling System Functional Tests

8. Refueling system functional tests were conducted on the ground utilizing a fuel truck,
a U.S. Marine Corps KC-130T tanker and a U.S. Alr Force HC-130P tanker. Fuel
transfer quantities were measured using the truck and tanker totalizers. Fuel flow rates
were determined by timing the fuel transier when refueling from the truck and by a
tanker flow meter (ground test equipment) when refueling from the tanker aircraft,
During refueling tests, all of the instrumented fuel system surge pressures were monitored
via telemetry.

DEFINITIONS
Enbhancing Characteristic

9. A characteristic of the test article which will enhance the accomplishment of the
mission or is a marked advancement in the state of the art,
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Deficiency

10, 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 squipment if
operation is continued; or indicates improper design or other cause of failure of an item
or part, which seriously impairs the equipment's operational capability.

Shortcoming

11, An imperfection or mallunction occurring curing the life cycle of equipment which
must be reported and which should be corrected to increase efficlency and to render the
equipment completely serviceable, It will not cause an immediate breakdown, jeopardize
safe operation, or materially reduce the usability of the materiel or end product.

RATING SCALES

12, The Handling Qualities Rating Scale is presented in figure D-1. The Vibration
Rating Scale is presented in figure D-2,
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APPENDIX E. TEST DATA
FIGURE

Aerlal Refueling Operations
Vibration Characteristics
Aerlal Refueling Operations, Probe Structural Loads
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FIGURE NUMBER

E-1 and E-2
E-3 through E-7
E-8 and E-9
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FIGURE E-5
VIBRATION CHARACTERISTICS
CH-47D USA S/N 82-23763

LONGITUDINAL VIBRATIONS AT COCKPIT FLOOR, FS 95, BL 0 o

SYM  AVG AVG CC AVG AVG AVG AIRCRAFT i

GROSS LOCATION DENS|TY OAT ROTOR CONF [GURATION
WE IGHT kONG LAT

(IR G R R ¢4l R W )

36340 328.4 0.0 5120 23.0 228 PROBE ON
35520 328.4 0.0 4830 20.% 226 PROBE OFF

NOTES: 1. LEVEL FLIGHT
.. 2. AWC MODIFICATION INCORPORATED
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FIGURE E-6
VIBRATION CHARACTERISTICS
" CH-47D USk S/N 82-23763

"3 o LATERAL VIBRATIONS AT FS COCKPIT FLOOR, 95, BL 0

SYM  AVG AVG CG AVG AVG AVG  AIRCRAFT
GROSS LOCAT ION DENSITY ~ OAT  ROTOR CONFIGURATION
WEIGHT  LONG AT ALTITUOE EE

t8)  (Fs) BL)  (FT)  (DEG ¢) (RPM
38340 328.4 0.0 5120  23.0 228 PROBE ON
38520 328.4 0.0 4830  20.5 226 . PROBE OFF

NOTES: 1. LEVEL FLIGHT
2. AWC MODIFICATION INCORPORATED
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SINGLE AMPLITUDE VIBRATORY ACCELERATION (g)

FIGURE E-7
VIBRATION CHARACTERISTICS
CH-47D USA S/N 82-23763

VERTICAL VIBRATIONS AT COCKPIT FLOOR, FS 95, BL O

SYM AVG AVG CG AVG AVG AVG AIRCRAFT
GROSS LOCAT ION DENSITY QAT ROTOR  CONFiGURATION
W%IGHT QONG LAT A D

) %) (B T (osa oy (RPW “

35340  328.4 0.0 5120 23.0 228 PROBE ON
35820 328.4 0.0 4830  20.5 226 PROBE OFF

NOTES: 1. LEVEL FLIGHT
2. AWC MODIFICATION INCORPORATED
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ND. 2 ENGINE TORQUE  NO. 1 ENGINE TORQUE

FIGURE E-8
AERIAL REFUEL ING OPERAT!ONS
PROBE STRUCTURAL LOADS
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FIGURE E=B8 (CONTINUED)
AERIAL REFUELING OPERATIONS

PROBE STRUCTURAL LOADS
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FIGURE E-9
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