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A feasibility evaluatIon of aerial refuelin~ the Boel~~ Vertol CH-47D helicopter
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faci Ii ty i:t Wllmi n~ton t Dela..are between 6 and 9 Au~ust 1985. Five f liJ!hts
were performed totalinF; 8 flight hours (4.1 productive hours). Aerial refueli:lR '/
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the initial refueling .-ystem flight eva!'"ati<m. Aerial refueUn~ operations
were performed with an HC-130P tanker aircraft and included a tanker turhulence
evaluation, handlhl~ qualities lihUe perfor1ll1n~ refueHnR procedures, and
prototype aeriai refueliDR system oper4tions. Twenty-five refuel1n~ probe
to dro~ue en~a~ements were performed. During one en~a~ement. 5070 pounds
of fnel were transferred from the tanker to the CH-47D. Six shvrtcontill~s, aU
of which were related to the aerial refue1in~ system, ~re iden~ified for
~orrectlon in the production ded~n. The most significant of ,hese was the
i~creas~4 maintenance requirements imposed hy the use of refuelin~ probe
restraint cables. Within the limited scope of this evaluation aerial ref"ell~~

of the CH-47D heJicopter is a feasible concept.
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DEPARTMENT OF TItE ARMY
HEADQUARTERS. US ARMY AVIATIOM SYSTEMS COMM",NO

000 GOODFELLOW IOULEVARI). ST. LOUIS. MO. 6312001798

REPLY TO
ATTENTION OF

AHSAV-E

SUBJECT: Directorate for Engineering Position on the Final Report of lISAAEFA
Project No. 85-09, Aerial Refueling Evaluation of the C8-47D
Helicopter

SE.E DISTRIBUll0N

1. The purpose of this letter is to establish the Directorate for Engineering
position on the subject repor~. In general the report exceeds the scope and
objectives intended in this test. This was a prototype system and the objec~ive

of the test was to verify the feasibility and pilot techniques for aerial
refueling the CH-47D helicopter. These tas~s were pecformed and reported
exceptionally well Additionally, recommendations are ~ade relative to
potential system design improvements that could be included in a production
design should the Army decide to procure such a system. Wnile these comments
are good and appropriate to the test this Directorate does not consider them
shortcomings, but rather as suggested improvements for a pro~uction design.
There were no design specifications to be met and there is no current mission
requirement for an aerial refueling capability for the CH-47D helicopter.

2. This Directorate agrees with the repo~t conclusions and recommendations,
with the exceptions identified herein that reflect the above stated approach.
Conclusions and recommendations a~e discussed by paragraph as indicated:

a. Paragraph 29a: AVSCOM does not agree that the restr~int cables are a
shortcoming in this feasibility test, however the recommendation that the
cables be deleted in a production design is appropriate. It may be necessary
to retain these cables to prevent the probe from becoming too massive. If the
cables are retained, they should be attached in such a manner that tney do not
interfere wi~h maintenance acti"ities or endanger the helicopter if they break
in flight.

b. Paragraph 29b: l.VSCOH does not agree this is a shortcoming as there
currently are no approved, crasnworthy i~ternal cabin fuel tanks. The need for
both crashworthy internal fuel tanks and an aerial ref~eling system as range
~xtension programs on the same aircraft is not known. If aerial refueling is
available, crashw~rthy internal tanks may not be necessary. However, we agree
that if a mission is defined to require both aerial refueling and crashworthy
internal fuel tanks, on the same aircraft, the ability should exist to refueol
the internal tanks through the aerial refueling system. If a development
specificatiun for the aerial refueling system is written, it should iaclude
this capabilit.,..
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AKSAV-E
SUBJECT: Directorate for Engineering Position on the Fiual Report or USAAE~A

Project No. 85-09, Aerial Refueling Evaluation of the CH-47D
Helicopter

L Paragraph '9c AVSCOH does not agree that this is a shortl"Omlng lor ,t

prototype system.. the prototype syste~ was to investigate the aerial refueling
capability of the CH-47D. We do agree, though, that should the requirement
for aerial refueling capability be established, the ability to selectively
refuel individual fuel cells should be incorporated into the production design.

d. Paragraph 29d: .bile AVSCOH does not agree this iz a shortcoming for
the prototype system, we do agree that the ability to simultaneously check the
primary and secondary fuel shutoff valve operation in each tank sr.ould be
incorporated in a production design.

e. Paragraph 2ge: AVSCOH does not agr.ee this is a sh~rtcoming in a
prototype system. However, we do 2gree that if a development specification for
production aerial refueling system is written it should include provisions to
provide the flight crew the ability to accurately monitor fuel flow.

f. Paragraph 29£: AVSCOH does not agree that this is a shortcoming in a
prototype system. The fuel switches were deliberately wired in this manner for
expediency in fabrication of the prototype system to minimize the wiring
changes required in the test helicopter. While this might be a shortcoming in
a production design, it is considered acceptable for a prototype system to
evaluate the feasibility of aerial refueling. However, we do agree that this
should be considered for improvement in a production design.

g. Paregraph 31' AVSCOH agrees that the tests recommended in this
p'ragraph be included in qualification tests of a production aerial refueling
system. Additionally, the items discussed in subparagraphs a through f above
should also be incorporated prior to any further flight or qU:J) .ification
testing.

FOR THE COHMANDEk~

Dw-:J fM ..1AA:~z::
DANIEL H. HcENEANY
Director of Engineering .
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INTRODUCTION

BACKGROUND

1. The US Army Av1.ation Systems Command requested (ref 1, app A)
that the US Army Aviation En~ineer1n~ Flight Activity (USAAI-:FA)
conduct a f1i~ht evaluation of the CH-47D helicopter equipped
wilh a prototype aerial refueling system. The tests set forth in
the test plan (ref 2) as modifi~d by reference 1 were designed
to evaluate the CiI-47D equipped with a prototype aerial refueling
system. The scope of this evaluation was subsequently modif1~d

(ref 4) to conduct testing necessary to evaluate the feasibility
of a~rial refueling the CH-47D equipped with a Boeing Vertol
(BV) d~signed prototype aerial refueling system.

TEST OBJECTIVE

2. The objective of ~his test was to verify the feasibility
of conducti.:l~ ..erial refueling operations with the CH-47D heli
copter and quaHtatively document any handling quality changes
wi th lh~ prototyp(' 'lerial refueling system i "stalled. T~e

appropriat~ pilot tt:chlliques for tanker approach, hook-up, fuel
transfer, and disengagement were determined.

DEsr~IPTICN

3. The tesl helicopter was a production CH-47D, USA SiN 84-24159.
configured with a prototype aerial refueling system. The prototype
aerial refueling system consisted of a tuo-piece telescoping
refueling ?r(~be mounted on the right side of the helicopter at
right buttlj~€ (RBL) 57.75, waterline (WL) -36.0 with support
fittings at fuselage stations (FS) 95 and 160. Two restraint
cables were mounted at the outer end of the stationary probe
section and were attached to the aircraft. One was attached to
the ri~ht. side of thp. forward transmission at FS 98.0. RBL 27.0,
WL ·~65.0. and the other was attached at the forward jack point
at FS 95.0. left BL 18.5, and WL -36.0. The probe inner section
was extended and retracted by fuel pressure supplied by two
additional fuel boost pumps located in the dry hay aft of the
right main fuel cell. Fuel lines for extension, retraction and
refueling were externally routed from the refueling probe and
bo09t pumps to the refueling panel located in the dry bay between
the right forward auxilIary and right main fuel cells. A deta!led
description of th..: CH-47D is contained in the operator's manual
(ref 5. app A). Appendix B cOlltains a more complete description
of the prototype aerial refueling system.
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TEST SCOPE

4. The initial flight tests of the CH-47D with the prototype
aerial refueling system were conducted by BV at the Philadelphia.
Pennsylvania production facility and the Wilmington, Delaware
flight test center. The USAAEFA flight tests were conducted
from the Wilmington flight test center from 6 through 9 August
1985. Five flights were conducted for a total of 8 hours, of
which 4.1 hourc WE:re productive. Twenty-f!ve refueling drogue
engagements were performed. During one engagement, 5070 pounds
of fuel was transferred from the HC-130P tanker to the test
aircraft. Frior to performing this evaluation the flight crews
attended a four day aerial refueling ground and flight training
orientation course conducted by the l55lst Flying Training Squad
ron at Kirtl~nd Air For.ce Base, New Mexico. The HC-130P tanker
aircraft and flight crew used during the evaluation was prOVided
by the 6594th Test Group from Hickam Air Force Base, Hawaii.
The crash rescue helicopter and flight cr~1 were provided by the
US Army Test and Evaluation Command trom the Aberde.en Proving
Ground Flight Detachment, Aberdeen, Maryland. Boeing Vertol
provided a fixed wing chase aircraft and crew, test aircraft
maintenance, instrume~tation and data r~duction support. Tests
were conducted at gross weights between 28,720 and 33,790 ~ounds

with center of gravity at FS 324.0, 100% rotor speed (225 rpm),
and a density altitude of 6000 feet. The limitations contained
in the operator's manual (ref 5, app A) the airworthiness release
(ref 6) and those prescribed by BV were observed.

TEST METHODOLOGY

5. Flight test technique;; are briefly des.:ribed in the Results
and Discussion section of this report. Flight palrameters w,=!'e
recorded by an on-board magnetic tape recording system and \lere
also telemetered to a ground recording station. A listing of
the recorded paraceters is contained in appendix G. Video and
photographic documentation were record~d from the test, tanker.
and fixe~ wing chase aircraft. Qualitative ratings of the
handling qualities and vibrations were based on the Handling
Qualities Rating Scale (HQRS) and the Vibration Rating Scale
(VRS) contained in appendix D. Methods of natur.al freq~ency

determination and structural load analysis is also presented 1n
appendix D,

2



RESULTS AND DISCUSSION

GENERAL

6. A fea~dhilfty evaluation of aerial refuE'lfn~ tht' CII-/~71>

helicopter modified with a prot~type aerial refuelin~ system was
conducted. All tests by the US Army Aviation Engineerin~ Fli~ht

Activity (USAAEFA) were conducted with the aerial refue1in~

system confi~uration described In append':'x B. Aerial refue1in~

operations were performed with an HC-130P tanker to identify
potential handling quality, procedural, and prototype aerial
refuelin~ system desiRO problems. Six shortcomings, all of
which were related to the prototype aerial refueling system. were
identified for correction in the production design. Based on
the limited scope of this evaluation, aeriel refuelin~ Of the
CH-47D helicopter is a feasible concept.

AERIAL REFUELING SYSTEM TESTS

Static Load Test

7. Static load tests were c~nducted (as described in app D) with
the probe full/ extended to determine tip deflection and verify
structural integrity at desi~ limit tip loads of 1000 pounds.
Loads were applied to the probe tip in four directicns: verti~ally

dOWTlward. laterally left and right, and axially in tension. At
1000 pounds. the verticel tip deflection was approximately 10
inches downward, and the left and right lateral tip deflections
were approximately 20 inches and 10 inches. respectively. No
axial deformation was apparent.

Natural Frequency Response Test

8. Accelerometers were mounted on the end of the fixed section
of the probe to measure probe vibrations in the -.rertical and
lateral ctirections. Natunl.1 frequency response tests were
conducted on the grou~d using th~se accelerometers and the method
described in appendix D. "'e natural frequencies of thE' probe in
the extended position were 3. 7S hertz vertically <'nd 2.80 hertz
lat' ·a11y.

Functlonal Tests

9. The aircraft was refueled on the ~round throu~h the aerial
refueling system to verify system operation and to check for
lenks. A drogue attachment was used on the fuel truck hose to
connect to the probe refueling nozzle. ThE' fuel I ~ssure at the
truck was 50 pounds per square inch and the resul tant f low ratE'
throu~h the system was 900 pounds peZ minute (ppm). On th~ ground
probe extension and retraction times were 22 and 27 seconds,
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respectively.
the extension
respectively.

In flight at 110 knots indicated airspeed (KIAS)
and retraction times were 30 and 34 seconds,

Static Blade to Probe Clearance Checks

10. Measurements were taken on the ground with rotor blades
stopped to determine mi~imum vertical clearance between the rotor
blades and che extended probe. The clearances were a function of
forward longitudinal cyclic trim actuator position, cockpIt
flight controls position, and whether hydraulics were ON or
OFF. Results are presented in table 1.

Weight and Balance

11. The aircraft was weighed both prior to and after the inst~l

lation of the aerial refueling system. The weight ~f the aerial
refueling system was 502 pounds. Aircraft center of gravity (cg)
movement with extension or retraction of the probe is primarily a
function of aircraft gross weight. As aircraft gross weight
increases, movement of the aircraft longitudinal cg with orobe
extension/retraction decreases. As weighed at 32,820 ~~nds,

the aircraft cg movement was 1.7 inches forward with extension
of the probe.

Electro-magnetic Interference Checks

12. The aerial refueling system was tested for electro-ma~netic

:nt~rference (EMI) with t>tandard aircraft electrical syAtems to
include co~munications and navigation systems. No EMI was found
to be pr~sent during ground or in-flight tests.

CONTRACTOR FLIGHT TESTS

13. Contractor flight tests were performed to establish a limited
~light clea~ance envelope. The flight tests included flight
control inputs to excite refueling probe oscillations in hover
and forward flight, tanker turbulence evaluation, and aerial
refueling operations. The contractor flight tests were conducted
from the Boeing Vertol (BV) manufacturing facility at
Philadelphia, Pennsylvania and the BV flight test facility at
Wilmington, Delaware. BV conducted ten f lig~ts for 8 4 total
flight hours during the period 28 July to 4 AUf-list 198::. The
resulting limitations under which the USAAEFA tests were condu:-ted
are presented in table 2. Several modifications "'ere made to
the CH-47D aer~ al refueling system while the contractor flight
tests were in progress. The most significant modification was

". ". ..... . .. -. .. .... '". '"'. .. .. ' ..
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Table 1•.Static Bla~e to Probe Ci~arance

oi

ri
oj

!
"t
•
i
f
I

l
I
f
(

F;ll Left On -14.9
i
I
I,

Off -·0.3 i
'lutul I

I
2 lncho!s I

left of Off -2.8 1
neutral I

--I
I

'lcutrl'.l Off 1.0 !Neutral

12 lnche. forward
of neutral

d:oun I

Ietent I Fu'l Forward Neutr"l Neutral I Or. I 4.8
( I I !

~-- t -- I I
I , I

round ! i ,

tent Full rllrvald Neutral Full Left I On ! -fI.O
i I

round I

Ietent I Neutral. Ne\ tral Neutral On 12.0

round i I
etent Neutral Neutral Neutral I On I 1(' .0

I I ,

round ! 3.9 lnch.. ! :
I -

Detent

Cround
Detent

Detent.

C
D

I

1----,
I ~

c

-----L~

________-;I__~_ue_t_en_t__+_F_U_l1_F_O_t"VUd ~ 1~:~I,....-F-u_ll-L-e-f-t-;----o_n---'---1_1-.-5--
I ru:'l I 3.? 1llch.. II Down Full Forward :left of neutralI

---......-------;---·-----;-t--------1-1-----......-----......-----

I
,1 inch forward I I

of neutral , Neutr#l I
I

Neutral I

IForwuu LOnlitu:Hnali Coclt lt r11 ht Control Po.iUon !I - ;-- ------1
Cycllc Tei. Actuator!--------- Lon8itudln#1 Lateral 'Dlrectlonal I Clearancel ,

Poairlon IThr~.t cantrall :ycllc Control Crcllc ControlI Cortrol 'HYdraullcs: (lnches) ,

--------------+\l----c-r-o-un-d---+l-------·---+------.f-----+-------....;...-----,

Cround Detent I Full Forward Neutral Neutral On 6.0
I ,!-----------------j-------+-------..,...----...;..-----.......-----,
I G

DFull Extend
I
I--
I
i Full Exter.i

I-
I Gt"')\OI'dI
I

I
I fyl~ Extend

. I
I
I

I
Full Exund

I
I Full Extend
i
i
I
i Full hund
I
I,
I

Full htendI

I
j Ground,
i

NOT!:

lA11 blade tip to probe clearance. were ~a.ured wlth probe extended. ~elatlve clearance lndlcate~ that the
blade vould contact the probe •

.'

5

.... ".. '. ~ .. - ... . " -- ~ " .. .... .... .....' \......' ... - -. .. - .. ..... - ... - ... . .......



~","-._~,~,~,_,-"_,, -,.",_,,"~, _ ,._-•••••. ~•.-.. .• ~" ,"' " "'-";. • .,•.• LH'_" -,,.'"., ,,_ ~ .•. ~ '.' '.' .. , ..••....•.•

~

Table 2. Flight Limitations
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Parameter

~ximum forward ~ir8peed. refueling
prli~ retracted

Maximum forward airspeed. refuelIng
probe extended

Maximum sideslip ~ngle

Maximum climb p~.er (dual engine)

Maximu~ rate of descent

Maximum gross weight

Maximum density altitude

Maximum steady state cruise guide
indicator reading

Takeoff and landing

Meteorological condition£

Refueling hookups

Refueling disconnects

Aanual Iv~gltudinal cyclic
trim operation

Automatic lcngItudinal cycliL
trim operation

6

Limit

140 KIAS

130 KIAS

Equivalent to 8~ constant bank
angle with zero heading change

Intermediate rated power
(30 minute limit)

Autorotation

44,500 pounds

6000 feet

100% green arc

Vertical (~o rolling takeoffs
or landings)

Visual

~robe extended only

No rntentional assymetric dis
cc.nrtects (prooe must be aligned
vith refueling hose)

Aft actuator at 110 KIAS tri~

position and
Forw~rd actuator programmed to
GND ;osition

~:..ccmati-: programmhg within the
aitspeed range,

·· .. . .. .... .. .. .. , ... .. . " ... '. .... .. . . - '
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the addition of refueling pr"be re~training c.-b1I's designed to
r~duce excessive probe loads and oscillations. The results of
the c:ontractor flight tests will be published as a separate BV
report.

14. The USAAEFA aerial refueling test conditions are listed in
table 3. Flight crews consisted of US~FA/contractor pilots
for the first flight. USAAEFA pilots for flights two through
four. and USAAEFA/user pilots for the lu3t flight. An Air For~e

observf'r experienced in aerial refueling operations was onboard
the test aircraft for the first three flights.

,_.... - ...,~, __ ""'" .; -. - .. t-a

15. Refueling procedures used during the test were stc1ndard Ai r
Force procedures desc:ribed in reference 7. appendix A. These
procedures were used as a basis to develop the test aircraft
checklist (app E). Photographs and diagrams of thp relative
positions of the tanker and receiver aircr.;lft are presented in
appendh' F. The tanker and receiver aircraft rendezvous at a
predetermined location time and track. The tanker assumes forca
tion lead after overtaking the receiver aircraft to it's right.
then oaintains the d~sired airspeed. normally 110 KIAS. a~d

prepares to transfer fuel. The receivt'r aircraft maintains the
left observation position unt~l cleared by the canker for left
refueling drogue contact. The left observation pcsition is left
of the tanker at approx':':",:ltely 45 0 from th(' tanker centerline,
slightly above and aft so that the recei?er probe tip is abeam a
point 10 reet aft of the drogue. h~en the tanker gives the
receiver clear~nce to contact the drogue and transfer fuel, the
receiver moves dOW:l and right to the prccontact positton. The
precontact position is aft of the drogue. ~lth the probe tip in
lim: and 5 to 10 feet behind the dNgue. The receiver then
moves forward so that the probe nozzle contacts the drogue with
a positive rate of closure. Too small a clo5u~~ rate will result
in a soft contact. and the drogue ~ill not seat prOperly on the
probe nozzle. ApprOXimately 140 pounrts of ferce is requi red to
properly seat the nozzle in the drogue recepta~le, After contact,
the receiver moves to the left refueling position to transfer
fueL Thi s position is aft of the left wing tip i:>f the He-DOl'.
The HC-130? fuel transfer hose Is designed to automatically
retract and extend as the receiver aircraft moves fore and aft,
Fuel can be transferrpd when the refueling hose is extended
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between 56 feet and 76 feet from the tanker refueling pod. These
distances are marked by five feet white bands on the refueHng
hose. When fuel transfer is complete, the receiver moves right
and down, then :;traight back to disconnect. Approximately 420
pounds of force is required to unseat the nozzle from the drogue
receptacle. The disconnect should be made five to ten 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. Crossover from
left to right observation position is made approximately 50
feet above and 100 feet behind the tanker, to avoid tanker turbu
lence. Refueling operations from the right drogue are conducted
in a similar manner as from the left drogue. The aerial refueling
procedures used during this test were ~atisfactory.

Handling Qualities in Aerial Refueling Environment

Turbulence Evaluation Behind Tanker:

16. The effEct of the turbulence created by the HC-l30P tanker on
the CH-47D was evaluated by stabilizing the test aircraft: approxi
mately 100 feet aft and high behind the tanker left wing tip,
centerline, and right wing tip and flying downward through the
turbulence while maintaining the 100 ~eet aft standoff distance.
HC-l30P gross weight during this evaluation was approximately
105,000 pounds. The turbulence caused an increase in ai rframe
vibration and was percFived as low frequency buffeting. The
highest level of vibration was experienced behind and below the
HC-130P right wing tip (VRS 6). This required an approximate
10° left yaw attitude change to maintain trimmed flight. The
lowest level of vibration was behind the HC-130P fuselage center
line. Aircraft control was maintained at all times during the
tanker turbulence evaluatIon. and the pilot could easily fly out
of the tank~r turbulence. The flying qualities of the CH-47D in
HC-130P tanker turbulence are satisfactory.

Aeri~~ Refueling Operations:

17. Test aircr3~t handling quallttes during aerial refueling
ope~ations were qualitatively evaluated behind both left and
right refueling drogues and from both pilot and copilot seats.
User pilot comments are presented in appendix G. A total of 27
drogue engagements were attempted. with 25 successful and two
missed engagements. The tests were flown in smooth air with
occasional light turbulence. Tanker turbulence caused vibration
levels to be higher in the right precontact pas i tion (VRS (,)
than in the left precor.tact position (VRS 5). Higher pilot
workload was experienced when refueling from the right drogue

9
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durin~ the contact phase while movin~ to the ri~ht refuelin~

position. An approJdmate ,~ne inch left pedal input producin~ it

5° left yaw attitude chan~e was required to trim the aircraft
into the HC-130P sUpstream and maintain proper probe to dro~ue

alignment (HQRS 5). Refuelin~ operations from the left seat
were slightly more difficu.'.c than from the ri~ht seat durin~ the
precontact and contact phases bec.ause probe and dro~ue hose
alignment was more difficult tc perceive. The right seat pilot
could verbally assist the left seat pilot to properly ali~n the
probe. No control position trim ~hanges or aircraft trimmed
attitude chzn~es w~rp. perceiveci by the pilots d\lrii1~ probe
extensioll or retr .on, or dul.!.'l~ fuel transfer operations.
The tip of the ret\.. ;lin~ probe on tl'e test aircraft was 8 feet
7 inches further in front of the ~ose of the aircraft than the
probe on the HH-53 helicopter flown during pilot trainin~. The
longer probe, combined with basic aircraft flyin~ qualities and
control system characteristics, made drogue contact si~nificantly

easier in the CH-47D. Aircraft attitude changes necessary to
correct arJ prohe to ~ro~ue misali~nment duri1~ thp dro~\le contact
maneu"er requirp.d 0111y small control inputs. Field-of-view was
adequate durin~ all phases of aerial refueU n~ operations except
when flyin~ in the right refueling position from the right pilot
seat or in the left refueling position from the left pilot seat.
In these instances, the opposite windshield post obstructed the
pilot's view of the refueling hose in some seating positions
when the receiver was slightly out of the proper refueling posi
tion. This could be corrected by changing the pilot or copilot
seat position. Neutrally damped vertical and lateral probe tip
oscillations of approximately +2 inches at the l/rev rotor
frequency, occurred in smooth air-Yith the probe extended. These
oscillation~ did not adversely affect aerial r~fuelin~ operations •
Within the scope of this test, the flyin~ qualities of the CH-47n
are satisfactory for aerial refueling •

Longitudinal Cyclic Trim Operation:

IR. Aerial refceling tests were conducted to qualitatively compare
aircraft hand1in~ qualities with lon~itudinal cyel ic trim (LCT)
i;t both the automatic (AllTO) and manual modes of operation.
Pilot workload was increased and main rotor tip path plane (TPP)
to probe clearance was decreasE:d durin~ aerial refueling opera o

,

tions with LCT selected to AUTO. To maintain the precont;"l·~t

position in l.CT AUTO mode, longitudinal cycl ic CO;1t rot inputs C.I
:,,1/2 inch approximately ~very 2 seconds werE' re'1uireci to com
pensate for neutral ~y damped aircraft pitch osci llat ions (HORS
6). Nominal probe to TPP clearance was estimated to be (,.2 f£>et
with transient excursions to 6.0 feet in very light turhulence
~erial refueling operations were then pertormed with LCT in toe
manual mode at 110 KIAS. The aft L':.T actuator remained i:1 the
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110 KIAS trim position, and th~ forward LeT c.'ctuator was pro
grammed to the gro Jnd operating position (GND)., The change in
forward LCT actuator position from 110 KIAS trim ~osition to GND,
causec. a change In tl.'immed pitch attitude of aOi'roximately two
degrees nose down which was not objectionable. Aircraft pitch
oscillations were not apparent although inf.requenl small control
inputs necessai"y to mair.tain relative position with tre drogue
w~re required (HQRS 4). Nomiaa! pr:>he to TPP dearance lJas
estimated (0 be 7.4 fe~t \"'ith transient excursions to 5.6 :.'eet.
The user evaluation was conducted in the LCT manual configuration.
Further testing of the production aerial refueling system should
be accomplished to determine the optimum LCT actuator position
for aerial ref~eling operations throughout the mission center
of gravity and gross weight range •

Airspeed System Characteristics:

1~. The ~hi~'s airspeed system indicated 110 KIAS in the observa
tion and precontact positions. In the re!uelilg po~ition, airspeed
was nominally 105 KIAS ~tth frequent excursions of +5 knots
and occassional ey.cursions of +15 knots. When the aircraft was
flown approximately 40 feet ~hind the precontact position,
airspeed indications were as bigt-. as 130 KlAS. The changes in
indicated ai rspeed were a fu.1ction of te·;t aircrafr: position
relative to the tanker turbulence pattern ald did nof., adversely
affect refuelin~ operations.

In-flight Loads

20. Probe bending moments were monitored during refueling opera
tions and were used to derive tip loads a~ descrihed in
appendix D. Nominal tip loads when engaged with the dro~ue durin~

:lormal refueling operations (including contact and disconnect),
Iolere 350 pounds in the downward and lateral directions. A maximum
tip load of 750 pounds downward was observed while the test air
craft was out of trim apprcximately 1/2 ball ~idth on the turn anci
slip indicator. In smooth ~!r at the o)servation position. Cruise
Guide Indicator (CGO levels were 40 percent at ;] nominal gross
weight of 31,000 pounds and 110 KIAS. The CGI was at acceptahle
levels throughout refuel1n~ operations; nomi:lally c;n to 60 percP:lt
with some spikes above 100 percent in the precontart and refueling
positions.

Aerial Refueling Systems Operation

General:

21. The CH-47D aerial refue1in~ systems operatlo;l wac; p\';dtla(ec!
throughout this test. The aerial r~fuplln~ syqtem cockpit controls

I I

".
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were easy to operate in f l1~ht. Avera~e pr(·be extension time at
110 KI AS was 30 Reconds and avera~e let ract f on t f mt' W:lS

14 s('~·ol~ds. Tht.· proht..> faiLed to rt:>tnH't on !H'v('r;lI ot tht't'ilriV
teJ:T f l1~hts, and the test aircraft was landE'd with thE' probe
extended. This malfunction was corrt::cted on later f li~hts. A
total of 7645 pounds of fuel was transferred from the tanker to
the test aircraft during the contractor and USAAEFA evaluations.
One fuel tra:lsfer test, perfor~d by USAAEFA, was irom minimum
fuel (1750 pounds) to ttle maximum that the CH-47D would accept
(5070 pounds tranferred). Rate of fuel ~ransfer varied from
600 ppm to 1000 ppm. The CH-47D automatic fuel shutoff valves
operated properly and stopped fuel flow to each fuel ce1.i. when
the cell was full. Within the scope of this test, the operation
of the prototype CH-47D eerial refueling system was satisfactory.

Restraint Cables:

22. Refueling probe restraint cables were installed to reduce
excessive probe load~ and oscillations. The restraint cables
prevented maintenance personnel from lowerin~ the forward pylon
right work platform. Excessive maintenance would be required
in an operational unit to adjust and check cable tension. If a
restraint cable were to fail in flight, aerial refueling ,",ould
not he possible due to exce~sive probe tip oscillations and
structural failure ma; result from excessive probe loads. Addi
tionally, there is :: high probability that the upper restraint
cable would contact the rotor blades and definitely the fuselage
if the cable faUed near tile forward end of the refueling probe
stationary tube. The reqtJirement for refueling probe restraint
cables is a shortcoming that should be correct~d i~ the production
design.

Internal Fuel Tanks:

23. No provisions were mad~ in the refueling system design tested
to refuel internal cabin fuel tanks in flight. Internal l:abin
fuel tanks will be necessary for the CH-47D to achieve greater
unrefueled range. The inabUity to refuel internal cabin fuel
tanks in f 1i~ht is a shortcoming that should be cflrrecte,i in the
production desi~n.

Refueling Selected Cells:

24. Individual ~uel cells could not be selectively refueled in
f1i~ht. This capability may be required for center of gravity
control durin~ aerial refueling or for fuel halancing. The
inability to selectively refuel individual fuel ct:ll~ in flight
Is a shortcol'lin~ that should be correcterl in the product ion
design.
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;;hutoff Valve Check:

25. The primary fuel shutoff valves in each fuel cell were ch~cked

for proper operation by activating all primary shutoff valveg aud
oOl;erving that fuel flew from the tanker to the receiver stopped.
The secondary shutoff valves were checked in the same manner. The
check could not l-e performed on the primary and secondary shutoff
valves simultaneously. If a primary shutoff valve is inoperative,
and a secondary 3~utoff valve is inoperative in a different fuel
cell, aerial refue1in~ could be safaly performed. However, the
pilot will not know if both valves in a sin~le cell have failed,
which would result in potential fuel cell overpressnrization.
The inability to simultaneously check the primaly and gecondary
fuel shutoff valv~ operation is a sh'.>rtcoITlin~ that should hE>
corr~cted l~ the production Jesi~n.

Fuel Flow:

26. Fuel finw is monitored ~uring the fuel shutoff valves check
by observing the tot.aEzer on the fuel q\:antity ~auge. This was
not an accurate check to determine if refueH ng system fuel flow
had st.opped. The pilot must monitor the totalizer for l5 ':0

,:10 seconds to determine the totalizer trend (whether fuel quantity
is inc!'easing or decreasing). Total fuel quantity may decrease
or increa~e slowly if fuel flow rate to the engi~es is appruxi
mately equal to fuel flow through a defective dual fuel cell
shutoff valve. The defective dual fuel eel; shutoff valve may
not he detected, and fuel cell overpressuri?ation may result.
The inabllitl to accl1rately monitor fuel flow during the fuel
shutoff valves check is a shortcomin~ that should he rorrected in
the production design.

Cockpit Fuel Gage:

27. The pressure refueU ng power control swit.:~l for ground
refueling is lo(~ted on the pressure refueLinp system control
pane! in the right forward landing gear bay. When the switc~ is
in the PWR ON position, and the aerial refuelin~ system power
switch is positioil'!d to ARf-f, the cock;>it fuel quantity gauge is
inoperative, regardless of the position of the REFUEL STATION
switch on the overhead cockpit fuel control paneL. ~f the pressure
refueling system power control switch is inadvertantiy positioned
to PWR ON prior to takeoff! the pi lot will he unahle to monitor
fuel quantity during aeri.al refueling operations. The loss of
cockpit fllel quantity Indication when the pressure ref\leli:1~

power control switch is positioned to PWR ON and the aed al
refueling system power switch is positioned to ARM is a short
comin~ th.tt should he corrected in the production rtesi~n.

13
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CONCLUSIONS

GENERAL

2R. Tht' following ('one lU8ion8 were reached UIH}l1 ('Uffip l('t 1011 or
this evaluation:

a. Aerial refue1in~ of the CH-47D helicopter is feasible.

-"

.'.'

b. Six shortcomings, all of which related to the prototype
aerial refuelin~ system, were identified for correction in the
production desig~.

SHORTCOMINGS

29. The following shortcomings of the CH-47D prototype aerial
refueling system were identified and are listed in order of
importance:

a< The requirement for refueling probe restraint cables
(para 22).

b. The inability to refuel i:lternal cabin fuel tanks in
tlight (para 23).

c. The inability to selectively refuel indivi~ual fuel cells
in fli~ht (para 24).

d. The inability to simultaneously check the operation of
the primary and secondary fuel shutoff valves (para 25).

e. The inability to accurately monitor fuel flow during the
fuel shutoff valves check (para 26) •

f. The loss of cockpit fuel quantity bdication when the
pressure refue1in~ power switch f.s positioned to PWR ON and the
aerial refueling system power switch is positioned to ARM
(para 27) •

.'·.
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RECOMMENDATIONS

GENERAL

30. The Rho;"tcom10~f> Listed 10 par~~raph iR shollll'1 hl' corrected tn
the CH-47D production aerial refuelln~ sys~pm.

•.

.'

",

·•

REC~MMENDED TESTS ON A PRODUCTION AERIAL REFUELING SYSTEM

31. As requested in reference 4, appendix A, the ':ollowing tests
are recommended for qualification of a CH-47D production aerial
refueling system:

a. All tests included In the US Army Aviation Engineering
Flight Activity Test Plan, Project No. 85-09 (ref 2, app A)
includin~ tests to optimize longitudinal cyclic trim actuator
position in the manual mode (para 19).

b. Aerial refuelin~ fli~ht tests over the full mission gross
wei~ht and cent€r of gra~ity envelope •

c. Aerial refuelin~ operations at night.

d. Aerial refueling operations with the reftleling pr~be

retracted.

e. Umited level flight and hover performao.:e testing.

f. Single-en~ine and single AFCS aerial refueling operations.

~. Aerial refuelin~ operations with US Air Force, US Marine
Corps, and any other tanker aircraft that may be utf.hzed during
actual missions.

15
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1978 with c~ange 6, 30 November 1984.

16

'.-.
"

" . -. -. .......... . ." ., ......



APPENDIX B. DESCRIPTION

TF.ST HRLICOPTF.R

1. The test aircraft was a production confiKuration CH-47D, USA
S!N 84-24159. It was modified to inctlrporate a Boeing Vertol
de~igned and manufactured prototype aerial refueling system. These
modifications Include: structural rework, installation of &
refuelinK control panel and wiring, fuel syst~m modificat ions,
and installation of an aerial refueling probe. The test aircraft
also had an ai rborne data acquistion system and ballast boxef;
installed in the cabin, and a video camera was mounted on the
right side of the companionway. A detailed description of the
CH-47D may be found in the operat~r's manual (ref 5, app A).

AERIAL REFUE~ING PROBE

2. The aerial r'!fuel1nK probe is a two-piece, sinKle extension
telescopinK tube arrangement with inner and outer shells construc
ted of graphite composite. The stationary tube has a 10 inch
outside diameter while the sliding inner tube has a 9 inch outside
diamete~. The slidinK inner tube provides a fluid actuator system
for both extension and retraction modes. It also provides a
fluid flow path for fuel transfer during aerial refueling. The
principle dimensions of the aerial refueling probe are presented
in fiKure 1. The refuelinK probe assembly is ::;hown retracted
and extended in photos 1 and 2, respectively. The probe was
mounte;l on the right bIde of the fuselage with attachments at
fuselage stations (FS) 95 and 160, waterline (WL) -36.0, and
riKht buttline (RBL) 57.75. Two probe restraint cableq were
installed. The cables were attached by fixed links to an ? Luminum
alloy collar mounted on the forward end of the stationary tube.
The rest~aint cables were attached to the aircraft fuselage by a
mount added to the forward transmission supp.)rt structure (FS 98,
WL 65.0 and RBL 27.0) and a mount that -eplaced the forward air
craft jack peint (FS 95, WL -36.0 left buttline (L8L) 18 5). The
restraint cablt!s were preloaded to a value that provided 70,000
inch-pounds vertical and left lateral refuel i nJ!; probe bendinJ!;
moment. Nylon strap safety restraints were wrapped around the
stationary tube and attached to the fuselRJ!;e at FS 95 and 160.
The safety reRtraints normally carried no loads, but vere d~siKned

to restrain the probe if the primary mounts failed. The refuelinJ!;
nozzle (photo 3) WeS attached to the fotwoLd end of the slidinJ!;
inner tube by a frangible fittinK. The franKible fittinK provided
an additional 1.75 inches of probe to nozzle clearance, and
prevented the pro~ from contactinJ!; the refue linJ!; droJ!;ue spokes
when the nozzle was seated in the droKue. The franKible fittinJ!;
was designed to sheer if the desiKn limit of probe tip Lateral
or vertical load& (:000 pounds) were exceeded. Two internal
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shutoff valves were installed to stop fuel flow from the probe
and from the tanker refueling dro~ue if the nozzle sheared., The
nozzle was desi~ned to rotate freely in either directioll in the
event that contact was made with a rotatln~ droRue. Extend 8:1d
r~tract magnetic proximity Ewitches detect when the probe is 1n
the full extend or full retract position. Extend 8tld retract
locking pins actuated by electro-mechanical-servos lock the
sliding inner probe in either the fully extended or retracted
position.

AERIAL REFUELING SY§!EH OPERATION

3. The aerial refueling system taps into the aircraft production
pressure refue1in~ system (filt. 2) in the dry bay on the riltht
side of the aircraft between the forward auxiliary and main fuel
cells. Two additional fuel boost pumps located between the aft
right auxiliary and right main fuel cells supply fuel under pres
sure from the right main fuel cell providln~ the motive power
for extension and retraction of the refueling probe. Fuel lines
from these boost pumps to the forwarJ dry bay and from the dry
bay to the aft e:ld of the refueling probe are routed externally
alon~ the bottOiD and right side of the fuselage. The aerial
refueling system components located in the right dry bay are
show:l in photo 4. The aerial refueling systE:n1 electronic sequenc
ing unit is located under the cabin soundproofing at FS 232. A
cockpit mounted control panel provides the pilot with the means
of selecting thl~ extend and retract modes and testing thp primary
and secondary fuel shutoff valves. The aerial refue!in~ system
is designed .:0 operate at a maxillU1ll of 315 gallOllS per minute
wi~h 55 pounds per square inch (psi) IlWl>:inl\un pressure. The
complete system including all components wei ~hs S02 pounds. The
operation of the various componel1!o cf the aerial refue1in~

syf;tem is shoW;} ia table 1 and explained i 1 more detail in the
following para~raphs•

EXTEND CYCLE
:

4. The refue1i:l~ probe is extended by fu(>l pn>ssure (fi~.l).

Whea the extend cycle is initiated. the retract lock 15 electro
mechanically released. Fuel from the riJ!ht mai 1 fuel ~p.ll is
routed throu~t two fuel boost pumps cm:nected ia series <lad
pressurized t J approxillllltely 7(0 psi. The tr~llsfer J!ate valve is
closed co prevent ::he boost pU~f) pressurized fuel from rettlr:li:l~

to the production pressure refue1iaJ! system. The pressurized
fuel is routed to the probe ialler chamber. aad hydrauli cally
exteads the inner sl id inJ! tube. Trapped fuel from tht> rt't ract

22
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Table 1. Aerial Refueling System Operation
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a~~ulus is routed l~to the pressure refuel ~ystem. The prohe is
the.l lockE'd ill th(' full E'xtE'lld position and the' hnnRt (lUmpH IIfc'
aulomat 1(';t1l y Hhut nff.

REFUELING

5. Fuel from the tanker is routed from the tanker dro~ue recepta
cle throu~h the probe nozzle, inner probe chamber and transfer
~ate valve into the production pressure refuelin~ system (fi~. 4).
The two production refueling valves between the maia a:ld aft
auxiliary fuel cells are opened to allow fuel to flow LIto the aft
auxiliary fuel cells. Fuel flow is automatically stopped by
dual fuel cell shlJtoff valves when the respective fuel cell is
full.

RETyCT CYCLE
; -

6. The reiue1in~ probe Is retracted by fuE'! pressure (fir.. 5).
The extend lock is electro-mechAnically released hy pl~ciap' the
probe extend/retral.t swJtch to retract. After a two se::o~d time
delay, the two boost pumps are energized, and pressurized fuel is
routed to the probe retract annulus, hydraclically retractinp.
the inner slidinp. tube. Fup.l from the probe illller chamber is
routed into the production pressure refuel hlp' system. Duri IIp'
aerial refuelin~ operations, the retract c~lcle is normally not
iaitiated until two minutes have elapsed after filliag aJ 1 fuel
cells, so that sufficient fuel has beell coasumed by the aircraft
enp.ines to provide the fuel cell capacity to accept the fuel
remaiaing in the probe innE'r chamber. The probe fully retracts
and is locked in place by the retract lock. The transfer ~ate

valve remains open 5 minutes 20 seconds. This seque:l~e is de
signed so that fuel can be evacuated from the probe i:lI1er chamber
by the production fuel system jet pumps. After a 5 minute
20 second time delay, the traasfer ~ate valve closes a:1(1 the
return valve opens so that the retract annulus caa be evacuated.
The time delay mechanism is operatio~lal e\'ea if the refueli:l~

system power s~itch is OFF.

COCKPIT CONTROLS

7. The aerial refueling sysf'"em cr.:kpi t CO,lt fol pa Ie I, motl Ited 0,1

the center pedestal, is ShO~1 in photo 5. The fU:lct io:\ of E':tch
control or iadicAtcr is &s follows:
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a. ~ swit h - 3 position

(1) E'fER EX: -not used; however, in the prototpye design
this posiiton interrupts the 5 minute 20 c;~cond delay cycle and
resets ~p.fueling valv~ logic circuit

(2) OFF - removes electrical power from the control panel

~3) ARM - applies electrical power to the control panel

b. BOOM swi~ch - ~ position

( i) EXT - boom will extend if PWR swl tch j s in the ARM
position

(2) RET - boom will retract if PWR switch is in the ARM
position

c. PRE CHECK - 3 position

(1) SEC - closes all fuel cell secondary shutoff valves

(2) center position (ul,labeled) - fuel cell shutoff valves
function automatically

(3) PRI - closes all fuel cell primary shutoff valves

d. The yellow RET and green READY lights indicate that the
probe is retrac_ed or extended, respectively.

e. GATE VALVE swit~h - 3 position

(1) OPEN - designed to open fuel transfer gate valve

(2) CL - designed to close fuel transfer gate valve

(3) NORM - fuel transfer gate valve is sequenced auto
matically

f. PROX SW OVRD switch - 3 positicn

(1) EXT - designed to override the refueling probe extend
proximi ty swi tch and apply a probe full extended signal to the
sequencing unit

(2) NORM - refueling system is sequenced automatically
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(3) RET - desiGned to override the refueling probe retract
proximity switch and send a probe full retracted sifnal to the
sequencing \1nit

g. Three circuit breakers labeled PUMP 1, PUMP 2, AiD REFUEL
CONT are mounted on the number two power distribution panel.
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APPENDIX C. INSTRUMENTATION

1. Test instruaent.tion vas installed. calibrated and maintained
by the Boeing Vertol COIIpany. Data vas recorded by onboard
magnetic tape and via tde.etry to a ground monitoring station.

2. P3rameter~ measured during this evaluat~on vere:

Airspe~ (knots)
Rotor 1/rev counter
Sensitive rotor speed (rpm)
Time (hours:minutes:seconds)
E"..nt counter
Cruise ~ide indicator level (%)
Ambient air temoerature (deg C)
Altitude (feet)
Acceleration. Vertical. Fuselage Station (FS) 50, right

buttline (BL) 30 (g)
Acceleration, Lateral, FS 50» Right BL 30 (g)
Acc~leration. Vertical, tip of probe fixed section (g)
Acceleration, Lateral. tip of probe fixed sectinl (g)
Probe fuel pressure - extend (pslg)
Probe fuel pres.ure - retract (psig)
Probe bending mc.ent. vertical, FS 90 (tn-Ib)
Probe bending .oa@nt. lateral, FS 90 (in-lb)
Pro~ tension, axial, FS 90 (lb)
Top strut inner bending so.ent, lateral, FS 95 (in-lb)
Top strut outer bending mo-ent, laceral, FS 95 (in-Ib)
Diagonal strut tension, axial, FS 95 (lb)
Botto. strut tension, axial, FS 95 (lb)
Lover link ten.i~n. axial, FS 160 (lb)
Probe restraint cable tension, vertical cable (lb)
Probe restraint cable teaaion, lateral cable (lb)



".•

.'

.'."

. -. '- - , ~ ~ -... , ~ ,. -. .. . . . .- ~- .- ~- - ~ - .. -- ,- .. - .. - - ~ -~ ,- ~ .

APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS
METHODS

STATIC LOAD TESTS

1. Static load tests were conducted on the ground with the probe
extended to measure tip deflection 3nd verity s~:~ctural integriLy
at d~si~n 110it tIp loads of 1000 pounds. L04ds were applied to
the tip in increm~nts of approximately 65 pounda 1n four direc
tions; vertically. downward, laterally left and right. and axially
In tension. The aircraft was not on jacks so measurements were
taken (with respect to a fixed reference) at two locations on
the airframe to account for aircraft movement d~e to tip loads.
The actual tip deflection due to tip load was det~rmined by taking
the difference between the total dp deflection a-:lr. the tip
deflection due to aircraft movement.

NATURAL FREQUENCY RESPONSE TEST

2. Accelerometers were mounted on the end of the ff xed s~c t 11>n
of the probe and were used to determine the natural frequency of
the probe in the vertical and lateral directions. ~ith the prQb~

in the extended position. loads were applied manually at the tip
to induce oscillation and the number of cycles per seconcl were
counted using the acceleroaeter data. The n.tural fr~quency data
were used tc predict aircraft and pilt't induced probe oscUla
tions.

IN-FLIGHT TIP LOADS

3. Strain gages were mounted on the fixed sect ion of the probe
at fuselage station 90 to measure verllcal and J~teral probe
bending momen~s. These strain gages were calibrated in conjunction
with the stat.~ load tests and the resultant relationship between
probe bending moment and tip loading was used to attain in-flight
tip loads.

DEFINITIONS

Qualitative Rating Scales

..
"

It. A Handling Qualities Rating Scal.e wa.s
COllDllents and is presented as figure t.
Scale was used to augment pilot !:t)mments
presented as figure 2.
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Shortcoains

5. A shortcoming is defined a" an lmperfe(,tion or malfunction
occurring during t.he life cycle of equipment which must be
reported and which should be corrected to increase efficiency
and to render the equipment completely serviceable. It w~ll not
c~use an immediate hreakdown, jeopardize safe operation, or
materially reduce the usability of the material or end product.
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APPENDIX E. CH · 47D AERIAL REFUELING CHECKLIST

BEFORE REFUELING

1. Cyclic trim - Manual. set as required
2. Cockpit windows. air control handles. and coc~plt air knobs -

closed
3. Search lights (night) - as required
4. HF radio - off
5. Heater and vent blower - off
6. Cabin - all doors. windows. and hatches closed
7. Refueling sy6tem power switch - ~~

8. Probe - extend. check ready light illuminated

DURING REFUELING

Check fuel quantity and monitor fuel tanks for vent:'g

AFTER P~FCELlNG

1. Cyclic trim switch - ArTO
2. ~isslon equipQ(nt - as required
3. Probe - retract after two minutes. check retract light

illuminated
4. Refueling syste~ power switch - OFF



1. The receiver aircraft standard po.ition. with respect to the
tanker aircraft are listed below:

APPENDIX F. AERIAL REFUELING OPERATiONS · POSITIONS

- -.- "'--. -. .. -. --., -..-. ~ .. - ..--. -.-.- - .. -- - ... -. -~ - .. - .-.". .-. -.. -.---. - . - -- .- --.-. ----- --- --,...

presented in
visual cues.

Observation - left and right
Precontact - left and right
~efuellng - left and right
Disconnect - left and right
Crossover

2. Photoguph. fro. selected poaitlon. are
photograph. 1 through 6 with appropriate pilot

'.
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APPENDIX G. USER COMMENTS ON AERIAL REFUELING
OPERATIONS WITH THE CH · 47D HELICOPTER

9 August 1985

1. Clearance (from the tanker) from the right sea~ view appeared
to be as good or better than from H-S3.

2. Probe oscillations were not a problem.

3. Length of probe was not a problem, possibly helpful since
small pedal inputs produced significant lateral movement of the
probe tip •

4. Aircraft more stable in precontact position than a-53. Mor~

stable in all positions particularly 1n the pitch axis.

5. Level acceleration from precontact to contact made the hookup
easier.
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