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a. PWR swit h - 3 position
(1) E“ER EX. -not used; however, in the prototpye design
this posiiton interrupts the 5 minute 20 second delay cycle and
resets cefueling valve logic circuit
(2) OFF - removes electrical power from the control panel
“3) ARM - applies electrical power to the control panel

b. BOOM swi:zch - 2 position

(i) EXT - boom will extend if PWR switch is 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 (ui.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, vespectively.

e. GATE VALVE switch - 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 1s sequenced auto-
matically
f. PROX SW OVRD switch - 3 positicn
(1) EXT - designed to overtride the refueling probe extend
proximity switch 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 signal to the
sequencing unit

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

1. Test instru-entatfou was installed, calibrated and maintained
by the Boeing Vertol Company. Data was recorded by onbtoard
magrietic tape and via telemetry to a ground monitoring station.

2. Parameters measured during this evaluation were:

Airspeed (knots)

Rotor 1/rev counter

Sensitive rotor speed (rpm)

Time (hours:minutes:seconds)

Event counter

Cruise =zuide indicator level (2)

Ambient air temnerature (deg C)

Altitude (feet)

Acceleration, Vertical, Fuselage Station (FS) 50, right
buttline (BL) 30 (g)

Acceleration, Lateral, FS 50, Right BL 30 (g)

Acceleration, Vertical, tip of probe fixed section (g)

Acceleration, Lateral, tip of probe fixed secticn (g)

Probe fuel pressure - extend (psig)

Probe fuel pressure - retract (psig)

Probe bending moment, vertical, FS 90 (in-1b)

Probe bending moment, lateral, FS 90 {(in-1b)

Probe tension, axial, FS 90 (1b)

Top strut inner bending moment, lateral, FS 95 (in-1b;

Top strut outer bending moment, laceral, FS 95 {(10-1b)

Diagonal strut tension, axial, FS 95 {1b)

Bottom strut tension, axial, FS 95 (1b)

Lowver link tension, axial, FS 160 (1lb)

Probe restraint cable tension, vertical cable (1b)

Probe restraint cable teasion, lateral cable (1b)
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS
METHODS

STATIC LOAD TEST3

e

1. Static load tests were conducted on the ground with the probe
extended to measure tip deflection and verity sirgctural integricy
at design limit tip loads of 1000 pounds. Lozds were applied to
the tip in increments of approximately 65 pounds in 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 aircrzft movement due to tip loads.
The actual tip deflection due to tip load was determined by taking
the difference between the total cip deflectioan and the tip
deflection due to afrcraft movement.

NATURAL FREQUENCY RESPONSE TEST

2. Accelerometers were mounted on the end of the fized section
of the probe and were used fo determine the natural frequency of
the probe in the vertical and lateral directions. With the probe
irn the extended position, loads were applied manually at the tip
to induce oscillation and the number of cycles per second were
counted using the accelerometer data. Tha nstural frequency data
wvere used tc predict aircraft and pilet {induced probe ogcilla-
tions.

IN-FLIGHT TIP LOADS

3. Strain gages were mounted on the fixed section of the probe
at fuselage station 90 to measure vertical and Jateral probe
bending momen*s. These strain gages were calibrated in conjunction
with the stat.c load tests and the resultant relationship between
probe bending moment and tip loading was used to atiain in-flight
tip loads.

DEFINITIONS

Qualitative Rating Scales

4. A Handling Qualities Rating Scale was used to augment pilot
couments and is presented as figure 1. The Vibration Rating
Scale was used to augment pilot coaments on vibrations and is
presented as figure 2.
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DEGRIF OF PILOT
VIBRATION DI SCRIPTION' RATING

Not apparent to expenenced aircrew fully occupied
by their tasks. but noticeable if their attention 1s
directed to it or 1if not otherwise occupied

- Expenienced aircrew are awire ot the vibration but

o it does not affect their work, at least over a short
period.
Vibration 1s immediately apparent to expenenced

Severe aircren even when fully occupted  Performance of

pnmary task 1s affected or tasks can onlv be done
with difficulty

. ] Sole preoccupation of aircrew s to reduce vibration l

level.

' Based upon the Subjective Vibration Assessment Scale developed by the Aeraplone and
Armament Fxpcrimental Fstabhishment, Boscombe Down. Fngland.
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Figure 2. Vibratfon Rating Scale
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Shortconin‘

5. A shortcoming is defined as an imperfection or malfunction
occurring during the 1life cycle of equipment which must be
reported and which should be corrected to increase efficiency
and to render the equipment completely serviceable. It will not
cause an Iimmediate breakdown, Jjeopardize safe operation, or
materially reduce the usability of the material or end product.

T v e L, ERAY ¢ P Pttt RN Y V.Y T YV SRy Y

» SR

. . SEmmee o

37




FURTHTRF TN RSN TSV TR OF LETE RTINS TS et 8T W WR T FST 4T WU T TR T

§_ APPENDIX E. CH - 47D AERIAL REFUELING CHECKLIST

BEFORE REFUELING

—
.

Cyclic trim - Manual, set as required

Cockpit windows, air control handles, and cockpit air knobs -
closed

Search lights (night) - as required

HF radio - off

. Heater and vent blower - off

Cabin - all doors, windows, and hatches closed

Refueling system power switch — ARM

Frobe - extend, check ready light flluminated

N
.

D NI WS

DURING REFUELING

Check fuel quantity and monitor fuel tanks for vent:ng

AFTER RZFUELING

Cyclic trim switch - AUTO

Mission equipment - as required

Probe - retract after two minutes, check retract light
{1luminated

Refueling system power switch - OFF
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APPENDIX F. AERIAL REFUELING OPERATIONS - POSITIONS

1. The receiver aircraft standard positions with respect to the
tanker afrcraft are listed below:

Observation - left and right
Precontact - left and right i
Refueling - left and right

Disconnect - left and right

Crossover

2. Photographs from selected positions are presented In
photographs 1 through 6 with appropriate pilot visual cues.
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Left Wing Centered
In Rudder
Outer 10 feet of Wing Visible

\W

Horixontal Tail Tip
Centered {n Star

oy
\\
\\
.
l ;
4
0’ 1

Standoff as comfortable, approximately 200 ft.
Do not fly behind hoses when the hoses are

~ being reset. Should be abeam precontact

. position. Move down and left to the right

Photo 1. Right Observation Positfon
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Photo 2. Right Precontact Position
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Yrobe 11 1Hse with hose aad drovae; abreraft in trim,
Fiv tormiioa with HC-1I0, 1ot droynes Smoothly tly
tarwdard <o as o coatact Jdrogne with positive rate of
clasare, thea tlv ap aad feft to the lett retuaeliay
posfcrion.

Photo 3. Left Precontact Position

as Viewed

Probe 5 to 10 feet behind
drogue. Drogue diameter
fs approximately 4 fect.
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Slightly high but smoother air

if tabs on top of engine cowl
are barely visible
- Left Seat Pilot Looking
l“ ' /Down Fuel Dump Tube
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56 feet

"”’,a Hose in Refueling Range
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Receiver Aircraft in Trim,
Drogue, Centered Around
Probe

Move Down and Left to

Disconnect
*
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. Hose Just Off Right .
\ Edge of Lip S
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Refueling Range Until i, g
Ready to Disconmect . . & ivic i SN
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Engine Exhaust Just
Below Trailing Edge
of Flap
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Hose and probe in line.
Aircraft in trim.

»
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Disconnect 5 to 10 feet above
contact altitude so drogue

drops away from probe. Level
deceleration; maintain sight
picture.
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Photo 5. Right Disconnect Positior
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ki Crossover 50 feet High,
100 feet Aft

s ¥

Top of Rudder Crosses
‘ ‘(,, Top of Cockpit

Photo 6. Crossover
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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 seat view appeared
to be as good or better than from H-53.

2. Probe oscillations were not a problem.

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

4. Aircraft more stable in precontact position than H-53. More
stable in all positions particularly in the pitch axis.

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