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CH=47 Eelicopter = Subuittal of Pllghit YWest Resulis
on Triple Car;e Hook System (5K 84R2)

£nclosures: (1) Description of Aircraft Svstem, Configuxation,
Teat Conditions

{2} Swumary of Test Configuraiicns and I"light Test
Resulia

(3) Functioral Test Procedurs - CH-47C Triple Eock
System

(4) Photographs of Triple ook Plight Test Program

1. In accordancs with the raquirenents of the subiect
SRD the Contractor has completed the Flight fest Program of the Triple
Cargc Hook System and the results are presented for AVECOM's rseview and
approval.

2. The obiectives of the program were:

a) To verify the feasibility of carrying stablie lcads simultanzously
on all three (3) cargo hoois.

b} To determine the cptimum siing rigging arrangement for maximum
forward speed and waneuver capability without damage to the loads
or slings. -

¢) To identify any unusual helicopter or axtermal locad characteristics
associated with the triple hock system.
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2. Continued ..,

@) To establish recommendations for an allowable CH-47C £1light
envelope with triple hook loadz.

e) To demonstrate a Cii—47C £light a2nvalope at the <y limits resulting
from a 10,000 pound load on either the forward cxr &ft hooks with
ne loads on the other twe hooka.

: 3. The triple hook system was found to be excellent
for transpcrting three or nore separats stable single point loads to
three (3) different locations. These loads can either be of the savue
type or nmixed, such &5. two fuel bags and one A~22 container. Suc-
cessful demonstrations were alsc performed with loads up to 1¢,000
pounds on only the forward or aft hock. This means that operators may
attach triple hook loads in any order and may deposits them in any
saquence. The release systecm provicded allows sach of the loads to ke
unhooked independently of the other two. '

4. Optimuw sling configuration, among those tested,
waa the echolion reay ie, shcerisst siing on the forwsaxrd hosolh,. next
longest on the centar Lack and the longest sling on the rear hcoi.

§. 3 Foyxwaxd £iight envelope of 120 kncts is considercd
acceptable for cperationzl use, Thin ir baseda on ¢ evaluations uvp
to 138 knots anrd thorough probaes of tne normizi esternal load naaeuvaor
envelope, inciuding stezy angl: descenis.

€. In foxvvazd £light with three identical 1loads on
the three hocks, lateral pendulum sxcursionscf ths center load often
exceeded those of the forvward ond aft loads. This had no effect on
the f£light envelope and wes no: felt by the pilot, It was thought
however, thal the curvel lateral beaa installiation which is unique to the
center hook installatica might be causing the ogcillations. Tests !
with the curved beam locked in the center position showed no significant
change in the excursionz. All final evaluntions were made with the
nozmal curved beam and f£ree svwinging centexr »ook.

7. During the =ests with the A-22 containers it was
notad that the cover flaps would blow iocose cn almost every flight
evan though particular care was taken to secure them., Grommets should
be installed at the frees corncrs of the flaps to provide a positive
method of restraining =hem fox high speed flight.

8. Based on the test results, the Contractor recom-
mends the f£ollowing:
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8. Continued:
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a) Airspeed should be liritad to 100 knsota. Thia iz the “axinum
stable airspeed for level fiilght and all nomral maneuvers.

b) Bank angles chculd be iiai:ed to 202, At higher bank angles
the loads tend £¢ bectua unsktable.

¢) The optimum sling configuration is 8 £t. forwaxrd, 12 ft. miz,

- and 16 £t. aft. Opexational configurations should adhexe as
closely as posalbia to thege s5ling lengths except that the ver—
tical spacing between loads; should always be sufficlient to pre-
vent load to load contact in the svent of one load swinging.

9. Since the tanden hook test program was conducted
undex SRDB84R1, several design Improvem=nts were incorporated. These
changes ingluded adding tefion <Scatasd bushings, special finish bolis,
and special lockwashexrsz, in thc atiacimeat hmaf;aze te Inprove wear
charactsristics. At the completion of the triple hook test prcgram
under SRD E4P2, the cargo hook attaching herdwure was disascembled and
inapected foxr weaxr. The inspeoticon revealed no significant -reur and
therefore judged satisfactery.

1), o additicn. slaﬂtric:'e..;. SRANTSE wWave mada o 20r-
rect the pxoble;n of sinmlisncons opanin : : and ]
when the "ait hock caly” wede as 3 slected. During the wripic hook
flight testiang under S8R 54R2, iafividuel ook load relsases were suee
cesafuvlly conaucted which uemoxsurated the adeguacy of the electrical
caanges.
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DESCRIPTION OF AIRCRAFT SYSTEM,
CONFIGURATION, AND TEST CONDITIONS

GENERAL

Testing was conducted at Millville, N. J. to determine
the most stable sling configuration, utilizing U. S.
Army A-22 containers and fuel bags filled with water
(A-22, FSN 1670-242-9169, ballasted to 2000 pounds each;

500 gal water bags, FSN 8110-824-1444 ballasted to 4500
pounds each)

~ AIRCRAFT

The aircraft utilized was a CH-47C, Serial No. 68-15859,
Tab B=-571.

Configuration

The aircraft was a standard CH-47C with the following
exception:

Two (2) Eastern Rotorcraft Cargo Hooks, P/N SP7108-3,

were installed B/L-O Sta. 260 and 420. The fuselage

was stiffened in the hook attachment area and universal
joints were fitted to each hock. The aircraft was equipped
with a Cruise Guide Indicating System and AFCS.

System Description
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MODE SELECT POSITION - FWD

With the mode select switch in the FWD position only,
the forward hook will release by operating the cargo
release switches (pilot, copilot or hoist operator).
The hoist operator must activate his cargo hook switch
to ARM before his release switch will qperate. N

The forward hook is not subject to autoﬁétic release
in this mode.

With circuit breakers pushed and power on the air-
craft, the hook loaded lights will illuminate when
the hooks are loaded.

Whenever the aircraft is above 60 knots IAS and the
hooks are loaded and not in the AUTO RELEASE mode,
the AUTO JET OFF caution light will illuminate.

MODE SELECT POSITION - MID

Same as FWD except MID hook is activated.

MODE SELECT POSITION - AFT

Same as FWI except AFT hook is the one activated.
MODE SELECT POSITION - OFF

None of the three hooks can be released either normal-
ly or automatically in this mode. Emergency release
of all three hooks simultaneously is accomplished re-
gardless of selector switch position.

MODE SELECT POSITION - AUTO

When the aircraft is above 60 knots IAS and either
forward or aft hook is unloaded for 0.5 seconds or
longer, both hooks will open.

The center hook is not operative in this mode. The
fwd and aft hooks cannot be released normally in this
mode.

Below 60 knots IAS, the Auto Jettison System is inopera-
tive. Above 60 knots IAS, the Autc Jettison OFF caution
light will illuminate if rot in the Auto Release Mode
with both hooks loaded.
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MODE SELECT POSITION - MANUAL

The forward and aft hooks are not subject to automatic
release in this mode.

The center hook is not operative in this mode.

The forward and aft hooks are released\simultaneously
by cargo release switches (Pilot, copilot or hoist
operator). The hoist operator must activate his
cargo hook switch to ARM before his release switch
will operate.

The hook loaded lights will illuminate when hooks are
loaded if power is on the aircraft and circuit breakers
are pushed.

When the aircraft is above 60 knots IAS, hooks loaded,
and not in the Auto Release Mode, the AUTO JET OFF
caution light will illuminate.

MANUAL RELEASE SYSTEM

Forward and aft hooks can be opened manually by opera-
ting a cable release handle mounted in the rescue hatch.

METHOD OF OPERATION DURING THE TEST PROGRAM

Prior to hooking up a load the pilot placed the selector
switch, on the overhead panel, to "MANUAL". The switch
remained in the "Manual”" until 60 kts of airspeed or
greater was achieved and the "Auto Jettison Off" light
had illuminated in the "Master Caution Panel." At this
time, the pilot selected the "Automatic" mode. The
switch remained in this position throughout the test.
Returning to the field, decelerating below 60 kts the
pilot selected manual. The load was released by the
pilot, utilizing the normal release switch on the cyclic
stick.

The normal, emergency and manual release systems were
tested prior to flight.

The hook system can automatically jettison their
loads if either of the non-production cargo hooks feel
200 1lbs or less.

This automatic system will only function if the select-
or switch is in automatic.
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SAS CONFIGURATION

A switch was provided in the cockpit that allowed the
pilot to switch from AFCS (Automatic Flight Control
System) to the "C" Configuration SAS and to the "B"
Roll Configuration SAS. An additional switch was pro-
vided in the cockpit that allowed the pilot to disable
the "roll stick pick off." The purpose of the switches
was that in the event the load displayed unstable or
neutral characteristics prior to reaching torque limit
(maximum obtainable airspeed) in the AFCS Mode, the
test point could be reevaluated in the "B" and "C"
roll SAS and/or with the roll stick pick off disabled.

INSTRUMENTATION

The aircraft was not instrumented. Only pilot evalu-
ation, observer comment and photographic coverage was
obtained.

TEST CONDITIONS

The test conditions listed below were conducted between
2000-3000 ft. hd

—

Climb 500 to 1500 ft/min

Straight and level flight

Pilot controlled lateral reversals
Pilot controlled yaw reversals

Turns 30° bank angles left or right
per the TM55-1520-209-10 Operator's Manual
Sideslips, approximately 15° - left or
right

Descent 600 ft/min to 1000 ft/min
Cyclic fiare, deceleration to 60 knots
Longitudinal reversals

= O W N N WN

-

The test conditions were conducted in 10 knot incre-
ments, from 60 knots until torque limit. If, however,
loads became unstable before torque limit, the airspeed
was reduced to a level at which that particular load
configuration exhibited stable characteristics.

The criteria for limiting maximum operating speed was
nautral oscillation of the load, load to sling and load
to load contact.
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U. S. ARMY PARTICIPATION IN TRIPLE HOOK PROGRAM

U. S. Army UH-1 Helicopter was provided as the chase
vehicle for this program. Motion pictures and still
photographs were taken by Boeing from the chase vehicle
to record load motions.

RECOMMENDATIONS,/CONCLUSIONS

The optimum sling configuration determined during the
test program is 8, 12' and 16' fwd to aft.

Bank angles should not exceed 20° due to the fact that
at higher bank angles the loads become unstable.

Airspeed should be limited to 100 knots. This is the
maximum stable airspeed for all maneuvers for the recom-
mended sling conficuration.

It is recommended that grommets be installed on the
A22 containers on the flaps to better secure them. It
was observed that in hover, due to rotor downwash, the
flaps on the A22 containers were rooted loose.

During the previous flight test program under SRD84R1l, the
cargo hook attachment bolts became bac'ly scored and galled.
The attachment hardware was therefore changed to include
teflon coated bushings, special finish bolts, and special
lockwashers to improve wear characteristics. At the com-
pletion of the triple hook program, under SRD84R2 the cargo
hook attaching hardware was disassembled and inspected for
wear. The inspection revealed no significant wear

and therefore judged satisfactory.

During single mode electrical load releases of the previous
flight test program under SRD84R1l, selection of an aft hook-
only release resulted in simultaneous opening of both the
forward and aft hooks. This problem, however, has since been
corrected. Individual hook load releases were successfully
conducted during the SRD84R2 Triple Hook Flight Test Program
and demonstrated the adequacy of the electrical changes made
since the previous test.

Durlng standard aircraft maneuvers, and under the most
heavily loaded condition (including forward load only and
aft load only), the Cruise Guide Indicator reflected no un-
acceptable high stress situations.
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II.

III.

ENC.LOSURE (3)

FUNCTIONAL TEST - CH-47C TANDEM HOOK SYSTEM

Equipment Required

AO
B.
C.
D.
E.

Two 200# weights for attaching to hooks.

Two aircraft jacks for jacking up rear wheels.

3 phase, 400 hz, 20KVA or greater ground power cart.
Simpson Model 260 multimeter or equivalent.

MB-1 tester for airspeed.

Preparation for testing

A. Aircraft to be moved to flight ramp. _

B. 200# weight to be attached to each hook. .

C. Aircraft to be jacked up in the rear sufficiently for weights
to clear ground. -

D. Attach MB-1l Pitot tester to left pitot tube.

Test

A. Connect ground power cart to A/C receptacle.

1. APU may be started as substitute for ground power cart.

B. Activate power source to A/C.

1. Check power source output for ll5Vac.

C. Set Mode Release switch to OFr.

D. Activate circuit breakers - cargo hook control and cargo hook
emergency in overhead panel, cargo hook auto jettison in AC
circuit breaker box, cargo hook release power in DC circuit
breaker box.

1. Check that hook loaded lights are illuminated.
2. Press the reset button on the AUTO Jettison Box.
a. Check that all BITE indicators are re-set (all black).

E. Bring MB-1l Pitot Tester to 70 knots IAS.

1. Check that Auto Jet off caution light illuminates

F. Decrease MB-l Tester to 50 knots IAS.

1. Check that auto jet off caution light extinguishes.

G. Increase MB-1 Tester to 70 knots IAS.

1. Check that auto jet off caution light illuminates.

H. Set Mode Select Switch to AUTO

l. Check that auto jet off caution light extinguishes.
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I. Relieve load on Fwd Hook

1. Check that Fwd Hook loaded light extinguishes.
2. Check that both hooks release.
3. Check that both hook loaded lights extinguish.
4. Check that fwd hook no load BITE indicator is illuminating on
Auto Jettison Box.
5. Check that both red lights on Auto Jettison Box illuminate.
6. Check that auto jet off caution light lllumlnates.
J. Set Mode Select Sw to OFF

1. Check that auto jet off caution light extinguishes.
2. Reload 200# weights on both hooks.
3. Press reset button on Auto Jettison Box.

a. Check that all Bite Indicators are all reset.
b. Check that hook loaded lights are illuminated.
K. Set Mode Select Switch to Fwd.

1. Check that no hooks activated during this transition.
2. Press Pilots Cyclic grip cargo hook release switch.

a. Check that Fwd Hook released and NO other.
b. Check that Fwd Hook loaded light extinguished.
c. Reload 200# weight on Fwd hook.
3. Repeat 2a, 2b, & 2c, except press copilots Release Switch.
4. Repeat 2a, 2b, and 2c except press hoist operator's release
switch after "arm" switch is operated.
5. Press "arm" switch to "reset".
L. Set Mode Select Switch to Aft.

1. Check that no hooks activated during this transition.
2. Press pilots cyclic grip cargo hook release switch.

a. Check that AFT hook released and NO other.
b. Check that AFT Hook loaded light extinguished.
c. Reload 200# weight on AFT hook.
3. Repeat 2a, 2b, and 2c except press Co-pilots Release Switch.
4. Repeat 2a, 2b, and 2c except press hoist operators release
- switch after "arm" switch is operated.
5.. Press "arm" switch to "reset".
M. Set Mode Select Switch to MAN.

1. Check that no hooks activated during this transition.
2. Press pilots cyclic grip cargo hook release switch.

a. Check that both Fwd and Aft Hooks released.
b. Check that both hook loaded lights extinguished.
c. Reload 200# weights on each hook.
3. Repeat 2a, 2b and 2c except press Co-pilots Release Switch.
4. Repeat 2a and 2b except press hoist operator's release
switch after "arm" switch is operated.
5. Press "arm" switch to "reset".
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The center hook can be tested using existing procedures
provided the mode select switch is in the "MID" position.
Set Mode Select Switch to AUTO.

1. Check that both hook loaded lights are extinguished.
2. Press the reset button on the Auto Jettison Box.

a. Check that all BITE indicators are reset (all black).
Set Taest Select Switch on the Auto Jettison Box to Fwd No Load.

1. Press test inject. switch “or 1 sec.

a. Check fwd no load BITE indicator trip (1/2 black 1/2 white)
b. Check both red relay lamps illuminate.
2. Reset BITE indicators by pressing reset button.
Set Test Select Switch on the Auto Jettison Box to Aft No Load.

l. Press test inject. switch for 1 sec.

a. Check Aft No load BITE indicator trip.
b. Check both red relay lamps illuminate.
2. Reset Bite indicators by pressing reset button.
Press and release "Emergency Release" Switch.

1. Check that Fwd and Aft hooks released.

2. Check that Mid Hook released, if hook is connected.

3. Pull "Cargo Hook Emerg" circuit breaker.

4. Reset Auto Jettison Box BITE indicators by pressing

reset button on Auto Jet Box.

5. Recharge Mid Hook air cylinder, if hook was connected.
Pull remaining circuit breakers activated in Step D.
Set Mode Select Switch to off.
Disconnect External Power.
Test Complete.
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PHOTOGRAPHS OF

TRIPLE HOOK FLIGHT TEST

PROGRAM
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