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Contract DAJ'.JOl-67-A-0001 {.r-t) - De;liv·er; Order 0030 

CB-47 Helicopter - Submittal of Fll~h~ ~est R£sult4 
on Triple C£~X:c.~ 1-iook Sys·'ei\1 (SRD 84.R2) 

(1) Description of Aircr.&ft System, CC'nfiguxatior., 
'lea·r. Conditions 

(2) SUilll!1ar'"j of Test Configuratie"nr..; ••nd l'l.i.ght Test 
Ros~.~ltB 

(3) Functional Teet P~:oced,.:ra - CB-•i7C '!riple E.:•c?' 
Systeall 

(4) Pbotog::nph~ of 'J!riplr; ~iook Fli~:ht. Test Pr•:>g!'a.~ 

1. In accord£mce ~ith the r&q'.lirer:\•~nt:; of the s tlliject 
SRD the Cor,t.ractor has completed t.."le l'liqht •.rest Pr~1.·am oi the Tr.i.ple 
Carqc Rook Sy~tem and the results are presented for AVSCOM's r.aview ~~d 
approval. 

2. 'l'he objectives of the pr09ram were: 

a) ~o verify the feasibility of carr}' in9 st.-IDle loads sS.n\ultaneousll' 
on all three (3) c~rqo hoolts. 

b) To determine th& opti.mwu sling rigginy arrangement for 111aximum 
forward &peed and n'aneuver capability without damQqe to the loads 
or slinga. 

c) 'fo identify any unusual helicopter or c:axtemal loae cha.racteristice. 
associate~ ~ith the triple hook system. 
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2. Continued ••• 

a) To establish recoml'lenclatio:l& for an "llm·rable Cll-47C flight 
envelope with triple hook load3. 

e) To 41emonstrato a CH-47C fliqht .envalope at ~~·.::! -=::,1 lir.1its rer.mlting 
fran a 10, 000 pounc! load on either the forv1ard or c..t t hoo,::s w 5. tl1 
no lo~.ds on the other t.\·IO hoo!<".s. 

3. The triple hook aystem was fo~nd to be excellent 
for tranapcrting three or more separate stable single point loads to 
three (3) different loaat.iona. ThGse loads clln either be of the sa-;&e 
type or mixed, such as, two fuel hAgs and one A-22 container. Suc­
cessful demonstrat.iono were alao perfonned with loads up to 10,000 
pounds on only the forward or ~t hock. '!'his mem1s that operator~ .may 
attach triple hook loads in any order and may deposi t9 them in eny 
sequence. 'l'he release eys tem proviced nllow:.; ~ach of the loads to be 
unhooked independently of the ~ther b1~. 

4. Optim~~ slinq configuration, among tho5e tested, 
was tbe echt!lon r•)ar ie, shcr\:.ast sling on the for-11ard hoo:;. ~ n~:·=t 

loJ19eat on the center h~k il.lld the longest sltng on t..l}e .rear hcok. 

S. ll. f:ol."'l,•ar("\ fli:;ht en.velop9 of J.•) O kncts i~ ~ons1der·.;·:: 

acceptable for operational use. l'h.ir: iz bnscd on test e'..-slnat icns UP 

tQ 130 knots iil:d ·thorc,,;qh probtJV of the n<"JX'lli£il e:;;terna.l loi\d r.l.:': i1ov.v~;,;· 
envelope, inc}J.:.dir\g s ·tee9 c-.n';ll,~ desc:ta:,\'1.7.3. 

6. Ir. ~~n1.a.rd il~.ght vi~.:..'l tl'..ree idont'tcal lo~d:; on 
the three i"&ocks, lateral pendulum excursions cf ths center load ofte~ 
exceeded those of the f-:>.nuad c:-<.nd aft loads. 1'hiro had no effect on 
the flight en,·elope cu&d \'1£-S no·.; felt by the pilot. It was thought 
however, tha-t. the curved lateral bea~\\ instullation which is ur.~ique to the-. 
~enter hook installation might be ~~using the oscillations. Tests ' 
wi~ the cuxved beam locked in the c.anter position she»ted no significant 
change in ·tht~ excuraion.3. All iinal eval\tntions were made with t.lte 
no~al curved beam and free swingin9 center ~ook. 

7. During the ~stD witb the A-22 contrainers it ~~s 
noted thnt the cover fl-aps would bl~' loose c•n almost every flight 
even tllougb particular ~are waa; taken to secure th8!u. Grommets shoulO. 
be installed at the frea corne~s of the flaps to provide a positive 
method of restraining ·;:ham fo~: high speed fli.ght. 

8. »ased on the;: teat results, the Contractor recom­
mends the following: 
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8. Continued: 

a) Airspeed should be limited to lCO kuot.<J. This is the fi\Wd.!l;uru 

atabl~ airspeed for level f: light cu'd all no:l'Ulal maneuvers. 

b) Bank a•·t~lea &hculd be li-1!t:i. ·:ed to 201). At highel:· b1.mk angle~ 
the loads tend to beccma \~1\S tab le-

c) 'fbe optimum sling aonfigurfltion is 8 ft. forward, 12 ft. ml.~. , 
and 16 ft. aft. Opeze.tioru.\1 confi«Jurations shoulc1 adhere as 
closely as ~aibla to theee alins lengths except thftt the ver­
tical. spacing- .be~een 1-!)acls; ahou~d always be sufficient: to pre­
vent load to load contact j.n the e\rent 4lf ona load s~'lingin<;;, 

9. Since ~1e ~~ndem hook test program was c~nduct~d 
under SRD84Rl, se'r~:al design ~Jnp~ovements were incorpol:ated. '.l'hese 
changes inQluded acidi~g t t:. f:i.on '=cat~rl bu$l:iugs , ~p~cial fini~!l ?._•cJ;t::;, 
and special loc.'t\'Ja~llore~ i n the at.tac.h:uent hazC."tra~e to i.rr.pro·.;.e trca:l: 
a~acteristics. At the completion of the triple hook test program 
un4er SRD 84P~, ~\e cargo hook attaching h~dware was dicasG~~bled as~ 
inspected fc:1: \JM&:r. '!'he in~~c-=-H:.ion rcvc.ale.:! r,o E;:i.g.tdfic~<?i:!: · :c.• ;_,r v.nd 
therefore judged satisfactory. 

l J. !n ~ ~-dj ti!":;~ .. :9 l?.~ t:r:l.ct-~ J. ~h::tngee \·1-<)l:e mac1 ~; t:·' cor­
rect thi: pxo1lle~n of sj.nt1:ll ~:a.nc;.:::g ·':)pE:;;ins o~ b~"ci: ~:c:rl!;.:-:.r.d c1nc c.-ft. hoQk~: 
when tb: "al:t hook 011l~{ .. !.~cd~ ~r~o selec~:.e<'!. Dttring tho tti:;?] . .;:: ::1oo}~ 
flight tee ~¥:g -.Ander S!W o'~£U .. L-..;:ividm~.l hoo1~ lo;ld x-eleases ,.T•::~e sue··· 
ces3fully cc:nductet.1 which ~ero.o·1strated ·i;.he ~dequacy of the ~~l;;:ctrical 
changes. 

co: A..'iB!~v-F·f-T 

i\.\iSAV-SF 
AtlSAV-QHD 
AMSAV-S:!: 

(w/em:l) 
(•..t/enal) 
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1.0 GENERAL 

EncJnsure 1 

DESCRIPTION OF AIRCRAFT SYSTEM, 
CONFIGURATION, AND TEST CONDITIONS 

1.1 Testing was conducted at Millville, N. J. to deter.mine 
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) 

2.0 ' AIRCRAFT 

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

2.1 Configuration 

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

2.2 Two (2) Eastern Rotorcraft Cargo Hooks, P/N SP7108-3, 
were installed B/L-0 Sta. 260 and 420. · The fuselage 
was stiffened in the hook attachment area and universal 
joints were fitted to each hook. The aircraft was equipped 
with a Cruise Guide Indicating System and AFCS. 

2.3 System Description 

. . ·~· 

... ' 

' 

....... 
\ 
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Enclosure 1 

2.3.1 MODE SELECT POSITION - FWD 

2.3.1.1 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 operate. ^ 

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

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

2.3.1.4 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. 

2.3.2 MODE SELECT POSITION - MID 

2.3.2.1  Same as FWD except MID hook is activated. 

2.3.3 MODE SELECT POSITION - AFT 

2.3.3.1  Same as FWE except AFT hook is the one activated. 

2.3.4 MODE SELECT POSITION - OFF 

2.3.4,1      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. 

2.3.5 MODE SELECT POSITION - AUTO 

2.3.5.1 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. 

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

2.3.5.3 Below 60 knots IAS, the Auto Jettison System is inopera- 
tive.  Above 60 knots IAS, the Auto Jettison OFF caution 
light will illuminate if not in the Auto Release Mode 
with both hooks loaded. 
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Enclosure 1 

2.3.6     MODE SELECT POSITION - MANUAL 

7.?.6.1  The forward and aft hooks are not subject to automatic 
release in this mode. 

2.3.6.2 The center hook is not operative in this mode. 

2.3.6.3 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. 

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

2.3.6.5 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. 

2.3.7.0 MANUAL RELEASE SYSTEM 

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

2.4       METHOD OF OPERATION DURING THE TEST PROGRAM 

2.4.1 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. 

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

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

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

2.5.1    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. 

3.0 INSTRUMENTATION 

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

4.0 TEST CONDITIONS 

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

1. Climb 500 to 1500 ft/min 
2. Straight and level flight 
3. Pilot controlled lateral reversals 
4. Pilot controlled yaw reversals 
5. Turns 30° bank angles left or right 

per the TM55-1520-209-10 Operator's Manual 
6. Sideslips, approximately 15° - left or 

right 
9.  Descent 600 ft/min to 1000 ft/min 

10. Cyclic fxare, deceleration to 60 knots 
11. Longitudinal reversals 

4.2 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. 

4.3 The criteria for limiting maximum operating speed was 
riiautral oscillation of the load, load to sling and load 
to load contact. 
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5.0 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. 

6 .0       RECOMMENDATIONS/CONCLUSIONS 

6.1 The optimum sling configuration determined during the 
test program is 8, 12• and 16' fv?d to aft. 

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

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

6.4 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. 

6.5 During the previous flight test program under SRD84R1, the 
cargo hook attachment bolts became bac'lv 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. 

6.6 During single mode electrical load releases of the previous 
flight test program under SRD84R1, 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. 

6.7 During 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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ENCxiOSURE   (3) 

FUNCTIONAL TEST - CH-47C TANDEM HOOK SYSTEM 

I.    Equipment Required 

A. Two  200# weights  for attaching to hooks. 
B. Two aircraft jacks for  jacking up rear wheels. 
C. 3 phase,   400 hz,   20KVA or greater ground power cart. 
D. Simpson Model 260 multimeter or equivalent. 
E. MB-1 tester for airspeed. 

II. 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-1 Pitot tester to left pitot tube. 

ill. 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 115Vac. 
C. Set Mode Release switch to OF?. 
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-1 Pitot Tester to 70 knots IAS. 

1. Check that Auto Jet off caution light illuminates 
F. Decrease MB-1 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 

1. Check that auto jet off caution light extinguishes. 



ENCLOSURE (3) 
Page 2 

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 fv?d 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 illuminates. 

J.  Set Mode Select Sv 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,N 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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N.  The center hook can be tested using existing procedures 
provided the mode select switch is in the "MID" position. 

0.  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). 
P. Set Test Select Switch on the Auto Jettison Box to Fwd No Load. 

1. Press test inject, switch -for 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. 
Q.  Set Test Select Switch on the Auto Jettison Box to Aft No Load. 

1. 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. 
R.  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. 

S.  Pull remaining circuit breakers activated in Step D. 
T.  Set Mode Select Switch to off. 
U. Disconnect External Power. 
V.. Test Complete. 



ENCLOSURE   (4) 

PHOTOGRAPHS   OF 

TRIPLE  HOOK FLIGHT   TEST 

PROGRAM 













.· 

' ' 











I 

: 

f-



1 .. 
•. . ,. 
• 

.. 
' .... 

• 

.. _. 

.. 
~....=: 
."P~ 

..... 
~ 

~-. 

L.'· 

-.,· 

.. 
' 

-.. 

";.. 

f' 

.. 





,• 

,. 

~· .. 
~f 

'!. . 
' .Ai I 

>" 

.;i 
• 

~<J' .,. 

141 

.. - .. ~· 
..1. 

~~~ ,,. 

~ 

.•. ... 
~til· 

t 

·~. 
., ,.. ,.~ . . , 

.... : ,., 

).~ ~· . ' 
tJ 



• 

' 

L 
l: 

•' 

... 

' •: 
'· . . . 
·t ,. 
·V '. 
·I 

--

·-

'l . 



• 

.. 

~ • 

• 
I 

, II 

l : 

# • -. 

-
,... 
E 



-I 

~ 

' :! • 

. ' 



.-.: 

·-


