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INDIVIDUAL LIFT DEVICE PHASE IT
TTSUMMARY

The Phase T design portion of the program was completed in
approximately November 1966 and resulted in the Individual Lift

Device configuration which is shown in the frontispiece (Jet Belt

Mockup). The engine is mounted inverted in a vertical attitude

énd exhaust gases are ducted through a rigid bifurcated duct system
to nozzles located at the extremeties and pointing downward. Nozzles
are suspended from the duct by a bellows which permits deflection
fore and aft and to the sidés for control. Control inpute and

engine throttling are achieved as in the rocket belt. Wrap around

fuel tanks are used and are unpressurized. Empty weight is 99 1bs.

including the engine. With a 180 1b. man, 25 1lbs. payload, and 44
1bs. of fuel and oil, take off gross weight is 348 1bs.

The engine which is 1 foot in diameter and 2 feet in length is
a twin spool, bypass turbo jet engine with a minimum rated thrust
of 425 1bs. The two épools are counter rotating to minimize gyro-
scopic forces during manéuvers. Design specific fuel consumption
is 0.8 1bs. fuel/1b. thrust/hour. Airflow is approximately 11.65
1bs./second.

Calculated perfermanbe indicates the jet belt can be flown to
speeds over 100 miles per hour and to ranges of 10 miles.

The program is now well into Phase IT which entails fabrication,
development testing and delivery of flight qualified hardware. This

‘is followed by Phase III, flight demonstration test%;&
: !;nJT>'
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During the past month, the first Jet Belt was sent to Williams
Research for engine mating and the first complete system was assembled.
A few minor interferences were noted and the belt was returned to
Bell for fework. Consistent with new detailed progfam planning, it
will be sent to Williams Research during October for tesf cell g
insfallation. The second bifurcated duct assembly is well along
and will be mated to the rest of the Jet Belt during this ﬁonth.

Further engine testing was accomplished during the reporting

month for a new total of over 7 hours of running time achieved,

which included acquisition of many data points. A speed of 95.5%
of rated (52,500 RPM) RPM was reached. A bearing heating problem
was encountered at this high speed which necessitated rework of a
portion of the engine internsl lubrication systém. Engine thrust
level, which was trackingvthe design data extremely well until this
high RPM point fell off slightly. The thrust dropoff is attributed
to excessive radial compressor clearance and appropriate modifications
are being incorporated. The engine is expected to be reassembled
and running by 10 October with the previously stated modifications
incorporated. Major mechanical problems have been non existent
to date. Data and testing to date indicate the engine rated thrust
and specific fuel consumption appear achievable in the present
configuration.

Delays encountered in the Uth stage stator fabrication have
further delayed assembly of the second engine (endurance) which is
currently pacing the program. It is expected‘to be completed and

running by Monday, 9 October which is approximately two months behind

the previous plan. Contrary to the estimate in last month's report,

Beport No. 2203-933021 2 GEHISSW
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this delay has now resulted in a five week extension of the overall
program and has an attendant cost increase. Detail planning has
been accomplished and is reflected in the current schedule in the

Program Plan section of this report.

A Proposal-letter is being prepared and will be submitted in
early October reflecting the detail plans for completing the program,
and new estimated costs at completioﬁ. It is anticipated that this
letter will be the basis for negotiation of a contract amendment
to fofmally define the revised scope of work program pursued since

March.

Report. No. 2203-933021 1
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INTRODUCTION

In April 1964, Bell Aerosystemé Company and Williams Research
Corporation submitted a Joint unsolicited proposal to the U. S. Army
Mobility Command and subsequently to ARPA for design, fabrication
and test of an Individual Lift Device known as the Jet Flying Belt.
As a result of this proposal a prime contract was awarded to Bell
Aerosystems Company on 30 December 1965. The program is being
funded by ARPA and administered and directed by the U. S. Army
AVCOM in St. Louis. Williams Research Corporation was subsequently
selected by Bell as a major subcontractor to develop the power plant.

The Jet Plying Belt utilizes essentially the same general
configuration and control concept successfully proven on the Bell
Rocket Belt which has accumulated over 3000 flights to date. The
Jet Belt is powered by thé WR-19 bypass fan engine being developed
by Williams Research for this application. This propulsion system
significantly improves endurance, range and utility over the
rocket powered system.

The purpose of the Individual Lift Device or Jet Flying Belt
is to provide a substantial improvement in individual soldier
mobility for a variety of éelect mission applications such as
(1) Observation (2) Reconnaissance (3) Forward observation
and liaison (4) Overcoming natural and man made obstacles (5)
Clandestine operations and (6) Delivery of personnel and parts for
in-place maintenance.

The basic objective of the present contract is to develop a
flight demonstration model to demonstrate feasibility of the

system, and ranges up to 10 miles and a spegd of 60 mph. One

S5
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flying pel“t, a spare engine, residual hardware and data are
deliverable items, under the contract.

Bell, &s Prime Contraétor, is responsgible for overall system
management, system integration, design, fabricaﬁion and flight
test. Williams,.as a subcontractor, will design, fabricate and

test the engine. 01in Mathieson has been selected to develop 2

solid propellant cartridge for use in the Jet Belt self contained

start system.
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INDIVIDUAL LIFT DEVICE PHASE IT

GENERAL

Duringkthe past month Williams Research has been engaged
chiefly in making modifications to the performance engine and
build-up of the endurance engine. Modifications have been concerned
with improved burner configuration, reducing the clearancé\gap on
the radial flow compressor, ahd the oil supply system to the fourth
and fifth bearing which have been overheating at high speeds. At
Bell, the first Individual Device was completed and the second
bifurcated duct and nozzle system was begun. A set of six
proposals for follow-on work after the present contract, were

completed and submitted.

JET BELT HARDWARE

| The first Jet Belt System was completed. It was delivered to
Williams Research for the purpose of mating the engine to the
system. (See accompanying photos.) Although né serious interface
problems were disoovéred, there were three areas requiring some
modest rework.  Two of these are portrayed in Figures 1 and 2, The

proximity of the oil-air separator to the vertical web on the ba¢k of

the corset is shown in Figure 1. The clearance is about 1/16 inch
which is considered minimal. A slight rework of the web and back-up
metal angle will improve the condition considerably with no loss in
structural integrity of the web.

Figure 2 shows the fuel controller outlet line actually
contacting the engine air inlet as well as its closeness to the

triangular mounting pad for the oil lines for the first bearing

Report No. 2203-933021
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Assembled Individual Lift
Device at
Williams Rescarch

Report No, 2203-933021 6a

e




ok

Assembled Individual Lift
Device at
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housing and quill shaft. Replacement of the union at the fuel
controller outlet by a standard right angle bulkhead fitting will
eliminate both these conditions. Discussions between Bell and
Williams engineering resulted in the decision tb make this change.

A mismatch was realized in the stand-offs at the lower portion
of the fuel tank. This was caused by the fact that the mockup had
been used to locate the stand-offs as well as the bolt holes for
their attaéhment to the engine. Slight differences between the
mockup and engine were sufficient to cause the mismatch and will
require remaking the bracket part of the stand-offs,

The second bifurcated duct and nozzle assembly 1is negrly .complete.
Assembly progressed at a more rapid pace than the first one by virtue
of familiarity with the fixtures and required, unique welding
techniques. Completion of this major subassembly will enable the
assembly of the second Jet Belt System to the degree possible with

parts fabricated.

- STARTER CARTRIDGE

Discussions were held with chemical and metallurgical engineers
at Bell regarding a proposed alternate booster witﬁ less corrosive
tendencies. This alternate booster did contain a small amount of
lead compounds, and it was noted that at high temperatufes lead
will tend to cause inter-granular corrosion especially in temperature
resistant metals. ’This intergranular corrosion can cause embrittle-
ment of these high temperature metals.

Further study of this and other possible'alternate booster

substances is rTequired and will be carried out in the future.

_Report. No..2003-933021 . 8 ”msggﬁé
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It should be mentioned aéain at this time that substitute
materials for the igniter system have been selected as the result
of a survey conducted at Bell. ©No tests have been conducted as
yet to determine the actual durebility under the-specific conditions

encountered during cartridge firing.

DEMONSTRATION FLIGHT TEST INSTRUMENTATION
(a) Communications
Representatives of the communications vendor are scheduled
to visit Bell on October 17th for the purpose of testing a modified
two-way communication system. The modifications entail the use of
a noise shielded mlcrophone as well as a bone conducting microphone.
As before, tests will be performed on the Rocket Belt.
(b) Instrumentation
Instrumentation for use during the Jet Belt System tests
in the engine test cell at Williams is being fabricated. The
temperature and pressure probes presently beingyemployed in the
straight tailpipe at'the engine mixing plane are being duplicated
for installation in the bifurcated duct. In addition, total
pressure rakes for surveying the nozzle exits, potentiometers

for measuring nozzle deflection, and thermocouples for obtaining

duct wall temperatures or exhaust gas temperatures are being fabricated.

nuotes have been received from two of the four vendors contacted
regarding in-flight telemetering systems. One of these two will

satisfactorily meet the Jet Belt requirements. The remaining two

* vendors will be contacted to ascertain their position relative to

answering the request for quote.

Bp@w 2803-933021 | o
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ENGINE SUBCONTRACT PHASE IZI
ENGINE DEVELOPMENT TESTING

Mechanical Development (Performance Engine)

As of the end of August, the engine had made 3 test runs at
speeds up to 3%,000 RPM for a total running time of approximately
25 minutes. No problems had yet been encountered. |

On Tuesday, September 5, two short duration runs were made
made with a modified burner cover; These runs were curtailed because
of unstable combustion. Since an improved burner configuration had
been developed on the burner test rig, the decision was made %o
immediately incorporate the change into the engine. The engine was
removed from the test cell on Tuesday afternoon, disassembled and
reassembled with the new burner hardware that night and reinstalled
in the test cell the next morning.

Attempts to light the engine on Wednesday, September 6, were
unsuccessful. The igniter‘was altered on Thursday morning and thig
was followed by three successful test runs. The first run lasted
about 5-1/2 minutes and was terminated to permit an adjustment to
the cell furnished oil scavenge system. The second run was of 40
minutes duration, during which time two complete performance data
points were obtained. The third run lasted about 31 minutes ahd
provided two more data points. The only problem encountered wvas
excessive leakage in the external oil system. There was evidence
of some combustion instability in the lean burning range, but this
was being worked out on the burner test rig. Maximum high pressure

shaft speed attained during this series of tests was about 46,0QO

RPM.

Rep@?ﬁ'N05"2208r933021
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On Friday, September 8,'Qhe more test run was accomplished.
Duration of this run was 28 minutes, during which time one more
data point was taken at 45,200 RPM. TFollowing this run, the
engine was disassembled for examination and inéoyporation of a
burner change. The only discrepancy revealed by the teardown was
evidence of excessive metal temperatures on the burner cover. This
was anticipated because of test rig resuits and was, in fact, the
primary reason for the teardown and inspection.

The engine was re-assembled with a modified burner and another
test run was made on Wednesday, September 20. One complete data
point was taken and one abbreviated point was obtained at 51,000
RPM. Shutdown was occasioned by an overheated bearing at 52,9000 RPM.
During the subsequent teardown, two modifications were incorporated
to improve the bearing lubrication and sealing provisions., ~Inétru-
mentation was aiso added to monitor certain pressures and temperatures
which might influence bearing operation.

On Tuesaay, September 26, three mofe test }uns were made. One
of these runs was witnessed by the attendees of the program briefing
which was held at Williams Research Corporation on that-day. These
tests provided a total of 8 more performance data points, three of
which were abbreviated because of the recurrence of the bearing
overheatiné problem. The last run was terminated when the bearing

temperature became critical at about 52,000 RPM.

The engine has since been disassembled for examination. No
parts were damaged, The overheated bearings will be replaced,

“although they are still usable and will be saved for possible re-use

During this present teardown, several changes are being made to the

lubrication system to eliminate the bearing overheating problem and

Repgrt No. 2203-933021
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in addition, the radial compressor rotor face clearance is being
decreased to improve the high pressure compressor performance.

" These modifications to the performance engine hardware should
be completed by Friday, October 6. It is expeéted that the engine
will be ready for installation into the test cell on Tuesday,
October 10, immediately upon removal of the endurance engine after
its green run.

As of the end of September, the performance engine has
accumulated 26 starts and 7.1 hours of operating time. The small
number of relatively minor mechanical difficulties, in combination
with the excellent aerodynamic performance manifested to date; has

been very encouraging.

Performance Fvaluation

Overall performance characteristics of the WR-19 engine are

graphically presented in the accompanying Figs. 1 through 8. Test
data points are shown alongside the predicted curves for convenience
of comparison. A cursory look at these performance curves immediately
reveals that the engine is exceeding eXpectations in the low speed
range. There are, however, indications that the test data curves
are converging with the predicted curves and would intersect below
the desigh point if no performance improvements were made.

Corrected thrust, as shown in Figure 1, is substantially higher
than predicted at low speeds and appears to be approaching the
design level at desigr speed. The high thrust level results primariiy

from the higher than predicted inlet airflow (Figure 8), turbine

inlet temperature (Figure 4y, L.P. compressor efficiency, and

turbine efficiencies. Faiiure of the thrusﬁ level to maintain its

Report No.’2203-933021
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margin above the predicted curve is apparently due to the fact
that L.P. compressor efficlency 1s maximizing well below the
design point (as it did during rig testing) and also to the
deficiency in overall compressor pressure ratio as shown in Figure
6. Peaking of the L.P. compressor efficiency below the design point
was anticipated and no changes are planned to attempt to alter this
characteristic because the efficiene? shoﬁld not drop appreciably
below the design value of 84,6%, It is anticipated that the
defiéiency in overall compressor pressure ratio will be corrected
by the decrease in impeller face clearance which is being incorpor-
ated in the next bulld of the performance evaluation engine.

Specific fuel consumption, shown in Figure 2, is well below
the predicted level, and the curve shows a tendency to be flatter
than‘predicted at off-design speeds. The reasons for this are
precisely the same as presented in the preceding discussion
regarding the characteristics of the thrust curve.

It is expected that inlet airflow, presented in Figure %, will
fall below the prediéted curve in the higher speed ranges, This
assumption is based upon axial compresgor test rigvresults, wherein
the compressor failed to pass thevfull design alrflow in the high
speed range. It has been previously reported that it may- be necessaryr
to increase the L.P. spool operating speed to achieve full design
airflow if such is recuired to attain rated thrust.

This is permissible from a stress standpoint and can readily
be accomplished by increasing the propelling nozzle area. The
relationship between the LP and HP spool speeds

» shown in Figure 7,

reveals that the L.P, spool is running somewhat slow with the present
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exhaust nozzle. Tt appears that a nozzle area change i1s in order,
but this will not be incorporated until further performance testing
has been accomplished because of the difficulty this could cause

in correlating various test runs and evaluating other changes.

Fngine Test Cell Tnstallation

A picture of the performance engine installed in the ‘test cell

with all instrumentation hooked up is shown on a subseguent page.
BURNER COMPONENT TESTING

Burner development on the component test rig has been actively
and suécessfully pursued during the past month to the extent fhat
a modified and improved burner configuration has been available
for incorporation during each engine teardown.

Emphasis has been placed upon developing a configuration which
operates over a suitable range with reasonable metal temperatures
Because these are the parameters which have the immediate potential
forvrestricting’further engine development work.

On September 23, a combination of modifications to the burner
cover, burner primary plate, and the fuel slinger provided the
desired result. Metal temperatures were drastically reduced and
lean burning characteristics were maintained. Circumferential gas
temperature distribution and burner efficiency, however, were
somewhat impaired. This configuration has not yet been incorporated
in the engine hardwaré because of the extent of the modifications
required. Development work on the burner test rig is continuing
in an effort to optimize combustion efficiency and gas temperature

profile before modifying engine hardware.

Report No. 2203-933021 22
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Engine Installed in Test Cell
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ENGINE HARDYARE FABRICATTON

Second (Endurance) Engine

The air inlet assembly and the fourth stage stator/transition/ B
diffuser section were completed during Sepfember, and assembly of
the engine was started. A preliminary assembly was accomplished
for engine/jet belt mating tests‘for purposes of 1dentifying any
interference points. At that time, there were still several fit-up

\ﬁroblems and documentation of the build (running clearances, etc.)
was yet to be achieved. During the down time period of the perfor-
mance engine, effort has been concentrated upon the assembly of the
second engine. It is currently anticipated\that assembly will be
completed on Thursday, October 5 and that the first run‘will oceur

on Monday, October 9. Setond engine availability, approximately

two months behind schedule, is pacing the engine development program
“and has caused an overall program delay as discussed later in this
report.

Third and Fourth Engines

As mentioned in last month's progress report, all detail
components, such as stampingsvand machined rings, have been released
for fabrication. In addition, the following assemblies or final
machined parts have now been released and are being fabricated.

1. First s%age axial compressor stator.
2. Second stage axial comﬁressor stator.
No. 2 bearing carrier assembly.

4, Heatshield assembly.

Report No. 22033933021
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5. DNo. 1 bhearing retainer assembly.
6. Inner bypass duct assembly.

7. All rotating components reguiring curvic coupling
machining.

A1l remaining brazed assemblies are being held pending possible
development changes. Overall manufacturing lead times have been

established and critical rélease‘datesvidentified to assure avéil-

ability of these subassemblies in accordance with engines #3 and #

need dates.
MISCELLANECOUS ACTIVITIES

01l Pump Assembly

All components of the oil pump package were completed during
the past month. Assembly was started on September 20 and is j
continuing at the present time on a low priority hasis because . |
the pump package will not be used until after the second engine is
in operation. All components have been trial fitted to ascertain
that there are no interferences. 01l sump assemblies are in stores
and the oil to fueilheét exchangers have been received.

Bifurcated Exhaust System

Design of the necessary ductwork and brackets to permit engine
operation with the bifurcated exhaust éystem was started on September

18 and completed on September 25 ag necessary in accordance with

the replanned program,

Fuel Control Bench Test

In order to minimize the time involved in adapting the WR-19

fuel control to the engine and engine test time lost in adjusting

SSFE
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the WR-1G fuel contrel on the. engine, it has been decided to
pre-set it by using the existing WRC fuel control test facility.
This necessitates the design and fabrication of certain adapters

to permit mounting and driving of the WR-19 fuel control. Design

of these adapters was started on September 25 per the revised plan
and fabrication will start on October 5. This change in the overall
development test program has permitted recovery of several weeks

of the overall delay effected by late availability of the second engine.
ENGINE DEVELOPMENT PROGRAM STRETCHOUT

The second WR-19 development engine (endurance enginé) is
now approximately two months behind schedule dus to manufacturing
problems encountered in the U4th stage stator/transition/diffuser
assembly late in the fabrication cycle. Based on the now expected
availability of the second engine, all remaining engine development
tasks have been carefully evaluated and replanned and the resultant
overzll effect on delivery of the first flight engine is 5 weeks
slippage from previoﬁs plans., A portion of the lost time on the 2nd
engine was recovered by the decision to accomplish fuel control
adjustment on an existing WRC fuel control test facility rather
than on the engine. Further time was recovered by readjusting
several of the test objectives, the most significant is delaying the
cartridge start demonstration tests until later in the program.
The deliverable flight engines do not rely on use of the cartridge

start system.

Report No. 2203-933021




x

™

@ BELL AEROSYSTEMS COMPANY _

CONTRACTUAL STATUS |

GENERAL

Fiscal and schedule status of the overall program are

summarized subseguently in this section of the monthly progress
. report. During the reporting month, the objectives of the revised

scope of work program were pursued iﬁ accordance with plahs definéd
and verbally approved in March 1967. A

At the request of ARPA, discussions were held with ARPA, AVCOM
and AMC concerning current program status and projected costs to
complete‘the revised scope of work. ~Asia result, program plans;A

work statements, specifications and estimated costs to complete the

program are being formalized and will be submitted to AVCOM leading
to negotiation of necessary contract changes to recognize the revised
scope of work program. |

An additional §75,000 has been committed to the Individual
Lift Device contract which increases cost limitations to $2,362,360
and assures continuity during the period of finalizing a contract
amendment. It is estimated that the new funding will carry the
program through 3 November 1967 in accordance with the present

program plans.

PROGRAM PLAN

Engine performance development testing continued during the

month with a new total of over 7 hours of running achieved on the

engine. The engine has continued to operate relatively trouble

free glthough a bearing lubrication problem was encountered in

high speed runs. A series of burner improvements have been developed

on the burner test rig and incorporated in the engine at successive

.Report No. 2€03-933027 27
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teardowns. A final burner configuration although elusive appears
near at hand. Achievement of a good combustor is expected this
month after which the burner/slinger test stand ﬁill be used for
development of a suitable catalytic igniter as described in the
last monthly progress report.
The second engine (endurance) is not fully assembled and is
now approximately two months behind schedule. Contrary to the
. last monthly progress report it is now pacing the engine development
program and will cause a 5 week delay in availability of the first
flight engine. The last remaining sub-assembly is available and
the engine is expected to be assembled and running early in October.
A significant milestone was achieved last month when the engine

was mated with the first flight Jet Belt. Some minor interferences

were encountered and are being rectified.

The remaining work in the current contract has been planned
in detsail and 1s summarized in the subsecuent schedule with major
milestones defined. The detail plan includes ﬁany minor milestone
objectives to providé good program visibility and provide a good
tool for monitoring and measuring program progress. It incorporates
the effect of second engine delay.

In planning the remaining work, it was'possible to effect
revisions in test planning and test programs which recovered three
weeks of time caused by the second engine delay. The two primafy
areas of schedule recovery concern fuel control adjustment which
was ﬁo be accomplished on the engine in the test stand and now will
be achieved on an available specialized test facility; and cartridge

start demonstrations on the test stand which will be accomplished

later in the program after development tesﬁing is complete.
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Complete propulsion Sysﬂém testing is now scheduled for
early November with completion of all development testing
scheduled for January 11,‘1968. PEFRT of the Individual Lift Deviée
will now be completed in mid-February with delivery of the zerotime
first flight engine écheduled for 1 March 1968. Tether and free
flight tests are planned to be accomplicshed in 7 weeks in[tﬁe months

of March and April.

Final report, hardware and specifications will be delivered
by mid March and movies by the end of the month which will complete

the current contractual requirements,

Report No. 2203-933021 29
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INDIVIDUAL LIFT DEVICE PR
PHASE {f AND Il

1. DESIGN & FABRICATE ASSEMBLY TOOLS '

2. DESIGN & FABRICATE & INSTALL SENSORS: (AXIAL COMP.
3. BURNER HARDWARE FAB. & ASSY.

4 A)CD\L COMPRESSOR HARDWARE ASSY. CHECKOUT,

5. TEST PROGRAMS

FULL SCALE ENGINE & PROPULSION SYSTEM TESTS

1. DESIGN & FAB INSTRUMENTATION & CHECK.OUT
TEST CELL HARDWARE
2. DESIGN & FABRICATE ASSEMBLY TOOLS

3. DESIGN & FABRICATE SENSOR INSTALLATION

4. ENGINE ASSEMBLY

5. ENGINE DEVELOPMENT TESTING

6. PFRTJET BELT TEST

SYSTEM TEST AT BELL AEROSYSTEMS

1, TETHER TESTS
2. FREE FLIGHT TESTS

3. DELIVERY OF SYSTEM TO CUSTOMER

Report No. 2203933021
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FISCAL

Fiscal status shown in the subsequent table is based u@on
costs and open commitments through September 29, 1967 which is
the end of the accounting period. Based upon the new total cost
limitation of $2,362,360 and lisbilities as noted, approx1mately
$84,635 remain as of the end of the period.

Engine Subcontract

Expenditures $1,565,026

Open Commitments 10,266

Total Liability $1,605,292
Bell Aerosystems

Expenditures $ 672,433
Total Prime Contract Costs $2,277,725
Present Cost Limitation $2,362,360
Remaining Funds (9/29/67) $ 84,635

ESTIMATED COSTS AT CCMPLETION

As mentioned preﬁiously, a letter is being prepared for submittal
to AVCOM summarizing the program costs to date and.a projected coét
at completion. The letter is based on the cost estimate to complete
the revised scope of work program which was discussed briefly in the
last monthly progress report.

Subsequent to the last progress report, overall program status

was reviewed and remaining tasks planned in detail. After careful

review and replanning, it is now evident that late availability of
the second development test engine (endurance) has necessitated a

5 week stretchout in the program and has attendant cost increases.
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The estimated costs associated with the 5 week delay are approximately
$50,000. This new increase along with the cost information reported
last month form the basis for the letter to be submitted.
It is anticipated that the necessary contfact revisions wili be
finalized during the month of October and will be reported in the

¢ next monthly report.

FUTURE PLANNING

A proposal for a 13 month follow on program to continue development

of the overall Individual Lift Device or Individual Mobility System

hdevelopment‘Was submitted to AVCOM and ARPA during the month. The
primary objectives of the proposed follow on effort are to conduct
the necessary systems analysis, cartridge start/engine durability
testing and enginé component development, all leading to definition
of the optimum sydtem for gualification and introduction to service
in subsequent phases. The current contract défines a feasibility
cemonstration program and as such precludes the systems engineering
systematic deﬁelopment approach to an operational system. In order
to assure continuity in the overall program, this new work must be
initiated early in the next calendar year.

The proposed follow on effort encompasses 6 major tasks, which
have many interfaces and in@eractions although presented as
individual‘items of work. Individually they account for developing
required thrust levels, self contained start capability and flight
characteristics 25 well as providing reliability, maintairability,

human factor and training analyses and trade studies for definition

of an effective operational system, Collectively the six tasks

constitute a systematic analytical, and development effort to exgand

Report No. 2203-933021
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The estimated costs associated with the 5 week delay are approximately
$50,000. This new increase along with the cost information reported
last month form the basis for the letfer to be submitted.

It is anticipated that the necessary contract revisions will be
finalized duriﬁg the month of October and will be reported in the

next monthly report.

FUTURE PLANNING

A proposal for a 13 month follow on program to continue development
of the overall Individual Lift Device or Individual Mobility System
development was submitted to AVCOM and ARPA during the month. The
primary objectives of the proposed follow on effort are to conduct
the necessary systems analysis, cartridge start/engine durability
testing and engine component development, all leading to definition
of the optimum system forAqualification and introduction to'service
in subsequent phases. The current contract defines a feasibility
demonstration program and as such precludes the systems engineering
systematic development approach to an operational system. In order
to assure continuity in the overall program, this new work must be
initiated early in the next calendar year.

The proposed follow on effort encompasses 6 major tasks, which
have many interfaces and interactions although presented as
individual items of work. Individually they account for developing
reqguired thrust levels, self contained start capability and flight
cheracteristics as weli és providing reliability, maintainability,
human factor and training analyses and trade studies for definition
of an effective operational system. Collectively the six tasks

constitute a systematic analytical, and development effort to expand
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the present feasibility demonstration Individual Lift Device
(Jet Belt) leading toward a fully gualified Individual Mobility
System.

Task I - Cartridse Start System Development and Turbine/Burner
Improvement

One of the fundamental requirements of an Individual Mcbility
System is self contained starting to divorce the system from

ground equipment thereby providing more flexibility in operation.

The current contract requires demonstration of the ability
to start the WR-19 engine using a self contained cartridge start
system. This system, chosen because it is the lightest weight

source of high ehergy for engine start and is highly compatible

with field operation, exposes certain engine components to
severe environmental sho@k and a somewhat (although small)
corrosive atmosphere. The present WR-19 engine was designed and
bullt to withstand these conditions.

This proposed task entails conducting bench tests of comparative
cartridges and accomplishing cartridge starts (400-600) on one of i
the development engines in order to determine the effects of
cartridge start on engine durability and develop engiﬁe life
characteristics consistent with operational objectives.

In addition, because the cartridge start testing requires
operating the engine, it is proposed to improve turbine section
efficiency and increase burning temperaturecs during this running.
These engine thrust improvement efforts are included in this task

rather than Task II Component Improvement because they require

development on a running engine rather than on & test stand. The 5

Report No. 2203-933021 33
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The increased temperature is consistent with other Williams Research - !
Engines and the goals for turbine efficiency appear achievable
with a general tightening of that section of the engine.

Task I1 - Axial and Centrifugal Component Devclopment

Operational studies carried out by Bell in parallel with the
current contract effort indicate that an increase in engihetthrust
is necessary to account’for special payloéds and desired
altitude/temperature take-off conditions.

This proposed task consists of test stand develgpment of both
the éxial and centrifugal compressor efficiencies with modest
improvements established as goals and all well within current

technology and less than those achleved in some contemporary engines.

Task IITI - FPlight Testing

The current contract limits flight testing to demonstration
of contract objectives of range and speed, and limited instruméntation
is planned; This proposed effort will conduct flight testing to
develop performaence, handling qualities and maneuverability of the

Individual Lift Device being developed in the present contract.

These data are extremely necessary for any subsequent redesign for
operational use.

Task IV - Human Factors, Engineering Development and Flight Test
Program

Although a considerable azmount of man/machine inter-relationship
information and fundamental human factor data will be available
from the present contract flight demonstration, basic system studies
and analyses will not be achieved. The concept of the Individual

Mobility System presents a new and unique human factor problem. The
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preéent feasibility device has been treated intuitively based on
rocket belt experience. By anaiysis and flight test, the proposed
work in this task will develop the true man/machine7relationship

. and define necessary human Tactor considerationé and cfiteria for
subsequent operational system desgign.

. Included also in the study will be preliminary definition of s

operator selection criteria and training requirements.

Task V - System Reliability Development Program

This task includes & failure mode.analysis, system and
sub-system reliability analysis, statistical evaluation of all test
data to date and establishment of reliability goals for components,
sub-systems and systems congistent with operational reguirements.

A reliability test plan will be outlined to define gualification
testing of the Individual Mobility System in subsequent phases, |
It is through this systematic analytical approach in the proposed
follow on work ﬁhat reliability can be given pfoper emphasis-in
any subseguent system redesign and assure achieﬁing the high
reliability goals reqﬁired for an operational system.

Task VI - System Maintainability Development Progran

The present contractual effort will provide preliminary
maintenance and inspection procedures suitable for the feasibility
flight program. By natufe of the contract objectives, maintainability
was not given detail consideration. This proposed follow on task

. P o . .
will define a basic maintenance concept consistent with the intended

operational use and will analytically develop maintenance requirements

- for consideration in system redesign in a subsequent phase. The

study will develop overational cost data and will provide baseline
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data for operational procedurés concerning logistics, maintenance,
inspection, overhaul, trasining sand other associated aspects necéssary
for operational use of the system. Performance of a sound maintain-
ability study as proposed in the follow on phase to the present -
contract assures that proper consideration will be given to this .

important area in any subsequent redesign.

VISITS
The following visits were made in support of the contract‘

during the reporting period.

(3) Williams Research Detroit, Michigan Monthly Review of
: Engine Program

(1) Williams Research Detroit, Michigan Review and Discuss
‘ Engine Replanning

(2) Williams Research Detroit, Michigan Program Review

(1) AVCOM St. Louis, Mo. Discuss Contract

VISITORS

On September 26; at the reguest of AVCOM, a program review
was conducted at Williams Research Corporation during which the
status of thé overall Individual Lift Device contract was reviewed;
the performance engine was run; the first complete Jet Belt was
displayed after engine meting tests; and the p?opoéal for follow-on
development work was discussed in detail. The following visitors

were in attendance:
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ATTENDEE
Maj. H. A. F. Benson
Cdr. A. J. Bastick
Lt. Col., William A. Ackerman
Lt. Col. John D. Kennedy
Maj. Cyril R. Morgan

Mr. A, N. Tedesco
Dr. Kenneth Campbell
Maj. Peter G. Cel
Mr. Albert F. Bird
Mr. R. T. Alpaugh

Mr. Earl Gillis
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Australian Embassy
British Embassy .

USAMC

USACDC Inf. Agency
Canadian Army - Lialson foicer ATAC
ARPA "
IDA - Consultant

CDC Liaison Officer - ATAC
ATAC |
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USAVCOM
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Copies

Headguarters U. S. Army
Aviation Material Command
Post Office Box 209
Main Office
St. Louis, Missouri 63166
Attention: AMSAV-PAGC

Mr. 0. H. Zeman
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5 © Headguarters U. S. Army
Aviation Material Command
Post O0ffice Box 209
Main Office
St. Louils, Missouri 63166
Attention: AMSAV-ER
: Mr. Barl Gillis

6 Battelle Memorial Institute
505 King Avenue '
Columbus, Ohio 43201
Abtention: RACIC

7 .U, S Army Material Command
Room 2048 Gravelly Point
Washington, D, C.

Attention: AMCRD-F V
Mr. Ken Kasal

8 Director of Advanced Research
9 Project Agency (ARPA)
10 Pentagon, Room 2B286, Washington, 23, D. C.
Attention: Dr. C. J. Wang

11 Director of Advanced Research
Project Agency (ARPA)
Pentagon, Room 3D160, Washington, 23, D. C.
Attention: Mr. A. Tedesco

12 OCRD - Room 3D432
The Pentagon
Washington, D. C.
Attention: L/Col. Phillip Feir

i3 Director, OSD-ARPA
R and D Field Unit
AP0 San Francisco, California 96346

# UNCLASSIFIE iy

e e AR




TR t s,(""“ it[
%utf‘z&,,} }g?} E-

S R . g

@ BELL AEROSYSTEMS company

Cepies

14 Chief, 0SD/ARPA
R and D Field Unit
APO San Francisco, California 96243

15 CTA
2430 T Street W. W.
jeshington, D. C. 20505
Attn: STINFO

16 Institute for Defense Analysis
400 Army-Navy Drive
Arlington, Virginia 22202
Attention: Dr. Kenneth Campbell

17 ATAC - RMSTA - HL
Warren, Michigan
Attention: Mr. A. F. Bird

18 U. 5. Army Material Command
Gravelly Point
Washington, D. C.
Attention: AMCRD-GP
' Mr. R. T. Alpaugh

198 AFFDL (FDV)
Wright Patterson Alr Force Ba
Ohio
Attention: Daniel E. Fraga

20 CDCMR-G
Ft. Belvoir
Virginia
ttention: I/Col. Wm. Tedesco

21 CDC Infantry Agency
Ft. Benning, Georgia 31905
ttn: CM Division
Lt. Col. Kennedy

39

UNCLASSIFIET




- UNCLASSIFIED / LIMITED

[ This page is intentionally left blank. ]

UNCLASSIFIED / LIMITED



 UNCLASSIFIED / LIMiTED

- Distributed By
lormation For Dese Conity
UNCLASSIFIED / LIMITED ...




P_—"""

UNCLASSIFIED /LIMITED  ap3sssos

69 -F- 1468

. - Individual Lift Device

BELL AEROSYSTEMS CO BUFFALO NY

15 DEC 1968

Distribution authorized to U.S. Gov't. agencies and their
contractors; Administrative/Operational use; 15 Dec 1968. Other
requests shall be referred to Advanced ResearchProjects Agency,

' Arlington VA 222(09-0000.

NOTICE
been a classification c‘h.ange to |
this document. It is the respo:1§ibxll}}'d9f t&e é
recipient 10 promptly remark it to indica
change.

r v ‘ There has

UNCLASSIFIED / LIMITED |




 UNCLASSIFIED / LIMITED

Redistribution Of DTIC-Supplied Information Notice

All information received from DTIC, not clearly marked "for public release" may
be used 10nly to bid on or to perform work under a U.S. Government contract or
grant for purposes specifically authorized by the U.S. Government agency that
is sponsoring access OR by U.S. Government employees in the performance of
their duties. '

Information not clearly marked "for public release" may not be distributed on the -
public/open Internet in any form, published for profit or offered for sale in any
manner.

Non-compliance could result in termination of access.

Reproduction Quality Notice

DTIC’s Technical Reports collection spans documents from 1900 to the present.
We employ 100 percent quality control at each stage of the scanning and
reproduction process to ensure that our document reproduction is as true to the
original as current scanning and reproduction technology allows.

However, occasionally the original quality does not aliow a better copy.

If you are c?issatisfied with the reproduction quality of any document that we
provide, please free to contact our Directorate of User Services at
(703) 767-9066/3068 or DSN 427-9066/9068 for refund or replacement.

Do Not Return This Document To DTIC

'UNCLASSIFIED / LIMITED




UNCLASSIRIER.,

AD NUMBER

- AD395808

CLASSIFICATION CHANGES

TO
unclassified
FROM
confidential
AUTHORITY

31 Dec 1980, DoDD 5200.10, per document
- marking

HHNEROTEN Wupxﬂm

THIS PAGE IS UNCLASSIFIED




. i - — e
~ .

b RLECY

jc

- :" -

CONTRACT NO.DA23-204- AMC-03712(T)

'DECEMBER 15, 1968 |
. | FEB 281959

[P

. te " B L
: . - ‘}
o) | | |
|
1

BELL AEROSYSTEMS _. 5 comran

|

. ]
S . i
L S S T ‘
|

!

JohiERMEy Best Available Copy

UNCLASSIHED” B ',:




. PRy =

: R Rt cyatos Tk b i e et ot e

S s . LA kR 25 O IR IR et i W R T R e NN R VTR TR R
N

4

SECURITY
MARKING

- The classified or limited status of this report applies
to each page, unless otherwise marked. :
Separate page printouts MUST be marked accordingly.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL ODEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794, THE TRANSMISSION OR THE REVELATION OF
I;S CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON 1S PROHIBITED BY
LAW,

NOTICE: When government or other drawings, specifications or other
dats are used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U.S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, shecifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corpuration, or conveying any rights
or permission to manufacture, use .or sell any patented invention that
may in any way be related thereto.

T




i |

= 23¢3 b , RERRTNOEER 3
— O

UNCLASSIFIED g

@ BELL AEROSYSTEMS COMPANY

Division of Bell Aerosp&ce Corporation
Post Office Box One ,  Buffalo, N,Y, 14240

é INDIVIDUAL LIFT DEVICE (U}%ﬁi} :

— O_:‘:CP/
4.5 Dec i B %868

@jzzf 2'3 254_%}2 ﬂ..a ',_7/2(7") /%’«JP/" *&‘/(/e/z_ 759/

- e S

ARPA Order Number I (1 % o
Program Code NUMDer, i vevverrerrernonnoanas 6020(23)

Name of Contractor...veeererrrenesrcrosnees .Bell Aarosystemo Company
Date of Contﬁact...........................*...30 December 1965

v
Contract Number.,.......... teseeseseresasssaass.DA 23 ?OM-AMC O3712(T)
Contract Expiration Date.................... 1 February 1969 (Revised)
Prﬁject Title.scc-civo-acococcuotocotaococtc-o IndiVidu&l Lift DeVice

Project Man&ger ...civivrverannnornssnnnes «v.s..Bobert J. May
Technical Dix‘;.ectorotto"to"ti00!'0""00"ccccRObert FC Speth

i
i

This document contalns information affecting the national
defense of the Unlted Stetes within the meaning of the Esplonage
Laws, Title 18 U.S.C.:8ect. 793 and 794. Its transmission or the
revelation of its contents in any manner tc an unauthorized person
is prohibited by law.

DOWNGRADED AT 3 YEAR INTERVALS
DECLASSIFIED AFTER 12 YEARS
DOD DIR 5200.10

Pages 1, 2, 5, 6, 7, 11, 12, of this document are classified CONFIDENTIAL.
2| :

~ BestAvailable Copy

uncLassiried Y 0 AT

T AN T

R A b i S

J P I R LY

¥z i DI S AR b e e




UNCLASSIFIED
] A e

tfi) BELL. AEROSYSTEMS COMPANY __

-

-,

\ )
Report No, 2203-8330356 |

[ ERTYOT TR A

oS \FIED

U N {ZLI\




. Report No. 2203-933035 -1-

INDIVIDUAL LIFT DEVICE

SUMMARY
fC\ VT‘he Phare T Apad on m’n‘?‘lnn ~f the nrogram wee gcmpleted -
in approxim&tely November 1966 and resulted in the Individual m,/>

List Device configurat*on which is shown in tha.frontispiece (Jet

L —

Belt Flight)u @he engine is mounted inverted in a vertical attitude
and exhaust. gases are ducted through e rigid bifurcated duct system
to nozzles 1ocated et the extreqﬁties and pointing downward Nozzles
are suspendeg from the duct by a bellews which permits deflection fore
and aft and io the sides for control. Control inputs and engine
throttling are achieved as in the rocket belt. Wrap around fuel ténks
are used and‘are unpressurized. Design empty weight 1is 99 ﬁbz?/including
the engine. With a 180~ibgf man, ES-IbQLypayload and 44 lbéiféf
fuel and 011@ take off gross welight is 348 ﬂb%i/

@G?“{Thé engine which is 1 foot in gigggeer and 2 feet in length
is a twin spéol bypass turbo Jet engine with a minimum rated thrust
of 425 1b3& The two spocls are counter rotating to minimize gyroscopic
forces during maneuvers, Design speciflc fuel consumption is 0.8 xbgik’

©
fuel/fo/ thrue t/hour, Ad4eflow—is-approXinatalymidrES-dinrLeaoondi .

Engine design weight 1s 60 ng/ >

eé%/'0a¥culated performence indicates the Jet Belt cdn be flown to
speeds over ;00 miles per hour &and to. ranges of 10 miles. .

@U¥f‘Ph€se I7 now in final - -staeges entalls fabrication, developmept
testing, proéulsion system PFRT and delivery of flight qualified hardware
and overlaps ﬁhe tether flight portion of Phase III.4 The overall program
culminates wi%h free flight testing in Phase ITI and|demonstration of

\

\

flight range ?nd speed objectives.

-
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(U) All Jet Belt hardware éxcept for the PFRT engine and
"0" time flight engine had been fabricated and an interface check
o - was made in September when engine No. 2 was mated with the flight
Jet belt and the compliele sysieuw was &53omblcd for the first time.
A {C) Both of the development engines have produced slightly
above the contractual minimum rated thirust of 425 1bs. and have been

repetitive. Indicatlons are that the engine design cycle thrust of

470 1bs. could be achieved with minor internal modifications (Reference
Eell Report Ho. 2203-950001). Both of the development englines were very
cloée to the 60 1b. design weight at inception of development testing.
Specific fuel consumption for both of the engines based on test data
15 0.65 1bs. fuel/lbs., of thrust/hour at rated speed. This 1is considerably
improved from the 0,80 lbs. fuel/lbs. thrust/hour design goal,

(U) Until mid-November, the development progrem wes remarkably

free of problems, During November, englne #1 suffered a fatigue

failure of & bearing support and a hard axial rub was experienced on -

engine No, 2, A new bearing support was designed and subsequently

AT gl 3 - o ATt

proved acceptable during January operation of Engine #1. The axial
rub in Englne No. 2 was caused by breakdown of an insulastion material
‘used to protect a bearing cavity from hot exhaust gases and has
i subsequently be=n corrected, During December, engine No, 2 was operated
f at reduced RPM due to its limited 1ife bearing support (while engine

No. 1 was being refurbished) and the fuel contrel was mated, adjusted

e R e oY SO S WANTENY £ 2 SIS ST

and successfully operated duriﬁg sterting acceleration and deceleration.
A minor engine fire due to an internal fuel line fallure curtailed

further rumning with engine No, 2.

Report No. 2203-9323035
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It 18 noteworthy that despite the engine development
ﬂ problems encoubtered, there has not been a catastrophic failure with
_ either of these two engines. Engine No. 1 ran for a considerable time

Lde
W

D .
b WAANe W

2, Engine Nz, 2 continved to
run until tests were terminated and engine disassembled for inspection
of second stage nozzle turbine. In each case the engine continued
to produce amﬁle thrust to prevent s catasfrdphe 1f this had occurred
in flight. T%stimony to the ruggedness cf thevengine,design, the
significance of this to the Jet Belt concept 1is readily apparent.

Mosﬁ of the running time during April and May was concentrated

{ on resolution;of air/oll separation problems which resulted in &

A 2 B 162

; . large number &f‘external and some internal lubrication system

' modifications€ At the end of this periocd consideréble progress had
teen made andgan ecceptable approach was resslved. Running during
the early stagea of these two months was hampered by erratic fuel

: control operaﬁion which was also undergoing several internal reworks.
Toward the end of the pericd, the fuel control exhibited much more
reliadle operétion. The primery trouble overall stemmed from the 3
Roulon face plates used in the fuel pump. A reconflguration to bronze
face pletes hae been in work, bench tested and three controls are
being reworked to this design. This fix has proven successful during 1

subsequent enéine testing.

At éompletion of development testing Engine No. 2 had 103 i
hours of operétion and Engine No, 1 had 69 hours (at time of delivery
to WPAFB). Hngine No. 2 has accumuleted 271 start cycles and Engine No, 1
hes 100 starté for a cumulative total of 371 starts., Engine No., 1

and all necessdry accessories, test equipment and operation and

i
1
g
i
4
|
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maintenance procedures were delivered to WPAFE early In August, all

of which was on schedule.or several weeks shead of schedule. Test

cell installation was delayed until October due to cell svallability.

Approximately 1l hours oI run time nas veen uccumulisied Lo dale oil
this engine at WPAFR provicding test data for a series of attitude and
Mach number conditions.

Ingine No. 2 was delivered to Bell in July for ground effect
and cross-wind inlet tests which were successfully completed in one
afternoon. This was the first time the complete system was qperated
end the first time the WR-19 was operated outside of the test cell,

The ground test program verified previous analyses avd scale model tests
for ground effect.

During the month of July, the engine program entered the
flight engine acceptance test phase., As reported in that monthly
progress report, late avallebility cof several hardware items delayed
assembly of the engine.y Engine assembly was finally cdmpleted on
14 August and the initial "green" run or breske-in run was asccomplished,

On this run andAseveral subsequent attempts to accomplish
the "green" run e&nd initial phese of the acceptance test, & number
of problems were encountered. The most significant of these were
erratic fuel céntrol operation and & turbine feilure dus to a rub,

The primary fuel control problem has been inability to obtaln
repentablility of the fuel flow gcheduling., Ag a result of & minor
internal rewerk consistent repeatability has been obtmined on bench
tests and the reworked control has operated the engine satisfactorily,
The turtine tail shaft failure was induced by too thin a coating of
flame zpray materisl on one side of the labyrinth seal area in the

No. 6 brazing support and exhaust duct assembly. The problem 1is

Report No. 2203-933035 -l
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{(Udunique to tbis particular unit (5 prior units were made without
“this conditio&} and steps have been taken to prevent reoccurrance,

(U) Aft%r the turbine tail shaft failure encouhtered during
August, the entire engine was disagssembled and each part thoroughly
inspected. Eﬂgine No, 3 was then reassembled with turbine section
parts scheduléd for engine No. 4 and reentered acceptance testing
on September ch.
() Accéptance testing of Engine No. 3 (Flight engine) was
completed andéthe engine delivered to Bell Aerosystems on 18 September.
{(C) The engine thrust level at time of initial delivery was
slightly beloQ minimum rated thrust. On the last build prior to
delivery, thejengine produced a cdrrected sea level standard dey thrust
of approximately 415 1bs., at the governor speed of 53,450 RPM. This
last test was made with & straight tail pipe and resultec in a delivered
thrust at thegbifurcated duct nozzles of approximately 375 1bs. of
thrust, Engi%e SPC wes approximately 0.66 1lbs. fuel/lb. thrust/hour
at governor séeed and installed SFC (accounting for installation losses)
wag 0,70 1bs.§fuel/lb. thrust/hour. The actusl all up welght of the
engine is 66.5 1bs, The welght increase over the design weight is
attributed to%(l) An increase in sheet metel parts and tube wall
thicknesses iﬁ somé areas of the engine over the original gage material
used in the dévelopment engines, (2) The use of an engine mounted
611 filter not in the original design (3) Heavier redesigned #4/5
bearing suppo#t over original configuration and (4) Reworks of several
parts require@ berause of manufacturing deviations pecﬁliar to this
set of engine%parts.

(U) After receipt of the engine, four ground test runs were made
&t Bell to ve#ify system operation and instrumentetion, On Tuesday,

September ?ﬂtﬁ, the tether test phase (Phese ITI) was initiated,
‘Report No. 2203-933035 -5-
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(U) 1t is worthy of menticn that tether flights are in actuality

free flights with & gsafety line attached. At all t 1mel, éngine thrust

alone provides the 1ifting and maneuvering forces. As of October 2nd,
htc hed heen arcomnlished. The need for some minor

e ¥ -
LR & 11

control arm rework and changes in instrumentation resulted in removal

of the system from flight status for several days. During ground
;' operation after resumption of the test program, several engine "hot"
E starts were experienced, The engine wes returned to Willlsms Research

for inspection and found to be in excellent condition throughout. The

- sy

primary source of trouble was in the spark plug whlch was
subsequently modified to further penetrate into the burner ares,

The engine starting technique was modified slightly and coupled with ;

e i s it A s s s

the spark plug rework, eliminated further tendency toward "hot' starts.
(C) Thrust and specific fuel consumption data measured during

1 ’ the acceptance testing (witnessed by Bell and independently verified)

e 0 i i o

after the inspection disassembly and rebuild, are included in Progress

Report No. 34 dated November 1i5th, 1968 and are compared to date from

byt e b AN TR i e bt 4 ? M ks B A

prior engine duilds, It is worthy of mention tnat the measured thrusf

(correeted to sea level standard) with the bifurcated duct installed,

Ls now 405 1lbs. at the governor speed setting. Thrust is now higher

than for the earlier build, data for which are contained on the previous

-——

page. For & streight tall pipe, the present thrust would bde apﬁrox-
! imately 450 1bs. '
(CY 1In the meantime, a 1a%ger facility at Andrews Alr Force Basge

wuag made available for the remaining tether tests., Two flights were

; made at Bell priocr to departing for Andrews. The lest flight was made
with full fuel tanks at a take off weight of 350 1lbs. Five flights

i were made at Andrews and completed the tether test portion of the

I Report No. 2203-933035 6=
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(Clprogram. éThus a total of 17 tether flights were necessary to achieve
all obJectiﬁes whereas initially it was estimated that 38 flights |
would be reéuired. Total engine time to date on the fliight engine
is 13 hours{of which approximately 1 hour has been since the last
complete inapection. The engine No., 3 is cufrently in storage et
Bell awaitinjg' the free flight program.
(C) Téke-off and landing (at ambient temperatures from approx-
imately SO°F to 75°F)}, translations in forward and backward.pitch and
lateral diréctions, coordinated turns and precise hovering have been
repetitivel% accomplished. The operator reports indicate excellent
contrel, goéd throttle respcnse, and no adverse hgman factor effects ~
for the durétion of |the flights, some of which have been from 7 to O i

minutes, Tﬁe effect of recirculation :ingestion of hot exhaust

gases) whic@ i8 expected to be most adverse under conditicns‘of tether ;
flight in agconfineé facility, has been noticeable, The operator
reporis the%effect éecreases significantly at three feet above the
ground and disappears at & to 8 feet, The engine has performed admiradbly
in the testing to dete. Starts have been very smooth as has acceleration.
Even with the exten&ed engine start procedure currently employed, using i

the ground start cert (compressed air in lieu of cartridge system), i

operator mo@nting th belt, engine start, disccnnect from the cart,
and take-ofﬁ have béen consistently accomplished in less than two minutes.

(U) Engire #4 (PFRT) was assembled in preparetion for the PFRT

and "green" run with the deterforated used Lth/stage stator/diffuser
gssemtly laﬂe in the month. (June progress roeport has duscussion).
Improper luﬁricatiog and abnormal coast down prompted disassembly for

inspection. iThe maﬂn 011l feeder line was fodnd clogged and was opened,

|
i
Report No. 2203-932035 -7~
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It was also found that the radial compressor hed picked up flame spray

1 (abrative seal) material from the housing and the resultant heat
‘ ~ generated had pitted and scored the remaining flame spray. The part
. was re-flame sprayed and made reedy for reinstallation in the engilne.
A new dth/stage stetor/diffuser assembly is being fabricated as a
spare in the USAF program. Since Englne No. 4 15 now slated for delivery
to the USAF after test, and since the probability of a successful PFRT

increases with substitution of this new part for the deteriorated part,

in the best interests of the overall program, reassembly of the PFRT

engine was delayed for the new part expected on November 9th. The

yuped

PO

i fuel controller had been returned to CECO for readjustment and repair

of a damaged fuel bleed port thread and was expected to be avallable

| on November 6th.

.t S b

B New This Month

: The PFRT deley was not pacing the free flight program at
that time. In recognition of safety, Bell Aerocystems is providing

P

f an emergency recovery system to reccver the operator in the event of

engine malfunction in flight. This system was not scheduled to be

aveilable until epproximately December 6th. As of this writing, the i
: PFRT is the program pecer, 1

Pttt g g s 0 hagbibem g e eSS L NAPROS

The PFRT engine was reassembled complete with the fuel

control and the new initial runs accomplished on 16 November. During !

¥ ‘ the periocd through early December several attempts were made to accomplish

the pre-PFRT engine runs all resulbting in malfunctions. The fuel

control has not been performing preperly and a significant englne problem
in the #4/#5 béuring‘area was encountered, Both will be discussed briefiy
here and more detulled write ups are contained in a later section of

thiz: report.

Aeport No. 2203-933035 -




The%fuel'control problem.results from a leaking high pressure
relief valve @hich limits fuel flow to less than that required to
opefate the eﬁgine at governor speed. The H.P. relief wvalve 1is a new
design to correct a weak‘conflguration as orlginally usea., in principal,
the new desigﬁ 1z more reiiable. however, problems were encountered in
obtaining proper spring forces and valve seating to provide the desired
no leak press@re setting. Too high a setting could result in excessively
high engine séeeds‘if the governor should malfunction and too low &
setting resulﬁs in premature cracking with the resultant limitation in
fuel flow beléw that required. Several attempts were made to correct
the problem b§‘use of shims to Increase the spring force but the limited
gpace resulteé in almost bottoming of the spring. As of thils writing,
the problem has been corrected properly by reworking the valve poppet
to accomodateja correct spring with proper constants. The fuel controller
has been reset to all parameters obtained from prior No. 4 engine runs
and should opérate the englne satisfactorily.

A minor fire in the #4/#5 bearing sump occurred during
the engline ru% late in November, This probdlem fesulteﬂ in extensive
damage to theé?nd~stage nozzle &ssembjy, both bearings and the lst
labyrinth seai and drive coupling. The specific cause has not been
pinpointed alﬁhough several hypothesis have been proposed and are being
investigated.j The 2nd stage nozzle assembly and labyrinth seal ffom
engine No. 2 énd new bearings pave been installed. A fhorough inspection
of all engineip&rts has been made and the engine reassembled for a
check run. Oﬁ the check run mede in mid-December, higher than normal
vibration &tt?ibuted to L.P. apool vibration was encountered and the

1.P. spool 1s§be1ng rebalanced, Disassembly and inspection of the #4/#5

bearing area %evealed no indications of the prior problem.

Report No. 2203-933035 -9~
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Progress on the parawing emergency recovery system has been
very good with the statlc ground firings successfully completed by 13
December. The delay was due to late delivery of the drogue deployment

¥
?

o ke

gun Irom tie vendor. Sialic ground Ciciogs of be compielé 5y5ten
demonstrated the capability to deploy the parawing to full riser length.

The Jet Belt has been modified to accommodate the recovery package and

T

the harness system modified to separate the Jet Belt from t..e operator
with deployment of the recovery systenm,
Due to the difficulties encounterad with the engine during

‘November and early December, the estimated date for completion of

et —

{ " the PFRT 18 now by the end . of December if no further problems are
encountered., If this PFRT schedule can be held, free flights will
occur early in January. The engine problems and associated delays

| may result in a requirement for additicnal funds. iInformal discussions

have been held with the ARPA, AVSCOM and USAF program monitors.

| RepSrt No. £203-933035 -10-
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INTRODUCTION : l

by oumg NN

(W) In Aﬁr;l 1964, Bell Aerosystems Company and Williams
Research Corpo%&tion submitted & Joint unsolicited proposal to the
Kis 8. Army Mnhﬁ11ty Command and subsequentlv to ARPA for design;
fabrication an@ test of an Individual Lift Device known as the Jjet
. Flying Belt, As a result of thls proposal a prime contract was awarded ]
to Bell Aerosyétems Company on 30 December 1965. The progrem is being
funded by ARPAiand administered and directed by the U. S. Army AVCOM

in St. Louls. Williams Research Corporation was subsequently selected

by Bell as & méjor subcontractor to develop the power plant.

o —
NYSS YOy

(U) The Jet Flying Belt utilizes essentially the seme general
i configuration énd control cdncept successfully proven on the Bell

Rocket Belt whﬁch has accumulated over 3000 flights to date. The

PRRRERR I e I

i cet Belt 1is poweréd by the WR-19 bypass fan enginé being developed by
Williams Research for this application. This propulsion system

significantly @mproves endurance, range and utllity over the rocket

AT TRIPr TR o

powered system;

(C) The burpose of the Individual Lift.Device or Jet Flying
Belt 1is to pro&ide a substantial imprdvement in individusal soldier

moblility for a;variety of select mission appliceticons such as

(1) observation (2) reconnaissance (3) forward observation and

OIS Py AT I FRWT Y Y e

L Pt oot 5 B 3 iaraP o ot

liaison (4) Evercoming natural and men made obstacles (5) clendestine
operations andj(6) delivery of personnel and parts for in-place
maintenance. | |

(C) The ﬁasic objective of the present contract is to develop a
flight demonst&ation model to demonstrate feasibility of the system,

and ranges up ﬁo 10 miles and a speed of 60 mph. One flying belt,

Report Ko. 2203-933035 -11-
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(C) a spare engline, residual hardware and data are deliverable items, under
the contract.

{1 Bell. as Prime Contractor, is responsibvle for overall system

H

management, system integration, design, febrication, and flight test.
Williams, as & subcontrector, will design, fabricate and test the.
engine. 0lin Mathieson has been gelected to develop & solid propellant

cartridge for use in the Jet Belt seif contained start system.

- —

Y
e
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INDIVIDUAL LIFT DEVICE - PHASE ITI

Y - ‘
; . ,TETHER AND FEEE FLIGHT TEST ?ROGRA%;)v

ueneral !

( Duétng the reporting month fhe effort at Bell Aerosystems
was primarilj concerhed‘with rework of the Jet Belt to provide the
capabllity f@r separating the system from the operation during
emergency re@overy. Other minor tasks involved preparations for
free flight.f
’ . Faﬁricatton of the emergency recovery system at Irvin
Industries p#oceeded on schedule. Static ground tests were conducted
at Irvin’tnd@stries and preparations are in progress for the static

~air drop teaﬁs to be conducted at Fort Benning in mid December.

M K ot D 9 PSR L ok o BT S

Williams Research continued in their efforts to initiate
the informel; PFRT on engine No. 4, Difficulties encountered in running
the engine w}th fuel controller No. 3 and a mechanical failure in

the area of the No. 4 vearing resulted in further postponement.

Instrumentation

J
| During the tether tests concluded late in October, certain

operations indicated the need for minor modifications to the Jet Belt
| gystem; parﬂicularily. in electrical circultry of the two-way

communication, telemetry, and operatof warning subsystems., These

were achtevéd during the past ponthQ . {
Tﬁe technique used for meking the electrical connectiors

between the?operator's two-way communications and warning sysfem

was found té be time consuming and cumbersome and appeared to bte of

rather low feliability. Simple re-routing of the wiring, replacement

! of the connéctors, and, in some instances combining more than one

! REport No. 2203-933035 -13-
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‘minlaturized electronic circuitry of the airborne telemetry wac
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system circultry in a single disccnnect provided an electrical system
which appears significantly more reliable énd much more amenable to
overall flight preparation thereby enhancing the free flight program
and flight safsiy.

An intermittent short in the operator warning system
encountered during later tether flights was traced to a2 weakness in the
"ow level fues. warning arrangement. This was repasired in a manner
villen precludes further occurrances.

Some of the connectors within the electrical subsystems‘proved
troublesome at times and some appeared questionable after review.
Wecessary replacements or modifications have been 1ncorporated to the
extent that the overall system 1is now significantly more flight worthy. j b 3

A periodic check between the accelerometer (vibration) readout ;
from the airborne telemetry system and that from the equipment employed
by ¥illiams Research (and hardlined during some of the tether flighte)
indicated some-discrepéncies. Ths press of time prevented this situation
from being completely remedied during the course of the tether tests,
During the past month a careful review of the two systems was accomplished.
The causes of their differences were found to te in the response of the
aceelerometer pickups and in the electronic c;rcuitry delivering the

signal to the readout instrumentation. A modification to the

incorporated and checkout shows that the output from the two pilckups

and associated circultry now correlete very closely.

Report No. 2703-933035 -14-
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Operator/Jet Belt Emergency Recovery Systemf

[ B B

Prep&ration for instellation of the eﬁergeneyArecovery
gystem, defined and designed to recover fhe operator only, necessitated
~hanges in the Tet Belt suspension system to provide separation between
the operator and the Jet Belt. \These changes pertain primarily tec the
attachment points of operator suspension harness on the Jet Belt i.e.
gsoin, abdominél, and shoulder straps. The previous harness attachment
bolts were repiaced by chrome-plated, contcally shaped, steel pegs with

a hole near the apex for the attachment and release pins. (see Sketch "A")

i i

RELEASE PIN

r“<r/1f/z, CONICAL PEGS

METAL END PLATES i

} CORSET

¥ —

The ﬁixed mounting ends of the various straps were provided
with metal pla@es which have holes drllled to fit loosely over the
conical pegs. EPlacing the appropriate attachment plates over the
1 proper conicalzpegs and inserting the release pins through the holes

near the apex of the pegs as shown in the sketch results in a suspension

. Report No. 2203-933035 -15-
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. Tlexible cables in a straight line of forces toc remove the ping cleanly.
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system configuration exactly the same as the previous permanently
attached harness,

- With the straps in tenslon, as they are when the Jet Belt is
heing warn. remawval ~f the release nina alinwa the laad on the strans
to pull the end attachments free. As & result, the flexible corset,
with the rest of the Jet Belt, 18 loose and free to fall away from the F
operator under 1its own welght.

In conjunction with the emergency recovery system, the

release pins are connected to the Parewing risers by means of protected

to prevent binding. Thus, the opening forces of the parawing pull the
pihs which release the operetor from the Jet Belt permitting the

deceleration forces on the operator o pull him free of the Jet Relt. !

v !

Static Separation Ground Tests,

During the past month, this system was fabriceted and ’ ;
instelled on the Jet Belt Mockup. A series of static ground tests ;
weére conducted to ascertain the separation characteristica. These were
performed by attaching the mockup to an overhead chein hoist by means of
& slack cable of short enough length to prevent the mockup from hitting ; ;
the floor. The mockup was donned by the operator who stood below the ‘
overhead hoilst. The cables to the release pins were pulled from sbove
in the sgame manner in which ihey will be pulled by the risers, by means
of the opening shock of the Parawing. A dozen such separations were
performed to prove the repeatability of separatién. The operstor
expressed complete satisfacticn with the system end seid that he felt

nothing other than the release of the stfaps' tenslion and the felling

away of the corset. ‘ ' ;

Report Ro. 2203-933C35 ’ 16~ : ‘
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Dufing these tests, the force required to pull the release
pin was measured. Yhile there wes some small variation from test to

test the nominal pull force was about twenty pounds for each pin. This

force is smail relative to the Parawing opening shock which will be

in excess of;BOO 1bs,

This recovery system epproach necessitates the use of an

additional harness for operator suspensicn from the parawing. For

this purpose‘an avallable lightweight nylon garment with an integral

{ harness has éeen used. The garment has been modified to reduce its

welght and téilored to fit the cperator. The operator, wearing the

i :suit, haS'beén suspended off the ground for as long &s fifteen minutes

e s R VRRpeee W N

1 zwith no'discémfort or effect on circulation to the legs or arms.

v :
. Emergency Regovery System’

! As reported last month, Bell Aercsystems has supported the

l Jet Belt Program by funding Irvin Industries to désign, develop and

teat an emergency recovery system for the Jet Belt'operator. Work at

b

{ Irvin proceeded ahead of schedule, but a last minute delay in the delivery

PO

of the deplo?ment mortar gun forced & one week postponement in the ;3

} initiation of stetic ground tests,

The first test wee conducted on Thursday, December 5th. Full

extension waévnot achieved and was attributed to the fact that the

' mortar slug was lighter than specified. A second firing with a heavier !

slug was made in which further 'extension occurred, but the parawing still

| did not fully deploy. After viewing the high speed motion plctures, it

l was concludeé that the method of packing had to be revised to provide =

) progreseive increase in the amount of mass belr = removed from the canister. ;

Report No. 2203-933035 e
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A third firing on December 10th succeeded in full deployment of the
parawing and &1]1 but the last two folds in the shroud lines extended.

Minor revisions in the tying and pecking procedures improved conditions
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decided that the gsystem was ready for the static air drop tests from-
f&he drop towers at Fort Benning, Georgla. The sc¢hedule now calls for the
dirst alr drop to teke place on Mondey, December 16th,

]

The complete system weight 1s 11,43 1bs. This, with the

Integral harness-garment weight of 2.75 1lbs. brings the total weight

bf the emergency recovery system to 14,2 1bs, ;

N f

Fuel Tanks

i Two factors have been revealed during the time period of the %

flight system operation. The first is in regard to fuel slosh which

occurs when the cperator makes small, rapid control inputs (especially

i in pitch). This type of control input occurs more freguently in tethered
flight where opereting distance ls severely limited. Tlie second concerns

' the noticeabdle "crazing" present in the polycarbonate fuel tank walls,

T e e o

i
:ﬁla crazing has occurred since the tanks were put into service, 5 1

{

4

1'%
Tank Anti-Slosh System

Py

1 — i
o,

/
The slosh, evidenced during the tethered flights did not result Vo

in a problem but is concidered sufficient to warrant the installation of
an anti-slosh device which wou;d preclude unporting of the fuel tank
i outlets during maneuvers., During free flights, without lhe maneuver
! : limiting safety line attached, and with less specific control of fuel
! remaining at toucnhndown, this could become a problem. Normally, it is a’rather
easy matter to install baffles, In this case & soluition proved quite

difficﬁlt because the only access, without cutting holes in the tanks,

Report No. 2203-933035 18-
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is through tﬁe f111 port and the hole for the actuator of the low
level fue; wgrning system. Several approaches were considered; including,
plates, screens, perfcrated ping-porg balls, and Firestorne "reticulateg”
polyurcthanegfoam, a sponge-like plastic especially made Icr this purpose,
Canventisnal baffle plates and sereens were impossiblé to
install and perforated ping pong balls used too much volume and resulted
in & higher gossible trapped or unuséble fuel. A test tank was partially
fllled with ﬁirestone foam. When filled with fuel, air bubbles appeared
to adhere to%the sponge like plestic. Shaking the tanks faiied to
dislodge the bubbles but the condition gave concern thet the bubbles
could come fﬁee in flight and possibly enter the fuel controller. Tests
of fuel flowéfrom the tank were made and the sponge material did not
impede the exﬁt fuel flow nor did the bubbles flow with the fuel.
However, the §resehce of the air bubbles gave sufficient concern to
" abandon this idea. ‘ |
The approach finally selected consists of a short plece of
large diamete? palycarbonate tubing with flow aresa holes around the
circumferance%at the bottom. The tube is attached to the tank fuel
outlet fittiné where 1t protrudes into the bottom of the tank. (It
should bve notéd that the movement of the center of gravity due to
slosh had no effect on control or flight stabllity end the objective
is to preventgunporting of the fuel tank outlet). This device was
made and mounied in an unusable fuel tank for the purpuse of teef.
Seversl tests! were performed during which the flow rate out of the tank
was regulatedéto be slightly in excess of the maximum engline fuel flow
requirement. iDuring the tesis, fuel was allowed to flow until the first
air bubbles aﬁpqared in the transparent lins leading from the tank
outlet (near empty tanks). At this point flow was rtopped and fuel

Report No. 22Q3~933035 ~19-
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level in the tank recorded. Tests were performed with and without the
g£losh baffle in place and with the tank held steady a3z well as rocking
to simulate slosh. It became evident that the minimum permissable
level of fuel cccursa when the vertex forms in the fuel at the tank
outlet during tests with the tank held steady. ¥With the slosh baffle
in place, this same minimum fuel level was attained while rocking the
?t&nk tc simulate sloth. When rocking the tank without the slosh baffle,
the’minimum level of fuel in the tank was apnreciably higher, when alr
bubbles first appeared in the outlow line.

This type of baffle has now been installed in the flight tanks.

?In eddition, the fioat for the low-level fuel warning system will be

%adjusted to provide a larger fuel reserve above the minimum fuel level.

v
Fuel Tank Crazing //&roi)

The rrazing present in the fuel tank walls has been noticed for -

some time and has progressively increased. In some of the tenks which
heve not been used, small areas of crazing nave alsc been‘found. It
appears that, during the process of rotetional molding, inherent stress
areas are formed which make themsclves evident after time and use-by
crezing. It slso appears that exposure to JP-4 has an effect on the
extent to vhich tne crazing occurs. The tanks in use to date have been
periodically checked to ascertain their strength ch&racterietics. Even
with a lccally concertrated applied load no evidence of & reduction in
structursl integrity has been sscertained. A sample of polycarbonate,
under stress by bending, has been immersed in JP-4 since 1965. Orazing
has occurred in this sample. It hes been strength teéted and the

reducticn 11 strength due to crezing seems to be minimal.

Report No. 2203-933035 -20-
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As la precautionary measure, a set of new tanks have lLeen
prepared forﬁuSe during the fofthcoming free flights. These show
some small aﬁeas of crazing, but considerably less Lhan the tanks

! '
kpresently on the Jet Belt,
3 \

§ ~
QFree Flight Plans AN D

AlthougR initiation of Jet Belt free flight testing 1o
dependent onéthe completion of the 50 hour PFRT. a detsiled plan for
these fltghtg‘is being prepared. The plan calls for reassembly and
checkout of ﬁhe Jet Belt and its subsystems followed by one or two
static ground tests with the Jet Belt mounted on start cart. In order
to shsrpen up@the operator, two tethered flights will be performed invthe
flight hangaréat Bell Aerosystems. Then, several "low and slow" rree -
filghts will ﬁe conducted over land. If weather permits; these flights
will be performed on the Niagara Falls Municipal Airport; otherwise
they will be ponduéted at the.former Air Force base located nesar
Bartow, Floriba. Arrangements have been made for the use of this
facility for khe majority of the free flight progranm.

Detéiled flight vians are being prepsred for each of the
envisioned flights and are being designed tec obtain the maximum
information«w;th the least number of flights, The last flight will be

for the purnose of contractual demonstration of range end apeed obJectives.

The initial "low and slow" flighte refer to low altitude
(Just above that at which exhaust gas recirculation causes & rise in
inlet air tem?erature) and speeds not in excess of lé miles per hour,
These flightsiwill give the operator the "feel for" the system in free
flight in a flight vegime which 1s not cetastrophic in svent of system

Report No. 22@3-933035 01
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malfunction or operator error. Subsequent flight profiles will be
designed to conduct tests within the safe recovery area of the barawing
system or Lf intermediate altitude and speed testing 1s reqgquired, it

WilJ. be mcCumplisihied uver wWalir.
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. ENGINE PROGRAM - PHASE IT
/’;"\/——‘ ‘ ‘\\‘__"‘/
I K?R-lg Engine Model Specification
S The flnal draft of the Msdel Specificzetion for the WR-1Q :

—

Ingine was received from W1lliams Research. It has been reviewed
and accepted by Bell Englneering personnel and will be submitted to
5ESCOM in the‘near future., This specification defines the flight

i

engine and the PFRT engine.

" PFRT - (Engline ;fm

Upon availability of the new 4th stage stator diffuser

g Py wewn oy Gw SEmp AN G

agsembly, theiengipe was reassembled and the new break-in run i

accomplished on 1&\November. The test cell lubrication and fuel

bd

system were used ae\¥e normal for the initial run. Engine operation

appeared correct throughgut the run. Disessembly (usuel preactice after .

|

s seal break-in run) and subsgequent tnspection revealed everything normel !

v%1/

except for some coking of oilAin\the #4/#5 bearing cavity. The bearings

and surrounding structure were not aia\plored All parts were inspected;

»

b b

bearings were cleaned and the engine was\}sassembled & specific

-..,_\

cause for theecoking was not found, The condition&w&s attributed to

o arabe Lt At $

-

lower than normal o1l flow to the #L/#5 bearing cavity as a result of

P
¥

v

sesal leakage and higher than normal cavity pressures

The§complete engine (self contained lubrication and fuel ' P

M -

control) was %un on 16 and 17 November to verify performance prior to

v initiation of PFRT. The start schedules, acceleration schedule and

=
1

governor limtﬁed fuel flow were unacceptably lcw, Engine speed was

limited to 52£?OO RPM, which came as & surprise, because the governor

1

_Report No. 2203-933035 -23-
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_pressure relief velve was performing improperly and along with the
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in this controller was removed from S/N 102 controller and S/N 102
had operated engine No. 3 at 53,750 RPM during a test run several
months ago. This condition stimulated the concept that the high
pressure reilel valve wad CPA&CALIng To0 so0n or leokl
fuel flow at the high speed end, Adjusting the unit at Williams
improved the performance to some extent, however, the controller
suddenly ceased to deliver fuel. On 17 November it was returned to
Chandler Evans for investigation and repair. It was found that s
small brass chip {origin undetermined except that it was probably
from machining of the fuel pump face plates) had become lodged under
the metering head valve seét. This permitted ell fuel to bypass the
fuel pump and prevented delivery of fuel. The high pressure relief
valve was lapped 4into the seat to assure & proper seal, Fuel
controller S/N 103 was returned to Williams on 25 No?ember.

| During the interim periocd, engine inspection indicated no
coking effect in the #4/#5 bvearing cavity. Engine vibration had been
higher than desifed end regquired a rebelance of the axlel compressor.

Engine runs on November 26th and 27th ageain disclosed

insufficient engine speed. The fuel control was instrumented to obtain
internal fuel control pressures and fuel delivery rates at select data
points to better understand the reasons why the controller would not
run the engine after having successfully passed the caelibration run

on the test stand. These test results conclusively proved the high

specific engine parameters were sent to CECO with the controller. This
situation {s covered in more detail in the subseguent section of this

report,

Report No. 2203-3933035 24~
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Late on Wednesday, November 27th, while the engine was
running at grpund idle, an unusual hum was heard emanating from the
ehgine and hiéh vibration was indicated. The engine was immediately
shut down, reﬁoved from the tect cell, andg aisassemoLed.ﬁ InspecLivia
revealed thatithe No, & bearing cage had disintegrated, allowing the
rollers to ruﬁ together. The outer race had broken into several
pieces‘and ha? been slung out against the inner wall of bearing carrier.

Another fallure occurred’at the rear of the high pressure
spool labyrinth seal coupling. The portion of the seal cylinder
containing thé aft three labyrinth seal landes had broken into several
pieées and haé been slung radially outward. These bits of steel
plerced the ohter wall of the oil cavity and were caught in the aresa
bounded by thé conical bulkhead and the upstream heat shield of the
second stage @ozzle agssembly., 0il1 was eluﬁg into the same area through
the holes torn in the oil cavity wall,

| Thefe was conclusive evidence that a fire had occurred in the
o1l cavity asiwell a8 in the area surrounding it. The fire was
apparently ho? enough to melt the braze in the joint where the air
balence line éntered the oil cavity well, since the braze materisl
was gone. Metallurgical examination indicates evidence on the surface
of the two pa?ts that braze had been there. Williams Resgearch is
presently conéucting an investigation to ascertain the sequence of
events leadiné to the failure and evaluate the several hypotheses on
possible fail@re causes, Results will be reported in next month's
progress repoft.

Meagwhile replacement parts have been selvaged fron
engine No, 2.; They have been thoroughly inspected and found to be
in good condiﬁion. '

. Report No. 2203-933035 .25-
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After exhaustive discussion and review failed to reveal

a speciflc cause for the fallure, 1t wes decided to reassemble the

engine with the replacement parts from engine No.2 and new bearings

and conduct investigative runs, ‘Ine possipility oif getting fuel Laly

the bearing cavity through the CDP pressurization line was tested and

discounted. A short build verification run was made under careful

scrutiny. Nothing unusual was encountered during the run except that

vibration was again high and a rebalance of rotating machinery ls being
C made, Inspection of the #U4/#5 bearing area and all parts relative to A
the previous failure indicates everything appears normel. This later 5 %

: run occurred at mid-December.

i Fuel Control
Fuei Control S/N 103 which has been designated for the

PFRT on engine‘#u has been highly erratic in operation thus far., The
i problems encountered have been different from those experienced with
S/N 101 control during acceptance test of the flight engine. Problems
! with S/N 103 controller stem both from physical changes made in the

fuel controller as well as the incorporation of improperly specified
Fuel Controller Performance parameters, the latter being the greatest

icontributor,
v
High Pressure Rellef Valve ;A»*‘D

|
|
|
!

w——

A physicael change in the high pressure rellief valve configuration

wag incorporeted to increase relliability of a suspected low reliability

design. This valve prevents excessive pressure from occurring within
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the case of the fuel controller, and is particularly important
in limiting maximum~fuel flow (hence engine RP) in the event of
& governor féilure. It also functions as the fuel flow shut off
valve when o§er ridden by closing the throttle. The original design -
of this valvé, which has been trouble free to date, consisted of &
flat valve seat and a flat poppet faced with s hard plastic sealing
surface (Rouion}. The limiting diameters of the orifice (for proper
fuel bypass)éand valve cavity because of overall controller size
limitation résulted in very little overlep of the valve face on the

seat, The pgtential problem of the Roulon extruding cr taking a

-

set (similar:to the problem experienced with the fuel pump face plates
) of the same éaterial) and the possibility of the Roulon chipping or i
g’ cracking becaase of the small overlap prompted the redesign. Either

" of thesge ccnéitions would result in leakage across the valve to the ;
I inlet side of the pump thereby reducling fuel flow to the engline, This has |
i in fact been the problem with the redesigned valve;

In;princtple and in fact the new configuration valve 1is !

inherently mdre.reliable. The major concern has been the edvisaebility’

of undertakiﬁg the change (Lrreversibdle) at this time., Considering the

{
%
potentisl valve failure and the new configuration being straight ;
‘ [
forward, CEZO and Williems Research went ahead with the change, |

———

Thé new ccnfiguration valve consists of a chamfered valve
seat and e c&nica: vaelve shape. The valve or poppet sealing meterial
wasg chenged ﬁo e 3ofter synthetic rubber compound shaped to fit the
chamfered'seit to assure better sealing. In operation this valve nas ,
been cr&cking prematurely and has limited fuel flow to less than that

necessary to achieve engine operation at governor speed. One of the
primary re&sdns lies in improper relief pressure setting incorporated.

Report No, 2203-533035 -27-




It was determined that the back pressure impoéed by the engine on the
I fuel delivered by the controller was some 20 psi higher than has been
B specified to CECO as the set pointAfor the controller, Attempts to
r shim up the spring to increase the force on the valve (hence fuel
relief §ressure) resulted in near hottoming ¢f the spring. At the
expense of additional delay of several days, this condition has been
properly fixéd by boring the spring seat deeper in the poppet, and
\ lncorporating & stiffer spring. It 1is believed that the relief valve

problem has been‘resolved.

“ad‘ustment and Celibration }. SN |
The other probledg (continuaXN throughout the program) have

their rootes in fuel control adjustment and™qalibration thought to be

e s M e R o £

resolved severel months ago., It has been high disconcerting that
the fuel control could be set at CECO to specifiea”pgrameters and

upon arrival at William3 Research would not run on engine properly.

PSRV Yo

Starting fuel flows and acceleration/deceleration flowe always reguire
adjustment on the engine., This has been a major protlem with S/N 103
controller on the PFRT engine during the last month and resulted in a
detailed investigation,

Williams Reseasrch had supplied Chandler Evens with the

PRSI ST N AT W WU R

estimated Engine Performance parameters required to adjust and calibrate

the fuel control unit and some of these have never been corrected ffom

PP

original design data. TIn essence, these consist of the varlation of the
compressor discharge pressure and fuel flow with speed; governor limit
speed (vsvfuel flow); maximum back pressure ageinst which fuel must be
delivered, and & specified level of fuel flows during start. A review

of the paremeters and a vomparison with the actual engine characteristics

Report No. 2203-933035 ~28.
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and reguirements revealed some discrepancies. Examples are (1) the

actual maximum back pressure against which fuel must be delivered 18

Lt I ]

30 psi higheréth&n that specified and &s noted previocusly this is a .

- major contribution to the high pressure relier valve proplem and (<) the

.

cempressor diécharge presaure bias was not eatablished, resulting in
an unknown bo%toming pressure on the fuel metering valve. The
problem with the later condition is that with a high CDP blas, the
metering valvé doesn't come off the minimum flow stop after ignition

(start fuel fiows) vhich results 1n engine hang up at speeds below idle,

es experlencei on & number of occasions, §
~§ Specific data obtalned from the several runs of engine 5
:V No. 4 (PFRT) bave been trangmitted to CECO and the S/N 103 controller
; i{s being set accordingly., Among other parameters, the S/N 103 Controller ;
i fuel flow setitng now should be adequate to obtain an englne RPM of ?
L approximately§53,700 RFM which is the governor setting. This RPM 1is ;
i required to a%sure eéngine thrust levels will satisfy the specification, %

—
et i amihd ad , F SIS
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. CONTRACTUAL STATUS

GENERAL

-

The highly elusive PFRT initiation milestone has not been

:i . achieved and has forced delay of the free flight program at least

| into January. As a result of the problems encountered in Engine No, &
thus far, additional funds may be required. Informal discusslons have
been held with the projeet monitors at ARPA, AVSCOM and WPAFB
concerning the overall situation, The problem 1s being reviewed end

information will be forthecoming in the near future.

PROGRAM PLAN ;
Difficulties encountered in the engine have prevented
initiation of PFRT; hence, have delayed the free fiight program and
~ anticlipated contract completion during December, noted in the last
menthly progress report. Schedule progress is entirely dependent
on completion of PFRT, the initiation of which is now délayed at least
until becember 20th. As a result of the single milestone dependency,
the progrem plan has not been updated,
The recovery subsystem is progressing with the static
deployment tests successfully completed ¢n December 12th and the
two drop tests scheduled at Ft, Benning on December 16th and 17th, E
Delays were encountered in delivery of the parawing deployment drogue :
gun., The Jet Belt modification has been completed to accomodate the
recovery subsysten. \
It now appears that the free flight program will be delayed
until early in Jenuary. Plans have been made to accomplish the free
flight program at Bartow, Florida to prevent further delays because of

the severe winter weather at the Bell facility normal for the next

geveral months.
Report No., 2203-932035 -20-




INDPIDUAL LIFT DEVICE PROGRAM PLAK * . @ BELL.
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* Revisedamaf 17 588 W AXIAL COMPRESSOR MECHANICAL BREAKDOWN I N
; ; i
¥ START PUKNER TESTS START ENGINE
; ¥ PERFORMANCE
MILESTONES AXIAL COMPRESSOR MAP W EVALUATION :
=23 wrC ACTIVITY : ! 5
’ , FIRST ENGELIF, ASSEMBLED W START COMPLEYE
smme BAC ACTIVITY : v A + #PSUTSION SYSTEM -
1 IST BYPASS DUCT N ; TESTs
ENIR COMPLETED ACTIITY | REQUIRED AT WILLAM3  LIGHTOFF SUSVAINED RUNNING
N " i 1
FABRICATION AND ASSEMBLY OF
AOMPONENRTS BY BAC
15T BYPASS IND BYPASS JET DELT
TO WILLIAMS RESEARCH DucT puCcY
J5T ENGINE . BY 'WRC
AXIAL COMPRESSOR AND
BURNER TEETS
1. DEBIGN AND FABRICATE

ASSEMBLY 'TOOLS

2. DESION & FABRICATE &
INSTALL BENSORS, {AXIAL
COMP.)

3, BURNER HARDWAKE FAB
AND ABSY.

4. AXIAL COMPRESSOR i
HARDWARE AS8Y CHECKOUT!

8, TESTS PROGRAMS
FULL SCALE ENGINE AND PRO.
EULSION BXSTEM TEGIS

1. DRSIGN & FAB INSTRUMERTATION

AND CHECK-OUT 1TEST CELL.!
HARLWANRE '

PERFORMANCE EV,

ALUATION
BELL BYPA
DUCT REQUIRED:

3. DEGIGN AND FTABRICATE
ASSEMEBLY TOOLS

3. LDERION AND FABRICATE
SENSOR INSTALLATION

HARDWARE REWORK AND
ENGINE ASSEMBLY

8. ENGINE DEVELOPMPNT
TESTING !

PFRT TKST JET BELT PROPULSION
BYSTEM :

EYSTEM TEST AT BELL AERISYSTERS'
1. TETHER TESTS 1
3. FREE FLIGHT TESTS

'HIRUS‘!{ STAND COMPLETE]

i
NO. 1 ENGINE ASSEMBLY NO. 2 ENGINE ASSEMBLY
4 h

ENDURANCE

NO, V¥ Eexcor

DELIVIRY OF CONPONENTS
|
[ 1 ENGINE

4

PREPARE FINAL REPORT AND
DELIVER .

wo] il at e il fael s flinfen ;»];,1:'»{;~31w tlabelslQupe STy s Tl Tlo Talee Tl Te]vfed s [ [l o= 1 [1s]es] 2

MAR | APR MAY JUNE JULY AUG SEPT OCT NOV DEC JAN
*NC REVISION TO PROGRAM PLAN TIHS RLPORTING PERIOD ‘
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@ BELL AEROSYSTEMS company

FPISCAL
The following table contains a fiscal summary for the

“basic Jet Belt Program as of November 22, 19€2 shich is the end

T

et owy ey

of e lagi mecuuntling period.

.y

Total Funds Available $3,021,700
BAC Expenditures $920, 800

Engine Subcontract

(Liabiltity) $2,058, 000
$2,975,800
v Remaining Funds (11/22/¢8) $ 45,000

»
VB b A W >

. Costs assoclated with development, fabrication and teating

of the parawing and assoclated costs for Jet Beli modification and

é. recovery syétem ingtallation are being fuhded byﬂBell Aerosystems. Irvin
Tndustries, the parawing subcontrector, is partially supporting parawing

developmént.

VISITS
The following visits vere made In support of the pregram

during the past month.

H (1) Williems Research  Walled Lake, Michigan  Witness PFRT
3( engine calibration
: runs

" a

t - Report No. 2203-933235 -32-
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