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’ ' SECTION I

SUMMARY OF PhOGRESS

All of the contract requirements aad program objectives have been

met or exceeded wi-~h tho completion of this menth's testing.

Engine FX-163 has attained a maximum thrust of 58,800 pounds duving a

transient Tum and a steady-state thrust of 57,830 pounds. This engine demon-

strated a takeoff ISFC of 1.74 which is 4% below the production rating. Eoglee o - -2

|
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and a reduction of 5 PNdb below that predicted by the SAE method has been

demwnstrated which confirms the level used for the specification values.

The Preliminary Engine Model Specification for am 825 ib/sec airflow
engine was given to the FAA and The Boeing Company on 16 December.

The FAA Supplementary E-gine Evaluation Task Force visited FRDC on

14 and 15 December to review the SST engine and rig test results since
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their visit on 16 and 17 November. Numerous meetings were held with

Boeing and Lockheed personnel in a continuing effort Lo keep engine/airframe
coordination ‘current_; .

The following significant achievements have been made on the JTIFl 74-20
experiiental engines: '

Total ‘qui‘l‘q time .. 154,55 houxrs - . et S

”“% Total duct heating time 27.88 hours
B Time at 2000°F and above " 56.65 hours
Time at 2200°F aud above 14.27 hours
at cruise (M 2.7, 65,000 ft)
Heated inlet time ’ 32.34 hours
Time at cruise conditions 28.59 hours

1 2.7, 65,000 ft)
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SECTION 11
PROBLEM REPORT

Bo zignificant problems remained unresolved ar the end of tha

pericd,

SRR A R A i< P AR 0GR 2t ol QAT M . - B, s 103 bt i i mm v . s 5 48 A e e -+

XI1-1




1

W

o d

— " a e s -

Fai

il

TR NI Mot SN A AL o MR Pt A e e e e & AT fops ok s ¢ 4 e T e e ertael e catas s

Pratt & Whitney Qircraft
PWA FR-12°9

SECTION III
DESCRIPTION OF TECHRICAL PROGRESS

A. ENGINE DESIGN

l. Fao

Layouts were complered that define those items wiich are necessary
to permit installation of the prototype JIF1?A4-211 fan into one vi ihe

initial experimental engines. This modification consists of prorotype

blades, vanes and spacing, the in{tisl experiment2l engine lsc-srage. ..
disk, 2 new 2nd-stage disk, énd a modified intermediate and inlet case.

The prototype inlet bellmouth and inlet instrumentation ring are incor-
porated in this design. Prior to layout completion, raw material drawings

were prepared and released for advaance material procuremnt.

2. Compressér

- All layouts that were required to define the incorporation of the

prototype compressor into test rigs were completed.
"3. Primary Combustor

The design layouts on the primary combustor and the diffuser case

were completed.

The design of the alternative film-cooled transition duct was
ectablished. ’

4.AmDuct Beat;f

The design of the JTIF17A-21 duct heater and the duct heater diffuser
" have been established. The duct hester diffuser case, and rear cases
and liners have been defined.

5. Turbine

The design of the JTF17A-21 turbine has been established. An alter-
native lst-stage blade has been designed.

1ﬁe design of the turbine high spool rig for Phase I1I has also been
defined.

11T-A~-1
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6. Shafis, Bearings and Seals

S W BN S e e

2 The design layouts for the No. 1l and 2 bearing compartment are complete.
£ The No. 3 and 4 compartment designs have been defined.

o

: 7. Accessory Drives

?}f Studies were ac- omplished to define the modifications necessary to

& adapt the test stand starters and initial experimental engine gearbex

4 - .

. arrangement for the first prototype engine.
. g; -

8. fu;iﬂéyscem
The fuel and hydraulic system schematics were updated and redrawn

for the JIF17A-21 engines in this report period.

9. Control System

Through coordination with the vendor selected for the fuel control,

the specific locations waere determined for all fuel comnections on the

|
TR R Y|
|

"
i

control base plate for the JIF17A-21L engine.

&
'é& The final configuratrion of the hydraulic pump and the gas generator
o

fuel pump was decided with the selected vendors.

The design of the duct nozzle feedback system has been defined and

- wnim e GO BN SEN DA R M B

e

coordination of the connection to the fuel control with the verdor was
... - initiated. - €ablc routing, pulley brackets, and cable tensioners have
been established.

A preliminary design of an alternative reverser interlock using cams
and cam followers was completed. The associated cable routing, pulley

brackets, and cable tensioner have been defined.

The design of the inlet guide vane and serodynamic brake actuator
has been established.

II1-A-2
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10. Fiectrical Sycrcm and iosLruaentat ion

Coordination of the low rotor speed pickup, N;, was completed with
two vendors.

Coordination of the transducer for the duct nozzie position ind cator

was initiated.
i1. Reverser-Suppressor

Definition of the basic design of the JIF17A-21 YeVerLer-Ssuppressor

aud duct heater variable nozzle has been accomplished.

II1-A-3
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B. ENGINE TEST
December Phase 11-C
Time, hours Time, hours
Enginre FX-161 FX-162 rX-163 Fx-1é6l FX-162 FX-153 Toial
Total . 16.66 87.41  47.55 19.59 154.55
Beated Iniet 3 3 o 30.27 2.0 0 32.%
Cruise Condition & 8 0 26,94 1.65 0 28.59
M = 2.7,65,000 £2y - g T T T
2 o
8.
Duct Heater ] h
socal 3 3 1.68 20.43  5.77  1.68 27.88
. [
Cruise Condition s R 0 6.17 0 0 6.17
o =2.7, 65,000 £r) & E
£ 2
Turbine Inlet Temperature * b
2000°F and above 5 i 4.50 35.71 15.84  5.10 56.65
2100°F and above g g 1.59 26,40 15.64  1.96 44.00
2200°F and above F: = 0.63 18.41  5.85 0,75 25.01
2200°F and above at ° - o 14.27 0 o 14.27
cruise conditions 2 Z
(M = 2.7, 65,000 fr)
2300°F and above ’ 0.93 0.59 0.38 0.03 1.00
1. Engine FX-16]1 - Disassembly Inspection
The engine was disassembled for inspection fcllowing the completion
of the altitude inlet distortion program, reference PWA FR-2213. The
engine, with the inlet instrumentation ring, is shown as it was returned
to the assembly floor in figure IIXI-B-1. All parts were inspected and
reviewed in preparation for rebuils, The general condition of the parts
was good.
ITTI-B-1
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2. Engine FX-143

' . Assembly was completed on 3 December, and the engine was delivered to

-

sea level test stand A-4. See figure 1II-B-2. Tre major feature of this
l second build was the incorporation of the prototype design high compressor.

A summary of all features included in this build is presented in PWA FR-2213,

' : The initial start was made on 5 December followed by a series of check

___ _runs. Cperation of the gas generator and duct hoacer was satisfactory
with engire match and performence as predicted. The proteotype compressor
produced a marked Improvement in performance. Design rotor speeds were
obrained at very near the design turbine inlet temperature. A transient
maximum thrust run was made on 7 December with data avtomatically recorded
during acceleration to and deceleration from the predicted 57K point condi-

tions, Analysis of the data revedled that a3 maximum thrust of 58,800 pounds

5
.

T L LR B S

g had been achievg__d end that this bu’ld of FX-163 wich the protcotype compressor

,: was capabie of dwonstiating Phase II-C performance goals; see paragraph III-B-3.
i The engine while running is shown in figure 1II-B-3.

S The engine was visually inspected ind the parts were in good condi-

tion. See figures III-B-4 and III-B-Z. A hot section inspection followed,

Sl

which included X-ray and zyglo examination of the lst-stage turbine blades.

The condition of rhe turbine was found to be good with oniy four minor-

4
}
It
)

discrepancies as follows:

1. Four of the 24 instrumented lst-stage turbine vanes, one
temperature~instrumernted and three pressure-instrumentcd,
showed evidence of slight distress. All noninstrumented

vanes were in excellent condiiion. See figure IIiXI-B~6.

T AT,

2. 2Zyglo inspection of the lst-stage turbine blades revealed
a coating crack on one blade, and X-ray inspection

indicated possible cracks in two other blades.

I11-B-2
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3. Three small hot spots were rev'ide-nt in the prizary coambustor,

one On a scoop and two along the OD trailing edge. See

figure 111-B-7,

The above-mentioned four instrumonted Ist-stage turbine vaues, were

teplaced with noninstrumented parts 23 2 precautionary measure. l1n

aédition,'a fifth pressure-instrumented vane was also replaced with a

noninstruncnced part. Four of the five replacements were ID Nickel.

Laboratery examination of one lst-stage turbiane blade “?}”E},ed sub- 00000 8

——— -~ gyrface stress-rupture cracks. Blades of this type had accumulated a total

T
|
]

i

e e s e
N @GN G =N em e

of 96.0 hours of engine testing, including 87.4 hcurs in engine FX-161 prior
to incorporation into FX-163-2Z. The entire stage was veplaced with new
blades pending more detailed examination of the remaining blades.

e

_ The smali burn spots on the primary combustor were left untouched,
Jet nozzle area was increased by 5% to rematch the engine to obtain

derign rotor speeds at design turbine iniet temperature.

Reassembly was completed on 10 December. Post-inspection check rums
were completed, and on 11 December, a steady-state point at 57,830 pounds
thrust and 2337°F TIT was achieved; see Performance, paragraph 11I-B.3.

The engine is shown running in figure X1l-B-8,

_External visual inspection of the engine revealed no evidence of

damage to any parts. A hot section viswal inspection of the turbine

- - wigs made and Pévealed that all parts were in good condition. The TD Nickel
vanes were unaffected by engine testing, The lst~ tage turbine blades

had rubbed lightly on the outer shroud but showed no evidence of damage.
The burned areas on the primary combustor had increased slighel~.

o g

Visual inspection was completed on 14 December, and reassembly was
completed on 16 December with reverser-suppressor unit No. 2 installed.

See figures I1I-B-9 through III-B-11.

ey

On 27 December, cold and hot czlibrations were completed with the

reverser-suppressor in the forward thrust mode to evaluate the effect of

the reverser-suppressor on performance and noise. Figure I1iI-B-12 shows the

engine running at 53,100 pounds of thrust with a TIT of 2200°F. There was
no loss in performance from the reverser -suppressor when compared to running

without the reverser-suppressor. The noise level at sea level takeoff con-

ditions was 5 PNdb below that predicted by the SAE method.
111-B-3
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The reverser-suppressor was coperated into and out

t of the reverse thrust
mode at idle conditions. There was no suppression of engine speed nor any

other adverse effects. Operation into and out of rev
without incidence.

«rse was smooth and
Overall operation in both the forward and reversc modes

The duct heater light, accomplished automagically

» Was exceptionally
smooth and without incidence.

Vtsxial inspection. revealed no evidence of distress as a result of

 the above running other than a few cracked Z-stiffeners in the trailing S

edge of four tailfeather seals. See figures IIX-B-13 through IXi-B-18.

3. Performance

_On' 11 December, engine FX-163-2 was run at ses level to a stabilized

thrust of 57,830 pounds at a TSFC of 1.94. 1In addition to the maximum

thrust point & duct heater lit calibrarion was taken, at a lower turbine
inlet temperature, (> define the variation of thrust with duct heater

fuel /aix ratio. These data, summarized in figure XYJI-B-19, show that

1.74 compared to the guaranteed TSFC of 1.81.

On 27 Pecember, nosaugmented and augmented calibrations were completed

in order to evaluate the effect of the reverser-suppressor on perform-

ance and noise. There was no 1oss in performance from the reverser-

. suppressor when compared-to-running without the reverser-suppressor. )
The noise level at sea level takeoff conditions was 5 PNdb below that
predicted by the SAE method.

Figure IiI-B-20 compares the engine wmatch point for engine FX-163-2
with the design goal and with the match point of earlier engine builds.

The high compressor in engine builds prior to engine FX-163-2 exhibited

a surge line well below the design goal. The lower surge line required

the engine to be run with turbine vane areas$ much larger than optimum
to lower the operating line, reasulting in a loss in turbine efficiency

and reduced rotor speeds. Engine FX-163-2 incorporated the prototype

JTF174-21 compressor which as a rig demonstrated a surge line and efficien-
cies better than the design goals.

I11-B-4
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Izble 111-R-1 compares the aeasuied component periormance ot engine
FX-163-2 with the predicted components for the production JTF17A-20.

Table 1I1-B-1., Component Comparison

FX-163.2 JTF17A-20
: Production Engine
! u, '\/c;/&n 671 650
LN , 6400 ' 6160
47*77_;7 LA P e 7010 7050 L
Gas Generator Airflow 295 283
Bypass ratic , 1.27 1.30
i PLE/RL, | 2.64 2.50
| P D/P, 2.86 2.70
' i 5 - _  4.76 4.77
§ Man 1p 0.8 0.90
i Nan op 0.78 0.82
Meomp. o 0.8 0.86
l ar, /e, 0.063 0.063
Turbine Inlet Temperature - °F 2337 B 2300
i N7 Bigh 0.86 0.87
T Low 7 -0.86 0.875 3
FN - lbs 57,830 57,000 '
' ISke SO <. USSR 2 -2 S -
B " Duct Heater F/A ratio  0.064 0.060
Duct Discharge Temperature - °F 3200 3160
TSFC 1.74%
Duct Heater F/A ratio 0.057%
Duct Discharge Temperature - °F 3100*

*for FN = 57,000 1b

4. Materials and Fabricarion

Long-time stress rupture and creep rupture testing on candidate SST
materials has been completed.

I11-B-5
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:-» l A list of candidate materieals; the proposed appifcations in the SST

%‘,,? design, and the limiting creep and stress design criteria sre tabulated

3 ' as follous:

-4

= Material Application  Limiting  Design Criteria High Time

& ! Cregp, Creep -d Stress Specimen,
s % Rupture Temp Rauge, hr

& °F

& .

4 Astroloy (PHA 1013) Disks 0.1 12001400 4745

g , waepaloy Sheet ~  Cases 0.5  1200-1600 5113
23 ! — T (PuA 1030)

£ Waspaloy Forgings  Disks, Shafts, 0.1 1100-1300 3587
_ g (PWA 1016) Hubs

5 ! Inco 718 Sheet Ducts, Cases 0.5 1000-1200 3220

& (PWA 1033)

B ! L-605 Sheet Ducts, Liners 0.5 1400-1800 5203

(AMS 5537) '
-3 fastelloy X Sheet Burners, Ducts 0.5 .. 1400-18920 4761

Z I {448 5536) .

g iN-100 (PWA 658) Blades, Vanes 1.0 1400-1800 4950

g i Inco 525 Duct, Liners 1200-1500 1800
¥ ™ Hickel Vanes 1700-2100 2023

: (PRA 1033)

5 ; Titaniua Blades : 0.1  700-900 7541
—% - (PWA 1202) 7 _

B ! A 664 - Blades 1.0 1400-1800 3060
"‘% ' -A<YTO (AME 4910) - ~Cases T 0.1 777 700-900 4052
| E : _

% ! The results of long-time stress rupturc and creep testing of Waspaloy
t & Sheet are plotted in figures 1I1«B=21 and III-B-22. Resulis for all other
%E alloys have been reported prior to this report.

! % ' Material Stress Rupture Creep Figure
i ff Figure No. No.

Zf_.

é’ l Astroloy (PWA 1013) * *

b Waspaloy Sheet (PWA 1030) I11-B-21 I1I-B-22
1 Waspaloy Forgings {FWA 1016) * *

f ' I-718 Sheet (PWA 1033) - »

% L-605 Sheet (AMS 5537) * *
w2 Hastelloy X Sheet (AMS 5536) * *

e IN-100 (PRA 658) * -

] 1 Inco 6525 * *

5 D Nickel (PWA 1035) * *

] PUA 664 : :

Titanium (PWA 1202)
*Test ing completed. Curves in previous reports

III-B8-6




materials and coatings are: (1)

in figure I¥I-B-24,

Pratt&Whlmeymrcraft
S PWA FR-2239

5. Sulfination and Oxidation-Erosion Testing

SST materials and coatings. The following is a summary of sulfidation
testing conducted at accelerated test conditions of 1.0 ppm NaCl content
in air, maximum sulfur content allowed (0.3%) by PRA fuel gpecifications 522

and specmen wetal temperature of 1800°F.
Material Coating 7 Protection,
. hr
_ PuA 1035 (T Nickel) . PRAGZ—— ———— —U12se T

PWA 664 ' PWA 47 1350

PUA 664 - PWA 64 1850

PHA 658 (IN-100) PUA 64 1150

FWA 658 (IN-100) * 2500

PWA 1035 (ID Nickel) * 1350%%

*PA numbei: has not been aasignéd

**Testing of spec:.mens to date.

A gt‘aphic presentation of these data is shown in figure III-B-23.
The results to date of the sul fidation testing ave: (1) PWA 10635 (ID Nickel)
coated with the newly developed ccating showed excellent sulfidation pro-
tection after 1350 hours of total testing, (2) PWA 658 (IN-100) coated with
the newly developed coat'_i_u:g showed excellent sulfidation protection after
1350 hours of total testing, (3) PWA 658 (IN-100) and PWA 664 coated with
‘THA B4 showed excellent sul fidation protection after 850 hours of retesting.

Long-tzme axida:ion-erosmn _testing of candidate S5T materials-and -
) coatmgs {also other materials and coatings for comparisan) continued at
1800°F specimen metal temperature. The results to date for the followiag

PWA 658 (IN-100) coated with PWA 58, aand

PWA 664 coated with WA 47 showed excellent oxidatrion-erosion protection
after 1500 hours of testing; (2) PWA 657 (Q 302) coated with PA 45 showed
excellent protection after 750 hours of testing; (3) PWA 1035 (ID Nickel)
coated with ™A 62 showed excellent protection after 750 hours of testing:
{4) BJA 664 and BNA 658 coated with PWA 64 showed excellent protection

after 650 hours of testing. A graphic presentation of these data is shoun

111-B-7

" Sulfidation testing is being continued on the most promising candidate
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C. CXMPRESSOR
1. 0.6-Scale T=2n Rig
December Phase 1I-C “otal
Test Tiwe 22.6 hours 584.6 tours

Build No. 12 of the 0.6-scale fan rig ran a partiai performance cali-
ration eaxly in December, This build incorperated the redesign lsr- 2nd
2nd-stage blades, which are a revised veysion of the build Ne. 7 blades.
The ist-stage blades are similar to the build No. 10 Ist-stage biades,
which were made by reoperating build No. 7 blades. The 2nd-stage blades
incorporate a closed leading edge root and an opened leading edge from

30% span, relative to build Wo. 7.

Engine stream performance at design speed was the best demonstrated
to date. A peak pressure ratio of 2.67 was reached at aua efficiency of
877, which is 4.5% higher than build No. 5. Peak efficiency at cruise
was 90%. This performance is shown in the compressor map of figure II1-C-1.

Surge margin at cruise was lower than previocus builds,

Fan stream performance was lower than build No, 5. Total airflow was
down approximately 1.5% below design value at design speed. The surge
point was approximately on the build No. 5 surge line. Peak efficiency
was 5% below build No. 5, while cruise efficiency was the same. This

performance is shown in figure II1I-C-2,

For the same overall rig pressure ratio, rhe lst-stage blade average
pressure ratio was 1.78 as compared to build No. 5 with 1.61, build No. 7
with 1,65, and build No. 10 with 1.74. The design goals of the lst-stage
‘d1ade have been reached. Analysis of data indicates that the lst-stage
vanes are stalled. This appears to be the causc of the low duct side
efficiency and may be the cause of the low fan stream overall surge margin

and engine surge margin at cruise,

Rig testing was terminated by failure of a ist-stage blade approxi-
mately 3 inches above the root. Measured stresses during the test were
6000 to 7000 psi, which is well within the 10,000-psi limit for steady-
state running. The fatigue failure progressed from the base of an

angular oxide~discolored area approximately 0.031 in. in length at the

I11-C-1
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trailing edge. The fatfgue crack progressed approexizatcly 505 Lhirvugh tne
airfoil before the failure terminated in tensile-shear. The fracture

face is shown in figure I1I1-C-3. The crack at the base of the defect

from which the fatigue initi<ird is shown in figure III-C-4. The internal
material defec! was not detected by X-ray and flucrescent penetrant
inspections to which the blade was subjected. Exact cause of the material
defect could not be determined but may have brzen a lap or an internatl

burst during fabrication ~f the bar stock from which the blades were made.

Damage to the rig was moderate for this type of failure, Most of the
ist-stage blades suffered impact damage, but no other blades were broken.
Approximately 10% of the ls:~-stage vanes required replacemenr, and other
vanes required minor blending. Approximately 50% of the 2nd-stage blades
were reusable with only minor impact damage. Damage to the 2nd stage and

exit vanes was very light with only minor blending required.
2., Full-Scale High Compressor Rig
December Phase 1I-C Total
Test Time 0.00 hours 114.50 hours
Compressor rig testing was suspended aftey the successful test of the
first build of the prototype compressor, as documented in PWA FR-2213.
New stator assemblies of engine-quality material were fabricated for an
engine test of this compressor, since those of the compressor rig were

made of 347 stainless steel and were not structurally adequate for engine

tests.

The excellent performance of this compressor in the engine test
allowed a demonstration of 57,830 pounds of thrust, corrected to standard
day inlet conditions. The compressor, at the maximum thrust point, was
operaring at B6% efficiency and 4.76 pressure ratio with 132.5 pounds of

airflow; see figure III-C-5.
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p. PRIMARY COMBUSTOR %
Decemher Phiase I1-C §

=

Full-Scale Rig Test Time o 372 hours :
Full-Annuiar Rig Test Time 3
JTF17 0 5.36 hours g

Related Technology 0 65.8 hours %

Sea level testing on FX~163-2, with improved primary combustor instru-
mentation, has provided excellent pressure loss data for correlation with
the modified JT4 annular rig data. The relationship between pressure drop
(PT4 - PTS/PT4) and corrected airflow for the JTIF17 engine and the annular
primary combustor rig is shown in figure III-D-1. These results indicate

that the JTF17 production goal shown im the same figure can be met.

The original combus tor incorporared in PX-161 is the high time part

with 87.41 hours and is still suitable for continued testing.

11I1-p-1
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E. TURBINE
i. Thermodynamic Cascade Rig
December Phase 1I-C Total
Test Time, hours 29,23 473,31

Heat transfer tests of alternate JTF17 turbine airfoils werce completed
this month with testing of the lst-stage baffle blade. A review of a1l
Igt-stage blade test data atill indicates that the P&JA two-piece Thermal
Skin,rM Ist~stage blade is the most desirable blade four use in the JIFi7

engine. Test results of this blade were reported in PWA FR-2213.
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F. AUGMENTOR

December Phase 11-C T.tal
Full-Scale Rig Te:t Time 0 hours 44,67 hours

houirs of engine testing has been accumuiated on the

L]

-5

duct heater (with a maxi.um fuei.air ratio o1 G.U3) in additicn o the

44.97 hours previously accumulated on the full-scale annular rig, resulting

in a total duct heater test time for Phase 1I-C i 72.5% heurs.

The duct heater provided the necessarv augmentation for engine FX-163-2
to exceed the JTF17A-20 production thrust of 57,000 lo. The duct heater
operation was excellent throughout the entire testing of engine FX-163-2.
Successful ignition was obtained on all 10 lights on FX-163-2 for a total
of 78 successful lights in Fhase I1-C engine testing, without a single

failure to light.
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G. EXHAUST SYSTEM

The static pressure tap cruise test progra~ bas heen cooplered and
data are undergoing analysis. Comparisen of measurcd-to-predicted pres-
sure distributions on the engine plug and the reverscr-suppresser clam-
shells and trailing edge flaps is shown in figure I11I-0-1, The peneral
close agreement between the measured pressires ind the theoretical pres-
sures, which were used to establish the exhaust system pressure loads,
substantiates the val®dity of the cruir~ structural design. The slightly
different shroud pressure ratios indicate that a small performance improve-
mei:¢ {approximately 0.001 Cfp) may be possible through revised contouring

of the shroud.

The scale model! reverser test program conducted to investigate reverser
performance targeting and flow characteristics nas been completed. Flow
visualization studies indicate that acceptable reverser targeting patterns
can be estabiished with the existing reverser-suppressor design. Fig-
ure IX1I-G-2 shows an inverted *Y" patrern which is compatible with air-
frame requirements. This was achizsved by blocking the hottom center
reverser door. Other reverse targetiug patterns which may be desirable

can be obtained by similar techniques.

The Boeing wing/nacelle model tests have been completed. Close agree-
ment was obtained with previous Bueing Compary tests of a similar installa-
tion, Figure III-G-3 presents a comparison of the installed and isolated
exnaust system perforsance at Mach 0.8 and 0.5 conditions. The installed
performance levels were higher than the isoclated levels. The reasons for
this perfovmance improvement may result from the relative placement of
the exhaust nozzle, the wing trailing edge, and the adjacent nacelle.

The possibility of nacelle and wing mutual interaction contributing to

improved performance warrants further investigation.

Reverser-suppressor unit No. 2 was installed on engine FX-163 in sea
level test stand A-4 on 12 December. Instrumentation as described in last
month's veport was provided. There was no discernible effect on perform-
ance; the JIF17 meets the sea level takeoff performance goals with or
without the reverser-suppressor insta:iled, Operation in the reverse mode
and all transitions intc and out of reverse at idle were smooth and without

incident. Visual inspection revealed no signs of distress.

111-G-1
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Cruise Pressure Disgributions
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it, COKRTROLS
1. Initial Experimental JTF17A-20 Control Suvst.—
a. Engine Gas Generator Control

The CJQl gas pgeneratr controls coentinoeed to cperate satisfactoril- on
the initial experimental engines. The Build | (protcerype) high coopresser
design revised the gas geneyator fuel requirements so that the original
ceontrol schedules were still valid, thus negating the requirement lor rewisced
fuel schedule cams. The modulating inlet gulde vane (IGV) schedule was
changed for the new compressor to a twe position scheduie {start or takeoff).
As a result, the inlet guide vanes were operated manually on engine FX-163-2
rather than with the gas generator control, The CJQl gas generator controls

successfully completed the Phase XI-C program with virtuwally no problems,
b. Duct Airflow Computer (Breadhoard)

The Hamilton Standard S/N 1 breadboard computer was bench tested at
FRDC and exhibited excessive hysteresis in the actual AP/P sensor portion
of the control, The unit was returrcd te Hamilton Scandavd for investi-
gation, The hysteresis measured during HSD tests was a maximuu of 1.17%
of total range,well within allowable limits. After acjustment, the unit
will be returned to FRDC.

The S/N 2 unit is available at FRDC and is engine ready,
c. Duct Fuel Controls
(1) Modified JFC-51 Duct Fuel Control

The modified JFC-51 control, installed on engine FX-161, successfully
completed the engine altitude test., An AA-M1 control has been assigned

for rthe next build of engine FX-161.
(2) AA-M1 Heater Fuel and Nozzle Area Control

Bench calibration of AA-Ml control S/N DO7C001 was completed, and

the control is assigned to the next build of engine FX-161.

The reduced gain integrator cam, the TT” bias cam, and the revised
fuel flow cam were installed in AA-M1 control S/¥ DOJC002. AA-M1 controls
S/N DO7C001 and S/N DO7CO03 also incorporate these cams.

2
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AA-M!L control S$/N DU7C003 was received irom Ben 1x, bench tested ad
P&WA, and delivered ro eagine FX-163-2, (anrral aperarian wac eacis.
factory during the cngine test. An csciliegrape tvsc. showing contrel Svs-
tem opsration at maxiauxm augmentation is presented ia fivure 111-d-1, A
tabulation of data receorded during a feur-point performance calibratien
on engine FX-163-2 is> shown in table I1I1-H-l, These data indicate

guod computed toral airfiow control,
Table ¥II-H-i, Engine FYX-143.7 Periormance

Point 1 Point 2 Point 3 Point &

Duct Heater Fuel Flow - lb/hr 66,034 72,430 90,369 95,955
Fan Speed - rpm 6122 6130 6170 6138
High Compressor Rotor Speed -~ rpm 8li4 8129 811l 8114
Duct Nozzle Area - <c2 8.85 8.89 9.30 9.32
(Pp - Bg)/Py Error - 7% 2.06 -0.66 0.66 2.72

Equivaleat Total Airflow Error -
% 0.212 -0.07G G.070 0.283

d. Quick-~Fill

The breadboard quick-£fill system was operated on engine FX-163-2,
using various manifold pressure sense location points to determine the
effect on the fill sequence. 1In 2ddition, the Zone 11 pilot valve pis-
ton land was underlapped. The fuel manifold pressure sensor level adjust-
ments were varied in both the Zone I and Zone 11 systems to determine
the optimum setrings. The quick-fill system performed satisfactorily
by filling the duct system zone plumbing.

e. Duct Fue! Pump

The duct fuel pump for engine FX-163-2 was operated on the engine
test stand at 97,000 pph fuel Ilow and 1130 psig disclarge pressure
prior to being delivered to the engine. 1his Lest was conducced to
demonstrate that the pump and test {acility were capable of delivering
adequate fuel flow during the engine test.

During a duct heater performance calibratcion ca engine FX-i83-2 on

11 December, the fuel pump supplied 96,000 pph.

IIT-H-2
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1 f. Ignition
' : The JT12, 4-jouzie, low tension ignition system with JTF17-type shunted
gap igniters fully demonstrated the ability to mvet the JIFi7 protolypue
' engine ignition requirements. The gas generater was Successfully iznited
. 139 times, and the dect heater ignited 78 times on JTF!7 experimental
T T engines. Iwenty-eight gas generator aund 1Y duct heater lLights were
§ I achieved at simulated altitude conditions.
- 2. Prototype JIF17 Engine Control System
- a. Unitized Fuel and Area Ccntrol
[~ Hamilton Standard and Bendix Products Aerospace Division were in com-
= petition throughout Phase 11-C for the unitized fuel and arca control

- contrac’.. An evaluation of the proposed controls and the capabilities

of the control being sized for maximum anticipated engine growth.

b. Digital Electronic Airflow Computer

The Hamilton Standard Division, the selected vendor for the alternate

H of the respective companies wvas conducted and, in late November, both
- vendors were advised that Hamilton Standard has been selected. Procure-
; i merit of long-lead-time parts for the control was initiated with Hamilton
Standard on 1 December.
1 u A review was held with Hamilton Standard to discuss all the require-
’h ments of the unitized fuel and area controcl. Hamilton Standard made an
; L.; intensive study of the schematic concept and provided considerable
E
L—;‘ ) . A simpl‘ificatmn with minor control performance penalties.
‘ { % Detail design was actively pursued during December with the component parts
:
[ $
. §
E 3
3 .

digital electronic airflow computer, proceeded wich detail design and

installation studies. This unit is designed toc mount directly on the {

ey

unitized fuel and area coatrol and replaces the hydro-mechanical section

performing the same functions.

The Eclipse Pioneer DRivision was selected as the vendor for the

|2
#

b
»
[
{
§
&

eirframe-mounted electronic EPR control that is offered as optional equip-

ment with the hydro-mechanical uw tized fuel and area control.

;
! c. EPFR Control

i1ii-H-3
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d. FRDL Compurer Studies of the JTFL7 Control System

The fout-engine SST aircraft cockpit simulator was revised to combine
the latest detailed Roeing inler simyistion with a more detailed - singlc
~engine simulation. This simulation was used to decermine the effective-
_..ness of cagipe aixllow Lrim o match esgine-arrflcv todntor girftog -~ — T e

and to ensure that engine transient rotor speeds were compatible with .

e the InTel AYMAMLCE . o o o © e e e e s s :_:'_.

Figure II1-H-2 illustrates the inlet response to a maximum rar.e’.li'_"“
transient from maximum augmented to idle tc maximum augmedted ar crutss
condftions. There was little overshoot or undershoot in rotor speed -
and the inlet shock was closely maintained to the desired posi.tiém. For
this transient, the inl2t bypass doors were partially open allowing the
shock 20 be repesitioned to the steady-state desired location although

engine airflow had been reset in the increased direction.

Figure 111-H-3 illustrates the engine/inlet response tc a duct heater
blowout and ¢ resultant power lever recycle. The shock position moved
toward the engine face, which caused the ialet bvpass doors to fully
close; then when the power lever was retracted, the shock position moved
forward. The bypass doors remained closed during the shock tramsition.

PLA was readvanced and original operating conditions re-established =

aftor aplﬂ)t;xima‘ély 20 seconds.
¢. Ignition

The General Laboratory Assoclates, Inc. has been selected to provide'
the JIF17 prototype ignition system, exciters, and harness. Champion
Spark Plug Company has been selected fo provide the spark 1gn1:er§ for
the JTF17 engine. These selections were made based on the proposals
received in response to the P&WA purchase specifications. The GLA system
electrical schemaiic »nd installation driai;iug has been coordinated and
found compatible with the JTF17 requirements.

f. Hydraulic Pump

Pesco Products Division of Borg-Warner Corporation was selected to
provide the JTIF17 prototype hydraulic pump. A suitable pump configuration
and engine installation haa been coordinated with Pe=co.

I11-H-4
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g. Cas Generator Pump

3]

. - Chaaodler Evans, Inc. was selected o provide the JTFL? protolype gas
;, : generator pump. Coordination of the pump reQuuenents and engine ingtal--

e 'M-« - --———tation has-beencompietad with -CEEOT - o T e
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1. BEARINGS AND SEALS

Ko rig developmenil testing has been accompiished on bearings and scals

during this report pericd.
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. J. FUELS AND LUBRICANT
i, Fuels
Fucl coker tests on aviavion Ro-osend cont Toocontive tha
: . fuel delivered to FRUC is meeting the purchase Spewiilision reguircrenls.
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December activities included

’ % . Pewrcleunm Produciz and lebriconis HMesting ai Housior, Texas. FERDU rep- = 3
L' rescntation was inciuded ar the Technlcal Division J, Seviion [ Fanel e
) z i Supersonic Feel mesting. o 3
R 2. Lubricants =
g laberavory tests were continued an candidate lubricanis 1o emsure
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K. INLEY SYSTEM COMPATIBILLIY

H

}. EnginefInlet Compatibility

The JTF17 enginc/iniet cockpit dynamic simulator was demonstrated to

the FAA. This detailed engine/inlet dynamic simulaiion includes flight
crew provisions for cruise trim and adjustment of enging pressure ratic

(ZPR), inlet spike position, and bypasz doer pesiticn. See figure I1T-K-1.

Extensive anaiysis of automatic and manval engime/inlet modes ¢f operation

_is proczeeding with zhe JTF17 enginefinlet cockpit dypamic simmlater.

A JTF17? engine and control digital dynamic simulation for the Aly

> U.S.
Force Aero~Proupulsion laboratory is complete and has been transmitted.

The improved IBM system 360, JTF17 digital dynamic simulations for
both airframe manufacturers are near completion. A UXIVAC system 1108,
JTF17 digital dynamic simulation is being prepared for engins control

studies by Hamilton Standard.

The Lockbeed California Company has completed an updated inlet simu-

tation for the PEWA engine/finlet compatibility study.
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L. NOISE

‘The resonant liner test section, described 1n PWa FR-2213, was tested
in the East Hartford reverberation chamber. The test section was con-
structed as shown in figure TII-L-l1 £2 simulate the first 29 in. of the
fan duct that 1s shown in figure 1¥¥-L-2. Fox the Ilirst section Lo be
tested, the acoustic treatment was uniform over the entire surface of the
model,

Analytical studies indicate ‘that even greater attengations are 4%
—possible if certain variations are made to Sections « of the walls and : g%
§
flow splitter. As an example, a system of patches, each treated to

attenuste different frequencles, would increase the overall attenuation.
For a second method, the downstream section of rhe duct could be designed
for the lower sound pressure level because of the attenuastion by the

upstream section.

Preiiminary analysis of the data obtained from thke reverberation
chamber tests indicates that present test section ireatment, together
with chaoges in blade-vane spacing, will meet the prototype design goal
of 12 db fan noise attenuation. Figure IY1-L-3 shows the effect of
velocity on attenuation from the resonant linmer with a treated flow
splitter. The net effect is an increase in overall attenuation as the
velocity increases to 400 rr/sec which was the design point. Fig-

ure Ii1X-L-4 shows the beneficml effect on attemnuation of adding a

" treated flow sp] itter as compared to no flow splitter. This too results
in broader spectral attenuation, and consequently betrer overall sound

suppression,

Initial tests to determine the reflection of rearward propagated fan
noise because of a density gradient in the fan dischavge duct were com-
pleted. Results rto date and analytical studies by Dr. Ingard indicare
that significaat reduction in fan noise may be expected when the tem-

perature ratic across the burper is greater than 4 to 1.

The study program for evaluating psycho-acoustic reactions to jer

noise with impressed “pure tones™ has been delayed.

IIT-L-1
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The acoustical 2nalysis of the single jet ncise models referred to
in PWA FR-2213 has been completed and is summarized in figure I[I1XI-L-5
through I1I-L~10. The final snalysis of the data recorded during this

]
%

[

i

test series continues to substaatiate the selcction of the 4-lobe, 50%
penetration, leng-length mixing nozzle 4s the cptionm coniiguration to
be {ncorporated in the prototype engine design. The npzzle performance

_and veduction in jet. _poise_level for this coaliguratien, presested—dn———— — -~

|
|
|

figure 11I-L-5, clearly show that the indicarted reduction in jet noise

properly designed exhaust nozzle systenm,

§ can be zchieved with virtually no loss in nozzle performance in a3
i During the above-mentioned series of tests, several models with non-

coplaner, coanoular center bodies were evaluated. A comparison of the

.t . !
E : 3
RS PR TSR DRI G P

% 4elobe, 75% penei:r&t:icm, long-length mixing nozzle with noncoplaner center
?; i hod~ exhibited a 2.5 PNdb reduction in jet noise level over a simiiar
ooa , . without a centef body. Tais reduction fn jet noise may be attributed
é i .« coamnular mixing phenomenon of the basic JIFLY exhaust system which
g has shown a 3 PNdb reduction in jet poise from the level predicted by the

Y

Acoustical data recorded during the recent full-scale damons tration

s

g ’ SAEmet:hnd

of maximum thrust on engine ¥¥-163 without & reverser-suppressor shoxeed

ki %

& redustion {n noise fevel of 3 PHdb, figure IIl-L~- -11, relative to the
noise level predicted by the SAE method. Figure I1I-L-12 shows the octave
‘band sound pressure levels recorded during engine FX-163 maximum sSteady-
state thrust point and the corresponding levels from the SAE prediction
-method. It is apparent from these data that the maximum difference in
sound preséure level occurs in the center octave bands and ref}.rects the
telatively short potential cone which is characteristic of the noncoplaner
ccaxial system used in the basic JTF17 exhaust nozzle design. With
reverser-suppressor unit No. 2 installed on the engine, thexe was a

5 PNdb reduction in noise level below that bredicted by the SAE method.:
(Rgferencé figure 1I1-L~11.) No discernible effect on performance was
evident. -Ih'e JIF17 engine meets the sea level takeoff performance goals

with or without the reverser-suppressor installed.

- I11-L-2
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; i Full-scale testing of a JI58 engine with the L-iobe miving nozzie and

‘blow-in~door ejector installed, has been completed. An extensive ruan

program was scheduled that evaiuated the acoustical performance of the

aozzle over a relative jut velocity range of from 1600 o 2700 ft/sec.

. !

; — . .ﬁﬁze“gwusz.mludla:.a-ar&-aszfz—le performance aveshowe {g Tigares Ti=i=313
% 7 and I1I-Le14, respectively. These data, when compared to predicied levusls,

“,’ ! show 3 maximum of 4.5 Phidb attenvatiosn with mo less in nozezle performance, .
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All wvork on the full-scale mockup was compisted prior to the FAA
evaluatorg visit this period.
A wordshle 1/4-zczle mockup of the 4-lobe aclse suppressor was fabri-

cated during this period and was used to demonstrate the coacept to the

vy

FAA., A Ffuli side view of the model in the suppression mode with textiacy
ram scoop doors open is shown in figure IIT-M-}. Figure 1IX-¥-2 is &

i '”*f:?rfé~ter.:wieaﬂsirmtﬁg?_ﬁ%mﬂﬁf?aséﬁ*3&6"}}5&' treiiling ’g&g’é"’&f’?ﬁé”’
tup and bottom s‘uppressian flaps. The trailing edge of all 4 suppressiocn

ey T
_«Ewag, Y

flaps can be seen in the full rear view shown io figuie IIl~M-3.
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X, COORDINATION
1. General

FRDG JIFL? performasnce engincers visited Beeing on 5 and & December
and Lockheed on 7 December for increased-size airplane and engine dis-
cussions,

FEDC performance and installation ongineering personnel wisited Boeiug

 and Lockheed on 8 and ¥ December, respecrively; for pressararions of - -

distorted imlet fan rig and engine test results, as well as the latest

JTF17A-21 prototype engine high compressor rig test results,

Messxs. W. L. Gorton, FRXC General Manager, snd B. N. Torell, Chief
Engineer, visited the FAA, Washington, D. C., on 12 December, for SST

progran discussions.

The FAA Supplemental Engine Evalustion Team wvisited FRBC on 14, 15
Beromber, to review the JIF17 Phase II-0 engine and vig testing zocomplish-
ments subsequent to their November wisit. All engine objectives have

been met,

Phase II-C Evaluation Supplementary Report, PWA FR-2193, dated 15
‘December, was transmitted to the FAA, Washington, on schedule, This report

summarizes FRDC powérplant progress from 6 September to 15 December,

}
i
i
i
I

T ineIuding Phuse IT=C engire and wmaior component overall test results.

JTPL7 Failure Mode and Effect Analysis material, which iccluded
block diagrams, ccmpgﬁent FMEA, and fuel and control FMFEA was provided

to American Airlines as reguested.

A JTF17 engine simulation program, which inciuded the. JTF17 engine
and control dynamic simulation deck, basic logic flow diagram of the

propulsion system, engine control tlock diagrams and constants, and

g engine control schedules and fupctions, was transmitted to the Air Force
Aero-Propulsion Laboratory, as< requested.
2, JTF17A-21L Engine
Proposed P&WA Spes, 2698 revisions, resulting from FAA-PEWA Phase II1
contract regotiations, were forwarded to LCC for their review and approval.
I1I-N-1
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A preliminary drawing of a "four lobe” suppressor nozzle, designed to
provide an additional noise suppression of 3 PNdb at maximum augmentod

thrust, was generated and transmittes te Jockheed for their consideration

R  EE NN N s

-

§ in engine studies associated with their incveased TOCYW 2irplanes. This

g: reverser-suppressor, which is conical “n shape, is four inches greater in i

i diameter at the front end, and weighs approximately 330 lb more than %

;f the current JTF17A-21L reverser-suppressor. %

= ) i 7 o - . o ]
T Te supplement data previously supplied, additional engine disk failure

5 ! data and analyses were transaitted Lo LCC, per their request, to &id them

% in completing their FAA-requested reliability studies,

i l Ferformance decks for several increased airflow study engines were

f transmitted to ILC for their use in optimization studies on possible

§ 3 increased TOGW airplanes. Applicable dimensions and weights were also

;"‘ a provided., Extremely close and asctive coordimition continues in efforts

% to achieve an optimum airplane/engine combination.

.

; Ia response to a Lockhsed request 2 design srudy was conducted to

Z determine the engine-driven compressor-oil pump gearbox envelope growth,

,E asgociated with increased horsepower requirements. A lavout depicting

g, the increased size gearbox was generated aud transmitted to LCC.

5 b

As a variation of the above,LLC has advised P&WA that they are currently
corduciing additional studies of their environmental control system, in
an effort to define a system in which the engine-driven compressor can
be removed from the engine, The feasibility of thesc systems depends in
part on possibiliry of revising the current engines air bleed concept.

Initial design studies ¢f the required engine bleed system were conducted.

LCC has again requested relocation of the engine front mount attach
piints. The relocation is a result of continuing mount system optimization

studies. Preliminary engine design studies were conducted to determine

structural and weight effects on the engine. IOC have provided drawings

and additional mount and maneuver load data to aid in these studies.

e

AR CsP USRS

A drawing, depicting a reduced drag wing/reverser-suppress.. mate-up

configurarion, was received from Lockheed. This results in a slightly

revised upper reversev-suppressor bPlow-in-door configuration. The drawing

has been reviewed and estimates of ~erformance effects have been forwarded

P ' to LCC for input irte their drag versus thrust trade-off studies,
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3. JTF17A-21B Engine

Proposed P&WA Spec. 2710 revisiouns, resulting from FAA-P&WA Phase 111

contract negotiations, have been approved by Beoeing.

At Boeing's reqguest 4 performance deck and appliicable dimenslons for
a study engine, JIF17A-21B-1, sized at 825 1lb/sec airflow and 1.l bypass
ratic was provided. This engine will provide (1) a significant improve-

ment in overall airplane performance st the current TOGW, (2) improved .

__ __transdnic thrust margin, and (3) a significant reduction in the noise

ievel. nis engine has the potential of reducing sideline noise to a
level well below the present FAA objectives, Copies of the preliminary
specificatior for this engine, PWA Engine Specification No. 2716, dated

9 December 1966, have been transmitted to the FAA, Washington, D, C.
for their review.

The latest revised copy of PAWA duct heater nozzle attachmenr layout
has been transmitted to Boeing to further assist them in their independent
thrust reverser design studies. Boeing has advised that the planned
coordination meeting in December should be deferred until completion of
their design and mockup work, after the end of Phase II-C,

FBDC supplied Boeing, per their request, infoimation concerning the

effect of prolonged operation at high temperature on the properties of

0il, and on the JIF17 engine bearings and lubricated components,

FRDC transmitted to Boeing, per their request, a complete set of
FRDC noise test equipment facilities photographs. FRDC also provided
Boeing with two high temperature duct heater discharge {pressure and
temperature reading} probes, and instruccions for use im the Boeing SST
propulsion system noise test program being conducted at the Boardman,
Oregon test facility. FRDGC offered the services of an instrumentation
e~gineer, if they so desired,

Airplane nacelle model test coordination has been extensive, A
preliminary review of the Boeing and FRDC wing-nacelle test results
indicates very good agreement, A reverser targeting sStudy indicates
that the inverted "Y" pattern of flow, suggested by the airframe company,
can be acnieved with the protetype eggine design.
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0. MAINTAINABILITY

The design layout to improve the maintainability characteristics of
the JTF17 engine by revising the fan stator asscably attachment, as
reported in PJA FR-2213, has been compieted. This redesign resulted in
a 417 reducrion in the numbey of bolts that havce tv be removed in order
to disnsgembie the fan stator asgembly and still retain support ai the

front mount,

i —— —To-aupplement—the maiptainability~maintenance endedvors, P&WA has

prepared two additional documents: (1) JIF17 Installed Engine Diagnostic
Inspection Plan, PWA FR-2233 and {2) a preliminary document, PWA JT9D/SST
Turbine Engine Overhaul Test Cell Requirements. The following will summarize

each of the documents.

The JTFLl7 engine diagnost.c inspection znalysis included the follow-

ing categories:
1. In~Flight Monitoring

Gas generator parameter monitoring for malfunction analysis through
gas genervator comparisons and mechanical trends is the basic method of
in~flight monitorimg. The detailed procedure and techniques, as ocutlined
in P Cas Turbine Operation Information Letters No, 14, 15, 16, and 18,
wereigiviewed. Current airline practice and operating procedures were
reviewed with P&HA Flight Operation Engineering and airiinme field service
representatives. Engine trend curves are established by a3 circular slide

rule provided by PS&MA for each particular engine and used by flight crews.
2. Flight Line Investigation

Flight line techniques that were investigated included oil amalysis,

borescope inspection, sonic analysis and radiography.

The Lube Rater system was reviewed, the details of which are contained
in P&WA Report NaFL-65-3 entitled "Extension of Synthetic 0il Drain Periods
in Aircraft Gas Turbine Engines,' dated 10 February 1965. The spectrometric
oil anaiysis program as used by commercial and military operators has been
reviewed. Chip detrectors and popout oil filters of the visual aes well as
recording variety have been investigated, and vendors have been coneacted

for the best egquipment for this application.

111-0-1
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Mockups have been wade to determine the feasibility of the borescope
provisions. Investigation work has been done with equipment manufacturers
for borescopes with zoom lenses, polaroid and movie camera attachnents, :

a5 well as closed circuit television attachments.

RPN

A survey was made of the various zirlines as well as independent
laboratories currently using radioisctopes for diagnestic-work. Ra'io-
~
graphs taken during the engine test phase of the JTF17 program demonstvated

the feasibility as well as the effectiveness of rhis technique.

The carreaot work on a scnic analyzer being evaluated by TWA, Eastern

and National Airlines was reviewed with our service representatives,

‘ .
| R B S o aoed g I 15
s o) | VR 1 T IR R T8 S At 7Wv1"$@@ %

Several acoustical tapes were made on the JTF17 during the test program

to evaluate this technique.

g

3. Engine Heavy Maintenance

s
ACH

Techniques to determine serviceability of either subassemblies or

:
§

fluorescent penetrant, and infrared inspection. Current techniques and
practices were reviewed with Materials Development Laboratory and Non-
destructive Test (NDT) personnel in such areas as spin, hot spim, wink zyglo,
eddy current, and ultrasonic defect detection programs. A method has been
developed by P&MWA to measure wall thickness of turbine blades and vanes by
eddy current. An infrared inspection method for the detection of alloy
segregation in titanium hubs and disks has been developed and reco: ended

for producticon use.

”“;;;MMW}; AR L MR IR B T YRR

A literature survey has shown that there are new NDT techniques which

%

5

are being investigated such as color radiography, neutron radiography,

ol factronics, lasers, microwaves, and ultrasonic imaging.

Prart & Whitney Aircraft recognized that the airline operators were
already involved in planning for shop and test facility modifications to
support a forthcoming generation of large subsonic and supersonic aircraft,
and therefore provided a preliminary document, PWA JT9/SST Turbine Engine
Overhaul Test Cell Requirements. Drawings representing modifications to
existing facilities as well as new construction details were included to
provide the operator with data for comparison of JI9% and JTF17 require-

ments. The printed information was hand-carried and discussed directly

B T i 1 LT AR PRSI el

§ detailed parts include conventional radiography, ultrasonic, eddy current,
i

£
.

11I-0-2

e e e e A - B ettt TSN R T PUE VR S

R T e




.“._wr‘?\‘u .3

R

M TR

[ ‘ 15

-

R

Son T g e SO .

ke

T TR R

oy,

— AL ALTNG R,

et LT T

o i
] Pratt & Whiiney Rircraft
PWA FR-2239
' with responsible planning personnel at PAA, AAL, TWA, and UAL, and the
response from these major carriers was most favorable.
' To illustrate the degree of effort and depth of information, the table
of contents froam PA JT9D/SST Turbine Engine Overhu:! Tesr Cell Reguirewents
i is reproduced below:
CONTENIS
s i o L Page
E 1 SCOPE. . v v i s e e e s e e e e e e e e e e e e 2
: 2. General Discussion . . . . . . . . . . . . < e e e 2
;» 3. Noise Control Requirements . . . . . . .. e e e e 4
u 3.1 Typical Noise Criteria . . . . e e e v e e e e e e %
. 3.2 JL9D/SST Noise Generation. . . . . . . . . ., . ..., 5 i
L 3.3 Net Test Cell Noise Attenuation Reguired .. « .. 6
3.4 Noise Contrel Technigues . . . . + . . + ¢« ¢ ¢ « &« & . 5
r; 4, Aerodynamic and Temperature Control Requirements . . . 8
‘ 4.1 Aerodynamic and Temperature Design Criteria. . . . , . . 8 :
[ 4.2 JTI/SST Engine and Test Cell Mass Flow Data . . . . . . 8 3
: 4.3 Summary of Caleulations. . « v . ¢« ¢« v o 4 s e o4 e . . 9
H 4.3.1 Intake Stack Sizes Wirh 607 Open Treatment ., e e 3
{A 4.3.2 Exhaust Stack Sizes With 35% Open Treatment. . . . . - 9
. 4.3.3 Exhaust Stack Sizes With 100% Open Lined Turns . . . . . 10 B
[: 4.4 Sumgary of Conditions Used for Cel) Design . . . . . . . EH
B 4.4.1 Smaller Test Cells - Low Air Flow, High Water Flow . . . 10
lé 4.4.2 larger Test Cells -~ High Air Flow, Low Water Flow . . . 10
5. JI9D/S5T Reference Test Cell Specification . . . . . . . 11
P 5.1 General Description and Specifications . . . » « . + « . 11
4 S.1ul  SCOPE- « v e e e e e e e e e e e e e 11
. 5,1.2 Test Cell Layouts. . . . . 4 v o & « » o e e e iz
% 5.1.3 Test Pacility Characteristics - Comparative fosts. . . . 24
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¥. VAWE ENGINEERING

Value Engineering cost studies colLpleted dAiring the month of December

include:

1. Boeing engine vs Lockheed engine cost changes with varyin:

fuel flow and bypass ratio
2. Updated controls and valves cost estimate

3. Updated engipe cost estimate

4. Flange study summary of form rollel and welded rings,
contoured flash butt-welded rings and rectanguiar flash

butt-welded rings.
Buring this report period, Value Engineering also:

1. Investigated feasibility of using titanium honejcomb for

noise suppression liners

2. Reviewed use of angle géskets for Haskell seals in main

fuel drain valve and found them not acceprabie for this

application
3. Completed Phase II-C Final Report for Value Engineering.

& total of 17 Value Ergineering proposals remain pending at this

time, with a total potential ccst reduction of $36,087 per engine.

Seven new Value Engineering proposals have been initiated, but the

potential savings have not yet been established.

111-P-1
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Q. CONFIGURATION MANAGEMENT

Design of the prototype engine is continuing with incocrporation of

coordinated interfaces. Detail changes required on suue incterface items
\ are being coordinated with the airframe manufacturers as design 5f the
engine and airframe progresseg. All proposed changes are beiing trans-

mitted by Field Survey layouts with a log of dates of transmittil and

e .

acceptance or rejection by the airframe wmanufacturer. The basic coan-

_figuration of the engine is unaffected by these changes. . o .
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R. QUALITY ASSURANCE

Chem-~milling of airfoil sections has proved to be a quick and accurate
method for producing mastexs in size ranges needed for blade and vaac
wail thickness measuremeni. Ihess masters permicr setting of eddy curvent

equipment 8o that clos- measurement of actual thickness is possible.
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S. RELIABILITY
l. Design Reviews

Beliobility review of all layouts describing the prototype engine
and reliabilicty engineering layoutr review sheeis indicating areas that
merit furiker studv have heen coupleled.

2. Fallure Mode and Effect Aaalysis

completed and is included in this report as Appendix A. ‘This edition
containe FMEA Sheet IT which includes the hazard classificstion, design
philesophy to preclude failure and the design philosophy to reduce
hazard for each failure mode. Mipor revisions have been mzde Lo FMEA

Sheet 1 to reflect the latest design decisions.
3. Service Data Analysis

Detailed analysis of Service Department dsta on causes of inflight
shutdowns , premature engine removals, and parts discrepancies is con-

tinuing. The areas investigated in derail during this wmonth ave:

1. JT3C No. 4-1/2 Bearing Seal Wear

2, JT4A Fuel Nozzle Irlet Tee Cracking

3. JT4A Rear Compressor Bore Tube Wear

4, JTBR Qil Pressure Regulating Valve Looseniag

4. Special Reliabhility Studies

A stidy of “strip stock® virsus "forged faot™ compressor stators has
been completed. A survey of premature engine remcvals of the JTI3C,
JT3D, JT44, and JTBD engines from 1961 through 196% shows that forged
stators have greatev reliability than strip stock stators. The failure
rates were caiculated to be 00,0006 failures/one thousapd hours for
forged stators and 0.0014 Failures/one thousand hours for strip stock

SLALOTS .

A study to determine exhaust gas tewmperature variations of first
run production engines and the exhaust gas remperature deterioration
experienced by overhauled engines has been completed. This imformszion

was used in studies of hot gecticn parts life.
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3. Parte Higtory Survey

A parts history survey of lst- and 2nd-stage fan blades was made for

Project Test Engineers to identify the high test time blades.
6. Statistical Anslysis of Outliers

A Monte Carlo simulator was written to evaluate efficiencies of
methods for detecting ocutliers ia JTF17 performance data. The rez..ts
will show the relative performsnce of Thompson's 7", Anscombe's 'C¥,
Fisher ‘s “F*and Grubb's detection tecbniques with smail samples.

7. Dead Band

The fipal version of the dead band study (PWA Report FR-1897) was
completed during this veport period and the repert is included herein as

Appendix B.

ety

111-5-2

S S B SR S AT e R A AR, 2 e Ian F 4t LUK - e beien ety 5w Sad TR OAARE LYY BT R e e e




e 3 e AT AL A R P b mes RS S U i e B RSN M

Pratt A Whitney Rircraft
PWA FR-2239

SECTION 1V
AIRLINE COMMENTS

No Airline cowments were received during this report peried.

IVel

s St 5 SMGEINLNEL LA e NSO S g




Sl e b R

e =

TR

bﬁﬁé&ﬁ%ﬁ%ﬁ%@&ﬁﬁa%é%é@%&éﬁi&ﬁ%ﬁ%ﬁ, RRER

it Mk il

R B e T SR T ST

R onvidts: e NEE A

239

FWA FR-2
omation received

Pratt & Whitney Rircraft

<
&

SECTIOR V
STATE -OF-THE -ART

There has been no siguificant State-vi-the-Art in

during this repert periocd.
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APPENDIX A

JTF17 PAILURE MODE AND EFFECT ANALYSIS

The following pages represent the results of z detailed Failure Mode
and Effect Analysis {FMEA) and design philosophy to reduce hazards.
The FMEA is shown on sheet I, while the design philosephy to reduce

hazards is shown on sheet IXI for each failure mode.
The following abbreviations have been used:

F.0.D. Foreign object damage
I.F.S. Inflight shutdown

P.E.R. Premature engine removal
A.F. Augmentor failure
A-1
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