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- - SECTION I
SU1*IARY OF PkOGRESS

All of the contract requirements iaad program objectives have bteen

A, we t or exceecned LLO1. h Ccp'ALloa Oi Lilis mInths testing.

Engine FX-163 has attained a msximum thrust of 58,800 pctids dciicg d

Lransient run and a steady-state thrust of 57,830 pounds. This engine deryon-
strated a takeoff TSFC cf 1.74 which is 4% below the productThnating!nii-e

testing has been accomplished with the No. 2 reverser-super.dsor installed!^

and a reduction of 5 Pldb below that predicted by the SAE waethod has been

demunstraced which confirms the level used for the specification values,

The Preliminary Engine Model Specification for an 825 ib/sec airflow

engine was given to the FAA and The Boeing Company on 16 December.

The FAA Supplementary F-gine Evaluation Task Force visited FRPC on

14 and 15 December to review the SST eLgine and rig test results since

their visit on 16 and 17 November. Numerous meetings' were held with

Boeing and Lockheed personnel in a continuing effort to keep engine/airframe

coordi tation current.

The foilowing significant achievements have been made on the JTF17A-20

experimintal engines:

Total engine time 4 54i-55--hours

. Total duct heating time 27.88 hours

Time at 2000*F and above 56.65 hours

Time at 2200'F and 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

( 2.7, 65,000 ft)

II
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I SECTION 11

IN i- ignificant prc~lens, remained unresolved at the end ?f thc
pierIAA.



3 Pratt & Whitney lircraft

I SECTION III
DESCMIOM OF TECHNICAL PROGRESS

A. ENGINE DESIGN

I. Fan

Layouts were completed that define those items which are nccessary

3to permit installation of the pretotype =17A-21 fan intO 01te vf Lit:

initial experimental engines. This modification conliSLS of prototype

-blades, vanes and Sp ng1 the initial txper imenta1engine t-stz

disk, a new 2nd-stage disk, and 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 advance material procurezirnt.

1 2. Compressor

All layouts that were required to define the incorporation of the

prototype compressor into test rigs were completed.

I "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. Duct Heater

I The design of the JTFL7A-21 duct heater and the duct heate- diffuse-

have been established. The duct heater diffuser case, and rear cases

j and liners have been defined.

5. Turbine

The design of the JTFI7A-21 turbine has been established. An alter-

native 1st-stage blade has been designed.

The design of the turbine high spool rig for Phase III has also been

defined.

III -A-l
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6. Shafts, Bearings and Seals

The desfgn layouts for the No. I and 2 bearing compartment are complete.

The No. 3 and 4 compartment designs have been defined.

7. Accessory Drives

Stdies w rr a,:-ompiishcd to define the modifications necosrary to

adapt the test stand starters and initial experimental engine gearbox

arrangement for the fir.I prototype engine.

RE S. Fuel System

The fuel and hydraulic system schematics were updated and redrawn

for the JTF17A-21 engines in this report period.

9. Control System

Through coordination with the vendor selected for the fuel control,

the specific locations were determined for all fuel connections on the

control base plate for the JTF7A-21L engine.

The final configuration of the hydraulic pump and the gas generator

fuel pump was decided with the selected vendors.

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

coordination of the connection to the fuel control with the vendor was

i initiated, -Cable routing, pulley brackets, and cable tensioners have

been established.

Ui A preliminary design of an alternative reverser interlock using cams

and cam followers was completed. The associated cable routing, pulley

IN- brackets, and cable tensioner have been defined.

The design of the inlet guide vane and aerodynamic brake actuator

has been established.

1I
o IlI-A-2
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Coordination of the low rotor speed pickup, NI, was completed with

two vendors.

I
Coordination of the transducer for the duct nozzle position 'nd cator

was initiated.

II. Reveibei-Suppressor

g Definition of the basic design of the JTF17A-2i revercer-suppressor

_ and4 duct heater variable nozzle has been accomplished.

II

I
?5r

111-A-3
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B. INCIE TEST

December Phase 1-C
.I Time, hours Time, hours

Engwre FX-161 FX-162 Y1-163 FX-161 Fx-It2 FXj.1 Thc-a-

Total 16.66 87.41 47.55 19.59 154.55

HeaLed Inlet o 0 30.27 2.07 0 32.34

Cruise Condit ion W 2b.94 1.65 0 28.59L i~ ~~~~~~~,-5 004 -~ 7 3f-) -. ~-16 04 .7 lb 78

Duct Heater V

c zotal 1 .68 20.43 5.77 1. 68 27.88

I Cruise Condition

;. IL(M - 2.7, 65,00o ft) '

1Turbine Inlet Temperature
2000°F and above -= -' 4.5.0 35.71 15.84 5.10 56.65

2100F and above 1.59 26.40 15.64 1.96 44.0

2200OF and above r 0463 18.41 5.85 0.75 25.01

2200*F and above at 0 14.27 0 0 14-27
cruise condiri.ons Z z
(f 2.7, 65,000 ft)

2300*F and above 0.03 0.59 0.38 0.03 1.00

t1. Engine FX-161 - Disassembly Inspection

The engine was disassembled for inspection following the completion

of the altitude inlet distortion program, reference FWA FR-2213. The

engite, with the inlet instrumentation ring, is shown as it was returned

It o the assembly floor in figure III-B-I. All parts were inspected and

reviewed in preparation for rebuild. The general condition of the parts

was good.

I CONFIDENTIAL
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2. Engine FX-163

"IAssembly was completed on 3 December, and the engine was delivered to I
sea level test stand A-4. See figure III-B-2. The major feature or this

- 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.

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

.... ... Cpration - of- -he-gasgenzrarcx and duct lhac er was satisfactory

with engine match and performance as predicted. The prototype compressor

produced a marked improvement in performance. Design rotor speeds were

obtained at very near the design turbine inlet temperature. A transient

0axiius thrust run was made on 7 December with data automatically recorded

during acceleration to and deceleration from the predicted 57K point condi-

tions. Analysis of the data revealed that a maximm thrust of 58,800 pounds

had been achieved and tiat this bu!.ld of FX-163 with the prototype compressor

was capable of demonstrating Phase II-C performance goals; see paragraph III-B-3.

The engine while running is shown in figure III-B-3.

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

tion. See figures III-B-4 and .l1-B- . A hot section inspection followed,

which included X-ray and zyglo examination of the 1st-stage turbine blades.

The condition of the turbine was found tobe good with .oniy-four minor

discrepancies as follows:

1. Four of the 24 inst-rumented Ist-stage turbine vanes, one

temperature-instrumented and three pressure-instrumented,

showed evidence of slight distress. All noninstrumented

vanes were in excellent condiLion. See figure III-B-6.

2. Zyglo inspection of the Ist-stage turbine blades revealed

a coating crack on one blade, and X-ray inspection

indicated possible cracks in two other blades.

III-B-2
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$1 3. Three small hot spots were evidentt in the prixar-v ccmauatov,

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

figure I1-3-7.

The above-menttoned four instrut. ,nted ist-stage turbine vates, were

replaced with noninstrumented parts as a precautic-ary measure. In

addition, a fifth pressure-instrumented vane was also replaced with a

noninstrutwnred part. Four of the five replacements were TD Nickel.

Laboratory examination of one Ist-stage turbine blade revealed sub-

-sur -cr e cracks. Blades of this type had accumulated a total

of 96.0 hours of engine testing, including 87.4 hours in engine FX-161 prior

to incorporation into FX-163-2. The entire stage was replaced with new

blades pending more detailed examination of the remaining blades.

The small burn spots on the primary combustor were left untouched.

1l Jet nozzle area was increased by 57 to rematch the engine to obtain

deeign rotor speeds at design turbine inlet temperature.

Reassembly was completed on 10 December. Post-inspection check runs

were completed, and on 11 December, a steady-state point at 57,830 pounds

thrust and 2337'F TIT was achieved; see Performance, paragraph III-B-3.

The engine is shown running in figure III-B-8.

External visual inspection of the engine revealed no evidence of

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

-x- -va d-acnd--t#ealed that allf p arts w ere in good condi tion. The TD Nickel

vanes were unaffected by engine testing. The lat- 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 slighrl'

ii Visual inspection was completed on 14 December, and reassembly was

completed on 16 December with reverser-suppressor unit No. 2 installed.

See figures III-B-9 through Ill-B-i1.

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

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

the reverser-suppressor on performance and noise. Figure I1I-B-12 shows the

engine running at 53,100 pounds of thrust with a TIT of 22000F. 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.
II-B-3
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The reverser-suppressor was operated into and our 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 rv. rse was smooth and

without incidence. Overall operation in both the forward and reverse nodes

was excellent.

The duct heater light, accomplished automatically, was exceptionally

smooth and without incidence.

It Visual inspection revealed no evidence of distress as a result of

the abov- -ruing- vet eE-an- -few crackei Z-stienerS in the trailing

edge of four tailfeather seals. See figures 11I-B-13 through 1in-1-18,

3. Performance

On 11 December, engine FX-163-2 was run at sea level to a stabilized

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

thrust point a duct heater lit calibration was taken, at a lower turbine

inlet temperature L define the variation of thrust with duct heater

fuel/air ratio. These data, summarized in figure III-B-19, show that

at the JTFI7A-20 production thrust of 57,000 pounds the TSFC would be

1.74 compared to the guaranteed TSFC of 1.81.

On 27 December, nonaugmented and augmented calibrations were completed

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

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

.uppereko-whea compared--to--runn-ing without the reverser-suppressor.

The noise level at sea level takeoff conditions was 5 PNdb below that

predicted by the SAE method.31 Figure III-B-20 compares the engine match 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, reaulting in a loss in turbine efficiency

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

JTFl7A-21 compressor which as a rig demonstrated a surge line and efficien-

cies better than the design goals.

III-B-4
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! - . "T&bla JLU---" .ma -- P- am&&u& -.0mnent Periormnce Ot engineI

FX-163-2 with the predicted components for the production JTFI7A-20.

Table 111-8-1. Component Comparison

* FX-163-2 JTF17A-20I Product ion Engine

SWa V4; 2 /T2 671 650

K l/vT2 6400 6160

N 2 7010 7050
Gas Generator Airflow 295 283

7 Bypass ratio 1.27 1.30

P' 3E iPT2 2.64 2.50
3D/PT 2.86 2.70PT/PT 

4.76 4.77

NPan ID .84 0.90

Na OD 0.78 0.82
0.86 0.86

P4..5 1"T4 0.063 0.063
Turbine Inlet Temperature - 2337 2300

'IT igh 0.86 0.87
4T Lo 0.86 0.875VI:- KL P 57,830 57,000

"I C 1.94 1.81I ~~ ~ ----, ---- --*ooo
Duct HetrFAratio 0.064 0.060
Duct Discharge Temperature *F 3200 3100

"ISFC 1.74*

Duct Heater F/A ratio 0.057

Duct Discharge Temperature - F 3100*

4 for FN = 57,000 lb

Long-time stress rupture and creep rupture testing on candidate SST

SI materials has been completed.

1 III-B-5
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A lis of cadidate materiel, te proposed appi±catrons in the SST

design, and the limiting creep and stress design criterl are tabulated

as follows:

Material Application Limiting Desig criteria High Time5Creep. Creep -4 Str.as Specimen.
% Rupture T imp Range, hr

Astroloy (Nk 1013) Disks 0.1 120U-1400 4745

_ Vaspaloy Sheet _ Cases _ __0.5 _11130 - iU

Iaspaloy Forgings Disks, Shafts, 0.1 1100-1300 3587
(NPA 1016) Bubs

I Inco 718 Sheet Ducts, Cases 0.5 1000-1200 3220
(NPA 1033).

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

Rastelloy X Sheet Burners, Ducts 0.5 1400-1890 4761
(AM~ 5536)

YN-00 (NWA 658) Blades, Vanes 1.0 1400-1800 4950

le o 525 Duct, Liners 1200-1500 1800

TD lckel Vanes 1700-2100 2023

Titanium . Blades 0.1 700-900 7541~(PWeA 1202)

SPWA 664 Blades 1.0 1400-1800 3060
..- 1W(AK 491')- . ... s .. 1 . .700-900 4052

The results~ of long-time stress rupture and creep testing of Waspaloy

Sheet are plotted in figures 111--21 and 11I-B-22. Resul Ls for all other

alloys have been reported prior to this report.

LIMaterial Stress Rupture Creep Figure
Figure No. No.

Astroloy (PNA 1013)
Waspaloy Sheet (PWA 1030) 111-B-21 III-B-22
Waspaloy Forgings (PWA 1016) * *
1-718 Sheet (PWA 1033) * *
L-605 Sheet (AMS 5537)
Hastelloy X Sheet (AMS 5536) * *
IN-100 (PWA 658) * *
Inco 625 * *
TD Nickel (PWA 1035) * *
NWA 664 * *
Titanium (NWA 1202) * *

*Testing completed. Curves in previous reports

1II-B-6
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5. Sulfiaation and Oxidation-Erosion Tasting

Sulfidation testing is being continued on the most promising candidate

3 SST materials and coatings. The following is a suary of sulfidation

testing conducted at accelerated test conditions of 1.0 ppm NaCi content

in air, maximum sulfur content allowed (0.37.) by NA fuel specifications 522

And specimen metal temperature of 1800P.

Material CoaCing Protection,ag.: hr

FlU1Q5 Thkkt) - A -62 .. . . IZS. .. .
NA 664 NA 47 1350
NWA 664 NA 64 1850
FIIA 658 (11-100) MA 64 1150
FVA 658 (h-1000
P" 1035 (TD Nickel) * 1350**

*WA number has not been assigned
**Testing of specimens to date.

A graphic presentation of these data is shown in figure 111-3-23.

The results to date of the sulfidation ttting are: (1) MA 1035 (TD Nickel)

coated with the newly developed coating showed excellent sulfidation pro-

tection after 1350 hours of total testing, (2) NA 658 (1-100) coated with

the newly devFeloped coatinig showed excellent sulfidation protection after

1350 hours of total testing, (3) PM 658 (11-100) and NWA 664 coated with

MA 64 showed excellent sulf idation. protection after 850 hours of retesting.

Long-time oxidation-erosion ten -ad_
S.coatings (also other materials and coatings for comparison) continued at

. 3 1800 F specimen metal temperature. the results to date for the following

materials and coatings are: (1) NAA 658 (IN-100) coated with M 58, andE PA 664 coated with MA 47 showed excellent oxidation-erosion protection
after 1500 hours of testing; (2) NWA 657 (SI 302) coated with PNA 45 shcwed
excellent protection after 750 hours of testing; (3) NA. 1035 (TD Nickel)

coated with 71A 62 showed excellent protection after 750 hours of testing:

WE (4) NA 664 and MA 658 coated with NM 64 showed excellent protection

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

in figure I1I-3-24.

111-1-7
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- __ ~Demonstrator Build 5
i6 &0 4-0, OpSurge Line

I 3f. A Note

W 3.0 I - IGV in SLTO Position

I 2. 110 7050 rpm I
U 100 110 120 130 140 150 160

z CORRECTED AIRFLOW, WNt7/8t 3-1btsec
44 2.8 ' ' . -

I Surge Line Build 5-L

z2

2 00 260280300320 340
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I C. CMIMssoR

1. 0.6-Scale :in Rig

December Phase II-C Ttal

Test Time 22.6 hours 584.6 heirs

Build No. 12 of the 0.6-scale fan rig ran a partial performance call-

bration early in December. This build incorporated the redesign Ist- and

2nd-stage blades, which -are a revised version of the build No. 7 blades.

The ist-stage blades Are similar to the build So. 10 Ist-stage blades,

£ which were made by reoperating build No. 7 blades. The 2nd-stage blades

incorporate a closed leading edge rout and an op(ened leading edge from

1 307. span, relative to build No. 7.

Engine stream performance at design speed was the best demonstrated

to date. A peak pressure ratio of 2.67 was reached at aa efficiency of

877., which is 4.5% higher thani build No. 5. Peak efficiency at cruise

was 90%. This performance is shown in the compressor map of figure Ill-C-1.

Surge margin at cruise was lower than previous buxlds.

IFan 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 I1-C-2.

For the same overall rig pressure ratio, the 1st-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 Ist-stage
;lade have been reached. Analysis of data indicates that the Ist-stage

vanes are stalled. This appears to be the caas of the low duct side

efficiency and may be the cause of the low fan stream overall surge margin

jand engine surge margin at cruise.

Rig testing was terminated by failure of a Ist-stage blade approxi-I 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 iii. in length at the

III-C-I
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trailing edge. The fatiue crack progressed apprc.c..al 5=% L ru.gh Lie

airfoil before the failure terminated in tensile-shear. The fracture

face is shovn in figure 1II-C-3. The crack at the base of the defect

from which the fatigue initi tZ-d is shown in figure II1-C-4. The internal

I material defect was not detected by X-ray and fltorescent penetrant

inspections to which the blade was subjected. Exact cause of the material

defect could not be dete-m'ned but may have beeD a lap or an internal

burst during fabrication of 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 l.s_-stage vanes required replacement, 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 RDg
December Phase Il-C Total

L[ I Test Time 0.00 hours 114.50 hours

Compressor rig testing was suspended after the successful test of theI 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

I day inlet conditions. The compressor, at the maximum thrust point, was

operating at 86% efficiency and 4.76 pressure ratio with 132.5 pounds of

airflow; see figure III-C-5.

i C III-C-2
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I ~ D. PRL&Y COMBUSTOR i
December Phase II-C

Full-ScAle Rig Test Tine 0 272 h
Full-Annuiar Rig Test Time

JTF17 0 5.36 !hozirs

Related Technology 0 65.8 hours

Sea level testing on FX-163-2, with improved primary conbustor instru-

mentation, has provided exce]lent pressure loss data for correlation with

the modified JT4 annular rig data. The relationship between pressure drop

(PT4 hT5/PT4) and corrected airflow for the JTF 7 engine and the annular

primary combustor rig is shown in figure III-D-I. These results indicate

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

The original combustor incorporated in FX-16I is the high time part

with 87.41 hours and is still suitable for continued testing.

I
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I E. RBINE

Thermodynamic Cascade Rig December 
Phase 11-C Totil

Test Time, hours 3. 3'

Heat transfer tests of alternate JTF17 turbine airfoils were completedthis month with testing of the 1st-stage baftie blade. A revie-w of allIst-stage blade test data still indicates that the PFWA two-piece Thertal
Skina TMlt-stage blade is the most desirable blade fur use in the JTF17

engine. Test results of this blade were reported in 1i4A FR-2213.
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F. AUGMENTOR

December Phase* 11-C T,,ta]

Fuli-Scale Rig Tezt Time 0 hours4.9 c:r

A total of 27.53 lho-:rs of engine testing has bue:i, acccmua ted in thj

d'ICL hi!,tnr (.iha ia i uiui.ajr ratio ot U~bin) addi tie t, ~~

44.97 hours previously accumulated on the full-5calc annilar rig, reow-iltingIin a total duct ijeatLr test time f~ar rha.e 11-C -f 7112.5t. heurs.

The duct heater provided the necessary augmentatioln for en~gine FX-16-3-2

to exceed the JTF17A-20 production thrust of 57,000 lo. The. duct heater

operation was excellent throughout the entire testing of eng-ine, FX-163i-2.I Successful ignition was obtained on all 10 lights On FX-163-2 for a total

of 78 successful lights in Phase 11-C engine testing, without a sinle

failure to light.
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I G. EXHAUST SYSTEM

The static pressure tap crui~se rest pr&.gra:' has !ben c! tdand

data are undergoing analysis. Comparison of -c -L-pdct prus-
surto distributions on the engine plug and Lhe rc-!vrster-sippressor l;~

shells and Ltrailing edge flaps is shown inr figir1ilL7kI The general

close agreement hetween the measured presst-res -jd t!,c- tiharctical pres-

sures, which were used to establish the exhaust System presster loads,

substantiates the vah'dity of the cruir. srritctural desien. The sli-dt!%v

I different, shroud pressure ratios indicate that a small performance improve-
me- (approximately 0.001 Cf) may be possible through revised contouring

of the shroud.

The scale model reverser test progyan conducted to investigate reverser

jpzirformance targeting and flow characteristics nas been comnpleted. F Iov

visualization studies indicate that acceptable reverser targeting, patterns

can be established with the existing reverser-suppressor design. Fig-

tire ITI-G-2 shows an inverted "Y" pattern which is Compatible With air-

Ireverser door. Other reverse :arget.Liq -atterns which ma edesirable

TheBceng ingnacll m~el est hae bencompleted. Close agree-
irent was obtained with previous Bueing Company tests of a similar instaila-

j tion. Figure 111-G-3 presents a comparison of the installed and isolated

ex'hauSL system perfor-aance at Mach 0.8 and 0.5 conditions. The installed

jperformance levels were higher than the isolated levels, The reasons for

I this performance 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 investigati--n.

Reverse r-su presso r unit No. 2 was installed on L-siine FX-163 in sea

level test stand A-4 on 12 December. Instrumentation as descrihed in last3month's report was provided. There was no discernible effect on pcrform-

ance; the JTF1 7 -aeets the sea level takeoff perfor!mance goals with or3WithIout the reverser-s-ippressor installed. Operation in the reverse 7mode

and all transitions into, and out oi reverse at idl'e were smooth andi Without

incident. Visual inpcinrevealed no signs of distress.

1 111-0-1
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It. CONTROLS

1. Initial Experimental JTF17A-20 Control S,.--

a. Engine Gas Generator Control

The CJQ1 gas generat,,r controls contin,,ed to ,perAte satisfiLrj1 -i

the initiai experimental engines. The Bui d I (prot,.tpe) hi.gh e:prvssr

design re'.ised the gas g-enearcr f1el reciuireents s, that ti:h origi!,al

control schedules were still valid, thus negating the requirement lot re.i e-

fuel schedule cams. The modlating ineL guide vane (IGV) schedule w7as

j changed for the new compressor to a tw& position scheduie (start or tikeoff)

As a result, the inlet guide vanes were operated aantially on engine FX-163-2

j rather than with the gas generator control. The CjQi gas generator controls

successfully completed the Phase I-C program with virtually no problem6.

b. Duct Airflow Computer (Breadboard)

The Hamilton Standard SIN I breadboard computer was bench tested at

FRDC and exhibited excessive hysteresis in the actual AP/p sensor portion

of the control. The mit was returned to Hamilton Standard for investi-

Igation. The hysteresis measured during FSD tests was a maxim::. of 1.1%

of total range,well within allowable limits. After acjustment, the unit

will be returneJ 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 Controj

KThe modified JFC-51 control, installed on engine FX-161, successfclivy

completed the engine altitude test. An AA-MI control has been assigned

for the next build of engine FX-161.

(2) AA-Ml Heater Fuel and Nozzle Area Control

Bench enlibration of AA-Ml control S/N D07CO01 was completed, and

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

The reduced gain integrator cam, the T bias cam, and the revised
T2

3 fuel flow cam were installed in AA-Ml control S/i1 D07C002. AA-Ml controls

SIN D07CO01 and S/N D07CO03 also incorporate these cams.

SIlII-l-j
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AA-41 control S/%' 0UC003 was received fron. fe.; ix, benj1 testeo IJ ~ ~PWA, andI cHelvrd r,, 'P'n3 C i'I 'v

factory during the engin e test. An CScilil groapt L i.-'- Soatg S.u*t t

te-m opzration at maxiat -.i au,,:*wntation is prsnt2 it rivt re I-.- A

tabulation of data recorded during afour-point p '1 en~ance calibrazo~n a

on engine FX-163-2 i,. 5how in table 111-H-1. Thes data indicatt

Table ill-il-i. Engine FX-163-2 Ptr-"rmine

Point I Point 2 Point 3 Point4

jDuct Heater Fuel Flow - lb/hr 66,034 72,430 90,369 95,955

Fan Speed - rpm 6122 6130 6170 b138

High Compressor Rotor Speed - rpm 8144 8129 8111 8114

Duct Nozzle Area - rL8.85 8.89 9.30 9.32

(P- Ps)/P T Erro' 2.06 -0.6b 0.66 2.72I Equivalent Total Airflow Error
%0.212 -0.070 0.070 0.283

d. Quick-Fill

The breadboard quick-fill system was operated on engine FX-163-2,

using vartous manifold pressure sense location points to determine the

effect On the fill sequence. In addition, the Zon-e 11 Pilot Valve PIS-

I ton land was underlapped. The fuel. manifold pressure sensor level adjust-

menits were varied in both the Zone I and Zone II systems to determine

Iithe optimum settings. The quick-fill system performed satisfactorily
by filling the duct system zone plumbing.fJ

e. Duct Fue] Pump

The duct fuel pump for engine FX-163-2 was operated on Lhe EngineIFtest stand at 97,0',-? ppl. fuel .-low and 1130 p:,ig 6disci-arge presire

prior to being delivered to the engine. Th-is test was conducted to

I demonstrate that the pump and test facilitv wure _ap-,le of delivering
adequate fuel flow during the engine Lest.

jDuring a duct heater performance calibration cienzgink: F'Z-i63-2 On~

11 December, the fuel pum~p supplied 06,000 pph.

I CONFIDENTIAL
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I. Ignition

I The JTI2, 1--joie, low tension ignition system with JTFl7-type shunted

gap igniters fully demonstrated the ability tc me-et the J[Fi7 prILOtLYpt"

Iengine igniti.)n reqiiirements. The gas generator was successfuill i nitucd

139 times, and the dtcL heater ignited 78 times on JTF7 experimental

eng-neu. Twenty-eight gas generator and 19 duct heater ligh.ts were

achieved at 3imuiated altitude conditions.

2. Prototype JrF17 Engine Control System

a. Unitized Fuel and Area Ccntrol[Hamilton Standard and Bendix Products Aerospace Division were in com-

petition throughout Phase I-C for the unitized fuel and area control

contract. An evaluatior of the proposed controls and the capabilities

of the respective companies -as conducted and, in late November, both

vendors were advised that Hamilton Standard has been selected. Procure-[ ment of long-lead-time parts for the control was initiated with Hamilton

Standard on I December.

kU A review was held with Hamilton Standard to discuss all the require-

ments of the unitized fuel and area control. Hamilton Standard made an

intensive 3tudy of the schematic concept and provided considerable

simplification with minor control performance penalties.

Detail design was actively pursued during December with the component parts

of the control being sized for maximum anticipated engine growth.

Ku b. Digital Electronic Airflow Computer

The Hameilton Standard Division, the selected vendor for the alternate

digital electronic airflow computer, proceeded with detail design and

installation studies. This unit is designed to mount directly on the

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

performing the same functions.

c. Efl Control

The Eclipse Pioneer Division was selected as the vendor for the

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

ment with the hydro-mechanical u, tized fuel and area control.
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d. FROD. Computer Studies of the JTF17 Control System

3 The fout-engine SST aircraft cockpit simulator was revised to cormbine -

the latest detailed Poeing inlet -inmi'oition with a -more cdt c3. engine si.lation. This simulatien was used to decermine the effective-

I__ C o 0 w ....a.ck..gi...e.i.r.-..- t.. -r..-et ..~fto.
- - - and to ensure that engine transient rotor speeds were compatible with

--the Inletdynmi. _ .

Figure lIl-H-2 illustrates the inlet response to a maximum rate.:

Iransient from maximum augmented to idle to maximum augmerted at crrln-e

conditions. There was little overshoot or undershoot in rotor spee(:,

and the inlet shock was closely maintained to the desired position. For

this transient, the inlet bypass doors were partially open allowing the3 shock to be repositioned 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 cc a duct heater

blowout and c resultant power lever recycle. The shock position moved

I toward the engine face, whicb caused the ialet bypass doors to fully

close; then when the power lever was retracted, the shock po3ition moved

forward. The bypass doors remained closed during the shock transition.

SPIA was readvanced and original operating conditions re-established.

jL aftar approximately 20 seconds.

c, Ignition

Ihe General Laboratory Associates, Inc. has been selected to provide

the JT 17 prototype ignition system, exciters, and harness. Champion

Spark Plug Company has been selected to provide the spark igniters for

the JTF17 engine. These selections were made based on the proposals

received in response to the P&VA purchase specifications. The GLA system
electrical schema £; and installation d&.0a-g has been coordinated and

found compatible with the 31717 requii:ements.

I f. Hydraulic Pump

Pesco Products Division of Borg-Varner Corporation was selected to

provide the 1717 prototype hydraulic pump. A suitable pump configuration

and engine installation has been coordinated with P - o.

Ill-H-4
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g. Gas Generator Pump

- MCandlcr Evans, 1rc. w.as sected ta prav~le tia JTF17 pr t.,aypc± gl
gen erator pump. Coordination of the pump requirements and engine instal-'

2t-

111- -
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1. Engine/Inlet Compatibility

T h JTF17 engine/inlet corkpit dym3mic simulator was demonstrated to

the FAA. This detailed engine/inlet dynam ic simulation includes flight

cre-w provisions for cruise trim and adjustment of engione pressure ratio

(EPR), inlet spike position, and bypas: door posfiun. SLee figure Ill-K-i.

ExtensLve O3Oiyais of automatic and manual engine/inlet modes of operation

i ,is proceeding with the JTF17 engine/inlet cockpit -dyamic 5imulator-

A iTF7 engine and control digital dynamic simulation for the U.S. AirI Force Aero-Piopulsion Laboratory is complete and has been transmitted.

The impioved I&3k system 360, JTFI7 digital dynamic simulations for

both airframe manufacturers are near completion. A UNIVAC system 1108,

JTFI7 digital dynamic simulation is being prepared for engine controlK ; studies by Hamilton Standard.

The Lockheed California Company has completed an updated inlet simu-

: iation for the P&WA engiae/inlet compatibility study.

A.
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The resonant liner test section, described in FWA FR-2213, was tested

in the East Hartford reverberation chamber. The rest section was con-

struCted as shown in figure III-L-l to simulate thz first 29 in. of the

II fan duct chat is shown in figure !I-L-2. For Lhc -irt section to be

tested, the acoustic treatment was uniform over the entire surface of the
I modelI.

Analytical studies indicate that even greater attenuations are

j b- ir cepr an variations are made to sections of the walls and

flow splitter. As an example, a system of patches, each treated to

attenuate different frequencies, would increase the overall attenuation.

For a second method, the downstream section of the duct could be designed

for the lower sound pressure level because of the attenuation by the

ups tream section.

Preliminary analysis of the data obtained from the reverberation

chamber tests indicates that present test section treatment, together

with changes in blade-vane spacing, will meet the prototype design goal

of 12 db fan noise attenuation. Figure III-L-3 shows the effect of

velocity on attenuation from the resonant liner with a treated flow

splitter. The net effect is an increase in overall attenuation as the

velocity increases to 400 ft/see, which was the design point. Fig-

l I ure ItI-L-4 shows the beneficial effect on attenuation of adding a

*treated flow splitter as compared to no flow splitter. This too results

in broader spectral attenuation, and consequently better overall sound

suppression.

Initial tests to determine the reflection of rearward propagated fan

noise because of a density gradient in the fan discha,'ge duct ware corn-

pleted. Results to date and analytical studies by Dr. Ingard indicate

that significant reduction in fan noise may be expected when the rem-SI perature ratio across the burner is greater than 4 to i.

The study program for evaluating psycho-acoustLic reactions to jet

noise with impressed "pure tones" has been delayed.

III-L-1
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The acoustical analysis of the single jet noise models referred to

in PWA FR-2213 has been completed and is suan=arized in figure IIl-L-5

I through lfl-L-lO. The final analysis of -the datLa recorded during this

test series continues to substantiate the selcction of the 4-lobe, 50.

penetration, long-length mixing nozzle a6s We optimin contiguration to

W be incorporated in the prototype engine design. The nozzle performance

.. . a n _redn ion -mt.a _is e -lGl tori -thts-lifft-at a p eied - .....- -- - -..

frgure lil-L-5, clearly show that the indicated reduction in jet noise

S can be achieved with virtually no loss in nozzle performance in a

X properly designed eAhaust nozzle system.

During the above-mentioned'series of tests, several models with non-

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

4-lobe, 75% penetration, long-length mixing nozzle with noncoplaner center

bot- exhibited a 2.5 PNdh reduction in jet noise level over a similar

without .a centet body. This reduction in jet noise may be attributed

Coanular mixing phenomenon of the basic JTI17 exhaust system which

* has shown a 3 PNdb reductionin jet noise from the level predicted by the

SAE method.

SAicou tical data recorded during the recent full-scale demonstration

of maximum thrust on engine PX-163 without a reverser-suppressor showed

a edic rn anoisei_e~vii 'of ldfgr lILlrltv to_ the-

noise level predicted by the SAE method. Figure 111--12 shows the octave

band sound pressure levels recorded during engine FX-163 maximum steady-

state thrust point and the corresponding levels from the SAE prediction

method. It is apparent from these data that the maximum difference in

sound pressure level occurs in the center octave bands and reflects the

relatively short potential cone which is characteristic of the noncoplaner

coaxial system used in the basic JTY17 exhaust nozzle design. With

I reverser-suppressor unit No. 2 installed on the engine, there was a

5 PNdb reduction in noise level below that predicted by the SAE method.

(Reference figure III-L-ll.) No discernible effect on performance was5 ' evident. The JTFi7 engine meets the sea level takeoff performance goals

with or without the reverser-suppressor installed.

Y-17
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aull-Scale ce$stin of a J58 engine with the A-Iobe mixing nrt!

blow-in-door ejector installed, has been completed. An extensive rum

pcogam waa scheduled that avaiuated the acoustical perforiance of the

nozzle over a relative jtt velocity range cf from 1609 to 2-100 ft/sec.

And IIt-L-14, respectively. These data, #imen compared to predicted tevuis,

show a maximum of 4.5 PNdb attenuatiov with no loss in nozzle performance.

WE

....... . . ..... . ...... . .
-1-

Li'

.ii

IIII

SI

Ii.



41 Pratt & Whitnewy FAircrt
Ti;A FR-2 239

a

~LUAs

gp

W r74

S i 
_



Pratt & Whitney Aircraft
Z ,. P A FR-2239

m -. C

C

4.)4

l :. -A.

i K
tat

N-.

TIT-4:

"C. 
C.

-- - .

'4ZL 
-



Pratt& Whtne-y Aircraft4
FIM fl-7239

U,

- .4ISI

Pik/t



<-I Pratt&Wwbleyflircaft
PWtA F1-2239

: u4

I0 u

C4r

- - - -



I aft&Whitney Prrf
Fal WA FR-2239

, N~le l:,isn No .e Tt CF)
• 900 MD0 i5sm

*132 Bai 1oid
..... 4-' -L withI t... . .. . _- - . *

120

116

Not&. Th. m=del- dada nrennated have ben seale to funl J58

IL wie size and twiizsd to a 5J ft2 effective jet are&

~~~23 460- +~-L v .. -....
aOfae~nel _

1.7

Z 1.5 _ _

0 10 14 18 22 6
NET THRUST - lb (Thousand)

Figure III-L-5. Performance of Turbojet Mixing FD 19265
Nozzle Models - 921 Series

p. III-L-8

i1N

;.. i " " ' - I



Prah & Whitney Alrerat
PWA FR-2239

900 110 5

128 -- ~-~4-- with

M 128 d

~12WO

112

Note: Tho model data rersne ave beeu uaWdup to full AS8

U! - 2.5

234.5&8 with __ __ ___

21~~~ .0_ _ __

1.7 0 _ 
_ _

-0 10 14 18 22 26

NET THRUST l b (Thousand)

Flg'ire 1114L-6. Performauce of Turbojet Miig ED) 19264
Nozzle Models - 931 Series

1II-L-9



Pratt &Whitney Aircraft
114A !'K-2-3)

132 B~asic Coni c 0

-75-L wiws

124_ _

-4I

1129
Note. The model data represeoital have been scare up to fuil J58 engine

size anid normalized to a 5.7 W~ effective jet arma

. 5

- BaskcCncl _ _ _ A

.~-4-75-Lwith

04

Figure II--. Perform~ance of Turbojet Mixing FD 19263
N~ozle Models 941 Series



Prat& Wtney ircraft
PWA FR-2239

1363
Nozzle Design io 2010

132 - Basic Conical_______F W/O Fjector () 0 K
.4) 0. al-- 4-7-" with

Z:!128

2.50

0 10 P1 1 2 2

Note- Te models 951e Seree se ptofl 5

engi ne izeadnot-L57f-2efctv et-e



Pratt &Whltriey Aircraft
PWA Fk-2239

136

132 W/O EjetOr 0 El

128 _ _ _ _

116

SjNoteThe nodeldaa rprsnted have be saled upto fagl J58
enine dwz and nalized: to 5.7 ft effective jet arem.

2.5

B4.-7r& with

~1.9

1.7
970ere

1.
0 10 14 18 22 26

4' NET THRUST - lb (Thousand)

Figure Ul-L-9. Performance of Turbojet Mixing i) 19261
Nozzle Models - 971 Series

111-L-12



Pratt&WhttneyAIr~raft_
NA FR-2239

W/O Eecto ( 0 0
-4- 75-L wit M

10Z~

~124

VIA*

'1 120

112' -- g

1~~ ~ ~Note~ The mode data rowmsetted have been scale up to funl jwengine Size and UrmWalized to a 5.7 ft effective *e arma.

S 2.5 c.

2.1

0 961 Series
Z L5 -, ._ .. .._

10 14 18 22 26

NET THRUST- Ib (Thousand)

Figure IIl-L-10. Performance of Turbojet Mixing FD 19196
Nozzle Models - 961 Series

III-L-13



Pratt &Whitrwy Rircraft
PIJA FR-2239

A _ _ _ _ _ _ _ _ _ _ ~co

um

40

00 >

4j

9P9-4



wo-Pratt& whffrvey-ftraft
lrlqA FR-2239

0

C

0C

PM41_



NWA fR-2239

if Pr~~~~~A t htyArrf

IIM 7,h

4-41

V4<44

r-,~~rt -h 4 -HT-

L ?_ 7 7-'--

A 

-T

k_4

-e 

A

S14



Pratt & Whtney Aircraft
NWA FR-2239

tN

f m - - tv T.I:.l.1

is '7 4 7j --- t ---- r 2---------7T4 ------

tit a

-Tia

-~ I £ 5 ++

-no4

771 LL7i

- ~ e. ~a.+'~~S~t .~t.,+~'~+-~-+,f



Pt& Wvhitney Aircraft
PWA FR-2239

All work on the ful-scale mockup was covpi..ted prior to the FAA

evaluatcrs visit this period.

IFA vor Mble 1i4-acail =oCk at thle 44 OiS'e suppressor Was isbn-

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

FAA, A fuli side view of the mdel in the sappressioa "e with Lertiary

Iram scoop doors open is shown i figtre Figare 11i-1-2 Is a

S/4 taarwtw ~ t-tti r oos Sndutue Crai.hing edsg O the

Rd;I top and bottom suppression flaps. The traiLling edge of all 4 suppressionq

flaps Can be seen in tbC full rear view shown in figure 11NS

A
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1. General

FM)C JTF17 performance engineers visited Boeing on 5 and 6 December

iand L ckheed on 7 December for increased-size airplane and eagine dis-

cussionb.

SfDC performance and installation engineering personnel visited Boeilg

an -lokheeo -8 ~ ~ ~tYseuvt;trpreszntationsZ of

dim:ortvd inlet fan rig and engine test results, as well as the latest

3TYI7A-21 prototype engine high compressor rig test results.

Messrs. W. L. Cotton, FRDC General Manager, -nd H. N. Toreil, Chief

Engineer, visited the FAA, Washington, D. C., on 12 December, for SST

program discussions.

The FAA Supplemental Engine Evaluation Team visited FXDC on 14, 15

* Deeenber, to review the JTF17 Phase I-C engine and rig testing azcoiplish-

' 3 ments subsequent to their November visit. All engine objectives have

- been met.

Phase I1-C Evaluation Supplementary Report, WA FR-2193, dated 15

December; was transmitted to the FAA, Washington, on schedule. This report

summarizes FPRU powerplant progress from 6 September to 15 December,

.. . ineI -Phage -4T7C engire and major component overall test results,

3717 Failure Mode and Effect Analysis material, which included

block diagrams, ccmpcdent FMEA, and fuel and control FME& was providedIN I to American Airlines as requested.

A JTF17 engine simulation program, which included the, I17 engine

I' I and control dynamic simulation deck, basic logic flow diagram of the

i. propulsion system, engine control block diagramb and constants, and

: engine control schedules and functions, was transmitted to the Air Force

Aero-Propulsion Laboratory, ag requested.

2. JTFI7A-21L Engine

-Prop4sed P&WA Spec. 2698 revisions, resulting from FAA-P&WA Phase III

contract negotiations, were forwarded to LCC for their review and approval.

III-N-I
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A preliminary drawing of a "four lobe" suppressor nozzle, designed to

provide an additional noise suppression of 3 ?Ndb at maximum augment d

thrust, was generated and trauLsmitteu to Lockheed for their consideration

iv, engine scudies associated with their increascd TOUG airplanes. This

reverser-suppressor, which is conical '.n shape, is four inches greater in

dianlter at he front end, and weighs approximately 350 lb more than

- the current JTFI7A-21L reverser-suppressor.

- T- supplement data previously supplied, additional engine disk failure

data and analyses were LransmPItted to LCC per their request, to aid them

. in completing their FAA-requested reliability studies.

Performance decks for several increased airflow study engines were
(I.. t~ansmitted to LXC for Lhcir use in optimization studies on possible

increased TOOW airplanes. Applicable dimensions and weights were also

provided. Extremely close and active coordinition continues in efforts

to achieve an optimum. airplane/eagine comination.

In response to a Lockheed request a design study was conducted to

determine the engine-driven copressor-oil pump gcarbox envelope growth,

j associated with increased horsepower requirements. A layout depicting

the increased size gearbox was generated and transmitted to LCC.

I; As a variation of the aboveLCC has advised P&WA that they are currently
conduczing additional studies of their environmental control system, in

i lan effort to define a system in which the engine-driven compressor can

be reoved from the engine. The feasibility of chesL systems depends in

part on possibiliry of revising the current engine air bleed concept.

Initial design studies cf the required engine bleed system were conducted.

LCC has again requested relocation of the engine front myint attach

paints. The relocation is a result of continuing mount system optimization

studies. Preliminai-y engine design studies were conducted to determine

structural azad weight effects on the engine. LCC have provided drawings

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

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

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

revised upper reverser-suppressor 1low-in-door configuration. The drawing

has been reviewed and estimates of 1.erformance effects have been forwarded

to LCC for input int their drag .ersus thrust tiJde-off *tudies.

II--N-2
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3. JT E7A-2iB Engine

3 Proposed P&WA Spec. 2710 revisions, resulting from FAA-P&WA Phase ill

contract negotiations, have been approved by Boeing.

[,' 3 At Boeing's request a performance deck and applicable dLmensions for
N a study engine, JTF17A-21B-1, sized at 825 lb/sec airflov, and 1.! bypass

ratio was provided. This engine will provide (1) a significant improve-

went in overall airplane performance at the current TOGW, (2) imoroved

- tra ni-thrst-atrin, d -(3ya significant reduction in the noise

I level. This engine has the potential of reducing sideline noise to a

level well below the present FAA objectives. Copies of the preliminary

1specification for this engine, PWA Engine Specification No. 2716, dated

9 December 1966, have been transmitted to the FAA, Washington, ). C.

[ for their review.

The latest revised copy of P&WA duct heater nozzle attachment layout

El 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 Il-C.

! FRDC supplied BoeLng,,per their request, infoimation concerning the

effect of prolonged operation at high temperature on the properties of

oil, and on the JTF17 engine bearings and lubricated components.

FRDC transmitted to Boeing, per their request, a zomplete 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 in the Boeing SST

propulsion system noise test program being conducted at the Boardman,

Oregon test facility. FRDC offered the services of an instrumentation

if e-'gineer, if they so desired.

Airplane nacelle model test coordination has been extensive. A

preliminary review of the Boeing and FRJDC wing-nacelle test results

indicates very good agreement. A reverser targeting study indicates[that the inverted "Y" pattern of flow, suggested by the airframe company,
can be achieved with the prototype engine design.

1 -
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0. MAINTAINABILI TY

k The design layout to improve the maintainability characteristics of

. Ithe JTF17 engine by revising the fan stator assembly attachment, as

reported in FWA FR-2213, has been completed. This redesign resulted ii

a 417 reduction in the number of bolts that havc to be removed in order

to disassemble the fan stator assembly and still retain suppocL aL Ott

front mount,

__ -Tveupplement-th intainabi iiv ni nr~Ance endeavors, P&-A -has

prepared two additional documents: (1) 1TFL7 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 sugunarize

each of the documents.

The JTFI7 engine diagnostic inspection analysis included the follow-

ing categories:

1. In-Flight Monitoring

Gas generator parameter monitoring for malfunction analysis through

gas generator comparisons and mechanical trends is the basic method of

in-flight monitoring. The detailed procedure and techniques, as outlined

in P Gas Turbine Operation Information Letters No. 14, 15, 16, and 18,

werereviewed. Current airline practice and operating procedures were

reviewed writh PW&A Flight Operation Engineering and airline field service

representatives. Engine trend curves are established by a circular slide

rule provided by P&WA for each particular engine and used by flight crews.

2. Flight Line Investigation

Flight line techniques that were investigated included oil analysis,

borescope inspection, sonic analysis and radiography.

The Lube Rater system was reviewed, the details of which are contained

in PSWA Report NaFL-65-3 entitled "Extension of Synthetic Oil Drain Periods

in Aircraft Gas Turbine Engines," dated 10 February 1965. The spectrometric

i-,I oil anaiysis program as used by commercial and military operators has been

reviewed. Chip detectors and popout oil filters of the visual as well as

recording variety have been investigated, and vendors have been contacted

for the best equipment for this application.

1I1-0-I j



-I Pratt & Whitney lircraft
- PWA FR-2239

" I Mockups have been sade to determine the feasibility of the borescope

- provisions. Investigation work has been done with equipment manufacturers

" I for borescopes with zoom lenses, polaroid and movie camera attachments,

3as well as closed circuit television attachments.

A survey was made of the various airlines as well a--indeendent
laboratories currently using radioisotopes for noscic-orko Ra 't -

graphs taken during the engine test phase of the JTFI7 program demonstrated

the feasibility as well as the effectiveness of this technique.

V IThe current work on a sonic analyzer being evaluated by 714A, Eastern

and National Airlines was reviewed with our service representatives.

Several acoustical tapes were made on the JTFi7 during the test program

I to evaluate this technique.

3. Engine heavy Maintenance

Techniques to determine serviceability of either subassemblies or

detailed parts include conventional radiography, ultrasonic, eddy current,

fluorescent penetrant, and infrared inspection. Current techniques and

practices were reviewed with Materials Development Laboratory and Non-

SI destructive Test (NDT) personnel in such areas as spin, hot spin, wink zyglo,

eddy current, and ultrasonic defect detection programs. A method has been

jdeveloped by P&WA 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 production use.

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

are being investigated such as color radiography, neutron radiography,

olfactronics, lasers, microwaves, and ultrasonic imaging.

] Pratt & Whitney Aircraft recognized that the airline operators were

I already involved in planning for shop and test facility modifications to

A support a forthcoming generation of large subsonic and supersonic aircraft,

and therefore provided a preliminary document, PA JT9D/SST Turbine Engine

IOverhaul 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 JT9D and JTFI7 require-

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

III-O-2
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I with responsible planning personnel at PAA, AAL, TWA, and UAL, and the

response from these major carriers was most favorable.

I To il!tistrate the degree of effort and depth of information, the table

of contents from EA JT9DiSST Turbine Engine Overha-;! Test Cell equlre e Ls

j is reproduced below:

1 . Scope . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2. General Discussion ......... ................... 2

3. Noise Control Requirements ...................... 4

3.1 Typical Noise Criteria ......................... 4

3.2 XC9D/SSTr Noise Generation .. .. .. ................

L 3.3 Net Test Cell Noise Attenuation Required ............. 6

3.4 Noise Control Techniques. ................ 6

L 4. Aerodynamic and Temperature Control Requirements .... 8

4.1 Aerodynamic and Temperature Design Criteria .......... 8

4.2 JT9D/SST Engine and Test Cell Iass Flow Data. ...... 8

4.3 Summary of Calculations ......................... 9

4.3.1 Intake Stack Sizes With 60% Open Treatment ... ....... 9

4.3.2 Exhaust Stack Sizes With 35% Open Treatment. .......... 9

4.3.3 Exhaust Stack Sixes With 10M% Open Linod Turns........11)

L 4.4 Sumqazy of Conditions Used for Cell Design ... ....... 10

4.4.1 Smaller Test Cells - Low Air Flow, High Water Flow . . 10

1!4.4.2 Larger Test Cells - High Air Flow, Low Slater Flow . 10
5. JT9D/SST Reference Test Cell Specification ... ....... 11

i 5.1 General Description and Specifications ......... .. 11

1 5.1.1 Scope. ................................. . .. 11

5.1.2 Test Cell Layouts ..... .................... ... 12

5.1.3 Test Facility Characteristics - Comparative Costs .... 24

..
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I F VA WE NN.EKiNr

Value Engineering cost stnidies co-.pleted A- ring the month of December

include:

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

fuel flow and bypass ratio

2. Updated controls and valves cost estimate

3. Updated ergine cost e5tizate
I 4. Flange study sumaary of form r4Iel and welded rings,

contoured flash butt-welded rings and rectanguiar flash

I butt-welded rings.

During this report period, Value Engineering also:

1. Investigated feasibility of using titanium honeycomb for

noise suppression liners

!2. Review" use of augle gask.eLS for Hiskell seals in main

fuel drain valve and found them not acceptable for this

application

3. Completed Phase I-C Final Report for Value Engineering.

A 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.!I
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Q. CONFIGURATION MANAGEIS7 

PWA FR-2239

Design of the prototype engine is continuirg wth incorporation of

coordinated interfaces. Detail changes requic'ed on smie interface Items

are being coordinated with the airframe manufacturers as design -f the

engine and airframe progresses. All proposed changes are bein,. Lrans-

mirred by Field Survey Layouts with a log of dates Cf LrinmiL1i1 and

acceptance or rejection 
hy the airframe manufacturer. 

The basic con-.

sg firationof the en'i"-is uraffected hythnese changes -

I 
I

:.
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"Chem-milltng of airfoi sections has proved to be a quick and accurate

method for producing maataxs in size ranges needcd for blade arid vane

wall aehicknes r uremenL, These masters permit setting ot eddy current

.quipment so that clos, measurement of actual thickness is posible.

iiii-i-i
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S. RELIABILITY

I. Design Revievs

ReliabilitV reN-i of all layouts describing the prototype engine S

and reliabIlity engineering layout revieW sheaL' indicating areas that

tMerit further study have been completed.

2. Failure Mode and Effect Aaalysis
The third edition oi the Failure Mode and Effect Analysis has been

. completed and is included in this report as Appendix A. This edition

contains FMEA Sheet It which includes the hazard classification, design

a philosophy to preclude failure and the design philosophy to reduce

hazard for each failure mode. Minor revisions have been made to I?&A

Sheet I to reflect the latest design decisions.

3. Service Dats Analysis

Detailed analysis of Service Department data on causes of inflight

-hutdowns, premature engine removals, and parts discrepancies is con-j tinuing. The areas investigated in detail during this month are:

kI. JT3C No. 4-1/2 Bearing Seal Wear1 2. JT4A Fuel Nozzle Inlet Tee Cracking

3. JT4A Rear Compressor Bore Tube Wear

1i 4. JTBJ Oil Pressure Regulating Valve Loosening

4. Special Reliability Studies

3 A study of "strip stock" vcrsus "forged foot" compressor stators has
been completed. A survey of premature engine removals of the JT3C,

JT3D, JTAA, and JT8D engines from 1961 through 1965 shows that forged

stators have greater reliability than strip stock stators. The failure

rates were calculated to be 0.0006 failures/one thousand hours for
forged stators and 0. 0014 failures/one thousand hour-s for strip stock

stators.

A study to determine exhaust gas tenperature variations of first

run production engines and the exhaust gas temsperature deterioration

experienced by overhauled engines has been completed. This information

was used in studies of hot sect in parts life.

IT-S-I
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1 5. Narts flistory Survey

A parts history survey of 1st- and 2nd-stage fan blades was made for

Project Test Engineers to identify the high test time blades.

6. Statistical Axlysts of Outliers

A Monte Carlo simulator was written to evaluate efficiencies of

methods for detecting outliers in =T17 perforuanice dat~a. The r s

will show the relative performance of Thompeor.'s "T", Ansccwabe's "t

Ftzhar s IVw Gr u-s dee-L techniques With smail sampls

7. Dead Band

[ The final version of the dead band study (PWA Report FR-1897) was

completed during this report period and the report is included herein as

[ Appendix B.

CW
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SECTION IV
AIRLNE COMMTS

No Airline coument. were received during thi-A report period.
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SECTION V
STATE -OF-THE -ART

There hag been no significant State-f-he-ArL information receivet!

during this report perio'd.
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APPENIX A

i JTF17 FAILURE !ODE AM EFFECT ANALYSIS

IThe faollowing pa-ges represent the re-stlts f a detai-ed Failure Mode

and Effect Analysis (FMEA) and design philosophy to reduce hazards.

The MEA is shown on sheet I, while the design philo ,pby to reduce

hazards is shown on sheet II for each failure mode.

I The following abbreviations have been used:

F.O.D. Foreign object damage

I.F.S. Inflight shutdown

P.E.R. Premature engine removal

A.F. Augmentor failure

I
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