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1. INTRODUCTION

In compliance with section I paragraph IX of the Phase III Request for Proposal
: this document is the technical portion of the Airirame/Engine Agreeme=t. The
i document is part B of the Airframe/Engine Agreement D6A10184-1 ar. the
approval signatures on part A separately bound are also equally applicabie to
this part.

- #'1.1 SCOPE
i This agreement establishes the interfaze requirements including the perform-
&- ance, design, fabrication and testing fo." the Boeing Model B-2707 (P&WA)

Supersonic Transport airplane and for the Pratt and Whitney Aircraft
JTF17A-21B turbofan engine.

This agreement covers the certification and production phases {Phase-¥V and
Phase-¥Y of the SST Pregram in addition to the prototype construction and 100
hours flight test (PhaseH). Therefore, the requirements as set forth Herein,
are intended to be applicable to production JTF17A-21B eungines and production

pranlmo ul
"

. Model B-2707 (P&WA) airplane. While the requirements are also generally
applicable to the prototype engines and airplanes except as specifically stated
» to the contrary kexein, it is anticipated that some deviations may be required

for prototype engines and airplanes. Accordingly, both P&WA and Boeing
~ shall immediately notify the other whenever, in the course of design or develop-
ment it becomes apparent that the prototype engine or «irplane will not meet

\\\ the regquirements specified herein. /# L *

- \ ;‘k “rkx_(. :
1.2 PURPOSE &/

- he purpese of this agreement is to define the responsibilities of P&WA and

Boeing for tke physical and functional interface requirements for the Boeing
Modei B-2707 (PTWA) airplane a.d the PTWA JT¥17A-21B turbofan engine.

v

. ;
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2. APPLICABLE DOCUMEWNTS

2,1 GOVERNMENT

The following documents, of the issue date shown, form a part of this agree-
ment to the extent specified herein.

2.1.1 AND 10050 — Air Force-Navy Aeronautical Design Standard '"Bosses,
Standard Dimensions for Gasket Seal Straight Thread", dated July 18, 19586.

2.1.2 MIL-E-005607C — Miiitary Specification '"Engine, Gas Turbine,
Preparation for Storage and Shipment of, Process for', dated March 25, 1963.

2.1.3 MIL-5-8879 — Military Specification ""Screw Threads, Standard Aero-
nautical', dated September 21, 1960,

2.1.4 FAR 33 — Federal Aviation Regulations '"Airworthiness Standsuw=da.
Aircraft Engines', dated February 1, 1965,

2.1.5 FAR 1— Federal Aviation Regulations '""Definitions and Abbreviations",
dated May 15, 1962.

2.1.6 British Civil Airworthiness Requirerients — Section C, dated
March 1, 1957.

2.1.7 Air Force Specification Bulletin 526 — ""Contaminants, Cabin Air,
Maximum Allowable Concentration of", dated February 3, 1961,

2.1.8 FAR 21 — Federal Aviation Regulations Certification Procedures:
Products and Parts, dated November 14, 1985.

2.1.9 FAR 25 — Federal Aviation Regulations Airworthiness Standards:
Transport Category Airplanes and Tentative Airworthiness Standards for
Supersonic Trarsports.

2.1.10 TT-S-735 Federal Specification Standard Test Fluids: Hydrocarbon.

2.1.11 MIL-E-5007A — Military Specification "Engine Aircraft, Turbojat,
and Turbofan, General Specification for", datu. 7/21/51.

2.1.12 MIL-E-5007C — Military Specification ""Engine Aircraft, Turbojet,
and Turbofan, General Specification for", dated 12/31/65.

2.1.13 FAR AC 33-1— Federal Aviation Agency Advisory Circular: Turbine

Engine Foreign Object Ingestion and Rotor Blade Containment Type Certification
Procedures, dated 6/24/65.

2.1.14 MIL-E-5272C — Environmental Testing, Acronautical and Associated

Equipment, General Specification for, dated 4/13/59, including Amendment 1,
dated 1/20/60.

D6A1D199 -1




2.2 NONGOVERNMENT

The following documents of the issue date shown, form a part of this agree-
ment to the extent specified herein. One copy of each document listed below
and marked with an asterisk is to be furnished to Pratt & Whitngy with each
copy of this agreement.

2.2.1 AS518 — SAE Aerospace Standard '"Drive-Accessory, 3.000 Pilot
Diameter, Q.A.D.", issued 12/15/63.

2.2.2 AS520 — SAE Aerospace Standard '"Drive-Accessory, 6.500 Pilot
Diameter, Q.A.D.", issued 12/15/63.

2.2.5 AS522 — SAE Aercspace Standard '"Flange-Accessory, 3.000 Pilot
Diameter, Q.A.D.", issued 12/15/63.

2.2.4 PWA 522 — P&WA Specification, Fuel Commercial Aircraft Turbine
Engine, dated 11/5/65.

2.2.5 PWA 521-B Type I Pratt & Whitney Aircrait Specification Lubricant,
Aircraft Turbine Engine, dated 6,25/63.

2.2.6 SAE Document AIR 876 '"Procedures for Jet Noise Prediction",
dated 7/1C/65.

2.2.7 SAE Document ARP 865 '"Definitions and Procedures for Computing
the Perceived Noise Level of Aircraft Noise', dated 10/15/64.

2.2.8 SAE Document ARP 866 "Stancard Values of Atm.ospheric Absorption
as a Function of Temperature and Humidity for use in Evaluating Aircraft
Flyover Noise", dated 8/31/64.

2.2.9 Delete

2.2.10 Delete

*2.2.11 Boeing Standard BAC F22AC "'Flange, Coupling" Specification Con-
trol Drawing.

2.2.12 Boeing Document D56A10112-1— Propulsion Subsystem Specification —
P& WA, dated 9,6/66.

2.2.13 P&WA Engine Mode! Specification 2710, dated 8/8/66.

2.2.14 P&WA Engine Installation Drawing No., 2129601 (Production). P&WA
Engine Installation Drawing No. 2130301 (FTS).

2.2.15 P&WA 533 — P&WA Specification, Fuel, Aircraft Turbine Engine,
dated 11/10/84.

D6A1019C-1
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3. DESIGN REQUIREMENTS
3.1 GENERAL REQUIREMENTS FOR DESIGN
3.1.1 Engine Specification Requirements

3.1.1.1 Engine Model Specification

An engine model specification, defining engine performance znd cesign in
compliance with the requirements of this Engine/Airframe Technical Agree-
ment shall be prepared by Pratt & Whitney Airccraft (P&WA) for use in air-
plane performance determination. The Boeing approved Engine Model Speci-
fication, Ref. 2.2.13, shall be a portion of this Engine/Airframe Technical
Agreement to the extent specified herein.

3.1.1.2 Engine Installation Drawing

An engine installation drawing, Ref, 2.2.14, defining the installation envelope,
overall dimensions, support details, engine control locations and motion,
accessory locations, drains, installation, details, instrumentation provisions,
and all other coordinated engine-airframe installation requirements, shall be
a part of the Engine Model Specification to the extent specified herein.

3.1.1.2.1 Supporting frata
Pratt & Whitney Aircra:. shall furnish a list of essential engine accessories
and engine capabilities and provisions for installation of aircraft accessories.

Pratt & Whitney Aircraft shall furnish system diagrams of the electrical, fuel,
lubrication, and other systems such as thrust reverser actuation, secondary
air system, etc.

3.1.1.3 Card Deck Programs

A card deck program shall be provided capable of running on a mutually agreed
upon high-speed computer. This program will define estimated engine per-
formance, representing maximum fuel flow, minimum thrust and average
values for all other items, and will be consistent with the guaranteed engine
performance and shall be used to calculate data used in guaranteed airplane
performance. Idle thrust may be average. The program will be based on a
cycle match calculation rather than a program which uses a multiplicity of
tables to generate performance data. The program shall be capable of gener-
ating data at any power setting from idle to takeoff at any altitude, Mach
number, or ambient temperature within the engine operating envelope. The
program shall he capable of making corrections for horsepower extraction,
iniet recovery, and airkbleed.

The card deck program will be used as the prime dat2 source. Performance
curves provided in Ref. 2.2.13, shall be in agreement with the card deck
program and maintained up-to-date.

3.1.1.4 Analytical Model for Engine-Inlet Dynamic Studies

Pratt & Whitney Aircraft shall submit an analytical representation of the en~
gine and its control systems suitable for use in inlet-engine dynamic simula-
tion studies at Boeing. The simulation shall be valid over the operating per-
formsnce envelope of the engine as specified in Fig. 1.

D6A10799-~1
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The simulation shall allow determination of the effects of normal engine
transients on inlet and inlet control operation. These transients include:

a. Throttle movements including 'full burst' and "chop."
b. Augmentor 'lightoff" and 'shutdown."

c. Inflight engine "'shutdown' and 'restart," including windmill brake
operation.

Also, the engine simulation shzll be used to determine the transient effects of
abnormal engine operation on inlet and control operation. These transients
include:

d. Compressor stall (with and without distorted flow).
e. Main burner blowout,
f. Augmertor blowout.

g. Possible engine failure conditions (i.e., nozzle failure) insofar as
practical.

Boeing will submit te P&WA an inlet dynamic simulation throughout the range
of inlet started operation including inlet distortion profiles, ram recovery and
air flow. Pratt & Whitney Aircraft will use this data in a test program to pro-
vide data for simulating compressor stall with disto: .ed flow.

Simulation programs developed during Phase II-C will be updated by both
P&WA and Boeing during FPhase III as inlet and engine development programs
provide additional data.

3.1.2 Performance

The estimated engine performance, representing maximum fuel flow and mini-
mum thrust and with all other values being average for all operating conditions,
shall be specified ir the Engine Model Specification. This performance shall
be consistent with the guaranteed performance points shown in Table I. All
production engines shall be capable of demonstrating the guaranteed engine
performance.

For the Phase Il Flight Test Program, prototype FTS engine performance is
shown in Table 1.

3.1.3 Environment
3,1.3.1 Ambient Temperature Conditions

The complete engine shall perform satisfactorily under ambient temperature
defined by Figs. 3 and 4.
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Figure 3. Flight Ambient Temperature Envelope

O6A10139-1

128

’.-..-.—..»? v s ot ety Ll
v . -

7

o T e

!;ndl"ﬂm)

L

|




2

T

—+— MAXINUM FIELD ELEVATION

8,008 t— | ; ‘/

e

7,080

e

6,000

MINIMUM

000 W4

W

U.S.STANDARD

ATHOSPHERE - 1962

4,000 ,’

PRESSURE ALTITUDE (FT)
N

MAXIMUM

3,000 —

2,000

o

1,000

SL

~1,000

50 -~ -2 0 2 & 60

8 100 120

TEMPERATURE (°F)

Figure 4. Ground Ambient Temperature Envelope

DA 10195 ~1

10

k)




9 "

4 e p———————r

P DU R S )

3.1.3.1.1 Design Inlet Temperatures

Maximum air stagnation temperature will be 500°F with an overshoot to a
stagnation temperature of 550°F based on a variable ratio of specific heats
for z2ir. The stagnation temperature will not exceed 500°F for more than one
minute.

3.1.3.1.2 Operating Envelope
The engine and engine systems shall function satisfactorily within the oper-
ating envelope ae defined in Fig. 1.

3.1.3.1.3 Usage
The intended usage of the engine is for powering a supersonic transport air-
craft.

3.1.3.1.4 Engine Nacelle Temperature

The engine and components shall perform satisiactorily during normal opera-
tion with that yortion of the engine forward of the firewall surrounded by
stagnant air at a maximum average temperature of 650°F. Components
located at the forward half of the nacelle accessory compartment will not be
exposed to more than 600°F,

3.1.4 Fuel

The engine shall function satisfactorily throughout its complete operating
range for any steady state operating conditions when using only those fueis,
specified in Ref. 2.2.4, with a flash point above 110°F with fuel temperature
and time limits as shown in Figs. 5 and 7. When using fuel per Ref. 2.2.15,
the fuel temperature and time limits are shown in Figs. 5 and 6.

3.1.5 Tubrication

The engine shall function satisfactorily throughout its complete operating
range for any steady-state and transient operating condition when lubricants
conforming to and having any of the variations in characteristics permitted by
Ref. 2.2.5 are being used.

3.1.6 Starting

The ergine shall be capable of ground starting from -1,000 ft to +8,000 ft
within the ambient temperature conditions as defined in Fig. 4, suhject to the
fuel and lubrication limitations and torque requirements noted herein.

3.1.7 Dry Weight of Complete Engine

The dry weight of the engine shall not exceed 10,640 1b. The weight of the
FTS engire shall be within 105 percent not including special test instrumenta-~
tion. The engine shall include the following components:

a. Fuel system including gas generator control, duct heater contrcl, aad
fuel pumps.

b. Lukrication system including oil tank, filter (strainer), and fuel/oil
cooler. )

c. Engine ignition system without power source.
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d. Variable area duct heater exhaust nozzle ircluding control system.
e. Fuel inlet mani’oid.

f. Windmilling brake system (aerodynamic).

g. Reverser-suppressor, including control system.

h. Power takeoff provisions, including inlet hydraulic pump drive gear-

i. Gas generator exhaust gas temperature and pressure probes.
j. Provisions for pocwer setting instrumentation,
k. Secondary air ducting including control system and bulkhead.

This weight (10,640 1b) does not include the weight allowance required for
these brackets supplied with the engine that are tn be atilized for the support
of airframe equipment.

3.1.8 Useful Life

Engine parts and components shall be designed for a useful life including re-
pair consistent with an airplane normal sexvice life expectancy of at least
59,000 hr. Pratt and Whitney Aircraft shall undertake the design and develop-
ment of improved components or parts and/or repair procedures for the com-~
poner*- or parts, as shown to be required by airline service.

3.1.9 Time Between Overhaul (D2leted)

3.1.10 Flight Maneuvers

3.1.10.1 Attitude

The engine shall function satisfactorily under the flighi attitudes defined in

Fig. 8 under the following conditions:

a. Continuous operation for vertical accelerations of 0.5 t02.0 g
positive.

b. Operation for 60 sec when subjected to vertical accelerations for 0.1
to 0.5 g positive, and from 2.0 to 3.5 g positive.

¢. Operation for 10 sec when subjected to vertical accelerations for
0.1to 1.0 g negative.

d. Operation for 5 sec when subjected to 0 g condition (0.1 g).

e. Operation for 15 sec when subjected to side accelerations from 0.5
to 1.7 g. (From either side).

f. Continuous operation when subjected to fore and aft a ‘celerations
{rom 0 tc 0.5 g.
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g. Continuous operation when subjected to side accelerations from 0 to
0.5 g (from either side).

3.1.11 Connection Identification

Insofar as practical, the engine shall be permanently markec to indicate all
airframe connections shown on the Installatior Drawing for instrumentation,
electrical, fuel, oil, and air ccnnections.,

3.1.12 External Flammuble Fluid Lines

" All external lines and fittings which convey flammabie fluids shcll be fire-

proof as defined in Ref. 2,1.5.

3.1.13 Containment

The engine cuall be designed for rstor blade containment to meet the require-
ments of Par. 33.19 of Ref. 2.:.4 and shall be specified in the engine type
certificate. Furthermore, the engine shall be designed to meet the engine
requirements of Par. 25.903{d), Item 1 and Z of Ref. 2.1.9 and shall be
specified in the engine type certification.

3.1.14 Accessibility

Those parts of the engine requiring line . e, adjustment, checking,
or replacement shall be made accessf’ sardown of the engine or
removal of major parts, component ¢ ... ...1es.

3.1.15 Documentation

Pratt and Whitney Aircraft shall furnish to Boeing documentation of perform-
ance for both engine and the engine-furnished components, as an aid to Boeing
in obtaining certification in accordance with the then-existing commercial
Rasic Agreement between P&WA znod Boeing.

3.1.18 Design Changes

Pratt & Whitney Aircraft shall have the responsibility for developing detail
design of the engine to reflect performance characteristics that are in accord
with the general objectives and specific requirements of this agreement.

1t shall be P&WA's responsibility to coordinate with the Boeing engineering
design group whenever, in the course of P&WA's design activities, there is
any indication that a particular design detail might be contrary to the require-
ments or intent of this agreement.

3.2 SPECIFIC REQUIREMENTS FOR DESIGN
3.2.1 Guaranteed Performance and Noise Control

3.2.1.1 Performance

In addition to the guaranteed calibration stand performance shown in the
Engine Model Specification, the engine shall meet the flight performance
points shown in Table I. Estimated performance for other flight cenditions
shall be included in the engine performance data deck.
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3.2.1.2 Noise Control

3.2.1.2.1 Noise Levels

The noise levels generated by one engine shall not exceed the values in Table
II at any point along a line parallel to and 300 ft from the axis of the engine.
Measurements may be made either on the line or on an arc of 300 ft radius
and corrected to the line hy SAE procedures. The engine shall be in com-
pliance with these values under the following conditions:

a. Static operation

b. P&WA bellmouth inlet

¢. Production engine or accoustically similar engine

d. Standard day at sea level 59°F and 70 percent relative humidity
The prototype engines shall be considered to have met these requirements, if
measured data corrected by analysis for differences between the prototype
and production configuration fall within the limits of Table II.

Noise level measured as specified in Par. 3.2.1.2.1 shall not exceed the fol-
lowing values for the conditions stated in Table III.

Takle Il. Noise Level

PNDB
Maximum augmented thrust 139
23,900 1b thrust 122
12,000 1b thrust 107*
*Exclusive of noise radiating from engine inlet.

Pratt and Whitney Aircraft, during engine development, will have as an ob-
jective the limitation of discrete frequency noise components to a point where
the sound pressure level (SPL) in any 1/3 octave band does not exceed the SPL
of the random noise in that 1/3 octave band by more than 5 db.

Both P&WA and Boeing shall coordinate and keep each other informed through-

- out the engine development program of the status of their efforts in meeting

the noise requirements.

3.2.1,2.2 Noise Prediction

Pratt & Whitney Aircraft may use Par. 2.2.6 in predicting the engire noise
level. The use of 1is prediction system does not relieve P&WA from meeting
the required noise :vel.

DEA10199~1
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3.2.1,2.3 Engine Acoustical Environment .

The engine shall be designed and constructed to function for 100 hr duration L

without failure in any of the engine components when operating at a noise level ;

of 155 db. o

3.2.2 Engine Bleed Air a

3.2.2.1 Air-Conditioning !

The engine shall provide bleed air for air-conditioning and pressurization of — }

the passenger and crew compartments which satisfies the following require- L

ments: S

3.2.2.1.1 Quality of Bleed Air
Dirt or other foreign particle concentration in the bleed air after expansion to &
atmospheric pressure shall not exceed that of air at the #ngine inlet on a per
unit volume basis,

3.2.2.1.2 Contamination
The air at the engine bleed ports shall noc contain quantities of engine gener- -
ated noxious, toxic or irritating substances above the maximum threshold
limit values of the substances shown in Table HOI.

Y Table lll. Bleed Air Contamination Limits
Substances Parts Per Million 3
Carbon dioxide 5,000.0 -
Carbon moncxide 50.0 |
E Carbon tetrachloride 50.0 )
i : Decaborane 0.05 [(_,
Diborane 0.1
‘ Pentahorane 0.01 i -
Ethyl alcohol (ethanol) 1,000.0 -
Fluorine 0.1 -
Fuels, aviation 250.0 {E E
Hydrogen peroxide 1.0 -
i Methyl alcohol (methanol) 200.0 ¥
r Methyl bromide 20.0 .
Monochlorobror.nomethane 40.0 :
Nitrogen dioxide 5.0 ~
0il breakdown products (aldehydes, L
acrolein, etz.) 1.0 S
Unsym-dimethyl hydrazine 0.5
DEA10199~1 3 ‘
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The air shall contain a tctal of not more than 5 mg/cubic meter of submicron
particles.

3.2.2.1,3 Seals

Accessory seals, bearing seals, and oil lines shall be designed so that 2
single failure (except an engine bearing railure) cannot result in bleed air
contamination. Pratt & Whitney Aircraft shall submit a failure analysis to
Boeing to demonstrate how the design meets this requirement.

3.2.2.1.4 Quartity of Bleed Air
One bleed port as shown in Fig. 9, shall be provided to supply the bleed air
for airplane usage other than anti~icing, defined in Table IV.

3.2.2.2 Inlet Anti-Icing
One bleed port as shown in Fig. 9 shall be provided to supply the bleed air
for inlet anti-icing defined in Table IV.

3.2.3 Accessory Drive Power Takeoff

3.2.3.1 Accessory Drive Power Takeoff Provisions

The engine shall provide a drive pad to allow the attachment of a Boeing-
furnished exteranal shaft and a remotely located airframe accessory gear box.
Accessories mounted on the gear box include the main hydraulic pumps, ac
generator and speed control, coolant ajr fan, cabin air boost compressor and
air turbine starter. The pad and power takeoff mating shaft connection serves
as {a) a means to obtain power from the engine to drive the gear box and
mounted accessories, and (b) 2 means to transmit power from the accessory
gear box to the engine rotor for starting.

The drive pad, similar to Ref. 2.2.2 except for horsepower, shall be pro-
vided wiih mounting flange, location details, and direction of rotation as
shown on the engine installation drawing.

3.2.3.1.1 Design Power Extraction

The drive pad shall be designed to transmit the power loads shown in Table V.
The inlet hydraulic pump loads are not included in Table V; see Par.

3.2.6.1,

Cyclic load variaticns shall be £10 hp at a frequency of 1 cycle per minute
with the nominal continuous loads shown in Table V.

3.2.3.1.2 Engine Starting
The pad shall be designed to transmir the torque required for engine start.

3.2.3.1.3 Dynamic Loading

The drive pad shall be designed to withstand the impact load incurred when a
static gearbox is connected to the pad with the engine windmilling at 1.6 per-
cent rpm. The estimated gear box ang accessories equivalent polar moment
of inertia, at the PTO pad, is 40 1b-ft”,

D6A10199~1
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A QNA

B DIA

110° 1°
0.11
0.10

ENGINE BLEED PORT DUCTO.D. | ADIA * %%%% B DIA £0.001
ENVIRONMENTAL CONTROL |  6.00 6.03 6.69
SYSTEM
INLET ANTI-ICE 3.50 3.53 419

F:igun 9. Bleed Air Port Cenfiguration
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3.2.3.1.4 Power Takeoff Shaft Rotation

Shaft speed shall be 8,000 £200 rpm with the engine rotor at 160 percent rated
rpra. Direction of shaft rotation ehall be clockwise when viewing the engine
PTO pad.

3.2.3.1.5 Shear Section
Any shear section provided by P&WA shall be designed to shear at & torque

of not 1ess than 1, 58¢ ft-1b.

3.2.3.1.6 Mounting Flange and PTO Shaft Loads

The gear box aud accessories will be supported from the aircraft structure.
However, the pad will be subjected to and shall be designed for an overhung

moment of 1,000 in-lb incurred through angular and axial deflection of ex-
ternal shaft.

3.2.3.1,7 Lubrication )
The pad and spline shall be lubricated by the engine lubrication system.

3.2.3.1.8 Windmilling Power
A windmilling engine at 1,160 rpm shall supply an estimated 65 hp at the PTO
pad under the following conditions:

a. Sea level altitude

b. Standard day temperature

e. 200 kn equivalent air speed

d. 1.06 ground pressure ratio

Table Y. Horsepower Extraction

Engine Speed

Operation Duration 100% rpm Ground Idle | Flight Idle*
(54% rpm) {68% rpm)
Continuous 550 hp 265 hp 465 hp
Intermittent 4 min/hr 647 hp 442 hp 660 hp
1 min/hr 1,035 hp 613 hp 832 hp
Maximurm 10 see/100 hr | 1,090 hp 665 hp 885 hp

* Flight idle shall not exceed 7 min/hr average.

C6A10199-1
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3.2.3.2 Muss Moment of Inertia of Rotating: Parts

The effectie mass moment of inertia of the low-pressure rotor about its axis
is 30.0 slug-ft2. The effective mass moment of inertia of the high pressure
compressor-rotor about its axis is 21.5 slug~ft2.

The effective mass moment of inertia of the engine masses to be driven
through the accessory power takeoff during engine starting is 22.5 slug-~ft2
based on a pad-rotor gear ratic of 0.997:1.

3.2.4 Engine Mounting

Mounting provisions shall be provided to support the engine and inlet as de-
fined in Fig. 10. Mounting point locations and allowable loads shall be shown
on the Installatior Drawing.

3.2.4.1 Design Load Factors

The engine mounting points shall be designed far ultimate load factors not less
than the following for the propulsion pod. The engine supports shall withstand
2/3 of the ultimate design loads as shown in Table VI without permanent de-
formation. The engine shall be designed to operate satisfactorily under 2/3
of the vertical, side, and thrust loads of Table VI and a pitch and yaw rate of
1 rad/sec and 0.5 rad/scc respectively.

3.2.4.2 Supersonic Inlet Provisions
The engine compressor case shall provide 8 point support for an interchange-
able super<onic inlet as defined on the Engine Installation Drawing.

3.2.4.2.1 Engine Inlet Flange Design Loads

The ultimate design loads for the engine forward flange are defined in Fig. 12.
The flange shall withstand the specified leads without failure and 2/3 the
specified loads without permanent deformation.

3.2.5 Ground Handling Attachments

Mounting provisions shall be provided on the engine for support of the engine
on ground equipment or for attachment of hoisting equipment. These attach
points shall he readily accessible without removal of any engine components.
The location and dimensions shall be as shown on the Engine Installation Draw-
ing.

The ground support attachment= suu:. 4 dosignod for an ultimate load of at
least 5 times the weight of the complote ongine pod.

These support points shali be independont of the normal flight support points.
They shall be usable with the flight support links installed.

3.2.6 Engine Aircraft Accessory Provisions

3.2.6.1 Inlet Hydraulic Pumps

Two drive pads in accordance with Ref. 2.2.1 shall be provided on the engine
for mounting hydraulic pumps. The maximum drive speed shall be 5,000 rpm,
(including the projected maximum engine growth). The minimum torque re-
quired is 1,100 in Ib, The maximum continuous power to be delivered by both
pads shall be a total of 35 hp. During flight conditions when the inlet is started

D6A10199-1
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Figure 10. Engine Configuration

D5A10159~1

26

nond

ey o

el

L

ool Y D

onni e B o Bl at

gt SR s S S S A

a—

e e —




I
. .
| Table VI. Desigr Load Facto:s
2 . Condition
l P 6.0 V— Landing
’ 2 4.0 V - Landing
: { 3 6.0V + 1,5 Ty —Supersonic maneuver
- 4 4.0V + 1,5 TM — Supersonic rianeuver
E I o
l 5 3.0 TM+3.0V
6 3.0 Ty
r 7 +2.5 S — Maneuver
v 8 -2.5 S — Maneuver
- . S My + 1.5 V+ 1.5 Tp — Gyroscopic
- 10 -My + 1.5 V + 1.5 Ty — Gyroscopic
— 11 Mp +3.75 V + 1.5 T;,, — Gyroscopic
9 2 -Mp +3.75 V + 1.5 TpM -—Gyroscopic
i 13 Aero (8) + 1.5 Tpg — Supersonic maneuver
14 - Aero (8) + 1.5 T\ — Supersonic maneuver
: 15 1.5 Ty + Aero (T) — Transonic maneuver
¥ - 18 1.5 T - Aero (T) — Transonic maneuver
o 17 9.0 D —Wheels-up landing
SN 18 -6.0 D ——Ditching
P 19 ' +3.0 TR +3.0V
i
' - 29 Mp — Engine~seizure
‘ . \Y% = Wt of peopulsion pod acting verticaliy
M. S = Wt of propulsion pod acting laterally
D = Wt of pronulsion pod acting forward
- I T, = Maxiraum engine thrust
TR = Maximim engine reverse thrust (0.7 max. dry thrust)
A My = QGyroscopic yawing moment (due to airplane pitch rate of
, 2.25 rad/sec.)
: Mp = QGyrescopic pitching moment (due to airplane yaw rate of
. 3.00 rad/sec.)
Mg = Roll moment due to engine seizure (see Par. 3.2.3.2 for
~ magnitude)
i Aero (S) = Loads due to external dynamie forces (supersonic) (see
3 i Fig. 1? for magnitude)
- L Aero (T) = Loads due to external aerodynu.mic forces (iransonic)
E — NOTE: Weight ui the propulsion pod is equal to the basic engine + 3,300 1b.
1
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~— REF. PLANE
L

/N

¢
REAR *
MOUNT ~— F#0——
PART LOAD DESCRIPTION MAGNITUDE
EXH SYS | SHEAR DUE TO AERODYNAMIC SIDELOAD | 5,760 LB
§| BENDING DUE TO AERODYNAMIC SIDELOAD | 300 IN KIP
{ | SHEAR DUE TO AERODYNAWIC VERT LOAD | 3,800 LB
EXH SYS |BENDING DUE TO AERODYNAMIC VERT LOAD] 200 IN KIP
ENGINE POD C.G.
—

RESULANT LO3D ACTING AT ENGINE POD C.6. | MATMIUOE
AERODYNAMIC SIDELOAD ON ENTIRE POD 33,500 LB
MOMENT DUE T0 AERO. SIDELOAD ON ENTIRE POD | 3,390 IN KIP
AERODYNAMIC VERTICAL LOAD ON GN IRE POD 2,300 L3
MOMENT DUE TO AERO. VERTICAL LOAD ON ENTIRE POD] 2256 1N KIP
RGLL MOMENT DUE TO ENGINE SEIZURE 820 N KIP

Figure 11. Engine Mounting System Loading
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SECTION A-A
3 f'l '
i f—"
= SECTION B-B
FRONT VIEW
| (NO SCALE)
B SUPERSONIC INLET LOADS MAGNITUDE
t AXIAL THRUST DUE TO EXPULSION LOADS e 80,400 LB
2 B SHEAR DUE TO AERODYNAMIC SIDELOAD 25,700 LB
. BENDING DUE TO AERODYNAMIC SIDEIOAD o> 2,570 IN KiP
f {J SHEAR DUE TO AFRODYNAMIC VERT LGAD 7,100 LB
BENDING DUE TO AERODYNAMIC VERT LOAD > 1715 IN KIP
[T=> REACTED AT POINTS 4,8,C & D ONLY

b- LOAD CONCENTRATIONS AT NOTED POQINTS MAY BE DISTRISUTED OVER 2 BOLTS

OsA10189~1
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g Figure 12. Compresser Front Flange Loading
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the maximum power to be delivered by both pads shall be a total of 160 hp (80
at each pad). Pad locations are defined in Fig. 13. Drive data shall be shown
on the Installation Drawing. The pump outline is shown in Fig. 14. The
accessory power takeoff pad loads are given ir Table V.

3.2.6.1.1 Pad Lubrication
The pad and spline shall be lubricated per Par. 3.2.10.2.

3.2.6.2 Rotor Speed

A drive pad shall be provided to mount the Boeing-furnished tachometer gener-
ator to provide No RPM. An electrical pickup connection shall be provided to
give N1 rotor specd indication. These provisions shall be defined on the En-
gine Installation Drawing.

3.2.7 Engine Exhaust and Reverser
The engine shall be furnished with an exhaust system including forward thrust
nozzle system and thrust reverser.

3.2.7.1 Variable Area Divergent Ejector Nozzle
The exhaust nozzle system shall include the required actuators and linkages.

The boattail angle at installed flight conaitions shall be coordinated with
Boeing.

3.2.7.2 Reverse Thrust

The engine shall be capable of satisfactory operation on a standard sea level
day, wich the veverser in either the forward thrust position, or full reverse
position.

The net effective reverse thrust shall be in accordance with Table I. The
reverse gas flow nattern shall be in accordance with Fig. 10. The thrust re-
verser operation shall be contrelled by the basic engine power control system.
The thrust reverser shall incorporate a position indicating transducer.

3.2.7.2.1 Reversing Time
The time required to change the engine power setting from maximum dry
forward thrust to maximum reverse thrust is specified in Par. 3.2.19.5.

3.2.7.2.2 Reverser Safety Interlock

The reverser shall incorpcrate a safety interlock with the power control such
that:

a. Power caunot be increased in the forward thrust lever regime, unless
the reverser is in the forward thrust position.

. Power cannot be increased in the-reverse thrust lever regime, unless
the reverser is in the full reverse position.

¢. In the event that, at any power condition, the reverser should depart

froem the position dictated by the thrust lever position the engine power shall
be reduced to idle.
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Figure 14. Inlet Controf Hydraulic Pump Envelope
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3.2.7.3 Measurement of Exhaust Gas Temperature

The cngine shall be equipped with the thermes couple probes for measurement
of turbine exhaust gas temperature. The thermocoupies shall permit con-
sistent measurement of average exhaust gas femperature.

3.2.7.4 Exhaust Sysiem Mounting Flange Loads
The ultimate aero design loads for the engine aft flange are defined in Fig. 11.

The flange shall withstand the specified loads without failure and 2/3 the
specified loads without permanent deformation.

3.%2.8 Engine Control Systems

The engine control systems shall include all control units required for proper
and complete control of the engine.

3.2.8.1 Thrust Modulation

The relationship between engine thrust and thrut lever position shail be free
of abrupt changes except as it is affected by r-ymentation and engine bleed.
The variation of thrust versus power lever tr 'vel ghall be per Fig. 15.

3.2.8.2 Starting Procedure

The normal starting procedure shall be simple and shall not require excessive
pilot skills, With the power control in the idle position and energizing the
ground start switch, movement of the fuel shut off control to the ""run" posi-
tion shall provide for ground and air starting and satisfactory acceleration to
idle oparating conditions.

3.2.8.3 Power Control

A single, separate control shall be provided on the engine to modulate thrust
throughout the entire schedule defined by Fig. 15. The attachment for the air-
frame control system shall include a push-pull ratchet requiring 5 in. of
linear motion.

The power control shall contain features that preclude any thrust lever creep
in either the direction of increased or decreased engine rpm. Neither the
control sysitem nor throttle shall be self-energizing in any direction.

The power control system shall be provided with a rig pin, or equivalent to
locate the engine components at the idle position and at a partial power posi-
tion. In addition to the rigging stops, a protractor or scale and pointer shall
be provided on the fuel control shaft to indicate the angle of movement and the
major thrust settings.

The power control system shall incorporate provisions for rigging pins or
other positive means of rigging engine furnished linkages.

DEAI0IRD~1
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MAX THRUST

|
|
oy | .
<L
= l
S MIN AUGMENTED THRUST| —
'é MAX NONAUGMENTED THRUST } T
& B
2 | l
po =4 -
—= ’ ‘
| | 3
E , | =
! FULL REVERSE THRUST | | _
V. | |
{DLE TH | | N
| n ~
] | )
| |
3 0 1 2 3 4 5 6 {
3 REVERSE | NONAUGMENTED | AUGMENTED N
THRUST | THRUST i THRUST l
PGWER CONTROL MOVEMENT (IN) _
Figure 15. Power Control Schedule —
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3.2.8.3.1 Fuel Shutoff Lever
A single lever shall be provided to control the fuel shutoff, arm the windmill
hrake, and position secondary air vaives as follows:

Mode Arc of Travel
Pretravel — 0-20°
a. Shutdown — aerodynamic brake armed. 20 - 35°

actuator fuel shutoff.

b. Run—fuel on flat. 35 - 55°
¢. Secondary air — actuate secondary air valves 55 - 70°
Overtravel — 70 - 90°

The control shall incorporate provision for a rigging pin or other positive
means for indexing the lever at the 10 and 80 deg positions. In addition to the
rigging stops, a protractor or scale and pointer shall be provided to indicate
the angle of movement and the major mode settings.

3.2.8.3.2 Engine Controls Maximum Operating Force

With the engine operating normally, the maximum force required to operate
the engine power control throughout its range of travel shall not exceed 16 1b
measured at the control's external attachment point. It shall not exceed 22 Ib
at any time throughcut the service life of the control. The maximum torque
required to operate the fuel shutoff lever throughout its range of travel shall
not exceed 20 in 1b measured at the control's external attachment point.

With the e gine running, the values noted above shall apply throughout the
engine sts. ‘ing and operating temperature range.

3.2.8.3.3 Engine Control System Design Loads

In the power control system, the engine power control shaft and the engine
supplied linkage for the power control system shail neither bind nor take
permanent deformation when an axial load of 1,000 1b is applied at the air-
frame attachment. The engine power control shaft and engine supplied linkage
shall be designed to withstand 1.5 times the above load without failure. The
fuel shutoff lever shall neither bind or take permanent deformation when a
maximum torque of 500 in 1b and a bending moment of 250 in Ib is applied at
the airframe attachment. The shaft shall be designed to carry 1.5 times the
above loads without failure.

D6A10199~1
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3.2.8.4 Control System Adjustments

External adjustments to the controls shall be limited to adjustments which can
be made correctly with the engine assembled and with reference only tc the
operating characteristics of the engine. The external adjustments shall in-
clude at least the following:

a. Maximum engine fuel flow
b. Idle speed

c. Duct heater fuel flow

d. Cruise airflow

3.2.8.5 Exhaust Gas Temperature Trim

A remote engine fuel control adjustment is provided which permits adjustment
of exhaust gas temperature within limits as required. A 200 volt electrical
connector shall be provided on the engine for the control of EGT from the
flight deck.

3.2.9 Engine Fuel System

3.2.9.1 Fuel System Pressure and Temperature

When the airframe fuel system shutoff valves are closed, the engine fuel sys-
tem shall not be damaged hy a sustained fuel pressure of 170 psig applied to
the inlet connection with the engine shut down. The engine fuel shutoff valve
can be in either the closed or open position.

3.2.9.2 Fuel Recirculation

The recirculation system shall Lbe such that no fuel is returned to the airframe
when engine fuel inlet temperatures are within the iimits shown in Figs. 6

or 7.

3.2.9.3 Performance with Assistance from Airplane Boost Pump

The engine fuel system shall supply the required amount of fuel at the re~
quired pressures for satisfactory operation of the engine throughout its com-
plete operating range (for cold starting limits, see Par. 3.2.17.4) with the
following conditions at the fuel inlel connection on the engine:

a. Minimum fuel temperature of -50°F cr 10°T atuve the fuel's freeze
point whichever occurs first.

b. Fuel pressure — from true vapor pressure of the fuel plus 5 psi to
50 psig with a vapor liguid (V/L) ratio of zero.

D3A10199-1
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3.2.9.4 Performance With No Assistance from Airplane Boost Pump
For emergency operation, the engine shall operate for the time periods and
conditions listed below:

a. True vapor pressure of the fuel 0.25 psi maximum.

b. Fuel temperature of 140°F.

c. Ambient air temperature at standard day conditions.

Condi- Altitude Mach Time | Fuel Pressure At Inlet
tion Power Feet No. Hr Connection (psia)
1 Maximum 0-8,000 0to00.3 0.03 4,65 below ambient
Augmented
2 Maximum | 0-15,000{ 0.45 at SL | 0.03 | 3.75 below ambient
Dry 0.60 at
15,000
3 Part 36,150 0.8 4,00 1.3 below ambient
Power
4 Idle 0-73,000] 0to2.% 0.50 | 0.20 below ambient

The engine fuel system shall be capable of priming itself and starting within
5 min after a 1¢ sec fuel starvation when subjected to the following conditions:

a. Dry lift of 2 ft
b. 20,000 ft fuel tank altitude
c. 140°F fuel temperature

d. A fuel line volume of 14 U.S. gal maximum between the fuel pump
inlet and the fuel pump supply.

e. Fuel per Par. 3.1.4 with a maximum of 0.25 psi tvp.
3.2.9.5 Ground Starting and Idle
The engine fuel system shall supply the required amourt of fuel at the re~

quired pressure for satisfactory operation for ground starting and idle with
178°F fuel at the engine inlet connection at 0.20 psi below ambient pressure.

DBA10199-1
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3.2.9.6 Fuel Filters

If a filter(s) is required, it (they) shall be a part of the engine, and shall be

of sufficient capacity to permit a cumulative fuel flow equivalent {0 a minimum
of 10 hr of engine operation at maximum fuel flow with fuel contamination as
specified in Ref. 2.1.11 without being cleaned. Main flow filters shall be pro-
vided with an integral bypass for attaching instrumentation to determine when
the filter is clogged or is bypassed.

A drain plug with locking provisions shall be installed to permit as complete
drainage as ncssible of the filter case.

3.2.9.7 Fuel System Icing

The engine fuel system shall operate satisfactorily when supplied with 0°F
fuel containing the amount of water equal to 80°F saturated fuel plus 0.75 cc
of water per gal.

The detail parameters affecting fuel heating rates will be defined at a later
date and wili be used to determine the need for either a larger filter or a
manually controlled fuel heater. If required, this item will be negotiated
with P&WA.

3.2.9.8 Fuel Flowmeier

Provisions shall be made for installing a Boeing furnished fuel flowmeter(s)

in an ice free section of the engine fuel system where the total engine fuel flow
can be measured.

3.2.9.9 Fuel Temperature Sensors
Provisions shall also be made for instaliing Boeing furnished temperature
sensors at the engine fuel inlet connection.

3.2.9.10 Fuel Resistance
The materials and designs used in the engine fuel system and components
shall be satisfactory when tested with Ref. 2.2.4 test fluids.

3.2.9.11 Salt Water Resistance
The functioning of the engine fuel system shall not be adversely affected by
the presence of salt water in the fuel to the extent specified in Ref. 2.1, 11.

3.2.10 Engine Lubrication System

3.2.10.1 Lubricating System

The lubricating system shall use engine oil per Ref. 2.2.5 and shall adequately
lubricate the engine throughout its operating range. The cimplete oil system
shall be engine mounted, including oil reservoir and fuel oil coolers, and shall
be furnished as component parts of the engine lubricating system. The fuel

oil coolers shall be adequate to meet the complete and total engine oil cooling
recuirement throughout the operating range of the engine.

3.2.10.2 Drive Pad Lubrication

All drive pads, including spline surfaces, on the engine which are capable of
transmitting more than 0.5 hp shall be pressure lubricated by the main engine
lubrication system.
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3.2.10.3 Oil Quaontity

The oil reservoir shall contain usable oil sufficient for a minimum of 10 hr
of engine oneration at the maximuin allowable consumption rate giver in Par.
3.2.10.3.1. The reservoir shull provide a port per AND, 10050-28 for in-
stallation of a transmitier for a remecte indicating oil quantity sysiem. The
reservoir shall be of fireproof construction.

3.2.10.3.1 9Oil Cons smption

The engine oil consumption shall not exceed 2.9 U.S. pints per hr. This
maximum value applics to the engine thrust range from idle to maximum con-
tinuous thrust.

3.2.10.4 0il Filling
The basic engine shzll be furnished with a pressure fill system and gravity
fill port, with a dipstick for checking oil icvel.

3.2.10.5 Oil Pressure
Provisions shsll be made for iistalling a Boeing-furnished oil pressure trans-
mitter and a Boeing-furnished low oil pressure warning switch.

3.2.10.€ Oil Temparature
Provisions shall be made ior installing a Boeing-furnished oil temperature
transmitter.

N
3.2.10.7 Oil Filfer
The basic engine shall we furnished with a sufficient capacity oil filter in-
corporating an iniegral hypass with provisions for attaching ins{rumentation
to determine when the fiiter is clogged or is bypassed.

3.%.11 Ergine Drain System

3.2.11.1 Ipakage and Drains

For normal operation, there shall be no liquid leakage from any part of the
engine cxcept at drains provided for this purpose. Provisions shall be made
for avtomatically clearing the corabustion areas of combustible fluids after
each false start and for preventing excessive amounts of combustible fluids
from entering the combustion areas after shutdown within the engine attitude
rrvelope shown in Fig. 8. Provisions shall also be made for clearing all vent
areas and other pockets or compartments where combustible flnids may col-
lect during or subsequent to operacion of the engine. The draiu system shall
be part of the basic engine.

3.2.11.% Drain Tank

A drain tank shall be provided on the engine to coilec’ 'eakage from engine ac-
cessory pad drains and te collect the fuel dischar,- d from *he fue! manifold
and combustion chamber auring start or shut~down *’ e tank shall have a
minimum capacity for one normal shut~down and twe f{alse starts. Ports per
AND 16050 shall be provided for botk overflow and vent connections. The
shape and location of the tank and size and lccationc{ *he ports shall be
eaordinaied with Boeing. The tank shall be of fireproof construction.
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3.2.11.3 Drain Ejector

An ejector sghall be incorporated into the engine to discharge the contents of
the drain tank into the engine exhaust system. An ejector connection shall be
previded on the engire for a cowl drain-line which wiii be coordinateud after
design details have been resolved. The engine breather shall be vented by
P&WA.

3.2.12 Engine Electrical System

3.4.12.1 External Electrical Power

The externzl electrical power requirements shall not exceed:
a. Ignition (main) 7 amps maximum, 209 volts ac

400 Hz, single phase

b. Ignition {duct heater) 7 amps maximum, 200 volts ac

400 Hz, single phase

¢. Fuel control trim motors 3 amps, 200 volts ac

400 Hz, single phase

d. Nozzle position indicator 3 amps, 200 volts ac

400 Ez, single phase

e. Switches Rzted at 250 ma/switch
200 volte, 400 Hz

3.2.12.2 Ignition System
The engine ignition system shall be defined on the mstallatlon drawirg.

3.2.12,3 Ignition Proof

All exte.nal electrical components shali be explosion-proof to prevent ignition

of any explosive mixture surrounding the component.

3.2.32.4 Comnectors and Cable

With the engine stabilized at a temperature of -50°F, it :.1al! be possible to
connect or disconnect electrical cornecters and to flex electrical conductors,
as necessary for routine maintenance, witlout damage to these items.

3.2.12.5 Emergency Electrical Power

In the event of logs of external power waile in operation, the engine shall be
electrically self-sufficient. At all engine speeds from n.aximum nonaug-
mented to idle, the engine shall continue to operate safely. Supersonic iniet
anti-icing and other systems not critical for operation, may be inoperative,
Duct heater relight not required under this condition.

3.2.12.6 Electrica! and Electronic Interference

No electrical or electrenic components shall cause interference beyond the
limits specified in Figs. 16 through 29. The components shall not be sus-
ceptible to interferencs generated by other electrical and electronic sources
within the limits specified in Table VII.
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Table Vil. Electrical interference Liwnits

Ants.na Frequency Range Voltage (5)
Conduets (r) 0.15 tc 1,900 MHz (1) 0.1(3)
interferenace

{af) 50 to 15,000 Hz (2) 3.0
Radiated (4) 41in. rod 0.10 to 25 MHz 0.1(3)
interference

35 MHz dipole 25 to 35 MHz 0.1 (3)

tuned dipole 35 to 1,000 MHz 0.1 (3)

NOTES: (1; Applicable only to ungrounded line voltage power input points.

(2) Applicable only to ungrounded dc line voliage power input
points.

(3) Modulated 30 percent at 400 to 1,500 cycles or any special
form of modulation to which the equipment is vulnerable.

(4) Antenna placed 1 foot from elecirical or electronic
components,

e+

(5, Value of open-circuit voltage from 50-ohm source impedance.

3.2.12.7 Short Duration Interference

The limits of Figs. 17 and 19 are infended to apply at all times to electrical
or electronic items capable of generating broad band electro-magnetic inter~
ference. However, if P&WA considers & deviation is necessary or desirable,
for relative short duration, infrequent, interference levels, (for example,
once per flight) documented evidence shall be submitted to Boeing to support
such a request. Documentation should be specific as to the time of occurrence
and duration of deviations from the levels of Figs. 17 and 19 as well as their
magnitude.

Boeing evaluation of the technical evidence submitted will not permit devia~
tions over 20 db above the limits of Figs, 17 and 19 for short duration
interference.

3.2.13 Engine Anti-Icing System

If any engine anti-icing system is required, it shall be the responsibility of
P&WA.
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3.2.14 Engine Nozzie Cooling

At the ambient conditions shown i Fig. 3, the engine shall be capable of
continuous operation at partial augmentation and 30 minutes operation at maxi-
mum augmentation for the Mach numbers and altitudes shown on Fig. 1 without
any convective cooling provided by Boeing.

Any secondary air system required for nozzle cooling shall be the responsi-
bility of P&WA and shall be supplied as part of the basic engine assembly.

The nozzle secondary airflow requirements are shown in Fig. 20. The maxi-
muin heat rejection shall be in accordance with Fig. 21 for the engine case
and/or equipment.

3.2.14.1 Secondary Air Control Valve

A valve(s) shall be provided to control the flow of secondary air. A trans-
mitter shall be provided to remotely indicate the position of the secondary air
valve(s).

3.2.15 Engine Instrumentation
The following minimum instrumentation is reauired for airplane operation:

a. RPM Indicator (N1 & N2) Boeing

b. Exhaust gas temperature (see Par. 3.2.7.3) P&WA

c. Compressor inlet total pressure (see Par. 3.2.16.1) Boeing

d. Turbme exil total pressure (see Par. 3.2.16.2) P&WA

e. Nozzle area (see Par. 3.2.16.3) P&WA

f. Fuel temperature (see Par. 3.2.9,9) Boeing

g. Fuel flow (Turbine + D/H) (see Par. 3.2.9.8) Boeing

h. Pressure engine oil (see Par. 3.2.10.5) Boeing

i. Oil temperature (see Par. 3.2.10.6) Boeing

j. Thrust Reverser Position Switches (see Par. 3.2.7.2) P&WA

k. Pressure (Oil Filter A P) (see Par. 3.2.10.7) Boeing

1. Windmill brake position indicator switch (see Par. 3.2.20.1) P&WA
m. Low Oil Pressure Warning Switch (see Par. 3.2.10.5) Boeing

n. Secondary air valve posgition (see Par. 3.2.14.1) P&WA

0. Vibration (Comp. and Turbine} (see Par. 3.2.21.1, Boeing (2 places)

p. Oil quantity (see Par, 3.2.10.3) 3oeing

DEAIO{R8-1

o o

e

v vy
1
H

[

e aon.

gromionam

.

PrS—.




iy h_

R R e e s Rkl

Do :
R S

.t

T

i
:

O N ——
T f

[N S

5 PO . :
| SO SUCRUPUIRIPY S-SR VRS S po SO
H - P
i H H H
s i . M S
14 . : ! H
! ¢ ! : R i
b e e e meame e dene e e = .. - RSN ) S S,
' H : : :
.- M P B :
i :
3 : .
ot e me e s e oo Do e BRI .,
i ¢ i
Pe- i fooa
: . H '
M , 3
. . 3 . 1
i . H . ' [ 3
i z H H i
: . t
pommenn vad o crermmodimnes g meree. . PR S
i H . 7 | y i
- : : t H
s 3 H . H .
“eoee o P .. : - .
i i ’ H f
' ¢ ' . * £
L L LI i S SO e e edd - e -
H : : i
. 4 t H
. - : . ... . i
i : . . : !
i i - : ; '
wl&!..ﬂ D e B D s Tl
: - 3
- i
— ey . : -; : §
. [ ! i

S
i

i
H
!

1CLIMB & ACCELERATION "

(LNIDYAd) DS#

,
| ) L

2o

o M
TO ALTERNATE-

s

. .3
- i
" T ¥
1
i
H
H

ud
=]
St
&
o
o
=
<<’ i
o 4 i
. 5K ;
= |
-3, :
— .
= :
= !
...... w k.- ve e e
0 .
] : :
jud : :
) i :
:
_ ve e
. i
RPN SUNET R
i
i 3
4
!
RS PR RS .
T
:
i :
O AUURPUIES SRRV
: {
LI
i : I

LS

1.0

0.5

! '
n . J

=

(LN3¥3d) OSK

-

"
4

[— | S—

TV v reas N

MG R Kt el

by O . MO branbns 8

vy

r
[

oot

MACH NUMBER (Moo)
Figurc 20. Nozxzle Secondary Airflow Schedula

O

D6AIGCI99-1

417

I AN\ O AR 0 SRR BN W N N AEIARIE 1 U ebibsg




PP TN, ).

AU T

CASE TEMPERATURES (°F)

900

800

700

600

500

400

200

100

AXIAL LENGTH FROM INLET MOUNT FLANGE { IN)
Figure 21, Estimated Casc Temperaturas

DEA10188~1

CONFIDERTIAL

nd\“ﬂ“\FNT‘
LU srs=e- = “AL
| ESTIMATED CASE TEMPERATURES AS
AAgur:ic? 1c_)NR gF EX TERNAL
CASE HEAT REJECTION
/| 4,000
// T A s
0 Y P
7 / HEAT REJECTION RATE —
f— / BTU/HR FT2
/
- i
l
M2.7 - 65K
55% DUST HEAT
L
0 20 4 60 80 10 126 140

-

ey P |

8]

g




CS : . R NP
b , O

piel O R
T A i b

L ARSI e AT

DINTa PR

o

oo o .

PO BRI AR K R R Fa s
,_.......»‘

Lr-whmw' m W “ “ w

wd

,-..._.-.I

q. Load cell force indicator (see Par. 3.2.16.4, Boeing

If additienal instrumentation is necegsary to implement the AIDS subsvstem,
this instrumentation shall be negotiated with Boeing.

3.2.16 Engine Thrust Indication
Engine inlet total pressure, engine turbine exit total pressure and duct nozzle
area (see Par. 3.2.16.3) shall be used to provide thrust indication.

3.2.16.1 Engire Inlet Total Pressure
Boeing shall provide a source for sensing engine inlet total pressure. The
pressure source shall be accurate within £0.5 percent.

3.2.16.2 Engine Turbine Exit Total Pressure

Pratt & Whitney Aircraft shall provide a source for sensing engine turbine
exit total pressure. The pressure source shall be accurate within +0.5 per-
cent for maximum dry rated thrust and above.

3.2.16.3 Duct Heater Nozzle Area

Duct heater nozzle position indicator linear variable differeutial transformers
(LVDT) shali be provided on tne engine which will sense duect heater nozzle
area within 3 percent (a development objective for accuracy shall be £1 per-
cent). Two signals are required. One LVDT will be used to indicate duct
heater nozzle area and the other one will be used in the thrust indicating sys~
tem per Par. 3.2.16.

3.2.16.4 Force Indicator
A Boeing-furnished load cell for measuring thrust will be installed in the air-
‘rame portion of the forward engine mount.

3.2.17 Engine Starting Recquirenments

3.2.17.1 Torque

The maximum and minimum gtarting terques and rpm shall be included in the
engine model specification. The maximum starting torque at the PTO pad
shall not exceed 980 ft lb.

3.2,17.2 Ground Starting
There shall be no limitation due to engine design that prevents establishing
the starting time from 30 to 60 sec at standard sea level conditions.

3.2.17.2.1 Restarting Time
The maximum required time between ground starting attempts as determined
by engine limitations shall be 30 sec.

3.2.17.3 Scarting Envelope
The engine shall start consistently at any point within the engine operating
envelope Jefined in Fig. 1.

DEA10190-1

49

~ [ —  — i e e et




3.2.17.4 Cold Starting

The engine shall start consistently ia 60 sec immediately following :2 hr
scaks at ~-50°F, ‘Ihe engine shall be serviced with oil per Ref, 2.2.5 &nd
supplied at the fuel inlet port with fuel per Par. 3.1.4. Noc auxiliary heat
or special appliances shall be requiced, provided the oil viscosity <'oes not
exceed 10, GO0 centistokes and fuel viscosity does not exceed 12 centistokes.

3.2.18 Idivc

Cn the grouid, under standard conditions, up to 6, 00C ft altitude with the power
lever in the idle position, the estimated thrust shall not exceed 2, 190 1b per
engine with a 265 hp load at the P70 pad, a total of 35 hp &t the inlet hydraulic
pump pads, in air bleed of 2.1 1b/sec, and 97 percent ram recovery at the
inlet,

3.2.19 Engine Air Induction System

3.2.19.1 Stability

Under steady-state operating conditions without augmentation, thrust cscillation
shall not exceed +5 percent of the thrust available at that particuiar power
lever position and flight condition, but in nc event shall the thrust oscillation
exceed =1 percent of the maximum nonaugmented thrust available., During
steady-state operation with any amount of augmentation up to maximum, the
engine thrust oscillation shall not exceed +1 percent of the maximum augmented
thrust available at that condition. The engine shall continue to operate sa.is-
factorily in the event of a single control mode failure of the inlet provided the
resultant pressure transients and/or inlet distortions are within the limits
specified in Par. 3.2.19.3.

Under steady-state operating conditions with stable inlet recovery and distor-
tion and within the operating limits defined in Fig. 1, the airflow variations
(ripple) for any one engine shall be aperiodic and limited to the values shown
below, Under steady-state operating conditions, the rate of change of airflow
shall not exceed 50 percent per second for airflow changes greater than

+0. 5 percent.

Inlet Condition Power Setting Airflow Variation

Unstarted Below max dry +3% (Goal +2%)
Max dry and above £3% (Goal £2%)

Stected Below max dry +2~1/2% {Goal +i%)
Max dry and above btl% {Goal %0.5%)

b FTS engines may be 1.5%
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The maximum engine to engine airflow variation span, considering all engines,
shall not exceed £3 percent for given operating conditions at maximum non-
augmented and above engine conditions. Manual 1rim capability will be pro-
vided to match engine and inlet airflow at supersonic cruise within the limits
shown on Fig. 22. The system shall be capable of setting airflow within 0.5
percent.

3.2.19.2 Surge

The engine must be damage~free after a single or short duration surge that
may occur due to inlet distortion, inlet unstarts, exhaust gas reingestion or
control malfunction. Corrective action by the flight crew must be taken in
accordance with engine and airplane operating instructions. The distortion
limits and inlet pressure fluctuations which the engine shall accept without
damage inflicting compressor surge are given in Par. 3.2.19.3

3.2.19.3 Engine Inlet Air Pressure Variation

In order to minimize the problem of inlet/engine compatibility, some levels
of distortion overlap will be provided for the engine and inlet. The categorics
of distortion are defined as follows:

Distortion Levels Flight Condifion Engine ‘Effect
(1) Steady state - Subsonic cruise No performance loss
continuous operation Supersonic cruise or decrease in engine
life

{2) Time limited - Aircraft acceleration No stall, surge or

normal transients and deceleration, flameout. Some perfor-

maneuvers, power mance loss may resuit

transients, gusts, etc.

(3) Emergency Transients  Unstarts, restarts, No mechanical damage
(time limit - 10 sec) inlet control failures,

inlet buzz {excluding F.0.D.)
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The allowable distortion levels for the inlet and engine are as follows:

Inlet Allowable Engine Allowable Design

Distortion Level Distortion Distortion Overlap
1)
Pro Max - Pro Min P12 Max - P12 Min
Pro avg. Pro ave.

(1) Steady state 9% 13% 4% p
(2) Transients 20'% 25% 5%
{2) Emergency Any Level Any Level -

D’ This provides a 16% margin with respect to engine
stall for normal cruise conditions

The above values of distortion are design objectives for the airplane. During
Phase 1II development of the inlet and engine, a better definition of inlet
distortion will be derived and specific distortion requirements for the inlet
and engine will be established. The engine shall be capable of withstanding
without mechanical damage instantaueous decrease in iniet total pressure of
apnroximately 60 percent in 1/20 sec, followed by a return wittin 3 sec to a
&t 3bilized flow,

3.2,19.4 Engine Variations Affecting Inlet Performance

During starting and for engine speeds below idle, the instantaneous rate of
change of engine airflow is not critical. During subsonic flight (M<1) at

power settings above idle, the rate of change of engine airflow during
acceleration, deceleration, sugmentor lightoff and shutdown shall not exceed

70 percant per sec of the instantaneous airflow for airflow cuanges greater
than +5. O percent. During supersonic flight (M>1), engine airflow . anges,
during engine acceleration, deceleration, augmentor lightoff at max dry power
and above, shall be within the limita defined in Fig. 23. The engine case
lorward of the first rotor stage can be considered part of the subsgonic diffuser
section of the supersonic inlet. All vanes, struts, slots and doors located in
this section shall be closely coordinated with Boeing in order to effect the
ontimum engine/inlet compatibility. The supersonic inlet shall continue to
operata catisfactorily in the event of a single control mode failure within the
engine,

3.2.19.5 Thrust Transients

The transient characteristics of the engine shall be compatible with all normal
airline operating requirements. During the selecrion of all power lever
positions, freedom from objectionable overspeed, overtemperature, combustion
instability, combustion extinction and compressor instability shall b2 main-
tained. For rapid power lever movements {one secend less), the time
required to accomplish 95 percent of the thrust change safely sh.dl not exceed
the values specified below, The total time required to accomplish the specified
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Figure 23. Permissible Range of Engine Flow Fluctuation
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transients shall not exceaa twice the time specified for 95 percent of the
thrust change. The thrust transients shall be considered accomplished when
the net jet thrust is maintained within £2 percent of the final value. All
transients specified are basec on standard conditions, with loading of 500 hp
on the accessory drives and 2.9 1b/sec compressor bleed flow and using the
exhaust system as defined for the aircraft installation,

a. From ground idle condition to maximum dry, 8 sec from sea level to
5,000 ft, static conditions,

b. From idle to maximum thrust available, 8.5 sec from sea level to
6,000 ft, static conditions,

¢. From maximum dry to maximum thrust available, 4 sec from sea
level to 6,000 ft, static conditions.

d. From maximum thrust available to idle thrust, 6 sec from sea level
to 6,000 ft, static conditions,

e. From maximum dry thrust to idle thrust, 5 sec from sea level to
6,000 ft, static conditions.

f. From maximum dry thrust to full reverse thrust, 6 sec from sea
level to 6,000 £, 50 to 150 kn,

3.2.20 Stopping

Normal stopping of the engine shall be accomplished by the use of the fuel
shutoff lever with the power lever in the idle position. It shall be poasible to
shut off the fuel supply at any engine operating condition by the fuel shutoff
lever without damage to the engine,

3.2.20.1 Windmilling

The engine shall be equipped with a windmill brake to reduce the engine high
compressor rotor rpm to no more than 40 percent when the engine is shut-
down at airplane curise conditions (M, = 2.7, 60,000 ft altitude). The brake

actuator shall be interlocked with the engine nozzle fuel shutoff to prevent
actuation of the brake prior to shutting off nozzle fuel supply. The actuator
shall be controlled through a remote eleciric switch. No damage to the
engine shall result when the windmill brake is applied by the normal controls
at any engine operating condition. In the event of actuator failure, the brake
shall remain in the pcsition occupied at the time of failure. A transducer
shall be provided to remotely indicate the position of the engine brakes.

3.2.21 Engine Vibration

The engine shall be designed and constructed to function throughout its normal
operating range of rotational speeds and engine powers without inducing
excessive stress in any of the engine parts because of vibration. The engine
unbalance at cruise rpm shall not be greater thar to cause a maximum of

6 mils double amplitude displacement of engine cases as measured on the
vendor's test stand. The location of vibration pickups shall be established

by mutual agreement. The engine conaection peints for power and fuel
shutoff attachment shall not exceed displacement of 10 mils double amplitude
due to engine unbalance.,
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3.2.21.,1 Vibration Sensor
Provisions shall be made for installing two Boeing-furnished vibration

transducers.

3.2.22 Engine Foreign Object Ingestion Characteristics
The engine shall comply with the requirements of Ref. 2.1.13.

3.2.22.1 Hail Ingestion
A volly of hailstones of from 3/4 to 1-1/8 in. in diameter at a relative

velocity of 375 kn,

3.2.22.2 Ice Slab Ingestion
Ingestion of an ice slab 1/2 in. thick by 8 in. square at a relative velocity of
100 kn. Ice density of 0.8.

3.2.22,3 Bird Ingestion
Ingestion of up to 6 1b of birds in 0.25 sec.

3.2.22,4 Rain Ingestion

The engine shall start and/or continue to operate satisfactorily during a
severe rain storm, (6 in. of rain/hr, or 0.005 1b water/Ib air) that may
be encountered either on the ground or in subsonic flight.

3.2.22,5 Ice Balls
Ingestion of 20 ice balls of 2.0 in. in diameter at a relative velocity of 375 kn,

during a 1 min interval.

3.2.23 Engine Fire Protection

The engine exhaust section shall be isolated from the accessory section with
a circumferential firewall bulkhead. The upper quadrant of the exterior case
of the exhaust section aft of the bulkhead shall provide the material functions
of a firewall, except as interrupted by reverser doors, for engine-airframe
isolation as shown in Fig, 10,
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4. QUALIFICATION REQUIREMENTS

— 4.1 CERTIFICATION AND DEMONSTRATION REQUIREMENTS

) 4.1.1 General
Tests requircd to meet requirements of this agreement shell be conducted as

specified herein and additionally as determined to be necessary by mutua!

P R DO AT g D s

L agreement, Data from these tests shal: be made available to both pa.iivs,
3 Only those tests specifically designated as Phase III requirements shall be :
g : [ performad during Phase III of the SST Program.

Boeing and P&WA personnel shall be given all reasonable access to each other's
facilities and test procedures used to determine conformance with this agreement
and the Engine Model Specification.

In this agreement, performance definitions are as follows:

a. Guaranteed performance is the performance specified in the Engine
Model Specification per Ref, 2.2.13,

b. Estimated performance is the performance calculated by the customer
~ deck supplied by P&WA as a part of the Engine Model Specification per Par.
3.1,1.3.

L c. Installed performance is the performance of the airframe /engine
propulsion system including the airframe inlet and the exhaust nozzle.

4,1.2 FTS Substantiation Requirements (Phase III)

Pratt & Whitney shall compile & document describing in detail the Flight Test
Status (FTS) substantiation requirements and transmit to Boeing for approval.
In the event the FTS substantiation requirements are not acceptable to Boeing,
P&WA and Boeing shall agree on a revised plan for submittal to the FAA.

L]
c-nmmj

i

LN

The FAA will approve the FTS substantiation requirements established by
P&WA and Boeing.

It shall be P&WA's responsibility to conduct tests to satisfy the FTS sub-
stantiation requirements. Boeing shall have the option to witness the tests.
A summary of the FTS tests results shall be documented by P&WA and trans-
mitted to Boeing prior to first flight of the prototype B-2707 airplane.

R AT P KA A
g - I

7 - In support of the 100 Hour Flight Test Evaluation Program, an initial TBO of
B 100 hr has been established for the FTS engines. Based on previous supersonic
¥ flight test experience, it is anticipated that an initial effective TBO of 65 hr

will be realized.

HBANITINEIIST Iy 7
3

K ‘ 4.1.3 Type Certification Requirements (Phases IV and V)
¢ 3 It shall be P&WA's responsibility to conduct engine tests to satisfy the FAA
~ Engine Type Certification requirements. ,
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The FAA shall establish the Type Certification requirements. In establishing
these requirements, consideration should be given to performing endurance
testing under the simulated operational environment of the B-2707 aircraft.
This simulated operational environment should include iniet temperature,
pressure recovery and airflow distortion. In any event, these requirements
should include sufficient testing at sustained severity levels to ensure that the
engine is capable of safe operation in commercial supersonic aircraft.

Pratt & Whitney Aircraft recommendations to the FAA relative to Enssine Type
Certification requirements will be made availuble to Boeing,

If the Model B-2707 aircraft is required to have engines with British Air
Registration Board (ARB) certification, P&WA will furnish Boeing the
assistance to obtain such a certification in accordance with the then-existing
Commercial Basic Agreenient between the parties.

4.1.4 Guaranteed Performance Demonstraticn Requirements (Phases I, IV,
and V)
Demonstration tests to show compliance with the Sea Level and Altitude per-
formance guarantees of the engines specified in Pars. 3.1.2 and 3.2.1.1 will
be performed in testing facilities having the capability of sea level static
calibration and simulated subsonic and supersonic flight environment calibra-
tion at altitude. The inatalled performance of the engine will subsequently be
demonstrated by flight {est messurements in the Model B-2707 airplane. It
is tnerefore implicit that Boeing and P& WA work together and mutually agree
on the planning of, exscution of, and analysis of the results from the ground
laboratory, simulated altitude laboratory and airplane fiight tests. The parties
agree to work together to establish mutually acceptable procedures and
criteria for accomplishing the objective set forth in the preceding sentence.

The primary vesponsibility for providing facilities, conducting the tests, and
analyzing the data for the sea level static guaranteed performance demon-
strations and simulated altitude guaranteed performance demonstrations shall
be P&WA's .

The primary responsibility for providing facilities, ccnducting the tests, and
analyzing the data for the installed engine performance demonstrations shall
be The Boeing Company's.

4.2 ENGINE/AIRFRAME STATIC PERFORMANCE CALIBRATION REQUIRE-
MENTS (PHASE II)

4,2,1 General
The test hardware and calibration testing required for the static demonstration
of the specified engine performance are defined in the following paragraphs.

4.2.2 Test Hardware

4,%2.2.1 Reference Bellmouth

Pratt & Whitney Aircraft shall provide a reference bellmouth inlet for static
calibration of the engine, Pratt & Whitney Aircraft shall fabricate a minimum
of two bellmouth inlets of identical design, one to be sent to Boeing for Roeing-
conducted calibration testing and the other to be retained by the engine manu-
facturer.
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4.2.2,2 Instrumentation

Boeing will require the support of Pratt & Whitney Aircraft to supply certain
items of instrumentation and make provisions for others that are internal to the
engine or require modification to the engine configuration. Pratt & Whitney
Aircraft and Boeing shall coordinatie these requirements early in the design
phase. Pratt & Whitney Aircraft shall supply the mutually agreed upon in-
strumentation and instrumentation provisions on the ground and flight test
engines. These engines shall be tested and the instrumentation calibrated in
the P&WA's test facility prior to shipment to Boeing. The testing to be ac-
complished and basic instrumentation requirements shall be by mutual agree-
ment,

4.2.2.3 Instrument Coordination

I ordzr to promote the objective that the results of ground, simulated altitude
and flight testing be consistent, it shall be 4 requircment that in so far as
practicai the instrumentation also be consis. ;1t for all test phases. Boeing
and P& WA shall coordinate the instrumentaiion to be used for all performance
demonstration tests, and mutually agree upon the instrumentation to be used
for engine performance measurement.

As appropriate, the instrumentation to he used for Boeing flight test {and
simulated altitude test) ghall be subject to performance and endurance testing
during normally scheduled P&WA development tests. Boeing shall make avail-
able and maintain such instrumentation for testing by P&WA.,

4.2.3 Engine Ground Rig Performance Calibration Testing

4.2.3,1 General

Boeing will use the referencr bellmouth inlet and a calibrated engine to calibrate
Boeing's test facility, The static installed performance of the engine will be
determined using both the reference bellmouth and Boeing production flight

inlet during ground rig engine calibration. This will provide a comparison of
the engine performance and incremental difference between reference bellmouth
and production inlet,

4.2.3.2 Calibration

Pratt & Whitney Aircraft shall conduct performance calibrations of a (FTS)
engine at sea level static and in a simulated altitude test facility using the
reference bellmouth. Those calibrations shall include measurement of total
inlet mass flow and determination of primary and secondary mass flows on one
engine. The engine selected and schedule for these tests shall be mutually
agreed to by the parties.

4.2.3.3 Calibration Requirements

Pratt & Whitney Aircraft shall compile a document describing in detail, for the
sea level static and altitude performance calibrations in the simulated altitude
facility, calibration procedures, instrumentation systems and accuracies, data
reduction methods, and calculation procedures used in data analysis for
transmittal to Boeing prior to the tests.

‘DEA10199-~1

59

woba.oteacee At il it el




T e T T RGN S G phy p it b 0 i et st it it i it | ittt Bt it 3

In addition to the above document, P&WA shall make available to Boeing such
data reduction and data analyses computer decks a8 P&WA may develop for its
own use. As additional information from test results becomes available or
improved instrumentation and data analysis techniques are developed, these
decks shall be updated.

4.2,.4 Test Objectives
Pratt & Whitney Aircraft shall conduct tests during their normal development
program to explore:

a. Overall engine operating envelope

b. Burner and augmentor operating envelopes

c. Airstart envelope

d. Acceleration and deceleration characteristics

e. Inlet total pressure and total temperature transients

4.3 GUARANTEED ENGINE PERFORMANCE DEMONSTRATION (PHASES HI
AND IV OR V)

4.3.1 General

4.3.1.1 Demonstration Requirements

Pratt & Whitney Aircraft shall compile a document describing in detail, for the
sea level static guaranteed performance demonstration and for the altitude
guaranteed performance demonstration in the simulated altitude facility, cali-
bration procedures, instrumentation systems and accuracies, data reduction
methods, and calculation procedures used in data anelysis for transmittal to
Boeing prior to guarantee demonstration. The data analysis computer decks
specified in Par. 4.2.3. 3 shall be used as applicable.

4.3.1.2 Demonstration Tests

The tests conducted to demonstrate guaranteed performance shall include the
tests outlined below. Guarantee demonstration results wiil be documented in
detail by P&WA and transmitted to Boeing.

4.3.1.2,1 Sea Level Tests

The sea level tests will be designed to demonstrate engine performance
guarantees and operational characteristics by performing as a minimum,
the tests listed below:

a. Steady state performance demonstration to verify the specified per-
formance as given in Table I.

b. Thrust revorser operation,
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c. Acceleration and deceleration capability.
d. Inlet distcrtion tolerance.
e. Augmentor operation.

4.3.1.2.2 Simulated Altitude Tests

The simulated altitude tests will be designed to demonstrate engine perform-
ance guarantees and operational characteristics by performing, as a minimum,
the tests listed below:

a. Steandy state performance demonstration of specified attitude perform-
ance guarantees as given in Table 1.

b. Engine windmilling and windmill brake operation.
c. Inlet distortion tolerunce.

4.3.1.3 Test Requiremants

The engine performance guarantees shall b demonstrated within the test
facility limitations using a typical FTS/Ph:se III/or production/Phase IV/
engine or aerodynamically similar engine. The measured engine performance
will be corrected to a fuel having the minimum lower heating value of the fuel
specified in the Engine Model Specification, Ref. Par. 2.2.13.

4.3.2 Basic Eagine Performance

4.3.2.1 Sez Level Static Performance Demonstration (Calibration Stand)

The sea level static performance guarantees listed in Table I shall be
demonstrated by P&WA using the reference bellmouth defined in Par. 4.2.2.1.
This test shall be conducted in a suitable test facility. Thrust and fuel flow
shall be measured using calibrated instrumentation covering a range of engine
thrust settings from idle to maximum augmented power. Total inlet airflow
shall be measured using a calibrated bellmouth. Tests may be conducted at
other than stipulated ambient temperatures and pressures. Performance shall
be corrected tc specified Table I conditions.

4,3.2,2 Simulated Altitude Performance Demonstration
The demonstration of altitude performance guaranteet. defined in Table I shall
be conducted by the P&WA in an altitude test facility.

Since the altitude facility is not capable of adequately simulating nozzle
external flow or discharge static pressure, the measured thrust will be cal-
culated as specified in the Engine Model Specification in accordance with
Par. 4.3.1,1. These calculations will make use of full-scale static test data
and nozzle model thrust coefficient test data.

The demonstration of any altitude performance points which exceed the capa-
bility of the laboratory will be calculated from teat data obtained at test condi-
tions which lie within the capability of the laboratory and corrected to specified
Table I conditions,
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4.4 INSTALLED PERFORMANCE CALIBRATION REQUIREMENTS (PHASE III)
Boeing shall conduct flight tests to demonstrate the installed perfermance and
operation over the airplane flight and maneuver envelopes. The test program -
to demonstrate the airframe/engine performance will include as a minimum
tests run, in so far as practical, at the conditions defined in Pars. 4.3.2.1 and -
4,3.1.2.2. Additional tests to demonstrate airframe /engine performance, '
where required, will be mutually agreed upon by Boeing and P&WA, Boeing
shall transmit to P&WA a summary of the flight test results.

1
A saatt i

Boeing in conjunction with P&WA shall compile a document describing in detail, ~
for the installed performance demonstration on the Boeing test airplane, cali-
bration procedures, instrumentation systems and accuracies, data reduction ~
methods and calculation procedures used in data analysis prior to first flight
of the Boeing test airplane.

nnatabdodoh s f bbb b kil

The installed performance shall be demonstrated by flight test utilizing a :
FTS engine. It is recognized that the use of an engine previously calibrated in i
P&WA's Simulated Altitude Facility would he desirable and P&WA and Boeing
shall mutually examine their respective schedi!~s to determine the feasibility '
during Phase III. The flight tests shall be conducted with a production type -
flight inlet provided by The Boeing Company.

The flight tests shall be conducted at Boeing Flight Test facilities. All testing i
will be done in accordance with procedures agreed upon by P&WA and Boeing. !

Thrust and fuel flow shall be measured using calibrated instrumentation covering
a range of ~ngine thrust settings from idle to maximum augmented power. o
The functional and thermodynamic performance of the propulsion system ‘
inciuding inlet and exhaust nozzle shall be determined. Tests may be conducted
at other than stipulated ambient temperatures and pressure altitudes. Perform- —

ance data shall be corrected to specified Table I conditions. i

4.5 NOISF DEMONSTRATION (PHASES AS INDICATED)

4,5.1 Static {(Phases Iil and IV)
Pratt & Whitney Aircraft shall conduct a test on an outdoor test stand using an ;
FTS or production eangine or accustically similar engine with the reference — |
bellmouth inlet to demonstrate compliance with the guarantees of Par. 3.2.1.2.1.
At least 6 test runs shall be made at each condition and the results averaged )
to show compliance. i

3 Pratt & Whitney Aircraft ghall submit a document showing test results. In Lo

: addition, this document shall include a detail description of the acoustic H
. B measurement and anzlysis system. Boeing shall have the option of taking ~
- noise measurements parallel to the engine manufacturer's during the engine :
. domonstration test,

- 3 Pratt & Whitney Aircraft shall provide noise level test data for an engine
acoustically similar to the first flight engines. This data is to be provided
- 3 within six months after delivery of the first flight engines.
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4,5,2 Inflight (Phases I and IV)

A flight test shall be conducted by Boeing to demonstrate noise characteristics.
The tests shall be conducted on the protctype Model B-2707 airplane using FTS
engines and production type flight inlets, With the airplane operating at a
mutually agreed to altitude, sound measurements shall be made on the ground
under the flight paths. At least six test runs shall be made at each condition
and the results averaged. Pratt & Whitney Aircraft shall have the option of
taking noise measurements parallel to Boeing's during the flight test. The
results of the test shall be documented by Boeing., The document shall include
a detailed description of the measurement and analysis systems.

4.5.3 Sound Calculations (All Phases) ;
The perceived noise level calculations shall be made by use of the Noys table
as defined in Ref. Par. 2.2.8. The discrete frequency peaks generated by the
passage of fan, compressor or turbine blades shall be measured as the time
average for 60 sec ol the output of 1/24-octave band filter or a 50-cycle fixed
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¥ band width filter tuned to the frequency being measured. The noise data shall
) be normalized to a standard sea level, 59°F and 70-percent RH day by standard
- SAE practices.
i 4.6 ENGINE AIRFLOW DEMONSTRATION (PHASE III)
Lo The FTS engine airfiow at engine operating conditions shown in Table I will
be verified by test procedures mutually agreeable to the engine manufacturer
. and Boeing.

4,7 THRUST REVERSER DEMONSTRATION (PHASES Il AND IV)

4,7.1 Static Reverser Performance Demonstration
Pratt & Whitney Aircraft shall conduct a test to demonstrate compliance with the

. guaranteed static reverse thrust performance specified in Ref. 2.2,13ina
. suitable test stand. Reverse thrust shall be measured 1sing calibrated instru-
— mentation covering the range of reverse engine thrust settings from idie to
maximum reverse. Performance shall be corrected to conditions specified in
M Ref., Par. 2.2.13. Demonstration results shall be documented in detail and
§ transmitted to Boeing.

4,7.2 Installed Reverser Performance Demonstration

Boeing shall conduct tests to demonstrate installed thrust reverser performance
and operation. Static reverser tests shail be conducted during Boeing's engine
ground rig testing ard high speed texi and landing reverser tests shall be con-
ducted during Boeing's flight test programs. Demonstration results shall be
documented in detail and transmitted to P&WA.,

I

[y

4.8 VIBRATION DEMONSTRATION (PHASES AS INDICATED)

| S

4.8.1 Pratt & Whitney Aircraft Vibration Tests
_ Pratt & Whitney Aircraft shall demonstrate vibration characteristics as speci-
fied in Par. 3.2.21 by conducting the following tests:

a, Phase II
Conduct back-to-~back lineal vibration surveys throughout the normal engine
operating (idle to maximum augmented thrust settings) on an experimental
engine using (1) normal engine manufacturer production acceptance hardware
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(2) Boeing prototype flight weight installation components to be provided by
Boeing, The location of vibration pickups for demonstration shall be estab~
lished by mutnal agreement. Also the pumber, location and vibration limits
of pickups to be used for prototype (FTS) engine acceptance runs shall be
mutually determined from this demonstration test.

b. Phase IV
CTonduct a lineal vibration survey throughout the normal engine operating range
(idle to maximum augmented thrust setting) on a production engine using Boeing
supplied production inlet and other installation components. The location of
vibration pickups for the demcnstration shall be established by mutual agree-
ment. In the event that the results of this test using a production engine and
production Boeing inlet do not meet the requirements of Par. 3.2.21 Beeing and
P& WA wiil work together using their best efforts to determine the cause for
the discrepancy and to establish the required corrective actions.

4.8.2 Boeing Vibration Tests
Boeing shall conduct the following tests:

a. Phase II
Conduct a vibration survey on the ground and inflight using a FTS engine and
a prototype Model 2707 airplane to determine installation effects on engine and
nacelle vibration levels,

b. Phase IV
Condu.t a vibration survey on the ground and inflight using a production engine
and a production flight test airplane to determine insiallation effects on engine
and nacelle vibration levels.

4.8.% Fngine/Airframe Vibration Requirements

In reccgnition of the flight weight airframe components to be installed on the
engine, Boeing will supply to P&WA preliminary configuration weight and cg
location data to permit analytical evaluation early in the development period,
Boeing and P&WA shall coordinate the interaction of engine and airframe hard-
ware to establish the optimum engine installation that will satisfy the vibration
requirements.

4.9 BLEED AIR QUALITY DEMONSTRATION (PHASE IV)

Pratt & Whitney Aircraft shall demonstrate compliance with the requirements
of Pars. 3.2.2.1.1 and 3.2.2.1.2 by conducting the following tests on an ex-
perimental engine aerodynamically similar to production engine configurations.

4.9.1 Contaminant Quantity Test

With the engine operating at 70 percent and $¢ percent sea level nonaugmented
takeoff thrust the quantity of contaminant discharged from the compressor bleed
shall be determined while introducing a given quantity of contaminant into the
engine inlet over a period of time, The quantity of air bleed flow and other
detail test procedures are to be established by mutual agreement.
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The contaminant shall be coarse Arizona road dust AC Spark Plug Co.

5 PN 154637 and shall be introduced in a maaner to obtain substantially even

P distribution over the engine inlet area, The bleed zair extracted from the port i
after expansion to atmospheric pressure shall not contain a greater concen-

— tration of engine ingested contaminants (pound of contaminant per cubic foot ot ; :
air) then the conceniration introduced within a test accuracy of 25 percent. ' 3

4,9,2 Contaminant Quality Test

Samples of compressor bieed air shall be taken at temperatures within the
ranges corresponding to the bleed air requirements of Table IV, At the
same time the bleed air samples are taken, a sample of the air entering the
compressor inlet shall be taken, All samples shall be properly identified,
An analysis of the samples shall be made and if any of the contamination listed .
in Par. 3.2.2.1.2 has been contributed to the bleed air by operation of the :
engine, the concentration of contaminants shall be determined using mutuaily

agreeable test methods, '

Loen

Thig test shall be conducted on an engine incorporating lubrication system
elements and seals which shall have been subjected to a minimum of 150 hr of
operation,

Samples from the bleed air outlet shall be taken at temperature conditions
obtained at nonaugmented takeoff power, 50 percent augmented takeoff power
and idle. Additional, test power settings may be established by mutual agree-
ment,

[ N ——

3 4.10 INLET DISTORTION TOLERANCE DEMONSTRATION (PHASE IIl)

Pratt & Whitney Aircraft and Boeing shall demonstrate engine and inlet distortion
tolerances and limits specified in Par. 3.2.19.3 by conducting the following
tests during the engine development program:

| -

a. Conduct inlet distortion tolerance tests for sea level static and aititude
3 conditions on an engine aerodynamically gimilar to a prototype engine config~
. uration, The distortion patterns of the Boeing inlet are to be simulated for
: each particular flight Mach number and aititude simulated within the capability

e

] of the facility, Pressure profile surveys shall be taken at the compressor in-
-t let over the operating range of the engine. The method of test and location of
inlet pressure pickups for demonstration shall be established by mutual agree-
”} ment, Demonstration results shall be documented in detail and transmitted to i
] Y Boeing. :
- b, Conduct inlet distortion tolerance tests for altitude conditions on an
engine aerodynamically similar to a prototype engine configuration with Boeing
-~ flight inlet, This demonstration shall be done in conjunction with the joint i
P&WA — Boeing Inlet/Engine AEDC test program. (Par. 5.2.1.3.) This
E: [ joint program shall be used to demonstrate the specified iniet distortion levels
of the inlet/engine combination,
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5. COMPATIBILITY DEVELOPMENT PLAN (PHASE II)

5.1 GENERAL

Pratt & Whitney Aircraft and Boeing's tests required to develop, integrate,

and flight test the propulsion system shall be conducted as specified herein and
additionally as determined to be necessary by mutual agreement. Specified
data from these tests shall be made availaple to P&WA or Boeing where re-
quired. The responsibility for providing facilities and for conducting or sup-
porting the tests shall be accomplished as specified in the following paragraphs.

5.2 INLET/ENGINE COMPATIBILITY PLAN (PHASE 1)

Boeing shall have prime responsibility for the development of the air induction
and control system and for establishing inlet performance and distorting char-
acteristics and to provide them to P&WA. Pratt & Whitney Aircraft shall
have prime responsibility for the development of the engine and engine control
system, for establishing the engine tolerances to inlet performance and
distortion and defining requirements, and to provide them to Boeing. This
includes distortion definition, measurement requirements and calculation
procedures. The distortion information will include definition of the engine
performance for distcrtion levels above the nominal no-performance loss
levels. Pratt & Whitney Aircraft and Boeing shall have joint regponsibility for
the develcpment of engine inlet dynamic compatibility.

5.2.1 Boeing Inlet/Engine Compatibility Tests

5.2.1.1 Model Test Program

Boeing ghall conduct scale inlet » 2s8t3 to obtain high response rate dis-
tortion and pressure recovery dat.. alet design data. The type of instru-
mentation used to obtain this data wu. oe determined by mutual agreement.
Boeing shall provide P&WA with a summary of the test results, Distortion
data from these model tests shall be used by P&WA to establish requirements
for the tests of various distortion patterns for use in evaluating the engine
tolerance to this distortion.

5.2.1.2 J-85 Engine Tests (AEDC)

Boeing shall conduct small engine /inlet tests (1/3 scale) at AEDC in mid-1967
for early inlet/engine compatibility verification. These tests will be used

to define the performance of the inlet and the inlet controller and to investigate
inlet/engine compatibility during steady state and transient operating conditions,
including unstart-restart sequencing. This test will aiso be used to verify and
update the mathematical simulation techniques of a short coupled inlet/engine
system. Boeing shall provide P&WA with 2 summary of the test results.

5.2.1.83 Full Scale AEDC Tesis

Boeing in conjunction with P&WA shall plan and conduct full scale inlet,//engine
compatibility tests at AEDC. These tests shall demonstrate the distortion
levels of the inlet/enginc combination, inlet performance, and iniet/engire
dynamic compatibility,

DEAI0199-1

67




e i

IR DR ”

The tests will be conducted in accordance with the Coordination Inlet/Engine
Test Plan (Ref. D6A10007-2). Boeing and P&WA shall be responsible for
jointly supporting the program as specified in the referenced test plan.

§5.2.1.4 Full Scale Sea Level Static Tests
Boeing shall conduct engine /inlet ground tests to evaluate the compatibility
under sea level static conditions (see Par. 5.4.1).

5.2.2 Pratt & Whitney Aircraft Inlet/Engine Compatibility Tests

It is necessary to integrate the engine and airframe inlet duct as early as
possible to avoid the possibility of delays in the inlet/engine compatibility test
program at AEDC and in the flight program. Thus, P&WA will initiate com-
patibility testing at his facility early in the engine development program on
compressor component rigs and cevelopment engines.

5.2.2.1 Compressor Component Tests
Pratt & Whitney shall conduct the following tests,

a. Distortion Screen Tests
Pratt & Whitney Aircraft shall conduct distortion screen tests with a large
scale compressor rig (fan and high compressor rotors) at flight Mach-altitude
conditions. 'The distortion pattern for these tests will be established from
tke Boeing inlet mode! tests. Pratt & Whitney Aircraft shall evaluate the
attenuating characteristics of the fan and high compressor to inlet distortion
and provide Boeing with a summary of the test results.

b. Centcrbedy Venturi Tests
Combined steady-state and dynamic pressure distortion effects will te imposed
on the compressor by P&WA, Pratt & Whitney Aircraft shall conduct dis-
tortion testing with a simulated inlet, which includes subscnic diffuser, throat
and bleeds. These tests will impose the static pressure gradients produced by
the fan on the simulated iniet and will permit an evaluation of the inlet perform-
ance and distortion as well as dynamic compatibility under more realistic
operating conditicns.

5.2.2.2 Engine 1cuis

Pratt & Whitney Aircraft will conduct engine tests to determine fan to high
compressor interactions, coupling effects of the engine to the iniet, and engine-
inlet dynamic compatibilily using both distortion screens and simulated boiler
plate inlet hardware.

This testing will include the determination of the effect of terminal shock lo~
cation, distortion and turbulence on the ¢ngine, the effect cf bypass and
secondary air flow variations cn the engine, and ihe effect of engine-generated
disturbances o the terminal shock position. Boeing wiil assis? in the test as
requived and receive the test results.
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a. Screen Testing
Screen testing similar to testing done on the compressor rig (updating of dis-
tortion patterns will be done wherc applicable) will be done on full scale
engines, This testing will permit evaluation of the fan to high compressor
interactions and the high compressor distortion attenuating characteristics.
This testing will include sea level static and fiight Mach-altitude conditions.

b. Engine/Inlet Altitude Testing
Full scale engine testing with a simulated boiler plate inlet will be conducted
early in the development program (prior to inlet/engine AEDC tests) at flight
Mach-altitude conditions.

The boiler plate iniet will include bypass doors and several centerbody positions.

Boeing will provide the centerbodies and inlet cowl with the bypass doors in-
corperated., Boeing will assist in the test as required and will receive the test
results obtained.

c. Engine/Inlet Ground Testing
Engine/inlet sea level static conditions, including cross wind and choked inlet
mode operation will be tested by P&WA using a boiler plate inlet supplied by
Boeing. The inlet will be supplied with several centerbodies and incorporate
takeoif doors in the cowl. Natural cross wind operation will be included in the
testing. This test should be run as early in the program as lLardware (engine
and inlet) becomes available.

5.2.3 Inlet/Engine Dynamic Analysis

5.2.3.1 Mathematical Models
The mathematical models of both the inlet and engine will be updated based on
data from the foregoing testing.

5.2.3.1.1 Engines

Pratt & Whitney Aircraft shall provide Boeing with updated engine mathematical
model computer decks as required. The format and capability «f the engine
mathematical model must be mutually agreed to by P&WA and Boeing. Coor-
dinated efforts between P&WA and Boeing shall be made to eliminate aay
detrimental inlet/engine interactions,

5.2,3.1.2 Inlet
Boeing shall provide P&WA with updated inlet mathematical model computer
decks as required and in a format mutually agreed to.

5.2.3.2 Inlet/Engine Mathematical Model
Pratt & Whitney Aircraft and Boeing shall conduct analyses and simulation
studies to evaluate the aerodynamic and control interactions between the inlet

and engine.
Pratt & Whitney Aircruft and Boeing will work together on their mathematical

model studies and analyses. The data will be used to predict the insialled inlet/
engine compatibility.
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6.3 EXHAUST SYSTEM INTEGRATION TESTS (PHASE III) 1
Pratt & Whitney Aircraft shall have prime responsibility for the development
of the exhaust system.

5.3.1 Thrust Reverser Development

5.3.1.1 Boeing Reverser Tests

5.3.1,1.1 Ingestion Tests (Model) !
Boeing shall conduct aircraft model wind tunnel tests to determine the thrust |
reverser exhaust flow pattern requirements with respect to minimizing adverse ~ |
reingestion and impingement effects. Boeing shall provide P&WA with a : ,
summary of the test results.

5.3.1.1.2 Reverser/Airplane Effectivencss Tests (Model) A
Boeing shall conduct aircraft model wind tunnel tests to define the reverse L
thrust effectiveness. Boeing shall provide P&WA with a summary of the test
vesults.

S

5.3.1.1.3 Definition of Airframe Reverser Requirements
Boeing shall define the airframe reverser exhaust external flow path require- —
ments and the airframe control system requirements. Boeing shall provide
P&WA with these requirements. These requirements will be coordinated be-~ s
tween P&WA and Boeing to establish reverser compatibility.

. 5.3.1,1.4 Full-Scale Tests . B
Boeing shall conduct full-scale engine ground rig tests to,evaluate installed
: effects on reverser performance and operation, reverser thrust resyronse, —
: and reingesticn (see Par. 5.4.1). ;

i £.3.1.2 Pratt & Whitney Aircraft Reverser Tests
5.3.1.2.1 Model Tests [
Pratt & Whitney Aircraft shall conduct model tests to develop the reverser

and reverser exit cover door design to meet the requirements of Par. 5.3.1.1.8.

3 5.3.1.2.2 Full-Scale Engine Tests

Pratt & Whitney Aircraft shall conduct full scale engine tests to evaluate the -
performance, operation and fail safe characteristics of the reverser. Pratt &
Whitney Aircraft shall provide Boeing with a summary of the test results, ~

Boeing shall have the option to witness the tests.

5.3.2 Nozzle Development %

e Y I Ty

5.3.2.1 Boeing Model Tests -
5.3.2.1,1 Wing/Pod Integration Tests

3 Boeing shall conduct model tests with the nozzle in the presence of a wing or ~—
3 wing~body to determine their effect on the nozzle installed performance and the
pressure field around the nozzle. Boeing shall provide P&WA with a summary i
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of the test results. Pratt & Whitney Aircraft shall provice Boeing with current
models or contours for their nozzlec and pass on information on any revisions in
the contours at the time they are incorporated.

5.3.2,2 Engine Manufacturer Tests

5.3.2.2.1 Model Tests

Pratt & Whitney Aircraft shall conduct isolated nozzle model test using the
pressure field data from Par. 5.3.2.1,1 to determine nozzle pertormance

and ejector pumping characteristics and to acquire data required for the design
of the blow-in doors and trailing edge flaps. Pratt & Whitney Aircraft shaill
provide Boeing with a summary of the test results. Pratt & Whitney Aircraft

and Boeing shall mutually determine the effects on nozzle performance and deter-
mine revisions required to achieve a mutually agreed to lavel of performance.

5,3.3 Noise Suppression Development
5.3.3.1 Boeing Tests

5.3.3.1.1 Model Tests

Boeing shall conduct scale model tests of exhaust nozzle sippressors under
exhaust conditions identical to those proposed for the B-2707 engine. Evalua-
tion of the noise characteristics of the suppressor nozzles shall be in terms
of overall and octave band sound pressure levels as well as perceived noise
level. Boeing shall provide P&WA with a summary of the test rosults. Pratt
& Whitney Aircraft shall evaluate the noise suppressor nozzles in terms of their
adaptability to the engine. The objective of these tests is to select promising
designs for further analysis and full scale testing, Boeing will coordinate the
testing with P&WA to avoid duplication with the P&WA testing described in
Par, 5.3.3.2.1,

5.3.3.1.2 Full-Scale Tests

Boeing shall conduct full scale J~75 engine tests to evaluate promising jet

noise suppressor obtained from model tests, The final nozzle configurations

shall be suppressors obtained from model tests. The final nozzle configurations
shall be tested on a J-75 engine. Test conditions on a J-75 will duplicate as
closely as possible the conditiong required on the B~2707 eigine during takeoff

and climbout maneuvers. Evaluation of the noise characteristics of the suppressor
nozzles shall be in terms of overall and octave band sound pressure level as well
as perceived noise level. Boeing shall provide P&WA with a summary of the

test results,

The objective of these tests is to determine the jet noise suppression charac-
teristics and performance losses for large scale exhaust nozzles,

5.3.3.2 Engine Manufacturer Tests
5.3.3.2.1 Model Tests

Pratt & Whitney Aircraft shall conduct small scale exhaust noise suppression
tests of configurations which may be adaptabls to the engine.

D8A10199-1

71




-9

o e

AT RS e Y N WAk

Pysprw—

The objective of these tnats is to select promising designs for further analysis
and full scale testing. Pratt & Whitney Aircraft shall provide Boeing with a
summaery of the test results.

5.3.3.2.2 Full-Scale Testing

Pratt & Whitney Aircraft shall conduct full scale engine fan noise tests to
determine ncise generatiug and propagating characteristics. Pratt & Whitney
Aircraft shall provide Boeing with a summary of the test results. Data shall
be in the form of octave band and 50 cps octave band width SPL over a complete
polar grid around the engine. Several thrusts from idle to full power shall be
included. )

Pratt & Whitney Aircraft shall conduct full-scale engine exhaust noise and
performance tests to evaluate the final FTS engines and suppressor configura-
tion. Pratt & Whitney Aircraft shall provide Boeing with a summary of the
test results. Noise data shall be in the form of octave band SPL over a com-
plete polar grid around tke engine. Several thrusts from idle to full power
shall be included.

Pratt & Whitney Aircraft shall conduct full-scale noise and performance tests
un the engine to determine near and far field noise levels with an acoustically
similar aircraft inlet supplied by Boeing installed. Pratt & Whitney Aircraft
shall provide Boeing with a summary of the test results. Noise data shall be

in the form of octave band and 50 cps band width SPL's over a complete polar
grid around the engine. Several thrusts from idle to full power shall be in~
cluded. Boeing shall have the option to witness the tests and take parailel noise
measurements.

The objective of these tests and analysis is to obtain a noise suppre.ssion sys-
tem compatible with the engine and airframe which results in noise levels at
or better than FAA objectives during ground, takeoff and approach phases of
the B-2707 operation.

5.4 ENGINE/AIRFRAME INSTALLATION TESTS (PHASE 1)

The full-scale propulsion installation tests required to evaluate engine/
airframe integration aund compatibility and to evaiuate the performance and
operation of propulsion subsystems and componen's, are included herein.

5.4.1 Boeing Ground Rig Tests

Boeing shall cvuduct exngine ground rig tests to evaluate the performance,
operation and compatibility of all components of the propulsion installation
including engine starting system, accessory power drive and airbleed system,
engine and cow! cooling environment, fire detection and extinguishing system,
engine instrumuntation, engine controls, nacelle drainage, engine/nacelle
fuel system, engine and airframe accessory vibration, and noise. Pratt &
Whitney Aircraft shall supply Boeing with calihrated ground test engines and

logistically support the test program as required.
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5.4.2 Pratt & Whitney Aircraft Ground Tests

Pratt & Whitney Aircraft shall conduct engine ground tests to evaluate the
performance, operation, and noise levels of the engine, including inlet/engine
compatibility, thrust reverser performance and operation.

It is also desirable that P&WA conduct a test using Boeing-supplied, engine-
driven airframe accessories to assist in determining compatibility of the
engine and airframe components. A mutually agreeable plan will be developed
during Phase II to accomplish this objective.

5.4.3 Pratt & Whitney Aircraft Appraisal of Production B-2707 Engine
Installation

Pratt & Whitney Aircraft shall submit to Boeing a list of requirements for

information and data considered necessary for evaluation and appraisal of the

B-2707 engine instailation. 'The appraisal will be made with respect to the

production installiation developed in Phase IV.

5.5 PHASE HOI FLIGHT TEST PROGRAM

5.5.1 General

The flight test demonetration of engine performance and operation, and the
evaluation of the propulsion system, are included herein. Boeing shall con~
duct the flight tests. Pratt & Whitney Aircraft shall monitor and support
these tests.

The following propulsion system flight tests will be accomplished during the
Phase HI flight test program:

5.5.2 Air Induction System Performance and Operation

Boeing shall conduct flight tests to demonstrate the air induction system
performance and operation, and inlet/engine compatibility over the flight and
maneuver envelcpes of the airplane.

5.5.3 Engine Performance and Operation

Boeing shall conduct flight tests to demonstrate the installed engine perform-
ance and operation over the airplane flight and maneuver envelopes. Installed
engine performance will be demonstrated as specified in Par. 4.4.

5.5.4 Evaluation of Propulsior Nacelle and System

Boeing shall conduct flight tests to demonstrate the engine and nacelle cowling
structural lviegrity over the flight envelope of the airplane and the operation of
the propulsion systems. These tests shall include: nacelle and engine cooling,
engine oil system, accessory operation, fire extinguishing system, engine
instruments, nacelle drainage, engine airplane fuel system, vibration surveys
and automatic thrust control system.
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5.5.5 Thrust Reverser Performance and Operation
Boeing shall conduct tests to determine reverse thrust effactiveness, reverser

exhaust gas ingestion and impingement characteristics, and reverser operation
under normal operational loads.

5.5.6 Noise Surveys
Boeing shall conduct ground, takeoff, and landing tests to demonstrate airport
and community engine noise levels as specification in Par. 4.5,
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6. PRODUCT ASSURANCE REQUIREMENTS

6.1 BASIC CONCEPTS AND DEFINITIONS

In the context used here, the term Product Assurance includes the subjects of
Reliability, Safety, and Maintainability. The Product Assurance requirements
contained herein are required to Integrate the engine into the B-2707 system
and provide assurance during design and test that adequate levels of reliability,
safety, and maintainability are inherent in the final production design.

6.2 RESPONSIBILITIES

6.2.1 General

Boeing has overall responsibility and accountability for the reliability, safety,
and maintainability of the B-2707 system. This responsibility includes system
schedules, planning and reporting in addition to technical integration of the
engine contractor produced equipment.

Pratt & Whitney Aircraft has responsibility and accountability for the relia-
bility, safety, and maintainability characteristics of the engine and basic ac~-
cessories and for the conduct of such tests or demonstrations as may be
required to ensure that adequate levels of reliability, safety and maintainability
are inherent in the final production design. This responsibility includes support
to Boeing throughout the Phase III B-2707 Program to ensure achievement of
overall system Product Assurance objectives as they relate to the engine/
airplane interfaces. This support includes provision of the data specified
herein required for Boeing to fulfill system management responsibilities.

6.2.2 Boeing Responsibilities

Boeing will assess the safety, reliability and maintainability of the B-2707
system and provide master schedules, planning, reporting, and integration for
all Product Assurance elements. In fulfillment of these responsibilities,

Boeing will provide to P&WA copies of the following items relative to relia-
bility, safety, and maintainability.

a. Major program milestones.
b, Test and demonstration plans for flight test.
c. Operational and maintenance concepts to support the B-2707 system.

d. Time goals for performance of engine line maintenance tasks ac-
complished on ihe airplane.

e. The integrated System Safety Plan incorporating appropriate elements
of the P&WA Engine Safety Plan.

f. Copies of engine malfunction and muintenance data assembled by
Boeing personnel during Phase I,
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In addition to the preceding, Boeing will:

g. Establish periodic meetings as may be required to ensure integration
of the Product Assurance activities. [

h. Develop, with P&WA, mutually compatible and acceptable data formats,
flow processes, evaluation processes and reports as may be required.

Schedules for providing these items will be negotiated.

4 6.2.3 Pratt & Whitney Aircraft Responsibilities

2 Pratt & Whitney Aircraft will be responsible for complying with the reliability,
3 safety, and maintainability requirements contained herein and will, in addition, -
provide technical representation to actively participate in the failure analysis !
team (see Par. 6.2.5). —

6.2.4 Inte.tface Elements
Sections 2.0 and 3.0 form the basis for identifying and defining mutually
reacting malfunctions and maifunction effects.

3 6.2.5 Problem Analysis and Corrective Action [
/i During the flight test, malfunctions and problems will undoubtedly occur
requiring investigation, determination of responsibility, and identification of
-appropriate corrective action. The following will be accomplished in the event
of failure or malfunction involving the engine/airframe interfaces: -

a. A failure analysis team will be established consisting of Boeing and »
P&WA representatives. '

b. Where on-the-spot cause determination and corrective action is -
mutually agreed upon, a report will be prepared and the necessary corrective
b action accomplished. —

¢. Malfunctioning components will be forwarded to the P&WA SST Spares f‘
store for disposition in accordance with the ancillary agreements., Parts or L.
components requiring further investigation or analysis will be withdrawn from
the store and later returned to the store in accordance with P&WA procedures, —
Analysis of the failed component will be accomplished by P&WA with Boeing
participation, where requested by Boeing. A full report will be prepared and
signed by both parties where an engine/airframe interface problem is indi- .
cated. Copies of all reports will be provided to Boeing.

3 d. For all joint investigations, in the event of disagreement, dissenting
E - opinion shall be included on the failure anaiysis report. 3

6.3 RELIABILITY

6.3.1 General RO -
This section contains the minimum elements to fulfill system reliability el N
responsibility and provide effective engine/airframe interface. To the maxi- :
mum possible extent, these requirements shall be fulfilied as part of the basic
zsontract with the FAA and shall not require additional nor different effort.
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6.3.2 Design Objectives

— 6.3.2,1 Numerical Objectives
When operated within the environments and performance limits specified in .
~ Sec. 3.0 of this document, the minimum frequency of malfunctions due to {
3 - m:fhanical causes expressed as arithmetic mean values are shown in
Table VIII.

Table VIIl. Reliability Objectives

i Early | 2X10°% Engine | 4.5X10°
Flight Flight Hr Hr
] Mean time between 10,000 21,000 29,100
L inflight shutdowns
8 Mean time between 70,000 127,000 178,000
3 | inability to sustain i
3 augmentation power*
:: l_.
Mean time between 2,500 4,000 5,000
- premature engine
. removals
L *Inability to obtain selected augmented thrust, given the engine is
running,

E Degree of attainment of these objectives shall be assessed in accordance with
) :" Paro 6.303-10

© 6.3.2.2 Failure Requirements :
. - Compliance with the failure requirements in Sec. 3.0 shall be demonstrated in 3
s acccrdance with Par. 6.3.3.2. i

'S § 6.3.2.3 Malfunction Definitions
% The P&WA Reliability Program Plan shall include specific definitions of mal-
—; function. Definitions shall be related to one or more of the characteristics of
3 i Table VIII as well as to the appropriate portions of Sec. 3.0.
=T _ 6.3.3 Quality Assurance Provisions
= (U 6.3.3.1 Numerical Demonstration
. Achievement of parameters related to items (a) through (c) listed in Par.
E - i1 6.3.2.1 shall be assessed as specified below. This requirement is not fo be
- A ] construed as requiring statistical reliability tests; however, it shall be
= construed to require statistical evaluation of data for this purpose.
: “~ - a. A curve will be established for each parameter shown in Table VIII
- 2 By related to total commercial service engine hours.
DEAL10199-2
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b. Reliability time/cycle and failure data will be logged from in-plant
tests and flight tests. This data will be analyzed on a periodic sliding basis
to provide estimates of the following development reliability assessment
parameters:

(1) Mean time between test stand engine shutdown

(2) Mean time between test stand augmentor failure

.

(3) Mean time between test stand engine removal

Numerical estimates of these test stand parameters will be provided in the
P&WA Quarterly Reliability Reports wheu adequate sample sizes are accumu-
lated.

c. Satisfactory progress at the end of Phase III shali be measured by a
comparison of a best unbiased point estimate and a one zided 70 percent
confidence interval,

6.3.3.2 Failure Requirements Demonstration
Evidence of compliance with the provisions of Par. 6.3.2.2 shall be provided
ae follows:

a. Each part of the P&WA furnished equipment shall be analyzed to
determine the end result of failure and ensure that adequate protection exists.
The analysis shall include at least the data shown in the sample Failure Mode
and Effect Analysis format, Figs. 24 and 25 or equivalent, The analvsis shall
show conclusive evidence of compliance with the specified requiremnents.

b. These analyses will be supplemented, as required, by appropriate
development test failure data.

c. Malfunctions occurring during the ground and flight test program
producing results contrary to these requirements will require corrective
action,

d. In addition, FMEA shall be conducted on engine failures induced by
aircraft system malfunctions as coordinated betwesn Beeing and P&WA,

6.3.4 Data Requirements

6.3.4.1 Reliability Program Plan

Pratt & Whitney Aircraft will submit to Boeing a copy of their Reliability
Program Plan submitted to the FAA, After coordination with Boeing for over-
all program compatibility, the plan shall become the standard by which the
P&WA Reliability Progiram will be conducted.

Revisions to the plan shall be provided to Boeing for information. If basic

intent, direction, or Boeing interface is affected, the revision shali be co~
ordinated with Bocing before submittal to the FAA.
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OB8A101991¢




i
A .

: JTF17 FAILURE MODE & EFFECT ANALYSIS }
3 DESIGN PHILOSOPHY | DESIGN PHILOSOPHY —-
: 1 D

E En | runcion | mobET cralliéon| O PRECLUDE TO REDUCE

! T (O] IV FAILURE HAZARD 3

- :

3 ‘E\@’ o
2 < = B H
. o

Lot

e ed

LaeZd

ANALYZED BY:

i.u"

=0

el

Figwe 25. Failure Mode and Effect Analysis (Sheet 2)

ROeTE
Nerckn)

i

{-eﬂ a(ﬁdr,.‘}

DEA10199~1

&




Lo

| Qs

Laeitng

— e e e g e e,

6.3.4.2 Technical Data
Copies of the following data shall be furnished to Boeing as specified below:

a. Allocated reliability values and documented results of design reliability
analyses and predictions kept up-to-date at intervals not to exceed six months.
These data shall include details related to each component or part for each
parameter specified in Par, 6.3.2.1 and shall include the pertinent data
specified in Par. 6.5.4.3 AIDS, items (a) and (f). Sources and justification of
reliability predictive data shall be included.

b. Comprehensive analyses of each possible engine failure mode, its
effect and its criticality, kept up-to-date at intervals not to exceed six months.
These analyses shall be prepared to fulfill the requirements of Pars. 6.3.2.2
and 6.3.3.2 and shall be provided to Boeing to show compliance with applicable
portions of Sec. 3.0.

c¢. The critical ranking of failure modes, kept up-to~date af intervals not
to exceed six months,

NOTE: It is preferable that these items be assembled into one package
and submitted at the same time,

d. A detailed plan to achieve compliance with the provisions of Par,
6.3.3.1 shall be provided to Boeing. This shall include individual definitions
of success and failure amplifying the provisions of Par. 6.3.2.3 and comply-
ing with Par. 6.5.4.3.a. A detailed set of relevaut and nonrelevant failure
classifications shall be included.

e. Summarized records of engine time/cycle failure and maintenance
histories. -

f. Failure and Analysis Summaries as generated bi-monthly.
Items e and f above shall be included in the status reports identified below.

6.3.4.3 Reliability Status Reporting

During Phase 1II, P&WA shall prepare and provide to Boeing, bi-monthly
reports to provide a concise and accurate summary of Reliability Program
status, technical status and significant problem areas. Theze may be in-
cluded in or be derived from periodic reports submitted to the FAA, The
report shall cover the following:

a. Program Status
Summarize statug of each current task contained in the Reliability Program
Plan. Reasons for any slides or schedule alteration shkall be included, along
with the program for recovery.

b. Technical Status
This part shall consist of reliability estimates for the overall system when
available and each major segment or component thereof. Updated assessments
shall be included semiannually. A summary of revised predictions and the
impact of the change shall be included in this part of the report. The current
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status of and results of significant tests or demonstrations for reliability
purposes shall also be contained in this section.

c. Significant Reliability Problems
This part shall summarize significant reliability problems in the following
format:

(1) Area of engine or accessories
(2) Brief statement of problem
(3) Proposed resolution
(4) Action agency
(5) Current status
(6) Reference correspondence or data \
(7) Amplifying remarks
6.3.4.4 Final Reliability Report
The reliability portion of P&WA's final report required by the FAA shall be

coordinated with Boeing prior to submittal for FAA approval and shall include
a complete accounting of the accomplishments of the Phase III Reliability

Program including:
a. Summary of results achieved by the contracted reliability program.

b. Status of equipment qualification program, including deviations
accepted and their effect upon reliability.

c¢. Recommendations for continued maintenance of system reliability in
the field.

d. Recommendations regarding additional reliability improvements.

Evidence of compliance with Pars, 6.3.2.1 and 6,3.2.2 shall be provided to
Boeing.

6.4 SAFETY

6.4.1 General

This section defines the minimum System Safety program inteface responsi-
bilities of Boeing and P&WA necessary to provide effective working relation-
ships and to assure total airplane System Safety consideration during
development and test. To the maximum possible extent, the activity implied
in these responsibilities will be performed as a part of each contractor's
basic contract with the FAA and shall not require additional effort.

Since the airframe contractor is responsible for the overall safety of the proto-
type airplanes during Phase III of the program, end further, is required to
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estabiish and maintain an Integrated System Safety Plan, it follows that The
Boeing Company will estahlish the Safety analysis techniques used to evaluate
the integrated airplane. Within this framework, the responsibilities of each
contractor are def:-.ed as follows:

6.4.2 Boeing Responsibilities

Boeing will prepare an Integrated System Safety Plan (ISSP) upon receipt of the
P&WA Engine Safety Plan. The ISSP will provide for coordination of the
Safety Programs and will include the following:

a. Guidance to the engine contractor for the support of the System Fault
Tree Analysis.

b. Schedules for submittal of safety analyses.

¢. Method of integrating engire safety analyses into the B-2707 system
fault tree.

d. Provisions for Engine/Airframe contractor safety program coordina-
tion meetings.

6.4.3 Pratt & Whitney Aircraft Responsibilities

a. Provide the Engine Safety Plan to Boeing at the time of the Phase Il
Proposal submittal. Subsequent Safety Flan revisions will be provided to
Boeing at the {ime of theixr accomplishment,

b. Development and provide to Boeing, Engine Safety Analyses for all
undesired events that have a serious threat io the operation of the B-2707.
These undesired events shall include but net be limited to the following:

(1) Uncontained engine fire

(2) Turbine disc failure

(3) Compressor disc failure

{4) Loss of scheduled thrust

(5) Engine seizure

(6) Bleed air contamination
6.5 MAINTAINABILITY
6.5.1 General
This section contains the minimum elements to fulfill system maintainability
responsibility and provide effective ergine/airframe interface, To the

maximum possible extent, these objectives shall be fulfilled as part of the
basic contract with the FAA and shall not require additional or different effort.

O8AI0199~1




6.5.2 Maintainability Requirements

When operated within the environments and performance limits specified in
Sec, 3.0 of this document, the engine maintainability objectives are the
arithmetic mean values shown in Table IX.

Table I1X. Maintainability Goals

Early* | 2X106 Engine | 4.5X10° Engine
Flight Flight Hr Flight Hr

MMH/EH (Maintenance (1) F
manhours per 1,000
engine hours)

Mean maintenance task D D [>

time (minutes)

TBO (Time before over- 600 2,500 in excess of
haul) 5,000 hr

*Maintainability objective for certificated engines.

(1)Maintenance manbours including servicing, inspection and line re-
placeanle unit (LRU) replacement per 1,000 engine hours of operation
on the airplane excluding access and remove and replace of the
complete engine,

Values to be insertec six months after start of Phase III

6.5.3 Vaulidation

Pratt & Whitney Aircraft shall submit the following information as a part of
its maintainability program to establish and verify quantitative requirements
and provide for continued evaluation of P&WA's proposed design. Prelimi-

nary data will be submitted with the plan and updated at intervals not to exceed

six months, The maintainability data shall be made excluding limitations of
the airframe installation and shall consist of at least the following items:

a. For each line replaceable unit (LRU) installed on the engine and in-
cluding the total engine as an LRU.

(1) Identification of the LRU,

(2) A list of scheduled and unscheduled maintenance servicing tasks
required to keep the LRU in operable condition while iistalled on the aircraft.

(3) A list of tcols, ground support equipment, and facilities requirad for
the above tasks.

(4) The quantity ard skill level of personnel to accomplish each discrete
maintenance fask listed above (a.2.).
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(5) The elapsed clock time in minutes tv accomplish each maintenance
task listed above (a.2.), independent of that time required for access to the
unit.

(6) Frequency of each maintenance action. (Failures per 1,000 engine
hours or cycles as appropriate, and engine hours between scheduled actions.)

(7) Features incorporated in the design that will minimize maintenance,
reduce servicing time, and facilitate maintenance,

(8) ldentify inspection ard sexvieing points which require ¢uick aceess.
b. For each LRU, remove from the aircraft; *

(1) The recommended repair level to be established (minor repair or
overhaul).

(2) A list of mainfenance tasks required to restore the unit to operating
condition. )

(3) A preliminary list of tools, equipment, and facilities required to
accomplish each discrete task.

(4) The quantity and skill level of personnel to accomplish each discrete
task.

(5) The elapsed clock time, in minutes, to accomplish each discrete task.
(6) The frequency of each maintenance action.

*The final summation of this data may be a part of the P&WA maintenance and
overhaul manuais,

c. The analyses shall include an operating time oriented projection from
zero operating hours fo maturity for those requirements defined in Table IX.
This prediction shall demonstrate a confidence of at least one standard
deviation or better.

d.5.4 Data Requirements
The following data shall be provided to Boeing in accordance with the schedule
specified.

6.5.4.1 Maintainability Program Plan

Pratt & Whitney Aircraft shall submit a maintainability program plan which
explains how their maintainability program is to be accomplished. This plan
will be the same plan submitted to the FAA in accordan~e with the RFP,

After coordination with Boeing for overall srogram compatibility, the plan
shall become the standard by which the P&WA maintainahility program shall

be conducted. Revisions to the plan will be submitted to Beeing for information
and shell coutain any negotiated agreements reached between. P&:WA and Boeing
with respect to the conduct of the maintainability program.
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6.5.4.2 Maintainability Progress Report |
Reports shall be submitted at least bi-monthly through completion of Phase I1I.
These may be included in periodic reports submitted to Boeing for other —

purposes, and shall include a4 & minimum, an accounting of the progress of
each task item 28 specified o1 defined by the progiam plan. The bi-monthly
repoxts shall include;

a. Results achieved tc date. -
b. Problems encountered and action taken or planned. -

The maintainability portion of the P&WA final report shall be provided to
Boeing for coordination prior to submittal to the FAA for approval and shall —
include a compleie accounting of the Phase III Maintainability Program.

6.5.4.3 AIDS Interfuce Data

The B-2707 airplane will incorporate as an airline option an Airborne Inte-
grated Data System (AIDS). This sytem is intended to augment ground in- .
spection ard other maintenance procedures and methods of measuring

deterioration to permit maximum extension of TBO's, This system will [

receive data from, and monitor the operational condition of, selected airplane
equipment and detect and identify actual or potential failures down to a line

replaceable unit (LRU) level, The engine shall be included as a candidate for .
monitoring by AIDS.

Selection of engine and engine components to be monitored will be based on the
potential maintenance savings, reduction of unscheduled maintenance, and

increased utilization. To design the AIDS, it is necessary to identify failure 8
modes ¢f LRU and means to detect or predict these failures and/or LRU
degradation, The data requirements specified below will be used to identify —

or verify AIDS requirements and performance. Data required in compliance
with the Reliability provisions contained herein shall be used whenever possible. ~

Pratt & Whitney Aircraft shail furnish:
a. An out-of-tolerance failure criteria for each mode of failure identified

in the P&WA failure mode and effect analysis and which is in P&WA's judg- —
ment, a suitable candidate for AIDS monitoring.

b. The measurement accuracies, recommended sampling rate, and —
sampling period based upon intended use of equipment for those performance .
parameters which must be monitored to detect the failure of an LRU and/or -

equipment unit, This shall include a definition of all required ancillary en-
vironmental parameters such as OAT, airplane velocity and zaltitude which
must be derived from sources exterior to the equipments being monitored. .

c. The measurement accuracies and recommended sampling rates aad
sampling periods to predict failure trends of an LRU and/or equipment unit,
Selected sensing will be augyr :nted by a substantiating analysis which will
indicate the degree of success anticipated in predicting failures.
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d. The recommended analytical logic to be used in farilt detection,
isolation and prediction down to the LRU level for (b) and (c) above which will
satisfy the logic requirements,

e. Recommendations for location of pickup points and sensors for
measuring thoge parameters of item (d) which must or can most conveniently
be measured within the engine and engine accessories. Whers a suitable
sensor is not available, recommend a plan for its development.

f. Pertinent information relating to failure rate rapidity and/or a time
histcry of failure substantiating (b) and (¢) recommendations.

The data measure ‘ ‘ing rates and processing for failure trending
will in large mer ‘mined by the time history of failure.

g. All available 41DS data and requiremenuts relating to (a) through (f)
above shali be submitted to Boeing upon contract award., As additional data is
developed in response to (a) through (f), iv shall be submitted in bi-monthly
and/or quarterly progress reports. A study report containing all recom~
mendations and inclusions in response to (a) through (f) above will be sub-
mitted to Boging for coordination during Phase III.
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