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ockheed

INTRODUCTION

This is one of seven books being submitted to de-
scribe Lockheed’s proposal for Support System
476L.. The complete set, prepared in accordance with
the Statement of Work and augmented by guidance
resulting from queries to the Air Force, is as follows:

Volume
1 Basic Proposal
Substantiating and Trade-Off Data
Operational Data
Special Technical and Cost Data
Model Specification
Large Scale Drawings
PEP Networks

The formats of all volumes containing significant
amounts of text are the same except for Volume 3,
which is laid out to the customary format for Model
Specifications in order that it could serve in future
negotiations.

Volumes 1 thru 4 are organized in absolute con-
formity with the sequence and breakdown of subject
headings in the Work Statement. Every decimally
numbered paragraph of that document is identified
by the same decimal number in this submittal and
the sequencing is identical. Thus, Volumes 1 and 2
cover Work Statement Paragraphs 5.1 and 5.2, Vol-
ume 3 covers Paragraph 5.3, and Volume 4 covers
Paragraph 5.4. It is hoped that this parallelism in
detail and in general will facilitate review by the
Air Force Evaluation Team.

-~ N W b o b

Volume 1, though employing references to other
volumes on occasion, is intended to be substantially
self-sufficient. Volume 2, on the other hand, de-
pends upon Volume I for basic subject descriptions
and is infended principally to substantiate and/or
expand on subjects which require more discussion
than the page limit of Volume 1 would permit.
Volumes 3 and 4 are reasonably independent, but
do rely to a degree on familiarity with Volume 1.
Volume 5 is, of course, self-sufficient, and Volumes
6 and 7 are repositories to permit easy handling of
the loose data requested.

COST DATA-GENERAL

The pricing data and funding forecasts for the items
in this section have been prepared on the same basis
used for the similar data requirements in Volume 1
of Lockheed’s ‘proposal. For conveniences, we have
inserted Formats “C” and “F” for all of the items
ahead of the individual item details in order to
summarize the effect of these special items on the
various fiscal year fundings. Formats “D” and “E”
are not considered to be applicable to the items in
this section. Formats “A” for each airplane quantity

follow immediately after the applicable technical
description.

The net changes in engineering and tooling man-
hour requirements forecast for each of the changes
to the basic GL 207-45 have been estimated by their
respective organizations. The net production man-
hours, materials and direct charges, and purchased
equipment requirements for such changes to the
basic airplane have been estimated generally on a
weight change basis. In those instances where an
item proposed for subcontract in the basic GL 207-
45 has been deleted by a change, the deletion has
been taken at the same amounts allocated for the
production of the subcontract assembly in the 132-
airplane program. The quality assurance manhour re-
quirements associated with these changes have been
estimated on the same basis used in Volume 1. The
reliability program in this section is in addition to the
quality assurance costs proposed in the 132-airplane
program. The manhours and materials requirements
for this program have been established so as to
assure implementation of the applicable documents.

It should be noted that the flight load survey,
fatigue program, and static test are in addition to
the proof load test which is priced as a part of the
basic 13Z-airplane program. The proof load test is
included in the basic price as required by the System
4761 Statement of Work., However, Lockheed
proposes a fatigue test program for the GL 207-45
which will include a proof load test; therefore,
only the net cost of the fatigue test program, i.e., ex-
cluding cost of the proof load test, is shown in this
addendum. Further, the fatigue test program priced
in this addendum includes the flight load survey.

It is also contemplated that a complete unnumbered
airframe structure would be manufactured for either
the fatigue test or the static test, and two complete
airframe structures are contemplated if both pro-
grams are implemented. The aerial refueling change
has been calculated as completely new work. The
alternate tail configuration has been considered to
result in no change in the production cost because
the effects of interrupted production will offset the
weight savings involved.

The pricing data presented in connection with aero-
space ground equipment data (AGE) on AMC
forms 217 and 217A in Section 10 of this Volume
have been computed on the basis of manhours and
materials estimates developed by the affected engi-
neering and manufacturing organizations.

The same rate structure used in the proposal for 132
airplanes has been followed in developing the pricing
data presented in this section.

volume 4 £ page 1-1
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PROGRAM FUNDING SUMMARY
SPECIAL DATA REQUIREMENTS (5.4)

RDT&E and
PRODUCTION PROGRAM

FUNDING ITEM

5.4.1 Aerial Refueling
5.4.2 Flight Loads Survey
Fatigue Test
Static Test
5.4.3 Alternate Tail Configuration
5.4.4 Personnel Doors
5.4.5 Side Cargo Loading Door
5.4.6 Flight Deck
5.4.7 Oxygen System
5.4.8 Reliability Program

Total Program

(1) Thousands

FORMAT “C”

FY ol* FY 62° FY 63t FY 64° FY 65° Total

$ 21 $ 447 $ 825 $ 624 $ 502 $ 2,419

15 314 244 57 13 643

206 4,414 3,434 800 194 9,048

158 3,379 2,629 612 149 6,927

68 1,446 1,094 211 11 2,833
(4) (78) (178) (137) (136) (533)
(5) (104) (227) (166) (167) (669)

24 522 2,673 2,643 2,323 8,185

5 110 405 415 360 1,265

690 1,274 1,677 088 798 4,797

$548 $11,727 $12,576 $6,047 $4,047 $34,945

volume 4 % page 1-2



54.1

54.2

543

54.4

5.4.5

54.6

547

548

SPECIAL DATA REQUIREMENTS

SUMMARY (5.4)

FISCAL YEAR EXPENDITURE (AIR FORCE) REQUIREMENTS (IN THOUSANDS)

Acerial Refueling
Structural Integrity

Flight Loads
Fatigue Test

Static Test
Alternate Tail Configuration
Personnel Doors
Side Cargo Loading Door
Flight Deck
Oxygen
Reliability Program

Total

FORMAT “F”

FY 61 FY 62  FY 63 FY 64 FY 65 FY 66 FY 67 FY 68 Total
$18 $ 441 § 528 $ 413 $ 523 $ 438  $58 —0— $ 2419
—0— 0 57 76 510 —0— —0— —0— 643
—0— 1,563 4,631 1,172 1,168 514 —0— —0— 9,048
—0— 1,673 4,884 370 —0—  —0— —0— —0— 6,927
59 1,427 1,187 207 5 (46) (6) —0— 2,833
(3) (77) (104) (96) (120) (117)  (16) —0— (533)
(4) (103) (134) (119) (147) (142)  (20) —0— (669)

21 515 1,182 1,700 2,406 2,084 277 —0— 8,185

4 108 197 250 372 322 42 —0— 1,295

110 776 1,065 969 640 609 428 200 4,797
$205  $6,323  $13,493 $4,942  $5357  $3,662  $763  $200  $34,945

volume 4
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AERIAL REFUELING (5.4.1)

This section covers the installation of in-flight re-
ceiver refueling capabilities using the boom aerial
refueling system. The following brief description
covers the mode of operation, the affected aircraft
items and weight summary. A vital part of the work
to be done in installing and checking out this sys-
tem will be the flight test program which is also
presented in detail complete with a schedule of test-
ing. The cost information is then presented follow-
ing the descriptive material.

SYSTEM DESCRIPTION

The modification for incorporating the aerial refuel-
ing capability is shown on Figure 2-1. An air refuel-
ing slipway and receptacle compatible with the
standard Air Force boom aerial refueling system is
mounted in the top of the crew compartment and
connected to a manifold running aft through the for-
ward center wing beam and coupled to the main
fuel system crossfeed line. The slipway and recep-
tacle are covered by hydraulically operated doors
when not in use.

The subsystems contained in the air refueling system
are control, signal, hydraulic, lighting, and slipway
and receptacle drain system as well as slipway doors
and actuating linkages, air refueling receptacle, re-
fuel manifold, and main refuel valve. The air re-
fueling controls consist of the master refuel switch
and main refuel valve switch on the fuel system
panel, the air refueling control panel located over-
head between the pilot’s and co-pilot’s stations, and
an emergency disconnect switch on each of the
pilot’s and co-pilot’s control wheels. The signal sys-
tem is used to control the refueling sequence and to
indicate the sequence conditions of the system to

the pilot or co-pilot. The hydraulic system functions
to open or close the slipway doors and to hold or
release the receptacle toggles which secure the
tanker boom nozzle in the receptacle. The air refuel-
ing lighting circuit functions to illuminate the slip-
way, leading edges of the wing, and air refueling
receptacle for night air refueling operations. The
slipway and receptacle drain system provides for
drainage of fuel.

The two hydraulically operated slipway doors are
located immediately aft of the pilot’s and co-pilot’s
stations and, when opened, provide an entrance to
the air refueling receptacle for the tanker airplane
refueling boom. The air refueling receptacle serves
as an interconnect between the tanker boom and the
receiver airplane refuel manifold. The refuel mani-
fold and main fuel system crossfeed line distribute
fuel from the air refueling receptacle to the indi-
vidual fuel tanks. Just prior to an air refueling
operation, the slipway doors and the main refuel
valve are opened. The tanker boom then enters the
air refueling receptacle and opens the spring-loaded
sliding valve in the receptacle. The signal system is
then set in operation through a series of limit
switches.

The induction coil in the refueling receptacle con-
nects the receiver airplane signal system to the
tanker airplane signal system. The co-pilot selects
the tank or tanks to be refueled and opens the
respective fuel level control valves allowing fuel to
flow from the tanker airplane through the refuel
manifold and the main crossfeed line into the fuel
tanks. After the tanks are filled or the fuel level
control valves are closed and the refuel manifold

IFR RECEPTACLE AND SLIPWAY DOORS
/ AERIAL REFUEL MANIFOLD AND SHROUD

/

SHUT-OFF VALVE

B N

Figure 2-1—IFR RECEPTACLE INSTALLATION.
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pressure builds up to the preset pressure, the pres-
sure disconnect switch is closed causing an auto-
matic disconnect. When the refueling operation is
completed, the co-pilot closes the slipway doors and

the main refuel valve.
AFFECTED ITEMS

The Very pistol is relocated off the centerline of the
crew station. The front wing beam, pilot’s overhead

panel, hydraulic system, and electrical wiring is to

be modified along with miscellaneous fuselage struc-
tures to provide the required holes and supports for

the piping, wiring, shrouds, slipways, and doors
composing the system.
WEIGHT SUMMARY

Aerial refueling (receiver)

Bulkheads and modifications 160 1Ibs.
Doors, mechanisms and wiring 20
Receptacle unit installation 120
Total (weight increase) 300

AIR REFUELING FLIGHT TEST PROGRAM

The flight test program required to qualify the
GL 207-45 airplane for air refueling (A/R) receiver
operations is described herein. This program in-
cludes the flight testing necessary to establish the

compatibility ‘of the receiver-tanker combination,
the adequacy of the flying boom receptacle provi-
sions and the air refueling subsystem, and the op-
erational suitability of the receiver airplane. The
proposed flight test program scheduled to accomplish
the specified objectives is presented in Figure 2-2
Throughout the flight phase indicated on the sched-
ule, a supporting KC-135 tanker airplane will be
required.

Flight Test Program

The capability and the suitability of the air refuel-
ing receiver airplane and supporting equipment will
be determined and demonstrated in accordance with
the Model Specification military mission require-
ments. This will be accomplished essentially in the
manner and order of flight testing described in the
following paragraphs.

Formeting

Initially, sufficient flight testing will be conducted to
establish compatibility between the receiver and
tanker aircraft. Normal formating procedures and
positions will be determined prior to actual hook-
ups. Concurrently, an evaluation will be made of
receiver airplane stability and control characteristics
in proximity to the tanker airplane. The optimum

[ teceno
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Figure 2-2—FLIGHT TEST PROGRAM SCHEDULE—AIR REFUELING RECEIVER—AIRCRAFY EVALUATION.
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flight envelope of speed and altitude for refueling
operations will be determined for various gross
weights and the results integrated with tanker air-
plane performance requirements.

Receptacle Provisions

Dry-run hook-ups will be accomplished to prove
the suitability of receiver receptacle placement and
utilization. The location of the receptacle will be
evaluated in terms of receiver-tanker orientation
within the “contact envelope”, pilot’s visibility re-
quirements for observing the boom nozzle location
and tanker signals, and safety considerations such
as possible damage from a missed contact or fuel
spillage. The functional operation of the slipway
doors to open, close, and lock when actuation is
selected both automatically and manually will be
checked at various airspeeds. The ability of the
hydraulically actuated receptacle latching toggles to
lock-in the boom nozzle, utilizing both normal and
emergency actuation procedures, will be verified dur-
ing these contacts. In conjunction with these tests,
voluntary disconnects due to receiver pilot or boom
operator actuation and automatic disconnects due to
exceeding the boom envelope will be evaluated for
satisfactory operation.

A/R Subsystem

After satisfactory completion of all preliminary
evaluations, wet contacts will be conducted to thor-
oughly evaluate the air refueling subsystem and its
components. Functional tests of the A/R control
panel provisions will be made to insure that the
selection and indication of subsystem operation or
component actuation, using either the automatic or
emergency procedures, are adequate and meet the
design requirements. Operational characteristics of
the A/R subsystem will be investigated to verify that
the installation provisions and capabilities are ade-
quate for successful accomplishment of mission re-
quirements. Included in this category will be tests to
demonstrate suitable pre-contact check-out and re-

volume 4

fueling sequence (tank selection), acceptable re-
fueling schedule based on the maximum allowable
fuel pressure and flow, adequate primary and sec-
ondary fuel shut-off control, and satisfactory fuel
scavenging from the refueling manifold. The
acceptability of normal and peak fuel pressures in
the refueling manifold, fuel tank differential pres-
sures, and tank venting characteristics will be de-
termined by appropriate inflight measurements. The
automatic disconnect feature of the boom, as
actuated by a build-up or surge in refueling mani-
fold fuel pressure, will be functionally checked for
satisfactory operation.

Operational Procedures

Missions will be flown during this phase of the pro-
gram for the purpose of defining and/or demonstrat-
ing the operational aspects of the GL 207-45
airplane utilizing inflight pressure refueling. All
appropriate data for incorporation in the flight
handbook will be obtained or verified at this time.
This will include a thorough review and finalization
of all normal and emergency procedures applicable
to receiver aircraft A/R system operations and A/R
flight operations. Also, rendezvous patterns and pro-
cedures will be established and checked for
operational suitability, taking into account the com-
patibility of receiver-tanker mission requirements
and supporting avionics equipment.

INSTRUMENTATION REQUIREMENTS

Test instrumentation necessary to demonstrate satis-
factory air refueling system operation includes basic
airplane quantities, fuel pressures and flows at
representative points within the refueling system,
fuel tank and vent differential pressures, and camera
coverage of hook-ups.

The recording system employed will consist of an
oscillograph and photo panel. Reference is made to
Basic Proposal, Volume 1, for a discussion of in-
strumentation methods, data processing techniques,
and supporting facilities.




Engineering
D.L —Basic
D.L —Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic
D L. Planning—Sustaining
D.L. Tool Design—Basic

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic
D.L. Tool Mfg.—Sustaining
Overhead
Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit
Price
(1) Thousands
FORMAT “A”

PRICING INFORMATION
AERIAL REFUELING (5.4.1)

Hours®

36

16

volume 4

No Year Qty S
Contractor’s Propesal

Rate Amount’
$4.11 $148
——
69.55% DL 103
.56 20
—_—0—
—0—
$271
$3.59 $ 22
—0—
3.59 18
— QO
3.59 104
Sy
115.629% DL 166
1.26 TMH 37
—0—
$347
$2.82 $ 45
115.62% DL 52
20
—O—
—0—
$117
$3.39 $ 14
115.62% DL 16
$ 30
23.99% DL $ 84
$849
8% 68
$917




Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Teoling
D.L. Planning—Basic
D.L. Planning—Sustaining
D.L. Tool Design—Basic

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining

Overhead
Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Qualify Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price

Thousands

FORMAT “A”

PRICING INFORMATION
AERIAL REFUELING (5.4.1)

FY 63 Qty 31
Contractor’s Proposal
Hours? Rate Amount!
43 $2.92 $126
111.04% DL 140
124
O
— QO
$390
3 $3.49 $ 10
111.04% DL 11
21
23.00% DL 31
$442
8% 35
$477
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Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic

D.L. Planning-—Sustaining
D.L. Tool Design—Basic
D.L. Tool Design—-Sustaining
D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price
*Thousands

FORMAT “A”

PRICING INFORMATION
AERIAL REFUELING (54.1)

FY 64

Contractor’s Proposal

Rate

$3.01
109.10% DL

$3.61
109.10% DL

22.88% DL

8%




Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling
D.L. Planning—Basic
D.L. Planning—Sustaining
D.L. Tool Design—Basic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic
D.L. Tool Mfg.—Sustaining
Overhead
Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)
Direct Labor
Overhead
Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price

Thousands

FORMAT “A”

PRICING INFORMATION
AERIAL REFUELING (5.4.1)

FY 65 Qty 48

Contractor’s Proposal

Hours? Rate Amount’
32 $3.10 $ 99
115.12% DL 114

192

—0—

—0—

$405

2 $3.73 $ 7
115.12% DL 8

$ 15

24.40% DL $ 26

$446

8% 36

$482
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Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic
D.L. Planning—Sustaining
D.L. Tool Design—Basic

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic
D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)
Direct Labor
Overhead
Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance
G & A Expense

Total Cost
Profit

Price

*Thousands

FORMAT “A”

PRICING INFORMATION
AERIAL REFUELING (54.1)

Hours!

36

132

12
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PROPOSAL SUMMARY

Contractor’s Proposal

Rate

$4.11

69.55% DL
.56

$3.59
3.59
3.59

115.62% DL
1.26 TMH

$2.98
111.96% DL

$3.50
111.90% DL

23.66% DL

8%

Amount?

148
0
103

20
—(—

O

$ 271

$ 22
00—
18
00—
104
00—
166

37
L

$ 347

$ 393
440
528

—0—

S W

$1,361

$ 42
47

$ 89
$ 172

$2,240
179

$2,419
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STRUCTURAL INTEGRITY (5.4.2)

This section summarizes the proposed program to
accomplish a flight load survey, Reference MIL-S-
5711, and a static test program to design ultimate
load for all major structural components, In
addition, a fatigue program In accordance with
MIL-A-8866 (ASG) and WCLS-TM-58-4, _to
verify the service life of the airplane for 30,000
hours flight and 12,000 landings, is outlined. The
flight load survey program is discussed first, fol-
lowed by the static test and fatigue test programs.

A proof loads ground test, a limited air and ground

STRUCTURAL INTEGRITY FLIGHT AND

GROUND LOAD SURVEY PROGRAM

Presented herein are the flight and ground load sur-
vey programs required to establish the structural
integrity of the Model GL 207-45 airplane. The
flight test program includes a combined flight Ioad

~~~~~

load survey, and an 80% limit load structural demon-

Stration has been proposed in Volumes 1 and 2 of
this report as a minimum program to substantiate
structural design on the basis of operational use of
airplaneg in the normal MATS or civil transport
category.} Throughout the work statement, however,
references are made to additional capability re-
quired of the airplane over and above the normal
transport category. For military transport operation
of airplanes, Lockheed stronely recommends the
following minimum structural test program, which
mcludes a static test to ultimate design load and an
air Ioad survey and ﬂxght structural demonstratxon

. A o N k3 B N p
ing of a maneuvering grid, demonstration to 80%

survey and structural demonstration in accordance
with the requlrements of paragraph 4.1.1 of Specifi-
cation MIL-S-5711 (USAE), and a qualification of
the aerial delivery system conﬁouratmn The ground
Toad test program includes landing tests to 80% of
design sink rates and the determination of taxi
maneuver lLimitations. The flight and ground test
program schedules are shown in Figure 3-1.

Flight Load Survey Program

The combined flight load survey and structural
demonstration will be conducted in accordance with
paragraph 4.1.1, or Specification MIL-5-5711
(USAF). A brief description of the test program
follows:

Initial Phase
The initial phase test program includes the establish-

’to IU()% of design limit Ioad T 1962

1964 1965

ONDJFMAMJJASCNDJFMAMJJASONDJ FMAMI ) A

ACTIVITY 18] 19] 20| 21] 22 23] 24]25

28] 29130 {31]32133134]35136{37138]39]40| 41[42| 43|44 45| 46[47)48]|49}50]51|52

GROUND TESTS

1C

ENGINE TEST STAND

DEV. & MiIL QUAL

FLIGHT TESTS DEV. & MIL
CATEGORY 1 DEV. & MIL QUAL
A/F F1 AIRWORTHINESS, FLUTTER, SYSTEMS, |7 v DEMO, 5&D
POWER PLANT, AIR COND., ICING, [ TTT 11
GROUND HANDLING, GROUND SHAKE, DEV. & MIL QUALL | DEV, & MIL QUAL
& CICH A DEV. & ML QUAL DYNAMIC RESPONSE
T [T1] TII1]
A/P 72 STAB. & CONT., FLIGHT AND GROUND 7 [T bemo. | D&D
LOAD SURVEY AND.STRUCT. DEMO, ] T 1 80% B 100%
BUFFET, UPSETS, AUTOPILOT, DYNAMIC DEV MIL QUAL ! |
RESPONSE (CONTROLS PROOF) R ,E!/ DE\I wl\u I’}Uf«i_ DEINSTR, & RFB
7 )

A/P F3 AVIONICS, PERF., NOISE & ViB.,

FUEL SYSTEM, AND F & R

CATEGORY

A/P P4 ADVERSE WEATHER, SYS. FUNC. INTEG,

EGLIN | ALASKA { ADs N EVAL. SYS.

& ADS

A/P #5 PERF., SYS. FUNC. INTEG.

PERF. EVAL, SYS,

E GRD. TEST PREP DEINSTR.

VZZh IN3TR. & PREP FOR ELT. OR LAYUP

E AFFTC EVAL.

W FIRST FLIGHT

Figure 3-1—FLIGHT TEST PROGRAM SCHEDULE—7 AIRCRAFT INCLUDING 100% STRUCTURAL DEMONSTRATION.
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of design criteria conditions, and the definition of
suspected critical conditions as determined from
flight test data.

Maneuvering Grid

A maneuvering grid will be defined up to Vp/Mp
(Maximum permissible airspeeds—Mach numbers)
and 80% limit maneuvering load factors by conduct-
ing roller coaster, turn, roll, and yaw maneuvers.
Clean configuration roller coaster maneuvers will be
conducted at high, intermediate, and low altitudes
and six airspeeds up to Vp /My, with a forward and
aft center of gravity, design take-off and landing
gross weights, and power settings for level flight
and idle. In addition, roller coaster maneuvers will
be conducted in the landing configuration at one
altitude and four airspeeds with a forward and aft
center of gravity, design take-off and landing gross
weights, and power settings for level flight and idle.

Turn maneuvers will be conducted under similar
test conditions to define the horizontal stabilizer
loads.

The data obtained from roller coaster and turn
maneuvers will provide an accurate means of pre-
dicting unaccelerated and accelerated flight loads on
the wing, fuselage, and horizontal stabilizer un-
der normal operational conditions and configura-
tions.

Uncoordinated aileron rolls will be conducted from
a 1.67 “g” turn in the clean configuration at a high
and low altitude and six airspeeds up to Vp/Mp
with a mid center of gravity, design take-off and
Ianding gross weights, and power for level flight.
Aileron deflections will be increased incrementally,
using control wheel stops, until 80% of full wheel
deflection or 80% of design limit load is obtained,
whichever occurs first. These data, in conjunction
with the roller coaster data, will permit the predic-
tion of critical aileron roll conditions.

Abrupt rudder kick maneuvers will be conducted at
a high and low altitude and six airspeeds up to
Vp/Mp with an aft center of gravity, design take-off
and landing gross weights, and power for level
flight. The rudder kick input will be increased
incrementally using rudder pedal stops to prevent
exceeding 80% of design limit load.

Design Criteria Condifions

The requirements of paragraph 4.2.2.1.2 will be
satisfied by the maneuvering grid tests and the fol-
lowing maneuvers:

1 Abrupt Symmetrical Pullout at the conditions
determined as critical analytically. An ele-
vator control column stop will be used to
control the build-up of this maneuver to
80% of design limit load.

2 Abrupt symmetrical Pullout With Abrupt
Checking at the conditions determined as criti-

cal analytically. Control stops will be used in
this maneuver also.

3 Rudder Maneuver—Landing Approach at the
conditions determined analytically to be criti-
cal. Rudder pedal stops will control the build-
up to a maximum of 80% of design limit load.

Flight Test Defined Critical Condifion

The data obtained to define the maneuvering grid
will be reviewed to ascertain any possible critical
conditions not defined analytically. Should an ap-
parent critical condition occur, it wi}mﬁ
and defined by fight testing.

Nﬁéllowing the foregoing test program, airload mea-
surements will be made during aerial delivery of
unit loads up to 35,000 pounds. These data will
substantiate the structural integrity of the aerial
delivery configuration.

Final Phase

The final phase combined flight load survey and
structural demonstration will be conducted to _100%
of design limit load at the test conditions determined
as critical from extrapolated initial phase data. The
T00% demonstrations will be completed through a
systematic build-up program. The flight test ma-

neuvers are as follows;:
1 Normal symmetrical puilout
2 Normal symmetrical pushdown
x3 Gust simulation—The test conditions will be
defined such that the gust loading on the
wing is simulated in a normal symmetrical
pullout.
4 Normal uncoordinated rolling pullout
5 Abrupt symmetrical pullout
6 Abrupt symmetrical pullout with
checking R
7 Flaps down pullout
8 Abrupt uncoordinated rolling pullout
9 Rudder maneuver—high speed
10 Rudder maneuver—Ilanding approach

Ground Load Survey Program

abrupt

i
ém’*’mﬂﬁﬁm

“A-ground Toad survey program will be conducted to
substantiate the structural integrity of the airplane
for high sink rate landings and normal taxi maneu-
vers.

Landing Tests

The landing tests will be conducted at sink rates
up to 80% of design limits with design take-off and
landing gross weights and an aft center of gravity.
Sufficient data will be obtained to permit an accu-
rate prediction of landing loads at the design sink
rates.

Taxi Tests

Taxi tests will be conducted with design take-off and
landing gross weights at forward and aft center of
gravity positions. The tests will include straight
taxiing with maximum braking to a stop, and turns
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with and without braking to a stop at several
ground speeds and nose gear steering angles. These
data will establish taxi maneuver limitations as a
function of nose gear steering angle, ground speed,
and braking.

Instrumentation Requirements

Test instrumentation for the flight load survey and
structural demonstration is essentially as specified in
paragraphs 3.6.1 and 3.6.3 of Specification MIL-S-
5711. The instrumentation for the flight and ground
load survey includes basic airplane, stability and
control, and load instrumentation. Instrumentation
will be installed to measure loads on the wings,
vertical and horizontal stabilizers, fuselage, landing
gear, ramp, and wing flaps. Load measuring instru-
mentation will be installed on flight airplanes and
the static test article.

Strain gauge installations, calibrated to known ap-
plied loads and verified during the ultimate load
static test program, will be used to measure shear,
bending moment, and torsion at the wing roots, at
four additional spanwise locations on the right
wing, at the roots of the horizontal stabilizers and
vertical stabilizer, at two additional spanwise loca-
tions on the right horizontal stabilizer, and at an
upper vertical stabilizer location. Bending moment
measurements will be made at two additional span-
wise locations on the right wing. Measurements of
vertical and side bending on the fuselage and right-
hand engine nacelles, right wing flap moments, aft
fuselage ramp and petal door loads, horizontal stabi-
lizer trim actuator loads, and nose gear and main
landing gear vertical, side, and drag loads will also
be recorded. Pitch angle, pitch acceleration, and
strut torsion of the bogie main gear will also be
measured.

Accelerometers for determination of inertia loads
will be installed at the tips of the wings, at several
locations along the elastic axis of the right wing,
and at the center of gravity of the right-hand engine
nacelles. Accelerations will also be measured at the
center of gravity of the airplane, at forward and aft
locations in the fuselage, and on the main landing
gear struts. Airplane rate of descent, ground speed,
landing gear strut positions, nose gear steering
angle, landing gear touchdown light, and brake
pressure will also be recorded during the landing
and taxi tests.

The recording system employed for this program
will consist of magnetic tape equipment and a photo
panel. Reference is made to Volume 2, for a dis-
cussion of instrumentation methods, data processing
techniques, and supporting facilities.

~.STATIC TEST PROGRAM

If structural integrity of the GL 207-45 airplane is
demonstrated by a static ultimate load test program,

the proof test program should be eliminated and the
ultimate load program substituted. This program is
proposed to be conducted on a structurally complete
GL 207-45 airframe. The test specimen will have all
the flight controls systems installed. The airframe
will be tested to design ultimate loads for the critical
conditions of all structural components and for all
flight control systems. The major components of the
airplane which will be tested under this program are
the wing, fuselage, empennage, and landing gears.
Other items which will be tested are the engine
mountings, flaps, control surfaces, control systems,
and cargo floor and/or restraint rails. Non-structural
components, fuel systems, electrical systems, hy-
draulic systems, air-conditioning systems, and sound-
proofing will be omitted from the test article.
Areas of the structure which are normally rein-
forced by pipe flanges, hydraulic fittings, or similar
items will be reinforced by actual or simulated parts.
After completion of the ultimate load test program,
a decision will be requested during consultations
with the Air Force as to the desirability of a test to
destruction of major components. A major advan-
tage of continuing tests to destruction is that actual
failing strength levels can be established for most
generally critical conditions, and growth of the
basic structure can be confirmed. On the other side
of the coin—destruction of the static test article
greatly reduces its usefulness as a tool in future
development programs.

The proposed .test.program. consists of tests to de-

S$ign ultimate load, The tests are not listed in order

of their expected completion. The order of testing
will be dictated primarily by schedule considerations
and test jig installation required for an airplane
balance. Many of the tests listed may be critical for
more than one area of the airplane structure; in
which case the test conditions will be combined as
far as is practical.

Wing Tests
1 Maximum upward bending
2 Maximum downward bending
3 Maximum torsion condition
4 Critical flaps loading condition

Fuselage Tests

1 Maximum upward bending—forward fase-
lage, aft fuselage

2 Maximum downward bending—forward fuse-
lage, aft fuselage

3 Maximum side bending and torsion condition

4 Ultimate pressure test (no flight loads)

5 Critical flight loads combined with internal
pressure as required

Landing Gear Installed on Airframe Tesis
1 Main landing gear—-critical load combinations
2 Nose landing gear—critical load combinations
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Empennage Tests

1 Horizontal stabilizer
—Maximum upward bending
—Mazximum downward bending
—Maximum torsion condition

2 Vertical stabilizer—critical side load condition

Control Surface Tesis
Mounted on airplane and restrained by locked
controls

1 Aileron
2 Elevator
3 Rudder
4 Flaps

5 Trim tabs

6. The primary flight control surfaces of the
third airplane will be proof loaded prior to
the first flight of an airplane.

Power Plant Mounting Tests
1 Critical loading conditions

Control System Tests
1 All flight controls will be tested for maximum
ultimate single and combined pilot effort, and
for cltimate maximum output of the boost or
power units. A partial system test will be
conducted on the third airplane prior to the
first flight of an airplane.

2 All flight controls will be operated while
loaded to 80% of the limit load for the control
system, to demonstrate the lack of jamming,
excessive friction, or excessive deflection. This
test series will be performed on the third
airplane, prior to the first airplane flight, and
not on the static test article.

Miscellancous Tests
1. Cargo floor and restraint rail tests for maxi-
mum flight loads and crash loads as required
2 Landing gear doors — critical aerodynamic
loads as required
3 Aft cargo doors ~ critical aerodynamic loads
as required

Test Procedures

The airplane will be arranged within a structural
steel framework anchored to the laboratory floor.
The test loads will be applied to the airplane
structure in a manner which simulates the design
air, inertia, or ground load distribution. Loads
will be applied to the wings and other aerodynamic
surfaces by hydraulic jacks through tension pads
and a whiffle-tree system. Balancing loads, as re-
quired, will be applied to the fuselage by loading
straps which will be riveted or bonded to the skin
at frame stations, or by concentrated loads applied
to appropriate locations such as engine mountings.
The landing gear will be loaded by means of hy-
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draulic jacks attached to dummy wheels mounted
on the axles.

Some of the test conditions require the fuselage
cabin to be pressurized. A hydrostatic tank will
be used so that the fuselage can be submerged
and the pressure applied hydrostatically. The ar-
rangements will be such that the pressurization
and simulated flight loads may be applied simul-
taneously as shown in Figure 3-2.

-2—C-130A IN HYDROSTATIC TANK.

Figure

Ultimate load tests of the flight control surfaces
will be conducted, using tension pads to simulate
the air loads. The loads on the surface will be
reacted by locking the controls system as close
to the surface as possible.

Tests of the flight control systems will be conducted
by loading the relevant cockpit control with the
control surface blocked. Ultimate loads will be
applied with and without the power boost operative,
and in both directions. Determinations of system
stiffiness will also be made.

During all tests, loads on hydraulic jacks will be
controlled by Edison load maintainers (proportional
pressure controlling devices) so that all jacks will
be loaded and unloaded simultaneously. Loads will
be increased in increments to the desired load level
with a pause at each load increment for data
readout and examination of the structure. The air-
plane will be unloaded after limit load has been
applied and structural set determined, and the
airframe examined for damage. If the test is of
a large, complex part of the airframe, loading will
be stopped after approximately 85% of ultimate load
has been applied, and a complete analysis of the
data will be made to determine if there are any
indications of premature failure. After this review
of the data is completed, the structure will be taken
to design ultimate load.
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FATIGUE PROGRAM

The recent emphasis by the Air Force and the FAA
on aircraft fatigue life prediction and substantia-
tion has revealed the desirability and necessity for
a thorough design, analysis, and test program for
this purpose. The criteria of References 1 and 2,
formulated by the Air Force, afford a logical basis
for the determination of the most probable service
life of an aircraft, within state-of-the-art limita-
tions. Accordingly, a fatigue program consisting of
the following four phases, is proposed for the
GL 207-45 airplane.

Phase I Fatigue Load Spectra Analysis
Phase II  Laboratory Fatigue Tests

Phase III Dynamic Response Flight Tests
Phase IV Statistical and Dynamic Analysis of

Test Data

Lockheed is currently conducting an extensive fa-
tigue program on the C-130B airplane which has
a fatigue life goal of 30,000 flight hours and
2,000 landings. For the GL 207-45 program, it is
assumed that similar requirements will apply.

Phase | — Fatigue Load Spectra Anu!ysis

A servxce life amly51s of all major components
(wmg, fuselage, empennage, landing gear) will be
conaucted to predict cyclic loadings accordmg to
normal servme usage. The test load spectrum will
be based on the expected utilization schedule of the
airplane which will define operational parameters
such as take-off weights, rates of climb, cruise alti-
tudes, duration of cruise, rates of descent, airspeeds,
landing weights, and the flight time and annual
distribution of various types of typical missions.
Approved environmental and operational load
frequency data will be expanded to obtain test
load schedules representative of the air loads due
to gusts, buffeting and maneuvers; ground loads
due to taxi and landing; fuel, equipment and
structural inertia loads; and loads due to pressuri-
zation of the fuselage. Dynamic overstress effects
will be accounted for in the fatigue spectrum by
analytically evaluating the elastic response charac-
teristics of the aircraft in the form of transfer
functions. Methods for conducting these analyses
have been developed and correlated with the re-
sults obtained from the flight test program on the
C-130B. This will greatly reduce the extent to
which the fatigue test results must be later modi-
fied in the event that the flight test program lags
behind the laboratory fatigue test.

Phase H — Laboratory Fatigue Tests

Wing and Empennage Tests

The fatigue load spectra established in Phase T will
be used to test the GL. 207-45 structural components.
The test specimen will be a structurally complete
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airplane. The seventh production airframe will be
utilized for this program. All electrical equipment
and wiring, as well as the control systems, will
be omitted; however, holes, brackets, shelves, and
other items that may cause stress concentrations
or offer local restraint, and thus affect the test
results, will be included. Power plants will be
omitted, but the pylons will be included to provide
ready attachment for loading frames through
which engine thrust and inertia loads will be applied.
The fuselage will include all windows, doors and
pressure bu kheads, in order to provide a cyclic pres-
surization load evaluation of the fuselage structure.

The test will be conducted simultaneously on two
separate parts of the structure. One part will con-
sist of the wing, pylons, front and mid fuselage,
and landing gear support structure with dummy
gear, while the second part will consist of the
complete empennage mounted on a portion of the
fuselage extending aft from Fuselage Station 1078.
This division of the test article offers certain ad-
vantages over testing the entire airplane as a unit.
These advantages include (1) simplification of
testing, since the unsymmetrical loading on the tail
will not complicate the symmetrical loading system
to be used on the wing, (2) elimination of the
problem that arises due to the difference in the
structural response of the wing and tail structure,
which results in unrelated test spectrums for the
two components, and (3) delays in the test of one
unit, which will have a less serious effect on the
time schedule established for the fatigue program.

The wing and the fuselage section forward of F.S.
1078 will be tested as a unit since there is a signif-
icant interaction between the loads applied to these
components. Only symmetrical loading conditions
will be applied to the wing and pylons. A pressure
bulkhead and framework will be fabricated and
attached to the fuselage at F.S. 1078. The frame-
work will be of such length and configuration that
the proper fuselage shear and bending moment will
be introduced into the fuselage at F.S. 1078 to
simulate the empennage and aft fuselage loads. The
appropriate fuselage loads will be introduced
through straps located at frequent intervals along
the length of the fuselage, and through floor loaders
placed along the length of the cargo floor.

The empennage and aft fuselage will be tested as
a unit in a separate tank. A pressure bulkhead will
be attached to F.S. 1078, and the specimen will
be supported at this station on a mounting jig. The
tail loads will be reacted by the aft fuselage
through the mounting jig and straps attached
along the fuselage at appropriate intervals. Normal
interaction of the airplane aft pressure bulkhead
and fuselage shell will be evaluated in this test.
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The influence of the specimen closure bulkhead is
dissipated over a very short length of fuselage and
will not affect the important areas of the program.
The highly redundant area of the fuselage in the
vicinity of the ramp and aft cargo door will be
subjected to represemtative unsymmetrical cyclic
loads to substantiate the structural integrity of
this area with respect to the proper utilization
of the designed load paths.

ture, The wmgs will extend’ beyond the sides of
the tank through flexible seals which will be in-
stalled at approximately B.L. 140L and R. The
water in the pool will be monitored and controlled
as closely as possible to a PH level of 7.0 to mini-
mize corrosive action on the test specimen and
loading equipment.

Lockheed has had extensive experience in this type
of testing, having previously completed a fatigue test
on the Model C-130A airplane, wherein cyclic loads
representing 60,000 hours of flight were applied
to the fuselage in the hydrostatic tank shown in
Figure 3-2.

The proposed tests, however, are more extensive
than the C-130A test, in that all major structural
components of the GL 207-45 airplane will be tested.

It is proposed that the wings be loaded through for-
mers attached to double-acting hydraulic jacks.
Formers will be oriented parallel to the wing ribs
and located along the span at appropriate intervals
so as to duplicate the proper shear, moment, and
torque loading of the wing for each condition of
the loading spectrum as closely as is practicable.
One or more double-acting hydraulic jacks will
be attached to each former. The attachment point
of the jack to the former, or the ratio of pressures
in multiple jacks, will be varied to permit varia-
tions in center of pressure location, as well as shear
and bending moment variations, during simulation
of the various loading conditions included in the
loading spectrum. This is the procedure being
followed in the fatigue test of the C-130B. A
photograph of the wing fatigue test set-up is shown
in Figure 3-3. Dummy engines will be fabricated
and attached to the existing engine mounts in
each pylon. Double-acting hydraulic jacks will be
attached to each dummy engine to simulate the
appropriate thrust or drag and inertia loading of
the power plants.
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Figure 3-3—GENERAL ARRANGEMENT FOR WING FATIGUE
TEST.

Suitable jigs will also be fabricated and mounted
on the nose and main landing gear attachment
points. Double-acting hydraulic jacks will be at-
tached to each landing gear jig such that appropri-
ate vertical and drag loads for taxi, landing and
ground-to-air loadings can be applied to the
structure.

The test loads for the wing-fuselage assembly will
be reacted along the fuselage for airborne loadings,
and at the dummy nose and main landing gears
for grounds loads. Hydraulic jacks acting on
straps attached to fuselage frames, longerons, and
loading frames located along the length on the
cargo floor will be used to balance the air loads
applied to the wing. The vertical and horizontal
loading equipment will be securely fastened to the
surrounding structure of the water tank, which
will be a stationary structure due to the large
mass of water contained in the tank. However,
to insure that local deformations of the tank struc-
ture will not adversely affect the loads being
applied to the fuselage, the tank will be anchored
at intervals to a 9-inch-thick concrete slab.

The horizontal and wertical tail structure will be
loaded in a manner similar to the wing. Formers,
parallel to the ribs, will be located at appropriate
intervals along the surfaces. The weight of all
formers, loading jigs, and hydraulic cylinder pis-
tons used in loading the airplane will be properly
counterbalanced by either dead weights or com-
pensation in the hydraulic pressures used in the
jacks. A photograph of a similar set up for the
C-130B empennage fatigue test is shown in
Figure 3-4.
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igure 3-4—-GEN RRANGEMENT FOR
TIGUE TEST CYCLE.

The loading spectrum will be divided into blocks
representing 5% of the desired fatigue life, or 1,500
flight hours and 600 landings. Each block will con-
tain a full range of loads from the various sources
of fatigue damage. A typical subspectrum will in-
clude a schedule of loads representing the taxi
condition, followed by an appropriate number of
ground-to-air cycles. Fuselage pressurization cycles
will be applied simultaneously with the ground-to-
air cycles. Additional fuselage pressure cycles will
be applied with a lg flight condition to meet the
requirement of 20,000 pressure cycles. This will
be followed by the application of the loads due to
gust, maneuver and landing which are superim-
posed on a lg Ioad and steady cabin pressure. The
subspectrum will be repeated until the fatigue
life goal is achieved or until the degree and fre-
quency of failures rules it impractical to continue
the test.

All program loading and control will be accom-
plished from a centralized location. High-pressure,
high-capacity hydraulic pumps will supply the
power to operate the hydraulic jacks, while a
water pump will supply water to a given head
height to pressurize the fuselage. To the extent
practical, all symmetrically-located hydraulic jacks
will be supplied by equal-length lines. The control
systems used for these tests will be the automatic
control equipment supplied by Research, Inc., of
Hopkins, Minnesota, which is currently being used

on the C-130B fatigue test program. This is at

servo valve-type control system with special safety
provisions incorporated in the design. A view of the
cycling and load controls and the serve valve
amplifier channels is shown in Figure 3-5. The load
distribution and its build-up in the structure will
be monitored by suitable strain gages at appropri-
ate locations in the structure and by load cells
connecting the jacks to the formers.
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Figure 3-5—-LOAD—CYCLE CONTROL CONSOLE.

Instrumentation for this test will consist primarily
of strain gages and load cells. Large numbers of
strain gages will not be employed, since detailed
information concerning stress levels and distribu-
tions will be obtained from the static test program
being conducted on the airplane. Rather, strain
gages will be located at appropriate locations on
the structure where the character of the loads
being applied can be identified for control purposes.
Strain gages and possible crack detection wires
will also be located in areas where theoretical
analysis or the results of tests on component parts
indicate that fatigue cracks may develop. Strains
will be recorded for all loading conditions prior to
the initiation of cycling to insure proper distri-
bution of load in all components of the structure.
The strains will also be recorded at appropriate
intervals during the cyclic history of the test to
detect any redistribution of load. Also, certain key
gages and load cells will be monitored continuously
throughout the test program, and the entire
structure will be subjected to periodic inspections
to detect cracks, failed rivets, or other evidence of
structural distress.

Meain and Nose Landing Gear Tests

The fatigue life of the Gl 207-45 landing gear is
based on 30,000 flight hours, which include 12,000
taxi, take-off and landing operations. The fatigue
test load spectrum will meet the requirements of
MIL-A-8866 as a minimum, and will include
fatigue loads data generated by Lockheed’s studies
of, and experience with, the P2V, Constellation,




g

and C-130 aircraft. The test equipment will be
similar to that used for the C-130 fatigue program,
featuring semi-automatic control of loads and
application of cycles to the test speciman.

Main Landing Gear

The main landing gear fatigue tests will be per-
formed with test equipment similar to that used on
the C-130 gear. Methods, procedures and distri-
butions of loads within the basic unit spectra will
be based on C-130 operational and flight test data.
These values will be modified if necessary to include
data obtained from the GL 207-45 flight test pro-
gram. However, it is anticipated that such changes
will be minor in nature and extent.

Figure 3-6—C-1308 NOSE GEAR FATIGUE TEST.

Combinations of vertical, fore-and-aft, and side
landing impact loading will be applied to the test
specimen, including the effects of spin-up and
spring-back forces for a range of landing speeds,
gross weights, and airplane attitudes at contact.
Similar combinations of loading will be applied for
taxi, turning, pivoting and braking loads. One de-
sign limit vertical load will be applied to the gear
for each 1000 landings.

Nose Landing Gear

The nose landing gear tests will also be performed
with equipment set-up and procedure similar to
that used for the C-130, as illustrated in Figure 3-6.
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In addition to the types of loading applicable to
the main gear, steering and turning loads will be
an important part of the spectrum for the
GL. 207-45 nose gear, since it is subjected to these
loads in controliing the path of the airplane for
ground operations. Differential braking loads and
engine power, lateral gusts, and maneuver loads on
the vertical tail at the higher taxi speeds all con-
tribute to these effects. As with the main gear,
MIL-A-8862 requirements and C-130 experience,
as well as analytically determined values for the
GL 207-45, will be included in the fatigue test
spectrum for the gear. One cycle of limit vertical
load per 1000 landings will also be included in
the spectrum.

Phase i — Dynamic Response Flight Tests

A dynamic response test program will be conducted
in accordance with Technical Memorandum WCLS-
TM-58-4, “Detail Requirements for Structural Fa-
tigue Certification”. The tests include atmospheric
gusts, buffet, and ground load investigations _from
which the elastic response cha
structure to dynarmc loading conditions can be de-
termmed ‘Instrumentation will be installed to meas-
Uregust velocities, load magnitudes and distribu-
tions. As shown in Figure 3-1_the dynamic response

test program follows the completion of the 100%
structural demonstratlon

It should be noted that adherence to the 476L
Statement of Work appears incompatible with the
requirements of WCLS-TM-58-4, which implies that
the results of the dynamic response test program
should be used to refine the load spectrum for the
fatigue test program. Scheduling of the two pro-
grams is such that this requirement can not be satis-
fied. If this situation proves unsatisfactory, it can be
remedied by delaying.. the ;\faug ]
and/or_adding an addition:
would be used exclu: ively

test E

Sl

the dynamm(respon\se

Dynamic Response Test Program

Gust, buffet and ground load investigations will be
conducted to satisfy the dynamic response test re-
quirements of WCLS-TM-58-4. A brief description
of the test program follows.

Gust Investigation

The gust investigation includes flights through tur-
bulent air at several airspeeds in the clean and land-
ifig~configurations with combmattons of fuel and
cargo COVeTing the operatlonal envelope. These data
W“H define the gust and airplane response spectrums.

Buffet Investigotion

A high and low-speed buffet investigation will be
conducted in the clean and landing configurations
at 1.0, 1.5, and 2.0 load factors. These tests will be

e

conducted at three altitudes with an intermediate
£ross weight and center of gravity to define stall
and Mach buf‘f“t mtensmes

<. i 5

Ground Loads

The ground loads program will include landing and
taxi tests of sufficient scope to satisfy the applicable
test requirements.

Landings

Landing tests will be conducted at various sink rates,
touchdown attitudes, and loading configurations to
determine the loads for the landing conditions an-
ticipated during the service life of the airplane.
Taxiing

The taxi test program includes taxiing over runways
of different roughness, normal taxiing, and taxiing
over (1-coset) shaped ramps. The test conditions
and configurations will cover the operational
envelope.

Program [nstrumentation Requirements

The instrumentation for the dynamic response test
program includes that used in the flight load survey
and structural demonstration program with the ad-
dition of a gust head.

Phase IV — Statistical and Dynamic

Analysis of Test Data

Appropriate statistical and dynamic parameters will
be calculated from the flight test data to provide
information as follows:

(a) To more accurately determine flexible air-
plane dynamic response, particularly for
those components where adequate theore-
tical values are not readily obtainable.

(b) To assess the accuracy and to refine the
predicted service life of analysis performed
earlier.

(¢) To modify the component fatigue test spec-
tra based on the more accurate transfer fun-
tion and peak count data acquired.

(d) To derive load response ratios to c.g. accele-
rations, which will allow a more valid in-
terpretation of VGH records to be obtained
in service operations of GL 207-45 aircraft.

In addition, the test program covers a broad range
of test conditions so that if the basic missions of an
aircraft are changed in the course of its operations,
these improved transfer functions will enable a quick
revision of the fatigue loads spectra for the new
mission profiles. Thus, any reduction in remaining
service life can be determined immediately, without
waiting for new VGH data to become available for
these flight conditions.

General Basis For Dynamic Analysis
Although both civil and military specifications re-
quire the consideration of flexibility effects in any
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transient loading conditions, the exact method to be
used is seldom indicated. Fatigue damage is a com-
plex phenomena which can best be analyzed by
statistical procedures. Consequently, the flight test
program is designed to yield sufficiently large data
samples to insure statistical reliability. For flight
conditions exhibiting random or repetitive response
characteristics, the methods of generalized harmonic
analysis will be applied to determine the statistical
properties of structural loads experienced on and
within the airplane. Peak loads ratios or cumulative
frequencies of occurrence will be evaluated for the
more discrete-appearing loads phenomena, such as
landing, braking, and turning conditions.
Theoretical Development
If it is assumed that the load or disturbing phe-
nomena is “stationary random”, then its statistical
properties will be invarient from one valid sample
to another, taken at random from a given popula-
tion. The variations cannot be described as a de-
finite function of time, but the statistical properties
can be determined from the power spectral density
of the random function, as follows:
If A(w) is the amplitude of the frequency compo-
nent « of the random function, y(t), then an ap-
proximate interpretation of the power spectrum
&{w) may be expressed as

®(0)= lim 47 1A<w)I2

6 4 :

where 6 is the time duration of the sample. However,
for practical applications, a routine digital compu-
tation scheme has been developed in Reference 3
for the evaluation of power spectra from test data.
This procedure has been successfully applied by
Lockheed in a fatigue certification program for
the C-130B, Reference 4, similar to the one de-
scribed herein for the GL 207-45. A detailed de-
scription of the analysis program may be found in
Reference 4, but a few of the more important quan-
tities will be summarized here:

The root mean square, o, of the amplitude, y, is
determined from

[ [

[ ®(w)do | —(y)?

: |

o
o=

1
where y is the arithmetic mean of y.
If K; is the positive number of standard devia-
tions from the mean, and the probability function
is Gaussian distributed, then the “peak-count,” N,
can be calculated as the probable number of times
per unit time the function, y, will exceed a magni-
tude of y=Kio.

0
1%

J‘ 0?® () do

oo

St s Ok
Ni(Yi):m € 252

The power spectral output, ®,(«), in terms of load
(or stress) at a given location in an aircraft is re-
lated to an input spectrum, ®;(0), as follows:

‘Do(w):!To(w) lQCI)I(w)

The transfer function as obtained is the absolute
magnitude of a frequency response function under
steady state conditions, and it will not, in general,
describe transient pulse loadings such as are en-
countered in landing and braking.

Similarly, a cross-power spectral density, ®o(io),
directly correlating both input and output, may be
evaluated as shown in Reference 4, and a transfer
function calculated as follows:

Tol(iw)—_—‘@nl(iw) /II(CO)

Both the amplitude and phase of T is indicated in
this case. However, for a linear system, if no cross-
correlation exists, the magnitude of both Ty and T,
should be identical.

Fatigue Test Spectra Derivation

The diversified mission capabilities of the GL 207-
45 system under consideration indicate that the fa-
tigue life will be dependent upon the sequential
dynamic loading characteristics of the airplane as
well as the nature of repeated load applications.
The preceding formulae reveal that a routine set
of calculations on airplane load measurements will
yield a peak count, Nj, suvitable for repeated load or
stress spectra determination.

Gust Loads

In a purely theoretical service life analysis, transfer
functions are derived for major aircraft components
by state-of-the-art methods of analysis on analog or
digital computers, as in Reference 5. These func-
tions are then applied to equations (5), (4), (2),
and (3) in sequence to obtain output spectra and
peak count loads from a known input spectra, such
as that for atmospheric turbulence given in speci-
fications, Reference 2.

The overall statistical reliability of input-output
spectra from most flight test data is subject to ques-
tion, however, because of the relatively small sample
obtained. For example, the C-130B tests covered
less than 0.03% of the anticipated service usage.
Fortunately, statistically valid transfer functions can
be obtained using equations (4) or (5) over rela-
tively small stationary-random segments of data.
These functions can, in turn, be applied to more
reliable input spectra on runway roughness, Ref-
erence 6, or low level atmospheric turbulence spec-
tra from the more extensive B-66 tests and others.

The peak-count loads derived in this manner are
limited to a single set of flight conditions, such as
fuel and cargo weight, speed, altitude, and flap set-
ting. Fither the transfer function of the input power
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spectrum depends on one or more of these para-
meters. The percent, P;, of total Iife time spent in
each configuration, j, must be determined from the
multiplicity of mission profiles in use or planned
for the airplane. Then this percentage is used as
a weighing factor to synthesize a single peak-count,
Ny, for each basic maneuver, such as gust penetra-
tion, as follows:

« P
Ne(y)= 3 _Pi_Ny(y)
ROV 2 e MU
Details of similar procedures may be found in Ref-
erence 7 for fatigue spectra determination.

In the interpretation of VGH data, a commonly
used concept in converting from c.g. accelerations
to wing loads is that of a dynamic magnification
factor. Root-mean-square amplification as defined
in Reference 5 is easy to determine, but a more
significant value may be solved as follows:

=AM;(N;) /AM,(N;)
where:

AM((N;) is the dynamically measured (flexible
body) incremental load as a function of frequency
of exceedance. AM,(N;) is the Incremental load
computed from c.g. accelerations, An(N;), as a
function of frequency of exceedance.

The expression AM,(N;) can be computed as:
AM;(N;)=QaAn(N;)

where Q is the static load per unit c.g.m accelera-
tion under steady flight conditions, (either calculated
or from controlled test maneuvers).

Taxi and Ground Handling Loads

Statistical loads distributions for taxiing response
can be determined from Equations (1) thru (6).
However, an additional test is proposed for taxi-
ing over a corrugated ground profile as suggested
in Reference 8. Nonlinear phenomena are present
which may make Equation (4) inapplicable. A
ground loads research program, Reference 9, pre-
sently being conducted by Lockheed, is attempt-
ing to prove that Fourier series harmonic analysis
will provide a more valid transfer function for
taxiing.

Landing Loads

Landing impacts represent a discrete loads phe-
nomena which cannot be described adequately by
steady state random process theory as in the gust
or taxi response analyses. Therefore, an alternative
analysis will be made involving parameter studies
of the type AM,,, where AMy,, is the maximum

Ang

incremental wing bending moment, and AN, is the
mcremental gear load factor.

Buffet Loads

Buffeting is a physical phenomenon that is diffi-
cult to describe by analytical techniques. The most
appropriate techniques for obtaining loads ratios or
transfer functions will be determined by analysis of
preliminary samples of the data. Probably, only
peak count or peak loads ratios will yield realistic
and applicable values for this flight condition.

Turning and Towing

The analysis of turning and towing conditions will
consist of a study of the center of gravity response
to resultant gear reaction forces. Peak count analy-
sis may also be applicable, and some data will be
tabulated in this manner.

Data Processing and Reliability

Data handling and reduction will be performed
automatically by use of magnetic tape recording.
The data will be supplied to an IBM 7090 compu-
ter via digital tapes for analysis by the methods dis-
cussed as shown schematically in Figures 3-7 and
3-8.

GROUND
DEMODULATING
EQUIPMENT

AIRPLANE AIRBORNE
iNPUT T FM TAPE
RECORDER

ANALOG TO
DIGITAL
CONVERTER

CALIBRATION,
COMBINING
EQUATIONS,
MULTIPLYING
FACTORS

ERROR

DY NAMIC
CHECK =T ANALYSIS

ROUTINE

Figure 3-7—DATA PREPARATION CALIBRATION AND CHECK-
ING.

Confidence limits and data scatter will be evaluated
by conventional methods, such as the chi-squared
reliability test shown in Figure 3-S.

The interaction of airplane motions with direct gust
velocity probe measurements shall be removed from
turbulence data. The gust response data may reveal
a marked spanwise variation of turbulence, since
the GL 207-45 is a large-span swept-wing airplane.
Such phenomena were encountered in the tests of
Reference 10. In such a situation, cross-power
spectral methods are more accurate. Attempts will
be made to determine the error in transfer func-
tions derived from power spectral density analyses.
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CALCULATION
INPUT OF CALCULATION » OF ,
MEASURED oF conripence [ LAB k_
AIRPLANE ™®1 cprerpar LIMITS i TESTS |
RESPONSE DATA —l
PEAK COUNT
MAX, LOAD & i
¥ MEAN LOAD v
CALCULATION | v
OF LOAD
TRANSFER L RATIOS, »J
FUNCTIONS AMPLIFICATION
T FACTORS
v — y
APPLICATION SPECTRA
MEASURED OF TRANSFER COMPARISON | | SYNTHESIS
INPUF OF  _) FUNCTIONS | OF PREDICTED BY
NASA & TO OBTAIN RESPONSE WITH| | MISSION
WADD DATA PREDICTED MEASURED DATA] o
LOADS i N <
PREDICTION MODIFICATION
OF OF TEST
AIRPLANE < SPECTRA )
FATIGUE LIFE (IF NECESSARY)

Figure 3-8—SUMMARY FLOW DIAGRAM OF MAJOR DYNAMIC
ANALYSIS STEPS.

Presentation of Resulfs

The results of the flight test data analysis will
be presented in terms of loads ratios, loading cycles
at various amplitudes, and transfer functions for
major structural components. Any major or sig-
nificant changes that become apparent will be con-
sidered for incorporation in the component fatigue
test spectra, if scheduling permits, as shown in Figure
3-8.

TEST SCHEDULE BY MONTHS

90%
CONFIDENCE
BAND

T — v

1 2 3 4 6 810 15 20 40 60 80100

K, STATISTICAL DEGREES OF FREEDOM

Figure 3-9—LIABILITY ESTIMATES.

A final report will be submitted as shown in the
Program Schedule shown in Figure 3-10. Major con-
clusions will be summarized along with recommen-
dations for further applications of results should
fatigue failures occur and VGH data become avail-
able from field operations.

Lo 12T [« Ts el 785

{GL 207-45 VGH RECORDER AND DATA TYPE EVALUATION

[ DATA REDUCTION |

GL 207-45 FLIGHT TEST DYNAMIC DATA ANALYSIS

FLIGHT TEST SUPPORTY
INSTRUMENTATION
AND TESTING

LANDING GEAR AND OTHER
LAB TEST SET-UP SUPPORT

iTHEORETECAL TRANSFER FUNCTION DEVELOPMENT, PSD, TAXI, GUST ANALYSIS AND STATISTICS

! STRESS SPECTRA CRITERION SUPPORT

FLIGHT TEST PROBABILITY STUDIES
FATIGUE SPECTRA REVISION AND LAB TEST SUPPORT f

FFUIGHT TEST DATA EVALUATION AND
LCOMPARISON WITH THEORY

COMPONENT FATIGUE TEST SPECTRA MODIFICATION

ELAB COMPONENT FATIGUE TEST

PREDICTED FATIGUE LIFE AND STRESS {

REPORT PREPARATION ON FLIGHT
TEST DATA EVALUATION

Figure 3-10—DYNAMIC RESPONSE AND FATIGUE TEST ANALYSIS PROGRAM.

i
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PRICING INFORMATION
FLIGHT LOADS SURVEY (5.4.2)

Hours®
Engineering
D.L.—Basic 68
D.L.—Sustaining —0—
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting
Total Engineering
Tooling
D.L. Planning—Basic
D.L. Planning—Sustaining
D.L. Tool Design—Basic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic
D.L. Tool Mfg.—Sustaining
Overhead
Material & Direct Charges
Subcontract Tooling
Total Tooling
Manufacturing—(Production)
Direct Labor
Overhead
Material & Direct Charges
Purchased Equipment
Subcontracting
Total Manufacturing
Quality Assurance
Direct Labor 2

Overhead
Total Quality Assurance

G & A Expense

Total Cost
Profit

Price

*Thousands

FORMAT “A”
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No Year
Contractor’s Proposal
Rate Ameount'
$4.11 $279
— O
69.55% DL 194
.56 38
— 0
0
$511
$3.39 $ 7
115.62% DL 8
$ 15
23.99% DL $ 69
$595
8% 48
$643




PRICING INFORMATION
FATIGUEMng (5.4.2)

P—

Hours®

Engineering

D.L.—Basic 424
D.L.—Sustaining —0—
Overhead

Material & Direct Charges

Technical Data

Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic 2
D.L. Planning—Sustaining —0—
D.L. Tool Design—Basic —0—
D.L. Tool Design—Sustaining —0—
D.L. Tool Mfg.—Basic e
D.L. Tool Mfg.—Sustaining —0—
Overhead

Material & Direct Charges

Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor 474
Overhead

Material & Direct Charges

Purchased Equipment

Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor 42
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit
Price

'Thousands

FORMAT “A”
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No Year

Contractor’s Proposal

Rate

$4.11

69.55% DL
.56

$3.59

115.62% DL
1.26 TMH

$2.82
115.62% DL

$3.39
115.62% DL

23.99% DL

8%

Amount!

$1,743
—0—
1,212
237
0
-

$3,192

$ 7
00—
e
-
0
Sy

0
.




Engineering

D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data
Subcontracting

Total Engineering

Tooling
D.1.. Planning—Basic

D.L. Planning—Sustaining
D.L. Tool Design—DBasic

D.L. Tool Design—-Sustaining

D.L.'Tool Mfg.—Basic

D L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Iabor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price

*Thousands

FORMAT “A”

PRICING INFORMATION

STATIC TEST (5.4.2)

i S
s

Hours?

197
N,

.
Iy
By -
—0—
Sy W

474

38
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No Year
Contractor’s Proposal
Rate Amount?
$4.11 $ 810
—0—
69.55% DL 563
.56 110
— O
— e
$1,483
$3.59 $ 7
| -
O
—0
) -
— 00—
115.62% DL 8
1.26 TMH —O—
—
$ 15
$2.82 $1,337
115.62% DL 1,546
254
— 00—
953
$4,090
$3.39 $ 129
115.62% DL 149
$ 278
23.99% $ 548
$6,414
8% 513
$6,927
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ALTERNATE TAIL CONFIGURATION (5.4.3)

In response to the request for an analysis of the
possible penalties (from an aircraft structural,
weight, and aerodynamic standpoint) of the con-
figuration of the tail, which includes the aerial de-
livery capabilities, the following information is sub-
mitted. The configuration used and shown on
Figure 4-1 does not involve any aerodynamic penalty
because it has been configured as discussed in
Volume 1, Section 1, to provide a minimum drag
fuselage afterbody equivalent to, or better than,
a symmetrically streamlined aft fuselage. The up-
sweep provided in this modified aft end is a basic
requirement to provide the straight-in tail loading.
However, since the fairing doors are not loaded by
fuselage pressurization due to the unique ramp/pres-
sure door arrangement ahead of them, they
are of relatively light but stiff structure due to
their natural structurally efficient triangular shape
with box-like cross sections. The mechanism to
operate these doors, including the locks and latches,
will not be greatly changed due to the removal of
an aerial delivery requirement. This is primarily
due to the fact that the aerial delivery speed (200
knots) limit does not require excessive structural
material to carry the tail loads while the door is
open nor does it cause large increases in skin gage
of the doors or extensive resizing of the actuator
cylinder and door operating mechanism. This lat-
ter item is part of the effect of not opening the
doors to more than 16 degrees with a consequent
minimum disturbance to the stream flows at the
aft end of the fuselage.

In configuring a commercial version, there could
be some in-line changes in localized areas on the
doors and in the upper aft fuselage structure. New
parts would be installed for weight savings on the
actuating system which would result in a lightening
of the items shown on Figure 4-2.
The estimate of weight for the changes that would
be made if the airplane were designed for a com-
mercial version only, using the uncompromised
straight-in tail loading, would be:
Doors (skinning, edging members,
and hinges) w170 Ibs.
Actuation and locking systems —= 50 Ibs.
Structure (upper aft fuselage, longerons,
local gussets, and hinge supports) =80 Ibs.

Total for commercial version —=300 Ibs.

(weight savings)
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volume 4

LOWER PETAL DOOR
ACTUATING MECHANISM

LOWER PETAL DOOR
LOCKING MECHANISM

B PRESSURE DOOR
LOCK DETAIL

\ ¢ UPPER PETAL
i LOCK DETAIL




PRICING INFORMATION

ALTERNATE TAIL CONFIGURATION (5.4.3)

Engineering

D.L.—Basic
D.L.—Sustaining

Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic

D.L. Planning—Sustaining
D.L. Tool Design—DBasic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price
Thousands

FORMAT “A”

Hours?

71
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No Year

Qv s

Contractor’s Proposal

Rate

$4.11

69.55% DL
.56

$3.39
115.62% DL

23.99% DL

8%

Amount’

$ 292
0
203
40
—0—
00—

$ 535

—0—

— 00—
O
00—
O
—(—
00—
$2,126

$2,126

——
—_——
0
$ OB

$ B

12

22

A

$2,750
220

$2,970




PRICING INFORMATION
ALTERNATE TAIL CONFIGURATION (5.4.3)

FY ’63 Qty 31
Contractor’s Proposal
Hours? Rate Amount*
Engineering

D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic
D.L. Planning—Sustaining
D.L. Tool Design—DBasic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic
D.L. Tool Mfg.—Sustaining
Overhead
Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor e
Overhead —0—
Material & Direct Charges —0—
Purchased Equipment —0—
Subcontracting $ (31

Total Manufacturing $ (3D

Quality Assurance

Direct Labor |
Overhead —_—0—

Total Quality Assurance L

G & A Expense

Total Cost $ (3D
Profit 8% ( 2)

Price $ (33

Thousands

FORMAT “A”
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Engineering

D.L.—Basic
D.L.—Sustaining
Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic
D.L. Planning—Sustaining
D.L. Tool Design—DBasic

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic
D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense
Total Cost
Profit
Price

*Thousands

FORMAT “A”

PRICING INFORMATION
ALTERNATE TAIL CONFIGURATION (54.3)

Hours’
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FY 64 Qty 48

Contractor’s Proposal

Rate Amount'

8%




Engineering

D.L.—Basic
D.L.—Sustaining
Overhea

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic

D.L. Planning-—Sustaining

D.L. Tool Design—Basic

PRICING INFORMATION
ALTERNATE TAIL CONFIGURATION (54.3)

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining

Overhead
Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacture

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price

*Thousands

FORMAT “A”

volume 4

F Y

v

Hours!

page 4-6

FY ’65 Qty 48

Contractor’s Proposal

Rate Amount’

R




PRICING INFORMATION

ALTERNATE TAIL CONFIGURATION (54.3)

Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic

D.L. Planning-—Sustaining
D.L. Tool Design—Basic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufactaring—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price
*Thousands

FORMAT “A”

volume 4

PROPOSAL SUMMARY

Contractor’s Proposal

Rate

$4.11

69.55% DL
.56

$3.39
115.62% DL

23.99% DL

8%

Amount’

$ 292
—0—
203

40

I -
— O

$ 535

— O
0
—_—0—
—_—0—
—0—
S -
—0—
—0—
$2,126

$2,126

_0—
N
O
—0—

$ (132)

$ (132)

$ 10
12
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PERSONNEL DOOR (5.4.4)

The personnel/paratroop doors shown on Figure 5-1
are removed along with the framing, supports, and
operating systems and replaced with fuselage frames
and skins on both sides of the fuselage. The weight
saving is 182 Ibs.

AFFECTED ITEMS
Fuselage structure modified
Door supports and operating systems removed

WEIGHT STATEMENT
Personnel Doors, Removal of

Doors —246
Skin and frame replace-
ment -+ 64
Total —182 Ibs.
volume 4

TRACK ROLLER s

UPPER TRACK

DOOR HINGE
FITTING

PARATROOP EXIT DOCR
CLOSED POSITION
LEFT AND RIGHT SIDES

DOOR LOCKING,
MECHANISM

LEFT SIDE
LOOKING
FORWARD e

o & A

<
N

4
j LOWER

TRACK

DOOR LIFTING AID DEVICE

Figure 5-1—AFT ENTRY/PARATROOCP BOOR.

page 5-1




Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Teoling

D.L. Planning—Basic

D.L. Planning—Sustaining
D.L. Tool Design—Basic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic

D L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price
*Thousands

FORMAT “A”

PRICING INFORMATION
PERSONNEL DOORS (5.4.4)

Hours?

(6)

volume 4 page 5-2

A

No Year Qty S
Confractor’s Proposal

Rate Amount®
$4.11 $ (25
Qo

69.55% DL a7
.56 3)
——

——

$ (45

S S

——

—0—

O

—0—

— O

0

—0—

$(96)

$(96)

( D

$2.82 $ 8
115.62% DL 9
D

e
(19)

$¢C 3

—0—

—0—

", -

23.99% DL $C 4
$ (148)

8% { 12)
$(160)




Engineering
D.L—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic

D.L. Planning—Sustaining
D.L. Tool Design—Basic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
QOverhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price

*Thousands

FORMAT “A”

PRICING INFORMATION
PERSONNEL DOORS (5.4.4)

Hours?

volume 4 % page 5-3

FY 63 Qty 31
Contractor’s Proposal

Rate Amount®
S S

—_0—

- 0—

—_0—

— 00—

—O—

— O

S
$ (49
$(49)

$2.92 $ 23
111.04% DL 26
(5

—_O—

(115)

$ (7D

$3.49 $ 3
111.04% DL 3
$ 6

23.00% DL $ 6
$ (108)

8% (9

$ (117)




PRICING INFORMATION
PERSONNEL DOORS (5.4.4)

FY 64 Qty 48

Contractor’s Proposal
Hours? Rate Amount*

Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks

Subcontracting
Total Engineering

Tooling

D.L. Planning—DBasic

D.L. Planning—Sustaining
D.L. Tool Design—Basic
D.L. Tool Mfg.—Basic
D.L. Tool Mfg—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor 9 $3.01 $ 27
Overhead 109.10% DL 29
Material & Direct Charges (7D
Purchased Equipment —0—
Subcontracting (178)

Total Manufacturing $ (129)

Quality Assurance

Direct Labor 1 $3.62 $ 4
Overhead 109.10% DL 4

Total Quality Assurance $ 8

G & A Expense 22.88% DL $ 7

Total Cost $(114)
Profit 8% (9

Price $ (123)

Thousands

FORMAT “A”

volume 4




Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic
D.L. Planning—Sustaining
D.L. Tool Design—Basic

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic
D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price

'Thousands

FORMAT “A”

PRICING INFORMATION

PERSONNEL DOORS (5.4.4)

Hours?

-

volume 4

page 5-5

il

FY 65 Qty 48
Contractor’s Proposal
Rate Amount®
$3.10 $ 22
115.12% DL 25
D
eQm
(178)
$ (138)
$3.73 $ 4
115.12% DL 5
$ 9
24.40% DL $ 6
$ (123)
8% ( 10)
$ (133)




Engineering

D.L.—Basic
D.L.—Sustaining

Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—DBasic

D.L. Planning—Sustaining
D.L. Tool Design—Basic
D.L. Tool Design—Sustaining
D.L. Tool Mifg.—Basic

D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price
*Thousands

FORMAT “A”

PRICING INFORMATION
PERSONNEL DOORS (5.4.49)

Hours?

(6)
—0—

27

volume 4 % page 5-6

PROPOSAL SUMMARY
Contractor’s Proposal

Rate Amount’
$4.11 $ (25
—0—

69.55% DL (17)
.56 3
Sy -

—0
$ ( 45)

—

—0

O

—0—

0

I y

—

'y -
$ (145)

$ (145)

$2.96 $ 80
111.25% DL 89
(20

—
(490)

$ (341

$3.67 $ 11
109.09% DL 12
$ 23

22.73% DL $ 15
$ (493)

8% ( 40)

$ (333)







The side cargo loading door shown on Figure 6-1 is
removed along with the fuselage framing, door sup-
ports, manual hydraulic operating system, and door
and Jock warning light systems. The area occupied
by the door and framing is replaced by required
fuselage frames and skin. Weight saving is 200 lbs.

AFFECTED ITEMS
Fuselage structure modified
Door supports, controls, locks, and warning light
systems removed

WEIGHT STATEMENT
Side Cargo Door Removal of

Doors and mechanism —314
Skin and frame replacement +114
Total savings —200 Ibs.

* CLEAR OPENING

LH SIDE ONLY

Figure 6-1-—-CARGO LOADING DOOR FORWARD.

volume 4% page 6-1




Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic
D.L. Planning—Sustaining
D.L. Tool Design—Basic

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic
D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price

'Thousands

FORMAT “A”

PRICING INFORMATION
SIDE CARGO LOADING DOOR (5.4.5)

No Year Qtys
" Contractor’s Preposaf—
Hours? Rate Amount!
(6 $4.11 $ (25
) —(
69.55% DL (17
.56 ( 3)
—
—_—0—
$ ( 45)
e
—_—
Oy
B ) Y
—0
"y W
| .
(o
$ (153)
$ (153)
5 $2.82 $ 14
115.62% DL 16
« 3
Y
(24)
$ 3
B S
—
Uy
N T
23.99% DL $C 3
$ (198)
8% ( 16)
$ 214)




Engineering

D.L.—Basic

D.1L. Sustaining

Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic

D.L. Planning—Sustaining

D.L. Tool Design—DBasic

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining

Overhead
Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price
*Thousands

FORMAT “A”

PRICING INFORMATION
SIDE CARGO LOADING DOOR (54.5)

Hours?

15

volume 4 % page 6-3

FY 63 Qty 31
Contractor’s Proposal

Rate Amount*
— O

— O

S T

N

— 0

— O

0

S -
$( 79
$( 79

$2.92 $ 44
111.04% DL 49
( 16)

— 0—
(150)
$(73)

$3.49 $§ 3
111.04% DL 3
$§ 6

23.00% $ 11
$ (135)

8% (1D

$ (146)




PRICING INFORMATION
SIDE CARGO LOADING DOOR 54.5)

FY 64

Qty 48

‘Contractor’s Pn;)—i;osﬁ

Hours? Rate

Engineering

D.L.—Basic
D.L.—Sustaining

Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic

D.L. Planning—Sustaining
D.L. Tool Design—Basic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor 16 $3.01
Overhead 109.1069% DL

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor 1 $3.62
Overhead 109.10% DL

Total Quality Assurance

G & A Expense 22.88% DL

Total Cost
Profit 8%

Price

“Thousands
FORMAT “A”

volume 4 % page 6-4

Amount'

$ 48
52
(24)
Ny Y
(232)

$ (156)

$ 12

$ (136)
(1D

$ (147)




PRICING INFORMATION
SIDE CARGO LOADING DOOR 54.5)

Hours?

Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Enginecring
Tooling

D.L. Planning—Basic

D.L. Planning—Sustaining
D.L. Tool Design—Basic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor 13
Overhead

Material & Direct Charges

Purchased Equipment

Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor 1
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price

*Thousands

FORMAT “A”

r

volume 4

page 6-5

FY 65 Qty 48
Contractor’s Proposal
Rate Amount!
$3.10 $ 40
115.12% DL 46
(24)
QO
(232)
$ (170
$3.73 $ 4
115.12% DL 5
$ 9
24.40% DL $ 11
$ (150)
8% { 12)
$ (162)




Engineering

D.L.—Basic
D.L.—Sustaining

Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic

D.L. Planning—Sustaining
D.L. Tool Design—DBasic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price

*Thousands

FORMAT “A”

PRICING INFORMATION
SIDE CARGO LOADING DOOR (54.5)

PROPOSAL SUMMARY

Contractor’s Proposal

Hours? Rate

(6) $4.11
o

69.55% DL
56

49 $2.98
111.64% DL

3 $3.67
105.09% DL

23.48% DL

8%

volume 4 % page 6-6

Amount?

$( 25)
Y, .
( 17)
¢ 3
— O
W

$( 45)

$ 146
163
(67)

(638)
$ (396)
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FLIGHT DECK (ALTERNATE) (5.4.6)

An alternate flight deck arrangement as shown in
Figure 7-1 provides three reclining seats in addition
to the normal crew seats and the flight check seat
which remain the same as in the basic arrangement
shown in Figure 7-2. The two bunks on the aft flight
deck bulkhead of the basic arrangement are relocated
to a fore and aft position on the right side of the
compartment. The galley is retained in its same
position.

The crew compartment is extended 45 in. from the
basic length. Reinforcement of the floor, to with-
stand the 16g loads of the reclining seats, and
lengthening of the control lines, ducts, and wiring
is required.

The nose gear and crew entrance door remain the
same, but move forward with the crew area of the
fuselage as the 45-in. extension in the fuselage is
inserted.

The additional weight is approximately 1750 Ibs.
and includes the furnishings, installation and struc-
ture.

RECLINING SEATS (3)
BUNKS (2}
STORAGE
SYSTEM ENGINEER

|
|

Tt
i

i
i

O R

ALTERNATE FLIGHT STATION ARRANGEMENT

|
SN
\

NAVIGATOR \
|

FLIGHT CHECK SEAT/ STORAGE

Figure 7-T—ALTERNATE FLIGHT STATION ARRANGEMENT.

volume 4

OVERHEAD

;§

AFFECTED ITEMS
Fuselage extended 45 in. with new structure
Floor in crew station reinforced
Controls, ducts, wiring, and piping lengthened
Added 3 of 16g reclining seats

WEIGHT STATEMENT
Alternate Flight Deck
Fuselage structure (45-in. exten-

sion} 1,380
Insulation, sound proof, trim, etc. 250
Equipment and accommodations 120
Total (weight increase) 1,750 lbs.

SYSTEM ENGINEERS PANELS
SYSTEM ENGINEER SEAT CLOTHES
CLOSET

COPILOT*S SIDE PANEL
COPHLOT SEAT

MAIN
INSTRUMENT

T

CONTROL -
PEDESTAL~_~"

[

cor&

COLUMN

NOSE
STEERING WHEEL

PILOY SEAT/

BUNKS (2

™ Escare

LADDER

ENTRANCE
STEPS

PILOT'S SIDE PANEL
NAVIGATOR'S PANEL

FLIGHT CHECK SEAT/ NAVIGATOR SEAT

SYSTEM ENGINEER STATION

SIDE PANEL / JCIRCUIT BREAKER PANELS

OVERHEAD PANEL

PILOT AND f
COPILOT SEATS = UPPER
L " BUNK
MAIN / L
INSTRUMENT Y ~— T FH | -Escap
PANEL V=i ‘] L7 (ADDER
. T CLOTHES
] § CLOSET
N
it il N
| LOWER
. BUNK
\
\ENTRANCE

WASHBASIN TORET STEPS

Figure 7-2—FLIGHT STATION ARRANGEMENT

page 7-1




Engineering

D.1L.—Basic
D.L.—Sustaining
Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic
P.L. Planning—Sustaining
D.L. Tool Design—Basic

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic
D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price
*Thousands

FORMAT “A”

PRICING

FLIGHT DECK (ALTERNATE) (5.4.6)

volume 4

INFORMATION

Hours

10

73

Neo Year Qty S
Contracter’s Proposal
Rate Amount’

$4.11 $ 41
—0—

69.55% DL 29
.56 6
O

—0—

$ 76

$3.59 $ 32
—0—

3.59 14
Y.

3.59 65
—0—

115.62% DL 128
1.26 TMH 23
—0—

$ 262

$2.82 $§ 206
115.62% DL 238
65

Ny

eQm

$ 509

$3.39 $ 24
115.62% DL 28
$ 52

23.99% DL $ 92
$ 991

8% 79

$1,670




PRICING INFORMATION
FLIGHT DECK (ALTERNATE)} (5.4.6)

FY 63 Qty 31

Contractor’s Propesal

Hours* Rate Amount®
Engineering
D.L.—Basic
D.L —Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting
Total Engineering
Tooling
D.L. Planning—Basic 3 $3.73 11
D L. Planning—Sustaining —0— O
D.L. Tool Design—Basic 2 3.73 7
D.L. Tool Design—Sustaining —0— — 0
D.L. Tool Mfg.—Basic 8 3.73 30
D.L. Tool Mfg.—Sustaining Qe -0
Overhead 111.04% DL 53
Material & Direct Charges 1.26 TMH 10
Subcontract Tooling —0—
Total Tooling $ 111
Manufacturing—(Production)
Direct Labor 210 $2.92 $ 613
Overhead 111.04% DL 681
Material & Direct Charges 403
Purchased Equipment —0—
Subcontracting —0—
Total Manufacturing $1,697
Quality Assurance
Direct Labor 17 $3.49 $ 59
Overhead 111.04% DL 66
Total Quality Assurance $ 125
G & A Expense 23.00% DL $ 166
Total Cost $2,099
Profit 8% 168
Price $2,267

*Thousands

FORMAT “A”

volume 4 % page 7-3




Engineering

D.L.—Basic
D.L.—Sustaining
Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic
D.L. Planning—Sustaining
D.L. Tool Design—Basic

D.L. Tool Design—Sustaining

D.L. Tool Mfg—Basic

D.L. Tool Mfg.~—Sustaining

Overhead
Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assarance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense
Total Cost
Profit
Price

*Thousands

" FORMAT “A”

PRICING INFORMATION
FLIGHT DECK (ALTERNATE) (5.4.6)

Hours?

227

18

volume 4 page 7-4

FY64 Q48
Contractor’s Proposal

Rate Amount’

$3.01 $ 683

109.10% DL 745

624

—Q

—_

$2,052

$3.62 $ 65

109.10% DL 71

$ 136

22.88% DL $ 171

$2,359

8% 189

$2,548




Engineering

D.L.—Basic
D.L.—Sustaining
Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic
D L. Planning—Sustaining
D.L. Tool Design—Basic

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic
D.L. Tool Bfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufactering—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit
Price

*Thousands

FORMAT “A”

PRICING INFORMATION

FLIGHT DECK (ALTERNATE) (5.4.6)

Hours®

186

14

volume 4 % page 7-5

FY ’65 Qty 48
Contractor’s Preposal
Rate Amount’
$3.10 $ 577
115.12% DL 664
624
-
—0—
$1,865
$3.73 $ 52
115.12% DL 60
$ 112
24.40% DL $ 153
$2,130
8% 170
$2,300




PRICING INFORMATION
FLIGHT DECK (ALTERNATE) (5.4.6)

Hours!

Engineering

D.L.—Basic 10
D.L.—Sustaining

Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic 12
D.L.. Planning—Sustaining
D.L. Tool Design—Basic 6
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic 26
D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor 696
Overhead

Material & Direct Charges

Purchased Equipment

Subcontracting
Total Manufacturing

Quality Assurance

Direct Labor 56
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit
Price

*Thousands

FORMAT “A”

volume 4 % page 7-6

PROGRAM SUMMARY

Contractor’s Proposal

Rate Amount’
$4.11 $ 41
N S

69.55% DL 29
.56 6
O

— O

$ 76

$3.58 $ 43
— 00—

3.50 21
N T

3.65 95
— 0

113.84% DL 181
1.26 TMH 33
— O

$ 373

$2.99 $2,079
111.98% DL 2,328
1,716

—_—0—

R

$6,123

$3.57 $ 200
112.50% DL 225
$ 425

23.48% DL $ 582
$7,579

8% 606
$8,185
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OXYGEN SYSTEM ALTERNATE (5.4.7)

The alternate oxygen system that is readily adapt-
able to changes from a cargo to a troop/air-evacua-
tion mission is shown in Figure 8-1. Piping, fittings,
brackets, and mask support clips for 95 troop
outlets and 76 litter patient outlets are provided
along both sides of the cargo compartment. Con-
nections to four portable liquid oxygen supplies are
provided at the aft ends of each longitudinal supply
line.

An electrical oxygen-quantity sensing line with con-
nectors for each portable liquid oxygen converter
is installed, and an oxygen quantity gage is installed

LITTER PATIENT OXYGEN
DISTRIBUTION SYSTEM

OXYGEN QUANTITY —
INDICATION '

on the co-pilot’s side panel. The weight increase
is 270 Ibs.

AFFECTED ITEMS

Modify fuselage structure to provide holes for lines
install mountings, and supports for outlets.

Add lines, fittings, brackets, and mask support clips.

WEIGHT STATEMENT
Oxygen System (permanent provisions)

Plumbing 204
Supports and brackets 16
Equipment (valves, etc.) 50
Total (increase) 270 Ibs.
VENT ELECTRICAL OXYGEN Va »

/QUANT\TY SENSING LINE

T VENT LINE
e \i

BL 22 (APPROX}

BL 38 (APPROX

b

TROOP OXYGEN

ELECTRICAL OXYGEN
; DISTRIBUTION SYSTEM

QUANTITY SENSING LINE

- EVACUATION SYSTEM OR TROCP

L.H. SIDE ONLY WL 256 (APPROX)

OXYGEN CONNECTION TO AR

SYSTEM AS APPROPRIATE
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Engineering

D.L.—Basic

D .L.—Sustaining

Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic

D.L. Planning—Sustaining
D.L. Tool Design—DBasic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic

D.L. Tool Mfg.-—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufactaring—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense
Total Cost
Profit
Price

“Thousands

FORMAT “A”
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¥

No Year Qty 5

Contractor’s Proposal

Rate Amount’
$4.11 $ 21
——

69.55% DL 15
.56 3
R -

—0

$ 39

$3.59 $ 18
) .

3.59 4
) -

3.59 7
N T

115.62% DL 34
1.26 TMH 3
—0—

$ 66

$2.82 $ 31
115.62% DL 36
10

) -

—(—

$ 77

$3.39 $ 3
115.62% DL 3
$ 6

23.99% DL $ 20
$208

8% 17
$225




PRICING INFORMATION
OXYGEN SYSTEM (ALTERNATE) (5.4.7)

FY 63 Qty 31

Contractor’s Proposal

Hours® Rate Amount’

Engineering

D.L.—Basic
D.L.—Sustaining

Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic

D.L. Planning—Sustaining
D.L. Tool Design—Basic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor 32 $2.92 $ 93
Overhead 111.04% DL 103
Material & Direct Charges 62
Purchased Equipment —0—
Subcontracting —0—

Total Manufacturing $258

Quality Assurance

Direct Labor 2 $3.49 $ 17
Overhead 111.04% DL 8

Total Quality Assurance $ 15

G & A Expense 23.00% DL 23

Total Cost $296
Profit 8% 24

Price $320
Thousands

FORMAT “A”
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Engineering

D.L.—Basic
D.L.—Sustaining
Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic

D.L. Planning—Sustaining

D.L. Tool Design—Basic

PRICING INFORMATION
OXYGEN SYSTEM (ALTERNATE) (54.7)

Hours?®

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining

Overhead
Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense
Total Cost
Profit
Price

Thousands
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FY 64

Qty 48

Contractor’s Proposal

Rate

$3.01
109.10% DL

$3.61
109.10% DL

22.88% DL

8%

Amount’

$105
115
96
—0—
—_—0—

$316
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Engineering

D.L.—Basic
D.L.—Sustaining

Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic

D.L. Planning—Sustaining
D.L. Tool Design—Basic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price

*Thousands

“FORMAT “A”
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FY 65

Qty 48

Contractor’s Proposal

Rate

$3.10
115.12% DL

$3.73
115.12% DL

24.40% DL

8%

Amount’




Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic
D.L. Planning—Sustaining
D.L. Tool Design—Basic

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic
D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price

*Thousands

FORMAT “A”
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PROPOSAL SUMMARY
Contractor’s Proposal

Rate Amount’
$4.11 $ 21
O

69.55% DL 15
.56 3
— 0

—_——

$ 39

$3.59 $ 18
—0—

3.59 4
- 0—

3.59 7
—O—

115.62% DL 34
1.26 TMH 3
—O—

$ 66

$2.98 $ 319
112.23% DL 358
264

—0—

— 00—

$ 9417

$3.50 $ 28
110.71% DL 31
$ 59

23.68% DL $ 94
$1,199

8% $6
$1,295
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RELIABILITY PROGRAM

SUMMARY

The reliability program proposed for the Logistic
Transport Support System 476L is a logical con-
tinuation and extension of the existing and opera-
tionally proven C-130 reliability program. The lat-
ter program includes all capabilities necessary to
meet the requirements of the Statement of Work
and its referenced documents. The current level of
effort is presently limited to that required by exist-
ing contracts; however, this will be expanded in an
orderly, economical, and practical manner to meet
the requirements established by the effectiveness
analysis to be conducted after contract award.

The proposed reliability program for System 476L
provides for maximum utilization of existing pro-
cedures, techniques, and experience to meet the
reliability requirements established for this partic-
ular system. The program makes extensive use
of the proven capabilities and techniques of the
Georgia Division to ensure practical and economic
realization of the reliability program objectives.
These include the collection, processing, and main-
tenance of complete and detailed historical records;
the electronic computer programs such as actuarial
analyses, failare mode analyses, and inspection eval-
uation analysis based upon the historical data; and
reliability control techniques developed through
processing and analyzing data by analog and/or
digital computers. It is felt of first importance that
these up-to-date and highly refined techniques be
utilized to the fullest in the maintenance of a re-
liability program for a specific weapon or support
system.

For example, there is currently at hand in the Geor-
gia Division a complete, detailed record of every
significant maintenance action taken on the C-130
series aircraft for a three-year period. These rec-
ords also contain complete, summarized mainte-
nance data on a number of commercial aircraft col-
lected over an extended period, in cooperation with
several major airlines.

The resulting techniques developed from those
data now permit the prediction of reliability to sur-
prisingly high confidence levels, in advance of the
availability of test and operational data. They per-
mit evaluation of system configuration and com-
ponent selection to a high degree of accuracy, and
hence permit the evolution of greatly improved test
programs. Finally, they permit prompt, accurate, and
thorough evaluation of problems.

A number of these techniques have recently been
formulated into computer programs which permit
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complete, accurate, mechanized analyses of C-130
experience under use conditions. It has been deter-
mined that the basic technology is, to a great ex-
tent, directly applicable to System 476L which,
from the functional system standpoint, is a growth
version of the C-130 series aircraft. It follows that
for the System 476L, the areas in which effort must
be concentrated, the type effort necessary for
maximum effectiveness, and the areas which should
be retained can, in all likelihood, be predetermined
with extraordinary accuracy.

ORGANIZATION

Consistent with its concept of total control and re-
liability, the Georgia Division has established re-
Liability control as a line function at branch level,
equivalent in its organizational level of responsibil-
ity to engineering, manufacturing, and finance. In
this organizational relativity the reliability control
function is in no sense subordinate to the organi-
zations over which it is to exercise control. The ef-
fectiveness of this arrangement has been conclusive-
ly demonstrated by the reliability of the C-130 air-
craft.

Reliability Branch Organization

The reliability branch is the line organization of
the director of reliability, who reports directly to
the Vice President and General Manager of the
Georgia Division. It is composed of five organiza-
tions which, together with the engineering branch,
exert total reliability control over the Georgia Divi-
sion products. These organizations are quality con-
trol division, reliability engineering department, field
service department, flight operations department,
and reliability administrative services.

PROGRAM

The reliability program for System 476L is de-
signed to meet the requirements of Paragraph 5.4.8.
of the Statement of Work and its referenced docu-
ments in a practical and economical fashion, and to
conform to the cost philosophy defined in Para-
graph 1.3, The program emphasizes controls
which treat reliability in its broad sense and en-
sure optimization of reliability, maintainability, sup-
portability, availability and economy. Due to the
functional similarity of the GL 2(7-45 to the high-
ly reliable C-130, emphasis of the program is di-
rected toward those areas in which configuration
change is necessary or reliability improvement is
desirable. Simplification of system configuration
based on C-130 experience is strongly emphasized.

Design and Development
Primary emphasis of the program is centered in the
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design and development area; reliability engineers
are consequently assigned early in the project to
monitor the design through the preliminary and
project phases. Extensive use is made of historical
data on C-130 aircraft to support the design effort
and to permit selection of the most reliable com-
ponent or component types in the initial stages.

As the design progresses, functional block diagrams
of the system series and parallel combinations are
developed and maintained. The correlation of his-
torical data with these diagrams permits reliability
predictions concurrent with the design progress, and
reliability predictions for alternate design configura-
tions assist in the selection of the optimum config-
urations.

The application of historical data to systems design
identifies components and subsystems requiring spec-
ial maintainability consideration and design changes
are then executed to reflect the new requirements.
Mechanized Inspection Evaluation Reports provide
data which allow scheduled maintenance cycles to be
established based upon demonstrated system re-
quirements. These data will permit economical
schedules to be established for GL 207-45 aircraft.
Operational data are also used in the preparation
of purchase and tests specifications in order that
known requirements can be thoroughly evaluated
to avoid the selection or specification of marginal
equipment.

Appropriate reliability tests are conducted at both
the component and system levels, with primary em-
phasis on system tests in which component inter-
action can be observed and evaluated. Reliability
tests, using the same components and fixtures, are or-
dinarily conducted subsequent to design development
and qualification test completion; however, all tests
are considered to be valid reliability tests and are
closely monitored by skilled reliability engineers of
appropriate background and experience.

Vendor and Subconiractor Reliability Control
The program of vendor and subcontractor relia-
bility control for System 476L is an extension of
the vendor reliability control program presently in
operation at the Georgia Division. Expansion of the
level of effort together with diversification of the
existing procedures and techniques for the System
4761 program ensures the satisfaction of the re-
quirements established by the effectiveness studies.

Specification Control

Historical data are to be used extensively in the
preparation of purchase and test specifications to
ensure adequate reliability. With data on the modes
of failure of current equipment, it is possible to en-
sure that specified environmental conditions, per-
formance requirements, safety margins and other
factors affecting reliability will substantially reduce

recurrence of previously experienced difficulties. Ap-
propriate test specifications will be drawn as assur-
ance that design or specification changes in fact re-
duce or eliminate recurrence of previous difficulties.

Vendor and Subcontractor Selection

Vendors selected for bid proposals are selected
from the corporate approved supplier directory. New
vendors are surveyed for capability, including re-
liability control, prior to being requested to bid.
Proposals are evaluated by both engineering and
reliability personnel, using a point rating system.
The relative point rating establishes an order of pref-
erence from a technical standpoint and is evaluated
with other considerations in making a final selection.

Vendor and Subcontfractor Monitoring

The performance of a vendor in meeting contractual
requirements is continuously monitored. Vendor de-
sign, manufacturing controls, test programs, test
equipment, and test results are monitored both by
reliability branch personnel in the field and in-plant.
Copies of all vendor data, including test results,
failure analyses, and corrective action, are main-
tained in the reliability data center. Vendors are
assisted in establishing suitable reliability training
programs where the need is indicated.

Performance Evaluation

The performance of vendors and subcontractors is
continuously evaluated from all points of view. In-
cluded in the performance evaluation are incom-
ing quality, the results of acceptance and produc-
tion tests, the results of system reliability tests, and
the performance of equipment during category
testing and operational use. All performance evalua-
tions are consolidated in a final evaluation for use
in future selection processes.

Corrective Action

Inadequacies detected in each step of the vendor
performance evaluation are immediately made avail-
able to the vendor, and mutually acceptable cor-
rective action is determined and scheduled. Con-
tinuous monitoring of vendor product performance in
operational use permits a continuous flow of feed
back information and pin-points marginally reliable
equipment, thereby ensuring continuous product im-
provement where there is an indicated need.

Manufacturing Reliability Control

A preventive-type manufacturing reliability control
program is conducted to ensure against degradation
of reliability during the manufacturing cycle. The
program is based upon maintaining quality levels
established jointly by manufacturing, quality con-
trol, and reliability engineering. Deviations from
established quality levels result in an immediate
analysis of cause. Preliminary analysis by relia-
bility engineers establishes cause factors which are
then thoroughly analyzed by quality engineers in a
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capability study. The capability study provides the
basis for immediate correction of the cause factors;
subsequent follow-up determines the adequacy of
the correctives.

Other manufacturing reliability controls are incor-
porated in acceptance testing, production testing,
and flight testing. Each of these ensures, at the ear-
liest possible point in the production cycle, that all
preceding operations are satisfactory.

Operational Use

A continuous program of operational surveillance,
data feedback, failure analysis, and corrective ac-
tion is planned throughout the operational use of
the GL 207-45 aircraft. Data collection programs and
mechanized data reduction and analysis programs
currently in use on the C-130 aircraft are directly
applicable to the GL. 207-45 aircraft and are used
to provide optimum operational support. On fre-
quently scheduled intervals, these computer pro-
grams provide an evaluation of achieved reliabil-
ity; define reliability and maintenance problem
areas; pinpoint unreliable components; and evaluate
scheduled maintenance and overhaul cycle effectivity.
To promote earliest possible corrective actions and
the achievement of reliability growth objectives, re-
liability engineers are assigned to category test pro-
grams and operational bases to conduct complete
detailed analyses of component failures and failure
causes. This information is immediately transmitted
to the Reliability Engineering Department for anal-
ysis and to Project Engineering for corrective action.

Failure Analysis

Failure analysis is greatly facilitated by complete
operational data, mechanized data reduction, and
computer data analysis. Computer programs estab-
lish analysis priorities and reduce manual analyses
to the point where judgment must be applied. Com-
puter-produced actuarial analyses provide prompt
and more accurate evaluation of failure effects. Fail-
ure mode analyses, which are computer produced,
permit immediate identification of corrective ac-
tion approach. Final failure analysis is performed by
skilled analysts with carefully processed data at
their disposal.

Corrective Action

Corrective action is taken as promptly as possible
with primary emphasis given to problems affecting
safety of flight or exerting serious influence on mis-
sion capability. In all other cases priorities for ac-
tion are established by the relative effect of the
problem and the cost of correction. Retroactive prob-
lem correction is reduced to a minimum, and cor-
rective action is for the most part on an attrition
basis.

Reliability Monitoring Program

Monitoring points are established to assess relia-
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bility progress. At each point, a progress report is
prepared, progressive requirements are established
for the next monitoring point and activities for the
next period are defined. Monitoring points presented
in this addendum are tentative and generally con-
form to the recommendations of Air Force Speci-
fication Bulletin No. 506.

Mathematical and Statfistical Analysis
Mathematical methods are applied throughout the
reliability program wherever they are felt to be
meaningful or useful. Mathematical treatment of re-
liability allows quantitative standards and measure-
ments as a basis for reliability evaluation and con-
trol, and statistical analysis of data provides guide-
lines for specific corrective action.

Quantitative Reliability Requirements

These requirements are established as standards by
which reliability achievement can be evaluated. A
reliability requirement for the complete support sys-
tem is determined as a result of the effectiveness
analysis. This requirement is allocated to successive
levels of subsystems and components. The alloca-
tion process used is an adaptation of that recom-
mended by AGREE, whereby allowable failures
are distributed according to an assignment of risk
based on comparative importance and complexity.
Requirement figures are in the form of mean-time-
to-failure (MTF), which is the average operating
time between failures. The relationship of reliabil-
ity and MTF is expressed by the exponential sur-

. . -t . .
vival function, R = ¢ . where t is the time of op-

3
eration and m is MTF. For the GL 207-45, t is
taken to be five hours, which is the expected time
of flight for a typical mission.
With the exponential equation, the reliability re-
quirement for the support system is converted to an
allowable number of failures for 1,000,000 hours
of aircraft operation. These failures are allocated to
sublevels by use of complexity and importance fac-
tors, assuming that the rate of failure of equipment
is proportional to complexity and that allowable fail-
ure rate is limited by the importance of that equip-
ment to mission success.
A relative numerical complexity factor is assigned
to each item, consistent with the total complexity
of the given sublevel. This assignment is based on
an engineering analysis of the design and func-
tion of each item, with allowance for the number
of parts or components present, principles of
operation, state-of-the-art, and similar considera-
tions. Importance factors are computed quantita-
tively from experience data as the ratio of inflight
aborts to total inflight discrepancies, a computation
made possible by the comprehensive operational
data available for the C-130 aircraft.
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With complexity and importance factors assigned
to all system sublevels, failures are distributed in
proportion to the assigned factors. Mathematical
probability equations are used to express the re-
lationships of parallel and series combinations
which are present at each sublevel, as displayed
by reliability block diagrams. Allowable failures
are thus allocated to individual items down to
component level, and these are converted to re-
quired MTF.

Relighility Predictions and Measurements
Quantitative predictions and measurements of
achieved reliability are computed from available
success and failure data at each major stage in the
development, manufacture, and operation of the
GL 207-45 aircraft. These calculations, when com-
bined with the quantitative requirements, provide
the basis for an overall reliability evaluation of the
aircraft and all sublevels. Measurement of achieved
reliability determines the effectiveness of the pro-
gram and identifies those areas where improvement
is necessary.

Definitions necessary for reliability measurement
are directed toward operational reliability under
actual field conditions. Failure is defined as any
malfunction which could degrade mission accom-
plishment. This conservative definition and the
ground rules established for the use of failure data
provide a broad base for total reliability evaluation.

The basic reliability measure used is mean-time-
to-failure (MTF), which is defined as the ratio of
total exposure hours to total failures. Using this
life parameter, reliability is computed by the ex-
ponential equation, with an operation time require-
ment of five hours. When data are limited at system
orsubsystem level, reliabilities are computed as a
combination of component values. A mathematical
model of system reliability, as a function of
reliabilities at successive sublevels, is derived
from an engineering design analysis. Reliability
block diagrams are used to display parallel and
series relationships at each level, and component
values are applied to the model to allow prediction
of expected reliability. During the design stage,
component failure rates are assigned on the basis
of similarity to existing equipment of known
reliability. The extensive experience data available
at Lockheed makes this approach possible, with
valid prediction results.

During early test phases, when sufficient data are
not available for true measures of MTF, alternate
prediction methods are used. These include discrete
calculations from attribute data of the ratio of
successes to total trials and calculations from vari-
able data, comparing distributions of pertinent para-
meters with specified performance limits.
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Failure Dafa Analysis

Comparison of required and predicted reliability
values identifies areas of required improvement.
Guides to corrective actions are developed through
detailed analysis of recurring failure types, failure
modes, and failure conditions. Complete historical
data are analyzed to determine failure trends and
projected future performance levels. Component
interactions and induced failures are evaluated
through analysis of collated data for complete
systems and subsystems, and environmental effects
are evaluated by comparison of data accumulated
under varied conditions.

Data analyses are facilitated by the completely
mechanized processing of data. The reliability
mechanization program developed by Lockheed in-
cludes several computer programs for complex
analyses, recurring calculations, and data summa-
ries; and further applications of computers are
possible within the present program framework.
Computer programs currently used include an
operational reliability and maintenance summary,
a how-malfunction summary, an inspection evalu-
ation program, and an actuarial analysis. Each of
these has important applications directly applicable
to the GL 207-45. The actuarial analysis is a major
analytical tool, and Lockheed has developed highly
refined applications of this technique to aircraft
reliability, largely through the C-130 data collec-
tion program.

Data analysis also provides a sound basis for di-
rection of maintenance and logistic efforts. Mainte-
nance requirements are a major consideration in
overall reliability evaluation, and the maintenance
data available for the C-130 aircraft are the most
valid source of information applicable to the
System 476L. Analysis of these data permits
development of optimum maintenance cycles, over-
haul periods,and inspection schedules. Application
of such data to the areas of spares procurement
and fly-away kit requirements can result in sub-
stantial cost reductions.

Reliability Data Center

The reliability data center is an integral section
of the reliability engineering department and is
the focal point for reliability data generated and
collected by the Georgia Division. Comprehensive
data coverage by the data center includes the
areas of materials receiving, manufacturing, testing,
and the operational use of aircraft by both military
and commercial customers. Operational data in-
clude an historical record of three years experience
with the C-130, providing complete coverage of
significant maintenance actions. In  addition,
operational data for commercial aircraft, including
jet transports, are received through reciprocal
agreements with several airlines.
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The reliability data collected by Lockheed have led
to the development of extremely proficient capa-
bilities in data processing and data analysis. A
completely mechanized program has been established
by the data center for the coding, processing,
reduction and storage of reliability data. Coding
and, processing procedures are altogether com-
patible with the provisions of AF 66-1, T.O.
00-20A-1, and T.O. 00-35D-54.

Computer programming has been integrated into
the data system to accomplish complex analyses and
summaries. An operational reliability and mainte-
nance summary is produced, permitting immediate
reliability evaluation at component level. The com-
puter actuarial analysis has extensive applications
such as establishing maintenance and overhaul cy-
cles, failure trends, and significant life characteristics.
This analytical technique, which in the past has
had only limited application, is now applied at
component level by Lockheed. Other computer
programs in use include a failure mode analysis and
an inspection evaluation; each is directly applicable
to the GL 207-45, and the framework of the
mechanization program provides for efficient ex-
pansion and sophistication of computer techniques.

The centralization of all reliability data functions
in the data center provides effective application of
feedback principles in all areas of effort for the
System 476L program. The extensive use of relia-
bility data at Lockheed is described throughout
this addendum.

Reliability Calculations

A preliminary reliability design analysis has been
performed for the GL 207-45 aircraft. This analy-
sis includes allocation of quantitative reliability
requirements to minor subsystem level based on an
initial reliability goal of 90% for the complete air-
borne system, and prediction of achieved reliability
from minor subsystem level up to complete system
level based on C-130 experience data. Numerical
examples of the methods used and actual calcu-
lations are shown for the hydraulic system.

Preliminary analyses for the GL 207-45 are based
on Lockheed definitions and ground rules. A com-
parison has been made of required and predicted
values at subsystem level to isolate those areas in
which the predicted reliability does not meet the
required level. The subsystems which are con-
sidered to be potential reliability problem areas,
as determined by this preliminary evaluation, are
itemized. Concentration of effort in these areas is
planned early in the System 476L program to en-
sure prompt upgrading of reliability to satisfactory
levels.

ORGANIZATION AND CAPABILITIES

RELIABILITY BRANCH ORGANIZATION

The Reliability Branch of the Georgia Division is the
line organization of the Director of Reliability, who
reports directly to the Vice President and General
Manager as shown in Figure 9-1. Its organizational
level of responsibility parallels that of the Engi-
neering, Manufacturing, and Finance Branches.

VICE PRESIDENT
AND
GENERAL MANAGER

[ |

CHIEF DIRECTOR OF MANUFACTURING
ENGINEER RELIABILITY MANAGER
FIELD FLIGHT RELIABILITY DIRECTOR OF
SERVICE OPERATIONS ENGINEERING QUALITY
MANAGER CHIEF PILOT MANAGER CONTROL
MATHEMATICAL RELIABILITY RELIABILITY
& STATISTICAL ENGINEERING DATA
ANALY SIS ANALYSIS CENTER

Figure 9-1—RELIABILITY BRANCH ORGANIZATION CHART.

The Reliability Branch is responsible for the de-
velopment and conduct of all reliability programs
associated with the Georgia Division’s products,
and is composed of five organizations which, to-
gether with the Engineering Branch, are responsible
for total reliability control. These organizations
are the Reliability Engineering Department, Quality
Control Division, Flight Operations Department,
Reliability Administrative Services Department,
and Field Service Department.

The effectiveness of this organization has been
impressively demonstrated in the reliability of the
C-130 aircraft. The effective integration of effort
necessary to achieve the reliability objectives is
inherent in the organizational structure. The
application of this broadly experienced organiza-
tion to the GL 207-45 program ensures high
initial reliability and accelerated improvement in
reliability.

The office of Safety and Reliability Staff Engineer
has been created within the Engineering Branch
to ensure complete integration of effort between
the Engineering and the Reliability Branches. This
office serves as Engineering spokesman on relia-
bility matters, as focal point of major interbranch
relationship, coordinates related engineering effort,
prevents duplication of effort, and ensures prompt
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and effective communication. Interbranch organi-
zational relationships are shown in the action flow
diagram in Figure 9-2.

RELIABILITY

ACTION FLOW DIAGRAM

DIRECTOR
PRELIMINARY CHIEF 1. 5 OF
DESIGN  [€ | ENGINEER RELIABILITY
CHIEF
UAL
SYSTEMS j SYSTEMS ?ONT!?T(;{L
ENGINEER
\’ENGlNgERING RELIABILITY J
FIELD
DEVTEELSOTPMENT RELIABILITY he—k NGINEERING SERVICE
J,E STAFF DEPARTMENT 1
FLIGHT
PROJECT OPERATIONS
EQUIPMENT
& STANDARDS

Figure 9-2—RELIABILITY ENGINEERING ACTION FLOW DIA-
GRAM.

Reliability Administrative Services Department
The Reliability Administrative Services Department
is responsible for budgetary and procedural control
for the branch. Its primary tasks are the coordina-
tion of procedures which are generated or revised
within the program, and the budgeting and con-
trol of the program funding. Also included are the
coordination of budgeting and the scheduling of
effort within supporting organizations. Responsi-
bility for coordination of PEP within the Reliability
Branch is also vested in this department.

Reliability Engineering Department

The Reliability Engineering Department has specific
responsibility for the development, implementation
and control of all reliability programs for the
Georgia Division and is vested with the authority
required to ensure the achievement of program
objectives. This organization presently has the
capability and experience to meet the requirements
of all current military and commercial specifi-
cations for reliability control and a proved capa-
bility to support the System 476l requirements.
The functional structure of the Reliability Engi-
neering Department provides (1) engineering
analysis, (2) mathematical and statistical analysis,
and (3) a reliability data center. It is staffed
largely by graduate engineers, personnel with
extensive experience in component design, mathe-
matical and statistical analyses, data system
development, and computer programming. Since
its inception, the department has developed a
number of advanced capabilities which provide a
well established and practical approach to the
achievement of reliability.

Reliability Engineering Analysis

This group is composed of reliability engineers
with broad technical backgrounds and with many
years of practical experience in the design and
testing of airborne equipment. All personnel are
thoroughly familiar with Government reliability
documents and are experienced in -effectuating
reliability programs. This group is responsible for
the engineering aspects of the reliability control
program.

Mathematical and Statistical Analysis

All mathematical analyses required by the System
476L program are executed by the mathematical
and statistical group; a group composed of person-
nel with extensive educational backgrounds and
experience in this specialized field plus supplemen-
tal experience in computer programming, design of
data recording procedures and forms, and design of
experiments.

Reliability Data Center

Reliability records of the Georgia Division are
centralized in this group which is responsible for
receipt, processing, programming, and reporting of
all in-plant, vendor, and operational reliability data.
The group is staffed by personnel of appropriate
educational backgrounds implemented by extensive
experience in the various aspects of data system
development and control. The equipment neces-
sary for support of the reliability control program
is located within the Reliability Engineering De-
partment. Relatedly, many computer programs
have been developed for the Georgia Division IBM
704 and 705 computers.

RELIABILITY PROGRAM

The reliability program for the Support System
476L proposal is a continuation and extension of the
existing operationally proved C-130 program ex-
panded to meet the requirements of the Statement
of Work.

The Statement of Work specifies that contractual
reliability requirements and criteria will be based
upon an effectiveness analysis which will be con-
ducted after program release under close direction
from the Air Force. Pending establishment of detail
numerical requirements and specific criteria, the pro-
gram has been developed to emphasize controls
which ensure maximum practical maintainability,
supportability, availability, and economy.

Due to the similarity of the GL 207-45 to the C-130
aircraft, maximum benefit is derived from the com-
plete historical data available on the C-130 aircraft.
This data is used extensively to guide the design.
Every effort is made to retain designs which have
proved reliable. Design effort is concentrated in
those areas where the new configuration of the air-
craft makes new system configurations necessary and
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where historical data shows design change for relia-
bility improvement is desirable. Simplification of
system configuration based on operational expe-
rience with the highly reliable C-130 is stressed.

DESIGN AND DEVELOPMENT

Primary emphasis of the reliability program for the
System 476L is centered in the area of design and
development. Every effort is made to ensure that
reliability in the design is considered in the sense of
ensuring the highest practical degree of maintain-
ability, supportability, availability and economy.
Historical data is used to support the evaluation of
these aspects and arrive at the optimum level which
will ensure maximum effectiveness of the GL 207-45

aircraft.

Design Surveillance and Support

Reliability engineers are assigned to the project at
its inception and follow the design through both
preliminary and project phases. Initial effort asso-
ciated with the design is the support of design
personnel with analyses of historical data available
in the reliability data center. The use of the avail-
able data allows comparisons to be made of the
reliability of various approaches to functional sys-
tem configuration and pinpoints individual compo-
nents in which reliability improvement is desirable.

Because of the availability of detailed records on the
C-130, system performance is well established. These
systems have been evaluated with respect to require-
ments of the System 476L. As a result of careful
consideration, the functional systems of the GL
207-45 are either very similar to or growth versions
of the successful C-130 systems. Design of these sys-
tems has matured to the point where system im-
provement is accomplished by simplification rather
than by additions and increased complexity. The
GL 207-45 system designs are well beyond the char-
acteristic improvement-by-complexity cycles which
are identified with new developments and new con-
cepts. Full effort is devoted to reliability upgrading
by standardization and simplification.

As the design progresses beyond the conceptual
point, analyses are made of individual components.
These analyses are both comparative to select the
better of two or more components and qualitative to
determine if design improvement can be made to
increase reliability. In support of these analyses,
collected historical data in reduced form are used to
pinpoint those areas where more specific and de-
tailed qualitative data are required. This supplemen-
tary information is evaluated and correlated with
the reduced data and furnished to design and project
engineers, for making decisions based upon actual
operational experience.

The collection of failure data to the extent accom-
plished with the C-130 provides a new, valuable tool
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in the hands of the design engineer, enhanced by
current data available from the airlines. Exchanges
have been made with the major airlines, and these
data are utilized in conjunction with the Lockheed
data to ensure maximum design reliability. Thus,
significant improvements are obtained in needed
areas, but the risk of resorting to components and
systems of unknown capability is reduced or elim-
inated. With this design support, the customer ob-
tains a new aircraft with a higher initial reliability
and a greater potential for development than that
normally associated with a new product.

These quantitative and qualitative data permit re-
liability engineers to support Project Engineering:
(1) by response to specific requests to Reliability
Engineering regarding a system or component and
(2) by Reliability Engineering initiated investiga-
tions which emanate from the monitoring of designs.
This previously demonstrated close tie-in between
project, staff, and reliability provides insurance of
good initial design, a team effort toward operational
evaluation for further upgrading, and tight-loop
“failure-to-fix” cycle in the event of operational
difficulties.

Reliability engineers also begin development of re-
liability block diagrams based upon the applicability
rule that all parts and components necessary for the
function of a subsystem are included. Each part is
shown in its series or parallel combination. The
block diagrams, which serve multiple purposes, are
kept up to date with the design as it develops and
provide a comprehensive picture of the system for
ready reference. Periodically, they are reproduced
and provided to the mathematical group of Reliabil-
ity Engineering for reliability requirements analyses
and reliability prediction.

Alternate configurations are statistically analyzed at
the request of project design personnel, project re-
liability engineers, or at the discretion of Reliability
Engineering. This approach offers an additional
parameter upon which to base configuration selec-
tion or a basis for configuration change to increase
reliability.

The block diagrams serve the additional purpose of
providing a schematic of the system for use in the
failure effects analyses. Since they show series and
parallel combinations of all components required to
operate the system, they provide for simplicity and
accuracy in the analyses.

As the design develops to the point where purchase
and test specifications are being prepared, a mecha-
nized report showing failure cause and aircraft age
for each failure is utilized by the reliability engi-
neers to guide the specification preparation. This
report provides background to ensure that compo-
nent and subsystem purchase specifications recognize
those problems which have previously existed and
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prevent their recurrence. The report also provides
the necessary insight to ensure that qualification,
reliability, and acceptance tests adequately explore
those conditions.
Reliability engineers assigned to the project assist in
conducting surveys of potential new suppliers to en-
sure that they have an adequate reliability organiza-
tion and program.
Subsequent to vendor selection and request for pro-
posal, reliability engineers evaluate proposed vendor
design using a point rating system. This system
recognizes not only the potential reliability of the
design, but also such aspects as the vendor’s perform-
ance, predicted component reliability, and program
adequacy. Past performance in correcting inade-
quacies, and the proposed test procedures and tech-
niques of the vendor are also evaluated by this
system. These evaluations and similar point ratings
made by project design engineers are given full con-
sideration in vendor selection. Subsequent to vendor
selection, reliability engineers monitor vendor prod-
ucts in the pre-production and production conform-
ance evaluations.

All Lockheed conducted tests including development,
qualification, acceptance, and system and component
reliability are monitored by reliability engineers. In
addition to participation in the preparation of test
outlines and requirements, reliability engineers eval-
uate early test results and expedite necessary cor-
rective action.

During production phases of the program, accept-
ance and manufacturing records are constantly moni-
tored to detect problem areas and to effect early
corrective action through design change, changes in
skill levels, tooling changes, or through other means.
Of particular importance is the change to procedures
and requirements as a preventive measure to avoid
recurrence of similar problems. An important part of
the production surveillance is the participation in
the teardown and analysis of malfunctioning com-
ponents. Data resulting from teardown evaluations
are supplied to Project Engineering and to vendors so
that product improvement is continuing and timely.
Subsequent to the delivery of the aircraft to the
customer, reliability engineers participate in analysis
of malfunction and failure data received from the
field. Results of these analyses are also submitted to
the project and to vendors to ensure prompt cor-
rective action, eliminating potential problem areas as
early as possible.

Reliability engineers on the project also have the
responsibility of furnishing the project support in the
form of analyses, actuarial studies, relability
achievement graphs and reports, and such other
documentation as may be needed in contacts with
the Air Force.

These engineers support Staff Engineering and proj-
ect design personnel with analyses of historical data
for maintenance design. These data disclose those
components or system elements requiring special
maintainability considerations, such as optimum, ac-
cessibility, frequent servicing requirements, more
frequent inspections or protection from environ-
mental conditions. The GIL. 207-45 has a distinct
advantage in that complete operational and mainte-
nance data on its predecessor, the C-130 aircraft,
are available to the design engineer. The availability
to the designer of scheduled and unscheduled main-
tenance actions for every component and system,
manhours required, how malfunction information,
action taken data, etc., permits a more complete and
thorough approach to maximum reliability with
minimum maintenance.

Maximum use is made of historical data in design
trade-offs. Since replacement, repair, mission abort
records, and other information are available to the
designer, appropriate consideration is given to initial
cost, spares support requirements, aircraft availability
and utilization, total maintenance cost, and other
items which warrant evaluation.

The reliability program emphasizes consideration of
the effect of the human factor on reliability through-
out the life of the system. In the design, every pos-
sible precaution is taken to ensure that human ac-
tions required are normal and well within the
capability of the average person. Maintenance de-
sign recognizes not only the needs of the system
hardware and maintenance requirements but also
the inherent shortcomings of maintenance personnel.
Adequate training is provided to ensure that manu-
facturing, maintenance and operating personnel are
made fully aware of their contribution to product
reliability.

Adequate consideration is given to trade-offs
throughout the life of the system. In the design, care-
ful analysis of performance versus reliability re-
quirements is made. Minor increases in performance
at the expense of unwarranted complexity are avoid-
ed. Historical information allows design factors to
be weighed in the light of factual data and provides
clear insight into the cost of unnecessary complexity
to achieve minor improvements.

Major trade-offs are considered in the effectiveness
analysis where all factors are carefully weighed to
provide an optimum balance of each factor and
maximum system effectiveness. Particular emphasis
is placed on the utilization of those advanced tech-
niques developed by the Georgia Division to reduce
overall cost of achieving a high-level reliability.

Statistical trade-offs are also made during program
monitoring and in each potential problem area, the
most economical corrective action is taken which
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will achieve the statistical result necessary. If the
state-of-the-art prevents economical corrective action
on a particular component, and economic corrective
action can be taken on other components which will
permit the subsystem to meet its requirements, that
course will be followed.

Reliability Test Program

The Reliability Engineering Department monitors
all phases of all test programs conducted by Engi-
neering from initial research and development
through flight testing of the complete aircraft. Re-
liability engineers assist in the preparation of test
documents to ensure that maximum useful reliability
data are obtained. In a time-phased development
program, components and systems are continually
re-evaluated as a result of data derived from early
testing. Analyses of all test failures and recommen-
dations for corrective action are made by Reliability
Engineering.

Test specifications for each component, subsystem
and system are established early in the reliability
program based on the analysis of the complete air-
craft, fully utilizing C-130 historical data. These
specifications define the test phases, reliability param-
eters, environmental conditions to be simulated,
number of units to be tested, and the endurance
cycles necessary. In the initial development stage of
the test specifications, statistical and engineering
analyses of all reliability factors are used to establish
reliability boundaries for each system, subsystem and
component. Simultaneous analysis determines the
performance capabilities that must be proved by test
to assure reliable performance.

Development Testing

Prior to qualification testing, all items incorporat-
ing fresh concepts or design criteria previously un-
used by Lockheed, undergo a design evaluation
period.

The vendor’s first article, usually an early production
prototype, is subjected to an Engineering First Article
Evaluation. Reliability Engineering closely monitors
all test procedures and results to ensure required
feedback. Requirements are compared with test re-
sults. If similar system requirements are applicable
on C-130, field failure history is studied. On the
basis of this evaluation, corrective action is recom-
mended as required.

Functional system mock-up design is normally
started at the time of contract go-ahead and com-
pleted by the time of 90% functional release. Fabri-
cation of the mock-up starts two to three months
prior to 90% functional release and checkout of the
mock-up is accomplished immediately subsequent
to fabrication. Reliability Engineering reviews
mock-up installations with laboratory personnel to
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ensure that adequate allowance has been made for
reliability testing. Subsequent system tests are care-
fully monitored to assure early assimilation of re-
liability data at system, subsystem and component
levels.

Individual mock-ups of critical systems and subsys-
tems are made where environmental system testing is
considered desirable. These mock-ups, which are con-
structed using actual production components, simu-
late the aircraft systems, but are made more compact
to facilitate testing in the various environmental
chambers. Precautions are taken to maintain proper
system relationships.

Reliability Engineering assists in obtaining close
correlation between test and predicted environments.
Simulated flight conditions are duplicated as nearly
as is practical. Data derived from simulated system
environmental tests are compared with the results ob-
tained from tests conducted on the major mock-ups,
under plant ambient conditions, to determine
environmental influences.

Qualification Testing

The use of unproved components is held to an abso-
lute minimum. Historical data are used to determine
components which have demonstrated high reliabil-
ities in C-130 applications. Those items which have
proved reliable are retained where possible.

Where new requirements dictate the use of compo-
nents which have no background of historical data,
GL 207-45 components are chosen from standard
or off-the-shelf items. When this choice involves the
use of qualified products lists, it must be established
that the item chosen has been environmentally
tested at the required level.

These procedures have the effect of reducing the
number of new and unproved items required, thus
reducing the necessary qualification testing.

When qualification testing is required, specification
documents defining all technical requirements are
prepared. These documents include reliability input
to substantiate adequacy and severity of environ-
mental, proof, and pressure tests. The qualification
test and production item conformance test phases are
also evaluated to assure proper reliability coverage.
Additional reliability tests, complete with all details
such as number of test items, severity and endurance
of tests are recommended in the specification docu-
ment.

The vendor qualification test procedure is thoroughly
reviewed and compared with qualification test re-
quirements of the specification document. Reliability
assists Engineering in determining whether qualifi-
cation testing should be accomplished inplant, at the
vendor location, or at a certified test laboratory. If
tests are conducted outside the plant, they are moni-
tored by Lockheed.
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Vendor test procedures are alsc examined closely as
to reliability aspects when approval of a new item
similar to a previously qualified item is being con-
sidered. Special attention is given to vendor reliabil-
ity test data, severity of environmental testing, and
actual operating conditions when comparing the
new item with the one previously qualified. Only
where the validity of the comparison is beyond ques-
tion is qualification testing of the new component
waived.

Qualification tests performed by vendors are moni-
tored by Lockheed representatives, who also inspect
the test set-ups prior to testing. These representatives
also collect additional information required to sup-
plement normal flow of feedback data supplied by
the vendor. Qualification tests which are conducted
inplant, including the design of test set-ups and test
procedures, are monitored by reliability engineers.

Test results are evaluated and compared with pre-
dicted reliabilities. If potential degradation of relia-
bility is involved, corrective action is recommended
and reviewed with Engineering and decisions made
regarding the extent of further testing required on
the modified component.

At the completion of qualification testing conducted
outside the plant, components are normally returned
to the Georgia Division for detailed inspection and
evaluation. Further testing may be conducted on any
components whose reliability status is questionable.

Reliability Testing

The participation, by reliability engineering, in the
initial stages of the testing program enables reliabil-
ity evaluations to commence at an early stage in the
development of the GL 207-45.

While the importance of qualification tests at com-
ponent level is fully recognized, extensive system and
subsystem testing is planned, under simulated flight
conditions. Emphasis on system testing is based on
past experience at the Georgia Division, where
problems concerned with interactions between com-
ponents and transient effects on various subsystems
have been successfully overcome by this method.

Additional functional endurance tests in subsystems
or systems are used to extend operating time on
components and systems to establish failure rates.

The test stands or mock-ups of the hydraulic systems
and flying controls include a reliability record panel
which has elapsed time meters and counters for re-
cording time and cycles of operation of all major
components. Records for minor components are
determined by reference to the recording instru-
ments of a major component in the same system. All
reports include operational time and number of cy-
cles of operation, which information is recorded in
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the reliability data center for use during reliability
engineering evaluation.

Where qualification and development testing shows
a system or subsystem to be marginally reliable, spe-
cial tests are prepared by reliability engineering in
conjunction with Project engineering. The reliabil-
ity engineer evaluates the test log data to detect
areas of performance degradation, and locates units
that may have had intermittent or incipient failures.
Failed or malfunctioning units receive detailed in-
spection and corrective action. Modified units are
functionally retested in the system with increased
stress limits imposed in the critical area to determine
that corrective action is effective.

Since the validity of actual operational data is
superior to all forms of test data, the reliability test
program is reorientated after the scheduled delivery
of the 10th production aircraft. At this stage, the
field failure data is fed back to the reliability data
center and analyzed to help determine the pattern of
further testing.

Design Reliability Evaluation

Analyses are conducted to evaluate each system
solely from a reliability standpoint both during de-
sign and as designs are completed. Particular atten-
tion is given to flight safety items and items whose
failure would result in serious degradation of mission
accomplishment. Attention is also emphasized in
those systems having a preliminary reliability less
than that established by Lockheed as necessary to
achieve the desired level of mission accomplishment.

These evaluations are conducted jointly by the engi-
neering and statistical analysis groups, together with
support from the data center. A system is broken
down into its principal components and failure rates
are assigned on the basis of historical records. Both
military and airline records are utilized, with adjust-
ments made for significant differences in operational
environments or usages. Where data are not avail-
able on a completely new or radically different
component, failure rates are assigned on the basis of
state-of-the-art experience.

When the initial design is completed, a combined
engineering and mathematical analysis is performed
to develop a mathematical model which describes
the functional relationships of the components and
subsystems within the complete system. This model
consists of mathematical probability equations which
express subsystem reliability as the proper combina-
tion of component reliabilities. Component and sub-
system failure rates are then computed from avail-
able failure data and substituted into the probabil-
ity equations to give reliability predictions at com-
ponent, subsystem, and system levels.

During the development stage, test data which be-
comes available on new GL 207-45 items are
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employed as supplementary information to evaluate
and modify prediction figures based on C-130 data
and other sources. As test data accumulate, emphasis
in predicting is transferred to that data source for
new and different items. Test data, however, never
give as high a confidence level as operational exper-
ience data and are used only as a supplementary
source in areas where experience data are available.
Upon completion of system block diagrams, func-
tional analyses are made to determine those areas
which contribute most significantly to reliability
degradation. Methods to upgrade reliability are then
investigated jointly by Reliability and Engineering,
and steps are taken to ensure timely improvement.
Reliability coordinates with Engineering in the re-
view of proposed designs submitted by component
suppliers prior to manufacturing go-ahead. Use is
made of historical data, both from a standpoint of
similar component operational shortcomings and the
supplier’s previous record. Here again, the strong
similarity between the GL 207-45 and C-130 systems
is of particular value.

VENDOR AND SUBCONTRACTOR RELIABILITY
CONTROL

The Georgia Division has in existence a vendor and
subcontractor reliability control program fully capa-
ble of meeting System 4761 requirements. These
requirements will be accomplished to the maximum
practical extent as determined by the effectiveness
analysis. The supplier reliability program emphasizes
controls in the selection, monitoring, training, and
performance evaluation of vendors and subcon-
tractors to ensure reliability achievement commen-
surate with requirements.

Specification Control

Historical data are used extensively to ensure that all
specification documents provide adequate considera-
tion of reliability. These data define those areas
where experience has shown that inadequate atten-
tion has been given in the past. From modes of
failure of previous equipment, it is possible to
determine where environmental conditions have been
inadequately recognized, where insufficient safety
margins have been provided, and where performance
characteristics have been marginal. It is then possible
to ensure that purchase specifications for a similar
type of equipment adequately recognize these condi-
tions, preventing recurrence of undesirable char-
acteristics while retaining desirable characteristics.
Test specifications also incorporate the benefit of
past experience since knowledge of past equipment
inadequacies permits thorough exploration of capa-
bility in these areas during the test program. Vendor
test programs are carefully inspected for specification
conformity.

The vendor is furnished with all pertinent informa-
tion establishing the requirement for his component,
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the subsystem of which it is a part and the environ-
ments and performance conditions which it must
meet, thus allowing him to analyze his equipment
realistically.

Vendor and Subcontractor Selection

Vendors, subcontractor and associate contractors are
carefully selected. Design surveillance is the initial
process in this selection since every endeavor is made
during the initial design to select components with a
demonstrated reliability achievement or components
of a type known to be reliable. Reliability perform-
ance of components of new design configuration
can be predicted by breaking the design down into
its individual functions on which past experience
exists.

Subsequent to design selections, proposals are re-
quested from vendors included in the approved
supplier directory, a Lockheed interdivisional listing
of those suppliers who have been individually sur-
veyed and found to have adequate facilities, controls,
financial ratings, and performance. If a new vendor
is to be considered, his capability is surveyed prior to
request for proposal. Reliability control capability
and corrective action policy are included in the sur-
vey criteria.

Proposals submitted by vendors are carefully evalu-
ated by Engincering from a performance capability
standpoint and by Reliability Engineering from a
reliability standpoint. An individual point rating is
made by each of these organizations using historical
data as applicable to evaluate the various factors.
The relative point rating of the individual proposals
indicates the order of preference from a technical
standpoint and is given full consideration in the final
vendor selection. Final selection is based upon the
evaluation of the technical aspects of acceptable pro-
posals in comparison to other factors.

Vendor and Subcontractor Monitoring
Subsequent to the selection of a vendor,all aspects of
his performance of contractual requirements are
carefully monitored by the Reliability Branch. These
include his design, manufacturing controls, test pro-
grams, test equipment, and test results. Complete
reports of test findings showing failures and their
causes and results, in addition to success data, are
transmitted to the reliability data center.

The need for a suitable training program as a part of
a vendor’s reliability program is emphasized and
assistance in its development is made available.

Performance Evaluation

The performance of vendors and subcontractors is
continuously monitored and evaluated. Engineering
first article evaluation, production first article evalua-
tion, acceptance tests, and production tests are a part
of this evaluation. Additional means of evaluating
vendor performance are records of incoming quality

page 9-11




and inplant performance which are maintained in
the data center as explained elsewhere. A more sig-
nificant evaluation of vendor performance is ob-
tained from the performance of his products in
design development and reliability testing accom-
plished at the system level and performance of his
products in the field.

Corrective Action

Vendors and subcontractors are advised of the per-
formance of their products as early as possible in
each phase of evaluation. If the incoming quality of
his products deviates from established values, he is
immediately informed and his corrective action
monitored. Product inadequacies discovered in any
phase of the tests are immediately called to his atten-
tion and mutually agreeable corrective action is
undertaken. Analyses of malfunctions and failures
occurring inplant are made wherever possible with
the vendor’s assistance, or if not practical, the results
of such analyses are immediately furnished to the
vendor for corrective action.

An operational history of vendor components is
developed and the continuous analysis of component
performance permits a comparison of capabilities
under operating versus test conditions. Reliability
engineers are assigned to cover category testing and
also to cover operational bases, thus permitting early
detailed analyses of equipment discrepancies and
prompt corrective action. The use of actuarial
analyses permits accurate prediction of component
inadequacies far in advance of using normal mean-
time-to-failure techniques. The combined use of
actuarial analysis and teardown analysis in the field
permits positive corrective action to be taken in a
timely manner and resulting effectiveness to be
promptly determined.

The continuous analysis of operational data ensures
that all inadequacies are defined and that the vendors
and subcontractors are promptly made aware of
performance trends to enable suitable action.

MANUFACTURING RELIABILITY CONTROL
Production Reliability

In addition to the standard quality assurance effort,
an inplant reliability control program of the pre-
ventive type is conducted to assure minimum degra-
dation of reliability during manufacture. This
program to identify and correct potential problem
areas is a cooperative effort of Reliability Engineer-
ing, Quality Assurance, and Manufacturing.

The basis of this inplant control program is the
establishment of quantitative quality goals as a
yardstick for manufacturing quality performance.
Corrective action is initiated when the goals are not
achieved. Reliability Engineering personnel collabo-
rate with Quality Assurance and Manufacturing
management personnel in establishing quality goals,

volume 4

i

initially based on past experience and industry stand-
ards. Manufacturing personnel are indoctrinated in
the concepts involved and the procedures required
for application of the program as a manufacturing
improvement device.

A continuous system for the collection of inplant
discrepancies is maintained to measure achievement
against these goals. All discrepancy reports are coded
processed and integrated into the data system by the
reliability data center. Incoming data are introduced
into the data system daily and mechanized computa-
tions are made weekly to determine current achieved
quality levels by component and area of responsi-
bility.

Detailed analyses of in-plant discrepancy data are
made by Reliability Engineering to identify opera-
tions or processes that have repeated discrepancies.
When these analyses are completed, the results are
provided to the Quality Control Standards Depart-
ment. This department then conducts necessary qual-
ity enginecring capability studies, along with
guidelines indicated by the analytic results, to pin-
point the problem areas and discrepancy causes.
Based upon these studies, recommendations are made
for specific corrective action, such as process change,
tooling correction or special training requirements.
If the state-of-the-art for production of a particular
component appears to be such that corrective action
cannot readily be effected, Project Engineering is
called upon to make an engineering change.

All corrective actions are reviewed by Reliability
Engineering and Quality Assurance to ensure that
such actions have been effective. If recurring dis-
crepancies and adverse trends indicate that the rec-
ommended changes did not achieve the desired
result, further attention is concentrated in the defi-
cient area.

Data analysis also permits an evaluation of quality
control effectiveness. This is accomplished through
comparison of achieved incoming quality levels
with average outgoing quality levels for each inspec-
tion point. The average outgoing quality levels are
computed on the basis of the number of discrepancies
discovered after the applicable quality control in-
spection has been accomplished.

Where such comparison indicates an excessive out-
going level, quality control personnel are alerted to
the condition and additional personnel are assigned,
techniques are revised and, if needed, special training
initiated.

To further ensure maintenance of high standards of
performance among quality control personnel, a
skills inventory is maintained. This inventory uses
IBM cards punched with coded information concern-
ing an individual’s experience, training and other
special qualifications. Periodic review of the skills
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inventory ensures that all personnel have been ap-
propriately qualified for the job they are performing.
This inventory also enables job assignments to be
made with assurance that the individuals assigned to
jobs are qualified to perform at a satisfactory level.

Manufacturing Testing

During the production stage of the aircraft, Reliabil-
ity Engineering participation in testing is concen-
trated in the areas of manufacturing acceptance
tests, production tests, and flight tests.

Manufacturing Acceptance Testing
Manufacturing acceptance testing phase consists of
production item conformity investigation and
follow-on acceptance testing.

After successfully passing all qualification tests, the
vendor submits one of his early production articles
for conformity investigation. In addition, he sup-
plies copies of the vendor first production article
conformance inspection report to substantiate his
conformance to Lockheed requirements. A conform-
ity investigation committee is responsible for con-
ducting the complete investigation. This committee
consists of representatives of quality control, affected
test lab, project engineering, equipment and stand-
ards, planning, and reliability engineering.

The first run test is performed with the committee
present after the article is first visually and dimen-
sionally checked against speeification documents.
The preliminary manufacturing functional test pro-
cedure is checked carefully to ensure that the test
fulfills the intent of the functional test requirement
and that the test equipment is adequate. The written
test procedure at this stage is a flexible document and
changes are made as necessary-throughout the first
run.

Test data are maintained in log form and success or
failure reports are fed back to the reliability data
center where comparisons are made with data on
previously used similar components. Changes are
made as necessary to test procedures to more realis-
tically and adequately simulate operational require-
ments. In the event of a component failure during
the first run, the component is disassembled and a
dimensional comparison is made against vendor
blueprints with corrective action taken by the vendor
as required. The manufacturing functional test
procedure is then written in final form, incorporating
all changes.

Acceptance Testing

Following satisfactory demonstration on production
item conformity investigation, sample acceptance
testing is conducted on each delivered lot. Required
sample size is determined statistically by the Quality
Control organization and reviewed by Reliability
Engineering.

The manufacturing functional test procedure is fol-
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Jowed strictly in all acceptance tests. Reliability
Engineering is notified if any failures or performance
weaknesses are encountered. In the event of an indi-
cation of reliability degradation or a deviation of
production units from acceptable standards, the ven-
dor is contacted and requested to institute immediate
corrective action. If any one of the production
samples tested fails to pass the acceptance tests, the
entire lot is suspect, an increased number of samples
is tested, and further failures may result in the
rejection of the entire lot.

Reliability Engineering maintains a suspense file
on all current surveillance items. Periodic review
and follow-up investigations ensure continuous
long-range reliability upgrading on production items.

Production Testing

Production testing is very similar to the previously
discussed acceptance testing. However, it is con-
ducted at system level rather than at the component
level. It is performed on the flight line on production
aircraft to the requirements of a system manufactur-
ing functional test procedure.

Reliability Engineering reviews these test procedures
to establish adequate performance investigation cri-
teria. The first run is again monitored and the test
procedure revised as necessary to assure practical
follow-on testing and feedback of success or failure
data to the reliability data center. Here complete
failure histories at the system level are maintained
and reliability trends are constantly under surveil-
lance. As failures which may affect production sys-
tem reliability are discovered, corrective action is
taken immediately.

Flight Test

The flight test phase is the initial proving ground
which permits preliminary evaluation of achieved
reliability of the production aircraft. All systems
simulated on functional mock-up are tested under
actual flight conditions. In addition, systems such as
the pressurization system which can be completely
tested only in their operational environment are
thoroughly evaluated for conformance to their re-
quirements. Functional reliability testing is con-
ducted on all systems in conjunction with the
airworthiness evaluations scheduled early in Cate-
gory I testing.

Reliability environments are checked in all systems
by means of thermocouples, accelerometers, pres-
sure gages, and other necessarily specialized instru-
mentation. The flight test instrumentation group
assists Reliability Engineering by ensuring required
data can be collected. Copies of all flight test failure
data down to the component level are transmitted
directly to the reliability data center.

Evaluation
Reliability calculations using data obtained from
tests of production articles verify that manufactur-
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ing processes and methods do not unduly degrade the
inherent design reliability. Such tests include qualifi-
cation tests, reliability tests, simulated flight tests,
and production and quality control functional
acceptance tests. Particular emphasis is placed on the
data obtained through the extensive flight test pro-
gram conducted with the first production aircraft.
Testing of production articles is necessarily limited
by economic considerations, and while sample sizes
and test durations often do not provide sufficient
data for valid reliability measurements, they do per-
mit detection of any sharp deviations in reliability
from that obtained during the development phase.
Previously computed values are weighed in the light
of such data and modified as necessary.

Training

Reliability training is conducted for all levels of
personnel with lectures on reliability concepts an
integral part of training. In management, engineer-
ing, and shop skills programs, the importance of re-
liability and the role of the individual in achieving
reliability are emphasized. The total reliability effort
of Lockheed is explained, with discussion of the re-
liability program and the techniques and procedures
necessary for its accomplishment. The contribution
of each employee to end-product reliability is pre-
sented along with training in his special area of
responsibility.

In addition to the standard training programs with
their emphasis on reliability, representative individ-
uvals closely associated with the reliability program
receive individual training in the Reliability Engi-
neering Department. This individual training covers
all the general concepts and techniques with detailed
explanations tailored to his needs. The manner in
which the reliability program can assist him in his
job and how he can contribute to the reliability pro-
gram are discussed thoroughly.

Lockheed is prepared to provide assistance and guid-
ance for vendor personnel in the planning of train-
ing programs in the control of reliability.

OPERATIONAL USE

In compliance with the requirements of the State-
ment of Work and the requirements of
MIL-R-26674, a measurement of achieved reliability
in the operational phases will be provided. A con-
tinuous program of field surveillance, data feedback,
operational analysis, and corrective action investiga-
tion is now in use on C-130 programs. Preparation
for the reliability program begins in the design,
manufacturing, and Category I flight test stages.
Experience and technical knowledge gained during
these stages directs attention to problem areas and
provides maximum benefits from post-delivery per-
formance data.

Field Surveillance and Data Feedback
Reliability engineers are assigned at operational sites
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to obtain success and failure data necessary to evalu-
ate performance and initiate corrective action. In
addition to the personal observations of operational
usage, these engineers are responsible for the collec-
tion of maintenance data for submittal to the relia-
bility data center for machine processing. To
minimize data collection costs and to attain maxi-
mum coverage of operational data, standard Air
Force maintenance records are reproduced. Over
three years experience in the collection of all main-
tenance data on C-130 aircraft has proved that the
reproduction of such records is a practical, successful
method of field data collection.

In addition to the collection of the Form 26 and 781
maintenance records, detailed Lockheed service trou-
ble reports (STR) are prepared when unusual, flight
safety, or recurring serious failures occur. These re-
ports contain detailed information concerning the
conditions of failure, suspected failure causes, and
recommended corrective action. These data are im-
mediately coded and processed so that updated per-
formance trends and failure information are readily
available.

The monitoring of customer accelerated flight test
programs provides advance information on opera-
tional trends and provides advance warning of areas
requiring investigation and possible reliability up-
grading. These data are compared with available his-
torical data on C-130, DC-8, -707, and CV-880 air-
craft, and suspected areas are highlighted in subse-
quent operational monitoring.

Teardown Program

Experience has shown that in spite of the valuable
information derived from normal field maintenance
records, additional information is often necessary—
such as specific details of failure causes. Earlier data
collection programs are primarily quantitative in
nature and provide information necessary to ascer-
tain whether or not performance is satisfactory, and
establish trends in some areas. However, in many
instances such data provide insufficient basis for con-
structive corrective action. The normal maintenance
records do not always reflect enough information to
provide the level of follow-through visualized in the
forward looking reliability program proposed for
System 476L. Consequently, additional failure data
is required.

Reliability field representatives, whose sole responsi-
bility is reliability improvements, provide necessary
supplementary information. These representatives
are assigned to observe on-site functional equipment
teardowns and failure analyses and to submit results
of such teardowns to the reliability data center. After
a teardown analysis, each piece of equipment is re-
turned to its pre-teardown condition and processed
through normal Air Force channels. If desired, a
copy of the report can accompany the discrepant
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items. In the event that field teardown reveals that
additional analysis is necessary, the extensive facili-
ties of Lockheed are available. When advisable, ar-
rangements are made to have the part shipped into
the Lockheed engineering research laboratory for
evaluation.

The field reliability engineer is in an excellent posi-
tion to investigate failures of related components and
evaluate them from a standpoint of induced failures.
When analysis at the data center indicates any such
suspect condition, field reliability engineers for
on-site investigation assist in rapid and effective cor-
rective action. The savings from early recognition of
induced failures are actually compounded. An error
in design change would delay effective corrective ac-
tion until after completion of design change, field
incorporation, and sufficient operational use to
recognize that the problem continues. Thus, valid
data feedback is not only valuable in assessing the
cause of failure, but provides the means to ensure
that improvements have actually been achieved.

Failure Analysis

Evaluation of operational data is systematic. There
are certain fundamental concepts followed in each
evaluation; however, each evaluation is flexible and
takes into consideration all known operational con-
ditions and related component effects.

Analyses may be divided into any number of cate-
gories, such as:

High failure rate investigation

Time change span determination
Component modification evaluation
Vendor evaluation

New equipment evaluation

New model configuration study
Sequential evaluation of system failures

In such analyses, evaluation is accomplished with
the support of printouts of reduced data. All avail-
able tools of evaluation are used, including failure
summaries, trends, actuarials, and other modes of
data assembly.

Maximum use is made of comparison techniques,
such as field versus production versus qualification
test failure data. Where two vendors are used, failure
rates and causes for each product are compared and
evaluated. Where component configuration modifi-
cations have been made, early versus late configura-
tion failure rates are compared.

Particular attention is given to induced failures. One
faulty component can have a substantial effect on
performance of other components; similarly, im-
provement of a discrepant item can improve opera-
tion of other units by an even greater margin.
Complete system analysis is conducted to ensure that
corrective action is taken on the proper unit.
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Examples of failure analyses are shown in Figures
9-3 thru 9-8. On each figure, a brief statement of
object and findings is shown. Each of these analyses
was initiated in connection with reliability upgrading
on C-130 aircraft.
C-1308 A,C. GENERATOR ACTUARIAL STUDY
OBJECT:
INVESTIGATE REPORTED C-130B GENERATOR
INFANT FAILURE PATTERN.

FINDINGS:
1. INFANT FAILURE PATTERN DOES NOT EXIST
2. WEARQOUT - PROBABLY BRUSHES - CAUSES
ABNORMAL FAILURES AFTER 400 HOURS.
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Figure 9-3—C-130B AC GENERATOR ACTUARIAL STUDY.

OBJECT:  DETERMINE POTENTIAL OF BRUSHLESS GENERATORS,

FINDINGS: OPERATIONAL PERFORMANCE 1S SUBSTANTIALLY BETTER
THAN FOR CONVENTIONAL GENERATORS.

SUMMARY
AIRCRAFT AVERAGE FLIGHT HOURS
TYPE AND TOTAL PER
GENERATOR USAGE FLIGHT HOURS UNSCHEDULED REPLACEMENT
BRUSHLESS AIRLINE B-707 228,162 1,988
BRUSH AIRLINE DC-8 59,287 1,198
BRUSH MILITARY C-130 179, 147 781

Figure 9-4-—BRUSHLESS GENERATOR INVESTIGATION.

Figure 9-9 shows the close correlation of the failure
pattern of electronic equipment in two models of
aircraft, the F-100 and the C-130. One curve is the
failure pattern of the ARC-34 transmitter-receiver
unit as obtained by ARINC on a special study con-
tract for the F-100. The other curve is derived from
the Lockheed data and shows the failure pattern for
the ARC-34 installed on C-130 aircraft. The failure
patterns are surprisingly similar. The fact that studies
with such high validity can be conducted for all
components of a complete weapon system on a rou-
tine basis, without need for special data collection
contracts, is of particular importance to the System
476L program.
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OBJECT:

FINDINGS: PERFORMANCE TO DATE IS SUBSTANTIALLY |

DETERMINE PERFORMANCE OF PARTIALLY
TRANSISTORIZED COLLINS 101 TRANSMITTER

BETTER THAN FOR THE ARC-49 TRANSMITTER

N | AN/ARC-49 T-452 VHF TRANSMITTER
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Figure 9-5—ACTUARIAL HISTORY OF TWO VHF TRANSMITTERS ON C-130 AIRCRAFT.
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/ DETERMINE PERFORMANCE IMPROVEMENT
OF PARTIALLY TRANSISTORIZED

>
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// COLLINS 101 RECEIVER,

FINDINGS:
PERFORMANCE TO DATE IS SUBSTANTIALLY

BETTER THAN FOR THE ARC-49 RECEIVER.
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Figure 9-6—ACTUARIAL HISTORY OF TWO VHF RECEIVERS ON C-130 AIRCRAFT.

A mechanized actuarial for the ARC-34 transmitter-
receiver described above is shown in Figure 9-10. The
high infant failure pattern is characteristic of that
found in virtually all electronic equipment using
vacuum tubes and not specifically designed for high
reliability.

The need for performance measurement was indi-
cated early in the Lockheed reliability program. For
example, a mean-time-to-failure of 500 hours may
be good for one type of item, but extremely poor for
another. Likewise, a mean-time-to-failure of 500
hours may be good for an entire system, but ex-
tremely poor for a component of a system. Recogniz-
ing the need for additional data and the recent

availability of commercial aircraft records, failure
data are now being exchanged with leading airlines.
Figure 9-11, an excerpt taken from a recent Military-
Airline Failure Data Comparison compiled by the
reliability data center, reflects the type of summary
data provided to staff and project engineers to assist
in evaluating component and system operational per-
formance. Upon specific request, Reliability Engi-
neering conducts more detailed studies to provide
additional information on failure causes, failure
trends, or other related data in support of design
considerations. Technical data exchanges with all
major airlines are an integral part of the Lockheed
reliability program.
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% FAILURES
OF EXPOSURES

CARGO COMPARTMENT ___}——"—7
SMOOTH FAILURE RATE

OBJECT:

INVESTIGATE FAILURE PATTERN OF COOLING TURBINE
FINDINGS:

. HIGH INFANT FAILURE PATTERN

12 772, EXT OF TIME-CHG PT FROM 450 TO 600 HRS WAS JUSTIFIED,
3. EXT OF TIME-CHG PT TO 1,000 HRS WOULD BE BENEFICIAL,
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Figure 9-7—-COOLING TURBINE ACTUARIAL CHART.

FAILURE HISTORY OF A.C.
GENERATOR CONTROL PANEL
OBJECT:
COMPARE CONTROL PANEL PERFORMANCE
RESULTING FROM REGULATOR CHANGE.

FINDINGS:
INDUCED FAILURES IN THE CONTROL
PANEL WERE SUBSTANTIALLY REDUCED
BY REGULATOR CHANGE.
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Figure 9-8—FAILURE HISTORY OF AC GENERATOR CONTROL
PANEL.

Measurement and Evaluation of Achieved Re-
liability

Measurement and evaluation of achieved reliability
is provided through the use of field failure data
which allow high confidence level calculations for
actual operating conditions and sufficient exposure
time. Specific calendar-time points after the delivery
of the first operational aircraft are established for
measurement and evaluation of operational
reliability.

Reliability measurement is made from the field data
obtained through the feedback system. Such data in-
cludes all pertinent aircraft success and failure data
for computing overall quantitative reliability. Since
failures are assigned to specific cause items, reliabil-
ity measurement is possible at each level of break-
down, including systems, subsystems, and major
components. Achieved reliability is then computed at
each level.
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OBJECT: COMPARE ARC—-34 RELIABILITY
DATA FROM TWO SOURCES,
FINDINGS: LOCKHEED AND ARINC FIELD

DATA COMPARE VERY
FAVORABLY,
DATA SOURCES: F-100 ARINC SPECIAL RELIABILITY
STUDY CONTRACT, GEORGE AR

130} L | FORCE BASE, 1955 - 1959
. C-130 LOCKHEED RELIABILITY
20 DATA CENTER
110 F-100
100 /
N\ /

\ 7
80 / /<,,
: 3 7
& / C~130

50
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JAN  FEB MAR APR MAY JUNE JULY AUG
1959
Figure 9-9--ARC-34 UHF RADIO TRANSMITTER.
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Figure 9-10—ARC-34 ACTUARIAL CHART.

Achieved reliability is compared with the quantita-
tive reliability goals established for operational use.
Discrepant areas are detected by comparison at sys-
tem and subsystem level. Further detailed analyses
are conducted in the discrepant areas to determine
the degree of reliability improvement required and to
establish improvement action. Actuarial studies are
used to examine failure trends and critical age points.
Statistical analyses of failure types, times of failure,
and similar field information provide indications of
necessary action. Examination of the extensive his-
torical data for similar or identical C-130 items also
provides information as to possible improvement
action. Valuable sources of information at this stage
are the detailed data obtained from field teardown
programs, which allow both quantitative and quali-
tative examination of specific failure causes and the
circumstances surrounding the incidents.

When the reliability goal is achieved, field failure
data continues as the basis of a continuing surveil-
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UNIT UNSCHEDULEDREPL, PER 1,000 FLT. HRS.

LAC UNITS NO. DC-8 B-707
5 DIGIT PER UNSCHED., C-130A C-1308 AIRLINE A AIRLINE B AIRLINE B
CODE A.C./ARLINE NOMENCLATURE AIRCRAFT REPL. (30 MOS.) (12 MOS.) 1960 (6 MOS,) 1959 (12 MOS.) 1960 (6 MOS.)
51342 C~130A OIL TEMP, BULB 4 54 .080
C-1308 OIL TEMP, BULB 4 § .087
AJRLINE A
AIRLINE B TEMPERATURE BULB, OIL SYSTEM 4 9/8 Rt .068
51343 C-130A Ol QUANTITY TRANSMITTER 4 132 195
C~1308 Ot QUANTITY TRANSMITTER 4 46 798
AIRLINE A
AIRLINE B QUANTITY TANK UNIT 4 18/23 .232 .813
51344 C-130A OIL QUANTITY INDICATOR 4 48 071
C~1308 OIL QUANTITY INDICATOR 4 5 087
AIRLINE A INDICATOR OfL QUANTITY 4 37 463
AIRLINE B QUANTITY INDICATOR 4 72/78 755 .534
51347 C~130A OIL PRESS. TRANSMITTER ENG. 4 1,712 2.529
C-1308 OfL PRESS., TRANSMITTER ENG. 4 4 069
AIRLINE A TRANSMITTER OlL PRESS, 4 3 .038
AIRLINE B PRESS. TRANSMITTER 4 110/66 1.419 2,333
51348 C-130A OIL PRESS, INDICATOR 4 60 0%
C~-1308 OIL PRESS. INDICATOR 4 0 0
AIRLINE A INDICATOR OIL PRESSURE 4 é 075
AIRLINE 8 PRESS. INDICATOR 4 7/10 090 353
51361 C-130A FUEL FLOW TRANSMITTER 4 1,225 1.810
C~1308 FUEL FLOW TRANSMITTER 4 26 451
AIRLINE A TRANSMITTER FUEL FLOW 4 e 1.451
AIRLINE B TRANSMITTER 4 61/85 640 .582
51362 C-130A FUEL FLOW INDICATOR 4 113 187
C-1308 FUEL FLOW INDICATOR 4 5 .087
AIRLINE A INDICATOR FUEL FLOW 4 107 1.338
AIRLINE B {INDICATOR 4 77/222 .808 1.521
51465 C-130A FUEL PRESSURE TRANSMITTER i 50 .295
C-1308 FUEL PRESSURE TRANSMITTER i 3 .208
AIRLINE A TRANSMITTER FUEL PRESS. 4 36 450
AIRLINE B TRANSMITTER 4 79/31 1.019 1.096
51366 C~130A FUEL PRESSURE INDICATOR 1 15 .089
C-1308 FUEL PRESSURE INDICATOR 1 1 089
AIRLINE A INDICATOR ENG. FUEL PRESS. 4 9 .13
AIRLINE B INDICATOR 4 11/10 T 081
OBJECT: DETERMINE IF AIRLINE MAINTENANCE DATA CAN BE
UTILIZED IN EVALUATING MILITARY COMPONENT PERFORMANCE.
FINDINGS: 1. AIRLINE DATA IS A GOOD YARDSTICK TO MILITARY PERFORMANCE

2. DIFFERENCES IN DAILY UTILIZATION NORMALLY IMPOSES NO
SERICUS PROBLEM.

Figure 9-11—MILITARY—AIRLINE DATA SUMMARY—EXCERPT.

lance program to provide further upgrading and to
ensure maintenance of satisfactory aircraft reliability
for those items which do not develop failure char-
acteristics until after becoming operational. Periodic
mechanized computation of field failure rates permits
evaluation of aircraft performance and detection of
potential reliability problems. Special surveillance is
maintained for any items known to have marginal
reliability and effort is directed toward upgrading
such items.

Corrective Action

It is recognized that not every field problem war-
rants redesign or retrofit. Every field problem does,
however, warrant investigation and analysis to de-
termine degree of trouble, reason for trouble, and
the most logical mode of corrective action.

Without thorough feedback data, changes could be
erroneously or hastily made, based on isolated in-
stances or unsupported desires for change. Such
alterations are costly in engineering time, retrofit
materials, installation costs, and aircraft down-time.
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GL 207-45 systems are designed for maximum per-
formance with minimum maintenance by normally
available field skill levels. In reviewing corrective
action requirements, this same philosophy is con-
sidered. However, if failure analysis shows conclu-
sively that the problem is in field maintenance
techniques rather than in basic design, efforts are
made through changes in maintenance handbooks to
improve maintenance. Results of analytic findings
are also provided to field personnel.

A very high percentage of field problems involve
functional components. Since virtually all compon-
ents are produced by suppliers to Lockheed, effective
corrective action is dependent upon an effective ven-
dor reliability control program. A free interchange
of success and failure data is maintained and exten-
sive efforts are made to provide vendors with a clear
understanding of requirements and objectives. One
of the benefits of a successful vendor selection pro-
gram is that Lockheed is dealing with suppliers who
fully recognize the need for reliability and have
demonstrated their willingness and capability to re-
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solve problems in a timely and acceptable manner.
This direct approach to corrective action in the
C-130 program has provided substantial reliability
growth.

Recognition is given to the fact that many discrep-
ancies are a result of basic operating concepts and
procedures. Failure to correct these concepts and
procedures means that, at best, only temporary cor-
rective action is achieved. Diligent efforts are made
to determine the basic causes of problems. Once de-
termined, necessary changes are initiated, followed
by periodic monitoring to assess the value of such
changes. Application of the foregoing concepts result
in compounded growth in operational reliability.
When design changes are necessary, incorporation
of such changes into future production or into
retrofits demand a trade-off evaluation of cost, sched-
ule, effect on spares, effect on aircraft utilization and
other operating considerations. Reliability Engineer-
ing provides information which assists in evaluating
these various items and participates in design change
board and enginering change proposal meetings
considering these changes.

RELIABILITY MONITORING PROGRAM

General

The proposed monitoring program establishes spe-
cific points for formal review of the continuous
reliability program conducted by Reliability Engi-
neering. Each monitoring point represents a mile-
stone in the overall reliability effort. At each point, a
report is prepared summarizing the activities to that
time, the results of a quantitative reliability evalua-
tion, and the planned future activities. This report
includes data collection procedures, analytic methods,
and detailed test plans and specifications when appli-
cable. When corrective action is necessary, the report
also includes the specific actions taken, description of
the studies conducted to develop these actions, and
the expected results in reliability improvement.

The monitoring program provides periodic formal
review and assessment of reliability achievements.
Progressive quantitative reliability requirements are
established for successive monitoring points, as de-
rived from a projected reliability growth curve. Such
a growth curve is shown in Figure 9-12 for GL 207-45,
with numerical reliability goals given for each phase
of the monitoring program. This growth curve is de-
rived from current Lockheed concepts and C-130
experience. Specific values for the System 476L are
subject to mutually acceptable definitions developed
through contractual negotiations. At each point, the
achieved and predicted reliabilities are computed
from data accumulated to that time, and compared
with the corresponding requirements to evaluate the
degree to which satisfactory reliability is attained.

The data from which reliability measurements and
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predictions are made at each stage include all data
accumulated from all sources, with proper screening
and evaluation to verify validity. These data vary
successively from experience data on C-130 and com-
mercial aircraft, vendor data, test data obtained from
all phases of the test program, and finally opera-
tional data obtained from Air Force use of the
GL 207-45.

Maximum use is made of C-130 data for similar or
identical GL 207-45 components and subsystems
permitting reduction in the overall reliability test
program. Such data also supplements test data in
areas where sufficient sample sizes and test durations
are not economically feasible, and provides a valid
base for comparisons to measure reliability im-
provement or degradation early in the Support Sys-
tem 467L program. Such comparisons allow projec-
tion of expected operational reliability in terms of
that achieved by the C-130. Since achieved opera-
tional reliability can be validly measured from
operational data only, the proposed monitoring pro-
gram includes points in the operational phase of the
aircraft. Operational surveillance allows effective
product improvement as necessary and insures proper
growth of operational reliability.

Monitoring Points

Tentative monitoring points for the System 476L
reliability program are outlined below, with the
general time phasing of these points shown in
Figure 9-12.

Effectiveness study and Initial Design Analysis
Upon completion of the effectiveness study and
Air Force approval of the resulting operational
reliability goal for the support system, including
AGE, quantitative reliability requirements are es-
tablished at major subsystem level. Concurrently,
a reliability analysis of the initial design is con-
ducted to predict expected operational reliability
for the complete support system using a mathe-
matical probability model. Quantitative evaluation
is based upon these computations. Projected growth
curves are then developed to describe the progressive
reliability achievements expected at each stage prior
to attainment of the operational reliability objective.
Basic Design Analysis

This point is identified as release of 90% of Engi-
neering, as noted in Figure 9-12. A reliability design
analysis is conducted, and predicted operational
reliability for the almost-completed design is compu-
ted using a mathematical probability model. Evalu-
ation is provided through comparison with the
quantitative operational reliability requirements.

Contractor Technical Compliance Inspection

A reliability demonstration is conducted in con-
junction with the CTCI to assess the system relia-
bility readiness for operational production. The
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Figure 9-12—RELIABILITY GROWTH CURVE AND MONITORING POINTS.

demonstration inclades physical operation of sub-
systems to prove functional capability, a formal
presentation of reliability achievements to that
time, and planned activities to assure continued
reliability growth. Considerable component testing
and some mock-up testing have been accomplished
at this time and these data are available for
evaluating achieved reliability.

Production Reliability Control

Production reliability control is a continuous pro-
cess to minimize reliability degradation resulting
from manufacture and is provided through the
quality control program, production test program,
and manufacturing reliability control program.
Data accumulated through these programs are
periodicaily surveyed by Reliability Engineering
to evaluate possible effects of production discrepan-
cies upon operational reliability. Quality control
reports and special reliability reports are prepared
as required.

Service Readiness Demonstration
A formal demonstration of support system relia-
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bility-readiness for operational use is made follow-
ing completion of the first half of Category I
testing and corresponds approximately to delivery
of the first operational aircraft. This demonstration
consists of report detailing test results and
achieved reliabilities with complete quantitative
evaluation and reliability growth expectations.

a

Operational Evaluation (Six Months)

At the end of the first six months of Air Force
use of operational aircraft, reliability evaluation
is conducted with data accumulated through the
feedback system, including Category I, II, and III
test data. A report is submitted to the Air Force
listing achieved reliability and the degree to which
the reliability goal has been attained with expected
improvements shown.

Operational Evaluation (One Year)

A similar evaluation is conducted at the end of
the first year of field operation and a report is
submitted. It is anticipated that the operational
reliability objective will be achieved at this point.
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Continuvous Operational Evaluation

Operational surveillance and reliability evaluation
continues beyond the first year, with continuous
monitoring of field performance. Reports in sum-
mary form are prepared periodically to assess relia-
bility achievement and product improvements. This
is a normal reliability function now being conducted
on C-130 aircraft. Reports are completely mechan-
ized and are routinely produced on a scheduled
basis from latest operational data.

MATHEMATICAL AND STATISTICAL ANALYSIS
General

Mathematical analytic methods are extensively
applied in support of the reliability program. This
allows quantitative standards and measurements
as a basis for reliability evaluation and control,
and a statistical analysis of data provides guidelines
for corrective action.

Quantitative Reliability Requirements
Quantitative reliability requirements are established
as standards by which reliability achievement can
be evaluated and by which attention can be focused
on arecas where improvement is required. The
method used is an adaptation of the method rec-
ommended by Task Group One, AGREE Airborne
system requirements are established at successive
levels of major and minor subsystems and com-
ponents. The total aircraft reliability goal is thus
allocated to individual items, allowing early evalu-
ation of such items before assembly into a complete
system.

Requirement figures are in the form of mean-time-
to-faitlure (MTF). A basic assumption in the re-
quirement process is that failure rates are constant
with respect to operating time. Analysis of C-130
data disclosed that this assumption is not completely
valid for many individual items. However, the
assumption does provide a valid basis for the es-
tablishment of reliability requirements for fleet
operation of a large number of aircraft over an
extended period of time. MTF then becomes the
average operating time between failures for many
identical items over a long period of time, and
this is the numerical standard by which reliability
is evaluated. With a constant failure rate, mathe-
matical reliability computations are expressed by

the exponential equation R = ¢ , where t is the

time of operation and m is MTF. The time of
operation used in the requirements process is the
expected time of flight of a typical aircraft
mission, which is taken to be five hours for the
GL 207-45.

An overall aircraft reliability requirement is es-
tablished by an Air Force specification or derived
from a system effectiveness study. This probability
requirement is transformed into an allowable num-
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ber of failures per million aircraft hours (fpmh)
as a standard for fleet operation. The allowable
fpmh is computed by substituting required relia-
bility and expected time per flight into the
exponential reliability equation, and by solving for
m = mean time to failure (MTF). When the
required value of m is obtained, the fpmh is com-
puted by the relation fpmh = 1,000,000

m
The allowable failures are then allocated succes-
sively to sublevels of major subsystems, minor
subsystems, and major components. This is accom-
plished through assignment of comparative risk to
each item at successive sublevels through the use
of complexity and importance factors. It is assumed
that the rate of failure of an item is proportional
to its complexity and that the allowable failure
rate is limited by the importance of the item to
mission success.
A comparative numerical complexity factor is
assigned to each item as its proportion of the
total complexity of the given sublevel. This is
based on an analysis of design and function with
consideration being given to the number of parts
or components present, unusual environmental
conditions, etc. Importance factors are computed
quantitatively from C-130 data, as the ratio of
inflight aborts to the total number of inflight
discrepancies of an item. This objective approach
has been adopted to minimize reliance on judgment
and to reduce errors. In the few cases in which an
item of GL 207-45 equipment is completely different
from any C-130 item, importance factors are
assigned following analysis of failure effects of the
item. Subsequently they are converted to ‘“‘unim-
portance” since failures are actually allocated on
the basis of relative unimportance.
When complexity and unimportance factors are
assigned to all items, the allowable aircraft
failures (fpmh) are divided into two categories:
failures allowable due to complexity and failures
allowable due to unimportance.
For the GL 207-45, this division was accomplished
as a 75:25 ratio of complexity to unimportance.
The failures in each category are then simply al-
located to the first sublevel on the basis of the
proportional factors for the related items. The
total fpmh figure assigned to each major sub-
system is then converted to MTF through use of
the exponential equation, and the required MTF
is established. This process continues through each
sublevel down to the component level.
The allocation of failures to sublevels within the
two categories is on a direct proportional basis
when items within the sublevel are all in relia-
bility series; i.e., all items are required to operate
properly for the complete flight. Analysis includes
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the construction of reliability block diagrams of
the complete aircraft and all systems and sub-
systems down to component level, displaying the
relationships of all items and the contribution of
each to the total operation.

When a reliability parallel exists, ie., redundant
items perform the same function; failure of an
individual item does not result in loss of the given
function. Thus, the total number of failures of the
individual items may be greater than the resulting
number of function failures. When this occurs,
failures are allocated to the function rather than
the individual items by the same process described
above. Probability equations which express function
reliability in terms of the reliabilities of the redun-
dant items are then solved, using the assigned com-
plexity and unimportance factors for the individual
items to determine the requirement for each item.
As an illustration, consider the following example:

Suppose that two items are completely redundant
for the performance of a given function. The func-
tion reliability is given by the equation R =1 — Q,.
Q,, where Q, = unreliability of the first item and
Q, == unreliability of the second item. Failures are
initially allocated to, the function as fpmh for com-
plexity and fpmh for unimportance, and each is con-
verted to a reliability figure. Suppose that the two
items have comparative complexity factors in the
ratio 70:30, complexity failures are then allocated
to the redundant items as follows. Let R, = function
complexity reliability, Q,. == complexity unreliability
for the first item, and Q,. == complexity unreliability
for the second item. Next, let Q,. = 0.7x and Q..
= 0.3x. Then R, = 1 — (0.7x) (0.3x) = 1 —
0.21x2. Since R. is known, this equation is solved
for X, and in turn, Q,. and Q,. are computed. The
complexity MTF’s for the items are then obtained by

solving the equations Q,. = 1 — e —t and Q..

1
—t
== ] — e?ﬁ‘for m, and m,. These are converted to

complexity fpmh, which are added to the allowable
unimportance fpmh computed in a similar manner
to solve for the total allowable fpmh for each re-
dundant item.

This technique is applied in all cases of redundancy,
with the equations altered as dictated by the
number of items, the degree of redundancy, etc.
This approach may result in the allocation of more
total failures to the individual redundant items
than are allowed a function. Due to the redun-
dance, however, all item failures do not consti-
tute function failures, and total allowable failures
remain the same. If the complexity factors or the
unimportance factors are identical for redundant
items, they may be ignored in solving the proba-
bility equations.

The establishment of quantitative reliability re-
quirements for all levels of a complete airborne
system is a recent innovation to aircraft reliability
control applied to the C-130A and C-130B
aircraft. Initial figures may require revision when
data becomes available to support reliability
evaluation, as some items will prove to be better
than expected and others not as good as expected.
When data become available, the requirements are
re-examined and trade-offs are made, to give a more
realistic allocation of allowable failures. This up-
dating of requirements is a continuing process and
provides current standards closely correlated with
actual performance. In this updating, the overall air-
craft reliability requirement remains the same; only
the allocation among the various sublevels is modified.
GFE receives the same reliability evaluation as
contractor-furnished equipment, and Lockheed co-
operates closely with the Air Force in upgrading
any items which may be marginal. An example in
this area is the AN/APN-59 Search Radar System,
which initially experienced an excessive failure
rate in the C-130 aircraft. Substantial improve-
ments were incorporated as the result of negotiations
between the Air Force, Lockheed and the
manufacturer.

Reliability requirements are phased with the relia-
bility monitoring program, and progressive require-
ment figures are established for each monitoring
point, as determined by the projected reliability
growth curves for the GL 207-45.

Predictions and Measurements

Quantitative predictions and measurements of
achieved reliability are computed from available
success and failure data at each major stage in
the development, manufacture, and operation of
the airborne system. Efficient application of pre-
diction methods is made possible by a complete
mechanization of the processes. These calculations,
when combined with the quantitative requirements,
provide the basis for reliability evaluation of the
complete aircraft and all sublevels. Measurement
of achieved reliability determines the extent to
which goals have been achieved.

Reliability predictions for the complete airborne
system are computed at certain specified intervals
to facilitate periodic reliability evaluation. All pre-
dictions are directed toward operational reliability
under field conditions. Precise definitions of suc-
cess and failure, which can be correlated with
actual performance data, are necessary. Lockheed
has chosen to define reliability as the probability
of 100% successful mission accomplishment, with
failure defined as any malfunction which could
degrade mission success. This strict requirement
results in conservative reliability measurement
and provides a broad base for reliability evaluation,
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resulting in a reliability figure which is actually
an effectiveness index. These failure criteria allow
detection of discrepant areas which would not be
possible with more limited approaches such as abort
criteria. Abort criteria are so limited in their
objective that they do not serve to point out areas
in need of corrective action. The C-130 airplane,
for example, has achieved operational reliability
in excess of 97% based on unedited recorded abort
data.

Reliability measurement and prediction also re-
quires precise definition of operating times and
operating conditions. Operating time is defined in
terms of flight time for a given mission, which for
general studies is taken as a normal flight profile,
with necessary alterations for special missions or
aircraft configurations. The estimated flight time
for the GL 207-45 for a normal mission of a 2250-
nautical-mile range at 450 knots average speed is 5.0
hours, and this figure is used in all preliminary
reliability calculations. This average flight time is
taken as the operating time for all items, dis-
regarding actual energized time of components
and subsystems which do not operate continually
on the entire flight. This equates all calculations
to the same base and allows use of aircraft flight
time for computations of actual operational
reliabilities. True measures of the performance of
individual items require recognition of energized
time, which is unknown for the majority of items
under field conditions. However, since both require-
ment and predictions figures from field data are
based on the same criteria, comparisons for evalua-
tion purposes are valid.

Operating conditions are disregarded when com-
puting actual achieved aircraft reliability from
operational data, since the failure data reflects the
effect of the operational evironment. For predictions
from experience data for the C-130, airline data,
test data, and data from other sources, the actual
environmental conditions under which the data
were collected are specified. These are compared
with the environmental conditions expected for
like items for the GL 207-45, to determine the
degree to which reliability predictions should be
upgraded or downgraded. Environmental effects
are derived from environmental tests and instru-
mented flight tests.

The prediction and measurement techniques used
are varied, as necessary, to provide the most
valid results depending upon the quantity, source,
and type of data available. The reliability measure
used is mean-time-to-failure (MTF), which is de-
fined as the arithmetic mean of the experienced
failure times for a given item. In practice, the
best estimate of MTF is computed from incomplete
life data as the ratio of the total flight hours to

total failures. The corresponding reliability is com-
puted from the exponential survival function,

-t
R=—c¢ o Use of the exponential presupposes a

constant failure rate, which is not a valid assump-
tion for all aircraft components. Extensive C-130
data show that no single theoretical mathematical
model suitably describes all failure patterns. The
exponential equation, however, provides a valid
basis for evaluating the performance of a number
of identical aircraft for extended periods of time
and is equivalent to using comparative failure
rates as a reliability measure. MTF then is used
for all calculations from operational experience
data. This approach is also used for test data
when it is sufficient to establish valid MTF
measures.

When the quantity of test data is limited, or the
test time span is insufficient to allow true life
measures, then more discerning methods are used.
These include methods discrete calculations of
reliability from attribute data (go, no-go) as the
ratio of successes to total trials, and calculations
from variable data using tabulated distributions
of pertinent parameters. From variable data, mean
values and standard deviations are computed. Re-
liability is then determined through comparison
of distribution limits with specified operating re-
quirements, including performance parameters,
environmental levels, and stress levels. Actuarial
studies are used to detect failure trends and pro-
ject expected failure rates to extended intervals.

Computer programming 1is used to provide
mechanical computation of reliability values. Com-
putation of achieved operational reliability for the
C-130 aircraft is presently accomplished quarterly
as a part of the operational reliability and mainte-
nance report produced by the IBM 705 computer.
This report lists achieved MTF’s at subsystem level,
with mechanical comparisons of achieved levels
with  corresponding  requirements. For  the
GL 207-45, computer programming includes a
mathematical reliability model consisting of proba-
bility equations, which express complete system
reliability, as the proper combination of sub-
system and component reliabilities. Mechanical
computation of predicted system reliability is pro-
vided by input of failure data from the relia-
bility data center.

Failure Data Analysis

Techniques
Failure data analysis provides a valid basis for
reliability surveillance and improvement action

throughout the GL 207-45 program. During design
stages, the extensive data available in the relia-
bility data center permits detailed analyses of
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possible component and subsystem configurations,
and guides design decisions. Analysis of feedback
data for the GL 207-45 permits detection of mar-
ginal and unsatisfactory items and timely cor-
rective action. Analysis of operational data also
aids in the development of optimum maintenance
programs and overhaul periods.

Relative failure frequencies and failure proba-
bilities are computed from failure data for evalu-
ation of achieved reliabilities. When improvement
is necessary, guides to corrective action are developed
through analysis of recurring failure types, failure
modes, and failure conditions. Complete historical
data are analyzed to determine failure trends and
project expected future performance. Component
interactions and induced failures are evaluated
collation of data for complete systems and sub-
systems to establish the time sequence of mal-
functions. Environmental effects are examined by
comparison of success and failure data accumulated
under varied environmental conditions.

Failure records identify all discrepancies and mal-
functions to specific items, and aircraft serial
accountability is maintained for operational data.
Such information provides for comparative studies
of the performance of differenct production lots,
and close surveillance of suspected items. Similarly,
comparisons are possible for given groups of air-
craft, which allows analysis of the effects of vary-
ing geographical locations and operating conditions.
This information also permits quantitative evalu-
ation of the effects of configuration modifications,
changes in production processes, and the perform-
ance of different vendors.

In all data analyses, both mathematical and engi-
neering approaches are used to give thorough
coverage of all reliability considerations. Mathemati-
cal analysts and reliability engineers collaborate in
teams with mathematical treatment of failure data
and reliability parameters combined with the applica-
tion of appropriate statistical methods to provide for
quantitative evaluations to guide engineering. Quali-
tative engineering analyses relate statistical results to
physical situations and equipment design. Engineer-
ing analysis of data obtained through the proposed
teardown program assists in the determination of
corrective actions.

Mechanization

Data analysis is facilitated and supported by the
completely mechanized processing of data. Data
processing equipment within the reliability data
center is used to provide listings in any format
desired, and correlated data from different
sources are immediately available for specialized
studies. Mechanized processing actually becomes
a part of the analysis procedures in that entries
are automatically tabulated from masses of data
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during the sorting process. Several computer pro-
grams for data summaries and analyses which are
directly applicable to the GL 207-45 are currently
in use. These programs include the Operational
Reliability and Maintenance Summary Report,
Failure Mode Analysis Report, Inspection Evalu-
ation Report, Reliability Actuarial Analysis Report,
and standard statistical analyses programs such
as regression analysis and analysis of variance.

The Operational Reliability and Maintenance Sum-
mary Report is produced quarterly for both the
C-130A and C-130B with data extracted directly
from the master tape files for these aircraft. The re-
port lists all significant maintenance actions by type,
for each component, with the following computed
reliability —measures: mean-time-to-maintenance-
action (MTMA), mean-time-to-replacement (MT
to Repl.), and MTF. At subsystem level, this report
lists the required MTF and gives a comparison of
the achieved MTF to the required MTF in terms
of percentage. The computer program for the Sum-
mary Report makes production of the above in-
formation possible for the entire fleet of aircraft,
each Air Force base, or any selected group of
aircraft. An excerpt from a C-130 Summary
Report appears in Figure 9-13 which shows a com-
plete maintenance summary for the C-130A High
Frequency Communication System as of September
1, 1960. It is noted that the operational MTF
achieved by the subsystem substantially exceeds
the requirement initially established for the C-130A.
The Failure Mode Analysis Report lists the type of
malfunction reported for each component for each
50-hour log time interval, with totals for each
component, major subsystem, and minor subsystem.
This report provides for immediate detection of
predominant failure types and their relative fre-
quency. The log time basis provides for evaluation
of the effects of aircraft age on the type of failures
experienced.

Reliability Actuarial Analysis Report

The actuarial analysis is a major analytical tool
in reliability evaluation and extensive application
of this technique has been achieved at Lockheed.
The actuarial study, adapted from Air Force T.O.
00-25-128, has been mechanized and is currently
applied at component level for the C-130A and
C-130B aircraft. The actuarial computer program
extracts data directly from the master tape file
and produces a table of failure rates and a life
curve. The actuarial life curve for a particular
item gives the pattern of failures on an age basis,
showing infant failure periods and wear-out failure
periods.

An actuarial curve produced by the IBM 705 for a
C-130 component appears in Figure 9-14; the cor-
responding actuarial table is shown in Figure 9-15.
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Figure 9-13—CPERATIONAL RELIABILITY AND MAINTENANCE SUMMARY—EXCERPT.

The table includes an age interval breakdown, the
number of units exposed to each interval, the
number of units which failed in each interval, and
the raw “failure rate” or percent of exposures
failing for each interval. Smooth failure rates
obtained by applying a smoothing process to the
raw rates, are also given and the computed mean
actuarial life (MAL) is included for each interval.
The MAL is the mean-time-to-unscheduled-replace-
ment which would result if a time change were
introduced at the end of the given age interval,
as computed from actuarial failure rates. For
purposes of clearer illustration, lines have been
added to the graph in Figure 9-14 joining the points
produced by the computer. The dotted line repre-
sents the raw failure rates and the solid line in-
dicates smooth failure rates. Also added to the
graph, is information extracted from the table:
current and optimum mean-time-to-unscheduled-
replacement, the recommended time-change point,
and the area where exposure data are limited. The
life curve obtained for this component is typical
of many, with a high initial or infant failure rate
decreasing into a period of random failures, with
wearout apparently beginning in the neighborhood
of 1,100 hours.

Actuarial studies have several important appli-
cations in a reliability control program. Probably
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most important is the fact that an actuarial study
provides a more valid measurement of achieved
reliability than MTF measurements from incom-
plete life data. MTF figures are subject to wide
fluctuations until the exposure time of individual
units is sufficiently high. This is a serious short-
coming when measuring from early operational
data, since aircraft exposure is a limiting factor.
Actuarials, however, are completely valid for the
age periods covered by the data. Early portions of
life curves can thus be used to detect trends in
failure patterns and to project these patterns to
extended age periods based on past experience with
similar components.

Another important use of actuarials is for use in
determining optimum scheduled overhaul periods.
Optimum points for scheduled replacement and
overhaul depend upon failure patterns. MTF is
not a valid basis for determining such points, as
illustrated in Figure 9-16 which shows actuarial
curves and MTF’s with optimum time-change
points indicated for two different components. The
actuarial computer program includes formulas de-
veloped by Lockheed Reliability Engineering, to
compute the optimum overhaul period.

Actuarial curves also point out critical age points
where failure rates increase to unacceptable levels.
Analysis of such peaks and types of failures aids
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Figure 9-14—MACHINE DERIVED ACTUARIAL GRAPH.

in developing appropriate corrective actions. Analy-
sis of failure types on an age basis permits detailed
evaluation of design for possible weaknesses which
develop at extended ages. Techniques are being
developed for application at subsystem and system
levels to point out weaknesses due to component
interactions and to detect critical age points. A
similar approach is being developed to establish
optimum maintenance cycles.

Mechanized actuarials have been produced for all
items that can be individually identified. Approp-
riate procedures have been established for the
GL 207-45 to provide complete actuarial coverage.
The available C-130 actuarials provide a vaiuable
aid in the GL 207-45 reliability program, since
many components on the two aircraft are identi-
cal or similar.

Maintenance and Logistic Supporf
Maintenance requirements are a major considera-
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tion in overall reliability evaluation and are included
in the extensive C-130 data available. A similar
maintenance operational data collection system
is proposed for the GL 207-45. Analysis of mainte-
nance requirements are performed as a part of
the evaluation of specific items: Mean-time-to-
maintenance-action (MTMA) and mean-time-for-
repair {(MTR) are measurements used in these
evaluations. Analysis of maintenance data also aids
in developing optimum inspection periods and in
establishing overhaul periods for specific items of
equipment.

The mechanized Inspection Evaluation Report is
designed to evaluate the effectiveness of scheduled
inspections. This report lists the number of dis-
crepancies discovered during each scheduled
inspection at component level by 50-hour log-time
intervals. Each inspection category is shown, includ-
ing the manhours required to conduct the inspection
and to correct the discrepancies. Also shown is the

page 9-26




Figure 9-15—MACHINE DERIVED ACTUARIAL CHART.
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Figure 9-16—MEAN-TIME-TO-FAILURE VERSUS ACTUARIAL LIFE
CHART.

number of discrepancies discovered between
scheduled inspections, with manhours necessary to
effect correction. The above figures are totaled at
subsystem level. This listing permits evaluation of
scheduled inspections in terms of manhours con-
sumed as compared to percentage of total discrep-
ancies discovered. This information, available for
the C-130, is utilized to establish recommended
inspection cycles for the GL 207-45.

Operational maintenance data are also used by
Reliability Engineering to provide logistic support
recommendations. Reliability Engineering currently
provides replacement-rate figures at component
level for C-130 spares determination. Existing
C-130 data provides valuable information for com-
puting spares requirements for the System 476L
until operational data are developed for that

system. Spares procurement based on detailed and
complete experience data can result in substantial
reduction of logistical expenditures. The variety
of aircraft configurations, geographical locations,
and mission assignments which are identified for
C-130 data provide for differentiation of spares
requirements for any of these criteria. The same
basic approach is applied to determine fly-away
kit composition for specific aircraft and operations.

THE RELIABILITY DATA CENTER

To provide a completely integrated approach to the
collection and utilization of reliability data, Lock-
heed has centralized all reliability records in the re-
liability data center as shown in Figure 9-17.
Experience has shown that there are a number of
advantages to such an approach. All data are proc-
essed immediately, completely coordinated, and
processed more efficiently. The centralized handling
of data permits complete mechanization, provides
for greatly accelerated development of data reduction
techniques, and provides a central source of
information.

information Sources

Data are received from numerous sources and may

be generally broken into four categories: manufac-

turing discrepancy data, test data, incoming quality
data, and operational data. A brief description of
each follows:

1 A report of every discrepancy occurring in the
Georgia Division is maintained in the data center.
These data include operational discrepancies dur-
ing functional test of components and a report
of all non-conforming parts processes, tool de-
signs, drawing procedures, or techmiques.

2 Test data are obtained both by variables and at-
tributes on all tests conducted by vendors and sub-
contractors as well as tests conducted in-plant.
Included are detailed data on design develop-
ment, qualification, functional, acceptance, pro-
duction, reliability, and system mock-up tests.

3 Incoming quality records are obtained on all ma-
terial received from sources outside of the Georgia
Division.

4 Operational data are obtained both from in-plant

operation such as engineering and production
flight testing and from military and commercial
customers. Operational data from in-plant opera-
tion are obtained through flight reports and dis-
crepancy reports.
Operational data on military aircraft are obtained
directly from operational maintenance forms such
as Air Force 781A and the 26 series forms and
Navy FUR and EFUR forms. These forms, which
are reproduced and transmitted to the data center
for processing, provide complete coverage of all
operational experience.
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Supporting data are obtained from service trouble
reports on problems considered worthy of special
attention, and from field service spotlight reports
covering surveys requested by in-plant organiza-
tions. Air Force unsatisfactory reports are given
priority handling.

Operational data on commercial aircraft are ob-
tained from several sources. On Georgia Division
aircraft, maintenance data are obtained from
forms furnished to the customer which provide
complete coverage of significant maintenance, and
from ATA and FAA sources. In addition, the
Georgia Division, by reciprocal agreement, ob-
tains maintenance reports on aircraft comparable
to the C-130 and GL 207-45 from a number of
airlines. These data are particularly significant
from the standpoint of furnishing information on

components common to the C-130 and GL 207-45
under conditions which are similar to MATS
operation. It also furnishes data including rate
information on components and system config-
urations which may be considered for use in the
GL 207-45 aircraft.

Data Processing

All data on Georgia Division products are coded
and placed on punched cards. After processing, the
original documents are filed by ship serial and by
date for ready reference.

Supporting documents such as service trouble re-
ports, unsatisfactory reports, and spotlight reports
are filed under a component code number by date.
All supporting data which cover multiple items and
cannot be filed by component code are easily located
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by a mechanized data retrieval system. The retrieval
system cards are filed by component code, and
multiple cards are generated by documents covering
multiple components.

Coding of the data is accomplished by former flight
line supervisory personnel with both Lockheed and
Air Force experience.

The data are coded in sufficient detail to permit all
information to be extracted for analysis. Data are
analyzed by sequence of occurrence of discrepancies,
operating base frequency, variation of configuration
within a model, aircraft area, malfunction type and
similar criteria. All data processing follows the
procedures of AFM 66-1, T.O. 00-20A-1, T.O.
00-35D-54.

Coded data are subject to several audits before being
transcribed to master tape records. The majority of
the audits are mechanized and exception lists are
compiled from those reports in which incompatible
information is contained. These exception lists de-
fine the incompatible information and permit rapid
correction of the data.

The data center records currently contain a record of
three years operational history on C-130 series air-
craft and a one year history of all in-plant discrep-
ancy documents.

Date Reduction

Reduction of data is accomplished both by simple
programs for EAM equipment and by IBM 7090
and 705 computers. The major requirement of the
data center equipment is its use as an analysis tool. It
is used to segregate data into various statistically
significant formats and to provide printed listings for
detailed analyses. All phases of new computer pro-
grams are worked out originally using the depart-
mental equipment. This practice has considerably
decreased computer programming time.

Reliability data center personnel have been respon-
sible for the initial development of a number of
computer programs now in use and have assisted in
their programming.

Typical computer programs are derived from a sin-
gle master tape. Additional reports, equivalent in use-
fulness, may be derived from the master tape by
simple patch programming. Several additional com-
puter programs, inclading mechanization of require-
ments and prediction analyses, are presently under
study and will be programmed in the near future.

Utilization of Data

Considerable emphasis is placed on the use of the
data to define potential problem areas prior to
trouble developing. Where the data have become
available too late to be used as a preventive means,
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they are used to determine practical, economical
corrective action. Emphasis is placed on the use of
the data to support design so as to ensure maximum
practical reliability, maintainability, supportability
and economy.

RELIABILITY CALCULATIONS

A preliminary reliability design evaluation has been
conducted for the GL 207-45 based on the proposed
design. This evaluation consists of three phases: (1)
assignment of quantitative reliability requirements to
the subsystem level; (2) prediction of expected
operational reliability from subsystem level up,
based on C-130 historical failure data available for
items similar to those of the GL 207-45 aircraft; and
(3) comparison of required and predicted values at
subsystem level to detect potential reliability
problems.

The results of the analyses’ requirements, and pre-
diction calculations are shown for the hydraulic
power supply system. The analyses of this system
meet the requirements of Paragraph 5.1.5.7.1 of the
Statement of Work.

For the sample analyses, the hydraulic system con-
sists of the components necessary for supplying hy-
draulic power and does not include components
which are limited to other functional areas. Classifi-
cation of such components into subsystems for relia-
bility analyses are based on an applicability rule: “A
system or subsystem is comprised of all items which
would otherwise not exist if there were no require-
ment for the function performed by that system or
subsystem.” Thus, hydraulic components limited in
application are assigned to the subsystems in which
they function and are included in the reliability
analyses of those areas.

RELIABILITY REQUIREMENTS

A quantitative reliability requirement for the com-
plete airborne system is assigned to successively
lower levels down to subsystem level on the basis of
comparative complexity and importance. Lockheed
has initially established an airborne system require-
ment of 90 percent reliability for operational
GL 207-45 aircraft. This quality level is based on
past experience and a quality concept described in
the proposal. The required MTF’s resulting from
assigning of this system requirement are shown in
Figures 9-18, 9-19, 9-20, 9-21, 9-22 down to minor
subsystem level. The illustration which follows shows
the actual calculations performed in assigning a
quantitative requirement to the hydraulic power
supply system.

Airborne System Requirement
The reliability requirement of 90% for the complete
airborne system is converted to an allowable number
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M, 47
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R = 88%
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My 183 My 230 My 396 M 318 My :Zi
Mp 134 My 386 Mp 267 Mp 303 Mp !
R = 96.33% R=98.71% R = 98.13% R = 98.36% R = 96.05%

Mg = REQUIRED MEAN-TIME-TO-FAILURE NECESSARY TO REACH AIRBORNE SYSTEM REQUIREMENT OF 50%

M, = PREDICTED MEAN-TIME-TO-FAILURE HOURS, BASED ON C-130 FAILURE EXPERIENCE

4

R = PREDICTED RELIABILITY FOR A 5-HOUR MISSION FOR THE MAJOR SYSTEMS AND THE AIRBORNE SYSTEM

Figure 9-18—AIRBORNE SYSTEM REQUIRED AND PREDICTED VALUES.
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Mo 12,500
My 41,867
EMERG. EQUIP.
Mg 5319
My 15,625

Mg = REQUIRED MEAN-TIME-TO-FAILURE NECESSARY TO REACH AIRBORNE SYSTEM REQUIREMENT OF 90%
Mg = PREDICTED MEAN-TIME-TO-FAILURE HOURS, BASED ON C-130 FAILURE EXPERIENCE
Figure 9-19—AIRCRAFT—BASIC—REQUIRED AND PREDICTED VALUES.
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Mp 25,592
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M, 14,2
Mp 332 R 45
Mp 17,915
VENT
Mg 22,172
Mp 179,147
3
JETTISON
Mg 22,172
Mp 179,147

Mg = REQUIRED MEAN-TIME-TO-FAILURE NECESSARY TO REACH AIRBORNE
SYSTEM REQUIREMENT OF 90%
Mp = PREDICTED MEAN-TIME-TO-FAILURE HOURS, BASED ON C-130 FAILURE
EXPERIENCE

Figure 9-20—POWER PLANT—REQUIRED AND PREDICTED
VALUES.

of system failures per million hours (fpmh)
through use of the exponential equation as follows:

Reliability = R = e% — 0.90

t == mission time == 5 hours

m— MTF
t 5
m=—p = 5090 47.45 hours
f— fpmh = I,OOI(;,OOO _ 1,(‘)‘(;(.)&%00 — 21,075

The 21,075 allowable fpmh are divided into two
groups—failures due to complexity and failures
allowable on the basis of unimportance. An arbi-
trary ratio of 75:25 for complexity to unimportance
is used based on experience and engineering
judgment.
Complexity failures =f X CR
= 21,075 x 0.75
= 15,806 fpmh
Unimportance failures =f X IR
=21,075 x 0.25
= 5,269 fpmh
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Major System Requirements

The total airborne system consists of five major sys-
tems: aircraft basic, power plant, utilities, communi-
cations, and navigation. Allowable failures are al-
located to these major systems on the basis of
relative complexity and unimportance within the
major system level.

A complexity ratio (CR) is assigned to each major
system as the proportion of allowable complexity
failures for the airborne system which are due to
each major system. The complexity ratios assigned
to the major systems total to 1.0 and represent
100% of the complexity failures. Importance ratios
(IR) are determined objectively from historical
data obtained from C-130 operation as the ratio of
flight aborts to total in-flight discovered discrepancies
for each system. The resulting numerical values are
as follows:

Major System C.R. LR.
Aircraft Basic 0.31 0.271
Powerplant 0.24 0.275
Utilities 0.10 0.160
Communications 0.10 0.096
Navigation 0.25 0.090
1.00 0.892

Since failures are actually allocated on the basis of
unimportance, the importance ratios are next con-
verted to unimportance ratios (UR) simply by tak-
ing the reciprocals of the values given. To allocate
the unimportance failures among the major systems,
it is necessary to express relative unimportance as
proportions which total to 1.0 or unity. This is ac-
complished by totaling the existing unimportance
ratios and dividing this total into each ratio to give a
relative unimportance ratio (RUR). The resulting
numerical values are as follows:

Major System C.R. LR. UR. RUR.
Aircraft Basic 0.31 0.271 3.690 0.105
Powerplant 024 0275 3.636 0.104
Utilities 0.10 0.160 6250 0.179
Communications 0.10 0.096 10.416 0.296
Navigation 0.25 0.090 11.111 0316

1.00 0.892 35.103 1.000

Since all of the major systems are in series, the allow-
able complexity failures previously computed for the
airborne system are now allocated to the major sys-
tems on a direct proportional basis given by the
complexity ratios. The allowable unimportance
failures are similarly allocated proportionally to the
unimportance ratios. Since the concern here is with
eventual allocation to the hydraulic power supply,
the calculations are shown for the utilities system
only.
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MR = REQUIRED MEAN-~TIME-TO-FAILURE NECESSARY TO REACH AIRBORNE SYSTEM REQUIREMENT OF 90%

= PREDICTED MEAN-TIME-TO-FAILURE HOURS, BASED ON C-130 FAILURE EXPERIENCE

Figure 9-21—UTILITIES—REQUIRED AND PREDICTED VALUES.
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MR = REQUIRED MEAN-TIME-TO~FAILURE NECESSARY TO REACH AIRBORNE SYSTEM REQUIREMENT OF 90%

MP = PREDICTED MEAN-TIME-TO-FAILURE HOURS, BASED ON C-130 FAILURE EXPERIENCE

Figure 9-22—-COMMUNICATIONS AND NAVIGATION-—REQUIRED AND PREDICTED VALUES.
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Utilities complexity failures

= airborne system complexity failures %} CR
= 15,806 x 0.10
= 1,581 fpmh

Utilities unimportance failures

= airborne system unimportance failures X
RUR

== 5,269 % 0.179

= 943 fpmh.

Total allowable failures are thus allocated to the
utilities system, and the required MTF for this system
is computed as follows:

1,000,000

m 1,000,000
" total fpmh

= (1581 | 943) = 396 hours
The utilities system is now broken down into its
constituent major subsystems, and the allocation

process continues.

Major Subsystem Requirements

All of the major subsystems comprising the utilities
system are in series. Complexity and unimportance
factors have been assigned at this level as shown
below.

Major Subsystem C.R. LR. R.U.R.

Pneumatics 0.08 0.103 0.234
Electrical, DC 0.14 0.100 0.241
Electrical, AC 0.40 0.209 0.116
Lighting 0.25 0.146 0.166
Hydraulic power supply 0.04 0.333 0.073
Oxygen 0.09 0.143 0.170

1.00 1.034 1.000

Complexity and unimportance failures are then al-
located to the hydraulic power supply as follows:

Hydraulic complexity failures

= utilities system complexity failures X} CR
= 1,581 x 0.04
= 63 fpmh

Hydraulic unimportance failures

== ytilities system unimportance failures X RUR
=943 % 0.073
== 69 fpmbh.

The required MTF for the hydraulic power supply is
now computed.

1,000,000
(63 + 69)

Minor Subsystem Requirements

The hydraulic power supply consists of three minor
subsystems: utility, auxiliary, and boost subsystems.
By a similar process allowable failures are allocated
to each of these subsystems. In this case, there is

m== == 7,576 hours.
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redundancy present, which is examined in detail in
the following prediction analysis. Through the use
of probability equations which describe the reliabil-
ity parallels, the following MTF requirements are
established for the three hydraulic subsystems.

Minor Subsystem fpmh MTF

Utility 660 1,370 hours
Auxiliary 515 1,942 hours
Boost 711 1,406 hours

Reliability Predictions

Preliminary reliability preductions have been com-
puted for the GL 207-45, using an appropriate
mathematical model developed from a preliminary
design analysis. Mathematical probability equations
were derived to express reliability at successively
higher levels as combinations of subsystem and com-
ponent reliability values, with proper mathematical
description of parallels and series present at each
level. Component and subsystem failure rates were
compiled from experience data available in the re-
liability data center, primarily C-130 operational
data. Failure rates for GL 207-45 items were as-
signed on the basis of similarity to comparable
equipment of known reliability. Component and sub-
system reliabilities were computed from these failure
rates by use of the exponential reliability equation,
with a flight-time requirement of five hours.

With this technique, a predicted reliability of 88%
is obtained for the overall GL 207-45. This pre-
dicted reliability is the probability of 100% success-
ful mission accomplishment with no degradation for
five hour flights of operational aircraft, based on
C-130 experience. The results of the prediction cal-
culations down to the subsystem level are shown as
MTF’s in Figures 9-18 thru 9-22, based on the as-
sumption of production quality, personnel skills, and
maintenance support levels comparable to those ob-
tained for the C-130.

The predicted reliability of 88% developed within
the framework of definitions and ground rules used
by Lockheed is a very conservative measure with
respect to aircraft capability. A major factor con-
tributing to this conservatism is the definition of
failure as any discrepancy which could result in mis-
sion degradation. This approach provides a broad
base for reliability evaluation with proper considera-
tion for total maintenance as well as mission effec-
tiveness. Such a stringent definition, however,
results in reliability values which do not include the
capability of successful mission completion under
degraded conditions.

Conservatism is also introduced through the criterion
established for compiling failure rates from opera-
tional maintenance data. Component failure rates in
the C-130 data are based on all replacements which
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result from discrepancies discovered while aircraft
are in flight status, including those discovered during
pre-flight inspections. This criterion is obviously
conservative with respect to mission accomplishment.
Approximately 30% of replacements are made as a
result of incorrect troubleshooting or minor malfunc-
tions not traced to the proper source. Of those
replacements which represent true component fail-
ures, many are items which in no way affect mission
accomplishment and are of a nuisance nature only.
The degree of mission degradation resulting from
the remaining component failures vary from minor
to serious.

A specific example of the prediction techniques used
with actual computations is given below for the
hydraulic power supply system. Reliability equations
for this system were derived from the reliability
block diagram shown in Figure 9-23, which displays
the functional relationships of the various compon-
ents and minor subsystems, including series and
parallel combinations.

A prediction analysis is the reverse of the require-
ments allocation process, in that reliabilities are first
computed at the lowest level possible. These are
combined mathematically to produce the reliability
at the next higher level. The process continues up-
ward to the complete airborne system level. This
process began at component level for the hydraulic
power supply and is illustrated for the boost minor
subsystem.

Compenent Reliabilities

Redundancy is present within the boost subsystem in
that there are two engine driven pumps which per-
form the same function, and either of these pumps
is sufficient for successful operation. The two pumps
with associated components provide two identical
“pump groups” which are in parallel.

Each of the pump groups is composed of the six
series components listed below, with predicted
MTF’s compiled from C-130 failure data. Also
shown for each component is the resulting compon-
ent reliability computed by the exponential equa-
tion with a mission time of five hours.

Predicted Predicted
Components MTF (hirs.) Reliability
Relief Valve 33,030 Rgy = 0.99985
Engine driven pump 8,258 Ry =—0.99939

Filter 16,515 Rr =0.99969
Pressure shut-off valve 33,030 Rpgy == 0.99985
Firewall shut-off valve 33,030 Regy = 0.99985
Check Valve 33,030 Rey ==0.99985

The reliability of a single pump group is now ob-
tained by multiplying the component reliabilities,
since all components are in series.

R == reliability of pump group
=Rav.Rp.Rr. RPSV{\RCV
= (0.99985) (0.99939) (0.99969) (0.99985)
(0.99985) (0.99985) =0.99848

The reliability of the two pump groups in parallel
combination is now given by the following equa-
tion:
Ro=1— (Qq¢)*
where Qg =— 1 — Rqe = 0.00152.
Ro==1— (0.00152)*
=1 — 0.000002
= (.99999

All of the remaining components of the boost sub-
system are in series with the parallel pump combi-
nation. These components are shown below with
predicted MTF’s and reliabilities.

Predicted
Component Predicted MTF Reliability
Suction pump 6,606 R, =—.999244
Filter, return line (2) 27,525 R, =—=.999819
Accumulator 16,515 ;== .999698
Reservoir and vent 7,180 R,=—.999304
Pressure relief valve 16,515 R; = .999698
Check valve 16,515 R, =.999698

Pressure transmitter
and snubber
Plumbing

11,796 R,=.999577
16,515 Rs=.999698

Minor Subsystem Reliabilities
The reliability of the total boost subsystem is now
given by the following equation:

Re=R¢ " R;"R.2"R; "R, "R; "Rs " R; "Ry
= (0.99654.

This predicted reliability is converted to MTF as
shown below:

t
MTF = —
- 5 5
" _In0.99654 ~ 0.00346
— 1,445

Similar calculations are performed for the utility
and auxiliary subsystems of the hydraulic power
supply. The final prediction results at minor subsys-
tem levels are given below:

Predicted Predicted
Minor Subsystem Reliability MTF (hirs.)
Boost 0.99654 1,445
Utility 0.99654 1,445
Auxiliary 0.99748 1,982
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Complete Hydraulic Power Supply Reliability
The predicted reliability of the complete hydraulic
power supply system is computed as a combination
of the reliabilities of the three subsystems. Redun-
dancy is present among the subsystems to the extent
that approximately 90% of the functions of the util-
ity subsystem can be performed adequately by the
boost and auxiliary subsystems in combination.

Conversely, the utility subsystem can adequately per-
form all of the functions of the boost subsystem and
approximately 90% of the functions of the auxiliary
subsystem. On this basis, it is determined that 10% of
the failures attributable to the utility subsystem and
10% of the failures attributable to the auxiliary sub-
system will constitute aircraft failure within the
definition previously stated. These failures are mathe-
matically equivalent to failures of a series subsystem.
On the other hand, the remaining 90% of the failures
attributable to these two subsystems are equivalent to
failures of parallel subsystems. This determination
is influenced by the fact that the essential functions
of the hydraulic power supply system can be per-
formed mechanically by back-up systems, which are
not included in this example.

With this determination of the reliability relation-
ships existent among the three subsystems, the
complete system reliability is expressed by the equa-
tion given below:

R¢=[1— (1 —Rsp " Rp) (I —Rpur)]'Ras " Rys

where Rg = reliability of the complete hydraulic
power supply system.

ap = reliability of the auxiliary subsystem for
functions paralleled by the utility subsys-
tem.
=0.99773

Rag==reliability of the auxiliary subsystem for
series functions.

==(.99975
Ryp = reliability of the utility subsystem for func-
tions paralleled by the auxiliary and boost
subsystems in combinaion.
== (.99688
Ryg = reliability of the utility subsystem for series
functions.
==0.99965

Ry ==reliability of the boost subsystem.
= 0.99654

Substitution of the given values in the equation
above results in the following predicted reliability
for the complete hydraulic power supply system:

Rg=10.99638
This reliability is converted to MTF:

N 5 5
~ In0.99938  0.00062

Comparison of Required and Preducted Values

Required and predicted MTF’s for the hydraulic
system are shown below for comparison purposes.

Required Predicted
MTF (hrs.) MTF (s.)

MTF == 8,065 hours

Hydraulic power supply 7,576 8,065
Boost subsystem 1,406 1,445
Utility subsystem 1,370 1,445
Auxiliary subsystem 1,942 1,982

From this comparison it is seen that the required
values are exceeded at all levels. The conclusion
drawn from this preliminary evaluation of the hy-
draulic system is that this system, as designed, is ex-
pected to achieve satisfactory operational reliability
with normal reliability control.

RELIABILITY IMPROVEMENT

The initial reliability prediction of 88 per cent for
the GL 207-45 airborne system does not meet the
preliminary requirement of 90% previously estab-
lished. Comparison of predicted MTF’s with corre-
sponding requirements given in Figures 9-18 thru
9-22 points out those areas where attention must be
concentrated. This preliminary reliability evaluation
indicated that maximum benefit could be realized in
achieving future increments of reliability if efforts
were directed primarily toward these specific areas:

Airerafi Basic
1 Windshield and windows
2 Airframe anti-icing and de-icing
3 Main landing gear
4 Nose landing gear
5 Flight instrumentation
6 Autopilot

Powerplant
1 Fire detection
Utilities
1 AC electrical power source and control
2 Exterior lighting
3 Fixed oxygen

Communications
1 Imterphone

Navigation
1 Radio compass
2 Weather radar
3 Radar altimeter
4 Inertial navigation
5 Navigation instruments

Conclusions
It must be emphasized that the above subsystems
were isolated through an initial requirements and
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predictions analysis of a preliminary design. The de-
sign is not fixed at this stage, and the analysis was of
necessity limited in detail. In many cases it was not
possible to make the detailed engineering compari-
son analysis necessary to assign valid failure rates on
the basis of C-130 experience. Also the requirements
allocation should be examined in the light of pre-
dicted values, with trade-offs of allowable failures to
give closer correlation in areas where the require-
ments appear unrealistic.

This analysis, however, is considered to be sufficiently
valid to warrant special attention in the areas listed
above, along with other areas where marginal relia-
bilities are indicated. A major advantage of this
preliminary analysis is that detailed design is not
complete, and necessary reliability improvements
can be incorporated with minimum effort and cost.
The results of this analysis have been provided to
Engineering, and individuals with design responsibil-
ity in the various subsystem areas are aware of the
reliability considerations necessary in developing the
detail designs. Upon receipt of program go-ahead,
reliability engineers will cooperate closely with the
design engineers in studies of historical data and
application of reliability design principles to the
final design. Concurrently, detailed requirements and
prediction analyses are begun to direct major con-
trol efforts as the reliability program progresses.

Some of the areas listed above have been previously
recognized as problem areas for the C-130 and
corrective features have been incorporated into the
present GL 207-45 design. The main landing gear,
for example, has been redesigned and is expected to
be satisfactory. Recent improvements in the C-130B
fire detection system appear to have a marked effect
on achieved reliability, but enough data have not
been accumulated to reflect this improvement in the
predicted values.

Several of the areas listed above, such as electrically
heated windows, are universal problem items. Sub-
stantial improvements of such equipment might well
require major new developments and a general ad-
vance in the state-of-the-art beyond the intended
scope of the System 476L program. Further studies
may establish reliability trade-offs, with the possibil-
ity of concentrated efforts in other areas compensat-
ing for these inadequacies. Cost considerations might
also prove a determining factor.

It is impossible at this time to properly examine the
degree to which government-furnished equipment
will affect the reliability. If the effects of such equip-
ment are significant, substantial reliability improve-
ment might result from close cooperation between
Lockheed and the Air Force, as has existed for the
C-130 and Air Force requirements become the major
factor in such cases. It is recognized that justification
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of expenditures to incorporate improvements is in-
fluenced by the application of the equipment in ques-
tion to airborne systems other than the GL 207-45
so that reliability trade-offs are investigated and
acceptable courses of action are developed through
negotiation.

EFFECTIVENESS ANALYSIS

Effectiveness studies for the GL 207-45 are initiated
upon receipt of contractual go-ahead. In analyzing
the effectiveness of an airborne system, problems
arise in formulating a model which accurately
describes the operation, and defines the characteris-
tics of the system, in terms which permit quantitative
measurement of the system’s effectiveness. The most
important elements in this analysis are those related
to the reliability and the maintainability of the air-
craft system. Defined characteristics of reliability
and maintainability, injected into the operational
model, will allow the assessment of other factors of
importance to the efficient operation of the aircraft,
such as—support availability, turn-around time,
transportability, and vulnerability. The data which
Lockheed has collected on the C-130 aircraft, pro-
vide a valuable basis for estimating quantitative
relationships that make this effectiveness analysis
feasible, practical and meaningful. Familiarity with
the operation of MATS aircraft and the assigned
airlift tasks further facilitates the formulation of
realistic operational models.

OPERATIONAL MODEL
The GL 207-45 is designed to be used by the Military
Air Transport Service in the performance of its air-
lift tasks. It is appropriate, therefore, that some of
these tasks be examined in order to formulate real-
istic operational models.

Peacetime

Channel Traffic

The air transportation of Department of Defense
passengers and cargo between ports in the United
States and overseas on a regularly scheduled basis is
known in MATS as “channel traffic.” This portion
of the peacetime task is performed by the Common
User Fleet and by commercial carriers under con-
tract with MATS. A large portion of the flying time
of the GL. 207-45 aircraft will be devoted to per-
forming routine operations in the Common User
Fleet.

The routine structure for channel traffic is shown in
Figure 9-24. WESTAF is responsible for the Pacific
and the Far East, terminating at Dhrahan. EASTAF
is responsible for Central and South America, Eu-
rope and Africa. Dhrahan is the eastern terminus of
the EASTAF routes. An example of current MATS
operations is the daily cargo flights that are flown
from McGuire Air Force Base to Frankfurt, Ger-
many, with stops at Harmon Air Force Base and
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Figure 9-24—MATS ROUTE STRUCTURES. )
Lages Field in the Azores, using the C-118. Availa- verted from MATS’ channel traffic routes to imple-
bility of an aircraft with a longer range than the ment the airlift requirements of tactical and strategic
C-118 might eliminate one or two of the interme- strike forces. In addition, the amount of channel
diate stops. A typical route for the operations under traffic in the direction of the war would probably
the jurisdiction of WESTAF is one from Travis Air increase. The increased traffic, as well as the reduc-
Force Base to Tachikawa, Japan, with an interme- tion of aircraft available for use in the channel
diate stop at Hickam Air Force Base. traffic, would require increased utilization of MATS

aircraft. The routes flown during periods of limited

Special Missions L .
war would remain similar to those of a peacetime

While the routine channel traffic of the Military Air

Transport Service has remained relatively stable operation.

during the past few years, the demand for special Strike Force Deployment

missions has increased. These special missions in- The operation of aircraft for the deployment of
clude transporting of priority personnel and deploy- strike forces in limited war would be similar to the
ment of the Tacticul Air Command and Strategic training exercises conducted during peacetime. The
Army Corps strike forces during training exercises. urgency of the operation and the quantity of the
A typical mission in support of one of these training material to be transported would be different since
exercises would require the airplane to leave its op- the terminal airfields would probably have few
erational base, proceed to an airfield near the TAC facilities.

or STRAC strike force, load cargo and supplies,

and then proceed directly to the area for training General War

exercises. In major airlift exercises lasting for several Strategic Air Command Support

days, aircraft may be required to make several round Operation of MATS aircraft in a period of general

trips in delivering troops and supplies. At the com- war is difficult to define since each operation would

pletion of the exercise, the airplane would conduct involve different requirements. Quick reaction time,
the operation in reverse terminating at its opera- high speed in transit, and rapid turnaround would be

tional base. On these special missions, the aircraft most important. The primary missions would prob-
would, in general originate from a major operational ably be transportation of critical material or weapons

base, operate for one or more cycles between a base to Strategic Air Command bases.

of moderate facilities and one of marginal repair

facilities, and finally terminate at its operational Strike Force Deployment

base. It appears that the need for the deployment of strike
. forces that exist during a limited war would be simi-

Limited War lar during a general war. After the first strategic

Channel Traffic attack, delivery and support of these forces would

During periods of limited war, aircraft would be di- probably be a major requirement.
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Operational Model Formulation
An examination of the missions of MATS in which
the GL 207-45 would be used indicates that the mis-
sions might be categorized by the type of bases used
by the aircraft. Because the level of maintenance
support would vary at the different bases, an opera-
tional model is developed to explain the plan of
action.
The bases are divided into the following six
categories according to the level of support facilities
available.

I Depot—Complete support facilities.

II Operational-—Support exclusive of major

overhaul.

III Intermediate base, Military—Bases which
receive similar type of aircraft, but have
none based there.

IV. Intermediate bases, Commercial-—Bases from
which similar commercial aircraft operate.

V Advanced bases—Iow level of mainte-
nance capability.

VI Landing strip—Requires the airplane to be
completely self-supporting.

Schematic descriptions of the various types of mis-
sions are shown in Figure $-25. Mission A would be
representative of scheduled operation in transport-
ing channel traffic with the airplane traveling the
circuit on a scheduled basis. In a single shot mission
it would also be representative of a SAC support
mission in which the airplane left its operational base
and proceeded to a military base for a critical airlift.
Missions B and C would be representative of de-
ployment missions in which the aircraft would pro-
ceed to the base of the strike force and then proceed
to an advanced base in the theater of operations.
Peacetime exercises would probably permit selection
of bases where some support was available. War-
time operations would introduce the possibility of no
support at the advanced base.

/_\un)/\

OR any

an
MISSION A \_/«(NK/

MISSION B an

MISSION C (i) OR <

Figure 9-25—SCHEMATIC DESCRIPTION OF TYPES OF MIS-
SIONS.
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Each leg of the mission would be further classified
with respect to the flight phases and the time spent in
each phase. The flight phases which appear to be
pertinent to reliability assessment are: preflight,
take-off and climb, cruise, descent and landing, post-
flight, and maintenance action.

AIRBORNE SYSTEM DEFINITION

It is necessary to describe the airborne system in
terms of its subsystems and their characteristics
which influence the analysis of the system’s effective-
ness. For the first phase of this analysis, it is assumed
that the aircraft is defined down to the minor subsys-
tem level. The breakdown of the complete system
into minor subsystems is similar to that used in the
C-130 reliability program. Approximately 300 mi-
nor subsystems are used to describe the C-130B. A
similar number should describe the GL 207-45.
To define the entire airborne system, however, acro-
space ground equipment subsystems should also be
included in the analysis.

Mean-Time-to-Failure

The criteria which would affect the reliability of the
airborne system is the mean-time-to-failure (MTF)
of a subsystem while the airplane is in flight status.
Data collected on the C-130 is used in estimating
the MTF of the subsystems of the GL 207-45, and
the portion of the flight in which they are most
likely to occur. Failures discovered during preflight,
flight, and post flight are identified. Where possible,
components used only during specific portions of the
flight are identified in order that the probable time
of failure occurrence may be determined.

In estimating MTF for most of the subsystems a uni-
form time distribution of the failure is used. A
constant failure rate allows the use of the decreasing
exponential for estimating reliability distribution.
Allowance for wearout is provided by including an
estimated time for replacement. A record in terms of
logged flight time is maintained for each component
on the aircraft. It is then possible to institute mainte-
nance action at the nearest overhaul period for
components reaching the wearout period.

Mean-Time-to-Mainfenance-Action

The total maintenance problem of the airplane must
consider the mean time to maintenance action
(MTMA) which includes failures discovered during
flight status, out-of-flight status, and other mainte-
nance action which may not be related to specific
system failure. C-130 reliability data is used in esti-
mating the total maintenance requirement.

FAILURE CLASSIFICATION

A failure analysis is required to classify identified
failures with respect to their effect upon the remain-
ing portion of the flight. The effects are categorized
by the urgency of the mission as well as by the
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phase of the flight in which failures occur. Actions
taken as a result of failures are defined by their
effect upon the flight and upon maintenance.

The most critical failures are those which would
cause an immediate abort of the flight. Even in this
instance, however, a portion of the aircraft’s mis-
sion might still be accomplished if, when the failures
occur, the closest airfield is one at which the aircraft
is scheduled to land. A second type of failure is one
which cancels the mission, if discovered during the
pre-flight phase. The same failure may not be con-
sidered reason for abort if the airplane is already in
flight. A third type is one which requires the aircraft
to return to its take-off point provided it has not
reached the midpoint of its flight.

The performance of some of the subsystems are re-
Iated to that of other subsystems. Failure of one of
the subsystems might not be serious, whereas, failure
of two or more related subsystems may be. Thus, the
failure of a given subsystem must be considered with
respect to possible additional failures of related
systems.

The less serious failures of subsystems may be classi-
fied as those which do not prevent the airplane from
completing its mission, or at least one leg of the
mission, or repair of which can be postponed.

MAINTENANCE REQUIREMENTS

Manhours

The data which have been collected in the C-130
reliability program include the maintenance man-
hours applied to specific maintenance work. Analysis
of these data permits estimates to be made of man-
hours required for maintenance of individual GL
207-45 subsystems. As these subsystems are designed
for the GL 207-45 and maintenance activity is
better defined, these estimates will be revised.

Elapsed Time

The total elapsed time is significantly important in
establishing turnaround time and total cycle time of
the aircraft. The crew size that can be effectively
assigned to the repair of the subsystems is also de-
termined. By comparing crew availability at the
base, with the manhours required, total time neces-
sary for repair or replacement is estimated.

Crew Skill Level

Estimates are made of the maintenance crew skill
levels required in handling each of the subsystems,
These estimates provide the basis for assignment of
specific skills to the various bases.

Spare Parts Category

The quantity and type of spare parts stocked at
each base depends upon the classification of the base.
The type of base at which it is possible to obtain the
required spare parts will be identified for each of the
subsystems.

Mathematical Model

The description of the operational model and the
description of the airborne system provides input to
the system effectiveness analysis which is pro-
grammed on the IBM 7090 computer. A flow dia-
gram of the analysis is described in Figure 9-26. The
operational model description includes specifications
of a network of bases; the time and distance between
bases; and the category of skills, equipment, and
spare parts available at each of the bases. For a
specific analysis the times and routes are fixed input.
The distribution of skills and equipment may be
fixed, or determined through random selection pro-
cedures.

SYSTEM
DESCRIPTION
i

RELIABILITY FAILURE | MAINTENANCE
CATEGORY DATA

OPERATIONAL
MODEL DATA
¥
RELIABILITY
ASSESSMENT
¥

ASSESSMENT SKILLS AND
SPARES REQ'D

BASE
CATEGORY
¥

SKILLS AND
SPARES AVAIL,

MAINTENANCE
ASSESSMENT
¥
DOWN - MANHOURS
TIME CREW SIZE

]

% COMPLETION
OF MISSION

Figure 9-26--MATHEMATICAL MODEL OF EFFECTIVENESS AN-
ALYSIS.

The reliability data for each subsystem are integrated
in the computer with the appropriate operational
data to determine the probabilities of failure at suc-
cessive stages of the mission. The completion of the
mission and the time required is a function of the
distribution of skills and equipment at the various
bases and the nature of the failure. To determine the
effect of the failure, when the flight is aborted, con-
tinued to the next base or to completion, the com-
puter receives information pertaining to the
subsequent flight status in the event of a system
failure.

The computational requirements may be handled
with the aid of random number generation. The
performance of each subsystem is simulated as the
mission progresses. The computer:routine considers
the probability that the failure of one subsystem will
induce failure in another. The exact mathematical
model depends on the number and complexity of
such relationships.
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At each time stage of the mission the operation of all
subsystems is tested, using failure rate inputs and
random selections. In the event of a failure, the effect
on the flight is evaluated from input failure data.
Where maintenance is required at the next base, or
subsequent bases, the statistical distribution of man-
hours for maintenance is consulted (again using
random numbers), and the cost and time delay of
maintenance actions are noted. Following this simu-
lation procedure, the cost and time requirements to
reach any stage of the mission are determined for a
typical run. Many runs are made to establish the
probability distribution function for costs and times
at various stages of mission completion.

Printed output consists of tabular data representing
cost and time distribution as a function of percent or
stage of mission completion. The specific mission
network (routes) and distribution of skills and
equipment for maintenance at the various bases are
also printed.

Mission accomplishment will probably be measured
by the relative quantities of aircraft which complete
the mission without encountering enroute delays due
to subsystem failure. Aircraft which complete the
circuit without failure; failures not requiring im-
mediate corrective action, or failures which can be
repaired within normal ground servicing time, are
considered to have 100% mission accomplishment.
Aircraft delayed due to enroute failure, but which
still complete the full circuit, will be penalized pro-
portionally to the total enroute delay and will show
less than 100% mission accomplishment. The third
category of aircraft are those which encounter fail-
ures aborting the mission, or requiring maintenance
not consistent with the available spare parts or skill
level of the enroute bases. This latter category is
credited with only that cargo delivered prior to
faiture. An aircraft aborting prior to reaching any of
its destinations is credited with zero accomplishment.
Calculations are performed for each of several dis-
tributions of maintenance capabilities, or for the
optimum distribution of maintenance capabilities for
each input set of mission specifications.

APPLICATION

The initial output of the computer program is based
on the preliminary predicted reliability of the GL
207-45 airplane. This reliability is used to establish
the total cost of maintaining the required airlift capa-
bility. Trade-off analyses are conducted between
maintainability and reliability to identify the proper
relationships for minimum cost. Critical systems
which need increased reliability or reduced mainte-
nance are examined and the effects of design
changes are evaluated. The effects of adding redun-
dancies to obtain higher reliability at the expense of
increased maintenance are determined. The final re-
sults of the effectiveness analysis define an optimum
relationship between reliability, maintainability, cost,
and other significant parameters. The system
reliability level, thus derived, becomes the quanta-
tive reliability objective for the GL 207-45.

Examination of the routes which apply to “channel
traffic” should give valuable guidance to the stocking
of parts or to the assignment of maintenance per-
sonnel at bases along MATS scheduled routes.

It is possible to examine vulnerability by assessing
increased component failure rate during specific por-
tions of the mission when a threat such as ground
fire exists.

One of the more important aspects of this type of
analysis in the capability to determine average turn-
around times, making it possible to estimate realistic
fleet sizes for defined military missions where the
cycle time is an important factor. Availability of
actual data obtained from the C-130 reliability pro-
gram, makes this type of analysis possible.

RELIABILITY REPORTS

All reports required by this program are prepared
and submitted in accordance with MIL-D-9310 as
required by MIL-R-26674 and the Statement of
Work. These reports are prepared by the Reliability
Engineering Department and incorporate the ap-
plicable information from other sources. Mecha-
nized reports are used where applicable.
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Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic
D.L. Planning—Sustaining
D.L. Tool Design—Basic

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic
D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

D.L.—Basic
D.L.—Sustaining
Overhead

Material & Direct Charges

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price
Thousands

FORMAT “A”

PRICING INFORMATION
RELIABILITY PROGRAM (5.4.8)

Hours®

218
21
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No Year Qty §
Contractor’s Proposal
Rate Amount®
$4.24 $ 924
4.23 89
69.55% DL 705
.56 134
—0—
—_—0—

$1,852

$3.37 § 10
O

115.40% DL 12
300

$ 322

23.97% DL § 245
$2,419

8% 194
$2,613




PRICING INFORMATION
RELIABILITY PROGRAM (54.8)

FY 63 Qty 31
Contractor’s Proposal

Hours?® Rate Amount'

Engineering
D.L.—Basic —0—
D L.—Sustaining 68 $4.47 $304
Overhead 70.50% DL 214
Material & Direct Charges .56 38
Technical Data & Handbooks —0—
Subcontracting —0—

Total Engineering $556

Tooling

D.L. Planning—Basic

D.L. Planning—Sustaining
D.L. Tool Design—DBasic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling

Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing

Quality Assurance

D.L.—Basic
D.L.—Sustaining 1 $3.59
Overhead 109.10% DL
Material & Direct Charges

Total Quality Assurance

L

|

o)
-JA-PAT)

L

o

2
)
e}

G & A Expense 22.88% DL

Total Cost
Profit 8%

Price

R
[N
(P W
et

4
[}
]
n

|

Thousands

FORMAT “A”
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Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic

D.L. Planning—Sustaining
D.L. Tool Design—DBasic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling
Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing
Quality Assurance

D.L.—Basic
D.L.—S8ustaining
Overhead

Material & Direct Charges

Total Quality Assurance
G & A Expense

Total Cost
Profit

Price
Thousands

FORMAT “A”

PRICING INFORMATION

RELIABILITY PROGRAM (54.8)

Hours?

71
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FY o4 Qty 48
Contractor’s Proposal
Rate Amount*
S
$4.64 $329
72.76% DL 239
56 40
—0—
—_—
$608
28.16% DL $ 93
$701
8% 56
$757




Engineering
D.L.—Basic
D.L.—Sustaining
Overhead
Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—DBasic

D.L. Planning—Sustaining
D.L. Tool Design—Basic
D.L. Tool Design—Sustaining
D.L. Tool Mfg.—Basic

D.L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling
Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing
Quality Assurance

D.IL.—Basic
D.L.—Sustaining
Overhead

Material & Direct Charges

Total Quality Assurance
G & A Expense

Total Cost
Profit

Price
'Thousands
FORMAT “A”

PRICING INFORMATION

RELIABILITY PROGRAM (5.4.8)

Hours?

67
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FY 65 Qty 48
Contractor’s Proposal
Rate Amount’
——
$4.82 $323
72.76% DL 235
.56 38
N
O
$596
28.16% DL $ 91
$687
8% 55
$742




Engineering

D.L.—Basic
D.L.—Sustaining

Overhead

Material & Direct Charges
Technical Data & Handbooks
Subcontracting

Total Engineering

Tooling

D.L. Planning—Basic
D.L. Planning—Sustaining
D.L. Tool Design—DBasic

D.L. Tool Design—Sustaining

D.L. Tool Mfg.—Basic
D.1L. Tool Mfg.—Sustaining
Overhead

Material & Direct Charges
Subcontract Tooling

Total Tooling
Manufacturing—(Production)

Direct Labor

Overhead

Material & Direct Charges
Purchased Equipment
Subcontracting

Total Manufacturing
Quality Assurance

D.L.—Basic
D.L.—Sustaining
Overhead

Material & Direct Charges

Total Quality Assurance

G & A Expense

Total Cost
Profit

Price
*Thousands
FORMAT “A”

PRICING INFORMATION
RELIABILITY PROGRAM (54.8)

Hours?

218
227
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PROPOSAL SUMMARY
Contractor’s Proposal

Rate Amount’
$4.24 $ 924
4.60 1,045
70.75% DL 1,393
.56 250
—0—

— 00—

$3,612

$3.33 $ 10
4.00 4
114.29% DL 16
300

$ 330

25.16% $ 499
$4,441

8% 356
$4,797
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AEROSPACE GROUND EQUIPMENT (10.1)

WEAPON SYSTEM GROUND SUPPORY EQUIPMENT —PART |

REPORTS CONTROt SYMBOL

TYPE, MODEL, AND SERIES

CARGQO Gl 207-45

WEAPON SYSTEM NUMBER

4761

DATE

FAGE 1 ©F

13

.. PAGES

FTERS
BY FUNCTIOMAL CATEGORY
A

NO. REQD

OPER | DEPOY
UNIT | OTHER
B c

[EXN
cosT

FUNDS
SERIES
13

PRO-
CURING

TERD TIME — GPERATIONAL URIT
G

TEAD TIRE — DEPUT/OTHER
®

ACTIVITY
¥ ce 1. 18 mos

GP 2 MOS [GP 3

MO8

P 4

.. MCS

ar 1 24 _mos

Gr 2 ...MOS| GP 1

A -~ AIRLIFTING

{All New Parts)

{Flight Controls}
Rigging Kit
Spares 15%
Operational Sqdr.
Consolidated Maint.
Depot

{Elight Controls)

Test Jig Aileron
Spares 15%
Operational Sqdr.
Consolidated Maint.
Depot

(Flight Controls)
Test Jig Elevator
Spares 15%
Operational Sqdr.
Consolidated Maint.
Depot

$ 734
$ 734

$2,66%

$3,014

($881)

$5,872

$1, 468
(8220}

$5, 338
($801)

$6, 028
{$904)

AMC %% 217

REPLACES AMC FORM 217, FEB 59, AMC FORM 504D, SEP 57, AND ASC FORM 89, AUG 58, (FORMERLY MCP FORM 118) WHICH ARE OBSOLFTE

WEAPON SYSTEM GROUND SUPPORT EQUIPMENT — PART |

REPORTS CONTROL SYMBOL

TYPE, MODEL, AND SERIES

CARGOQ, Gl 207-45

WEAPON SYSTEM MUMBER

476L
PRO-

DATE

PAGE....2 v OF

13

PAGES

8Y FUNCHONAL CATEGORY
A

NO. REQD
QPER | DEPOT
UNIT | OTHER

B <

T
cost

FUNDS
SERIES

E

CURING

TEXD TIME — OPERATIGNAL UNIT
9

TEAD TIME ~ DEPOT/OTHER
H

AcTiviTY
3 o 118 mos

GP 2 GP 3.

P 4

.. MOS

o 1. 24 . nmos

GP 2 MOS] GP 3

A - ARLIFTING

{All New Parts)

{Flight Controls)
Test Jig Rudder
Spares 15%
Operational Sqdr,
Consolidated Maint.
Depot

(Flight Controls)
Hoist
Spares 15%
Operational Sqdr
Consolidated Maint.
Depot

{Flight Controls}
Sling - Rudder
Spares 15%
Operational Sqdr.
Consolidated Maint.
Bepot

$2,669

$2,050
$2,050

$184
§184
$184

($308)
$2,050
$16, 400
(2, 460)

(28)
$184
$736

($110)

$5, 338
(3801)

$736
(8110

AMC 537 217

REPLACES AMC FORM 217, FEB 59, AMC FORM 504D, SEP 57, AND ASC FORWM 89,
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WEAPON SYSTEM GROUND SUPPORT EQUIPMENT —PART {

REPORYS CONTROL SYMBOL

TYPE, MODEL, AND SERTES

WEAPON SYSTEM NUMBER

DATE

CARGO, GL 207-45 4761 pace 3 or 13, s
No. REQD PRO. TEAD TIWE ~ OPERATIONAL URIT TERG TTME = DEPGT/OTRER
BY FUNCTIONAL CatEGORY TRl o | e | e £ =
A B < o E F GP ¥ 18 MOS | GPF 2 MOS{GP 3 MOS: GP 4 . MOS| GP Y 24 MOS | GP 2 . MOSi GP 3. MOS IGP £ AOS]
A - AIRLIFTING
{All New Parts)
(Flight Controls)
Sling - Gen. Purp.
Spares 15% (3138)
Operational Sqdr. 1 § 919 $919
Consolidated Maint. 4 $ 919 $3, 676
Depot 4 |3 919 ($551) $3,676
($551)
{Flight Controls)
Sting - Stab.
Spares 15%
Operational Sqdr.
Consolidated Maint.
Depot 2 $ 789 $1,578
($237)
(Fire Waming Syst.)
Tester
Spares 15% ($248)
Operational Sqdr. 1 $1,788 $1,788
Consolidated Maint. 8 $1,788 $14, 304
Depot 2 $1,788 ($2, 148) $3,576
($536)
|
AMC Jorx 217 REPLACES AMC FORM 217, FEB 59, AMC FORM 504D, SEP 57, AND ASC FORM B9. AUG 58, (FORMERLY MCP FORM 118) WHICH ARE oasmrrj
WEAPON SYSTEM GROUND SUPPORY EQUIPMENY — PART 1 FEPORTS CONTROL Shaot
YYPE, MODEL, AND SERIES WEAPON SYSTEM NUMBER DAYE
CARGO, GL 207-45 476L pace. 4 or . A3 eaces
NO. REGD RO TEAD TiME — OPERATIONAL UNIT TEAD TIME — DEFOT/OTHER
8Y FUNCTIONAL CATEGORY CrEn ool com Sonns | me = =
A B < o E ¥ GF 1 }8 L MOS | GP 2 MOS [ GP 3., MOS | GP 4. MOS | GF 1 24..;}&05 GP 2, MOS| GP 3 L HOS |GF 4 MOS,
A - AIRLIFTING
(All New Parts)
(Fuselage)
Hoist & Sling
Spares 15% {$108)
Oper. Sqdr. ] $720 $720
Consolidated Maint. 8 $720 $5, 760
Depot 4 | $720 ($864) $2, 880
($432)
(Fuselage)
Fitting - Jack
Spares 15% ($49)
Oper. Sqdr. 4 $81 $324
Consolidated Maint. 32 $81 $2, 592
Depot 8 $81 ($389) $648
($97)
(Fuselage)
Fitting - Jack
Spares 15% {341}
Oper. Sgdr. 4 $69 $27¢6
Consotidated Maint. 32 $69 $2,208
Depot 8 $69 {$331) $552
{$83)

AMC 537, 217

REPLACES AMC FORM 217, FEB 59, AMC FORM 504D, SEP 57, AND ASC FORM 89, AUG 58, (FORMERLY MCP FORM 11B) WHICH ARE OBSOTETE
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WEAPON SYSTEM GROUND SUPPORT EQUIPMENT —PARY |

REPORTS CONTROL SYMBOL

YYPE, MODEL, AND SERIES WEAPON SYSTEM MNUMBER DATE
CARGO, GL 207-45 4761 pace. .3 L <
O, REGD prey TEXD TTNE — OPERATIGNAL GRET TEXT TIRE ~ DEFGT/OTHER
£ FUNCTIONAL CATEGORY orée | DEOT)  cosr cres | Sumee = -
A B < D £ F GP ’.,} 8 MOS | GP 2. MOS | GP 3. MOS | GP 4. WOS| GP 124'0\05 GP 2 MOST GP 3. ... ROS IGP & MOS8
A-AIRUFTING
{All New Parts)
{Fuselage}
Delly
Spares 15% ($201)
Oper. Sqdr. 1 $1,339 $1, 339
Consolidated Maint. 4 $1,332 $5,356
Depot 2 | $1,33% ($803) $2,678
($402)
{Fuselage)
Dolly
Spares 15% ($110)
Oper. Sqdr. 1 $732 $732
Consolidated Maint. 4 $732 $2,928
Depot 2 $732 ($43%) $1, 464
($220)
(Fuselage)
Adapter Kit
Spares 15% ($754)
Oper. Sqdr.
Consolidated Maint. 4 $1,257 $5,028
Depot 4 | §1,257 $5,028
{$754)
AMC AFPORR'S‘9 2‘[ 7 REPLACES AMC FORM 217, FEB 59, AMC FORM 504D, SEP 57, AND ASC FORM 89, AUG 58, (FORMERLY MCP FORM 118) WHICH ARE OBSOLFTE
REPORTS CONTROL SYMBOL
WEAPON SYSYEM GROUND SUPPORT EQUIPMENTY — PARY |
TYPE, MODEL, AND SERIES l WEAPON SYSTEM MNUMBER DATE
CARGO, GL 207-45 4761 pace. . O O 1B PAGES
WO REGD, o, TEAD TIME < DPERATIONAL UNIT TERD TIME — DEPOT/OTHER
BY FUNCTIONAL CATEGORY S:T: g‘Y::; gg;: ;:“:22 :;C‘{:ly’::-;y £ ul
A 3 < 2 13 F GP 1 ‘8 _MOS [ GP 2 . MOS [ GP 3 KOS GR 4 MOSE GP Y 24 MOS | GF 2. MOS| GP 3. MOS [GP & ... MOS]
A - AIRLIFTING
{All New Parts)
(Wing)
Fi rting - Jack
Spares 15% ($37)
Oper. Sqdr. 4 $62 $248
Consolidated Maint. 32 $62 $1,984
Depot 8 $62 ($298) $496
($74)
(Wing)
Condensate Drain
Spares 15% (3502)
Oper. Sqdr. 16 $209 $3, 344
Consolidated Maint.
Depot 4 | $209 $836
($125)
i i

FORE
APR 52

AM 217
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REPLACES AMC FORM 217, FEB 59, AMC FORM 504D, SEP 57, AND ASC FORM 89, AUG 58, (FORMERLY MCP FORM 118} WHICH ARE OBSOLFTE




WEAPON SYSTEM GROUND SUPPORY EQUIPMENT — PART | FERORTS conTROt symaot
TYPE, MODEL, AND SERIES TWEAPON SYSTEM NUMBER DATE
CARGQO, GL 207-45 4761 bacE . 7 0 N3 races
- I . o | TERD VIR~ GPERATIONAL ORIY 7 TER TR~ SO/ THeR
BY FUNCTIONAL CATEGORY Ui | omEr cost SERES | aeriviry
A 5 < 3 3 3 oe1 18 wosicr wos |Ge 3. .. mos|or e mosicer 24 wos|os 2 NOS! 6P 3 -.]0S [oP 4 #0S
B - ALIGHTING
(All New Parts)
{Landing Gear)
Hoist
Spares 15% | ($93)
Oper. Sqdr. 1 $618 $418
Cons. Maint. 8 $618 $4, 944
Depot 4 $618 ($742) $2,472
($371)
(Landing Gear)
Lock
Spares 15% {$45¢)
Oper. Sqdr. 16 $190 430640
Cons. Maint.
Depot 4 $190 $760
($114)
{Landing Gear)
Lock
Spares 15% {$1,733)
Oper. Sqdr. 32 $361 $11,552
Cons. Maint.
Depot 8 $361 i $2,888
| (5433)
i i
AMC 2o, 217 REPLACES AMC FORM 217, FEB 59, AMC FORM 504D, SEP 57, AND ASC FORM 09, AUG 38, (FORMERLY MCP FORM 118) WHICH ARE OBSOUFTE
REPORTS CONTROL SYMBOL
WEAPON SYSTEM GROUND SUPPORT EQUIPMENT — PART |
TYPE, MODEL, AND SERIES | WEAPGN SYSTEM NUMBER | ate i
CARGO, GL 207-45 4761 lhss 8 or... 33 races
T o - | o TERD FINE = GFERATIORAL O TERD TIHE = BEFOT/OTIER
v ‘uNCHONAA s emee e c&‘))sr SE:ES Y L or 1. 18 os | or 2 wos e o moslor o _wos|or 1 24 woslora WOS | OP 3........HOS |GP 4 S|
8 - ALIGHTING
(All New Parts)
{Landing Gear)
Dolly
Spares 15% ($136)
Oper. Sqdr. 1 $905 $905
Cons. Maint. 8 $905 $7,240
Depot 4 $905 ($1,086) $3,620
($543)
{Landing Gear)
Dolly
Spares 15% ($80)
Oper. Sqdr. i $532 $532
Cons. Maint. 8 $532 $4,256
Depot 2 $532 ($638) $1,084
($160)
(Landing Gear}
Bridle Kit
Spares 15% {347}
Oper. Sqdr. H $314 $314
Cons. Maint. 4 $314 $1,256
Depot {$188)
i
|
| |
AMC ore 217 REPLACES AMC FORM 217, FEB 59, AMC FORM 504D, SEP 57, AND ASC FORM §9, AUG 58, (FORMERLY MCP FORM 118) WHICH ARE OBSOLETE
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SYSTEM GROUND SUPPORY EQUIPMENT — PART |

REPORYS CONTROL SYMBOL

TYPE, MODEL, AND SERIES

| WEAPON SYSTEM NumaER

DATE

CARGO, GL 207-45 476L Pace 7 o
NG, REQD o] TEXD TINE — OFERATIOWAL UNTT TAD TIME — DEFOT/OTHER
oo covecory | o | ror | &6 | aw | S s : d
A B < o £ F GP T }8 MOS | GP 2 MOS [ GP 3 MOS ROS GP 2oL MOS| GP 3
B - ALIGHTING ]
(All New Parts) i
({Landing Gear) ‘
Bleeder Unit I
Spares 15% i ($130}
Oper. Sqdr. 1 $869 [ 5869
Cons. Maint. 8 $869 L $6,952
Depot 2 $869 ($1,043)
(Landing Gear)
Wrench
Spares 15% | ($44)
Oper. Sqdr. 2 $147 $294
Cons. Maint. 8 $147 $1,176
Depot 4 $147 ($176)
C - PROPULSION
{All New Parts)
(Engine) !
Hoist & Sling {
Spares 15% ($120) |
Oper. Sqdr. 1 $798 $798 i | |
Cons. Maint. 8 798 : $6,384 !
Depot 5 | (s958) | [ %
AMC A:%R;l. 21 7 REPLACES‘AMC FORM 217, FEB 59, AMC FORM sm‘n, SEP 57, AIND ASC FORM B9. AUG 58, FORMERLY jwcv FORM 118! WHICH ARE OBSOUFTE i

WEAPON SYSTEM GROUND SUPPORT EQUIPMENT —PART |

REPORTS CONTROL SYMBOL

TYPE, MODEL, AND SERIES

CARGQ, GL 207-45

WEAPON SYSTEM NUMBER

476L

1 pate

PAGE 10 OF

ITEMS
BY FUNCTIONAL CATEGORY
A

NO, REQD
OPER | DEPOT
UNIT | OTHER

3 <

uny
oSt

PRO-
FUNDS CURING

TEAD TIME — GPERATIONAL UNIT
3

TEAD TIME — DEFOY/OTHER
"

SERIES ACTiviTY
£ ¢

18 nos

GF 2 MOS [ GP 3 MOS

GP 2 MOS| GP 3

C - PROPULSION
(All New Parts)
(Engine)
Sling
Spares 15%
Oper. Sqdr.
Cons. Maint.
Depot

{Engine)
Sling
Spares 15%
Oper. Sqdr.
Cons. Maint.
Depot

(Engine)
Adapter Remote Trimmer
Spares 15%
Oper. Sqdr.
Cons. Maint.
Depot

$316

$373

$344
$344
$344

{$224)

$1,492

$2,752
($413)

{$52)
$344

H
i

|

!

AMC 555 217

volume 4 % page 10-5

REPLACES AMC FORM 217, FEB 59, AMC FORM 5040, SEP 57, AND ASC FORM 89 AUG 58, (FORMERLY MCP FORM 118) WHICH ARE OBSOUFTE




WEAPON SYSTEM GROUND SUPPORYT EQUIPMENT —PART |

REPORTS CONTROL SYMBOL

TYPE, MODEL, AND SERIES ' WEAPON SYSTEM NUMBER DATE
CARGQ, GL 207-45 476L | ence . 1] or. 13 eacss
~O. Keah | o | TEAD TImME — OPERATIONAL UM TERD TIME — GEPOT/OTRER
{"orEn | oevoT | unit FUNDS 1 cupiNgG S H
BY FUNCTIONAL CATEGORY ONIT | OTHER [ cos¥ SERIES | acriviTy ;
A 8 < i o € £ loe 18 wos|oe: MOS 1 GP 3 HOS| P 4. woslort 24 MOS | 5P 2 MOS| GF 3 el o — MOS
D - ACTIVATION ! ’
{All New Parts) i | i |
: ! | : i
{APU) E | |
Hoist
Spares 15% (563}
Oper. Sqdr. 1 $421 $421
Cons. Maint. 8 $421 $3,368
Depot 2 $423 ($505) $842
(8126}
H - PROTECTION & SAFETYING
{All New Parts) :
{Pneumatic Syst.} ! i
Safety Net Kit i
Spares 15%
Qper. Sqdr. i
Cons. Maint. i |
Depot i 2 1$2,909 | $5,818
| ($873) l
i
|
|
\ | !
i | ¢ : i H [ i
1 I i i i 1 ! ; :
AMC A;%ﬂ;" 2‘ 7 REPLACES AMC FORM 217, FEB 59, AMC FORM S04D. SEP 57 AND ASC FORM 89 AUG 58, (FORMERLY MCP FORM 118] WHICK ARE OBSOUETE
REPORTS CONTROL SYMBOL
WEAPON SYSTEM GROUND SUPPORT EQUIPMENTY — PART |
TYPE, MODEL, AND SERIES ! WEAPON SYSTEM NUMBER DATE
CARGO, GL 207-45 476L eace . 12 or 13 paces
RO REGD T rRo. TEAD TIME — GFERATIONAL UNIT TEAD TIME _ DEFOT/OTHER
ITEMS ObeR | DEFOT | uny FUNDS 1 cymiNG | < H
8Y FUNCTIONAL CATEGORY unit | ommer | cost SERIES | acmivivy 7
A 3 < | o E F GP Y !8 MOS { GP 2 MOS I GF 3 HOS | GP 4. . MOS! GP Y 24 MOS{GP 2 MOS| GP 3 o MOS IGP 4 ... MOS]
H - PROTECTION & SAFETYING | i !
(Al New Parts) |
{Doors}
Lock Kit
Spares 15% ($1,230)
Oper. Sqdr. 4 $2,050 $8,200
Cons. Maint. 32 $2,050 $65, 600
Depot 4 1%$2,050 ($9,840) $8,200
($1,230)
{Engine} !
Plug Kit !
Spares 15% ($1,598)
Oper. Sqdr. 16 $666 $10,656
Cons. Maint.
Depot 4 3666 $2, 664
($400)
{Engine}
Screen
Spares 15% ! i ; ($753) i {
Oper. Sgdr. 4 $1,255 $5,020 |
1
Cons. Maint. 32 $1,235 $40, 160
Depot 4 1s1,255 ($6,024) 5 $5,020
1 “ {$753)
| | | |
! | : i
. i 1 s f |
AMC A;%“:Q 2‘ 7 REPLACES AMC FORM 217, FEB 59, AMC FORM 504D. SEP 57, AND ASC FORM 89, AUG 58, (FORMERLY MCP FORM 118) WHICH ARE OSSOLFTE
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WEAPON SYSTEM GROUND SUPPORT EQUIPMENT — PART |

REPORTS CONTROL SYMBOL

TYPE, MODEL, AND SERIES

WEAPON SYSTEM NUMBEER

volume 4

CARGO, GL 207-45 476L - OF
NO. REQD PRO- LEAD TIME — OPERATIONAL UNiY LEAD THME — DEPOT/QTHER
BY FUNC‘HOXLAL CATEGORY 2‘,‘;‘2; 2;; :g::g: f:;:,'fﬁ, s 2
A < o £ F oP 1 ]8 .. MOS | GP 2 MOS | GP 3 GP Y 24 MOS GP 3 -MOS
H -~ PROTECTION & SAFET ¢
(All New Parts)
{Pneumatic Syst.}
Plug Kit
Spares 15% ($310)
Oper. Sqdr. $129 $2,084
Cons. .Mcim‘.
Depot 4 $129 $516
($77)
{Landing Gear)
Lock - Safety
Spares 15% ($106)
Oper. Sqdr. $352 $704
Cons. Maint. $352 $5,632
Depot 4 $352 ($845) $1,408
($211)
(Landing Gear)
Lock ~ Safety
Spares 15% (3313)
Oper. Sqdr. $521 $2,084
Cons. Maint. $521 $16,672
Depot 8! 3521 ($2,507) $4, 168
(3625)
AMC A:%R;KS 2] 7 REPLACES AMC FORM 217, FER 59, AMC FORM 504D, SEP 57, AND ASC FORM 89, AUG 58, (FORMERLY MCP FORM 118} WHICH ARE OBSOLF\'E.




REPORTS CONTROL SYMBOL
TIME PHASED PROCUREMENT PROJECT _________ —PART Ii
TYPE. MODEL AND SERIES WEAPON SYSTEM NUMBER TATE
GL 207-45 476 L pace__ 1 _or___ 2 paces
CALENDAR YEAR 1964 cALENDAR YEAR 19_868 CALENDAR YEAR 15_00 CALENDQ;
garrs vear 19 67

JiFimialmidjatais|oinipldiFimiaimigjsjalsloinipld|FiMia|{misii|a|sS | olNID|I|FiMiAlM S

L L X 1% 11,788,825
SQDN 1 X |$ 388,875 (858, 381)
SQDN 2 X1$ 1388, 875 ($58{331)
SQDN 3 % |$ 88, 8751(586.331)
SQDN_4 X|'s 388, 875/ (558 )331)

EQUIPAGE DATE

{WiNgG, EYC.} NO.._;___.__ XIS 1,788 8P5

SQDBN X1$ 388,875 (538 13311}

1
SQDN_ 2
SQDN 3 X1$ 388,8751($38.031)
SQDN 4 X |$ 388, 8751(358,331)

EQUIPAGE DATE

SQUADRON {wik6. £7C.} KO.

GROUP 1

GROUP 2

GROUP 3

GROUP 4

EQUIPAGE DATE

.| FISCAL YR. 19.@_2* FISCAL YEAR 19 63 FISCAL YEAR 13 64 FISCAL YEAR 19.65.*,

s 105,310 s_ 826,533 51,084,143 s 1,095,014

AMC 5574, 217A PREVIOUS EDIHION OF THIS FORK [5 OBSOLETE.

REPORTS CONTROL SYMBOL
TIME PHASED PROCUREMENT PROJECT .~ ~PART Il
TYPE. MODEL AND SERIES WEAPON SYSTEM NUMBER DATE
GL 207-45 476 L PAGE. 2 or__2 PAGES
CALENDAR YEAR 19.64 caLenpar vear 19 65 CALENDAR YEAR 19 66 CALE“?;
UNITS YEAR 19 67

FIFIMIAIMIIIY AISIOIN|DISIFIMIAIMIJIIIAISIOINIDISIF I MIAI®|J|IIA|SIOINIBIIIFIMIAIN, J

DEPOT No. 1 X% P, 152,000 {$322}800)

GROUP 1

GROUP 2

GROUP 3

GROUP 4

EQUIPAGE DAYE
DEPOT [ X1$ 2,152,000 {$322| 830)
GROUP 1§

GROUP 2

GROUP 3

GROUP 4

EQUIPAGE DATE

SQUADRON (winG, £T¢.} RO,

GROUP

GROUP 2

GROUP 3

GROUP 4

EQUIPAGE DATE

FISCAL YR, IS‘.é_zF FISCAL YEAR 18 63 FISCAL YEAR 18 64 FISCAL YEAR ‘9.@5__..
s 145,690 51,143,467 s 1,499,857 s 1,514,986
N T T
volume 4 © page 10-8






