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SECTION I 

INTRODUCTION 

1.1 Background 

Grumman experience indicates that the reliability of avionic equipment in 

the field is almost always lower than that demonstrated in the laboratory. 

A relative difference between 3:1 and 5:1 is common and in some cases it even 

extends to orders of magnitude. The incompatibility between lab and field 

MTBF significantly impacts life cycle costs (maintendnce planning and sparing 

of resources) and also impedes the early achievement of reliability goals. 

Factors which may significantly contribute to reliability differences include: 

• Environment 

Data and experience seem to indicate that differences between lab 

tests and field environmental exposure is one of the more significant 

reasons for reliability incompatibility. Increased environmental 

stress levels on hardware due to modem high speed, high performance 

aircraft tre responsible for many field failures. A study performed 

by Grumman (ref. l) clearly indicates that almost 50^ of field fail- 

ures are environmentally related. 

• Level of Maintenance Skills 

The skill level of personnel engaged in the maintenance and repair of 

avionic equipment can affect reliability. Inadeouate or incorrect 

diagnosis would result in erroneous failure entries. Unskilled re- 

pair actions could result in additional failures induced during the 

repair process again resulting in erroneous conclusions. In addition, 

poor equipment handling practices due to lack of proper maintenance 

stands, etc., or lack of personnel motivation could result in Induced 

failures. 

Functional Test Equipment Incompatibility 

During the earlier stages of aircraft deployment, test equipment and 

hardware may not be completely compatible and this incompatibility 

could result in erroneous failure diagnosis during troubleshooting. 

aHaM_HBi 
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Incorrect failure data would then be entered into the data recording 

system, 

* Inconsistencies In Prediction Methods 

Since the equipment manufacturer must prove via a prediction that his 

parts, etc., have the reliability required to pennit the achievement 

of a specified reliability value, it is important that this prediction 

be realistic and based on best available data. In addition, it is 

also important that a uniform prediction policy be maintained for all 

avionic equipment. Current techniques utilize data from a wide vari- 

ety of sources, which often result in equijment whose measured values 

of MTBF do not approach the original requirement. 

Maturity of Systems Selected for Reliability Demonstration Tgst* 

Quite often, in order to meet contractual schedule commitments, pro- 

duction equipment is delivered before the reliability demonstration 

test is cnmplete. Many problems may be detected during the demonstra- 

tion test for which a change will not be incorporated into the pro- 

duction hardware until some later date. Therefore, until some point 

in time, the reliability of field hardware may be lower than the dem- 

onstrated value. 

Diversified Black Box Aircraft Location Vs. Single Subsystem T^ 

Environmental Conditions —~-™—. 

Almost without exception, laboratory demonstration tests conducted on 

a subsystem composed of several WRA's, are performed in one test 

facility and at one level of environmental stress. In the aircraft 

these same units are generally located in different locations and ex- 

posed to different environmental conditions. Even if all items are 

designated to be the same MIL-E-5400 "class", which indicates thermal 

and altitude tests only, other environmental crnditions (notably 

vibration) may vary considerably. 

Laboratory and Field Ground Rules for Establishing an MTRF 

Ground rules for failure definition and time measurement must be con- 

silent to assure that field and lab reliability comparisons are 

2 
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valid. It ßeems obviouE that a large disparity between these para- 

meters when used in defining MTBF end scoring failures will result in 

a significant difference in reliability. 

It is apparent that reliability demonstration tests do not adequately 

reflect field usage. Therefore this study focuses on this aspect aid 

primarily on the effect of environment. This appears to be the most 

viable area of investigation at this time because: 

- Our experience shows that the laboratory does not duplicate field 

environment. 

- Profiles have remained essentially unchanged for many years. 

Ito a lesser extent, but because they are so intimately tied to relia- 

bility measurement, we will also examine the effect of ground rules 

and predictions. 

1.2 Objectives 

The principal objectives of this study eun: 

• Determine the adequacy of the environmental profiles of MIL-S1D-781 In 

simulating field stresses. 

• Where inadequacies exist, provide recommended new test profiles for 

inclusion in MIL-STD-781. 

Secondary ob^wtives Include: 

• Determine tbe adequacy and provide recommendations for improving demon- 

stration test ground rules and scoring criteria. 

• Identify changes needed in reliability prediction methods to produce 

better correlation with demonstration and field results. 

1.3 Approach 

To  satisfy these objectives the study Includes the following general 

areas of investigation: 

• A selection of Weapons h placeable Assemblies (WRA's) in accord- 

ance wich a set of criteria developed to assure a cross section 

of function, location, cool.ng and mounting provisions, etc. 

3 
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(Ninety-five distinct WRA's were selected.) Note that "WRA" is 

a generic term used to describe any replaceable package of an 

avionic equipment or system as installed in an aircraft weapon 

system. The equivalent Ai.: 7orce term is Line Replaceable Unit 

(LRU). 

• A determination and comparison of actual use and demonstration 

test environments, levels, and duration of exposure. 

• A review and analysis of demonstration test results and field 

failure experience to determine respective MTBF's. 

• An analysis to relate MTBF differences to environmental differ- 

ences to Identify and quantify areas of influence. 

• A development of new environmental profiles, their range of 

validity, and methods for modification in the future. 

• A reprediction of reliability to a common source document and 

with a common set of ground rules. (The coordination copy of 

MIL-STD-217B, dated Jul 73, was used for this effort.) 

• An analysis to relate differences between predicted and field 

MTBF's to differences in equipment characteristics and environ- 

mental differences for the purpose of identifying areas of Im- 

provement In prediction methods. 

l.U Report Scope 

This interim report covers the work performed during the first 12 months 

of a contemplated 18 month study. A sample of 95 WRA's hae been selected and 

the physical and design characteristics of each have been determined. Envi- 

ronmental data relating to laboratory testing and actual field exposure for 

each WRA has been collected, analyzed, and compared. WRA test results and 

field failure experience has been reviewed and reliability measures for these 

conditions have been determined. New reliability predictions for each selec- 

ted WRA have been performed. Some preliminary comparisons of lab-field 

reliability differences to environmental differences have been made and 

several relationships have been observed. 



The effort during the balance of the study will concentrate on the 

following areas: 

• Refining field reliability values to consider certain types of false 

alarms and to more precisely eliminate non-relevant failures by an 

analysis of failure modes. 

• Quantifying the relationship between reliability differences and 

environmental differences. 

• Developing new environmental profiles. 

• Studying the relationship between predicted and field reliability 

differences for various categories of equipment characteristics and 

environment s. 
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SECTION II 

EQUIFMEM' DESCRIPTION 

2.1 Selection Criteria 

In detemining which items to select for use in this study, many equip- 

ment attributes were evaluated. The basic rationale for final selection in- 

cluded two primaiy considerations: 

• To what extent was the criterion affected by environment? 

• To what extent was reliability influenced by the criterion? 

Utilizing the above rationale, the following attributes were applied in sei- 

ecting the study equipnents: 

• Laboratory Demonstration - In order to perfonn any evaluation it 

was impaicit in the basic study objective that each selected equip- 

ment must have been subjected to a reliability demonstration test. 

The equipnents chosen have all been subjected to such tests, pre- 

dominantly levels E & F of MIL-STD.78I (ref. 2). Certain equipments 

were purposely selected because they had not been exposed to a MIL- 

STD-78I profile, instead they were tested to environments represent- 

ing typical mission profiles. 

• Contemporary Design - The primary driver used when considering vin- 

tage of equipment was state-of-the-art technology. Since the study 

output was aimed at recommending profiles for future tests, it was 

important that analysis be perfoimed on equipnent representing 

current technology. Further, if the equipnent evaluated was too old, 

maximum reliability growth would have been achieved via ECP action, 

and any comparison between lab and field would contain a built-in 

bias. Of course, equipnent had to be mature enough to be deployed 

so that data would be available. This contradiction was mitigated 

somewhat by selecting equipnent with a large complement of microcir- 

cuitry (l/C's, etc.) as well as other unique and current design 

features. In addition, equipment was also selected which Included 

a mix of parts/quality levels. 
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* Weapon System Diversity - Since the environmental exposure an equip- 

ment experiences is somewhat dependent upon the characteristics of 

the aircraft it is installed in and its associated mission profile, 

equipments have been selected from a variety of aircrait weapon 

systems to assure a cross section of environmental exposure. The 

aircraft represented in this selection include: 

- Turbojet and turboprop propulsion 

- Subsonic and supersonic speeds 

- Land and c&rrier basing 

- Attack, fighter, and surveillance missions 

• Location In Aircraft - To provide diversity of environmental inten- 

sity and to establish a base for MIL-STD-781 test comparisons (since 

lab tests are primarily conducted on subsystems under one set of en- 

vironments while actual aircraft location may include many environ- 

ments for the same subsystem), equipment was selected from the nose, 

fuselage body, cockpit, tail, etc. 

* Coolinfi Method and Mounting - In order to establish a base for ccm- 

parison of thennal cycling effects, equipment was selected from 

classes lA, IX, 2, 2A and 2X as defined by MIL.E-5I+OO (ref.3) and 

encompassed natural convection, liquid, forced air, and fan cooling 

methods. In a similar manner, both hard-mounted and isolator-mounted 

equipments were selected to enable an assessment of different field 

performance (since MIL-STD-781 tests call for hardmounting of all test 

hardware). 

• Usage - ALI equipment selected and used in the aircraft types de- 

fined will be produced in quantity. Further, all common equipment 

functions are represented in the selected hardware, i.e., radar, 

communications, navigation, computer functions, displays, A-D con- 

verters, high-power transmission, sensors, etc. 
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• Field Reliability - Availability of data and thorough knowledge of en- 

vironmental "uee" parameters also dictated the choice of hardware. 

Since the equipnents selected are presently included in the Navy in- 

ventory, field data is available through the 3M system and can readily 

be supplemented by available preflight and flight test data. Further, 

environmental profiles have been detennined for each of the aircraft 

selected. 

2.2 Equiiment Descriptions 

In order to provide some insight into the equipments selected for the 

study, a brief description of each of the WRA's is presented. After reviewing 

each of the equipments it was decided to group thtm into categories based on 

the generic function of each unit, i.e., data processing, RF transmission, etc. 

RF R/T - WRA's which either transmit or receive RF signals are included in 

this grouping. 

WRA No. 1 is an RF receiver and is located in the upper left-hand shelf 

of the aft equipment bay structure. Two bolts in the front and two spring 

loaded alignment pins in the rear provide a rigid mounting for the assembly. 

All fuses, connectors and an elapsed-time meter are on the front panel. Dur- 

ing nomal operation, cooling air is scooped into the rear air inlet and fed 

out the front exhaust to maintain a proper operating temperature. 

WRA No. 2 is an RF transmitter consisting of 19 oil-cooled ceramic 

tetrodes operated u a class A distribution amplifier. They are divided into 

driver, intermediate and final stages which amplify the output of the control 

to the proper level for transmission. There are four basic modes of operation 

and, depending upon the mode selected, various sub-modes and routines. 

WRA No. 3 is an RF receiver. The unit is functionally subdivided into 

three parts: transmitting, search receiving, and terrain clearance receiving. 

The unit is located in the nose of the fuselage and is accessible by raising 

the fiber glass radome. It is ambient cooled and hard mounted. 



WRA No. 1+ 18 an RF receiver and is housed in the upper right portion of 

the aft equipnent bay structure. Tvro bolts in the front and two spring- 

loaded alignment pin. on the rear provide a rigid mounting for the assembly. 

All fuses, connectors, and an elapsed time meter are on the front panel. 

During normal operation, cooling air is scooped into the rear air inlet and 

is fed out the front exhaust to maintain a proper operating temperature. 

WRA No. 5 is an RF receiver and is located in the left wing fillet. The 

receiver has a metal case with three electrical and six coaxial connectors. 

An elapsed-time indicator is visible on the front of the receiver unit. It 

is hard mounted and ambient, cooled. 

WRA No. 6 is an RF receiver and is housed in the forward portion of the 

receiver compartment. Four bolts in the front and two spring-loaded align- 

ment pins in the rear provide a rigid mounting for the assembly. All fuses, 

connectors, and an elapsed-time meter are on the front panel. During normal 

operation, cooling air is scooped in.o the rear air inlet and is fed out the 

front exhaust to maintain a proper operating temperature. 

WRA No. 7 is an RF transmitter located in the fuselage nose, whioh 

provides continuously adjustable high-energy pulses of selectable width and 

repetition rate. The unit contains 13 removable assemblies and three harness 

assemblies with integral filters, connectors, and relay circuitry. It 

consists of two separate cast aluminum rectangular housings secured together 

to provide a single unit, and four shock mounts provide for installation in 

the aircraft. Forced air is required for proper cooling. The forced air is 

applied to an intake opening in the bottom of the housing, circulated past 

four heat-exchanger plates, and exhausted through vents on the top of the 

housing. Nitrogen or dry air is required for proper pressurization. 

WRA No. 8 is an RF transmitter consisting of 19 oil-cooled ceramic 

tetrodes operated as a class A distribution amplifier. They are divided into 

driver, intermediate and final stages which amplify the output of the control 

to the proper level for transmission. There are four basic modes of operation 

and depending upon the mode selected, various sub-modes and routines. 

10 
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WRA No. 9 is an RF receiver-transmitter, located in an equipment bay, 

that is capable of receiving and transmitting voice and data. The unit is 

housed in a 1/2-ATR case with the right side cover removable for module 

accessibility. All modules interconnect through a printed circuit side- 

board which also contains a terminal field for soft wire interconnection to 

the I/O connector. The receiver-transmitter contains mechanical filters, 

crystal filters, and wide dynamic range front-end circuits that provide 

rejection of strong adjacent channel signals. 

WRA No. 10 is an RF receiver and is housed in the forward portion of 

the receiver compartment. Four bolts in the front and two spring-loaded 

alignment pins in the rear provide a rigid mounting for the assembly. All 

fuses, connectors, and an elapsed time meter are on the front panel. During 

nonnal operation, cooling air is scooped into the rear air inlet and is fed 

out the front exhaust to maintain a proper operating temperature. 

Signal Processing - Items which deal directly with electronic signals, i.e., 

processing, modulation, amplification, attenuation or filtering, comprise 

this group. 

WRA's Nos. 11 and 12 are signal processing units that decode firing sig- 

nals. Each unit contains two printed circuit cards hard wired to each other 

and an interface connector. Most of these units are hard mounted to a weap- 

ons rail. 

WRA No. 13 is a signal data converter which provides timing pulses. In 

addition, the unit processes the RF returns for presentation by various dis- 

plays. It is housed in an aluminum case witn four mounting brackets and a 

carrying handle. Six electrical connectors and an elapsed-time meter are on 

a connector panel at one end of the unit. The unit is located in the nose, 

WRA No. Ih  is a signal processor which generates pulsed outputs in res- 

ponse to an input. The unit consists of a single equipment cabinet, hard 

mounted in a frame enclosure in the fuselage equipment bay. Cooling is pro- 

vided by controlled forced air from vapor cycle system. Various connectors, 

controls and an elapsed time meter are located on the cabinet's front panel. 

11 
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WRA No. 15 combines RF inputs from various units into one signal repre- 

senting the sum of the inputs, and applies this combined signal for further 

processing. The unit is hard mounted on the fuselage top deck and is ambient 

cooled. 

WRA No. 16 is a network which suppresses transients in the 115 vac and 

28 vdc aircraft power lines. The network is mounted in the nose of the 

aircraft. 

WRA No. 17 Js a ccxnparator-converter which receives and processes video 

signals. It is housed in the lower right-hand corner of the aft equipment 

bay structure. The assembly is secured in place by two spring-loaded align- 

ment pins at the rear and by two bolts in the front which attach to the aft 

equipnent bay structure. An elapsed time meter, cable connector, and fuses 

are mounted on the front panel of the assembly. During nonnal operation, 

cooling air is scooped into the rear air inlet and is fed out the front ex- 

haust to maintain a proper operating temperature. 

WRA No. 18 is a unit that splits a combined signal sample into six sig- 

nals of equal magnitude and applies these signals to various receivers. The 

unit is mounted in the tail fin area of the aircraft and is ambient cooled. 

WRA No. 19 is a control unit used to provide an RF drive corresponding 

to the assigned frequency of either of two transmitters. An RF sample of the 

carrier frequency produced is sent to other subsystems for sample display. 

A BIT feature is included to self test the unit. The unit is cooled by liquid 

circulated within a heat exchanger. The exchanger is cooled by external air. 

WRA No. 20 is a signal processor containing receiver, gate and logic 

channels, a SITE network and a power supply. The unit is hard mounted in the 

right forward equipment bay and is cooled by an internal fan. 

WRA No. 21 is a 3-pole bandpass filter that is tunable in four bands. 

The filter provides front-end protection to the receiver-transmitter from 

strong off-frequency signal» and also provides selectivity for the receiver- 

transmitter. It is housed in a 1/4-ATR (short) case and contains four plug- 

in printed circuit card assemblies. The unit is completely solid state and 

no special cooling is required. It is located in_ an equipment bay. 

12 
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WM No. 22 in a broad band filter assembly and is located within the 

aircraft wing. It is housed in a metal case with two electrical connectors 

and six coaxial connectors. It is hard mounted and ambient cooled. 

Interfaces - Devices which act as interfaces. Junction boxes, couplers and 

converters make up this category. 

WRA No. 23 is a display/converter which functions as the interface be- 

tween a computer and indicator and display units. It is forced air cooled 

and isolator mounted. It is located in the fuselage. 

WRA No. 2k  is an analog-digital converter and serves as the interface 

between a computer and analog data devices. The unit contains 39 plug-in 

printed circuit cards, which are held in place by tie-down bars. To enable 

cooling of electronic components, large areas of copper extend outward from 

the plug-in printed circuit cards. Heat transfers from the components to the 

copper pad and ultimately to the chassis walls. The front panel of the unit 

contains controls, indicators, and seven operational connectors. It is 

located in the fuselage behind the cockpit. 

WRA No. 25 is an interface box which provides for common distribution 

and preprocessing of signals for various displays and controls. Lamp-driver 

circuits provide for illumination of legend indicators on the BIT control, 

and dc outputs are provided for assemblies in the cockpit. This unit is 

located in the cockpit and is secured in place by two bolts which pass 

through a mounting structure at the front and two holes at the rear which 

mate with tapered locating pins. 

WRA No. 26 is a converter which functions as the interface unit for con- 

trol, data transmission, data storage, and navigation parameter display be- 

tween a computer and navigation equipment. The unit is isolator mounted and 

receives supplemental cooling air. It is located in the fuselage equipment 

bay. 
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WRA No. 27 is a control Interface unit and Is part of a computer set. 

It provides the controls, displays and circuitry required to enter and trans- 

fer data, control computer operating modes, and control radar cursors. The 

unit consists of three removable subassemblies. Forced air coaling is sup- 

plied through a vertical air inlet manifold. It is located in the cockpit. 

WRA No. 28 is an interface unit which provides an interface between a 

computer and the aircraft navigation system. The computer interface is 

located in the aft equipment bay structure. It is secured in place by two 

drilled mounting plates at the front, and two alignment pin sockets at the 

rear. Signal connectors, power connectors, fuses, and an elapsed time meter 

are located on the front panel, and a test connector is located at the rear. 

Cooling air is circulated through the assembly via four inlet ports at the 

rear and four exhaust ports at the front. 

WRA No. 29 is an interface unit which provides the capability of com- 

munications between digital data equipment over a radio link. The unit con- 

verts binary information to a phase-encoded audio format suitable for hf or 

uhf radio transmission and vice versa. A card cage within the case supports 

up to 30 perpendicularly mounted plug-in circuit cards. Cooling of the data 

terminal is accomplished using forced-air cold-plate techniques. It is lo- 

cated in the equipment bay. 

WRA No. 30 is an interface unit which provides computer data for air- 

craft radar operation. The equipment receives selected video and all re- 

quired range and azimuth timing signals to digitally process the video into 

computer data. The unit is housed in a rectangular aluminum case that is 

locked in place by two latch sets. Cold plate heat exchangers are utilized 

with forced-air cooling to satisfy the cooling requirements. The unit is 

located in the aircraft nose. 

WRA No. 31 is an interface box which provides distribution and prepro- 

cessing of signals for video displays and for audio signals. This unit is 

located in the aft cockpit and it is secured in place by two bolts which pass 

through a mounting structure at the front and two holes at the rear which 

mate with tapered locating pins. Except for the elapsed time meter at the 

front of the assembly, there are no controls or indicators. External con- 

nectors are located at the front top, 
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WRA No. 32 is a converter which acts in an interface capacity between 

a computer and data links. It is located in the Aisela^e equipment bay tntf 

requires forced cooling air. 

WRA No. 33 is a high-speed, automatically tuned hf antenna coupler that 

transforms the complex impedance of the antennas to a value that is suitable 

as a load for a power amplifier. The unit is housed in a 3A-ATR case and 

contains 12 removable modules. The modules are printed circuit cards and 

modularized assemblies. The WRA is forced-air ambient cooled by a blower 

and is located in an equipment bay. 

WRA No. 3^ is an interface unit which provides signal data interface 

control within a computer group between the processor, computer control, and 

tape recorder. It is forced air cooled and isolator mounted within the fu- 

selage equipment bay. 

WRA No. 35 is an interface unit which accepts synchro signals from 

various electromechanical sensors and supplies compatible synchro outputs to 

other requiring systems. The WRA consists of three modules and a self test 

assembly contained within a frame. The unit is hard mounted in the aft equip- 

ment bay and is ambient cooled. 

WRA No. 36 is an antenna interface unit which generates the appropriate 

interlocks required for system and antenna protection. The unit is housed 

in a lA-ATR case and contains four plug-in printed circuit card assemblies. 

The unit is isolator mounted and requires no supplemental cooling air. It 

is mounted in the equipment bay. 

Data Processing - This category includes items which perform computational 

(arithmetic) and similar functions. 

WRA No. 37 is a general-purpose digital computer, which processes real- 

time control applications. In these applications, bombing and navigational 

computations are made based upon stored and computed flight data. 

Comprehensive self-test features are built into the computer to assist in 

fault isolation. The exterior structure provides cooling, interface con- 

nection, and electromagnetic shielding. The unit is mounted in the cock- 

pit. 
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WRAs No. 38, 39, and ho  axe computers which generate roll, pitch, and 

yaw control surface commands respectively. Each unit is housed in a struc- 

tural box assembly and the two main structural members provide the mounting 

for all circuit board connectors. Electronic components within each computer 

are mounted on circuit boards accessible through the top cover. They are all 

located in the equirment bays. 

WRAs No, hi,  1+2, and h3  are three types of arithmetic and control assem- 

blies that act collectively as a central processor unit and perform five con- 

trol functions: instruction, arithmetic, memory, program level and input/ 

output. They are forced air cooled and isolator mounted and are located in 

the fuselage. 

WRA No. kk  is a computer consisting of various generator and detector 

circuits, BITE circuits and a power supply. The unit is hard mounted within 

the wing and is cooled by an internal fan. Ten electrical connectors, one 

cooling air intake screen, an elapsed time indicator and an overheat in- 

dicator - reset button are on the unit's front panel. 

WRA No. U5 is a computer which generates coded signals in response to 

specific inputs. It is housed in a cabinet which is hard mounted to a frame 

type enclosure in the fuselage equipment bay. Forced air cooling is provided 

by controlled air from a vapor cycle system. Various connectors, controls 

and an elapsed time meter are located on the front panel of the cabinet. 

WRA No. ^6 is a navigation computer that interfaces between various 

navigation subsystems and auxiliary equipment. It consists of an analog-to- 

digital-to-analog converter and a miniature general-purpose computer. The 

unit is located in an unpressurized equipment bay and is forced air cooled. 

WRA No. 47 is a core memory assembly which consists of a destructive 

readout, coincident current, core stack assembly and a memory selector. The 

memory selectors contain the necessary circuits for addressing the memories 

and for providing access by two central processors on a time-sharing basis. 

The unit is forced air cooled and isolator mounted. It is located in an 

equipment bay. 

WRA No. i+8 is a processor which processes data isiputs from other air- 

craft systems for display. Based on the mode selected and navigation submode 



selected the processor sets the appropriate priority for each Indicator and 

generates deflection signals necessary for display of required data. The 

unit is forced air cooled and isolator mounted and is located in an equipment 

bay. 

WRA No. ^9 is a computer containing a power supply and a memory which 

operates in various modes. The unit is housed in a single cabinet which is 

hard mounted to a frame enclosure located in the fuselage equipment bay. 

Cooling is provided by forced air from the aircraft's vapor cycle system. A 

temperature sensing switch is located on the top panel of the cabinet. 

WRA No. 50 is a combined interface and processor unit which together 

form a stored program, parallel, binary computer whose purpose is to receive 

data inputs, process these inputs with programmed routines and provide capa- 

bility for display and return of processed data. It is located in the aft 

equipment bay structure and is forced air cooled. 

WRA No.51 is an air data computer which computes true air speed, impact 

pressure and altitude from static and total pressure supplied by the pitot 

static system. These computed quantities are supplied up->n request to various 

components. The unit is fully automatic and is completely solid state. It 

consists of 16 printed circuit cards which plug into a mother board mounted 

to the chassis, 

WRA No. 52 is a UK coincident-current, random access-type memory whose 

function is to refresh the symbols for three independently operated indica- 

tors. It is located in the fuselage equipment bay and requires forced air 

cooling. 

Indicators and Controls - Video display, control and personnel indication 

functions located in the aircrew compartment are included in-this category. 

WRA No. 53 is a flight control panel consisting of switches and cir- 

cuitry which permit engagement of stability augmentation or autopilot flight 

modes. The unit consists of a flat, machined aluminum plate to which the 

connector bracket^ switches and electroluminescent panel are attached. The 

case is an aluminum can which fastens to the panel with four screws. 

WRA No. 5I+ is an indicator which provides alphanumeric and indicator 

light presentations. The unit is located in the cockpit at the operator 
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console, and is supported by two mounting pins at tlie rear and eight quarter- 

^  turn fasteners on the front panel. All indicators are located on the front 

panel and all connectors and elapsed time meter are located at the rear. 

WRA No, 55 is an Indicator which provides computer readouts and controls. 

To perform its various functions, this unit provides manual display mode con- 

trol of computer dataj display of system advisory flight and navigation data, 

ani manual control of magnetic variation and display of magnetic variation 

data. 

WRA No. 56 is an equipment which provides the operator with controls 

necessary to apply prwer to various assemblies and to select modes of opera- 

tion. The control is located in the cockpit at the operator console. The 

assembly's seciired in place by four quarter-turn fasteners on the front 
panel. All operating controls are mounted on the front panel and all exter- 

nal connectors are located at the rear. 

WRA No. 57 is a stick grip assembly which provides for control of the 

flight surfaces. It consists of a grip assembly, strain gage and connector 

assembly, electronic assembly and housing assembly. The electronic assembly 

consists of four amplifiers soldered to a flexible printed tape which ter- 

minates at a terminal board. Thu housing assembly supports an emergency dis- 

engage lever and switches. 

WRA No. 58 is a unit which provides the operator with the controls neces- 

sary for operating various RF recievers. The control is located at the opera- 

tor console, and is secured in place by five quarter-turn fasteners on the 

front panel. All operating controls are located on the front panel and all 

connectors are located at the rear. 

WRA No. 59 is a control panel for an armament system. The panel con- 

tains the controls and indicators required to monitor and control the selec- 

tion of  stores, attack modes, and release modes. Lifting handles are pro- 

vided on the front face, top and rear. Operating controls axe  on the front 

panel; a total time meter is provided on the rear face of the panel. 

WRA No, 60 is a control which provides the operators with the means 

necessary to operate various RF receivers. The unit is located at the oper- 

ator console, is secured in,place by six quarter-turn fasteners on the front 
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panel. All operatoring controls are mo\mted on the front panel and all ex- 

ternal connectors are at the rear. 

WRA No. 6l is a horizontal situation display. The display consists of 

a CRT providing an approximately five-inch in diameter display format. It 

provides a horizontal PPI or horizontal plan display as well as line written 

symbols. The unit is fan cooled. 

WRA No. 62 is a BIT Control which provides the operator with the con- 

trols and indicators necessary to initiate and monitor the system built-in- 

test sequence. The sequence of BIT testing allows the operator to isolate 

a malfunction to an assembly. 

WRA No. 63 is a control converter and is utilized in the system for con- 

trol configuration of a data terminal set. The unit is comprised of two plug- 

in/bolt-in printed circuit assemblies and the main chassis. Access to the 

internal circuitry of the control is provided by means of a removable dust 

cover. 

WRA No. &+ is an indicator which provides the operator with an indica- 

tion of current system status. It contains 10 legend indicators. The unit 

is located on the operator's console, and is secured in place by four quarter- 

turn fasteners on the front panel. All operating indicators are located on 

the front panel, and all connectors are located at the rear. 

WRA No. 65 is a display which presents navigational and other data to 

the flight crew. The unit contains a CRT that provides a five inch diameter 

display. The unit is cooled by an internal fan. 

WRA No. 66 is a control/display which provides visual and audible sig- 

nals. It is hard mounted in the cockpit and is cooled by an internal fan. 

The WRA is provided with an alphanumeric display which indicates the opera- 

tional status of other system components. Three electrical connectors and 

an elapsed time indicator are accessible at the rear of the unit. 

WRA No. 67 is a display which provider a video presentation of various 

signals. The unit is located in the cockpit and is mounted vertically on 
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its left side and consists of a truss grid type, of construction upon which 

the components are mounted. The display tube is installed in the center of 

the front panel and all operating controls axe oounted on the front cover. 

The unit requires no supplemental cooling. 

WRA No. 68 is a control set and contains all controls for operation of 

a subsystem. The unit is housed in a rectangular, frame-mountable aluminum 

case. Eight mounting screw holes, located along the top and bottom of the 

front panel, are, provided for securing the unit to the main frame. A -mne- 

axial cooling fan inside the case exhausts air through a ventilation hole in 

the case bottom when the unit is operating. 

WRA No. 69 is a dual control unit for two channels of a communication 

set. The unit is comprised ef five printed circuit plug-in assemblies, two 

of which are identical, and the chassis. The main chassis contains a printed 

circuit sideboard for all of the plug-in assemblies and the high dissipation 

elements of the power supply. The front panel of the WRA contains all the 

controls for both channels of the system. 

WRA No. 70 is a computer control-indicator which serves as an input/out- 

put device for the computer. The unit is located at the operator console and 

is secured in place by eight quarter-turn fasteners on the front panel and 

two mounting pins at the rear. All controls and indicators are located on 

the front panel, and all external connectors and an elapsed time meter are 

located at the rear. 

WRA No. 71 is a cockpit mounted control unit consisting of a front panel 

with aviation red lighting, various manually operated controls, and a logic 

card chassis. The chassis houses seven printed circuit cards which encom- 

passes all of the low power logic functions. At the rear of the chassis is 

a separate enclosure where one power and three signal interface connectors 

are mounted along with the elapsed time meter. Two frequency generator 

modules are mounted to the removable left plate of the chassis. 

WRA No. 72 is a control which provides the operator the ability to in- 

sert commands into a computer. Signals, generated within the control, com- 

mand the computer to perform various functions. The unit is located in the 
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cockpit at the operator console. It is secured in place by eight quarter- 

turn fasteners on the front panel. All controls and indicators are mounted 

on the front panel, and all external connectors are located at the rear . 

The unit is ambient cooled, 

WRA No. 73 is a radar display which receives video information, and pro- 

cesses these inputs to display the selected modes on a direct view storage. 

tube. It also positions the true heading, command heading, range, and time 

indicators in response to control signals from a computer and a navigation 

subsystem. The unit is housed in a rectangular aluminum case mounted on a 

panel in front of the pilot. An elapsed time meter is on the right-hand side 

of the component. Guide rails along the top rear surface support the com- 

ponent and guide it into place where it is held by three screws that pass 

through holes in the indicator panel. 

WRA No. 7^ is a display providing video presentations of various signals. 

It is located in the cockpit and is supported at the rear by two tapered 

mounting pins, and at the front by two bolts which pass through the mounting 

structure and the bottom of the chassis. All operating controls are located 

on two removable front covers and all connectors and an elapsed time meter 

are located at the rear of the assembly. It is ambient cooled and hard 

mounted. 

WRA No. 75 is a display which provides the operator with visual indica- 

tions of information gathered, computed, or processed by various subsystems 

of the aircraft. The unit is contained in a rectangular aluminum housing 

having top and bottom access covers. The top cover is fitted with a carrying 

handle and a cooling air exhaust port. The unit is ambient cooled by means 

of internal fan and is hard mounted. 

WRA No. 76 is a computer control and with its switches, indicators and 

associated circuits is used to control and monitor system, processor and tape 

recorder functions. These functions include system reset processor selection, 

program loading and manual tape control positioning, navigation function con- 

trol, testing and fault indication. Forced air is used to cool the unit and 

it is mounted on isolators. 
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WRA No. 77 is a control which provides the operator with a means of con- 

trolling the various equipment functions. Dc voltages are provided at the 

output of the assembly to implement the control functions, as well as to pro- 

vide indicator lamp illumination power to the other assemblies. The control 

is located in the cockpit at the operator console and is secured in place by 

four quarter-turn fasteners on the front panel. All operating controls are 

mounted on the front panel and all external connectors are at the rear. It 

is ambient air cooled. 

Power Devices - Power supplies and power switching units comprise this cate- 

gory. 

WRA No. 78 is an AC/DC converter power supply which provides unregu- 

lated DC to computer memory power supplies and to a control assembly for 

power failure detection. The unit is shock mounted and is cooled by forced 

air. It is located in the fuselage. 

WRA No. 79 is a power supply containing six voltage regulators which 

operate off a common power transformer. These regulators supply regulated 

voltages to various assemblies. The assembly contains an automatic load sen- 

sor and protection from excessive voltage output variations. The output of 

each regulator is sampled by a BIT generator which provides an indication 

when a power failure occurs. It is isolator mounted and forced air cooled. 

It is mounted to the aft fuselage. 

WRA No. 80 is a power switching unit and consists of a front panel 

face, a main power switch card chassis and a dual secondary power supply. 

The power switches control 28 VDC power to several aircraft equipments. The 

power supply is of modular construction and contains four (h)  printed circuit 

cards and the main frame where a capacitor storage bank and large power dis- 

sipating elements are mounted. The unit is forced air cooled and is located 

in the fuselage above the wing. 

WRA No. 8l is a power supply which provides regulated DC for Memory 

Core Modules. It is forced air cooled and isolator mounted and is located 

in the fuselage. 
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WRA No. 82 is a low-voltage power supply and supplies, rectifies, regu- 

lates, and controls low voltages for various components. The unit is housed 

in a rectangular aluminum case with four mounting brackets. Cold-plate heat 

exchangers are ufed with forced air cooling to satisfy the unit cooling re- 

quirements. The unit is mounted in the nose. 

WRA No. 83 is a power supply which provides operating power to other 

assemblies in the cockpit and contains five voltage regulators which operate 

off a common power transformer. The power supply is located in the nose 

right equipment bay of the aircraft and is secured oy sliding the assembly 

onto an isolating tray. Mounts, fastened to the bottom of the isolating 

tray, latch onto metal brackets on the assembly in order to secure it in 

place. It is forced air cooled. 

WEA No. 84 is a linear power amplifier. The unit provides amplifica- 

tion, gain compensation, and signal limiting of the input RF signal. The WRA 

contains a power supply and a power amplifier which mount to the main chassis. 

The power supply is composed of two major functional sections; the high- 

voltage section and the low-voltage section. Each section contains its own 

power transformer, control interlock, and monitoring circuits. The unit is 

isolator mounted and is located in an equipment bay. 

WRA No. 85 is a power supply which receives 115 volts, kOO  Hz., three 

phase and 28 volts DC from the aft main circuit breaker panel. It is hard 

mounted in the left wheel well and has three electrical connectors, an 

elapsed-time meter, and overheat indicator-reset pushbutton. The power sup- 

ply consists of a blower, a power supply circuit, and an overheat latching 

relay, 

WRA No. 86 is a 5-VDlt power supply which is the voltage source for 

various computer subassemblies. It is forced air cooled and is located in 

the fuselage equipment bay. 

Electro Mechanical. De-"lces - This category consists of items such as sensors, 

accelerometers, etc. 
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WRA Nos. 87,,88 and 89 are sensors which provide roll, pitch and yaw 

inputs respectively to a flight control computer for stability augmentation 

and aircraft attitude. The electronics a'e mounted on a printed circuit 

card. Micro electronics and flexible printed cables are used to reduce size 

and weight. 

WRA No. 90 is a digital data recorder which is a 9-track reel-to-reel 

unit containing 630 feet of 0.5 inch Mylar-base magnetic tape. The unit is 

forced air cooled and isolator mounted and is located in the fuselage. 

WRA No. 91 is^a lateral accelerometer assembly which senses acceleration 

vectors and provides signals to other flight control components. The unit is 

a conventional force rebalance unit. Pendulum and suspension are fabricated 

of quartz fibers and a thin film of silver is vapor deposited over the 

pendulum and suspension. The unit is located in the fuselage. 

Esolosures - This group includes items such as racks and cabinets. 

WRA No. 92 is a rack which provides niounting and electrical i/o control 

and primary power connections to the rest of the system and required inter- 

facing equipments. The entire unit consists only of the required mechanical 

structural parts, connectors and interconnecting cabling and is located in 

an equipment bay. 

WRA No. 93 is a cabinet which houses various components of a computer 

set. The unit consists of structural parts, connectors, and interconnecting 

cabling and is located in an equipment bay. 

WRA No. 9^ is a rack which provides mounting and electrical l/c con- 

nections for a communications subsystem. The unit consists only of the re- 

quired mechanical structural parts, connectors, and interconnecting cabling. 

It is located in an equipment bay. 

WRA No. 95 is a cabinet which houses various components of a computer 

subsystem. The unit consists of structural parts, connectors, and intercon- 

necting cabling and is located in an equipment bay. 
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Table 1 summarizes some of the more significant equipment chaxacter- 

istics BXid  lists them for each WRA. Abbreviations have been used in the 

columns defining cooling and mounting methods. The  following legend describes 

these: 

COOLING METHOD 

A 

FA 

FA-0 

CP 

= Ambient - Convective cooling - No supplemental air 

= Forced Air - Supplemental cooling from environmental control 

system air passes directly over components 

= Forced Air and Oil - Forced air (as above) plus oil-to-air heat 

exchanger in cold plate 

= Cold Plate - Supplemental cooling from environmental control 

system air passes thru cold plate (conductive 

cooling) not over components 

= Internal Fan - Integral WRA fan draws in ambient air 

MOUNTING METHOD 

H = Hard 

IS = Isolator Mounted 
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SECTION III 

ENVIRONMENTAL ANALYSIS 

3.1 Demonstration 

The Advisory Group on Reliability of Electronic Equipment (AGREE) was 

formed in 1952 by the Defense Department's Research and Development Board 

to Monitor and stimulate interest in reliability and recommend measures 

that would result in more reliable electronic equipment." In 1957, after 

two years of study, the project was completed and a report issued . The 

results of Task Group 3 (there were nine groups formed) studies included 

recommeudations for measuring MTBF and provided details of; sample selections, 

environmental specifications and test, procedures, data handling and statis- 

tical techniques. The Group restricted environmental conditions to vibraoion, 

temperature, on-off cycling and input voltage cycling. Other environments 

such as humidity, altitude and shock were purposely omitted in the belief 

that vibration and temperature would also reveal basic faults sensitive to the 

other environments. Current information indicates that the premise was 

incorrect and that failure modes due to humidity/altitude exposure are not 

duplicated by vibration/temperature. 

The environments originally selected by Task Group 3 were chosen for the 

following reasons: 

"Temperature; The temperature test is intended to approximate the 

survice conditions under which the equipment will be required to 

operate." 

"Vibration; This is not intended to be the most severe condition 

encountered but is felt adequate to show up workmanship items such 

as loose solder joints, loose parts such as screws, bits of wire, 

etc. This test is to be performed with the equipment mounted 

solidly on the vibration table without shock mounts." 

(1) "Reliability of Military Electronic Equipment," Advisory Group on 

Reliability of Electronic Equipment (AGREE), Office of The Assistant 

Secretary of Defense, Washington, D.C. U June 1957. 
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"Qg-Off Cycling; This test is primarily to give the equipment a 

temperature cycle, causing the entire equipment to 'breathe,' expand 

and contract, be exposed to the surges of starting electrical power, 

plus checking actual operation." 

"Input Voltage; Varying the input voltage both above and below the 

normal rated voltage places a strain on the various circuits and, since 

this is a normal condition in service, will reveal many weak conditions." 

Table 2 presents the stress levels/environmental conditions recommended 

by the group. 

This represented the beginning of reliability demonstration testing and 

the requirements originally recommended were Incorporated into specification 

MIL-R-26667 (USAF), followed by MIL-R-2309i+ (WEP) and finally, the MIL-STD-781 

series currently in effect. While the thermal exposure prescribed may be 

adequate, the vibration requirement and the lack of other environments, e.g., 

humidity, during the test period, are unrealistic based on data and studies 

performed by Grumman Aerospace Corp., the Air Force Flight I^namics Lab at 

Wright-Patterson Air Force Base and others. Certainly the vibration prescribed 

for this test does not duplicate the field environment for jet aircraft (ref. 

h).  Further the constraint of testing at one non-resonant frequency Immediately 

precludes detection of problems at other frequencies (ref. 5). Additionally, 

for certain equipments, the effects of exposure to environment such as alti- 

tude and humAity may not be apparent in a "qualification" test but may be 

time dependent and require repeated application (simulated service conditions) 

before a reasonable assessment can be made. 

Selected Equipments 

Each of the equipments selected for this study were subjected to a 

reliability demonstration test. While the majority of the units were tested 

to an environmental profile of MIL-STD-781 or MIL-R-2309U (WEP) (ref. 2,6 ) 

which included only thermal cycling and fixed frequency vibration (see 

Fig. l), certain items were evaluated in accordance with special environmental 

profiles, intended to simulate operational conditions. An example of this 

variation is presented in Figs. 2 to h. 
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FIGURE 2    TEST CtCl£ A - AMBIENT COOLED EQUimEMT 
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Figure 2 depicts the test cycle (A) that was applied to ambient cooled 

equipment and indicates the power, humidity and compartment temperature vari- 

ations. Figure.3 presents a similar cycle (A) applied to forced air cooled 

equipment. Note that in this case the cooling air temperature vas varied as 

well as the air flow. Figure U is a composite cycle which includes vibration, 

shock and a second (or "B") cycle which applied to both ambient and forced 

air cooled equipment. This  V cycle was performed under Venign lab thermal 

ambient environments plus cooling air at a fixed rate and each "A" cycle was 

followed by nine V cycles. Shock was applied at the end of each cycle at 

levels of U.O g vertical and 2.8 g lateral. The vibration environment was 

maintained for six hours of each "A" and V cycle and consisted of sweeps 

10-500-10 Hz. and dwells at 73.6 and 11+7.2 Hz. 

Levels were: 

10 Ja  Hz. at 0.018" D.A. 

1 hi  - 500 Hz. at + 1.5 g 

^ragraph 5.2.k  of m-STD-78lB Indicates that, if required by the 

procuring activity, voltage cycling shall be accomplished. No voltage cycling 

was perfomed during any of the reliability demonstration tests conducted on ' 

the selected equipaent. Input voltages were maintained within the equipment 

specification limits of +■>% and -2% of nominal during all of the tests 

conducted.  Power was shut off periodically during each cycle (per MIL-STD-781 

requirements) and then reapplied but no attempt was made to run at the 

MIL-STD-781 limits of nominal, 90% or 110$ of nominal. 

3.2 Field 

Current aircraft weapons systems are exposed to a wide variety of 

natural and induced environments. Design practices must include detailed 

knowledge of these environments, their potential effect on equipnent and 

then provide hardware capable of withstanding the effects or present a 

scheme which will protect the equi^ent from exposure to the environment. 

Since all equipment is not exposed to each environment and since some 

environments are present longer and have more degrading effects, a listing 

38 

-"- 



(Table 3) of all the environments that a "black box might be exposed to was 

prepared to serve as a gross filter. This tabulation was then screened in 

terms of Grumman, industry and Government experience to establish the par- 

ticular environments which are known to degrade equipment performance and 

which were to be used in this study. 

The study performed by Grumman for the Air Force Flight dynamics Labora- 

tory, Wright-Patterson Air Force Base (ref. l), plus a review of current lab 

and field data, indicate that of the total possible environments existing, 

seven are responsible for essentially all of the failures related to environmental 

causes. Figure 5 depicts the distribution of failures as a function of these 

environments. Temperature, vibration and moisture accounted for 86^ of the 

environmental failures. It was therefore decided to concentrate the major 

effort on these three environments and, to a lesser degree, evaluate the 

impact of sand and dust, altitude and shock (salt spray was included as part 

of moisture for this study). Preliminary investigations indicate that fail- 

ures due to shock and sand and dust were minimal and these are not addressed 

in this report. Further investigations will be conducted during the remaining 

study period. Also at this point in time thtie is no evidence (with the 

exception of temperature/ humidity) that a synergistic effect exists which may 

seriously degrade equipment performance. Grumman experience includes results 

of overstress testing performed on over fifteen WRA's wherein temperature, 

vibration and shock were applied first singly and then in combination. While 

numerous failures were revealed during the individual tests, no additional 

failures (or failure modes) were detected during combined testing. In some 

cases the combination could result in less failures ( a synergism in reverse) 

than single exposure (ref. 7). This effect will be further evaluated during 

the remaining study period. 

Field environmental data was reviewed in some detail for temperature, 

vibration, moisture and altitude and a discussion of the results is presented 

in the following paragraphs: 

3.2,1 Temperature and Cooling Air 

The information on thermal field environments for the aircraft involved 

in this study are a combination of analyses and measured data. 

39 



en 
M 3 
pq 

EH 
O ■ E E 
Pd 

g 

» 

w 
4> 
•H 

h I 
O E ft 

IM 
O 

c 
o •ri 

-P 
tö 
E 
(U 

h 
cd 
<u fi. 

■d cö 
0) <L> 

0) c 

o 

I g 
OJ cd 
(jt. o 
cd -H 
e ?-. 

o 

to 
d) 
E 
xi 

V 
-P 

O    M 

Eg K 

M cd -P c   "   ^ 
>1   K 

(1) 
E 
3 

cd 

0) 
X u 
cd 

o 

4) 

o 
•H 

cd 
u 
0) 
-p 

I 
w <d 
01   <D 

cd        -H H 

•H 
■p i 
O 
u 

o 
■H 

I. 
H  cd 

rH ft  0) 
•H -H 
aJ I-H r-i 

«in 

n o 

cö H 
■p  cd 

3 S 3 

cd -ri 

^4 w K E I-? 
ff «H 

cd a 

C -P 
o a 

W    Ü S 

H 

O <H 
0) o 
H 
11 to 

CO 
"H O 
O hJ 

a 
a 

•H 

CJ 

| 
o 
o 

8  a 

• 8 
tt)   "H 
CO 
CD   0) 11 
o 
G     •> 

•H  -P a 
p I 
•H 0) 
M H 
O -P 
O -P 
CO . . 
jrt Ij   .. 
> Xi -P 

CH 
O 

0) 
C"   0)      «CO 
O h   co  CB 

•rl   3  +J   ^3 

«Ci .H   -Pi   H 
T  cd   o  p 
^ <M   -r^   C 
CD               CM 

> H    h cd   a)  <a 1 «a o -d - 
CO .H   iH O S 

H    3     (0   H •H 
■^ x: cd 
to   o   CO  "M <iH 

aj -p  o 
•o B c H H 
(U         0)   M CO | (0 

■P   co  ß   G t O X 
«0   0)   O -H •a » 
IIIC $ 2 
ttj co 5 -H 
«   ü   y H § 1 

o 
ü 

2 
i, I 

H o 

O -0 
«M    C   -P 

CO  c 

I 
a 

o w 

01 n 
CO 

P c 

CO   u 

XI 
0)   CO 

=1   M  -H 
■O   «D   r* n xi o* 
•H   ft  <U 

•^ S G ß 
0) -H IS CD 

•H   W -P -P 
ß   m h U 
B EJ (U 41 

•H -P -H  TH    CO 
+J •   CD  -P          (U 
•H H Ü -O "O 
Tl ■a oo c Q 
S S^«0 
O B 4)   H     »-P 

ti -P  «)   CO X! 
co G   to   tu   hfl 

■H P   4)   CO  -H 
Bl   O   fi   CD  r-l ("] 

H •H ü    ftXI   «H 

I 
0) c 
O 

I 
V 

•3   +3 

4)  H 
CO .H 
cd ^: 
4)  cd 
E -H 
t) H 
0) m 
ft fn 

■ 

li 
cd N 
IH V 
4) ft 
ft O 
0   G 

iS 3  co 
O   M Iti 

4J   ^ 

•H    +3 
> tn 
B N 
41 CO 

4! N 
H f) 
•H JH 
«M ■P 
O c E () ft a 

I E 
4) 
ft to 

B 
4) 
•rl 
■0 
cd E w 

c G <) CD 
h ft I 
G ft u 
O 

•H li 
CO bD >. 
M 9 
MSI 

EH 

B 

o 
o 

w 

| 
-p 

CO 
4) 

■P 
CO 

-«I 

-P 
2 I 
0) 

EH 

I 
•P 
CD 
-P 
W 

>> 
■a 
CO 
4) 

-P 
W 

To" 

_ .__ 



■a 
0) 

c 
•H 
-P g 
o 
o 

w 

w 

w 

En 
Ü 

| 
H 

§ 

HO« 

n -p 
o <a 

4J 
A   CO 

i 

■H   10 

V 
■H 

•H -P 
U   Q 

01 
a 
9) 
h 
-P 
u 

o 

S i 

il 

i 

PH ft- 

cd 
u 

•H 
to 

h 

if 

0)1 

o 

g 
■H 

•H 

cd 
!> 

O 
ß 

I ■ 
S P 

01    O 

O  cd 
(it  « I« 

(0 
to 
a> 
U 

n 

o 
■H   «) 

§ S) 

il 
•   • 

I 

Ill 

I <^ 
<i-t 

1 
H 
01 0) 
V R 

•H ■H 
■P Vl i g 
ß Ö 

ß M M 
O ß   ß 
•H «H  TH 
a box 

^ H -P 
< Ü CQ 

| 
•  0) 

T3  to 

t S 
^3   0) 

tJ   t? 

£t 
•H 
H 

•O -P 
ß g 
at S 

ß A 

h   0) 
I -S • 
M Pea 
v a H 

CO 

si •H   O 

TO" 

ca  as 

es» 

I 
Pf:3 

2 

ca 
ca 
O 

Vi I 
0) 

I« 

0) 
■p 
4> 

U   Ü 
■P   , 

o 
H -O 
td   ß 

CO -P 

«aß 
-p 3 a) 
m 'O "ö 

Ad 
a  • 
i 

■P   0)   V 

■ -H   P) 
(0  4J 
ß a) 
•H   ' 

3 

1 
o 

ca I s 
U    W   4) 

0)   bO 
Ü     -p 
C^v a) 
(1) H 
u  01 -p 
<U ß  G 

g 
•H 

CO 

O 
H 

& 8 
h 
o „I 

CO <H 

I« 
<d -H 

08 > 

^5 
IS 
■e s 10    P< 
a)  a! 
fn -P 

^5 

e 
0» 0) > Ä 
•H M 
(a a 
o g 

^C 

  



  



o 

pq 

I 

H 

g 
H 
U 

I I 

I      CO 

o 
o 

c 
>l-p 
v ta 

II 
u< a 
i 

0)   01 
Q v a a 
•H   0» 

•H 
P 

■P     • e -n 

l| 
O -0 

N 

0)   P< 
H   « 
O   0) 

«! 
•. CD 

(0   0) 
(U H 
a o 

3 
C I 

0) 

h JH 
a) O 
0) •P 
H o 
ü 01 j E 

1 
c 
a) 

o 

cd -P IU  O V 
3  o) -d -H 
-0^3+3 V ?|l|« H 

^3 
•H   B  4J  ,0   O •>H 

%S4SS 
0) I j 

oi ra 
Si <u ■ 
C 0) 
01 ,o 

■p 

gs^ 
oi   O 

■ 

CO    ft   0) 

^ ^ s ö -p g 

B -B a  qj   cd 
•H   A fn 

0)   (U   -H 

■P 

•H 
cd 

e ,0 
0) 

<d  o 

I 
X 

on 
i 

o 

O W   LA 
<t-i o o 

EH   ß 'S 
h -P 

0) "0   o 
•   3 -P 

•H  4->   ttJ 

<U 

i 
cd  O 

8 S ^^ 

^^ 
oi a» 

a& fi 
rf o< 
<U   4) 

«in <H 
O   O 

^ 
<u a) li 
•H H 
Ä   0) 
M P 

I 
•c -p .rt -p 
«J ß p ß 

■Hi EH 

Si 

Si 

U3 

§ 
■H 

I 
a 
01 

ß H 
o a) 

•rl   o 
■P -H 
ü  bO-H X> 
cd O a a) 

H >5            ß 
Cl  O H   0>   O 

ß Xi h 3 ca 
ffl p +> -p p 
> h u a h 
H   Cl 0) -H   h 

■ 8 hi i 
1-1  •H  -P 51^ O 
a a 

ß >o ■ 
ß   (U   ß o 
•H 13 a> T( ■ • +i 
GOO) 
o  o  ft •P a) 

ß ■P 
•H         3 01 •H 
+J   CO +> & P< . (0   0)   u ■H   h 

■032 
CO   <B -P 

•H 

| II >   Ü   W <U 

'■- ^-■■■..-.■^,,... 

  





/ 

»^ 

FIGURE 5 DISTRIBUTION OF ENVIRONMENTALLY RELATED FIEID PAHBRES 

U5 

  __ 



Ambient Temperatures 

Compartment ambient tdmperatures are measured during the flight test pro« 

gram for various portions of the flight profile.    Based on these measured 

temperatures, heat transfer coefficients are calculated to prov.de heat 

infiltration  (or losf) to adjacent compartments and infiltration or loss 

through the skin of the aircraft.    Using these calculated values of heat 

transfer coefficients, the observed compartment ambient temperature can then 

be extrapolated to hot and cold day conditions.    The latter values are those 

which have been used in this study. 

The following sample calculations indicate how the ambient temperature 

extremes were determined for the nose compartment of one of the study aircraft. 

The equation for overall heat balance is: 

Q
AERO 

+ SELECT. 
+ SLOW IN ' SLOW OUT 

= 0 

SlEBO = A61*00^811110 Heating (or Cooling) 

QjCLECT    = Power Dissipation 

where; 

SIAM ' SLOW IN "SLOW OUT 
= ^f™!:1 Flow Energy :Cnto or 

CXit of Compartment 

where: 

i m 
= * Cp ( IN " "COMPT) 

= Masa Flow Rate 

= Specific Heat 
* 

= Flow Temperature In 

TCOMPr    = CotnPartmerrt Temperature 

Substituting for &„,.,„,: 
TLOW 

QAER0 + SLECT.   
+ m Cp  ^TIN " T

CCMPTJ  = 0 

1+6 

   ^ftuäMü täk   _j 



mmmiM *0mm -^m 

Values for each of the equation terms were obtained as follows: 

• Q^pQ was obtained from flight data heat load curves which are 

a function of ambient temperature, Mach number and altitude. 

• SELECT 
is the measured (laboratory) power dissipation of the 

avionic equipment located in the compartment. 

• ^FLOW 
was obtained from laboratory tests of the actual flight 

cooling system. 

Utilizing the values so obtained, TC0MpT was then calculated for the nose 

compartment. For the maximum compartment temperature (sea level and V 
MAX 

conditions), the heat load curves for extreme hot day conditions were usec. 
to determine Q ■AERO* 

SOLVING: 

o = 7880 BTU/HR + 5620 BTU/HR + 2160 #/HR x 0.25 fSr (8O
0
F - T       ) 

#-PF v       COMFT 

FROM WHICH: 

TC0MPT. " +105 F 

The minimum compartment temperature (altitude and V   conditions*) was 
MIN 

calculated in an identical manner using flight data for Q..„Tir,  for an extreme 
AhiRO 

cold day. The above type of analysis applies to compartments which have no 

active means of temperature control. For a controlled compartment (such as 

the cockpit), the design limits are given and have been verified during the 
flight test program. 

Amcng other variables, the thermal environment experienced by a black 

box is a function of mission profile and location within the aircraft * One com- 

mon phenomenom which has been observed is that all compartment ambient temp- 

eratures, experience to some extent, a thermal cycling effect whose frequency 

is much greater than that required by MIL-STD-781. To illustrate this, two 

typical curves axe presented for compartment temperature variations as a func- 

tion of altitude and speed. Figure 6 shows thermal variations within a fuse- 

lage compartment of a turbo Jet aircraft. It can be seen that, although for 

steady state conditions of speed and altitude, there is a corresponding change 

     h7  
V  Is minimum velocity to preclude aircraft stall. 
MIN 

. 
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in the absolute value of compartment temperature, it is only when rapid vari- 

ations of these parameters occur that thermal cycling effects become apparent. 

Figure 7 represents the nose compartment thermal profile for h  different 

turbo jet aircraft and indicates a wide variation in temperature for changing 

flight conditions. In this case the two cyclical variations are more apparent 

and occur in periods of 30 minutes and 15 minutes respectively. By comparison, 

the thermal cycle presently defined by MIL-STD-781 encompasses a six hour 

period. 

Cooling Air ?low Rate 

Forced air cooled boxes effectively shield the electronic components from 

changes in compartment ambient temperature. The operating temperatures of 

the components within the box are usually established by the temperature and 

flow rate of the cooling air. 

The cooling air flow ra.tes are based on measured data taken during 

laboratory tests and later verified in the flight test program. Separate 

tests were conducted to determine the performance of the air conditioning 

pack and flow splits to the various avionics boxes. The flow required for 

each forced air cooled box is a function of the cooling air supply temperature. 

The worst case condition for each box is determined and the required flow to 

the box is supplied. At all other conditions, the box will receive a flow 

in excess of that required. 

The flows established in the laboratory testing are then verified in 

actual flight testing. A typical plot of cooling air temperature is provided 

in Figure 8. The data represents two minutes of dynamic manuvering during 

a test flight of a turbo jet aircraft and shows that, although the cooling air 

supply temperature is controlled within specified limits, some thermal tran- 

sients are evident. This type of variation is characteristic of environmental 

control systems. 

Tables U and 5 present the lab and field thermal environments for each 

black box. Table k  includes the ambient air temperature parameters and Table 5 

presents the pertinent cooling air and thermal parameters for those WRAs 

requiring suplemental cooling. These values were obtained in the manner 

h9 
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described above and represent the extreme conditions based on cold day/ 

coldest mission and hot day/hottest mission. The indicated duration at 

temperature extremes were referenced to laboratory test time and were calcu- 

lated by defining the percentage of time the aircraft remained at similar 

extremes (for a composite mission) and multiplying this percentage by total 

test operating hours. The values so obtained could then be compared di- 

rectly with lab test durations under similar conditions. Rates of change 

listed for each item are the maximums encountered in flight. The delta 

columns represent the difference between lab and field and the rule es- 

tablished was "field minus lab." Hence, a positive sign denotes that the 

field value was greater and a negative sign indicates a lower field con- 

dition. For temperature differences a negative sign was bracketed to avoid 

confusion with sub-zero temperaturees. Except for rate of ambient tern-. 

perature change, field conditions were generally more benign than lab- 

oratory exposure. 

3,2.2 Moisture 

Moisture as defined for this study is a somewhat all inclusive term 

encompassing humidity, precipitation, condensation, salt fog, icing, etc. 

Although all forms of moisture are present and may affect equipment perform- 

ance, it is the absolute humidity (mass of water vapor per unit volume of 

space) manifested as condensation and precipitation which most seriously 

affect electronic equipment. For example, for icing to occur requires an 

unusual set of circumstances: 

• Soak of aircraft at low temperature (due to high altitude flight) 

and then a descent at some optimum rate to drop surface temper- 

ature below dewpoint, or 

• Flight of aircraft through a supercooled cloud which upsets the 

equilibrium of the unstable air mass causing freezing of water 

droplets. 
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Even if icing did occur, it is limited to external ftlreraft surfaces 

and does not appear on internal avionic equipment. More serious forms of 

moisture exposure may occur in three basic areas: 

• Prolonged exposure to high ambient humidity (on the ground) 

manifested as free moisture: 

- Carrier operation which would include a certain salt 

content and result from spray. 

- Night temperature dropping below the dewpoint causing 

precipitation. 

• Freezing of entrapped moisture at a certain altitude. 

• Condensation, again due to altitude (hence temperature) 

variations, within forced air cooled boxes. 

In forced air cooled boxes any free moisture which may be present 

would probably tend to degrade electronic equipment performance. However, 

if the equipment were cold plate cooled, air would not impinge on the 

components and moisture would actually provide additional cooling represented 

by the latent heat of the water. Current design practice is to avoid the 

forced air cooled construction wherein air flows directly over parts, Instead 

the use of indirect cooling techniques such as the cold plate are generally 

employed. Many laboratory demonstration requirements dictate that extreme 

precautions be taken so that humidity effects do not adversely affect equipment 

performance.  It is estimated that the relative humidity maintained during a 

typical test is less than lO/0. While it is difficult to quantify moisture due 

to field operation, certain facts are known. The world average is 1%  and the 

aircraft in this study are exposed to at least this condition for a good per- 

centage of their life. In addition, carrier operations add considerable free 

moisture including a certain salt content. During the remainder of the study 

period moisture effects will be further evaluated and a specific recommendation 

made at that time. 

3.2.3 Vibration 

The field vibration environment was examined for those aircraft locations 

which embodied the selected study equipment. 
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Instrumentation 

Vibration measurements were acquired utilizing an Endevco piezoelectric 

crystal accelerometer which combines high sensitivity, broad temperature 

range, high resonant frequency and high capacitance into a lighoweight, 

reliable sensor. At each measurement location a tri-axial cluster of acceler- 

ometers was installed, such that the minimum resonant frequency of the in- 

stallation was greater than 600 Hz.  In all the measurement programs conducted, 

a sixteen track hybrid tape recorder capable of recording k  tracks of propor- 

tional bandwidth analog data was utilized. 

Data Acquisition 

The vibration information obtained was reduced on a Federal Scientific 

(Ubiquitous) Real Time Power Spectral Density System. This system is comprised 

of a highly advanced group of equipment for analyzing sinusoidal, transient, 

random, or pseudo random signals in the shortest time possible. 

Since there are two (2) types of engine configuration evaluated in this 

report, the data sample length varied. 

• In the case where the engine is a PROP-JET and rotates at constant 

speed (1106 RIM), the environment is predominantly sinusoidal.  It is 

then possible to acquire 10 to 15 second time samples and spectrum 

analyze the data with a 1.6 Hz. bandwidth filter to obtain a good 

confidence level. The vibration levels are presented as peak g. 

• The TURBO JET engine power plants primarily exhibit insignificantly 

low level broad band random base, and more prevalent narrow band 

spikes representing predominant structural modes and engine rotational 

speeds for the various flight conditions Therefore, utilizing the 

3.3 Hz. bandwidth filter associated with the ubiquitous analyzer, a 

sample length of approximately 20 seconds is required to obtain the 

required 128 degrees of freedom for good statistical quality, e.g., 

K = 2 • f • t K = degrees of freedom 

K = (2) (3.3) (20) f = filter bandwidth 

K = 132 degrees of freedom    t = data sample (in seconds) 
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Flight Conditions 

The information employed for this report wns gathered from other program.; 

for substantiation of reduction in the vibration qualification levels for 

the most severe oondj-tionr  Therefore, the flight conditions that produce,* 

the most severe vibration environment are: 1) maximum power on the ground 

and 2) maximum speed near sea level (5000 ft.). 

The actual environmental effect on the equipment is also a function of 

its location and installation details in the aircraft. Thus, a complete 

investigation for each equipment in question was necessary in order to deter- 

mine the most severe condition. Additionally, if there was any doubt, both 

conditions were measured. 

Analysis 

Since vibration data is best expressed in the form of Power Spectral 

Density (PSD) plots (as opposed to a tabulation) the infomation obtained is 

presented graphically for locations which best described the vibration envi- 

ronments for each selected equipment. Further, since the vibration effect on 

an equipment is a function of both aircraft structure and the propulsion sys- 

tem, the PSD plots are presented for each equipment in terms of its particular 

aircraft/location/engine combinations. The flight conditions shown include; 

cruise, intermediate (IMERM) and maximum after burner (MAX A/B) 

1. Prop-Jet - The engine power source for the Prop-Jet ccnsiste of two 

turbo-jet constant speed engines with four (4) bladed propellers. Figures 

9, 10 and 11 are acceleration vs. frequency data plots for the equipments 

affected by thifl aircraft/engine combination. 

• Figure 9 ii the plot for WRA's 9,  21, 39, 36, 51, 63, 69, 84, 92 and 9k. 

• Figure 10 is the plot for WPA's 12, 23, 26, 32, 34, kit  ^2, k3,  U5, U?, 

k9,  52, 76, 78, 81, 86, 90, 93 and 95. 

• Figure 11 is the plot for WRA No. 33. 
The F.S. No. in the figures is the fuselage station in inches from nose. 

The vibration levels presented in the above figures are plotted in 

acceleration ("g" vector) due to the periodic content in the significant data 

gathered. The predominant frequency is 73.0 Hz. (propeller blade passage (k?)) 

ana the levels were recorded during both high speed cruise and ground engine 

run flight conditions. 

60 

' 1 ■■ 1 1 



- ii auinpiPi WiMlppilM'li 

1 1 1 1   1   1 1       I 1' [Ml 
-'    ->   i   r 

i    i 1  J 
or     «15 

1        1 rrn i   i rr'    i' i     r 
.■;.., ii Li—- —J 

trn    ;   ,•:!,'     '              1 •*-> 
5 i t rt ■           1            ■    I   , __i l-xi, 

i1    ^ 1 1  i i 1      I   1             i .d ;_ M -t-> li 
r    W   O r-l 

^  !   to 
v s &: 

! 1       i     ■ 1      ;        |     .       - ■• ^.s p 

i       .. ■■: i     !■ ■ milv ■ 
- ■ ' '  '—!—r-H- 

II 4' .iiilEliSlIijl 
^ $ ö 

■-rr    !      m vt « :.:;■■ "   : i :i-. 

' : '   i    :      M 
^itifri ■;: :;; 

T ii^^ 
i 

; 
■ ■ i ■ 4 " ■  '   ;;' ■' 

i  i *—'  

* li-IZ 

 <J—_J -. 

, ! 
1           1 

,,;: :..;;.„ .   
 L._4-  

. . . . 
: .: 
.... 

  
—+-i—•*—*—>■ 

1'       n    '   '      „ ,- Oi o  ^ 

  
. .   ,, ... 

. 
M                            * » ^   »    n ,   i. 7.      |..: 

-H-H- 
-|-]—r-t:  —TTi—^—■"■    ~r' ;   i'i ^■:, :    K:,,■■:..:. 
-r-fr-H —rJr^-\—^ 4-f-L M ^ l1 i          i  I . ■i--^- —h^ '— r "H" 

■ ■ ! r« i ■ 
1 #11 . fH$ 

h«4-—u- -r ,,   .. T 
..'..''      !       '■   ■ ■ i:i ■ "'■ ^ ^.'■■i  _4_ ■■ 

II 
::: 

T*H—-'   1 -r\       . 1 
!       i,;|.,....i_. 

i.... . '   ,, | 

1         r :     .     ..: ';:;■: 

1        ■        ■■"■' 
■   i 

1:     ■ 1          ■   ■             "..'..  ',,', ...-—^^4—— ' : : : 

i 
i 

'■■      \        \         

•;:;.■;    U-i— 
--r- ' 1               1      ; '         ,  ■   ; ^13— 

.'h: ■  ,::::.       ' 'y 
■   , i  , 

i       ■;        t  
■       il    :   .... -i:l:...;T-:'r::'  1 1 ! , 1 

■   ,;;■;:         i   ■ 
  i 
 i      ■ ■- 

. i 
 j" ■■ 

'.'..''.'..'.'.'..  
.::■ 

.; i 

,;,■ !   ■' ' 

  

... 1 ]. . i. ' . i i ■■■ 
i 

.   .           
.  o «l  r-   «    • 

, li ..... .  .->. Ui- ItH 
     .   ■'•> t">  it«-* 

.j(, ,..,  .... . | L t 
'11   | ' "TT ■•■::,'■ |  

■i— -t- -+— — I;   ' . '■ - - 
I • #ff 

■.:&■■;.    '  :  i 
] ;::;    .::;:::- :,    ^             '_l :#3: 

--—-4-—r——— 
     1  

I 
-~ ■;: T "E "it itr =## 

iHäsHigbiiii fü-iiE 1 ffl HHÜii^üHffliitt fZk 
ft Q Z 

§ 

tsl 

S 

I 

& 

EQ 
> 
i o 
M 

(xvad) 9 + NOiivaaTaoov 

6i 



f --"WP" 

riii i   i 
,T ' ,;.i, ■ * 

! 
1 

i 1 I ■   i   i    rj-\ 
U   r:    V     *>       q           " Til 1 1  1 ! T A 

+-> 
h   a» 

it T j- 
ß o on 

■*-> Ä    • 
R    I   CO 
M *     • 

I   O  ^ 
P   M     1 
S   Cfl   K 

E-i o •< 
J K  En 
E (X w 

Mil. IHM 1 ■   i L   :            i - 1- •■ 
i          ;        i 

1 
. i_.. i i 

i              r 

1 
i i !■-   . i - 4-" 

"4 
!             i 

1 i       , 1 ^3 
-ii. 

i 1    :   i | 
,        T I 

1 ■ 

| A • 1 
.. . . 

, 
i W p 

... • • :;:: 1J. 

. i ■«■ 
,., 

1 
1 .... 

■ 

■ •i • ... 4 t «i   :::: 
i ■■ 

. 

i ...i 
...,i . . | .... ..., ...1 .   . .... Mt^- 

.... - 
— 

■H44- 

■    ' 33   1? 1 
■i ■ i 

t ■- » i fc.    ij 

i 

..i'. 
i ■ 

... ..    . 
i 

m..... * ....: 

- » 0 ^   v    M 

  
...    ... 

.... .... ... 
.    -    4     - 

1 !  ! ■ j 
 -   1 

!■ !:: v . 1;: 
rt 

i i  ; ., k ■ntr 

. i II    1 if « ; I 
i .■ 

:     !  -■■■. 

.: 1          ■   | 
.   !           1               ! ■   "■ 

:•:■ 

' 
i - 

1 
I 

i 

i 
,     ; -rr I1R- 

J-*_i—l- 

,,-. 

i :l;,' 
i 

i   i 
|    ■ 

■ 1 
1 

i ■   ■ 
."■■i"." 

. 
■ ' lit! :—H 

  | 
■ ■ ;     ;.;in 

: 
krr —r—r 

„ 
!■ 1 lit. 

: 
"""■' ':    

1 :;'   
  :';: :::: 

II  f- 

i ' .,., 
... : • 

1-    « i.     MI i i 

■ - 

, i 
!■■ 

...... i i ,.i I ^   «    * I 
■ 

( 

. . 

■     ^    (> i    [i   ( ■ (i 

.... 

r 

.... 

.... 

. 

• 

■     1 
,,      , i... 1   ]y i 

Tt«- :; : : 
■ 

1   j 
i !           ' 1 ; i 1 

—H-r 

■•:H::;: :fr 

• 5; 
I 

:;,::::■:' 
— -4- ——r-- 

■■■ i|H 
! IM. 

liL: 
DLXI ;;;,;;,;; 

«... 
tii J _. _J —_i£ j_ 

... 
; ; ; |   k IT! ::::.:„. f4-f4 iH^ 

n 

CM 

O 
e 

B 

>H 

cy 

BQ 
> 

| 
EH 

g 
Ed 

a 
M 

(xvaa) 3 ♦ MoiiviHiaoov 

62 



,    ,III,»«.TOHII-»,MP»IU.»UJIII     j jj».w««,up<iijyjiu. •'•^mrrm^it 

ri i  i   i    i     in   IT—I   ' |.   "    I'll!   r~i'   III! 

en 

o 

O 

o 

i o 

I 
CO 
> 

o 

w o 
3 

(XVad) 3 + lIOLL\AHTa00V 

63 



«""www" .iN.n.nuiuui» ,j    lu.ujivwmMnii^iPüR^Pinpmpp 

A review of the vibration measurements recorded throughout the fuselage 

clearly defines the predominant frequency content to be sinusoidal and 

directly associated with the engine propeller shaft speed (l8,U Hz.), propeller 

blade passage frequency (73.2 Hz.) and their harmonics. The maximum "g" 

responses appear at 73.^ Hz. and 11*6,8 Hz. Additionally, the vibration levels 

vary in magnitude as measurements are taken fore and aft of the propeller 

plane, the most severe being at the propeller. 

2. Turbo-Jet #1 - The aircraft is,powered by two turbo-jet engines mounted 

approximately mid-fuselage. The engine exhaust, inpinging on the fuselage, 

produces relatively severe vibration levels in the aft fuselage. Utilizing 

the 3.3 Hz. bandwidth filters, the data disclosed narrow band random peaks 

at structural modes (e.g., fuselage vertical bending and torsion) and 

engine rotation speeds superimposed on a low level broad band random 

base. 

Figures 12 through 19 are PSD plots for the equipment affected by this 

aircraft/engine combination. _ The F.S. No. in the figures is the fuselage 
station in inches from the aircraft nose. 
• Figure 12 is the PSD for WRA's 54, 56, 58, 60, 62, 67, 70, 72, 7k, 

77 and 83. 

• Figure 13 is the PSD for WRA's 5^, 56, 58, 60, 62, 67, 70, 72, jk, 

77 and 83. 

• Figure lh  is the PSD for WRA's 15, 16, 20, 25, 31, 5%, 60, 61+, 67, 72, 

7^ and 77. 

• Figure 15 is the PSD for WRA's 5, 22 and kk, 

• Figure 16 is the PSD for WRA's 2, 8 and 19. 

• Figure 17 is the PSD for WRA's 1, k,  17, 28, 50, 66 and 79. 

• Figure 18 is the PSD for WRA's 1, k,  17, 28, 50 and 79. 

• Figure 19 it the  PSD for WRA's 6, 10 and 18. 

The vibration levels reflect considerable variation in level across the 

fuselage due to the engine location. The envirenroent is described as a low 

level broad band random with narrow band spikes due to various engine 

rotational speeds, structural modes (e.g., fuselage vertical bending and 

torsion), and major accessory drive mechanisms. 
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3.  Turbo-Jet #2 - This aircraft is powered by two turbo-jet engines located 

at the mid-fuselage, however, since the equipment of interest for this 

study is forward of the engines, vibration magnitudes are of a low 

magnitude random level. Figures 20 and 21 are PSD plots for the equip- 

ment affected by this aircraft/engine combination. 

• Figure 20 is the PSD for WRA No. 3 

• Figure 21 is the PSD for WRA's 3, 7, 13, 2h,  27, 30, 37, 55, 59, 68, 

73, 75, 82. 

This environment is primarily low level broad brand random with narrow 

band spikes associated with engine operational rotational speeds, structural 

modes and other major accessory drive systems. 

I4.  Turbo-Jet #3 - The main power source for this aircraft is two turbo-jet 

engines with afterburner, mounted in the aft fuselage, having no fuselage 

exhaust impingement. The vibration environment is primarily narrow band 

random (peaks associated with engine rotational speeds and structural 

modes) with the engine rotational vibration effects becoming less pro- 

nounced in the forward fuselage ahead of the engine. 

Figures 22 through 25 are PSD plots for the equipment affected by this 

aircraft/engine combination. 

• Figure 22 is the PSD for WRA's 53, 57, and 71. 

• Figure 23 is the PSD for WRA's 12, 38, 39, ^1 ^1 k^y  8o aIid 87 

• Figure 2h  is the PSD for WRA's 11 and 12, 

• Figure 25 is the PSD for WRA's 17, 88, 89 and 91. 

Since the engines are mounted aft, vibration levels tend to be relatively 

low, (see figures 22 and 23). Higher levels are found in the engine zone 

(see figure 2h).    However, equipmant mounted jetween engines on the aircraft 

£ see lower than expected levels. 

Although a final profile recommendation will not be offered at this time 

(further investigation and analysis is required) certain observations can be 

made. 

73 



N 
n 

ZH/?8 " MISlEa IVHiLOadS Emod 

7k 

OJ 

g 

% 

B 

■ 
■■■i 

. 



-TT-.^ ii mgm.mm* !W -^mimmmi* 

r 3 I ii    r i ,   1    J. r Mil 
T » » ■: 

!      1 I         i Uii MtAMmm V 
'              1 1 _ mmmt     —' 

■■!   1     .   . 
1 i- i 3 ■ w !      : m ¥ 

1    -       M ,  • 1 ■! 1    11 isi 
( 
i     -r- 
D O i 

—r—   1 
j -T^   --f- .■  ; ! 

.:   ^ M 
1     1 

M    1 M    ^1 i -1   d 1 ;i   ; ■[■■. .]L- 
:;;■ bk 

]■■■ 
:'  •< 

8' 
C 1   t 

:.    .'i 
:M 

..  :• .  ...: 
'.a.-. 

:J:r 

■; < 

P ^ 
a c 

3 h   ' 

3§ ;. 
■ 1-       :lffi M ■ i 1 :-::T ui: 

;8j P  H '   sjli lr-M ;:: :   cH 
ö < 
h 1 

3 <;    .. .■.,. , ;:,.;..:    .. ■;] .   „  . 
V." I.l' MTM***« 

;: ;7t" 

OT1 Wl^ 
...■,.■.:    M 

;:::t ^•: •: -::'■■■ zl ii tt-Lt- 

-     H • 

u   1 ;::; 
' ■ * ■ ■■ p -- 

■ .   :  :    di: 
B£BB 

:^r 
"" '" . i . .        ..- ^- * - ...^.... 
..;   .  , . J;;,: 
:::: 

— -*— 
.:.„ .   . > ,;"T" .::.:..;"::i:..: 

■:::'. • 
. :::::; 

i  ■ 
mt 

i.. ••:::;    it i' ■ 

  

 i 
1 '■ . 

... 
 ■' ■ 

■i p. Ii , .i,..... .1    * 

::#q:.--- 
r     to     rt^« 

ifH ftl 
- ■ ■ 

■?~tT-1 .            - ot 11 r— 
11  r 
-rtter' 

...    --:;■■ T-'-f1 , i:;: ' ;.: :; ■ ■   j_ -rr-t » |w - 
' ' " ■■ S 

;.: J« 
.:     ....  1. --^-4 pii TU4- •p —- 

■ ■ i     ■ ■ i. 1,          1 i* 
•  , . ■     .   ■•:t 

■  ::          , :l. 1 — .  [     ;i  ! 
■ ■ ;!: ::■  .: 

■'.    i ■ h • :::; 
• km * ■-4—-H-r 

' ",.i:;; 
— !fl| 

';;' ■:.:.  -•- 

l'  
.In        t 

if H :.i i^lc:;:::: i§ *1 
A * |W" 

■ i l:;t: 
:■ i j:t ,. 

.       .!         M 

.-.::;... - :. $1 '  i , : , i    .    . t , : ■: : ^ r tfjl ["if s 
. ■ ~°n ! TT 

i ::,    13 ■ .:,* ■ " , '   ■'t. 
.[l    rilM! ^i-i- 

m * f* • T~~~;T -f—',— ': l| 
,1 

: :„:,;:, K* Bi; 

' Z\ \Tu '.'*'< "' 

I     ' :: :":;:. :! .. :...::.. *"  
— .**J- 

.,■* J< 

Iti'j *-i t * 

>.... -. 3E::: 
:::::':: 1  

.   ....    -•« 

...   .    .   . lu. -H (+ 

:::,::: :::::x 
*-.-■ + 

     ■••■ 

— 

i.U-4- 

-t-M-f 

4   ' i.i II i H 
N r-   «    to     *, 'I I      , 

■       •         |~ ' 

■   Oi  II r    II   ii     .[ 
•■■..•1— 

•tW4 
-*-♦■♦-i- 

. 1 **■ 

1 

* u. 

"if- 
■;', i •i 

; : : .   B ::.;: 

ö^ 
• Nr 

"::: * :' . :i; 't!j IS ;;:,; a an :'' 
•!rJ 

■ •'    ;•:   ' ! 
■   ■ ■   ..;.-- ^ Uffl ::: « ! i i   r. EE > ■:;:;: iin !"l "t. ml 

4-U4- 

lllli; :;:-; :::: : :i; r aiiujii^S ::;:;:; ;       ;::■• \^-:.v.'\M Ü •ti? 

SEani 
H f-F   1 il  M.1  ....   ifii 

•3 0!» »■*-■ V ♦ ♦-* *     ' "* Mt   t...     ... W:; ++++ 
h uJO^.   H+. if--Eli JIMMI 

8 

8 
ZH/ 3 - UXMH ivHioais aaMüd 

0 

75 

CVJ 

CM 

K 

I 

   



Ill 1      I 
^     1 ■   i i ■ ] Ui '        t       ' 

" ! J, 1 i m 0   '   1 
'    ¥   1 

-' i ri _. 1 ',,,,1 
.^ i           V 

£    1    O CM 

1 ■ h Oi 
J ? fi • 
~ U   * u) 
H   0   g   r" 
3          M    1 

>     tf o 
J       b M 

E   EH 

i    «EH 

■ 
i          i | 

;'!! :;:■ 

' 
i 

: 
i 1 .1; >H -p c  , 

c . 
■ ■ ( ■ 

1 
i . .,.;,, | ij 

::;;: ~> 55' 
1 J    ) 

—t—- ■ ■ ■' 

; 
I 

ii ; •,,, =!.•<€■ 
-t 

1 ■ 

i ■ ■ 

1 

■ ■ 

■■ 1 
; i 

1 j 
c 

i,.       . 

': ::;:: o 1 
:::: 

"    c 0    .  !.   .' ■ - :    .   ;.. | ■ ■ si t 
. ,. la 

1 
'■.1 

'...":'      '.t I-. 
'::.'■:.:":": r ::;:;: tttq 

jl 1 ■fn 
1 :: "J:::-:: ■ 

-1 
■             ■ 

■■;:::, ■ ■ i:: .:::::■;..: 

■ 1 h 
:.:. /: . ..   J 

■' i 

:....'..: 
:-:(.:;: ;.:.: 

i:::..:: 
'. ::  -j.... 

y.z ■ ■"~   
|W [III 

• 

lofr     •      1 « n ■ 

. 

r-   »■     i 

  
    

:.<i. .... 
. -4 . 

  

i    ^ P) 

.... 

,1 - » i \.\it:>7 
;;.- " .    ■:■■■,: 

1                      -" iHf 
: ■■ ■ 

J"   ■ 
■ ■ ■ i 

1 
 , 1 -- '  1 

■ j i \m H_i-f 

:';;"   |i I; lii 
'        '    '1 

,: 

  
1 1 ii    i.! 

1 ■ 
' ,(....:" 

■ 
K: 

11 j 1 

  ..    .   . ■ 

1   ' 
-  J/- 

■ i 

. — i.^. i     ■ 
. 

;; i 111 j 

■...■:; ::l' 1 -      ., 
■■.; , 

vlfr 
.    '       ■ 

. . ..,. 
'      ■    ,-     ' 

iil it | ». 

■'i n:.. Si 
** i* ■;•:::::, iil :. ■ 

t   
■'■ . , , 1    ,    . . ., . 

■ 

' 
,   :,.,. 

.. JP 

. i 
, . . . 
.... 

. , ,  . 
■ 

. ,   . 

if)    '-■■ ti.. 

  Lu- it± 
  u... EI -i*+i 

.. i 
"- 

* "*" 

i fr   u 1 

  ... .... 
n 

.. * i 

1 • a i i ^  «, n 

  
.... . -   ..... 

       . 

:.: : 
i 

. .... 
  

|i   , 

• ■■■I 

< 4 

1- 

'S' III ] ll lift 
■ ■::•.■ ■ 

■, ;:,: Ii ■■;!   irj i1!^ 
;:;' 

., i „.. 
; ; ; 1   9 ;,;; "•::;: :':: TTTT f- SP 

;..■ ":■":. 

i,,; iiii 
■' 

',::'. fhHi: :", i" tttt 
»_ "■ : ,     ] J ;||;   ; , ; ;   I'll 1 ; ttiX Jttr 

.E2 ., u 112 üi j;-; .'■tp 

....   11 
öis: HHE: '.'", Jtt! ml 

ui: :..: ll 

mmW 
$&£. 
s sz EHE Em 

UAit m ffif 

8 

0 

H 
O 8 

ZH/-,3  " AIISMQ IVHiOaiS HSMCH 

76 

(V, 

8 

« 

s 



1 LLm i; 
■ 

■   11J 4   >i I •t \ nm: ... 
, 

, i 
e 

H       1       O 

a u  i 

s 
CO 

I 
...1 

., 
''t    ; ,  '.if :;::;;|... r^r l:': '"'   !i" 

1            ' 
.    ]      1 ,   i : 

f    t 
■ j 1 i I ! ;.. 

':-■ 

i:. 

1 i 1 ■■ 1 . .     . : ■" •• • <*■ 
4 

::i  : :   .    :. ■ 

E5;i!i ■n:};^ 

1  ? 

i    I  o 
5           M     ! 
S      en ö s   go 

E EH 
H             O   < 
3        KB 

jj !.,,' . ,  ; ;■ 2 

.::-:■::. 

.. .,   ., 

f*& 1*1 
B1:' v.. ;:^M 

■::; 
:: i ' e; - ii jß M Ö 

■(- .   ,:l .'i ■ 
'.■ ' S .: 

.;. i.. 
h ffi 
^ M vu 

nJ ■ li i:M . 
u.. . „:.::'.::': m ^p 

. 
H    I.-   .    ~ 

'■'~ 

__ _4 

I. : k ■ ol   '!■ :::: , # 
..    ... 

C mm 
w... L r    L 

— H f; ■ n   « 

:T..'\ 
'7 :;. ■• 

.... 
T 

::::': : ... 
■  '   ■ 

1 
■:: 

^~ " ........... 
Ulf 
4+t 

rttl .-. 

i ~. 
• m 

i\ i 
-   0- lift..,! i "1 i i • th i 

  j+r'   

L . 
r, j i 

■  . 

1 

.... | 

....   k.J..; 

■, '.j" 
    .... 

it 
Kf' ,.  ;      1 ■::   ;:••■:; "■   "   :   '.. ,1 M\ :  ■ W: ffi M      :! 

^.«iöi 
•: 

i. . r ■■ ;;:ij" :   ■: :   'I' 
i.lLl ' 
" t ■   '■ 

: U4 ■«■ 

"^ 

■ 

m 
;:■:-:,: 

"1— 
■ 1. 

,1 ,. 

. 
. : ■    r ". ■ i ¥. ■ •* il 

;■;■ 
■ 

, .1,1 

■ 

., V: 
  

■■ ■■ 

^n 
= ■ ;- 

;:ii   ;         .■: 
1 •i; . '.;■ '.:■ 

•:;• ■;: i; Ft 

■ 

I i ■ 

.. 1 
i   '   '1            ;;  ■: ^Hffl \ 

r a- 
i. . 

> >* 
:,: ;;; 

? ; :. :: .   . 
: 

. 

.   .   . .j 

..     J 
,. 1 

,,, 
i 

■ ■ 

: : 

  

H  

*■■'■    ■ 

S 

. 

olmg 

-, ... .*., ... ■ I   1 
1.. |i 

..  . 
-   • , i  i • 

\ ■;■ , 
n 

,-.. 
■  ■ 

i 

... 

.... 

■ )-■■ 

m  

... 
'        1     ■ ■ ■ 

. 
i 

.    . . 
  

-    0-   1 

  .... 
  
 ■■■ 

  

  
PI r 

.... 

.... 

fflf 
■ ■ i   -m :. '■'■ ':,! W^a iif] 

■::.■; 

■ :':i 1 "I \i u ** 
'■" 

■* T.:- 
■'! ! 1  •  •  (-1 ■ 

,,. ^i 'I     ' ' hi1   •:' 1     r ' 1 "1 h ~~ ipg 
9 UM > 

tJ 
■.    ■, }'.: 

——< 
E 

^—H- 
*r"tr 

MMljirr] 

-i i m iiiiiiüf wm IKI 'Utt-rrt-t- 

:   8 

Ü 

ff 

(M 

i 

CO 

I 

s 

I 

o 
8 

ZH/ 3 - XUOVI iVHioais Hawod 

77 



-.^'«""««■-.WLLI-W.,!»^. i immm 

li' ! i i   n i  i   J    i 

H 
pa 

b 

f| 

Z
H/ 3 - AiisNaa nvHiostis aawod: 

78 

oo 

i 

s 

« 



r i i ii   n 1     i    " 
■          ft ! Jli ■   i   i     i i . ■ j W 1, r a .... i 

:V 0 +J 
}  !—     Jrl 

i ■ , | L LI-»*     * 
0) 

■    i 
n o oj 

"1  ' t"- < p ;   m\\:. i .    fn   -P    C 

, h 4 « Q 
4 ~t—f  1  •T 

*\ 
;!:   1; 
 L 

.    >   M M 

.U-    '      '     ' 
e ■a;   ^ u-\ 

MI   • 

M     1 
cn 3 
H O 
b H 
K En o < 
K P 
P-t   CO 

j 
,-1— ' '    

j \'.'.\ [•^" 
|   ; 
i 

\ :;tr tttf 
:~ .4 

g 
—i- 

u 

... 1 , -■ iJ<(■ 
» 

1T4. | ■ 

1»- • 8  rrtr 
 '■ _'\ h m ♦« ■fft 

' ;i il '        > ■•+— 
;::■;:* 

1                i 
1                1 

■ i 
 i ::. 

-* .i ill ♦ ^ 
* m 

 1 

■   ■■         i 
r. 'i... 

t^trH jagytji 

:: •     ,; 

■".J1": 

■ ■ • ■    ; 

'"',;...' ...l 
■:.::.:' 

 4it 

::^;:0;:::: 
% #    # ^..... Jafti.M.^ wu 
■^ 

 ' —i- 

n             f * 

•   ■ •   T  

-mo 

    

IL4L iiii iai 
.... rt" 

• * c m 1 

.. -i,. 

<}.. 

^rpr :,;■ .:!■ : ZL" fr::.;:::: 
,..:■: :-   i: , :      4    ,   ■', i     ^T% , u ^ 
rib- "I  ; ■   ;f PPPHf^ 

".' ■".   !.' ' '] 'L ;..|..:  ::■ 
::■ 

, ...X. :i v ii ■■W 

: .... ■_; 

■■.■::|   i ■ * ii  _ !:£| 1 
9^ 4"...;; . ,'.' ;;'; ■ ■'■     l':; 

•-t**-" "';: ...   .          . i. 

run 
<!r^- 

, 1.\:'.;.,. r:: .,:. 
■ ■      ; :: 

: v ' ;■:::. :   ... [ii L -:- 

. '■'$■■■■■ ■" •JL^-. I ■■ ..  "■■.. 

' . 
::;.: : '  . :, ,::: '. .;■ !:■" ;-■: r 

[-4   ;--*-- 

u.. .   ...j  .   , 

:..;: ■':::': 
i^ J |{Tf 

:i -j ■; ■ ■■■■'-•■   l,t' " 

.■ ' '::S. 
:-  :'|: 

  :..: 
Hfl 

;-;•;-■ 

',,':w- 
: :: ;.: 

M  t- i-   iu,.-. U 

 i- 

'•■ 

| 
r;;;  ■  

■'■■  

.. . 

*M. 

'   in    ' j 
 •       4            ..     i*.   . 

r-   ii    m N-J1 

... ::: 
r-            r       < ,L, „^ 

.... 

IJII ̂  

i     i 
i 

i ä mM-m ■.   : :; : ; || 
jrrn- 

Urt V   fc! rrt^t- —^ : . : :   ;;.'; L 

uiiii- jiii : ■fff 
'^r" :" '.'', 1 : : ;  ;;,'!: U 9": 1 ;;:• i: l^^ '^Z- ffi: 

f i ; 
l|p       ^ ■•i;:;-j:;: • r'         ;': :i; :   Hj m 

11 1 |. 

iiiiäii ES 'fSiiE Wi mm litt Si i 1: 

8 

n 

u 

§ 
ZH/p3 - JUEIMBI IVHiDadS HLWOd 

M 
CO 
< 

CO 

i 

CU 

w 

79 



''"»■'^^'"«'''-Ji^iuiwnwaPiwpilillPipp 
' 

In review of all the equipment vibration Hieasurements evaluated for this 

study, the variation in the vibration content measured on the four (h) aircraft 

studied does not indicate one vibration envelope that would represent a real- 

istic reliability demonstration level. To encompass in a single i ..velope the 

periodic frequencies present in the Prop-Jet, as well as the narrow and broad 

band random content in the Turbo-Jets' (in addition to the varying magnitudes 

across the fuselage for all the aircraft) would result in a severe and conser- 

vative test for a vast amount of equipment. 

It appears that more than one spectrum will be required to adequately 

encompass variation in aircraft types as well as equipment location with 

respect to power plant location. Additionally, it is anticipated that dura- 

tions of exposure will differ significantly from those now specified for 

reliability demonstration tests.  Table 6 presents a comparison of field and 

laboratory vibration type and duration of exposure. The durations of exposure 

to permit a comparison of field and laboratory hours were derived as follows: 

• Field duration - Since the equipment in a flight mode is subjected to 

constant vibration, the duration of exposure for the field was set 

ec^al to the total demonstration test operating time for each equip- 

ment. 

• Laooratory duration - During the tests, vibration was applied for a 

fixed percentage of equipment operating time per test cycle. The 

total number of test operating hours was then multiplied by this 

percentage to establish the WRA vibration test hours. 

In all cases the duration of exposure to vibration was greater in the field 

than during the test (for equivalent operating hours) and i.. the majority of 

cases the differences in time was significant. Since the majority of the 

aircraft studied were Turbo-Jet propelled, random vibration predominated at; 

the mode of field excitation. All laboratory tests were performed under 

sine conditions. 
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3.2.U Altitude 

All selected study equipments are exposed to some low pressure condition 

during flight. Cockpit equipment however, is maintained at ambient pressures 

up to a given altitude (generally 8,000 feet) and then exposed to a controlled 

pressure (higher than ambient) up to the operational ceiling of the aircraft. 

The effects of altitude are manifested in two ways; 

• Steady state exposure 

• Cycling effects due to aircraft altitude variations 

Grumman experience indicates that the steady state condition generally 

causes problems due to a disruptive electric discharge ( arc-over) causing 

serious damage to electronic components. The cycling conditions results in 

failures of gasket sealed enclosures permitting loss of gas or fluid and 

entry of moisture. Table 7 presents the field levels and rates of change 

for each equipment including the differences between field and lab. Since 

all laboratory testing was performed under sea level conditions (Ik.7  FSl) 

field conditions were more severe (lower pressure) in each case. 

3,2.5 Input Voltage 
■  

All electric power, produced by on-board generating systems and supplied 

to airbon- equipment at the equipment terminals, is controlled in accordance 

with the requirements of MIL-STD-70i+A (ref. 8). The input and voltages are 

maintained within the limits defined by this standard.  In discussions with 

engineering and flight test personnel, actual measurements made of input 

voltage confirm the fact that those values are within the limits prescribed by 

MIL-STD-70^A.  Further, since laboratory voltages were also maintained within 

these tolerances, no deltas of significance exist between lab and field. 

However, the effects of transients and momentary power losses will be 

further investigated. 

^ 
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TABLE 7 

m 

^WRA NO. 

[               LEVEL 1          RATE OF CHANGE 
— 

PSIA A PSl/kENUTE A " 
LAB FIELD PSIA LAB FTKT.T) PSl/lQN " 

1 1^.7 2.lit -12.56 0 4 4 
2 1^.7 2.11* -12.56 0 4 4 
3 1^.7 2.7 -12.0 0 4 4 
h 1^.7 2.14 -12.56 0 4 4 
5 14.7 2.14 -12.56 0 4 4 
6 ll».7 2.14 -12.56 0 4 4 
7 1^.7 2.7 -12.0 0 4 4 
8 iM 2.Ht -12.56 0 4 4 
9 1U.7 8.5 -6.2 0 4 4 

10 Ht.7 2.14 -12.56 0 4 4 
11 lh.7 0.65 -14.05 0 3 3 
12 lh.7 0.65 -15.05 0 3 3 
13 rh .7 2.7 -12.0 0 4 4 
11* 1^.7 8.5 -6.2 0 4 4 
15 1^.7 2.14 -12.56 0 4 4 
16 14.7 2.14 -12.56 0 4 4 
17 lit.7 2.14 -12.56 0 4 4 
18 14.7 2.14 -12.56 0 4 it 
19 \ht7 2.14 -12.56 0 4 4 
20 lh.7 2.14 -12.56 0 4 4 
21 lh.7 8.5 -6.2 0 i, 4 
22 lh.7 2.14 -12.56 0 4 4 
23 lh.7 8.5 -6.2 0 4 4 
ft lh.7 2.7 -12.0 0 4 4 
25 lh.7 2.14 -12.56 0 4 4 
26 lh.7 8.5 -6.2 0 4 4 
27 lh.7 7.7 -7.0 0 4 4 
28 lh.7 2.14 -12.56 0 4 4 
29 lh.7 8.5 -6.2 0 4 4 
30 lh.7 2.7 -12.0 0 4 4 
31 lh.7 2.14 -12.56 0 4 4 
32 lh.7 8.5 -6.2 0 4 4 
33 lh.7 8.5 -6.2 0 4 

1 
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TABLE 7    -    ATMOSPHERIC PRESSURE PARAMETERS    (Continued) 

WM NO. 

LEVEL RATE OF CMNGE                     | 

PSIA A PSI/MINUTE A 

LAB FIELD PSIA LAB FIELD PSI/MIN 

31+ 1»+.7 8.5 -6.2 0 It 1* 

35 H+.T 2.lit -12.56 0 It /; 

36 lit.7 8.5 -6.2 0 1* k 

37 11+.7 7.7 -7.0 0 1* h 

38 11*. 7 0.65 -lit. 05 0 3 3 

39 11*.7 0.65 -1^,05 0 3 3 

ko ]l+.7 0.6^ -Ht. 05 0 3 3 

1*1 ll*.7 8.5 -6.2 0 1* 1* 

I42 ll*.7 8.5 -6.2 0 1* 1* 

h3 ll*.7 8.5 -6.2 0 1* 1* 

kk ll*.7 2.lit -12.56 0 1* 1* 

k9 llt.7 8.5 -6.2 0 1* 1* 

k6 11*.7 O.65 -ll*.05 0 3 3 
hl llt.7 8.5 -6.2 0 1* It 

HS ll*.7 O.65 -11*. 05 0 3 3 
h9 llt.7 8.5 -6.2 0 I. it 

50 11+.7 2.lit -12.56 0 1* it 

51 l't.7 8.5 -6.2 0 1* It 

52 ll*.7 8.5 -6.2 0 1* 1* 

53 llt.7 5.65 -9.O5 0 3 3 

5»» llt.7 2.lit -12.56 0 1* 1* 

55 14.7 7.7 -7.0 0 1* 1* 

56 llt.V 2.11* -12.56 0 l* 1* 

57 llt.7 5.65 -9.05 0 3 3 
58 llt.7 2.lit -12.56 0 1* 1* 

59 llt.7 7.7 -7.0 0 It 1* 

60 llt.7 2,lit -12.56 0 1* 1* 

61 llt.7 5.65 -9.05 0 3 3 
62 lit,7 2.Ht -12.56 0 1» 1* 

63 llt.7 8.5 -6.2 0 I* k 
6k Li'. 7 2.lit -12.56 0 1* 1* 

65 lit,7 5.65 -9.O5 0 3 3 

66 llt.7 2.11+ -12.56 0 1* It 
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TABLE 7    -    ATMOSPHEBIC PRESSURE PARAMETERS    (Contlnn^ 

WRA NO. 

67 

68 

69 

70 

71 

72 

73 

Ik 

75 

76 

77 

78 

79 

80 

81 

82 

83 

81+ 

85 

66 

87 

88 

89 

90 

91 

92 

93 

9^ 

95 

LEVEL 

P3IA 

LAB 

ll».7 
1U.7 

Ik.? 
2A,7 
1U.7 

1^.7 

lfc,7 

1I4.7 

llt.7 

11+.7 

114.7 

1U.7 

ll*.7 

lit.7 

11+.7 

ll».7 

lit.7 

lit.7 

llt.7 

Ht.7 

lit, 7 

lit.7 

lit. 7 

lit.7 

11+.7 

lit.7 

lit.7 

Ht.7 

Ht.7 

FIELD 

2. Ht 

7.7 

8.5 
2.1I4 

5.65 
2.lit 

7.7 
2.llt 

7.7 
8.5 
2.11* 

8.5 
2.1I4 

O.65 

8.5 

2.7 

2.1I4 

8.5 
2.lit 

8.5 

O.65 

O.65 

O.65 

8.5 

O.65 

8.5 

8.5 

PSIA 

-12.56 

-7.0 

-6.2 

-ln.56 

-9.05 

-12.56 

-7.0 

-12.56 

-7.0 
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SECTION IV 

MTBF ANALYSIS 

k.l    Demonstration 

Although the major study emphasis is directed toward environmental dif- 

ferences, it was also recognized that other factors, including ground rules, 

might also contribute significantly to differences in MTBF. During the relia- 

bility demonstration tests performed on the selected equipment, definitions 

per MIL-STD-721 (rtf. 9) and ground rules specified in MIL-STD-781 and AR-S^ 

(ref. 2, 10), were generally employed. These were modified and/or supple- 

mented in varying degree for each of the equipment tests performed. Since a 

lab demonstration is intended to verify that an equipment has met a specified 

MTEF (at some confidence level), the value so demonstrated should be reflected 

in the same equipment during field operation.  Failure scoring criteria for 

field and lab must tnerefore be compatible and a realistic set of ground rules 

must be defined. During this study all ground rules and definitions were re- 

viewed, including those appearing in AR-S^, MIL-STD-781, MIL-STD-721 and those 

peculiar to each of the study equipment tests. The rules obtained from these 

sources were then screened and either rejected, used as-is, modified or sup- 

plemented. This review was based on tbi premise that fiela and lab ö's must 

be derived in an identical manner using t^e same scoring criteria for failure 

classification. The set of "standard" rules established was then applied to 

each of the demonstration tests resulting in reclassified failures and revised 

©'s. The following rules were established and used to classify failures: 

FAILURE 

i  failure is the cessation of equipment operation or an out-of-spücifl- 

cation condition of a psrformaiice characteristic at any specified environmen- 

tal condition. 

REIfVANT FAILURES 

All failures are relevant unless determined by the procuring activity (or 

an authorized representative thereof) to be caused by a condition external to 

the equipment under test which Is not a test requirement. Relevant failures 

Include: 
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Design/Workmanship Failures: Failures due to d-sign deficiencies or 

poor workmanship of either the equipnei t or component parts. 

Component Part Failures; Failures due to defective compor^nt partp 

shall be classified as relevant failures. In the event ihat several 

component parts of the same type fail during the test, each one shall 

be considered a separate relevant failure, unless it can be shown that 

one failure caused one or more of the otners. 

Wearout Parts; Certain parts of known limited life, such as bat- 

teries, may have a life stipulated prior to tne initiation of testing 

as approved by the procuring activity. Failures of these parts occur- 

ring prior to the end of the stipulated period are relevant. Failures 

of these parts occarring after th-? stipulated period are nonrelevant, 

but any dependent failures caused thereby are relevant. 

Multiple Failures; In the event simultaneous part failure- occur, each 

failed part which would independently prevent satisfactory equipment 

perfonnar.ee shall be counted as a relevant failure except as follows: 

If the contractor arid the procuring activity agree that the failure of 

one part was entirely responsible for the failure of any other par-os, 

then each such dependent part failure shall not be counted as a rele- 

vant failure. At leeist one equipment relevant failure shall be 

counted when a dependent failure is claimed. 

Intermittent Failures: The first occurrence of an intermittent fail- 

ure on any one equipment shall be counted as a relevant failure, al- 

though subsequent occurrences of the same intermittency on that same 

unit will be considered nonrelevant. 

Adjustments: 

- Anticipation of failure shall not be Justification for preventive 

maintenance, i.e., if an output is observed to be degrading but is 

still within specification limits. No replacement is permitted 

and any adjustment of a control is a relevant failure unless both 

the control and the indicator signaling impending failure are an 

integral part of the equipment under test and are available and 

accessible to the aircrew during normal flight operation. 
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- Inaccessible Controls - Each adjustment of a control which is 

inaccessible to the operator during normal use is a relevant 

failure, 

• Failures of Built-in-Test: Any malfunction (including a raise alarm) 

of the Built-in-Test features of the equipment shall be classified as 

a relevant failure. 

• Failures During "Down Time": Failures occurring and/or detected 

during test "down time" shall be scored as relevant (unless proven 

that they were induced by maintenance ). 

- If a failure occurs during the test, a WRA is removed for repair, 

the item causing the removal isolated and repaired and then, other 

problems are discovered (unrelated to the original problem), separate 

failures f>hall be counted for each discrepancy. 

- All failures (unless they are due to secondary effects) occurring 

during troubleshooting on-time and during repair verification shall 

be scored relevant. 

• When a failure occurs and a change is incorporated (design, part or 

process) which will correct the problem, the first occurrence shall be 

J scored relevant and all subsequent failure of the same type occurring 
/ 

during the test but before corrective action has been incorporated 

shall be nonrelevant. 

• Failures detected during the final functional test following the suc- 

cessful completion of the test shall be scored relevant, if the equip- 

ment used to monitor the performance characteristics was not capable 

of detecting that failure. 

NON-RELEVMT FAILURES 

Only those failures listed below may be counted as non-relevant. 

• Failures directly attributable to improper installation in the test 

chamber. 

m 
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Failures of test instrumentation or monitoring equipment (other than 

the Built-in Test function). 

Failures resulting from test operator error in setting up or la 

testing the equipment. 

Dependent failures, unless caused by degradation of items of known 

limited life.  (At least one relevant failure shall be counted when a 

dependent failure is claimed.) 

Failures attributable to an error in the test procedures. 

The second (and any subsequent) occurrences of the same intermittent 

failure on the same unit. 

Failures occurring during burn-in. 

Malfunctions of the Time Totalizing Meters. 

• Failures clearly attributable to an overstress condition in excess of 

the design requirements. 

HECLASSIFICATION 

A failure, classified as relevant, may be reclassified to nonrelevant 

provided that all of the following conditions are met: 

• Corrective action (an equipment design, part, or production process 

change) has been made in accordance with the applicable reliability 

test specification or standard on all equipment of the lot from which 

the reliability test sample was drawn, and; 

• Sufficient test data has been accumulated to indicate the corrective 

action is effective in eliminating the failure mode, and; 

• Approval of the procuring activity (or authorized representative) is 

obtained for reclassification of the failure. 

NOTE: The first occurrence of such a failure shall be scored relevant. 

Table 8 showj the equipment MTBF's demonstrated under the ground rules 

and scoring criteria in effect at the time of testing. Revised values after 

reclassifying failures with the above ground rules are also presented. It is 

interesting to note that the average value went from 15,800 hours before 
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reclassifying to 9,500 hours  after. This represents a decrease of approxi- 

mately ^0^ in the average value. 

h.2    Field 

Consistency in failure definition and time measurement is necessary to 

assure that field-lab reliability comparisons are valid. Estimates of MTBF 

in the field should be determined from equipment operating time and the number 

of equipment failures experienced during that operating time. All too often, 

because of inability to discriminate in data, field MTBF's are reported as the 

resulting quotient after dividing aircraft flight time by the total number of 

maintenance actions reported. This measure, referred to as Mean Flight Time 

Between Maintenance Action (MFTBMA), though perhaps having value for Opera- 

tions personnel for planning and resource control, is not comparable with 

either predicted or demonstrated MTBF's. Whereas, the MFTBMA counts all in- 

cidents (i.e., failures, false alarms, preventive maintenance, cannibaliza- 

tion, induced failures, etc.), demonstration test ground rules exclude every 

type of incident except a bona fide failure. And, as indicated previously, it 

has not been uncommon for test ground rules to exclude some legitimate fail- 

ures as well.  In addition to failure count definition not being compatible, 

the substitution of aircraft flight time for equipment operating time creates 

artificial differences in field-demonstration reliability comparisons. Flight 

hours may differ from equipment operating hours by such factors as duty cycle, 

ground operating time while installed in an aircraft, and bench time. 

Thus, both numerator and denominator of an MFTBMA does not relate to the 

usual definition of MTBF. Except for those items that have a very short duty 

cycle, equipment operating time is longer than flight time. Usually the num- 

ber of equipment failures is less than the number of maintenance actions. 

Therefore, MFTBMA is less, often much less, than MTBF. And if, as indicated 

previously, test ground rules have eliminated some bona fide failures from the 

count, then the disparity between lab demonstrated and field measured relia- 

bility is even greater. 

The analyses that were performed on the field data to bring it to a com- 

mon basis with the lab included evaluating equipment operating time and deter- 

mining the number of equipment failures in accordance with ground rules estab- 

lished to be comparable to those established for the lab MTBF analysis. 
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Equipment Operating Time: Maintenance personnel are required to note the 

serial number and Elapsed Time Indicator (ETl) reading on every item removed 

from or installed in an aircraft. Although this requirement is net rigidly 

enforced, it is adhered to sufficiently to provide useful data for analysis. 

The analysis goal was to develop a factor which when multiplied by aircraft 

flight hours would yield equipment operating hours. This approach was neces- 

sitated by the fact that total aircraft flight times are readily available in 

the data system whereas total equipment operating times are not. A sample of 

data points was assembled for each equipment where each data point represents 

the difference in ETI readings between installation and removal of a given 

serial number from a particular aircraft. Since the dates of installation 

and removal are given, the corresponding aircraft flight time between instal- 

lation and removal dates was determined for each ETI difference. The average 

ratio of ETI difference to flight time was determined for most equipment in 

this manner. For any equipment where insufficient data existed to develop 

its own ratio, the ratio of an equipment whose operating profile most closely 

resembles it was used. Each such ratio multiplied by total aircraft flight 

time became the estimate of total equipment operating time. 

Failure Frequency; Field Failure Criteria were developed in a manner 

similar to and compatible with those developed for demonstration. For the 

analysis at this time, all incidents were considered relevant and counted 

unless the equipment was: 

• bad from supply. 

• removed for preventive maintenance. 

• removed for the convenience of the maintenance crew to gain access to 

another equipment 

• removed from an aircraft and not verified bad in the shop 

• removed for modification 

• crabbed and not verified while still installed in the aircraft 

• damaged as a result of abuse, combat, mishandling, etc. 

• part of a cannibalization action 

<* 
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Future  analyses will assess the impact of flight discovered anomalies 

that could not be verified by the ground crew. Since the flight and grounc" 

environments are different, it is reasonable to expect at least sime  equipnent 

malfunctions will be observable only in the presence of a flight environment. 

In addition, a more precise identification of nonrelevant failures will be 

made by a more detailed review and comparison of failure modes. 

Two estimates of equipment field MTBF are presented in Table 9. Each 

represents the results of a review of the equipment failure history for all 

of 1973 and, in some cases, the first quarter of 197^. Ihe first estimate 

is the equipment MFTBMA and results from dividing aircraft flight time by 

total maintenance actions. The second measure is the resultant value after 

dividing estimated equipment operating time by the number of reclassified 

failures.  It is this second measure that is comparable to demonstration re- 

sults. As «21 indicator of the impact of reclassifying field failures, the 

average value goes from 1200 hours for the first measure to 3300 for the 

second. This is an increase of approximately 175%. 

Impact of Ground Rules; Though it is a crude barometer, examination of 

average values before and after applying the previously described ground rules 

provides some insight into how generally applied ground rules and scoring 

criteria impact field-lab MTBF comparisons. The average demonstrated MTBF 

value was 15,800 hours before reclassifying and 9500 after. Similarly, the 

average field MTBF value was 1200 hours before and 3300 hours after. A lab- 

field comparison made on the averages of the raw data would show the MTBF's to 

be in approximately a 13:1 ratio (15,800:1200) while a similar comparison per- 

formed on resulting reclassified values would show only a 3:1 ratio (9500: 

3300).  Even though averages of averages are used in the comparison, it 

roughly indicates the extent to which incompatible ground rules may exagger- 

ate the difference between lab and field MTBF's and should provide a caution 

to anyone making such comparisons to assure the consistency of the data. 

It is noted that an area of Inconsistency In redefined failure scoring 

criteria exists between lab and field. This occurs when counting additional 

failures during down-time. The lab scoring groundrules require that each 

separate problem occurlng during down-time Is counted as a relevant failure. 

95 

...., .— - • 

■' '""-  ..■,.:..J!.-.....-..-^-..,^,...,....^ -^iirfimriiiir ■■---"■■■ -.^-^«—^a^^-^Ai.»--   .^»liiUJaaK^^^i«^^..::^.^.^^^^ 



'J. ii.w" immigmmmilgmm IM .«■ jx.aifym'mmiimim wmmmm    i"i.. m «w. MWMwifqp^BPHpmHpivmiipiiiHv 

The field groundrules count each pertinent BWlntenance aotiuri na n  v*luvtuit 

failure regardless of how many problems/part failures are corrected during 

the repair action.  The effect of these groundrules is to understate the lab 

MTBF and/or overstate the field MTBF, thus, generally driving .own the 

relative difference between the two measures.  Thus, the 3:1 ratio is the 

bes+ that can be achieved and is probably higher. However, preliminary ob- 

servations indicate that if this inconsistency were removed, the resulting 

ratio would be closer to the 3:1 figure than to the 13:1 ratio. Future 

analyses will resolve this inconsistency. 

96 

- --   ■■-- MHtaiMtfiMiMriitMM*tMita iAUUtäÜMtmiiMUlimi^ml *irmz'!k^iwäuiH ii   iniiir iiiiiYlrttllllti'Jirillililillli" 



u .. i- mmm • 11 w mwmmmmmi). M .»U JLIIIIIIIIIIWJIJIIPJJ wmm**mmmm*mmm*mm*mmmmm<mimmmi*m*<r*>**mmmimmmmmmi 

pn 

K a 
fi o 
-H M 
k H 
< < 

(1 
k, H 
e 
X CO '/) 
93 
w U p w 
k, s 

OHroococo^-iAvoJ- 

C\iHH>-t^OSooOVOV£) n A n 
IA CVJ H 

no  VQ    inroH    romcsi 

CM     t-    H     CVJ     IfV   JC cu 

t- CM    VO    00 
m j-    m   ro 
ro O 
CM H 

OO 
U3     H    ro    CM 

IA    J- 
00     C^ 
ro    O 

ro   vo 

ON    H 

CM 

O 
H 

oo ro oo 
ro ro ro 
H    ro   c\l 

Kx IA ro H ro H c^- H IA V) J- ro 
H VÜ H co Jt 

H    O S CM 
IA 

ro 
oo 
CM no 

CM 

CM 

K 

t^-    00     ON    O     H 
CM     CM     CM     00    PO CMroJ-IAVOt^oOONOHCMOOJ-lAVOt^oO 

oorooororororoooJ-J-J-J-j-j-j-j-^F 
ON    O     H     CM 
J-     IA    IA    IA 

Q 8 
%, EH 

eh 
93 
El 

CVI 
R 5 

H 
CM    00 
H     IA 

O 

Ed CM 

ON 
ro 

ON    00 
IA   ro 
IA    IA 

H 
ro 
ro ro 

H 

CM 
8 
CM 

« ■!>■ ON CM 
J- 00 N- 
ro 

IN 

5D  oo ON   - 
CM 

ro 

pfS 
CM    ro 

ON    "A 
00    -g 

CM     CM 

3 
tO'kDcOlAVOOC- 
ONrONOJ-VD t^CM CM 
CM 00 H     CM 

IA 

CM VO 

CM H  O CM  IA 
t^ OO IA IA NO 

J- OO J- 

CM J- 
H 

(A ON 
00 H 
(\J 
H 

IA ON O 00 H ro J- 
ro IA CM ro oo rö 
H H ^r H    ro ro 

CM 

CM ro • :t IA VO f- CO ON O H 
H H % ro J- IA vo 

H H H H 
t^- 00 ON O H 
H  H H CM  CM 

CM 00 J- IA VO 
CM CM CM CM CM 

97 

mmmmmiM iJMtfffiiriti ii iti-    _ ffiiiiitiwiiiti iwaiiiiiiiiiii 



wmmmiKimmrmm^wm^m^mrm T-"^»5Iinn!^fW?PWB«n»WW "    ■     .■    .»■<.!!    »llli-H   |WW.IJI|I.I    J Jl  mfwmr^m. 

3 

h 

N 

a 

M ■ a o 
n H C P < a a 

C^  H 
pq k 
g  H 
k ra w 
a a 
H o 
es 

ON H H 
IA H 00 
on   IT»   c\j 

O 
LA 

00     00 
Ä » 

w 

ro   o 
Ch   on 

t^-    rn    CM   J- 
on H m H a\   H   J- 
O oo ro oo O   oo    in 
UN IA m IA ^t      IA    U3 

•* •» «v « A           ^ 

"A Q t- O OH 
CT\   VD     O 

OJ OJ 

pq^- E s 

91 
O)     1A    00     00     ON     fO 

CM    VO 
1A     LA     CO 
PH 

CM 

CM VD 
H ro 
NO H 

OO 

vr^^VR OOt-COlAO 
NOCMOroVsOfy-iHrH 
CMlAOOm^OtrJcMS 

N- t- t«- NO 
O O O b- 
H     H     H     O 

-*     PO    H     OO -^t    PO   m   ro   H 

K 

^"' -e^SäaieÄi&«^8ÄRÄHjRÄS p» ^ r» is 

as 
M ü 
ES 

h 

9 £ 

H 00 Q H 
00 rH ON O . ,  ., 
lA r-( IA 00  ON IA 

Q H S«ä8SgSKS5SB«S8g«S 

NO     CM     CM    -4-     CM     CM     S1    fo CM 

ro 

on    00    NO 
ON   H    IA 

ro 
K CD     NO      IA 

fH      .A     t- 
H    ro 

n*t 

ÄK^^^KSö^S^^^^s^&fi^p^ 

. 

98 

>..-,-—      .......L   4..  ■,..,.„..,..l«...J.t.^. ■_....  „^.^.^.*...:,^..Jmiimu..mm -^     -*■■--         "       • —  



«IWHPWWW \,.mmmnmm " '■ " •mtmmmmmmmmmmf^v'm m 

SECTION V 

PRELIMINARY ANALYSIS 

5.1    Analysis Method 

The primary purpose of this task is to identify those factors that tend 

to influence differences between the lab and the field MTBFs.    This is being 

accomplished by relating,  one at a time,  environmental differences and WRA 

characteristics to MTBF differences and noting how MTBF differences change 

with changes in the factor under investigation.    Future analyser will 

examine the Joint effect of the factors taken several at a time.    Quantita- 

tive relationships will be developed between the factors and MTBF differ- 

ences to permit estimation of expected field reliability from prior knowledge 

of WRA characteristics and environmental requirements. 

The first step in the analysis consisted of determining the ratio be- 

tween reclassified demonstrated and reclassified field MTBF for each WRA and 

to use these ratios as the measure of the difference between lab and field. 

This measure was selected since it eliminates biases caused by using absolute 

magnitudes and normalizes the data to a common reference point.     (A differ- 

ence of 500 hours  in a 10,000 hour box is not as severe as  in a 1000 hour 

box.)    Then,  for each factor considered,  categories of the factor were de- 

fined.    For example,  if the factor being analyzed was weight, the weight cat- 

egories were; under 20 pounds (light),  21-Uo pounds  (medium),  and over ho pounds 

(heavy).    The distribution of MTBF ratios for each category was then determined 

and summarized in a series of tables as illustrated below: 

MTBF 
Ratio 

Category 
1 

Category 
2 

Category 
3 

^ 1.25 A C E 

> 1.25 B D F 

100^ 100^ 100^ 

A ratio of 1.25 was selected as the point of discrimination between goad and 

poor correlation between field and lab«    A ratio of less than 1.25 means that 

the demostrated MTBF was no more than 25^ higher than the field or that field 

value was higher than that demonstrated.    A ratio of over 1.25 means that the 
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demonstrated MTBF was at least 25% higher than the field.     The number in cell 

"B"  then is the percent of category 1 WRAs whose demonstrated MTBF was 

at least 25fo higher, than its field value.     The underlying premise for these 

analyses is that if the factor was not related to MTBF differencfJ,  the 

ratios would be distributed similarly for each category.     Ideally,  under tnis 

premise: 

Cell "A" value = Cell   'C" value ■ Cell  "E" value,  and 

Cell  "B" value = Cell   "D" value = Cell  "F" value 

Conversely,  if MTBF differences were correlated with the factor under consid- 

eration,  the values in a row would be different from each other and the varia- 

tion from category to category would provide some insight into the nature of 

the relationship between the factor and MTBF differences.     These summary- 

tables were prepared for several WRA. characteristics as well as for differ- 

ences in environment between field arid lab. 

5.2    WRA Characteristics 

The relationship between the MTBF ratiot, and several WRA character- 

istics are summarized in Table 10 below.    Preliminary conclusions that may be 
V 

drawn Irom these tables are: ' ^ 

Function;    Displays and controls as well as electromechanical devices 

have the poorest field perfoimance relative to the lab while  computers and 

power supplies have the best.     Crew abuse and inadequate duplication of 

field on/off cycling/usage in the lab could explain the poor showing of con- 

trols and displays.    Premature wearout or adjustment requirements may explain 

electromechanical equipment disparity. 

Vintage:    Older items  correlate poorly while newer ones do better.     This 

may result from more comprehensive reliability programs and more extensive 

use of high reliability parts  in recent years. 

Propulsion:    WRAs installed in Jet aircraft do worse than those 

installed in propeller driven planes.    This may be explained by the fact that 

vibration testing in lab (sinusoidal) more closely duplicates the environment 

seen in propeller aircraft than u^at of Jet aircraft (random). 

Weight:    No strong conclusion can be drawn although there seems to be a 

tendency for light and heavy WRAs to do wors » than moderate weight boxes. 
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TABLE 10    DISTRIBUTION OF MTBF RATIOS FOR SELECTED 
WRA CHARACTERISTICS 

FUNCTION 

MTBF 
RATIO 

< 1.25 

> 1.25 

cq 
m 

el 

K 08 

6o 

ü 

CO 

S o 
02 g 

!+2^ 

58 

s 

-i w 

50 

to 

56% 

kk 

4 

CQ 

8 

20^ 

80 

w 

o 
CO 

H EH 

W4 

< 

9 

20f0 

80 

§ O 

koi 

60 

VINTAGE PROPULSION 

MTBF 
RATIO 

BEFORE 
1970 

1970 AND 
BEYOND 

< 1.25 22 66 

> 1.25 78 3h 

MTBF 
RATIO JET PROP. 

< 1.25 28 65 

> 1.25 72 35 

WEIGHT   (LBS) HEAT DISSIPATION   (WATTS) 

MTBF 
RATIO 

UNDEft 
20 

OVER 
21 - kO        kO 

< 1.25 3h 52 31 

> 1.25 66 kB 69 

MTBF 
RATIO 0 - 75 76 - 200 > 200 

< 1.25 28 1+2 56 

> 1.25 72 58 U1+ 

COOLING COOLING METHOD 

MTBF 
RATIO AMBTKNT 

SUPH.EMENTAI 
COOLING 
REQUIRED 

< 1.25 28 1+8 

> 1.25 72 52 

MTBF 
RATIO 

FORCED 
AIR 

COLD 
PLATE 

< 1.25 1+7 71 

> 1.25 53 29 
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TABLE 10 DISTRIBUTION OF MTBF RATIOS FOR SELECTED 
WRA CHARACTERISTICS (Continued) 

MOUNTING METHOD 

MTBF 
RATIO HARD ISOLATOR 

< 1.25 33 50 

> 1.25 67 50 

PACKAGING DENSITY (PA.-,TS/lN.3) 

MTBF 
RATIO < .50 .51 - 2.00 > 2.00 

< 1.25 25 k2 59 

> 1.25 75 58 hi 

PERCENT MICROCIRCUITS 

MTBF 
RATIO < 25% 26% -  50% > 50^ 

< 1.25 3k h5 73 

> 1.25 66 55 27 
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Heat Dissipation:  Since the low wattage WRAs are the ones that are 

ambient cooled, the cooling method is affecting the relationship. 

Cooling: WRAs that do not have supplemental cooling have a poorer 

fiell-lab correlation than those that do. 

Cooling Method: Cold plate cooled WRAs have a much better field-lab 

correlation than those that are forced air cooled.  This may be associated 

with field-lab differences in the ability to keep deleterious substances out 

of the cooling air. 

Mounting Method: No strong conclusion. There is a small tendency for 

isolator mounted WRAs to correlate better than hard mounted ones. 

Percent Microcircuits: The higher the use of microcircuits in an equip- 

ment, the closer field and lab MTBFs are to each other. 

Rickaging Density:  It appears that the correlation gets better as the 

packaging density increases. This tends to defy intuition but, may be very 

closely related to the above conclusions on supplemental cooling, cooling 

method and percent microcircuits. 

5.3 Environmental Differences 

In a similar manner, the environmental differences listed in Tables k, 

5, 6, and 7 were associated with the above MTBF ratios. The results of this 

analysis are presented in Tables 11, 12, 13, and 1^, and are discussed below. 

Anbient Temperature: Table 11 is a summary for all WRAs of ambient 

temperature range, rate of change, and duration at extremes. At first glance, 

the result appears contradictory in that it suggests that poorer MTBF corre- 

lation is associated with WRAs that see a less severe environment and 

are exposed to extremes for a shorter equivalent duration in the field than 

in the lab. Field-lab correlation, however, is better when the temperature 

rate of change is less than the lab. The results suggest, when viewed to- 

gether, that: 

• ambient temperatures during testing are perhaps too extreme 

• no benefit is derived by having the WRA sit at extremes for 

long periods of time 

• frequent and more rapid temperature changes during test are desirous. 
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TABLE 11 DISTRIBUTION OF MTBF RATIOS FOR AMBIENT TEMPERATURE DIFFERENCES - 
ALL WRAs 

AMBIENT TEMPERATURE - LOW AMBIENT TEMPERATURE - HIGH 

MTBF 
RATIO 

COLDEE TEAN 
LAB 

WARMER THAN 
LAB 

MTBF 
RATIO 

COLDER THAN 
LAB 

WARMER THAN 
LAB 

5 1.25 67 23 ^ 1.25 33 U7 

> 1.25 33 77 > 1.25 67 53 

AMBIENT AIR TEMPERATURE 
RATE OF CHANGE 

DURATION AMBIENT 
TEMPERATURE - LOW 

MTBF 
RATIO 

i 1.25 

> 1.25 

LESS THAN 
LAB 

55 

h5 

GREATER THAN 
LAB 

39 

61 

LAB LONGER 
FIELD 
LONGER 

MTBF 
RATIO 

> TWICE 
FIELD 

< TWICE 
FIELD 

<  1.25 16 39 71 

> 1.25 81+ 61 29 

DURATION AMBIENT TEMPERATURE - HIGH 

MTBF 
RATIO LAB LONGER LAB SHORTER 

s 1.25 29 51 

> 1.25 71 ^9 
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TABLE 12    DISTRIBUTION OF MTBF RAHOS TOR AMBIENT TEMPERATE DIF^RENCES 
1 AMBIENT COOLED WRAs 

AMBIENT TEMPERATURE  -  LOW 

MTBF 
RATIO 

COLDER THAN 
LAB 

1 - 75° 
WARMER 

> 75° 
WARMER 

* 1.25 83 kk 7 

> 1.25 17 56 93 

AMBIENT TEMPERATURE -  HIGH 

MTBF 
RATIO 

WARMER THAN 
LAB 

0 - 25° 
COLDER 

>25° 
COLDER 

<: 1.25 50 31 28 

> 1.25 50 69 72 

AMBIENT AIR TEMIERATURE RATE OF CHANGE 

GREATER THAN 
LAB 

LESS THAN 
LAB 

s 1.25 26 56 

> 1.25 ?u kk 
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TABLE 13 DISTRIBLTTION OF MTBF RATIOS FOR SUPPLEMENTAL COOLING AIR DIFFERENCES 

COOLING AIR TEMPERATURE - LOW COOLING AIR TEMPERATURE - HIGH 

MTBF 
RATIO 

COLDER THAN 
LAB 

WARMER THAW 
LAB 

MTBF 
RATIO 

WARMER THAN OR 
EQUAL TO L-iB 

COLDER THAN 
LAB 

2 1.25 6k 5k s 1.25 38 83 

> 1.25 36 k6 > 1.25 62 17 

COOLING AIR TEMPERATURE 
RATE OF CHANGE COOLING AIR DURATION 

MTBF 
RATIO 

LESS THAW 
LAB 

GREATER THAN OR 
EQUAL TO LAB 

s 1.25 67 32 

> 1.25 33 68 

MTBF 
RATIO 

LESS THAN 
LAB 

GREATER THAW OR 
EQUAL TO LAB 

< 1.25 50 52 

> 1.25 50 kB 
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TABLE Ik    DISTRIBUTION OF MTBF RATIOS FOR 
-PRESSURE AND VIBRATION DIFFERENCES 

ATMOSPHERIC PRESSURE - LOW 

MTBF 
RATIO - 12 to 0 < - 12 

s 1.25 61* 27 

> 1.25 36 73 

VIBRATION DURATION 

MTBF 
RATIO 

LESS THAN TWICE 
THE LAB 

GREATER THAN 
TWICE THE LAB 

s 1.25 67 27 

>1.25 33 73 
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To assure that no erroneous conclusions were drawn, the same analysis was 

essentially performed for just the ambient cooled boxes since these WRAs 

should be more sensitive to changes in ambient conditions. The results 

are shown in Table 12 and indicate even more strongly that temperature rate 

of change is the dominant factor. 

Cooling Air Temperature; The analysis for cooling air temperature range, 

rate of change, and duration, is shown in Table 13.  Field-lab MTBF corre- 

lation is better for those items whose field cooling air temperature extremes 

are lower than in the lab.  This suggests that component life is better at 

lower than the lab temperatures.  In addition, field cooling air temperature 

rates of change less than those in the lab produce better MTBF correlation, 

again indicating that the lab test should have more frequent and more rapid 

changes in the temperature environment. 

Pressure and Vibration:  The analysis of these environments is in its 

early stages. Some veiy preliminary results ere shown in Table Ik,     It 

appears that equijxnents subjected to extremely lower pressure in field than 

in the lab have lower field MTBFs than thoia that were demonstrated.  Simil- 

arl;y, more than twice the equivalent fieli time of exposure to vibration than 

the lab results in poorer field-lab correlation suggesting that the vibration 

test time be increased. 
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SECTION VI 

PREDICTIONS 

The predictions originally performed by each equipment manufacturer 

utilized a wide variety of Government sources for failure rates (MIL-HDBK- 

217, MIL-HDBK-217A, FAEADA, etc.), as well as failure rates based on the 

sellers' own field experience. Further, each manufacturer also tended to 

apply his own ground rule.r when making predictions.  In order to establish 

a common baselind for each of the selected equipments, it was decided to re- 

predict the reliability of es-h WRA using the same sources and ground rules 

for each. This approach then would permit consistency in comparison of pre- 

dictions with reclassified lab or field MTBFs.  It was further decided to use 

the latest procedure available, MrL-HDBK-217B Coordination Copy (ref. ll), 

since this represented the most current information available and would 

probably provide closest correlation with field failure rates. 

In performing tne predictions certain problems were encountered forcing 

specific decisions and resulting in a set of ground rules and assumptions. 

It should be noted that these criteria were applied to all of the selected 

equipments. The following ma^or ground rules and assumptions were made: 

• In several instances (capacitors and high stress ratio diodes), 

values for certain parameters (stress ratio vs. temp.) were of a 

magnitude not available from the curves. The RADC Notebook was 

used in these cases. 

• For certain parts (e.g., mechanical items), MIL-HDBK 217, Appendix 

II, was used since MIL-HDBK-217B did not provide failure rates. 

• Seller failure rates were utilized in those few instances where 

a device was coneidered proprietary by a seller and no infonnation 

was available. 

• The application factor for Group I and II transistors was assumed to 

be linear unless the device was used as a logic switch. 

• The voltage stress for Group I Transistors was established at 60^ 

since precise stress values were not available. 
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• Insert material for connectors was assumed to be Type A unless other- 

wise stated or known (coax). 

• Voltage stress ratios for Group IV diodes was defined as 100^. 

• Unless otherwise known, filter configuration were assumed to be Pi, 

• An application factor of 2.0 was assigned to "CY" capacitors having 

a capacitance greater than 10,000PFD. 

• Hybrid thin film equations were used to determine failure rates of 

resistor networks. 

It should be noted that in most cases the re-prediction (MIL-HDBK- 

217B) resulted in MTBF values significantly lower than the original 

predictions. 

The following observation and recommendations concerning MIL-HDBK- 

217B are offered: 

• The equations prescribed for calculating hybrid failure rates are 

extremely cumbersome to use and, because of this, provide potential 

sources of error. 

• The sections on passive elements (resistors and capacitors) do not 

include certain oM«f types. Since many of these items are still 

being used, the sections should be expanded to include these parts. 

In addition, the first page of these sections should correlate part 

type and MIL SPEC. 

The original MIL-HnBK-217 included a- section on basic reliability 

theory and math modeling, indicating how apportionments and pre- 

dictions were used. MIL-HDBK-217B should also include basic 

theory and tutorial material to provide a complete reference source 

for predictions. 
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Table 15 presents the original prediction, MIL-HDBK-217B re-prediction 

and reclassified field MTBF for each of the selected equipments. In most 

cases, the original predicted values were higher (more optimistic) than those 

repredicted.  In addition, the newly predicted MTBFs provided better corre- 

lation with field reliability. 

Analyses will be performed during the remainder of the study to identify 

and quantify some of the causes of differences between predictions and field 

experience. This will be accomplished by relating these MTBF differences to 

particular design/equipnent characteristics and environmental differences in 

a manner similar to the lab-field analysis.  Quantitative expressions and ad- 

justment factors will be developed for those relationships found significant. 
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SECTION VII 

CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusions 

The following preliminary conclusions have been derived from the data 

analyzed during the study: 

1. Inconsistent groundrules and failure scoring criteria account for 

a significant portion of the difference between lab and field 

MTBFs. 

a. Lab groundrules exclude too many failures. 

b. Field groundrules include too many failures. 

2. There appears to be a relationship between MTBF differences and 

several equipment characteristics. 

a. Propulsion. 

b. Cooling requirements and cooling methods . 

c. Equipment function. 

3. There appears to be a relationship between MTBF differences and 

several environmental differences. 

a. Temperature rate of change. 

b. Duration of temperature at extremes. 

c. Cooling air variation. 

d. Duration of exposure to vibration. 

e. Low pressure. 

k,    MTBF predictions using MIL-HDBK-217B are generally lower than those 

originally performed and tend to, in many cases, be cloaer to the 

field value. 
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7.2 Recommendations 

Based on the above conclusions and other insights derived during the 

study, the following areas appear viable for further and detailed investi- 

gation: 

1. Revision of vibration spectrum for equipment installed in Jet 

aircraft 

2. Increased duration of vibration exposure. 

3. Modification of thermal cycle to include more temperature changes 

and greater rates of change. 

k.    Addition of some form of moisture test. 

5. Different thermal tests for forced air cooled equipment compared 

to ambient cooled hardware. 

6. New and consistent groundrules for scoring failures. 

7. Equipment on/off cycling compatibility (field vs. lab) for items 

which are cycled often in actual use. 

8. Complete functional check at least sometime during the test. 
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