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MSTHOD rOR PR EDICTINO COM5Iser =LECTRnoNMCAM

The purpose of this prolram is to develop methods, relationships,

and/or guidelines for predicting the reliability of those types of SilgAl Corps

equipments which make extensive use of both electronic and mechanical

components. The mothodology resulting from this program should be

suitable for making reliability predictions during the equipments' design

stageO,

The steps for carrying out the program are outlined as follows,

1 Study and evaluation of the electronic reliability area,
and general reliability prediction techniques

Z. Development of functional module concept from equip.
ment studies

3 Evaluation and mathematical modeling for modtlds

4. Transformation into module probability model

S. Electro-mechanical interface considerations
(combining predictions from both areas)

6. Physical model considerations, design and test of
model, followed by evaluation of data and incorporation
into prediction technique

7. Implementation of technique for general use in
m&king reliability prediction



The major effort in the program during the first quarter was devoted

to investigating the area of mechanical reliability prediction. The feasiw

bility of I number of approaches to the mechanical reliability prediction

problem was considered, The extent to which an approach based at the

mechanickl failure mechanism level would be applicable to the program

was investigated. A survey was made of information available in the

area of mechanical failure mechanisms, including such items as fin'ture,

instabilities, creep, fatigue, wears corrosion, etc. It was concluded that

a prediction tochnique based at 4.•ch a level would not be the moot eofective

for the purposes of the program because of the largely empirical and quali-

tative nature of the information available, and because there is no generally

applicable theory connecting the existing information so as to provide a

unified approach for the entire spectrum of mechanical failure mechanisms.

The apiffoach lelectk - mechanical reliability prediction is based at what

is called the functional moge level (an array of elements or components

performing a specific function). This permits a more general approach

to the problem while still allowing information to be used from lower system

levels, such as failure mechanism information and any component re.

liawlity data which may be available,

-1. t



Ill. CONFZBZNJCWS

A. ssteerinajg C Mimtte Metala

Datel 9 August 1963
Plauci UgArIDSA A, Ft, Monmouth, No J.
In Attendance; No, Zdelstein USAERDA

to Ito Yiems 1
P. E. Crief!th
C. Lipson
"N. M. Nachmias
.J M, Pappals

3. Sogdian
R, A, tubanks ART
M. X. Goldberg
0. To Jacobi
D. TF simonaitis

The purpose of this first steering committee meeting was to

establish final agreement between ARY and UIAXAIDA o_. the over-all

objectives of the program and to present the initial ART approach. It

was established that the objective of the program is to develop methods,

relationshipe, and/or guidelines for determining the reliability of Bignal

Corps oystems where large number* of both electronic and mechanical

components are present and where informatior4 from theose two areas must

be combined, A measure of comparison between different system designs

would be an example of a minimum type of result from this program,

Date. 27, IS August 1962
Place, USAERDAO Nt, Monmouth, N. J.
In Attendancei C. Lipson USAIRDA

J. Soidian If
To L., Bush ARY
D rF. Simanaitis

The purpose of this visit was to esiable AR? staff members to gaIn

familiarity with the various kinds of electro..mechanical equipments under

test and developmant At the Rignal Corps, Various facilities at the Signal

Corps were visitedo including those of the Communi cations, Avionics, and

3a



rSurveillanGe atrities., Dluing the Visit aJ ene Rl picture was obtained

Of the vatrious types of equipments with which the PrOgr&m would be eons

lid Corned, Opea&tion of a number of equipments was observed, and various

displays provided an initial view of the component arrgy within thase equip.'I.
monte, In addition, various reports and technical manuals on these equip.

monts were obtained. It was expected that detailed study of this literature

would provide an important input to the program.

3I, ring.Committee -Gotjj

Datet •25 September 1962

Placei Armour Research Foundation, Chic&goi 111.

In Attendancei J, Sosdian UIAZRDA
T. L, Bush ARP
C, E. Oebhart it
M. X. Ooldberg
A. Horberg 91

0, T. Jacobi
D. F, Sirnonaitis

At this meeting progress on the program to date was discussed,

It was pointed out that a closer look was being taken at possible prediction-

techniques than was originally intended, 'particularly for the mechanical

prediction task, This was being done to a large degree in place of an

initial detailed survey of equipments and components,&# was originally

outlined for the program The literature survey of electricalelectronic

reliability data had just started and would continue into the second quarter,

The discussion centered upon the results (f the mechanical roliability in-

vestilation, It was agreed that the investigation of mechanical failure

mechanisms indicated that a mechanical predictive technique based at the

failure mechanisms level would not be the most useful for the program.

An initial outline was presented for a predictive techniqte otilisinS a study

of a unit or a&ray of coMponents called a functional modUle,

.4.



A. j51129291im

The title of ART project 1016, "Methods for Predicting Combined;

Electronic and Mechanical system Reliability$," indicate$ tho combining

of information from two separate fild~s of interest. Thus three problem

areas arise: the area of reliability prediction for mechanical objects, the

area of electronic reliability prediction, and finally the problem of compati.-

bility, i. a. 0 combining predictions from the two areas or naking an overall

reliability prediction for an electro. mechanical system.

The approach as originally outlined at the beginning of program

effort cons) itecl ol the following phasest

1) S5gnal Corps equipment survey
9' Literature review
3) Selection of comnposite sample system for study
4) Design andtbuilding of test system

~)Experimental evaluation of test system
6) Develo pment of physical and reliability mathematical

models for system
7) Evaluation of experimental results along with

mathematical models
8) Application to complex syostms
In this approach rather heavy emphasis was to be placed upon

developing and evaluating some "hypothetical" electro-mechanical system

whose modes of failure would be characteristic of the classes of equipment

under study on this program, It was hypothesimed that from a study of this

system's behavior, both analytically and in the laboratory, it would be

possible to develop the desired prediction technique, finally extending the

technique to more complex equipments.

As work progressed, it became clear that this approach was de.

pendent upon a higher degree of development and accumulation of data in



the area of mechanical reliability prediction than in fact existo today,

There has thus been a shift in emphasis both for the quarter and for the

entire program, The effort in the mechanical prediction task is being directod

toward extending applicable reliability prediction techniques beyond their

present limitationse the effort for the electronic portion of the prediction

problem is beat devoted to surveying the entire spectrum of techniques

already at hand, and incorporate predictions using these existing methods

with the mechanical predictions in a compatible manner,

Consideration of electronic reliability prediction has beguni effort

during this particular quarter has corncentrated upon the mechanical side

of the interface.

S, Literature Search

The literature search being carried out for this program is con-

cerned with surveying the existing reliability literature for information

which will be useful to the program,

That portion of the survey covering the electronics and general

reliability area is in progress and will be completed during the second

quarter, Although the general status of electronic reliability prediction

is generally well kno~wn# the information available in this area must be

brought into proper perspective with regard to the entire program. The

areas being investigated include reliability data, failure distributions$ and

the combinatorinl abpect of the electronic and mechanical prediction,

A survey of current knowledge in the field of mechanical failure

mechanisms was carried outo the results of which are included in this

report. In addition, a request was submitted to ASTIA for a bibliography

in the field of mechanical reliability. This bibliolraphy yielded little

in the way of useful information.

i
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I. Initial 022sideratinon

The difficulties surrounding attainment of meaningful prediction

techniques for the mechanical side of the interface were recognised at the

inception of the program. In arriving at a realistic balance between pre.

cision of results #%nd generalized applicability of techniques, different

approaches were considered, This section diseusa-a.- some of these, to.

gether with reasons for their rejection, From these considerations the

program as it is now constituted was evolved,

In principle It is possible to conduct an extensive test program for

various mechanical components, analagous to reliability tests performed

on electronic components, Extensive tests on a single component might

yield data of reasonable precision, However, the broad range of Signal

Corps equipments, coupled with the time and effort required to encompass

this range, precludes such an approach for this program, Equally important,

however, is the extreme difficulty in extrapolating such information for pre-

diction for components of different design under different environmental

conditions, An experimental program would not provide the analytical

techniquis suitable for broad application to mechanical reliability prediction

during the equipment desiln effort,

As an example of this situation, failure rate data may have been

compiled for a particular gear transmitting a particular torque at room

temperature, The observed failures may be due to fatigue of the metal,

If, to consider an extreme condition, the same gear is operated in a

cryogenic environment with the same load, the failure may be of a different

type (I. e#,brittle fracture at peak load) making the data obtained under the

.7.



original conditions generally lnapplicable, on the other hand, consider a

gear similar to the first from another manufacturer operating in the original

environment, It may have slightly different material properties or con.

figuration (Such as a smaller fillet radius at the bottom of the Sear tooth).

The failures may again be duo to fatigues but the failure rate could be

radically different and unpredictable on the basis of the original data, This

example generally illustrates the situation which exists for that mechanical

failure data which is available. Any changes in design, material properties,

environment, or application give that mechanical failure data which does

exist an extremely narrow range of usefulness,

It is possible in principle to circumvent the limitations discussed

above by what can be described as the determination of reliability at the

failure mechanism level -- application of the fundamental laws of physics

regarding changes in material properties, Here we are concerned with a

detailed analysis of the deiaign of the mechanical component, Soch an analysis

would then be related to a description of the part's loading and environmental

history and to the known existing mathematical relstionships governing the

types of failure to which the part would be subject, By relating those failure

relationships to time, one might then dotervnine the various reliability

parameters (such as mean time to failure) for each mode of failure of the

component.

The gear mechanism previously cited will sevve as a simple example,

Qiven the onvironmento the load applied to the gear teeth, and the design of

the gear, the stress concentration at the fillet of a tooth might be determined,

Then knowing the RPM of the gear and its material# some expression relating

• .6.
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the #tress lovel and the number of cycles to failure could be applied, it this

expression were known, The Name technique would then be applied to other

possible modes of failure such as wear of the teeth# galling of the teeth,

slippage of the hub on its shaft, etco

It should be noted that herein the failure mode of a device refeor

generally to the gross, macro•copi(ially observable manifestation of failure,

A static failure or a corrosion failure are examples of failure modes,

The key to much a predictive technique would be to relate such failure

mode, the operating stresse s and environments, and the failure mechanisms,

2, Moch.ani1-cal failure mechanisms study

One of the determining factors of the applicability of such a prediction

technique to this program is the extent to which information is available

describing such failure mechanisms. Therefore), a portion of the literature

survey was devoted to this purpose, The following paragraphs indicate the

kind of information and relationships generally known to govern a wide range

of mechanical failure mechanismrs

, Ductile Fracture

Ductile fracture Implies a flow of the material prior to fracture.

$encer, failure may result from this distortion reaching an intolerable level

or from tho fracture itself, The distortion ti governed by the atresuostrain

diagram of the material involved, The shape of the curve depends on the

strain hardening or the ductility of the material, Figure I shows a typical

flow diagram A common assumption is that an increment of strain, ,e,

is proportional to the doviatory stressis, in the component directions

"9 "
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4Theoory by P, eiv)
S• ki , (1)

rinal fracture depends alsOU on the material properties, and a variety of

theories Are avallAble for predicting the state at which fracture occurs,

Four common theories are compared in Figure a for the cace of biaxi&l

stress, In this figure S'u and 8"u are the tensile and Qompressive ultimate

streonthi, respectively, It should be noted that the general strength

properties of a material usually decrease with increase in temperature,

b, Brittle fracture

Brittle fracture implies a rapid failure without significant prior flow

of the material, The phenomenon is usually: associated with an area of

stress concentration such as a scratch, small pit# or crack, Most theories

oa brittle failure are based on the Oriffith theory of crack propagation.

This theory states that a crack of length 2c will propagate and create

catastrophic failure when the average stress reaches the value

where E is Young's Modulus and T is the surface tension of the material

per unit thickness, Normally ductile materials may fail in brittle manner

it the temperature is sufficiently low, The critical temperature is the

so-called "transition temperature,

c, Instabilities

Instabilities of components may occur whenever long and/or thin

members are under compressive axial loading, torsion, and/or are rotating.

Such members include shafts, bars, rings, boams, plates, tubes, and

.11. -
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shello. Failure occurs when the rate of increase of strain energy of the

member due to distortion exceeds the rate at which work is being performed

by the loading, A simple example is a PrIOmatic bar with comprehensive

end loading which bucklem when the load rcachoe the "Vulsea load" of

S P (3)

where 9I is the modulus of rigidity and I is the length of the bar.

Creep is the pheiyuiri ir)m ywhich materials continue to flow even

under uniform load, The istortion is generally at a vury low r,'.w bat

is sensitive to both stress level and temperature, Ir'iuI' 3 illustratwo

typical constant stress creep curves.

The region of constant creep rate may generally be described by an

exponential function of the stress, s, and temperature, T (Emperical

relation by Sailey) as followse

de 4a 4 bTsn , (4)

where a, b. and n are mater[l" constants, ror most engineering materials

at room temperature creep is negligible below the elastic limit,

]Fatigue implies the failure of a material by fracture due to repeated

loading. The phenomenon may be best described by the plot of stress versus

cycles to failure (l.N diagram) shown in rigure 4,

*13
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Mdot enOineering materials exhibit Ali 'endutrance limit ", which is

! . the Yalu@ Of stress below Which It is pYGsIreed that an Win/into number Of

eyeles are required to produce failure. In generol the relatiunship may be

deseribed byi

No ik(use ka 5)

where ki, k, and ti are emperical constants, % being the endurance

limit. For sinusoidal loading, the stress may be described by

s a si + nwt (6)

where is i the mean stress level and s is the variable stress illustrated

in Figure D. The effect of mean stress on fatigue failure at a specified

number of cycles if illustrated by the Ooodman diagram shown in Figurs 6.
a A

This may be stated mathematically as, .rL +
e u

When a material is r loaded at different stress levels, Miner's

criterion may be employed to estimate the cumulative damage from fatl,,

This states that a material will fail when the sum of the ratio# of cycles,

n, at each value of load to the cycles to failure, N, at the same load exceeds

about 0,8 to 1,0:

t r 0.O 0 to l 0 (6)

,1.1

Wear occurs whenever materials rub over each other, The rate of

wear is proportional to the product of normal contact load, N, and length

of trayse L, one part over th. other, and inversely proportional to the

S- 16 -



9IM
FI,5 TKSTm VAITO FO LNTAIGSW



A I*

MCAN ITEME9h1mE1m -11 -gA - - - -I.$Im

FIG, 0 INFLUENql OF MEAN S1TRESS ON FATIGUE STRENGTH



hardness of the material, H.

if
Wear rarely causes breakage of a member, but rather failure is caused

by parts becoming *ut of tolerance and not performing their required function

satisfactorily,

Corrosion of a material is the gradual deterioration of the our-

face by chemical reaction with its environment. The type of corrosion most

likely to occur in electromechanical military ground equipment is atmospherif.

corrosion, The metal combines with oxygen to form oxides which then

usually flake, chip, or wear off relatively easily, Moist air commonly

accelerates the process, Alsos metals under stress tend to corrode more

rapidly than if unstressed, Materials subjected to cyclic loads and corrosion

may form pits which act as stress. raisers and hence greatly reduce the

fatigue strength.

Impact strength may be considered to be the ene rgy-absorbing

quality or "toughness" of a material and implies a rapidly applied load,

in general, increased rate of loading improves the strength properties of

a material. Youngl' modulus, yield strenlth, ultimate strength and

maximum deformation are usually all higher values, If, however, the

impact is applied while the metal is below the transition temperatures

ductility is reduced and failure may even be brittle in nature, It has been

shown that a critical velocity exists above which fracture is assured,

L19-

I



For uniaxial tensieontfr example, this velocity Ii liven by the relation

vIf ------ do 
(10)

where so is the strain at maximum load, do/do il the s1lpe of the streos.

strain eurve, andj Is the density of the material,

Oalling implies the digging or gouging of the surface of one matei ial

by another, Materials in contact exert imerfe. ill pressures on one another

and create a stress distribution in the region, When the maximum stress

exceeds the yield strength o( one material the surface becomes permanently

deformed. If relative motion is involved the surface is "galled. 11 This

phenomenon is based on a derivation by Hert. for the maximum interfacial

pressure between two bodies in contact. If in the region of contact the radii

of curvature are KI and Rai the moduli of elasticity are El and Val and

the Po' son'q ratios are u, and ul, respectively, for the two materials,

the maximum stress resulting from a contact -force P ia shown to be
a 62 1 

1

max T" (iUI) +(0. ,1)]

Oalling occurs when $max >S *y' where 5y is the yield strength of

one material,

20
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stikeing oceurs when parts in contact cease to have an intended

relative motion. lippi"ng, eonversely, occurs when parts in contact

exhibit an unintended relAtive motion. both effects are governed by the

friction between the materials, If r is the tanwgential shear fore. applied

at the interfa•e and N is the normal force applied# the friction force is

f '1 N where Y is the coefficient of friction for the materials, Slippage

occurs if 1 > to and sticking occurs if fd > F where 15 and fd are

Calculated using the static and dynamic coefficients of friction respectively.

An important factor which affects the friction force is clearly the normal

contact load N, This load is often a direct function of the temperature of

the materials, Differential expansion or contraction of the parts increase

or decrease N in a manner such that the external constraints on the two

parts are satisfied,

k .,,L~ilurs-examplecs

A number of situations to illustrate the action of various mechanical

failure meclaaniams and failure modes will now be considered, For example,

machine parts may fracture for many different reasons, but the actual

fracture failire follows either of two basic modes:

1) Ductile or shear type of failure caused by excesive
shear stresses and resulti-ng in slip along crystal.,
ographic planes,

2) brittle or normal type of failures caused by
excessive normal stresses and resulting in
separation of the crystals along planes normal
to the maximum tensile stresse,

- 31 *



The particular mode of failur, that will prevail in any given appli.

cation is the result of the comparative balance between two sets of oppusing

fories, On one hand are shear stresses opposed by resistance of the metal

to slip. On the other are normal stresses opposed by cohesive or 'tear

apart" resistance of the metal, Which of the two systems of opposing

forces is overbalanced first determines the mode of failure,

Some materials can fail in a ductile manner under one set of con-

ditions and a brittle manner under another set, One of the most common

materials exhibiting this phenomenon is mild steel which exhibits ductile

characteristics if pulled in a simple tensile test but evidences a brittle

fracture when subjected to fatigue loading or when severely notched.

Another example is that of tool steels, which under pure torsion fall in

a ductile manner, but tinder simple tension lail in a brittle manner, This

case is illustrated in Figure 7, Where maximum shear stress is plotted

as the ordinate and maximum normal stress as the abscissa, the critical

shear stress, or the shear strength of the tool steel, is shown as A.

Critical normal stress, or the tensile strength of the tool steel, Is shown

as B. The rectangular boundary based upon these two values represents

the strength, When a machine member is subjected to a pure torsional

load the maximum shear stress equals the maximum tensile stress, The

line defining this loading condition will therefore take the slope of 1, or

a 45 degree direction as shown, This line will intersect the critical shear

stress boundary giving rise to a shear or ductile type of failure, On the

other hand, If the same steel is subjected to simple tension, shear stress

will equal one-half the tensile stress and the slope of the line will be one.half

2 13
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as shown, This line will intersect the critical normal oikrea 'bounda&ry and

normal or brittle failure will occur, The particular rectangle shown in

Figure 7 refers to tool steel$, 8imilar rectangloe can be drawn for other

j. materials.

For each rectangle the mode of failure will in addition go'determined

by a variety of external conditiots. Those external conditions can be

analysed for their effect# on the mode of failure, The most important

factors In determining which type of failure will take place are tabulated

to follows-

Uternal actors ode of FaIure

a. Manner of loading, static or fluctuating

b. Range of imposed streoses
a. Number of load applications

d. Velocity' of 1oading

e. Direct,,.on of strese (I. e, uniaxial or polyaxial)

1. Temperature dktring the load application

S, Qeometry of the part (i, e. presence of stress
concentrations, etc. )

Afetn the Modje of failure

a, Mate rial

b, Surface treatment of material

With regard to the manner of loAding, it may be stated that a

machine member which exhibits ductile properties under static loading will

in general fail in a brittle fashion when the load is fluctuating. As the

number of load application.L ,ncreas&es, failure generally shifts from a

ductile type of failure to that of a brittle type, Information taken from

testing of many Industrial products. of which a silent chain is an example,

14 4*



indicatathat transition from ductile to brittle failure generally appears to

occur in the nesihborhood of ten thousand eycles. Information sueh, as this

would indeed seem to indicate that it Is important to have some knowledle
of basie failure meehnlems when attempting to predict intelligently the

mode in which devies failure might ooeur,

Repeated stresses however# do not always result in a fatigue type

of failureo because fatigue is affeoted by the raone of stress and the number

of applications, A variable stress other tha&n complete stress reversal is

caused by an alternating stress superimposed upon a steady stress, If the

ratio of alternating stress to steady stress is relatively low, it may still be

possible to have a yielding type , ( failure. If the number of cycles is low

the failure may also fall within a plastic classification, Often there is no

distinct line of demarcation, since the results are affected by the material

and the stress historyo previous amount of cold working. eto. rigures *

and 9 indicate the effect of stress range on this particular Wailure mechanism,

Rate of loading is another important factor which determines whether

a material will fail in a ductile or a brittle manner, A material that evidences

ductile failures under simple tension at ordinary testing speeds may show

brittle failure when loaded at a high rate, It should be noted however, that

In notched impact tests such as the Mharpy test it is the presence of the notch

and not the speed of loading which causes brittle fracture, According to

laboratory tests, internal resistance to slip increases directly with the

velocity of deformation# but resistance to normal separation is not similar.

ly affected. although Zinc, for example, will bend with marked ductility

under sudden loading,

*
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In regard to the direction or type of stress, proeeeding examples

have shown how a ductile material can fail in a brittle fashion, An eoxmple

of how a brittle material can be made to show pOastlcity is given by Von

Karman, Me deo,-onstrated that marble, when subjected to a purely hydro-

static or polyaxial state of stress, would deform plastically instead of

crumbling as it would under uniaxial compression.

"The opposite effect is found in a simple tensile toot of mild steel.

Upon examination a fracture of this type will be found to be made up of a

flat central area with surrounding conical head which is illustrative of

central cohesive failure and external ductile failure. During the pulling

process the tensile specimen nmcks down, whereby the stresses change

from uniaxial to triaxial, The result is a cohesive fracture in the core

which continues outward until completion of shear failure in the outer area,

The geomctrical shape of a particular machine component has a

marked effect upon the stress, distribution, which in turn has a marked

effect upon the failure mechanism. Any discontinuity in material or sudden

change in shape of a machine member can cause local triaxial stresses

and may alter the type of fracture from plastic to brittle by increasing the

normal stresses and reducing the shear stresses, This may occur micro.

scopically because of inclusion and initiate a crack that will lead to a

brittle fracture under fatigue loading, It may also happen on a macroscopic

level resulting from a sudden change in the diameter of the piece, such as

a severely necked bar, and cause a brittle fracture (I. ea, a large stress

concentration factor), Any stress concentration factor such as a notch,

sharp tool mark, pitting or change In section can effect the condition of

stress and therefore the mechanism of failure, Figure 10 is a graphical

-. 8
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representation of the 3 dimensional stress system in a notched bar tnder

tension,

The temperature of metal during loading appears to affeet its

1 1resistance to slipping, In general resistance to slipping inereaseM with

I low temperAtVure and decreases with high temperature, It is clear)the retor-e,

I I• that a brittle fracture can be produced in a tougher mato.ial by lowering

Sthe temperatures sufficiently, so that cohesive for*e# are overcome under

load before slip resistance breaks down,. Mowever, under elevated

* 1 temperatures a plastic flow may take place at eirsesse conetdd!s.ly below

the conventional yield point, because resistance to internal slip is lowered,

Another factor which may be considered is that of surface treatments

introducing residual compressive stress on the surface of a part, This

compressive stress counteracts tensile stress resulting from the externally

applied load, thus reducing the probability of a cohesive failure, In this

category of surface treatments belong suc:i ,roceosee as shot peening,

c&rbeur•iing, induction hardening, and nitritino, It will be notedhowever,

tbj t m)faceatreated parts can develop failures originating either at the

surface or below the surfacepdepending upon the type of applied loading and

the severity of stress concentrations,

3. Conclusions from nioch&nical failure mechanisms study

The study of mechanical failure mechanisms was undertaken to

determine to what extent a reliability prediction method based upon such

information could be formulated, For this program such an approach

would not be the most effective one. Two of the factors leading to this

conclusion come from a study of the nature of the failure mechanism data

0300-



presently Available, The first is that, although a seemingly consider&ble

Amount of information is available for a number of different mechanical

mechanisms, it is, to a lar9e degree, of a qualitative nature, The second

factor is that, even where relationships may be available for describins

particular failure mechanisms, there is no generally applicable theory

connecting these relationships so as to provide a unified approach for the

entire spectrum of ouch mechanisms,

In certain specific areas empirical equations coupled with specific

experimental results do represent the observed phenomena with a oaod

degroe of accuracy, These cases are by no means representative of the

field in general. Two areas may be contrasted as an example of this

situation, On one hand, fatigue probably represents the best understood

failure mechanism, locaueo of the dynamic nature of the fatilue problem

and its application to part-strength analysis for automated equipment, it has

received a great deal of Attention, However, even in this well studied area,

many facets of the problem- lack quintitative analytical expressions which

adequately represent the observed phenomena. An example is the area of

cumulative damage criteria where At least four theories have been advanced

to explain the phenomena, but all are only partially able to do so. The

study of friction and wear failure represents an even worse situation, Here

f' little evidence of any broad applicable descriptive theory can be found,

4. Selected approach for mechanicalzradiction

This evaluation of mechanical failure mechanisms, tolether with

further study into the mechanical prediction problems indicated that a more

useful approach would be to handle the mechanical aspect from what will be

called the functional module level, The module concept spoken of here

, 31 •
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serves to classify a mechanical device or array of components according to

the function it performs, rather than according to its actual physical makeup,

As an exAmpls, consider an elictro~wechanica1.hydraulic system whose

function is to remotely drive an aircraft control surface. The net function

performed by the components making up the module considered here is that

of positioning. The consideration of the mechanical aspect at this level has

a number of desirable features, All modules performing the same function

may be studied as a family, even though they will contain different compo.

nents or configurations internally, It is also possible that modules from

the same family may tend to exhibit similar outward failure modes and

patterns, rather independently of the components contained within, by

considering mechanical devices at this level, better utilisation can be

made of the existing mechanical reliability data, particularly field data,

which is often apparently of a gross nature, Clearly, selection of this

direction implies greater emphasis upon generality, with a resul-ting

constraint upon precision for any specific situation.

After determining suitable module con•4rlautiono, deterministic

relationships must be derived describing the output of the module in terms

of its internal characteristics (transfer function), pertinent environmental

factors, and time. Taking into account the random nature of those factors

influencing the operation of the modules a transformation can be made from

a deterministic model to a probability model which will then give some de-

scription of the reliability characteristics of the module, This transforma-

tion to c probability model will actually involve determining the parameter

values of a statistical distribution function, Techniques presently exist and

are being developed for this task, The major problem lies in the development
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of the deterministic model tor a module, It should be noted that e16ithor

individual component chAraCteristicls nor the field Of moehaical failure

moechanilms which was previously discussed in #ome length, will be Ignored.

both areas can provide valuable inputs toward the development of the do-

terminlstic model, Also, the electronic portion of an electro-mechanioa'l

system will not necessarily be excluded in the formulation of such moduleso

The extent to which the electronic areo will be integrated with the mechanical

tot prediction purposes, and to what extent they will be considered separately,

will also be one of the outputs of the program,

D, Progrm Plan

In view of the above considerations for an approach to the mechanical

reliability prsdiction, problem during the first quarter of the program, an

updated phase outline for the remainder of the program is presented below,

1, Study and evaluation of the electronic reliability area,
and general reliability prediction techniques.

2, Development of functional module concept from

equipment studies,

3. 9valuation and mathematical modeling for module.

4, Transformation into module probabilility model,

5, Electro- Mechanical interface considerations
(combining predictions from both areas),

6, Physical model considerations, design and test of model,
followed by evaluation of data and incorporation into
prediction technique.

S.7. Implementation of technique for general use in making
relability prediatioM

. 33
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The following bibliography contains a listing of doiuments surveyed

and utilixed thus far in the proeram, The listiln is divided into three

areas. & listing of general reliability documents including those utilised

in the survey o0 mochanial failure mechanisms# a listing of SOL

technical requirements documents acquired from the Signal Corps# and

a listing of Army Technical Manuals acquired from the Signal Corps,

The items in tht, letter two areas are being utilised in the survey of Signal

Co, i-n' Iquipment,

3.4.
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The initial effort in the pYo0wato has been directed toward

deteral!ting the most suitable technique for handling the mechanical

reliability prediction task. The investigation indicated that prediction

effort centered on the failure mechanism level would have the dis.

4dv&nta•ge that the larger portion of knowledge on failure mechanisme

is either empirical or of a qualitative nature, In addition# there is

presently no generally applicable theory connecting these relationships

so &a to provide a unified approach for the entire failure mechanism

spectrum,

The prediction approach which has evolved from the studies

carried fut during the first quartel utilises the coneept of the function&l

module by dealing with the reliability prediction problem st this level,

a more general, though probably less precise approach is taken to the

problem, while still allowing the use of certain failure mechanism con-

cepto where they would be most useful,
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During the next quarter the portion'of the literature search

concerned with electronlo reliability information, which was started

late in the first quarter, will be aompleted, From this search a detailed

review will be made of available electronic failure data and its applicability

to ýh!s program. In addition, a xtudy will be started on failure distribu.

tions and statiStics -for electronic, alectro-recha~ioal And mechanical

parts,

A d~etailed mail survey of the country-' largest manufacturers of

mechanical components will be initiated° The companies will be chosen

on the basis of their manufacturing mechanical components and/or modules

similar to those selected as being typical of those found in Signal Corps'

equipments. Information will be requested concerning the results of any life

tests, end any data on failure rates, expected life, failure modes, and opera-

tional stresses,

A detailed review will be made of Signal Corps' technical literature

for the purpose of catagoriming both the electronic and m.chanical components

within various equipments. From this study, the functional modules, which

will form a basic part of the reliability prediction technique, will be formed,

and their charactorictics will be studied, This study of the modules will

provide information toward determining the parameters for the failure

distribution functions of the'modules being studied, Investigation will

also be started on probability distribution functions which will form a

part of the prediction technique.
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The list below Indicates the ART staff members, who have taken

pait in the work coveted by this report, Including the man-hours of effort

contributed by each peoson during the quarter, The following pages present

the background and experience of the ART staff members presently assigned

to the project.

Name Hours of Effort for First Quarter

Darwin r, 8Imonaltim, Project
Engineer 352

Thomas L, Sush 112

CArlton V. Gebhart 132

Morton E. Ooldberg 50
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BUSH, THOMAS L.

TITLXZ, Research Inlineao' Applied Meehanics

ZXPEAIINCU' Mr, lush has over eight years of experienee
In engineering design and analysis, His early
experience was in the design of automatic
high-speed machinery for handling and process.
ing paper and plastic films# and in packaging
equipment for the food industries. Since Joining
Armour Reseatrch Foundation, he has participated
in, and directed projects concerned with the
development of high Il, and vibration tolerant
packaging for electronic components, dynamic and
vibration analysis of various materials.hatndling
systems and automatic teat equipment, His
background also includes under raduate teaching
in Mechanical Engineering at Illinois Institute
of Technology,

PUALJCATIONSi "A Mechanised Live Animal Teansport Iystem
for Packing HouIIse. s1 Second place in 1941
Chicago Stction A. S, M. t Prime Paper Contest,

ZDUCATIONi S4 , in mechanical onginoorinl, Illinois Institute
of Technology.
Completed course requirements for M.S5. •n
Mechanical EnlineerinI at same institution,

AFFILIATIONSi A, 5, M. Z
Pi Delta Epsilon
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0t2MARTo CAILTON Z.

TITLE: Assoelate Engineer, Applied Meehanies

EXPERIENCZE Mr. Gobhart's experience prior to joiin Armour
Research Fowidation was in the filid of stress
Analysis of milit~kry electronic equipment for

I a aircrakft miss0les, and satellite#, He has been
responsible for the structural adequacy of iuch
devices as microwave antenrae, and infrared
seekers and fuldance head$. In that capaaity, he
bec&me famintlay with the problems resulting from
extreme thermal. vibration, and shock require-
ments,

Since joining the staff at the Foundation, Mr,
Oebhart has been engaged In projects concerning
the mechanics of rigid and deformable bodies,

PUSLICATIONSi "The Effect of Forces and Prlesures as a Cause
of Coning on a Face *aIl Used in the Pratt and
Whitney J.-75 Engineo, 4achelor's Thesis,
Department of oMKwhanical Engineering, M. 1. T.
January 1969,

"Sending of Symmetrically Loaded Circular Plate$
Wit, Abirary Creep Characteri sties,1 Master's

Thesis IDepartment of Engineeringo University
of California, May 1961,

EDUCATION: 55| in Mechanical Engineering from the
Massachusetts Institute of Technology

M.S. in Enlineesing from the University of
California at Los Angeles under A Hughes Master's
Fellowship.

AFFILIATIONSi Pi Tau Sigma
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COLDUER0C MORTON X.
TITL•E Manaler, Reliability and Components
EXPKIRENCIqC Mr, Goldber has been with the Foundation since

1915. He has had direct responsibility for a number
of research programs in the areas of determining and
improving equipment and component reliability. These
studies included the followinlli behavior of electron
tubes during exposure to severe vibration, and design
ol standard vibration testes redesign of subminiiture
A, V, connectors to improve reliabilityi reliability
enhancement of rotary selector switcheoj evaluation
of printed circuit solder Joirtsi reliability determina4
tion of resistors and silicon rectifiers subjected to
electrical and temperature over-stress conditionsa
and analysis of nuclear radiation damage iin semi-
conductors, He has supervised programs including
theei dealing with investigations of wire and cable for
aircraft and missile applications, electromagnetic
and electrostatic accelerators and VWmierwater arcing
phenomena, Systems studies include programs
directed toward the establishment of system avail.
ability, determination of information retrieval and
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