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I. I)lTRODUCTION 

A. Background 

The VICON system is a visual backup for the air traffic controller 

to confirm his/her vocal clearance to pilots waiting to take off and to 

~revent any possible misunderstanding of the controller's instructions. 

VICON was developed primarily to avoid catastrophes such as the 1977 

runway collision of two Boeing 747s at Tenerife Island in which over 550 

persons were killed. 

VICON consists of clusters of three, pulsing, green lights located at 

takeoff positions along the left side of runways. The lights are mounted 

on l4-inch-high frangible tubes, and one or more of the lights will always 

be visible to pilots of aircraft on taxiways or runways. 

After giving voice clearance to an awaiting aircraft, the controller 

pushes a button which activates the appropriate VICON lights. When the 

pilot sees these lights, visual confirmation is complete. The VICON lights 

will then be turned off automatically when the aircraft breaks an electronic 

beam across the runway or by a timing device. The timing device would be 

adjusted according to airport traffic conditions. 

The initial development testing of the VICON system was done at the 

~AFEC/Atlantic City Airport. The operational evaluation is being conducted 

at Bradley International by NAFEC in support of the FAA's Air Traffic Service. 

The operational evaluation is intended to accomplish the following: 

1) Determine pilot and controller reactions to the VICON concept 

and its implementation. 

2) Evaluate design alternatives. 

1 



J)	 Assess system reliability. 

4)	 Provide cost data for various configurations. 

5)	 Evaluate system installation problems. 

This study is in support of the system reliability area of the 

Operational Evaluation Program. 

B.	 Study Objectives 

The overall objectives of this study are twofold, i.e. 1) to 

provide reliability inputs to support sy?tem trade-offs studies and 

2) to provide reliability recommendations for the VICON Technical Data 

Package (TOP). 

A TOP is required for each R&D program which is intended for inclusion 

in the F&E program. The reliability inputs to VICON TOP are particularly 

important since certain failure modes of the system could impact safety. 

Specific objectives to be addressed in this study are as follows: 

•	 Evaluate system failure modes and identify critical system components. 

•	 Evaluate the need for concept or design modifications needed to
 

support reliability objectives for the production system.
 

•	 Provide inputs to the VICON maintenance and spares recommendations. 

•	 Determine the sensitvity of system reliability/availability values 

to design and spare parts options. 

, 
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II. SUMMARY 

A. Definition of System Failure 

In order to define system failure, it is first necessary to establish 

a precise statement of the mission of the VICON system. While the ultimate 

mission of VICON is to confirm voice takeoff clearances to the pilot, the 

primary mission of the Bradley installation is the collection of data on pilot 

and controller reactions to VICON and on the suitability of the hardware design 

under actual field conditions. Furthermore, it is intended that the VICON 

tests conducted at Bradley will place a minimum of additional burden on tower 

personnel. 

The system failure definition is based on the concept of minimizing the 

burden to tower personnel in remembering which runways have VICON capability 

and which do not without being overly restrictive to the point where loss 

of a relatively small portion of the system places the entire system out of 

operation. The definition for this study is: 

SYSTEM FAILURE 

The VICON system is failed whenever two or more runways 

are failed, except in the case when exactly two runways 

are failed there is no failure if the runways are reciprocal. 

This study also evaluated a secondary level of failure, i.e., runway 

failure. In this case, the failure definition is based on the anticipated 

takeoff utilization at Bradley International; i.e., the majority of total 

takeoff operations will occur from the ends of the runways. However, the 

majority of the General Aviation takeoffs will be from runway intersections. 
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The definition for this study is: 

RUNWAY FAILURE 

VICON is failed on a given runway whenever VICON 

clearances cannot be given to 15% or more of the anti­

cipated departures for the total runway or whenever 50% 

or more of the VICON lamp clusters are out of service 

regardless of the percentage of departures effected. 

This means that loss of the end lamp cluster or loss of one half or more 

of all lamp clusters is defined as a failure for VICON for any given 

runw~. 

B. Predicted Vicon Reliability/Availability 

The predicted availability of the VICON system as installed at 

Bradley is 99.94% which means that the Bradley VICON can be expected 

to be capable of performing its defined mission of data collection during 

99.94% of the seven month test period. Based on a total 4032 hours 

of data collection time during the test period, VICON can be 

expected to be operational during all but two (2) hours. The lack of 

VICON during this ~NO (2) hour period will result in loss of only 0.31% of the 

total takeoff data points expected to be available during the test period. 

The reliability of the VICON system has no bearing on its ability , 
to perform the defined data collection mission; however, it can be noted 

that the Bradley VICON installation has a minimum reliability of 99.998% 

with respect to the granting of any single VICON clearance. In other words, 

a VICON clearance can be a~pected to be interrupted by equipment failure 

once in every 100,000 clearances or once every 30 ~onths at Bradley 

International. 
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None of the components of the Bradley VICON System have predicated 

availability values that are excessively low; however, in the case ot 

component reliability, the lamp clusters have a predicted reliability that 

is an order of magnitude less than the reliability of all other system 

components combined. This is a reflection of the high failure rate for 

the individual lamps that was provided by the lamp supplier. This failure 

rate is based on the aggregate behavior of the lamps in many applications, 

not necessarily similar to VICON usage. It is anticipated that the Bradley 

test will provide a more accurate estimate of lamp reliability in the 

VICON System environment to permit a final determination to be made as 

to whether or not a reliability problem exists. 

C. Major Problems 

The Bradley VICON System has eleven critical components. Failure of 

anyone of these eleven components will result in failure of the entire 

system of 21 departure points, while failure of any of the remaining 

non-critical components will cause failure of a single departure point. 

Design changes have been recommended (Chapter IV) to eliminate all single 

points of failure. Implementation of these changes would increase the 

availability of the Bradley System from 99.94% to 99.99% with a 

negligible effect on single clearance reliability. 

D. Sparing 

The number of spare parts required to provide a 99% assurance that 

there will be no degradation of VICON system performance due to a lack of 

spares over a period of six (6) months, has been predicted. Sixty-three 
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total spares covering twenty-seven different component types are needed 

wit:l approxioately 307. of the spares being required for the con troller's 

operating switches. 

It is interesting to note that the runway lamps do not dominate the 

spare parts picture, despite the fact that the lamp failure rate is two 

orders of magnitude greater than the next largest component failure rate. 

The override switch, runway activation switches, microwave detectors, fuses 

for the 48 VDC supply and the departure activation switches are all spared 

at a higher level than the lamps. 

This situation is a direct result of the definition of provisioning pro­

tection level as the probability of no system failure due to a stock outage. 

Consequently, the number of spares assigned to each component is a function of 

both component failure rate and the impact of component failure on system 

performance. The high failure rate of the lamps is essentially offset by the 

relatively minor impact on system performance of the failure of a lamp while 

the catastrophic system impact of the failure of components such as the 

override and activations switches results in these components being heavily 

spared even though they have lower failure rates. 

The spares provisioning analysis presented here is essentially an 

exaople of the technique rather than an actual sparing recommendation 

• 
since the spares cooplement given in Chapter IV is valid only for the VICON 

System configuration at Bradley. Installations at other locations or even 

modification to the Bradley System would necessitate a new analysis being 

made. 
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III. SYSTE~ QESCRIPTION 

A. Functional Description 

The VICON System, as installed at Bradley International Airport, consists 

of twenty one (21) lamp clusters located at runway takeoff positions and 

the control and monitoring devices necessary to ensure proper system 

operation. 

As depicted in Figure 3-1, the VICON System can conveniently be 

thought of as consisting of three major component groups: (1) the 

operator control and monitoring equipment located in the control tower; 

(2) the lamp clusters located along the runways; and (3) the interconnecting 

circuits that transfer control and monitor signals between tower and 

lamps supply power to the lamps and provide for automatic lamp shut off 

following aircraft departure. The Bradley installation utilizes ewo 

type of interconnecting circuits: a hard-wire system and a radio-link 

system. Figures 3-2, 3-3, and 3-4 are simplified schematics of the 

operator control and monitoring equipment, the hard-wire interconnecting 

system and the radio-link interconnecting system. Figure 3-5 shows the 

lamp power circuitry. 

Figure 3-2 shows the operation of a typical control and monitor circuit 

used by the controller to operate one of the VICON lamp clusters and to 

verify that operation has occurred. The sequence of events leading to the 

turn-on of a VICON lamp cluster begins with the operation of the run~vay 

activation switch for any of the six runways at Bradley. When actuated, 

the runway activation switch enables all of the departure activation switches 

associated with a particular runway by using contact set "btl to establish 

a ground on the moving element of contact set "a" of each depature activa­

tion switch. Operation of a runway activation switch also transmits 12VDC 

through contact set "a", to illuminate an amber indicator lamp 
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in the runway activation switch to provide a positive 

indication of the runway activated for VICON control. A set of lamps 

contained in the departure activate switches are illuminated to indicate 

the specific departure points along the runway at which VICON clearances 

may be given. A duplicate indicator panel is located in the equipment room 

to provide maintenance personnel with indications of runway and departure 

point status. Note that the 12VDC to the controller's indicators passes 

through contacts of both the control relay and the timer relay while the 

12VDC to the equipment room indicators passes through the control relay 

contacts only. Finally, operation of a runway activation switch places 

a ground (through contact set "c") on a counter that is not a component 

of the VICON system but a part of the test installation at Bradley that is 

being used in the evaluation of VICON. 

To illuminate any VICON Lamp cluster on a runway that has been activated 

for VICON, the controller operates the departure activation switch asso­

ciated with the intended departure point, thereby sending a start signal 

(ground) to one (or two) lamp control circuits through contact set fla" 

(and "c fl ). Contact set fib" switches +24VDC to s tart the timer relay which 

immediately transfers both sets of contacts until the expiration or its 

timing period, when they are returned to the diagrammed position (see Figure 3-2). 

Transfer of timer contact set "a" interrupts the 12VDC 

supply and extinguishes the amber indicator lamp in the departure activation 

switch. Transfer of contact set "b" provides +24VDC to the control relay 

enabling it to respond to the monitor return signal (pu~sating ground) from 

the lamp control circuits. The monitor return circuit supplies a succession 
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of ground pulses, corresponding to the pulsating operation of a lamp cluster, 

which results in the control relay being alternately energized and de-energized. 

.. 
The alternating operation of contact set "a" of the control relay causes 

the green indicator lamp in the associated departure activation switch to 

flash and also causes the yellow and green indicators in the equipment to 

light alternately. When the set time expires, the timer relay returns both 

set of contacts to the position shown in Figure 3-2, de-energizing the control 

relay and re-lighting the amber indicators in the departure activation 

s~tch and in the equipment room. 

The turn-off of a VICON lamp cluster is normally accomplished automatically 

by the lamp control circuitry; however, the controller can exercise manual 

turnoff control by operating the override switch. Contact set "c" opens 

to interrupt ground to the lamp control circuits and turns off all lamp 

clusters. Contact set "a" and "b" interrupt the 24 VDC and 12 VDC lamp 

to darken all indicators as an indication of override operation. 

Figure 3-3 shows the hard-wire control circuit used with all of the 

VICON lamp clus ters ins taIled at Bradley. The "ON" signal from the tower 

is a momentary ground that operates the appropriate auxillary relay (Kl). 

The closing of contact set "E" of Kl establishes a holding circuit to ground 

through the closed contacts of timer (KS) and through normally closed contacts 

of the override switch in the tower. Operation of contact set "A" supplies 

120VAC to the power relay (K7) and the pulser (Ml). Operation of K7, in 

turn, supplies 60VAC/90VAC lamp power to the lamp cluster through the 

monitor relay (K8) coil. Pulser (Ml) alternately opens and closes its 

contacts as long as it is energized. This operation of the pulser alternately 

14
 



energizes and de-energizes the four parallel pulser relays K9A, B, C, D which 

in turn supply a pulsating ground to the lamp cluster causing the lamps to 

flash. This pulsating ground is also fed to the monitor relay (K8) whose 

contacts transmit a pulsating ground on the monitor return line to the tower. 

When the timer (KS) completes its cycle, the contacts open to de-energize 

the auxilIary relay which in turn de-energizes the power relay and the 

pulsar to shut off the lights and the monitor return signal. Shut off can 

also be accomplished by the "off" signal transmitted manually from the tower 

which consists of interrupting the ground to the holding circuit of KI. 

Figure 3-4 shows the lamp control circuit used with the radio link. The 

auxilIary relay (RCKl), power relay (RGK7), timer (RCKS) , pulser (RCMl) and 

monitor relay (RCK8) perform exactly the same functions as in the hard wire 

system. The differences between this system and the hardwire system are: 

(1) turn-on and manual turn-off signals are transmitted via radio rather 

than wire; (2) the pulser controls lamp ground directly instead of through 

a set of relays; (3) the timer (RCK5) can be switched out of the circuit, 

via RCS2, and replaced by the microwave detector which senses aircraft 

passage and opens the ground to RCKI to shut off the lamps; and (4) it contains 

its own power supply. The power supply operation is the same as des­

cribed for the hard wire system in the next paragraph. Note that lamp clusters 

with radio-link control can be switched to hardwire control through RCS3 if 

desired. 

Figure 3-5 shows the lamp power supply associated with the hardwire 

lamp control systems. Note that the intensity switch shown here also 

controls the intensity of the power supplies used with the radio-link control 

svstems. The power supply prOVides either one of two voltages to the lamp 
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clusters in accordance with the lamp intensity required by ambient light 

conditions. When the lamp intensity switch is set to HI, relays PSK2 and PSK3 

have no connection to ground and are therefore de-energized so that relays 

LPSlK4A through LPS7K4A in the seven lamp power supplies are also de-energized 

and the high voltage output of the seven auto transformers 

(LPSlTl through LPS7Tl) are connected to the lamps. lfuen the intensity 

switch is set to LO, relay PSK2 is activated which in turn energizes relays 

LPS1K4A through LPS7K4A to connect the lower voltage output of the auto 

transformers to the lamps. Placing the intensity switch in the Auto position 

de-energizes PSK2 and energizes PSKJ so that photo cell PHI controls relays 

LPSlK4A through LPS7K4A and the voltage to the lamps. 
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B. Physical Descriotion 

Figure 3-6 shows the location of each of the twenty one (21) VICON 

lamp clusters at Bradley International Airport; the arrows at each cluster in­

dicating the take off direction of aircraft controlled by the cluster. 

Clusters 18, 19, 20 and 21 have both radio link and hardwire control cir­

cuits while all others have only the hardwire control. 

Each of the VICON locations has a cluster of three lamps,(see Figure 3-7), 

o 0
with one lamp parallel to the runway edge at 0 elevation, one lamp at 30 

to the runway edge and 60 elevation and one lamp at 600 to the runway edge 

and 12
0 

elevation. 

The lamp control circuits, power supplies and radio equipment associated 

with locations 18, 19, 20 and 21 are mounted in weather proof cabinets 

adjacent to the runways near the lamp sites, with the photo 

cell that controls lamp intensity situated atop the lamp control enclosure. 

The microwave detector units (Figure 3-6), associated with location 18, 19, 

20 and 21, are situated on either side of the runway so that during takeoff 

the aircraft will pass between the detectors. 

The components of the hardwire lamp control circuitry are mounted in 

five (5) cabinets all housed within a single building, located at the site 

identified as ASR on Figure 3-6. Like components are mounted together in the 

same cabinet with all auxilIary relays in one cabinet, all timer relays 

in another cabinet, the power relays together in the third cabinet, the 

monitor relays, pulsar and pulsar relays occupying the fourth cabinet and 

all power supply components residing in the fifth cabinet. 
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Figures 3-8 and 3-9 shows the controller's panel containing the 

override switch, the runway activation, and the departure activation 

switches and their built-in monitor lights. The panel shown in Figure 3-8 

with the switch/indicators arranged in the same pattern as the lamp clusters 

on the runl.ays, is called the mimic panel. The matrix panel (Figure 3-9) 

in which the various switches/indicators are arranged in rows, will also 

be employed during the test program. The matrix panel conserves space and may 

be practical for complex runway patterns, such as would be present at 

Chicago O'Hare. The two panels are functionally identical. The associated 

control relays and timer relays are mounted in a cabinet located in the 

tower equipment room. This cabinet also contains duplicate runway and 

lamp cluster status indicators. The master radio unit used to control and 

monitor lamp clusters 18, 19, 20 and 21 and the data acquisition and re­

cording equipment are also located in the tawer equipment room. The data 

acquisition and recording equipment are not part of basic VICON system 

being evaluated. 
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Figure 3-8. Mimic Type VICON Control Panel With Switch Identification 

21 



N
 
N
 

Figure 3-9. Matrix Type VICON Control Panel With Switch Identification 



IV. AJ.\lAL YS15 

A. Fault Tree ~ethodology 

1. General Description 

a. Introduction. Fault Tree Analysis (FTA) is a particula~ 

application of formalized deductive logic for safety systems which depicts 

the inter-relationship of component states or their combinations that can 

result in the occurrence of a specified undesired system state defined as 

the top event of the Fault Tree. The Fault Tree considers only those 

component states that might contribute to the system failure, as opposed 

to a system reliability (availability) model which considers every 

component state in the system. Consequently, for a complex system, the 

Fault Tree often provides a simpler and more efficient means of determining 

system reliability or availability than the use of the totally descriptive 

system model. 

b. Fault Tree Construction. Construction of a Fault Tree begins 

with the definition of the top (undesired) event of the tree. The events 

which constitute direct causes of the top undesired event are shown in a 

manner displaying their logical relation to this undesired event. The 

causes of the second tier events are in turn shown logically related to 

each of the second tier events. This process is continued until a set of 

sequences of events are developed linking the top event to each of the basic 

causes of interest or basic events that appear at the bottom of the Fault 

Tree, typically the failure of a component such as a capacitor, relay or 

transis tor. 
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Since the elements of a Fault Tree are the same for all types or 

events and systems being analyzed, a standard set of symbols may be used 

to represent such events and operations. The symbols used in this report 

are those most commonly in use today and include the rectangle, the 

diamond, the circle, and the triangle, together with the logic symbols 

for AND and OR gates. 

The rectangle defines an event that is the output of a logic gate 

and is dependent on both the inputs to the gate and the type of the gate. 

The circle represents an event considered basic to a given Fault 

Tree and is used here to represent inherent failures of system elements. 

The diamond is used to represent an event, other than the failure of an 

elementary component, which is purposely not developed further; and will 

always indicate the limit of resolution of a given Fault Tree. Hence, 

either a circle or a diamond will be the final symbol in any branch of a 

Fault Tree. 

The triangle, with an identifying letter or number, is used as a 

transfer symbol to avoid repeating sections of the tree. The Transfer­

Out symbol represents all of the sequences appearing between the symbol 

and the bottom of the tree on the page where the symbol appears and 

indicates that these sequences form a part of another tree appearing on 

a different page. The Transfer-In symbol indicates that a branch appear­

ing on another page is connected at the point of the symbol. The Transfer­

In symbol includes the page location of the referenced branch. 
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Logic symbols (AND and OR) are used to depict the dependence 

of an event on the occurrence of one or more other events. The AND 

gate symbol is used to portray the situation in which the output event 

will occur only when all of the input events co-exist while the OR gate 

symbol represents the case in which the output event will occur if anyone 

or more of the input events occur. 

c. Quantitative Fault Tree Evaluation. Evaluation, as used 

here, refers only to the calculation of the probability of occurrance of 

the top event of the tree although Fault Trees may also be evaluated 

qualitatively to determine sets of basic events that will cause the top 

event to occur. 

Fault Tree evaluation is performed in three steps: (1) reduction of 

the tree to a form free of dependencies, (2) assignment of probabilities 

of occurrance to each of the basic events at the bottom of the tree, and 

(3) combination of the probabilities upward according to the logic of the 

tree to produce the probability of the top event. 

The reduction of dependencies essentially consists of the repeated 

application of the following rules of Boolean Algebra: 

A + A = A (input event A OR input event A is equivalent to
 
output event A)
 

A	 . A = A (input event A AND input event A is equivalent to 
output event A) 

A + 1 1 (input event A OR input One is equivalent to output2 

One) 

A + A . B = A(l + B) 

A (input event A OR input event A AND input event B 
is equivalent to output event A). 
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These rules are used to eliminate repeated events that occur in 

various branches of the Fault Tree so that when numerical probabilities 

are assigned, the probability of any single, independent, event is used 

only once in the system/equipment analysis. Reduction of the Fault Tree 

can also be accomplished by the method of minimal cut sets, a technique 

typically used in qualitative tree analysis. 

Probabilities are combined across gates according to two simple 

rul~: 

• The probability of the output event of an AND gate is the 

product of the probabilities of the input events. 

• The probability of the output event of an OR gate is the 

sum of the probabilities of the input events. 

It should be noted that while the computational method for AND 

gates is exact, the method given for OR gates is an approximation 

whose accuracy depends on both the value of the input probabilities 

and the number of inputs to the gate. Accuracy decreases with increasing 

input probabilities and with increasing number of inputs; however, the 

input failure probabilities typically encountered in any reasonably reliable 

equipments are sufficiently small so that nearly unrestricted use may be 

made of this approximation without unreasonable error. 

These computational rules are derived from basic theorems of probability 

covering the probability of independent events and the probability of the 

union of events. These theorems apply to any number of events but are 

best illustrated by considering the case of two events or two inputs to a 

given gate. 

An AND gate symbolizes the situation in which all input events must 

co-exist for the output event to occur so that in the tree 
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Output Event A 

AND
 

Input Event 

event A will occur if and only if events Band e occur simultaneously. 

Probability theory states that the probability of 

both occurring is the product of their individual 

if Band C are independent and 

two independent events 

probabilities so that 

and 

PCB) = .05 

then 

P(C) 

peA) 

= .03 

= PCB) . 

2 .0015 

pee) 

An OR gate symbolizes the situation in which one or more input 

events must exist for the output event to occur so that in ~1is tree 

A Output Event 

Input Event 
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event A will occur if event B occurs or ~~~~t C occurs or both events 

Band C Occur; i.e., event A is the unic~ ~7 events Band C. Another 

well kno',m theorem of probabil ity states ~":=t tohe probabil ity of the 

union of two events is the sum of the i=r::=.bil iti es of each of the 

individual events minus the probability t::~t both events occur. If 

the triO e'lents are independent then the ;:!'o:ability that both occur 

is the product of their individual probabilities of occurrence, or 

peA)	 = PCB) + P(c) - P(B)P(C) 

= .05 + .03 - (.05)(.03) 

= .0785 

It can be shown that this formula extends to any number of input 

events so that for three independent input events 

peA) = PCB) + P(C) + P(D) - P(B)P(C) - P(B)P(D) - P(c)P(D) 

+ P(B)P(C)P(O)
 

and for four events
 

peA}	 = P(B)+P(C)+P(O)+P(E) - P(B)P(C) - P(B)P(D} 

- P(B}P(E) - P(C)P(D) - P(C)P(E} - P(D}P(E) 
• 

+ P(B}P(C)P(O) + P(B)P(C)P(E) + P(B)P(D)P(E) 

+ P(C)P(D)P(E) - P(B)P(C)P(D)P(E) 

Clearly, use of the exact formula with a large number of input 

events results in a lengthy and tedious calculation that is quite 

subject to error. It is far more convenient to use the approximation 

stated previously. i.e., the probability
# 

of the output event of an OR 

gate is the sum of the probabilities of the input events. The error in 

this approximation depends on both the number of inputs and the value 

of the input probabilities. For example, "dth the two inout case, illustrated 
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there is a 5% error in P(A) when P(B) ~ p(C) = .1 and 1/2% error if 

o P(B) = P(C) ~ .01. If. however. the input probabilities are all equal 

at .01. the error is 1/2% for two inputs. 1% for three inputs, and 1.5% 
f 

for four inputs. While no absolute statements can be made concerning 

the accuracy of this approximation, past experience has shown errors of 

1% or less can be expected in the Fault Trees of typical complex systems of 

eletronic components. Maintenance of a reasonable error level in using t~is 

approximation is aided by the fact that in the typical Fault Tree the 

larger numbers of inputs to an OR gate occur near the bottom of the tree 

which in turn implies lower values of input probabilities. 

It must be noted that the computational forms given here for combining 

probabilities across both AND and OR gates require all input events to be 

mutually independent. The structure of the Fault Tree will often conceal 

dependencies, particularly if the tree ;s analyzed a branch at a time. making 

it imperative that a Boolean reduction be routinely made the first step of 

e~ery Fault Tree analysis. For example, in the tree 

A 

MD
 

cB 
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consideration of each gate separately does not reveal any dependencies; 

i.e., the inputs to the AND gate are Band C, the inputs to one OR gate 

are D and E. and the inputs to the other OR gate are 0 and F; however • 
• 

looking at the tree as a whole. the inputs to the AND gate are not 

independent since both ultimately contain the event D. Application of 

the algorithms for combining probabilities across gates yields: 

P(A) = P(B) • P(C)
 

PCB} = P(D) + peE)
 

P(C} = P(D) + P(F)
 

hence 

peA) = [P(D) + P (E)] [P(D) + P(F)] 

which if
 

P(D) = .02
 

peE) = .03
 

P(F) = .01
 

results in
 

peA) = .0015
 

If, however. a Boolean reduction of the tree ;s performed. the resultant 

tree has the form 

Output Event
A 

,. 

AND 

Input
Events 
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which contains no dependencies. Hence the correct value of the prob­

ability of event A is 

P{A) = P(D) + P(E) P(F) 

= .0203 

The 93% error obtained in this example by combining probabilities 

involving dependent events makes clear the irnportan~e of reducing 

the tree before performing these calculations. 

,. 
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2. Application to VICON 

a. Tree Construction. The application of Fault Tree 

.\nalysis to the determination of the reliability of the VICON System 

begins with the construction of a Fault Tree that is based on the defini­

tions of system failure and runway failure given in Section II. A. 

Construction is begun by stating the basic undesired event at the 

top of the tree, i_e., the VICON system is unavailable for use. From the 

definition of system failure and the runway configuration at Bradley (see 

Figure 3-6) it can be seen that the VICON system is failed if any of the 

following twelve paira of ~ays are simultaneously failed: (1, 6), (1 & 15), 

(1 & 24), (1 & 33), (6, l5), (6, 19), (6,33), (15,19), (15,24), (19, 24), 

(19,33) and (24, 33). Thia ia r~flected in the Fault Tree (see Appendix B, Figure 1) 

by having a twelve input OR iate to represent system failure, each input 

in turn beini an AND iat. who~e two inputs correspond to one of the noted 

runway pairs. The gate& involved are the OR gate TOP and the 

AND gates G-3 through G-14. Gates G-l andG-2 are dummy gates necessary 

to the proper operation of the computer program used in plotting the fault 

trees, they are not related to any element of the VICON system and have 

no effect on the analysi5. The other inputs to gate TOP (Cl and C2) occupy 

their poaitiona in the trae .s a result of preliminary analysis rather 

than as a result of basic tree construction principles; hence, they will 

be discussed in subsequent paragraphs of this section. 

Development of the next level of the Fault Tree follows directly from 

the departure point utilization statistics for Bradley. For example, in 

the case of runway 06, the runway is failed when any two of the four lamp 
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clusters (2, 4, 5, and 19) are out of service, since these 

failures constitute a 50% loss in total lamp clusters. This is shown 

in the Fault Tree by OR gate 26 and AND gates 27 through 32. Runway 06 is also 

failed whenever cluster 19 alone is failed since this cluster will handle 

93% of the departures from runway 06. This situation is represented in the 

tree by showing gate 26 and loss of cluster 19 in an OR combination (gate 25). 

The lamp cluster failure combinations needed to produce a runway failure 

are determined in a similar fashion for each of the other five runways. 

Development of the tree is completed by analyzing the system and 

diagramming all the possible causes for the failure of each of the 21 

lamp clusters. Taking cluster 10 as an example, this cluster will fail 

wpenever any of the three major elements shown in Figure 3-1 fail; i.e., 

the lamp cluster itself, the control and monitoring equipment and the 

interconnecting circuitry. This is represented on the lamp cluster fault 

tree (Figure 11 in Appendix B) by shOWing the lamp cluster (G-56), the tower-monitor 

circuit (G-250) and the control circuit (G-195) connected by an OR gate 

(C-55) at the top of the lamp cluster tree. G-145, G-184 and G-202 are 

also connected to the top of the tree even though these items are shown in 

Figures 3-1 through 3-5 as a part of the lamp control circuit. These items are 

shown separately since they are common to all lamp clusters; i.e., there is 

only one intensity selector, one pulser and one 48 VDC supply for the 

entire VICON system; the remaining items in Figure 11 are related only to 

lamp cluster 10. This separation of common and unique items in the lamp 

cluster 10 tree is made in the interest of computer utilization efficiency. 

The separation permits calculation involving the common items to made once 

and included in all lamp cluster trees by reference rather than repeating 

these computations twenty-one lines. 
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Continuing through the tree, component relationships shown by 

Figures 3-2, 3-3, 3-4 and 3-5 are translated into the failure logic of the tree. 

In the simplest case, the lamp cluster (G-S6) fails whenever anyone of 

the three series filament lamps fails. Even in the legs of the tree 

containing larger numbers of components, the failure relationship is 

essentially that of a lamp cluster failing whenever any associated 

component fails. The only major exceptions is in the lamp intensity 

circuit where AND gates G-147, G-148 and G-l49 are used to reflect the 

fact that intensity is lost only if both manual and auto intensity control 

are failed simultaneously. 

This fault tree development procedure is followed for every branch 

of the tree until each branch ends at the component level at which repair is 

normally made. as dictated by the maintenance policy established for the 

Bradley installation. This results in a wide variation in the complexity 

of the components found at the ends of the various branches. For example, 

the branch from G-707 terminates in simple items (fuses) which cannot be 

further subdivided and in complex items (power supply) which could be 

broken down further if the repair philosophy of VICON required power supply 

repair instead of replacement. 

When all branches of the tree had been carried to the level at which 

repair is accomplished, the fault tree design was complete. 
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b.	 Analysis 

The analysis of the VICON fault tree was conducted in three steps: 

(1) a preliminary manual analysis, (2) a computerized qualitative analysis 

and (3) a computerized quantitative analysis. The preliminary analysis was 

performed solely for the purpose of expiditing the computerized analyses and 

the computerized plotting of the trees. The qualitative analysis was con­

ducted to assess the relative impacts of the failures of various components 

on total syst~ performance. The results of this analysis were used to locate 

weaknesses in the design configuration, determine the need for reduncancy and 

identify critical components for use in the spare parts stock level analysis. 

The quantitative analysis consisted of a numerical assessment of the reliability 

(or	 availability) of the VICON syst~. 

(1) Preliminary Analysis -- The preliminary analysis consists of a 

manual inspection of the initial fault tree construction to identify those 

components, if any, that are common to all branches of the tree. These 

common components are deleted from all branches and replaced by a single 

entry to the top gate of the tree. (The two power supplies shown at the 

top of Figure 1 of Appendix B are such components in the VICON system) . 

This rearrangement drastically reduces the number of steps in the computerized 

analysis. Note that the preliminary analysis need not be exhaustive, the 

computerized analysis will function without any preliminary analysis. 

(2) Qualitative Analysis -- The qualitative analysis consisted of the 

reduction of the fault tree to its minimal cut sets. 

A cut set of a fault tree is defined as any set of elementary events 

whose occurance cause the top event to occur. In terms of the VICON system 

a cut set is any component or collection of components whose failure causes 
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the system to fail. A cut set is minimal, if it cannot be reduced and still 

insure the occurance of the top event. As an illustration of cut sets and 

minimal cut sets consider the following fault tree. 

TOP
 

The cut sets of this tree are (D), (D, E), (D. F), (D, E, F), (E, F). 

The minimal cut sets are: (d),(E,F). Cut sets (D,E), (D, F),· (D, E, F), are 

not minimal since they can be reduced; i.e., element E, removed from (D, E), 

element F from (D, F) and E and F from (D, E, F) and the top event will 

still occur. 
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The toal number of cut sets for a fault tree the size of the VICON 

tree may well number in the hundreds of thousands making it impossible to 

determine them by manual inspection and impractical to find all of the cut 

sets even with a large digital computer. It is not, however, necessary to 

find all of the cut sets of a fault tree to determine the system reliability 

or to analyze the system for design changes to improve reliability. The 

number of cut sets required for the calculation of system reliability depends 

on both system configuration and component type and application; this will be 

discussed in the section on quantitative analysis. For qualitative analysis, 

cut sets are enumerated according to size beginning with sets of size one, 

and continuing until the analyst has sufficient information to determine the 

impact on system reliability. The number of classes of cut sets thac must 

be obtained varies with the parameters of the system and must be established 

by the analyst for each system. 

Determination of all cut sets of size one and size two is sufficient for the 

qualitative analysis of the VICON ~ystem. Reference to Table I in Appendix A 

shows that the VICON Fault Tree reduces to 11 cut sets of size one and 6432 

cut sets of size two. The existence of cut sets of size one means that there 

are components in the VICON system whose failure, with all other components 

operating, will cause the entire VICON system to be inoperative. The number 

of these components, eleven, is small enough to permit consideration to be 

given to redesign in each of these eleven areas. The 6432 cuts sets of size 

two represent situations in which two components must fail simultaneously for 

system failure to occur, and should therefore be considered satisfactory. 

Furthermore, consideration of 6432 areas for design change is not a modifi­

cation but a complete redesign. Hence, the qualitative analysis for VICON 

is limited to cut sets of size one. 
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Each of the cut sets of size one was reviewed to determine the 

hardware relationships that cause system failure to result from a failure 

of single component and to aSSess the feasibility of a design change to 

eliminate the dependence of the system on a single component. 

Components Al-48V. Tl-48V, 48V X 1. 48V X 2. 48VFl and 48VF2 

are all part of the 48VDC supply used for the relays of the hardwire control 

system; they are respectively the power supply, an external input transformer 

for the power supply, the input circuit breakers for the power supply and the 

output fuses for the power supply. Failure of anyone of these components 

will cause loss of the hardwire control relays in all twenty-one lamp circuits. 

Lamp clusters I8. 19. 20. and 21 will operate. via radio-link only, with the 

48VDC supply failed; however. under the definitions of runway and system failure 

being used. the system would be considered failed. The simplest and most cost 

effective method of improving system reliability in this area is to add another 

complete set of those six components to create two parallel 48VDC supply systems. 

Items Cl and C2 are also power supplies. Cl being the lamp/indicator 

supply for the tower monitor circuits while C2 is the 24VDC supply for the 

relays in the tower monitor circuit. Loss of Cl will cause the loss of all 

indicator lamps making it impossible for the controller to verify system opera­

tion and resulting in a system failure. Loss of C2 will make the control and 

timer relays inoperative in the tower control circuitry for all twenty-one 

lamp clusters. also a system failure. As in the case of the 48VDC supply, it is 

recommended that dual redundant systems be used for both lamp/indicator and 

relay supplys. 

Ml is the pulser which is used to apply pulsating ground to the 

lamp clusters in order that the lamps flash when operating; however. since 

all lamp grounds in the hardwire control system are controlled by the same 
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pulser, loss of Ml makes all twenty-one hardwire control circuits inoperative. 

The four lamps with radio-link will remain functional on radio-link only, but 

the system is by definition failed. 

In order to eliminate the total system dependence on a single pulser, 

it is recommended that the system be modified to use a separate pulser in the 

ground circuit of each lamp cluster, or if it is desired to keep the hardwire 

and radio-link controls as independent as possible, two pulsers will be 

necessary for each lamp having dual control. If individual pulsers are used 

for each lamp cluster, the three pulser relays now used to divide the current 

load are no longer necessary and should be eliminated. 

The intensity selector switch, 829, controls the intensity of every 

lamp cluster on the field, hence failure of this switch will effect the oper­

ation of all clusters; the effect depending on the failure mode of the switch. 

The switch can fail in five modes; (1) maintain lamps at high intensity regard­

less of desired operation (2) maintain lamps at low intensity, (3) preclude lamps 

being operated at low intensity, (4) preclude automatic intensity selection 

and (5) preclude manual intensity selection. Hence, while switch failure 

will effect all lamp clusters, failure will occur only if ambient light 

conditions exist which require a particular lamp intensity for VICON 

operations, a situation which has not yet been evaluated. It is therefQre 

recommended that no change be made in this area. 

The override switch, 827, is used by the controller to cancel any 

or all of the VICON lamp clusters that are operating. The effects of the 

failure of this switch on system operation depend on the mode of the failure. 

If the switch fails so as to lose electrical continuity or mechanically so 

that once operated it will not return to the normal position, the holding 
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circuit ground will be lost (hardwire and radio-link) to all lamp clusters 

and the system will be totally inoperative. If, however, the switch fails 

mechanically so that it cannot be operated, the controller loses the over­

ride control function and any VICON lamp cluster that has been turned on 

will remain illuminated until shut off by either the timer or the microwave 

detector. The later failure mode could lead to an aircraft receiving an 

unintended VICON clea~ance; however, for this to occur the controller must 

make an error in granting a clearance at the same time that this failure mode 

exists. For this situation to result in an unintended take off, the pilot 

in command of the aircraft must also commit an error and take off without 

voice clearance. 

Circuit modification can be made in this area to reduce the prob­

ability of one failure mode or the other, but not both. If it is desired to 

reduce the probability that an open switch will make all lamp clusters inoper­

ative the single override switch should be replaced by individual override 

switches for each runway. This modification would have two draw backs: 

(1) it will add slightly to operator inconvenience and (2) it will increase 

the probability of the granting of an unintended VICON clearance due to 

switch failure. On the other hand, if it is desired to reduce the 

probability of an unintended VICON clearance, the single override switch 

should be replaced by two such switches in series providing for both 

an override and an emergency override function. 

It is impossible to make a complete assessment of this situation 

on the basis of qualitative analysis alone and data are not available on 

the probabilities of human error making a quantitative analysis of the 

situation impossible. It is suggested, however, that since two simultaneous 

failures (one component, one human error) are needed to cause an unintended 
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clearance and an additional human error needed for unintended take off, 

the failure closed mode of the switch can be ignored. Hence, it is rec­

ommended that the decision to use one or six override switches be based 

on the operator convenience factor; the single switch being retained 

the use of six switches presents an unacceptable degradation in convenient 

operation. 

There is one additional design change to be considered that results 

from engineering analysis rather than analysis of the fault tree. The flash­

ing of the monitor lights that indicate lamp cluster operation to the controller 

are controlled by a different shut-off timer than the one that controls the 

flashing of the VICON lamps themselves. It is recommended that the same device 

be used to control both the lamp cluster and the tower indicator to preclude 

the possibility of an erroneous indication resulting either from component 

failure or human error in setting the times. 
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(3) Quantitative Analvsis - The quantitative analysis of the VICON 

fault tree serves to: (1) obtain a numerical measure of overall system 

ability to perform its intended function, and (2) provide a numerical 

assessment of the impact on system performance of each of the design 

changes recommended in the qualitative analysis section. 

As the first step in computing a numerical index of VICON system 

performance it is necessary to define an appropriate system level measure 

that is related to determinable component characteristics. It can be 

noted from the definition of runway failure that the key to VICON per­

formance is the state (functioning or non-functioning) of one or more 

lamp clusters at the time these clusters are called upon for use. It 

is immaterial in terms of this definition when a lamp cluster entered 

the state (functioning or non-functioning) in which it is found when it 

is asked to operate. In other words, a non-functioning lamp cluster 

counts equally in assessing runway (and system) failure whether the 

cluster failed days, hours, or moments before an attempt to use the lamps. 

Conversely, the cluster counts equally as a success whether it has never 

failed since installation or whether it was repaired only moments before 

an attempt to use it to grant a VICON clearance. This characteristic is 

known technically as Availability and is formally defined as; The prob­

ability that a device 1s in an operable and committable state at anv 

instant in time when it is desired to use the device. Availability can 

be assessed at any device level; system, equipment or individual component 

and is related to the device characteristics of reliability and maintain­

ability through the expression 
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MTBF 
A (1)
 

MTBF + MTTR
 

where 

A • Availability
 

MTBF ~ mean time between failures, a measure of device reliability
 

MTTR • mean time to repair, a measure of device maintainability
 

From this equation it can be seen that availability measures the proportion 

of total time during which the VICON system is capable of operation, takin~ 

into account both the frequency of failure (MTBF) and the speed with which 

a failed item can be restored (MTTR). The importance of using Availability 

as the measure of performance for any repairable item rather than Reliability, 

defined as the probability of no failure in a given time, can be seen by 

comparing the Availability and Reliability values for a single component of 

the VICON system, one of the lamps. The manufacture of these lamps quotes 

their MTBF to be 1000 hours and the MTTR has been estimated to be 1 hour. 

Lamp reliability is determined from 

R.e-(~)t 
where 

R • Reliability 

8 '" MTBF 

e '"' 2.7183 

t = time in hours 

(This equation assumes exponentially distributed failure times, the 

customary assumption in the case of electronic/electrical devices). Using 

time periods of one day, one month and six months: 
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R day ~ 0.9763
1
 

R month 0.4868

1
 

R month 0.0133

6 

L~p availability is, however: 

1000A 0.9990 

1000 + 1 

regardless of the length of time the l~p has been operational. 

VICON System Availability is determined by using the logic of the 

fault tree to combine the unavailabilities of the individual components 

into a system unavailability figure whose complement is the desired numer­

ical value. 

Unavailabilities are determined for each component of the VICON System 

as the complements of values calculated by equation (1) using MTBF and MTTR 

values obtained from various sources. Component MTBF values were obtained 

from the supplies of the components when possible or from published tables 

of generic failure rate (the reciprocal of MTBF) such as MIL-HDBK-2l7. Vendor 

data. are considered to be superior when available as they are more likely to 

reflect current state of the art than information published in handbooks having 

lengthy revision cycles. The failure rates in MIL-HDBK-2l7 do offer the 

advantage of being quite conservative so that their use involves no danger 

of over estimating the VICON System's capabilities. Component MTTR values 

were determined from estimates made by personnel experienced in maintaining 

the VICON System at Bradley and the predecessor system at NAfEC. 

This method is considered superior to the handbooks values since MTTR is so 

highly dependent on system configuration~ that handbook values are crude 

approximation at best. Table 4-1 lists the major components of the VICON 

System with their failure rates and MTTR values together with the source of 
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COMPONENT
 

Tmr-Microwave Switch 

300-33086 Microwave Detector 

91760-002 ~~ster Transceiver 

91760-002 Remote Transceiver 

20-20 Runway Act. Switch 

20-20 Override Switch 

+> 20-20 Departure Act. Switch 
U1 

156-146100 Twr Control Relay 

a43-01a Twr Timer Relay 

IN 3613 Diode 

Rem-pri Sel Switch 

Rem-pri Act Switch 

62631> 0-20 Volt Pwr Sllpp. 

62024e 24 volt Pwr Supp.
 

AIJ-5894 48 Volt Pwr Supp.
 

No.
 
Used
 

4
 

4
 

I 1
 

4
 

6
 

1
 

20
 

20
 

20
 

59
 

2
 

2
 

1
 

1
 

1
 

TAIlLE 4-1 

SOURCES OF FAILURE 

Repair Rate 
(Repair/Hour) 

0.67 

0.40 

I 1.00 

0.67 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

1.00 

1.00 

1.00 

RATES 

Failure Ratg 
(Fa! lures/l0 Hr) 

0.011 

50.290 

I 46.474 

~6.474 

66.670 

66.670 

66.670 

0.300 

0.790 

0.036 

0.670 

0.011 

21.097 

I 7.358
 

I 43.45
 

Source of Failure Rates 

Mil-lIDBK-217C 

Omni-Spectro
 
(Manufacturer)
 

I Computed Based on MIL­
lIDBK-2176 

II
 

Manufacturer's Spec. 

II
 

II
 

NlL-HDBK-217C 

I II
 

II
 

II
 

II
 

I Hewlett-Packard 
(Manuf ac tu rer) 

I II
 

I NAVSIIIPS 9382
 



TABLE 4-1
 

SOURCES OF FAILURE RATES
 

No. Repair Rate Failure Rate
COMPONENT Used (Repai r /H r) (Failures/106\1r) Source of Failure Rates 

q6-6-PAH-562 
i{unway Lamp 

IUJI-IIDHE SEL. SWITCH 

Intensity SEI, SWITCII 

HR 5498-48VDC 
Auto ewtl Relay 

MV 5498-48VDC 
Lon CnL: I Relay 

KR 5498-4SVDC Relay 
+­
0"1 l'btb-365 

.5 mfd Capac itor 

At-IS Master (ASR) 
I'hotocel 

At-IS Remote Photocel 

100 w., 2 watt resistor 

Kaa 20 Lamp P-S Fuse 

Kaa 20 remote lamp fuse 

IHO(;2 Lamp P-S Variac 

63 

4 

1 

1 

1 

23 

25 

1 

"
 
25 

7 

4 

7 

1.00 

0.67 

0.30 

0.67 

0.67 

0.67 

0.67 

0.67 

0.50 

0.67 

1.33 

1.33 

0.67 

GE (manufacturer)1,000 

9.011 MIL-HDBK-217C 

0.670 " 

HrL-HOBK-2l7C0.300 

II0.300 

0.300 " 

0.031 " 

Vitro Labs Reliability & 
Availability Analysis 
for solid state system 
sequence. SepL:ember ] 977 

0.031 

0.031 

tlIL-IIDBK-2l7C0.016 

0.100 " 

0.100 " 

0.106 " 



COMPONENT 

PIWllayo hi-lo sel relay 

PKDllayo power relay 

PIWllayo remote power relay 

PIWllayo remate hi-lo relay 

PKOllayo pulsar power relay 

l060ieelb ~~ster (ASR Pulsar 

l060ieelb Remote Pulsar 

~lov-130V Sllrpress 
~ 
--l 

Cub5l-70l20 timer relay 

Cub5l-70120 renote timer relay 

112 XAX ]195 Monitor Relay 

Fllsetron 2a for 48 Volt ruse 

48 Colt P-S Transformer 

Kupllal5-]20V Remote Aux, Relay 

112 xax 595 Rem. monitor relay 

l.JtlgL I{emote Variac 

Remote Power Switch 

48 PS Volt Circuit breaker 

TAULE 4-1 

SOURCES OF FAILURE RATES 

No. Repair Rate Failure Rate 
Used (Repair/Hour) (Failure/l06 Hr) 

7 

21 

4 

4 

4 

1 

4 

46 

21 

4 

21 

2 

1 

4 

4 

4 

4 

2 

0.67 

0.67 

0.50 

0.50 

0.67 

0.67 

0.50 

0.67 

0.50 

0.50 

0.67 

0.67 

0.67 

0.50 

0.50 

0.67 

0.67 

0.67 

1.000 

1.000 

1.000 I 

1.000 I 

1.000 I 

0.300 I 

0.300 I 

0.720 I 

0.790 I 

0.790 I 

0.300 I 

0.100 I 

0.053 I 

0.300 I 

0.300 I 

0.106 I 

o.on I 

2.000 I 

Source of Failure Rates 

HIL-HDBK-2l7C 

" 

" 

II 

" 

"
 

"
 

" 

"
 

"
 

"
 

"
 

"
 

"
 

"
 

" 

" 

" 



the failure rates. It should be noted that wire and cable are not included 

in this list. It is recognized that these items do fail; however, true 

random failures of these items are so rare as to be marked by failures orig­

inating from lot peculiar quality problems, human errors by installation and 

maintenance personnel and acts of nature. Any estimate of failure rates for 

wire and cable will therefore be representative of a particular production lot 

and a particular installation not of wire and cable behavior in general. The 

impact of neglecting wire and cable in the calculation of VICON System avail ­

ability will be negligible provided wire and cable were thoroughly inspected 

prior to installation and properly tested following installation. 

Once component unavailabilities have been determined, system unavail ­

ability is obtained by using the co~binatorial rules given in Section A.I of 

this chapter (multiplication of AND gate inputs and addition of OR gate 

inputs) in the reduced tree described by the minimal cut sets. From the 

definition of minimal cut sets. it can be seen that a fault tree constructed 

of all the minimal cut sets is equivalent in logic to the original tree and 

is also free of dependencies thereby allowing use of the computational rules 

of Section A-I of this Chapter. The equivalent cut set tree is constructed 

by taking the OR combination of all cut sets. where cut sets of more than one 

component are represented by the .~~ combination of all components in the set. 

Consequently. the system unavailabiltty value is obtained by summing the unavail ­

abilities across all cut sets, the cut set unavailabilities haVing first 

been found as the product of the unavailabilities of their components. The 

figures across any line of appendix A represent; in the first column, the 

cumulative unavailability due to all cut sets appearing from the top of the 

table through the indicated line; in the second column, the unavailability of 

the cut set on the indicated line; and in the remaining columns, the unavail ­
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abilities of each component in the cut set on that line. The final number 

in the first column or figures (0.0005364569) is the system value and corr­

esponds to a system availability of 99.94%. 

It should be remembered that the numerical value of VICON System avail ­

ability reported here is based on the particular installation at Bradley 

International Airport and on the definition of system failure given in 

Chapter 3, which is in turn based on a primary mission of data collection 

rather than aircraft control. Since the system failure definition used is 

also reasonable when referred to the aircraft control mission, the 99.94% 

availability figure obtained may also be considered valid for an operational 

system installed at Bradley. Availability as a measure o~ VICON System 

performance does not, however, give any consideration to the situation of 

inadvertent granting of a VICON clearance. Final analysis of any operational 

VICON System should include an assessment of the inadvertent clearance situation. 

It can be seen from ~ppendix A that the 11 cut sets of size one contribute 

approximately 25% of the total system unavailability with the remaining 75i. 

of the unavailability being associated with the 6432 cut sets of 

size two. It is therefore reasonable to concentrate on those hardware items 

associated with the size one cut sets in any effort to improve system avail ­

ability through design change. The results of the qualitative analysis 

reported in the preceding section have in fact recommended design changes 

associated with 10 of the 11 size one cut sets. To assess the impact of 

these recommendations, the changes are considered in three groups: (1) use 

of dual redundant power supplies instead of single units now used, (2) redundant 

power supplies plus change to indiVidual pulsers for each lamp cluster and 

(3) both changes (1) and (2) together with use of indiVidual override switches 

ror ~ach runwav. To determine the numerical impact of change (1) it is only 

necessarv to note that this change will reduce the unavailability contribution 
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of each power supply component to one-half its present value; subtracting 

one-half of the unavailability contribution of the eight power supply items 

raises system availability forms its present value of 99.94% to 99.95%. The 

added effect of the recommended pulser change can be approximated by noting 

that with the change the pulser will no longer appear as a cut set of size 

one but as cut sets of size two corresponding to all possible combinations 

of pulser failures with each of 12 other components over each of 12 possible 

runways pairs or 144 cut sets of size two. This will result in an increase 

in system availability to at least 99.97%, (approximated using combination 

of pulser and highest failure rate component). Finally the override switch 

modification will have the same general effect as the pulser modification 

and will increase system availability to at least 99.99%. Care must be taken 

in interpreting these figures since what appears to be only a modest improve­

ment in system availability <99.94% to 99.99%) is actually the result of an 

83% reduction in the current system unavailability, a sufficiently significant 

achievement to verify the importance of the recommended design changes. 

The reliability of the VICON System is not a basic factor in assessing 

the performance of the Bradley installation in collecting assessment data; 

however, the reliability associated with the granting of an individual VICON 

clearance is of interest with regard to assessing the validity of the data 

collected at Bradley and in forecasting the ability of an operational VICON 

System to provide clear, unambiguous information to departing aircraft. 

Using the failure rates given in Table 4-1, the total failure rate for 

those items necessary to the operation of any single lamp cluster is 3477.17 X 

10-6 failures per hour. Assuming that the average VICON clearance operation 

requires 20 seconds, the probability of no failure occuring while the clearance 

is in process is 99.998%. Hence, it can be expected that one failure will 
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occur in every 50,000 clearances. 

The Bradley installation contains two cases of competing design concepts 

in simultaneous operation for test purposes; timer vs. microwave detector for 

system shutoff and hardwire vs. radio link for the interconnecting circuit 

between operator controls and lamp clusters. 

Reliability comparisons for each pair of competing concepts prOVide 

one basis for selecting the concepts to be preferred in an o~erational VICON 

system. 

Comparison of the timer vs. microwave detector is made simply on a 

component basis while comparison of the hardwire vs. radio link systems is made 

on the basis of the aggregate of all components needed for the operation of any 

one single lamp cluster. 

The reliability of the timer over a period of 20 seconds is 99.9999996% 

while that of the microwave detector is 99.9999721%. Hence, in terms of clearance 

operations, the timer can be expected to cause 1 failure every 250,000,000 

operations while the microwave detector will cause 1 failure in approximately 

300,000 operations. A similar comparison of the two control systems shows the 

hardwire system to have a 20 second reliability of 99.9981477% while the radio 

link value is 99.9980959%. This corresponds to approximately 1 failure in 

54,000 operations for the hardwire system and 1 failure in 53,000 operations for 

the radio link. 

Availability comparisons shows a similar result with timer = 99.999 vs. 

microwave detector = 99.990% and hardwire = 99.62% vs. radio link = 99.61%. 

It is clear that the timer offers a clear cut advantage over the 

microwave detector in terms or reliability and availability while the hard­

wire and radio control links have approximately the same impact on VICON 

reliability and aVailability. 
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B. Spare Parts Provisioning 

This analysis determines the number of spare parts that should be 

stocked for each component in the VICON system in order to insure that the 

inherent availability of VICON is not degraded for lack of necessary spares 

to make needed repairs. It should be noted that the spares prOVisioning 

analysis performed is dependent on both the system configuration and the 

particular components used to implement it. The analysis included here is 

therefore strictly valid only for the VICON system currently installed at 

Bradley. However, it prOVides an illustration of the method for sparing any 

VICON system and could be used to spare the Bradley system if it were converted 

to operational status without major changes. 

The basis of the analysis performed is the computation of what is termed 

the PROVISIONING PROTECTION LEVEL for the total VICON system based on a started 

provisioning period and an assumed set of spares. System provisioning protection 

level (protection level) is defined as the probability that no svstem failure 

remains unrepaired for lack of a spare part or alternatively as the probability 

that the number of failures in a prOVisioning period does not exceed the number 

of spares in stock. (Provisioning period is any selected time span, normally 

established in response to logistic considerations such as vendor lead time, 

shipping time, on site spares storage limitations and supply budget cycles). 

Protection level is computed for different spare part inventories until an 

inventory is found that provides the desired protection level for the assumed 

provisioning period. 
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System protection level is computed from the protection levels of each 

individual component in the system based on the reliability model of the system. 

For example in a simple three element series system such as 

the system protection level is the product of the protection levels of three 

components or 

In a redundant system such as 

the system protection level is determined according to the rules for determining 

system reliablilty so that 

2PLsys 2 PLA - (2PLA - PL
B

) PL
C 

In this analysis the VICON system has been considered as a fully series 

system even though this is not true in the functional sense; i. e., there is 

redundency in the use of radio-links and hardwire control to certain lamp 

clusters and in the use of both timer and microwave detector shut off in the 

lamps. The functional redundancy in VICON is, however, provided by different 

hardware items not by identical sets of redundant hardware as is more common 

in redundant systems. Hence, VICON must be considered as a series system for 

sparing in order that spares be made available for all of the component types 

employed. 

Component protection level is computed for each item by computing 

the probability that the number of failures of a given component during the 

provisioning period is equal to or less than the number of spares assigned to 

the given component. This computution is made using the failure rates shown 

in Table 4.1, the selected provisioning period and the assumption that component 
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failurers have a Poisson destribution so that 
NH(NAt)X	 e-

PL :z x: 
where 

N number of parts of a given type in system 

A ~ part failure rate of a given part type 

t z part operating hours in the provisioning period 

X :z number of spare parts in stock 

N	 and A are as shown in Table 4.1 and t was determined as follows 

It is assumed, for the purpose of the spares analysis as follows, 

that the VICON system at Bradley would be required to function 18 hours 

per day every day and it was further assumed that a component was 

"operating" whenever it was subjected to an applied voltage regardless 

of whether or not there was current flow. Under these assumptions there 

are three different values of t chat apply to VICON components; 

(1)	 t • 18 hours per day for components such as power supplys, auxilIary1


relays, etc,
 

(2) t a 1.74 minutes per day for comPonents such as lamps, monitor2 

relays, etc. that function only when a particular lamp cluster is 

functioninll and 

(3) t • 36.51 minutes per day for the pulser and pulser relays that
3 

operate when any lamp cluster is functioning. Timer t~ and t 3 were 

calcuated on the bases of an anticipated 23,000 total operations 

during the seven month test period and an "on" line for each lamp 

cluster operation of 20 seconds. 

The initial calculation for each component is made with X = 0 (no spares) and 

the results combined to determine an initial system protection level. The 

system protection level is compared to the desired value and if less than the 

desired value spare parts are added to the inventory according the following 

rules: 
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1. Determine component with lowest individual protection level, add 

one spare for this part and recompute component and system protection levels. 

2. Stop if system protection level is equal to or above the desired 

value, otherwise repeat step (1). 

This procedure essentially operates to add spares for the worst component 

until either the desired system protection level is altered or the component 

being considered is no longer the worst. In the later case, attention is turned 

to the new worst component and the process repeated until the desired protection 

level is achieved. 

This procedure will specify the spare parts needed to insure a given 

system protection level; however, in so doing it may well indicate that no 

spares are to be stocked for items that have very high reliability. The absence 

of such spares may be undersiriable in the case of components whose loss will 

have catastrophic results, regardless of the fact that the component has very 

high reliability; e. g., the pulser in the VICON system whose loss causes the 

loss of the entire system. The sparing level computation program provides a 

means for compensating for this situation by allowing selected components to 

be declared "critical". When this option is exercised the complete analysis 

is first made in the normal fashion and all spares assigned to achieve the desired 

system protection level, then all ·critical" components are checked to insure 

that at least one spare has been provided and additional spared allocated as 

needed. All of the spares analyses made on VICON generate recommended spares 

lists both with and without "critical" component consideration. 

The spares computation program is implemented to print out intermediate 

results begining with the achievement of a system protection level of 50% and 

prOViding an additional output for each 5% increment in system protection level 

until the desired result is obtained. This operation is illustrated by Table 4-2A 

which is the output associated with a VICON spares analvsis at a 90% system 
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protection level over a one (1) month provisioning period. 

The initial page of this Table shows the VICON components coded as No. 

1, 2, 46 with the zero spares protection level for each component and the."J 

number of components installed listed immediately below the code number. The 

resulting system protection level of 25.29% is also given at the left margin. 

It should be noted that the there lowest component protection levels are 48% 

(No. 41), 807. (No. 40) and 89% (No. 38). 

The second page of this table shows that a total of 2 spares had to be 

allocated to raise the system protection level above 50%. Displayed here for 

each component code number are the component protection level achieved by the 

first spares assignment and the number of spares of each component provided 

in this assignment. In accordance with the procedure previously discribed 

this spares allocation was achieved by allocating spares to the component with 

the highest failure rate. (No. 41) until its protection level exceeded that of 

No. 40, then treating No. 40 to bring the system value above 50%. 

The remaining pages of Table 4-2A show the successive spares allocations 

necessary to achieve 5% increments in system protection level up through the 

desired value of 90%. At this point the sparing allocation without consideration 

of critical components is complete. 

Table 4-2B displays the results of adding the "critical" component spares 

to the results of 4-3A where the VICON critical components were selected by 

including all of the components identified by the qualitative analysis as producers 

of size one cut sets together with all other components having a total population 

of one in the system. This essentially adds only the two insensity selection 

relays to the size one cut set items. The protection level value shown in 

this table are the achieved levels rather than the normal desired values shown 

in table 4-3A. Nine sparing analyses have been made of the Bradley VICON 

system representing the combination available from three different system 



protection levels, 90%, 95%, and 99% and three different provisioning periods, 

one month, 3 months, and 6 months. The results of these nine analyses are 

presented in Table 4.1A without use of the critical component opition and 

again in Table 4.3B with the addition of critical component consideration. 
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APPENDIX D 

STRUTHERS-DUNN PROGRAM DIRECTOR MODEL 3001 ENVIRONMENTAL TESTS 

(This document was reprinted in its entirety 
for presentation in this appendix.) 





Project No. 143-152-300 
Report No. 80-21 
February 8, 1980 
Struthers-Dunn 
Program Director 
Model 3001 
Environmental Tests 





General: 

This report presents the results of functional tests of one 
Struthers-Dunn Program Director, Model 3001, during and 
following exposures to temperature and humidity extremes. 
The tests were requested by Mr. Bret B. Castle, ANA-4l0. 

Material Submitted: 

1. One Program Director, Model 3001, manufactured 
by Struthers-Dunn Company. 

2. One test assembly, consisting of 21 small incan­
descent lamps with 21 corresponding activate switches and one 
override switch. 

3. One 48 volt power supply. 

Test Sequence: 

The following test sequence was performed by Mr. Michael Petri, 
ANA-4l0, at appropriate times to assess the performance of the 
Program Director, Model 3001, while subjected to the test 
environments. 

1. Light nos. 1, 2 and 3 were activated and then 
timed out, thus checking that the clocks and counter resets 
were functioning properly. 

2. Lights 4 , 5 and 6 were activated, then override 
was pressed; thus turning all lights off. This demonstrated 
that the override function worked properly by turning off 
all lights and resetting the counters. 

3. Lights 7 , 8 and 9 were activated and timed out. 

4. Lights 10, 11 and 12 were activated and then reset. 

5. Lights 13, 14 and 15 were activated and timed out. 

6. Lights 16, 17 and 18 were activated and then reset. 

7. Lights 18 and 19 were turned on, then switches 20 
and 21 were pressed to make sure the lockout feature was 
operating. Then another light was pressed to make certain 
the lockout feature only locked out lights 20 and 21. 

8. Lights 20 and 21 were turned on, then switches 18 and 
19 were pressed to make sure the lockout feature worked properly. 
Another light was pressed to make certain only lights 18 and 19 
were locked out. 
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9. The 48 volt power supply was turned off, then back 
on, to insure that the automatic reset was working. 

10. Many switches were pressed to check that only 
three lights could be turned on at anyone time. 

11. Light no. 2, showing the 20 second countdown, was 
activated to check the liquid crystal display for legibility. 

Test Methods and Results: 

On January 31, 1980, the "Director" was placed in a Tenney 
Engineering Environmental Chamber, Model 27STR-50206, and 
the test sequence performed at room ambient temperatures. 
Power was then shut off on the "Director" and the chamber 
temperature lowered to -12 0 C, until the test unit temperature 
reached -lOoC (2-1/2 hours) and the chamber temperature then 
held at -lOoC for an additional hour. Test sequence was 
then run within 15 minutes of applying power to the "Director." 

Following the tests at -lOoC, the chamber temperature was 
increased with power applied to the "Director" and its temper­
ature monitored. The test sequence was repeated at OOC, 10oC, 
20 0 C, 30 0 C, and 40 0 C. The test unit and chamber were then 
turned off and allowed to return to room ambient conditions 
for 3 days. 

On February 4, 1980, all sources of moisture in the chamber, 
including the chamber wet bulb instrumentation, were closed 
off. The "Director" was turned on and the chamber temperature 
raised to 50 0 C, with the chamber "breathing" room ambient air. 
The test sequence was performed seven times at hourly inter­
vals during the day, and again at 0830 on February 5. From 
dewpoint and wet and dry bulb measurements of the room ambient 
air over the period, the relative humidity in the chamber 
was calculated as approximately 3 percent. 

On February 5, following the test sequence, the "Director" 
was turned off and the humidity instrumentation and controls 
for the chamber turned on. The relative humidity, as indicated 
by wet and dry bulb temperature differential sensors, was 
maintained at an average of 93 percent with excursion between 
92.5 percent and 98.5 percent, for 24-1/2 hours at 50 0 C. 

On February 6, at 1100, the "Director" was turned on and the 
test sequence performed. The chamber was then shut off and 
opened to room air for an hour and a half. The chamber was 
then closed and the temperature of the "Director" dropped to 
-17.70 C, and the test sequence performed at 1516. The 
chamber was then allowed to return to room ambient conditions 
overnight and the equipment returned to ANA-410 for further 
operation. 
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The "Director" worked properly during all performances of the 
test sequence. At low temperature, the liquid crystal dis­
play was sluggish in the transitions of its active segments; 
the 1/10 second digit being practically undistinguishable for 
some observers, and the tens of seconds digit distinguishable

• but not sharp in contrast against the background. 

Il 
Report prepared by: ~4~i C ~ Checked by:M ~ ,

Frank /1. Baln, ANA-lSl 

Approved by: I~.b e.kaxr.-dx/ 
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