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ABSTRACT

This study has established feasibility of a proposed fiber optics
plotter system which produces bathythermograms on standard film
aperture cards in both analog and digital form. Performance has
been verified with a breadboard model. Outstanding features of

the design are its all digital nature and the use of a new dry
process film. Operational, reliability, production and cost aspects=

are considered based on a preliminary system design.
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INTRODUCTION

"his staudy has teen undertaken to establish feasibility of a
proposed fiber optics plotter technique as applied specifically

to recording data taken with an existing expendable bathythermograph
(XBT) probe. The work has been performed under contract with the

U.S. Navy, Naval Ships Systems Command.

The fiber optics recording principle is not particularly new, but
the application described herein represents something quite diftfer
ent from existing recorder techniques. With this recorder data s
plotted in both analog and digital form on film inserts in standard
aperture cards. This is accomplished by moving the card under t e
optical recording head in small steps similar to that used ir in-

cremental digital tape recorders.

Ihe most 1mpcrtant feature of this device is its all digital pature

wherein the inherent advantages of digital systems are realized, i.e.,

no stability or drift problems, high noise tolerances, simple and
redundant <olid state circuitry, no critical power supply requirc:
ments, ea<e of troubleshooting and repair, etc, Another importart
teature i< the use of a new dry process film which is equivalert to
stardard silver halide films in guality, stability and cost, but
which req ires only Yeat for development. With this film finisted

record< are available about ten seconds after exposure.

1v




Phase | of rthe contract demonstrated feasibility of the recording
techntque through cornstruction of a breadboard model whicr created
sime:ated bathythermograms on the dry silver film. Fhase "7 of the
study irvolved two main areas: (1) demonstration of technical
feastbi1lity of digitizing and linearizing the probe data, and
investigaring the technical ard economic feasibility of prodicirg
fiber nptics plotter systems in quantity. Volume I represer*s the
body of tte report wherein technical aspects of the study are dis
cussed, Tre voilume is divided into three parts.

Part | discisses modifications made to the Phase 1 breadboard

model irvolving addition of a digitizer, digital linearizatior
circuits and a new fiber optic kead to the system.

Part !l preserts a preliminary system desigr., and this desigr i-

ised to analyze operational. production and cost aspects of the
proposed system, Included in this analysis is a reliabi’ity e<rimate
ard a discussion of additional carabiiities of the system.

The resilts of this study are summarized in Part III whtere it 1is
concluded that fiber optics plotter systems which meet the desired
performance characteristics can be produced in quantity for a
reasonable cost, Finally, K recommendations regardirg future arc s
of srtaudy and development are discussed.

Coet of the plotter systems in productior quantities is estimited

in Part IV, Volume Z of the report.
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PART T -~ BREADBOARD MODEL

pe ™
ruIrpos
AL

During Phase Il of the study the breadboard demonstration iri
was modified to provide a full scale model of the Fiber Optics
Plotter System. This modification included design and construc-
tion of an Analog-to-Digital Converter, Digital Linearizing
Circuitry, and a new full-scale Fiber Optic Recording Head. The
film processing equipment was also augmented to provide auto-
matically controlled hot air in in the developing chamber. Tn
this manner & complete system was simulated in breadboard form
permitting full-scale test and analysis and demonstrating

feasibility simultaneously with practicability.

General Fa tual Data

In Phase I of the study, basic feasibility of the fiber op*ic
recording concept was demonstrated. Digitized data was simu! - roq
with toggle switches and no linearization of the analog data w:s
attempted. In this final phase the breadboard system was mediiied
to incivde these functions and thereby permit study and demcnst:

tion of a full=scale system,

In general, the full-scale model was designed and constructed *o

demo-s“ra e operation within the following constraints:




(1) Records are to contain both digital and araleg prese
Ltons of 16 data.
2) Temperature resclution in the digital domain i- ¢

(c) Temper=zture resolution in the analog presentztiocn is

fa)

+ 0.4 F with the plo: linearized (1) within its res

(d) Depth resolution is + 10 ft. or better for a2 minizm.m

raage of 1300 ft., with a desired range up to 2200 rc,

(e) e recording mediuwn s a diy process film mounted

szandard aperture cards.
(f) Record time will correspond to the BT drop time,
In crder to meet these constraints a new Fiber uptic Recordi =

Head wzs fibricated with 183 fibers. Oue hundred seventy fibers

were used for the analog plot, 10 for digital data and 3 weie

uced for markers, The fiber diameter is approximately 5 mils.
(1) Linearization was performed in zcccordance with "Resis:« ic

Vs. Temperatu:re Valies . . . ", Table 5-1 of the XBT vendo-'s
msn 2.t "k-4h7 Preliminary Instructions for Installation,

Operztic~ and Ma‘rntenance of Sippican Expendable BT System,”




1 CuS e with our original propesal, thes digitizer wa
designed to provide raw (i.e., non-lirearized) datz. Tzis 1t was
possible %o use relativelv simple Wheststore Bridge=:vpe cird
for the "front end" of the system, as no non-linear resistaors o
otrer sucrn compensating devices were required to obtain %l
desired cutput. Linearization of the anelog plot was therzf-

placed completely in the digital domain avoiding all of ¢'e

blems of stability and calibration common to an.log circuits.

'wo basic methods of linearization were considered,* i.e.,

serial method snd a parallel method. The lztter approach was

(1]
<

desirable from the accur:zcy standpeint because 1% 30 ro<_mak=s
the thermistor resistance-~temperature curve with as manyv s rai0-
line segments z2s there dare points on the analog plok. T1hic is

accorpiished through decoding of the digitzl data wick 170 mu i

irput and gates, each gate output comnected to an irdividual )
in tte srzlog display. The alternate serial method involves the

uce of 2 pon-linear digital counter which provides a somewhat less

accura-e ocutput, as economic considerations limit tre 7 .m™> v oY

* A zhird method, involving the spacing of fibers in the record
tead, was zbendored eariy in the project when it became appare
trnzt the resulting analog plut would have a sliding resoluti
scale, 1In order %o maintsin desired resolution of abot 0,4°F
e ¢ne end of the scale, resolution at the other end would b

o
0.08 F. T'is woild require more fibers, lazmps, etc., and is ao!

considered economically feasible.

- - T ——



straight Lire approximations to the thermistor curve to e
SIX O elght. (it was determined tlrat an approximation 1 =
six straigh- li-e segments wotld vield ro more than + 0.4 F eric-.)

[his metthod still requires the decoding and lamp driver circuiss
present ia *-e original brezdboard system in addi*i

linearizing circuitry.

Since the parallel approach would require the purchase of a la.ge
number of gate circuits, and since the original breadnosrd sys

alreadv had most of the decoding and lamp driving circuifry
: B [

required for the serial approach, ecoaomy dictated the use ot e
serial approach for the Phase If demonstration system. The pav

approac "as not been abandoned, however, and 1t 1S given ¢ neider

ation in Part 11 of this report.

o provide a more automated and repeatable film processing s s em,

a tlower, hesting element and temperature controller were purct -sed

for use on the Phaase I1 breadboard system. This permitfed cc
4 . ) e L0
of the hot air developing chamber to within + 0.5 F wi*"c't m i

intervention, This, combined with improvements in the mectanics

of the film transpert system, provided very consistent processiiy

De=ails regarding the structure of the modified breadbcard
svstem and resul:s of tests utilizing a new high-contrast film ‘

presented in the following paragraphs.




L ] —

Deta -il__:‘__l acsi1al Data

A block diazrem of %he modif:#d breadboard system is presence

Figuare 1. [he bridge circuitrv and Analog~to-Digi4a? verter

I de a digi!t put directly proportiomal to the resistanc
1 Fheymi Skq sensing element in the BT proze. ILus, " il

Ltemperatm data is recorded ir digital form through tie digit

lamp driver circuits. This same data is processed bty digizal
linearizing circuits and a decoding matrix to provide an znzlog

2]

recording whick is linear within + 0.4 F. The output of each
amp 1s couvpied to the film surface through the Fiber Optic Rec
. s € ': p\ en . -

As . izinal system, aperat:re cards ave mowved incieme
der the recording head by a °y soienoid/lead screw arrunge

ren Geaving is provided to produce increments of 3 t 1
te apertre cards are epped at a rate of atout twice p 30

Ear ime the film is advanced, a 'start conversion' pulse

coupled zo the A/D converter. Upon receipt of this pulse ¢!

thermistor tpat is converted to digital form and the digital

i S earized for presentati anaiog plotu.
1is giC | S en Implemented wi & ed
Oz comj f 1e recording process, the aperliure card is

picked wuj film transpert mect ism ard passed *“re;
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Lo —
r ¢ :mber for develeopment., For experimental purposes
emper e of the clamber &nd e rate at which trne cara w
YAOST ed through the chamber werz under separate contrcl,
Since tte only significent difference between the breadbtrard
out ed in t Prase 1 report and the curren: svstem zre 1
electrcnic and recording head areas, only those subjects a
covered in detail below,
1.3.1 Bridge Circuitrv and A/D Converter
Ite genersl features of the Bridge and A/D Comer e~

1Y €

store Bridge Ciz

current

illu

strated in Figure 2.

>

cuilt

source, No*e that the

adjacent legs of the
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problems associat
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sistances from probe to probe.

The Brid

system wherein

varied

si

Rn CC

y relay

cirecuits
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1e3.2

Digital Linearizing i

p*]

W0 milliseconds I d-gitsl furcrions were implen
with “wenty-seven inte.raced circuit elements. Fil-e
wzs =zpplied at the input to the comparitor to elimin

excessive bandwidth roise problems. (The comparito:

waS an iTexpensive lntegrated circult type wrich wds

of cperating at speeds well in excess of

requirements

LYCUL C

The ermistor Resistance Vs, Temperature curve for
prote is shown in Figure 3. This curve was plotied

data supplied b facturer, aid the st

ions used in this study are overlaved o-

ne digital lipesrizaticn scheme is

curve, L LiluastEy
) Figiure 4. The Sync end Control circuits oper:-ie
reset the various counters d to svachroaize the e

conversion" pulse from the A/D Converter with tre |

clock. Once this pulse is received, the varicus c

are rese” and then clock pulses are gated into the |

binary co:mter until & match is detected between &}

outp and the A/D Converter output., At this puint

comparitor provides an "equal" signal which termn’-a

ciock input into the courter. In this mauner "n" ¢

pulses are prodriced where '"n'" equals tue number s ore

*“e A/D Converter output register. These clock puls
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END CONVERSION

FROM A/D CONVERTERZ

10 BIT
DIGITAL OUTPUT

FROM A/D CONVERTER

;

)
TRIP POINT

DETECT GATES

TRIP

EQUAL 10 BIT
! COMPARITOR
{
i
|
| ()
! \
i |
| SYNC, & GATED 10 BIT BINARY
{ CONTROL CLOCK INPUT COUNTER
CIRCUITS
Tl_ A RESET
f 1
100 KHZ
DIVISOR
CLOCK

6 STAGE RING

SELECT () COUNTER

PROGRAMMABLE
DIVIDER

n/2,3,4,6,8,12

8 BIT BINARY
OUTPUT COUNTER

THROUGH DECODING MATRIX

8 BIT
LINEARIZED OUTPUT
TO ANALOG DISPLAY

AND LAMP DRIVERS

DIVIDED
CLOCKS

FIGURE &

DIGITAL LINEARIZING
CIRCUITRY, SERIAL
(NON-LINEAR COUNTER)
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ppiied to the 8-bit binar, outpuf counter througt
I g

graommable divider circuit, The divider circuit is initi

ized o the nn/2 coadition such that one count 1Is zccu

v 2he output counter for every two counxs in the irp:

counter, lais creates a slope equivaleant to that show

the lower right hand section of the thermistor curve, ti

The divider remains at n/2 until the digital nnumber

to Trip Point No, | on the thermistor curve is react«d.
this point one of five trip point gates shown in Figur
provides a "trip'" signal which advances the Ring Count
cne count, This oucput of the Ring Counter 1s coupled
the divider causing it to divide by three. The ou=pu:
therefore assumes the slope of the secoend straight li
segment on the thermistor curve. This process 1is rep¢
ur to four more times to prcvide linearization of ti

rang

(1]

In this maaner the digitized thermistor data is lire::
by approximating the vesistance vs, temperature curve
six stright line segments. Fifty-four digital integr

circuits were used to implement this logic.

r

3

it




A new fiber optic recording hesd was provided for *f
modified breadbozrd system. This was necessarv for 5
full-ccale model, as the previous unit contained oniv f4
fibers for the anazlog plot. Also, smaller Eibers (. mii
were used in the new head to provide for s greater d
range, as the film could be stepped in much smaller
increments hetween data samples. Tlie new hecd was com,. )

cf 183 fibers - allowing for a fullwscale preserzztion !

the analog data in the form of 170 points., Ten fibers were

reserved for the digital presentation and 3 were for mer..

marks.

Some difficulty in fabrication of the "ead assemdls was
experienced which resulted in breaking and bending scve: :.
of _he fibers. ost of the problems were¢ velated to 4 '/
the fibers, and it is apparent that & properly desixned cet
of =ools and fixtures will be required tc producs recor.
teads ir a2 reliable manner. Although some fiters wo
dsmaged, the hesd was still usefill for demenstration ana

tes® pirposes,




d kes lts

Bridee and A/D Circuits

Il e brudee 20d A/D converter circuits were checked ou
simulating the BT probe with a pair of precision 4.7k
==y s*cre 31.d i deczde porentiometer. The resistors
simulated tte average wire resistances in a [500-ft.
and tte decade potentiometer was varied between zbo
>'ms and 18K ohms to simulate the full-scale thermis*

resistance change.

labie | presents test resu. ks showing the compariscrn
the digital output of the A/D converter and the digit
value equivalent to simulated probe temperature for 2

.

ircrements throughout the entire rarge., T[ne mazxim. m

ditference tetwe-n actual and desired values wis 1 bi

vhi o is wei w. hin the experimental limits for & is

set up )

* Sice a 0,17 decade potentiome:er was tsed, errcrs
to this source zlome represent cane part in 1,000 wi¢
neariy equivalent to the bit resolution (one part i

1,024)., Thus, errors of at least + 1 bit can be altix
to the potentiometer, This, combined with the + % bi
quantiziny error icherent in z11 A/D converters, wo:l
acccunt for nearly all the ercors observed in the s;s

Fro2e,
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;l.".' 2
1) 2} 3 4
Equivalent Equi Lant A/D
Temperature Lhermistor Digital Gonverter
Of Resistance, Va.ne Cutput
Clh (Octal) (Gctal)
ay () 0CO0 009¢
94 3350 0012 0012
Q2 150)3 0024 0024
90 €6 0037 0074
88 4840 0053 00573
36 4024 G067 0C67/9070
B4 4221 0 1C! 0105
2 a9 Qa3 0123

80 A 01472 01475
78 LR3I 0162 0161
76 126 0202 G202
74 S483 G224 0223

72 5656 0249 0246
70 094 (3272 0271
ud 02 ,’ 03 :4'.‘ 0 5'_':;
6h n50 Q344 0344
64 1.2 01373 0572

62 L27h 0424 0423
60 57 0456 0455
55 20 0511 0507 /0510

56 84494 0547 054t
54 8950 0e05 0604
52 94 34 064 0H=5
50 99, 0711 0707/0710
48 10496 0756 0756
“h L1080 1026 1024
44 11599 1100 L1077
42 } 2357 1154 L13
40 3057 1234 1233
38 PRtAlt 3Lt P HR)
i, 4h591] 4204 1401
A 15433 147 1472
32 429 v/ 2 G 1570
30 12% O/ )

"?'!.“p £24a5% ,7 Bl
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fests on the conversior speed of tice system revea.ed

‘}‘l\i.\ of ip to 45 10=bir conversi

per second c«
attained. At this rate conversion time of the A/D ¢
was about 22 msec. However, these speeds were att:zi
with the simple simulated probe described abtcve, &aua .
can be expected that drnamic effects in an actual
will limit the minimum conversion time to something
excess of 22 msec. With no data available on these pr
characteristics, one can caly guess at a dynamic eq
circuit., Certainly there arve effects present suctu as

to-wire capacitance, wire-to-sea capacitance, 1induct

etc. A limited test was made on the treadbcard sys:em

investigate what is prctably the parameter with the &
effect on conversion time, i.e., the wire-to-wire ccp
This effect was investigated by shunting the simulated
probe with a variable capacitance and determining :re
mum conversion time in each case. The worst case occ

when maximum probe resistance (18K onm) was presen:z, o
here it was found that capacitances in excess cf 0.5 »
farads produced conversion times greater than 0.1 se¢

which seem intolerable for this application., At minim
probe resistance (3K oiims) capacitances in excess of

1 microfarad (the highest value used in this test) ¢

only slight increases in conversion time over the m?

descriled above.

C¢

C

i

I




sinearization Cirenifts

Fevf-rmznce of the lineavization circuic is hest 11osty
by the record presented in Figure 5. Here thne same eq
elent resistance walues used in the A/D cornverter =e
(Iabtle 1) were used as input to the system, and the o™ o

was recorded on film. It is obvious that equzl temjer-
increments at the input to the system produce £q.ail peat
lines on the analog output record. (Note: Gaps [- =he
were caused by broken tibers in the record head =-d

by malfunction of the linearization circuits.)

Recording Head, Film and Developing Process

Although the recovding head, film znd developilng cieu =i
are separate entities, the final resulf represents co

hination of the three in which the separate functions ar

difficult to isolate. In general, the recording head peu
formed as expected In that sufficient lizht was coupled
the film surface with the particular lamps used. The
ilamps produced a mean sphnerical candle power (MSCP) <
0.L3, waen operated 2t their rated 12 lte. It was f
sufficient light was prodiced at an opersting vol-a
of 10.8 volts which is equivalent to a MSCP of atout (
I".us, no pro-lems are anticipated in obtaining suff:c
Lilomination of the film for the exposure time used i

-t.18 test (0.5 sec.).
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PART _OFERAT.ONAL, PRLDI. 710N & COST _ASPECTS

Purpose

As p s dy, ¢ s 1de has been
oF prodtic & tiber optilc f t S in
sectl( £ the report presents a pre

discusses the cperational and production

COS!?!

system based on this design.

Seck 31 LS

Volume 2 of =he

of addirional capabilities

Svs :Lm §2lf( 6 3 l’;_:i&.l:

Ite fortlowing tentative technicai

et s 1 i L . 5
OUT eXperlence witl CReé DHreaabioldrd moael Jlld

le knowledge of t e XBI probe interface;

availe

specifications are conservative, anud
in a final design:
L. Temperature Range: 28% to 96°F.
2. Tlemperature ResolZic
Digital: + 0.1%F (raw data).
Analog + 0.4 F (linearized

given

quantity,

aspects

upoi

to the problems

Thus, this

.imirary system design and

of a plotter

aspects are presented in

c¢oncluded with a discussion

specifications are based upon

our presently

in general, the

improvement can be expected

See Section 1,2)

15



3 Deptt Rescluticr ‘o 4+ 6 ft. (for 1500 fr. range).
Depth range and resoluticon for various ranges are:
to 1500 ft. with 6 f*. resolution.
to 3000 ft. with 12 ft. resolution.
to 4500 ft. with 18 ft. resolution.

to 6000 ft. with 24 ff, resclution.
4, Sampling Time: Less than 0.1 seccuds.

5. Sampling Rate: Deperdent c¢n depth range and resolution;

max.rate is approximatei . 2 to 4 samples per second.

6. Gradient Error: Less than + 0.1°F/ft. for a maximum

gradient of 5 F/100 ft.

7. Gradient Resolution (at 10 ft. depth resolution): *

Digital: + 0.01°F/tr.
Analog: + 0.06F/f¢.
8. Digital Data Presentation: up to 10 binary or 12 BCD bits.
L

9. Spot Diameter: Less than 0,007 inches.

10. Recording Medium: Film mounted i aperture cards per

MIL~C~9877B.
1. Film Format: A tenta%tive layo:t is presented in Figure 7.

12, Film Processing: Type -~ Dry Process.

Time ~ Less “h.n 10 seconds

*NOTE: Based on ratio cof temperature reso..”i n and depth resolution -
average o.er 100-ft, depth,

16
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13 Size: Not to exceed 10"

14, Weight: Not to exceed 4

15. Power Requirements: 11
at

of

N
o
[ %]

Mechanical Layout

A first cut at a mechanical
in the enclosed Drawing No.
ing features of this layout

the breadboard system, i.e.,

% 1O s 201,

0 lbs.

VAC, single phase, 60 cps,

no more than 15 amps for a period

100 seconds per 1500 ft. dept! r

layout of the system is presented

9992-8., There are two outst.nd-

which differ considerably from

the aperture cards are pro

vided in a magazine which holds up to 500 cards, and a

projection mechanism has bee

entarzed

n included to provide an

view of the bathythermograms once they are completed.

Otlier features of this layout are very similar to the

breadboard system.

The unit as conceived here is reasonably simple, assurine

maximum maintenance with rel
card is held captive at all
hardling and capability
environments. Loading,

performed entirely from the

iable performance. The apert re

times, yielding jam=-resistant

of operation in severe vibration

unloading and card viewing are

top and front of the unit.




‘tie mechanical svstem is primarily e c: “ransport m
It ical svst I ril; ard transg ‘

Ihe aperture card magazine is loaded into the fro- f
machiine, and the card feed roller pulls one card = «
wut of the magazine, The card is run aperture-izst
the guide plates, the development duct and inic the i ¢
mental drive mechanism., At this point the card teed r

stops and all further movement of the card is v~der c¢o

of the incremental drive. Positioning of the cird rel

ro the record head is accomplished with a sensinz de.ic:

which detects the erd of the aperture, The film i1s '

positioned for exposure.

=L

Wnile recording,the incremen:al drive advances e card
a rate of about two steps per seccend for approxim= “ely
250 steps. The film is processed by drawing the card
the development duct at a high rate of speed until "¢
protrudes from the top of the machine. When “e teed m
is actuated to star: the machine, the development duc*
tlower and heater are turned on to begin warm vy. S
will allow a minimum of 90 seconds for the duct ro>

at. the proper temperature. The ducting is of low mass,
thermal conductivity design to permit fast warm =p and
Limit the amount of heat transferred to other comg

in the system, Tre finished bathythermogram m=v te \le

by pulling the card up about one inch then pushing i

against =he stop. When the projection lamp is tur-ed



o

o}

(P8

‘ ecorc is observed at abouf three

on the ground glass scree

aperture cards may be proj

e slut on tcp of the machine.

[t is anticipated that the lamps and atl

(except associated with the power ¢

controller) can be mounted on & single,

layer, printed circuit board. Intercc

reduced te an absolute minimum, as only

q

few control lines will be required to
circuit board. This feature should eni
and considerably ease manufacturing p

production setup.

Electronics

2.2.3.1 Control Circuits

Certain circuits will be req
operational sequence of the sy
problems are anticipated here,
only very simple control and
for applyine power and operatli

cators. Stendard relay or prei

circnits may be used for thesc




that outlined

in

Constant current

will maintain

L9 2 ——
Bridge Circuit and A/D C(onverter
A bridge circuit very similar to
Paragraph 1.3.,1 would be utilized.
exiratic is hignhly desirable, as this
bridge seasitivity at the comparitor input through
any changes in the sea water return path. A

'splasii'" detection circuit is required

the bridze exitation line to

the water
A lack of complete

recording process.

regarding tne probe and
drop (requested several times from the
precludes ary further detail regarding
1t 1s anticipated

circuitry. However,

tridge will have to be compensated for

in series

detect contac:

and initiate the

information

its performance during a

manufac-irer)
the bridge
the

that

dynamic

effects of the probe such as interwire capacitance,

wire=to=-sea capacitance, inductance, etc. None

of these effects are considered to be major problems,
as they can be compensated for in the bridge circuit.
[he main effect will be to reduce the maximum A/D

conversion rate due rto increased settling time at

tlie comparitor i=nput. Maintaining bridge stability
end accuracy should also be relatively easy because
such as

mos*t critical components are passive, pre=

c1sion resistors with low=temperature coefficients,

20




The main active component is tie «

1

should exhibit minimum drifs whe

temperature compensated, sirce
ferential and iscolated from & v ES f
With a bridge exitation o7 %he dar of
amp the comparitor thresh -id will

:

approximately + 1 miliivelt which is w

the state~of-the-art,

Several methods exist for controllire
resistor in the bridpe., I[wo genera: mc’
available, one uses counting techniqic
other uses some form of successive sppr

“

Variations on these general methods acc
extensively in the literature 2] d w
discussed here. Withcut detailed krcw ea
probe/bridge characteristics it is s new
ficult to establish design criteric to
digitizer. However, cevtain cutside 11
be established and used as guides I~ =
For instance, a limit or digitizer sanpic

may be estimated and used to tel; es“i

optimum form of digitizer logic., 1t r.¢

(2) For instance, see: F. D. Daley, Jr., "Aunalog=to-Di.
sion Techniques,'" Electro~Technology, May 1967, pp. 4
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assumptions are made:
et - Sl e R
Maximum Temperature Gradiemt: 5 /100 ft.

Maximum allowable gradient error: + 0.17F.

BT drop rate: 20 ft/sec.

Then maximum sample time of the digitizer Is:

0,1 E® = 0.1 sec.

5OF/100 ft. x 20 ft./sec.

Appendix A presents an analysis of three common
digitization methods with respect to their effect
on settling time at the comparitor input assuming
a maximum sample time of 0.1 sec. Results ot

this analysis are summarized below:

Type of Digitizer Max. Settling Tine
Counter 0.1 msec.
Tracking Counter 5.5 msec.
Successive Approximation 9.1 msec.

For the conditions assumed above, a successive
approximation digitizer places the least stringenc:
requirements on the system because it permits maxi

settling time at the comparitor.




2:2.3.3

Atthongn this type of digitizer requires mcore

circuitry than the counting methods, it is =nct

unduly complicated.

In many respects it ic siqyg

v

to mcintain and troubleshoot because the successive

approximaticr. method follows a consistent Limli-g
sequence for ecch conversion; whnereas the tlrmi-.¢

sequence in counting tvpes varies dependine on

accumulated count.

For thesc reasons the successive approximecic:

digitizer is recommended.

Linearization Circuits

As discussed in Paragraph

lirearization have been co

Parallel Method

The parallel method is ill
for an analog plot with 17
"Ard" gates are required,

driven by buffered outputs
Decoding is seb vp such th

A/D output states correspo

temperzture increment (in tnis case 0,.4°F facrems:

1.3.2 two methods o

nsidered:

ustrated in Figure &,
0 possible points, 1 (
The gate inputs are

from the A/D couv-rt

at each gate selects ¢

nding to a particuler

r

and
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DIGITAL OUTPUT
FROM A/D CONVERTER
(9 MOST SIGNIFICANT BITS)

l

DRIVER CIRCUITS

9 TRUE LINES
18 9 FALSE LINES

GATE

AND
GATE

o °
£ ®
\ AND
#~ GATE
170

TO LAMP #1
TO LAMP #2
ANALOG
DISPLAY
TO LAMP #170
FIGURE 8

DIGITAL LINEARIZING
CIRCUITRY, PARALLEL
METHOD




With proper selection of circuitry, the total
rumber of parts required with the parallel

method may be minimized. For instance, inte-
grated circuit "and'" gates are currently availakle
which cortain an output stage capable of drivirg

small incandescant lamps directly; therebty elimi

atirg the requirement for individual lamp driver
circuits. A parts count for the parallel method

yields:

Quantity Part Type
Decoding: 170 Integrated Circuit Gates
Drivers: 18 Transistor, medi im power
54 Recsistors
242 Total parts count

Serial Method

A detailed explanation of the serial method has

been presented in para. 1.3.2 excluding apy dis-
cussion of the required decoding and lamp driver
circuitse. Although the decoding 1s less complicared
than that in the parallel method, it still requires
approximately the eame nomber of gate circuits (or
its equivalert 1n a diode decoding matrix and jlam;

driver circuits). Thus, no parts savings can he

anticipated with respect to the parallel me*thod.




N
©

romparison of ‘arallel ard Seriai Methods
In addition to an increase ir the romber of part
required, the serial mettod has othetr fearures

which are less desirable than the parallel ap:roach.
High soeed circuits are required in order 1 erfarm
the linearization in a reasonahble lergth of time
ard reliability is considerably reduced because
the failure of a single circuit in the serial
linearization process car cause total fairl re,
Furthermore, troubleshooting is diffic.lt causirg
An increase 1n mean time to repair a failore. T
the other hand, a single gate fail:re ir the par-
allel system is not catastroprhic, and location ard
repair of tte failure is relarivelv simple he-a =<e
each circuit ie ascociated with an irdivit.a. lamc,
The only failure which can be considered catastroy® i
15 that of one of the driver circuits. ard lo-ation
and repair of the failure is still relat-vely c<im, e,
For the reasons stated above. the parallel method

is recommended for use in the final system design,

Film Develojing Mechanism

The developing mecharism consists of four bhasic parts,
i.e., the development duct, the blower, a heating elemert
and a temperature controller. Based on teste with the

breadboard system basic reqiirements for this mechanism




L2 =

are tc maintzin a fiow o r air over rt film v fars
1t aniroximatelv 30 cfm and Je09F, Wirh the breadhoasd
cystem ar open enrd method was .sed where amtier: air

was heated to the required temcerature, passel over ‘hre
film surface ind then exhausted IThie method required a
large heating element (on the order of 107D watts) ard a
temnerature controlier capnable of handling such nower 1 f
a recirculating system were ised, the tota® power reguired
would be significantly reduced, and there would be less
deperderce on ambient air temperature which woiid furtter
reduce the maximum prower requivements, ince tlere wi
undoubtedly be some air lrsses., a completely ¢losed <vatem
ic impossible. Thus, a recirculating system 1¢ recommerded

with partial intake of ambient air. The ratio of re-

circulated ve., outeide air can only be optimized throug!
detailed analysis and experimertaticrn and is heyond the

s_ope of this study.

An esrimarte has heen made of tee maxim.m rower required to

heat the aucting up to temperature 1in a rea:zorable amo ot
of time and to mairtain temperature after this time, To

redice corvective heat losses an itnsc’ated deve'cning

dict has heen assumed of the torrm 1l ustrated 1n Firgire 93,
A thin, polished metal interior (s used to reduce stored

tear and provide minimim radiatior !og=es, Yo aliow for

hard!irg and fastenirg a metal exterior of rez-onutie
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b
is used
Two conditions are of importance: (1) Steady =tatq
heat losses, ard (Z) warm-up teat req.ired. Bett cord
tions will be miximized wher the ambiert tempe-ature S
the lowest requirced of the svstem, In this 1ge, 3291
assumed as the lowest ambier® opecatirg temperature. it
duct overating temperature is about 609F. From thie dats
the steady state convective heat loss 1~ calculated as
3.01 BTU/min (or about 50 watts). With the d.ct construct
ion as shown either all alumirum, al mirum creel or all

‘ steel can be used. The critical heat rransfer diameter

]

for a duct of this cross section ig calculated to be
0.824 inches. Maximum heat trarsfer wo:ld nic r at rhis
diameter, and this i1g avoided with the two 1rch diameter

shown in Figure 9,

During warm-up heat will be lost in three jlaces: !
heating the air, (2) heating the duct and blower assemhly,
and (3) convective losses as the outside of the d .t warms
ap. Item (1) is pegligible. Ry assumirg the entire duct
heats up to 260°F and takirg ore half of this val.e, a
conservative estimate of the heat stored in ifem (., 1s
obtained. Similarly, assuming only one half of the <teady
state losses will occur during the warm-.p period. =+ con-
servative value for item (3) may be established. 1t a /5

second warm-up period is assumed, the heat irput required




ro

o

w

to bring the ducting .} to temperature is 1..48 BTU /mir.
This will require a heating €lemer+ rated a' aho Eatd
watts., Once up to temperature, the blower motor reaq’
input alone may be sufficient to maintain temrerat ire

Projection Mechanism

to any €

The projection system is comparable
projector mechanism, Of particular irterest

is the power required by the projection “amp

tandard =1ids

In tNLls 1S€

nf heat to

affects the size of the lamp ard the amount
be dissipated. An estimate of the required Tamp power
1s presented below:
Assumptions:
1. BScreen Area: 3" x 5" or about 0.1 ft
2., Rear Projection Screen Gain: .
3. Reflectivity of front of screer: O,
4. Ambient light on screen: 10 fr-cd
5. Desired Contrast Ratio: 0.1
6. Efficiency of lens, film and mirror svs<tem: 3
Calculations:
1. Amount of ambient light reflected off front »f
screen = Reflectivity x Ambien*t or 7.. x 10f
20 ft-cd.
2. Required Rear illuminauce =

ratio
screen gain

contrast

or 20 x 20 = 160 ft-cd
245
J. Required lumers at rear of screer =
area
or 160 x 0.1 = 16 lumers

X Reflecrted Ambier

tllumirance




4, Lumens required at lamp = Lumens at = reen/
efficiency

or 16 = 53 lumens
«3
Since incandescart lamps typically prodcce 10 to .0 lumer -

watt, about a 5 watt iamp would suffice,
The above estimate is rough, but it does indicate trar r-e
projection lamp requirement is very nominral ard should rot

present any problems in power consumption or “eat dissipation.

<9




Operational Aspects
%, onail _Aspecces

ro

~

Operatisn LSequence

Figure 10 is a flow diagram illustratirg tre cequence of
124 |

operations performed ty the orerator ard the svstem ‘o
produce one record. Operator intervertiosr 1s required

in orly two places, and once power 1S apuated three

basic sequences are invoived: €1 ] ad the BT air t
launcher and press the load switct on tre plotter Itis
operation prepares the system for lao b 7% waurch
the BT and record dats. {(3) ‘{rocess *re fi.m

Ihe flow diagram also illuctrates the irnrerlocks which
must he complete tefore eact of the <eq.er és dre per-
mitted to begin. At tke end of tte pro es-irg oy
the system is returned zo it- tnitial state ard 1s

ready for another BT drop.

Reliability
The reliability esrimate presented ir Apperdix B vields
and MIBF figure of 421 hours. This seem:= to be ratrer low

for a '"nearly all solid stare’ device, but, as wil! te
seen from the discussion to fo!low, this tig ' re recreser’s
ar extremely conservative estimate A more reatistd

hae heer estimated at 1,358 Yo re«

fig.re

First , however, corsideration is giver to "1 worst
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(o amme ——
case estimate in re_atior. o act :a i it [hs | <@
of the eq.uipmert ard in terms £ it me At g ro fleet
persornel. 1f it is assumed that t} IVE L 326 se of
tl~(. svsetem ‘,“_'[ mount ton av C 8 i e Do mar e
per shiy thern the actual calerdar time hetwe fa1l . res
may be estimated as follows:

Assumirg average svstem nierate time r drop
3 minutes (0.05 hrs.).
4=l tours berween fail .res mon*hs
#.95 brs/drop =z 7% drops,/ mo.
Of course, this figure i1s very optimistic he € A3
certain rate of componen* d-terinratior exl -t~ wherby
the system 1s operating or 3t . Byt t 8 fodl tive
of what can be expected i term- of ! «r<tem <
A more realistic MIEF e<r myte re-ait if¥ .onsiderarion
is given to the particular sverem des.w 1t affe
reliability. From Apperdiv B one ot<erve t the
incandescanrt lamps 1sed in rre recordi be 1 Sc-emhlyv are
by far the greatest contributors to *te rotal fa-l irs
rate. This is due to the large r i mter of ‘amps ved,
The majority (170} of t'ece lamns are < : 1rAalog
plot where failure of a single b .'b ‘or eral “ulhe
if they are not adjacer*® to ore arotter, wy 11 k
considered catastrophic, as *to darta mav he ca<r'y
interpolared over that poirt(<). ™. icefulness of
the record under such a failire cordit:on 18 ro*t impatred,
il




1f rardom fail re ~f un o 57 of tre ==ti. -~ rmher f
analog lamps ‘about 8 lamrs) 1s corsidered ror-catas
trophic, thken the vffective rumber of lam:s for re
liability estimation becomes:
170 analog + 10 digital +4 marker 34 Iamos.
8
Furthermore operation of rthe aralog 1i lav iR 8 that
only one bulk at a time is turred or, tte digital lamps
have a rominal dutv cycle of 507, ard, 1f this d.rv cycle
is assumed for all of the iamps e<cent fthe ree markers

then the effective rumber of lamps is f rttcr reduced to

19, Using this nimber to estimate reliabil:ry vields an

Althoug" these arguments carnnt be con: ' dores rigore
their development 1s 2lgo not over.v timistic. Thus
it is certainly reasonable to exge:t zn a t.a! MTBF
figure that i< well in excess of rha- Jove oped 17 the

Apperdix,

Environmental orsiderations

In our opiriorn, trere is nothirg 1ibersnt =~ the cvstem
which would regate compliance witl tre ervizo menr ! re
quirements of MIL-E-}6400F, Claze &, Tre extensive .ge
of soiid state devices in the eq 1pment a-e re~ Fiah

reliability ard eases the desigr tfabricarinr rask re'ated

to meetirg the envirormertal specificatiors
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Production Aspects

2.4.1

Generai Discussion

The production of fiber optic plotter sy-tem= as co
ceived and described in cthe repnrt will he a re ' atively
simple task for an organizatior w'ich 1= well &« grairted
with and equipped for fabrication of military e.e tror:

equipment,

I'Ye plotter system corsists mainly of srardacd -are-
common to commercial and military electroric ard 4474
processing equipment, and nc uniqire or <pecial fakrica
tion, as=zembly or quality assiurarce rrocedures are r-
quired for production. The onlv elemert i ftte =y=*em
which represerts a rew ard somewnrat de'i ate yprol  riop
problem 1s the fiber optic recordirg head Razed "n o r
experience in the fabrication of two different head
assemhlies for the breadboard svstem, thic [rob'em ¢yr
be greatly simplified witl 3 few "roperly decig-ed ro -
and fixtires which would permit the tesd to be ac-emticd
and cast in epoxy without the ex‘ersive *ardlirg regiired

by the milti-step man:al procesz used ir o v firet efforts,

[Yus, no severe production problems are arti [ ated,
Farthermore, there are many aspects of the desigr wh 2!

tend to simplify prod ction as compared wirth <im:lar

equipment, Some of these features are fi<0 .<=ed i+ the
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tollowing paragraph,

Design Features Which simplify Prod:ctior

Certain features of the design cortribute to tre re
duction of production problems and resalt in less ex-
perisive and more reliable equipmenr, As an e-<am le,
the system is easily broken down into <ix ma'or <ub-

assemblies:

(1) Printed Circuit Board/Optics Assy,
(2) Blower and Duct Assembly

3) Card Transport Assembly.

(4) Viewer Assembly.
(5) Temperature Controlier.
(6) Power Supply.

Each of these sub-assemhlies may be fabricated ard te-

ted

on an individual basis prior to installatior in "€ mair

chassis. This will greatly facilitate prod:ction. a

these several operations may be performed sim.lt4reo

rather than having to complete one assembly '+« for. wo

can begin on another.

An outstanding feature of the design i< the single printed

circuit board which houses nearly al' of the «lectron

By using only one board the prodoctior pro.e<s is gre
simplified because '"back panel' wiring 1< elimirated,
fabrication is reduvced to stuffing comrorents or the
and dip soldering. Reltability 1¢ also ervanced a-
many connectors and wiring harnesses associated with

multi-board system are not required.

atly

and

board

cl.‘,
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It is also plarned that the card transport me.*ar ism wi
he self-contained, 1.e., it wiil be mounted or 1ts own

sub chassis and will not be depeadert on mair ckassis
mo.unts for dimensioral stability. [his scheme may

cause some slight increase in parts cost, hut it will
facilitate construction, alignment and test durinrg
production. It also eases the requiremer® - on dim .ona.
tolerances in the main chassis. fhis dis a
advantage, as the main chassis is perhaps the most
difficult mechanical part in which *o ho!d right tolerances
These same features are also important wirh regard o
maintenance and repair of the equipment or.e it rea: i

the field because this modular construction s:mp. . fies

the location and repair of faults,

Additional Capabilities

One outstanding feature of the plotter system 1s 1t- capability
of providing outputs to other mediums 1n additior to the acertire
cards, 1.e., telemetry links, magnetic or raper tape recorders,

direct computer input, etc.

Of particular interest here is the possibility of recoriirg
BT data on punched paper tape in a form compatible with reqirre-
ments layed down by the Fleet Numerical Weather Facititv., Tle-e

records could be prepared on standard 5 or 8 level tel:tvpe tape

suitable for transmission over existing Navy communicatior circuits,
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A relatively small amount of additional digital irciuitey wo |
be required to interface with a standard paper tape ¢ rch. It
this case, however, it would be most advantageo.a. to have the
A/D converter provide a BCD (binary coded decimal) tput rather
than the natural binary type previously discusced, as 1t would
be directly compatible with the teletype code. Temperature
would then be recorded as three digits represernting *ens, urits
and tenths of a degree. This would add some complexity 7o the
A/D converter, but it would not be excessive. The 1rterface
circuitry would then consist simply of a digital m.ltiplexer
capable of sequentially scanning three BCD characrers orto a
common output buss for presentation to the tape purct mecharism,
Ihis coold pbe accomplished with as few as 10 integrated (ircut’
chips assuming the tape punch contains its own =o0'er~id driver

circuits.

As envisioned here, the tape would be punched whi'e the BT
drop is taking place. Each time the A/D converter makes a
conversion the interface unit would scan three chiaracters out
to the punch. Timing is no problem because ahboi: 0.% cec. 1s
available between conversiors, and even the clowe«t rapec taje
punches (about 20 char./sec.) can record up to eight caraters

in this time. This same scheme could be applied to ary otter

device capable of receivirg or recordirg digita! data.

I our opinion there is no question as to tle techrnical

feasibility of this added capability.

b




Up to this peint in the study no consideration has Tac
blem of transcribing the filmed digital da% recoxrds: onto o SE1
such as magnetic tape for computer entry. Io fully ti

card concept, some type of film "reader" equipment will Te reg

central depository for BT slides.

One very obvious method of reading the aperture card consisis of
versing the recording process, i.e., use a fiber optic head,
source behind the film and individual photo cell sensoxs to rve:d
digital data on film. However, this method would requirz exr
mechanical tolerances between a common cavd reader sand several ~ o ax
recorders scattered all over the world in order to maintal~ =
registratior,, and the problems of mzinzenance, cszlitratio 1 B

would be overwhelming.

A more ideal method would involve ar. zdaptive reader wicie' o - ilat
registration could be easily accommodated. Such egilpment drec cxic
form of flying spot scanners which ave currently used Ii applicati
to this one. These systems are adaptive, have a resolving powe:

of that required hcre(3), and are capable of prodiicing computexn T

outputs,

Thus, the flying spot scanner would scem to be an ideal wesdine 0

for BT aperture cards. It is recommended that ccnsiderazior = .

method in future plans for aperture card plotter systems,

(3) Brown, C.J., "Resolution of Flving Spot Scanner Syskteme," FL!
August 1967,

L




PART IV - SUMMARY

Conclusions

Phase 1 of this study established techtmnical feasihility of the
fiber optic recording technique and demorstrated t! se of a
completely new dry process film, ‘hase !] has expanded upon

this previous work to demonstrate the tectrical fea- ":liry

of digitizing expendatle BT data and lirearizirg :hi:: data in
the digital domain for presentation in an aralog plot. Further
more, econromic feasibility of the proposed f£iter ogt riotter
system has been establiched tlrough a preliminary 1 gr and
cost estimate which indicate that these rit« cav te proi . ced

for the Navy at reasonable cost as showr in Volime . o€ *he

report,

The plotter system will produce bathyttermograms v «rar dard
aperture cards with both analog and digiral prese~-atiors of
the data. The system is relatively simple ard, * erefore,
reliable due to the extensive use of digiral ‘ntegrated circatte,
a conservative mechanical design, ard the simplicity nf the film
processing mechaniem, Ttere are ro extreme!v criti a' arca

in the system, as the techkrology and parts required are a

well within the state of the vario:s arrs

Additioral capabilities of the system may he e+ lorted trroigh

e by et e S ——— - vy —— am——
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the addition of inexpensive interface unit: hich uld permit

direct recording of the dat on paper tape or other mediums,

A direct interface with telemetry lin Wwoa computer is also
possible at very minimum expense and complication.

Fhe svstem as conceived herein i very ftlexible, it can: b
produced A(v“‘l'l“i\.(l]‘,' i it hould provide manv vear ) f

troubletfree operation under fleet operat ing conditions,

Recommendations

There are five prime areas where additional study or deve lop-
ment would be desirable and profitable prior to considering

production of. these systems in quantity:

(1) Probe Interface
Although no major problems are anticipated, some testing
of Federal stock XBTs will be required to establish
finalized tolerance limits of the recorder input

eircultry.

() Recording Head
Since some ditticulty can be anticipated hoere, an
investigation should be made into the problems ot
procedures, tools and fixtures required to produce these

items in quantity,

e —————— et —————
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(3) Improved Reliabiliity
it 18 ar opinic L ! ' reila 1ity X bak
especially as regards <'e incandescant lamps, can be

Ll“['l‘&‘\’(‘l. Some concentrazted effnrt 1n this rea would
result in dramatic improvemernt in reliability due tc
the large number of lamps 1sed in tte svstem,
(4) Film Stability
yroject is sti

The dry silver film used on this 1 re-

latively new, and, although the manufacturer claims
near archival qualitv, we feel trat further investi-
gations should be madc iﬁzA etarility of the film under
anticipated storage conditiors,

(5) Additional Capabilities
Prior to solidifying the design of this system the
possibility of irterfacing with other equipments should
be considered and at least allowed for ir tre¢ svstem
design., In order to do this, come ffort should be
expended to identify and define sich possibie inter-
taces ard to determine both tectinical! ard ccomomic
feasibility of thecse added features. ~uch an effort
wold be very rewarding if it avoids a cost v and
time corsumirg modification and refit program at some

later date.

e i et =




ATTENDIX
Digitization Methods
Since the conversion speed required i1n this system is very
nominal, consideration has been giver ro only trnree relatively

simple digitization methods. These mettods are corsidered
with respect to their effect or sctily time at the com-
paritor input, In other words, the tit or cinck rate of the
digitizer has beer determined in each case,
(a) Counter Method
Orce of the simplest digirtizers itilizes a counter
to drive the digitally contro! _ed recistor in such a
manner as to create a ramp fancrior. [Ite resistor
increases lirearily witr. Fime %11 1! compares with
the thermistor resists-ce, The counter is then stopped,
and the resulting number stored i1n rthe courter is a

digital equivalent of the thermistor resisrarce,

The samyle-time i= therz€ re proportioral to the count,
n, and it requires n clock pulses to reach the balance
condition. The worat case =ampa time occurs when a
full count of 1,024 i< accom lated. Max:mom settling
time is estimated as follow :

0,1 <ec, sampling rime -
1024 courts

1.1 msec.
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(c)

[racking Counter Method

Tnis is a variatior on the countirg method wherein

an up/down counter is used, e courtey does not re
at the beginning of eacl it ersion with the simp
counter method. It merelw holds the revious count

and then counts up or down as required at each con-
version time. Thus, the maximum rnumber of counts is
a function of the gradient, i,e. ir depends on how
far the parameter has shifted from one corversion to
the next. At the cold end of the -emrerature scale
where the worst case tamnerat.re/recistance rate
exists (510 ohme/®F) we may calculate the worst
case bit rate of change:
510 obme/°F = 4.5 or about 35 bits/OF
14.75 ohkm/tit
With a gradicat of 1°F/scc, the equivalent bit rate
of change is 35 bits/zec. Now if samples are taken
twice per second, the maximum rumber of bits accumu-
lated between samples is 335 bits/sec /. or about 18

tits (or counts). Maximum settiing time is then

0.1 sec/samnle 5. 5
18 counts

msec.

Successive Approximation Method

This method resuits in a constart zample time, but i

set

le

t

requires somewhat more circuitry than counting methods.
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Sometimes termed pot and rake™ tii. method operates

as de<cribed below.

First, the most sigrificant 1t 1s et wrich places
half of the total possible resistarce 1n the bridge
circuit. The comuaritor determines whetter this is
greater or less than the thermretor resistance. If
greater, the most significant bir remains set. If
less, it is reset, and, in either case, the next
most significant bit 13 set placirg %, of rhe total
resistance in the bridge. Ihe procec<s is repeated
through tte least sigrificant bir (1,1024 of total
resistance). Thos, allowing ore c¢lock period to
initialize the circuitry, the total number of clock
periods required per conversior 1s equal to the
number of bits plus ore. For a 10 bit digitizer

11 clock periods are required. The maximum clock
period (whick is equivalert to settling time) may
then be calculated as follows:

Usl sec time
11 clock periods

42




o

APVENDIN B

PRELIMINARY RELIABILITY ESTIMAT

The reliability estimate given in lable ! corforms, 1nasmuch

as possible, to the procedures outlined in NAVSHIPS 93820
"Handbook for the Frediction of Shiphoard and Shore Electronic
Equipment Reliability'. Method C "Equipment or Circuit Prediction
from Average Parts Failure Rates.' {(omponent fairlure rates not
tabulated in NAVSHIPS 93820 have been estimated or taken from
manufacturer's data. The parts list represents a best estimate
based on the system design outlined in tris report and on ex-

perience gained through this Feasibility Study.
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Quantity Faiiure Failures Per
Part Type __Used __Rate 10° Hours

Capacitor, Fixed, Electrolytic 12 2.48 29.76
Capacitor, Fixed, Mica or Equiv. 19 N.46 8.74
Connectors 4 0.058 0.23
Diode 26 2.98 77.48
Hardware, Electrical 50 0.033 1.65
Hardware, Mechanical 100 0.092 9.20
Belt, Drive 2 68556 127512
Heating Element 1 5.00¢(1) 5.00
Inductor 2 0.28 _ 0.56
Integrated Circuit 185 0.25(2) 46.25
Lamp, Incandescant, Miniature 183 10.0 (3) 1830.00
Motor, Blower Type 2 2.85 5.70
Motor, Incremental Type 1 5.43 5.43
Power Supply, Dual Output, Solid State 1 25.0 (4 25.00
Relays 12 27038 24,36
Switches 5 0.48 2.40
Transistors 45 1.60 72.00
Transformer 2 1.16 2.32
Resistor, Fixed, Carbon 220 0.39 85.80
Resistor, Fixed, Wirewound 10 1.40 14.00
Resistor, Variable, Wirewound 4 0.84 = 3,36

Summatior 2,376.36

MIBF = _10° = 421 Hours

2,376.36

(1) Estimated. No data available.

(2) Obtained from manufacturer,

(3) Assuming MIL STD 24367-715-AS15 lamp operated at 80% rated voltage.
(4) Estimated at % that of similar vacuum tube type.
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