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7. SYSTEM ERROR ANALYSIS

7.1 Introduction

In the following paragraphs, the operation of the Base Level Analyzer
will be examined and all sources of error will be identified and, 1if pos-
sible, described duantitatively. A final conclusion regarding the errors to

be expected will be made, summarizing all calculations and error estimates
in a conservative manner.

The error sources in the Base Level Analyzer operation fall into fcur
main categories and are:

O1l Sample and/or Standard Errors
b. Source Variations
c. Optics Errors
d.

o i 1

Electronic Signal Processing or Keadout Errors

) Of these, the last two categories will be emphasized since they represent ..

instrumental errors which are within the scope of the existiné contract 31)(_1

since the greatest amount of quantitative data is available in these areas.’
Source variations would be covered in more detail except for a lack of firfn ol
quantitative data. The first category, that of oil sample and standard errors,

is not strictly within the scope of the contract and is 'an extensive probiem

dony

area 1n itself. It will be discussed briefly, but no quantitative error estimate
will be made.

The Base Level Ax;alyzer is an instrument which does not contain ah‘ig\s '
ternal reference standard but compares oil samples of unknown impurity .
level with supposedly known standards. As a resuit it is itﬁpéi‘tz.nt to con-~ e
sider in this error analysis Vonly, those sources of.ergqf which affect ‘thé - F
calibration repeatability or reproducibility of the instrument-over a reiaf- Lo
tively short _timé span, say oﬁe day. Systei‘nﬁic errors which are:either ' Yo
constant or very small are not of major- con_cé_i'ﬂ. However, such errors

will be identified where they exist and described as.well as is possib_le;f

W%




Since many of the errors to be discussed in the optical category are wave-
length dependent, being greatest for the spectral extremes, frequent mention
in examples will be made of iron. Iron has been selected first because it 1s

- of prime interest to the sponsor; second, because the iron line being used
- falls near the low extreme of the spectruin considered; and third, because the

. working curve for iron is nearly linear.

- 7.2 Qil Sample and Standard Errors

_— Quantitative analysis of impurities in lubricating oil by spectrographic
7 ) methods is based upon a comparison of the oil sample containing the unknown
. - ' impur;xties with a set of known standards containing the impurities of interest
A at various levels of concentration. In order to obtain an accurate and mean-
ingful result from the comparison, the sample must be representative of the

whole body of o1l from which it was extracted and the set of standards must

Tttt T H)

‘be reliable, -

Obtaining a representative sample is a matter of common sense and good
) ' . chemical technique. Samples must be obtained in a uniform and careful
: manner-considei'ing oil temperature, time since last agitation, sampling level
. - i ) within the reservoirtin the vehicle, and cleanliness of the glassware used.
IO Also, the handling of the samples subsequent to extracting the oil from the
G . wehicle must be such that no chemical reaction or sedimentation occur which
1‘~ 57 . might remove impurities from the sampled oil. Finally care must be taken

to avoid contamination of the sample or source electrodes when setting up

the source prior to burning the sample.

‘Sets of oil standards are prepared by adding known amounts of organic

. "s'al_.ts;.containing the metallic constituents plus solubilizing agents to a base

. -0il assumed to be free of impurities. Generally the highest impurity levels

-are oﬁxéined;direéfly' in this way and the initial solution is diluted with

oo

7-2




wp

additional o1l to obtain standards at the lower impurity levels. The final
standards can be in error as a result of inaccurate weighing and mixing of
the organic salts, errors in diluting the initial high imnpurity level standard,
failure of all the organic salts to dissolve and remain in solution, chemical
reactiond causing one or more metallic constituents to leave the solution,

dirtv glassware, and impurities contained 1nitially in the base oil,

Of these sources of error, the most important and generally the hardest
to detect are the failure of the organic salts to dissolve and remain in solution
and chemical reactions causing impurities to leave solution. Weighing and
diluting measurement crrors can be kept small, of the order of two percent.
Dirty glassware becomes more important at the lowest impurity levels but

should not present a problem if good technique is employed.

Impurities 1in the base oil cannot be completely eliminated. Generally
the assumption is made that an oil is impurity free as it comes from the
refinery container despite the fact that it may contain minor amounts of im-
purities (of the order of 1 or 2 parts per million (ppm)). Larger amounts of
impurity additives can be detected in the base oil by comparing supposedly
pure oi1ls of different types. Small amounts of impurities (1 or 2 ppm} cause
an effective offset 1n the absolute calibration of the Base Level Analyzer but
do not impede its successful use since it is always used as a comparative

rather than an absolute measuring tool.

Since the subject of oil sample and oil standard errors 15 a major prob-
lem arca outside the scope of the existing contract, no quantitative estimate

of overall error has been atterapted here.

7.3 Source Variations

Changes in source conditions may excite some unknown lines differentially

with respect to reference background. No exact data is available as to the




importance of this effect or the ultimate source stability requxremcnts‘.
However, data have been obtained on the Baird-Atomic Research Direct-
Reader Spectrograph (RDRS) which indicate that the integrated intexxs}() for

a burn of fixed time duration does not vary by more than £ 10 percent and

that the total reproducibility error from ali causes, optical and electronic,

is of the order of + 10 percent. A source reproducibility error much less
than £ 10 percent is indicated by this data despite the lack of a voltage regu-
lated supply for the RDRS source. Hence it will be assumed arbitrarily that
reproducibility errurs resulting from variations 1n source conditions are
small and are of the order of £ 1 percent or less for the Base Level Analyzer,

which does use a regulated source power supply.

[ ]

N

&



7.4 Optics Errors

The optical errors which are to be discussed in this section arise from
changes in ambient atmospheric pressure, temperature and humidity which
affect the :ndex of refraction of air, the diffraction grating line spacing and
the dimensions of the mechanical supporting structure i the optical head.
These environmental parameters produce shifts of the spectral lines laterally
with respect to the exit slits (dispersion errors) and changes in optical focus
(line broadening). Errors are produced when the amounts of integrated power
reaching the reference and unknown photomultipliers respectively vary by dif-

ferent scale factors.

In the Base Level Analyzer design discussed in this report the reference
photomultiplier uses spectral background as a source of energy and hence its
output will not be affected by minor discrepancies in optical alignment or dis- .
persion or by minor focus errors. However, the output of a photomultiplier
collecting hight from a spectral line of unknown intensity will be affected. Per-
centage changes in the excitation of such a photomultiplier will produce equal
error percentages in the output reading of element concentration in parts per

million provided the working curve for the element in question is linear.

In order to have a specific example for use in the discussion which follows,
the element 1ron has been selected. Iron is the element of greatest interest in
this program and it has a linear working curve. Also, since the spectral line
used for 1ron (2599 A) 1s at one extreme of the focal curve, iron will experience
nearly all the peak errors discussed below which are a direct funcuon of wave-

length separation from the optical alignment servo wavelength.

7.4.1 Dispersion Errors

In an earlier section the dispersion errors in terms of lateral shifts for the:
extreme wavelengths were computed assuming extreme changes in temperature,
pressure, and humidity plus an optical alignment servo for maintaining registras .-

tion between a mean wavelength and the corresp.onding slit. These shifts for = .
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temperature, pressure, and humidity are respectively 1.9 microns, 14
microns, and 1 micron at 2208 A and 2.2, 16 and 0.8 microns at 4254 A

assuming the alignment servo operates at 3126 A.

An additional error of as much as * 5 microns can be caused by dispersion
-in the calcium fluoride plate used in the optical alignment servo. A S5-rnicron
shift is produced at the short wavelength end of the focal curve (2200 A) when
the full 100-miicron deflection of the calcium fluoride plate is being employed.
Since the shift is a direct function of deflection, it normally will be much less

than 5 micrens, even at 2200 A.  Also the maximum shift at 4500 A is only

1.2 microns at full deflection while no shift is experienced at 3147 A.

Dispersion errors can result in important output errors. The amount of

each in terms of percentage error at the photomultiplier output can be deter-

mined by considering the widths of exit and entrance slits and the spectral line

“shape:

The Base Level Ar—lalyzcr entrance slit is 50 microns in width and is imaged
by a 1-meter grating onto 25-micron wide exit slits. The intensity profile of
the spectrdim line has an approximately Gaussian shape as shown in figure 7-1.
Translation of the line relative to the slit causes a decrease in the integrated '

intensity passing through the slit. The power on the photomultiplier is P where

n this equation Xy and )(2 represent the boundaries of the exit slit and

-
_l_‘? ,» x -
q '/"'3""1‘[3_’4/«2 02 ]
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Using the cumulative distribution function

: P=dx)-Txp .

where

. X
Jx) = S ¢ (x) dx.
’ -0

The values X, and Xl always differ by the width of the exit shit 0, or 25 microns.
The graph in figure 7-2 shows the effect on the photomultiplier tube output for

shifts of various amounts.

It can be seen from figurg 7-2 that the maximum dispersion shift of 2 microns
caused by temperature, changes in index of refraction of atr and grating line
spacing produces less than a 0.5 percent change in photomultiplier ocutput.
Humidity variations produce a still smaller percentage change, about 0.2 per-

- . cent. Since the referencc channel will not be affected by these environmental
‘ effects, a maximum change in calibration in the iron channel of 0.5 or 0.2

percent will be observed for the complete temperature or humidity excursion.
s ) J

Pressure changes cause a much greater shift, about 15 microns, in the

sin

pi:)sitioti of the spectral line relative to the exit slit. Figure 7-2 shows that
this shift is equivalent to a 15 percent change in photomultiplier output (or
\errm;) in the case of iron. An error of t‘in =iz¢ 16 intulerable. Consequently,
‘a mechinism has been provided whereby the grating 1s moved manually to-
;ﬁ"ajr‘d%thre center of the focai curve as pressure is reduced so that compensa-
';ti?;n' fbr the lire shift is achieved. A total movement of 0.003 inch is needed

1o compedsate f"om 0 to 10 000 feet altxtude Provided the grating is exactly

Ad)csted fcn amment pressure no error wxll exist. In practice, however, only

o
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about the average pressure setting of the order of 15 millimeters of mercury
and corresponding line shifts of 0.8 micron rms. Errors from this source
in a reading of iron concentration can therefore be as much as 0.2 percent

rms.

The calcium fluoride detlection plate used in the optical’alignment servo
can produce as much as a * 5-micron alignment error, equivalenttoa z 1.0
percent output error. The amount of this err1or is pruportional to the differy
ence between the wavelength 1n question and 3126 A as well as to the amount
of correction supplied by the servo. Pressure changes from 0 to 10, 000-foot
altitude produce a + 50-micron correction requirement. Temperature changes
of ® 30°C require * 6. 6-micron corrections while the total range of humnmdity
change from minimum or normal conditions to high temperature wet conditions
(23°C and 72 percent relative humidity to 55°C and 100 percent relative humidity)
gives only a + 3-micron correction. The 2 1. 6-percent error stated above
corresponds to the maximum correction that can be made by the servo which

is £ 100 microns.

7.4.2 Line Broadening Errors

In the preceding section errors caused by shifts of a spectral line of cunstant
width relative to an exit slit were discussed. This section 1s concerned with
errors produced when the optics become defocused and the width of the spectral
line is increared without any lateral shift. If the line 1s broadened relative to
the exit slit wi. , a smaller fraction of the total light will pass through to the
photomultiplier. The decrease in photomultiplier output can once agzin he

estimated assuming a Gaussian line shape. If the exit slit is 25 microns wide

%,
: and the line is 50 + § microns wide, then the slit width in terms of standard
. deviations {0) 1s
. 50
YT 50+ 6
7-10
SR - ]
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The power on the photomultiplier is

+ X -
§

P = & (x) dx
- X
X
-;ZS é (x) dx
0
where
.o 25
X =3 T804 6

Figure 7-3 shows the relative photomultiplier output plotted vérsus the

broadening 6. The relative photomultiplier output is

X
D . .,
1(50%6);1 -OS ¢ (x) dx
P B 0.5
50p (. o (x) dx
0J

The focus errors which produce the broadening 6 result basically from
changes in ambient temperature. These errors occur in addition to the dis~
persion errors produced by temperature effects on the air and gratu:g which
have already been analyzed in paragraph 4.3.5. No additional registration
errors result {from temperature changes provided the complete optical structure
including fucal plane is fabricated of the same material so that it has a uniferm

temperature coefficient of expansion and is maintained at a uniform tempera-

ture throughout.

In order to correct the focusing errors which can result {rom temperafure
changes, a servo has been provided to adjust the optical path between emrgxfég )
slit and diffraction grating. This servo operates by inserting a variable t}nck-
ness plate of calcium fluoride so that correct focus is maintained despite ‘t30‘°lc

temperature changes and resulting changes in the size of the mechanical sf;‘uc:- -

ture. . : . - -
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These changes result from the fact that the optical head assembly \;/ill be a
casting of A 356 aluminum. This material has a linear coefficient of exp‘an.-'
sion of 11 x 10-9 inches per inch/°C or £ 0. 011 inch over 40 inches wit}; a

# 25°C temperature change, results in an increase shift of + 0. 044 inch over ‘:
a £ 25°C temperature range. This is due ta-the fact that the entrance slit
moves 0.022 inch relative to the grating and the grating movefs;O. 022 inch™"

relative to the focal curve.

No appreciable error would result from line broadening due to poor facusing

if the servo were designed to operate in a proportional manner and if egqual

focus correction were provided for all wavelengths. However, neither of these

conditions are met. .The servo operates stepwise covering the total range of

correction in 10 equal steps and the calcium fluoride has noticeable @iéperéﬁgnt_'t_

over the spectral band of interest. - =t

First, consider the error caused by the stepwise servo adjdstm‘ef;f. Thé-

total servo focus correction is + 0. 044 inch. Each servo step is théfégggé A

1

0. 0088 inch. Since 1t 1s equally probable that the error lies anywheié \chm ;

this range, the rms focus error is 0. 0088/2~3 or 0.0025 inch (63.5 n’:igro‘ns‘)g‘ :

In an {/20 optica! system the line broadening to be expected is abb_gt 1/20 of

this value or 3.2 microns. Reference to figure 7-3 shows that 3.2 micron -
broadening causes a 5.5 percent errvor in the photomuliiplier ougpdt or. in the

concentration reading of an element such as iron. o

These calculations are considerably pessimistic since actual measurement

o
a f

shows that an {/20 one meter diffraction grating system with the entrance sht j' )

eI

displaced by 0. 050 inch has but 13 microns of line broadenmg Linear- extrapo P

olation from this value leads to an rms broademng of only 0. 75 mxcron an& a B

corresponding error of 1.1 percent. ) —
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Second, consider the errors in focus produced by the dispersion of calcium
fluoride focus corrector plate. A plate ranging in thickness from about 3.9
to 11 millimeters will be required. Such a plate has the ability to shift the

focal plane by a distance x where

x = d {1 --l)
n
and
d = the plate thickness

the index of refraction

n

Assuming an Il millimeter thickness and taking the indices of calcium fluoride
at 2200 and 4300 A of 1.48112 and 1.43950 respectively, the focal plane shifts
at these wavelength are 3363 and 3574 microns. The difference of 211 microns
can be split so that the maximum error in focus at the extreme wavelengths 1s
4+ 100 microns. A linear extrapolation of the line broadening measurement
previously mentioned leads to a maximum value of line broadening of 1.1
*}mic:ons and a maximum error (figare 7-3) of 2. 0 percent. Typically, of course,
" the error at the extreme wavelengths ‘s less since the focus correction actually

» + used in a normal temperature environment is about half the maximum.
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7.5 Electronic Signal Processing Errors

The light emitted by the source during the burn period is dispersed by
the diffraction grating and focused on the reference and unknown exit slits.

The light passing through each of these slits is detected by a photomultiplier

tube whose output current charges an integrating capacitor. Provision is
made in the charging circuit for photomultiplier dark current cancellation.
At the conclusion of the burn. namely when the reference capacitor voltage

reaches a specified level, the capacitors are disconnected from the p}{otomul_»

R I LU 5 ol o itk e i s

tipliers and their voltages are measured sequentially using a no__n;linear

e

measurement circuit utilizing the working curves for thé elements. The
digitized outputs of the non-linear circuits. are converted to 9 bit.digital

numbers and stored in registers whose contents can be-displayed at will on

a 3-decimal digit set of Nixie tubes.

g v

‘v)i

The whole apparatus is illustrated in block diagram form in figure 7-4. .

in order to facilitate the following error analysis. In the analysis, each

ot
"

. error producing block will be discussed in turn. Those subjects to be .

R

covered are:

*

e

Photomultipliers

sy

a
b. Integrating Capacitors

Reference Capacitor Cutoff Voltage

it

a0

Dark Current Cancellation

i

e. - Analog Circuits
1. Unity Gain Amplifier

2. Nonlinear Amplifiers - A

3. Analog-to-Digital Converters
R f. Digital Circuits . i
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7.5.1 Photomultiplier Errors

The photomultipliers used in the Bage Level Anah}aer are

1P28 9-stage units operated from a commen 1000-volt regulated zupply

(an Arnoid Magnetic Corp. Model SMU).

Three types of errors can be = -

considered to arise from the combination of photomultiplier and supply.

These result from

a. Changes in Supply Voltage

b. Changes in Individual Photomultiplier Tubes

c. Photomultiplier Dark Current

The discussion of dark current problems will be deferred to paraj‘f&ph 75_3

Small changes in the photomultiplier supply voltage tend qurﬂagglalg_?f'gg-

changes in photomultiplier current gain and anode sensitivity. Thecurrent .

gain G is

where

6 = the secondary emisgion ratio of the dynodes (approxir’nately 3).

'l!'

In the region of interest, & is approximately proportional to the voltage per

stage (V).

6§ = K'V
so that
9
G = KV
if K = (K’)9

If the voltage changes by a factor X then,

Gx - KX9 V9 .-:~.3{9
G v

KV9

A

T

S



A %1 percent change in voltage, which can be expected from the photomul-

tiplier- voltage supply over the design temperatuve range, can therefore give

“"about a £ 10 percent change in gain.

~ However, because of the use of a common supply voltage for all tubes,
each should experience the same gain change, at least to a first approximation,

so that the ratio of unknown capacitor voltage to reference capacitor voltage

_ ahould remain constant. It is possible that not all dynodes in the various tubes
will’have exactly the same gain versus voltage characteristic and that a second

_order error will result. However, since no data is available upon which to

base a quantitative error estimate, it will be assumed arbitrarily that such

errors are negligibly small.

bifferez‘.tial aging of the photomultiplier tubes. if 1t occurred following

'calibragjbn of the instrument.could have a major effect on the useability of

the Base Level Analyzer. Differential aging is important for some types of

photomultipliers, especially during the first 100 hours of operation. How-

-ever, it is believed that this effect has not been observed with 1 P28

tubes. In any case a burn-in program can be conducted to achieve good
photomultiplier stability. Consequently, no assignment of error will be

made to account for aging phenomena.

7.5.2 Integrating Capacitor Errors

-

7.5.2.1 Charging Errors -- The voltage across a capacitor C being charged

from a current source 1is given by

_'—-———t‘ : a
V=R L |l-e e =t ho 2| forR G >t
ST RLE . J =TT 2R, C | or By, ™

.

= theeﬁlg akage resistance -




|
|
g
E

The capacitors being used have an intrinsic time constant of 25,000 seconds,
except for the referende capacitor which is always shunted by a unity gain
amplifier having less than 1.0-nanoampere leakage current. and the charge

time is of the order of 10 seconds sc that the approximation is valid.

s

The voltage on the ith capacitor after burning the oil sample-is

1.t t
i f f .
vV = L R S 7-1
1 C. ! 2R, C, ¢ )
1 L i .

and the timne at the end of burn, t,, is found from the equation

{

(IR - IL) tf tf_ L
Ve 3 et |1 e | (7-2)°
R - L R .

.

where VR is the reference thresholdWéltage and lL, is the leakage _gu;_"réht

of the unity gain amplifier. It should be pointe-d out that leakage pheno,mcn'a: ’
included in these two uqua(ions' do not of themseives cause output erross. If
all leakage phenomena were constant, no output errors would result. It is

only when either IL or Rl varies that errors occur. Naturally a large

i

variation i a quantity having only a vamshingly small effect on the cutput
in the first place cannot cause a serious error. Thercfore it is desirable

to keep leakage currents small as well as constant. I

The rms output error, again using iron as our example, is identical to :

.

— 172
2 /
AV,
1

it oo



where
i
—1/2 V. 2 av, ¢ oV, :
{sz ! ar l i) oav. @ il oAl
. - —-——— + ———
¥ 1 i 81R R oVR R dIL L
. 1
. —— . 7-3
. L4 aRI AR, (7-3)

The value of V_in this equation is obtained by eliminating Lf from equation
i

&

(7-1) with equation (7-2).

(7-4)

]
-
—
po
Ht"
b

The ratio of the currents charging the reference and unknown capacitors

o ’_hgé been replaced by a constant k This has been done since, for a given

I
) unknown ¢lement, source variations and photemultiplier power supply

2

variations affect both currents and their ratic remains constant. In other
words the current errors are functionally related and correlated and are not

’:Qg_;:a_’tisticall‘y~in§ependent. The same reasoning applies to the values of the

;i% ] . ’ A . S 7. 1; A 7-20
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and hence have a constant ratio. All remaining parameters in equation

{7-4) have statistically indeperdent random errors so that the averaging

operation removes all but the squared terms-from equation (7-3). Evaluating
equation (7-3) we find that

| 2 2 2 2 2
—t1/2 I k ¢ A\ k ——— k ZI k —_——
2 1. 1 R 2 2 1 R 2 2
av = — al + av
' a, -1} R 1, -1 ) R
R L R L
2. 2 2 2 2.2 4 4
k 4 —_— k
I IR v R kZ 2 1 IR VR kZ
¥ 3 AI_{ } 4 4
. -~ .
(IR L) . 4 (I~ r IL) RLi
Assuming as values for the preceding equation
.9 : ’——ﬂl/z
I1 = 10 ampere AIL
y ) ! = % 20 percent
1 = lf‘-é N IL } M R
R ¢ ampere 8 i
= 1
k1 "-—-._Z* 1/2
av.
= 10 : -
CR farad v R = £ 0.07 ;:'ercoant’k
CI = 10 farad ’ . R R ‘
S L
aRy { ——s1/2
_}i._-.’--. i - # 20 percent AI'R r e
PR ' = # 10 percent .
1 J IR - N
L. .
s 3
CR = 25,000 seconds
i I..i

Vv = 10 volts
R

*“See paragraph 7 5.2

a




F &

we find that

~

I3 . -t
If atypical vatue of V corresponding to a current of 10 amiperes 15 16 volts,
1

the rims output ¢rror 1s

1,2
av |
! o = 20 7! percent
7 percer
1

Of the four terms in the expression for
— 12 p
av
1

the second contributes the major portion of the error  The second tern

represents the effect of uncertainty in the reference capacitor cut-off voltage

7 5.2.2 LeaRage Errors -- In addition to the errors which occur during

the charging of the intcgrating capacitors. which have just been discusserd, there
can be a variable amount of discharge between the time the capacitor charging
is complete and the time that the charge 1s read out  Ten unknown capacitors
are read at intervals of 100 milliseconds. Each ot these 0.1 microfarad
capacitors has a 25,000 sccond leakage time constant. Since the voltage

during the tume the capacitor 1s allowed to leak is

v = \«l exp | .:Vl (1 - "ﬁ'“"“é"‘) for t << T,
L 1 ]4, 1
i i
) 7-2¢




-

: MBSO aibras ¢ sogin ¢

the rms error in v for a particular V! and t is

. / ]
pJ 1
2 l/«. ) > 2 2
ov ov
AR — C
av I oR L gC 8¢,
1. 1 i
1
. 3 e 1,2
A RL ACa
S S 1 . i
]
Ry, ('x R 2 c.” J
i I'i i

This equation can be evaluated using the most pessimistic parameter

values, namely-

V = 10 volts
1
t = 10 x 100 milliseconds = 1 second
R1 C = 25,000 seconds
“. 1
~
; 5 1,2
E_ARL
R d = % 20 percent
L
1

1 vrror.

?

% 0.5 percent

& 0.0l percent, a very small rms variable-capacitoroleakage

7-23




A

Ar. additional leakage error can occur as each unkuown capacitor is read
A siugle high mput impedance readout system 1s used to read all 10 capacitors
-After connection is made to a particular capacitor, 30 inilliseconds are aliowed
to pase to assure that all relay contact and amplifier transients have ended and
then the capacitor voltage 1s sampled for 30 milliseconds. The remaining 40
milliseconds of the 160-millisecond cycle is used to disconnect the amplifier
from the capacitor. During the sampling upcration the voltage leakage increment

is

where

o
i

the amplifier input impedance

.The variation in Av, as a result of changes in amplifier input impedance and

L
sampling time is the error in this case.

RYZ-
- I 4 2 2 2
{_“'E_] 1/2 i (d Av Ty g v —— JAv 5

.-

The rms error during capacitor readout is 0.01 percent for the parameters

3
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i

60 milliseconds

m-%
]

-7 2
Raci = 109 ohri x 10 farad = 10 second

= £ 20 percent

R'
o
i 1/2
=
LE.’_. = % 0.5 percent

[H]

+ 10 percent

iy

7.5.3 Reference Capacitor Final Voitage Errors

The voltage on the reference capacitor at the end of the burn period-is.
ideally a constant value of the order of 10 volts, However, because of errors
occurring in the Adage HA-150 unity gain amplifier, analog-to-digital com)ert_'er
and digital threshold used to monitor the reference capacitor voltage, t,h'erg; will.

" be some small inconsistencies in the final value. These inconsistencies, con-
sidered on an rms error basis. represent an ouiput error for an element having
a linear working curve. The effect of this type of error was included in the

previous section in the form of the term

2
e A.VR in equation (7-3).

The unity gain amplifier has errors due to gain stability and drift or

offset variations. The output voltage, Vo. is given by

V = KV + 4
o 1

W,




i

. ) K = the gain

Vi = the input voltage
& i

4 = the offset voltage.

Usirig this equation the rms error in output is

2 2 /2
. ) “YlaK 2 aa
/
% )1/2
2 2 2
= Vi AK  + aaA
R, Using'the values
T - . V. = 10 volts
o . ) i _
1/2
i {AAZ]' = & 100 l*%k_grovolt = % 58 microvolts rms
N L] \'l
r ]1/2
Lsx"‘ . 1ot
K

A" = 10 volts

~ o
. = the equation gives for the unity gain amplifier error
1/2
o 2
oL e v = 6x10 ‘percent rms
° -
A 7-26
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The analog-to-digital converter has errors due %o its finite sampling -
interval, drift in its voltage-reference;, and the resolution of the digital

output.

Since the sampling interval is 10 milliseconds and since:the ramp

input to the converter has a slope of 10 volts in 10 seconds: or | volt per se‘cond,

the voltage change betwecn samples is 10'2 volt or 0.1 percent of full géal;.

The rms error is 0.1 percent/Z\ﬁ' or 0.03 percent as a result of the finite

sampl.ng interval. The digital resolution is one part in 5!2 for a 9-bit system,

an rms error of 0.06 percent and the drift in the voltage reference is 0.01

percent rins.

Combining all errors for both analog-to-digital converter and unity éqin

amplifier, the total uncertainty in the reference capacitor cutoff voltage is
N P - .
approximately 0.07 percent rms

7.5.4 Dark Current Cancellation Error

ol

2

Reversing relays and a dark current cancellation shutter-for the soﬁrée -

-

are provided in the Base Level Analyzer for the elimination of dark current ‘
contributions to the charge stnr ' on the integrating capacitors. Charge is
stored over a number of regular cycles, light source produced.photocurrent
plus dark current being added to the capacitor in one half cycle and da;'k
current alone being subtracted in the next half cycle. Figure 7-5 shows the
approximate effect on dark current alone. Starting with one-half of a positive
dark current pulse assures that the mean dark current charge increment will
be zero, since it is equally likely that the threshold will be reached and
shutoff will occur at anytime during the positive dark current pulse, a result -
of the decision to control the final reference capacitor voltage rather than =~ -

the source burn time.

The effect of this error is included in p’xragraph 7.5.2.1 and need not be
considered again separately.

i b,

w
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Although the mean dark current voltage increment shown in figure

7-5(b) is zero. the rms increment 1s non-zero
’

” - 7 + oL 1/2
¢
H

( \
t )
T 2 i, 2 ,
Sl 2| 1T
1 (D T ) D
=d = i (L = 7-6
T2 [ z s de, 2 3T (7-6)

The full rms voltage increment given in equation (7-6) does not )
represent an output error since comparable errors of d'ifferent magnitude
appear in both reference capacitor voltage and unknown capacitor voltage
and 1t 1s the ratio of these voltages which 1s ¢f interest. If the subscripts,

1 anidd R represent unknown and reference respectively then the fractional

error * the voltage ratio is

V A% \Y V‘
L' D, v D D
1 1 1 R
VIVD OV vV T WSy v
YR Vb VR . R D. D
¢ s R - = L . (7-7)
v v v v
1 D 1 R
L R
VR l’ '\T——
. R
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™ [T

Using rms values of dark current voltage increment

[—--——2— 1/2 1/2
Y v
. = LDi Dr
- '
\f R
and since :
NT 1
- 1
Vi T ¢

where N is the number of dark current reversals

- [ 1]
4NT N I IRJ

Equation (7-8) can be evaluated using as pessimistic values of the paramecters.

typical values for low unknown impurity concentrations and maximum dark currents

-8

ID = 10  amperes

N = 10

Ii = 107" amperes (5 ppm impurity level)
108 e

R amperes

(7-8)

These values lead to an rms ervor, e, of # 4.4 percent at maximum levels

of dark current and low levels of signal current for the unknown.

If lower

dark current values can be achieved by selection of photomultipliers, say

-9

10  amperes, the error is decreased to 1.4 percent.

Additional improvement

Aw b
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can be achieved by increasing the number of reversing cycles, N. Since
this decreases relay life, only a modest increase, say a factor of two, is

possible.

A problem of accuracy exists at the high operating temperature le\;els
which may be experienced {(130°F). At these temperatures dark current in
photor;mltipiie rs may increase as much as a factor of six" over room
temperature values which are typically around 10°? amperes in selected
tubes. At the 10-ppty impurity level, the error would be increased {rom

0.7 percent, the room temperature value, to 1.2 percent at 130°F,

7.5 5 Readout Circuit Errors

In order to measure the voltage stored on an unknown integrating
capacitor after the source burn and to convert this voltage ngnlineaﬂy to
a new voltage proportional to unknown concentration, a spfzcial readout
circuit 1s employed. This circuit consists of a high input impedance unity
gain amplifier, an operational amplifier with non-linear feedback networks
and an analog-to-digital converter. In addition digital storage registers

and readout are used.

The error contribution of the Adage HA-150 unity gain amplifier results
fromn variations or drifts in offset voltage. noise and gain instability. The
offset voltage can vary between * 100 microvolts so that the rms error is
58 volts. The amplifier noise is 70 microvolt peak-to-peak or 10 microvolts
rms. In addition the gain variations are 1 ppm. Assuming that all these
errors are statistically independent and Gaussian they may be combined by
taking the square root of the sum of the squares. If a 500-ppm impurity
level is equivalent to a i0-vo! charge on the unknown capacitor, the combined
errors of the unity gain amplifier at a 500-ppm level are 0.006 percent. At
10 ppm, the unity gain amplifier error becomes 0.03 percent and atl ppm, 0,3

percent.

2
RCA Technical Manual PT-60, "Phototubes and Photocells", p. 96,
Radio Corporation of America, Lancaster, Pa., 1963.
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The operational amplifier ¢rror contribution arises from gain
instability and offset voltage drifts with changing temperature and supply
voltage. The gain stability is determined by the stability of the resistances
in the feedback loop. If these have 25-ppm stability, then the gain stability
is 0.004 percent. The temperature produced offset 1s 3 microvolts per °C
or * 90 microvolts over the teniperature range. The supply voltage produced
offset is + 200 microvolts per volt. Since the 28-volt supply used has a
0.05 percent per °C temperature coefficient, an additional 72 microvolts
can be added for a total offset voltage variation with temperature of 162
microvolts. At the 500-ppm impurity level the total operational amplifier
error is 0. 004 percent rms and results from gain instability. At the 10-ppm
in;purity level, the operational amplifier drift gives a £ 0.1 percent error over
the temperature range while at the 1-ppm level there 1s & £ | percent ervor

over the temperature range.

The analog-to-digital converter errors result from the instability of 1ts
voltage reference. which is known to be 2 0.01 percent. and from the digital
resolution of a 9 bit binary system  The latter is a one part in 512 peak-to-peak
error or a 0.06 perceat of full scale rms error so that it predomminates  The
total analog-to-digital converter error 1s 0.06 percent rins or 0 3 ppm at 300

ppm, 3 percent rms qr 0.3 ppm at 10 ppm,. and 30 percent rms or 0.3 ppm at

1 ppm.

The digital portion of the readout system, including registers and Niste

tubes is assumed to be error free

7.6 Summary of Base Level Analyzer Errors

A summary of the errors calculated in the previous paragraphs 1s given in
table 7-1. No attempt has been made to combine all errors since many reach

meaningful levels only under particular adverse environmental conditions

However, the most important error sources are imperfect dark current

7-32
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canc' iz...a and electronics readout errors (primarily digital resolution
error}. Poth of these sources of error are most important at impurity
¢oncentrations below 10 ppm and together can produce a 5 percent rms

<¥ror at high temperatures at the 10-ppr impurity level.

S One of the worst possible combinations of conditions is found in a high

Tﬂ“. - altitude, hot, humid location. ‘ If the maximam limit of the temperature,
E: ) pressure and humidity specifications all occur together, iron (\ = 259G A)
expe.iences a 5.5 percent rms or 0.55 ppm errvor at the 10 ppm level plus
offset errors totaling 2 percent The offset error remains constant at lower
impurity levels while the rms error is inversely proportional to concentration.
Tﬁus, at the l-ppm le el of iron the error will be about 55 percent rms or
or 0.55 ppm. The error for 1> w concentrations of lead may well exceed that
"3 ) : S of iron since the lead line used is also at short wavelengths (2203 Ay and the

. sensitivity shown by the lead working curve is less than that for iron.

-
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8. RELIABILITY - - =

“x

; ‘ 8.1 Reliability Program Plan

= 8§.1.1 Basic Pﬁiloséjhx -

ment and are the cornerstone of the rellabth.‘v strug,tt;re. Ban‘d AtQmI!C »tak 32

the positin that rebabilaty.

v rooamoun! e reliapinty ¢

cver correct or make up for basic degign defcé‘;ls.

A- aoqunprery or 1 nack up lu'uthm ty 1he“

effort w.,il ¢

ing, -alety  himan factors.

grated tu that point where édCh ekmem

-
"
fe
:
ot
-

iy

cthe redabahity of tne analyzer. -

= 1 2 P( I-d.b x 1y ()} ga izal:ion

P4

The srgancsotion =trect e of renability, and its immediate access to tops

Lo,

Nanagetnent 1= ts shownsoan iagure §-1 . S

"

.

—
o

General Reliahilaty Requirenlcnts :

"
GNP
'

The Baird- Atomiic Reliability Pr cwgzam requirements are as -pec;fxed n iﬁa

following doacuments:
a MIL-STD-4441

b MIL-R-26484A except that MIL-T-21200D skall be substituted for

MIL.-£-5400, sn accordance with RFQ 33-657-65-5001, dated 31 July 1964

In general the Relia ty Program will consist of the following basic»

R v g

E

¢lements:

a. Design Review Program
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b. Parts Program

c¢. Milestone Identification and Schedule = -

d. Monitoring Prograr;x

#

e. Failure Analysis and Réporting
f. Repbrtmg ) - -

8.1 4 Design Review Program

During the design phase of the project, the rehab*ht) of each subsystem
proposed is carefully considered before final dFSIOn deubmns are made The .

reliability design review shall take into cons;deratmn the fcnawmg iactars*

a. Concept and Design Apptaa_ch C .f T A*.‘

b, System and Component Demgn and Performance Reqmrementslf

c. Environmental Requirements ) < s

d. Maintainability Requirements

e. Safety Requirements

£ * 4 PO

In the area of mechanical design, stress analyses will ie»}ierfcrmed to T oo. -

aSsure that the critical mechanical structures will not {ail in the envxrtmm nt '
specified or will not fail under the shock and vibration tests speczfxed, }n the
area of opiical design, tolerance studles will be made to assure that the manu-
factured optical system will have the same performance as the computed re-
quirements. Also, in the electronic design area, preferred parts and circuits
will be selected for tneir reliability aspects and will be employed with proper
derating. Circuits will be simple, have a minimum number of parts, and in-

corporate redundancy where it appears de irable.

The design review program will consist of a cricital farlure mode analysis
of each major subassembly. A system diagram will be used for the initial

prediction. Each subassembly will be assigned a reliability appurtionment,,




d a detaxled analys:s af all parts comprising each subassembly will be made
'we‘ to the apportionment. Updating and reliability trade-oifs will be made

equxred by the program position.

TE

The analyaer rehab:hty shall be assumed to be in accordance with an

[ ‘exponentxal distribution; that is,

R - e"xS t

. where

- ‘R, =system réliability ?. 0. 9989

. = system failure raté. = L/MTBF = 1/150

éguired operational time? 10 minutes

failures/HR

.

. AS aﬁbasis“fc;r iotal life requirements, maintainability, etc., it ‘will be
assumed that the longev:ty {total operating life) requirement, in accordance
1th Mle 2648A, sha,ll be 3000 hours, minimum. It is implicit that at any

Ak»txme the eqmpment is operated during this 3000 hour operational period, the

._probabzhty of it campletmg a 10-minute run will be 0. 9989.

S T RAD"’(‘& Reliability' Notebook, AD-148868, and MIL Handbook 217 will be used
) xfﬁi iasusigr;ui{ent of failm}e rates when documented evidence from the suppher
- ,_ogjfa ‘spe,;':ffic part or sﬁbagsembly’ is not available upon demand. 1t is under-

) s}oéd that both the RADC Notebook and MIL Handbook 217 offer only engineer-

ing estimates of failure‘ rates and as such do not constitute proof of a failure
. - rate specified. Moreover, it is also understood that a failure rate specified
by a vendor of a component or subassembly for the analyzer may be an
average failure rate attained over a period of time when the vendor has con- '
~troll;d manufacturing and testing techniques. The failure rate specified by
the vendor does not have to necessarily reflect the lot from which the compon-

ent or subassembly supplied to Baird-Aton .. was selected.

J—
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8.1 5 Parts-Program »7 A ~

Baird-Atomic reliabiiity:shgll éign off all requisitions rélative to ex}dyjiteifh .
procurement of all major parts and/or 'subass‘e_mblign_—of’ the analyzer. In this

way, complete control is maintained by the reliabiiityorganization.

8.1.6 Milestone Identification and Schedule

Milestone identification and schedule will be in accordance:with figure

B. 1.

Monitoring Program P

Procurement
b. Development Testing
c. Manufacturing

d. Acceptance Testing

e. Maintainability Evaluation

8,1.7.1 Procurement -- Where possible, each:part an

the analyzer will be a "preferred” item -and will be purc S in ac
€ y p : 14l i1 he purchased

with the pertinent specification Qualifieé_ Parts Lidt (QPL)’ T

When a required item does not conform to either the R-AD(; Notebook or MIL' B

Handbook 21%, the project manager will be so informed by Reliability. The-

supplier of this item will be requested to inform Baird- Atomic Reliability a§ to’
a failure rate relative to our specific usage. A reliability’report will be com-

piled on each of these items outlining all judgments as to predicted reliability.

8.1.7.2 Development and Acceptance Testing -- Development and acceptance

testing will suppl"y'v' all data relative to justification of the design reliability pre-
diction. All data'gathered during these tests will be used to verify the reli-

ability prediction by means of a sequential test analysis tethnique.

8-5.

"



e .« n

1$-4.9-22¢6

d R

DNPAYOIG PUR UONIEILITIUIP]

[

T el

‘ ' 1anday .
k _
\ . rEurg

S1s59] U0,
S8 PN T Tg |

2 CON uO1y

AUG SN

W stessesests dburk % ux hbeds armeet Ay v dont g o e e -

el

I ON U1

-3ad paiendgy - de] (PTITL]

7.8 oIndi g

aothy Sitprgqeure;
-uteRy pre Sipigeiiey

e ore s pr onsrmeenn - PR

R

Mataoy uSisoc)
4 srardwon sihin

L -mea( Ajquuas
DT Ly washg

i
-dajaaagf puu
udrsael piw

(waranyg uldrs
-a(1) ase1dwon
Wiohe ] wals iy

.

aIAY
L
Surpuodsaared 1 Y43

- e

‘ sjardwon
: iaouday 159, aduw
i 1 Arewawing -da oy
. ’ ! > N « A... ) » "
’ . , ‘ 4 & ¥

A ﬂ

= cota R

ﬁﬁ SRR T T R ITA  IR  RLTUIR e I ST I, 20
€

7 Lo [

Jogquuny SUGISATIN

D




8.1.7.3 Mariufacturinﬁg_-- Techniq'%ies of manufacturing and aésgm ly of each
analyzer will be monitored by reliability in close cooperation with Quality
Assurance personnel in order to insure a minimum degradation of the analyzer”

design reliability.

8.1.7.4 Mamtamabxhty Evaluatlon - Durmg the prototype testmg ph;

graph 40.1.1 of MIL M- 265128

8.1.8 Failure Analysxs and Reportmg R

A test summary tabulated against comecutive failufe numbers s_ha?li- be mad:
including both relevant and nonrelevant failures. The test summary shall con-

tain the following items:

Failure Number

a
b, Failure Analysis Number

¢. Date + )
g d. Part Name, N -
e. Part Number and Sym501 T : ..

f. Subassembly :

g. Major Assembly

h. Serial Number of Equipment

i. Hours of Operation {both equipment and total accumulated)

jo Mode of Operation

k. Manufacturer of Failed Part

1. Symptom of Failure

m. Cause of Failure

n. Corrective Action for Test Continuation

o, Diagnosis Time for Each Skill Level

p. Repair and Retest Time for Each Skill Level
Categorization of Failure

r. Result of Failure (catastrophic abort, degradation, etc.)

A full tabulation of failures wili be submitted with every monthly report.

8-7
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X o T,
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¥

W

. Qg}l;?: Renibility Reporting
. Baird-Atomic Reliability will submit a progress report each month as part

. of ;he Contract Progresi Report,

ach monz‘nly report will contlm a complete treatment of any trouble
; ;em hasizevcorrecnve action reqmred a.nd/or completed. Up-

_‘bxh ~predlcﬁon wﬂl be submitted in accordance with the

ci 1ed1n fzgure B8-2, Ea(.h updated prediction will include an updated

-elextronic parts list in accordance with figure 8-3,

- " The final report, at the end of cach phase of the program, will consist of a

- complete analysis and prediction of the probability of success of the analyzer.

t . 8.2 [Reliability Analysis and Prediction

8.2.4 Introduction

In‘accordance with the parameters as specifiad in RFQ33-657-65-5001
«ar d the bas1c rehabxhty reqmrements as outlined in MIL-R -26484A (USAF),
' ’thxs report includes those aspects relative to the predicted reliability of th-

" ‘Base Le el Analyzer design.

The operational life of the instrument is defined as 3000 hours minimum in
accordance with MIL-R -26484A (USAF). It is assumed that the 3000-hour
operatidna..l life of the instrument is defined as system ON time, not specimen

analysis time.

Throughout thi5 analysis, failure rate assignments are made 1n accordance

with the following:

a. The failure rate quoted by the proposed supplier, (where documentary

- . ' evidence to justify the supplier’'s claim is available to Baird-Atomic upon
demand).
8-8
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b. MIL-Handbook 217, where component will be purchased to the appro-

- If"‘l:héi‘:eéui‘xh'"ed reliability of the proposed design is 0. 9989 over an operational

= - use period of 10 minutes. These criteria specify an MTBF of 150 hours.

R * In accordance with the positions outlined in the Rehiabihity Program Plan,
3 L the Base Level Analyzer design has a predicted rehabibity and associated Mean

Time Between Failures (MTBF) as shown 1n figure 8-+4.

] BT Figqrev8~4 shows that the rehabll.ity and MTBF of the analyzer desig: ranges
from a 0.999799 and 820 hours respectively at 60 runs per hour to 0.997928

) L - 3;3_62270 hours respectively at 8.4 runs per hour, this being the maximum-

, " minimum number of estimatéd runs per hour on the basis of a one man ope ~a-

tion.

3 .. On a design basis, therefore. the Base Level Analyzer exceeds the required
MTET of 150 hours by a minimum factor of 5.5 at 60 runs per hour and a maxi-

murm factor of 15.0 at 8.4 runs per hour.

For completeness, Baird-Atomic Reliability has investigated the conoept
of treating the 10 integration X chanrels as a parallel svstem and has deter-
mined the increased reliability of the system assunming some X-c(hannels may
fail without system degradation Paragraph 4 3 gives a complete treaument o!
the analysis which shows an mcreased system MTIBE of from 114.5 to 131 3

. ’ percent.

It 15 the conclusion of Baird-Atomic Reliability that *he analyzer design as

reflected in de'iverable hardware will more than meet requirements.

AP VLA
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B.2.3 Rehability Prediction

8.2.3.1 General Introduction -- In accordance with MIL-R-2¢481A (USAF)
1 . * the exponential distribution i3 assumed for the proposed design. " erdtore
-kt
R =e °
S
3 . where
3 R = system reliability = 0, 9989
3 A = system failure rate - L = - l
s ) MTBF 150
t = operational time period = 10 minutes
Since the required MTBF = 150 hours, the failure rate design goal of the Base
= . _ Level Analyzer system is as follows:

1 . -9
ks = T ° 6,667,000 x 10  failures per hour

= B.2.3.2 Functional Operation of the Base i.evel Analyzer -- The first step

= . in the reliability analysis was to generate a reliability functional operation

= - diagram of the proposed system {figure 8-5).

8.2.3.3 Reliability Block Diagram -- The second step in the reliability

analysis was to generate a reliability block diagram of the proposed system
- _{figure 8-6). It will be noted that there are 10 major subdivisiuns of the

analyzed system as follows:

© structures
miscellaneous electrical components
e:tcitatién source system
sc_iix;cé:—'shutter mechanism

oéiical system

8-12
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_However, when a partxcnlar subassemoly and its operation is:

= monitor servo system

o

= tilt-normal system

-3

= signal receiving system

X ® = ®m
1

L oo

= signal processing systems

~
1

10 signal readout system

The following analysis takes each of the above major subdivisions specified
4
together with their associated subassemblies and fully outlines the poaition

taken relative to each failure rate assignment,

ey
(s

8.2.3.4 Subsystem Analysis ~-- In paragraphs 8. Z 3.4.1 throngh 8 2; 3 4 vlo E

and tables 8-1 through 8-6, all subassembhes _are noted xol'

a-function of 1

number of analyses made per hour, the failure rate is not stated. Paragraph

8.2. 3.4.11 and table 8-7 contain all failure rate assignments as a fungtion of

analyses made per hour.

8.2.3.4.1 Structures -- Structures used in the Base Level-Analyzer design

include the following:

R case and support structure

11
Rlz = exit/entrance slits, lens and mirror mounts
Rl3 = optical encasement

It is assumed that all structures reflect a mature design with the incorporation -
of proper safety factors as determined by structural analyses. Therefore, all -
structures are defined as being represented by a rectangular failure density

function, and the apportioned reliability value is assumed to be 1.00, cor

M T Mz TNy =M =0




e e

8.2.3.4.2 Miscellaneous Electrical Components -- There are eight sub-

groups under miscellaneous electrical components, R, as follows:

R21 = source setup switch
. RZZ = photomultiplier gain adjust
RZ3 = start switch
R24 = programmer
st = gsystem air intake :
R26 = interlocks
R27 = air port actuators
R = power supplies

™
-

el

A, = 110,380 x 1077 !

8.2.3.4.3 Excitation Source System -- There are six subgroups under

excitation source system, R, as follows:

»
.

electrodes

31
32
33
34
JEET 35

= gap adjustment mechanism
= RF meter
control gap air pump

‘= mercury lamp

W, W W W W
H}

'z rotary electrode drive

- Sincé the analytical electrodes are replaced every run and the control

;gap adjustment mechanism is inanually operated, it is assumed that R

o 0 e

31

-‘R32 can be defmed as a rectangular failure density function, and the

“portxoned reliability value xs assumed to be 1.00 or )\31 h32 0.

_ote. See paragraph 8.2 3.4. 6 for a full treatment of the mercury lamp

8-16 .5
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Finbtiaes

sn accordance with table 8-2 the tcial failure rate for that part of )\3.\

which is not effected by the number of analyses per hour, is as follows:

A, = 0 10'9
3 = X

8.2.3.4.4  Shutter Mechanism -- Therc are two subgroups under the shutter

mechanism, R/}. as follows:

iy

R‘“ shutter relay

R42

)

shutter swiich

Since both R‘H and R4£ are a function of the number of snalyses made per

hour, the failure rate, )\4. which is not effected by the number of analyses

made per hour, is as follows:

14 = 0x10"9

8.2.3.4.5 Optical System -- There are three subgroups under the optical

. aystem, RS' as follows:

) Rgy

R

n

grating

[{§

i 52 lens, mirror, and filter systems

. 353 focal piane

Since the optical elements will be structurally sound and the transmnission

"* - and reflectance characteristics are not expected to degrade over the 3000-hour

" - _.operational period, a rectangular failure density function 1s 2ssumed and the

”ﬁ;iportiogeg% reliability values are assumed to be 1.00 for each of the subgroups.

I
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8.2.3.4.6

.

Mcenitor Servo System -- There are eight subgroups under the

monitor servo system, R, . as follows:

Rey

62
63
64
65
66
67
f>8

X N X A

R

It is assumed that all structure mechanisms reflect a mature design with the
incorporation of proper safety factors as determined by a structural analysis.
Therefore, all structures are defined as being represented by a rectangular

failure deunsity function, and the apportioned reliability value for R

Reo

( In accordance with table 8-3 (page 8-19), the total failure rate for that partof the

moniter servo system, A

=1, or A\

servo ampliiiers

servo motor

corrector Qlate

photomultipiier tubes and recepticles
mercury lamp

bar adjust {manual)

manual ON-OFF switch

servo shutter mechanism

= A = 0.

63 66

6

per hour, is as follows:

A

The mercury lamps {(one in the high voltage supply near the auxiliary gap
and the other the reference mercury line source in the monitor servo system)

are purchased from the commercial division of Westinghouse as their type 794H.

Westinghouse has supplied Baird-Atomic with their best engineering estimate

‘ :gandam’?ailpre Rate

59, 100 x lo'9

- of lamp life charactéristics as follows:

. which is not effected by the nuntber of analyses

_ 80 percent probability that any lamp will
. attain a life of 6000 hours




ALt 4 ( Lt LU

B
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q’: L B e

R i R e D A ———— 5 casy -
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N

Mean Life 6000 hours w;th a standard devxatmn of
approximately 1400 hours

The random failure rate is computed as follows:

-6000 X d : )
0.80 = e random o L

where

2 37,200 x 10‘9

)\random

Assuming four standard deviations from the mean, the wearout ﬁi‘obaﬁilit{ﬁ o
~t (6000 - 4 x 1400) =400 hours is 0.000032 or the probabhxty of no wearout )
is £0.399968. TIhis probability of no weavout when conezdered at a ttme “of

400 aours converts to a wearout, Xw. of zero.

Therefore, the failure rate {or the mercury lamp is 37, 206

the lamyp is replaced every 490 hours. This will be ccnsxdﬁ >d

ma’stainability requirement.

R.2.3.4.7 Tilt-Norma! System -- There are four subgroup‘i under-
normal system; R,. as follows: ~ R
- ]

s tilt-normal swiich

-
Lre]

= tilt-normal meter

= photomultiplier tube and racepticle

wwfa::?:
=

. = meter shuat
74

Therefore, from table 8-1,

- o9
) h?!; 86O % 10




The tilt-aormal meter failure rate is 1dentical with item R33 failure rate

but with a duty cycle of 1/120. Therefore, from table 8-2,

9 ' )

1 -
X,?z = —1—56 x 5100 x 10
or
-9
= 40 x 10
7\72 x

The photomultiplier tube and recepticle failure rate is equal to one-haif of

item R€4 failure rate. Therefore, from table 8-3,

- -9
\; = 5950 x 10
3
The meter shunt is a standard potentiometer and MIL-HDBK-217 defines

such as follows:

‘e T 120

-9
x 300 x 10

or

The failure rate for that part of the tilt-normal system )\7 which is not

effected by the number »f analyses made per hour is as follows:

) .\ A
7 71 72 73 74

>
L
o
x
Ut
<
®
o
L)
)
i~
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8.2.3.4.8 Integrated reiay network -~ There are seven subgéoups ui;dér::ff - -

integrated relay network, Ry as follows:

81 - photomultiplier tubes and recepticles
g2 - integration capacitors . S ) T
g3 = "S" relays B

84
85

86 . :
87 = clear register network - - ] . =

"R" relays

= "M% relays

= "C" relays - ST T

WX "R mox
n

In accordance with table 8-4, the total failure rate for that part of k Wi

not effected by ‘the rmmber of analyses made per hour. is as folIoWs.

)\8 = 65,450 x 10-9

=y - s

8.2.3.4.9 Signal Procesax@System - Tbere are f;ve

‘processing system, R_, as follOWs,

9

unity gain amplifiers

91
9z " relay network and nonlinear shapers : _
93 operational amplifier ) .o T
94 = analog-to-digital converter

PR R R
u

s

95 register assembly - ' S

In accordance with table 8-5 the total failure rate of that part of \_, wkichéE

not effected by the number of anaiyses per hour, is as follows: -
Ay = 71,430 x 1077

8.2.3.4.10 gnal Readout System --: There are four subgroups Wunder,

signal readout sys*em, “R~10

-1-01 lo“pdgi?i’"‘-‘:*‘;énual fe‘adnnii switch = 7

, as follcws :

. o
] fn

10z = accumulator- count-down circuit
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wakieeg L

- H " ;7;:
tomic
' | |
] p = ] : it
u R103 pulse counter circui
: S . 3104 = nixie display assembly
£ - _ ° - Inaccordance with table 8-6 (page 8-25), and since all four items are effected

) by the number of analyses made per hour, the failure rate, XIO
& . veff?e‘i'cted by the number of analyses made per hour is as follows:

, which is un-

"ith

E . -9 .
- : = 0x1077
E: = A XIO . x(;

System failure rate. A, [313,210 + 15,084 X} x 10°°

failure per hour

, 1 9
[ siaziovsomx /210
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R = 0. 999928 ‘ o
MT.BF = 2273 hours - L g
at 8.% analyses per hour ) n A
1f the Analyzer is operated at 60 ana)‘ys;es per hour, A \\
R_ = 0.999799
, ?vlTﬁF = 820.9 hours

Rs = system reliability
A = system failure rate = [ 313,210 + 15,084 X] x 10‘9 failures per hour
S - .
t = operational use period = 10 minutes . -
then

9

R_=exp|- % (313,210 + 15,084 X) x 10" '] ST

number of analyses made per hour.

If for a one-man operation it is assumed that each analysis takes five -
minutes and the operator exhibits a 70 percent efficiency, then the nufnf;qr -

of analyses made per hour will be as follows: S = :

1 analysis 60 minutes
x ¢
5 minutes hour

x 0.70 = 8.4 analyses per hour

On this basis, that is, X = 8.4 analyses per hour,

af 40 analyses per hour




o Relative to the predicted design MTBF, the Analyzer design exceeds the

.requirement of 150 hours by a factor ranging from -

. Minimum Excess = 820.9/150 = 5.
o Maxxmum r’?xéggg :.'22\?3/’150 ¥ 15 0

This mvest;gatlon will determine what increase in reliability

t h; fnandatoiry

: Augjaio‘x;y. Thxs mves.sgahan v*x!l letermme what increase in rz-hab;hty
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Table 8-9

X-Channel Breai;dmm

Item

Channel
Component and
Breakdown

A ox 1‘0‘?9 :
u -

=

I Photomultiplier
Tube

! Photomultiplier
Receptacle

A Ta‘bi‘ere‘_,
Reference

Relay Network and
Integrator

"R” Relay
"S" Relay
"M" Rela~
"C" Relay

o = Y

Relay Network and
Nonlinear Shapers

2 Diodes
5 Resiators

1‘4 'IC"‘ R;ei:ays;

6 Potent amieters . -

Registeri

Photomultiplier
Gain Adjust

The failure r

- tion is ®%s foliows: ~

ate for one of the ten channels




From table 8-9, the failure rate for one channel under the parallel

-7 .- circuitry consideration is

Ay = [ 11,450 +358.7 X} =107

he ten channéls, the total failure rate is

“[114, 500+ 3587 X] x 1077

Ifthe System that is not included in the parallel circuitry is defined as i

14

-
o
3

-series poriiop, R

. , then R ) is defined as follows:
series series

LT ~A . t
ST series .
-7 R s = e

-“10 minutes

Y - 10X = [313,210 + 15,084 X] x 10

system

=

.

s = (198,710 411,497 X1 x 1077

3 tem- reliability, when considered from tha parallel circuitry point of

g 53 49:7 ;X;]f“'lix: iﬁ"q SR

-9
-1:14,500+3567 X} x 10 °

FRT

'




e

a. Case I -- Case I requircs that three specific ~:X-c:hannels of the ten i

available operate. Therefore, Rp ralle 1 is that probabxlity of success of t.he seven

remaining channels op~rating when oné or more thﬁse seven channcls may.fati,m

r < = ‘j' - -

‘/()IR) ka-rx. Coe L

parailel £ p Lo - S el s
k=0 ) i y "A':v»‘:u‘

where A - o -

n = seven channels .

r = maximum number of channel failures permitted .- ‘: _
k = failures considered, ranging from 0 —~r A ‘ ’tlt“’
R_ = the probability of successful operation of one channel = e i

-% (11,450 + 358.7 X ] x 107~ R

If we consider 60 analyses per hour as the werst case,
1 o R -9 - . L e o
A {11,450 + 358.7 x 60] x 10

R = e - LB xm0T o

ar

R
"

. 0.99999455 - : )

“"‘1.' E,Ruaganex

be eqmvalent to: 1. 00 by ohservagxon. f




Therefore, for Case I

R .= R
system

. x R
series

3 channels

e

(198,710 + 11,497 X] L x 1077
or

.

-3 {11,450 + 358.7 x]l X
€

9

107
., (38,843 + 2,096 X] x 1w’
system

and

MTBF

system

1

(233,060 ~ 12,573 X} x 1077

b. Case Il .. Case Il requires that four specific X-channels of the ten
available operate.
and therefore R

parallel

Using the same arguments as in Case I,

R
]
= 1.0 when at least one failure is permitted.

system -

= 0.99999455
)

X

series

4 channels

-{198,710 + 11,497 x]% x 10°
= e

Y 411,450 + 358.7 X} 7 x 107"
J
X e
E
or
. 140,752 4+ 2,155 X] x 1077
sygiem
and
1
MTBFS stem B ' -9
-8y (244,510 + 12,932 X] x 10
v @
8-34
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a.” Case IIl -- Case llI requires that five specific X-channels of the ten

available operate. Agzain using the same arguments of Case 1.

R . x R
system series 5 channels

x 1077 -5[11,450 + 358, 7 X| %.x 10°

o -

-{198,710 + 11,497 X]

= e X e

or

142,660 + 2,215 X] x 10°?
system .

and

l

MTBF_ = = —
system (235,960 + 13,291 X] x 10
Looking at the effects of Cases I, II, and III, with respect ig the extremes

of X, {the number of anzlyses per hour), the system Reliability and syétem

MTBF are in accordance with table 8-10.

The mainimum excess factor = 6.3 at 60 operations per hour

The maximum excess factor = 19.7 at 8.4 operations per hour

Therefore, the parallel circuitry approach will increase the MTBF of the

analyzer as follows:

.E.‘.é.g.'..g.-? = 14.5 percent minimum
19. 715" 15 2 31,3 percent maximutn

The minimum and maximum increase in MTBF is therefore, 114.5 and

131.3 percent resnectively.

”9 .
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9. MAINTAINABILITY PLAN

9.1 Basic Philosophy

The basic philosophy of the Baird- Atomic maintainability program is to in-
troduce within the design frame work concepts and techniques that will angure

ease of maintenance and operation within the limitations specified by the pro-

curing activity.

9.2 Maintainability Organization

The organization structure of maintainability, and its immediate access 10

top management, is in accordance with figure 9-1. PR e
It will be noted that reliability, maintainability, and nfety engmcering come
under one head. Baird-Atomic takes the position that because of the inter- ST

relationship of these three groups, combining them will umiy theit effort tni N,

#

best serve the customer. ) ) _‘ S

9.3 General Maintainability Requirements =

in the following documents: L -
a. AFSC Manual 80-5 {Ground Equipment) i .
b. AFSC Manual 80-6 (Grcund Support Equipment)

c. MIL-M-26512C, except that maintainability demonstration shall be in
accordance with paragraph 40.1 1 of MIL-M-ZGSIZB ) =

d. MIL-STD-803 (Human Engmeermg)

In general the Maintainability Program will consist of the following buic

elements: - ) B = s

a. Operational and Support Concepts and R'equifementq S Ty

g

Design Assistance, Review, and Analysis Frogram -

c. Milestone ~ldeﬁti£i'cation-gng Scheﬁu{é
d. Maintainability Controls .

e.. Maintainability Demonsirgtiph

f. Records . ‘ A
g. Reporting S , s
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9.4 Operational and Support Concepts and Requirements

Baird-Atomic mointainabiiity shall be responsible for the review and de- )
lineation of the import of the referenced manuals and specifications relative
to the maintainability requirements of the Base Level Analyzer design.
Specific design guides shall be made known to design engineering and moni-

tored as to effective usage.

It is understood that the maintenance manpower goal is 4 percent of the

t

operating hours of the equipment with the minimum operatxng hour require~

ment of the equiproent defined as 3000 hours.

i,

9.5 Design Assistance, Review, and Analysis Program

9.5.1 De.sign Assistance

Maintainability shall assist design engineering by specxfymg destgn guides f- -

and monitoring their usage. The minimum design guide lxstmg is as iollows' e

:J,

a. Every component or subassemoly used in the proposed design shall, -

where possible, be MIL approved. i . o f

b. Every component or subascembly used in the proposed design shall,
where possible, have a document of failure rate available to Batrd-Atormc )
upon demand. ) So-v T TR

c. Every phase of the desxgn shall be, where possxhle, in accordan“cde el
with design and construction techniques as specified in MIL-T- ZIZOOD A

d. Each major portion of the equipment shall contam, where apphcable, -
a suitable elapsed time indicator to provxde appropriate data for mamtenance ToeT
. records during the testing program. ) -z '

e. Every failure in any type “of development or final test shall be recorded
including an analysis of cause, descnptxon of ‘the defectwe part. a.nd correc--
tive action recommended i Lo

f. Every ma;or portion of the desxgn shall be prov;ded with. test pomts*m
such a mannér as to provide the means to: locate a defectwe subassembly in
the lea.st posslble txme. = ’.-.. s e -

h. Every consxderatxon ahal! b
subassembhes at a m:-.mmum -to al
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“The

Desi gn Review

maintainability design review phase of the project will be in accordance

. with that specified in.the Reliability Program Plan.

Maintainability Anaysis

?ﬁaintainability analysis phase of the project will include the deter-

>*_gfli§ng;ibn of the following:

Inherent mean and maximum downtime.
Inherent availability.

A schedule-of all preventive maintenance tasks with an estimate of the

txme o act_omphsh such tasks computed on the b~<is of one man per task,

basic work sheet used in accomplishing the maintainability analysis

; glj;éilibe in accordance with figurc 9-2.

~ “Milestone Identification and Schedule

- The®
,;_siﬁj:zchifi‘gd in figure 9-3.

milestone identification and schedule shall be in accordance witl} that
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9.9 Records

The maintainability records to be established and maintained are as
follows:

a. Description of Changes Caused by} Maintainability‘ Recommendations

b. Maintainability Design Recommendations Rejected or Trade-Offs

c¢. Design Review Results and Current Status

d. Progress and Deviation Reporis

e. Supporting Documents

f. Documented Sign-Off of Design Specifications and Drawings
9.10 Reporting

Baird-Atomic Maintainability will submit a progress report each month
that will be a part of the Contract Progress Report.

Each monthly repert will contain a complete treatment of any trouble
areas and emphasize corrective action required and/or completed.

) =
: * S 9:7 %
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10, - SAFETY ENGINEERING PLAM

10.1 Basic Philosophy

. The basic philosophy of the Base Level Analyzer Safety Engineering Program
is to specify the requirements and establish the responsibility for achieving a
com_p'reﬁensive system safety effort. Safety eneincering is considered a prime

-effort,

. .

Ihe system safety effort shall be integrated with system design, deveclop-
ment, manufac ure, test, checkout, installation and operation by the procuring

agency.

Every effort shall be made to obtain the highest degrece of inherent safety

through the selection of appropriate design features, proven qualified com-

_-ponents, and operating principles.

1072, ‘Saety Engineering Organizition

The organization structure of safety engineering, and its immediate access

»-'to:itjbis‘imgmagement, is in accordance with figure 10-1,

e

= ft will be noted that safety, maintairability, and reliability engineering come

y unde;‘ one head, Baird-Atomic takes the position that because of the inter-

j ‘;féiéti‘qnshipfo\i these three groups, combining them will unify their effort and

‘best serve the customer.

Thé;Bﬁ_kgit_d-Atqmi_c S,af_e_ty(Engineering Program requirements are as specified

ated 30 September 1963, S
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10.4 Subsystem Safety Analysis

Each major subsystem of the analyzer shall be reviewed in order to
identify all potential hazards and determine their criticalness. Hazardous
failure modes shall be identified and probability of occurrence predicted on
the basis of the reliability analysis of parts and subassemblies. As a result

of this subsystem, safety analysis the system safety analysis will be performed.

10.5 System Safety Analysis

The system safety analysis utilizes the results from the subsystemn safety
analysis and develops these results as to their effect on the interface safety
aspects of the total system. ‘1lhe combined system design s then revicwed in
detail in order to define iikely modes of failure including personnel error and

the cffects on system safety,

10.6 Safety Recommendations

Upon completion of the system safety analysis a review of the desigu pre-

cepts will be made in order to eliminate all classes of hazard exceeding class

II.

Suitable safety and warning devices will be empiuyed, where required, in

order to effect class Il as the maximum hazard condition,

Recommendatior. shall include all aspects relative to personnel, pro-
cedures, and equipment for conducting maintenance, support, and test

operations,

10.7 Safety Procedures

Safety Engineering will be responsible for initiating or review of all

safety procedures in the operation, maintenance, or test of the Analyzer,

10.8 Regorting

At the end of the program a safety engineering report will be submitted

relative to safety engineering aspects of the Anzlyzer,
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A. 1l RESEARCH DIRECT READER SPECTROGRAPH (RDRS)
DATA REDUCTION PROGRAM )

A.l.1 Ob!'ect

Take RDRS data from analysis of standard samples and convert from con-
centration versus clock time to concentration versus capacitor voltage format.

with voltages normalized to a 10 volt charge on the reference capacitor.

Al.2 Eguations

[t - t ] F
cv i )
Vi = 1.50e 20

(A-1)
where
. -th
Vi = voltage on capacitor for i~ element .
t‘:v = time in clock units require to discharge reference ca;':a_citor S5 ‘
to 1.5 volts - o
ti = time in clock units required to discharge reference capacitor .
to ith clement capacitor voltage i
[t ]
cv
20
V = l.5Ce
[0}

where

Vo = initial voltage on reference capacitor

.

The values obtained {rom equations {A-}) and (A-2) are scaled so tﬁat all
values are normalized to Vor = 10 volts. Ali averaging operations and all

computer data printouts are done subsequent to conversion from clock units

to voltage and normalization.
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~A.1.3 Computer Printout

K J

- -/i_;hpurity type. These are the mean V, the maximum difference V

- and the rms, v. Theage are obtained as follows

o . ) N
o z v,
. j

- - -V—-_-_ !zré

N 1/2

- - } Z (VJi ‘7)2

j=1

v =
, Nx[z

max

7 Z e

L ]

Three numbers are printed by the computer for each concentration of each

-V_.
min

(A-3)

(A-4)

On the output data sheets, (which follow) line 1 gives the average, line 2

‘thé maximum ininus the minitnum, and line 3 the standard deviation.
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Table A-1

7808/GB/BA Standard A, Normalized Output Data (Sheet 2 of 2)
" 7808/GW/BA Standard A
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Table A-2 ' A

7808/GB/BA Standard A, lnput Data, Concentratmn versus Clock Readmgs
{Sheet ! of 3) S “
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Table A-3

7806,'GB,/BA Standard B, Normanized Output Data (Sheet 1 of 2)

»
7808/ GB/BA Standard B
Ot P - —DN1E .
REF, CAPs VALUE J:© NFD,
X CHANNEL CAPo VALUE O.7 WD,
« ~BREAXS~PER HALF “CYCLE-~— —— —& =~ = — = == - " o T . T
R AMPS, &4
ENTRANCE SL17T S MICRONS
¢ CERTTTTTUUSLIT T T A MICRORS T T T v e SRR ———
TEMPERATURE R .
CTRATN MG CR AL P8BSl AG NI FE  Cu SN CV DIVSR T
PP T T T ¥ T TR 7T T g L0 N TR -
S00B 64697 60093 BolT5 30052 52496 8,093 70425 5,791 6e64s 7,002 10,00 1.293 L -
T OTTTUUTTRYST 1GTIT 34976 T A60Y T 96 TeBATTITAZE 193722 T29R T JTEETTTTT B o ‘3““"’“‘""‘“'
SPREAD ~ o321 625 16403 4268 4370 4755 4388 4396 o506 o249 N RS
T TROUB T T B UT3 BoREY TLI0B 2RB8U0 5,258 T 03T B I9T 4 BBZ 6,205 5,804 100 1.373 B ‘f
' 0796 14302 34485 2419 o959 1,641 14391 4912-1,512 4471 -z .
: SPREAD 279 4380 1.917 0129 L28¢& t”73 0‘057 0282 YY1 0166 :
31008 44916 La5T1 54820 16922 4,006 6,442 = G 34665 54375 4e522 10,00 14339 )
0463 ¢ 1S3 2awvy: 05829 o896 14143 L 5T 1,081 G767 0TS
~SPREAD— w180 252 — TP o tel- G292 -T380 G228 IO G2 NI e

2008 34811 3,469 44366 1,297 2,712 5,163 3,743 2,359 4,021 34034 10,00 1,293
T e L 8a8 G508 230187 G385T (381 1,380 457 1,051 487 449
WEREAD o187 o185 4595 4116 4130 4462 <158 4330 o136 4140
o 10US - - 2e%8) 24250204 GBTE 1,572 I5TBT 2ewIZ TIRIS2IENS 1, 79T 10,00 12N - -
; ¢362 o324 14536 127 5239 o883 400 o216 4754 246 .
. SPREAD 5119 4121 4457 4061 4077 4329 o153 .073 4237 081
508 14603 14614 10585 o615 o938 2,133 14668 4357 14719 1,067 10,00 14261
0239 4310 10123 4198 4065 4645 419C .1C8 139
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. Tatle A-3
’;'808,./68,-’8.4. Standard B, Normalized Output Data (Sheet 2 ot 2)

7808/ GB/BA Standard B
T sUES  JU2E ¢207 U9 JUFY LTI LU 1

208 915 758 (796 4456 4677 1,265 16207 o566 4976 4732 10400 14299
= TOIG TUTAS 288 4047 ,409 o951 o577 4423 ,892 132
SPREAD 4295 o044 ,0B5 o015 4126 4300 4185 o133 ,288 ,112

-

s S5V TIRDE oIS TUTIE I w34 L8535 572 TU.00 1,181 T T
TERC 5086 o070 4230 4020 o135 o301 4082 4046 ,093 ,025
Lo SPREAD o016 4023 4066 o008 4064 o090 ,024 4013 ,.C29 008

58 0251  Jh49 033 4383  L692 4529 4829 4258 o362 4523 10.00 je242

‘ . ”’_0_0_?_2 007?__‘ e131 4081 L4448 ,L,063 ¢053 o011 L4074 054 e

“m __q5l§ 026 <039 4023 @ 1897028 018 L0004 021 ™ (019 - .
S ;

AR 4000 4362 4325 4328 o334 o311 L71C o178 4173 446 10,00 14236
G000 7,087 U122 L071 T,115 4,022 4056 o023 4038 4050
SPREAD 4000 4016 4035 022 4046 4008 4017 ,008 .015 40l

@000 o387 30T NI 3BT T SZRT T L4652 L1507 ST16 T GA197TI0L00 TSy T T T T T ¢
o0 o082 5096 4104 4075 o028 #4051 4013 L0224 ,L044
«013 .028 (031 ,023 ,L008 <016 cOO‘_A + 008 ;0}3 .
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Table A-4
T2 GB BA Standard B nput Data, Concentration versus Clodk Readings
(Sheet 1 of 33
7808, GB/BA Stondard B
P e ety - R A PG AG— M Y SN O
1 2 ' 3 & & -] 7 8 9 10
1 €008 Ge9 13,9 2eb  2%.8. 1006 S5e7 Be2 31e2
4,7 iel 2%e3 Sel 1e8 58 1349 3561
120 24647 869 6e3 506 1240 Fe6 34,48
21e8 Te3 6el 509 1064 Fels Tel 3344 R
Te7 TeB5 7 TTe9 T eV 1047 Beb ™ 6eB 32,9 T T T
8s He9 241 4¢3 1042 548 B¢t 135.0
Te&6 108 440 el iDeds Tels Te?2 3241
7o BeS5 266 224! 3¢2 645  be2 3248 ot T
L e Tl lee? 346 2947 lhe¥ 6e2 Fe9 33,2
HANS Ee0 28B40 13642 546 Ye3 ‘oeb 3346
Taeld " 27e8B 1248 8.6 GeO 1543 1246 33,6 T T
26e3 12e2 53 oD 1347 Ye3 10e® 34,2
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1040 Fed 448 Te5 1444 Teb 9e8 3344
Ivel ileb be? 2703 13e¢4 9.8 1l1et 3247
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T RS- Ty § . T - 1868 " Teb” 1346 2247 11e& 16¢9 23347
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1366 1663 1140 32.8 192 * 1366 1%.8 31,.% =
1309 1009 10e7 3247 1Ta4 11ed 1448 33,5
ite .28 1Ceb 3Ged 1960 Bet 1643 3241
P 2¢uB 2069 2245 1%e8 665 2657 l%¢7T- 2068 0 Rt 5- Y At
1966 1561 4le3 2562 1149 1846 2842 33,3, .
2%el 2943 2443 1547 1863 2Lev 191 3409
i ) 042 2747 1960 2Ce7?7 368 1848 2%,6 33,4 TT T
19¢% 2967 1342 202 2963 186l 2443 3243
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.- - 1946 2la®% 1842 T ommm o e o TG 298 T I8 VY 2662 Ty
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2063 2241 1741 G2 2749 l8s]1 24s)1 33,
i 1862 1948 1549 38ets 2949 , 10ew - - 22i%  32.8 T e
H 1091 2Ben e 9 2248 5066 3749 ° 2243 25e¢5 33,3
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Table A-4 ' .

7808/GB/BA Standard B, Input Data, Ccncentration versus Clock Readmgs
{Sheet 3 of 3) ) .

7808/ G8/BA Stondard B

THRY o2 T B- 2 A1 JREN ) 3-SRt r 434N - X SN X1 -2 T £ )
T342 6249 bbb 5002 728 67e6 6042 33,2
7349 6lets 5249 6801 7320 683 5841 3I04¢
T3e% 61e0 6248 62¢7 6267 66eE  58e8  3lab

. Thaet 6007 6265 6569 6304 57,9 596 33eb
0060 6746 6643 674 bbeB 6Fe7 53,1 33,8 .

T 6509 6941 68,8 6649 43,8 2.7 09040 13- T
68e6 69,4 61le8 AT8 52,4 80,8 83,3 33.2
6667 6le7 £9e8 35345 T8e8 8248 624)1 b6l
00,0 6668 6345 57,3 BO0e5 T9e¢8 H234& 34409 )
00,0 6648 68e4 5247 Bileb T9e7 618 33,0
00e0 6746 Tlab 53¢l BQel 838 61¢3 3246 .
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7808/GB/BA Standard C, Normalized Ontput Data (Sheet 1 of 2)
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7808/GB/BA Standard C, Normalized Output Data {Sheet 2 of 2)
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Table A-6

1808, GB/BA Standard C, Input Data, Concentration versus Clock Readings (Sheet 1 of 3,
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T8OR,/CGB/BA Standard C, Input Data, Concentration :ersns Clock Readings (Sheet 2 o
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Table \-7

7808 GB/BA Standards B and C, Normalized Output Data (Sheet | of 3)

7404 GB,/BA Standard B and C

T OTCYWE OXTE )
. REF. CAP. VALUE 1 O w~FD. o
DT X CHANNEL CAP, VALUE &\ MrD,
WU T TBREAKS PER WALF CYCLET T T & T T T . TS -
RF _AMPS, . L ; e
ENTRANCE SLIT SO MICRONS
CTTTTTERIY T T s 28§ MICRONS ~ T
TEMPERA TURE e e
C(NCTRATN AL CV  DIVSK
s PE™
.. 4008 4000 4000 ,000 000 4000 4000 _+000 o000 000 64052 10400 14436
005 T 000 L0000 J000 oGO0 4000 <000 <000 <000 689
SPREAD 4000 4000 o0CC 4000 000 o000 o00C o000 +4000 4290
o 3008 o000 J000 o000 <000 +000 <000 o000 +000 o000 54398 10,00 le@58
; e000 4000 .,000 o000 4000 4000 o000 <000 o000 o243
; SPDEADi 7 co_(_)‘) ) .OOQ 0099_ _9_0_00 —OQAOQ .009 __.000 «000 « 000 ) .10& - e
200R OND 4000 L0000 4000 L0007 4000 4000 4007 N00 34972 10400 16345
D007 4000 L0000 4000 4300 L4000 o000 4000 o000 4159
WTTTT T T TUSPRERD . S 000 T 000 T T 000 G000 G000 00 T 000 2000 4030 <067 "
{
' 1008 «000 0000 4000 +000 000 4000 4000 +CO0 000 24390 10400 le450
TTUTIUTTTTTTITTTT O T L300 0007 T 000 T #0007 4000 T 000 T 430N T 4000 NP0 W 177
SPREAD 4300 o000 L0800 4000 00U o200 o000 «0C0 o500 o080
,r """""""" BUR 000 000 3000 T,000 L0000 L0080 000 <000 <000 1,388 10,00 1,299
! «000 o000 L000C 4000 o000 4000 o000 o000 o000 o027
~ SPREAD _ ,000 <000 ,00C 4000 ¢N00 4000 ¢000 4000 4000 4013 o
208 000 4000 L0000 4000 4000 o000 o000 4000 4000 o750 10690 14199
Q00 4000 000 o000 4000 o000 o000 o000 o000 o048
g . v
|
!
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Table A-7

7808,/GB,BA Standards B and C, Normalized Output Data. (Sheet 2 of 3)

. 7803 GB/BA Standard B and C
SPREAD 4000 .000 o000 ¢00N o00C o000 o0AN 40RO oAR0 o221 N
. 108 +000 4,000 4000 4000 o000 o000 oCNC 400G 000 4553 10400 1e242
W000 4000 o000 4000 4200 +00C 40N0 +00C 4000 4013
SPREAY o000 o000 o000 4000 o000 o000 o000 o200 o000 o906
T T8 7T, 000 o000 o000 o000 4U00 4000 <000 N0 o000 <408 1040C le66>
! 0000 4000 L000 4000 4030 o000 L4000 +un0 4000 016
. _SPREAD 000 o000 ,000 L0000 o090 o¢NO0 o000 (000 200 o107
18 o000 2000 o000 4300 o300 o300 400N  oMOC o700 o288 10400 14236
) 2000, 2000 _ 4000 (000 L0035 329 4370 L0907 4790 (005 -
‘i SPREAD o000 o000 o000 o000 o700 o000 o000 400C oN00  oNN2
SR . - o000 (000 L0000 4000 4000 L0000 L0060 000 4000 250 10,37 14273
0000 4000 ,000 o000 o000 4000 o0CC 000 4P7D  ¢N29
SPREAD o000 o000 L0090 L0000 oCO0? 4000 o000 +000 4020 4013
4
' 400¢ 2000 o00C 4000 o000 o000 o000 +0C0 4000 +000 6,149 10400 14325
: <000 4000 o000 o000 L0090 4009 40090 4000 o000 4403
L SPREAD 000 o009 ,L000 4020 ,200 ,000 L0000 4009 ,r0% ,183
300¢ 0000 4000 4000 4000 o000 4800 000 4070  ,3N0 54565 1007 14293
0000 4000 ,000 4000 4000 4300 o000 oNCO 4700 4639 _
y SPREAD 000 4000 L0000 ,000 o000 L0068 .000 (000 000 ,207
o 200C «000 o000 “,00C o000 4CN0 o000 4000 4000 o000 4,256 10400 14458
' o007 4007 4000 #5037 o0 42720 «200 4070 «MON G140
SPREAD o000 4300 40309 o307 )37 o200 4009 o003 oR05 4157
156¢C 2060 5000 o800 000 000 4000 <000 L0000 L0000 2,489 10,00 1,386
oGO0 (000 000 o300 <000 o000 4000 #2000 o000 4275
___SPREAD 4000 009 ,00G +50C 4300 4000 o000 4000 <000 4115
50¢ e700 4000 4000 o200 4070 4070 4000  o0N0 0RO 14475 10490 1,373
sUCO 4000 4000  o0U00 o000 (0NT 4000 4000 N30 o124
SPREAD o000 4000 o000 +000 000 o000 4000 o000 o000 ,058
L _20¢ 6000 4000 oCI0 4000 o000 000 4000 40N0 (00 4695 10,10 14 80
QGOC .000 .COO 0000 0000 +000 «00C +07C ¢ D 2052
SPREAD o000 000 L0080 +000 4030 o200 000 4000 000 4023
[ ]
*: he T TR, S T R .
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Table A-7
7808 GB/BA Standards B and C, Normalized Output Data (Sheet 3 of 3)

7808 GB/ BA Standard B and C

M . . ° Y . . Y . . . 0 .
' . 2000 4000 L4000 o000 o000 4000 0N0 400D 000 L0052
. R ~-S_-PFEAD «000 « 000 «000 « 000 2000 « 000 « 000 «000 eNOO «N21 -
5¢C «000 4000 L0000 o000 4000 4000 o000 4000 o000 L4022 10400 1,211
) o 0CC 4000 020 4000 4000 4200 L0060 :_OOOA ’_0929 o026
’;_ T SPREAD T~ 2000 4000 L0000 L0080 L0000 D00 c000 o000 L4000  L015
1C_ 4000 4000 4000 4000 ,000 +000 4000 COO 4000 o285 10400 14251
- T L0007 L0007 L00D L0000 (000 4000 T.000 4100 L0800 W61
SPREAD «000D  L000 e000 2000 4000 o000 4000 o000 L4000 4006
" 0C @000 LDDU T 000 TG0 JO000 L0000 000 o000 2000 <253 1000 1e861
. e000 o000 o000 o000 o000 <000 4000 (000 4000 4019
. SPREAD o000 4000 ,L000 L0000 LCOO «000 4000 4000 4000 «008 R
1 e , -
v = _ - - - . e
J'r_ - - M T
i
!
H .
' < -
i e . R L o . — - _
' GICES: . e jd - [ bl i3
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Table A-8

7808 GB/BA Standards B and C Input Data, Concentration versus Clock Readings
(Sheet 1 of 2}

‘sd

Input Data 7808 GB/BA Standarde B and ¢

""&‘ AL Y
L 1 4008 9e7 3344
v 9¢1 3247
1les 3047
, 1 3008 o 1168 3340
' i Tyt o T 12,5 31.%
. 127 3064
1 2008 R 186 3240
1860 32,2
18¢8 3240
1 1008 e . . 28Be2 33,3
M 1 TS U X Y
. 296 3(e5
1 503”_’ e . 3548 3147
3964 3246
394 3247
1 208 52¢6 30,48
BN I T - 513 73150 T
R T 51e5 36443
1 108 L 57¢9 3160
TooTrTmeme s T T 5746 32,17
581 33,6
1 58 63e7 3247
) T ; X PR Y LX)
- 64¢5 3063
1 18 Tle2 3243
- - T T rmsmEm e 70«8 32.9
7068 3249
"1 o]} 7543 3261
N - — TZeY T 3deT - =
s 3‘“ ) T3¢l 33,1
i, 1 400C 8¢9 33,1
T T o m T e e R £ 7% R 11 P S
10e1 3243
1 300C 12¢8 3242
- : TYe? 3358 — —
11e¢2 3248
1 200¢C . 1603 2346
T T oo T R & 1Y « B WP £
177 30,4
1 100C 28eb 3345
A [ -
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Table A-8

7808 GB/BA Standards B and C Input Data, Concentration versus Clock Readings
(Sheet 2 of 2)

Input Data 7808 GB/BA Standards B and C

3705 ™
3le4

32.1

3304 .

- ” ~28e1
. 2848

37¢6
37.8
39e3 3le6

1 20C 5349 3245
SIS 2.8 S1.8 "
! 53,7 31eb )
! Lo1oc

! 1 $0C

— o

588 3347
89,831 T
6§7¢8 316l
1 8C 650 3245
¢ . . 8%es 50T . T
) 6446 3401 ’
11

7067 3261
- I A 1Y : R ) 1 S

709
T4l

333
3048

'E¥ . i . Tée®. -
t, . 798

3309 L
33,3 ' -

¢ - o ';:“f" ",. ;“.-» i
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";‘ PURPOSE

v _: i An evajluation to determine the ioterference level of the oil analyzer and
g guupprcu the lével below MIL-1.26600 specification limit.

" PROCEDURE

o &

. Canducted and radiated measurements were performed {n accordance with
.. >+ the procedure outiined in MIL-1-26600.

TEST RESULTS

. ur«dbamd conducted measurements were performed on the unit as received,
~" . The levels, shown on Graph 1, varied from 108db uv/mc to 155db uv/me :
‘ which is 5db to 70db above the opecification limit. There was a 104b to 20db
. decrease when the gaps were altcred os shown on Graph 2. The unit was
. atf}1.68db above the specification limit at 4Mc, The analyzer was enclosed

,"; e Sy i, 3 ..‘: . el Lt
N % Pt ?
N N O, S PRod T . 5o
v

g * - in-a galvanized container and interferenc: filters were installed on the in-
7 -pmp.power leads, Th2 level dropped below the specification limit except at
T ¥ » 15Mc where it wae 84b above the zpecification. Graph 3 shows this level.

Broadband radiated interference measurements were conducted on the oil

analyzer as received. The interference level, shown on Graphs 4 and 5,

. 7™ wvaried from 16%db uv/mc at .15Mc to 52db uv/mc at 10KMC, which is 30db

S to '89db above the specification limit. A copper screen was placed over the
- unit and grounded to the base {ground plane). This scrcen improved the

level at the low end only as shown on Graphs 6 and 7. The coaxial loop was

< 7. installed inside the container to datermine its effcct. No change was ob-

e served as shown on Graph 8. An aluminum shield was then placed over the
T "coaxial line loop but no decrease in level was noted (Graph 9). A galvanized

" enclosure was placed over the copper enclosure. No basic improvement was
observed except for a siight variation at the low frequency end.

Pubing indicated that the leakage radiated from the prime power leads and
- v from the base of the shield. Line filters were installed on the prime power
leads, This decreased the level acroas the whole frequency range. The
_ unit was still 0db to 204b above the s sacification limit above I0Mc as shown
on Graphs 11 and 12.

SUPPRESSION

e ——
T R N 2 SIS
.

.« Thu oll analyzer was enclosed by a copper screen furnished by fiaird Atomic.
< ‘1« ghivanined container also furnished by Baird Atomic was plac:d ovor the

RS P sopper ecrécn. A better seal at the base of the container won necesaary to

T f 77 . decérease the interference level. The power leads were filtered vith a Spr&gue

g-> . JN1T~989A f{ilter to stop power liaa radiation.

3‘. .,com:wszons
Jro“hud conducted interference messuremente were conducted on the ofl

yadr e received. The leyels varied from 108db wv/enc to 185db uv/me
to 'Ndh Qbm tha lmmﬁo& limu. Except Ior one poht. the level
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: % dropyed balow the apecification when the acalyser wag 24closed in a galvanized
{ © container and suppression flitzrs ware placsad on the h\putdr:«wcr leade, This
¥ point occurred at 0. 15Mc where i waa Bdb above tha specification limit.
s Broadhand raclated lntzrferance measuremazts wore candusted on the ol
: . 2oalycar as racelved. The levals varled fyown :63db w/me at J5Me o 524b
: : ur/me at WKMC (304 to 3Gdb above the specification limit). A 2043 o 3044
: impravement was observed af the 10w {requency end wher a copper screen
i and i galvanised scrasn was placed over tie =il analyzser. Probing indicated
i ! that the leakage radlated from the priine gewer ieads And fromn thé base of the
i : ealeld. Line filters wees lnstalied and the radiation rermeastred. The level
: ! was within spsctiication up to 30M«x and wvas out of gnectileasion by Cdb to 2Agn
3 ; Xhove 30Me. .
H ~ , .
: It was {eit that tightening the base of the encloaurs and the e¢peaing for ths atr
F‘ : will degreass the radiation. Fiitering tho power leade with a Spraguy INi7-989A
! {iitar will furthar decraase the interforance jevsl.
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