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The report represented by this supplement ta ATM 920 is an analysis of 
pressure data collected as a result of monitof-ing the pneumatic caging 
subsystem of the PSE, SN03, during the time interval extending from 
10/30/70 to 4/27/71 (179 days). The data acq,uired in this time interval 
was pooled with the data originally displayed in ATM 920 since all the 
data represents a continuous collection proc$ss. Consequently, the 
total time span now represented in this analysis covers 229 days. 
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INTRODUCTION 

This supplement to ATM 920 describes the analysis of the pressure data 
extracted from the SN03 Operating Events Log (Exhibit A-Sl) when pooled 
with the original set of data collected from the SN03 Operating Events Log. 
Corresponding temperature records are included in Exhibit B'-Sl (Reference 
Exhibits C and F, ATM 920). 

It will not be necessary to discuss any docu:lnentation other than tha:t 
portion of the Operating Events Lo. utilized in the current analysis, since 
the documentation reviewed in ATM 920 still provicles a valid basis for this 
supplement. These additional areas of the Operating Events Log 
are discussed la,ter in this report. 

SUMMARY 

The principle conclusion reached in this report is: The symptoms 
exhibited by SN03 cannot be attributed to leakage. This conclusion was 
established in ATM 920, and the analysis of subsequent pressure data, 
together with an analysis of orifice size vs time to empty the system, performed 
in this supplement, re-validates the conclusions. 

The principle recommendatl,Qns are: 

1. Initiate an investigation of the pt-essure transducer. 

z. Up-date Engineering ~ocedures to reflect the pressure monitoring 
requirements in terms of when to monitor and recording of time 
and temperature with corresponding pressure readings. 

In the case of the first recommendation, the pressure transducer is 
the one component in the caging system which would reflect the characteristics 
exhibited by the PSE, if the transducer developed a malfunction. 
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UNIT HISTORY 

The unit history was reviewed in ATM 920 through 10/16/70. 
Since that time, the unit has been moved from and to the PSE 
Laboratory a total of nine times for various tests and operations 
in the Components Laboratory, Experiments Test Laboratory, EMI 
Chamber, and Thermal- Vacuum Chamber, in addition to fifteen 
interim moves between various of the above sites before returning 
to the PSE Laboratory. Through 4/14/71 the unit has changed location 
a total of 24 times. The immediate future of the instrument will be a 
continuation of the above activities. 

DATA REVIEW 

1. -.,, Review of the SN 03 Operating Evehts Log indicated that 
requirements for monitoring the caging subsystem 
pressure should be more rigidly enforced. 

2. Using a calibrated thermometer, temperatures should 
always be measured and recorded when pressure 
readings are taken. 

3. Record time when pressure and temperature are taken. 

In the interval between 1-16-71 and 3-21-71 an apparent marked 
decrease in caging pressure took place. Since the pressure remained 
virtually constant after this change, it is difficult t-o attribute this to 
leakage. Even if it were assumed that a leak was initiated, and then 
the point at which the leak was taking place became stopped~, the 
probability is remote that this would remain a stable condition. The 
instrument has been moved several times since the apparent change in 
pressure took place. If the or~ginal condition was a result of moving, 
it is just as probable it would be reproduced by further moving. Such 
has not prpved to be the case. 

I ' 
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As an additional piece of information, included in this report 
is a graphical relationship showing the time intervals that would 
be necessary for the system pressure to deplete itself through 
orifices of various diameters. 

DATA ANALYSIS 

Table 1-Sllists the additional raw pressure data used in the 
analysis described in this supplement to ATM 920. The pressure data 
recorded through ll-24-70 were combined with the data in ATM 920 
since the magnitude of these pressure data were representative of 
normally expected values in this time period. The pressure data 
recorded during T/V was eliminated from the analysis because the 
pressure system was unstable during this time period. From 
12-12-70 to 3-21-7!] no pressure data were recorded. 

From 3-21-71 through 4-27-71, pressure data were recorded, 
but all readings did not have corresponding tetnperature readings and 
two pressure readings did not, remotely, correlate with the tempera
ture recorded with them. Consequently, this entire data group was 
not considered with the other pressure data because of the above 
problem and because the magnitude of all the data group was such that 
they were normally expected values, but considerably lower. There
fore, these data were analyzed separately. 
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RAW PRESSURE DATA WITH CORREC'l'JONS TO A STANDARD TEMPERATURE 
OF 70'F (SI9.4", T

1
) 

1 2 

Date Read 
Line Day No. in ( ) 
Item 1970-71 

l 10/30 
2 10/31 
3 11/2 
4 11/3 
s 11/4 
6 11/S 
7 11/6 
8 11/9 
9 11/10 

10 11/10 
11 11/1Z 
12 11/13 
13 11/16 
14 11/19 
15 • 11/Z1 
16 .. 11/23 
17 11/Z4 
18 12/1 
19 1Z/Z 
20 12/7 
21 1Z/8 
22 1Z/9 
Z3 12/10 
24 12/11 
25 12/12 

26 f!!l 1/16/71 

l 3- 1 
3/21 27 . ( 1 

28 (8) 3/29 
Z9 (11) 4/1 
30 (15) 4/5 
31 (17) 4/7 
32 (22) 4/12 
33 (23) 4/13 
34 (24) 4/14 
35 (32) 4/22 
36 (37) 4/27 

(1) EMI Chamber 
(2) PSE Laboratory 

(50) 
(51) 
(53) 
(54) 
(55) 
(56) 
(57) 
(60) 
(61) 
(61) 
(63) 
(64) 
(67) 
(70) 
(72) 
(74) 
(75) 
(82) 
(83) 
(88) 
(89) 
(90) 
(91) 
(9Z) 
(93) 

(IZ8l 

(192) 
(200) 
(203) 
(207) 
(209) 
(214) 
(215) 
(216) 
(224) 
(229) 

3 

. 
Time 
Read 

1715 
1400 
133.0 
1400 
1430. 
1500 
1415 

------·-......... ........ 
-----------· 
2240 
1320 
1105 
1527 

-----------· ----------------
----
---"" --------------------------·-· 
---~ ----

(3) Experiments Laboratory 
(4) T/V Chamber 
(5) Does Not Show on Log 

4 

Temp 
('F) 

71 
74 
73 
71 
71 
71 
71 . 
72 
71 

--
71 
70 
70 . 
7Z 
----
68 ----------------
--
69 

--------
74 
76 
71 
7.0 
70 

5 6 7 8 
Temperature 

Recorded Abeo1ute Correction Corrected 
Pr .. sure Temperature Factor Pr~ssure 

(MVJ (.51).4 + "F) TtfT2 (5) X (7) 

149.9 (1) 530.4 0.99811 149.6 
152.3 {1) 533.4 0.99250 151. 2 
150.0 (2) 532.4 o. 99501 149.2 
lll9.0. (Z) 530.4 0.99811 148.7 

\ 148.0 (2) 530.4 o. 99811 147.7 
149.0 {2) 530.4 0. 99811 148.7 
148.0 {2) 530.4 0 •. 99811 147.7 . 
1$1.0 (Z) 531.4 0.99623 150.4 
14,.1 (2) 530.4 0.99811 148.8 . 150.0 (3) ............ ------- -----
149.8 (2) "530.4 0.99811 149.5 
1f9.2 (2) 5Z9. 4 1.00000 149.2 
119.2 . (2) 5Z9.4 1. 00000 149.2. 
149.3 (2) 531.4 o. 99623 148. i' 

(4) 141J. 3 ----- ------- ........... 
(4) 1$~,8 ----- ------- -----
(4) as.o 5Z7.4 1.00379 148.6 
(4) 151.6 ----- ------- -----
(4) 1~5.1 ----- . ------- -----
{4) I~. I ----- ------- -----
(4) 165.2 ............ ------- -----
(4) 1$5.7 ---~- ------- -----
{4) 1'63. 8 ----- ------- -----
{4) 164.7 ----- ' -·---
(4) l!U.4 ----- ------- -----
(5)-[;7-0 ----- ------- -----9.3 
(2) 141.0 528.4 1.00h9 141.3 
(3) 143.0 ----- ------- -----
(3) 1.3.0 ----- ------- -----
(1) 142.4 ----- ·------- -----
(1). 142. 6 . ----- -------
(1) 140'. 0 533.4 0.99250 138.9 
(I) 139.6 535.4 0.98879 138.0 
(I) . 141.9 530.4 0,99811 141.6 
(5) 142.0 CJI 529.4 1.00000 142.0 
(5) 142. o cal 529.4 1. 00000 142.0 

·' 



"eroapace 
stems Dlvl•lon 

Analysis of Pressure Data 
Relating to the PSE SN03 
Pneumatic Caging Subsystem 
Non- Conformance Status 

..v. 11¥. NO • 

~TM-920 A 

P401 6 0, 

Supplement 1 DATI 2 June 197 1 

The combined data from A TM 920 and pres•ure data recorded through 
11-24-70 yielded the following modified regression equation which is ·plotted 
in Figure 1-S1: · 

Y
1 

= 150.2-0.0169 X 

I 
where Y = the dependent variable (pressure ) (mv) 

X = the independent variable (time) 

150. 2 = Y -axis intercept (mv) 

O. 0169 = slope of curve ( millivolts ) 
day 

(1) 

The analytical methods were described earlier in ATM 920 and will not 
be repeated in this supplement. A change of 0. 0008 mv/day in slope to a 
slightly smaller slope is observed when compared to the equation in ATM 920. 
This is not a significant change in slope, but merely represents an ex·tremely 
small variation due to additional data points. NeWJ"confidence limits are attached 
to the modified curve to accommodate the additional data. An approximate 
method is used for the calculation of the cotlfidence limits. The error introduced 
by this method is the omission of the contri~ution made to the total variance, 
by the variance in the regression coefficient (slope), and considering only the 
variance due to the pressure. This results in a rejression curve bounded by 
parallel straight lines, rather than parallel lines with a concave shape. Because 
of the amount of data that has been acquired. to this. point in time, the instrument 
pressurized caging system b characterized in a :ll"ery acceptable manner. Therefore, 
a less conservative treatment of the confidence limits is justified. This approach 
is defined as follows: 

Confidence Limits = Y + t cr 
r 

where t =Students "t" statistic for n - 2 degrees of freedom and 5% level 

of significance 

(2) 
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t (. 
05

) = 2. 02 (41 degrees of freedom) 

n = number of observations (43) 

,.. = standard error about regression line measured in units of "Y" 
"'r 

parallel to Y -axis. 

A summary of this calculation is shown in Table 2-Sl. The same 
tolerances associated with instrument calibrations and reading accuracy, still 
hold for this supplemental report and are shown in Figure 1-Sl. 

The pressure data accumulated from 3-21-71 through 4-27-71 were 
significantly different from all previous recorded pressure data as outlined 
earlier. The problem at this point was one of establishing an analytical 
procedure by which the degree of significance of these data could be reasonably 
assessed. The pressure data, without accompanying temperatures, could 
have been justifiably discarded, but such a procedure would have complicated 
the problem rather than simplified,it. The total number oitdata tpoints in this 
group (10) was already small. To discard at least five of this group for lack 
of temperature data, and two additional points for inconsistency, would have 
reduced any further attempts at analysis to a mere arithmetical exercise. 

Therefore, the following method was utilized, and, on the basis of 
probability theory, is mathematically sound in all respects for this particular 
application. 

The first step was one of determining what pressure changes could be 
expected from changes in temperature. This is not a difficult task if the proper 
data are available. One could even calculate a theoretical curve, which would 
provide this information, but, the current problem is sensitive enough in nature, 
that utilizing.,, the actual data is more meaningful. In this case, forty-one (41) 
pressure readings were available from the' record maintained while the instrument 
was in the PSE Laboratory. Each of these forty-one points were accompanied 
by a corresponding temperature reading traceable to a record from a calibrated 
instrument. Consequently, a pressure vs temperature curve was derived from 
this data, utilizing linear regression techniques described in ATM-920, because 
this data represented the largest single block of information which met the 
;prerequisite accuracy for the intended application (See Exhibit C-Sl, Table 1 

.. )for tabular summary). Limits were assigned to this curve at the 95% level of confidence 
~~> for an expected value of pressure, taking into account the variance about the 

mean value of pressure and the variance about the regression coefficient (or slope 
in mv/ OF). The curve is shown in Figure 2-Sl (See Exhibit C-81, Table 2 



Une 
Item 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

TABLE 2-Sl 

.' ATM-920, Rev. A 
Page_9 j 

95% CONFIDENCE INTERVAL FOR Y = 150,2- 0,0169X 

{X- 29.7) (Y - 149. 7) 

- 28.7 + o. 3 
- 27.7 + o. 2 i 
- 27.7 + o. 3 
- 26.7 + o, 2 
- 26.7 + o. 3 
- Z5. 7 + o. 2 
- 25.7 + 0. 3 
- 2.4. 7 + 0.4 
- 24.7 + o. 5 
- 23.7 + o. 3 
- 23.7 + 0.4 
- 22.7 + 0. 5 
- 22.7 + o. 6 
- 21.7 - I. 2 -
- 15.7 + o. 3 
- 14.7 + o. 6 
- 12.7 + 0.3 
- 11.7 + o. 3 
- 10,7 + 0.4 

- 9.7 + o. 5 

- 4,7 + o. 5 

~ 3.7 + o. 3 

- •. 2. 7 + 0.4 

- 1. 7 + 0.4 

- 0.7 + 0. 3 
+ 3.3 + o. 5 
+ 4. 3 + 0. 6 
+ s. 3 + 0.1 
+ ·6. 3 - o. 3 

+ 20.3 - o. 1 
+ 21.3 +1.5 
+ 23.3 ~ o .. 5 
+ 24.3 - 1· 0 
+ 25.3 - i. 0 
+ 26.3 - 1. 0 
+ 27.3 - 2. 0 
+ 30.3 + o. 7 
+ 31. 3 - o. 9 
+ 33.3 - o. 2 
+ 34.3 - o. 5 
+ 37.3 - o. 5 
+ 40.3 - 1. 0 
+ 45 3 - I. 1 

X 29.7 days 

Y = 149. ?·millivolts· 

{X- X) {Y- Y) {X- X)2 
{Y- Y/ 

- 8. 61' 823.69 0,09 
- 5, 54 767.29 0.04 
- 8. 31 767.29 0,09 
- 5. 34 712.. 89 0,04 
- 8. 01 712.. 89 0.'09 
- 5. 14 660,49 0,04 
- 7. 71 660,49 0,09 
- 9. 88 610,09 0,16 
- 12. 35 610,09 0~~5 
- 7.11 561.69 0.09 
- 9. 48 561.69 0.16 
_- 11.35 515.29 0,25 
- 13. 6Z 515.29 0,36 
+ 26. o4 470,89 1, 44 FromATM-920 
- 4. 71 246.49 . 0,09. Table 2 
.·a. 82 216.09 o. 36 
- 3.,1!1 161.29 0.09 
- 3. 51 136.89 0,09 
-4. Z8 114.49 0,16 
- 4.85 94.09 o. 25 
- 2. 35 22.09 0,25 
-1.11 13.69 0,09 
- 1.08 7.29 0.16 ___ 
- o. 68 2.89 0.16 ·-

- 0. 21 0,49 0,09 
+ 1. 65 10.89 0.25· 
+ 2. 58 18.49 0.36 
+ o. 53 28.09 0,01 
- 1. 89 39.69 0.09 

- 2. 03 412.09 0.01 
+ 31.95 453,69 2.25 . 
- ll. 65 54Z.89 o. 25 
- 24.30 590.49 1,00 
- so. 60 640.09 4,00 . 
- 26.30 691.69 1. 00 From Supplemen 
- 54.60 745.29 4,00 1, ATM-920, 
+ 21. 21 918,09 0.49 Table 1.51 
- 28. 17 979.69 0,81 Line Items 
- 6. 66' 1108.89 0.04 1 thru 17 
- 17.15 1176.49 0.25 
- 18, 65 1391.29 0.25 
- 40.30 1624,09 1. 00 
- 49.83 2052.09 1. 21 
I:= - 396.03 I:: 23 389.87 I:= 22. 25 

1. Cor1·elation Coefficient - I: {X - X) ,{Y - Y) 
= _r I = 6, (X - X)2 I: (Y - Y)2' 

2. Standard Error about 
Reg'reesion line = IT r 
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The second step involved in this procedure can be more readily 
described by referring to Table 3-Sl. The ten "as-read" pressure values 
were extracted from Table 1-Sl {reference line items 27 through 36), and 
appear in Column 3 of Table 3-Sl. The available corresponding temperatures 
are listed in Column 2 of the same table. 

At this point a short digression is in order to clarify a particular "ground 
rule" which was used for evaluation purposes in the analytical method currently 
being described. The derived curve shown in Figure 2-Sl is based on pressure 
data in the 149 millivolt to 152 millivolt range. The tolerances on the expected 
values of pressure, at given temperatures, are going to be applied to pressure 
values in the 140 millivolt to 143 millivolt range. On the surface, this appears 
to be a gross violation of the rule against extrapolating beyond the limits of the 
data points used in deriving the curve. The point to remember is the second 
part of the rule "--unless it can be shown that the conditions under examination 
will not change." The rule, "not to extrapolate", was imposed on the analysis 
in ATM 920 because there was no guarantee that the conditions would remain 
the same. In view of the problem being considered at that time, the decision 
was correct. The rule is being imposed in the opposite sense in this case, 
because the derived curve in Figure 2-Sl represents a "no change" condition, 
i.e., normally expected values of pressure for given temperatures {following 
the direct variation relationship between pressure and temperature). For the 
temperatures listed in Table 3-51, Column 2, expected pressure values should 
nominally range between 149. 5 millivolts and 150. 9 millivolts. Instead, 
they are ranging on the order of 8 to 9 millivolts (or 17. 6 to .19. 8 psi) below 
these values. The problem at this point is one of determining whethei' the 
ten pressure readings reveal that an abnormal leakage rate exists, or whether 
an acceptable leak rate exists. The problem of rationalizing the marked 
difference in pressure readings will be addressed at a later point. 

It would be absurd to extend the curve theoretically into the range 
represented by the pressure readings in Table 3-Sl, because the corresponding 
temperatures necessary to achieve these low levels of pressure (assuming no 
leaking) are in the 19°F to 36 °F range. There are no Plant #2 temperature 
records that remotely suggest these ambient temperatures have ever been 
reached, at least for the time span under discussion. It is permissible to 
transform these pressure values to levels which are within the range of the 
curve in Figure 2-Sl by adding a constant value to each pressure. This 
does not change the validity of the regression analysis. One must only 
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4: except as noted 

1 2 

TABLE 3-S1 

.ANALYSIS OF PRESSURE DATA RECORDED FROM 
3/21/71 THROUGH 4/27/71 

(REF TABLE 1-S1, LINE ITEMS 27 THROUGH 36) 
3 4 s 

Expected 95"/o c. L. for 
Line 

"' 
Recorded ("F) Rccord<!d Pressure for Expected Pressures 

Item Temperature Pressure (MV) Temp in Col 2 at Given Temp 

27 As Read169 **141. 0 141. 8 141. 6 to 142. 0 

28 Derived Temp 1 (74-76) 143.0 - - -
29 Derived Temp 1 (74-74~ 143.0 - - -
30 Derived Temp1 (71) 142.4 ---
31 Derived Temp1 (74) 142.6 - --
32 As Read174 *140.0 142.8 142. 6 to 143. 0 

33 As Read176 *139.6 143.2 142. 9 to 143. 5 

34. As Read171 **141. 9- 142.2 142. 0 to 142. 4 . 
35 As Read170 142.0 142.0 141. 8 to 142. 2 

36 As Read170 142.0 142.0 141. 8 to 142. 2 

NOTJ!:S 

Column 4 Values (Coll,unn 2- 70") x 0, 1957 mv/"F. + 142.0 

1\ - . 2 
C. L. (Y) = y + b (Xi - X) :1: t

0
. 5 Sr 2. Column 5 Values 

(a) y 150, 11 mv 

(b) x 71. 44"F · 

(c) to.s = 2. 02 (Value of Students' "t" statistic at the 95% level of confidence 

(d) s2 0.4473 
r 

(e) n 39 = Degrees of Freedom 

(f) b 0.1957 mv/"F 

(g) r:cx- Xl2 
= 186.0976 

* Questionable accuracy 

**Acceptable for analysis purposes 

b 

95"/oC. L.'+ DVM Tol 
+ DVM Calib Tol 

141. 4 to 142. 2 

142.4 to 143. 2 

142. 7 to 143. 7 

141. 8 to 142. 6 

~-- -
141. 6 to 142.4 

141.6 to 142.2 
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remember that the constant must be mathematically taken out when actual 
pressures are desired. The values listed in Colunms 4, 5 and 6 in Table 3-Sl 
represent the results of implementing this procedure. This completes the 
digression mentioned earlier and a description of the analysis is picked 
up again at this point. 

It will be recalled that the ten (10) pressure values in Table 3-Sl, Column 3 
were being evaluated. Four of these pressures (line items 28 through 31) 
did not have temperatures recorded and two pressures (line items 32 and 33) 
appeared to be inconsistent for the corresponding temperatures recorded 
with them. Using the techniques described earlier, expected values of pressure 
were calculated for those temperatures of record listed in Colunm 2, Table 3-Sl. 
The expected values of pressure are listed in Colunm 4, Table 3-Sl. Confidence 
limits for the pressure values were selected from Figure 2-Sl for each 
temperature and assigned to the appropriate pressures (reference Column 5, 
Table 3-Sl). The reading accuracy tolerance and calibration tolerance (reference 
Page 16, ATM 920) of the Digital Voltmeter used for monitoring pressure were 
added to the confidence limits for a total tolerance range (reference Column 6, 
Table 3-Sl) associated with each expected pressure value. 

Comparing column 4 with column 6.)two values of pressure (line item 27 
and line item 34) were found to be borderline for the recorded temperatures, 
but nevertheless, acceptable. The two pressures (line items 32 and 33) which 
were suspected of being inconsistent with the recorded temperatures were 
revealed to be so, in reality. The converse of this (assuming pressures to be 
correct), would require a temperature on the order of 64° to 65°F to achieve 
these pressures. Ambient temperatures of this magnitude were not to be 
found in any available temperature records for laboratory areas in Pla.nt 2 
during this time interval. Consequently, it was concluded the pressure record 
was in error. 

The four pressure readings (r.eference line items 28 through 31. Table 3-Sl) 
without corresponding temperatures were treated as follows: Since these pressures 
were relatively constant and represented pressure monitoring over a time interval 
of one week, it was assumed they were correct. Therefore, the reverse procedure 
was applied in these cases relative to the previou:3 treatment of the pressure 
values. Temperature ranges w,re calculated between which the recorded 
pressures in Column 3, Table 3-Sl (line items 28 through 31) could be expected 
to occur. Since the Column 3 pressure values for line items 30 and 31 represented 
lower limits of acceptable tolerances (r.eference Column q, Table 3-Sl line 
items 32 and 33) only one temperature value was defined. The des~red temperatures 
are identified in Column 2, Table 3-Sl. 
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At this point a regression analysis was then performed on six combinations 
of pressures and temperatures. The values used for these combinations are 
listed in Table 4-Sl. Columns 2(a) through 2 (d) are temperatures, both 
recorded and derived. Column 2(a) represented recorded temperatures, the 
derived temperatures and the lower limit of the derived temperatures. Column 2(b) 
are the same with the exception that the high limit of the derived temperatures 
are used. Columns 2(c) and 2(d) correspond, respectively, to Columns 2(a) and 
2(b) except line items 32 and 33 are omitted. 

Columns 4(a) through 4(f) are the pressures from Column 3, Table 3-Sl 
corrected to 70°F. Column 4(a) includes pressures corrected to 70°F from 
the lower limit of the derived temperatures and column 4(b) includes pressures 
corrected to the upper limit of the derived temperatures. Columns 4(c) and 4(d) 
correspond, respectively, to Columns 4(a) and 4(b), except pressure line items 
32 and 33 are omitted because of inconsistency. Columns 4(e) and 4(f) also 
correspond, respectively, to Columns 4(a) and 4(b), except pressure values 
for line items 32 and 33 were based on the corresponding expected values of 

. 0 
pressure from Column 4, Table 3-S1, corrected to 70 F. Therefore., all 
combinations of temperatures and pressures are represented. 

The analysis covered the following paired temperature-pressure combinations 
from Table 4-S1, with the independent variable being time (days) (reference Column 3, 
Table 4-Sl.) 

( 1) Column 2(a) - Column 4(a) 

(2) Column 2(b) - Column 4(b) 

(3) Column 2(c) - Column 4(c) 

(4) Column 2(d) - Column 4(d) 

(5) Column 2(a) - Column 4(e) 

(6) Column 2(b) - Column 4(f) 

Time averaged over 37 days. 

Time averaged over 37 days less 
line items 32 and 33. 

Time averaged over 37 days. 
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DATA USED FOR REGRESSION ANALYSIS ON SIX COMBINATIONS OF PRESSURES 
AND TEMPERATURES (REFERENCE TABLE 3-<S1) 

2 3 '4 
Line Temperatures used for Day 

Pressures Used for Analysis Purposes (Mv.) (YI Item Analysis Purposes (• F) Number 
a b c d (XI a b c d e f 

27 69 69 69 69 141.3 141.3 141.3 141.3 141.3 141.3 

28 74* 76* 74* 76* 8 14 I. 9'' 141. 4* f4I. 9* 141. 4* 141. 9* 141. 4* 

29 74* 76* 74* 76* 11 141. 9* 141. 4* i4i. 9* 141. 4* 141. 9* 141.4* 

30 71* 71* 71* 71* 15 142. 1* 142. 1 * 142. 1* 142. 1* 142. 1*- 142.1* 

31 74* 74* 74* 74* 17 141. 5* 141.5* 14 I. 5* 141. 5* 141. 5* )4}..5* 

32 74 74 [X X 22 138. 9 138. 9 >< X 141. 7'1«' 141. 7** 

33 ?6 76 C>< >< 23 138.0 138.0 l>< C>< 141. ~* 141.6*'* 

34 71 71 71 71 24 141.6 141.6 141.6 141.6 141.6 141.6 

35 70 70 70 70 32 142. ( 142.0 142.0 142.0 142.0 142.0 

36 70 70 70 70 37 142.0 142.0 i42. 0 142.0 142.0 142.0 

r;xa, b, e, f = 1·90 ty>.a 1411. 2 Ya 14 I. 12 

'X 19.0 I:yb 1410.2 yb 14H02 
a, b, e, f 

I:yc = 1134.3 yc 141. 79 

,r:xc, d 145 
tyd 1133.3 yd 141.66 

x 
c, d 18. 1 I:ye 1417.6 ye 141.76 

tyf 1416.6 Y'r 14L 66 

Reference *Derived temperatures and corresponding 'corrected pressures 
Table 3J.Sl **Corrected expected values of pressure for recorded temperatures 

.,,'1 
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The following pressure change per day resulted from the above 
combinations: 

%of Max. 
Permissible 
Leak Rate 

(a) Combination (1) =losing pressure at 0. 0114 mv (0. 0251 psi)/day. 61% 

(b) Combination (2) =losing pressure at 0. 0025 mv (0. 0056 psi)/day. 14% 

(c) Combination (3) = gaining pressure at 0. 0101 mv (0. 0224 psi)/day. 

Ref. Only 

55% 

(d) Combination (4) = gaining pressure at 0. 0177 mv (0. 0389 psi)/day. 95% 

(e) Combination (5) =gaining pressure at 0.0089 mv (0.0197 psi)/day. 

(f) Combination (6) = gaining pressure at 0. 0187 mv (0. 0413 psi) I day. 101% 

It should be recalled that the maximum permissible leakage rate is 0. 04088 psi/day 
(reference Page 21, ATM-920). Furthermore, it is obvious that combinations 
(3) through (6) are not achievable in a practical sense, since these results 
represent an increase in pressure with time. Combblations (1) and (2) are 
representative of an achievable condition since these results represent a 
loss in pressure with time. It may be concluded from these results, f:hat 
over the time period extending from 3-21-71 through 4-27-71 (37 days), 
the worst case that one could reasonably expect on the basis of the data(with a 
probability of being 95% correct, since it is being said that the true temperature 
parameters lies between the limits shown in Column 2, Table 3-Sl, 
line items 28 through 31) is a leakage rate of 0.0251 psi/day, which is 61% 
of the maximum permissible. This is 36% less than the long term pressure 
data analyzed in ATM-920 and in the first part of this report. Any of the 
other combinations are less negative in pressure loss. The equation which 
represents the above condition is: 

y' = 141.34 - 0. 0114x (3) 

The same definitions apply to equation (3) as those for equation (1). 
Table 5 -S1 in Exhibit D-S1 summarizes the· calculations used in developing 
equation (3). Figure 3-Sl contains a plot of equation (3); and, for comparison 
purposes, equation (1) was extrapolated to the same time interval under the 
assumption, that all conditions remaining normal, this would be the expected 
position of the curve. It is readily observed that the curve representing 
equation (3) is displaced from equation (1) on the order of 5. 4 to 5. 6 millivolts. 
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It is also readily seen that the confidence intervals do not overlap, even th~:)Ugh 
the confidence interval for equation (3) is quite broad (due in part to small 
sample size). Consequently, there is no doubt that a significant difference 
in displacement exists between the two curves. The slopes of the two curves 
were tested for significant differences as noted in the field of Figure 3-51. 
There is no significant difference b~tween the slopes) even when one considers 
an extreme case where it would be expected that 80o/o of the cases would exceed 
the critical value of "t", the statistical criterion used for acceptance or rejection, 
in this instance. Therefore, it can be concluded that both of the curves shown 
in Figure 3 -Sl originate from data which result in the same rate change in 
pressure. The principle difference lies in the virtually constant displacement 
of the two curves. 

Leakage rates have been discussed at considerable length in both ATM-920 
and this supplement to ATM-920, but before dropping the subject entirely, the 
pressurized caging subsystem should be characterized from one other aspect. 
It can best be posed in the form of a question. "What is the relationship between 
system volume, system pressure, leakage in general, and time? " Leakage 
required to empty the system in time, t, may be calculated. In doing so, the 
parameters, identified in the question posed above, are elements of such a 
calculation. The velocity with which a fluid (under pressur-~) escapes from a 
closed system through an orifice can be related to the pressure and density 
of the fluid (gas or liquid). This relationship is given by Torricelli's Theorem 
and can be mathematically e:icpressed as follows: 

v =Pip . (4) 

where: v = velocity (in. I sec.) 

g = acceleration due to gravity (386. 4 in/ sec2 ) 

p = instantaneous. system pressure (psi) 

~=density of fluid (lbs. /in
3

) (Nitroge~ = 45.18 x l0-
6
1bs/in

3
) 

Substituting the constants for acceleration due to gravity and density, 
yields a specialized equation for the current discussion: 

v = 4135.8 y-; (5) 

1 Reference Chemistry and Physics Handbook. 
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Equation (4 ),must be modified to account for frictional resistance as the gas 
passes through the orifice. The effect of frictional resistance is to decrease 
the rate of discharge to approximately 0. 6 of that given by equations (4) 1an6.(S). 
Therefore, the final working equation is: 

v = 2481. 48 -y-p-. (6) 

Ordinarily the amount of correction used in the above equation is not necessary 
because orifices are intentionally designed for streamline flow. In this instance 
it is assumed that the orifice shape (other than a circular cross section) is 
randomly irregular. Another equation is necessary at this point to integrate 
the volume and relate it to velocity. The rate of flow of ~luid is usually measured 
as the volume that passes a reference cross section per unit time. This relation 
may be expressed as follows: 

R = av 

where: R = volume per unit time (in
3 I sec.) 

a = cross sectional area of orifice (in
2

) 

v = velocity of fluid passing reference cross section per unit 

time (in/ sec.). 

Cross section area = 
2 = o. 785 d 

(7) 

(8) 

Substituting equation( 8)into equation {7)yields the following expression 
for flow rate in cubic inches per second: 

2 
R = 0. 785 d v (9) 

Equation (9) may be further specialized to the PSE application by substituting 
the expression for velocity, [Equation (6)] , into equation (9), which then 
becomes: 

2 ~r-
R=l947o96 d Yp 

where d = diameter of orifice through which leakage occurs. 

( 1 0) 

The time necessary to exhaust the system is obtained by dividing the 
, ;leakage rate (R) into the volu~e (V ) of the caging pressure system. In this instance, 
' yithe system volume is 1. 895 in (Re'f. ATM-920, Exhibit G, page 1). Introducing 

--- this value into equation (10) yields a final specialized equation for the PSE caging 
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pressure system which contains the parameters of time, volume, pressure, 
orifice size and leakage rate as posed in the question postulated earlier. The 
resultant equation for time necessary to exhaust the system is shown for four 
elements of time, namely, seconds, hours, days and years, respectively. 
The need for this will become apparent later. The general equation for time is: 

t = Vol. (V s> 
R 

where t = time (units depend on volume and rate units) 

The specialized forms are: 

t (seconds)= 9.728 x 10-4 (d)- 2 (p)-l/ 2 

.-7 -2 -1/2 t (hours) = 2. 702 x 10 (d) · (p) 

-8 -2 -1/2 t (days) = 1. 126 x 10 (d) (p) 

-11 -2 -1/2 t (years) = 3. 085 x 10 (d) (p) 

( 11) 

(12) 

( 13) 

(14) 

( 15) 

Table 6-S1 represents a summary of instantaneous velocities (Column 4) 
which may be expected for various caging pressures from the application of 
equation (6):

4 
Table 7 -S1 lists a series of assumed orifice diameters ranging 

from 1 x 10 through 1 x 10-7 inches in one order of Ina.gnitude increments. 
Tables 8-S1 (a) through (d) represent the results ·of applying equations (10) 
through (15) and are shown in Exhibit E-Sl. 

If an average velocity is assumed to act over the range of 343 psi to 
50 psi, then the following summary in Table 9-S1 illustrates the time to 
exhaust the system: 



TABLE 6-S1 

INSTANTANEOUS VELOCITIES FOR VARIOUS CAGING PRESSURES 

1 2 3 4 
Velocity= 

Line Pressure '\/'Column (2) 
2481. 48x(3 ) 

Item lbs/in2 in./ sec. 

I 343 18. 52 45957 

2 333 18. 25 45287 

3 323 18. 00 44667 

4 313 17.69 43897 

5 300 17. 32 42979 

6 290 17. 03 42260 

7 260 16. 12 40000 

8 230 15. 17 37644 

9 200 14. 14 35088 
' 

10 170 13. 04 32358 

11 140 11. 83 29355 

12 110 10.49 26031 

13 80 8.94 22184 

14 50 7. 07 17544 t-cl::O> 
Ill (1) 1-3 

OQ <! !;;;>' 
(1) 0 j:::., 

I 
N)>~ 
,_. N 

0 
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4 
ASSUMED 
ORIFICE AREA= 

LINE DIAMETER 
[ COLUMN (2)} 

2 
O. 785 [ COL. (3)] 

ITEM (INCHES) (INCHES)2 

1 1 X 10-4 1 X 10-8 785 X 10-ll 

2 1 X 10-S 1 X 10-10 785 X 10-13 

3 1 X 10-6 1 X 10-12 
785 X 10-15 

4 1 X 10-7 . 1 X 10-14 785 X 10 .. !7 

-4 
1 x 10 inches = 2. 54 microns 

= 25400 A 
-5 

1 x 10 inches = 0. 254 microns 
= 2540 A 

-6 
1 x 10 inches = 0. 0254 microns 

= 254 A 
-7 

1 x 10 inches = 0. 00254 microns 
= 2s. 4 A 

-4 -5 
1 micron = 10 em= 3. 937 x 10 inches 

1 A = 10-8 em -9 = 3. 937 x 10 inches 
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•Comparison of Orifice Diameter to Time to Exhaust 
'Caging Pressure System 

2 3 4 5' 

Orifice Size ·Orifice Size .orifice Size ·Time to 
{,Inches) . (Microns) 

.. 
,{Angstrom Units) • Exhaust System 

l X 10-2 
I 

~o. 75 seconds 

1 X 10-3 
\ l -l-l/4minutes 

1 X 10-4 
2.54 254ooA - 2 hcmrs 

1 X 10-5 
0.254 2540 A N 8 days 

1 X 10- 6 
0.0254 254 A ""'2 years and. up 

1 X 10-7 
0.00254 25.4 A ,.., 200 years andup 

The results listed in Table 9-Sl are also shown graphically in Figure 4-Sl. It 
is interesting to note that the following relationship between orifice size and 
time to exhaust the system emerges: When the orifice size increases by one order 
of magnitude, the time required to exhaust the system decreases by two orders 
of magnitude. 

When the data in Tables 8-Sl {a) through {d) and 9-Sl are examined, it is not 
difficult to see that an orifice of any significant magnitude will empty the system 
completely in a matter of seconds. ,.,on the other ha.n.d, if the orifice e,iz.e. is in the 
range where magnification is necessary to identify the opening, within the resolv.i.ng 
power of light optics, the time to exhaust the system can vary from a few minutes 
to several hours. When the orifice becomes small enough that electron optics are 
necessary for identification, then the time to exhaust the system can vary from 
several days UJi"Wards to years. 

When the times in G>lumn 5, Table 9-Sl are considered in terms of the 
PSE requirements, in order to be acceptable, a virtually perfect close-off solder 
joint is necElSsary {in addition to the internal joints) because one is within an order 
of magnitude of where the diffusion process becomes effective. When diffusion 
finally becomes the dominant: process, the limit of the material to retain gas 
under pressure has been reached (reference Exhibit F·Sl for additional discussion). 
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Consider the converse situation, i.e., the conditions of initially 
obtaining an acceptable leak rate; then dislodging sufficient material only to 
the degree that the system remains within acceptable leakage limits. Such 
an event would require a number of fortuitous circumstances occurring, virtually, 
at the same time. The probability of this happening is rather small when one 
considers how the material would be dislodged. Some of the likely conditions 
are failure because of vibration from any number of extraneous sources, bumping, 
long-term creep or poor wetting (to name a few). Any, or all, of these can 
happen because of the inherent weaknesses in solder joints, particularly in this type 
of application. The probability of the opposite situation occurring is greater, 
i.e., dislodging sufficient material such that the system leaks at a rate greater 
than the acceptable limits. The likely modes of failure are such that the system 
w~uld exhaust itself, in the worst case, in a matter of seconds and, at best, 
in a :matter of a few weeks. 

Based on the analysis of the recorded pressure data, and expected 
leak rates for various orifice sizes, the conclusion that the apparent abrupt 
changes in caging pressure cannot be attributed to leakage still remains intact. 
Furthermore, the following concluding statements also apply: 

1. The pressurized caging subsystem is of such sman·volume that 
the system is very sensitive to changes in temperature. 

2. The leak rate requirements are, by necessity, extremely 
tight because of the small capacity of the system. 

3. It is not probable that an acceptable leak rate would change to 
an unacceptable leak rate; wherein, the unacceptable condition 
would extend over a long time period (more than a few weeks). 

Accepting these rema.t.ks as valid, one must look elsewhere for the answer to 
the problem. One area which has not been examined is the pressure transducer. 
The construction of this component is such that one or several things could occur 
with time that would be symptomatic of the conditions currently being experienced 
by PSE SN03, for example, a shift in calibration, a zero shift, or a change in 
electrical characteristics. 

When the entire pressurized caging system is examined, the pressure 
transducer represents the one link in the system wherein events could occur 
that would fit the current situation. Therefore, the principle recommendation 
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of this report is that a thorough examination of the pressure transducer 
currently installed in PSE SN03 be initiated. To check some of the points 
in question, will require that the system be depressurized. How far beyond 
this point it is desired to carry the investigation is not within the scope of 
this report, because this type of investigation is a step-wise procedure with 
each succeeding step being dependent on the results of the step immediately 
preceding it. 

A further recommendation, not explicitly stated in ATM 920, is 
related to Engineering :P.rocedures. Procedures which describe the handling of 
the instrument after the caging system is pressurized and closed-off 
should be modified to reflect pressure monitoring requirements. At a minimum, 
when to monitor, and recording of time and temperature with the corresponding 
pressure, should be included. 
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LIST OF EXHIBITS 

Operating Events Log, SN03, Pages 3 Through Page 18, 
(See ATM-920 for Pages 1 and 2). 

Hygro-Thermograph Charts from 10-30-70 Through 4-27-71, 
As Required (Only PSE Pressure Monitoring in PSE Lab 
Provides This Data). 

Tabulated Summary for Expected Values of Pressure at 
Given Temperatures (Curve Derivation and Calculation 
of 95% Confidence Limits). 

Tabulated Summary of Analysis for Pressure - Temperature 
Time Data From Table 4-Sl (Reference Page 116). 

Tabular Summary of Time,to Exhaust System (Equations 
10 Through 15, Pages 20 and 21). 

Existing PSE Leak Rate Requirements in Terms of the 
Current Analysis. 
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·. ·:~rr, __ ..,~• 

:;--_ ~~=-··'·} 

2-Jt~ 1:,," Pf<p_!isu .. ~ ILl f' .-v (.)+ ~ '11• F J{/,0 
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TEST ENG OPERATiON TIME 
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OPERATING NTS LOG 

PROGRAM /lL5 t-. 

~-" - ~~_..--··~ 

~'] TEST ENG OPERATION TIME 
ITEM DATE OPERATING OR EVENT DESCRIPTION I OR TECH EVENT TOTAL 

ACCEPT 
'ANCE 
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.. 

11-U':' 7::> 

~...-.. 
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"•_:__/ 

I Ill IN 

r;IJ @ J 9 : Z/ :-~z. - I.IM 
1~:.~~-:>o 
¥•,. ·-~ ' 

f)f:F (2 20 : 4 2. : 4.3 ~,8 ~-'j,/11 
'f.'~'fi,J ,,_ 

~ 116) 
~~..#Ill \ 8~'4 

rf - - ~-~~.. ~ 

'J.IJ! 11/zt/ 15E Pltn'o~F cllt:zk ~ 1/tJ~/1/s - J</3. o .Ntl (;,8(,}P' ~ · cCO,S- I 
I ··:y .., ~ ,., 
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OPERATING NTS LOG 

PROGRAM A.~~r -
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TEST ENG OPERATION TIME Q:<:". 
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OPERATIN' NTS LOG 

ITEM DATE OPERATING OR EVENT DESCRIPTION 
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Hygro-Thermograph Charts from 10-30-70 Through 4-27-71, 
As ~equired (Only PSE Pressure Monitoring in PSE Lab 
Provides this Data). 



WHIN OROUI!f'IIG IINDlfl 
101 Tth5 CHo\ftT SPIC:IPf 

'"•' •o·. souu 
HYGRO·THERMOGRAPH 

CHART NO. 207-WB 
IH HOUJtS 

UJ£ NO l·l•r HN 
THE BENDIX CORPORATION 

P.UT NO 101411 
PIINfiO Iff U.S.A. 

FfUEZ INSTRUNFNT DIVISION BAl. TIMOR£. MAftYLAND. U.S. A. 

. I 
!t :' 

'I 
I!, i I 

,[Wmffi~~1MHiH,ic1 IH~1 1f 414
1
:lliill,,r 

WJli!Uill't1 +lfft,l;i't1llfr'1 1 
!

1 
j 1

1 

:Ill I' I I '· i 

I I 1 

'1 1,. r1 

i ' 

I Jl 1 

' i 
!i ! ! 

I 'I, 

I lilii1 J:;:I(Tii 

I I 

~ ..• 
1 1' 1i':J!,I}i; 

' I II~: i, ,I Jill' 

) . m' ti"1!1,"U""'III,.Uit~-W 
I In r' 

I 'I 

I I 

I Ull+-l+l+H-H-'1 4-!-lll.L"fll
1 

i I : 

I I I I I 

I UJ..~+I+++++Hti-! L I 

li 

! I r 

I . I' I 
, I 

: I 
I I I 1 

I I I 

i1 : 

I I 

11 

INSTRUMIN'!'!f.6':/~l..'f,~7. .... STATION~.G:~~ .fft..ttc£ 
\., REIIAftKS .. 0/J/£:-..uL$/.ii.L_,(._ _____________ ... -.. ···············-··-
\. -- . . .. - . - . . 

I' 



/ 

~ 

. .. 
\ 
'\ . ' 

WNCif OIDifUNG •IINDU 
POll THIS C'HUT JfllfCIFY' 
PART flO. IOZUl 

HYGRO:THERMOGRAPH 
CHART NO. 207-WB 

11f HOUU 
U~( 1'10 I D r P~ Pol 

THE BfNDIX CORPORATION 
FRIF.Z INSTRUMENT [)1\IJ~ION UAlTIMOkE MARYLAND U S A 

'"lf .. o lftUtl 
,.IIIHUO II( U ~A. 

INSTRUMENT NO •.•. '-l .. 'f..r:.7 .... STATION1'.$~--~i_t~-..~~~TE.Y.Y'-~ 
REMARKS .••••••.•.••••••.•.••••••••••••.••••••••••••••.•••••••••.••••••••••••••••••••••••.••••••••• 

AT.M-920 
Rev. A 
Page 47 

'-"!~-: " ~· ' ., 

' 

"' 

~ • . J 
< 
~- ,. 

~·l" 
'?{ 

!>'· 

t1 

r :( 
i 
t 

" i 

·t 

l 
I 

.i 



_,/ 

.p 

.. 
' ,, 

,\ 

..... 

WMIM CHtDifUNIJ, ltNOIII 
fOil!: f"i-J CHART $1'£CIH 
PUT tH~. IOU~Z 

~ 

HYGRO-TH!RMOGRAPH 
CH~RT NO. 207-WB 

IH HOURS 

,.,_.,NO Sot ... l 
fi'fi:INTIO IN U I A, 

REMARKS .......................................................................................... . 

ATM-920 
R.ev. A 
Page 4? 

:m 

;.' 

.. 
' 

r 
I 

I 
·~ 

r. l 
:!j i j 

I 



/ _ ... 

' 

WMI.N ORO!AINQ ll!NDlA 
fOl Tl'ii'S C~AMl 'SI'ECWt' 
rJ.Itf HO . .\O'!JU 

HYGRO·THERMOGRAPH 
CHART NO. 207·WB 

I".UT NC ~Ol4'JS 

'""lf''llfHINU:14. 

-=···REMARKS ........................................................................................ .. 

ATM-920 
Rey;· A 
Page 49 

I 
i 

f 

;I I 
l I ,, I 

I 

! 
I 
I 
l 



./ 

D 

' 

...... OIOIIIIffl 11•0111t 
ro1 TNIS CHUT INC"Y 
.... , NO. IOIJtl 

'HYGRO·THERMOGRAPH 
CHART NO. 207-WB 

17e HOUU 
usr NO t·•·r 'u 

THE BENDIX CORPORATION 

L'Aitf HO 101411 

'"unu '" u.s .A. 

-

~~~~~,~··miZlilrn·K~T~·a"Mji~N~TRDf .. f .. B.oi"!~····~r··o~··t·· MR··~·Y·LR+'"'t·~"·~··lfBitR~EER 'II: , , I rl t!JJ.~~t-H-++Ht+H#i-!44..1JJ II 
:::: 'I•. I 11 , f'T I 1 01 

,Ill''':,·!,',' (II 

I I "i" ;, ~~ 
. , " " " I• 

1 

I ' 1: 
, 1111r:: tt. ml m. ~· ·n'l rr: lnm:l ft'lli. Jilli, u±~ : · j~ 

I !i 1 ... 

1 . II!IJ!!t•' 
i l:,::liilftt~Ei 

!, 't i' 

' ,, 

ITfllllllilill 

I 
1Jl.U1"1-1 ++++++tt++i-+~1 L:.LU I 

I W~4+-H+H+1-11+14-IJJ'lJ I 

j 

f 

INSTRUMENT No.'S ... )C::/..~~.J. ....... STATION'f?o~&R'Y>'~IL__ S~[1.1 ~~t:.:,l( \3.11:~ATi~C:ff:c:.~1/ 
REMARKS ....... ~ •••• !.h.l •• o:R. • ...t/..k ................................ -..... _ ... . 

ATM-920 
Rev. A 
Page SQ. 

., 

\ 
} 
l 

1 
i 



WMIN OIOitiiiiCI aiNOU 
roa THIS ·I:! HART SPICitf 
PARf NO, IO.UtJ HYGRO·THERMOGRAPH 

CHART NO. 207-WB 
11t HOUJI 

US! "0 t•I•J '[Ill 
THE BENDIX CORPORATION 

FRIEl IH!iTRUM£HT DIVISION. B~ TIMORE. ~ARYl 'N: 

::! 

.• ~ .• :11 
,I ,!i ;ttrmm! 'I I 

1 ' fll1lllliiJ ' lllllUI 1'1'"' ":""'I .... ....., II 1 ffilfljj I fTil UJJI'il~,< ·~:!mlil..!-!'J I 

rriT!lllliU . I I lU I ' 1 I 

fTfJfllllJ I 

I I 
: mJJIIW 

rrnmm .1 • 1 
I rrrrrmn · .1 .'i· 

I.!, 

I II .;; ;· 
· I f".l • I 
l , : I 

I J. 
I 

I rr rr I 

I! I J. 
! 

E J.' 
I I 

IITlli!Ili.l 
I 1 ~~ 

: miTillll l 
• fTfJWJ!III :: i 
•IJllJillllll' ! I lii.l!lT: 

JIT[IIIU t: :, I 1\ 
il· '·' l 

. tmflllll 1 
ql I Jil!lll llJ)! 

Oil 1!!U!Jlll ~'JIT: 
ttmmn . . , n~ul1urm11mw1 •rttn1 t rtl,:11.'~ 14!1!ii'J.H-t1 
111111111. f I J:iil 

· rmw ' ' · 1~;; 
•• ~f I• I j Ji I 

m!llll . 
I I 

- !:1 ! IIIJJlil ; II , I 
I nlllllli!I!JI '1 

• • ,. •!i 
11 1 rtml!lli!i•· ·rrrr:;nr:1r; 1Tf,m, "-·I'':" 

:11.111!11 I 1 : 1 It: 
I I !IIHIIIIII 

lliliilJI " I 
I I ~~~~· 

'llf1IIlll1l 
: ffilllllll 

llllllillllll 
: mmmm· 

I ' 

: Hll!llllill I 

]Ill. I ' 

i ttmmlll!l ·~ !!@Ill 

PART !CO !SOUtl 
"'1"1'10 lfrf U I A. 

U.S. A. 

\ € ~,. • R...., .-t 
· INSTRUMENT No.S:!.~.. 7. ... STATION ·Pi• R. •••• :~ I ...... DATE.~ . .I~r!!.l.. 

\ REMARKS ..... C2N .(; .. C.V. E:~. t< ................................................ . 
\ ... 

ATM-920 
Rev. A 
Page 51 

·.'· 

··. 

I ,'• 

t.• 
l 
~ 

t, 

~ 
l 

1 

1 



I 

I 

I 

I 

I 

i 
I 

i 
I 

' 
. -----.. i 

' 
I 
I 
I 

: 
I 
I 
I 

,I 
·~j 

'I 
i 
I 

I 
i 
I 
·I 

I 
l 

11 
\ 

'I 

j 
. 

l 
. i 

I 
I 
I 

' i 
I 

' ! 

I 
I 

I 

WHIN oaoun•• ttuu 
POtt THIS Ct~Aitf tH:C"Y 
PART "o. uuu 

HYGRO·THERMOGRAPH 
CHART NO. 207-WB 

171 HOUII:S 
USI r.o l·l·f P'U 

PUT ,_o IOUU 
,.INTIO IH U.S.A. 

TH£ BENDIX CORPORATION 
flfiZ INSTRUMENT D !VISION. BALTIMORE.· jji,ii LAN! • U.S .. 

rn.lrtl -~ 
1 

mmmrrr:1!!· ~ · r ; ~ i : I i : i•i .I 
lit ·'\ ,'•,J•. I' i I rtl ~ 

' 
I 

1 I 
' 

'i:• I 
'I i 

I, 
,; I I 

I 11 I 
I 

' 
,. 

I I I ,, 
" I 

I 
I ;I: I I I 

I I ),! I 

,I ., d: I I 
II 

111111111111111 I . ' ! I, I I 
!f11tti1TIIlTil I, rjj' ' I I 

I ::: 
I ' 

I 

II : 
I 
I I 

I I !) 
I 

:I ,. 
\I 

' ' 
' 11·'1:,, I 

'Ill' ·' 
I 

'. I 

I ' Tt ,. I 
! ;,: I, I .n, I ..J I 1' 

I !!' I >f~; I 

n 
til II i Jr: j 

~Iii ' 'II I' Tli1 ri" 
I ! I' 

'I ! I i r::,l '' 

' '• ' ];1 
I .. ' 

,• I I m' 
I 

I ·r ,. 
i I 1 

l'fi 
I I 

I ' ' :;;, I I I 

I ' m ' ,, 
I I I 

' II '. I 
I 

i I I 

,. 
I' 

" I id 
I 

' ! ' 
I 

I 
I T II i!! I 

I 

' I I ,. 
I 

':1 

' .. 'I· 
I 

i I 
II 

! I 
I I' 

I I , I 
I I .. I : 
: I :I 

j' 
I 

' i: I ! 
I ,. 

" 'i' 
i I ' 
I '• I i 

' 
I. 'I .I 

' I i 
: 

I • J I i I' 

I 

" 
I 

i!' 
' : 1i 

I 
: 

' ;i 'i ' 
'' u 

i '. \; ' 
I ,, 

I I I 
! i 

•' rs lfii ' '' I 
" ,. 

I' 
I ' 

.I, : i . ' I li; 
r: I I I 

' 
I I• 

I 
; 

" 1;1 
i II 

' 
I 

I 

, INSTRUMENT NO •• S'J.f.:S..? ....... ,STATION ... es~.!.S:.~~ 
;co; .. 

_\\·=~ARKS .. -•• 4'{=_·_·:~=--~~---~------------·--·--·--·····-······--···· 

I 

ATM-920 
Rev. A 
Page 52 

:: 
f~! 
: 
;_ 

~I! I 

II"' 

/i 
I~! : 
I~· 

1~1 ~~-

i"' 

l~· ,: 

:~ I; 

li 
1;:: 

I~ 
!~ 

I! 
i;! 

I~ 
!: 

I~ 
1,: 

1:~ 
~~ 
: .. 
; 
I~ 
: 
I 

: 



.ospaaa 
~~Divllllan 

Analysis of Pressure Data 
Relating to the PSE SN03 
Pneumatic Caging Subsystem 
Non-Conformance Status 

Supplement 1 

,SXHIBIT C-S1 

RIV. MO. 

ATM-920 A 

,AGI 53 OP 

DATI 2 June 1971 

Tpbulated Summary for Expected Values of Pressure at 
Given Temperatures (Curve Derivation and Calculation of 
95o/o Confidence Limits). 



Line Temperature 
Item (X) (°F) 

I 7Z 

z 
3 

4 

5 

6 

7 7Z 

8 71 

9 

I 10 

11 

IZ 

I 3 71 

14 31 
--. 
15 71 

16 68 

17 71 

18 7Z 

19 7Z 

zo 69 

Zl 68 

Zl 
' 

70 

Z3 70 

24 70 

t5 
I 

7l 

Z6 I 70 

l7 I 7l 

Z8 71 
' 

~--29 ____ ~ 78 - . 
I 30 71 

31 73 
' 

32 71 

33 71 

34 71 

35 71 

36 7Z 

37 71 

38 71 

39 70 

.l 40 70 

41 __ i 7Z 

/t=Z9Z9 

.. 

_,1 j, 

TABLE C-51-1 

DERIVATION OF CURVE J'OR .EXPECTED VALUES OF P&EIISURE AT GIVEN 
TEMPERATURES (REF, FIGURE 2-Sl) 

3 6 
Pressure (x. x) (y- ,, (x-x)(y-y) (x- ,.,. 

(Y) (MV) (x-71. 44) (y-ISO. II) (4) X (5) (4)2 

150.6 +0, 56 +0 • .., tO, 2744 o. 3136 

150.5 +0. 39 +0. 2184 

1 
ISO, 6 +0. 49 +0. 2744 

150. s +0. 39 +0. 2184 

150.6 +0. 49 +0. 2744 

150.5 +0. 39 +0. 2184 

150.6 +0. 56 +0. 49 +0. 2744 o. 3136 

150.4 .o. 44 +0. 29 -0. 1276 o. 1936 

150. 5 +0. 39 -0. 1716 

l 150. 3 +0. 19 -0. 0836 

150,4 +0. 29 -0. 1276 

150. 5 tO. 39 -0. 1716 

150. 6 -0. 44 +0.49 -0.2156 o. 1936 

151. 6 +9. 56 +1. 49 +14. 2444 91. 3936 

150. 3 -0.44 +0. 19 -0. 0836 o. 1936 

149. 7 -3.44 -0. 41 +I. 4104 11. 8336 

150. 3 -0. 44 +0. 19 -0. 0836 0. 1936 

150. 6 tO. 56 tO. 49 +0. 2744 o. 3136 

150.7 +0. 56 tO, 59 +0. 3304 o. 3136 

149. 9 -2. 44 -0.21 +0. 5124 5. 9536 

149.6 -3.44 -0. SJ tl. 7544 II. 8336 

150. 0 -I. 44 -0. II +0. 1584 l. 0736 

1 ;o. 1 -I. 44 -0, Ol +0.0144 z. 0736 

150. I -I.. 44 -0. 01 +0. 0144 z. 0736 

150. 6 I +0. 56 tO. 49 +0. 2744 o. 3136 

150. z i -I. 4·1 ·~· 99 
-0-1296 I z. 0736 

j 

150. 9 I +0. 56 i +0. 79 

I 
+0. 44Z4 0. 3136 

ISO, I -0.44 -0. 01 tO, 0044 I o. 1936 

151.7 +6. 56 __ ~-,._ +1. 59 +10, 4304 43, 0336 -- . --
149.1 -0. 44 -0.21 I +0. 0924 ~- 1936 

150.0 +I. 56 -o. II I -o, 1716 2. 4336 
' 

149.0 -0.44 -I. 11 +0. 4884 0.1936 

148. 0 I -0.44 -2. u +0. 9284 0.1936 

149.0 -0. 44 -I, II +0. 4884 o. 1936 

148.0 -0.44 -2.u +0. 9284 o. 1936 

151.0 +0. 56 +0. 89 +0. 4984 o. 3136 

149. I -0.44 -I. 01 +0. 4444 0.1936 

149.8 -0.44 -0.31 +0. 1364 0.1936 

149.2 -I. 44 -0.91 +I. 3104 2. 0736 

149.2 -1.44 -0.91 +I. 3104 2. 0736 

149.3 +0. 56 -0. 81 -0. 4536 0,3136 

1;:6154, 5 !:=+36. 4244 t:•l86. 0976 

x = !izq = 71. 44 

y =::
54

' 
5 

= 150. II 

y' = y + b(x - x) 

y' =ISO. II + 0.1?57 (x- 71. 44) 

y 1 = 136, 13 + 0, 1957 X 

Slope = b = I:(x • x)!y • y) 
I:(x- i'l2 

b +36, 4244 o ta57 
= 186,0976 = + •. 

I, 1 . r 
~~ ., 

it 
.l 

·•· 

Cl 

(y - y}~ 
(5)2 Romarkll 

o. 2401 Column Z aDd 

o. 1521 Column3 of 

o. Z401 lhlo table are 

o. 1521 extracted from 

o. 2401 Column 4 aDd 

.o. 1521 Column 5 of 

o. Z401 Table I, line 

o. 0841 ltomo I tllroush 

o. 1521 14, ATM-920 

o. 0361 

o. 0841 

0. 15Zl 

o. 2401 

2. 2201 

o. 0361 

o. 1681 

o. 0361 

0. Z401 

o. 3481 

o. 0441 Same ae 

o. 2601 above, except 

o. otzl this block 

o. 0001 represents 

o. 0001 line item• 18 

o. 2401 through 33 

0. 0081 

i 0. 6241 
I o. 0001 
I 
' 2. 5281 

0. 0441 

0. 0121 

I, 2321 Column 2 aDd 

4. 45zl Column 3 of 

I. 2321 thlo table are 

4. 4521 extracted from 

o. 7921 Column 4 aDd 

I. 0201 Column 5 of 

o. 0961 Table l-SI, 

o. 8281 line item• 1. 

o. 8281 3-9, and 11-14. 

o. 6561 

t:c24. 5761 



TABLE C-Sl-2 

95% CONFIDENCE LIMITS FOR PRESSURE VS. TEMPERA.TURE CURVE {REF. FIGURE 2-Sl) 

*Assumed Values Over Range of Curve 

1 2 3 '4 . 5 6 7 8 9 

2 . 
I 

{X- X)2 t. 05 Line 
er

2
/N 

2 
rr 

Temperature* (X- X) r 
v(2) + rd' Item erR= 2 (X) ("F) (4) - 71.44 [s]Z (3) X {6) 39 D. F~ r 

I:(X- X) 

! 0.01147 0.002403 65 -6.44 41.4736 0.099661 0.333 2.02 

2 l l 70 -1.44 2.0736 0.004983 0.1283. 

1 
3 80 +8. 56 73.2736 0.176076 0.4331 --· 

4 90 +18."s6 344.4736 0.827770 0.9161 

I:... ~~ ~~· ,,,' ; ;,----;-. y E(Y - Y)z •. 
rr r = · V1 - r- n - 2 1. 

(a) rr r Standard Error Aboot Regression Line·Measured In Units of uynJ 
Parallel to Y -Axis = 0. 6688 . · 

(b) r Regression Coefficient = 'E(X - X) (Y - Y) .. :z:: Column (6). n1le C-Sl-1 '"' o. 5386 
VECX _ X)Z l:(Y _ Y>2' V [ l: Column (7) 1: Column (8)}' 

(c) l:(Y - y-;2 = l: Column (8), Table C-SI.l . 

(d) N = Number of Observations 

2. erR = Standard· Err<?r of the Regression Coefficient 

3. Confidence Limits (..).,; = Y + b {X - X) + t """ 
·- .V";J 

\ 

fer! + rri (Jci- X)2~,. 

(a) Y = 150.1]-
(b) X = 71.44 Ref. 

(c) b : 0. 1957 . 

Table C-Sl-2 

10 . 

1 

(9) X (8) i 

:1: o. 673 I 
:1: o. 259 i 

I 

:1: 0.875 I 
~ 1.85IJ 

'.· 

~: ·,.; 

., 

...:o> 

.,)'Ofoi 
"' ~ a:: Q I 

.V> > ..l) 
-"U': N 

; • 0 



1 

Line 
Item 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

1 
Line 
It~rr> 

2.7 
28 
29 
30 

·, 31 
3i 
~3 
34 
35 
36 

-~~ 

2 
a b c 

(Xa- Xal (~-~) (X -X l 
·c c 

(X - 191 
a (~- 19) (X - 18. 1) 

c 

- 18.0 s - 17.1 
- 11.0 A - 10.1 
- 8.0 M - 7.1 
- 4.0 E - 3.1 

- 2.0 - 1.1 
+ 3. 0 A --
+ 4.0 s --
+ 5.0 + 5.9 
+ 13.0 (A) + 13., 
+ 18.0 + 18.9 

------

2 3 4 

(X -X 12 
a · a 

(X -X 12 
c c 

(Y - y )2 
a a 

32.4.00 2.92..41 • 8.0324 
121. 00 102..01 0.6084 
64.00 50.41 0.6084 
16.00 9.61 0.9604 
4.00 1.21 0.1444 
9.00 --- 4.9284 

16.00 -- 9.7344 
zs.oo 34.81 0.2304 

169.00 193.2.1 0.7744 
3Z4. 00 357.2.1 0.7744 

TABLE 5-S1-- REGRESSION ANALYSIS FOR SIX COMBINATIONS 

d 
(Xd- Xd) 

(Xd - 18.1) 

s 
A 
M 
E 

A 
s 

(C) 

-s 
(Yb- Yb)Z 

0.0784 
0.1444 
0.1444 
1.1664 
0.2304 
4.4944 
9.1204 
0.3364 
0.9604 
0.9604 

e 

. OR PRESSURE AND TEMPERATURE (REF. TABLE 4-51 
FOR INITIAL DATA) 

"' 3 
f a b c d 

(Xe- Xe) (Xf- Xf) (Ya- Ya) (Yb- Yb) (Y - y ) (Yd- Yd) c c 
(Xe - 19) xr - 19 y - 141. 12 yb - 141.02 y -. 141.79 yd- 141.66 

a c . 
s s + 0.18 + o. 28 - 0.49 - o. 36 
A A + o.?8 + 0.38 + 0.11 - 0.26 ! 
M M + o.78 + o. 38 + 0.11 - 0.26 
E E + 0-98 + 1. 08 + 0. 31 + 0.44 

+ o. 38 + o. 48 - 0 .. 2_2 - o. 16 
A A - z. 22 - 2. 12 -- --
s s - 3.12 - 3. 02 -- --

+ 0.48 + o.'s8 - 0.19 - o. 06 
(A)& (B) (A) & (B) + 0.88 + 0.98 + o.21 + 0.34 

+ 0.88 + 0.98 + O. Zl + o. 34 

6 7 8 9 I 
(Y - y )2 2 (Y • y )2 'l 2 

c c (Yd- Yal e e (Yf - f) i 

0.2401 0.1296 o. 2116 0.12.96 l o. 0121 0.0676 0.0196 0.0676 
0.0121 0.0676 o. 0196 0~ 0676 
o. 0961 0.1936 0.1156 0.1936 
o. 0841 0.0256 o. 0676 0.0256 

-- -- 0.0036 0.0016 -- -- 0.0256 0.0036 
0.0361 0.0036 o. 0256 0.0036 
·o. 0441 0.1156 o. 0576 0.1156 
0.0441 0.1151. n. n57~ n. 11~1. 

~= 1on.oo 1£= 1040.88 lit= 18.7960 It= t7.636o t= 0· 5688 It= o. 7188 b:= o. 6G40 II.= o. 72.40 

e 
(Ye- Ye) 

Y-141.76 
e 

- 0.46 
+ 0.14 
+ 0-14 
+ o. 34 
- o. 26 
- o. 06 
- o. 16 
- 0.16 
+ 0.24 
+ 0.24 

f 
(Yf- Yf) 

Yf- 141.66 I 

- 0. 36 
- (). 26 
- 0; Z'(; 
+ 0.44 
- 0.16 
+ o. 04 
- 0.06 
- 0.06 
+ 0.34 
+ 0.34 

1"> 
011!;>'1 ... ::: 

I 

·~ > :e 
0 

.. 
:;,_ 

:i .~ 
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NO. RIV. MO. 

ATM-9ZO A 

llAGI S7. OF 

DATI Z June 1971 

T~bulated Summary of Analysis for Pressure .. Temperature 
Time Data From Table 4-Sl (Reference page '1.6 ). 



Line 
Item 

27 
28 
29 
30 

- 3.240 
- 8. '580 
- 6.240 
- 3.920 
- o. 760 
- 6.660 
-12.480 
+ 2.400 

- 5.040 
- 4.180 
- 3.040 
- 4.320 
- 0.960 
- 6. 360 
-12.080 
+ 2.900 
+12.740 

slope = b = ~ (X - X) (Y - Y) 
E(X- x)

2 

TABLE 5-~- . ...:.:ONT'D) 

. +·· 8. 379 
- 1.111 
- o. 781 
- 1.240 
+ 0.580 

+'6.156 
+ 2. 626 
+ 1. 846 
- 1. 760 
+ 0.320 

'(X -X} 
e e 

X{Y - Y )' e e _. 

,J+ 8. 280 

- 1. 540 
- 1. 120 
- 1. 360 
+ 0.520 
- 0.180 
- o.&lo 
- 0.800 
+ 3.120 

b - -12. 200 
a- 1072. 00 = -0. 0114 mv/da.y . 

- - ~ 7JlQ: -0.0025 rrN/da<tj bb - i 072 t\1\ 

+11. 387 _ +0 0109 mv/day b - - • c- 1040. 88 
'• :, 

+19.'428 = +0. 0187 mv/day bd: 1 nAn 00 

+10 .. 600 = +O. 0099 mv/day 
be= 1072.00 

+20.100 = +0. 0187 mv/day bf = 1 n.,., nn 

ATM-97 
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+ 6.480 
+ 2.860 
+ 2.080 
- 1. 760 
+ 0.320 
+ 0.120 
- 0.240 
- 0.300 
+ 4.420 



Analysis of Pressure Data 
Relating to the PSE SN03 
Pneumatic Caging Subsy-stem 
Non-Conformance Status 

Supplemep.t 1 

EXHIBIT E-Sl 

NO. RIV. NO. 

ATM-920 A 

PA.I .,..:.59r · Of' 

DATI 2 June 1971 

Tabular Summary of Time to Exhaust System (Equations 
10 Through 15, Pages 20 and !'lj ). 



1 

Line 
Item 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

I2 

13 

I4 
~ 

TABLE 8-SI 

SUMMARY OF TIME TO EXHAUST SYSTEM 
(EQUATIONS IO THROUGH IS) 

(a) *[Ref. Col. 4, Line I, Table 7 -S I] 

2 3 
Leak Rate Time to Exhaust 

785 X IO-ll* System (Seconds) 
x (Col. 4, Table 6-S1) 

,..:.. ~ 

Vol = 1. 895 
(in. 3/ sec. ) ~~ .. Col.£ 

-4 ----
5249.3I 3.6I X IO 

3. 56 X 10 
-4 

5323.03 

3. 51 X 10 
-4 

5398.86 

3.45 X 10 
-4 

5492.75 

3. 37 X 10 
-4 

5623.14 

3. 32 X IO 
-4 

5707.83 

3.14 X 10 
-4 6035.03 

2.96xiO 
-4 

6402.02 

2.75x 10 
-4 

6890.90 

2. 54 X 10 
-4 7460.62 

2. 30 X 10 
-4 

8239. 13 

2. 04 X 10 
-4 

9289.21 

1. 74 X 10 
-4 

I0890.80 

1. 38 X 10 
-4 

13731. 88 

4 

ATM-920 
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Time to Exhaust 
System (Hours) 
(Col. 3/3600) 

1. 4581 

1. 4786 

1. 4997 

I. 5258 

1.5620 

1.5855 

1. 6764 

I. 7783 

I. 9141 

2.0724 

2.2886 

2. 5803 

3.0252 

3.8144 



TABLE 8-S1 (CONT'D) 

(b) *[Ref. Col. 4, Line 2, Table 7 -S1] 

1 2 3 4 
Leak Rate Time to Exhaust 

785 x 1o-13 * S ~tem (Secon.!!_s) Time to Exhaust 
Line x (Col. 4, Table 6-S1) Vol. = 1. 895 System (Hours) 
Item (in. 3/ sec. ) Rate Col. 2 (Col. 3/3600) 

-6 
524931 145.81 1 3.61xl0 

-6 532303 147.86 2 3. 56 X 10 

3 3. 51 X 10 
-6 

539886 149.97 

4 3. 45 X 10 
-6 

549275 152. 58 

5 3. 37 X 10 
-6 

562314 156.20 

6 3. 32 X 10 
-6 

570783 158.55 

7 3.14 X 10 
-6 603503 167.64 

8 2. 96 X 10 
-6 640202 177.83 

9 
-6 

2. 75 X 10 · 689090 191.41 

10 2.54x10 
-6 746062 207.24 
-6 

823913 228.86 11 2. 30 X 10 
-6 

928921 258. 03 12 2. 04 X 10 

13 1. 74 X 10 
-6 

1089080 302.52 

14 1. 38 X 10 
-6 1373188 381.44 

ATM-92 
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5 

Time. to Exhaust 
System (Days) 

[Col. 4/24] .,, 

6.07 

6.16 

6.25 

6.36 

6.51 

6.61 

6.98 

7.41 

7.95 

8.63 

9. 54 

10.75 

12.60 

15.89 

I 

! 



1 2 
Leak Rate 

785 x 1o-15 * 
Line x (Col. 4, Table 6-Sl) 
Item (in. 3/ sec) 

1 3. 61 X 10 
-8 

2 3. 56 X 10 
-8 

3 3. 51 X 10 
-8 

4 3.45 X 10 
-8 

5 3. 37 X 10 
-8 

6 
-8 

3. 32 X 10 . 

7 3. 14 X 10 
-8 

8 2. 96 X 10 
-8 

9 2. 75 X 10 
-8 

10 2. 54 X 10 
-8 

11 2. 30 X 10 
-8 

12 2. 04 X 10 
-8 

13 1. 74 X 10 
-8 

14 1. 38 X 10 
-8 

TABLE 8-S1 (CONT'D) 

(c) *[Ref. Col. 4, Line 3, Table 7 -Sl) 

3 4 
Time to Exhaust 
System (Seconds) Time to Exhaust 

J1ol. _ 1. 895 System (Hours) 
IRate - Col. 2 Col. 3/3600 

52,4.93)00 14581. 

5~23(?,300 14786. 

5~98~600 14997. 

51,92~500 15258. 

5~23~400 15620. 

5~07~300 15855. 

6~5~0 16764. 

6~o2gzoo 17783. 

6~90~000 19141. 

7~60~200 20724. 

82)9~300 22886. 

9~92,100 25803. 

10~0t},()OO 30252. 

13~3U)800 38144. 

5 

Time to Exhaust 
System (Days) 

Col. 4/2A 

607 

616 

625 

636 .~ 

651 

661 

698 

741 

795 

863 

954 

1075 

1260 

1589 

1"\. l. lVl- '1 £; u 

Rev. 
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6 

Time to Exhaust 
System (Years) 

(Col 5[3_65 

1. 66 

I. 69 

1. 71 

I. 74 

I. 78 

1. 81 

1. 91 

2.03 

2.18 

2.36 

2.61 

2.94 

3.45 

4.35 



il 2 
Leak Rate 

785 x Io-17 * 
Line x (Col. 4,- Table 6-Sl) 
Item (in. 3 /sec) 

I 3. 61 X 10-lO 

2 3. 56 X 10 -lO 

3 3. 51 X 10-lO 

4 3. 45 X 10-lO 

5 3. 37 X 10-
10 

6 3. 32 X 10- 10 

7 3.14 X 10-
10 

8 2.96xlo- 10 

9 2. 75 X 10 
-10 

10 2. 54 X 10-lO 

11 2. 30 X 10- 10 

12 2.04x10-
10 

13 1.74x 10- 10 

14 1. 38 X 10-lO 
--------------------- L-.-

, 

,TABLE 8-SI (CONCL'lD) 

(d) *[Ref. Col. 4, Line 4, Table 7 -S 1] 

3 4 5 
Time to Exhaust 

s~em <seco•~r Time to Exhaust Time to Exhaust 
Vol.,_ 1. 89 System (Hours) System (Days) 

te - Col. Col. 3/3600 Col. 4/24 

- 1Z4~310,000 \458)00 60754 

~32~03opoo 1,47~600 61600 

~39l)86~000 ~499,700 62500 

~492l5qooo 1,52~800 63600 

~62~14qO?O 1,562,000 65100 

~7o~83qooo 1,58%500 66100 

~03~03q000 l,67f;400 69800 

~402,020}>00 ~77~300 74100 

~890,9oopoo l, 914,100 79500 

7,460
1
62opoo ~072,400 86300 

8,Z391130j>OO ~28~600 95400 

~28~21opoo 4580,300 107500 

1~9~0&>00 ~025,200 126000 

1 ~7 3J,88opoo ~814,400 158900 

ATM-920 
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6 

Time to Exhaust 
1 

System (Years) 
(Col. 5/365) 1 

166 

169 

171 

174 

178 

181 

191 

203 

218 

236 

261 

294 

345 

435 
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EXHIBIT F-Sl 

E;,;isting PSE Leak Rate Requirements in Terms of the 
Current Analysis. 

MO. REV. NO. 

ATM-9~0 A 

PAGI _2.
4
:-:....a..:,-_:0:"-===:. 

DATI 2 June 1971 
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Pressure 

Analysis of Pressure Data 
Relating to the PSE SN03 
Pneumatic Caging Subsystem 
Non- Conformance Status 

EXHIBIT F-Sl 

ATM-9.20 A 

,... kS I ., 65 

DATI Z June 1971 

Existing PSE Leak Ra!~ Reguil!ements in TerB\IJ o£ the Current Analysis 

If the currently existent pressu:t~ization and leak rate requirements for the 
PSE (343 psi +10 psi and 1 x1o-u ATM-CC ) are considered in terms of the 

- Sec. 

analysis relating orifice size to volume and velocity, a quantitative value 
for the maximum permissable orifice diamet~r that may exist, and still 
allow specification requirements to be maintained, can be calculated. 
Equation 10, Page ZO of this supplement. is Ufed {or such a determination 
and is summarized in Table F-S1-1, below. 

'·-- ~-\ -· 

Table F-Sl-1 - Permi:Ssable .. ifice Diametetfoi' Current Specification Requirements 

';;. c .. 
·""-' z 3 4 5 

Permissable Pe.rmissable Permissa:ble 
"" 

.R"'.I'lUirements '{P' R Orifice Dia- ~··r ·1 1ce Orifice 
~ose-Off (-/Col. 1) (in3/sec) meter Diameter Diameter 

\, ~.t) laPches) (>licrons) (4ngstroms) 

353 (Max.) 18.78 7. 513 x1o-9 4-!! 53 xlo-7 0 •. 01151 115. 1 
343 (Nom.) 18 .. 51 I 4 55 xi0-7 ' . 

o. 01156 115.6 
333 (Min.) 18.25 t 4, 59 xiO- 1 o. 01166 116.6 

R = 1947.96 d2 ~ (Equation 10 from Page U>) . 

The rate (R) in (in. 3/seci) equivalent to 1 xlo-6 ATM-CC = 7. 513 xl0- 9 in. 3/sec. 
Sec. 

It can readily be\ seen that these results correlate well with the predictions in 
Table 9-Sl, Page 24. 


