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ABSTRACT

The pressure, acceleration, and hull bending stress
data from the full-scale slamming measurements on the S.S.
WOLVERINE STATE were analyzed in detail to provide additional
information on frequency of occurrence, elapsed time between
slams, correlation with environmental conditions, pressure-
velocity relationship, correlation with midship transient
stress, and pressure-location-time distribution. Seventeen
separate measurements were made on a group of 26 severe
slams to provide a data base for the investigation and data
from more than 1,000 slams which oaccurred over approximately
49 hours of slamming during 3 different voyages were used in
establishing the correlation with environmental conditions.

A number of statistical correlations were examined, and

pressure-velocity measurements provided additional data for
comparison with model results.
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I. INTRODUCTION

This report presents additional analyses of slamming pressures, accelerations,
and midship Tongitudinal vertical bending stresses acquired during a program of
data acquisition aboard the States Marine Line ship S.S. WOLVERINE STATE. The prin-
cipal objective was to gather full-scale data for comparison with model data and
theory reported by M. K. Ochi.l The first report on the full-scale work was pub-
Tished by the Ship Structure Committee as S$SC-210, "Analysis of Slamming Data from
the S.S. WOLVERINE STATE."Z2 This previous report presented the results of the ini-
tial analyses, and also described the data acquisition system in detail. The
present report extends the previous analyses by considering more slams in greater
detail, and by examining statistically slams from rough weather portions of three
voyages.

Data were acquired by a set of transducers to measure midship bending stress,
bow and stern accelerations, and bottom pressures from 7 out of an array of 20 pres-
sure transducers located on the bottom plating along the keel from the Forepeak to
Frame 54, Transducer Tocations are shown in Figure 1 and Table I. The data acquisi-
tion system was unmanned, operating automatically on either a timed basis (one-half
hour out of every four) or in response to high stresses or low pressure at the bow
(indicating emergence).

Reels of magnetic tape were returned to the laboratory on a routine basis for
data analysis. Processing involved reproduction of the stress signals on an oscil-
Tograph for a "quick-look", and then automatic processing to obtain certain statis-
tical parameters reiating stress variations and envivronmental conditions. The pres-
sure data were analyzed using expanded oscillograph records, with scale factors
determined by superimposed calibration signals. Figure 2 shows the form of the
analog data. More details concerning the operational aspects of the program are
contained in Reference 2.

These data were obtained from a single C4-5-B5 vessel, and the relationships
developed in this report are directly applicable only to this particular hull shape.
Comparisons can be made, however, to models and vessels of other shapes by con-
sidering the differences involved.

IT. ELAPSED TIME AND FREQUENCY OF OCCURRENCE

The first item statistically examined was the elapsed time between and fre-
quency of occurrence of slams. The intent was to develop more full-scale data for
comparison with the theory and data presented by Ochi in Reference 1, and to supple-
ment data previously presented in Reference 2.

A. Frequency of Occurrence

Ochi's conclusion from model tests, that slamming may be considered to be
a sequence of events occurring in time following a Poisson process, was confirmed

Superscripts indicate References.
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TABLE I

PRESSURE TRANSDUCER MOUNTING LOCATIONS

Locatior In Bottom| Berween Distance Aft Off Center Distance Aft
Number ln Tank Plate Frames of Frame Vertical Keel from Bow
1 #1 D.T. FR-1 16-17 11" aft FR.16 R A 41" 5%
2 #1 D.T. FR-1 21-22 11" aft FR.Z1 1" P 527 8"
3 #1 D.7T. TK-2 26--27 11" afr TR.26 ilinm e 63%11"
4 #1 D.T. FK-2 29-30 11" aft FR.29 11" p 700 8"
5 #1 0.T. FR-2 31-32 11" aft FR.2L it eP 75°% 2¢
3 #2 D.B. FK-3 34-35 11" aft TFR.34 9" 5 82" 5"
7 #2 D.®, FK-3 37-38 11" aft FR.37 11" s g9'ia”
a8 #2 D.B. FK-3 40-41 6" aft FR.4D 11" g 97" o"
9 #2 D.B. FK-3 40-41 24" aft FR.40 1"'s 28" 6"
10 #2 D.B. FK-4 45-46 11" aft FR.45 11" s 109'11"
11 #2 D.&. FK-4 49-50 11" aft FR.49 9" g AN B
12 #2 D.B. FE-4 54-55 11" aft FR.54 11" s 132' 3"
13 #1. D.T. A-8 31-32 11" afr ¥R.31 417 p st 2"
14 #1 D.7T. A-8 31-32 11" aft FR.31 65" P 75" 2"
15 #1 D.T, A-8 31-32 11" aft FR.3L 41" § 75" 2"
16 #2 D.B. A-9 L0-41] 6" aft FR.40 30" 8 97' o"
17 #2 D,B. A-9 40-41 24" afr FR.40 30" 8 98" 6"
18 #2 D.B. A-9 40-41 24" aft FR.40 69" 3 98" 6"
19 #2 D.B. B-6 40-41 24" afit FR.40 105™ s 98" 8"
20 #2 D.B. A-9 L3-41 24" aft FR.40 60" P 98" 6"
21 Forepeald A-3 8-9 11" aft FR.8 ii" e 247 g"
22 #1 D.T FK-1 23-24 11" afc FR.23 11" e 57" 2"
23 #2 D.B. FR-3 43-44 11" ait FR.43 11" s 104711"
24 #2 D.B. FR-4 53-54 11" aft FR.53 9" g 129711
N N T A Hﬂ T
Calibration
amplitude
§ \]( ) {/\ /\ l’ Y a3
idatad ﬂ{%ﬂ"\xw{ A —
: 5
. ZERQ . CALIBRATION DATA . E
r 1 Minute _)£< 1 Minute ' 30 Minutes _ﬂ;
t i

i

Figuyre 2

Analog Data Format
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Tape 2637, Interval 12

TABLE 11

BASIC DATA, ELAFSFD TIME AND FREQUENCY OF OCCURRMNCE

Elapzed Time, | Time Between Elapucd Time, | Time Between
Slam Mo. Seconds Slay 3, Segopds Slam Ko, Seconds Hlams, Seconds

1 520 - 24 3Lbh anz
2 728 28 a0 ais2 B
3 735 ? a1 3538 387
4 782 L1} 22 3570 k3
H 750 ? 33 3576 L]
1 €21 2 M 3668 90
7 828 7 35 3732 &4
3 £36 e 36 2890 158
] 903 67 37 3920 0
10 910 7 ki 3936 16
11 1079 169 39 3951 15
12 logs 7 40 3958 7
13 1143 57 41 3965 7
14 1650 507 4z 4094 129
15 1797 147 43 4324 230
16 1827 30 4 4391 7
17 1869 62 is 4550 n9
1% 1596 1 I 4557 7
19 2230 363 47 4680 123
20 2544 308 113 &687 7
21 2552 B %3 4719 32
22 2559 7 50 4727 3
23 2628 [3] 51 473 7
24 2683 55 52 4982 248
25 2691 ] 53 5317 235
% 2658 ? 54 5362 52
27 2705 7 55 5949 580
28 2762 57 56 5956 7

Time Betiwen Elapaed Tiae, Time Selecen

S1an Nu.! slaps, Begands S51am No. Seconds 81, Socondls
119 13150 22 13 1342 74
120 13165 15 14 1520 196
121 13173 s 15 3558 &
122 13181 ] 16 1766 218
123 13230 49 17 1774 s
124 13310 B0 13 1781 7
125 14710 400 19 1646 163
126 14718 ] 20 2044 100
127 14758 A1 21 2052 B
128 14845 L) n 2050 6
129 14919 74 2 2347 287
130 14927 8 2 2621 7%
1311 14934 7 25 2716 295
132 15053 119 26 2721 7
133 15177 124 27 2730 7
26 3000 210
Tapz 277#Z Interval 2 29 3282 82
Tlapsed ‘fime,| Time Belween 30 3200 Py
%1an No. Secords Slanw, 5c¢oids n 02 .
1 136 32 3467 169
2 196 60 33 3605 138
3 536 340 34 2612 7
4 542 7 35 3714 102
5 129 187 36 3771 7
& 936 207 37 3eu2 361
7 943 7 23 1827 &S
8 250 7 39 4093 166
L] 957 7 40 5408 s
10 1148 191 4 4427 9
11 156 ] 42 Q430 7
12 1268 112 43 4529 9%

Flapeed Afme, | T4 v Tetween Elapsed Time, 1ime Retween
£lam Ty, FaTaI W1 an, Esds Slam Ko, 5cronds 51, Seconds
57 5963 7 &3 8552 279
58 6254 291 ] 6360 8
53 6261 7 90 8767 207
60 6143 g2 21 v 1 7
61 6432 26 92 8761 7
62 6479 50 93 9010 s
63 (653 174 a4 9018 &
&4 6660 7 95 9595 577
€5 6850 150 96 9743 148
66 6857 7 57 2750 7
&7 6964 107 a5 9757 ?
68 6972 3 99 9764 7
&9 6933 11 100 arn 7
70 69972 7 101 13266 485
b 6907 7 1z 10435 169
72 7044 47 103 10842 507
71 7149 105 104 10850 13
74 7328 177 105 10657 7
5 7370 L1 108 11077 220
% 7377 7 w7 11084 ?
71 7384 7 108 11091 7
78 7489 105 109 11099 ]
7% 7497 8 19 11770 671
8O 7485 ] 131 11777 7
133 7S4E 163 11z 11503 126
8z 880 232 113 12115 212
81 7088 ) 134 12376 261
.1} 8134 248 115 13017 641
85 8244 103 116 13024 7
[ 8252 [ 17 13054 £
67 B274 22 118 13128 74
TAMP IT (Concluded)
Time Getwean
£1am No. F1 i, Serw

(17 4536 7

45 AT20 184

&5 4127 7

&7 4770 5]

48 4510 200

&9 5236 B

59 5264 2

31 5519 275

52 5948 409

53 6225 77

54 6354 29

L 6627 27

56 6635 L4

57 6644 g

58 6762 118




previously by a sample of 47 observations from full-scale data (Voyage 288W3,
Interval* 57) reported in Reference 2. Additional analysis of the other two voy-
ages was undertaken in order to establish if the frequency of occurrence of slam-
ming was different from a deeper draft (277W2, Interval 2), or for few occurrences
of slamming (263W2, Interval 12). In addition, the time intervals were increased
because of the lower density of slamming, and in one case a long record was
divided into thirds in an attempt to vestrict the analysis to periods of constant
environmental conditions,

The results of these analyses are shown in Figures 3 through 9. The com-
parison of the theoretical Poisson distribution with the experimental data for
263W2-12 is somewhat better for the 100-second analysis (Figure 4) than for the
240-second interval (Figure 3), but both have rather wide separations in the 1-
and 2-number-of-slams regions compared with previous results in References 1 and
2, and the fit is poor as measured by the Chi-squared test. Figure 3 is based on
analysis of 133 slams over sixty-four 240-second intervals, and Figure 4 is based
on the same number of slams over one hundred fifty-two 100-second intervals. The
basic data are presented in Table 11, and the data for Figures 3 and 6 are pre-
sented in Tables III and IV, respectively.

The last part of Interval 2, Voyage 277W2 was also analyzed in 240- and
100-second groups for the entire run (Figures 5 and 6), and then was divided into
three separate parts for re-analysis at 100-second groups (Figures 7, 8, and 9).
The fit appears to improve with the subdivision into thirds, especially in the
final third (Figure 9). It was hoped that additional environmental data could be
obtained from the ship’s logbooks to establish headings., speeds, and sea states
for the subdivided parts of Interval 2, but the logbooks could not be located.

B. Elapsed Time Between STams

The same basic data from voyages 263W2 and 277W2 were used to develop
(see Table V) the elapsed time information for comparison with previous results.
Figures 10 and 11 are plots of the probability density of the time between slams,
showing a comparison of experimental data and a theoretical Rayleigh distribution
truncated at the pitching period, 7 seconds. 1In both cases the probability density
difference between the first and second groups appeared unusually large. The data
were re-examined to determine if the tolerance on the time measurements could have
caused this result (by causing too many borderline points to be counted one way or
the other). It was found that it would require a measurement tolerance of +4
seconds to result in any change in distribution of data between the first and
second time intervals in Figure 11. The basic data of Table II were measured to
an accuracy of +1 second.

To determine if the apparent differences between the theoretical and
actual distributions were significant, the Chi-squared test was used. The ex-
pected vaiues are shown in Table ¥V as "n'". Applying the standard Chi-squared
test, it was found that while the data from 263W2 (Figure 10) demonstrated a
poor fit to the theoretical distribution, the data from 277WZ was a probable fit
at the 5% level.

*An “interval" of data is a nominal 30-minute sampie recorded every four hours,
with calibration signals at the beginning. A1l of the intervals of data con-
sidered here, however, were approximately four hours in length because the tape
recorder was running continucusiy.



o
L3

=]
o

0.1

Probability Density Functien

) —_——y
Theoretical

Actual @==m—————

T T T T
1 2 3 4 o 6 7

Numbey of Slams in 240-5ccond Groups

{3
Figure 3 \‘
Frequency of Uccurrence of Slams “
Voyage 236WZ Tate :1 12 0.5 =1 .
(240-8ucond Gronps) |‘ Theoretioal Nm———————)
]
'
i Actual *————o e
14
\
]

0.4

0.3

=]
N

=]
X
.,

<
=
!

Probabflity Density Function

Theoretical ¥——u—%

~
p) Actual T

1 2 3
Nuaber of Slams in 240-becond Group
Figure 5

Frequency of Occurrence of Slams
Voyage 277W2,Interval 2
240-Second Groups

=

Probability Density Function

=]
-

o T
0 1

1 I i
2 3 4
Numbes of Slams in 100-Sccond Groups

Flgure 4

Frequency of Occurrence of Slams
Voyare 263W2, Interval 12
(10D-5ccond Groups)



Probability Density Functien

Probkability Density Fumction

Theoretical ¥e=r————m=%k

0 T T T
Q 1 2 3

Nutber of Slams in 100-5ccend Group

Ylgure 6

Frequengy of Qeeurvense of 3lams
Voyage 277W2, laterval 2
100-Second Groups

0.5 4

Actual
by
0.4

[=]
L

=]
r

Theoretical ¥————X

———— .y

0 ] T 7
[ 1 2
Number of 2lams in 100-Second Group
Figuve 8
Yrequeney of Oceurrence of Slams
Voyage 277W.2, luterval 2
Second Ihrd

Probobilicy Density Functionm

Theovetical ¥ +

Actual T ——— s

£ 1 [ t
3 2 3 4
Number of Slamz in 100-Sccond Group

Figure 7

Frequency ol Ocecurrence of slams
Veoyape 277W2, unterval 2
First Third



4—— Eyperimental Daka

Figure 10

Propgbiiity DPensity of Time Between Slams
S8 WOLVLRINE STATL 263W2 Interval 12
Beaufort 6 Fwd Draft 17.5'

-+ Throretlcal Distribulion

£ey = 0.00y o 0000

S~

0.9
0.61
0.849
Theoretical }—X
0.7
S Actual fr——— ==
no.4
H
& 7 0.6
o 2
= 3
bt
w 10
g 0.3 4 o
o
- ¢ 0.5
= g
4 Z
o &
g "
2 £
e -
2 w
5 h 0.4~
H0.2 g
&
-
b
b=l
3
]
2 0.3
I
a.1 7 [
0.2+
4] T T T 1
0 1 2 3 &
Rumber of §lams in 100-Second Croup 0.1
Tigure 9
Frequency of Gueurrence of §1ams
Voyapt 27712, interval 2
Ihird Third 0
7 77 147

Prowebility Density, Percent ser Second

9

217 \‘\\\H\

+— Lyperimental Data

—

3

T ¥ T J
357 407 457 500

7 57 107 157 207 257 307

Time Brtween Slams - Seconds

-8-

l7 497 567 637 107
Seronds

217 w7 457
Tire Betwenn blamg w

NE

N

257

Theorerical Distribation
- 0.00875(t-7)
- L(r) = 000875 ¢ OrOURIALE
Figure 11
Probability Density of Tiwe Bctween Slams
S5 WOLVLRINE STATL 277W2 Interval Z

.31 Beaufort 7/9 Twd Draft 18.5'



TABLE I1I

FREQUENCY~OF-OCCURRENCE ANALYSIS, 263W2, INTERVAL 12

(Figure 3)

No, Slams per No. 240-Sec. Groups Theoretical Experimental
240~Sec, Group with r Slams Distribution, Distribution,

(1) Percent Percent

o] 21 12.5 32.8

1 11 26,0 17.2

2 9 27.0 14,1

3 7 18.7 10.9

4 8 9.7 12.5

5 4 4.1 6.25

6 0 1.4 0.0

7 2 0.4 3.1

8 1 0.1 1.6

9 1 0.0 1.6

64
. Ao 133 slams

Theoretical: P = Te where A = expected value, & groupsz 2.08

TABLE IV

FREQUENCY-OF~OCCURRENCE ANALYSTS, 277W2, INTERVAL 2

(Figure 6)

No. Slams per No. 100-Sec. Groups Theoretical Experimental
240-Sec. Group with ¥ Slams Distribution Distribution,
(r) Percent Percent
0 35 42.6 51.5
1 17 36.3 25.0
2 8 15.5 11.8
3 7 4.4 10.3
4 1 0.9 1.5
68
o 58 si
Theoretical: P = =~— ¢ " where A = expected value, 2= "3 _ g gqq
T 64 groups




TABLE V

ELAPSED TIME ANALYSIS

(Figures 10 and 11)

Voyage 263W2, Interval 12

Voyage 277W2, Interval 2

s 15,177-520

3 £(2)

7 0.00900
77 0.00479
147 0.00255
217 0,00136
357 0.,00043
497 0.00011

2

n' = expected number

X" =21.1 d.4. =4

s 6752135

t HO
7 (.0086
10 0.0085
20 0.0078
50 0.0060
100 0.0038
200 0.0016
300 0.0007
400 0.0003
500 0.0001
n’ = expected number

n
AT, Sec. n n' 7D'nN AT, Sec. n n' 70N
7-77 83 60.7 0.00898 7-57 25 3.0 | 0.00877
78-147 15 32.3 0.00162 58-107 6 12,1 { 0.00210
148-217 11 17.2 0.00119 108-157 4 7.9 | 0.00140
218-287 9 9.2 0.00097 158-207 { 10 5.5 | 0.00350
288-357 4 4.4 0,00043 208-257 1 3.3 | 0.00035
358-427 4 2.6 0.00043 258-307 8 2.1 | 0.00280
428-497 1 1.4 0.00011 308-357 2 1.4 | 0.00070
498-567 1 0.7 0.00011 358-407 0 0. 0.0
568-637 2 0.4 0.00022 408-457 1 0.6 | 0.00035
638-707 2 0.2 0.00022 458-500 0 0.4 { 0.0
£(t) = N eﬂNS(t_7) £(t) = N e_NS(t_T)
8 5
N 13 - = 0.003 N 27 - 0.0086

(last & groups lumped)

X2 = 7.83 d,f, = 3

(last 6 groups lumped)
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The same test was on Ochi's model results (Reference 1, Figures 12 and 14),
confirming the good fit of the model data.

The probable explanation for the results of the elapsed-time-between-
slams analysis is the fact that the 7-second pitching period of the ship can
cause, in a wave system with encounter periods in the same range, a number of
sequential slams at 7-second intervals. This reasoning can also be applied to
the frequency-of-occurrence data, since repeated slams due to a pitching
resonance with the wave system imply that the Poisson distribution may not be
applicabie. In Ochi's model tests3, the encounter period was 9.2 seconds.

ITI. CORRELATION WITH ENVIRONMENTAL CONDITIONS

The correlation of sTamming incidence with environmental conditions, sea
state, heading, speed, and forward draft was accomplished by counting both the
number of slams and the maximum pressure from HPZ for sequential 20-minute in-
tervals for all three vovages under consideration. For each interval, the sea
state, relative heading, ship speed, and draft were noted from the logbook data
(see Appendix B, SSC-210). These data are plotted in Figures 12, 13, and 14.

Note that observed sea states should be used with caution. For example,
Reference 3, p. 17, refers to a typical design case of Sea State 7 in the North
Atlantic, giving a significant wave height of 30.2 feet, and using the Pierson-
Moskowitz wave spectrum for a 40.5-kt wind. Logbook data used in the present fuli-
scale study (Appendix B, Reference 2) rarely show wave or swell heights greater
than 20 teet, even at Sea State 9.

Figures 12, 13, and 14 show graphically the changes in the rate of slamming
and in the maximum HP2 pressure as changes occurred in the other variables. For
example, Figure 12 shows the events during Voyage 263W2 on June 4, 1266. The
WOLVERINE STATE was westbound in the North Atlantic near Tatitude 50°N, Tongitude
17°W, with a forward draft of 17.5 feet (molded design draft is 30 feet). Recorded
Interval 9 begen just before logbock Index 80 at 0024 GMT, with a sea state equiva-
lent to Beaufort 5. Engine RPM was 81.5, which is ciose to the maximum found in
the logbook for calm conditions. Relative heading was 32°, determined by taking the
diffirence between the Course (270°) and the true wave direction {SW x W, or about
238°).

Slamming began about 0320, and RPM was decreased in two steps to 65 RPM. At
0423 Togbook Index 81 reported Sea State 6, and true wave direction WSW, for a
relative heading of 22 degrees. The slamming rate increased rapidly during the
next few hours, and at 0820, just before Index 82, RPM was reduced to 60, with sea
state reported as 7. At the same time true wave direction changed to West, and
Course was 264°, for a relative heading of 6 degrees, These conditions continued
throughout the day, with slamming rate averaging about 10 every 20 minutes, and
maximum HPZ pressures averaging between 30 and 40 psi, with two excursians exceed-
ing 50 psi. Sea state gradually decreased as did slamming rate, and at 1725 RPM
was increased to 65. True wave direction was reported as W x N at 2048, for a
relative heading of 16 degrees with Course now 265 degrees. There was a temporary
increase in slamming rate and maximum pressures, but sea state decreased to 5 and
RPM was advanced in several steps back to the full throtitle vajue of 80 RPM as
slamming decreased and ceased altogether.

-11-
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Lack of maximum pressure data for several 20-minute periods during Interval
10 is the result of the fact that several slams occurred, as defined by the dual
criteria of bow emergence and midship transient stress ("whipping"), but there
were no measurable transient pressures on HP2., This situation also occurred at
several times during Voyage 277W2.

The information on RPM changes is also quite detailed in Figure 13 (277W2)
because the mates on watch made notes in the data logbook each time there was a
change in RPM. It is obvious that a reduction in RPM had a significant effect on
the rate of slamming, even though the reported sea state increased from 7 to 9 dur-
ing this period. Despite the reduction in speed to about 6 knots, there was still
an occasional slam of significant pressure on transducer HPZ.

Figure 14 (288W3) is not quite so detailed. It indicates an average RPM of
about 50 for about 11 hours, under sea states of 8 and 9; 1in general, worse con-
ditions than the portion of 277W2 examined above. Average number of siams in 20
minutes is also higher. The results for 263W2 (Figure 12) are quite similar to
those of 277W2, in that there appears to be a definite correlation hetween the
number of slams and both RPM and relative heading.

In order to determine more accurately the degree to which sea state, RPM,
relative heading, and draft are correlated with sTamming incidence, a multipie
linear regression analysis was performed for a set of independent variables and
a dependent variable. From the data in Figures 12, 13, and 14 "number of slams"
was assigned as the dependent variable for Selection 1, and "maximum HPZ pressure"
was assigned for Selection 2. The results of the regression analysis are shown in
Table VI-A for the three voyages separately, and in Table VI-B for all three com-
bined.

The regression analysis results may be interpreted by examining the "t" values
with respect to the degrees-of-freedom involved. A relatively high "t" value
with respect to the value tabulated in statistical tables for the confidence level
assumed indicates that the regression coefficient in question is highly unlikely to
be zero. An examination of the data in Table VI-A reveals that there is a strong
correlation between the number of slams in a 20-minute period and the maximum pres-
sure during that period, as would be expected. The sign of the regression coeffi-
cients and the value of "t" for the independent variables 3 (sea state), 4 (RPM),
and 5 (relative heading) confirm what Figures 12, 13, and 14 have already revealed.
For example, in Figure 12 the rate of slamming (Variable 1) increases as the rela-
tive heading (Variable 5) decreases (numerically, toward 000°, or head seas).
This is confirmed by the "t" value of -2.257. For the other voyages, however,
inspection of the figures indicates that there are Tittle data concerning this
relationship, and the regression analysis confirms this with very small "t" values.

The three-voyage analysis (Table VI-B) includes Draft as a sixth variable,
resulting in a somewhat different set of correlations. With slamming rate as the
dependent variable (Selection 1), the correlations with maximum pressure, relative
heading, and draft have the highest "t" values, higher than those for any single
voyage. However, taking all three voyages together and using maximum HP2 pressure
as the dependent variable (Table VI-B, Selection 2) the correlations with all in-
dependent variables except slamming rate remain at relative low "t" values.
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IV. PRESSURE-VELOCITY RELATIONSHIP

Detailed measurements were made on a number of slams which occurred during
Interval 57 of Voyage 288W3. These measurements are described and illustrated
in the Appendix.

The relationship between relative impact velocity and slamming pressure was
studied, with emphasis on the "threshold" velocity for slamming. This relation-
ship is of particular interest to naval architects because it brings together two
facets of design which are capable of some control: seakeeping qualities having
to do with pitching motion, and the hull form forward.

There is a considerable Titerature on slamming which considers the pressure-
velocity relationship. Model tests have shown that the pressures associated with
slamming are proportional to the square of the impact velocity, and that the rela-
tionship depends on a coefficient "k" which is a function only of the shape of the
hull section:1

_ LN
where p = kvr
p = peak pressure, psi
V.= relative impact velocity, feet/second

n = exponent, experimentally determined as
very close to 2

Ochi‘l showed that, in both regular and_irregular waves, a MARINER model had a
k = 0.086 at Station 2. He also summarized” from a number of sources data in-
dicating that there is a threshold velocity of about 12 feet/second for all hull
forms below which slamming impact does not occur. Recent studies on a barge mocel
indicated a "k" of 0.11 at Station 3 on the particular model instrumented.

Reference 2 considered data from 5 slams on the WOLVERINE STATE, and reported
a k value of 0.077. In that investigation relative velocity was determined by the
slope of the pressure-time record of the pressure transducer (LP21) at the forepeak
during reentry following a slam. As derived in the reference:

p = ogh
p= p%‘,'vrdt
or, Ap = pgv At
where p = impact pressure, psi

p = sea water mass density
g = acceleration of gravity
h = depth of immersion of pressure transducer

v, = impact velocity, feet/second
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This same relationship has been used in the present work, with values ob-
tained from the basic data in the Appendix (derived parameter No. 18, VREL). How-
ever, the approach has been modified and improved.

One obvious source of error in the earlier work was the Tact that relative
velocities determined by measurements at the forepeak were being used in conjunction
with pressure data from transducer HPZ2, Tocated just forward of Station 2, 28 feet
further aft. Dr. Ochi provided additional information bearing on this problem by
examining the distribution of relative velocity along the length of a V-MARINER
model. These experimental data indicated that the amplitudes of relative mction
velocity in waves reduce significantly with increase of distance from the forward
perpendicular, and it appears that the reduction is linear with increase in dis-
tance. Significant relative velocity amplitudes along the ship Tength were also
computed for the MARINER, and were also found to be Tinear.

To review some past history of this slamming investigation on the WOLVERINE
STATE, the original decisions concerning the dynamic range of the pressure trans-
ducers were based on the premises that a) slamming pressures were likely to be as
high as 300 psi, and b) transducers having a range of 0-50 psi would be useful for
1) detecting bow emergence, and 2) providing the reentry slope for determining
relative velocity. Thus, of the 20 pressure transducers installed, 16 were “high-
pressure” (HP), and 4 were "Tow-pressure" (LP). The locations of these transducers
are shown in Figure 1. Only 7 of the 20 could be recorded at one time.

Review of the data for the preparation of Reference 2 was accompiished by re-
producing the signals on the coscillograph in the normal manner. Both the calibra-

tion signals and the transient data were of relatively Tow amplitude on these
records.,

In the course of doing the detailed measurements on the HP transducers reported
here, the HP signals were reproduced at significantly higher amplitudes., as described
in the Appendix. Examination of the vesulting records indicated that the HP trans-
ducers, despite their range of 0-350 psi, were quite capable of responding to the
emergence and reentry pressures with adequate resolution, in exactiy the same manner
as the LP transducers. Therefore, it was possibie to derive relative velocity in-
formation directiy from HP2 itself by measuring the DEL P* and DEL T* values in the
same manner as reported in the Appendix for LP21. The resulis are shown in Table
VIiI, which summarizes transient pressure data for all of the HP transducers, plus
YREL* data for LP21 and HP2.

Having now measured YREL at a different station from LP21, the question of the
Tinear distribution along the ship was investigated. The VREL data for LPZ21 and
HP2 were plotted For esach sTam as shown in Figure 15. It is obvious that there is
no consistent linezr decrease in relative velocity with distance along the ship
at the instant of slam impact. A possible explanation Tor the result is the fact
that the relative velocity is a function of both the downward verticai velocity of
the ship, and the upward (or downward) veriical velocity of the wave surface at
the instant of impact. Over the 28 Teet which separate the two locations,
significant changes in wave shape and velocity are certainly plausidle.

*Sea Appendix for definitions.
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TABLL VIT

LPROSSUKE AND RELATIVE VELOCITY DATA

franstenl Pressure PSUDTR, psi

Slam (Transducer, distance aft of FP) VREL, /s
i 12 HPE neg HP12 L1'2-1 e

a1’ 5"i 520 8| B2 "] 98t en| 1320 sn| 2r v | syt e
1 16.69 26.53 0 o 1] 20,35 25.8
2 15.9 12. 86 1] o] 4] 21,41 18.6
3 i0.33 17.68 a (] 1] 19.89 13.4
4 16.6% 32,42 1] q 0 20,37 27.5
5 22.25 17.95 1] g 0 20.07 21.4
6 15.10 16.34 0 4] [H 17.87 17.3
& 19.07 20,90 bl 0 ] 17.31 20,1
9 31.80 29.47 4,50 0 0 21.40 27.0
10 10.33 13,66 o o] [ 18.56 15.5
12 15.10 36.71 11.00 6.23 1] 27.71 29,9
13 25,43 35.64 48.00 7.01 o] 35.03 35.1
14 15,99 24,38 9,00 Q ¢ 22,20 24,8
15 15.10 26.26 Q Q Q 19.98 18.9
16 12.71 25,19 i} 1] Q 16,69 17.8
17 30.20 40,73 ) 39.50 8.19 0 35,17 33.4
18 31.00 37.25 8.50 ¢ i 24,61 4.0
19 23,05 0 0 0 o] 19.75 23.4
20 11.12 23,04 u] o O 16.95 18.8
21 10,33 26,77 o Q Q 24.16 20,8
22 11.92 32.69 Q 0 Q 15,27 17.0
23 11.¢2 35,64 37.00 9.75 0 28.92 23.4
24 23.85 56.54 Q i} 4] 15.80 19.4
25 19.87 0. 28 8.50 s} 1] 23.57 22.1%
26 14,30 %7.33 1] 1] i} 17.38 22.2
27 23.85 20.62 4] 0 0 19,90 30.9
28 15.10 27.33 a 1] 0 28,02 26.6
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The derivation of the relative velocity relationship with pressure turned,
therefore, to direct use of pressure and velocity data derived entirely from HPZ.
The results are based on data from Table VII, and are plotted in Figure 16. Al-
though there is some scatter in the data, a straight Tine with a slope of 2 Tits
quite reasonably, and the intercept produces a "k" value of 0.053. Dr. Ochi
provided also a plot of calculated "k" value vs. station for the WOLVERINE STATE,
based on the changing hull form. This plot is reproduced here as Figure 17, and
the experimental value of 0.053 has been added at the location of HP2. Although
the experimentally-determined "k" is low in comparison with the theoretical value,
the method is inherently subject to quite variable results because of the dif-
ficulty of estimating the slope of the tangent (see Figure A-1}. This rather
crude approximation method was used only because there was no direct measurement
of relative velocity. It should be noted that no bottom damage was reported as a
result of the slamming experienced on this voyage.

The threshold velocity again appears to be approximately 12 feet/second. The
total of 52 new values of VREL from Table VII range from 13.4 to 35.17 feet/second.
These slams, of course, were selected to be the largest, so the general average
is expected to be considerably above the threshold. The distribution of the 52
VREL values is shown as a histogram in Figure 18. The average of the LP2T VREL
vaiues is 22.17, and that of the HP2 values is 22.89, for an overall average of
22.53 feet/second. The overall results from the two transducers are almost
identical, even though, as shown by Table VII, the individual values vary widely
for each specific slam,

V. CORRELATION WITH MIDSHIP_ TRANSIENT STRESS

Several investigations were undertaken to determine how midship transient stress
(SSUBTR), or "whipping", is related to bow acceleration.

A. SSUBTR vs. Acceleration Phase

"Acceleration phase" is defined as the portion of an acceleration period
by which the slam lags behind the peak of the static acceleration (ASUBST), as
illustrated in Figure 19, Figure 19 also shows the relationship of acceleration
phase to transient stress for the 26 detailed siams, from data summarized in Table
VIII. This table also includes the stress phase data (PHASE). Inspection of the
figure indicates that the slam occurs between 50° and 80° after the acceleration
peak, but there does not appear to be a consistent trend relating the magnitude of
transient stress to acceleration phase.

B. SSUBTR vs. Transient Acceleration

To gain insight into the relationship between the magnitudes of midship
whipping stress (SSUBTR) and transient bow acceleration (ASUBTR), the two were
plotted from the data given in the Appendix. As shown in Figure 20, for Tow values
there is a definite position correlation between the two. At higher values the
data are scattered and sparse. With only 3 data points over 3 kpsi whipping stress
and over 0.5g transient acceleration, no firm conclusions can be stated.

C. HPZ2 Transient Pressure vs. Transient Acceleration

Figure 21 plots this relationship, and, as expected, there is a good cor-
relation between the two. There are two extreme data points evident, but because
of the variability of wave form beneath the ship, it is certainly possible that an
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ACCELERATION PHASE DATA

TABLE VIIL

SLAM
NO. PHASE SSUBTR ACC. PHASE
1 39.6 1.08 57.4
2 24.0 1.02 64,9
3 20.7 0.55 56.5
4 23.0 1.10 60.8
5 27.6 1.27 60.0
6 19.0 0.83 73.0
7 23.8 0.66 62.3
8 - - 61.6
9 32.9 1.10 60.5
10 25.4 0.44 61.1
11 - - 56.8
12 33,7 2.76 80.2
13 21.0 3.98 65.6
14 21.2 2.18 72.5
15 67.8 1.44 67.5
16 50.4 1.24 52.0
17 33.0 5.34 54.5
18 25.0 1.49 74.1
19 ~52.0 .69 80.6
20 20.1 0.80 58.1
21 22.7 1.46 72.6
22 25.8 1.49 69.6
23 25.1 3.60 62.8
24 32.6 1.49 82.4
25 35.0 2.54 74.3
26 72.0 0.%4 60.5
27 32.9 1.1 05.5
28 51.1 1.9 78.3

A




occasional large acceleration will not be accompanied by a corresponding high pres-
sure at HP2, and vice versa.

VI. PRESSURE-LOCATION-TIME DISTRIBUTION

Two slams were selected from the 26 for a detailed study of the passage of the
pressure wave along the keel; for each, two figures are presented: the first show-
ing an amplitude~time distribution with emphasis on the duration of the pressure,
and the second showing amplitude, time, and location.

Figure 22 shows the amplitude-time distribution for Slam 12. The first three
pressure impulses are approximately 100 milliseconds in duration, rising to 150 and
300 milliseconds at HP6 and HP9. Slam 23 (Figure 23) is somewhat different, with
all of the HP transducers showing pressure durations of approximately 100 milii-
seconds. The time base zero was arbitrarily established at the time of the peak
pressure at LP21. Positive times are earlier; negative times are later.

In order to show the entire passage of the pressure wave in amplitude, time,
and location for the same 2 slams, the basic data were displayed as shown in Figures
24 (Slam 12) and 25 (Slam 23). Pressure amplitudes are shown by vertical lines,
time progresses from bottom to top, and location from right to Teft. Comparing
these two figures, it is evident that Slam 12 progressed forward hitting HP9 first,
then HP6, HP2, HP1, and LP21. Slam 23, however, hit HP1, HP2, HP6, and HP9 almost
simultaneously, and finally, LP21. Using Midship transient stress (SSUBTR) as a
criterion of slamming intensity. Slam 23 was 30 percent more intense than Slam 12,
The pressure at HP2, however, was about the same in both cases.

Figures 24 and 25 are informative in terms of the propagation characteristics
of the pressure wave along the hull. In Figure 24, Slam 12 appears to have a uni-
form rate of propagation from HP6 through HPZ to LP21 of 232 feet/second. Slam 23
(Figure 25), however, may have actually been two separate impacts, one concentrated
in the region from HP1 aft, and the other only at the forepeak. The apparent
simultaneous impact over a fairly large region is probably the reason why Slam 23
caused a more severe structural response in the hull.

VIT. RESULTS AND CONCLUSIONS

A. Additional analysis of frequency-of-occurrence data showed considerable
variation in goodness-of~fit to the Poisson distribution. The general applicability
of the Poisson distribution to these severe slamming data is somewhat
questionable. The distribution of elapsed-time-between-siams appears to
be overly heavy in the first group, probably due to the repeated slams
separated by one pitching period. Chi-squared tests of the goodness-of-
fit of the experimental data to the truncated Rayleigh probability density
function fjndicated a fit at the 5 per cent level for the data from 277WZ.

B. A detailed correlation of slamming incidence with environm.ntal conditions
showed tha relative effects of sea state, RPM, and relative heading. A regression
analysis providing the same information in the form of regression coefficients and
"t" values showed that for Voyage 263W2 the correlation between slamming rate and
reiative heading was significant. Analyzing all three voyages together, relative
heading and draft appeared to have the most probabie correlation with a slamming
rate, but not with maximum pressure.

-25-
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C. Since the relative velocity between waves and ship bow was not measured
in the trials, the velocity was estimated by using a crude approximation method
from the measured pressure. The k-value, which gives the pressure-velocity rela-
tionship, thus estimated was 0.053 near Station 2 as compared with the calculated
value 0.092.

Comparison of relative velocity values associated with siam impact at
the two Tocations LP21 and HPZ2 showed that there was no consistent relationship
between them. The relative velocity values indicated, as before, a threshold at
12 feet/second. The average relative impact velocity at the two locations for a
group of 26 slams was practically identical at 22.53 feet/seconds.

D. Midship transient ("whipping") stress was examined in conjunction with
transient acceleration and acceleration phase, and it was Tound that sTamming
occurs within the acceleration phase range 50-80 degrees, but that there was no
evident correlation with midship transient stress. There was, however, a definitive
positive correlation with transient acceleration.

E. Two slams were examined in detail to determine if pressure-time informa-
tion would be useful. The results showed that in the case where the impact cc-
curred at all locations more-or-less simultaneously, the midship transient stress
was 30 percent more severe than in a case of progression of the impact from aft to
forward.
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APPENDIX

DETAILED MEASUREMENTS

26 SEVERE SLAMS
TAPE 288W3, INTERVAL 57

Seventeen basic measurements were made on pressure, stress, and acceleration
time-histories from 26 severe slams. These measurements are defined and illus~
trated below. A computer program was written to take the raw data (in terms of
vertical divisions and horizontal inches on the oscillograph record), convert it
to engineering units, and tabulate it. The calibration derivation shown was
necessary because, in order to achieve sufficient resolution of the pressure data,
the pressure data had to be amplified to the point that the calibration signals
were off the paper. The conversion technique involved running a sample of pressure
data with a readable calibration signal and an identifiable slam following it, then
increasing the amplitude as required and re-running the same events. Since the same
slam appeared on both runs, the calibration amplitude could be derived for the
amplified run by simple proportion.

For example, referring to the HP2 columm of the calibration derivation, the
first run had a calibration signal of 35.0 divisions, and a "Cal Slam" of 7.3
divisions. Increasing the amplitude and re-running the same slam ("Run Slam"),
its amplitude was found to be 13.6 divisions. Therefore, the calibration amplitude
for the data run was derived as (13.6/7.3) x 35.0 = 65,2 divisions ("Run Cal™).
Knowing what the amplitude of the calibration signal represents in engineering units
(""Cal Amp" and "Cal Unit"), the final conversion factor ("Units/Div'') is found.

The detailed measurements were made on 28 slams from Interval 57, Voyage 288W3.
In the cases of Slams 7 and 11, parts of the records were off the paper and not
read, and these slams have been omitted from the tabulation, leaving a total of 26.

TELEDYNE MATERIALS RESEARCH
WALTHAMs MASSe
23 AUG 72
PROJECT 1434
ANALYSIS OF SLAMMING DATA FROM S5 WOLVERINE STATE
CONTRACT NSSC=NOQQ24=T72=C=5Q47

DETAILED MEASUREMENTS FROM TAPE 288W3s INTERVAL 57

LOGBOOK DATA

MARCH 34 1969 (0100 GMT POSITION APPROX 416 DEG
NORTHs 51 DEG WESTs COURSE 215 DEG AVG SPEED 2 KT
RPM 4648 WIND SPEED 43 KT WIND DIRECTION SW TRUE
BEAUFORT 8 WAVE DIRECTION SW TRUE AVG WAVE HT 20 FT
AVG WAVE PERIOD 5 SEC AVG WAVE LENGTH 100 FT

AVG SWELL HT 20 FT AVG SWELL LENGTH 100 FT SWELL
DIRECTION SW TRUE BAROMETER 29.84 SEA TEMP 89F

AIR TEMP S58F WEATHER OVERCAST FWD DRAFT 1645 FT
HCVE TO IN SW GALE

-28-



DEFINITIONS OF PANAMEITERS MUASURED FROM OSCILLOGRAPH RECORD

NOs  © -ABBREVIATION -+ = - DESCRIPTION = ~*°° == = ““UNIT ===
s} s ememmmee s LUNE 0 T o T DURATION OF EMERGENCE — "7 7 INCH
2 PEL3ST STATIC PRESSURE DIVISIONS
cm g em e s SREURTR - - TRANSIENT PRESSURE -~ 7 "'DIVISIONS
4 PEUn A STAGNATICH PRESSURE DIVISIONS
- 1 W oo RE=ENTRY PRESSURE CHARNGE - DIVISIONS
6 DELT RE=ENTRY T1IME CHANGE INCH
-7 = TLULBREL - SLAM TIME REF LPZ1 SLAM T INCH
g TEURDT TRANSIENT PRESSURE DURATION INCH
-9 S ZUBLT 0 T STATIC 80w ACCELERATION TODIVISIONS
¢ ASURTR TRANSIENT 80W ACCELERATION DIVISIONS
11-- = e SEUBWE - : STATIC WAVE BENDING S5TRESS DIVISIONS
12 SOURTR TRANSIENT WAVE BENDING STRESS DIVISIONS
- 13 com s S5UAT - CTOTAL WAVE BENDING STRESS DIVISIONS -
14 PHASE SLAN PHASE FROM HOG PEAK LEGREES
~15 oo s DEL ST O ADDRIVIVE PART OF SLAM STRESS DIVISIONS
16 S5URWH P=T WHIPFING STRRESS DIVISIONS
Eii W A TVEURA - T INTEGRATED ACCELERATION -7 7 DIV X TIME
e e e - -DEFINITIONS OF DERIVED PARAMETERS
e 180 weeo—VREL- seooe = o VELOCITY FROM DEL Pe DEL T - - - o
° RHO» ARDR G FT/75EC
~19 Coos T PRUBSC - ot - STAGRATION PRESSURE FROM - ' -
VREL AND RHO PsI

CALIBRATION DERIVATION

XGCR - P2y - - HPL U 7 CHP2Z T KPR T TT HPRS T T KWPLZ T BOW ACC STREES
TRACk-" - 1 10 & o § ) 9 iz 3 11
CAL-DIV-"mi;;; 234 3540 3443 ~ _mjﬁo%_ ] 337%_m__ ;7»9 _ 361
CAL SL;h““;E;Y ’”"_"_;;4' ‘ Tel S leg o 33?_ _ }800 370
QUN-SLA;ﬁm--]-,"‘é;e;.’-"m-__ __;-;’2”"_ m_miB-aE) 95 201 ) 5@.8 Be 7 3760
RUN CAL"- 19;; __"“";;;6"___ “6502 3540 . hhq? o (560 13¢5 36el
CAL AMP -2g;0- ""-;;5;0-___m;%5j0 17540 17560 _175fq__ 140 1060
CﬂL UNIT PSI -“-m--;SI -""m_-éél - -PSI Psi sl G _ KPS
.U‘HTS/D“I-V 1e26 - -_-7:-95 2.68 mScOO . 3490 3512 __04-.07_ o 0_:27
B e s o= - CONSTANTSE - m

JME TNCH -HORIZONTALLY ON QSCILLOGRAPH RECCRD- COUALS 2¢5 SEIONDS
40 FOR SFEA WATER EQUALS 2400 POUNDS-SEC~5Q OVIIR FEET &7H
ACCOLERATION OF GRAVITY EQUALS 3242 FT/SEC/SEC :
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Figure A-1
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' 15. DEL ST Additive Part of Slam Stress
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ey & : ~
ﬁaﬁ%kﬁ i 8 m.§%___,_n_?“.
lq\ : e ET— i
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DEFINITYONS OF OSCILLOGRAPH MEASUREMENTS
Figurs A-3

-39-



17. VSUBA
Integrated Acceleration

9 ASUBST 10. ASUBTR
Static Bow Transient Bow
Acceleration Acceleration

RBow Acceleration vs. Time

DEFINITIONS OF OSCILLOGRAPH MEASUREMENTS
Figure A-4
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SLAH KO

TABLE 2

SLAM ;lﬂ._{ TAELE T DATA COMVERTED TO ENGINEERING UNITS
RAW DATA = -SURED FAOM OSCILLOGRAPH RECORDS o H3e ABR  WNIT LP 21 WPl HP 2 HP & HP % WP 12  BOWACE  STRESS
Hds AR URLT LP 21 T we 1 HP2 HPgE HP§ HP1F BOWALC STRESS 1 TsusE SEC 2467 0200 0400  0.00 Q.00 400 Q.00 D400
1 TSUBE [N 1407 0400 0400 0400 0,00 0400 0.00 0.00 2 PsuBST PST lueT8  Da00  0.00  CalD 0400 0,00 0400 0400
2 PSUBST DIV 11,70  0s00 0,00 Gu00 0400 0,00 0400 0480 3 PSUBTR  PSI 8431 16469 25,32 0400 000 0,00 0400 0400
3 PSUBTR DIY 6«60 2410 9490 Q.00 000 0,00 0400 000 4 PSUBSM  PST 3452  0e00 0.00 0,00 0.00 0,00 0400 0400
A PSURSM DIV 2480 0,00  9.00 0.00 0,00 G090 G.00 0+00 5 DEL P PS] 22,30  0a00  DeQ0 0400 0,00 0400 000 Ge00
8 DEL P DIV 17470  0u00 0400 0400 0a00 0490 0400 0s00 6 DEL T SEC 2444 000 D400 0.00  0aC0 0,00 0400 0400
B DEL T IN G490 0400 D00 0400 0,0 0.00 2.00 000 7 TSUBREL  SEC 0400 =0410 =0.10 0400 0400 0,00 0490 0:00
T TSUBREL [N 0400 =0.04 =004 0,00 0,00 0,00 0400 0,00 0 TSUBOT  SEC Ou15 0410 0,07 0400 .00 0400 0200 0400
8 TSUBDT TN 0406  DaB% D403 0,00 0,00 000 0400 2400 & ASUBST G' 0400 0u00 0400  0a00 0400 0,00 073 0400
# ASURST DIV Ca00 0400  0s00 Q.00 0,60  0.00 10400 000 16 ASUSTR S 000 0u00  0uDE  DeDE 0400 Dl0B 0e29 3200
10 ASUBTR DIV 0400 0a00 0,00 0,00 0.00 0400 4300 Ga00 11 SSUTWE  KPST 0s00  0u00 0400 0,00 0200 0,00 0400 5ekS
11 SSUBWE DI¥ 0400 0,00 0,00 0400  0.00 Q400 000 19-i0_ 12 SSUBTR  KPSI 0400 0WD0 0,00 0400 0,00 0,400 Qs00 1aD8
12 SSUBTR 1Y 0,00  0a00 0,00 0,00 0.00 0,00 0400 3490 13 S5SUST  KPS1 0.00 0s00 0400 0a00 GeD0 0,00 0200 4401
13 S5U3T DIV 0400 0400  0e00 0400 0400 0,400 0u00 21470 14 PHASE DEG 0400 0400 0400 0400 0400 0400 TR0 39460
14 PHASE® 92EG 0,00 0400 Q00 0400 0400 0,00 0s30 39440 13 DEL 5T  KPS1 0400 0,00 0400 0,00 0400 0400 0400 0400
15 DEL ST 01V 0a80 Q00 Gu00 0400 0400 0,00 0.00 9400 156 SSURWH  KPST 0400  Qu00 0u0C D00 0.00 Qa0 000 Ga¥i
1§ SSUBWM OIV 0400 0400  0a00 0400 D0.00 9400 2400 2430 17 ¥5UBA FSEC Q.00  0x00 0400 0400 000 0400 a0l 0400
17 V503K DI 0.00 0400  0.00 0«00 0,00 0,00 1a1% 0,00
~—SLAM-HO—+———TABLE-3——DERIVED PARAVETERS
13-WREL  FROY DEL P OVER DEL T TIMES ONE OVEM RHO X Ga VAEL EQUALS
——————-—— 20438 FT/EEC - —— -
1% PSUBSC FROY RO X YREL SOUARED OVER TWOs CALCULATED STAGNATION
T PRESSURE EQUALS —2487 ~PST+—COMPARE WITH PSUBSMs MEASURED
STAGHATION PRESSURE
SLAM KO. 2 TASLE 2
SLAM KOs 2 TASLE 1 DATA CONVERTED TO EWGIMEERING URITS
RAW DATA MEASURED FROY OSCILLOGRASH RECORDS KOs ABR  UNIT LP 21 WP 1 KP 2 HP A& HP 9 WP 12 ODWACC  STRESS
KOs ABR  UNIT P21 KR 1 WP 2 WP & WP O WP 12  GOWACC  STMESS 1 Tsuse SEC 2497 0400 0,00 0400  0u00 0400 0,00 0400
1 TSUBE I 1219 0.00 0400 D.00 Q.00 c.;n €200 o.;o i 2 PsussT PST 3hekl Ou00 0400 0400 D400 2,00 000 Cs00
2 PSUBST DIV 11460  0u00 0400 g_m 0000 0400 o.;uw—:;.ioo B 3 PSUBTR  PSI  #,95 15490 12485 0,00 0,00 0,00 0400 0400
3 PSUBTR DIV T.90 2,00 &80  Gu00 o.;o_ —o._o;—-;._o_u" ) ;;o; @ PSUBEM  PST 4466 0400 0400 0,00+ 0400 2,00 0.00 %400
4 PSUBSH DIV 3470 0.00  0u00 DubD 000  0ud0 000 Ga00 5 DEL P FS1 23,94 0400 0400 0u.00 0,00 0,00 0400 0400
3 DEL P DIV 10400 0,00 0400 0ul0 0,00 0,00 2,00 0400 b DEL 7 SEC 2450 0.00 ' 0,00 0400 0u00 0.0 8400 0«00
6 DEL T IN 1400 0,00 0000 0s00  0e00 0,00  0u00  ou00 T TSUBREL  SEC 0a00 0422 ~Da25 0400 0400  0a00 0406 0ubl
T TSUBREL IN 0a00 =0209 =0ald 0200 0400 0400 De00 000 § TsueoT SEC 8,15 0410 Gal7 0400 0.00 000 000 LI
& TSvEDT 1k 0406 0s0& 0407  0.00 0400 0,00 000 0u80_ 8 Asusst G 0a00  0edD 0400 Q.00 0400 Gal0 Q12 Ga00
9 ASUBET DIV 0400  0u00 0,00 0.00 0400 0,00 10400 0:00__ 10 AsubTR G O9v00 0000  £.00 0400 0:00 Dldw ©a08 d.00
10 ASUBTR DIV 0400  0e00 0«00 0,00 Dl00 0400 lall —o:ou i1 SSUBWE  XPSI 04D0  0s00 0400  QaB0 G400 Q400 Bo0 4070
11 SSUBWE DIV 0.00 0s00 0,00 0400 0800 LI LTL:1] 11400 12 SSUBTR  RPSI 0400 04007 D400 0,00 0,00 Q.00 000 1402
12 SSUSTR DIV  0e00  D0e00 0400 0400 0490 0400 000 20 1% SSUST  KPST 0400 0400  0s00 0400 D400 Gud 0400 5053
13 S5UBT DIV 0,00 Qe00 0,00 0,00 040D 0400 000 20400 14 PHASE DEG 0,00 0402 000 Q.00 0.08 Ga00 ¢a00 2aulD)
16 PWASE  DEG  0.00 0400 0400 0200  0e00  0e0D 0a00 24400 13 DEL ST KPST 000  Gu0 0400 0400 0400 0,00 @all 0400
15 DEL 5T OIY  0u00 0400 0,00 0400 0.0 0400 0400 —0_;;{;_» 16 SSUBWH  XPSI 0400 0400 0,00 Gul0 0,00 0,90 0200 0q88
16 SSUBWH 01V 0400  0a00 0400  0e00 0u00  0s00 Q.00 2.20 17 ¥SUBA  FSEC 0400 2400 0400  0.00 0,00 0,00 8428 a0
17 VSUBA DX 0400 Da00  0.00 0a00 0s00  0a00 1.08 coon TTSMAM-KOE T2 —TABLE"3 -~ DERIVED PARAMETERS- -

18 VREL

19 PsuBSC

FROM DEL P QVER DEL T

21ukl FT/SEC
FIOM RHD X YREL SCUARED OVER TWO,

ARESLURE EQUALS

STAGNATION PRESSURE

3428 P51.

TINES ONE QUER RKD X G» WREL EGUALS
e T R IR M

CALEULATED STAGHATION
COMPAME WITH PSUBSMs MEASURED
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SLAM HO. 3 TABLE 2
DATA CONVERTED TO ENGINEEAING UNITS
KOu ABR  UNIT LP 21 HP L HP 2 HP& HP G HP 12 BOWACC  STAESS
SLAM MOy 3 TASLE L 1 TSURE SEC 3400 0400 0400  0a00 0400 9400 0400 0400
RAW DATA MEASURED FROM OSLILLOGRAPH RECOADS 2 PSUBST  PST I4s76  0.00 0«03 0400 0400 0,00 0400 000
KOs ABR UNIT LP 21 HP 1 ur 2 HP & HP HP 12 BOWACT STRESS 3 PSURTH PS5l 4e28 10433 178 OolQ 0400 0200 1Y) Ga 00
1 TSUBE  IN 1,20  0.00 0400 0400  0.00 0400 0400 gaae & PSUBSM  PST 1451 0400 0400 W00 0.00 0,00 000 0400
2 PSUBST DIV 11470 0,00  0.00 0400 0.00 0400 0a00 0400 8 OEL P PST 28447 0400 0400 000 0.0 0400 2500 0400
3 PSUBTR DI¥ 3460 1430 Se80 0400, 000 0,00 0400 0400 & DEL T SEC 3420 0:00 , 0,80 000 0.00  0a00 0400 0400
& PSUBSM DIV 1.20  Da00 0400 0s00 0.00 0,00 0200 0400 7 TSUBREL  SEC 0400 =0»50 =0u62 000 0,00 0,00 200 6400
5 DEL P DIV 22480 0,00 0.00 0.0 0,00 0,00 0500 0,00 B TSUBDT  SEC 0,13 0,07 0s07 0400 0W00, 0400 0400 0400
B DEL T IN  1e2E 0,00 0400 0400 0400 900 0400 .00 ¢ Asuast 6 0uDO  Da00  0a00 0uD0 D400 0400 UetE 0200
T OTSUBAEL IN 0,00 =Da20 =0,25 0a00 0,00 0400 0400 0,00 10 ASUSTR 6 0400 000 0.00 0400 00D 0,00 0i1s 5400
B OTSUSDT IN  0s06  0.03  0cD3 0,00  0.00  0s00 0500 200 11 SSUBWE KPS| .00 0.0 0.00 0,00 .00  0.03 000 L
9 ASUBST DIV 0,00  Du00 0,00 0,00  0.30 0,90 9420 2400 12 S5USTR  KPS1 0,00 000 0400 0400 0400 0400 0400 0455
10 ASUBTR” DI¥ 0200  0s0% G400 0a00  0a00 0400 2400 0,00 13 S5UBT  XPST 0,00 0.00 0400 0400 0400 0400 0400 Bellé
11 SsudWe DIy o.nu' Gel0 0,00  0a00 0400 0e00 Ga00 16+80 14 PHASE DEG 000  0u00 0400 0400 Q.00 B0 000 2070
12 SSUBTR DIV 0,00 0,00 0e00 0,00 9400 0,00 0400 2400 15 DEL ST  £PSI 000 0400 0400 0400 Ds00 0400 0450 0,00
13 SSUBT DIV 0,00 0s00 0,00 0,00 0400 0400 0400 17230 16 SSUMWM  KPSI 0,00 0400 0,00 0402 0400 0u00 2490 [l
16 PHASE DEG 0,00 D0a.00 2400 0,00 0400 0450 0400 20470 17 WSUBA  FSEC 0400 9400 0400 0400  0s00 030 203 9400
= — ——r
15 DEL ST DIV 0,00 0.00 000 0,00 0s00 0400 0500 0100 8L AM-HO—3———TABLE -3—BDERIVED -PARAMETERS
UBWH DI 0400 0a00  0s00  0.00 0400 0400 000 210 -
1o ssurdd o1 = : = - . = . e 18 VREL  FROM DEL P OVER DEL T TIYES OHE OVWER RHD X G» VREL EOUALS
7 OYSHBA  DNI 0400  (h00 0,00 0,00 0aD0  0.00 Oakl 0400 i -—— 190§ FIEEL ——or | o o T
i LELL > : d : * . * 19 PSUBSC FS0M AHQ X VREL SOUARESOVER TWO: CALCULATED STAGRATION
T PRESSUAE EQUALS -24TW- PS1.— COMPARE WITH PSUBS4s MEASURED
STAGRATION PRESSURE
— ——— — CstaM N, & TABLE 2
SLAM KOe & TABLE 1
DATA CONVERTED TO ENGINEERING UNITS
RAW DATA MEASURED FROM OSCILLOGRAPH RECORDS
== B HOw ASR  UNIT LP 21 HP 1 HP 2 WP & HP 9§ HP )2 BOWACC  STRESS
NO» ASR UNIT LP 2l WP 1 WP 2 MR & HP O HP 12  BOWACC  STRESS -
1 Tsuse SEC 2472 0400 0,00 G400 000 0,00 0400 2400
1 TSUBE 1N 1409 0400 0.00 0400 0,00 0,00 0400 0400 - -
—— 2 PSUBST PS5 15:37 0400 0400 000 000 Q.00 0,00 2400
2 PSUBST DIV 12020 0s00  Ga03 0400 D400 0,00 0400 v
e P aeE 3 PSUBTR  PST 3431 15.6% 32,42 0400 0400 0,00 0,00 0400
3 PSUBTR DIV 6460 2,10 12410 0,00  Da00 0,00 0400 0400
& PSUSSM | PST  4a15  DW00 0400 0400 DaGO 0400 0400 0400
b PSUBSM DIV 3,30 0,00 D00 0,00 D400 0,00 0400
. . : * ' * o LiLL 3 DEL P PSL 28447 0,00 D400 0a00 Da00 0,00 0420 0400
5 ODEL P DIV 22460 0,00 04D0 0400 0400  0a00 5400 2000
R & DEL T SEC 3517 0a00 0400  0a00  DaGO 0400 0400 2400
$ DEL T IH  1e25 0,00 0,00 0,00 0.00 0,00 0400 8,00
hd . : hd : . . — T TSUBREL  SEC 0.080 =0s10 =0,10 0:00  0a00  €,00 0400 0400
T TSUBREL TN 0400 =004 ~Ga0é 0,00 0.00 0,00 9400 0400
0 TSUEDT  SEC W17 0.07 0,10 G400 0a00 0,00 a0 0400
5 TSUBDT IN  0a0T 0403  0u04 0400 000 0400 2400 0400 I
— % AsUBST G 0s00  Da00 0,00 OaD0  Da00  GedD ) 0490
§ ASUBST DIV 0,00 0,00 0,00 0u00 0 00 0400 7920 0400
—_ 10 ASUBTR G 0409 0.00 0,00 O0u00 0.00 0,00 032 2409
19 ASUBTR DIV 0400 0,00 0a00 0400 0400 0,00 [T 0,00
11 SSUBKE  KPSI 0400 0400 0400 0u00 0200 0400 0400 8003
11 SSUBWA DIV 0,00 0400 9,00 0,00 0400 0,00 0400 21480
‘ 12 S5UBTR  KPST 0400 0,00 Q.00 0400 0uB0  0.00 0,00 a0
12 SSUBTR DIV 0.00 Ce00 0400 0.00 000 0,00 0,90 2400 -
hd b * . . o * h 13 SSUAT  KPSI 0400  0.00 0,00 0400 0u08 0,00 0400 5456
13 S5UBT DIV 2.00 000 0,00 0400 0400 0,00 00 23,70 T
14 PHASE BEG 0,00 0,00 0,00 0a00 000 0,00 W00 23,00
15 PUASE  DEG  GWDO  0u00 .00 0.00 08,00 0,90 0200 23400
= = . * : * * 208 15 DEL T  KPST 0400 00D 0400 0.00 0400 0400 500 .00
18 DEL ST OIv 9400  0s00 Q.00 0400  0g00 0,00 0400 0408
. hd t . . : : s 16 SSUBWH  KPSI 0400 0,00 0,00 0400 0,00 0,00 0400 0495
16 SSUBWH DIV 0,00 0400 0400 0a00 0200 0,00 0400 340 -
1T WSUBA  FSEC De00  0.00 0400 0.00 Dud8 0400 T3 0e00
1T WSUBA  DXT D400  0e00  0a00 0400  0a00 0,00 0e89 0400 R

—SVAM—HO——&%———TABLE 53— DERIVED- PARAMETERS *

18 VREL

19 Psuasc

FROHM DEL P OVER

03T FISSEC
FROM R42 X VREL STUARED CVER TwO)

PRESSURE EQUALS— Z«8B PSTs

e —

STAGHATION PRESSURE

CALCULATED

STAGRATICH
COMPARE WITH FSUSSMs MEASURED

EL T TIMES ONE OVER RHC X €» VREL EUUALS



SLAM HO, & TASLE 2
DATA CONVERTED TO ENGIKEENING UNITS

SLAM N 3 TABLE 1 KOs ABA UNIT LPZL HR 1 HP 2 WP & HP § WP 1Z MOWACC  STRESS
RAW DATA HEASURED FROM O5CILLOGMA®H RECORDS 1 TsusE SEC 2450 0a00 0400 0400 0,00 0,00 0400 0400
WO, ABY WNIT LP 21 HPl WP 2 HP & HP S #P 12  BOWACC STAESS 2 PSUBST  PST 15,12 0400 0400  Gu00 0,00 0,00 Gelt 0,00
1 Tsuae 1M 100 0400  0u00 0400 0400 0400 8400 O.00 3 PSUBTR  PST 6455 22425 17495 0400 0u00 0400 0elC 200
T OPSUBST DI¥ 12409  0a00 0409 0403 0e00 0,40 0+00 0400 4 PSUBSM  PST 2.02 0400 0,00 0400 0,00  0.00 0400 0400
3 PSUBTA DIV 3420 2480 5470 0400 0,00 0,00 0400 0e00 s DEL P PSI 28:72  0.00 0200 0400 0400  0.00 0s00 0,00
4 PSUBSM DIV ZedD 0400 0,00  0.00 080 0,00 0.00 0400 5 DEL T SEC 2420 0.00 0400 0400 0,00 000 0400 0400
5 DEL P DIV 22480 0400 0400 0u00 0400 0400 o Lwdo 7 TSUBREL  SEC D.00 =0418 =Ds15 O0e00 0400 0,08 0400 LT
6§ DELT N 1a28 0400 0,00 0.00 0,00 Ca00 8400 0a00 & TsusDT SEC_ 0417  0.05 Osl0 0400 000 0400 0e00 0400
T TSUBREL 1N 0u00 =0408 =0u08 0,00 0400  Gu00 0400 0400 o ASUBST 6 Da00  0a08  0.00 0u00 0400  0.00 0aTl L)
B TSUBDT 1N " 0407 0402  Gelé  0e00 D400 .00 Te00 Jel0 10 ASUSTR G 0a00 0,00 0400  0.00 0,00 .00 Ta2¥ Call
3 ASUBST DIV 0a00 0400 0400 Q.00 0400 D00 %470 Ge00 11 SSUBWE  XPSI 0,00 a8 0400 0400 000 0400 0400 Bed5
10 ASUBTR DIV 0.00 0400 0409 0400 0,00 0,00 1] 0e00 i2 5SUBTA KPSI Du00 0400 0,00 0,00  0.00 0000 Q.00 127
11 SSUBWE DIV Q.00  0uBO 0400 0.0  0.00 000 0400 2330 17 S5UST  KPST D400  0»00 0s00 0.00 0.00 0400 0500 7ot
12 SSUBTR DI¥ 0,00 0,00 0400 0400 0a00 Q.00 .00 14 FHASE DEG 0400 0400 0400 0.00 0,00 0,00 0s00 27480
13 SSUBY DIV 000 0,00 9400 Gu00 000 040D Oeo 19 DEL ST KPSI 0s00 0400 0400 0200 0400 0400 0200 0400
14 PHASE DEG 0400 0400 Q400 0400 0400 0400 0a00 16 SSUANH KPS 0400  0.00 0400  0a00 0400 0400 ar00 130
13 DEL ST DIV 0,00 0400 0400 0400 Da00 0.9 Ced0 17 VSUBA  FSEC 000 0u00 0400 0,00 0400 0,00 a7 9400
16 SSUBMH DIV D000 0400 000 000 Gal0 0,00 0500 - .
—SLAH HOh— 5————TABLE-2— DERIVED PARAMETENS = —— - ——=— e
1T wsuBh DAl 0400 D400 0400 9400  0aDS 0,00 LI
1B VREL  FROW DEL P OVER DEL T TIMES ONE DVER RHO X Ga ¥REL EQUALS
[ —— 2007 FTSSEC - - oo 3 oo oo o T TT
19 PEUBSC FROM RAHD X WREL SCUARED OVER TwCe CALCULATED STAGHATION
—————— PRESSURE ECUALS 2479 PSI. COMPARE WITH PSUBSMa MEASURED
STAGNATLON PRESSURE
SLAM HDu & TABLE 1

SLAM N3a 6 TARLE 2
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RiW DATA MEASURED FROM OSCILLOGRAPH RECORDS DATA CONVERTED TO ENGIKEERING UNITS

HO»  ABR UNIT LP 2] HP 1 H® 2 HP & HP 9 WP}z BOWACC  STAESS NOs AER UHIT LP 21 HP 1 WP 2 HR 5 MP 9 HF 1Z BOWACC  STRESS

1 TSURE 1IN 1428 0400 0,00 0,00 0,00 0,00 D400 9,00 1 TsusE SEC 340% 0400 D00 0200 0400  Ga00 200 0,00
2 PSUBST DIV 11418 0400  0s00 Q.00 Qo000  Da 0s00 0400 2 PSUEST  PSI 13498 0,00  Ge00  Owb  Du00 0400 0400 0400
3_PSUBTR DIV Tes0 1490 5410 0400 0400 0,00 000 Buo0 3 PSUSTR  PSI 9432 15410 18s3% 0400 Du00 0,00 0400 0,00
4 PSUBSM DIV 2480 0400 0,00 0,00 0,00  0.00 000 0400 & PSUBSH  PSI 3452 0,00 0.00 0400 000 0.0 0,50 0400
% DEL P BI¥ 23410 0.00 0400 0:00  0a00 000 Os00 0s00 5 DEL P PST 28458 0,00  0.00 0400 0408 0,00 0400 0e00
& DELY N 1.5 0:00 04900, 0400 0400 00 G002 0.00 & DEL T SEC 3462  GuB8 0,00 0400 0.00 0,00 0400 0400
7 _TSUBREL T 0400 ~0406 =D.08 0400 0,00 0,0 LI Se00 T TSUBREL  SEC 0400 =0415 =020 Q.00 0u00 0,00 0400 0400
B TSUBDT 14 0s0T  0.0h Qa4 0400 0400 0,00 0400 L1 B TSUBDT  SEC 0417  0.10 0,10 0.00 0400 000 0e00 0.0
§ ASUSST DIV 9400 0400 0400  0u00 0400 0400 LLLL 005 8 ASUBST B D00 0400 0s00  0u00 000 0400 . Deb¥ 0400
10 ASUBTR DIV 9,00  0u00  D0a00  0sD0 0408 0400 130 0400 10 ASUBTR & 0a07  0s00 0,00 Qu00  D.00 0,00 040% 0400
11 SSUBWE DIV 0400  0.00 0400 0,00 0,00 0,00 0400 1330 11 5SUBWS  KPST 0,00  0s00 0,00 ©e00 0400  0s00 0400 5023
12 S5UBTR DIV 0600  De00 0400  0:00 0400 Q.00 9400 3400 12 SSUBTR  KPST 0400  0.D0  0a00 0400 0s00  Go0D D00 [
13 S5UBT DIV 0400 0,00 . 0400 0.00  0.00 000 0.00 17470 13 5SUST  KPSI 0400 0400  0.00 DeD0  0a00 G200 0400 4290
L4 PHASE  OEE  Da00 0400 0,00 0400 0400 000 Gh00 19400 14 PHASE DEG 0.00 0400 000 GuB0  Du00 0400 0400 19400
18 DEL ST DI¥ 0400 0400  0a00 0200  [a00 0,00 0<00 Qs00 1% BEL ST KPSI 0400  0s00 a0  0e00 Qo0 0400 Q00 Qs00
16 S5USWH DIV 0W00  CuD0 000 0400 0,00 000 Q400 2490 16 SSUSWH  KPSI Da00 2407  0ua00 0500 0,00 0400 000 Qal0
17 VSUBA DAY 0aD0  0a00 D400 0.00  0.00 0400 120 0400 17 VSUBA  FSEC 0400 0uD0 0400 0400 D400 0400 Tolk 0400

SLANNO— & TABLE-3 —DERIVED PARAMETERS -

18 ¥REL FROYM DEL P RVER DEL T TYIMES OME OVER RME X Gs VREL EGUALS

——————— 17487 FYs5EC T

19 PSUSSC FROM AWMC & VREL SCUARED OVER TWJs CALCULATED STAGNATION

T PRESSURE EQUALS  2.2@ PS51s~ COYPARE WITH PSUBSMy MEASURED
STAGHRATION PRESSURE
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SLAM KOs B TABLE 1
RAW DATA MEASURED FROW OSCILLOGRAPH RECORDS

KOs ABR UHIT LP 21 HP 1 HP 2 HP§ HP § HP 12 BOWACC  STRESS

1 TSURE  TH Qale 0400 0@ 0200  0e0E Gull TslQ

2 PSUBST OIV 10.00 QW00 9400 0,00 000 0a00 000

A PSUBTR OI¥ 430 2420  Tel0 0200 0400 0e00 D00

4 PSUSSH D1Y 2410 0a00 0e00 ©u00 0400 DL00 0,00

8 DEL P DIY 22450 0400  Oel0 0,00 0,00 000 0400 0a00

& DEL T N 149 DL00 0400  0e00  ©.00 0400 a00 0a00

T TSUBREL 1H Def0 =003 =0a04 0,00 0400 =10 000 oD

& TSURST IN Dellé  0a03 0402 D00  0.00 000 Je 0 0400

4 ASURST DIV 0,00 0a00 0400  De00  0.00 Q30 .00 Qe
10 ASUBTR DIV D.00 Q.00 DD Ta00  D.00 Del0 24390 Oe00
11 SSUBHB D1V D400 De00  D.00  0e00 Ce0D Ue00 Qa0 15450
12 ESURTR DY 0u00 Q.00 D00 O.00 Cu00 00l B00 2s40
1% SSUST DIV DeO0  D0a08  0e0C Qa0 0400 000 0,00 10420
14 PHASE DEG  0.00 000 0400 0400  0.00 0400 a0 2280
1% DEL ST DIV Q409 0400  0.00 Q.00 D400 0400 Oell 000
16 SSUSHH DiY  D0.00 009 0e00 000 0,00 T4 00 0s00 2410
T VSU'!IA DET  0.00  De00  0u00 000 0000 Qell Catl UeD
SLAM NOw % TABLE 1

Aaw OATA MEASURED FROM OSCILLOGRAPH RECORDS

NOa A%R UNIT LP 21 WP HP 2 HP & HP & HP 12 GOWACC  STRESS

1 TSUBE 1IN 1407 Ge0D 0400  Da00  Dl00 000 0a00 0.00

2 PSUSET DIV 12.00 O3 Cu00 00 0,00 0,00 Q00 Qa00

3 PsusTR DIV B0 &a00 11400 0W%0 0,00 Ts 00 Qa0 i 00

% PSUASH D1V 2,00 0400 0403 000 C.00 o0 Oe00 Q00

3 DEL P DIV 28,00 Q.00 0,00 Q.00 000 000 D.00 a0

& DEL T I 1e27 0400 D403 OO0 QW00 0.00 0400 G0

7 TSUBREL IN 0a00 =0¢03 =040& =~0417 Q.00 D.00 Da00 Sl

8 TSUADT EM 0407 0402 Da08 0.02  QuO0 0«00 a0 Oefl

§  ASUBST BI¥ 0400 Q.00 .00 Q.00 Q.00 Qa0 10420 o000

10 ASUBTR DY  0e00 0,00 0.00 D.00 0.00 9,00 #a00 0u00

11 S5uUd&B OIV O.00  0.00 0,00 0,00 0400 0400 000 19420

12 SSUATR DIV 0,00  0u00 0,09 0,00 000 000 Q.00 400
13 S5UBT DIV Da.00  Qa00 D400 0490 0404 0a 00 Cul0 21050
1e FHASE  DER 0400  0a00 0403 0400 Q.00 0.00 0«00 22290
15 DEL ST Dy 0400 Q.00 0400 CaDO  Qu00 0400 el 0s00Q

16 S5U8sH DIV 0400 0,00 0,00 GO0 Q.00 Cel0 Da00 30
1T wsuaa  Dxf 0200 0a00 0400  0.080 0400 Q.00 JeTH Qs00

SLAM HD» B TABLE 2
DATA CONVERTED TQ ENGINEERING UNITS
WOs ABR  UNIT LP 21 HP 1 WP 2 WP 4 HP§ HP 12  BOWACC  STRESS
1 TSUSE BEC 2409 Ds00  DaDD 0400  0s00  GuDO 0,00 0al0_
2 PSUBST 5] 128D Cu00 0400 0400 0400 0400 0400 0008
3 PSUBTR  PS] 5061 15487 20450 0400 0.00 0400 0400 0400
& PSUSSM  PST Zeth 0400 D00 0409 £a00 0400 Qu00 0400
5 DEL P PSI 29465 0.00 0,00 0,00  GuD8 0400 gs00 9400
6 DEL T SEC 3«72 0400  0a00  Da00  QeB0  0a00 0400 300
7 TSUBREL  SEC 0e00 =0a07 =0s10 0400 0,00 0,00 G200 ae0d
B OTSUBDT  SEC 0.15 Q.07 De08 D400 0e00  Dudd 9e00 0400
9 ASuBST 6 Ce00  0.00 0400 000 D00 0400 L 000
10 ASUNTR £ 0,00 0,00 0403 0,00  0e00 Q400 0e1? 0e00
11 SSUBWS  KPSI 0400 0s00 0e00 0,00 0a00  0ud0 0s00 4287
12 5SUBTA  KPSI 0400 0400  3.00 0a00 0000 0400 2400 Tath
13 S5UMT  KPSI 0400 0a00  0e00  Du00 0400 0s00 0400 Sa0h
14 PHASE DEG 000 0s00 D400 0400 0400 0,00 0900 2340
18 DEL ST XPS| Ca00 0a00 0400 0200  0s00  Gu00 0e00 0.0
16 SSUBWH  KPST 0,00  0.00  0.00  0.00  0.00 0,00 LI a5
17 wSUBA  FSEC 0.00 0400 0400 0200 0400 00D 3453 0400
--SLAM-NDs— 8 TABLE $—-DERIVED PARAMETERS — —- —— — —_
_leveee §i?;:aﬁ'f,§EE“E'V?EL_’_ TIMES OKE OVER RHO X Gy VREL EQUALE
19 PSUBSC FAQM RHO X wAEL SOUARED OVER TuDy CALCULATED STAGHATION
BRESSURE ECUALS —2.08 PSls  COMPARE WITH PSUBSMs MEASUNED
STAGNATION PRESSURE
SLAM 4Ds ¢ TABLE 2 -
DATA CONVERTED TO ENGINEERING UNITS
WO« KSR UNIT LP 2L HP 1 HP 2 HP 6 HP G HP 12 BOWACC STRESS
1 oTSuRE SEC 2457 0.00  0s00  0.00 0400 0,00 800 0400
2 PSUBST  PST 15,12 0.00 0400 0400 0000 Ca00 0.00  0s00
3 PSUATR P51 Bsbé 31480 25447 6450 000 0:00 000 000
& PSUBSM  PSI 3478 0,00 0,00 0400  GeDD 0,00 9090 0400
8 DEL P PST 35.28 000 0s00 0400 0,00  0u00 0a00 0400
5 DEL T SEC 3467 0.00 0400 0,00 D00 Q.00 0400 0450
7 TSUBREL  SEC 0400 =0407 =0el0 =Os42 Qe0) 0400 9s00 0400
§ TSUBDT  BEC 0s17  0a05  Dal0  Cel3 0400 0w00 0400 0s00
% AsUBST G 0.00 0.00 000 0600 D00 0.00 Ge7 de00
10 ASUBTR 6 0400 000 0.00 D00 0.00 0,00 De2t 0s00
11 SSUBWE  KP51 Q.00 C.00 0,00 000 0400  0.00 0.0 5021
12 SSURTA  KPSI 0,00 0400 0,00 000 000  0.00 3500 1410
13 SSURT KPS 0400 D400 0a00 0400 0400 0200  0s00 3453
14 PHASE DEG 0,00 0400 .00 Q.00 D00 0,00 0W00 32490
15 DEL 5T KPSI Da0F 0,00 0400  Ca00 0600 0400 0400 000
16 SSUNWH  KPST .00  0.00 D403 0400 D400 0,00 0,00 1eib
17 YSURA  FSEC 0.00 0400 0«00 0s00 0s00 0400 (5] 0a00

- AL AM W TABLE- ¥ —DERIVEI PARAMETERS

18 WREL
1% PEUASC

FAOM DEL P OvER
2lebd FTFSEC -
FRACY RHO % WREL SOUARED OVER TwWGe

PRESSUAE EQUALS

301F PSIe
STAGHATIOK PRESSURE .

CALCULATED STAGNATION
COMPARE WiTH PSUBSMa HEASURED

DEL T TIMES ONE OVER RMJ X G YREL EGUALS
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SLAM K04 10

TABLE 2

DATA CONVERTED TO EMGIMEERING UNITS

19 PS5

MO» ABR  UKIT LP 21 HP1 HP 2 HP & P S HP 12 BOWACC  STRESS
SLAM No. 10 TABLE L 1 TSWBE SEC 2s%0 0400 0400 0,00 0400 0400 0400 200
AMd DATA MEASURED FROM OSCILLOGRARM R :
ks SURER 5¢ ECaRDs 2 PSUBST  PSI 14,49 0400 0409 Qa0 0400  0a00 ow00 0.00
ABR R 3 He ,, WP » » A
NG. 48 Ir «f a2 1 W $ HWP8 R 12 BOWACC  STRESS 3 PSUBTR  PST 2439 10033 13486  0a00 0400 0,00 0400 0.00
1 TSUPE IH T 1.16 0,80 0400 000 0000 0a00  0a00 040D 4 PSUSSH  PSL 0.85  0a00 000 B0 0.00  0,00.  Gs00 0400
P T o
2 PSUBST DIV 11.50  0.00 0400 0400 0w00 000 0a00 0400 5 OEL P FSI 33428 0400 000 0400  0.00 000 0200 0400
4 PSusTRA 0¥ 1,90 1e30 5.0 Ga00 0400 0,00 000 9400 §O0EL T SEC 6325  Du00 0400 DaDD  0.00 0,00  0e00 0,00
L]
b FPSUBSM DIV 0470 9400 0400 0430 0400 0,00 0,00 000 7 TSUBAEL  SEC 0400 =045 =0447 0u0D 0400 0,00  0aB0 0400
PDELP DIV 29400 0400 803 2:00 0,00 0400 0490 0490 § TSUBDT  SEC 0u12 0410 0012 0s00  DuG0 0,00  0.00  0a00
6 PELT N 1,70 0.00 0,30 0400 9400  0u00 0400 0,00 9 ASUBST G 0,00 0400 ©0:00 0400 De00 0,00 . 0e73  0a00
7 TSUBREL [N 0,00 =0u06 =0,1% 000 0400 0400 0400 0,00 1o nsunin 6 .00 0v00 0,00 0.05 w00 ouoe orts a0
T
8 Tsusar 1 0.0% 0.04 0405 0400 Q.00 2408 2199 9198 11 SSUBWB  KPST 0,00 000  0e00 000 0400 0,00 oa00 1,94
9 ASUBST 01V 0,00 0,00 0400 0400 ) . o -
sunst o1 hd i +90 0400 %0  se0 il G40 12 SSUBTR  KPST 0,00 Ge0O0 000 0400 0u00 0,00 0400 Dedh
10 ASUATR OV 0.0 0w o 5400 o o
1o AR ! 00 0. 200 0w 0400 0w 140 0450 12 SSUBT  KPS1 0400 0400 0a00 0400  Da00 0,00 0200 [y
usWE DIV 0.00 2,00 oo 0 -
11 sseWe DIV 0400 0. 9.00 8 0100 0w 0 14020 14 PHASE DEG 0400 0,00 0.00 0400 D400 0,00 0s00 28,40
m orv 0s o
12 SSUPTA DIV 0,09 0. 0:09  0+09 0.00 0. ©e08 Teso 12 DEL 5T KPS! 0,00 0,00 0400 0.00 0u00 0400 0400 9400
13 SSUBT DIV 000 0400 0,00 0.00 U400  9.00 0400 16e20 14 SSUBKH  KPST 0400 0.00 0.00 0,00  0s00 0,00 2400 Dokt
4 PwASE  DEG 0,00 0.0 0.00 0.00 0,00 0 2000 o -
a d d : : : 0.0 .0 234 17 VSUBA  FSEC D0a00 0400 0elD 0.00 £a00 04,00 [T 0400
18 OEL 5T DIV 0,00 0,00 0,00 0,00 0,00  §,00 0400 0,00
! hd ! ‘ ‘ : - : - — SLAM-NOy- 10— TABLE-3—- DERTVED PARAMETERS
16 SSUBWH 01V €400 0400 0,00 0400 0G0 000 Bad0 1.80 .
17 WSUBA  DXI 0400 0.00 0,00 0.00 0400  0eD0 s83 000 18 VREL  FAOM DEL » OVER DEL T TIMES ONE OVER RMO X Gy VAEL EQUALS
38458 FIFBEC  ~- - e mem m nmt oL
19 PSUBSC FROM RO X VREL SOUARED OVER TWDs CALCULATED STAGNATIDN
— PAESSURE EQUALS 2439 -PSIa- TOMPARE WITH PSUBSH: MEASURED
STAGNATION PRESSURE
12 TamLE 2 o i
e T T - T T s T . TO EMGINEERIAG UNITS
SLAY MO. 12 TAELE 1 U - — - - . -
ST T T T — T T TT T, s TTT T T T Tt T T s - ABR UNIY LR 21 WP 1 %P 2 HP & HP & kP 12 apwALL STRESS
S4W DATA MEASURED FROM OS{ILLOGRAPH RECIRDS - ———— - =~ _— - - - —_ -
R T T T T T T T T s T T T T 1 TSUBE EEC 320 J+00 Da00 [+PYeli] 000 pa00 090 3202
NOs  ABR UNIT LP 21 KP 1 HF 2 HP & kP 5 HE 12 BOWACE STRESS - = - - - - - -
e em e e C e e o T 2 PSUSST  PSE 18464 0,00 0.00 3400 0,00 .08 0100 2490
1 TSUBE  IN 1428 0400 0,00 0,00 0,00  0.00 0400 000 — S T e - - -
—- oo~ s s T T e _ 3 RSUBTR  PST 17401 15410 35e7) 1100 6823 0400 0400 2,00
2 PSUBST 61V 14480 0,00  ©0.00 0.08 0400 0,00 300 0400 i C—
e e e e TR LT T - - 4 PSURSM  PSI 231 0400 090 Ga00° 0,00 0,00 9200 2,00
3 PSUSTR GIV 13,50 1490 13270 2420, 1e60 0400 200 0400 e T T - -
B R S - = - - - 5 peL P PST 81463 0400  0:00 0000 0400 0,00 2,00 2400
4 PSUBSY DIV 6,60 0400 000 000 G400 040D 2,00 0.00 — - - =l
—— T e e e T e T T T T S & DEL T SEC 3437 0400 0400 0430 0400 0400 2490 2400
5 CEL P DY 32,20 0,00 0,00 Qe00 0,00 .00 0400 2,00 -
—_—— e T — == et - 7 TSUGREL  SEC 0a00 ~0al5 =0elZ =0e25 ~0,25 040D 2000 oD
6 DEL T N 1435 0400 0400 0400 0400 0400 .00 000 - -
e s e e - & TSUBDT  SEC 0.2 Se1E Del?  Ca30 0400 0e20 .50
7 TSUBREL IR 0400 =0:06 =0405 =0.10 =0,10 0,00 9400 2400 - SR S -
e ST s = e T T 9 ASUBST G DeDD  0k00  0u00 0100 2400 0,08 0u%e 3v00
8 TSUSBT IR 0.05  OuDa D406 007 OulZ 0,00 2400 0.00 - (SN EUhgts - -
—- e — e e e e 10 AsuBTR 6 D00 DuB0 000 DiO3  0u00  0.00 .43 3.30
$ ASUBST DIV 0,00 0400 0.0  0.00 0,00 0400 12450 0,00 et T -—- S
—_— - — T e T T ST 11 S5UBMB  %PS] 0a00  0a00 0,00 0400 0200 00 000 Ba26
10 ASUSTR DIV 0,00 0460 0,00 0,00 0,83 0.0 5,90 2,00 N T -
oo e e e S o T —- 12 SSUBTR KPS 0400  0.00 0:00 0400 0,00 0,00 0500 278
11 SSUDWB DIV 9,00 000 0,00 Q.00 0,00 000 Ba09 32400 s Aol U - -
e e e e T e - - 13 SSUBT  KPSI 0400 D400 0.00 0430  0.00 2,00 0:00 10413
12 s5UBTR Div Qa0 D00 0.0 [P 0.0 0.00 [Pyl 19400 ——— - - T -
e e e e T 16 PHASE OEG 0.00  0.06 0,00  ©.00 0,00 0,00 s.08 1370
13 SSUBT DIV 0490 0,08 2,00 0.00 0400 0,00 0,00 35450 —_— e T I e -
—_— s e T T LT 15 DEL 5T KPS| 0.00 0,00 0400 0400 0400 0,00 0400 2400
1o PHASE  QEG 0400  Ca00 9,00 Q.90 .00 D00 D.0C 33470 - - —
P e H s T - 16 S5USWH KPSI 0400 0,00 0.0  ©.00 0,00 0,00 5490 1t
15 pPEL ST DIV GelD Qe l0 Q400 000 Ce0D Q.00 0400 OGO - e T TTT s ST T T o e e
e s - 17 VSUBA  FSEC G400  0aDG 0400  0e00 0400  0.00 16487 2e00
15 55U DIV 0400 0400 0400  0:00 0430 0a00 2400 7,50 e e e el T T -
T e —— e e T - SLAM NOs-12 - - TABLE 3 - DERIVED PARAUETERS - - — -
17 oA bxt 0 0e0 000 000 2,80 Q.00 B
18 YREL  FROY DEL P OVER DEL T TIYES ONE OVER AMO X G VREL EQUALS

2771 FT/SEC
UISC  FROY RMO X VAEL SQUAREFO DVER TWOs CALCULATED STAGKATION
- PRESSUGE EQUALS Sa32 PSIi COMPARE WITH PSUSSM,y VEASURED
STAGRATION FRESSURE



~«6€_

SLAM HDe 13

RAW ATA MEASURED FROM OS{ILLOGRAPH

STRESS
De00
0,00
0409

9,040

14yl
35450
21,00
2:_30
15420

2400

SIRESS
a2s00
GO
gw00__
Do00
D00
du00 _
.00
209
0u20
9:00
22410
Te30
25470
2120
Qaud

.00

HOw  ADR U4IT LP 21 HP 1 HP 2 HP B HP g9  HP 12 BOWACC
1 75usE -IH 1a25 000 Be00 0.00 GO0 a0 G0D
2 PSUSST DIV 15,00 023 0430 0400 GO0 el ot
3 PSUITR DIV BeflD 3220 13430 9453, leED [:N0s] .00
4 PSUBEM DIV 2460 0,00 0490 Gu00 0,00 0400 0.00
5 DIL P DIV 4290 0,00 7 Qab0  0e00 0,80 Ga0 D400
6 DEL T IH 1e38 D400 Ga02 0400 940 1} e
7 TSUBREL INW 0400 =002 Ca00 =402 -0493 0400 000
L] TSUT‘EDT L] 0.0'[“ 0. 0% .0_103 o ula 0432 _Pep0 0u00
9 ASUBST DIV 0.90 0C 000 0.00 23 .00 12.80
10 ASUBTR DIV 049G 0,00 Ca00 2490 0,20 Q.00 6180
0a00  0.00 0400 0400 0,00 V400 ¢:00
L2 SSUBTA DIV 0490 0,00  0.00  0.00 9,90 o0 0hGO
13 85U8T  9i¥ 0400 0,00 0,00 0,00 0,90 000 Cel
14 PHASE  DEG 0400 2403 0,00 3,00 0.0 0.00 De00
1% DEL 5T Or¥ 0,09 GW00 0,00 .09 Qe02
16 S;U;d‘ v 0|UvO *;F.OO D.OO“ 0-0707 e
17 wsusa DR 0200 0.0 040D 0,00 Gt Ta0d 0a91
SLAM KD L& TASLE 1_ . _ _ .
T RAW DATA MEASURED FROM QS{ILLOGRAPH RECOROS _
7.‘1;)- LY —U_N;r:; 2: ; 1 HP 2 H® B HP 9 HP §Z ERRLNS
1 TSUBE ™ O 0a93 000 OGO el 0.00
2 PSUBST DIV 16aD0  Ga0D 0200 0400 G403 Go 20 Ca 00
3 PSUBTR DIV 950 2,00 .30 180 0400 0n3% 0
f PSUBSYM DIV Ge00 Ga00 0,00 Ca00 _ 0a00 _ _0.0‘.) 70-007
775 DEL P 33430 Q.00 O:UU 0100 0,00 0,00 2400
T;)EL-T vi‘[‘f{—— 1158 2,00 2,00 0ae Q.00 0-007
7 T:L:"E::‘I‘L‘[R’ 70-0-(:'* ) -_D:DE a0 oaeo 9,90 Ced0
-87 TSHEDT IR ©.05  D0.04  D0.02 0sC6  Ca00 _770]_007 _Fan0
AS?_;\‘SUDSIT [’} v' 0200 0,00 0,00 0400 00 0,00 7!1._20_A _
—-I'D‘D\TEL_);T-‘-! DI.V__—O 3] 0-;)7 0edd 000 0,400 0e00 T8l
11 $3UBWE DIV 0400 Q.00 000 Ge00  0uB3 008 G20
- 12_—S;U—E!TR ?{V— -U.OU Q.00 0,00 3.-00 Geld 0,00 G0
—13 55U3T BTV 04,00 .00 O.OUH G400 902 *0.00 . w00
1;, PHASE i 0400 G.00 0.0C  2.00 0,90 a0 _De00
35 DEL 5T DI Ga00  040C 0400 DaGO 0.00 J.00 2400
16 SSUDKH —DIL_O_-EL 0.00 0,00 0.0 0402 o.o0 236
17 w5034 G109 En}OD _‘U.OO 0400 Q403 .00 Ta54

DXt

.00

S5LAH KOy 13

CTARLE 2

D&TA CONVERTED TO ERGIKSERING UWHITS

KP 5

NO. 2SR WUNIT LP 21 KPRl WP 2 WP MP 12 BCAACC  STRESS
"1 rsuse SEC 3412 0400 D400 0,00 GoBO  0.00 €400 2400
T peuest st 10490 000 0450 0400 0470 0400 £a0D 2400

3 PSUBTR P51 11.03 25403 35ath 48400 Te01 0430 Da00 940D
T psuAsM  PSI 327 0,00 0400 2,66 £.00 V30 5.00 0400
TS oEL P Pst se.0s 000 0G0 0400 9,00 0,00 CyD0 3408
CepEL T SEC Ga6h 0400 3400 0400 C.0D 0460 000 0,02
U7 TSUSREL  SEC 0430 ~0405 0400 =0a05 =407 0a30 3430 9400

B TSUBDT  SEC 017 0412 0407 0410 €e3D 0400 2400 2400
TP ORSUEST 6 0.00 0.06  0a0C 0,00  Ds30 0,00 0 0400
1o ASUMR & 0,00 0403 Ga00 0:90  0.00 950 7400
11 SSUBMB  ®PS] 0,00 0400  0a08 0400 0400 0,33 300 Ta3®
12 SSUBTR  €PS] 0400 000 0400 0,00  G.00 0,30 0400 3490
03 SSUST | €PST 0400 0400 000 900 Gh02 0430 220 111l
e sHase | DEG 8,00 0,00 2400 0400 €400 0400 DaD0 31400
15 DEL ST KPS ©o00 0400 0400 6.0 0103 000 000 0s83
16 SSUTR  KPSE .00 0406  0.00 0400 9400 0,03 036 a2l
Y7 vSUBA  FSEC 0.00 0,00 0400 a0 0.00  0.G0 5,42 0400
SLAM HOw 13- -— TABLE-3- DERIVED PARMMETERS -
1B VN’EL”“ FROM DEL I; OvER 70EL7T|' s OHE OvEIR RHG’ A G WREL E_GU.&LS
- 35403 FT#SEC
1% PEUBSC FROM RHO % WREL SCUARED OVER Tw€s CALTULATE} STAGNATION

PRESSURE EQUALS 9251 P51, COMPARE wWITH P5U3SMs MEASURED
STAGHATION PRESSURE
SLAM KO Uu’A »»»»» o TABLE 2 _ _
i DATA CONYERFED TO EMGINEERIHG UNITS 3 . - -
.-HD.TA;;R_.»—UNIT— vL? ;1— VH:’ 1 };P 2 HP & HP 9 HP 12 »?Uvﬂcc STRESS ~
Tl tsust SEC 3T 0130 000 0,00 0430 0ad0  Dy0O 000
; PSUBST’ 795| 17a04 0G0 Q00 U-Dq UJUO __»U.GO _ 0-0707 a.go
TS PMUETE P81 11,87 15090 24435 9.00 000 Gadd L .00
T4 PsuBSM  PSI 5.04  0.00 0400 £.00 0400 0400 0,00 0400
7;4DE-L7 ;W 77;5] :1.;0—— Su00 .90 Qa 0D Gud0 Ds00 ___D.E}O »()-GD__
TeorL T SEC 4115 0,00 0a0G 0400 2uDE 0,00 0i00 0400
7 TSUSREL  SEC 0,08 ~0,07 -0.,07  D0.00 0,80 TG0 Ca0D D00
5 TSUBDT  SEC Oplz 0110 0405  0elS 0.0 Ba00  0wOD_ Dumd
To asEST G 5,00 0,00 0100 0.0  0.00 0,00 0.2 0s00
Tl0 ASURTR 6 0400 0.00 0400 0400 0,00 0.0D 2457 000

711 s5usKB | REST 0490 0a00 0.0 0.00 Bi0D 0,00 9400 12

Tiz 55U3TR KPS 0.00 000 0,0C 0400 000 0,00 0400 2438
13 SSUST  KPSI 0.0 9,00 0.00  0.30 000 0,00 0:00 L

T la o 08 000 0,00 0400 9,00 8,00 0400 21,20
15 DEL ST  KPS1 D450  0:00 0,00 0200  0.90 040D _£a00 0.1l

T26 SSUTUM XPS] 0,00 0,00 0.0 0,00 8400 0400 2,00 1493

T11 VSUBA  FSEC 0400 0400  0.30 0400 0400 0100 9017 0100
SLAM NOs 1a--- TASLE 3~ DERIVED PARAMETERS - --

1o VREL | FRON DEL P GVER DEL T TI9ES OWE OFER A0 X Ge VAEL EOUALS

22420 FTFSEC

FROYW RO X WREL SQUARED O¥EX Tuls
PAESSLAE EQUALS 1eud  FSTa
STAGHATION PRSSSURE

LOwPans

CALLULATED ST
WITH DEUASY,

NAETION
HEASURED



-017_

SLAS MO 15

ABR

RAW DATA FEASURED FROM OSCILLOGRAPH RECORDS

TABLE 1

HP 12  30WRCC STRESS

UKIT LP 2] HP 1 HP & H® g Hp,g, .
——I—T;J'a’;_‘“m_ 1 .—1:_ 0o 0 200 0.00 040D 0a00 Q.00 000
h ;7;05‘;T -;JI—V-“;VI-OO B l;.ﬂ-o VD.OO 0600 0400 Q.00 .00 0.00
3 PSU-B—T—R OV 4l00 1280 9460 0,00 0.3 0,00 Ds00 0400
& DS_IIBS; Dli\f’ —707130 7 0.00 0,00 D.DP_ RALCR L D.00 [0}
5 DEL P DIV 23.20 Da00 0,00 D.O_D_ G0 040D 0.00 0+00
& DEL Y (L} 1a39  0.00 0,00 0400 @00 GO Qe0B D400
¥ TSUBREL MM D.;U =0106 =8.07 0,00 0,00 Cu00 Q.00 04C0
4 TSU;)T_._IN 0a06 0403 0203 0400 0,00 Q.00 Ca00 0400
-_9_ _A;Ujﬂ.s'.l'— —DTV“ ED-OD D:00  0.00 D.G_O'__ ELDE__ _©e00 11400 0400
19 .ASLIBTR_ Div 000 DnDDJDD _‘E',OOA R ¢.00 oo 2ab0 LI
_11_gu—a:a __DI\"—ETOD ._Q.DO 0_-_0_0_» 0-00__ taoo Gul0 da00 Ta30
12 SEBT.R_ E;]\f ﬂ’-OD CiC0  D.00  D0a00 000 0,00 .00 Se20
13 s5u8T JIT- 11} 0.00_0-00 ¥UnEO_ »VO-DO Lo GO0 020 10460
I L F’-H:Em ;EE_ _0_-;)‘(! kD_-UO Dl D_-OO_ Te _0.00__ Pe00 61480
15 DBEL —Svl’— oIV 0,00 0,00 0,00 0_-09 __E.DO _ Do ___Gwoo Gedl
.-.1-5—_5555;‘;4-“0;;‘—0_-0_0__;:00_ 0_-0'.3_ B0 0430 a0 Ga00 4a50
11 wSuUBA L] DpDO__ LIV Lzl Ta 0
SLAM RO. 18 e _T:!!LE }' ol .
T -Kw—n}«u MEASURED FROW OSCLLLOGRAPH RECORDS
NO_-_ AB;-.— U—N.IT“ LP 21 HF 1 CHP 2 . HP & _HP 8 HP 13 BOWACC  STRESS
—1 'i.'SL_JBE 1IN 1..12 D.G_O_ (_!.GP__ O.D_D 530 0,00 Qa0 0400
) 2 PSUBET 01V 10,30 0 U>O_~ D.'UD _o.nn G0 040D 22 Di00
3 P;lB_TRM oy 27-30 J.so__“g_.:.u UnOO___ Ge Ceb0 _ 0o 0100
Ll PS_U_E-..’:H—DIV 1.70 0,00 DA-DAU o 0s00 OO CadD Ca0 0a09
5 DEL P DIV 28.20 L Cs00
E DEL T IN 1:70 0400 _9.00 0.80  2:90 el J.00
T TSUBREL TN 0,00 ~D.05 =D,03 0_.99 0i00 G0t 0u00
& TsusDT N 005 Qa6 0403 0,00 0,00 .00 o0 (]}
_9_AS~U_575>TA~I;IGV ;.DO Qe00 Q.00 0:00 0,00 = E:UD . _8_.50 0400
10 ASUSTR DIV .00 0.00 ) Dell 9;_0(1__0:00 - »D.VDD X 2+30 Cn-OlU
11 ssuBwa DIV 0400 0W00  Qa00 0400 0,00 0,09 [ ]els] 1630
—-—IVPD-SSL;B';R_ :;I'n’ 0‘-00 2] _‘q.ucﬁ G.UE_I . oo 0,00 . AL he50
13 SSUé; N Dl\"—(hﬂo 0,00  J.00 “0.09 0.00 0:00 000 19+60
_T ;Iﬂ;E_ _né_c:_n.;o G0 _ 0«00 000 .00 0a00 0:GO 50440
) 14 DE._;T 01v 0,00 000 000 _U-GD oo 2200 Do 0e00 |
16 ‘:SS‘UBW’-!A_D‘{V O-OD— 0.00 0,30 0490 0,00 L Da00 4250
T wsuma o et 0-05‘ 0+G0

1T ¥SUBA  DX|

D0 .00

D00 0400 040D 9400

HOw 15

DATA COHVERTED T

TABLE 2

ENGIHEERING UNITS

M4 ABR UHIT P 21 HP 1 HP 2 HP & H? g _H? lz—ﬂificv
1 TSU3E SEL 2,94 D-_DU LRy e] 0.00 Q402 _ 2400
2 PSUSST PS5[ 13466 000 0400 Geco 0ite 0,00 _ Caoo
-3 PSUBTR PSL 5«04 15.10 zs.zaA i-c?;g:ﬂ}_ _AP'OQ 77&\?0
& PSUAsSH P51 100 000 000 Gye00 D.UOi »70.00 G-qﬂ_
5 DEL PS[ 35,53 Q.00 0,00 0400 LIl __O.00 Soa
7:DEE —T—ﬁ_ SEC 73.9—7 0:00 0,00  0.00 0,00 0,08 0.00
T TSUBREL  SEC 0400 =015 =017 0400 D400 0.00 D-UOV
- L} TS’JI;DT *-SEC 0ulh  Qa07 0407 000 o.00 0,00 L
- _9— lS[Jl;S;—W*L;__ 6.00 >‘0-007— :E Te00 GO0 0e00 0181
"1;1'5];““ “G i oi.uﬁof 0.—0.0— _D-DD D00 0D 0,00 Qe 26
—vi_l 55USWE 7—KP5] 0.06 0e0C (00  0.00 0,00 Gi00 ®od
__;Z 55USTR KPSt 0.0; 0800 D00 (a0 e 00 G0
13 s5unT KPSl 0400  0.00 0400 Da00 0400 000 000
:;‘P;ﬂ;{» —DEG 000 B 0400 0400  0a00 RALL 1 0.00
_; D?.—-ST _—-K—F;;I_ 004 .;hUU Q00 Tad0 D493 0.00 0a00
T_SSUENH KF;SI-M:.DO 0400 0,00 0400 0430 Q.00 Qa00
17 \";U!v!— FSEE”O.UO Qad7 0400 0,00 3,03 LD TiEQ

5‘“155»57
000 _
a6
01007
D100

D.00

D00

_o0n
E‘-AOU_
000
I'.‘n[.‘O’ ~
2402 _
l;ﬁﬁ =
2499

6T«B0 .
Gallt
1124

009

SLAM Hda 15— TABLE 3  DERIVED PARAMETEARS - T
18 VvﬂiEL - FRDH‘ DEL P OVE—‘! IJE:‘;_ T[VES: 70!\‘2 E\-‘;R ;r;:(”ﬁ;—vhlEL' ECI.-‘M..;
1%.%8 FI/SEC
19 PSUASC  FROM RMD X WREL SIUARED OVER TwO: CALCULATED STAGHATICN
- PRESSURE EQUALS 2477 P5le COMPARE WITH FSUD3¥s MEASURED
STAGKAT [ONh PRESSUSE
_ StAM N ls L TABLE 2 DT
DATA COHVERTED TO EYSTIREER[NG UKITS

NOs  AER ULIT LP 21 HP 1 HP 2 HP & Hlii b7 12 :pE Lt STRESS

1 TsUME SEC 2480 G0 0.00 0.00 [+ Q.00 G490 00

2 PSUBST P51 12437 0.00 OIOQ_. 0u0d _ﬂ_:G-ﬁ L 200 0

3 PSUBTR PST  248% 12171 25,19 = 0400 U-_CO_J.OO__ 000 deoe

4 PSUBSH PST Zelt 0,00 D00 000 0,00 C.C0 00 0e00

;s vOEE. P P51 25453 0400 0402  Gu00 9,00 200 9sG0 0.00

4 DEL T SEC  4w2s CeO0 000 _G-DCI eI} D-.OU h D400 Qa9

T TSUAREL  SEC 0400 =0sl2 =0.07 9.00 [(Nd] 00 Qa00 Qa0

!_TS-IJBD'I' };EC Cal2 030 0.07 .00 0,08 .00 el [1Y: ]

9 ASUEAST G .30 000 0403 0400 0a00 [} Y1} Qw00
MTO—HSUBTR G De00 D.00  D.00 0 2420 Cc_UO 0al7 0v00_

11 55URWB  XPST 0400 D400 0490 QW00 O-CE .00 - D}_OD 4151

12 $SUBTR KFSI. De0C 000 O-O_U i _ﬂ.OD _ G0 R G0l Qe 1-2“1“

13 SSURT KPFST  Ga9¢ 0400 2400 0400 0a0¢ a0l [Lpile) Sel5
>_14 PHASEH ’ DEG 0400 0400 0400 0400 0400 U.co a0l S0460
*_1_5_[;E_L ;‘;'TP’;I——NQ-.OG_‘ 0.00—0-03 9530 3,20 2.00 0400 000
7T6.—S_SU:WP>I_“KP;I ;.0—0_0.(:0 Qal0  CaZ0 Qad0 De00 Ds20 le2s
__I:.\‘ USUBAi 7FSLC 0425 Q0 0400  Gu00 040D D.00 el 0400

DERTWED PARAMETCRS

1y FROM OEL P DVER DEL T
- §8»59 FR/SE
FAQM 342 X wASL SCUARED OVER Tl

19 BSLAsSC

- ERESSURE EQUALS
STAGHATECN PRESSURE

2s42 P5la

TIMES OHE Qv

RHD X Gu WSIL EQUALS

CALCJULATED ETASNATION

COYPAIE WITH PSUASHe MEASUAED



_'[17_

SLAMA HO. 17 TABLE 2

DATA CCHVERTED TO ENGINEERING UNITS

HOs  ABR UMIT LP 21 HP 1 KP 2 HP & HP ® HP 12  BOWALC  STRESS

- e e = e - 1 TSUBE SEC 2437 0,00 0480 D480 040D 0400 0.0 .00
SLAM HOa4 17 TABLE 1 T T T T - - - oo .
- - ————————— — —— T s s e e 2 P5uUBST PS1 1978 000 DeCO 000 0«00 Qa0 D00 000
RAW DATA MEASURED FROM O5CILLOGRAPH RECORDS ” - oo
L S T - - 3 PSUBTR  PS 18439 30429 40473 39450 9 .00 0100 0200
HOy  ABR UR]IT LP 21 HP 1 ne 2 HP & hP % HP 12 BOWACC STRESS B -t T T T T, T - - B T T
e — —_—— - - - —— - - - - - 4 PoyasM PEI 2414 0,00 GO0 0.00 . 0,00 Q.00 0. 00 Ce00
1 OTSUBE [N 1435 0,00 0400 0400 0,00 0400 2,00 0.00 —— e T - - -
N L L L 4 LTI i 5 DEL P PSI 68476 000 0400 0,00 0400 0400 0ico 2400
2 PSUBST DIV 15.70 D0 Q00 Ol 1Y) Ga00 0a0% 0sl0 - .7 T ST T T s s T -
- PRt R g -t - 6 DEL T SEC 3.09 0400 -0.00 0,00 0,00 0,00 .00 0,00
3 PSUBTR DIV 19460  3:80 15420  7:90 2410 0400 008 8400 T -
el e - e - T YSURREL  SEC 0uDO =007 ~0402 0405 =0u15 D200 ge0D 0a00
4 PSUBSM DI¥  LiT0 0400 0400 D0.00 0e00 0400 0400 400 - —— = s
- L L 4 ST, it ® TSUBDT  BEC 0412 0408 0.2  0s32 0.7 0,00 au00 0400
5 DEL P DIV 38470 Ga0D 0403 0400 0400 400 .00 e = - e
———— ———— ——— — —_ . - - 9 ASURST [} [y Ga00 Q.00 ©.00 Qe00 [ 1Y) 1407 1Y l+]
& DEL T N 1:246  2u00 0400 0,00 DaOD 0400 000 00 T Tt T T T e T - T : -
N 10 ASUSTR G 0uB0 0,00 0,00 0,80  0.00 D400 0440 0100
7 TSUBREL TN 0400 =0u03 =0,01 De0Z =0.08 0,00 5400 0,00 St e ——o e oo e o o S
LIV ot Ot BRI i - 11 SSUBME  KPS[ ©0.00 0400 0400 0400 000 0,00 2,00 2a08
8 TSUSDT 1IN Da0S  £a02 0403 0e0% 003 D00 .00 a0 -= e -
ALt S LS e S S g L S e - 12 SSUBTR KPS 0,00 00 0,00 0.00 a0 0.0 0,00 5,34
9 ASUBST DIV 0,00  0u00 0,00 0400 0400 D400 18430 0,00 e e ——e—e—ems — - o o -
pad B R — 13 S5U%T  KPSI 0100 0,00 0,00 0u00 0430 0400 0.00 12,24
10 ASUBTR DIV 0,00 0400  0.00  0a00 0,00 0,00 5450 2,00 e e e e s - -
Al p— - - - 14 PHASE DEG .00 0,00 D400 .00 0,00 0,00 0,00 27,90
11 SSUBMB DIV 0400 0400 .00 0400 0400 000 28420 - e - -
—_—————e———— —— - s e = s s i Il - 15 DEL 5T KP5]  D.00 Qa00 Ge 00 D400 0.0 Q.00 00D letr®
12 SSUBTR DIV 0,90 0,00 0,00 0,00 0,00 0,00 0400 19,20 - -
e e PR T g 16 SSUBWH KPS| 0400 0.00 DaD0 0400 €400 0400 0.0 5a28
13 S5UBT  91¥  0a00 0,00 0,00 0,00 DCG 400 0400 b4 e20 D - - - o h
J TR A e T oL B L b 17 vSUBA  FSEC 0400 0400 Da00 0100 0,00 000 7220 sa00
T4 PHASE DEG 0,00 0,00 0.00 0.00 0,00 0,90 0400 32,00 — s e o STt .
15 DEL 5T OI¥  ©0:30 000 0400 ©0.00 0400 0400 0400 $h40  T7 SLAMADL 17— TASLE 30 OERIVED PARRMETERS === =
W [ 1] 0,00 T CoTTT T St - - A — o -
1o SSUBMM DRIV 0409 0uD0  0MG 5,00 0u00 0.00__ O 15400 18 YREL  FROM DEL P OVER DEL T TIMF5 ONE OVER RKD X G« VREL EQUALS
— o 35,17 FT/SEC -
17 vsuak  DX1  0.60_ 0.00  8.00  0eG0 0400 0e00 ezl os08 15 PSUSSC FROM R0 % VREL STUARECAOVER TWO» CALCULATED STAGHATION
—- PRESSURE EQUALS 3458 PRSI COMPARE WITH PSUBSM) MEASURED
STAGHATLON PRESSURE .
SLAM KDe 1B ATASLE 2 e N -
SLAM NO. 18 TASLE 1 . _ bavs CONVERTED YO ENSINTERING UMITS . —
RAW DATA MEASURED FROY DSCILLOGRAPH RECORDS ROy AR WMIT LR 21 WP L HP 2 WP G KPS HP 12 BOWACE - STRESS
40« ABR WNIT LP 21 HP I WP 2 WP & WP § WP 12  BOWACC  STRESS 1Tspac SEC 2e%7 0400 0a00 0400 0:00 0400 0s00 - 0eG0
L OTSUBE  IN L9 0,00 0,00 0,00 9,00 0409 .00 94080 2 PSUBsT  PSI 1849C 0100 0400 0a00 D400 0,00 0.03 8400
"2 PSUBST DIV 15400 0400 000 0400 0,00 0,00 0,00 gjnp _ SPSUITR PSI 3418 33400 3723 8450 0u80 000 0430 &89
3 PSUBTR DIV 4el0 3490 1350 1,70 0400 0400 0400 0.00 4 PSUBSH  PS1 1483 0400  0:00 0400 000 0,00 0e00 .02
<
4 PSUBSH DIV 1,30 0,00 G50  0.80 0,00 0,00 0490 0400 5 DEL P PST %1483  Da03 0400 0400  €u00 0400 0:09  0.00
s OEL P D1v 33020 0.00 .00 5.00 0400 0,00 9100 .00 & DEL 7 SEC 3480 0400 0400  ©0:00  0a00 0400 [ 0.00
e oEL T 1n 1.52 0,00 oe08 0.0  0.00 .00 av00 au50 7 TSUBREL  SEC 0,00 =0a15 ~0.15 =0:22 0400 0,080 Gion 300
7 OTSUBREL 1N 0400 =0.06 =005 =0409 0,00 0400 0.00  0.00 B TSUSDT  SEC 0d13  0.05  0.07 0400 0400 0.00 020  o.08
8 TSUSDT IN 0406 Q.02 Qa03 0400  0a03 0490 0.90 0400 o ASUBST G 0:50 0430 0400 9.00 .20 0,00 QeS8 0e20
9 ASUBST DI¥ 0400 0,00 ©0a03  0.00  Co00 0,00  13.40 .00 10 OASUBTR 6 0a00  0.0¢ 0490 D100 000 0u00 0438 000
10 ASUBTH DI¥ 0900  0u00 0400  0s00  Gu00  0e00 120 0000 11 SSUBME  KRSE 0100  Qa00 0,00 Q:00 Q400 0,00 .00 Te2a
11 SSUBWE DIV 0400  CuB0 2400 0400  0e00 0,00 0400 25.60 12 SSYBTR  KPST 0,00 0400 0,00 0.0¢ 0400 0,90 2400 Lan?
12 SSUBTR DI¥  0.00  0.00 0:00 0,00 0.00 0400  0:00 5,40 13 SSUBT  XPSI 0.0 0400 0400 0eG8_ D000 L0400 0400 B30
13 SSUST BTV 0400  0uD0 0400 CaD3 G400 0,00 000 30400 14 PHASE DES 0.0¢ * 0200 0+00 0420 9.00 0490 25:00
14 PHASE  OE4  ©.00 0402 000 Ca00 0430  0u00 000 25400 I5 DEL ST KPS1 0,00  0.00 0400 0400 0.00 fe00  0e30_
15 DEL ST 3I¥  0.00 0400 0400 0aD0  0.00 0400 .00 l.10 16 S5usWn  KPSi 0400 0,00 .00 0400 0.00 0400 1r81
16 SSUBWH DIV 0,00  0:00 0400 2.09 0400 000 0400 s5i1p 1T VEUBA  FSEC 0400 0400 0400 0uBD D000 0.00 8199 000
ELAM-MO4 18 - TABLE-3 - DERIVED PARAMETERS — —— .- T T TTT
17 ¥SIEA DXl 0400  0.00 0409 0,00 0.0 0400 1a51 0.00

18 ¥REL FQOHM DEL P OYER DEL T TIMES OME OVER RHO X G VREL EQUALS
——  -— - 2481 FIFSEC N - - . - - -
1% PEUBSC FAGM RAID ¥ YREL SOUARED OVEIR ThDy CALCULAIED 5TAGHATION

-— — - -~ - PRESSURE EQUALS 4a20 PS[e COMPARE WITH PSUBSMe KEASUAZD
STAGHAT [O4 PRESSURE




“gh=

SLAM NI 19 TABLE 2

DATS JONVERTED TO ENGINSERIKG UNITS

_ oL . UNIT kP 21 WP 1 WP 2 WP & HP 9 HP 12 BOWACC  STRESS
S NEe 19 L . SEC 2230 04DT 0400 €100 0400 9400 030 poC
B (AW DATA MIASURED FROU SCIttOsRsPw RECOTDS 7 PSURST  PSE 313406 0400 0,00  £400  0u0d  0uDD 000 0100
MO+ AR UNIT LR 2L RPL MR Z WP s HP 3 4R 12 BOMACC  STAESS 3 PSUBTR  PST 5406 23405 000 0400 000 0400 0.00 0ac0
_ B TSWRE 1N DeS2 Da0 0408 0408 0400 0400 @100 €400 T Lpgussy psp 2,77 0400 0e00  0e00 000 0e00 0,00 0,00
2 PSUIST OR¥ 11,00 0400 GaDD 0400 CaBd 0400 OD0 0400 s DEL P PS] 35,78 D.00 - 0,00 0a00 " 0,00 0a00 0400 0100
3 PSUBTR DY 4.00 2450 0400 Q.00 000 0.00  0uD0 0,00 T oEL T SEC 5105 0,00 . 0400 0200 0200 0.00 000 0e00
_ b PSUISM PIV  2.20 0420 0400 400 000 0430 000 .00 T TSUSAEL T SEC 0,00 <0410 0,00  0.00 0,00 0,00 0,00 0,00
5 PEL P DIV 28:4C 0400, 0400 0400 0400 - 0400 0400 oo 8 TSueDT SEC 0,17 0405 0,00 0400 0400 0,00 Cv00 0440
S DELT I 1462 0400 0400 0400 D49 0400 0400 0400 5 AsuesT 6 0.0D  D.D0 0,00  2.00° 000 0,00 275 0.00
T_TSUSREL Ik Be90 =0u04 Q400 0,00 0,00 Gea0  0.00 980 10 ASUSTR G 0uDD 0i00 D400 0400 0400 0400 .07 "~
8 TSUSBT i 0407 Du32 0403 0400 9490 0,00 930 0420 11 SSUSHB  KPST 0400 _0a00  ©0.00 0400 0400 0400 0.00 2485
9 ASUIST DIV 9400 0407 .05 3400 5400 0,00 10420 G001z 5SUBTR  KPST 0400 0400 0403 0400  0sC0  0a00 0,00 0.6
(19 ASUSTR DIV 000 0400 0409 0400 0400 0400 1498 BiO8 3 goiar  kPS) 0000 0.00 000  0:00 0,006 0e00 0.00 ENTY
(11 SSLRWS Orv  0u99  0.00 0000 C4DB  0uG3 0,00 0e20 20,30 14 PHASE DEG 0400 0100 5,00  0.00 Q.00 0,00 .00 ~52.00
12 SSLATR opv  Da0C  0.00 0400 GO0  05a0D 0400 9400 Z:50 15 DEL ST KPS| 0400 0,00 0,00 0:00 0400 0,00 0400 5433
(13 SSUST DIV 5u03  GuZ0 040G Ju0D 0409 0400 0400 12059 g gopman KPS| 0400  0:0C 0400 0100 £:00  0s00 0400 049
_ L& PHASE DE6 0400 000 0,00 0a00 0400 0400 0400  ~52.00 17 VSUSA  FSEC 0400 0400 0400 0400  QaD0 0400 4esB 0,00
15 OEL ST Biv  C.08  0.00 010 9.6d  Gu0G 120 elau-ntay TASLE-3—DERIVED PARAMETERS
16 SSUBMR D1v G400 0,00 0400 0,00 0400 0,00 0u00 1,80
—:13 7\:5%5;;__ nﬂx:"/ui.ranﬁ 0000 0400 0,80 2400 0,00 017 gepo __ 8 ¥R ForasTEh B OWER DEL T TiWIs GME DVER RHO R Or VAEL EQUALS
19 PSU3SL  FRIMY PHS N wREL SOUARED DVER Twdi  CALCULATED STAGMATIGH
-  ——————- PRESSUSE EZCUALS 2478 PSl. “COMPARE W1TH PSUBSMs MEASURED
STEIMATION PRESSURE
sLas 80, 20 TABLE 1 SLAM WO, 20 _ TaRLE 2 -
Rin BATA MEASURED £ROM osciLtocmam Recoros DATA COMVERTED Ta ENSIMEEAING UNITS
T hee AR Uit P2l mr1 Wz me e we o mp 12 sowacc smeess _ POT A WNIT P2 W1 w2 wpo weg w2 BOnACC  STRESS
Ty Ttsuar an owsz 0e00 oioo 00 taon 6.0 6000 000 1 Tsuag S£C 230 0400 3400 0400 9,08 0,00 2,00 oo
BIv 5.80 o 00 ;I;;-:‘;O"W';‘c;*"_ﬂ‘go ;t;.on B PSUSST  PSI 12436 D400 0000 0400 0,08 0,00 o008 000
3 PSUSFRi_D_.i\T 6430 1,40 s:o— o.-aaﬁ 7o.aAu> 0400 N koi.on u.uov 3 PSU3TAR P51 7492 11412 23.04 0400 D.00 0400 Gut0 0.00
4 PSUSSY DIv  2.60 MOA.éo-‘)Z;nhg.;;_'>;gm;n ouoe A PSUSSH  PSI 3427 0.00 0,00  0.00 0400 Ge0D 0.0 0400
T BEL P biv 23.40  oeon 0000 000 0.0 000 deo0 0400 5 DEL P PSI 42408 0400  0.00  0o00  0a00  0a00 9400 0400
TUW OEL T Ik 2.27 ouwe 008 o.08  a.co 0u00 oan  a.oo 8 DEL T S5C Bu55 0400 0400 000 0,00 0,00 0.00. 008
T TSUBREL IN 0.00 ~0406 ~0s05 000  0:00 1,00 4000 u.;;‘ 7 TSUBREL  SEC 0400 =0425 =015 0,00 0400 0,00 [ PT:] 000
Ty Tsusor ‘E";‘_}T‘;; _ﬁaz_?;; 0e0D “;"a:‘_‘;;; (‘:.o;' B TSUBDT SEC 0417 0407 0,07 0400 Q.00 2400 0100 0400
T8 asuEST OIv 0,00 0100 0108 .20 Cs0C 9,00 Teeo Baoe ® Asuest G 000 0.00 0400 040G €400 2e00 o157 9400
19 ASUITR DIV 0.00 0.0 0400 0,00  0.00 0,00 2070 oroq MASMIR G 0400 0000 0409 0u00 0,00 0400 Qu1% 000
IOSSUBN 01 0400 0,00 0400 000 . 0e00 000 0100 11s00 1 SSUBMS  KPSI ©.00 0400 .00 0.00 0:03 0,00 0.00 204
12 SSUSTR 61¢ 0,00 0,00 @408 0,06 0.00  ouos  ouso 2u90 12 S5U3TR  KPST 0400 0400 0,00  0aD0 0400 0400 0100 Q.80
"1 SSUBT  biv 0,00 0u00 0400 0,00 0100 0400 000 gzarc 12 SSUET KPS 0400 0400 0400 0400  0:00 .00 0400 235
" 1e PHasE D5 0.00  GuoD 70000 900 0090 0uoe 0406 20.10 14 PHASE  DEG 0400 0400 0400 .00 0400 0,00 0u00 20410
15 DEL ST Dfv  0.00 0,00 9:00 0,00 3408 000 0w20 0:&0 15 DEL ST KPSI 0.00 0400 0400 0.00 0,00 0400 Ga20 100
16 SSUBWH DIv 0.0 000 0.0 000 0500 0o 000 2o 16 SSURWH  KPST 0400 0400 0,00 0.00 0,00 0400 0.¢0 9,88
T OVSUBA  DXI 000 0ubD 0.0  8e00 oo oo oua . 17 ¥SUBA  FSEC 0400 0400 0400 €400 0400 0400 313 0400

= SLAM-NOy—20- ——TABLE 3 —DERIVED PARAMETER

I8 WREL FROY OEL & OVER GEL T
—————————— 169y FISRET . -
1% REURSCT  FROM &MG X Y2EL SDURED QVER TWds CALCULATED ETAGNAT 1OK
TT——— PRESSURE EQUALS - 1199 P51, —COVPARE WITH FSUSEY " MEASURED

STACHATION FRESSURE

TIMES QHE OWER AND X G WRE

ESuaLS




_E-i?n

suas HOy 7. Tasie 2

DATL COMYERTED T8 ENGIHEERTNG UNITS

Hda A2R UNIT LP 21 [ HA 2 HP B HF 9 HP 12 BORALC STRESS

_ S w02t o TAmME . . _b Tsuse SEC 3420 0400 0a00 0400 000 0,00 2400 2200
RAM DATA MEASURED FROM CSCILLOGRARM RECORDS 2 PRUEST F5[ 17101 7c~.n‘odtaioio:cc:w oi.-o;_—:.e—a_Ao.noi> 7(;.';0 }
w3s AsA VALT LP 21 191 WP 2 HPE MR O MP 13 ﬂeoucc STRESS | 3 P5UBTR P51 4ef6 10433 36479 2,00 0400 [ 4] Gea0 000
___I_WTSLJBi; ;114 *1'2? »n:un *ULO‘L> °."l°,_ _nﬁ.a_o _ 9,00 _0s00 000 & P5UasM Ps1 1478 D400 0.30 Qa00 Gald 0200 0,00 ﬁ
2 PSUBST DIV 13450 0400 0200 0400 0400 0,00 Ga00 000 L QEL P PSI 4Bad3  0u00 0400 Q.00 0,00 9,09 0aC0 0400
© 3 PSUSTR DIV 3470 1430 10,08 0,00 0400 & DEL T STE 4450 040D 0400 0,00 0,00 0400 0,00 0400 -
4 GPSUBSM DIV 14D 000 0,00 0400 000 G000 0,00 7 TSUSREL SC 0,00 =0415 -0.15 0,00 0,00 G400 008 G20
5 DELP DIV 38.60 0,00 000 0,00 0400 0,400 0.00 Ga00 » TsURDT SEC 0415  0.00 0,12 0,00 2,00 G400 2.00 0,00
& BELT 1w L0 0,00 0.00 0,00 3,00 .00 0,00 4 ASUBST G 0400  0a00 0430 0,00 0,00 D400 0,73 0450
7 TSUBREL IN 0400 -0.06 =0.06 0.00 0.00 0,00 00 0,00 10 ASUBTR G 0s00  0r00 0490 Gedd  0uBO 0.00 0434 é.nn
»usgr_:‘yr‘m» 70.35 n._nu »o.os Q.00 __9,'“9 0400 0.@0*_ . 0403 11 sSuawy XFSI  Ch00 Q.00 Q400 0800 000G 0u00 0400 523
_ 8 ASUBST DIV 0430 0400 0.00 0400 0400 0400 10400 GeCd 12 S5UBTR  KPS] 0,00 0400 0,00 $u00 0,00 Ga00 G400 1146

10 ASUBTR OIV 0409 0400 0400 0400  0e00 0400 580 2400 13 SSURT  KPSI 0400 0400 0400 a0 0403 0,00 2.00 6128
1L SSUEWS DI¥ 0400 0400 0400 0400 000  0u00 0:00 13490 14 PHASE DEG 0400  0M00 0400  0u30  GeB0 0,00 0100 2270
12 SSUBTR DIY 0,00 0,00 0400 0100 000 0400 2,00 5430 15 DEL 5T KPSI 0400  0.00 0.00 0400  0:00 0400 000 0.61
330 BSURT DIV 0,00 0400 0400  0:00 000 0,00 900 22470 16 SSUBWH  KPSI 0400  Gi00 0,00 0,00  0:0¢ 0400 0.a0 1,27
16 PHASE  BEG 0400 0400 0a00 0,00 040 0400 0009 22470 17 VSUBA  FSEC Qu00  0a00 0400  GaC0  Gu00 0000 6343 0100
15 DEL ST DIV 0400 Q.00 000 0,00 0400 0,00 Gs00 1e50 TTELAM ROr2y TABLET3—DERIVED PARAMETIAS— —
16  Ss5u8xH OV 0.00 Q.00 T GO o

AL : 00 B2 9400 0.08 0P 430 480 18 VATL  FRO OEL P OVER OEL T TIMES OGE OVER ReO X G VREL EQUALS
1T OVSUBE  DXT 0400 Qa0 0,00 GuO0 0400 0.0 a8 T pevarTdel FISSEC - e o e oo R

(BT ¥RUBR O DMD 0.00  9e00  0u0G C. 2190 0 L3d o0 19 PSUISE FROM RKO X VREL SQUARED GVER Thos CALCULATED 55AGNATION
E EQUALS — 4405 PS1a~ COUPARE WITH-PSUBSMs MEASYRED
- - - AT IOH PRESSUSE
stAad MO, 22 TABLE 2

SLAM HDe 22 TABLT 1 ——— .
T i me DATA CONVERTED TO ENGIREERING UALTS

RAW DATA MEASURED FROM DSCILLOGRA®H RECORDS

hGs  AZR USIT LP 21 WP 1 HR 2  ¥P 5 HP 9 HP 12 BOWACC  STRESS

KOw  AZR UNIE LP 21 MP 1 HP 2 FP 5 MP 9 HP 1% BOWAZC  STRESS

CTTTT 1 Tsuse SEC Za50 D400 Q00 9.90 £420 DaGe 0500 [
1 TSUBE TN 1400 0400 0400 0400 0D 0,00 0400 0400 o
o - - 2 PSUBST PST 12427 0a00 0400 0.00  0.00 0.G0 0,00 0400
2 PSUBST DIV 10450 0400 0,00 0,00 000  0.00 0400 0400 -
o o 3 PSUBTR PST Bah2 11492 32089 0.0C Q.00 0,00 000 0400
3 PSURTR DIV 5e10 1450 12420 0400 0400 0,00 0400 Ga00
4 PSUBSY  PST 1476 0400 0.0C  0a00  0.00 0400 0100 2499
WOPSUBSY DIV l.A0 0.00 0,00 9,00 0,00 0,00 0,00 8400
o 5 DEL P P51 35403 0,00 0,00 0.0  0.00 0,09 €100 0400
5 DEL P DIY 28460 0400 0,00 0400 000 0,00 000 0400 * ! ’ . . : : .
o & DEL 1 € 5427 0.00 0,00 0,00 0,00 0,00 Q.00 0400
6 DEL T Ik Za1l 8,80 0,00 0,00  0.00 0,00 000 0400 i SE . ! ' ! : . ! !
- 7 TSURAE B¢ .00 - -3 0.50 0.00 0400 Q400 9400
T TSUBREL IR 0400 =005 =005 0,00 0,00 0,00 0400 0400 Lo 2 9132 +12 ' : . ' PR,
@ o 00
B TSUBDT N 0u06  OuD&  0s04 0400 0400 0,00 0400 0,00 $UISUBDT  SEC 0415 0410  0i10  0.00 0400 9.0 0.9 hll
¢ ASUBST G 0.0 9 2.00  0.00 000 0uBO 0165 0400
9 ASUBST DMV 0400  0u00 0400 0,00 0400 0400 8490 0400 8 . 9.0 ' ' : . . :
N 10 Asusta 6 0400  0s00 0,00 0uN0 0400 0,00 026 0400
30 ASUBTR DIV 0400 0u00 0400 G400 Qu00  Du0D 3480 900
. S5UBW8 KPS Q00 Q400 Q.00 LirYele] 2490 000 Q400 5a95
11 SSUBWS DIV 0400 0400 5,00 0400 0.00  0u00 0400 21.5% 1 o 0 ' - : * : L
12 SSUBTR  KPSL 0400 000 0,00 0400 0400 0,00 0400 Tews
12 SSUBTR DIV 0400  0u03 0,00 0.00 000 0,00 2400 5ail st 9. ! ! * ! ' . .
13 SSUBF  KPSE 0,00 Q00  0:00  0s00 0400 0400 0,00 6459
13 55U8T DIV 0400 0e00 0,08  0:00 0400  0u00 0400 23480 st o . ' : : * ) S
T 14 PHASE DEG 0400  0.00 0,00 " 0,00 0,90 [} 0,00 75480
14 PHASE  DEG 0400 0400 0400 0400 0,00  0.00 0400 25.30 -
o 15 DEL ST KPS[ 000 0400 000 000 0400 002 0400 0,00
15 DEL 5T DIV 0400 000  D0.00 Cu00 0,00 0400 0500 0400 P - —
14 S5UBWH KPS[ .00 Q.00 0.90 020 000 000 000 1439
16 S5U0WH DIV 0430 Ce0D 000 GWO0 Q.00 002 Cae00 fa 70 -
3T VSUDA  FSEC 0400 0,00 0.09 0000 0400 0.03 6125 0.00
17T VSUBA  DX] 0400 0400 0G0 0u00 0400 0400 1408 0400
- SLAM-NOs -22 ——TABLE-3——DERIVED™ PARAMETERS

16 WREL FROY DEL P GVER

————-— 15427 FT1/5E¢

19 PSUBSC FROY RHO X NPEL SOUARED OVER Taulr CALCULATED STAGHATIOHK

= T ——PRESSURE E20ALS ~te61 PSIe CDYOLRE WITH PSUASKs HEASURED
STAGHAT[CH PRESSUAE

L T TIMES QRE OVER RHO & Gy VREL EQUALS




_-V-b_

SLAY KO, 23

T.!ELAE

2

DATS CONVERTED 1O

EXGIREERING UMITS

ASR

UNIT LP 21 WP L WP 2 MR g WP HP 12 BOWACC  STRESS
SLAM KO 23 TASLE 1 1 TsuaE SEC 3400 0.00 0400 0430 0400 000 2.00 2400
RAW DATAR MEASURED FROM OSC[LLOSRAPH RECDADS 2 psuBsT P51 16427 0.00 0400 Qa00 1124 0,90 0«00 Cw00
w T - - - T .
NG+ ADR  URIT P21 WPl WP 2 WP G BP 3 WP 2  BORACC  STRESS 3 PSUSTR  PSE 10a45 13492 35,64 37400 9475 0u00 0400 000
1 T5uBE 1K 1420 0,00 D400 Ged0 0,00 0200 0el0 Q400 4 PSUISH PSL 302 0400 0400 0490 9,00 0,00 300 0.00
— -
2 PSUBST DIV 14¢50  0a00 D400  0u00 0,00  0.00 430 ca00 3 DEL B PST 48451 0400  0a00  0.30 0,90 0,00 8,00 9,00
3 PSUSTR OIV 8430 1450 130306 7,40 2650 0,00 0400 0400 & DEL T SEC 3475 0u00 0400 0430 0,00 0400 0,00 9,00
4 PSUBSM DIV 2,40 0,00  0.00  0.00° 0,00 0,00 0400 0400 7 TSUSREL  SEC 000 ~0u17 =0417 —0u15 =2415 0,00 0.0 0400
3 DEL P DIV 28450 0400 0,00 0.DD 0,00 0,00 2.00 0,00 8 TSUBDT  SEC ©0a20  Oul2z  Gel2  Gal2  Oelz 0,00 2,00 0400
& DEL T I 150 0aB0 0400 000  0.00 0,00 0400 0.00 8 AsURST S 0400 0400 0409 0:00 G400 Da00 2.98 T
7 TSUBREL TN 0400 =0.07 =0:07 =006 ~0u06 0,00 040D 0400 10 ASUBTR G 000 0,00 D.00  0.00 0,00 0,00 lezs o0
£ TSUBDT IN  0u08  DuBS 0405  0uD5 0405 0,00 .00 9400 11 SSUSWE  KPST 0400 0400 0,00 Q.00 0430  0e00 3400 6252
§ ASUBST DIV 0s00  0w00 0400 Ge00  0.00 000 13.30 0400 12 SSUBTR  KPET  0.00 G090 0400  Cu00 0400 o0 0400 3460
10 ASUBTR DIV 0400 0200 0,00 0u00 0,00 0,00 16480 2400 13 SSURT  KPST 0490  Ge00 0400 0400  0u00 0400 0:00 10419
1l OSSUBWE BIV 0400 0400 0400 0430 0a00 0,00 0400 22,90 Li PHASE OEG DM00  Da0D  0.00  0.00  0.00 0,00 2400 25410
12 SSUBTR DIV 0400  fhG0 0400 GuD0  0.00 Q400 Q.00 12.90 15 DEL ST KPSI 000 0400  0.00 0,00 000 0450 Ja0G 1e38
13 SSUBT DIV 000 Q.00 0,00 G400 0,00 U400 Q.00 35480 J6 SSUBWH KPS 0400 0400 0,00 0,0C 0,00 0400 020 3473
16 PHRSE  DEG  Dad0 .00 0400 Gu0O 0400 0400 0400 25,10 17 VSUBA - FSEC 0400 0100 0,30 0400 9400 0400  11e67 3,00
13 0EL ST DIV D0.00 0,00 0400 0,00 0,00  0a00 0.00 5209 . s noe—ts ABLE - 3— DERIVED PARRVETER
16 SSUBWH DIV 0,00 Qs03 0400 0u00  0.00 0400 0.90 13,50
RE FROM DEL P OWER DEL T HE3 ONZ QVEPR AMO & Gy VREL EQUALS
17 VSUBA  DXI 0400 0s00 0,00 0400 0400 0400 1e96 000 VB VREL | DR0h 0N S OVER DEL T TIMES OME QVER RMO R Gi WREL ESuals
19 PSUASC FROM R40 X wAEL SOUARSO OVER TwOy CALCULATED STAGKAY [Q%
L T PREssuRE EcudL 5482 PS1.— COMPARE WITH SSUBSM: MEASUAED
STAGHATION FRSESSURE
SLAM 3. 26 TAOLE 2
AM ND. 24 TABLE 1 e T
3 * DATA COMVERTED TO ENGINEERING UNITS
RAW DATA MEASURED FROY O5CILLOGRAPH RECORDS
— HOs  AOR UKTT LP 21 HP L HP 2 kP & HP g HP 12 BOWACT STRESS
KOs AS%  UNLT LP 2L HP 1 WP 2 MR S WP 3 HP 12  BOWACC  STAESS ——— — — - —= -
=1 Tsues SEC 2497 0400 0430 0.3 0g00  Da00 9,00 .00
1 OTSUSE  IN 1419 0400 0,00 0000 000 0,00 2400 0400 -
plaiell - 2 PSUSST  PS1 16430 0400 040D 000 0,00 0400 0,00 8,00
PSUBST OIv 13410 0:00 0:0C 0480 0400 0400 0400 0430
2 hd ! ! _— Y3 PSUBTR  PSI 7,18 23485 56454 0400 0,00 0400 0.60 .00
3 PSUSTR DIV 5a70 3,00 21,10  GeD0 0400 0,00 0,60 8,00
4 PSUISM  PSI 4403 0.00 0400  0.00 0,00 000 0400 0400
M 3,20 Ca00 0400  0a00  0.00 0,00 0s00 0490
4 FPsussM o1v 3. ! ! : : ! » pEL P PSI 42456  Ca00 | 0,00 Q.00 0.0 0,00 8,00 0e00
BEL P DIV 33270 0400  0:00 0a03 G400 0,00 .90 2400
i ! * d : —— & OEL T SEC 5405 000 0,00 0,00 0,00 0,00 0,00 0,00
BEL T IN 2402  0.00 0s00 ©u00  0s00 0409 0:00 0,00
hd ! hd d t * T TSUBREL  SEC 0s00 =410 =0412  0u00  0a00 0400 0,00 0400
T TSUBREL TN 0a00 =004 =0,05 0402 0,00 0,00 0,00 2400
SUBREL 1 ' : ! : ! : B TSUSDT  SEC 0a20 007  Oel0 0400  0.00  0.00 0400 0400
TSUBDT IN W08 0403 040k 0a00 G400 0,00 3,00 8,00
s 1 ! t : : 9 AsuBsT G Ba00 0400 Qa0 0400 0uB0 8400 9161 020
5 ASUNST IV 0,00 0400 0,00 0,80 000 0,00 11,00 2,00
! hd d . : = 19 ASUMTR 6 0a00  0.00 9400 0480 0,00 0.00 0144 2h00
10 ASUBTR IV 0a00 6,00 0.00 ©0.00 €00 0400 6400 200
1} S3UBWB  ¥PSI 000 Cs00 0400  Qu0C 0400 QD 0400 ©us7
SIB¥E DIV 0a00 000 0,00 0400  Ge00 0,00 0,00 16450
1 sste ! * : * : " 12 SSUSTR  XPST 0,00  C.00  Ca00 GaD0 0.0 0,00 0400 1e49
R DW00  GuD0 0400 Q.00 0400 0,00 8,90 5,40
12 SSUSTR OV Oa * : : ' . 13 S5UST  KPS] 9400 0:00 0403 0.00 0,90 0,09 2400 5,23
00 ©a00 0400 0:30 0400 0,00 0400 18490 .
13 ssu3T  btv 9. : : ! . " T 1A PUASE DES 2400 0.00 0,00 0u09  0uf0 0,00 0,00 32,80
3 DEG 0400 0400 0.00  0.30 0499 0,008 2490 32480 - :
li  PHASE M ‘ - . : . 185 DEL ST KPS] 0.00° 0.00 0403  0.00 2400 0400 260 0400
0.00 0490 9,00 0,00 0,00 0400 D402
1% OEL T DIV 9.00 O ‘ ! ! : : 16 SSUSHH  KPSE 0400  0.00 0400  0:0C  0s00 0400 2.00 1430
i 0400 0408 0.00 0,00 0,00 D00 0.00 .70
le Ssuswr DIV 2. ! : ! 2 : T 1T WSUBA  FSEC 0400 0e00 0,88 0:03 0402 ©.00 10418 0a00
1T OVSUSA  DXT 0400 0400 0400  0:00 0,00  0a00 1.71 0400 = ¢ ak nor24 FABLE- 3 —BERIVED PARAMETERS— . S
13 v FROM AEL P D GEL T TI%ES 9nE OVER 4RO X Gy YREL EQUALS

18480 FI/SEC -

19 PSUBSC  FROHM RID K WREL SCUAAED OVER Twle

STAGHATION PRESSLAE

CALCULATED STAGHMATIOR

- ——— PRESSURE EQUALE - 2445 —PS], " COMPARE-WITH PSUBSHMe MEASURED




SLAY NO. 25

TASLE 1

¥5UTA oxl

_Ga92

RAW DATA MEASURED FAOM OSCILLOGRAPY RECORDS .
woe ame UMIT L® 21 WP L WP 2 WP & HP 9 WP 17  BOWACC  STRESS
T4 oTswseun Lall 0400 0400 0400 0490 0,00 0400 0400
2 PSUBST DIV 13430 0400 0400 0400 0400 0,00 00D 0400
R DIV 8400 2,50 11430 1a70 0400 0,00 0.00 8.0
v zese 0409, 0aD0 .00 0400 0,00 0400 6400
5 DEL P DIv 36.70 000 000 0.00 0400 0,00 0400 G000
"6 DEL T IN 1485 0400 0400 0200 0.00  €a00 0400 0,00
T TSUSREL I 0400 ~0.06 ~0e04 -0.01 0400 ©.00 0400 0220
L TSUIIT th 0407 0403 0404 0403 0400 0400 0,00 000
9 ASUSST DIV 0400  ©.00 0,00 0400 0,00 0400 1010 G403
10 asus 0s00 0400 0,00 0400 D400 0400 5.70 0400
Tl ssumen Sty 0,00 8.00 0400 _n».ab_» 0400 G400 0.00 27400
T12 SsUBIR £iv 0,00 000 9,00 Ba00 000 0W00 0.0 9120
TTI5 SSUST DIV 0,00 0,00 5.0 D00 2100 0.00 0400 30.30
TT14 PHASE BTG DuG0 0u00 9400 0400 0e00 003 0400 35400
15 DL ST Div 0,00 w00 0W00 0400 0.00  0u0D  0.00 0400
T1s ssusen DIV 0400 0.00 C0e33 0e00 0400 0400 0a00 &asl
17 OVSUSA  DXI 0.00  Gu00 0.0 S 0i00 0400 Ga00  liau 000
SLAM NOw 26 TAILE 1 ) o L ‘
© T T Raw DATA SEASURED FROM O5CILLOGRAPH RECORDS .
NOw ASR  UNIT LP 2L MR L WP I WP 4 WP O WP 12 _5QWACC STRESS
T tsese 0.58 0408 0,00 0,00 0,00  0.00 0400 0400
2 PSUSST DIV 10,50  Ban0 0400 0,00 0400 0,00 060 0400
3 PSUSTR D¢ 3036 1.60 16420 0400  0e00  0.00  0s0D  0.00
& PSUBSM DIV 0450 0.0 .00 GucD 000 00 0400 0400
Ts oEL P biv 20479 D906 6,00 0400 9490 0,00  0.00 5400
& OEL T IN 1,86 0,00 D0.00  0:90 ©.00 0400 G400 0400
T OTSUBREL TN 0400 =Gu03 ~0406  2.00 0400 0,00 0400 030
8 TSURDT IN 0405 C.02 1G4 0430 0a0C  0.00  Ca0 000
e asuesT oiv oeco TG00 5400 Q.00 0400 000 9430 0,00
Tl ASUBTR DIV 0:00  0u00 0400 0:00 0400 W00 1450 0430
11OSSUSWE DIV 0430 3400 0400 0400 0.00  0u00 0400 12430
17 SSUSTR D1¢  €.00 0,00  G.07 0400 0s30 0a80 000 3440
T 13 sseAr biv ca00 T8 @.00  0ad0 0:00 3400 0400 13450
16 SuASE 355 0400 0,08 0.00 0a00 £eS0 D00 0400 72400
15 DEL ST :-; 0.00 9,00 0400 0,90 000 0,80  0uQC 0.00 _
16 Ssumh 0w 4 ) 908 0400 000 0a0G 2430
17 2:00 Gu29 0400 0.00 Q.00 000

BLAM KD, 25

JAMLE 2

5 UKLTS

RTE2 TO ENGIMEE

Sakb

15 vREL

19 PSUBSC

SLAM MO, 26— —

TABLE 3~ DERIVED PASAMETERS

FROM DEL P GWER OEL T
17e38 FT/5EC
F3IM Rul & WREL SOUARED CYER Twiy
PRESIURE EQizALS 2:3%  PSla
STAGLATISN PRESSUSE

TI¥ES ONE OVER RHO X Gy VREL EQUALS

CALCULAYED STAGNATTOM
COVPARE WITH PSU3SHs MEASURED

Gel0

CEPRFYL HP L HP 2 HP & HR ®  HP 1Z BOWACC  STRESS
1 tsuse 7029 0430 0400 0400 0200 0430 0400
2PSURST  PST 16475 0400 a10 0,00 0400 Gu09 0,20 8,00
I PSUSTR  PSE T.56 1D.BT 20476 BuSO 0,00 0400 0:80  g.00
“ PSUBSM  PSI 3,02  0e00 0400 Q.00 0400 0,00 Q100 2400
5 DEL P PST 4876 0400 0400 0,007 0400 0,06 0400 0400
T8 DEL T SEC 4467 0030 0a00  GuD0  0e00 0400 Ga08 oe00
7 TSUSREL  SEC 0400 =0410 =Qal0 =0aD2 0,00 0400 G400 8400
B TSUBDT  SEC 0417 0407 0,10 0407 000 0,00 8400 0,00
9 ASUBST 6 0400 0:00 0,00 0400 0,00 0,00 GaTh non
"o asuntR 6 0400 0400 0400 0.00 0s00  GuDD Gai2 000
11 55UB48  KPSL 0W00  0a00  Ge03  0.00 0400 Q400 0400 T447
12 SSUBTR  KPSI 0.00  0uB6 0405 0400  0.00 0,00 furo 2454
13 S5UST  KPST D400 GaG8  0u00 0,00 Qa00 0,00 0420 Baki
14 PHASE DEG 000 003  0u0C 0,00 0400 0,00 0409 35400
15 0EC ST <PS1 0.00 0460 Q.03 a0 G400 0,00 0400 0400 ¢
16 S5URWH  APS] 0400 0400 Ge00 0400  Ga00 0,00 0100 1477
1T WSUIA  FSEC 0u05 0403 0400  0a3D 0400 Q400 8457 0400
- -5LAM NG 25—~ TASLE- 3 -—DERIYED PARAYEFERS—— = —
1B VREL FROW EEL-P CVER DEL T TIYES OHE OVER AHD X G \;;L EQUALS
— - - 23057 FT/SEC —= - = ——=— ———— - = -
I% PSUBSC FROV %MD X WREL S3UARED OVER Twds CALCULATED STAGHATEIGH
- T PRESSUIE EQUALS - 3.85 P51y  COMPARE WITH PSUBSMi MEASUSED
P STAGHATION PRXESSURE o
} T L . L o
"‘l DATA CONVERTED 7O SHSIMETUUING UKITS o
KDe AR usIT LP 21 L § HP 2 L ] [ E] HP 12 BANACC STRESS
[_ 1 T_SU", SEC 2.4y [ o Je0d Cald Q.00 EJL‘O Q.00
¢ ; ;’S:JE‘_ST_->F‘_S1 12.22 C.02 i Tad2 2420 0.(:‘0» Q.00 _ E'EO___,C,'O‘G _
3 F5ATR PST %15 14430 37433 Q.00 E-OO 2.00 01[10 0:00.
“ 4 PSURSM  PSI D3 0,00 0,80 9,30 000 0,00 0,00 LILI
% 5 BEL P PSI 36414 0200 . 9,00 0420 0,00 .00 2,00 Cu00
' 8 DELT SEC W65 0400 0600 0,00 0,00 0,00 0400 0400
?, 7 TSUBREL SEL CadC ~0a97  =3415 D400 L0l 0.00 Qa00 Ce00
. 8 TSUEDT SEC Q.12 0405 010 Q.00 GO Qa00 Q400 CeQ0 -
| 9 AsussT G 5.00 2400 3408 .00 2,00 0,00 0s73 £e90
1 10 AsvaTR 52498 0402 0.CT 0,90 0403 9400 Qall 0G0
1 55UB43  KPS] 2000 €400 0.00  0.00  0.00 000 0i80 3460
[ 12 SSUSTR  KPSL €400 £,00 0400 0430 0400 0,00 000 044
T 43 55031 KPSI 2400 €400 9aCE  0:30  0.00 0400 0400 3473
'!*:Tpﬁngs ”TETE.TQITS.M 7o.uo 0,00 0,00 Qa00 72400
Loas BEL ST <PS1 2,00  0.00 0,00 ©:30  9.00 000 9400 0400
I 16 ssusimt <PSI 8,00 €200 0.00  0.00 6,00 000 002 0a6d
i 17 VSUSA FSEC 0490 0400 0,00 9400  Ge0D 0400
i UG A AL



_917._

TRELE 2

TO EMGIMEERING UH]TS

M 433 UNIT LR 21 HP 1 He 2 HP & HP g HP 12 < 5TR€551
e e e e oD el o - - 1 Tsu SEC 2467 0400 0.0 0400 0400 0400 9400 0400
_SLAR MG L REL e 2 PSUSST  PST 17436 0:00 0400 0,00 0,00 0400 .00 0100
| RAW DATA MGASURED FROW OSCILLOSRAPH RECORDS e - 3 PSUSTR | BST 7430 29185 20163 0400 0:00  0a00 .00 2.00
MO ABRUNIT LR 2L MR K2 KPS WP G HP 12 BOWACC  STRESS 4 PSUBSM  PS1 2489 0,00 0400 000, 0,00 0,00 0400 0
1TSUSE M 1407 200 Ged0 0.0 0.00 .00 0e00  8.00 TTs el P ps ea.51 0,00 000 n:oa'_nr.-uokw;:n—uif(u».‘oifwojoo
2 PSUBST DIV 13430 0168 0u00  0.00 0400 0.00 %00 000 & DEL T SEC Se4d 0,00 © 0.00 0400 0,00 0a00 .00 0,00
__ 3 _PSUBTIR Blv 530 3400 7.T0 0:0‘2 9:00 0,00 0e0 g.00_ T OTSUSAEL  SET 000 ~0.02  0.00  0.00 9,00  0.00 200 Qa0
© Psuast Dlv 2430 637 206 Ce20 0.00 Q.00 930 .00 B TSUSDT  SEC 0417 0410 £.07  0:00 0,00 0e00 000 0,00
5 DEL P 0w 38,50 9400 0400 9,00 000 000 U T TUSiEST G 0438 0.00 0100 008 0.0 0400 0,71 owon
& DEL Y 1 2.18 €00 0,00 .00 0.00 9400 o028 10 ASUITR 5 9496 9,00 9400 5400 9420 0,00 Oslé 2400
T TSUIREL 1K Q200 ~0u01 000 0.00 000 0,00 UOUO_'_G‘_OG___ 11 55'-'3';'_5— KPSI  ©.CGO Cal G400 Ga20 OIQ-; —-—0._0;—-—;023—‘—7—.;;7
5 TSIBOT IR 3407 2e0s  CeD3 D00 0u0C 0,00 0400 0400 2 semin rest auio o0 oo oo o0 oime e
9 ASUSST D1v 9400  2af0 9,09 D00 0,80 0,00  10:50__ 0.0 T tser wel o.ss eos ooms nan ooe ovee e
10 ASWSTR 21¥ .30 0.0 0,20 0,00 0400 .00 200 g0 TIe PARSE DES 0.00  £.00  0.00 600 0000 0e00 “_o.e‘o»_;z-.w
B sSuBd3 DIV 3400 2400 3490 0e30 0400 0400 030 23,70 15 DEL ST KPST 0400 .00 0.00 0000 .00 0.00  9e06 0400
2 SSWSTR DIv 9,03 003 0.00 0.3G 0,00 000 Sedd 400 16 SSUBYM  XPSI 0400 0000 0,00  0.00  0:00  0:00 000 0498
13 SSUST DIV 9400 D008 0400 0a00  0u00 0490 €00 27.n0 17 vSUBA | FSEC 0490 0.00  0.00  0.00  0.00 0.0 9235 0100
1o FdasE  DES  C.00 9.8 L L SSLAN NOJ 27 - ~TABLE-3- - DERIVED PARAMETERS - - -= -=—  ————
35 DEL 57 BIV  2e00  0.00 .00 0400 0,00 0,00 0400 0430 o . e e
16 SSUBH B1v C.0D u.oo-_;ei;; 0490 G0 0400 0.00 3,50 - 18 VAEL i:?zooi%’gzgvsﬂ DEL T TIVES ONE OVER #M3 X G4 VREL EQUALS
17 VSUZA  DXI Da00  e00 DGO 3,00 0400 0400 137 0.0 1% PSUSST FI37 RMD X VREL SOUARED JVER Twd) CALCULATED STAGHSTION

PRESSURE EQUALS -2.7& PSEy  CCVMPARE WITH PSUBSMy HEASURED
5TA5%AT]1O PREESURE

SLAM ND. 2B TASLE 2

_ DATA CONYERT TO ENGIMEERING UKITS
FRIM OSCILLAGRAPH RECORDS _ e e e e

TASLE 1

SLAY NDe 2B

RAW DATA MEASLU _ .

- C e e en e e = - ATe  ASR UKIT LR 27 HP 1 HP 2 HP & HP 3 HP 12 BOWALC S5TRESS
NG ASR u4iT LP 21 FP 1 HP 2 HP & HP g KP 12 _BCHACC_”S]FIE_SVS - —_—

—— - — _ - — - T L TsuRE SEC 1.00 [sN 00 Q.00 Qa0 QuD 0. 00 0a00
1 TSUBE ™ la2d 2408 Q00 Q.00 G900 000 70-00 s e e me s - —— .
- -~ - - - N 2 PSuPsT PST 17464  0a00 2430 0400 0490 0,00 0,00 Qa0
2 PEUBST DIV 14,00 0,00 2,00 0400 0,09 0,40 a.00 0,00 - e - I e T
PR e s e = e —— = - - - - 2 PSuSTR PST 6404 1519 27433 o) 290 0.00 a0 Q04
3 PSUBTR DIV 480  1.50 19,20 0,00 0.00 0,00 0e00 ga00 e
- O - e & PEYAEM PST  le3& 0400 0400 0.0 0,00 0,00 0400 Q.04
4 PSUBSM DIV 1,10 0,00 0400 0,90 0.0 0440 G400 0400
S - = 5 pEL P PS] GB.88 0,00 0400 0,00 0.00 0400 0400 0.00
S5 DEL P OV 38480 .00 .00 0,00 9,00 0,00 G400 0u00  ——— T P — 2
— Tt o - & DEL F S5EC 2490 0,00 0,00 0,90 Q.00 0,00 Qa0 Q00
& OEL T 1M 1.56  0.0%  D.GC 0,00 0.00 0,00 Ge00 0400 - — - — b
7 TSUSREL  SEC €400 ~0412 -0.12 0,00 0.00 Q00 [ 1T1 0400
1 TSUBREL 1M 0,00 =0.05 =0405 0,00 D00 0,00 o0 0400 —=
- 8 TsuaaT SEC 0417 0407 0407  D.00 900 0400 G200 000
& TSUBDT (4 CalT  3a03 0403 0400 .00 0,00 Qull 0400 e
o e - 9 ASUSST G 0.0  0:00 0,00 0,00 .00 0,00 LI 0400
¢ ASUSST OV 0.0G  0.0C 0,00 .00 0,00 0,00 2410 0100 e m e eem e e — . DT LTI T R —
- e 10 ASUSTR G 0.00 0400 0439  0.00 0400 0a00 Bu22 oe b0
10 ASURTR SIV 0,90 G.00 0,00  0.00  0.00 .00 3410 ney  —— ——— e e e P
L e - 11 SSUSWE  KPSI 0400  GufD 2500 0400 0403 0200 0:00 &a001
11 ssuzws opw B L PL R 1Y 0400 .00 20,70 —
_ bt B —_ - 12 $SUATR  KPSI 0400 0490 6409 0480 (00 0,00 0400 1452
12 SEUATR DIV 0,402 0.00 0.00 0,09 n.0e 7400 = _tt
S T e e T o 13 S5URT KPS] 0af0 0400 0400 0s00  0.00 0400 Q.00 6a72
17 S5UBT D1 0400 0403 0u0D ©u00 000 24430 e - e s e S
e, — —— s 14 PHASE JES Ca00 G480 00D D4CG 0400 9400 .00 51410
16 PHASE  DEG 0400  0u09 0400 00D G000 0400 oo 81,10 —_ —ti
- T T 15 0EL 5T KPS1 2.00  Ca00  Ca00 0200 0.00 000 Qa00 Q00
15 BEL ST DIV 0400 2400 000 G400 Ga00 €400 0400 0400 e e e e -
S e e — T T " 16 S5UBWH  KPST 0400 00D 0o 0,00 0,00 Q.00
16 SSUEWM D Ca03 0400 0«00 Q400 GalD 5400 —-
it — o 17 ¥5UBA FSEC 000
17 wsUEA DXT 0.00 9400 Q400 €.00 2311 QuBO e e — -

-- BLAY KDL -28 -—-—TASLE-3 — DERIVED PARAMETER§ —— ~— ———=r—= —=- -~
18 ¥REL ERDY BEL P OVER DEL T TIES ONE OVEL RWO X Gs WREL EQUALS
- 20402 FTIHEC e -
19 ©SURSC ~FACY RHO ¥ WAEL SOQUARED QVER TWO: CALCULATED STAGNATION
- - < PRESSUAT EQUALS 5446 PSly COMPARE WITH P3LESM) MEASURED
STAGNATIDN PRSSSURE
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