WAL e, ’

%

NASA CR-144945-2
Part 2 of 4

A COMPILATION OF SPACECRAFT LOADS DATA
FROM
F DUR TIf3A ! CENTAUR LAUNCH VEHICLE FLIGHTS

"7y VOLUME II

VIBRATION'POWER SPECTRAL DENSITY ANALYSIS

OF LAUNCH AND MAX Q FLIGHT . -

Compiled by George Kachadourian

\  N77-28183
(NASA-CR~144945-Pt-2) A4 CGMPILATIQ:NOF . ‘hyf;AF ﬁﬁ!
SPACECRAFT LCALCS CATA FROM ?OUR 3330”3 ) ye kiﬁf e e
CENTAUR LAUNCH VEHICLE FLIGHTS. 4 Unclas

; NSITY
: VIBRATICN POWER SPECTRAL DE ’ 77
igingls OF LAGNCE ANL MAX Q FLIGHT (Generd} G?/ts ‘QZU
: nUg K77
[ RECEIED

NASA STI FACILITY
INPUT BRANCH .

Prepared under Contract No. NAS1-9100 by
GENERAL ELTCTRIC COMPANY
Viking Project Support Services
Hampton, Virginia

for

NATIONAL AERONAUTICS AND SPACE ADMINISTRA TION

January 1977



VOLUME II

NASA CR-144945

VIBRATION PSD OF LAUNCH AND MAX Q FLIGHT DATA

SECTION 2

TC-1 LAUNCH WITH VIKING DYNAMIC SIMULATOR (VDS)

LContents

Description of Contents

Launch Date February 12, 1974

Data Analysis Matrix
VDS Measurements List
Measurement Correspondence

TC-4 & 3 to TC-1

Time of Flight Events

Table 2.1
Table 2.2
Table 2.3
Table 2.4
Figures

2.1

2.2a - 2.13b
2.14a - 2,21
2.22a - 2.29
2.30a - 2.37
2.38a - 2.47c
2.48a - 2.55b
2.56a - 2.63b
2.64a - 2.71b
2.72a - 2.81c

Instrumentation Locations

Pre Ignition Data

Stage 0 Ignition : 0 -2 Sec.

Stage 0 Ignition : 2-4 Sec.

Stage 0 Ignition : 4-6 Sec.

Stage 0 Ignition : 0-5 Sec.

Max Q
Max Q
Max Q

Max Q

T+40 - T+42
T+44 - T+46
T+48 - T+50

T+42 - T+48

30
42
54
66
96
112
128

144

v—



A .
e i R TR ARG

Description of Contents - Section 2 - TC-1 Data

This appendix presents PSD analyses of the parameters listed below. The
objective of the analysis was to have data directly comparable to Viking
flight data from TC-4 and TC-3. For this reason the data is presented

in Viking nomenclature. The TC-1 FM/FM telemetry list is shown in
Table 2.2. The corresponding measurement nomenclature between TC-1
and TC-4 & # is shown in Table 2.3. There will be frequency content
differences in the comparison, first because the type of vibration sensors
used were different and second becauvse the IRIG VCO assignments were
different. The Viking vibration sensors were all Endevco crystal sensors.
The TC-1 used servo accelerometers with the exception of CY2019 which
was a crystal vibration sensor.

As in all Viking data analyses two digitization rates were used: for TC-1
1024 & 8192 SPS were used; for TC-4 and 3,1024 and 4096 SPS were used.
The higher rates were used to extract as much high frequency data as
possible. Double standard IRIG filters (constant displacement) were used
for the same reason. The change from 8192 to 4096 SPS was made in the
interest of simplifying the data processing.

A special set of matched filters were used in all cases with the 1024 SPS
data (see Table 2.2). This filter set limited the phase error to less than one
degree for frequencies below 40 Hz between IRIG channels 9 through 18.

The objective was to be able to read phase relationship between the
measurements in this frequency range when the major structural loads
would occur.

Parameters for Which Analyses were performed

Parameter Description

| —~—— — —— —_——

CY1829 Vibration measurements on the Viking Orbiter

CY1839 Bus; CY1830 is transverse, all others are

CY1849 longitudinal.

CY1859

CY186S Strain gage measurements, one on each of the six

CY187S members of the Viking Lander Capsule Adapter

CY188s (VLCA)

CY189S

CY190s

CY191s

XDDL Acceleration of the Viking Lander Capsule (VLC) c.g. obtained

YDDL through transformation of VLCA strain data assuming rigid

ZDDL VLC (Strain data is phase correlated to 40 Hz) '

ZDDB . Average of phase correlated longitudinal vibration
measurements.
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Table 2,2 . VDS MEASUREMENT LIST CENTAUR FM/FM #2 2215.5 MHz
——— S
E Measure. 9 et :“?HH
vCo i ment Description Zero Load Full Scale requency z)
Number| Number Bias Range A B
: - |
3 ]iCY216-S | V-S/C-A Axial Load 59% 25342 1bs _—
Transducer . |
4 CY215-5 | V.S/C-A Axial Load 59% 25331 1bs |
Transducer
5 CY208-¢ | VODS Sprung Mass Z-Axis 20% 10.01 g's — -
i Accelerometer l
i
6 | CY207-4 | VODS Bus X-Axis 50% 10,00 g's —_— ! —
I Accelerometer |
7 | cY206-¢ | vODS Bu.s Y-Axis $0% 9.99 g's — | —
H Accelerumeter '
8 CY205-¢ | VODS Bus Y-Axis s0% 10.01 g's 45 | 90
Accelerometer |
9 CY204-¢ | VODS Bus Z-Axis s0% 20.00 g's 200 118
Accelerometer I
10 CY203-¢ | VODS Bus Z-Axis 50% 19.98 g's 180 | 162
Accelerometer
11 CY202-4 | VODS Bus Z-Axis 50% 20.00 g's 160 | —-
Accelerometer '
|
12 CY214-8 PFLA Truss Axial Load, . 59.6% 27177 1bs 153 b
‘ " Member 202 .- : ) I
13 CY213-S | PFLA Truss Axial Load, 61.0% 27192 1bs 16s | —
Member 203 : I
14 CY212-S | PFLA Truss Axial Load, 61.1% 27157 1bs 140 -_—
Member 204 l
15 L cY211-S PFLA Truss Axial Load, 59.2% 26636 1bs 137 ‘ —
R | Member 205 I
16 * CY210-S PFLA Truss Axial Load, 60.1% 27175 1bs 135 _
: Member 206 I
17 - CY209-S PFLA Truss Axial Load, 61.6% 27319 1bs 134 3 A
Member 201 '
. 18 ’ CY201-¢ | Piezoelectric Accelerom- 50% 40.0g's 133 2100
eter, Z-Axis . ‘
19§ CY217-Y | Acoustic Microphone 50% 150.0 dB — | 2800
1
}
, CENTAUR FM/FM #1 2208,5 MHz
19 CA886Y | Acoustic Microphone 50% 150.0 db S
Fwd Equip Comp |
3

A. Filter set used with 1024 sps digitization rate.
phase error (below 40 Hz) between channels 9 through 18.

Design for minimum

B. Filter sct used with 8192 sps digitization = double standard IRIG
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PABLE 2.3 MEASUREMENTS CORRESPONDENCE
VIKING SPACECRAFT TO VDS
VIKING (TC-4 & 3) VDS (TC-1)
IRIG . IRIG
NO. SENSOR SENSOR NO.
9 CY191S - | CY212S 14
10 CY190S <« | CcY211S 15
11 CY189S <« | CY2108 16
12 CcY188S - | CY209S 17
13 CY187S <= | CY214S 12
14 CY186S <= | CY213S 13
15 CcY185¢9 <~ | CY2019 18
16 CY184¢ <= | CY2039 10
17 CY1839 <> | CY2050 8
18 cyYl1829 | CY20490 9
+Y +V£
cY182¢ %
qnsa? CY18460 CY2049 CY203p
CY189S ->Z CY188S cv210s/ CY2098
- +X : - 4X
CY190s CY187S CY211S
CY191s cY2125
CcY185¢ CY202¢
VIKING / TC-3&4 TC-1 / WS CY2050

J—Y
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SPHINX SPACECRAFT

VIKING LANDER DYNAMIC SIMULATOR
(VLDS)

cY208s

\ ' £v2039

cy2t2s NN -1}‘ CY2148

-— r4 p /
Cy210s [N\ — \\‘ Cy2138

erzns—2r A\ \ PROOF FLIGHT LANDER
// / ADAPTER (PFLA)
Y2048 RSt
¢ ' ' / tyz028
cv2078 S €v2058

VIKING ORBITER DYNAMIC
SIMULATOR (VODS)

cy2018
cv2088

Cv2068

VIKING SPACECRAZT ADAPTER
(VS/Ch)

CY2168

€y215s

\
\)

" |~ V| KING TRANSITION
ADAPTER (VIA)

+Y<
~+X

-t~ CENTAUR TRUSS ADAPTER
(CTA)

Figure 2.1  Viking Dynamic Simulator Instrumentation
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