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1 Introduction
1.1  Scope

This plan describes the STEREO IMPACT Suprathermal Ion Telescope (SIT) dynamic tests in
accordance with STEREO environmental test requirements. The plan includes test configurations, levels,
tolerances, facilities, instrumentation locations, data recording, and data analysis. This plan does not
include SIT preparation, handling, or functional testing, which are called out in SIT procedures.

1.2 Applicable Documents

1. 7381-9003, APL, STEREO Environment Definition, Observatory, Component and Instrument
Test Requirements Document C

2. 7381-9012, APL, STEREQ IMPACT Interface Control Document

3. STEREO IMPACT Suprathermal Ion Telescope (SIT) Acoustics and Vibration Functional Test

1.3 Requirements Verification

Successfully completing these tests will verify three requirements for each SIT FM. Refer to the
IMPACT Verification Matrix for the requirements listed below.

Regt;i;‘:l:)r::nt Requirement Description Source(s)
3.6 Instrument Sine Vibration Tests ;ggi_gg(l)g gzz 2‘;%;
3.7 Random Vibration for Instruments ;gg}:gg(l);: gz 2?%%
3.8 Instrument Acoustic Test ;ggi_gg?i g:ﬁ 2?; 2

2 Test Approach and Requirements
2.1 Sine Survey

SIT will undergo protoflight vibration testing in three axes. A 0.25 g sine survey shall precede and follow
each vibration run in each axis. See Table 1.

Table 1: SIT Sine Survey Spec
Frequency, Hz Survey Level

5-2000 0.25¢g

Sweep Rate: 4 octave/minute

2.2 Random Vibration

Table 2 [1] shows the protoflight level random vibration specs. Test runs at —15 dB and —12 dB shall
precede each random vibration run. The force specs will also be scaled for the —12 dB run. Test runs at
-9 dB or —6 dB may be added or deleted if deemed necessary by the test director to verify the test input.
The full-level random vibration test run can proceed directly from the lower-level runs without stopping;
each full-level run will be followed by a 0.25 g sine survey.
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Table 2: SIT Protoflight Random Vibration Spec

Axis Frequency, Hz Protoflight Level
20 0.0063 g*/Hz
Perpendicular to 20 - 80 + 6 dB/octave
Mounting Panel 80 — 800 0.1 g’/Hz
800 — 2000 - 9 dB/octave
2000 0.0065 g°/Hz
Overall 10.4 grms
20 0.0031 g*/Hz
Parallel to 20-80 + 6 dB/octave
Mounting Panel 80 — 800 0.05 g*/Hz
800 — 2000 - 9 dB/octave
2000 0.0032 g’/Hz
Overall 7.4 grms

Duration: 1 minute per axis, 3 orthogonal axes

2.3 Sine Vibe

Table 3 [1] shows the protoflight level sine spec. A test run at —15 dB shall precede each sine vibration
run. Test runs at —12 dB or -9 dB may be added or deleted if deemed necessary by the test director to
verify the test input. Each full level test run will be followed by a 0.25 g sine survey.

Table 3: SIT Sine Vibe Spec

Thrust Axis (X) Lateral Axes (Y, Z)
Frequency - Acceleration Frequency Acceleration
[Hz] (zero to peak) [Hz] (zero to peak)
5t07.4 0.5 in (double amplitude) 5106.3 0.5 in (double amplitude)
741023 l4g 6.31019 10g
25t0 27 16 g 211023 12 g
29 to 100 14g 25to 100 1.0g

Rate = 4 octaves/min

Above 50 Hz, component responses may be limited to peak input level.

2.4  Acoustics

SIT will be subjected to protoflight level acoustic testing. Acoustics shall be performed to the
requirements and tolerances of Table 4. A test run at —9 dB shall precede each full-level run.
Intermediate test runs at —6 dB and —3 dB may be added or deleted if deemed necessary by the test
director. The full-level acoustic test run can proceed directly from the lower-level runs without stopping.
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Table 4: SIT Acoustic Spec

1/3 Octave Level Tolerance 1/3 Octave Level Tolerance
Center (ref: 20uPa) [dB] Center  [(ref: 20pPa) [dB]
Frequency [dB] Frequency [dB]
[Hz] [Hz]
31.5 122.5 as close as possible 630 125 +4,-2
40 125.5 as close as possible 800 123 +4, -2
50 129.5 +4, -2 1000 121 +4, -2
63 131 +4,-2 1250 120 +4, -2
80 133 +4, -2 1600 119.5 +4, -2
100 133 +4, -2 2000 119 +4, -2
125 133 +4, -2 2500 - 118 as close as possible
160 133.5 +4,-2 3150 116.5 as close as possible
200 134.5 +4, -2 4000 114 as close as possible
250 135.5 +4, -2 5000 110 as close as possible
315 134.5 +4, -2 6300 106 as close as possible
400 131 +4, -2 8000 103 as close as possible
500 128 +4, -2 10000 101 as close as possible

Overall level: 143.6 dB (+3/-1)
Duration: one minute

3 Test Responsibilities

University of Maryland and Goddard Code 660 will provide SIT for dynamic tests in a flight-like
configuration. Code 660 will also provide fasteners to bolt SIT to the vibration plate.

Code 660 will provide a cognizant engineer, who will have overall responsibility for SIT, including set
up, GSE, and handling.

Name of cognizant engineer: e"‘a“ ~ HA%“/ Kesrern \’\‘Q’ CTMAY

Code 549 will provide a test director who will be responsible for safe and timely execution of the
dynamic tests to the requirements specified herein. The test director will examine all dynamic test data
immediately following each test run and, with concurrence of the cognizant engineer, will give the go
ahead for successive test runs and test tear down at the end of each vibration test axis. The test director
will produce a test report within three weeks after testing.

Name of test director: M‘lCl’leuﬁ é;bSOW'/Dﬂ") \NIOY"H”/ Kc Shah

Code 549 will also provide test operators to perform tests as described in this test plan. The branch will
also provide technicians to install accelerometers and force gauges for vibration testing. Accelerometers
will be cleaned and applied just prior to vibration testing; this activity will be coordinated with Code 660
and should be done after final bagging of the instrument.

Code 549 will provide a vibration plate with hole patterns suitable for mounting a SIT instrument; Section
10 contains a drawing taken from the SIT ICD, which shows the hole pattern.

A Quality Assurance representative shall monitor all test operations involving flight hardware.
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4 Pass/ Fail Criteria

SIT will have successfully passed protoflight level vibration and acoustic tests if structural integrity is
maintained throughout the test program, as verified by visual inspection and functional testing performed
by the cognizant hardware engineer and University of Maryland.

5 Test Configuration and Equipment
5.1 Vibration Tests

For the vibration test, each FM SIT instrument will be assembled on the shaker as shown in Figure 1 of
Section 10. Because of limitations with force limiting, the two test articles will be tested serially. The
vibration plate shall be drilled for control and monitor accelerometers. Four force transducers will mount
between SIT and the vibration plate, one at each bolt location. Instrument mounting bolts shall be pre-
loaded to 500+50 1b. The bolts must be re-torqued because the Ultem® spacers at the interface creep.
After the pre-load has stabilized, the load cells can be zeroed out. SIT weighs about 1.5 kg.

5.2 Acoustic Test

For acoustic testing, SIT will be suspended upside down at its mounting supports by parachute cords as
close as possible to the center of the chamber.

6 Instrumentation and Controls

6.1 Vibration

Accelerometer control will be used for all random and sine vibration tests. Each SIT test article will be
instrumented with two tri-axial accelerometers, as described in Table 5 and shown in Figure 1 of Section
10. The accelerometer blocks will be installed on Kapton tape.

Table S: SIT Response Accelerometer Locations

Accelerometer Designations Accelerometer Location
1X,1Y, 1Z ‘ Electronics Enclosure
2X,2Y,2Z Telescope Housing

For vibration tests, a total of four tri-axial force transducers will be installed between the vibration plate
and the test article, oriented parallel to the assembly coordinate axes, and torqued to the appropriate value.
The in-axis transducer signals will be summed to obtain the total in-axis force for each axis of shake.

The random vibration input will be force limited. In addition to control accelerometer output, the sum of
the in-axis forces from the transducers will be a control input. Force spectral limits can be calculated
using the formula in Table 6, based on the semi-empirical method. Calculated spectral values are subject
to modification based on information gathered during the low-level sine sweep.
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s/~ 531929
Table 6: Random Vibration Force Limit Spec M| 36 lbs
; ; [t .
Frequency [Hz] Force Specification f, = first mode of test article P
20 —f, 4o W2 A 1b*/Hz W = test article weight [1b]
£, — 1000 -6 dB/Oct A = acceleration spectral density [G2/HZ]

All control and response data will be recorded for all test runs. The recorder will operate at a speed
sufficient to provide a minimum of 2500 Hz upper frequency response for random vibration testing.

6.2 Acoustics

The acoustic test spectrum will be controlled by the average signal from four microphones placed about
the test article. Each control-monitor microphone pair should be placed about one to two feet from the
nearest test article surface as advised by the test director.

6.3 Test Tolerances

Random vibration tests shall be conducted within the following tolerances:
spectral values: %3 dB when measured in frequency bandwidths of 25 Hz or less.
wide band (RMS) level: +1.5 dB
frequency: +5%
time: 5%

Acoustic tests shall be conducted within the tolerances of Table 4.

7 Test Sequence
7.1 Vibration

Each of the six tests will be conducted in the sequence shown in the tables below. The six tests can be
done in any order. Reference 3 contains a handling procedure Functional checkouts are performed per
Section 6.3 of Reference 3.

SIT FM #1 X-AXIS Date: /0- May— 2005
# Steps Results, comments, and observations Initials
— 77 -
) Mount SIT to vibration table as des|cribed in |V 2,5‘__2 n-{b re _efd‘ Wa f;‘/ 1.5hr, @
Section 5.1 (pre-load of 50050 Ib). regligible A g pre-load 0 Miayas|
2 Run low-level sine survey, examine response f,= 32 /_/ Lfg/d
plot, and record fundamental frequency, . © 7 z L Wag”
RS
3 | Verify force spec and adjust as required. 1
Connect 28V to htr (survival) (e Moy S
4 | Run pre-random check outat 15 dB ‘ LY
(and at other levels as required). [0 Moy oS~
V. i
5 | Run full level random vibration. )
(0 M| OS5
6 Run low-level sine survey and compare to w
pre-test survey. OS/
{0 Ma/
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SIT FM #1 X-AXIS pate: [ MAY 2005

# | Steps ~12 Results, comments, and observations Initials

7 Run pre-sine-vibe checkout at 7?5/ dB ‘M‘U
(and at other levels as required). fo May A

8 | Run full-level sine vibe. W .

| \0 My | 057

9 Run low-level sine survey and compare to W‘J
pre-test survey. [0 Meq| O \N

10 Perform visual inspection and functional test OK @ _
per Reference 3. /v Mﬂyﬁ)

/
174
€-4xrs ,

SIT FM #1 FooS Date: (2 MAY 2005

# | Steps Results, comments, and observations InAiiials

1 Mount SIT to vibration table as described in 4
Section 5.1 (pre-load of 500+50 Ib). 2y o

A —~
5 Run low-level sine survey, examine response £= 270 HZ ”"g( M /W‘?“ @
plot, and record fundamental frequency, f. : P‘Wk* Q700 Fiz /2 A{aﬂjr
* No'f ‘FOYCQ /lm,tlﬂj fh/ﬁ aXfS @ /
3 M -
% 5 z 05 = e aﬁ— 75 /»;42 e f&m (z M“;l"f

4 Run pre-random check out at ,1—5 dB 5/ ‘7/”7 x*DW Lhst we WWLM @ i
(and at other levels as required). KZM’ -6db. wridh W M e { 1@0{

5 | Run full level random vibration. O_K . 76165 Z»ﬁé’ CW iz i

JLbonancer MZ 70 % T Hz M‘%é/
o b ‘

6 Run low-level sine survey and compare to ((],0967/ w ateh W 4":&[ J?W/ L

pre-test survey. @ 700Hz noise 911 F’ts dé veth j2 M“}’dﬁ .
R premsinomvibe-chockont st 56@5/174)5 euency —see piot: 122

7 .

_(andaat-etheHevel&as-req'cﬂfedé.—No{. ;/‘e//q/ AfoT poNf /;/f/fﬂ?’ﬂr
| &’
] ine vi ot |

8 | Run full-level sine vibe. 2 /f/é? &

9 Run low-level sine survey and compare to G vec/ ma,fz h thru entve @ P
pre-test survey. f 5/66 trum [2May 45
Perform visual inspection and functional test —

10
per Reference 3.

¥X Rupowts @& ~250H2 @ ~ Jpo Hz @ accel 2Y were figher
fioan with PmM-z Y. ax(s shake. Forces were ieadiag facter ot Z

o0 /ow for<e spec was SCa/eo/ wnd used Hor Fest,
///O,zce 5/65 J(/p/c_’di"c(/ 7?) ﬁu/rcﬁcv\ exqc[:)y a¥ expéc

Rnf'ﬂ
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SIT FM #1 - MeAXIS pat: /) May 0S5
# | Steps Results, comments, and observations Inijds
| | Mount SIT to vibration table as described in WMLW@
Section 5.1 (pre-load of 500+50 Ib). /’%”HM’ 5 M“/"A'
2 Run low-level sine survey, examine response £ = Ha ‘ /V)‘/V
plot, and record fundamental frequency, f,. o= 290 ' it " M.'d $
3 | Verify force spec and adjust as required. A o5
Connect 28V +p survival hivsbus. | b May
4 | Run pre-random check out at A4%5°dB B M\’/
(and at other levels as required)ﬂ’s ' o<
£ Moy
2%
5 | Run full level random vibration. m _
. it Mo\f 0%
6 Run low-level sine survey and compare to W
pre-test survey. _ _ W My o7
7 Run pre-sine-vibe checkout at K dB ' /ﬂr)WJ
(and at other levels as required). V>~ X May |OC
8 | Run full-level sine vib v
un full-level sine vibe. o
N Py 05—
Run low-level sine survey and compare to | a(}/‘) bd
9 ~ -
pre-test survey. , : o Mep 07
Perform visual inspection and functional test | ‘ W
10
per Reference 3. [t /)’b_/ oS
SIT FM#2 - X-AXIS Date: /O May OF
# | Steps ! Results, comments, and ol;servations Initials
| | Mount SIT to vibration table as described in &
Section 5.1 (pre-load of 500+50 Ib). seo
5 Run low-level sine survey, examine response £ = S [ 7.4 H 2 M’/
plot, and record fundamental frequency, f. ° ' {0 M“Z OS
3 | Verify force spec and adjust as required. M )'lf
_ (0 Meg | 05
4 Run pre-random check out at —15 dB ¢}e/ . Y
(and at other levels as required). [0 May oS
5 | Run full level random vibration. ﬂb V
[0Maq|6S




SIT FM #2 X-AXIS Date: 0 MayoS
# | Steps Results, comments, and observations Initials
6 Il)lrlér_lé(;:vs-llﬁzgsine survey and compare to JA\/ 7
) [0 'J‘&;/ o5
iy -~

Run pre-sine-vi =
| (and at ather levels-as-required)—— Z;@ 4 YMA}/05/

8 | Run full-level sine vibe. _
. (O Way| OS
Run low-level sine survey and compare to \ I
9 pre-test survey. ok 5/’ °/ oy
Perform visual inspection and functional test N )4 2 51
(
10 per Reference 3. O l[_ \‘ t/os™
SIT FM #2 Y-AXIS Date: /2 May 05
# Steps Results, comments, and observations Initials
;| Mount SIT to vibration table as described in Connected 28V fo survivaf ﬂ
Section 5.1 (pre-load of 500+50 Ib). heaters 1z Mz\/o 5 ,
5 Run low-level sine survey, examine response f,= ~ 270 Smal| ,oeqk ) /a rger @
plot, and record fundamental frequency, f,. ° ) // z Feﬂk @ v /270H7 /Z /‘7“}’”5—
' Force X-ducer problem,; could gf(_)l
3 | Verify force spec and adjust as required. not troibieshoot deg:f/ d /g/ B
/ghore Pree Spec  not much relief | Eplay o5
-T2 ; M . '&Z?@HZ Iz A 05’/
4 Rurcli pre-rﬁnd;)m clheck out.at ENB @44/0 - ( <3 /ﬂ»lgbé Wo—-vf 1500 2 @ N May
(and at other levels as required). hw Cnergy. rocede with o qérw /,w . :
OK willlpd Fotee il | _
5 | Run full level random vibration. "y i “L// rz/ "Ia/ 5
2Y " hed ~ ZX the erergy as 7x|
” ; 7
6 Run low-level sine survey and compare to ChecK 0% 6\}/5 o screen, joo:/ /
pre-test survey. /2 ‘@/m u}/nafcl'\ . 3 May 05,-
;| Run pre-sine-vibe checkout at =+ dB D) / ’a C‘:J/
(and at other levels as required). ’ ‘7 /Wayg 57
8 | Run full-level sine vibe. 0 K <"/ g
s Mﬁ}/()/
=1
9 Run low-level sine survey and compare to Good match. @
pre-test survey. (2 /1/47,0{7/
Z -~
Perform visual inspection and functional test @
10 L~
per Reference 3. (2 Maf 3
/
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SIT FM #2 Z-AXIS

Date: // May 05

# | Steps Results, comments, andlobservations Initials
ive STai e Soaurd {
1 Mount SIT to vibration table as described in 1V Cowne Tal HC,;‘Z.“ ~ | ¢6
i - LG
Section 5.1 (pre-load of 500+50 Ib). So0 (‘;, . S olor ://[ Bs
9 Run low-level sine survey, examine response f,= 297 /}7 w
plot, and record fundamental frequency, f,. i |of
W o
3 | Verify force spec and adjust as required. D d
¢ [ ]of
Run pre-random check out at —15-4B e
4 (and at other levels as required)! 2 Z (e / a5
5 | Run full level random vibration. oth >
Rell / 93
Run low-level sine survey and compare to /@ -
6 pre-test survey 4[// =
) an acd
7 ]&un pre-sife=vi -15dB @/ M 0{ ’ /
(andatother Tevels as required). /2 7
. R
8 | Run full-level sine vibe. :
Sl u,,[ o
Run low-level sine survey and compare to L
? pre-test survey. (%%;c/
77 e
10 Perform visual inspection and functional test /f’ﬁ/ )
per Reference 3. 0 { (/” /0(
7.2 Acoustics

Each of the two tests will be conducted in the sequence shown in the tables below. The two tests can be
done in either order. Reference 3 contains a handling procedure. Functional checkouts are performed per
Section 6.2 of Reference 3.

SIT FM #1 Date:
# | Steps Results, comiments, and observations Initials
1 Suspend SIT in the chamber from parachute

cord as described in Section 5.2.

Run pre-random check out at -9 dB
(and at other levels as required).

Run full level acoustic test.
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SIT FM #1 Date:

# | Steps . Results, comments, and observations Initials
4 Perform visual inspection and functional test

per Reference 3.
SIT FM #2 Date:
# | Steps ' Results, comments, and observations Initials
1 Suspend SIT in the chamber from parachute

cord as described in Section 5.2.
) Run pre-random check out at -9 dB

(and at other levels as required).

3 Run full level acoustic test.

Perform visual inspection and functional test
per Reference 3.

8 Data Processing

Data reduction will be required for all control data between test runs along with some or all of the
response data. All data will be reduced from the full level test runs for inclusion in the test report.

Acceleration and force plots will be generated between test runs to analyze input, response, and data
fidelity. All full level data channels will be plotted in the frequency domain with annotation and in a
format suitable for inclusion in the final test report.

Low-level sine survey and sine vibration data will be analyzed and plotted in the following formats:
accelerometers gpk Vs. frequency ~
force transducers  lby vs. frequency
l

Random vibration data will be analyzed and plotted in the following formats:
accelerometers g’/Hz vs. frequency (20-2000 Hz)
force transducers  1b%/Hz vs. frequency (20-2000 Hz)

Acoustic data will be analyzed and plotted in the following formats:
accelerometers g*/Hz vs. frequency
SPL dB vs. frequency.

9 Photographic Documentation
Digital photographs will be taken to show the overall setup with test article fully assembled on the

vibration fixture and shaker. Close-up photographs will be taken of the accelerometer installation with
sufficient detail to allow later accelerometer location identification.
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10 Figures

2X,2Y,2Z
tri-axial response accel #2;
near corner, next to flange.

1X,1Y,1Z
tri-axial response accel#1;
near corner, next to flange.

ALY Force transducers mount
here, between Ultem®
spacers and vibe plate.

Figure 1: SIT assembly and approximate response accelerometer locations
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Figure 2: SIT footprint for vibration plate.
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