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Specification: ACIS Contract End Item Specification

Requirement Number/Title: 3.2.5.5.4.1 Magnetic Field Intensity (VRSD 3.2.5.5.4.1-2)

Requirement Statement: The magnetic field generated by the instrument shall not degrade its 
performance below the performance requirements stated herein and shall comply with paragraph 3.5.4.1 
of the Observatory to Science Instrument ICD.
Verification Method: Demonstration and Test

Procedure Number: ACIS-000-78-01

Configuration: ACIS Instrument EMI/EMC Test

Cycle Time:

Verification Discussion/Results:

Compliance with the requirement stated above has been verified by demonstrations and tests at three 
locations in three configurations.

Compliance was initially verified by system level functional tests performed prior to commencement of 
EMI/EMC tests of the ACIS Instrument. Results of these tests showed that ACIS was self compatible 
and did not generate interfering magnetic fields that degraded instrument performance.

Subsequent EMI/EMC tests of the ACIS Instrument verified compliance with the requirements stated 
above and showed margin for instrument performance. Results of the EMI/EMC Testing was reported 
in Verification Report ACIS-000-78-01VR. Results reported for magnetic field emissions and 
susceptibility test proved system performance in the presence of magnetic fields and showed that 
magnetic fields generated by AICS were less than the susceptibility test levels.

Tests performed at temperature in the Lincoln Labs vacuum chamber proved conclusively that the ACIS 
Instrument exceeds the performance requirements for sensitivity and spectral resolution.

Tests performed in the XRCF at MSFC proved conclusively that the ACIS Instrument measures low 
level X-rays in a vacuum and at temperature. Performance measurements far exceeded requirements and 
expectations.
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1. INTRODUCTION

1.1 Scope
This document provides a collection of information which results from the implementation 
of the ACIS Verification Plan, 36-01203. It is intended to show that the delivered 
instrument meets a specific set of requirements from the ACIS Power and Thermal-Control 
Structure (PTS) Specification, ACIS-36-02101.

In particular, this report provides the analytical data to support the verification of specific 
PTS Specification requirements. These requirements were assessed to be best verified by a 
analysis. The method selected in the verification of each specific requirement is the method 
which provides the assurance to the program that the requirements have been verified.

The Verification Cross Reference Matrix contained in the ACIS PTS Specification shows 
how each contractual requirement will be verified. The requirements documented herein 
have been designated to be verified by analysis and/or a combination of other verification 
methods.

1.2 Applicable Documents
ACIS Project Documents
36-02101 ACIS Power and Thermal-Control Structure (PTS) Specification

36-01203 ACIS Verification and Calibration Plan

2. METHODOLOGY

2.1 Requirements & Specifications
Verification methods to be used are defined in the verification matrix, compiled as an 
appendix to the ACIS Power and Thermal-Control Structure Specification, 36-02101.

2.2 Verification Descriptions
Summary level descriptions of each verification activity are located in the ACIS Verification 
Plan, 36-01203 and the ACIS Power and Thermal-Control Structure Specification, 36- 
02101. The specific definitions for this report are as follows:

2.2.1 Analysis Definition
Analysis is a method of verification, taking the form of the processing and accumulated 
results and conclusions, intended to provide proof that verification of a requirement(s) has 
been accomplished. The analytical results may be based on engineering study, compilation 
or interpretation of existing information, similarity to previously verified requirements, or 
derived from lower level examinations, tests, demonstrations, or analyses. Verification by 
analysis is a process used in lieu of or in addition to testing to verify compliance with 
specification requirements. The selected techniques may include systems engineering 
analysis, statistics and qualitative analysis, computer and hardware simulations, and analog 
modeling. Analytical techniques may be used in lieu of tests for such things as life, 
storage, failure analysis, safety, interchangability, and some other performance 
requirements which cannot be verified by test.
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2.2.2 Magnetic Field Analysis Definition
Magnetic field analysis provides assurance that the fields produced by piece parts will not 
exceed allowable limits when implemented into the design and that overall intra-system 
compatibility will be realized. Additionally, the analysis provides assurance that the 
selection of magnetic field sensitive piece parts will result in positive electromagnetic safety 
margins (EMISMs) for ACIS circuitry when exposed to transient and steady state AC and 
DC magnetic field environments. Tests performed in support of these analyses verifies 
compliance with the stated requirements and documents the margins achieved by the 
design.

3. ANALYSIS

3.1 Applicable Requirements
Requirement Requirement
Reference

1. 3.3.5.4a Magnetic Fields
The magnetic field from Power and Thermal-Control Structure shall not exceed 3.0 gauss 
at the edge of the SIM envelope.

2. 3.3.5.4b Magnetic Fields
The Power and Thermal-Control Structure shall operate as specified herein within the 
magnetic field generated by the observatory equipment, not to exceed 3.0 gauss.

3.2 Analytical Discussion

The Power and Thermal-Control Structure Magnetic Field analyses are provided for review 
and comment per contractual data requirement SE03. The Vent valve field strength analysis 
is attached in appendix A.

Requirement Requirement
Reference

1. 3.3.5.4a Magnetic Fields
The magnetic field from Power and Thermal-Control Structure shall not exceed 3.0 gauss 
at the edge of the SIM envelope.

DISCUSSION
Piece parts for the Power and Thermal-Control Structure have been selected and the design 
implemented to not exceed 3.0 gauss magnetic emissions at the edge of the SIM envelope. 
The dc magnetic field characteristics for specific piece parts was documented in an ACIS 
Interoffice Memorandum (ACIS 95-115) provided herewith in Appendix A. This 
memorandum shows that selected piece parts have the capability to meet the maximum 
allowable dc magnetic field requirements with more than adequate margin when properly 
incorporated into the design. The PTS design utilizes many standard practices, such as; 
wire twisting, shielding, and piece part orientation, to assure that both ac and dc magnetic 
fields remain below allowable limits. Tests performed as part of the Integrated ACIS 
System EMI/EMC testing and reported in ACIS 000-78-01VR - ACIS EMC Test Report 
verify compliance with the requirements. Excerpts from the referenced report for magnetic 
field testing are provided in Appendix B. This discussion verifies compliance with 
paragraph 3.3.5.4a of the PTS Specification, no further action is required.
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2. 3.3.5.4b Magnetic Fields
The Power and Thermal-Control Structure shall operate as specified herein within the 
magnetic field generated by the observatory equipment, not to exceed 3.0 gauss.

DISCUSSION
The Power and Thermal-Control Structure has been designed to not be susceptible to 
magnetic emissions generated by the observatory equipment, not to exceed 3.0 gauss. The 
PTS design utilizes many standard practices, such as; wire twisting, shielding, and piece 
part orientation, to assure that both dc and ac magnetic fields will not produce interfering 
currents into sensitive electronic circuits. Tests performed as part of the Integrated ACIS 
System EMI/EMC testing and reported in ACIS 000-78-01VR - ACIS EMC Test Report 
verify compliance with the requirements. Excerpts from the referenced report for magnetic 
field testing are provided in Appendix B. This discussion verifies compliance with 
paragraph 3.3.5.4b of the PTS Specification, no further action is required.
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Appendix A

ACIS Interoffice Memorandum 

ACIS 95-115 

Vent valve field strength
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INTEROFFICE MEMO

TO: Ed Sedivy

FROM: Scot Anderson

CC: Lloyd Oldham, Larry Campbell

SUBJ: Vent valve field strength

DATE: may 17,1995

ACIS MEMO #:

ACIS-95 115

The small vent valve uses a permanent magnet to latch the valve open and closed.
The magnetic field is not fully contained by the magnetic circuit of the valve. In the 
venting subsystem there are three of these valves in close proximity to each other.
Two of the valves are mounted side by side and one is mounted at 90 degrees to the 
first two. Figure 1 shows the valve mounting assembly. The whole assembly is 
mounted on the vacuum interface bracket at the +Y panel just under the SIM. The field 
from the valves is axially symmetric acting along the length of the valve and 
perpendicular to the flow through the valve. Two measurements were made to 
establish the field strength at various locations around the valve.

. F«e: VALVES.DOC 1
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ACIS-95 115

Figure 1. Low conductance vent valve assembly.

The first measurement was made using a hand held magnetometer. This instrument is 
about the size of a pocket watch and reads out field strength on a gauge. The 
sensitivity of this device is about 1 gauss. A field strength of 11 gauss was read at the 
end of the valve. No other field could be measured but the size of the magnetometer 
prevent the measurement of the field at several locations.

The second measurement was made at the magnetic properties laboratory here at 
Lockheed Martin, Denver. The valve field was measured using flux-gate 
magnetometers. The instrument has a sensitivity of about 1 nanotesla (10'5 gauss) and 
has compensation field coils to locally negate the Earth’s magnetic field. The valve 
was placed in the measurement volume and rotated about each of its axes. The field 
measurements indicated a single dipole with a peak transverse field of 68.5 nT and a 
peak radial field of 140 nT at a radius of 45.7 cm.

A math model of the dipole field was constructed and matched to the field readings 
from the valve. Figure 2 shows a plot of the field strength as a function of clocking 
angle. As may be seen the radial field has a peak if 138 nT and a transverse field of 
68.5 nT. This field was obtained by adjusting the pole field strength and the separation 
of the poles. The field shown in figure 2 resulted from a dipole with 13.4 gauss poles 
and a separation of 49 mm. The actual valve is 45 mm long and as stated above has a

2
ft'*
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ACIS-95 115
pole field strength of about 11 gauss. This is excellent agreement and supports the 
use of a simple dipole for the magnetic field of the valve.
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Figure 2. Magnetic dipole field of latching valve at 45.7 cm radius.

Angles are in radians

In flight configuration the nearest of the valves are mounted about 2 cm from the 
external side of the +Y panel. Figure 3 shows the field strength from a valve at 2 cm. 
Figure 4 shows the field from a valve at 5 cm, about the distance for the furthest valves. 
The total field is the vector sum of these fields. The solid lines on these plots shows 
the field strength normal to the +Y panel as it varies along a line parallel to the valve 
axis. The dashed line shows the field strength parallel to the +Y panel along the same 
axis. As can be seen the field is dominated by the near valve with a predicted field 
strength of 3 gauss. The two far valves add about 0.8 gauss combined to the 3 gauss 
field. The field strength decreases with the inverse cube of the distance so at a 
distance of just a few more centimeters the total field strength should be reduced to 
well below one gauss.
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Figure 3. Estimated field strength of valve at 2 cm along +Y panel 

Field strength in nano-Teslas, distance in cm.
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ACIS-95 115
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Figure 4. Estimated field strength of valve at 5 cm along +Y panel. 
Field strength in nano-Teslas, distance in cm.

The handheld magnetometer described above showed no significant field in the 
location shown by figures 3 & 4. This is probably due to the shielding effects of the 
valve’s magnetic circuit and the breakdown of the dipole assumptions in the near field. 
From this analysis it is clear that the magnetic field from the valves is small and very 
localized. The analysis itself is conservative and still shows a nominal expected field 
strength of 3 gauss. The current ACIS requirement is for a maximum field strength of 
0.8 gauss at the instrument envelope. At the interface where the valves mount there is 
a light shade on the venting subsystem that protrudes approximately 4” from the +Y 
panel. At the end of the light shield the field strength is well below the required 0.8 
gauss.

In addition to the latching valves the ACIS PSMC uses 12 latching relays. These relays 
also relay upon a permanent magnet to hold the last position of the relay. The field 
from these relays is roughly an order of magnitude below the field from the valves. 
Figure 5 shows the estimated dipole field from the relays at a radius of 5 cm. The 
relays mount in the PSMC in the EMI cavity. The distance from the relays to the 
connector backshells is in excess of 5 cm. As can clearly be seen the field created by 
a single relay is well below the 0.8 gauss requirement at the PSMC envelope (including 
connectors). The 12 relays form a line on the board. The linear combination of the 
relays creates a fairly uniform field above and below the board plane. This field is 
approximately double the tangential field strength of one relay, or about 0.2 gauss.
The radial field peaks along the axis of the dipole so it extends along the plane of the 
board. The nearest board edge is 8 cm away so the field at the PSMC envelope is 
attenuated by nearly a factor of 4 from that shown in Figure 5. The linear combination 
of the tangential field extend away from the line of relays is the predominate field. Here 
the board edge is roughly 5 cm away from the nearest relay and the combined field is 
roughly 1.5 times the peak tangential field from one relay, or 1.5 gauss. The relays, 
therefore, meet the 0.8 gauss specification at the envelope of the PSMC when the 
connectors are included. 4
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ACIS-95 115
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Figure 5. Estimated magnetic field of relay at 5 cm radius.

Br = radial component of field in nT 
Bt = tangential component in nT 
Angles are in radians

The results of this analyses are the there are no major concerns from the permanent 
magnets in ACIS. Further, the fields are all very localized and fall off rapidly with 
distance. The valve field does extend beyond the +Y panel but not beyond the venting 
subsystem light shade.

Scot Anderson

ACIS MGSE
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ACIS 000-78-01VR - ACIS EMC Test Report, Excerpts 

Magnetic Field Test Results
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This appendix contains exceipts from the ACIS Instrument EMI/EMC Test Report (ACIS 000-78-01VR) 
that substantiate the verification of compliance stated herein. The excerpts are Appendices F, H and K 
from the referenced report and are included herein in their entirety.

Appendix F of ACIS 000-78-01VR provides the ac Magnetic Field Emissions data and results.

Appendix H of ACIS 000-78-01VR provides the dc and ac Magnetic Field Susceptibility data and results. 

Appendix K of ACIS 000-78-01VR provides the dc Magnetic Field Emissions data and results.
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TEST REPORT AVL6974 - ACIS & PSMC FLIGHT UNIT EMC QUALIFICATION TEST

APPENDIX F

RADIATED EMISSIONS, RE01 TEST, 30 Hz - 1 MHz

1.0 PURPOSE AND SCOPE

1.1 The purpose of this test was to measure, for compliance, radiated magnetic fields, 
emanating from the ACIS instrument.

2.0 TEST PROCEDURE

2.1 Testing was performed in accordance with Test Procedure AVL6974, as modified during the 
test. See Appendix P herein.

2.2 The ACIS instrument and test tools were set up as described in Section 6.0 in the basic section 
of this report.

2.3 The test method was that of MIL-STD-462, RE01 (tailored). The receiving antenna was 
located one meter from the ACIS instrument.

2.4 While the ACIS instrument was operated in Configuration A (per Section 7.0), radiated 
emissions were measured with a loop antenna. Ambient measurements (ACIS & PSMC 
powered off) were made in any frequency range where excessive emissions were exhibited 
with the ACIS instrument operating.

2.6 The emissions were measured by the HP8566B/85685A receiving system from 30 Hz -1 MHz,
processed by computer and printed on graphs. The peak detector was used for all 
measurements.

3.0 TEST DATA

3.1 The test data is contained in Figures F-1X, F-1Y, F-1Z and FLAG 4X, FLAG 4Y, FLAG 4Z of 
this appendix.

3.2 The test limits for compliance are displayed in Figure 7-5 of the basic section of this report, 
and on the individual data sheets.

F-
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TEST REPORT AVL6974 - ACIS & PSMC FLIGHT UNIT EMC QUALIFICATION TEST

4.0 TEST RESULTS

4.1 During Radiated Emissions (RE01) testing the ACIS instrument was operated in 
Configuration A. The PSMC was operated at 35 VDC (setup 1) and 24 VDC (setup 2).
The test was run with two different setups.

a) Setup 1: the SPS was located in the equipment room. The power cables from the SPS to 
the PSMC were shielded and terminated at the PSMC with and EMI back shell 
connector. The shield was also terminated at the penetration panel with copper tape.

b) Setup 2: the shield was removed from the power cables and the SPS was located in the 
Test room. The power from the DC power supply was run through an EMI filter and 
through the penetration panel.

4.2 With Setup 1 and the PSMC operating at 35 VDC no Radiated Emissions were measured 
which exceeded the RE01 specification limit.

4.3 With Setup 2 and the PSMC operating at 24 VDC, worst case configuration for this test, no 
Radiated Emissions were measured which exceeded the RE01 Specification Limit.

4.4 RE01 testing was also run using a ELS-10 antenna and max hold on the spectrum analyzer for 
addition information. The antenna was slowly moved around the UUT at a distance of 5 cm. 
No RE01 emissions were measured which exceeded the specification limit.

4.4 The ACIS instrument demonstrated compliance with the RE01 Specification Requirements.
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LuCKHthD MARTIN ASTRONAUTICS

DATE:
FISURE NO.: F-1 X
TEST ITEM: ACIS
TYPE OF TEST: RE0j
OPERATINB MODE: CONFIGURATION A

TIME:
TEST NO.: AUL6974 
SERIAL NO.: 3B-0S002 
FREQ. RANGE: 30 Hz - i MHz 
CONFIGURATION: 35 UDC
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LOCKHhhD MARTIN ASTRONAUTICS
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TEST REPORT AVL6974 - ACIS & PSMC FLIGHT UNIT EMC QUALIFICATION TEST

APPENDIX H

RADIATED SUSCEPTIBILITY (RS01) TEST 

PURPOSE AND SCOPE

The purpose of this test was to determine if the operation of the ACIS instrument would be 
degraded when subjected to the specified radiated field levels in the frequency range of 30 
Hz to 50 kHz, and to determine the threshold of susceptibility (field levels for proper 
operation) if degradation of performance occurred.

TEST PROCEDURE

Testing wTas performed in accordance with Test Procedure AVL6974, as modified during the 
test. See Appendix P herein.

The ACIS instrument and test tools were set up as described in Section 6.0 in the basic section 
of this report. The transmitting loop antenna was located five centimeters from the SIMsim 
connector & cables, RTCU connectors & cables, PSMC connectors & cables, cables under 
SIMsim, and DA (see Figure 23-1 of the as run test procedure). Susceptibility of the UUT 
was determined by monitoring the CCD's for double digit Error counts.

The ACIS instrument was operated in Configuration A (per Section 7.0) during RS01 testing. 
The PSMC was operated at 28 VDC.

While operating the PSMC in the required mode and monitoring for performance 
degradation (per Paragraph 8.3), the field levels were applied and maintained from 30 Hz 
to 50 kHz.

TEST DATA

Test results are shown in Susceptibility Test Data Sheet H-l & H-2.

TEST RESULTS

No susceptibility to the required signals was exhibited by the UUT.

The ACIS instrument demonstrated compliance with Radiated Susceptibility, RS01 
requirements.
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FIGURE H-l PHOTOGRAPH, RS01 TEST SETUP
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APPENDIX K

RADIATED EMISSIONS, RE01 TEST, DC

1.0 PURPOSE AND SCOPE

1.1 The purpose of this test was to measure, for compliance, DC magnetic fields, emanating 
from the ACIS instrument.

2.0 TEST PROCEDURE

2.1 Testing was performed in accordance with Test Procedure AVL6974, as modified during the 
test. See Appendix P herein.

2.2 The ACIS instrument and test tools were set up as described in Section 6.0 in the basic section 
of this report.

2.3 The test method was that of MIL-STD-462, RE01 (tailored). The Magnetometer was moved 
across each face of the ACIS instrument.

2.4 The ACIS instrument was operated in Configuration A (per Section 7.0). The PSMC was 
operated at 24 VDC, worst case for this test.

3.0 TEST DATA

3.1 Results of the test were recorded on Susceptibility Test Data Sheets K-l this appendix.

3.2 The test limits for compliance for DC Magnetic fields was 170 dBpT.

4.0 TEST RESULTS

4.1 A Gauss meter was used on and around the PSMC, DP A, DA, & DEA with no meter 
fluctuations.

4.2 The ACIS instrument displayed compliance with RE01 DC Magnetics specification 
requirements.

K-2
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FIGURE K-l PHOTOGRAPH, MAGNETICS TEST SETUP
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