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1.0 SCOPE

This document defines the detailed Electromagnetic Compatibility (EMC) test procedures for the Small Explorer-Fast Auroral Snapshot Explorer (SMEX-FAST) EMC tests. The SMEX-FAST subsystem will hereafter be known as the 'test sample'.

2.0  APPLICABLE DOCUMENTS

The following documents pertain to the EMC test procedures to the extent specified herein:

(1) MIL-STD-461C (Part 3), Notice 1: Electromagnetic Emission And Susceptibility Requirements For The Control Of Electromagnetic Interference

(2) MIL-STD-462, Notice 1: Electromagnetic Interference Characteristics, Measurement Of

(3) NASA Document, General Environmental Verification Specification for STS and ELV Payloads, Subsystems, and Components, Dated January 1990

(4) MIL-STD-1540B (USAF), Test Requirements For Booster, Upper-Stage, And Space Vehicles, Dated, 10 October 1982

(5) NASA Document, FAST-SPEC-012, Revision A, Small Explorer-Fast Auroral Snapshot, Dated 17 September 1993

(6) NASA Document, CM # FAST-TEV-069, Small Explorer-Fast Auroral Snapshot EMI/EMC And Magnetic Test Plan, Dated 7 March 1994 (See Attachment B)

(7) NASA Document, P-303-840, Electrostatic Discharge (ESD) Control Program, Flight Assurance Procedure, Dated 27 October, 1993

3.0 TEST REQUIREMENTS

In addition, this document specifies the EMC test equipment and test methods required for verifying the degree of compliance of the test sample with the limits specified in NASA document CM # FAST-TEV-067, located in attachment B of this test procedure. In addition, testing will be in accordance with MIL-STD-462 requirements. In case of conflict between the requirement documents, the procedure herein shall govern. Also, this document prescribes the testing procedures for the performance of the following EMC tests:

(1) Grounding and Bonding

(2) RE02 Electric Field Radiated Emissions, 20 Hz to 18 GHz

(3) RE04 Magnetic Field Radiated Emissions, 20 Hz to 1 MHz.

(4) RS03 Electric Field Radiated Susceptibility, 14 kHz to 18 GHz.

Unless otherwise stated herein, the EMC tests will be conducted in accordance with requirements of this test plan which reflects procedures contained in MIL-STD-462. The test shall measure the radiated emissions from the test sample and shall determine malfunctions or degradation of the test sample when subjected to the susceptibility requirements specified herein.


3.1
Test Equipment
All equipment which provids a direct readout from which data is recorded must be in current calibration, as recorded on the calibration sticker. The calibration sticker on each such piece of equipment shall be verified by the EMI test engineer prior to the start of testing.

Note: The calibration status of each piece of test equipment is provided in attachment A.
The required test equipment for each test. is defined with the test procedures below. Equivalent or better equipment may be substituted for the listed items. Substitution of listed equipment with unfamiliar or non-equivalent equipment is not permitted.

Calibration curves for current probes and antennas used in the EMC tests herein are provided in attachment A. These curves are provided as additional information.


3.2
ESD Requirements
All EMC test personnel shall be properly grounded when within two meters of the test sample. Grounding consists of wearing ESD wrist straps connected to the copper ground plane. This is to eliminate sources for electrical charges and equalize static potentials in the test area.

In addition, the relative humidity and temperature meter should be calibrated. The relative humidity should be maintained in the EMI facility at 35 % to 50 %. Temperature should be maintained at 65 degrees Fahrenheit +/- 5 degrees.

3.3 Personnel Requirements 



The following personnel are required to conduct the EMC tests.

(a) EMC Test Director. (1) To inspect the test sample and setup test equipment to ensure compliance with applicable specifications. (2) To oversee operation and assure proper functioning of all test equipment. (3) To review all test data for accuracy and completeness for the test report.

(b) EMC test Personnel (1) To operate and assure proper functioning of all test equipment. (2) To record the test data under the supervision of the EMC Test Director, and (3) to perform all EMC measurement.
(c) GSE Operator. (1) To operate or assign required operators to make all necessary adjustments and performance checks of the test sample. (2) To assure proper operation of the test sample prior to and during the EMC test. (3) to operate the GSE to exercise the test sample.
(d) Project Test Director - The Project Test Director shall be appointed by the project office; shall have a comprehensive knowledge of the operations of the test sample; and shall be responsible for the proper handling and operation of the test sample during the performance of all tests. The Test Director shall advise the EMC Test Director of any anomalies that the test sample experiences during the tests.
(e) SMEX Quality Assurance Representative
3.4
Support Equipment
The equipment required to support an active simulated exercise of the test sample for typical operation is provided by the GSE.

3.5
Calibration of Test Equipment,
Calibration of all test equipment is performed by UNYSIS Calibration Labs Inc. All calibration information (i.e., dates, type of equipment, etc.), will be provided upon request.


3.6
Environmental Requirements
The EMI facility temperature shall be maintained at 65 +/- 5 degrees, and the relative humidity in the facility shall be maintained form 35 to 50 percent.

4.0 AMBIENT MEASUREMENTS

Before each test, a conducted and radiated ambient measurement will be made to determine the electromagnetic integrity of the EMI chamber. The test consists of running the conducted and radiated ambient measurements before the test sample is powered on. This will provide the EMC team with a baseline in which to conduct the rest of the EMC tests.

5.0 PERSONNEL SAFETY REQUIREMENTS

The personnel involved in the performance of these tests shall comply with the requirements outlined in the handbook American National Standard, Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields. 300 kHz to 100 GHz. . This document establishes personnel safety rules to be followed when work involves non-ionizing RF radiation.

Also, during the radiated susceptibility tests, no personnel shall be permitted inside the RF shield room where the antennae are located, and the use of a radiation hazard meter shall be implemented when necessary.

6.0 TEST FACILITY

Testing is performed at the Small EMI Facility located in building 7, room 8, at the Goddard Space Flight Center (GSFC), Greenbelt, MD. See Figure 1 for a drawing of the general layout of the facility. The facility was designed for EMC testing of NASA's flight hardware. Specifically, payload subsystems. Also, the facility was designed for the following EMC tests: 1) emissions - radiated and conducted electromagnetic interference levels; generated by specific flight hardware, and 2) susceptibility - the ability of specific flight hardware to function properly when subjected to specific levels of radiated and conducted electromagnetic interference.

7.0 TEST RESULTS

The results of the test will be reported to the EMC Test Engineer Angelo G. Wade, of Code 754.2, which will then be incorporated into the final report.

	8.0
	WORK DIRECTIVE (WD) AND JOB ORDER NUMBER

	WD:
	9557

	Job Order Number:
	754-864-02-01-XX


Figure 1:  EMI Small Facility Layout

9.0 TEST NO. 1: GROUNDING AND BONDING

9.1
Purpose
The purpose of this test is to measure the DC bond resistance between all metal enclosures, including the test sample, in order to ensure a low impedance bond at all frequencies.


9.2
Specification Limits/Requirements,
The DC bond resistance between the ground plane and all metal enclosures should not exceed 2.5 milliohms.


9.3
Procedure
Configure the test setup according to Figure 1. This setup is general and will be used throughout the test. While using a milliohm meter, measure the DC bond resistance between the ground plane and all metal enclosures. Before performing this test, contact the EMC Test Director.


9.4
Test Equipment
The test equipment required for this test is listed in Table 1.

9.5
Data Log Sheets
Sample data log sheets on which test results are to be recorded are provided in attachment A.

Table 1 - Grounding and Bonding Test Equipment

frequency range
item

manufacturer

model #
comments

DC

micro ohm meter
Keithley

503

NASA # 1334263
Used to make DC impedance measurements

10.0 TEST NO. 2: METHOD RE02 - ELECTRIC FIELD RADIATED EMISSIONS TEST,

20 Hz TO 18 GHz

" CAUTION "

"PRIOR TO THE FOLLOWING TESTS NOTIFY THE TEST CONDUCTOR OF
POTENTIAL RADIATION HAZARD"
10.1 Purpose
The purpose of this test is to demonstrate that the levels of narrowband and broadband radiated electric field emissions do not exceed the specified limits from the test sample's equipment or interconnecting cables. These tests exclude antenna port emissions which may contain high level transmitter spurious emissions and receiver oscillator spurious emissions.

10.2 Specification Limits/Requirements,
a.) Unintentional radiated narrowband electric field levels produced by the test sample should not exceed the levels specified in Figure 2.

b.) Unintentional radiated broadband electric field levels produced by the test sample should not exceed the levels specified in Figure 3.

10.3 Procedure
Configure the test sample and test equipment as shown in Figure 4. Wait until proper operation of the test sample is verified by the test operator, and wait until the test sample is placed in the proper mode by the GSE operator.

Proceed with narrowband and broadband measurements after the ambient measurement is conducted, and after you have probed the test sample to locate the points of maximum radiation. Select the position of the test antenna according to Figure 4. For each test antenna, scan the frequency range of this test with the EMI meter and take measurements as required. If measured emissions exceed the narrowband or broadband specification limits described above, have the test operator power down the test sample and perform an ambient check on the out-of-spec frequency range.

Note: Use the measurement bandwidths specified in Table 2.  The bandwidths in parenthesis are recommended because these are preset in the EMI receiver at the manufacturer.

The following additional steps may be performed as required to determine the nature and source of the emissions: turn the test sample off then on, change the test sample's operating modes, shield cables with aluminum foil, remove cables, change the test sample's grounding scheme, probe the test sample with Electro-Metrics handheld probe in conjunction with the HP8566B Spectrum analyzer. All such tests shall be documented on the test data log sheets. Record the test results and any observations on the test data log sheets.
Repeat the above procedure for each test sample mode that the GSE operator commands.

10.4 Test Equipment
The test equipment required for this test is listed in Table 3. 

10.5 Data Log Sheets
Sample data log sheets on which test results are to be recorded are provided in

Attachment A.

Figure 2: RE02 Narrowband Radiated Test Limits (Payloads)

Figure 3: RE02 Broadband Radiated Test Limits (Payloads)

Table 2: Receiver Bandwidths (Narrowband)

	FREQUENCY RANGE
	BANDWIDTH (NBA,

	
	

	
	

	20 Hz to 20 kHz
	50 Hz

	20 KHz to 2.5 MHz
	500 Hz

	2.5 to 30 MHz
	5 kHz

	25 MHz to 1 GHz
	30 kHz

	1.0 to 10 GHz
	100 kHz


TABLE 3 - RE02 Radiated Emissions Test Equipment

	FREQUENCY
	ITEM
	MANUFACTURER
	MODEL #
	COMMENTS

	RANGE
	
	
	
	

	
	
	
	
	

	N/A
	Computer
	Hewlett Packard
	340-C
	Controls Spectrum

Analyzer

	30 Hz to 22 GHz
	Spectrum Analyzer
	Hewlett Packard
	HP8566B
	EMI Receiver

	30 Hz to 2 GHz
	RF Preselector
	Hewlett Packard
	HP85685A
	used with HP8566B

	10 kHz to 1 GHz
	Antenna
	Antenna Research

Associates
	SAS/1 D
	Active Elements

	1 GHz to 18 GHz
	Antenna
	EMCO
	3115
	Dual Ridge Guide

	14 kHz to 1 GHz
	E-Field Probe
	Electro-Metrics
	
	optional

	28 VDC
	Battery
	Fairchild
	N/A
	


Figure 4: RE02 Test Setup

11.0 TEST NO. 3: METHOD RE04 - MAGNETIC FIELD RADIATED EMISSIONS TEST,

 20 Hz TO 1 MHz

11.1
Purpose,
The purpose of this test is to measure radiated magnetic fields emitted from the test sample in the frequency range from 20 Hz to 1 MHz.

Note: This test is performed only to supplement the radiated magnetic field measurements that will be conducted by the project. Unless approved by project personnel, perform radiated measurements as specified by the procedures below. Otherwise, the project will perform these measurements with their search-coil magnetometer located on the spacecraft., and the measurements will be performed according to the procedures defined in section 4.3 of the SMEX FAST EMI/EMC and Magnetic Test Plan, dated March 7, 1994 (See attachment B herein).

11.2 
Specification Limits/Requirements
a) Radiated ac magnetic field levels produced by the test sample at a distance of 1 meter from the test sample, shall not exceed the specifications limits shown in Figure 5.

b) Position the magnetic field sensor 1 meter opposite the center of the test sample.

11.3 
Procedure
Configure the test sample and test equipment as shown in Figure 6. Wait until proper operation of the test sample is verified by the test operator, and wait until the test sample is placed in the proper mode by the GSE operator.

Continue using the EMI receiver used in the previous test. Facility power may have to be turned off in order to achieve a quiet EMI environment at the test frequencies. Position the sensor approximately at the locations in Figure 6. In addition, all test equipment should be operated on battery power if necessary. Proceed with magnetic field measurements after the ambient measurements are conducted, and after you have moved the sensor horizontally to determine the location of maximum emission level. The measurement bandwidths required for this test are listed in Table 4. Note, measurements performed are power-in-the-bandwidth measurements and the bandwidths are listed in Table 4. Therefore, scan the frequency range of this test with the EMI receiver and take measurements as required.

An EMI receiver measurement system with a single axis coil sensor will be used. Measurements will be taken separately about each orthogonal axis by reorienting the sensor. The three axis will then be combined using a "root-sum​squared" technique. If measured emissions exceed the specification limits described above, have the test operator power down the test sample and perform an ambient check on the out-of-spec frequency range.

The following additional steps may be performed as required to determine the nature and source of the emissions: turn the test sample off then on, change the test sample's operating modes, shield cables with aluminum foil, remove cables, change the test sample's grounding scheme, probe the test sample with a magnetic field probe in conjunction with the appropriate EMI receiver. All such tests shall be documented on the test data log sheets. Record the test results and any observations on the test data log sheets.

Repeat the above procedure for each test sample mode .that the GSE operator commands, and all sensor positions shown in Figure 13.

11.4 
Test Equipment
The test equipment required for this test is listed in Table 5. 

11.5
Data Log Sheets

Sample data log sheets on which test results are to be recorded are provided in Attachment A.

Figure 5: RE04 (Radiated AC Magnetic Field Limits)

Figure 6: RE02 Test Setup

Table 4 - RE04 Measurement Bandwidths

Frequency Sparl
Measurement Bandwidth
20 Hz to 20 kHz
10 Hz

20 kHz to 1.0 MHz
1 kHz

TABLE 5 - RE04 Test Equipment

	FREQUENCY
	ITEM
	MANUFACTURER
	MODEL #
	COMMENTS

	RANGE
	
	
	
	

	
	
	
	
	

	N/A
	Computer
	Hewlett Packard
	340-C
	Controls Spectrum

Analyzer

	20 Hz to 150 MHz
	Spectrum Analyzer
	Hewlett Packard
	3588A
	EMI Receiver

	30 Hz to 22 GHz
	Spectrum Analyzer
	Hewlett Packard
	85668
	EMI Receiver

	30 Hz to 2 GHz
	RF Preselector
	Hewlett Packard
	85685A
	Prevents

overloading of

spectrum analyzer

	20 Hz to 10 kHz
	Antenna
	Electro-Metrics
	APL-10
	Magnetic Field loop

antenna

	10 to 500 kHz
	Antenna
	Electro-Metrics
	ALR-25
	Magnetic Field loop

antenna

	20 Hz - 50 kHz
	EMI Receiver
	Electro - Metrics
	EMC -11
	Optional.

	+28 VDC
	Battery
	Fairchild
	N/A
	


Figure 7: RS03 Test Setup

TABLE 6 - RS03 Test Equipment (Radiated Susceptibility)

	FREQUENCY
	ITEM
	MANUFACTURER
	MODEL it
	COMMENTS

	RANGE
	
	
	
	

	
	
	
	
	

	14 kHz to 500 kHz
	Signal Generator
	Hewlett Packard
	HP8904A
	

	500 kHz to 2 GHz
	Signal Generator
	Hewlett Packard
	HP8660C
	

	2 GHz to 18 GHz
	Signal Generator
	Hewlett Packard
	HP8672A
	

	
	Crystal Detector
	Hewlett Packard
	8470B
	S/N 1822A14091

	14 kHz to 200 MHz
	Amplifier
	IFI
	402/5100
	Power Amp

	200 MHz to 1 GHz
	Amplifier
	Hewlett Packard
	11975
	Leveling Amp

	1 GHz to 2 GHz
	Amplifier
	Hughes
	1277L
	Traveling Wave

Tube

	2 to 4 GHz
	Amplifier
	Hughes
	1277S
	Traveling Wave

Tube

	4 to 8 GHz
	Amplifier
	Hughes
	1277C
	Traveling Wave

Tube

	8 to 18 GHz
	Amplifier
	Keltec
	KUR 625-20
	Traveling Wave

Tube

	10 kHz to 30 MHz
	Antenna
	EMCO
	3107
	Parallel Element

	30 to 200 MHz
	Antenna
	EMCO
	3108
	Power Biconical

	200 MHz to 1 GHz
	Antenna
	EMCO
	3146
	Log Periodic

	1 GHz to 18 GHz
	Antenna
	EMCO
	3115
	Dual Ridge Guide

	10 kHz to 1 GHz
	E-Field Probe
	Amplifier Research
	FP1000
	Isotropic Probe

1 to 300 V/m

Sensitivity

	10 kHz to 1 GHz
	E-Field Monitor
	Amplifier Research
	FM1000
	Provides Direct

read out in

volts/meter

	10 kHz to 1 GHz
	Leveling

Preamplifier
	Amplifier Research
	888
	Gov 't Property #

1187097

	14 kHz to 200 MHz
	Meter
	Boonton
	9200B
	Power Meter

	30 MHz to 18 GHz
	Meter
	Rohde & Schwartz
	URV5 8566B
	Power Meter

	+28 VDC
	Power Supply
	Project
	N/A
	


12.0 TEST NO. 4: METHOD RS03 - ELECTRIC FIELD RADIATED SUSCEPTIBILITY, 14 kHz TO 18 GHz

" CAUTION "

"PRIOR TO THE FOLLOWING TESTS NOTIFY THE TEST CONDUCTOR OF
POTENTIAL RADIATION HAZARD",
12.1 Purpose
The purpose of this test is to ensure that the test sample does not exhibit any degradation of performance, malfunction, or undesirable effects in the frequency range of 14 kHz to 18 GHz when immersed in an electric field.

12.2 Specification Limits/Requirements
Applicable test limits, parameters, and radiated field requirements are as follows:

a.) Input and output cables shall be shielded.

b.) The following tests shall be applied to individual payloads and payload subsystems (test sample):

1.) Radiated Susceptibility Test RS03 (E-Field),
Electric Fields - Plane wave fields shall be applied according to the table below:

	Frequency
Range
	Test Level,
	Modulation

	
	
	

	14 kHz to 2 GHz
	10 V/m
	1 kHz, Square wave, 50 %

	2 to 18 GHz
	10 V/m
	1 kHz, Square wave, 50 %

	5 to 6 GHz
	100 V/m
	• Pulse, 10 % duty cycle

• Pulse Width . 35 µsec

• Repetition Frequency = 2600 Hz


2.) The requirement shall be met for both horizontally and vertically polarized waves, although, a 45 degree polarized wave can be substituted.

c.) The test sample's susceptibility criteria will be defined later in the box below by project personnel.

SUSCEPTIBILITY CRITERIA

" The test sample will be considered susceptible if any change In telemetry occurs due to the applied field. The field instruments are excluded since they will be susceptible by this definition; they measure much smaller electric fields. levels should be reduced in the vicinity of the transponder receive frequency (2039.65 +/- 50 MHz) to prevent damage to the command receiver."

12.3 Procedure.
Configure the test sample and test equipment as shown in Figure 7. Wait until proper operation of the test sample is verified by the test operator, and wait until the test sample is placed in the proper mode by the GSE operator.

Note: Place the E-Field probe a distance of 2.5 cm away from the test sample, and all other metal objects.

While monitoring the test sample for susceptibility, starting at a frequency of 14 kHz, gradually increase the amplitude of the HP8904A or the HP8660A signal generator until a 10 V/m field level is reached. If for any reason the required field cannot be generated, record the actual levels achieved on the test data log sheet.

For swept test frequencies, using the HP8904A, HP8660C, or the HP8672A signal generators along with the appropriate power amplifier, sweep the frequency through a frequency band of 14 kHz to 18 GHz, while maintaining the required level. The sweep speed shall not exceed 1 octave/minute.

For discrete frequency test sequences, once all sources are at the required levels, monitor the test sample for any response for at least 1 minute. Longer times may be required, depending on which mode the test sample is in, and acceptance criteria.

If the test sample indicates a susceptibility response, the following shall be determined and recorded:

a.) The frequency band that induces the response.

b.) The field strength level required to induce a threshold response. 18

c.) The modulation characteristics required to induce a threshold response (if applicable). Record modulation type, frequency, and amplitude.

d.) The test sample operating mode.

e.) The nature and degree of the test sample's response.

If the test sample is found to be susceptible to one or more of the radiating sources, in addition to determining the threshold level, a series of evaluation tests may be performed to determine the cause of susceptibility, at the discretion of the test sample cognizant engineer. These evaluation tests may include any of the following: change the test sample's operating modes, shield cables with aluminum foil, externally shield sensitive areas of the test sample, remove cables, change test sample's grounding, and probe the test sample with Electro-Metrics handheld probe. All tests shall be documented on the test data log sheet.

Repeat the above procedure for each test sample mode that the GSE operator commands, and for all other test levels described in the table above.

12.4 Test Equipment
The test equipment required for this test is listed in Table 6. 

12.5 Data Log Sheets
Sample data log sheets on which test results are to be recorded are provided in Attachment A.
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