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FIEL 

1. INTR u 0 

1 .1 OVERVIEW 

Federal Aviation Administration (FAA), Technical Center, with the 
assistance of the Society of Automotive Engineers AE4R ( 4 
Committee, has been working to: 

" ne the current and anticipated future electromagnetic environment 
resulting from the proliferation of new and more powerful grou 
airborne, and shipborne emitters: 

" establish adequate and effective requirements for ai ns 
ensuring airworthiness/certifica;:ion and flight safety issues/concerns 
re9arding susceptibility to High Intensity Radiated Fields (HI are 
addressed; and 

develop recommendations of parhs to certification for new and modified 
aircraft. 

To furthe1· support their efforts, the Technical Center has contracted with 
, Inc. (SCIENTECH) to perform HI tests on the Sikorsky 76 

Helicopter (S-76). The tests are intended to measure the on-board coupled 
electromagnetic fields (E-Fields) and induced cable currents as a result of 
irradiatin~l the aircraft with low-level ele:ctromagnetic energy. 

of active emitters will be pEHformed to collect on-board 
measurements. The results of the HI will be used to 
S-76's ability to attenuate external E-Fields and evaluate expected 
(i.e., extrapolation of low-level irradiation to full-threat) induced cable currents. 
U , the results from, and methodology used during, the of the 
S-76 HI Tests will be evaluated, in conjunction with other test methodologies 
identified in the SAE-AE4R Committ13e's Users Manual, determine the 
adequacy and potential need for modification to the current HIRF 
requirememts. 

1.2 HIBF CONCERNS 

HIRF-related electrical disturbances are increasing concern as a 
issue because of the substantial growth in the numbers of 
international high power transmitters, growing flight control avio 
systems complexity (resulting in potential sensitivity and susceptibility to HI 
and the increasing use of composite materials (typically providing less 
attenuation) in modern aircraft design. ensure continued flight , it is 
apparent that new aircraft designs must be evaluated for susceptibility to the 
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effects of HIRF. However, it is also apparent that existing test requirements and 
recommended approaches to HIRF testing must be evaluated and potentially 
modified to ensure airworthiness/certification flight safety issues and concerns 
are address(3d in the most cost-effective way possible. 

1.3 HIRF SUMMARY 

To assist thE3 FAA in addressing the above concerns, SC!ENTECH will conduct 
Low-Level Swept Coupling (LLSC) tests on the S-76 by transmitting non
threatening power levels of radio frequency (RF) energy from antennae 
positioned in the near vicinity of the aircraft and oriented to illuminate areas 
containing various electronic and potentially susceptible components. In 
addition, SCIENTECH will monitor and record on-board E-Field levels during 
fly-bys of active emitters at the FAA Technical Center, the Cape Cod, 
Massachusetts PAVE PAW, and the Moscow, Maine, Over the 
Horizon-Backscatter (OTH-8) radar site. Results of the S-76 HIRF tests will be 
documented and delivered to the FAA in a final report. 

2 



2. RPOSE 

2.1 VERVI 

This Test Plan describes the specific tests SCIENTECH will perform on the S-
Specifically, this document will provide and define the overall , 

description, definition, methodology, system, deliverables (Appendix A), and 
schedule1 (Appendix B). 

2.2 SCOPE 

The scope of the SCIENTECH S-76 H IRF test effort described in this Test Plan 
includes the following elements. 

.. THst Preparation: Design, develop, acquire, and integrate the S-76 HI 
THst System. 

Package and transport the S-76 HI Test System from Idaho 10, 
to the Atlantic City FAA Technical Center and, upon completion of 
HI test, package and redeploy the Test System to Idaho Falls. 

" Conduct cable current measurements from 1 0 
S-76 electronic components. 

• Conduct E-Field measurements from 10 kHz to 18 GHz in 
areas of the S-76. 

" Conduct site calibration (SCAL) 1:-Field tests from 1 0 

.. Conduct on-board E-Field measurements and oversee 
cockpit electronic instruments le rforming a fly-by of 
conical antenna transmitting at to-be-determined E-Field levels. 

.. Conduct on-board E-Field measurements and oversee 
cockpit electronic instruments while performing a fly-by of the 

on 

Cod, Massachusetts and Moscow, Maine, OTH-B radar 
transmitting at to-be-determined E-Field levels. 

" Prepare and deliver a final report on the S-76 HI test. 

2.3 DESCRIPTIONS 

In general, the S-76 HI ground tests will be performed 
of electromagnetic energy over the range 10 to 18 

measuring the resulting on-board and induced cable current 
(cable current levels will be measu up to 1 GHz). Both cable cu 
measurements will be made in various areas of the S-76 while irradiating 

locations. The specific (R) and transmit 
in Figure 1. Table 1 defines the various transmit 
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combinations from which tests will be performed. Additionally, on-board 
measurements will be made while actually flying through E-Fields generated by 
active ground emitters. The S-76 H IRF tests will be comprised of three major 
segments: 

.. SCAI:... (Section 2.3.1 ); 

.. LLSC cable current and E-Field (Section 2.3.2); and 

• Fly-by (Section 2.3.3). 

FRONT 
CARGO CABIN 

Figure 1. S-76 HIRF Test 

Table 1. Transmit and Receive 

T1 

R1 X 
R2 
R3 X 
R4 X 

2.3.1 SCAL 

Layout 

T2 

X 
X 
X 
X 

COCKPIT 

The SCAL segment of the HIRF ground tests will be performed prior to the 
placement of the S-76 in the test area. SCAL will consist two phases: 
background noise and transmitted Field measurements. Appendix C 
provides specific definition the SCAL measurements to be performed. 
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The background noise measurements will be made to determine ambient and 
equipmer.t noise levels in the absence of intentional transmissions from the test 
system's emitters. The data obtained from these tests will ultimately used 
during the data analysis/reduction portion of the test report development 
calculate actual measured field strength levels. Essentially, the background 
and equipment noise levels will be subtracted from the measured levels 
providing actual E-Field and cable current levels. As indicated in Figure 2 the 
background noise measurements will be made in locations corresponding to 
two of the aircraft areas in which ield and cable current sensors will 
positioned for the LLSC tests. While· the actual E-Field and cable current 
measurements will be performed in four receive areas throughout the reran, 
SCAL me~asurements will be made onlv at one receive location. reduce·d 
number of SCAL receive locations is p(,ssible due to the close proximity of the 
receive locations and consideration of the E-Field levels are a function of 1 /R 
where R is the distance between the transmit and receive locations. 

SCAL E-Field measurements will be made to determine the i 
intemsities at locations corresponding to the aircraft's skin in close 

proximity the receive locations. Figure 3 identifies the various transmit 
locations from which the SCAL E-Field measurements wil 

performed. 

The effected radiated power (ERP) frorr· each transmit antenna is dependent on 
the frequEmcy, input power, and efficiency of the antenna. Table 2 identifies the 

gain each antenna to be used. The resulting E-Field levels at 
will range from 1-3 Volts/meter (V/m) depending on the frequency. 

Figure 

FRONT 
CARGO CABIN 

SCAL Backgro Noise Measurements 
Locations 
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FRONT 
CARGO CABIN 

Figure 3. SCAL E-Field Measurements 
Transmit and Receive Locations 

Table Antennae Effective Radiated 

Cable 
Loss Ave. 

Band (25ft) Num. ERP E 
No. Freq. • Band (dB) Gain 
1 1 OkHz-SOOkHz 0.01 .OOE-08 

2 500kHz-2MHz 0.09 100. .SOE-05 

3 2MHz-12MHz 0.22 1.00E-03 1.00E-01 

4 i2MHz-100MHz 0.65 0.67 40.80 

5 1 OOMHz-300MHz 1.10 30.70 1.33 1.00 

6 300MHz-400MHz 1.30 95.00 0.43 i .00 
7 400MHz-450MHz 1.40 100.00 0.30 

8 450MHz-500MHz 1.50 8.40 4.86 40.80 35 

9 500MHz-1GHz 2.20 9.60 4.25 40.80 35 
10 iGHz-2GHz 3.20 11.60 3.50 40.80 35 

11 2GHz-4GHz 4.70 8.60 4.75 40.80 

12 4GHz-8GHz 6.09 40.80 

13 8GHz-10GHz 5.45 40.80 

14 10GHz-12GHz 5.45 40.80 

15 12GHz-14GHz 5.45 40.80 35 1.00 

16 i 4GHz-16GHz 7.50 5.45 40.80 35 1.00 
17 16GHz-18GHz 15.35 35.00 11.60 7.50 5.45 40.80 35 1.00 
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2.3.2 Cable Current and d 

The LLSC cable current and E-Field SE!gment of the HIRF ground tests will 
performed with the S-76 in the test area. Measurements will be made with all 
aircraft power removed to provide a comparison between the on-board Field 
levels with and without power to the aircraft systems. The following describes 
specific details of the LLSC cable cur'ent and E-Fie!d measurements. all 
cases, thE~ S-76 irradiation will be performed at low levels (1 V/m) ensuring no 
equipment damage. 

LLSC cable current measurements will be performed by attaching current 
monitor probes to the various equipment cable bundles as indicated in Figure 4. 
During the aircraft irradiation, the induced current level will be manito on 
spectrum analyzers and transferred to a computer for follow-on analysis. 
LLSC cable current measurements wil be made over the range of 10 
1 G from transmit and receive locations as indicated in Figure 5. 
cable cun·ent and E-Field measurement will be made in parallel over the range 
of 10 to 1 GHz. Appendix C identifies the specific parameters associated 
with the LLSC tests. 

Scm 

"---C-o_n_n-ec...,.to-r--~CurrenLr 
Probe 

4. Current Monitor 

i' 

Cable Bundle 

SPECTRUM ANAL VZEA 

0 

Configuration 



Figure 

FRONT 
CARGO 

T2 

Cable Current Transmit 
Receive Locations 

COCKPIT 

The LLSC E-Field measurements will be performed over the range of I 0 kHz to 
18 by placing sensors in areas of the aircraft as indicated in Figure 6. 
During irradiation of the aircraft, on-board E-Fie!d levels will be monitored on 
spectrum analyzers and the results relayed to a computer for follow-on analysis. 
Figure 7 idemtifies the specific transmit and receive locations to be used during 
the LLSC E-Field measurements. 

Monopole Antenna 

Antenna 

Figure 6. 

SPECTRUM ANALYZER 

000 
000 

Periodic: Antenna-2 

0 00 

Equipment Configuration 
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FRONT 
CARGO CABIN 

Figure Test 
Receive Lo ns 

COCKPIT 

During both cable current and E-Field measurements, the receive 
will located in the cabin area of the with current monitor probes and 

sensors in the appropriate areas connected to the receive equipme 
low-loss coaxial cables. 

2.3.3 Tests 

fly-by portion of the S-76 HIRF Test will comprised of three 
The first Hy-by will be conducted at the FAA Technical Center, Atlantic 

second segment will be performed in Moscow, Maine, at an 
The third segment will be performt3d on the PAVE PAWS radar at 

Station, Massachusetts. In each of these segments, ambient 
levels will be measured prior to exposing S-76 to the emitters. As 
SCAL background noise measurements, ambient levels will be used to correct 

E-Field data to provide a more accurate description of the E-Field levels 
attrioutable to the emitters. 

2.3.3.1 Technical Center By The fly-by at 
Center will include an HF transmitter in close proximity to the 

test site. The transmitter produces an effective radiated power of 1 
Additionally, a fly-over of the airport area will performed to 

of local Air Surveillance Radars (ASRs). In particular, 
of the runway will be evaluated. 

D presents the site descripticn and operational characteristics the 
transmitter sites. 

~I 



2.3.3.2 8 y. The Moscow, Maine, OTH-8 Transmitter 
Sites are depicted in Figure 8. The site description and operational 
characteristics are presented in Appendix E. Data received by the three 
transmitters are phased for complete Air Force mission azimuth coverage. 
True Bearings shown are the boresight azimuth angles for the main beams of 
the antennae. 

For the S-76 HI fly-by test, radar site selection will be coordinated between 
the FAA amj the OTH-8 Site Commander. Referring to the local area map in 
Appendix E, note the "chopper pad" at the rear (west) of the Sector 1 radar 
facility. Direction of fly-by operations is anticipated to be from that facility and 
pad toward Sector 1 . 

To ensure personnel and equipment safety during the OTH-8 fly-by tests, 
expected altitudes and ranges from the Sector 3 transmitter have been 
calculated. During the fly-by, the on-board E-Field levels will be continuously 
monitored. 

Given: ERP = 100 X 106 W 

Ev;m = 100 V/m 

z ::::: 377 Q 

Using: Evtm ::::: (Po Z)112 

Then: Po ::::: (EvJm)21 Z = 26.52 W/m2 

Using: Po = I (4n:R2) 

Then: R2 ::::: ERP I (4n:Po) 

Therefore: R ::::: [ERP I (4n:Po)]1t2 

Then: R = [1 00 x '1 os WI (4n:26.52 W/m2)]112 

R = (1 00 X 106 W 1333.26)112 

R ::::: 547.78 m 

:::::: 548 m 

1 0 
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Referring to Appendix the altitude for maximum field intensity at 22.25 to 
28.00 MHz is equal to 0.176R. 

Therefore: Altitude (A) = 547.78 m x 0.176 

= 96.41 m 

= 96 m 

Knowing the radius (R) and the distance (D) from the OTH-8 transmitter can 
be calculated as follows. 

D 

Therefore: D 

A 

= (547.782- 96.412)1/2 

= 539.23 m 

= 539 m 

As a result of the above calculations, it is expected that the external 
levels incide,nt on the S-76 will equal 1 00 V /m at an altitude of approximately 
96 m and range 539 m. 

Using the above methodology, the distance at which Ev;m expected to be 
from 10- 100 V/m in 10 V/m increments as presented in Table 3. 
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Table 3. OTH-8 Analysis 

POWER RADIUS FROM 
DESIRED 1:.: DENSITY TRANSMITIER ALTITUDE RANGE 

(V/m) ERP (W/m2) (m) (m) (m) 

100 1.00E+08 26.53 548 96 539 
90 1.00E+08 21.49 609 107 599 

80 1.00E+08 16.98 685 121 674 
70 1 .00E+08 13.00 783 138 770 
60 1.00E+08 9.55 913 161 899 
50 1.00E+08 6.63 1096 193 1079 
40 1.00E+08 4.24 1370 241 1348 
30 i .00E+08 2.39 1826 321 1798 
20 1.00E+08 1.06 2739 482 2697 
10 1.00E+08 0.27 5479 964 5393 

2.3.3.3 Pave Paws By. The Otis r rce Station, 
Massachusetts, PAVE PAWS radar transmitter site is shown on the Cape 
local area map as 3 miles north of Otis Air Force Station. Site description and 
operational characteristics are presented in Appendix The radar sweeps out 
a volume space varying from 2200 to 5400 ft high over an azimuth spread 
240°. The: power density at a slant rang13 of one nautical mile is 1 W/m2. 
antenna boresight is about 100° True Be1aring. 

As with the OTH-8 radar site, the distance from the 
corresponding to a 100 V/m E-Field level is calculated (reference i 
provided in Figure 9 at the end of this subsection) as follows. 

Given: A = 217m 

D = 1686 m 

Po = 100 W/m2 

Calculate = 4PonD2 

= 1 6862 X 1 00 X 4 X 1t 

"" 3572 X 106 W 
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If Ev;m must 1 00 V /m 

ZFs = 3770. 

Po= Ev;m2 = 1002 = 26.52 W/m2 
ZFs 377 

D J ERP ]112 
l4n:Po 

0- 3572 X 10 :::: 3273.89 m 1 2]1/2 
4n: (26.52) 

= 3274 m 

Applying thE~ above approach, the appropriated distances from the PAWS 
emitter are provided from 1 0 to 1 00 V /m in 1 0 V /m increments in Table 4. 

The S-76 HIRF fly-by test flights will be coordinated by the with 
PAWS Director of Operations. Referring to the local area map (Appendix F), 
note the runways at Otis Air Force Station. Fly-by operations are anticipated to 
be co-directed from the Otis tower and PAWS Operations. 

The PAVE PAWS radar is sited at the top of a hill approximately 100 ft above 
the surrounding coastland. This factor should facilitate safe air approaches 
toward the transmitter site. 

Table PAWS Analysis 

POWER RADIUS FROM 
DESIRED E DENSITY TRANSMITTER 

(V/m) ERP (WJmA2) (m) 

100 3.57E+09 26.52519894 3274 
90 3.57E+09 21.48541114 3638 
80 3.57E+09 16.97612732 4093 
70 3.57E+09 12.99734748 4678 
60 3.57E+09 9.549071618 5457 
50 3.57E+09 6.631299735 6549 
40 3.57E+09 4.24403183 8186 
30 3.57E+09 2.387267905 10915 
20 3.57E+09 1.061007958 16372 
10 3.57E+09 0.265251989 32744 

1 4 
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3. S-76 HIRF TEST EQUIPM NT DESC I 

The S-76 HIRF test will be performed by transmitting low levels of RF 
electromagnetic energies, over the frequency range of 10 kHz to 18 GHz, with 
antenna rac1iation directed toward the S-76. Transmission, reception, and 
measurements will be accomplished using the system test equipment. The 
HST format and equipment are described in Figures 10 through 14 and 
Tables 5 and 6. 
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SLOT2 9 0 ? W002 W047 
W003 W004 woos 

OUT 



Table 5. Frequency Band Settings 

Band TX Ant Freq. Amp Freq. Span/ Center 
No. Freq. Band TX Ant. Type Ran~ Range Div AX Ant. Freq. 
1 1OkHz-500kHz Bazooka Dipole 10kHz-60M 250kHz-150MHz 49kHz Monopole 255kHz 

2 500kHz-2MHz Bazooka Dipole 1 OkHz-60MHz 250kHz-150MHz 150kHz Monopole '1.25MHz 

3 2MHz-12MHZ Bazooka Dipole 1 OkHz-60MHz 250kHz-150MHz 1MHz Monopole 7MHz 

4 12MHz-50MHz Bazooka Dipole 1 OkHz-60MHz 250kHz-150MHz 8.8MHz Monopole 31MHz 

5 50MHz-300MHz Biconical 20MHz-330MHz 1.5MHz-400MHz 20M Hz AH 7000 175MHz 

6 300MHz-400MHz Biconical 20MHz-330MHz 1.5MHz-400MHz 30M Hz Lg. Log Periodic 350M Hz 

7 400MHZ-450MHz Biconical MHZ 1.5MHz-400MHz 5MHz Lg. log Periodic 425MHz 

8 450MHz-500MHz lg. log Periodic I 200MHz-1.8GHz 500MHz-1GHz 5MHz lg. Log PeriodicL 475MHz 

9 500MHz-1GHz Lg. Log Periodic 200MHz-1.8GHz 500MHz-1GHz 50MHz Lg. Log Peciodic ±750MHz 
10 1GHz-1.8GHz Sm. Log Periodic 1GHz-12GHz 1GHz-2GHz 100MHz Sm. Log Periodic .4GHz 

11 1.8GHz-4GHz Sm. log Periodic 1GHz-12GHz 2GHZ-4GHz 200MHz Sm. log Periodic Hz 

12 4GHz-6GHz Sm. Log Periodic 1GHz-12GHz 4GHz-8GHz 400MHz Sm. Log Periodic SGHz 

13 6GHz-8GHz Sm. Log Periodic 1GHz-12GHz 8GHz-18GHz 1GHz Sm. Log Periodic 7GHz 

14 8GHz-18GHz Sm. Log Periodic 1GHz-12GHz 8GHz-18GHz 1GHz Sm. Log Periodic 13GHz 

Table 6. List Equi 

Transmit and Control Node: 

Antenna (4 ea): SAS-200/551 (1 0 - 50 MHz, Bazooka Dipole) 
SAS-200/554(20 - 330 MHz, biconical) 
SAS-200/512F (220 MHz - i .8 GHz, folded log-periodic) 
SAS-200/51 i (1.0 - 18 GHz, log-periodic, w/spec variance) 

Power Amplifier (8 ea): #1, ENI - 21 OOL (1 0 - 12 1 
#2, 1- 3100LA - 150 MHz, 100 W) 
#3, I- 550L (1 - 400 MHz, 100 W) 
#4, EATON- 5100 (500 - 1 GHz, 45 W) 
#5, HUGHES - 8000H (1 - 2 GHz, W) 
#6, HUGHES - 8000H (2- 4 GHz, 20 W) 
#7, HUGHES- 8000H (4- 8 G 20 W) 
#8, HUGHES- 8000H (8-18 GHz, 20W) 

Spectrum Analyzer (1 ea): TEKTRONIX 271 , w/Tracking Generator 

Switch Control Unit (1 ea): 3488A, 3 cards-6 sw ea 

Fiber Optic Buss Extender (1 NATIONAL iN 1 

Computer (1 ea): MACINTOSH Set: MAC 2CX, E-Machines 
Monitor; EHMAN 45 MB 
Hard drive; Laser Writer 2NT. 
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Table 6. Continued 

Transmit and Control Node continued 

MTCB (1 ea): SCIENTECH Mobile Transmitter/Control ilding, 
Shielded Enclosure for Transmit and 
Control Nodes, truck transportable 

Current Monitor Probe (2 ea): Systems BCP-200/511 (0.1 ~ 100 

Antenna (4 ea): 

AH Systems BCP-200/512 (1 00 - i 

SAS- 200/550-1 (1 0 kHz- 60 MHz), active 
SAS- 200/510 (300 MHz - 1.8 GHz), log-periodic 
SAS- 100/511 (1.0 ·· 18 GHz, w/spec variance and 
Preamp w/20 db gain 
!COM AH-7000- Wideband , disconed (25-1300 MHz). 

Spectrum Analyzer (2 ea) IX 494AP, (26 GHz 

NATIONAL INSTRUMENTS -Buss Extender (1 ea) 10 

HEWLETT-PACKARD 3488A, 2 cards-6 sw ea 

Power Inverter (1 ea): MINUTEMAN - MM 1600 SS/1 

ADS 48 V in series) 
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4. ST M ODOLOGY 

4.1 FAA TECHNICAL CENTER, ATLANTIC CITY INTER AL 
AIRPO NJ, AREA D IPTION 

An airport diagram indicating the radar locations and other pertinent features is 
located in Appendix D. 

4.2 TEST DESCRIPTI NS 

The following subsections briefly describe the four types of tests to be 
performed. 

4.2.1 E-Field Measurements 

The E~Field will be measured inside the S-76 from various transmit locations. 
The frequency range for this measurement is from 10 kHz to 18 GHz. The 
Field originates from the Mobile Transmitter/Control Building (MTCB) where the 
transmit antennae broadcast the frequency band of concern. The S-76 will 
positioned so that it will be irradiated from three different sides. There will 
four different antennae inside the aircraft which I! be receiving the 
signals from the MTCB. The E-Field will be 1 V/m incident upon the outside 
the S-76. To get this E-field level, the distance the S-76 and the power output 
of the ampli'fiers will be adjusted. The E-Field induced inside will be a result of 
the natural apertures and attenuation of the aircraft. The induced signal will 
sent to the analyzer and to the Control Node where a readout will seen. 

4.2.2 SCJ~L Tests 

SCAL will be performed prior to positioning the in the test area. 
purpose of the tests is to evaluate ambient E-Field conditions and to calibrate 
ensure required incident field strengths exist when the aircraft is positioned for 
on-board tests. SCAL tests will be performed by radiating the S-76 over the 
frequency range of i 0 kHz to 18 GHz to ensure approximately 1-3 V/m 
levels are applied during LLSC and E-Field tests. A second segment of 
tests will bE~ performed at the conclusion of the LLSC and E-Field tests to 
provide verlfication of the first SCAL and the calibration the test system 
equipment operation. 

4.2.3 LLSC Tests 

LLSC tests will be performed to determine current levels induced cable 
bundles associated with on-board systems. The on-board systems will be 
specified by the FAA Contracting Officer's Technical Representative (COTR). 
Systems specified to date are: wires to full authority digital electronic control 
(FADEC) area, wires to electronic flight instrument system , and wires 
Standby Altitude Indicator. Cable current tests will be performed by irradiating 
the S-76 with electromagnetic energy at levels identical specified 
during SCAL over the frequency range of 10 kHz to 1 
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4.2.4 

S-76 will perform three fly-by tests near FAA and military radar units. These 
tests are1 to simulate real world situa,tions for actual Field measureme 
incident upon the S-76 cabin. Thes€~ will be measured using the on-board 
antennae: and the spectrum analyzers. Induced current levels will be measured 
using th1a current probes on cable bundles to be determined. video 
cameras will be used to record the 'esults. One will be viewing receiving 
analyzers and the other the cockpit controls and indicators. The resultant E
Fields and cable currents will be viewE;d as well as recorded to the disk of the 
on-board computer. The process of gaJhering data is exactly the same for both 
E-Field measurements and the LLSC tE!St 

4.3 D PROC IN 

e raw data taken from E-Field measurements and cab current 
measurements are stored onto an Ehman 45 MB removable hard disk. The 
data are then processed taking the antennae factors, current 
cable and switch loss. The data are corrected using software written for 
application. This corrected data are also stored to the disk and will be a part 
the final report. From the data collected, the attenuation factor as a function 
frequency will be determined for the aircraft. 

4.4 ANALYSIS 

7 II be correlated with the S-76 positions for instal 
equipment Dimensions used for these calculations were obtai 
S-76 Maintenance Manual, SA 4047-7€)-2, Chapter 6 (Appendix 

4.4.1 Article 

Article is an FAA Sikorsky-7B helicopter, with installed avionics 
control instrumentation as well as mechanical controls. 

4.4.2 Article Resonance Analysis 

Table 7. Anticipated rcraft Resonances 

POLARIZATION FULL 1/2 1/4 
DIM. WAVELENGTH WAVELENGTH WAVELENGTH 

S-76 CRfl1FT lOCATION Vert. Hori. 1m) FREQ. (MHz) FREQ. (MHz) FREQ. (MHz) 

Total Craft Length X 1:3.00 23.10 11.55 5.76 
Total Craft Width X ~!.13 140.70 70.35 35.18 

Total Craft Height X ~:.60 83.30 41.65 20.83 
Nosecone Width (Comp. Mtl.) X 1.52 197.23 98.62 49.31 

Nosecone Height (Camp. Mtl.) X 0.89 336.85 168.43 84.21 



ble 7. Continued 

POLARIZATION FULL 1/2 1/4 
DIM. WAVELENGTH WAVELENGTH WAVELENGTH 

S-76 CRAFT LOCATION Vert. Hori. (m) FREO. (MHz) FREQ. (MHz) FREO. (MHz) 

Cabin Length X 2.41 124.40 62.20 31.10 

Cabin Height X 1.37 218.83 109.42 54.71 

Cabin Width X 1.93 155.33 77.67 38.83 

Cabin and Pilot Door Height X 1.32 227.11 113.11 56.78 

Cabin and Pilot Door Width X 0.95 315.57 157.79 78.89 

Rear Cabin Height X 1.04 288.26 144.13 72.07 

Baggage Door Height X 0.74 405.12 202.56 101.28 

Baggage Door Length X 0.91 329.44 164.72 82.36 
Baggage Door Width X 1.63 183.92 91.96 45.98 

Small Window Height X 0.60 499.65 249.83 124.91 

Small Window Width X 0.30 999.31 499.65 249.83 

Pilot Door Window Height X 0.53 565.65 282.82 141.41 

Pilot Door Windc>w Width X 0.45 666.21 333.10 166.55 

Cabin Door Window Height X 0.53 565.65 282.82 141.41 

Cabin Door Window Width )( 0.45 666.21 333.10 166.55 

Turbine Intake J\perture Ht )( 0.30 999.31 499.65 249.83 

Turbine Intake J~perture Wdt )( 0.10 2997.92 1498.96 749.48 
Turbine Exhaust Aperture Ht X 0.10 2997.92 1498.96 749.48 

Turbine Exhaust Aperture Wdt X 1.40 214.14 107.07 53.53 

Average Fuselage Height X 1.30 230.61 1'15.30 57.65 
Average Fuselage Width )( , .00 299.79 149.90 74.95 

4.5 ACQUISITION AND OCESSI SYSTEM 

4.5.1 Overview 

The Electronic Data Acquisition and Processing System 
test system is an integration of the hardware and software generate, 
measure, and maintain computer memory of external and internal E~Fie!ds. 
EDAPS immediately prints the resulting waveforms and archives the 
data to a removable disk for post-test storage and retrieval. The 
acquisition process, algorithm used, and data processing and storage formats 
are discussed in Sections 4.3.2 and 4.3.3. 

4.5.2 Algorithms 

Test signal received and measured data are acquired from two Tektronix 
494 AP spectrum analyzers (494s). The 494s provide a digitized form of the 
received analog waveforms, in dBm (dB referenced to 1 mW). The data are 
transferred from the 494s via an lEE General Purpose Interface 
(GPIB). 
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Data Acquisition Presentation 

th1e data are received, the E JAPS Central Processor (EDAPSCP) 
presents both E-Field and cable current data in the following form (Figure 15): 

1. Background noise in dB~-tV. 

Si~~nal to noise ratio (SNR) in dB~-tV. 

rcraft attenuation (E-Field only) in dB~-tV. 

~! 7 



I 
!JUII!.AOOU. IOSU 
'l'lt<!llldo~. Mas .... •4. 11191 10:<!4 AI.! 

f1Mal'-

c 
"''! 
I'D 

!!l!iff~f!:!i!i!l 

~ 
....I. 

!\.') I co 

~I.J.ME EF!l!ijj 
~--

~lil4!?!!-=-!11'ilP-::fl~E~!Ei!i! 

!!~~~~~~~~!~!!ill 

t::::S"''l t)"""""'"'""'"'"""'@ 
~~mn:FfEiillfomlloL PAN@ 

t::::Sf\ATUSCI bDDATAI 
(!~£-AN!l-11~ Til !liSP~!_!~ 

IC 1C: I 
l!!~!!:!!l 

U I 

(DAIID-:_:-Ife-Fiillf!~ 

DAhD IVJ~ Clft fMQ SP»rt»V 
t ao"Ha·&uot<Hr Uii<Hl dt<Ha 
t t.UVKth.- lUH.t thMH&: tl4~Hl 
l 2Mik· 1tMIQ JMtU tMtil 
4 l2MHl· &OUMr!a: .1!6MIIJ IAMHt 
6 100 Mtil · JOG UHi: lOO Mtk 20 MIU 
:t lCCMU!i · 400MUi 3$C.MHi: iiMttii 
1 400 Mil& .SO Milt 426 Mua: 6 Mila 
41 4$0 Mlil · 500 MHI 416 MHI 6 Mila 
t 600 t.Uil t Cll!i 16u Wl.l: Ml Mill 
Ill ICUU· ;!GU~ 160.11l IO(!Mtk 
t1 3GIIl· -tOIU: :lOtQ: JOOUik 
U 4Gib• &GU.r IGHa: 400f.Uta 
u &Gilt· aoous I!IOita mMIU 
l.$ IV (Ull· !3 0111 ll (hll 200Mih 
IQ 1201k i401Q: UOIIB :WO.MHt 
14 14 GIQ- 14 GUll It OUa 200 MHa 

,.!!._!!~!!~!!~~~-·-

~~~~!!~~~~I~co~!!!~ 
f!rr§£~!!~Im 

~ 
~-flfi~"M(A;.tflo.u:uit 

P•u• a~~A.j 
~tg 



PEN A 

liST F RA 

A 1 



APPEN A 

LIST OF DE RAB 

1. S-76 HIRF TEST PLAN 

2. S-76 HIRF TEST CONDUCTANCE 

3. PRESENTATION TO SAE-AE4R 

4. S-76 HIRF TEST REPORT 



P NDIX 

F L 

8·1 -



3/27 3/31 

4/1 4/3 

Site Calibration 

w Low-Level Swept Coupling Tests 
• 
"" 

Fly-By (Phase 1) 

Test Report 

4/4 4/16 

4/16 4/22 

4/23 5/20 

6/20 

:r: 
:II ., 

CJ) 
() 
:r: 
m 
0 
c 
I""'" 
m 



pp N 

Fl N R ES 

C·1 



!0-76 SCAL lEST OEfl 

I\.) 



!Hi SCAt lEST OEfi 

0 . 
w 



$-1G SCAt TEST PEfl 

0 
' J:lo, 



11-16 llSC·I H DEfiNITION 

0 . 
!.,.~ 



5-76 HSC·I ll OEfiNITION 

0 
• 

0'1 



ll-73 USC· I 12 OEfiN!TION 

0 



!1-76 llSC-1 T2 OEfllliTION 

0 
• 

()) 



6-76llSC·I fB DEFINITION 

,. II c !) 1!. I f 0 ll I I J K 
1 =~~J!~!!f.m:t~>.~~ ~9.1H!~lll)~:l:::::::::::::::;:::::::::::::;:::::::::::::::;:::::::::::: 
a 

0 
3 TI!ST IDEiffiACA liON IW. COUNT TlllOCAllON IIXlOCAlloll II ANI! FllEOUiNCVIIANCE TXAHTI!IIIIA Ill! ANTENNA PROilE lOC. ANTENNA !'QI.AilllAlloN ----- TYPE Of TEST 
a . 

<0 -~ WIC 
i AEIOOII?NAill I I!A Ill ? TllD SNIA NN!A NIA H Y BY ATlANTIC CITY Hll EO 
7 AEIOIV?NARI 2 I!A Ill ' #NIA IN/A IN! A VERTICAl flY BY A TlAif!IC CITY E Fll EO--
3 AEIOOH?I!ARI 3 I!A AI ? #IliA MiliA IN/A HORIZONTAl HY BY ATWIIIC CITY E tiLED -
• ME 20011AI!Aill 4 I!A AI A 1011HZ ·5001Hz PEA·:IO SAS-2001550 NIA flVMAINEHIEIIl 

• ME:!OIVANARI 5 Nl\ Rl A 10 l<HZ-SOO.Hz PEA·:IO 5AS·2001S50 VERTICA flY MAINE HiWi ---

'' Me202HANIINI ' NA Rl II 10 kllZ-soo.lli PEA·:IO SAS·:!OOIS50 HOHI ONTAl lTV MAINE HiEfii ---_· 





A P Nl IX 

0 

0·1 



1!?124 

AIRPORT DIAGRAM 
A!'V.NTIC: ClTY TOWU 
1'20 • .1 2:19.0 
CNO C:ClN 
121.9 2J!..£.4 
Cl.J-IC OIEL 
12:1.as 
A!'IS 1~1.4 

• 

'lW'f 13-Jt 
sa5. n.20. sn.s:t. l"!'::.SS 

'lW'f .&.'2:1 
s:rs. 1"17!1. ST11S. Tf.AOO. OOT'901' 

ASR-7 • 
ATI.ANTIC C!T'f lNTl (ACY') 

ATUNTle OT'r, NEW JEJ!S.E'!' 



PE 

AND 
Rl 



1. Exact Location of Each Transmit Antenna 

The center of each antenna is located as follows. 

Sector 1: 

Latitude: 
Longitude: 
Boresight: 

Sector · 

Latitude: 
Longitude: 
Boresight: 

Sector 3: 

Latitude: 
Longitude: 
Boresight: 

2. Frequency Range 

45° 1 0' 29.98"N 
69° 51' 45.11"W 
48.2° with respect to True North 

45° 9' 40.57"N 
69° 51' 17.33"W 
1 08.0° with respect to True North 

45° 26.46"N 
69° 50' 17.70"W 
161.8° with respect to True North 

4000 ft long 
135ft high 

The radar is capable of operating on any frequency in the 5-28 M 
range. The frequency used in actual operation will vary since proper radar 
operation is dependent upon the condition of the ionosphere which changes as 
a function of time of day, Sunspot Number, and time of year. However, for 
purposes of this test, the transmitter can be made to operate on any frequency 
that is deemed appropriate within the 5-28 MHz region, as negotiated the 
Air Force and the FAA. 

3. Effective Radiated Power 

The maximum Effective Radiated Power will vary from 93.8 MW 5 MHz to 
310 MW at 28 MHz. However, the radar is usually operated below the 
maximum power levels. 

4. Locus of Maximum Field Intensity 

The altitude at which maximum radiated field intensity occurs as a 
function of radiated frequency and ground range from the transmitted antenna. 
These data are presented in Table E-1. 



1 Altitude for Maximum Intensity vs. Freq 

Field Intensity (ft) 

- 22.26 (E) ................................................................... 0.1 
-6.74 (A) .................................................................. 364R 
- 12.25 (C) .................................................................. 0.268R 
- 16.51 (D) .................................................................. 0.249R 
- 28.00 (F) ............................ ............................... 176R 

Ground Distance from Aircraft to Transmit Antenna ft 

5. Adequacy of Flight Restriction Nc. 86-31 

Boston Traffic Control Center issued this Notice to Airmen on 30 
invoking temporary flight restrictions witl1in a 5 nautical mile radius of 
transmitte'r in Moscow, ME, and below 5·500 MSL. 

is Notice to Airmen was reviewed regarding personnel h and 
verification has been made that this fli!Jht restriction is more than adequate 

personnel safety from radiations. The radiation level the 
the restricted air space is below the allowable limits established by 

!lowing governing standards. 

a. AFOSH-161-9 
12 October 1984 

ANSI C-95.1 
July 1982 

Exposure to RF Radiation 

Level of Electromag 
Radiation with Respect to Personnel 

compares the actual radiation level at MHz (worst case) 
allowable level per the current standarcs and the level proposed the 

1986. 

Table E-1 Radiation 

mW/cm2 

AllowablE! Radiation 
LeVf31 

Current Standards 

1.1 rr 

28 

11 mW/cm2 
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MAINTENANCE MANUAL. SA 4047·76-2 

Le~th (over:Ul) 

M:u:imum (bl..ules at e.:meme pos;,tions) 

Hctig:ht {over:Ul) 

MG!Ximu.m. (ail rotor blade at !tigll posit!.ow 
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Jillfl.t&l~!ff/%()'ffl~ 
MAINiE.~ANC: MANUAL. SA 4047-70..2 

T.-\EU: l (Cont) 

FUSZL.-\.GE (WI"l."l!OUT MAIN ROTOR AND TAIL :ROTOR .BLADES) 

M.a."t.imu.m width 10. a tt 
(J. Cl46m) 

!vi:J...''Ci.mu.m 1~ 43 !t: 4. 43 in. 
(1:!. 219m) 

M.a.:t:imum height n tt a. a 1n... 
(l.58m) 

Door dim.EmSioM (pasae~er} 

W!dtll 3 :!t 2. 5 in.. 
(0. 978r.n) 

:B:elght 4 t't 4 1n. 
(1.32m) 

:B:ORIZONI'AL S'l'A!:ID..J:ZER 

Area 113.45 sq. n 
(1. 714 sq. m) 

Ai.r.!oil 4412 INVERTED 

Im::ide.t~.ce ... 2 .. 

'lrER"llC'.U.. STABILIZ:E:B. 

Area 19. 52 sq. !t 
(1. 823 sq. m) 

Ai.r.!all -421 

C:.l.mb!:U' 2. 5" :E:FFEC'I!VE 

Sbtians. Waterlines. :md Butt!ines (Flsrure 31. 

A. Descnptlon. For retere:w:::e P'm:'POSes, helicopter le!lgi!l is divided into al:l.tions, the height: is 
divided into W:W::rll.nes. :wd the wi.lith is divided mto !:mt±ll.:aes. 'These re!erenc:es ;u"& st::!.l:ed 
in .i.ncllef!. 

(1) Sb.tians (St.:IJ. St.:l.tiaru; are vertial di'll'isio:ns ot ~ hellc:opter from fo~d to at:t l:"l.U'l
'llill!!: !rom .st:::l.tion 0, a. preecmc:eived 11ne at a given point: forw:uod of !:h11 helicopter. The 
hellcopter fw:!el:u;e is divided !rom at:::l.tion 19, !:he mast farw.w:-d pau:-t of !:he ooae sec:tic:n:l., 
to station 5.39, the most aft put 1:11. tha verlic:::!l .stabili%e:o. 

(2} Waterlines ('W /.1:.}. Wwrli!let~ u-e homont::!l div:t:sians 1:11. the helicopter 'from bottom ttl 
top. t"'ll''l!inc tram W /L o. a. precoru::eived Une belaw the hellcopte:t:". W /L 37 is the st:a.C.c:: 
g%'mmd llne and. W /L 15'1' is at the top a! the :ma.i.ll J:'Of:ar he:ad. 

(3) ButtliMs (B/L). Buttl.illes u& vertlc::&l divisions ot !:he hell<:o!;)teJ:" :from the left :m.d ta tb• 
r~t of the c::entullne (C/L). 'the c:enter.l.l.M (B/I.. 0) l..!il al..!.ne rmmmg through the e."ae:i: 
eoter of the lle.IJcopter from :t:orw:uod to aft. 
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FREQUENCY 
POWER DENSITY LEVELS ARE FOR ONE METER FROM ANTENNA 
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