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1. Client Information

Company Name: Radiodetection Lt

Address: Western Drive
Bristol
BS14 0azZ
Contact Mame: . Dr. R Lee
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2. Equipment Under Test (EUT}

The following information {with the exception of the Date of Receaipl) has been supplied
by the client:

2.1. Identification Cf Equipment Under Test (EUT)

Brand Mame: Radicdetection Ltd

Modal Hame or Number: Dual Frequency Sonde

Unigue Type Identiflcation: MDZ0S8-0F-1

Serlal Mumber: BV 10879

Country of Manufacture: { England N

FCC ID Number: KEEMD2008A ) g Bl dts |
Date of Receipi: 21 June 2000

2.2, Description Of EUT

The EUT is small battery powered unit that is placed in a drill head. It emits an induction
fimld at 33 kHz {and & kHz). This induction field contains encoded data related to the EUT
{and hence the drill head) such as roll and inclination position. This information is
received by other equipmeant and used to assist operators in a drilling operation.

2.3. Modifications Incorporated In EUT

The EUT has not been modified from what is described by the Model Name and Unigque
Type Identification stated above,

2.4. Additional Information Ralated To Testing

Power Supply Requiramaeant:

Intemal battery supply of 3 Volts

Intended Operating Environment: Lignt Industry

Weight: T 0.8 kg

Dimensions; o 380 mm x 32 mm diameter

Interface Ports: None, i
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2.5. Support Equipment
The following support equipment was used to exercise the EUT during testing:

Dazcription: Tast Jig

Brand Nama: Radindetaction
Modal Name or Number: | T3g2 !

Sarlal Nu:';‘;har: Mot applicable
FCC ID Numbar: Not applicable
Cable Langth And Type: Mat applicable
Connected tn.l;"urt: gl appril:.l.';l.bla
IJEE_J:ripﬂﬂn: CrillTrack Outstatian
Brand Name: T Radicdetection
Model Name or Number: " _EEJNE:'*IEE*I-LJSA
Sarial ﬁum ber: SH20631LISA
FCC ID Hu.rnher: .N;:II! applicable
Cable Length And Type: Mt E-IFI';:I“I.".EHE
Connected to F"u;rt: Mot apalicable

fc T - T - A . TN - B . - B I . . . . B . . . . . TR . T . T . TN . TEE . . T . TN TR T HEE T . T T Y



RADIO FREQUENCY INVESTIGATION LTD. TEST REPORT
S.No: RFFEMCEB1/RP41080A
EMC Departmant Paga 7 of 22
Issue Data: 26 Juna 2000
Test Of: Radlodetectlon Ltd
Dual Frequency Sonde
ND20g9-DF-1
To: FCC Part 15: 1998 Subpart C Section 15.225

3. Test Specification, Methods And Procedures

3.1. Test Specification

Reference: FCC Part 15 Subpart C:; 1998 (Intentional Radiators). Section
15.208.

Thtle: Code of Federal Regulatmns Part 15 (47CFR15)
Radio Frequency Devicas: Digital Devices.

Comments: & description of the test facility used for this test is on file with, and
| has been accepted by, the Federal Communications Commission
i as required by Section 2.9458 of Federal Fules.

Furpose of Test: . | To determine whather the aquipment complied with the applicable
requlrernentﬁ of the specification for the purposes of certification.

3.2. Methods And Procedures
The methods and procedures used were as detailed in:

ANSICE3.2 (1987)
Title: American National Standard for Instrumentation - Electromagnetic noise and field
strength.

ANSI CE3.4 (1892)

Title: American National Standard Methods of Measurement of Electromagnetic
Emissions from Low Voltage Electrical and Electronic Equipment in the Range of 9 kHz to
40 GHz.

AMNSI| CE3.5 (1988)
Title: American Maticnal Standard for the Calibration of antennas used for Radiated
Emission measuraments in Electromagnetic Interference (EMI} control.

AMSI CE3.T (1088)
Title: American Mational Standard Guide for Construction of Open Area Test Sites for
performing Radlated Emission Measuraments,

CISPE 16-1: {15930}
Title: Specification For Radio Disturbance and Immunity Measuring Apparatus and
Methods, Part 1: Radio Disturbance and Immunity Measuring Apparatus.

3.3. Definition Of Measurement Equipment

The measurement eguipment used complied with the requirements of the standards
referenced In the Methods & Proceduras section above, Appendix 1 containg a list of the
test equipment used,

P rmm e e e oat oT R L B e e
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4. Deviations From The Test Specification
Mane.
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2. Operation Of The EUT During Testing
=.1. Operating Conditions

The EUT was tested in a normal laboratory environment.

During lesting, the EUT was powered by a Internal battery supply of 3 Valts supply.

3.2. Operating Modes

The EUT was tested in the following operating maode: Operating at an fundamental
frequency of 33 kHz at full power whilst being rotated about its long axis, as in normal
operation,

The reason for choosing this mode was that it was defined by the dient as being likehy to
be the worst case with regards EMC.

5.2, Configuration And Peripherals

The EUT was tested in the following configuration: The EUT was placed an the test jig
througheut testing. The Drilltrack Outstation was used to set the EUT 1o cperate at 33
kHz prior to testing. The Drilltrack outstation was then removed from the test sat-up.
During the test, tha EUT was rotated about its long axis by the test jig.

The reason for choosing this configuration was that it was defined by the client as being
likely to be the worst case with regards EMC.

NB Section 2 of this report contains a full list of support equipment used and Appendix 3
contains a schematic diagram of the test configuration,
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6. Summary Of Test Results

6.1. Summary Of Test Results

Range Of Specification Reference Compliancy
Measurements Status
Electric Field Strength FCC Part 15: 1998 Subpart C | Complied

Emisgiaonz

Clause 15,200

6.2. Location Of Tests

All the measurements described in this report were performed at the premises of Radio
Frequancy Investigation Ltd, Ewhurst Park, Ramsdell, Basingstoke, Hampshire, RG26

5RQ, England.
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7. Measurements, Examinations And Derived Results

7.1. General Comments

7.1.1. This section contains test results only. Details of the test methods and procedures
can ba found in Appendix 2 of this report.

7.1.2. The measurement uncertainties stated were calculated in accordance with the
requiremants of NAMAS Document NIS 81 with a confidence level of 85%. Please refer
to Saction 8 for details of measurement uncertainties,
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7.2. Test Results For Radiated Emissions

7.2.1. Electric Field Strength Measurements

7.2.1.1. The dient has stated that the fundamental frequency of the EUT is 33 kHz, and
the highest clock fraquency generated within the EUT is 4.608 MHz. Therefore tests
ware parformed up to 30 MHz.

7.2.1.2. Plots of the initial scans can be found in Appendix 4.

7.2.1.3. The following table lists frequencies at which emissions were measured using an
Average detector at a test distance of 10m (results inconporate antenna factors and cable
losses):

Freguency | Ant. Av. Laval ! Av. Limit Margin Result
(MHz) Pol. | (dBuVim) | (dBuVim) | {dB)

0.0327 Face On | 54.8 122.8 58,0 | Complied
00327 e | 827 " 1228 501 Complied
00BED | Face On | 24.3 171 az.8 | Complisd
0.0860 | g0° 95.7 171 914 Compliad

7.2.1.4. The following table lists frequencies at which emissions werea measurad using a
Cluasi-Peak detector at a test distance of 10m {results incorporate antenna factors and
cable losses):

Frequency | Ant. @-P Level Q-P Limit Margin Result
{MHz) Pol. {dEuVim) {dBuWim) (dB)

0.054) Face On | 31.9 111.4 785 Carmplied
0.09440 B0° 3459 111.4 4.5 Complied

Section 15.200 or C.F.R. 47 specifies radiated emission limits belween 9 and 490 kHz at
a test distance of 300 metres, The abave tables demonstrate levels when performed at a
test distance of 10m, Within section 15.31 of C.F.R. 47 measurements below 30 MHz
may be performed at a test distance closer than specified by the standard, and in this
instance the square of the inverse linear distance extrapolation factor {(40dB/dacade) was
used.
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8. Measurement Uncertainty

8.1. Company Palicy, as based on the NAMAS Accreditation Standard, M10, paragraph
12.11 (o), stales that Test Reports shall include estimated uncertainty of the calibration or
test resull (this information need only appear in test reports and test certificates where it
is relevant to the validity or application of the test result, where a client's instructions so
require or where uncartainty affects compliance to a specification or limit).

8.2, The global uncertzinties have been calculated In accordance with NAMAS NIS A1
{Edition 1, May 1994) as fallows:

Measuramant Range | Confidence Calculated
Typa Level Uncertainty
Fadiatad Emissions 10KHz to 30MHz BE% +H- 2.6 %

8.3. Measurement uncertainties have been applied in accordance with NAMAS document
MNIS 81 (edition 1, May 1894), and in the absence of any specification criteria, guidance,
or code of practice, compliance has been judged on the basis of shared risk,

8.4. In the case of emissions tests, the measured value of the disturbance from the
product sample shall ba compared directly with the limits. If the measured value is equal
to or less than the limit the product s deemed to pass the test.

8.5, In the case of immunity tests, the equipment is deemed to pass the test if it fulfils the
staled performance criteria at the required or a higher severity level. The measurement
uncertainty has been taken into account in the calibration procedures stated in the
relevant basic standard.

8.6. The methods used to calculate the above uncertainties are in line with those used for
calibration laboratories contained in NAMAS document MIS 3003 Editicn 8 "The
Expression of Uncertainty and Confidence in Measurement” May 1985, which align with
international recommendations "Guide to the Expression of Uncertainty in Measurement”
ISVIEC/OIMLUBIPM (Prepared by ISO/TAG 4: January 1993).
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Appendix 1. Test Equipment Used

Instrument Manufacturer Model Number RFI
Mo.
10 kHz to 30 MHz H-Field Antenna Rohde & Schwarz HFH2-Z2 AQOT
HFH2-Z2 Metal Tripod Fohde & Schwarz HFU-Z ANDS
Cable Andrews Mona Cad2
Cable Fosenberger UFAZ10A-1-1 181-?0.3-.:?0 347
Cahtle Rosenberger UFAE'IIDA.—I-CIEED&D:E[-J C353
Cable ?HDSEHD&FQEF LUFAZX0A-1-1182-TO4T04 1 Ca5B
N-Type Coasial Cable | Rosenberger UFA210A-1-3937-504504 | G468
Spectrurn Monilar Reochde & Schwars EZM | RACKD:S
ESH3 Recelver Rohde & Schwarz | ESH3 | Moaz
Feceiver [ Spectrum Analyser System | Rohda & S:J'lwa-.';” E ESELI = oen KACS0
ThemometerBarometer/Hydromealar | Oregan Sn::ianﬁ-ri:". o _Ehl'-.-‘r-iﬁ 172
Themna/hygrometer RS Componants RS212-124 M210
Piotter Hewlett Packard 74404, Poe
Site 1 RFI 1 5201
Site 8 FFI E 49 7 5204

NB In accordance with NAMAS requirements, all the measurement equipment is on a

calibration schedule,
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Appendix 2. Measurement Methods

A2.1. Radiated Emissions: FCC Part 15

—— e gpd Eimssions. FLl Fart 15

A2.1.1, Radiated emissions meas urements were performed in accordance with the
standard, against appropriate limits for each detector function.

AZ.1.2. Initial measurements covering the entire measurement band in the form of sweapt
5cans in a shielded enclosure were performed in order to identify frequencies on which
the EUT was generating interference. This determined the frequencies on which the EUT
should be re-measured in full on the open area test site. In order to minimise the time
taken for the swept measu raments, a Peak deteclor was used in conjunction with the
appropriate detector IF measuring bandwidth (see table below). Repetitive scans were
performed to allow for emissions with low repetilion rates, and for the duty eycle of the
EUT. The test configuration was the same for the initial seans as for the final
Measuremenbs.

A2.1.3, The initial scans were performed using an antenna height of 1.5 m and a
measurement distance of 3 m. Following the initial sca ns, graphs were produced giving
an ovierview of the emissions from the EUT plotted against the appropriate s pecification
limit, A tolerance line was sat & dB below the specification limit and levels above the
tolerance line were re-tested on the open area test site, at the appropriate distance, using
3 Measuring receivers with a Quasi-Peak detector,

A2.1.4, For the main {final) measurements the EUT was arranged on a non-conducting
table on an open area test site, as detailed in tha specification.

AZ.1.5. All measurements on the open area test site were performed using broadband
antennas.

A2.1.6. On the open area lest site, at each frequency where a signal was found, the
levels were maximised by initially ratating the turntable through 360°. The antenna was
configured at a height of 1.5m. At this point, any signals found to be between the limit and
a level 6 dB below it were further maximised by changing the configuration of the EUT,
&.g. re-routing cablas to peripherals and moving peripherals with respect to the EUT,
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A2.1.7. The test equipment settings for radiated emissions measurements were as

follows:

Receiver Function

Inltlal Scan

Final Meazsuramants

{Below 30 MHz) {Below 30 MHz)

Detector Type: Feak Duasi-Peak (CISPR) or &verage
Whode. Maz Hald Mot applicahle

Bandwidth: 9 kHz 9 kHz

Am plit‘uE.Er Range: BOdB 20 dB

Meaasurament Time: Mot applicable =1 5

Obsarvation Time: Mot applicable { } 158

Step Size: Continuous swaap . ;.N.E:-.l ;pplicablc

Sweep Time: Coupled o . Mot applicable
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Appendix 3. Test Configuration Drawings

This appendix contains the following drawings:

Drawing Refarence Number Title

DRGWI0BLETFOI\EMIRAD Test configuration for measurement of radiated emissions

DRG\ 1DB0ETFO1'00D1 Schematic diagram of the EUT, suppart equipment and
interconnecting cables used for the test




RADIO FREQUENCY INVESTIGATION LTD. TEST REPORT
S5.Mo: RFYEMCE1/RP41080A
EMC Department Page 18 of 22

Issue Date: 26 June 2000
Test Of: Radlodetection Ltd
Dual Frequency Sonde
ND2095-DF-1
To: FCC Part 15: 1998 Subpart C Section 15.225

DRGWM10B0ETFOTEMIRAD

cataliad besk confipuration Tor the acho| =ample lesmd
H - + | rreny vary frorm the above depanding on the naburs and
{ast | o contred wires for F‘Wmn‘ﬂmrﬂ& | | oparation of the BUT,
i size 12rmy Flat bo Smm | The leolalba 1sed by BF] i nomiraly af ground kvl
|per mete in length and All elechical mbles nn
lwickh,

Test Configuration For Radiated
Emissions Measurements
Reflectiondree arsa: =60rm by 52m
{CISPR ellipse)
Groundplane Earthed
Coniral room cutsice CISPR elipse

Hor-metallic remolo Test antenna, plane= Elactrical suppty to EUT, contred | | Morn-medalic shelter housing |
corrollod artenna kwer, | polariserd. Antsnna lines: e burmiable and remols et conroled fumtabil,
verlical range Tm todm Eachors ke inbo monitoiring cable all routed | | equipment under test and

with remola pobrisation | mccramt Lrdergrourd o contml area | | suppon equiprent

Ol | essuPemEnt oubsicla CISPR alipes Tabie op cquipmant mountesd

Al other dimanskons In Bccordancs with e standand.
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DRGW10BOETFO1Y001

Configuration of EUT and Support Equipment

DRILLTRACHK
OUTSTATION EUT
! TEST JIG
S, 2400 50Hz

SUPPORT EQUIPMENT USED
DURING SET-UP OMLY AMD
THEM REMOWVED
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Appendix 4. Graphical Test Results

This appendix contains the following graphs:

Graph Referance Number Title
GPHWHO80ETFO 11004 Scan of Radiated Emissions (9 kHz to 150 kHz)
GPHYWOS0ETFO 1002 Scan of Radiated Emissians (150 kHz ta 30 MHz)

These pages are not included In the total number of pages for this report.
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Appendix 5. Photographs of EUT
This appandix containg the following photographs

Photo Reference Mumber | Titla

PHTWA0S0ETFO1001 View of Radiated Emisslons Sat-up
PHTWOB0ETFO1WO02 View of Radiated Emisslons Set-up

These pages are not included in the total number of pages for this report.




RADIO FREQUENCY INVESTIGATION LTD. TEST REPORT
S5.No: RFVEMCB1/RP41080A
EMC Department Page 22 of 22
Issue Date: 26 June 2000
Test Of: Radlodeatection Ltd
Dual Frequency Sonde
ND209%-DF-1
To: FCC Part 15: 1998 Subpart C Section 15.225

This page has been left intentionally blank.

m D PP D DD DD DT E TS e " " % o s s O



- e W W W W W W W W W W W W W W W W W W §F W W W W W W W W W W W W w

RADIO FREQUENCY INVESTIGATION LTD. TEST REPORT
Photegraph Section
EMC Department
Test Of: Radiodatection Licd
Dual Frequency Sonde
ND2099-DF-1
Tex: FCC Part 15: 1698 Subpart C Sectlon 15.225

PHT\410B0ETFO1\001 View of Radiated Emisslons Set-up




RADIO FREQUENCY INVESTIGATION LTD. TEST REPORT

Photograph Section
EMC Department

Teat Of: Hadiodetection Ltd
Dual Frequency Sonde
ND2099-DF-1
To: FCC Part 15: 1998 Subpart C Section 15.225

View of Radiated Emissions 5




