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SCOPE

An electromagnetic emissions test has been performed on the BadgerMeter, Inc. model
Cdlink Pit End Point Communications Module pursuant to Subpart C of Part 15 of FCC
Rules for intentional radiators. Conducted and radiated emissions data has been
collected, reduced, and analyzed within this report in accordance with measurement
guidelines set forth in ANSI C63.4-1992 as outlined in Elliott Laboratories test
procedures.

The intentiona radiator above has been tested in a simulated typical instalation to
demonstrate compliance with the relevant FCC performance and procedural standards.

Final system data was gathered in a mode that tended to maximize emissions by varying
orientation of EUT, orientation of power and I/O cabling, antenna search height, and
antenna polarization.

Every practical effort was made to perform an impartial test using appropriate test
equipment of known calibration. All pertinent factors have been applied to reach the
determination of compliance.

The test results recorded herein are based on a single type test of the BadgerMeter, Inc.
model Cellink Pit End Point Communications Module and therefore apply only to the
tested sample. The sample was selected and prepared by John Glissman of BadgerMeter,
Inc.

OBJECTIVE

The primary objective of the manufacturer is compliance with Subpart C of Part 15 of
FCC Rules for the radiated and conducted emissions of intentional radiators.
Certification of these devicesis required as a prerequisite to marketing as defined in Part
2 the FCC Rules.

Certification is a procedure where the manufacturer or a contracted laboratory makes
measurements and submits the test data and technical information to the FCC. The FCC
Issues a grant of equipment authorization upon successful completion of their review of
the submitted documents. Once the equipment authorization has been obtained, the label
indicating compliance must be attached to al identical units which are subsequently
manufactured.

STATEMENT OF COMPLIANCE

The tested sample of BadgerMeter, Inc. model Cellink Pit End Point Communications
Module complied with the requirements of Subpart C of Part 15 of the FCC Rules for low
power intentional radiators.

Maintenance of FCC compliance is the responsibility of the manufacturer. Any
modification of the product which may result in increased emissions should be checked to
ensure compliance has been maintained (i.e., printed circuit board layout changes,
different linefilter, different power supply, harnessing or 1/0O cable changes, etc.).
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EMISSION TEST RESULTS

The following emissions tests were performed on the BadgerMeter, Inc. model Cellink
Pit End Point Communications Module. The actual test results are contained in an
exhibit of this report.

LIMITS OF CONDUCTED INTERFERENCE VOLTAGE

No testing was performed as the device does not connect to the AC power distribution
network.

LIMITS OF ANTENNA CONDUCTED POWER
The EUT tested complied with the limits detailed in FCC Rules Part 15 Section 15.247c.

All out-of-band emissions were more than 20dB dB below the highest in-band level when
measured in a 100kHz bandwidth. The actua test data and any correction factors are
contained an exhibit of this report.

LIMITS OF RADIATED INTERFERENCE FIELD STRENGTH

The EUT tested complied with the limits detailed in FCC Rules Part 15 Section 15.247
and 15.209 in the case of emissions falling within the frequency bands specified in
Section 15.205.

The following measurement was extracted from the data recorded during the radiated
electric field emissions scan and represents the highest amplitude emission relative to the
specification limit. The actual test data and any correction factors are contained in an
exhibit of this report.

30 - 10,000 MHz

' Frequency | Level @ Pol FCC 15.209 Detector ~ Azimuth = Height Comments
| MHz dBuv/m | v/h Limit Margin | Pk/QP/Avg  degrees = meters
. 407.840 438  h 46.0 2.2 QP 259 | 1.7 In restricted band
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LIMITS OF POWER AND BANDWIDTH

The EUT tested complied with the limits detailed in FCC Rules Part 15 Section 15.247
(@ (2), 15.247 (b) (1) and 15.247 (d).

The 6 dB bandwidth was 1.360 Megahertz. The maximum power output was 18.7 dBm.
The power spectral density was measured to 1.6dBm/3kHz averaged over a 1 second time
period.

The actual test data and any correction factors are contained in an exhibit of this report.

MEASUREMENT UNCERTAINTIES

ISO Guide 25 requires that an estimate of the measurement uncertainties associated with
the emissions test results be included in the report. The measurement uncertainties given
below are based on a 95% confidence level and were calculated in accordance with
NAMAS document NIS 81.

Measurement Type Frequency Range Calculated Uncertainty
(MH2) (dB)
Conducted Emissions 0.15t0 30 +24
Radiated Emissions 30 to 1000 +3.2
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EQUIPMENT UNDER TEST (EUT) DETAILS
GENERAL

The BadgerMeter, Inc. model Cellink Pit End Point Communications Module is a
hermetically sealed 917.58 MHz direct sequence spread spectrum transmitter and antenna
which is designed to transmit water-metering information from a water meter pit through
a ground-level antenna. The sample was received on November 9, 1999 and tested on
November 9, 1999. The EUT consisted of the following component(s):

| M anufacturer/M odel/Description  Seria Number |

BadgerMeter Inc/ CellinK Pit End Point Communications 0-001-199-183
Module / Spread spectrum data collection unit and transmitter

INPUT POWER

The EUT input is rated at 120/240, 50/60 Hz. The EUT contained the following input
power components during emissions testing:

| Description Manufacturer | Model |
'3.3VDC Duad Lithium Battery Mallory Duracell DL2/3A
PRINTED WIRING BOARDS

The EUT contained the following printed wiring boards during emissions testing:

 Manufacturer/Description Assembly # Rev. Serid #  Crystals (MH2z)
‘Badger Meter / CPR Xmtr 63704-002 917.580
'Badger Meter / Antenna 63720-001
'Badger Meter / Top Disk 63722-001

ANTENNA

During radiated emissions testing the transmitter was connected to the antenna (refer to
subassemblies section) via a SMA connector. Once the product has been installed in a

Water pit it the antenna connector is not accessible. Installation of the water meter and

EUT into a water pit requires that professiona installation personnel be used. Refer to

the manufacturer's documentation describing how the EUT is marketed and the
installation instructions that are included with the exhibits for the Theory of Operations.

As the product is always professionally installed the requirements of 15.203 are met, even
though the antenna connects to the EUT via a SMA connector.
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SUBASSEMBLIES
The EUT contained the following subassembly modul es during emissions testing:

Manufacturer/Description Assembly # Rev. Serial Number

Badger Meter / Recordall Transmitter 62584-020
Register Model 25

Badger Meter / Pit Transmitter 62752-001
Badger Meter / Antenna 63726-001
ENCLOSURE

The EUT’s Transmitter enclosure is primarily constructed of Plastic. It measures
approximately 16.5 cm wide by 12.5 cm deep by 5 cm high.

The EUT’s Antenna circular enclosure is primarily constructed of Plastic. It measures
approximately 16.5cm wide by 17cm deep.

EMI SUPPRESSION DEVICES

The EUT did not contain EMI suppression devices during emissions testing.

MODIFICATIONS

The EUT did not require modifications during testing in order to comply with the
emission specifications

SUPPORT EQUIPMENT

The following equipment was used as local support equipment for emissions testing:

| Manufacturer/Model/Description Serial Number
‘Badger / Pit / dirt filled -

No remote support equipment was used during emissions testing.
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EXTERNAL 1/0 CABLING

The 1/0 cabling configuration during emissions testing was as follows:

| Cable Description ‘Length(m)  FromUnit/Port | ToUnit/Port |
\ SMA Maleto SMA Made \ 25 \ Transmitter / output \ Antenna/ input \
TEST SOFTWARE

The EUT contained software running during testing which continuously exercised the
system by sending data in a one second intervals. The EUT was buried in a cardboard

box full of soil such that the top of the meter cover was flush with the top of the soil. The
box was located on the table-top during testing.
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TEST SITE
GENERAL INFORMATION

Final test measurements were taken on November 9, 1999 at the Elliott Laboratories
Open Area Test Site #3 located at 684 West Maude Avenue, Sunnyvale, California. The
test site contains separate areas for radiated and conducted emissions testing. Pursuant to
section 2.948 of the Rules, construction, calibration, and equipment data has been filed
with the Commission.

The FCC recommends that ambient noise at the test site be at least 6 dB below the
alowable limits. Ambient levels are below this requirement with the exception of
predictable local TV, radio, and mobile communications traffic. The test site contains
separate areas for radiated and conducted emissions testing. Considerable engineering
effort has been expended to ensure that the facilities conform to all pertinent FCC
requirements.

CONDUCTED EMISSIONS CONSIDERATIONS

Conducted emissions testing is performed in conformance with ANSI C63.4-1992.
Measurements are made with the EUT connected to the public power network through a
nominal, standardized RF impedance, which is provided by aline impedance stabilization
network, known as a LISN. A LISN is inserted in series with each current-carrying
conductor in the EUT power cord.

RADIATED EMISSIONS CONSIDERATIONS

The FCC has determined that radiation measurements made in a shielded enclosure are
not suitable for determining levels of radiated emissions. Radiated measurements are
performed in an open field environment. The test site is maintained free of conductive
objects within the CISPR defined elliptical areaincorporated in ANSI C63.4 guidelines.
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MEASUREMENT INSTRUMENTATION
RECEIVER SYSTEM

An EMI receiver as specified in CISPR 16-1 is used for emissions measurements. The
receivers used can measure over the frequency range of 9 kHz up to 2000 MHz. These
receivers alow both ease of measurement and high accuracy to be achieved. The
receivers have Peak, Average, and CISPR (Quasi-peak) detectors built into their design so
no external adapters are necessary. The receiver automatically sets the required
bandwidth for the CISPR detector used during measurements.

For measurements above the frequency range of the receivers, a spectrum analyzer is
utilized because it provides visibility of the entire spectrum along with the precision and
versatility required to support engineering analysis. Average measurements above
1000MHz are performed on the spectrum analyzer using the linear-average method with a
resolution bandwidth of 1 MHz and a video bandwidth of 10 Hz.

INSTRUMENT CONTROL COMPUTER

The receivers utilize either a Rohde and Schwarz EZM Spectrum Monitor/Controller or
contain an internal Spectrum Monitor/Controller to view and convert the receiver
measurements to the field strength at an antenna or voltage developed at the LISN
measurement port, which is then compared directly with the appropriate specification
limit. This provides faster, more accurate readings by performing the conversions
described under Sample Calculations within the Test Procedures section of this report.
Results are printed in a graphic and/or tabular format, as appropriate. A personal
computer is used to record all measurements made with the receivers.

The Spectrum Monitor provides a visual display of the signal being measured. In
addition, the controller or a personal computer run automated data collection programs
which control the receivers. This provides added accuracy since all site correction
factors, such as cable loss and antenna factors are added automatically.

LINE IMPEDANCE STABILIZATION NETWORK (LISN)

Line conducted measurements utilize a fifty microhenry Line Impedance Stabilization
Network as the monitoring point. The LISN used also contains a 250 uH CISPR adapter.
This network provides for calibrated radio frequency noise measurements by the design
of the internal low pass and high pass filters on the EUT and measurement ports,
respectively.
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POWER METER

A power meter and thermister mount are used for al direct output power measurements
from transmitters as they provide a broadband indication of the power output.

FILTERS/ATTENUATORS

External filters and precision attenuators are often connected between the receiving
antenna or LISN and the recelver. This eliminates saturation effects and non-linear
operation due to high amplitude transient events.

ANTENNAS

A biconical antenna is used to cover the range from 30 MHz to 300 MHz and a log
periodic antenna is utilized from 300 MHz to 1000 MHz. Narrowband tuned dipole
antennas are used over the entire 30 to 1000 MHz range for precision measurements of
field strength. Above 1000 MHz, a horn antennais used. The antenna calibration factors
areincluded in site factors programmed into the test receivers.

ANTENNA MAST AND EQUIPMENT TURNTABLE

The antennas used to measure the radiated electric field strength are mounted on a non-
conductive antenna mast equipped with a motor-drive to vary the antenna height.

ANSI C63.4 specifies that the test height above ground for table mounted devices shall be
80 centimeters. Floor mounted equipment shall be placed on the ground plane if the
device is normally used on a conductive floor or separated from the ground plane by
insulating material from 3 to 12 mm if the device is normally used on a non-conductive
floor. During radiated measurements, the EUT is positioned on a motorized turntable in
conformance with this requirement.

INSTRUMENT CALIBRATION

All test equipment is regularly checked to ensure that performance is maintained in
accordance with the manufacturer’s specifications. All antennas are calibrated at regular
intervals with respect to tuned half-wave dipoles. An exhibit of this report contains the
list of test equipment used and calibration information.
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TEST PROCEDURES
EUT AND CABLE PLACEMENT

The FCC requires that interconnecting cables be connected to the available ports of the
unit and that the placement of the unit and the attached cables simulate the worst case
orientation that can be expected from atypical installation, so far as practicable. To this
end, the position of the unit and associated cabling is varied within the guidelines of
ANSI C63.4, and the worst case orientation is used for final measurements.

CONDUCTED EMISSIONS

Conducted emissions are measured at the plug end of the power cord supplied with the
EUT. Excess power cord length is wrapped in a bundle between 30 and 40 centimetersin
length near the center of the cord. Preliminary measurements are made to determine the
highest amplitude emission relative to the specification limit for al the modes of
operation. Placement of system components and varying of cable positions are performed
in each mode. A fina peak mode scan is then performed in the position and mode for
which the highest emission was noted on all current carrying conductors of the power
cord.

RADIATED EMISSIONS

Radiated emissions measurements are performed in two phases as well. A preliminary
scan of emissions is conducted in which al significant EUT frequencies are identified
with the system in a nominal configuration. At least two scans are performed from 30
MHz up to the frequency required by the regulation specified on page 1. One or more of
these is with the antenna polarized vertically while the one or more of these is with the
antenna polarized horizontally. During the preliminary scans, the EUT is rotated through
360°, the antenna height is varied and cable positions are varied to determine the highest
emission relative to the limit.

A speaker is provided in the receiver to aid in discriminating between EUT and ambient
emissions. Other methods used during the preliminary scan for EUT emissions involve
scanning with near field magnetic loops, monitoring I/O cables with RF current clamps,
and cycling power to the EUT.

Final maximization is a phase in which the highest amplitude emissions identified in the
spectral search are viewed while the EUT azimuth angle is varied from 0 to 360 degrees
relative to the receiving antenna. The azimuth which results in the highest emission is
then maintained while varying the antenna height from one to four meters. The result is
the identification of the highest amplitude for each of the highest peaks. Each recorded
level is corrected in the receiver using appropriate factors for cables, connectors,
antennas, and preamplifier gain. Emissions which have values close to the specification
limit may also be measured with a tuned dipole antennato determine compliance.
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CONDUCTED EMISSIONS FROM ANTENNA PORT

Direct measurements are performed with the antenna port of the EUT connected to either
the power meter or spectrum analyzer via a suitable attenuator and/or filter. These are
used to ensure that the front end of the measurement instrument is not overloaded by the
fundamental transmission.
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SPECIFICATION LIMITS AND SAMPLE CALCULATIONS

The limits for conducted emissions are given in units of microvolts, and the limits for
radiated emissions are given in units of microvolts per meter at a specified test distance.
Data is measured in the logarithmic form of decibels relative to one microvolt, or dB
microvolts (dBuV). For radiated emissions, the measured data is converted to the field
strength at the antenna in dB microvolts per meter (dBuV/m). The results are then
converted to the linear forms of uV and uV/m for comparison to published specifications.

For reference, converting the specification limits from linear to decibel form is
accomplished by taking the base ten logarithm, then multiplying by 20. These limits in
both linear and logarithmic form are as follows:

CONDUCTED EMISSIONS SPECIFICATION LIMITS, SECTION 15.207

Frequency
Range Limit Limit
(MH2) (uv) (dBuv)
0.450 to 30.000 250 48

RADIATED EMISSIONS SPECIFICATION LIMITS, SECTION 15.209

The following limits were used for radiated emissions falling within the restricted bands

defined in 15.205:

Frequency
Range Limit Limit
(MH2) (uW/m @ 3m) (dBuV/m @ 3m)
0.009-0.490 2400/Fi 47 @ 300m 67.6-20*log10(Fk Hz) @ 300m
0.490-1.705 24000/F 14, @ 30m 87.6-20*10g1o(Fk Hz) @ 30m
1.705 to 30 30 @ 30m 29.5 @ 30m
30to 88 100 40
8810 216 150 435
216 to 960 200 46.0
Above 960 500 54.0
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SAMPLE CALCULATIONS - CONDUCTED EMISSIONS

Recelver readings are compared directly to the conducted emissions specification limit
(decibel form) asfollows:

R-B=C
and

C-S=M
where:

R, = Receiver Reading in dBuV

B = Broadband Correction Factor*
C = Corrected Reading in dBuV

S = Specification Limit in dBuV

M = Margin to Specification in +/- dB

* Broadband Level - Per ANSI C63.4, 13 dB may be subtracted from the quasi-peak level
if it is determined that the emission is broadband in nature. If the signal level in the
average mode is six dB or more below the signal level in the peak mode, the emission is
classified as broadband.
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SAMPLE CALCULATIONS - RADIATED EMISSIONS

Recelver readings are compared directly to the specification limit (decibel form). The
receiver internally corrects for cable loss, preamplifier gain, and antenna factor. The
calculations are in the reverse direction of the actual signal flow, thus cable loss is added
and the amplifier gain is subtracted. The Antenna Factor converts the voltage at the
antenna coaxial connector to the field strength at the antenna elements. A distance factor,
when used for electric field measurements, is calculated by using the following formula:

Fd 20*LOG10 (Dm/Ds)
where;

Fd Distance Factor in dB

Dm = Measurement Distance in meters

Ds = Specification Distance in meters

Measurement Distance is the distance at which the measurements were taken and
Specification Distance is the distance at which the specification limits are based. The
antenna factor converts the voltage at the antenna coaxial connector to the field strength
at the antenna elements.

The margin of agiven emission peak relative to the limit is calculated as follows:

Rc = Rr+ H

and

<
I

Rc - Ls
where:
Rr = Receiver Reading in dBuvV/m
Fg = Distance Factor indB
Rc = Corrected Reading in dBuV/m
Ls = Specification LimitindBuV/m

M = MarginindB Relative to Spec

File: R34847 Page 17 of 17 pages



Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: December 6, 1999

EXHIBIT 1:Test Equipment Calibration Data
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Manufacturer/Description

/Eﬁiott Laboratories
JZéjiott Laboratories

[JEMmcO

[J BMCO
)zﬁco
- {1 Filtek

[ Eilek

'|'_'i Filtek _

[ Fischer

L1 Fluke Mfg Co

[[] Hewlett Packard

] Hewlert Packard

/G’ﬁewlett Packard
/zﬁewlett Packard

1 Hewiett Packard

] Hewiqtt Packard

[7] Hewlett Packard
[7] Hewlett Packard

l:l Hewlett Packard

)Z{\Tarda West
)Z{\Iarda West

|:| Narda West .

[ Rohded& Schwarz.

{_] Rohde & Schwarz
Rohde & Schwarz

& Narda
P ord

File Number: D3 Y55 ?

1l calibration of equipment is tra¢eable to 2 national standard of measurement such as NIST.

- Cal Due

11/3/2000
1/3/2000
3/24/2000
1;15_;2005
9/25/2000
41712000
471772000
4/17/2000

21272000

17472000
11123799
11/13/99
8/3/2000
11/25/99
11/12/99
2/17/2000

1/18/2000

21772000

4/23/2600
412912000
8/10/2000
12/8/99
211712000

91972000

S ‘;7}?«@‘”
shzlzee

Test Equipment List - SVOATS#3
' November 9, 1999 '

300-1000 MHz Log Periodic EL300.1000 55 ' 12 11/3/99
Biconical Antenna, 30-300 MHz BL30.300 773 12 1173798
D. Ridge Hom Antencs, 1-18GHz 3115 486 12 312499
D. Ridge Horn Antenna, 1-18GHz 3115 786 2 11509
D. Ridge Hom Antei'l-na, 1-18GHz 3115 868 12 9125099
High Pass Filter HP12/1000-58 955 2 47
High Pass Filter HP12/1000-58 956 12 41799
High Pass Filter HPI2/1000-SB 957 12 4/17/99
LISN FCC-LISN-5072 810 2 2/2/99
Signal Generator. 60824 __352 N/a
EMC Rcceivér /Aﬁalyzer ' 8595EM 780 12 - 1/4/99 |
EMC Recover /Analyzer . 8595EM 787 2 112398
EMC Spectrum Analyzer 8593EM 1106 10/13/98
Microwave Preamp]iﬁer, 34498 263, (F303) 1z - 8/3/99
Microwave Preamplifier, . 8449B .785 12 11/25/98
Microwave Preamplifier, 84498 . 870 12 11/12/98
Power Meter 4324 259, (F304) 12 217199
Spectrum Analyzer 8563E 284, (Ei94} 2 1/18%9
Thermistor Mount 478A - 652 12 21799
EMI Filter 2.4 GHz, High Pass 60583 HPR-161 248 12 4/23/99
EMIFilier 5.6 GHz, HighPass 60583 HXF370 247 12 49199
High Pass Einé_; ' HEF 180 821 12 8/10/99

" Pulse Limiter ESHS 72 812 12 12/8/98
Test Receiver, 0.009-30 MHz ESH3 215, (F197) . B e
Test Receiver, 20-1300MEz ESVP 273 12 9/9/99
(046 Giteritn TH-10 257 12 glafve
3048 atloatn 757-30  2C¢ (2 Slias

Dafe: (. 09.99
Engr: Q:P_AM Al

\
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% Elliott EMC Test Log

Client: BadgerMeter, Inc. Date: |11.09.99 Test Eng: | Jerry Hill

Product: CellinK Pit End Point Communication| File: | T34559 Proj. Eng: | Jay Dickinson
Module

Objective: | Final Qual Site: | SVOATS #3 Contact: John Glissman

Spec: FCC Part 15 Page: [10f5 Approved:

Revision 1.1

‘ Ambient Conditions ‘
‘ Temperature: 11.1 °C ‘
| Humidity:  71.1 % RH|

Test Objective

The objective of this test session is to perform final qualification testing the EUT
defined below relative to the specification(s) defined above.

Test Summary

Run #1 - Transmitted Power Output Measurement at 917.580 MHz.

PASS Results: FCC Part 15.247 (b) (1) was measured to be 18.7 dBm, which
is 11.3 dB below the maximum output of 30 dBm (1 W).

Run #la - Maximized Radiated Emissions, 30-1000 MHz. Restricted Bands.
PASS* Results: FCC B -2.2dB QP at 407.840 MHz Horizontal

* The difference between the highest amplitude emission with respect to the

specification limit is within the measurement uncertainty.

Run #1b - Maximized Radiated Emissions, 1000-10,000 MHz. Restricted Bands.
PASS Results: FCC B -11.3dB Pk at 3670.187 MHz Vertical

Run #2 - 6 dB Bandwidth Measurement at 917.58 MHz per FCC Part 15.247 (a) (2)

PASS Results: 6 dB bandwidth was 1.360 MHz, meeting the minimum
requirement of 500 kHz.




% Elliott EMC Test Log

Client: BadgerMeter, Inc. Date: |11.09.99 Test Eng: | Jerry Hill

Product: CellinK Pit End Point Communication| File: | T34559 Proj. Eng: | Jay Dickinson
Module

Objective: | Final Qual Site: | SVOATS #3 Contact: John Glissman

Spec: FCC Part 15 Page: |2 0f 5 Approved:

Revision 1.1

Run #3 - Maximized Spurious Conducted Emissions-Antenna Port, 30—10,000 MHz

PASS Results: FCC Part 15.247 (c): All Emissions were greater than 20 dB below
the Fundamental Frequency.

Run #4- Maximized Radiated Emissions, 30—1000 MHz. Non-Restricted Frequencies
PASS Results: FCC 15.247(c) -11.5dB Pk at 932.016 MHz Vertical

Run #5 - Transmitted Power Spectral Density @917.58 MHz.

PASS Results: FCC Part 15.247 (d) was measured to be 1.6 dBm, which is 7.4 dB
below the limit of 8.0 dBm.

Equipment Under Test (EUT) General Description

The EUT is a hermetically sealed 917.58 MHz direct sequence spread spectrum
transmitter and antenna. Which is designed to transmit water-metering information
from a water meter pit through a ground-level antenna. The electrical rating is 3.3 VDC.

Equipment Under Test (EUT)

M anufacturer/M odel/Description Serial Number \ FCC ID Number

BadgerMeter Inc/ CellinK Pit End Point Communications Module 0-001-199-183
|/ Spread spectrum data collection unit and transmitter

Power Supply and Line Filters

The manufacturer provided the following information:
The EUT used the following external 3.3 V DC Battery.

Description \ M anufacturer Model

3.3VDC Dual Lithium Battery ‘ Mallory Duracell DL2/3A




% Elliott EMC Test Log

Client: BadgerMeter, Inc. Date: |11.09.99 Test Eng: | Jerry Hill

Product: CellinK Pit End Point Communication| File: | T34559 Proj. Eng: | Jay Dickinson
Module

Objective: | Final Qual Site: | SVOATS #3 Contact: John Glissman

Spec: FCC Part 15 Page: |3 0of5 Approved:

Revision 1.1

Printed Wiring Boards in EUT

The manufacturer provided the following information:

M anuf acturer/Description Assembly # Rev.  Serial Number Crystals (MHz)
Badger Meter / CPR Xmtr 63704-002 917.580
Badger Meter / Antenna 63720-001
Badger Meter / Top Disk 63722-001

Subassemblies in EUT

The manufacturer provided the following information:

Manufacturer/Description Assembly Number Rev. Serial Number
Badger Meter / Recordall Transmitter Register Model 25 62584-020
Badger Meter / Pit Transmitter 62752-001
Badger Meter / Antenna 63726-001

EUT Enclosure(s)

The EUT Meter circular enclosure is primarily constructed of Plastic. It measures
approximately 11 cm wide by 15.5cm deep.

The EUT Transmitter enclosure is primarily constructed of Plastic. It measures
approximately 16.5 cm wide by 12.5 cm deep by 5 cm high.

The EUT’s Antenna circular enclosure is primarily constructed of Plastic. It measures
approximately 16.5cm wide by 17cm deep.

EMI Suppression DevVices (iters, gaskets, etc.)

Description Manufacturer Part Number

None

Modifications

No modifications were made to the EUT in order to comply with the requirements:




% Elliott EMC Test Log

Client: BadgerMeter, Inc. Date: |11.09.99 Test Eng: | Jerry Hill

Product: CellinK Pit End Point Communication| File: | T34559 Proj. Eng: | Jay Dickinson
Module

Objective: | Final Qual Site: | SVOATS #3 Contact: John Glissman

Spec: FCC Part 15 Page: |4 0f 5 Approved:

Revision 1.1

Local Support Equipment

Manufacturer/Model/Description Serial Number FCC ID Number
Badger / Pit / dirt filled - ]

Remote Support Equipment

Manufacturer/Model/Description Serial Number FCC ID Number
None
Interface Cabling
Cable Description Length (m) From Unit/Port To Unit/Port
SMA Maleto SMA Male 25 Transmitter / output Antenna/ input

Test Software

The EUT contained software running during testing which continuously exercised the
system by sending data in a one second intervals.




% Elliott

EMC Test Log

Client: BadgerMeter, Inc. Date: |11.09.99 Test Eng: | Jerry Hill

Product: CellinK Pit End Point Communication| File: | T34559 Proj. Eng: | Jay Dickinson
Module

Objective: | Final Qual Site: | SVOATS #3 Contact: John Glissman

Spec: FCC Part 15 Page: |50f5 Approved:

Revision 1.1

General Test Conditions

During radiated testing, the EUT was powered by 3.3 VDC battery. The EUT was
located on the turntable in a In-Ground Pit Enclosure to simulate actual installation for
radiated emissions testing.

Vertical Ground Plane Raised on
Outside of Building During
Conducted Testing Only

/

\

Equipment Under Test Placed on Non
Conductive Table Inside Non
Conductive Turntable Building

2.5 meter X 2.5 meter Vertical Ground
Plane Electrically Connected to OATS

Ground Plane Along Bottom Edge

Test Data Tables

See attached

data




% Elliott

Emissions Test Data

Client: Badger Meter (N. Marshall & Assoc.) Date: 11.09.99 Test Engr: [Jerry Hill
Product:  |Badger Meter s/n 0-001-199-183 File: T34559 Proj. Engr: |Jay Dickinson
Objective |Final Qual Site: SVOATS #3 Contact:  [John Glissman
Spec: FCC Part 15 Distance: |3m Approved:
Ambient Conditions
Temperature:  11.1 °C
Humidity: ~ 71.1 % RH
Run #a: Preliminary radiated emissions, 30-1000 MHz
s/n 0-001-199-208
Frequency| Level Pol FCCB Detector | Azimuth Height |Comments
MHz | dBuVim| v/h Limit Margin |Pk/IQP/Avg| degrees meters
407.840 447 v 46.0 -1.3 QP 145 14
407.840 51.7] h 46.0 5.7 QP 71 1.0
Run #b: Fundamental Frequency Measurement
s/n 0-001-199-208
Frequency| Level Pol FCC Detector | Azimuth Height |Comments
MHz | dBuVim| v/h Limit Margin |Pk/IQP/Avg| degrees meters
917.580| 108.8] v 125.0 -16.2 Pk 143 1.1
917.580| 101.7] h 125.0 -23.3 Pk 15 1.1

Page 1




% Elliott

Emissions Test Data

Client: Badger Meter (N. Marshall & Assoc.) Date: 11.09.99 Test Engr: [Jerry Hill
Product:  |Badger Meter s/n 0-001-199-183 File: T34559 Proj. Engr: |Jay Dickinson
Objective |Final Qual Site: SVOATS #3 Contact:  [John Glissman
Spec: FCCPart 15 Distance: |3m Approved:
Run #1: Fundamental Frequency Measurement
s/n 0-001-199-183
Frequency| Level Pol FCC Detector | Azimuth Height |Comments
MHz | dBuVim| v/h Limit Margin |Pk/QP/Avg| degrees meters
917580 110.5| v 125.0 -14.5 Pk 216 1.0
917.580[ 103.3] h 125.0 217 Pk 327 2.3
Run #1a: Maximized radiated emissions, 30-1000 MHz. In restrictive Band.
s/n 0-001-199-183
Frequency| Level Pol FCCB Detector | Azimuth Height |Comments
MHz | dBuVim| v/h Limit Margin |Pk/IQP/Avg| degrees meters
407.840 438 h 46.0 -2.2 QP 259 1.7
611.720 437 h 46.0 -2.3 QP 270 1.3
611.720 434 v 46.0 -2.6 QP 254 1.2
407.840 402 v 46.0 -5.8 QP 116 1.2
960.812 390] v 54.0 -15.0 QP 322 1.3
964.916 369 v 54.0 -17.1 QP 224 1.3
960.812 352 h 54.0 -18.8 QP 359 4.0|noise floor
964.916 350[ h 54.0 -19.0 QP 200 4.0|noise floor
81.000 193] h 40.0 -20.7 QP 0 2.0ambient
81.000 16.0] v 40.0 -24.0 QP 0 1.0{ambient
216.600 217] v 46.0 -24.3 QP 0 1.0[ambient
216.600 2171 h 46.0 -24.3 QP 0 2.0ambient
123.000 187 v 435 -24.8 QP 0 1.0[ambient
123.000 185 h 43.5 -25.0 QP 0 2.0lambient
Run #1b: Maximized radiated emissions, 30-1000 MHz. Not in restrictive Band.
s/n 0-001-199-183
Frequency| Level Pol FCC Detector | Azimuth Height |Comments
MHz | dBuVim| v/h Limit Margin |Pk/IQP/Avg| degrees meters
932.016 790 v 90.5 -11.5 Pk 282 1.5
932.016 711 h 90.5 -19.4 Pk 325 2.2
946.116 56.8] v 90.5 -33.7 Pk 289 14
946.116 55.0] h 90.5 -35.5 Pk 58 1.0
276.757 410 h 90.5 -49.5 Pk 200 1.0
276.757 410 v 90.5 -49.5 Pk 15 1.0
203.89%4 382 h 90.5 -52.3 Pk 20 1.0
203.89%4 382 v 90.5 -52.3 Pk 175 1.0

Page 2




?EH.[OH Emissions Test Data
Client: Badger Meter (N. Marshall & Assoc.) Date: 11.09.99 Test Engr: [Jerry Hill
Product:  |Badger Meter s/n 0-001-199-183 File: T34559 Proj. Engr: |Jay Dickinson
Objective |Final Qual Site: SVOATS #3 Contact:  [John Glissman
Spec: FCCPart 15 Distance: |3m Approved:
Run #1c: Maximized radiated emissions, 1000-10000 MHz
s/n 0-001-199-183
-15.9dB was subtracted from Avg Reading for duty cycle correction factor.
Frequency| Level Pol FCCB Detector | Azimuth Height |Comments

MHz | dBuVim| v/h Limit Margin |Pk/IQP/Avg| degrees meters
3670.187 | 62.7 v 74.0 -11.3 Pk 249 1.0 |In restrictive band.
3670.187 | 60.2 h 74.0 -13.8 Pk 201 1.0 |In restrictive band.
2752.600| 59.0 v 74.0 -15.0 Pk 343 1.2 |In restrictive band.
8258.220 | 59.0 v 74.0 -15.0 Pk 0 1.0 |In restrictive band.
9175.800| 58.5 h 74.0 -15.5 Pk 0 1.0 |In restrictive band.
9175.800| 58.0 v 74.0 -16.0 Pk 0 1.0 |In restrictive band.
2752.600| 56.5 h 74.0 -17.5 Pk 19 1.6 |In restrictive band.
4587900 55.5 v 74.0 -18.5 Pk 191 1.4 |In restrictive band.
6423.060 | 54.0 h 74.0 -20.0 Pk 0 1.0 |notin restrictive band.
4587900 534 h 74.0 -20.6 Pk 252 1.0 |In restrictive band.
7340640 | 52.3 v 74.0 -21.7 Pk 10 1.0 |In restrictive band.
3670.187| 31.2 v 54.0 -22.8 Avg 249 1.0 |In restrictive band.
8258.220 | 50.0 h 74.0 -24.0 Pk 0 1.0 |In restrictive band.
5505.480| 49.5 h 74.0 -24.5 Pk 0 1.0 |notin restrictive band.
3670.187 | 294 h 54.0 -24.6 Avg 201 1.0 |In restrictive band.
5505.480 | 49.0 v 74.0 -25.0 Pk 0 1.0 |notin restrictive band.
6423.060 | 48.9 v 74.0 -25.1 Pk 0 1.0 |notin restrictive band.
4587.900 | 25.6 h 54.0 -28.4 Avg 262 1.0 |In restrictive band.
4587.900| 25.1 v 54.0 -28.9 Avg 262 1.0 |In restrictive band.
7340.640| 25.1 v 54.0 -28.9 Avg 10 1.0 |In restrictive band.
8258.220| 25.0 v 54.0 -29.0 Avg 0 1.0 |In restrictive band.
2752600 24.9 v 54.0 -29.1 Avg 345 1.2 |In restrictive band.
9175.800 | 24.6 v 54.0 -294 Avg 0 1.0 |In restrictive band.
2752600 | 244 h 54.0 -29.6 Avg 19 1.6 |In restrictive band.
8258.220| 215 h 54.0 -32.5 Avg 0 1.0 |In restrictive band.
6423.060| 214 v 54.0 -32.6 Avg 0 1.0 |notin restrictive band.
5505480 | 20.8 h 54.0 -33.2 Avg 0 1.0 |notin restrictive band.
9175.800| 19.1 h 54.0 -34.9 Avg 0 1.0 |In restrictive band.
6423.060| 18.5 h 54.0 -35.5 Avg 0 1.0 |notin restrictive band.
5505480 | 18.5 v 54.0 -35.5 Avg 0 1.0 |notin restrictive band.

Page 3




?EHJOH Emissions Test Data

Client: Badger Meter (N. Marshall & Assoc.) Date: 11.09.99 Test Engr: [Jerry Hill
Product:  |Badger Meter s/n 0-001-199-183 File: T34559 Proj. Engr: |Jay Dickinson
Objective |Final Qual Site: SVOATS #3 Contact:  [John Glissman
Spec: FCC Part 15 Distance: |3m Approved:

Run #2: 6dB Bandwidth measurement.
Measurement was perform and EUT was found to be 1.360MHz Bandwidth at its 6dB point.

Run #3: Conducted Emissions-Antenna Port.
All detected emissions were found to be greater than 20dBc from the Fundamental Frequency.

Run #4: Transmitted Power Measurement @ 917.58 MHz was measure by the direct port method which was
found to be 18.7dBm which is 11.3 dB below the maximum permitted output of 30dBm (1 Watt)

Page 4
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Processing Gain Test Repont CellNet Data Svsiems

FPROCESSING GAIN TEST PROCEDURE, BRIEF DESCRIPTION.
by Gordon Furze

December 11, 1995

The test setup for the PROCESSING GAIN TEST is shown below,

A “Bit Slipper Box”™ is used o supply a conunuous peak correlated spread spectrum source for the DUT. An
RSS1 volwage i established for a parucular mput level, startimg at -70 dBm. Then, the exact if power level,
but without modulation is supplied mstead of the modulated signal. Then, auenuators are decreased (o
increase e unmodalated signal untl the RSSI voltage 15 the same as it was for the modulaed signal. The
processing garn is the amount, in dB, that the attenuaiors have 1o be decreased 10 match the modulated RSS1
voltage. The test 15 repeated mn 5 dB sieps for levels from =75 to - 105 dBm.

PROCESSING GAIN TEST CONFIGURATION.,
Temp. Chamber a L5 .
Thi Bl=fa PRC .ﬂ-l;l Comimolier
Thelay- i P
S “Rig :
=¥ Siipper |12 VDC : DUT ;
Ref-| B ~IZNDC RSS]
PRC Gen. ] : DvM
& Yar ] i
i Rl
Ot R'Fsi'. EF out Delsy OO - 0 '
s?-uu T BF o — MHz BPF — HdB 11 : “t| ..... amamn
- I Way War 2 Wy
RFEL; Gen isoncas | Blocuusal g B
5 1!:: Mod | RF o e ] £
l | Spectnam
Ay
. F.'F Smm'nmEnd:inl:
H.EQ'UIRED TE'E-T EQ'UII‘T'-’IENT
Opy,  Description Make. Model Mumiber
lea  Auenuator. & dB Trilithic, FT-50
| ea - Bandpass Filter Toko, 6DFBES15E10
lex  Conwoller Compuier PC B0436 with 16550 UART 510
Zea DT PWR Supply Tektronix, PS280
Zea.  RF Signal Generator HP B656B
lea.  Screen Room CellNet
lea.  Spectrum Anaivzer HF 8591E
lea Temp. Chamber Tenney Ir.
Tea.  Test Fixwre, Bit Slipper Axonn
lTea.  Variable Ann. JFW Industries., Model S0BR-017
2ea. 2 Way Power Divider Mim Circunes ZAPD-1

Misc.  Coax Cables und Adapuers
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| Processing Gain Test Repon December 22. 1995 |

EQUIPMENT SETUP AND TEST.

Set the scope channels one and two to 1 volt per division. and § psec per division, Trigger on NORMAL
INTERNAL, tngger source to CHANNEL ONE. DC.

Set both of signal generaors 10 917.58 MHz Set the Signal source for the unmodulated signal 10 20 dBm and

then o RF OFF. Then set the source for Modulated source o 20 dBm. Lock the two sources Logether with
the exi=mal refersnce cable as shown,

Set up the Bit Slipper as shown to a sequence of 1 with an mital delay at 3-8-0 on the slipper switches,
Inject the PRC [rom the Bit Slipper Ref. 10 U3 pin 6 of the IC while grounding pin 5 of the IC. Power on the
Bit Slipper Box with a 12 volt supply other than the one used for the DUT.

Connect the Digital Voltmeter to C27 on the DUT digital board w measure the RSSI cutpor. Setup the
voltmeter to read 1.3XX 10 3. XXX volis de (10 3 decimal places).

Place the DUT in a 25°C environment, connect as shown and power ON with 12 volts de. Control the DUT

with a recerver conwroller program or equivalent 1o CellNet's GRABBER program. Set the receiver o
91758 MHz on sequence 1.

Adjust anenvators w 50 dB on the 0 10 100 dB, 10 on the 0 o 10 dB amomor, and 1 on the 0 to 1dB
atlenuator,

Peak the indicated R551 readimg by adjusting the three delay switches. Note switch one has a valid range of

010 7, swich 2 bhas a valid range of 010 9, swiich 3 has a valid range of 0 to 9 only when switch 2 is in
position 8. Else, switch 3 15 a “don’t care.”

Set the spectrum analyzer 1o 91758 MHz, SPAN 10 10 MHz, LEVEL to -30 dBm, BW: RESOLUTION BW
3 MHz. and VIDEQ 10 100 KHz. SWEEP 1o 50 ms, migger 1o FREE RUN.

Observe the Unmodulated Signal Source on the spectrum analyzer and adjust it to -50 dBm + <0.1 dB using
the generator's LEVEL control. Then. set the generator' s LEVEL STEPPING 1o 5 dB and then w RF OFF.

Set the Signal source for the modulated signal 1o RF ON and adijust that generator's level control to read -50
dBm on the specerum analvzer. Then wm the coaxial atenuator 0-100 dB o -20 dB,

Record the RSSI levels for spread spectrum mput from -70, -75,-80, -85.. . . . 10 <100 dBm, using the 0 1o
10K} and O to 10 coaxial avenuators. Then switch the penerator (for the modulated signal source) to RF OFF.

awitch the generator source for the unmodulated signal 10 RF ON, Then for -70 dBm and its resulting
R33l. reduce the attenvauon unul the RSS1 equals the same as it did with the -70 dBm modulated signal.
Record this as Processing Gain lor -70 dBm. Then repeat the above process for -75 dBm through -100 dBm

usmg the step level swich on the unmodulated signal source genermor and recording Processing
accordimgly.

Then repeut the above tor snmodulated ignal oftset frequencies of £ 50 KHz, =100 KHz and = 150 KHz

Record the above della in atlenuatos 2ellings as processing gains rof the vanous levels respecuvelv, Record
the bt shipper setungs. date and operator on the da sheet.
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| Processing Gain Test Repon December 22, 1995 |

DATA SHEET: 26-1124D LAN RADIO PROCESSING GAIN TEST RESULTS

OPERATOR: Gordon Furze DATE: October 10, 1995  BIT DELAY SETTINGS: 4-8-0

Input Levell RSS! _[Fitted Lind Fo-150 | Fo-100 | Fo-50 | Fo | Fo+50 | Fo+100 | Fo+150 ]
-70 3788 | 383 11.2 11.4 128 13.8 11.7 11.8 10.8
=75 4.610 4.58 12.8 128 14.1 15.6 13.6 13.3 123
-80 3404 | 333 13.0 13.0 146 | 155 13.8 13.8 12.1
-85 3.002 | 308 10.8 10.6 12.2 14.0 11.5 11.4 10.0
-50 2825 | 283 10.5 10.2 11.2 13.0 11.1 1K 10.0
-85 2800 | a.:8 11.2 10.4 11.8 13.0 11,6 118 10.2
-100_| 3378 | 233 11.0 10.3 11.7 12.4 11.8 11.1 10.1

Note: Fo = 517.58 MHz FINAL IF Filter BW = 150 KHzZ

PROCESSING GAIN VS LEVEL
8
L
€. S
| & | :
IS " *”__,-ﬂ // —a=Fo-150
12 4 _| o " =m=F-100
% : / —e—F0-50
11 - -
-==Fo+50
- == Fo4+ 100
i | ——Fo+150
= ] -8 -85 B0 TS =Tl

INPUT LEVEL (dEm)

—
RSSI VS INPUT LEVEL —a— A5
INPLUT LEVEL = REEI /200 « 7.33
RSE| = 20.0 * (INPUT LEVEL) « 147.0 oL
& 0o
; ,
1,500 |
| E‘ ‘ & - \
< .
2. 3,000 =]
2500
| r/ |
2000 + |
&[] -54 =) -H5 B0 B o]

INFUT LEVEL {dBm)

Fitted Line: RSS] Slope = 5.0488  VaoltaidE  or 20.0 dBNVOR
RSS! ntercept PL. = 7.330 Valts

(end of report)
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: December 6, 1999

EXHIBIT 3:Radiated Emissions Test Configuration Photographs
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: December 6, 1999

EXHIBIT 3:  Radiated Emissions Test Configuration Photographs
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: December 6, 1999

EXHIBIT 3:  Radiated Emissions Test Configuration Photographs
Close-up of meter buried in soil-filled box
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: December 6, 1999

EXHIBIT 4:Proposed FCC ID Label & Label Location
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: December 6, 1999

EXHIBIT 5: Detailed Photographs of
BadgerMeter, Inc. Model Cellink Pit End Point Communications ModuleConstruction

6 Photographs
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: December 6, 1999

EXHIBIT 6:Installation Manual and Marketing Strategy for
BadgerMeter, Inc. Model Cellink Pit End Point Communications Module

Installation Procedure 8 Pages
Marketing Strategy 1 Page

Due to the intended use of the Badger Meter Pit End Point Communications Module
there is no User Manual as such for the device. The attached documents explain the
marketing strategy and installation procedures. The FCC warning statement and
compliance information statements are included in the Installation Procedure.
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: December 6, 1999

EXHIBIT 7: Block Diagram of
BadgerMeter, Inc. Model Cellink Pit End Point Communications Module

1 Page

File: R34847 App. Page9 of 11



Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: December 6, 1999

EXHIBIT 8: Schematic Diagrams for
BadgerMeter, Inc. Model Cellink Pit End Point Communications Module

3 Pages
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: December 6, 1999

EXHIBIT 9:  Theory of Operation for
BadgerMeter, Inc. Model Cellink Pit End Point Communications Module

Theory Of Operation 3 Pages
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