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Definitions

5-point rolling average The valuations method used for most ‘instantaseeadings,
including volts, amps, VA, and demand. It considtthe average of the 5 most recent sample
data, with samples occuring approximately everpsdc

Accuracy The extent to which a given measurement agrébstine defined value.
Demand The average power or related quantity over &iipd period of time.

Demand-Maximum The highest demand measured over a selecteatpartime.

Percentage ErrorThe difference between percentage registratmhl®0%.

Percentage Registratio he ratio of the actual registration to the tvadue, expressed as a
percent.

Power-Active The time average of the instantaneous power averperiod of a wave,
measured in Watts (W).

Power-Apparent The product of rms current and voltage, measur&blt-Amperes (VA).

Reqistration The amount of electric energy, or other quantiégorded by the meter.
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1. Product Description

1.1 General Description

The Series 3000 Meter is a revenue grade kWh &lacimeter featuring Time of Use
(TOU) meter readings, per-phase meter data, twoR&485 communication that supports
Modbus protocol, compatibility with either 3-phd3elta or Wye distributions, and a user
friendly LCD display.

1.2 Meter Features

Revenue-grade accuracy with solid-core or easydiall split core CTs
Wh accuracy over a wide temperature range

Built in LCD display

LEDs for load monitoring

Battery operated real time clock (RTC) for TOU metadings

Low voltage detection

CT reverse phase indicator

Voltage, current, and power consumption per phase

RS485 communications with Modbus protocol

Watchdog timer

1.3 Meter Certifications

1.4 Physical Description

1.4.1 Single Meter

LS
-
WIW:FEWSVFEH -':‘C

Figure 1: Single Series 3000 meter dimensions
1.4.2 Enclosures

Series 3000 meters are available in two enclosarpastic enclosure for outdoor
applications and a metal enclosure for indoor slg. The dimensions of the
two enclosures are shown below in Figure 2 andrEigu

# 1.1 General Description
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1.5 Applications

Apartments - Campgrounds
Marinas - Anywhere accurate electric submetering is
Mobile Home Parks needed

2. Technical Specifications

2.1 Model Number Description

Figure 4: Series 3000 model number format

1. Meter Series
S3 — Series 3000 meter
2. Voltage Configuration: Rated voltage
1PH, 2W (120 or 277 V): Voltage rating is Line-te@dral
1 or 2PH, 3W (208, 240 or 480 V): Voltage ratind.ise-to-Line
2PH, 2W (240, 480 or 600): Voltage rating is Liekine
3PH, 3 or 4W (208, 416, 480 or 600): Voltage raisgine-to-Line
3. Enclosure
R — Small outdoor with clear lid
N — Indoor surface mount
4. Meter Capacity: Enclosure maximum capacity
Number of Installed Meters
6. Display Type
MO — Mechanical kWh
TO — Mechanical 1/10 kWh
SO — Self Contained LCD

o

7. CT Rating
011 -100:0.1 081 — 800:0.1
021 - 200:0.1 101 - 1000:0.1
022 - 200:0.2 121 -1200:0.1

041 - 400:0.1 161 - 1600:0.1
061 - 600:0.1 322 —3200:0.2

( % " &
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8. Additional Options
00 — No Options
01 — Demand
05 — Grounded Delta

2.2 Serial Number Description

The Series 3000 serial number format is shown bé&ldwgure 5.

1
2
3.
4

Figure 5: Meter serial number description

. YY: Last two digits of the manufacturing year
. DDD: Day of manufacture, 1-366
A: First digit of meter serial number, alphabeti<ZA

. 0000: Last four digits of meter serial number, nume-9

For storage purposes, the last five digits of g#reasnumber are converted to a
hexadecimal number. For instance, meter C35%bied as 0x005C27.

2.3 Electrical Specifications

mro#
$ %
& ((
&' ((#) — — .
$ *+ # $% # $%
* # ! |
&" ' & & "' &

2.2 Serial Number Description
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( H'= 1+ ( H'= 1+
Lo Lo
(Hr e, (nr e,
I !) n I !) n
& /( | # "' * | # " o*
0 ! n . / ( ' " * | mna *
# )1 O
#)#! 12()"
/(131,45
L /(15 14-18 AWG 14-18 AWG
&1 12 in-lb of torque maximum 12 in-lb of torque maximum
6 + 17
11( 15 14-18 AWG 14-18 AWG
’ 4.4 in-Ib of torqgue maximum 4.4 in-Ib of torque maximum
0
/38 9 /38 + 17
/(15 13-18 AWG 13-18 AWG
'0 4(11 : | 4.4 in-Ib of torque maximum 4.4 in-Ib of torque maximum
< = + 17,

Table 1: 1PH, 2W and lor 2 phase, 3W Series 308fralal specifications

!Accuracy based on IMS solid core current transfosniimcluded), with 100 mA secondary output. Meigut

burden resistance at 2 Ohm

?Pollution Degree 2: Normally only non-conductivelption occurs. Occasionally, however, a temporary
conductivity caused by condensation must be exgecte

0!
0! 6
6 6
Line to Line: 177-230 VAC Line to Neutral: 102-138 VAC
" 204-276 VAC
" # 408-552 VAC 235-320 VAG
510-690 VAC 5-320 VA
295-400 VAC
&' (( 7 VA 7 VA
& ((#) Primary. Max Oper. Current + 10% Primary Max Oper. Current + 109
Secondary0.12 A Secondary0.12 A
$ x4+ 50-60 Hz 50-60 Hz
- 05t01.0 05t01.0
' leading or lagging leading or lagging

2.3 Electrical Specifications
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+/- 0.5% of registration @ 1.0pf,| +/- 0.5% of registration @ 1.0pf,
. 1% to 100% of rated current 1% to 100% of rated current
o +/- 0.75% of registration @ 0.5pf| +/- 0.75% of registration @ 0.5pf
1% to 100% of rated current 1% to 100% of rated current
& . /( -30 to +60 degrees C -30 to +60 degrees C
o!". /( -20 to +50 degrees C -20 to +50 degrees C
#) 1 0 2
#)#! 12()" 80%
/(13,45 See Table 1 See Table 1
/>

Table 2: 2PH, 2W and 3PH, 3 or 4W Series 3000 itatspecifications

!Accuracy based on IMS solid core current transfosniimcluded), with 100 mA secondary output. Meigut

burden resistance at 2 Ohm
%pollution Degree 2: Normally only non-conductivdlption occurs. Occasionally, however, a temporary

conductivity caused by condensation must be exgecte

2.4 1/0 Connections and User Display

Figure 6: Series 3000 connections and display

2.3 Electrical Specifications
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I 0

$ Voltage Input, Line 1

$ Voltage Input, Line 2

$ Voltage Input, Line 3

% Neutral input (No connect for Delta meters)

/

/ 5? Current Transformer input, CT1. Colored wire pf
CT1

/57 Current Transformer input, CT1. White wire of
CT1

/57 Current Transformer input, CT2. Colored wire pf
CT2

/57 Current Transformer input, CT2. White wire of
CT2

/57 Current Transformer input, CT3. Colored wire pf
CT3

/57 Current Transformer input, CT3. White wire of
CT3

% (>

Isolated kWh pulse output for power
consumption. 5 watthours on, 5 watthours off

& Isolated common for 10 and 1k pulse outputs

4 Isolated kWh pulse output for power
consumption. 500 watthours on, 500 watthours| off
(50 watthours on, 50 watthours off for TO metels)

0. Digital input 2 for custom applications
(No current connection)

3. Installation Instructions
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0. < Digital input 1 for custom applications
(No current connection)

@% 6 Isolated circuit common

1$ 1? TTL transmit terminal for factory programming
and future applications

1 #? TTL receive terminal for factory programming
and future applications

# <- 8 RS485 A connection (Tx/Rx+)

# <3 RS485 B connection (Tx/Rx-)

@% 12 V Common

A O 12 V DC output; current rating is 200 mA max.
) Output to electromechanical kWh counter

Table 3: Series 3000 I/O connections

3. Installation Instructions
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3. Installation Instructions

The following section contains installation andingyinstructions for single Series 3000
meters in an outdoor enclosure. If technical &msc® is required at any point during the
installation, contact information can be foundreg €nd of this manual. IMS is not
responsible for damage to the meter caused byrextowiring.

3.1. Explanation of Warning Symbols

Indicates the need to consult the operation mashuealko the
presence of a potential risk.

Indicates the presence of electric shock hazard®r to
proceeding, de-energize the circuit and consulbfieration
manual.

Indicates that the equipment is protected throughgu
double insulation.

Table 4: Warning symbols

3.2 Safety Precautions

WARNING

Installation of electric meters requires working wth possibly hazardous voltages.
These instructions are meant to be a supplement td trained, qualified
professionals.

Turn off all power supplying the equipment before grforming any wiring
operations. Use a properly rated voltage sensingedice to confirm power is off.

Bonding is not automatic for metal conduit connectins; separate bonding is to be
provided™.

Installations should be done in accordance with l@a codes and current National
Electric Code requirements.

Equipment used in a manner not specified by this dmment impairs the protection
provided by the equipment.

Failure to follow these warnings could result in s@ous injury or death.

! Bonding kit must be UL recognized. IMS recommeRdskwell Automation 855BM-ABK

! 3. Installation Instructions
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3.3 Preparation

1. Verify the model number and electrical spectimas of the device being installed to
confirm they are appropriate for the intended eie&l service (see Section 2).

2. Consult local codes for any possible permitmispections required before beginning
electrical work.

3. Ensure the conduit for the installation is fldgiand non-metallic. For outdoor
applications, conduit and conduit fittings mustraed UL Type 4X for outdoor
enclosures. Failure to use the appropriate comaipiairs the degree of equipment
protection.

4. Make sure all tools to be used during installatiave proper insulation ratings.

5. Look inside the meter enclosure and electriealgbfor possible exposed wire, broken
wire, damaged components or loose connections.

3.4 List of Materials

Series 3000 meter and associated mounting materials

Line 1, Line 2, Line 3 and Neutral hook-up wiresnagded for the electrical service.
Wires must be 18 AWG or larger and insulated fdd §&C min.

Current Transformers (CTs): This product is destfor use with IMS CTs; see
Section 2.2 for details.

Flexible, non-metallic conduit and fittings; UL Tg@X for outdoor applications.

3.5 Mounting the Enclosure
3.5.1 Mounting Location

Series 3000 meters require a switch or circuitkeeas part of the building
installation.

The switch or circuit breaker must be marked asitbeonnecting device for
the meter.

It is recommended that the enclosure be mountedthealisconnecting
device in an area with adequate ventilation.

The enclosure should nbe positioned in a manner that makes it difficolt
operate the disconnecting device.

Ensure that the CT and voltage lead lengths (anduwblengths) are capable
of reaching the enclosure from the breaker panel.

# 3.3 Preparation
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If a suitable mounting location near the panel cafre found, additional -
line fuses or circuit breaker may be required icoadance with NE(
regulations.

3.5.2 Making ConduilHoles

Steel Enclosure

The Serie8000 steel enclosure comes with f1 1/16” knockouts (3/4”condui two on
the bottom of the enclosurtwo on the top, and one on the sida remove a knockou
use a flathead screwdriver (or ot rigid device) to pacture the indentations first, a
then pry off and discard t knockout.

Figure 7: Steel enclosure knockouts

Outdoor Plastic EnclostL

The bottom, top, and n-hinge side of the plastic enclosure can be uséldeasondui
locationin outdoor single meter enclosurThe bottom and lowehalf of the side pan
will make connecting wires the easieConduit openings should be as far away fi
inner components as possible for the installatiOpeningsizes must be appropte to
fittings, and large enough to fit all voltage . CT wiring (410 18 AWG min. wire:
insulated for 600 V min.). Care shoulc exercised to keep drill bit away fro
components inside the enclost

3.5.3 Mounting Procedure and Conduit Installe

1. Faden the enclosure to the selected surface usingrthweded mounting holeand
screws. Figure 8epicts thecop mounting holes for both enclosurékere are also
mounting holes on the bottom of each enclosiSee Section 1.4 for mountil
dimensions.

2. Verify that the enclosure is not loose and thatafinections are sect

$ 3.5 Mounting tle Enclosure
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3. Attach the conduit between enclosure and load cemtating wires as necessary for
later use.UL Type 4X conduit and fittings must be used in or@r to maintain the
outdoor rating of the enclosure.

4. Make sure the conduit fittings are aligned propary tightened securely to prevent
moisture from entering the enclosure (outdoor a@agbns).

Figure 8: Enclosure mounting holes

3.6 Installation of Voltage Lines

o0k w

Check to make sure service is disconnected beforayaconnections are
made. Verify if additional in line fuses are requied based on National
and Local electrical codes.

Field wired voltage connections are made to theeS&000 voltage terminal block (see
Table 1). The rated torque for these terminalkdas 12 in-lb., and can be used with
solid and stranded copper wires, at 12-18 AWG.

Connect 600 V min. insulated wiring for Line volesgand Neutral to the appropriate
locations in the breaker panel, in accordance alithational and local electrical codes;
see Figure 14 for 1Ph, 2-wire applications; Figlédor 1 or 2 Ph, 3-wire applications;
Figure 17 for 3 Ph, 4-wire applications; and FigLsfor 3 Ph, 3-wire applications.
Route wires through the conduit if not already done

Trim the wire to the appropriate length to avoidsof excess wiring.

Connect additional in line fuses if required.

For connections to the Series 3000 terminal, stirpng to approximately .300 inches
and connect to the appropriate terminals. Wiresilshbe tightened so that they are held
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snuggly in place, but do not to over-tighten, as thay compress and weaken the
conductor.

3.7 Variations and Installation of Current Trangfers

To reduce risk of electric shock, always open or dconnect the
circuit from the power distribution system of a buiding before
installing or servicing current transformers.

In accordance with NEC, CTs may not be installedny panel board
where they exceed 75% of the wiring space of angszsectional area.

General Requirements:

Splices on the CT leads must be within the metelosare, not inside the conduit. IMS
provided CT leads are 24 inches minimum. Wire lason should be stripped so that the
bare conductor length that connects to the meterital block does not exceed 0.300
inches.

CTs should be securely fastened such that theyhailslide down to live terminals.
Wires should be tightened so that they are heldggun place, but do not to over-
tighten, as this may compress and weaken the ctordudlaximum rated torque for CT
terminal blocks is 4.4 in-Ib.

For 1 or 2 Ph 3-Wire electrical panels, current aoltage inputs must be installed ‘in
phase’ for accurate readings (e.g. CT1 on LineTR @n Line 2); see Figure 16.

For 3 Ph 4-wire electrical panels, see Figure I¥faliow factory-provided meter
schedules for correct CT locations.

CT Variations

IMS solid core CTs (Figure 9): In accordance with I&bel, the LINE side of CT
must face incoming Line. White lead connects tooKET connection (CT1:X2 or
CT2:X2). Colored lead connects to X1 of the cquoesling CT connection (CT1:X1
or CT2:X1).
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Figure 9: IMS solid core CTs

Installing solid core CTs

Route CT wires through the conduit if not alreadyel

Trim the wire to the appropriate length to avoidsof excess wiring.

At meter, strip insulation from wires to approximlgt.300 inches.
Connect CT leads to the appropriate terminals.

With power turned off, disconnect each monitoreddractor and slide on a
CT, ensuring the CT is correctly oriented as natiedve.

6. Reconnect the conductors.

abrwnpeE

IMS split core CTs (Figure 10): The side with thiite dot, H1, must face the
incoming LINE. White wire connects to X2 terminblack wire connects to X1
terminal.

Figure 10: IMS split core CTs

Installing split core CTs

1. Route CT wires through conduit if not already done.

2. Trim the wire to the appropriate length to avoidsof excess wiring.
3. Strip wiring to approximately .300 inches.

4. Connect the CT leads to the appropriate meter sxxitbed above.

3.7 Variations and Installation of Current
Transformers
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5. With power to the conductors turned off, place @Tearound each
conductor, ensuring that the white dot is facirglthe side.

Failure to install CTs in the correct orientatioitl Vead to inaccurate meter readings.
Figure 14 through Figure 18 show wiring diagranrstii@ various voltage
configurations.

3.8 Securing the Enclosure

Metal Enclosure

The metal enclosure comes with an attached bokdouring the door. Once the
installation is complete, tighten the bolt so tthegt enclosure is secure.

Plastic Enclosure

The plastic enclosure comes with additional haréwar securing the cover. There is a
hole on the door snap for the provided nut and todtie installed. Once the installation is
complete, close the cover and secure the covéetoetst of the enclosure.
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4. General Metering Features

4.1 Accuracy

Metering Chip

Series 3000 meters use a Teridian 71M6513 metehipy Page 75 of the 71M6513 data
sheet indicates the chip accuracy over temperaguaphically reproduced below in
Figure 11. More information can be founchép://www.teridian.com

Figure 11: Metering chip accuracy over temperatune current

Additionally, all meters are calibrated and for @exy using internal variables and
external hardware before being shipped.

Factory Calibration

IMS meters are factory calibrated for complianchvANSI C12.1. Every meter is
associated with an up-to-date watt-hour standaktble to NIST. Watt-hour standards
are calibrated on a yearly basis by an independshtab. For more accuracy
information, see Table 1 and Table 2.

4.2 3-phase Delta vs. 3-phase Wye operation

The Series 3000 meter is compatible with both 3spH2elta and 3-phase Wye systems.
For 3-phase Delta applications, the meter is posveranm Line 1 and Line 2, and the
Neutral connection is left floating. For 3-phasgéXonfiguration, the meter is powered
from Line 2 to Neutral. For more information omoecting the meter, please see section
3.

4.3 kWh and Demand

4. General Metering Features
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All versions of the Series 3000 meter provide k\Wilaximum demand, and instantaneous
power measurements on the LCD.

kWh
Calculations

Calculations for kWh are stored in multiple registior higher accuracy, specifically
in light load situations. One register is usea &wlding register and another is used
as an incremental register. The incremental regista fast ‘roll over’ register,
which resets at 1000 kWh. The holding registempdated on each roll over of the
incremental register. The running kWh total isimnf the two registers.

This design prevents the loss of fractional Whmigigalculations and maintains kWh
and demand accuracy across a wide range of loads.

Display
KWh is displayed in three different ways dependinghe current reading:

KWh Total Digits !_eft of Digits Right of
Decimal Decimal
Less than 100,000 5 2
Between 100,000 and 1,000,000 6 1
Greater than 1,000,000 7 0

KWh rolls over when it reaches 10,000,000. Set@e6.3 for more display
information.

Maximum Demand
Calculations

Maximum demand (in Watts) can be set to be caledlat 15 or 30 minute
blocks. The default value is 15 minutes. Therirgkcan be changed using the
RS485 communication port (see section 8.1.5 Comkhadbus Write
Commands). For each block, there are 3 sub-intemavhich a sub-interval
demand is calculated.

Sub-interval calculation:

Sub-intervals last 5 or 10 minutes, depending erléhgth of demand blocks.
For each sub-interval, the total Wh consumptionnduthe interval is divided by

4.3 kWh and Demand
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the number of accumulations during the intervajit@ average demand for the
sub-interval. Accumulations occur approximatelgmyvsecond.

Maximum demand calculation:

After each sub-interval is finished, a new blocknd&d is calculated. The block
demand is comprised of the average of the 3 moshtesub-intervals. The
largest block demand since a demand reset is sagréte maximum demand.
When an update of the maximum demand occurs, tvevakie and current date
and time are saved to EEPROM.

Display

Maximum demand is displayed in Watts, and can rdrgge 0.00 to 9999999.
The display functions the same as kWh display, shagain below.

Maximum Demand Digits I__eft of Digits R_ight of
Decimal Decimal
Less than 100,000 5 2
Between 100,000 and 1,000,000 6 1
Greater than 1,000,000 7 0

After the maximum demand value is displayed, theetand date for when the
maximum demand occurred is shown on the followtrgens. See section 6.3
for more display information.

Instantaneous Demand

Instantaneous demand is a 5-point rolling averddgleeocombined Watt usage of
all three phases. Instantaneous demand can reorgedf00 to 9999999, and is
displayed the same as maximum demand shown irakie above.

4.4 Voltage, current, and power per phase
Calculations

Volts, Amps, and Watts per phase are update appeairly every second. Volts and
Amps are saved and displayed as root mean squit8)(Ralues. All values are
calculated as a 5-point rolling average of the mesgént samples.

Display

All Series 3000 meters have per phase values &aillarough the RS485
communications port (see section 8.1 RS485 (Modlmiejmation). For certain meters,

4.3 kWh and Demand
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this information is also available on the LCD. Seetion 6 for more information on the
LCD display.

4.5 Frequency
Calculations

Frequency information is received by monitoringregke phase, with priority order being
Line 1 => Line 2 => Line 3. The frequency monitmly switches off a line when a low
voltage is detected on that line. Frequency isutated as a 5-point rolling average of
the most recent samples.

Display

The standard Series 3000 meter does not displgydrey information to the LCD. This
information is only available by using the RS485noounications port (see section 8.1
RS485 (Modbus) Information). Frequency is dispthgiewn to hundredths of a Hertz,
and can range from 0.00 to 9999999.

4.6 Demand Reset

All series 3000 meters have the capability to res@timum demand. When maximum
demand is reset, the maximum block demand andiakt sub-interval demands are set
to zero (see section 4.3 kWh and Demand). Anmadeegister is also incremented upon
demand reset to keep a total of the times thisaetias taken. The register is a single
byte, and rolls over at 255. The register conieatcessible using Modbus ‘Report
Slave ID’ command; see section 8.1.3 Implementattkans for more information.

How to reset the demand

Demand can be reset either using the demand regébék or using RS485
communications.

Key lock: Turn the key lock into the ‘on’ positidor at least 5 seconds. The LCD will
give a visual confirmation that the demand wastrese

RS485 Communications: Demand reset informatiom theeRS485 port can be found in
section 8.1.5 Common Modbus Write Commands. Wiegnaohd is reset over the RS485
port, the confirmation comes over the communicalitoe and the LCD will give a visual
confirmation that the demand was reset.

4.7 Real Time Clock and Time of Use Metering

Real Time Clock

! 4.3 kWh and Demand
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The Real time clock (RTC) continuously runs whewenis supplied to the metering
board. An optional battery backup is availablen@intain the RTC in power loss
situations. If the battery backup is not in plabe, RTC resets to 01/01/00 00:00:00

when power returns.

The battery backup is a standard CR2025 lithium cell, rated at 3 V and 165 mAh.
The lifetime of the battery depends on the opegatmperature of the meter, as shown

below in Table 5.

Operating Temperature Estimated Battery Life Estimated Battery Life
(C) (No external power) (90% power uptime)
(Years) (Years)
Temp < 25 3 19
25 < Temp < 60 2 12
Temp > 60 1 9

Table 5: RTC battery backup lifetime

For information on replacing the battery, pleasesertion 9.1 Battery Replacement.
The RTC can be set using the communications patessribed in section 8.1.5
Common Modbus Write Commands.

Time of Use Metering

All meter readings saved to the EEPROM are timeptd with the current date and

time of day from the RTC. The save interval i®stble from 5, 15, 30, and 60 minute
intervals, which can be changed using the RS486(pee section 8.1 RS485 (Modbus)
Information). Depending on the save interval sel@écthe EEPROM can hold between

25 and 300 days worth of data, as shown below:

5 minute — ~25 days
15 minute - ~75 days
30 minute — ~150 days

60 minute — ~300 days

Data is saved in FIFO format to keep the most re@adings in memory. For more
information regarding data saving, see section 7.

4.7 Real Time Clock and Time of Use

Metering
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5. Advanced Metering Features

5.1 Low Voltage Detection

Diagnosis and Response

The Series 3000 meter provides low line voltage itoang capabilities. The threshold
for this detection is 80% of rated voltage, andubkage must stay below that level for
approximately 20ms before the voltage drop is cordd. When the voltage drop is
confirmed, the Series 3000 meter attempts to shereurrent time of the RTC and the
current kWh readings. In conditions where theagdtloss is immediate, the meter will
lose power before this information is stored (ss&ien X.X for more information
regarding restoration of kWh readings during browtsh If the voltage drop is gradual
(more than 20ms from 80% of rated voltage untilldss of meter power), the
information will be saved accurately. Only the tn@sent power loss time is saved in
the EEPROM.

In order to preserve the lifetime of the EEPROM theter readings are only stored at
when the initial voltage drop is confirmed. Theterghen returns to normal operation.
Once the voltage returns to proper levels, the meittagain save immediately on the
next voltage dropBased on this operation, a consistently unstable lkage can
significantly decrease the lifetime of the EEPROM.For information see section 7.3
EEPROM Lifetime.

Display

When low voltage is detected on a phase, it iscatéid with a simultaneous blinking of
the 'V’ and the corresponding phase letter. Foremoformation see section 6.

5.2 Reverse Phase Indication

Diagnosis and Response

Series 3000 meters are designed specifically tsureanergy consumption. As a
consumption-only meter, it is expected that thegynéow will always be from the
power grid and in the same direction across adidinlf the measured power usage on a
phase is negative, the meter will report the cpoasding CT as being reversed. More
information regarding CT installation can be foundhe Series 3000 Installation
Instructions documentation.

Display

When a reverse CT is detected, it is indicated wifimultaneous blinking of the ‘A’ and
the corresponding phase letter. For more inforonasee section 6.

$ 5. Advanced Metering Features
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5.3 Temperature Compensation

An on-chip temperature sensor is used to measareutient operating temperature of
the metering chip as it differs from the temperatduring calibration. As the
temperature increases or decreases, the meteresgtiatchange and either speeds up or
slows down to compensate for the new temperaflings leads to higher meter accuracy
in all climates.

Determining nominal temperature

The nominal temperature for comparison is detercharel stored during the initial
calibration of the meter at IMS facilities. Thentperature is stored in EEPROM along
with the traditional calibration variables. Temgigire readings are measured to tenths of
a degree Celsius.

Temperature variation response

When the temperature sensor detects an operatimgetature that differs from the
nominal temperature, the meter re-calculates aa@justment parameter, used for
scaling all voltage and current inputs.

5.2 Reverse Phase Indication
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6. Liquid Crystal Display (LCD)

6.1 LCD Sections

The LCD and corresponding sections are shown beldvigure 12.

Figure 12: Custom LCD sections

Main Numerical Display

The main numerical display section indicates theewnical value of the current item.

Phase Indicator and Display Indicator

The phase and display indicator sections have twpgses. The phase indicator section
shows the phase currently being displayed on pasekalues. The display indicator
section gives information about the value on thenmamerical display, such as units.
The other purpose of these sections is to indicatesoltage and reverse current flow.

Low Voltage

Low voltage on a phase is shown by a blinking ef#i on the display
indicator in conjunction with corresponding phaieking in the phase
section. For example, if low voltage is detectadgobase A, the 'V’ in the
display indicator and the ‘A’ in the phase indicatll be blinking
simultaneously.

Reverse Current

( 6. Liquid Crystal Display (LCD)
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Reverse current is displayed in the same mannemagoltage, but instead of
the 'V’ from the phase indicator section blinkirige ‘A’ blinks, indicating a
reverse energy flow.

Energy Flow

The energy flow section indicates the directiorwérgy flow (either to the grid or from
the grid) using an arrow indicator. When the arpmints to right it indicates
consumption (energy from the grid). When the arpmmts to left it indicates
production (energy to the grid). When values #ygily across all phases are shown,
such as instantaneous power, theemadrgy flow direction is shown.

Screen Number

The screen number section is an alternate waytesrdae what information is currently
being displayed. The screen numbers and corregpprdlue are shown below in Table

6.
Screen Number Displayed Value
00 Current RTC Time
01 Phase A Voltage
02 Phase A Current
03 Phase B Voltage
04 Phase B Current
05 Phase C Voltage
06 Phase C Current
07 Frequency
08 Phase A kW
09 Phase B kW
10 Phase C kW
11 Instantaneous Demand
12 Maximum Demand
13 Maximum Demand Time
14 Maximum Demand Date (YY MM:DD)
15 kWh to Grid (Production)
16 kWh from Grid (Consumption)

Table 6: LCD screen numbers

6.2 Power-on Sequence

When the Series 3000 meter is initially poweredtalisplays the following sequence of
information:

1. Meter Serial Number

6. Liquid Crystal Display (LCD)
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The Meter Serial Number screen is shown below. |®Wer left number is the
alphabetical digit from the meter serial numbeorfir01=A to 26=Z), and the main
display shows the numerical portion of the Seriahf¥ber. For example, the image
below represents meter serial number XXXXXC6149hwhe X's indicating the

manufacturing day and year. See section 2.2 feenmformation on meter serial
numbers.

2. Hardware Version

The Hardware Version screen displays the word ‘Hand the meter’s hardware
version.

3. Software Version

The Software Version screen displays the word “Switl the meter’s software
version.

6. Liquid Crystal Display (LCD)
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4. CT Ratio

The CT Ratio screen displays the meter’s program@iedatio.

5. Hello Screen

6. Compute Engine Test Runs

The compute engine performs 10 test runs beforentiter starts normal operation.
The test runs are indicated by the TEST icon aadmbrds ‘Pass X', where X is the
test run number.

6.3 LCD Screens

The following section goes over the LCD screenslal to interpret themNote: Per
phase screens and energy to grid not available otl enodels.

6. Liquid Crystal Display (LCD)
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Current RTC Time (00)

The Current RTC Time screen displays the currem tas stored in the RTC of the
Series 3000 meter. The time is shown in typicatMM:SS format. Screen is only
shown when LCD is in manual operation (see se@&idh

Phase A Voltage (01)

The Phase A Voltage screen displays the voltagarenl with respect to Neutral,
measured in Volts. The ‘A’ from the Phase Indicatection and the VvV’ from the
Display Indicator section will be on.

Phase A Current (02)

The Phase A Current screen displays the currensume@ on Line 1 in Amps. The ‘A’
from the Phase Indicator section and the ‘A’ frdra Display Indicator section will be
on. The energy flow section will point either Igiroduction) or right (consumption).

6. Liquid Crystal Display (LCD)
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Phase B Voltage (03)

The Phase B Voltage screen displays the voltagerean?2 with respect to Neutral,
measured in Volts. The ‘B’ from the Phase Indicatection and the V' from the
Display Indicator section will be on.

Phase B Current (04)

The Phase B Current screen displays the currergunegon Line 2 in Amps. The ‘B’
from the Phase Indicator section and the ‘A’ frdra Display Indicator section will be
on. The energy flow section will point either Igiroduction) or right (consumption).

Phase C Voltage (05)

The Phase C Voltage screen displays the voltagenen3 with respect to Neutral,
measured in volts. The ‘C’ from the Phase Indicasxtion and the 'V’ from the Display
Indicator section will be on.

6. Liquid Crystal Display (LCD)
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Phase C Current (06)

The Phase C Current screen displays the currerdurezhon Line 3 in Amps. The ‘C’
from the Phase Indicator section and the ‘A’ frdma Display Indicator section will be
on. The energy flow section will point either Igiroduction) or right (consumption).

Frequency (07)

The Frequency screen displays the frequency reamtirige active line, usually Line 1,
measured in Hertz. The active line only changeslow voltage detection situation. If
the voltage on Line 1 is low, the active line valitomatically shift to Line 2. If Line 2
has low voltage, it will switch to Line 3. Therenothing displayed in the Phase
Indicator section and the Display Indicator sectolhdisplay ‘Hz'.

Phase A Real Power (08)

The Phase A Real Power screen displays the reapowasured on Line 1 in kilowatts.
The ‘A’ from the Phase Indicator section and thé&/*Krom the Display Indicator section
will be on. The energy flow section will pointledr left (production) or right
(consumption).

! 6. Liquid Crystal Display (LCD)
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Phase B Real Power (09)

The Phase B Real Power screen displays the reamuowasured on Line 2 in kilowatts.
The ‘B’ from the Phase Indicator section and thé&/*Krom the Display Indicator section
will be on. The energy flow section will pointledr left (production) or right

(consumption).

Phase C Real Power (10)

The Phase C Real Power screen displays the rearpoeasured on Line 2 in kilowatts.
The ‘C’ from the Phase Indicator section and th&™ krom the Display Indicator section
will be on. The energy flow section will pointledr left (production) or right

(consumption).

Instantaneous Demand (11)

The Instantaneous Demand screen displays the cethb&al power consumption of all
phases. This is a nedlue. Nothing from the Phase Indicator sectidhlve on, and the
‘kW’ and ‘SUM’ from the Display Indicator sectionilvbe on. The energy flow section

will point either left (production) or right (consption).

# 6. Liquid Crystal Display (LCD)



Revision 0.12 Series 3000 Meter Features Guide and User’'s Manual

Maximum Demand (12)

The Maximum Demand screen displays the stored maximlemand. This is a net
value. Nothing from the Phase Indicator sectiolhlvé on, and the ‘kW’ and ‘MAX’
from the Display Indicator section will be on. Roformation on demand calculations,

see section X.X.

Maximum Demand Time (13)

The Maximum Demand Time screen displays the timgagfthat the stored maximum
demand occurred. The format for the time is HH:N8&: Nothing from the Phase
Indicator section will be on, and the ‘kW’ and ‘MAXom the Display Indicator section

will be on.

Maximum Demand Date (14)

The Maximum Demand Date screen displays the datehich the stored maximum
demand occurred. The format for the date is YY MB. The image below indicates a
maximum demand date of January 25, 2009. Nothomg the Phase Indicator section
will be on, and the ‘kW’ and ‘MAX’ from the Displaindicator section will be on.

$ 6. Liquid Crystal Display (LCD)
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Energy to Grid (15)

The Energy to Grid screen displays the total enprgguction measured in kWh. The
displayed value is shown at different resolutioepehding on the magnitude of the
energy production total (see below). Regardlesbefesolution of the display, the value
is always read as a typical numbén the images below, the readings are 33,710.25
kWh; 337,102.5 kWh; and 3,371,025 kWh respectivépthing from the Phase
Indicator section is displayed, and the ‘kWh'’ fréine Display Indicator section will be
on. The energy flow section will point to the |eftdicating production.

. Digits Left of Digits Right of
Energy to Grid Decimal Decimal
Less than 100,000 5 2
Between 100,000 and 1,000,000 6 1
Greater than 1,000,000 7 0

' 6. Liquid Crystal Display (LCD)
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Energy from Grid (16)

The Energy from Grid screen displays the total gmeonsumption measured in kWh.
The displayed value is shown at different resohgidepending on the magnitude of the
energy consumption total (see below). Regardléfiseaesolution of the display, the
value is always read as a typical numbkr the images below, the readings are
59,340.86 kWh; 593,408.6 kWh; and 5,934,086 kWhpeesvely. Nothing from the
Phase Indicator section is displayed, and the ‘k¥ktrh the Display Indicator section
will be on. The energy flow section will point tiee right, indicating consumption.

) Digits Left of Digits Right of
Energy from Grid %ecimal gDecirr%]al
Less than 100,000 5 2
Between 100,000 and 1,000,000 6 1
Greater than 1,000,000 7 0

( 6. Liquid Crystal Display (LCD)
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6.4 Controlling the LCD

The LCD has two modes of operation, automatic saral manual scroll.

Changing the Mode of Operation

The LCD starts in automatic scroll mode. To chatogemanual mode, press and release
the Scroll button once.

To change back to automatic scroll, press and th@dcroll button. Once the screen
changes, release the Scroll button (this will tagprox. 5 seconds).

Manual Scrolling

When the LCD is in manual scroll mode, press atehse (do not hold long) the Scroll
button once to go to the next screen availabldhemteter. Holding the button for too
long will put the LCD back in automatic scroll moae described above.

6. Liquid Crystal Display (LCD)
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7. Data Storage

7.1 Memory Size

Each EEPROM contains 131 072 bytes of informatmmugh for approximately 3,120
profiles of meter information. 115 bytes are usedtore meter information, calibration
information, and power loss information; this leswgoring capability of 6,236 profiles.
Series 3000 meters can be programmed for fourrdiffedata saving intervals: 5
minutes, 15 minutes, 30 minutes, and 60 minutes.ekch of these selections, the meter
will begin to overwrite old information after thelfowing time periods:

5 minute — ~21.5 days
15 minute - ~65 days

30 minute — ~130 days
60 minute — ~260 days

The save intervals can be field-programmed via BS®#8nmunications (see section 8.1).
The stored information is also retrievable using R5485 connection.

7.2 Data Layout

Basic meter information is stored in the EEPROMNVIik, kWh+, VAh-, and VAh+ are
stored separate from traditional data (in additmwith each profile) to make sure the
reading stays up to the minute during power logsgtons. Power loss timestamp is
stored just before the calibration information.eTest of the EEPROM space is used for
storage of data profiles. The structure of datdiless is shown in Table 7. Data profile
information, except RTC, kWh and VAh, is saved @it floating point format using
truncation of the least significant decimal infotiroa. To increase resolution from
truncating data for storage, each part of the j[@dfas an associated multiplier. When
data is extracted, first make the 16-bit value a@®2-bit float by appending Ox7FFF and
then multiply by the multiplier. VAh and kWh artoeed as 32-bit floating point
numbers and do not need a multiplier.

As an example of using the multiplier, assume thesp A voltage reading is 276.7 V.
This value is divided by the multiplier (100) todoene 2.767 (0x40311687) and is stored
in the data profile as 0x4031. When translated Ihiaozk hex to a float, 0x40317FFF
becomes 2.7734, and using the 100 multiplier givealue of 277.34 V. This data
condensing is used to increase storage capacdyl@es not affect long term meter
accuracy. The running kWh and VAh totals are alwaation of two floating point
numbers, which maintains accuracy beyond thousarafta kWh, even when high
values are reached (see section 4.3 kWh and Demand)

7. Data Storage
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0o ! 3" &! !
- ! 1 1
- 10 1 1
-1 1 1
Y 1 1
- 1 1
o 1 1
0* 1&" 2 100
0* 2 1& " 2 100
0* 1& 2 100
0* 2 100
0* 2 2 100
0* 2 100
0* 3 * 2 1
0*23 * 2 1
0* 3 * 2 1
1 & 430 4 1
J & 430 4 1
1 &4 4 1
1 & 4 4 1
N 2 100
42

Table 7: Data profile format
7.3 EEPROM Lifetime

EEPROM lifetime is rated based on the number ofenaycles per page. Due to this,
selecting smaller data save intervals can havega kfect on EEPROM lifetime. Table
8 below gives worst case EEPROM lifetime basedarous meter setups. Series 3000
meters have a default kWh save interval of 5 mswute

o 1 1! 4 1 11 ¢ $ (

F+

H

7.2 Data Layout
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Table 8: Estimated EEPROM lifetime

EEPROM lifetime is also highly dependant on opegatemperature. Meters installed in
high temperature locations will, on average, exgwe EEPROM failure times shorter
than those listed above.

7.3 EEPROM Lifetime
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8. Communications

8.1 RS485 (Modbus) Information
8.1.1 Introduction

Series 3000 meters feature RS-485 communicatiorggodbus protocol. Many
functions are supported, including current andonisal data retrieval, selection of meter
operating modes, and demand reset. Each met@peaate as a slave device hooked up
to a Modbus network of up to 255 meters.

8.1.2 General Information

Series 3000 meters use Modbus RTU encoding. An Bathl byte features a start bit
followed by 8 bits of data, two stop bits (no pagheck) and a CRC.

Start DO D1 D2 D3 D4 D5 D6 D7 | P/Stop | Stop | CRC

RTU data byte format

Each frame begins with the start sequence, whielsikence of 3.5 data intervals. This
means that there must be a silence of 3.5 datavaisefollowing a Modbus transaction
before another can be sent (7 data intervals inadudoth the end sequence and the next
start sequence). After the start sequence, thermetwork ID is sent, followed by the
function code, n bytes of data, CRC check, and therend sequence, which is another
3.5 data intervals of silence.

Start Address Function Data CRC End
(meter ID)

T1-T2 . . . . T1-T2

T3-T4 8bits 8bits nx8 bits 16bits T3-T4

RTU frame format

When connected to a network, each meter must Bmgwnique 8-bit network address.
This address requires knowledge of the meter semialber to set. If this is not set, the
meter will only respond to broadcast commands @@stard to 0x00). Valid network 1D
values are 0x01 to OxFF.

8.1.3 Implemented Functions

0x03 — Read Holding Reqgisters

The Read Holding Registers command will returnrimfation stored in a certain holding
register to the master device (see Appendix A: Medioint map). The read holding
register function is sent with the start addresstae number of registers to read.

8.1 RS485 (Modbus) Information
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*((
"o 7 81401
Lo
" g0 $02
"1 ;18 2

7< )-'* *3'0 $02

7 < I)-'* *.I8 18 2

The response to the Read Holding Registers commvdhskend the data stored at the
requested holding register(s) back to the mastacee Register data is transferred with
the most significant byte first.

*((

ek 7 81401
Cor
2 | 7 < )-t* x=
-1 %0 $'02
-1 18 18 2
> >
S 71 $0 $'02
St 7118 18 2

0x11 — Report Slave ID

The Report Slave ID command format is shown below.

*
o 7 81491
L

The response to the report slave ID command reperisent meter information. For
more information on reading and converting spedcifitties, refer to section 8.1.4 Read
Instructions and Examples.

*((
e 7 81491

R

2 | 2?2" @
&7 < $'0 (7 $02
&7 < "& 7 "& 2
&7 < ;18 (782
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$"8 *I $ "8 &)

ng *I N8 * |

' 7< $'0 ' 7 < $'02

" 7 < 18 "' 7 < :182

: : A ]

AA- B9 B& Data Storage Interval Enumerator
1" 9 B& Demand Calculation Interval Enumerator
1 "-* | 1 "-* |

0x06 — Preset Single Register

The Preset Single Register command sets the valmespecified Modbus holding
register. Only certain registers allow writes (8gpendix A: Modbus point map). The
Preset Single Register command frame is shown helod/the response is simply an
echo of the command frame.

" (
o 7 81491
G #
" $0 $'02
"8 182
1 $°0 $02
1 ;8 182

0x10 — Preset Multiple Registers

The Preset Multiple Registers command functionsstimee as the Preset Single Register
command, but allows the master device to write $erées of registers using just one
command. The command frame indicates the stamtigigter address, the number of
registers to write to, and the data to be writterdch register. The basic format is
shown below.

*
o 7 81491
Lo
" $'0 $'02
"1 18 2
7< )-'* *3'0 $02
7 < I)-'x *.I8 18 2
2 | 7 < N)-'xox=
-1 %0 $02
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-'* 1 18 ;18 2
> >

-'* 71 $'0 $'02
- 71 18 ;18 2

Attempting to write data to non-write enabled régis will have no affect. The response
frame to the Preset Multiple Registers commandasvé below. Appendix A: Modbus

point map and section 8.1.5 Common Modbus Write @anmds provide detailed
information on altering registers.

*((
o 7 81401
Lo
" g0 $02
"1 ;18 2

7< )-'* *3'0 $02

7 < I)-'* *.I8 18 2

8.1.4 Read Instructions and Examples

Current Meter Data Reads

Current meter data resides in registers 40001 62l00ata can be read one register at a
time or in large blocks. Readings are stored ubiB2oating point format, with each
reading occupying two registers.

Example: Read Phase-A Voltage from meter with ngtviid Ox11

*(( !

moogek

Lo
" $0

"ok 18
7< )-"* *$0
7 < )-'* %18

Example: Get all current readings

*C( !

moogek

P
"ok G0
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moRkelg
7< )-"* *$'0
7 < )-'* *;18 A

Timestamp Reads

Timestamps are stored with two bytes of informatioeach register. The most
significant byte of the register is one part of tilmestamp, and the least significant byte
of the register is another part of the timestampnestamps are stored in the following
format:

Year: Years since 2000 (0-99)

Month: Month of the year (1-12)

Day: Day of the month (1-31)

Hour: Hour of the day (0-23)

Minute: Minute of the hour (0-59)
Second: Second of the Minute (0-59)
Day of the Week: Sunday = 0x01 (1-7)

For example, if the current RTC time was Tuesdagydl 31, 2009 at 1:15:32 PM, the
corresponding registers would look as shown below.

# !

5 #6 6
5 1
5 .
5

Calibration Variable Reads

Calibration variables, excluding meter CT ratio aottage setup, are stored in 32-bit
signed integer format with each variable occupywmg registers. CT ratio and voltage
setup are stored in a single register, the mosifgignt byte indicates CT ratio, and the
least significant byte indicates voltage setupe phbssible values for CT ratio and
voltage setup are shown below.

Variable Enumerated Value Description
0x11 100:0.1
. 0x22 200:0.1
CT Ratio 0x33 400:0.1
0x44 600:0.1

' 8.1 RS485 (Modbus) Information
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0x55
0x66
Ox77

Ox11
0x22

800:0.1
1200:0.1
1600:0.1

Low Voltage = 96 V
Low Voltage = 220 V

Calibration variables are read in the same mamneneier data. Default calibration
variable values are shown below in Table 9.

1> ( o ! !
&< | Ambient Temp During Factory Calibration

0* C 16384

0* 2 C 16384

0* C 16384

o* 1&'C 16384

0*2 1&'C 16384

o* 1&'C 16384

C I 1& 8192
. 0% I *1?2@ 0
. 0* I * 1 ?22@ 0
. 0% ' *1?2@ 0
3 &&! P* 1 x| 0
- & & ! P* 1 * 1 0
- & & ! P* 1% 0
)N* ) &8 * 0

Table 9: Default calibration parameter settings

Meter Information Reads

Important meter information is stored startingeagister 45001. This section gives
instructions for interpreting this information.

# ) ( 1 &) S(!
5 5 &7 < ! tx 5
"I"<* 814 5 1 *80 5
91 0 I *')
< 5 ) &
&7 < 7 < :
I"<* 81491 I"<* 81491
* 0 & * *! ) D u
< 5
5 $"8 *I Fxr) < 5
"8 I *$3 *|
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$3B *!
;**') < 3B *!
*3B *!
55 ' 7 < IB ' # < 55
7D5#6
5 |*-k') < 5
* * ?2 @
!
;** ) <
* ' % 1 *
! 'B ! D"6
5 # 1 " &&! I xry < 5 # #
B& "AA- & &
*B B & B&? @ 1 " &&!
B &
;**') <
*AA- *B AA- *B
B&? @ B& #
5 | & X B ) 7
N *
5 AA- *B | rxt) < 5
"B " *AA- "B ?
' @ 'B ! B ' IAA-
' E, 'E
;**l) <
*AA- 1?2
@ !B !
5 6 AA- *B | #< 0 B& 55
"ok

Table 10: Interpreting meter information registers

Enumerations

Meter Type

0x01 — Series 3000 kWh-only Meter

0x02 — Series 3000 Demand Meter

0x03 — Series 3000 Demand Meter w/Per Phase Display

0x05 — Series 4000 Net Meter (Single-Phase)

0x06 — Series 4000 Net Production/Consumption M@&grgle-Phase)
0x07 — Series 4100 Net Meter (Three-Phase)

0x08 — Series 4100 Net Production/Consumption M@teree-Phase)

8.1 RS485 (Modbus) Information
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0x09 — Series 5000 Meter

Demand Calculation Interval

0x00 — 15-minute blocks
0x01 — 30-minute blocks

EEPROM Save Interval

0x01 — 5-minute save interval

0x03 — 15-minute save interval
0x06 — 30-minute save interval
0x0C — 60-minute save interval

Note: EEPROM lifetime is averaged at 1 million wrie cycles. If data save
interval is set to 5 minutes (105,000 write cyclgser year), there is a higher
likelihood of EEPROM failure prior to the 10-year warranty.

Communication Settings Reads

Series 3000 meters have two communications ptesRS485/Modbus port and a TTL
communications port for custom use. Acceptablalates are:

2400(0x0960)
4800(0x12C0)
9600(0x2580, Default)
19200(0x4B00)

Baud rates revert to 9600 when meter is reset.
8.1.5 Common Modbus Write Commands

Setting the Modbus network ID

To set the Modbus network ID, issue a broadcasted®idultiple Register command to
register 45001 with a length of 2. The data mosta&in the serial number of the meter to
be programmed and the desired network ID, as destin Table 10.

Example: Program meter with serial number 0x3122é8ave network ID of 0d44.

*(( !
"k D 1M * @)
N

" g0
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w **;!8
7<)-"* *$0
7 < 1)-'* %18
1 $0? (7 2@
1 ;8?2 (7 "& < @
1 $0? (7;2@
1 :1871* " 91@

Setting the Real Time Clock

Each RTC register can be written to individuallyasrpart of a Preset Multiple Register
command. Since RTC information is stored with pvaots per register (see Timestamp
Read information above), both parts must be indudehe command. The meter
address for setting the RTC can be an individuaema a broadcast address.

Example: Set the RTC to Wednesday, April 1, 20081230 AM.

*(( !
" ke
G
L **$'o
T 55
7< )-"* *$'0
7 < )-'* *;18 5
1 $0? 6@ 6
1 ;18?7 &@ 5
1 $07*@
1 18 2 0 *@ 2
1 $0? *@ A
1 187 * I™@
1 5%$'077(@
1 5;823" * @ 5

Resetting the Maximum Demand

The maximum demand register cannot be writtenrgctly. In order to reset the
maximum demand, the hex value OXO0AA must be writteregister 40501. Demand
reset can be a broadcast command or sent to dispeeter.

Example: Reset the maximum demand for meter witivork ID Ox11
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*(( !

moogek

! " #

"Rk G0

"8 5
1 $0

1 ;18

Setting the Demand Calculation Interval and DataeSaterval

The demand calculation interval and data savevatere both contained in register
45006. In order for these to be chandemth values must be given a valid enumeration
as listed below. If either value is invalid, neittwill be changed.

Demand Calculation Interval

0x00 — 15-minute blocks
0x01 — 30-minute blocks

EEPROM Save Interval

0x01 — 5-minute save interval

0x03 — 15-minute save interval
0x06 — 30-minute save interval
0x0C — 60-minute save interval

Example: Set meter with network ID 0x11 to 30-mtéerndemand blocks and 30-minute
save intervals.

*(( !

moogek

P #
mrookk $ 'o
"o18 1
1 $0
1 ;18 #

Changing the Modbus Baud Rate

Acceptable Modbus baud rates are listed below:
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2400(0x0960)
4800(0x12C0)
9600(0x2580, Default)
19200(0x4B00)

When a command to change the baud rate is issuedesponse will be initiated at the
current baud rate before the change. Baud ratestrev9600 when a meter is reset.

Example: Broadcast all meters to change their Medizwd rate to 19200.

*(( !

moogek

P #
"ok G0
"oxx 18

1 $0 52

1 ;18

8.1.6 Historical Data Retrieval

Historical readings are not stored in registerdlaimio the current meter readings.
Instead, the historical readings are provided stsemam of data, controlled by date and a
number of readings to send. The control optionsHe date and the number of readings
are made available in registers 0504-058énding large streams of historical data
halts the meter computation to avoid conflicting pocessor demands. As such, large
historical reads should not be used on a frequentdsis Once the transfer finishes, the
meter will resume normal operations.

Setting the Date

The historical data access date provides criterigé#ta retrieval. By default, all
historical data access dates start as ‘don’t cdde&F). When a date value is don't care,
it has no affect on the filtering of historical datWhen a date value is set to something
besides don't care (OxXFF), then it acts as a fitiethe data retrieved from memory. The
date value specifies the oldestta to be retrieved. For instance, setting thtihcal

data year to 0x08 will filter out any meter readimgyior to 2008. Each part of the
historical date is treated as an independent filByme examples are provided below in
Table 11 to further illustrate.

Year | Month | Date Hour | Meter Readings Sent
OxFF | OXFF OxFF OxFF | Any

8.1 RS485 (Modbus) Information
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0x08 | OxFF OxFF OxFH Any reading in 2008 or later

OxFF | 0x06 OxFF OxFF | Any reading from June-Dec in any year

0x09 | 0x06 OxFF OxFH Any reading in June, 2009 tarla

OxFF | OXFF | OXFF 0x11 | Any reading after 5:00 PM on any day of any year
0x09 | 0x03 0x01 OxFF Any reading on March 01, 200fter

OXFF | OXFF | 0x1C | Ox17 | Any reading after 11:00 PM on the"2® the end of the
month

Table 11: Setting the historical data access date

The historical data access date information isestan holding registers 0504 and 0505
(Ox01F8 and 0x01F9) as shown in Appendix A: Modposit map. The year and month
are stored in register 0504, and the date anddreustored in register 0505. The
historical date can be read from and written tthensame manner as other timestamps
(described earlier).

Initiating Data Retrieval and Controlling the Numloég Profiles Sent

In addition to filtering options, the number of datrofiles sent can be controlled as well.
To initiate historical data retrieval, a read hofglregister command is issued to address
0506 (see 8.1.4 Read Instructions and Examplds¢. nimber of registers variable in the
read command controls the number of matching m®tib be sent. Once the desired
number of readings has been found and transfeneettansmission ends.

Historical Data Profile Structure

The historical data is transmitted in frames cdimgysof 40 bytes each. The frame
structure is shown below. The structure for eadiilp and information for data
interpretation can be found in the EEPROM sectiothe Series 3000 User’'s Manual.

" (
o 7814901
[
N&*-  '$'0 7<) D&*;) ! "$
N&x- '8 7<hHn&";) e
N& 7-. 1 . DF*
N&7-.10 . WF 10
> >
N&7 1 "$ $'02
N&7 1 "8 18 2

Once one frame is finished transmitting, the neatrie will begin automatically until the
number of profiles left to send reaches zero.

8.1.7 Error Reporting
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Five error codes are implemented in the Series 30&t@rs, listed in Table 12.

: )
9&&'&: ! OoB& : I I
9&&'&1 "™ ** 9B&"1 o
98&'&1 & 9B&"3 1
&B 1B : & : & 5
04* : & = * 0

Table 12: Modbus error codes

The error response frame follows Modbus protocokfoor frames, shown below. The
function code in the error response is the sametifumthat was sent with the most
significant bit set. For example, if preset mud#ipegisters (0x10) was sent; the error
response function would be 0x90.

"o 7 81491
o : 180 2
Al " Al I"mA

8.2 Ethernet (Modbus over TCP) Add-on Module

The Ethernet add-on module is not intended for diret connection to the
telecommunications network. A connection to a gatesy device, such as modem or
router, is required to make an external link.

8.2.1 Introduction

IMS offers an optional Ethernet module to convestrf RS485 to TCP/IP. Since the
module primarily acts as a conversion device, tlogliMis information, including
commands, responses, error codes, and registeiolaeds the same as described in
Section 8.1.

8.2.2 Installation and Setup
8.3 Integration with BACNET
8.3.1 Introduction

The FieldServer ProtoCessor is hardware desigmecbfoverting between
communication protocols; in this case, from ModBRI4J to BACnet IP. The
ProtoCessor acts as a client node when commungcaith a BACnet system (building
automation network), and acts as a server node wh@municating with the Series
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3000 (end device). Through a programmable cordigpm file, the ProtoCessor maps
BACnet objects on its client side to data array#®server side. Each server side data
array is in turn mapped to a Modbus holding registethe Series 3000. The
ProtoCessor polls the Modbus registers on the £8060 at a defined interval and
updates the appropriate registers. Figure 13 bdkpicts a typical setup.

Figure 13: Typical Series 3000 connection to BAQrettvork

8.3.2 ProtoCessor Count vs. Information Provided

Each ProtoCessor is capable of communicating withiiphe end devices, the number of
which depends on the information that is made alb&l There are two types of
configurations available, full service and redusedvice. Full service provides all
information described in the Series 3000 ModbusiftegMap, excluding factory
calibration parameters. A full service ProtoCessor communicate with up to 5 Series
3000 meters. Reduced service limits the availgiili certain information over the
BACnet system. A reduced service ProtoCessor camuinicate with up to 19 Series
3000 meters. Table 13 below gives a comparisondset the two options.

Configuration Type Series 3000 Meters per BACnet objects available
ProtoCessor
Full Service Upto5 All information from the

Modbus Register Map,
excluding calibration
parameters.

Reduced Service Upto 19 kwh Delivered
Voltage and Current per
phase
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Maximum Demand
Calibration Temperature
Real Time Clock reading
Meter Information

Table 13: Full service vs. Reduce service BACnet

8.3.3 Node Network ID Assignment

ProtoCessor IP Address

The ProtoCessor IP address can be set to a $dbiefbre shipping from IMS, or it can
be obtained automatically using the DHCP clienateNthat the network’s DHCP Server

must be setup correctly for dynamic allocation twkv The IP address can also be
changed in the field via utilities provided by EiSkrver.

ProtoCessor MAC Address

The MAC address of the ProtoCessor can be assyremically and saved into
memory. To assign the MAC address to the ProtaZesst the Present_Value of
Analog Value 98 to the desired MAC address. Thed@essor will maintain this
address until it is changed again.

ProtoCessor Node Network ID (Device Number)

The node network ID of the ProtoCessor can be asdigynamically and saved into

memory, enabling a one-time-only set up of a netvadProtoCessor devices. To assign

the node address to the ProtoCessor, set the Presdéure of Analog Value 99 to the
desired node address. The ProtoCessor will maith& address until it is changed
again.

Series 3000 Meter Node Network ID

Single Meter

In the case of a single meter combined with a sifgbtoCessor unit, the ProtoCessor

will issue only broadcast commands, making netwbrkor the Series 3000 meter
unnecessary.

Multiple Meters

Knowledge of the Series 3000 meter Serial Numisersequired to set the network ID.

Setting the network ID for a specific meter regsisetting the Present_Value or

Analog_Value 100 concatenation of the meter sauatber and the desired network ID.

The Present_Value must be sent as an unsigned Bftdgier. For full service

configuration, valid network IDs range from 1-5orFeduce service, valid network IDs

range from 1-19.
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Example: Set Series 3000 meter with serial nurok@&2FF3C to network ID 15.

Write Present_Value of Analog_Value 100 to 318,948,(0x12FF3COF)
Individual meter network IDs must be reset in the gent of power loss.
8.3.4 Retrieving Data

All meter data from the Series 3000 is mapped talég Inputs by the ProtoCessor.
Appendix B: BACnet Object Identifiers gives the egriate mapping locations and data
types. To access the data, simply read the Prégelie of the desired Analog Input.

8.3.5 Issuing Commands

Through the BACnet system, the operator has tHe#yats make a few changes to the
Series 3000 options. These capabilities are RTichspnization, demand reset, and
setting the demand calculation and data save miterv

RTC Synchronization

Synchronization of the RTC can be issued as a best@dommand to all Series 3000
meters on the sub-network or as a command to avidindl meter. To set the RTC,
write the appropriate Present_Value to the assatiAhalog Input or Analog Value as
listed in Appendix B: BACnet Object Identifiers.

Example: Broadcast RTC synchronization to Thurségyil 2, 2009 at 2:44:00 pm.

Write Present_Value of Analog_Value 3t09
Write Present_Value of Analog_Value_4to 4
Write Present_Value of Analog_Value 5to 2
Write Present_Value of Analog_Value_6 to 14
Write Present_Value of Analog_Value_7 to 44
Write Present_Value of Analog_Value 8to 0
Write Present_Value of Analog_Value 9to 5

Maximum Demand Reset

Maximum demand reset can be issued as a broadoastand to all Series 3000 meters
on the sub-network or as a command to an indivichegter. To issue a demand reset,
change the Present_Value property of the correspgrthalog Value to 170. See
Appendix B: BACnet Object Identifiers for approgganalog Value numbers.

Example: Reset the maximum demand of Series 300€rwih network ID = 4.

Write Present_Value of Analog_Value 40 to 170.
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Change Demand Calculation Interval and/or Data Savénterval

Demand calculation interval and data save inteshiahges can be issued as a broadcast
command to all Series 3000 meters on the sub-nktarasls a command to an individual
meter. To issue a change, write the Present_\falygerty of the corresponding Analog
Value based on the enumerations shown below. TéseRt Value should be a 16-bit
integer, with the most significant byte correspaoigdio the demand calculation
enumerator, and the least significant byte cornedjmg to the data save enumerator.
Both values must be included for the change to be sstule See Appendix B: BACnet
Object Identifiers for Analog Value numbers corm@sging to network IDs.

Demand Calculation Interval

0x00 — 15-minute blocks
0x01 — 30-minute blocks

Data Save Interval

0x01 — 5-minute save interval

0x03 — 15-minute save interval
0x06 — 30-minute save interval
0x0C — 60-minute save interval

Example: Change the demand calculation interv8Dtoninute blocks and the data save
interval to 15-minutes for meter at network ID = 2.

Write Present_Value of Analog_Value_25 to 259 (&)1
8.3.6 Alarms and Events
Alarms and Event codes are not currently supported.
8.3.7 Error Rates

With the BACnet objects updating every 20 secotfusgerror rate is in the range of 3-
6%, depending on the number of meters connectdtetsub-network. Most errors are
due to data requests coming during higher prignigter actions (metering calculations).
Error transmissions are discarded without affectiregcurrent data and polling continues
as normal. Observed errors on the BACnet sidbetievice have been minimal (<
1%).
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9. Maintenance

9.1 Battery Replacement

The battery backup is a standard CR2025 lithium cell, rated at 3 V and 165 mAh.
Since minimal current is drawn from the battery whige meter in powered on, most
batteries do not need replaced over the lifetimih@fmeter. If a situation occurs in
which the meter will be powered off for a prolongetiod, battery life will be
significantly reduced (see section 4.7). In therg\that the battery needs replaced while
the meter is still in operation, follow the instiionis below.

To reduce risk of electric shock, always open or dconnect the
circuit from the power distribution system of a buiding before
servicing an electric meter. Use a properly ratedoltage sensing
device to confirm power is off.

1. After de-energizing, open the meter enclosure.

Grip the top metering board from both sides andltoulletach from the bottom
board.

Remove the old battery from the coin slot with & patweezers, noting the polarity.
Insert the new battery into the slot with the sgoolarity.

Reconnect the two boards and close the enclosure.

Power on the circuit to verify the meter is stilbsking properly.

Resynchronize the RTC using the communicationsg®described in section 8.

N

No oA~
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10. Hookup Diagrams

Figure 14: 1-phase, 2-wire hookup diagram

Figure 15: 2-phase 2-wire hookup diagram
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Figure 16: 2-phase, 3-wire (split phase) hookugdim

Figure 17: 3-phase, 4-wire hookup diagram
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Figure 18: 3-phase, 3-wire hookup diagram

! 10. Hookup Diagrams
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11. Troubleshooting/FAQ

Problem Solution
1. Probleml - Tryll
2. Problem2 - Try21
3. Registered consumption low - Try31

Try32
4. Problem4 - Try4l
EFAQ

Q: Can you use additional sets of current transforrars (CT’s) with a submeter to
accommodate more circuits?

A: Yes, you can use up to three sets of CTs inlighrzer meter. Just make sure you do not
exceed the current rating per phase. CTs shousizbd according to the rated amperage of the
meter. Example: Monitoring 3, 200 amp circuitshaa 600 amp meter would require the use of
600 amp CTs.

Q: Can | use a single phase (3-wire) meter on a the phase feed?
A: Yes, but you should let the factory know you arenitoring a three phase feed so we can
configure the package properly.

Q: What is AMR equipment?

A: AMR is Automatic Meter Reading equipment. Thipitally consists of radio transmitters,
repeaters, and a collector that monitors, rec@ndg,transmits data to a third party billing service
(RBC)

Q: Why do | need a third party billing service (RBC)?

A: RBC'’s are typically used with larger facilitifsat want to generate bills for the tenants.
These companies will install, initialize, maintaamd monitor the meters not only for electrical
usage but for trouble signals as well.

Q: Why are the current transformers color coded (Back & white, red & white, and blue &
white)?

A: CT1 needs to monitor the same phase used tobeeneter on line 1, CT2 needs to
monitor the same phase used to power line 2, etc.

I 11. Troubleshooting/FAQ
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Q: Can volts, amps, and watts per phase be accesseithout using the RS485
communications port?

A: Since most applications do not require the tgémnow per phase values, the standard Series
3000 meter only makes this information availablerahe communications port. Alternate
meters are available that display per phase infoom#&o the LCD. For more information,
contact IMS.

Q: Can digital input/output wires be routed through the same conduit as voltage input and
current sensing wires?

A: No. In accordance with NEC and UL requiremefitiiss 2 wiring (digital inputs/outputs)
must be separated from Class 1 wiring.

Q: I still can’t get my meter to work, what now?
A: Contact technical support via phone or on oubsite given in the following section.

12. Contact Information

Integrated Metering Systems, Inc.
11701 S. Belcher Rd., Suite 123

Largo, FL 33773

Phone: 727-539-1813

Toll Free: 800-488-3594

On the webhttp://www.imsmeters.com/

I# 11. Troubleshooting/FAQ
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13. Revision History

Revision Date Changes
0.1 22 Jan 2009 Initial Draft
0.2 3 March 2009 Added Changes after Final UL MMpAgval
0.3-0.4 31 March 2009 Added New Modbus Information
0.5 6 April 2009 Added BACnet Integration Section
0.6 6 April 2009 Reformatted
Added Installation Instructions
0.12 17 Feb 2010 Revised Supply Voltage Ranges

Added Ethernet Module Information

Indicated N/C on DIO1 and DIO2

Added Section 3.8 — Securing the Enclosure
Added conduit bonding warning and reference kit

Table 14: Revision History

I$ 13. Revision History
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Appendix A: Modbus point map

R EEE [3"0 [1* ! [F 1 * |1 | -G
%

5 430)1 " " 430 < )&l -

5 430 I' " 430 < )&l -

5 5 5 4 -y 4 - <))& -

# # 5 41" 4 - <))& -

5 6 1&18?22@ 43 < )&l -

5 1 & 8 ?22@ 4 <))& -

5 1& B1B8?22@ 4 - < )&l -

5 A 5 1& 18 | 7( < )&l -

# 5 0* &' ? 76 < )&l -

56 0*21&"' 7?2 16 < )&l -

5 5 0* 1&'?  7( <))& -

# 5 0* <))& -

5 5 0*2 <))& -

# 5 0* <))& -

56 0* -&18 3 < )&l -

A 5 0*2-&18 3 < )&l -

5 0* -&18 3 < )&l -

5 5 0* 18 < )&l -

# 5 5 0*2 18 < )&l -

# 5 6 0* 18 <))& -

5 55 0* - B 18 < )&l -

5 55 0*2- B I8 < )&l -

55 55 0* - B 18 - < )&l -

54 A 55 0* 18 : ! 7( < )&l -

5 5 56 0*218 : ! 7( < )&l -

5 0* 18 : ! 7( < )&l -

5 5 & 1272 G < )&l -

5 # 5 & 21 7% G < )&l -

# 5 & L2 G <))& -

5 6 G $9 < )&l -

# 5 # 1 3 < )&l -
8l <

# A 5| # 1 (! o |/ (o . -
8l <

# 5 [#5 1 1 (3 1 (% . -
1 * 8l <

#5 5 g # (o ( . -
8l <

# 5 5| ## 18l ;. x /(10 I (10 . -
8l <

#it 5 g # 18| .+ 1 ($ ($! . -
8l <

# 5 5| # 18 [j1xx . (! ( . -
8l <

# 55 g #6 - o /(1o . -3
8l <

#6 5 5 1! 1 ($! . -3
[ <

54 5 (! '8'* -3

5 5 -.11N034 7( < -3
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| [:2
| 1&-"* %
3
5 1o"-x 7( | . 3
|
a<| s » 6666 F &! 4, @
4
<
# 1' & 1&g 7( # ;
# <
1' & 1 1& 7( ;
&< 1 9)
8 <
A (1& " 7( 8 -
< *
A6 718 &< 1. 1 ) -
< *
A2 04 C 7( , -3
< *
Al 0*2 C 7( , -3
< *
A 0* c 7( , -3
< *
o*|1&'cC 7( , -3
< *
0*21&"'C 7( , -3
< *
o*|1&'cC 7( , -3
< *
cl! & 7( , -3
< *
6 Lo 1 2@ 7( , -3
< *
2 LOF 1L * 1 22@ 7( . -3
< *
i1 0N F17@ 7( , -3
< *
3 lg&! 1 * , -3
< *
5 - & & ! 1o * , -3
< *
5 - & 1% * 1 . -3
< *
5 )* ) &8 * , -3
9) |
5< |
&7 < 8149 1 7( " -3
8 <0
" *1(1 * | -
$ "8 1(n8 ! 7( Bg *
" 7< 7( # < -
<
@ e 7 ( - -
1 "B9 B&AA- B9 B& 7( 8 < -3

#(
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5 1 & E 7( < |
. 8 <0
6 AA4 ! 1B ( 7( B& *
5 AA- I* "ok 7( #< 0 B&
! 1*

o# I'g* 2 "o <* # < -3
5# 2" <* # < -

# Appendix A: Modbus point map




Revision 0.12 Series 3000 Meter Features Guide and User’'s Manual

Appendix B: BACnet Object Identifiers

Analog Values — Full Service

&' & 7 < 81491 1% | F * 1
21m 1 " 7! A
21m 1 " &H1 B9 B& 7! A
21m -1 (1o I+ #e< |
5 21" 419 1+ #<
21m (1 * #e< |
# 21" 111034 7! ;2
1. 7! A
?!*7, 2 *@ 7! -
6 72,2@H7 81491 71 9 '|HA
53B *1 H 3B *! 7! 9"
ro7 < 7 A
"1 7 A <
1 "&H1 B9 B& 7! A
5 Y | * 7! n
& 1* 7! A
# AA- - 1B (! n A
AA- IF oo 7! 5 &
1 " 7! A
6 ?!*7, 2 *@ 7! -
72,2@H7 81491 7! 9 ' HA
53B *1 H 3B *! 7! 9"
ro7< 7 A
"1 7 A <
5 1 "&H1 B9 B& 7! A
Y |+ 7! n
# e | * 7! n
AA- I*- 1B (' 4 A
AA- IF oo 7! b &
6 1 "-* 7 A
?!*7' 2 *@ " i
72,2@H7 81491 7! 9 ' HA
53B *1 H 3B *! 7! 9"
ro7 < 7 A
5 "1 7! A <
1 "&H1 B9 B& 7! A
# e | * 7! A
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1 & I % 7! 1\
AA- Ix 1B (" 7! A
6 AA- I - 7! 5 &
5 5 1 "-* 7! A
5 5 ?!*7. 2 @ 7! O
5 5 7?,2@H7 81491 7 HA
5 5 $3B *! H 3B *! 7!
55 5 " 7< 7! A
5 5 "1T " 7 A,
5# 5 1 "&H1 B9 B& 7! A
5 5 R 7! A
5 5 g | * 7! A
56 5 AA- M- 1B (' 7! A
5 AA- IE . o 7! 5 &
1 "-* 7! A
?!*7, 2 *@ 7! D '
7?7,2@H7 81491 7! "HA
5 $3B *! H 3B *! 7! 9"
" 7< 7! A
# "1 7! A,
L " &H1 B9 B& 7! A
e | % 7! A
6 & 1* 7! A
AA- - 1B (U 7 A
AA- Ixo o 7! 5 &
Analog Inputs — Full Service
-1 % (> & % 40 O, B
430) ! " " 430 &!
430 1" 430 &
4 -yt 4 - &!
5 4 -1"" 4 :&!
&8 ?22@ 43 &
# J & 8?22 @ :&!
& B 1B8?22@ 4 - 1&!
&8 ! 7( :&!
6 o* 1&'?2,7@ &
0*21&"'?2,7@ &I
0* 1&'?2,7@ &!
0o* &!
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0* 2 :&!
5 0* &l
0* -&18 3 &l
# 0*2-8&18 3 &l
0* -&18 3 &l
0* 18 &
6 0* 2 18 &l
0* 18 &!
0* B 18 &!
0*2- B 18 - (&!
0* B I8 - &!
5 o* 18 : ! 7( &!
0*218 : 1 7( :&!
# 0* 18 : | 7( &l
&' 122,;@ &
&2 ?2,:;@ :&
6 &1 7@ &l
. G $% &!
1 3 &l
1 &< | 1 :&!
1 * | * 9
5 1 * 10 1 0* 9"
1 * 1 1* 9"
# 1 * gl I * 9|
1 * * 9"
1 o [ 9"
6 18 . k) /o 9
5 18 ;. * 10 1 O 9
5 1g .+ 1 1+ 9"
5 18 . x gl $I * 9
5 g i+ . =
55 18 lxx | | 9 '
5 1 (0 /(1 # <
54 -1 1 (% # <
5 N ( # <
5 11034 7! A )
56 430)! 430 &
130 I 430 &
-yl 4- &l
" - 4- &
1&18 722 @ &l
5 J & 8?22 @ 4 &!
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1&- B 18?72@ 4 - &
# 1&18 ;! 7( -8
0* 1&' 2 7@ 8!
0*21& " 2,7@ &
6 0* 1&' 2% 7@ -8
# 0* &
# 0* 2 -8
# 0* &
# 0* -&18 3 &
45 0*2-&18 3 -8
# 0* -&18 3 -8
w 0* 18 &
# 0*2 18 -8
# 0* 18 8!
46 0* - B 18 - &
0*2- B 18 - &
0* - B 18 - &
0* 18 : ! 7( &
0*218 : ! 7( 8!
5 0* 18 : 1 7( &
&' 127.@ &)
# 1821 %@ -8l
1& 1 ?2,:.@ :&!
: G $% :&!
6 3 &
I &< | 1' :&!
1ok [ * 9
1 "% 10 1 o* 9
1ovr 1 1+ 9
5 1" % 8l $ * 9
[ x 9
# 1 " * 1 | " 9 '
18 e, ko [ * 9
18 7, % 10 1 o
6 18 ;!**. * 1 1 * 9 '
6 18 i gl $l * 9
6 8 . .
5 8 . x 1 o
6 1 (0 /(1 # <
65 -1 (8 1 # <
6 - ( #<
6it 11034 7 A o2

Appendix B: BACnet Object Identifiers




Revision 0.12 Series 3000 Meter Features Guide and User’'s Manual

430)! " " 430 &!
430 1" " 430 &!
4 ) 4 :&!
5 4 -1 4 :&!
1 &18?22@ 3 :&!
# & 8 ?22@ 4 :&!
& BIB8?22@ 4 :&!
J&18 ! 7( &!
6 o* 1&'?2,7@ &
P*21&"'2,7@ &!
p* 1&'?2,7@ 1&!
0* :&!
0* 2 &!
5 0* :&!
o* -&18 3 :&!
# 0*2-&18 3 :&!
o* -&18 3 :&!
0* 18 :&!
6 0* 2 18 :&!
0* 18 1&!
o* - B I8 - 1&!
0*2- B 18 &!
o* - B I8 &
5 o* 18 : ! 7( :&!
0*218 : ! 7( &!
# o* 18 :! 7( :&!
&' 1272,,@ &!
&'21 7?2,,@ :&!
6 &' 1 ?.@ :&!
1 G $% :&!
1 3 :&!
1 &< | 1 &!
1" | * 9
5 1 " 10 1 0* 9
1" * 1 1* 9
# 1 * o $l $! o+ 9
1 * * 9
1 * ! [ 9
6 18 ;. x [ * 9 '
5 18 ;. * 10 I o* 9
5 18 ;. * 1 1+ 9
5 18 ;. *  §l $!* 9
5 18 kx| * d
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55 "L EEE
5 /(1o /(1 f<
5% L1 16 <
5 L ( e
5 119034 7 A2
56 5 430)1 " " 430 8
5 430 1" " 440 &
5 YRR 4- &
5 PR 4- &
5 1s822@ 3 &
5 5 1&  1822@ 4 &
5 l&- BI8B?22@ 4- &
# 5 1818 ;! 7 &
5 0* 1&'2,7@ &
5 0% 218" %7@ -8
6 5 0* &' 7%7@ &
" 5 0* &
# 5 0% 2 &
# 5 0 &
# 5 0* -&18 3 &
#5 5 0% 2-& 18 3 &
# 5 0% -&18 3 &
o 5 0+ 18 &
5 0*2 18 &
5 0* 18 &
#6 5 0 - B 18 &
5 0*2- B 18 &
5 0* - BB &
5 0% 18 : ! 7 &
5 0218 : I 7( &
5 5 0% 18 : I 7( &
5 18 122,,@ &
# 5 18121 2@
5 1 2@ &
b . G $% :&!
6 5 1 3 &
5 | &< ! 1 &l
5 1 [ x 9
5 1% 10 1or 9
5 1 1 1+ 9
5 5 17 9 E 9
5 R s 9
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# 5 1 * ! * 9
5 18 e % I * 9"
5 18 ;1. * 10 1 o 9"
6 5 18 e x 1 1+ 9
6 5 18 1.+ gl $ * 9
6 5 18 j1ex, * o
6 5 18 e x w9
6 5 -1 (0 /(1 # <
65 5 1 1 (s <
6 5 (1 ( # <
6# 5 -1 1H034 7 A "2
430)1 " " 430 &
430 1" " 430 8!
4y 4 &
5 4o 4 &
l&ais?22@ 3 &
# & 18?22 @ 4 &
/& B 18 ?22@ 4 &!
J&18 ! 7( &!
6 o* 1&'?2,7@ &
P*21&"' 2, 7@ &!
p* 1&'?2,7@ &!
0* :&!
D* 2 &
5 0* &
D* - &8 3 &
# 0*2-8&18 3 &
D* - &8 3 &
D * 18 &
6 0* 2 18 1&!
0* 18 1&!
o* - B I8 - 1&!
0*2- B 18 &!
o* - B I8 &
5 o* 18 : ! 7( 1&!
D218 : ! 7( &
# 0% 18 : ! 7( &
&' 1272,,@ &!
&'21 7?2,,@ :&!
6 L) &
: G $% :&!
1 3 &!
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Tt a< 1. 1 &
R [+ 9
5 1% 10 TR
1vx o1 1 9
# T St * 9
1 9
1 w9
6 18 e+ [+ 9
5 18 k. * 10 Lot |9
5 g e ¢ 1 1 9
5 18 . gl E 9
5 1g e, * +
55 g e x| TEE
5 /(1o /(1 #<
54 L1 16 # <
5 L (1 ( ;I#<
5 110034 7 A 2
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