
MASTERTRACE   MS-2101

OPERATOR’S MANUAL

HEAT TRACING CONTROL



MS-2101 Contents

1 Product Overview ......................................................................................................... 1.1
Introduction .............................................................................................................................................. 1.1

Specifications ........................................................................................................................................... 1.2

Summary of Features .............................................................................................................................. 1.3

Use of this Manual ................................................................................................................................... 1.3

Conventions ............................................................................................................................................. 1.3

Shipping Content ...................................................................................................................................... 1.3

Theory of Operation ................................................................................................................................. 1.4

2 Installation .................................................................................................................... 2.1
Unpacking the Controller .......................................................................................................................... 2.1

Control Module ......................................................................................................................................... 2.1

Mounting the Controller ............................................................................................................................ 2.3

Wire Sizing ............................................................................................................................................... 2.3

Conduit and Cabling ................................................................................................................................. 2.3

Power Wiring ........................................................................................................................................... 2.3

Heater Wiring ........................................................................................................................................... 2.3

Ground Connection .................................................................................................................................. 2.3

RTD Sensor Wiring .................................................................................................................................. 2.3

Communication Wiring ............................................................................................................................. 2.4

Alarm Wiring ............................................................................................................................................ 2.4

3 Getting Started.............................................................................................................. 3.1
Introduction .............................................................................................................................................. 3.1

Enabling the Heater ................................................................................................................................. 3.1

Entering Setpoints .................................................................................................................................... 3.1

Testing Heater & Alarms........................................................................................................................... 3.3

Monitoring System Status ......................................................................................................................... 3.4

4 Front Panel Operation.................................................................................................. 4.1
Overview .................................................................................................................................................. 4.1

Operating the Keypad .............................................................................................................................. 4.1

Status Lights............................................................................................................................................. 4.1

 Alphanumeric Display .............................................................................................................................. 4.1

Keypad ..................................................................................................................................................... 4.1

Display Contrast ....................................................................................................................................... 4.1

Heater Numbering .................................................................................................................................... 4.1

Startup Messages .................................................................................................................................... 4.3

Status Messages ...................................................................................................................................... 4.3

Flash Messsages ..................................................................................................................................... 4.4

5 Measured Values .......................................................................................................... 5.1
Overview .................................................................................................................................................. 5.1

Operating ................................................................................................................................................. 5.2

Statistics ................................................................................................................................................... 5.3

6 Setpoint Values............................................................................................................. 6.1
Overview .................................................................................................................................................. 6.1

Setpoints Entering .................................................................................................................................... 6.2

Setpoint Access Security .......................................................................................................................... 6.2

Operating ................................................................................................................................................. 6.2

Heater Setup ............................................................................................................................................ 6.5

System Setup ........................................................................................................................................... 6.8

Setpoint Tests ......................................................................................................................................... 6.11



ContentsMS-2101

7 Alarms ........................................................................................................................... 7.1
Overview .................................................................................................................................................. 7.1

Trip or Failure Alarms ............................................................................................................................... 7.1

Process Alarms ........................................................................................................................................ 7.2

Warning Alarms........................................................................................................................................ 7.3

Reset Alarms............................................................................................................................................ 7.3

8 Communications .......................................................................................................... 8.1
Overview .................................................................................................................................................. 8.1

Physical Layer .......................................................................................................................................... 8.1

Modbus Protocol ...................................................................................................................................... 8.2

Modbus Memory Map .............................................................................................................................. 8.4

Modbus Map Data Format ....................................................................................................................... 8.6

9 Commissioning ............................................................................................................ 9.1
Overview .................................................................................................................................................. 9.1

Requirements ........................................................................................................................................... 9.1

RTD Input Test ......................................................................................................................................... 9.1

Heater Voltage and Current Test .............................................................................................................. 9.2

Ground Fault Current Test ........................................................................................................................ 9.3

Alarm Output Test .................................................................................................................................... 9.3

Override Input Test ................................................................................................................................... 9.4

Placing the Controller in Service .............................................................................................................. 9.4

Completing the Installation ....................................................................................................................... 9.6

Warranty .............................................................................................................Back Cover



1.1

MS-2101 Chapter 1 Product Overview

Introduction

The MS-2101 single-point heat tracing controller uses a

microprocessor and is intended for stand-alone heat trace

applications. It can be for use with mineral-insulated, self-

regulating or constant-wattage cable for freeze protection,

process control and instrument tracing. The MS-2101 is

intended for indoor or outdoor installations in ordinary or

hazardous locations.

MS-2101 offers many advantages over other heat tracing

control schemes, which generally use some combination

of mechanical thermostats, custom-built panels or pro-

grammable controls to provide control, monitoring and

alarm functions. Budgetary constraints usually limit the

degree of system fault monitoring to less than optimal

levels.  This results in periodic costly process shutdowns

due to process or hardware malfunctions.  Equipment

reliability concerns often force plant procedures to

include annual thermostat performance checks to ensure

that the device is still operating as intended.  This can be

a tedious, labour intensive job.

A controller is mounted near the pipe being traced to

monitor the heater point.  This controller can communi-

cate with a single master unit to give complete system

monitoring and control from a convenient location.  Up to

32 controllers can be monitored on a RS485 data highway

to a centrally located master. By connecting controls to a

data highway, the MS-2101 can immediately flag alarms

caused by heat tracing malfunctions, altered setpoints and

monitor actual values from a central location. Each local

control is completely independent and will continue to

function if the master fails or if the communication link

fails.  This ensures maximum reliability and minimizes

vulnerability in the event of a hardware failure.  Addi-

tional points can easily be added at any time as easily as a

mechanical thermostat can be installed.  Unlike control

schemes using programmable controllers, no software

development is required. The complete system is opera-

tional as soon as it is installed.

Figure 1.1 Typical MS-2101 Installation
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Specifications

Temperature Input
Range: -50 to +500°C (-58 to 932°F)

Accuracy: ±2°C

Repeatability: ±1°C

RTD: Two, 100 ohm platinum, 3-wire RTD

20 ohms maximum lead resistance

Heater Switching
Configuration: One circuit, Two-pole, one  SCR per

phase, 800 amp 1 cycle inrush

Ratings: 85-280Vac, 30A continuous

Line Frequency: 50 or 60Hz

Current Measurement: 0.1 to 30A 3%±0.2A

GF Measurement: 10 to 1000mA 5%±2mA

Voltage Measurement: 0 to 300Vac 3%±2V

Control Power
Power Requirement: Control power from heater voltage

85-280VAC, 10VA max

Protection: Control power from heater voltage

protected by 2A fuse

MOV transient protection

Communications
Port: (1) Serial network connection

Type: RS485

Protocol: Modbus® RTU.

Transmission Rate: 600,1200, 2400, 4800, 9600 baud.

Interconnect: 2-wire, shielded, twisted pair.

Highway Distance: 4,000 feet without repeater.

Modules per Highway: 32 Control Modules.

Measured Values
Temperature: -50 to 500°C (-58 to 932°F)

Minimum Temperature: -50 to 500°C (-58 to 932°F)

Maximum Temperature: -50 to 500°C (-58 to 932°F)

Heater Current: 0.1 to 60A

Ground Fault Current: 10 to 1000mA

Min. Heater Voltage: 85 to 300Vac

Max. Heater Voltage: 85 to 300Vac

Power Consumption: 0 to 1,000 MWh

Operating Cost: 0 to $1,000,000.00

User Interface
Display: 16-character x 2-line LCD Alpha-

numeric display

Keypad: 9 tactile keys, polyester faceplate

- Setpoint, measured, status

- Message Up, Message Down

- Value Up, Value Down

- Reset

- Store

Contrast: Adjustable by potentiometer

Panel Indicators: Power on

Heater on

Serial communication active

System fail

Process alarm

Security: Controller parameters password protected

Environment
Approvals: CSA NRTL/C and FM

Class I, Div. 2, Groups A,B,C,D

Class I, Zone 2, Groups IIC

Class II, Div. 2, Groups F and G

Class III

Operating Temperature: -40°C to +50°C (LCD: -20°C to +50°C)

Conformal Coating: Boards conformal coated for hostile

environments

Enclosure
Type: Nema-4X  steel, painted black

Size: 10”Hx8”Wx6”D

Features: Quick release latches to open door

Flat aluminum plate to act as heatsink

and mounting flange for mounting on

Uni-Strut.

One 3/4” conduit knockout for power

and three 1/2” conduit knockouts for RTD

and signal wiring.

Alarm Output
Alarm: Programmable for NO or NC contact

One Mechanical (dry) contact

Alarm Rating: Mechanical contact: 30Vdc/100mA,

     120Vac/0.52A, 62.5W Max

Alarm Output: LED Indicator: 5Vdc/50mA

Alarm Function
Temperature: High Temperature Alarm

Low Temperature Alarm

Current: Low Current Alarm

High Current Alarm

Ground Fault Current: Ground Fault Current Alarm

Ground Fault Current Trip

Voltage: High Voltage Alarm

Low Voltage Alarm

Hardware: Self-Check Failure

Switch Shorted

RTD Open

RTD Shorted

Continuity

User-Definable Options
Heater Status: Enable or Disable

Heater Name or Tag: 16 Character Alphanumeric

Temperature Units: °C or °F

Proportional Control: on or off

Deadband: 1 to 50C° (2 to 90F°)

PowerLimit: 0.1 to 30A, off

SoftStart: 10 to 999s, off

TraceCheck: 1 to 24hrs, off

Temperature Setpoint: -50 to 500°C (-58 to 932°F), off, none

High Temp Alarm: -50 to 500°C (-58 to 932°F), off

Low Temp Alarm: -50 to 500°C (-58 to 932°F), off

High Current Alarm: 0.1 to 30A, off

Low Current Alarm: 0.1 to 30A, off

Ground Fault Alarm: 10 to 1000mA, off

Ground Fault Trip: 10 to 1000mA, off

High Voltage Alarm: 85V to 300V, off

Low Voltage Alarm: 85V to 300V, off

RTD Definition: Single, Backup, Highest, Lowest,

Average or High Temperature Cutout

RTD Fail-safe: Heater On or Heater Off

Heat Trace Curve: disable, user, LT3, 5, 8, 10

HLT3, 5, 8, 10, 12, 15, 18, 20

Override: On or Off

Alarm Contacts: NO or NC for each contact

Alarm Light: Alarm on, Alarm off, Flash during alarm

then on, Flash during alarm then off

Ground Fault
Maximum Trip Time: 3.7 seconds
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Inputs

y 2-RTD Sensors

y 1-Override

Monitoring

y RTD Temperatures

y Heater Current

y Heater Voltage

y GF Current

Alarms

y Low and High Current

(Compensated by heat trace curve for

Self-regulating cable)

y Low and High Temperatures

y Continuity

y GF Alarm

y GF Trip

y Switch Failure

y Sensor Failure

y Self-Test Failure

Outputs

y 1-Mechanical (dry) Contact

y 1-LED Alarm Indicator

Statistics

yMinimum and Maximum Temperatures

yMaximum Current

yMaximum Ground Fault

yMinimum and Maximum Voltage

y Energy (MWh)

y Energy Cost

Control

y Temperature (On/Off- Deadband)

y Temperature -Proportional

y PowerLimiting

y Softstart

Early Warning (TraceCheck)

y Low and High Current

y Continuity

y GF Alarm

y GF Trip

Communications

y 1-RS485

yModbus Protocol

Environment

y CSA Certified and FM Approved for Hazardous

Locations

yWeatherproof, NEMA-4X Enclosure

y -40°C to +50°C Operating Temperature Range

   (LCD: -20°C to +50°C)

User Interface

y 32 Character LCD Display

y LED Indicators on Faceplate

y Clear, English Language Messages

y Intuitive Message Structure

y Tactile Keys

y Access Security

Summary of Features

Using This Manual

Detailed information relating to switch and output ratings,

accuracy and so forth are detailed in Chapter 1 Specifica-

tions. Chapter 2 Installation discusses important mount-

ing and wiring issues for reliable operation. Chapter 3

Getting Started provides a step-by-step tutorial for a heat

trace application. The remainder of this manual should be

read and kept for reference to provide the maximum

benefit of the MS-2101.

Conventions

The following conventions are used in this manual.

" User Changeable Values

	 Retrieved Data

[     ] Key Press

Shipping Content

MS-2101 Heat Trace Controller

MS-2101 Instruction Manual with Warranty Card
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Theory of Operation

Controller functions are controlled by a Intel 80C32 8-bit

microprocessor that measures all analog signals and logic

inputs, control heater output and alarm contacts, and

reads all user input including communications and outputs

to the faceplate display and LEDs. Consult the hardware

block diagram in figure 1.8 for details. The remainder of

this chapter describes the algorithms and operation of

some of the controller functions.

RTD Sensing

An RTD changes its resistance in a precision relationship

to temperature. This resistance is sensed by passing a

constant current through the RTD and measuring the

resulting voltage across the RTD (resistance = voltage/

current). The voltage appearing across RTD1 terminals

6&8 and RTD2 terminals 10&12 also includes the

resistance of the inter-connecting wiring to the RTD,

which varies with wire length, size and ambient tempera-

ture. By using a three-wire sensing scheme and a lead

resistance compensation circuit, the lead resistance is

cancelled out to give a voltage proportional to the true

RTD sensor temperature.

RTDs respond in a known but non-linear fashion to

temperature, which if uncorrected could lead to signifi-

cant errors over the temperature range of the controller.

Consequently, some means is needed to convert the input

voltage to a linear and useful range. The CPU applies

gain, offset and non-linearity corrections  through a

linearization algorithm.

Current, Ground Fault and Voltage Sensing

Current transformers and high impedance voltage dividers

are used to scale-down the incoming heater current,

ground fault current and voltage. All three signals are then

passed through a full wave rectifier and filter to obtain a

DC signal. The DC signals are then converted to digital

values by a 10 bit A/D converter before finally being

passed on to the CPU for analysis.

Each of the three DC signals are sampled 300 times with

zero cross synchronization so that the sampling covers an

exact span of ten power cycles. This is to ensure that

heater current values are consistently measured when the

heater output cycle is modulated by the powerlimit,

softstart or proportional control functions.

Powerlimit

The powerlimit function allows the heater to operate

below its rated power by cycle modulation. Cycle

modulation is accomplished by controlling the integral

number power cycles into the heater over a periodic time

frame. The MS-2101 uses a ten cycle time frame. The

integral number of power cycles per time frame is called a

duty cycle. With a ten cycle time frame, there are ten duty

cycles possible. For each duty cycle, there is a fixed

pattern that defines the number of power cycles in which

the heater is on and off. This is shown in figure 1.2:

Figure 1.2 Cycle Modulation - 10 Cycle Frame
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Cycle modulating the current through the heater has the

effect of turning the heater on and off rapidly and

therefore, power output is reduced in the long run. Since

the switching is zero-cross controlled, the controller

knows exactly when power cycles start and finish. Zero-

cross switching also helps reduce power harmonics that

generate unnecessary interference.

The heater current (average current) measured by the

controller while cycle modulation is in effect may be

approximated as follows:

Heater Current at 100% x Duty Cycle = Average Current

When powerlimit is enabled, a powerlimit current is set

by the user. This is essentially the desired average current.

The powerlimit control algorithm ensures that the actual

current will not exceed the powerlimit setting while

optimizing the maximum duty cycle possible. When the

average current exceeds the powerlimit setting, the duty

cycle is reduce by 10%. When the average current is

below the powerlimit setting, the duty cycle is increased

by 10%. Before the algorithm increases or decreases the

duty cycle, the controller waits until the heater current has

reached steady-state at the current duty cycle setting. If

the heater is initially off and the controller calls for heat,

the duty cycle starts at zero and increases by 10%

increments until it reaches a steady-state value. This

ramping up effect provides a current-driven softstart

whenever the controller calls for heat unlike the softstart

function, which is time driven.

Softstart

During cold temperature startups with self-regulating heat

trace cables, the current driven softstart built into the

powerlimit function may not be long enough to overcome

the inrush current. The softstart function is separate from

powerlimit and is time driven where for when you set the

softstart period. Having the two separate functions is

desirable when powerlimit may not be required by the

application but softstart is essential to avoid nuisance

breaker trips during cold startups. The controller applies

the softstart function initial startup when the controller is

powered up.

Operation of the softstart function varies depending on

whether or not powerlimit and/or proportional control are

enabled. When powerlimit and proportional control are

off, operation is simplified. The softstart function uses

cycle modulation to gradually increase power output over

the softstart period. Since most circuit breakers are the

thermal type, the cycle modulated output appears as a

reduced load to the circuit breaker.

During controller power-up and assuming the controller is

calling for heat, the duty cycle starts at 10% and incre-

ments by 10% until full power is reached. Since there are

ten duty cycle increments, the time that the controller

maintains each duty cycle setting is the softstart setting

(softstart period) divided by 10. The softstart operation

powerlimit and proportional control off is shown by the

curve in figure 1.3.

Figure 1.3 Softstart Curve with Powerlimit and

Proportional Control Disabled

With powerlimit enabled, the only difference is that

instead of the duty cycle ramping to 100%, it stops at the

value determined by the powerlimit function such that the

average current does not exceed the powerlimit current

set by the user. The maximum duty cycle setting is

approximated by the controller initially so that the time

period for each duty cycle increment can be determined.

The softstart operation with powerlimit enable is shown

by the curve in figure 1.4.

Figure 1.4 Softstart Curve with Powerlimit Enabled

When proportional control is turned on, the maximum

duty cycle available to the controller is constrained by the

powerlimit current if enabled and softstart.
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Proportional Control

Unlike on/off control where the heater is fully on or off,

proportional control can partially turn on the heater. The

heater output is proportional to the difference between

actual temperature and heater setpoint. The relationship is

expressed as follows:

(actual temperature – heater setpoint) x k = heater output

where k is the proportional gain

To partially turn on the heater, the proportional control

function uses cycle modulation in the powerlimit function.

By incorporating cycle modulation into the proportional

control equation, the algorithm is expressed using the

following equations:
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The deadband factor DB(t) is a time constant that

determines the slope of change of the proposed heater on

duty cycle with the temperature difference. It is adjusted

between 1 to 10 each hour to minimize the difference

between the measured temperature and the temperature

setpoint. Every hour after power up, the controller

calculates the absolute values of the temperature

differences e(t) and sums them during the hour. Then the

total absolute temperature difference is divided by the

number of temperature readings taken during the hour.

The result is called the Average Absolute Temperature

Difference (AATD) for the hour. If current AATD is

smaller than the AATD in the previous hour, the deadband

factor will be increased or decreased in the same

direction. If current AATD is larger than the AATD in the

previous hour, the deadband factor will be increased or

decreased in the reversed direction. At steady state, the

deadband factor used will fluctuate around a optimum

value.

Figure 1.5 shows the relationship between the proposed

heater on duty cycle and the temperature difference for

different deadband factors used.

Figure 1.5 Proportional Control

Duty Cycle vs. Temperature Difference

On/Off Control with Deadband

The default control mode of the controller is deadband

control or simply on/off control with the proportional

control setting turned off. On/off control without

deadband (that is deadband set to 0 C° or 0 F°; note that

these units denote the temperature differential with “°”

placed to the right of the unit) means that the heater turns

on when actual temperature is below setpoint and turns

off when above setpoint. However, this causes oscillations

when the actual temperature is very close to setpoint. To

eliminate oscillations, hysterisis is applied to the on/off

control by a deadband value. The on/off control with

deadband operation is described by the hysterisis curve in

figure 1.6. Assume that actual temperature is well below

(setpoint - deadband setting), the controller calls for heat.

As the actual temperature rises, the controller continues to

call for heat until the actual temperature has reached

(setpoint + deadband setting). The controller no longer

calls for heat and the heater is off. As the actual

temperature cools, the controller does not call for heat

until the actual temperature reaches (setpoint – deadband

setting). The hysterisis effect is controlled by the

momentum of the actual temperature rather than the

temperature value itself.
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Figure 1.6 On/Off Control with Deadband

Heat Trace Curve

Monitoring low and high current alarms on self-regulating

heat tracing cable is difficult. Choosing a high current

alarm setting based on cable characteristics near the

heater setpoint temperature will produce nuisance alarms

during startup. Choosing a low current alarm setting other

than below the current draw of the cable at heater setpoint

temperature produces nuisance alarms. The heat trace

curve function allows you to program the cable character-

istics so that the controller can offset the current alarm

settings.

The heat trace curve is described by the following linear

equation:

W = aT + b

where, W is the Watt/ft at temperature T (in degree F), a

and b are the slope and offset of the linear curve.

If the Watt per foot value of the heat trace is Ws at

setpoint temperature Ts, and the Watt per foot value of the

heat trace is W at temperature T, the offset ratio to be

applied to the high/low current alarm level is Ws/W.

That is, if the high/low current alarm level is set to Is, the

current draw of the cable at setpoint temperature of Ts,

then the high/low current alarm level at operating tem-

perature T should be corrected to (Ws/W)*Is to compen-

sate the effect of operating temperature on the allowed

maximum/minimum heater current. The heat trace curve

is shown in figure 1.7.

If no heat trace curve is used, the offset ratio is set to 1

and no correction to the high/low current alarm level is

done.

Figure 1.7 Heat Trace Curve
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Figure 1.8 Hardware Block Diagram
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Unpacking the Controller

Check the shipping cartons for damage, or other signs of

rough handling or abuse. If damaged, notify the shipping

carrier at once.

Carefully remove the MS-2101 from the shipping box.

Save the packing materials in case the unit needs to be

transported at a later date.

Inspect face plate for damage and check electronics for

loose wiring or damage. Report any damage to the carrier

at once.

Control Module

See Figure 2.1 Main Board Layout and Figure 2.2

Power Board Layout to locate the following:

� S1  Address Enable:  When the switch is set to DIS, the

Module Number cannot be changed from a master on

the data highway. When set to EN, the Module Number

can be changed for the next two minutes from a master

on the data highway. During this time the ADDRESS

ENABLE light is on.

� S2 Program Enable: When the switch is set to DIS,

programming is disabled; setpoints and configuration

cannot be changed. When set to EN, programming is

allowed.

� S3 RS485-120: When the jumper is set to IN, the

RS-485 line is terminated by a 120 ohm resistor. Only

the last Control Module on the data highway should be

set to IN.

Terminals: Refer to Figure 2.7 Typical Wiring Diagram,

for power, heater and RTD field connections.

� T1 Alarm Contact: The mechanical output is rated 30

Vdc/100mA, 120Vac/0.52A, 62.5W Max. Contact is

configurable for normally open or closed.

� T2 Alarm Light Output:  The output is configurable for

normally open, closed or flash. Output is rated 5 Vdc

@ 50 mA for an LED type lamp (terminals 18+ and

19-).

� T3 Override Input:  With the Override function

(SETPOINTS\HEATER SETUP\OVERRIDE) set to

on, the heater output is affected by the override input.

When the terminals are open, the heater is forced off.

When the terminals are closed, the heater is controlled

by the RTDs unless the heater setpoint is set to off. In

this case, the heater is solely controlled by the override

input.  The logic of this input allows either ambient

temperature override or load shedding on multiple

controllers (terminals 24+ and 25-).

� T4 RTD1A and RTD1B Inputs: 3 wire RTD input.

Ground terminal connects to shield or case. Lead

resistance compensated. (terminals 6-13).

� T5 Earth Ground:  (terminal 1).

� T6 Heater Power Input:  85-280Vac/30A max

continuous ( terminals 2 and 3).

� T7 Heater Power Output:  85-280Vac/30A max

continuous ( terminals 4 and 5).

� T8 Safety Ground: Terminate to ground stud. Termina-

tion of safety ground is required for transient protec-

tion circuit on RTD inputs and RS485 serial port to

operate properly (terminal 14).

� T9 Extra A/D Input/Output: Terminals 22 (POUT) and

23 (PIN) are the output (+12Vdc) and input (4-20mAdc)

connections to a 4-20mA analog signal transmitter.

Status Lights:

� L1 Power:  Light is on when control power is present.

� L2 Address Enable:  Light is on when controller is in

Address Enable mode. Light must be on to allow the

Module Number to be changed from a master on the

data highway.

� L3 Transmit: Flashes when data is being transmitted

from the serial port to the data highway.

� L4 Receive: Flashes when data is being received at the

serial port from the data highway.

� L5 Override:  Light is on when the Override Input ter-

minals are shorted.

Communication Ports:

� C1 Interface to Main/Power Board: Connector to

interconnect power and main board via ribbon cable.

� C2 Serial Port 1: Connection to an RS-485

data highway via a 2-conductor, shielded, twisted pair

cable. Maximum Cable length with 32 devices without

repeater is 4,000 feet. ( terminals 15+, 16-,17 SHD).

Warning - The ground fault trip function is

intended for equipment protection only and

should not be used in place of ground fault

protection for personnel protection where

this is required.
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Figure 2.2 Power Board Layout

Figure 2.1 Main Board Layout
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Mounting the Controller

Mount the control panel with Unistrut brackets using 1/2”

bolts. The Unistrut (or equivalent) mounting allows air

circulation to cool the heat-sink. This is important to

ensure proper operation of the MS-2101. For optimum

readability,  mount with the display at eye level  and not

in direct sunlight. Mounting dimensions are shown in

Figure 2.6.

Wire Sizing

Conduit and Cabling

The MS-2101 comes with one 3/4” and two 1/2” conduit

knockouts located on the bottom of the enclosure.

Conduit hubs should be NEMA-4X rated, such as T&B

H050-0.5 and H075-0.75 or Myers equivalent, to main-

tain a watertight seal. Unused knockouts should be sealed

using NEMA-4X rated seals.

Power Wiring

The power input terminals supply power to both the heat

trace and controller. Size power input wires appropriately

to the breaker size and maximum ambient operating

temperatures. Maximum breaker size is 30A. Connect

power wires to input terminals 2 and 3. See Figure 2.7.
The RTD probe is delicate and should not

be bent or used as a tool to puncture

insulation.

Wiring methods should comply with Canadian

Electrical or National Electrical Code  and

local codes. Power and signal wires should not

be run in the same conduit system. Wiring

should be rated at least 90 °C.

)GWA(eziSeriW )A(daoLtnerruC
tneibmA.xaM

)C°(erutarepmeT

6 03 05

8 03 04

01 42 05

21 61 05

The supply voltage must be within the power

supply range of 85-280Vac and rated voltage

range of the heat trace cable.

Wiring methods must conform to Class I,

Division 2 or Class I, Zone 2 requirements.

Heater Wiring

Connect  heating cable wiring to terminals 4 and 5. See

Figure 2.7. If the heating cable has a braid, it should be

terminated to the ground stud using a ring terminal

suitable for #10 stud.

Ground Connection

Connect the controller grounding stud directly to a

ground bus using the shortest, practical path. Use a

tinned copper, braided bonding cable such as Belden

8660. As a guideline, the ground cables should be mini-

mum 96 strands, number 34 AWG each.

The grounding is not only a safety requirement but is

necessary for the input transient protectors or the RTD

and communication inputs to work properly. The transient

protection network is grounded through terminal 14,

safety ground, which is bonded to the chassis ground stud.

To install the ground connection, remove the outside nut,

washer and #10 ring lug provided on the ground stud.

Crimp the ground cable onto the ring lug and re-assemble

onto the ground stud using the washer and nut.

Figure 2.4 RTD Mounting

RTD Sensor Wiring

RTD sensors should be 3-wire, 100 ohm, platinum to DIN

standard 43760. Mount the RTD element on the pipe,

away from the heat trace and 30° to 45° from the bottom

of the pipe. The total circuit resistance per conductor

from the RTD to the control panel must be less than 10

ohm. Exceeding this resistance will result in a non-linear

temperature measurement. Belden cable 8770 or equiva-

lent allows RTDs to be placed up to 1,000 feet from the

control panel. Complete all RTD wiring according to

Figure 2.7 Typical Wiring Diagram.

Figure 2.3 Ground Connection
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You must install the RTD sensor on the pipe surface or

thermal well before the pipe insulation to ensure proper

thermal contact. The RTD position should be 180° from

the electric heat trace cable which is the coldest spot of

the pipe. The RTD sensor may be secured to the pipe by

fiber-glass tape. If additional wiring is required for the

RTD, shielded 3-lead wire sized 18 or 20AWG must be

used for the RTD sensor to minimize the effects of noise

pickup. A typical RTD installation is shown in Figure 2.4.

Communication Wiring

The MS-2101 is equipped with a communication port that

provides continuous monitoring and control from a

remote computer, SCADA system or PLC. Communica-

tions protocol is Modicon Modbus as discussed in the

communications chapter.

Communication is RS-485 mode where data transmission

and reception are done over a single twisted pair with

transmit and receive data alternating over the same pair of

wires.

Shielded twisted pair such as Belden cable 9841 or

equivalent is recommended to minimize error from noise.

You must observe polarity. For each MS-2101 controller,

you must connect A+ terminals together and B- terminals

together. The shield terminal (labelled SHD) connect to

shield wire of the cable.

To avoid loop currents, the shield should be grounded at

one point only. Connect between controllers in daisy-

chain fashion. The total length of this daisy-chain should

not exceed 4,000 feet. The maximum number of devices

connected is 32 to avoid exceeding driver capability. You

can use commercially available repeaters to increase the

number of devices over 32.  Avoid star or stub

connections.

Terminate the first and last device in the daisy-chain loop.

Each controller is equipped with a  termination jumper as

shown in Figure 2.2.

The controller comes unterminated from the factory

(JP401 and JP402 in OUT position). If the controller is

the first or last device, it can be terminated by moving the

two jumpers (JP401 and JP402) to the IN position.

The communication port is powered by an isolated power

supply with opto-coupled data interface to eliminate noise

coupling. In addition, surge protection devices are

employed at the front end of the port to protect against

lightening strikes and ground surge currents. These may

cause large, momentary voltage differences between

devices on the data highway.

Alarm Wiring

The MS-2101 has one passive (mechanical) alarm contact

and one active alarm output for driving an LED alarm

indicator. The alarm contact is software configurable for

normally open or closed. The alarm LED output is

software configurable for alarm on, alarm off or flash

during alarm. Refer to Figure 2.7 for alarm output termi-

nals.

The mechanical (dry) alarm output is rated 30Vdc/10mA,

250Vac/0.5A Max.

The alarm LED output is rated 5Vdc, 50mA. It can drive a

6Vdc LED indicator. Alarm output is designed for interface

to annunciator, panels, PLC or DCS.

Figure 2.5 Communication Wiring
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Figure 2.6 Mounting Dimensions

Figure 2.7 Typical Wiring Diagram

Warning - Explosion Hazard - Substitution

of components may impair suitability for

Class 1, Division 2 or Class 1, Zone 2.

Warning - Explosion Hazard - Do not

disconnect equipment unless power has

been switched off or the area is known to be

non-hazardous.
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6.1

MS-2101 Chapter 6 Setpoint Values

  5Ø  2  1

SETPOINTS:

OPERATING VALUES

[MESSAGEÚ]

HEATER ENABLED?

yes "

[MESSAGEÚ]

HEATER SETPOINT:

5°C "

[MESSAGEÚ]

LOW TEMPERATURE

ALARM: 2°C "

[MESSAGEÚ]

HIGH TEMPERATURE

ALARM: off "

[MESSAGEÚ]

LOW CURRENT

ALARM: off "

[MESSAGEÚ]

HIGH CURRENT

ALARM: off "

[MESSAGEÚ]

GROUND FAULT

ALARM: 20mA "

[MESSAGEÚ]

TRACECHECK CYCLE:

TIME: off "

[MESSAGEÚ]

HEAT TRACE CURVE

SETUP: disable "

[MESSAGEÚ]

go to  3

[SETPOINT]

Ø
[SETPOINT]

Ø

SETPOINTS:

HEATER SETUP

[MESSAGEÚ]

HEATER NAME:

NONAME "

[MESSAGEÚ]

OVERRIDE:

off "

[MESSAGEÚ]

PROPORTIONAL

CONTROL: off "

[MESSAGEÚ]

DEADBAND

2 C° "

[MESSAGEÚ]

IF RTD FAILS

HEATER GOES: off "

[MESSAGEÚ]

RTD DEFINITION:

2 RTD’s, lowest "

[MESSAGEÚ]

[SETPOINT]

  3

COST PER kWh:

$0.05 "

[MESSAGEÚ]

SETPOINTS:

SYSTEM SETUP

[MESSAGEÚ]

CHANGE PASSWORD:

no "

[MESSAGEÚ]

[SETPOINT]

Ø

GF TEST:

test now "

[MESSAGEÚ]

go to  1

SETPOINTS:

SETPOINTS TEST

[MESSAGEÚ]

HEATER TEST:

disabled "

[MESSAGEÚ]

ALARM TEST:
disabled "

[MESSAGEÚ]

ALARM CONTACTS:

MECH: NO" SS: N/A"

[MESSAGEÚ]

Ö Ö Ö

Overview

The MS-2101 has a considerable number of programming

setpoints for flexibility. Setpoint messages are organized

into groups for easy reference as shown below. Through-

out this chapter each group is detailed by section.

[SETPOINT] provides entry to the Setpoint Menu which

BAUD RATE 1:

1200 "

[MESSAGEÚ]

go to  5

GROUND FAULT

TRIP: 100mA "

[MESSAGEÚ]

SOFTSTART:

60s "

[MESSAGEÚ]

POWERLIMIT

CURRENT: off "

[MESSAGEÚ]

LOW VOLTAGE

ALARM: 100V "

[MESSAGEÚ]

HIGH VOLTAGE

ALARM: 120V "

[MESSAGEÚ]

go to  2

DISPLAY MODE:

normal user "

[MESSAGEÚ]

DEFAULT DISPLAY:

system status "

[MESSAGEÚ]

DISPLAY TIMEOUT:

60 seconds "

[MESSAGEÚ]

SCAN TIME:

3 seconds "

[MESSAGEÚ]

TEMPERATURE

UNITS: celcius "

[MESSAGEÚ]

ALARM LIGHT MODE:

alarm:off "

[MESSAGEÚ]

Restrictions

            Advanced User Mode

  4

allows you to program and test the Control Module.The

Setpoint Menu is arranged in four groups. Pressing

[SETPOINT] twice quickly to access the top of the

second group; press three times to access the top of the

third group, and so on.

PROGRAM ACCESS:
enable "

[MESSAGEÚ]

SET MODULE

NUMBER: no "

[MESSAGEÚ]

go to  4

RESET MODULE?
 no "

[MESSAGEÚ]

ALARM LATCHING
low temp"        yes"

[MESSAGEÚ]

AUTO TUNING

PERIOD: off "

[MESSAGEÚ]



111

RR11111 11111111 1Rss1s1ss11111ss

Rss1s1sss1Rsss11s1

eaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa-araaaeaaaaaaaaaaaaaaaaa

aaaaaaaaa-aaaaaeaaagaaaaaaeaaaaaeaaaaaaaaaaaeaaaaaaaaaagaa

eaaaaaaaaaaaearaaeaaaeaeaaaaar-ayayyyaaaaaaaaaa)oDo

araaaeaaaaaaaaaaaaaa-aaaaaaaaaea-aaa-

aaaaaaaaaaaaaaagaaaaaaaeaaaaara-aaaaeaeaaaaaaaaaaaaa

gaaaaaaaaa-aaaaaaaaaeaaaaaaaeaaaaaa-araaaaaaaaaagaaeaar

aeaaaaaeaaaaaraeaeaaaaaaaaaaaaaaaaaaaaaae-

Rss1s1ss1R11sss1Rs1111sr

aaaaaaaaaaaaaaaaaaaaaae-aaaaaaeaaaea-aaaaaaaaaaar

eaaaaaaaaeaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaa,aeaaaaaaaaa

ataaoAtaMr) aaaaa oeez-taaar) -aaaaeaaaaaaeaaa

Dt)oozaasozot) MMo sozotayoMAt) MMo

D-aezoraarDt) oaa ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaeaaaaaraaaaaaaaeaaaeaaaaaaa-aeaaaa-aaaaaaaaaae-

ataaoAtaMr) aaaaa oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) raa sozotayoMAt) raa-aaa

D-aezoraarDt) oaa ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaa-aaaaaaaaaaaaaaeaeaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaa-araaaaaaaaa

aaaaaaaaaaaaaaaaaaaeaeaaaaaaeagaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa-aae-aaaaaaa

ggaaeaaaaaaaaaaaaaaaaaaaaaaae-

ataaoAtaMr) aaaay oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aaa)) sozotayoMAt) ayaaaaayaaa))-aaaaa-aaee

zya)) ayyaaaa)yaa))-aaaaa-aaee

D-aezoraarDt) oaa ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaaaaaaaeaaaaaaaaaaeaaaaaaaa-a)aaaaaaaeeaaaaaaaa-aaaaaaaaaaaaaaa

aaaaaaaaeaaeaaaaazaaaaaa)aaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaazaaaaaaaaaaaaaaaaaaa

aaaaeaae-aae-aaaaaaaaaaaaaaaaeaaaaaaaaaaeaaeaaaaazaaaaaa)aaaaaaaaaeaaaaaaaaaaa

aaaaaaaaaaaaaaaaazaaaaaaaaaaaaaaaaaaaaaaaaeaae-aae-aeaaaaaaaaeyrerya-rMoz

)rMayrzaaaeaaaaaerhtyaz-a-aaeaaaaaaaaaaeeaaaaaaaaaaaa-aaaaaaa-a-eaaaa

zaaaaaaaaaaaaaaaaaaaaaaaaagggg-aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaeaaaaaaaa

eaaaaaaaaaa-aaaaaaaaaeaaaaaaaaaaaaaaaa-a-eaaaaazaaaaaaaaaaaaaaaaaaaaaaaaagttaaaaaaaaa

aaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaeaaaaaaaaaeaaaaaaaaaaaaaaaaaaaa-

L1s11s1s1

ataer-Maa)

retyoa-MAasozota

ztoatyatMoeztD?

raaa?

ztoatyaataer-Ma)

aya))a?

,ggggggegeggggtgggtgtggggggggggglggggggggggdg

glggggggggegggggggggglgrg.rggggggggggglgglgg

glgggggggggtggdggdgggggggeg.

aaaaaaa-aaaaaa-aaaaaaaaaraeaaaaaaaaaaaaaaaaaaaaaaa�ry�

aaaaaaaaaaaaaaaaaaaaaaaaagaaaaeaaaaaaaaaaa-

oaaaaaaaaaeaaaaaeataa-aaaDaaaa-aaaa

-eaaaaaaaeaaaaaaaaaaaaaaaaraaaeaaaaaaaaaaeaaa-aae-araaaaaa

aaaaaaeaaaaaaaaaaaaaaaaaaaaaaaearaaea-raaaaaaaaaaaa

aaaaaaeaaaa-aaaeaaaa-aaaaaaaaaaaaaaa-aaaaaaaaaaa-aoaaaaa

aaaaeaaaa-aaaaa-raaaaaaaaaaaaaaaaaaaaaaaeaaaaaaeaaaaaaaaa

aaaaa-aaaaaaaaaaaa-aaaaeaaeaaaaa-aaaeaaaaaaaaaaaaaaaaa

eaaa-ahaaaaaaaaaaaaaaaaaaaeeaaaaaaaaaeaaaaa-aaaaaaaa

aaaaeaaaa-aaaaaaaaaaaaeaaa-aaaaaaaaaaa-aDaaa-aaaaaaaaaaae

aaa-aaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

aaeeaaaaaaaaaa-

oaaaaaaaeaaaaaeaoaaaaaaeaaa-aae

raaaaaaaaaaaaaaaaaaaaaeea-aaaaaaa-aaeaaaaaaagaaa

aaaaaaeaaaaaaaaeaaea-aaaaaaaa-aae-aaaaaaaaa-aae

aaaaaaaaaaeaeaaaaearaaaaaeaa-aaaaaeaeaaaaaaaaaaaaaaaaaa

aaaa-aae-ahaaaaaaaaaaaaa-aae-aaaraaaaaaaaaaaaa-aa

aaaaaaeaaaaaaaaaaeaeaeaaaaaaaaaaaaaaaaaaaaaaaaaaaeaae

aaaaearaae-ahaaaaaaaaaaeaaaaaaaaaaaeaaa-aae-araaaaaa

aaaaaaaaaaaaaaaaaaaaaaaaaaaaearaaea-raaaaaaaaaaaaaaaaaaae

aaa-aaaeaaaa-aaaaaaaaaaaaaaa-aaaaaaaaaaa-aDaaa-aaaa

aaaaaaeaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

aaaaaaeeaaaaaaaaaa-



111

RR11111 11111111 1Rss1s1ss11111ss

ataaoAtaMr) aaaay oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) y)) sozotayoMAt) ayaaaaayaaa))-aaee

ya)) ayyaaaa)yaa))-aaee

D-aezoraarDt) oaa ytaay-)a-rMa) zaaaaaaaaaaaaaaaeaaaaaaaa-a

gtt-

aaaaaeaaaaaaaaaaaaaaaaaza-aaaeaaaaaaaaaoaaaeaaaaaaaaa-an-1.1s-1e11n1ss1---s1--1

t1--111-1--s1s--aaaaeaaa-aaaaaaaaaaaae-aaaaaaaaagaaaaaaaagtt-ahaaaaaaaazaaaaa

)aaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaataaaaaaaaaaaaaaaaaaaa-aaaaaza-aaaeaaaaaaaa

oaaaeaaaaaaaagaaaeaaaeaaaEd,ggNdtNgegTgNgeEegdaeaaaaaaaaaaaeeaeaaa

aaaaaraaaeaaaaaaaaeaaaaaaa-aaaaaaaaaeaeaaaaagaaaaa-aaaaaaaaaaeaaaaaaaaaaaaaa

a-agaaaaaaaaaaaeaaaaaaaaa-

ataaoAtaMr) aaaay oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aee sozotayoMAt) ayaaaaayaaa))-aaee

ayyaaaa)yaa))-aaee

D-aezoraarDt) oaa ytaay-)a-rMa) zaaaaaaaaaaaaaaaeaaaaaaaa-a

gtt-

aaaaaeaaaaaaaaaaaaaaaaazaaaaaaeaaaaaaaaaoaaaeaaaaaaaaa-an-1.1s-1e11111--111---s

--11t1--111-1--s1s-1aaaaeaaa-aaaaaaaaaaaae-aaaaaaaaagaaaaaaaagtt-ahaaaaaaaazaaaaa

)aaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaataaaaaaaaaaaaaaaaaaaa-aaaaazaaaaaaeaaaaaaaa

oaaaeaaaaaaaagaaaeaaaeaaaeSgeggNdtNgegTgNgeEegdaeaaaaaaaaaaaeeaeaaa

aaaaaraaaeaaaaaaaaeaaaaaaa-aaaaaaaaaeaeaaaaagaaaaa-aaaaaaaaaaeaaaaaaaaaeaaaa

-aaa-aaaaaaaaaaeaaaaaaaaa-

ataaoAtaMr) aaaaz oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aee sozotayoMAt) a-aaaaaya-aao-aaee

D-aezoraarDt) oaa ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaaaaaaaza-a)aaaaaaaoaaaeaaaaaaaaa-an-1.1s-1e11n1ss1---s1--11t11-

-1111s-1sn-1.1s1--s1s-1aaaaeaaa-aaaaaaaaaaaae-aaaaaaaaagaaaaaaaagtt-ahaaaaaaa

zaaaaaa)aaaaaaaaaaaaaaaaaaaaaaaataaaaaaaaaaaaaaaaaaaa-aaaaaza-a)aaaaaaaoaaaeaaa

aaaagaaaeaaaeaaaEd,ggTggNNggeEegdaeaaaaaaaaaaaeeaeaaaaaaaaaraaae

aaaaaaaeaaaaaaa-aaaaaaaaaeaeaaaaagaaaaa-aaaaaaaazaaaaaa)aaaaaaaaaaaaaa-agaaaaaa

aaaaeaaaaaaaaa-aaaaagaaaaaaaaaaaaaaaaaa-aaoaaaaaaeaaaa-

ls-1l1)-1s1s1--s1s-11s1e-s1d1ss1--11-1--111--11lll1-st1111n-1t1s-s1-1ss-n1-ss-1sn

s11tst111t1.1-11s11s-en1d.1-nn1-1111s-1.1-s111.1s-s1t1nn1e11-ss%11-1d1-s11lll

-st11.1e-s1d1ss1-1-sss--s-111s1s-1%11ns-d.1e1-s111e11s11-s.--11d1-s1--11-n-1.

s1--s1s-1

zrhaataetyoaoyt

ozoya)aaaa))?

z-Azaataetyoaoyt

ozoya)aaya))a?

zrha)oyytMa

ozoya)aaa-yoa?



111

RR11111 11111111 1Rss1s1ss11111ss

ataaoAtaMr) aaaas oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aee sozotayoMAt) a-aaaaaya-aao-aaee

D-aezoraarDt) oaa ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaaaaaaazaaaa)aaaaaaaoaaaeaaaaaaaaa-an-1.1s-1e11111--111---s1--1

tst1-1111s-1sn-1.1s1--s1s-1aaaaeaaa-aaaaaaaaaaaae-aaaaaaaaagaaaaaaaagtt-ahaaaaaaa

zaaaaaa)aaaaaaaaaaaaaaaaaaaaaaaaaaataaaaaaaaaaaaaaaaaaaa-aaaaazaaaa)aaaaaaaoaaaeaaa

aaaagaaaeaaaeaaaeSgeggTggNNggeEegdaeaaaaaaaaaaaeeaeaaaaaaaaaraaae

aaaaaaaeaaaaaaa-aaaaaaaaaeaeaaaaagaaaaa-aaaaaaaazaaaaaa)aaaaaaaeaaaaa-aaa-aaaaa

aaaaeaaaaaaaaa-aaaaagaaaaaaaaaaaaaaaaaa-aaoaaaaaaeaaaa-

ls-1l1t11-1-1111s-1-n-1.11s1d1s-en1d1t-1s1-1s-s1-1ss-n1-ss-1sn.1-st11n1.1-1s1

ss--s--1-1-1s--1sss1-111s-11--1s11--11-1--111e1nst11lll1d1-e1-e-n11-s1-11%1s-

111ss1s1s1-n-1.s1--1nst1d1-e1-e-n1s1

ataaoAtaMr) aaaay oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aaaeo sozotayoMAt) aaaaaaaaaaaeo-aaee

D-aezoraarDt) oaa ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaaaaaaaAaaaaea)aaaaaoaaaeaaaaaaaaa-an-1.1s-1e11n1ss1---s1--1

d1s1sd11-1n-1)11-1s1--s1s-1aaaaeaaa-aaaaaaaaaaaae-aaaaaaaaagaaaaaaaagtt-ahaaaaaaa

Aaaaaea)aaaaa)aaaaaaaaaaaaaaaaaaaaaaaaaaataaaaaaaaaaaaaaaaaaaa-aaaaaAaaaaea)aaaa

oaaaeaaaaaaaagaaaeaaaeaaaggdTNgggeTEggeEegdaeaaaaaaaaaaaeeaeaaaaaaa

araaaeaaaaaaaaeaaaaaaa-aaaaaaaaaeaeaaaaagaaaaa-aaaaaaaaAaaaaea)aaaaa)aaaaaa

eaaaaa-aaa-aaaaaaaaaaeaaaaaaaaa-aaaaagaaaaaaaaaaaaaaaaaaaeoaaaaaaeaaaa-

ataaoAtaMr) aaaa) oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) yaaeo sozotayoMAt) aaaaaaaaaaaeo-aee

D-aezoraarDt) oaa ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaaaaaaaAaaaaea)aaaaaaaaaaaaaaaaaa-an-1.1s-1e11111--111---s1--1

d1s1sd11-1n-1sn-1.1s1--s1s-1ahaaaaaaaaAaaaaea)aaaaa)aaaaaaaaaaaaaaaaaaaaaaaaa

ataaaaaaaaaaaaaaaaaaaa-aaaaaaaaaaaaaaaaaaaaaaaaaaaae-aaaaaAaaaaea)aaaaaaaaaaoaaaeaaa

aaaagaaaeaaaeaaaggdTNgggeTEggggStaeaaaaaaaaaaaeeaeaaaaaaaaaraaaeaaaaaaa

eaaaaaaa-aaaaaaaaaaaaaaaaaaaaaaaae-ahaaaaaaaaaaaaaaaeaaaaaaaaaeaaaaa-aaaaaaaa

aaaaae-aaaaaaaaaaaaaaaaeaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaasytatas-aaaaagaaaa

aaaaaaaaaaaaaaeoaaaaaaeaaaa-

ataaoAtaMr) aaaaa oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aee sozotayoMAt) yyaaaayaaas-aaee

D-aezoraarDt) oaa ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaaaaaaaza-asaaaaaaaoaaaeaaaaaaaaa-aaaaeaaa-aaaaaaaaaaaae-aaaaaaaa

gaaaaaaaagtt-ahaaaaaaaazaaaaaasaaaaaaaaaaaaaaaaaaaaaaaataaaaaaaaaaaaaaaaaaaa-aaaaaza-

saaaaaaaoaaaeaaaaaaaagaaaeaaaeaaaEd,ggdEgegNgeEegdaeaaaaaaaaaaaeeaeaaa

aaaaaraaaeaaaaaaaaeaaaaaaa-aaaaaaaaaeaeaaaaagaaaaa-aaaaaaaazaaaaaasaaaaaaaaaaaa

a-agaaaaaaaaaaaeaaaaaaaaa-

z-Aza)oyytMa

ozoya)aay-aoa?

AyroMDa)ooza

ay-e)aaaaeoa?

AyroMDa)ooza

ozoya)aaaeoa?

zrhasrzaoAt

ozoya)aaaaasa?



111

RR11111 11111111 1Rss1s1ss11111ss

Ls1ss11Rss11

ataaoAtaMr) aaaaa oeez-taaar) -aaaaeaaaaaaeaaa

Dt)oozaasozot) MMo sozotayoMAt) MMo

D-aezoraarDt) oegaaaae ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaeaaaaaraaaaaaaaeaaaeaaaaaaa-aeaaaa-aaaaaaaaaae-

ataaoAtaMr) aaaaa oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) MrMoat sozotayoMAt) azaoaaaaaaeaaaaa)aaaaaaaaa

D-aezoraarDt) oegaaaae ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaaaaaaazaaaaaaMaea-a-aaaaagaeaaaaaaaataa-aaeaaaaeaa-aaaaaaaaaaaa-aa

eaaaaaaaaaaaaaaaaaaaaa-aaaaazaaaaaaMaeaaaaaaaaaaaaeaazaaaaaaaaeaaaaaaaaaaaaaaaaaaaa

raaaaaaaaaaaaaaaaaaaaeaaeaaeaaaeaaaaaaaaaa-aaaaaaaaaaaaaaeaaaaaaa-aaaaaaaaaaaaaaaaa

-aaaaaaaaaaaae-aeaaaaassozotañsaaaassozotaòsaaaaaaaaaaaaaaaaaaaaaaaa-aaagaaaa

aaaaaasaaaaaaaaaaaa-raaaaaaaaaasaaryts-a)aaaaaaaaaaaaaaaa-ar

aaaaaaaaaaaazaaaaaaaaaaaaaaaaaaaaaae-aeaaaaasaarytsaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

aagaaaaaazaaaaaaMaea-

ataaoAtaMr) aaaay oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aee sozotayoMAt) aa-aaee

D-aezoraarDt) oegaaaae ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaargaaaaeaaaaaaa-aaaa

rgaaaaeaaaaaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaa-a-eaaaaargaaaaeaaaaaaaaaaaagttaaaaaaa

rgaaaaeaaaaaaaaaaaaaaaaaaae-aaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaara-aaae

aaaaaaa)aaaaaaaaaeaaaaaaaaaaaeaaaaazaaaaaaaaaaaaaa-a-eaaaaargaaaaeaaaaaaaaaaaagg

aaeaaaaargaaaaeaaaaaaaaaaaaaaaaa-aaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaeaaaaaaeaaaa

)aaaaaaaaaeaaaaaaaa-aa-eaaaaazaaaaaaaaaaaaaaaaaaaaaaaaagttaaaaggggaaaeaaaaargaaaaea

aaaaaaaaaagg-aaaaargaaaaeaaaaaaaaaaaaeaaaaaaaaaaaaagaaaaaaaaaaaaaaaaaaaaa-argaaaaea

aaaaaaaeaaeaeaaaaaaaaaaaaaaaaaaaaeara-aaaaaaaaaaeaaaaaaaaaaaaaeaaaraaaaaaaeaaaaaa

aaaaaeaaaaaaaaaaaaaaaaaaeaaaaaaeaaaaeeaaaaaaaae-aaaaaaaeaaaaaaaaaagaaaaea-

ataaoAtaMr) aaaay oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aee sozotayoMAt) aa-aaee

D-aezoraarDt) oegaaaae ytaay-)a-rMa) zaaaaaaaaaaaaaaaeaaaaaaaa-a

gtt-

aaaaaeaaaaaaaaeaaaea,aaaaaeaaaaaaaaaagaaaaaaaaaaeaaaeaaaaaaaaeaaaaaaaaaaaaaea

aaaaaaaaaaaaaaaa-a)aaaaaaaaaaaaaaeaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaraaaaaaaa-aaaa

eaaaaaaaaaaaaaaaaaaaaa-raaaaaaaaaaaaeaaaaaa-aza-agaa-aaaaaaaeaaaaaaaaaaazaaaaa

aaaaaaaaaeara-aaaaaaaa-ahaaaaeaaaaaaaaaaaa)aaaaaaaaaaaaaagg-aaaaaaaazaaaaaa)aaaaaa

aaeaaaaaaaaaaaaaaaaaaaaaaaazaaaaaaaaaaaaaa-aaaaaaaaaaaaaeaaraaraaaaaeaaaaaaaaaaa

aaaaaeaaae-ahaaaaeaaaaaaaaaaaa)aaaaaaaaaaaaaagtt-aaaaaeeaaaaaaaaaaaaaaae-

ataaoAtaMr) aaaaa oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aee sozotayoMAt) yyaaaayaaas-aaee

D-aezoraarDt) oaa ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaaaaaaazaaaasaaaaaaaoaaaeaaaaaaaaa-aaaaeaaa-aaaaaaaaaaaae-aaaaaaaa

gaaaaaaaagtt-ahaaaaaaaazaaaaaasaaaaaaaaaaaaaaaaaaaaaaaaaaataaaaaaaaaaaaaaaaaaaa-aaaa

zaaaasaaaaaaaoaaaeaaaaaaaagaaaeaaaeaaaeSgeggdEgegNgeEegdaeaaaaaaaaa

aeeaeaaaaaaaaaraaaeaaaaaaaaeaaaaaaa-aaaaaaaaaeaeaaaaagaaaaa-aaaaaaaazaaaaa

saaaaaaaeaaaaa-aaa-aaaaaaaaaaeaaaaaaaaa-

z-AzasrzaoAt

ozoya)aaaaasa?

ataer-Maa)

ztoatyaataoe

ztoatyaMoat)

MrMoat?

rstyy-Dt)

aeea?

eyrerya-rMoz

)rMayrz)aaeea?



111

RR11111 11111111 1Rss1s1ss11111ss

ataaoAtaMr) aaaay oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aee sozotayoMAt) aaaaaayaaaa-aaee

D-aezoraarDt) oegaaaae ytaay-)a-rMa) zaaaaaaaaaaaaaaaeaaaaaaaa-a

gtt-

aaaaaeaaaaaaaaaaaaaaaaaoaaaaaaaaaaaeaaaae-araaaaaaaaaaaaaeaaaaaaa-aaaaaaaaaaaaaaa

-aaaeaaaaaeaaaaaaaraae.aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa-aaaeaaaaaaa

araaaeaaaaeaaeaaaaaeaaaaagaaraoaaaaaaaaaaaeaaaae-aaaaaasaaaagaaaaaaeaaaaaaoaaa

aaaaaaaeaaaaeaeaaaaeaaaaaaaaaaaaaaaaeaaaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaraaae-aaaa

aaa-aaaaaaaaaaaaaaaaaaaaaraaaeaaa-aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaea-a-

haaaaoaaaaaaaaaaaeaaaaeaaaaaaaagtt-aaaaaaaaaaaaaaaaaeaaaaaaaaaaeaaa-aaeaaaeaaaa

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaraaaaaaaeasaeaaaaaaagaaaa-

ataaoAtaMr) aaaaz oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aa)) sozotayoMAt) aaaaayaa))

ya)) aaaaa)aa))

D-aezoraarDt) oegaaaae ytaay-)a-rMa) eaaaaaaaaaaaa)aaaaaaaaeaaa

-aagtt-azaaaaaaaaaaaaaa

eaaaaaaaa-aagtt-

aaaaaeaaaaaaaaaaaaaaaaaa,aaaeaaaaaeaae-aaeaeaaaaaaaeeaaaaaaaa-aDaaaaaaaaaaaaa

eaae-aaeaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaara-aaaaaaaaaaaaaaaaaaaaaaaaaaaa

a-aaaaaaaaeaataaaar-

ataaoAtaMr) aaaas oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aee sozotayoMAt) a-aaaaaya-aao-aaee

D-aezoraarDt) oegaaaae ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaaaaaaaeasaeaeaagaaaaaaaaaaaaaaaaaaaeaa-aaaaaaaaaaaaaaaaaaaaaaa-a-a

aaaaaaeaaaeaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaeaaaaaaaaaaaaaa-aaaaaaaaeaaaaaaaaa

aa-aaaaaaaaaaaeaaaaaaaaaa-aaaaaaaaaaaaaa-aaaaaaaaagaaaaa-aaa-aaaaa-aaaeaaaaaaaaaaaa

aaaaaaaeasaeaeaaa-aaaeaaaaaea)haaaaaaa/azaaaaaasaaaaaaasaea-aaazaeaaagaaaa)-

aaaagaaaaaaaaaaaaaaaaaa-aaoaaaaaaeaaaa-

ataaoAtaMr) aaaay oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aee sozotayoMAt) aaaaaa)))a-aaee

D-aezoraarDt) oegaaaae ytaay-)a-rMa) aaaa

aaaaaeaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaeaaaaaaaaaaaaagaaaaaaaaaa

aaeaaaaaaaaraaaaaaeaaeaaaaaaaaaaaaaaaaaaaaaaaa-a-aaaaaaaaeaaaeaaaaaeaaaaaaaaaaaa

aaaaaaaaaaeaaaaeaaaaaaaaaaaaaaaaaaa-ahaaaaaaeaaaaaaaaaaaaaeaaaaaaa.aaaaaaaa-aaa

aa-aaaaeaa-aaaaaeasaeaeaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaea-raaaaaea-aaaaeaaa)aaaaaa

aaaaaaa-

ataaoAtaMr) aaaa) oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot)aaee sozotayoMAt) aaaaaayaaaaaa-aaee

D-aezoraarDt) oegaaaae ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaaaaaaaeaataaaaraaaa-aaaaaaaaaa)aaaeaaaaaaaagaaae-aaaaaa)aaaeaaaaa

eaaaaaaaaaaaaasaaaaaaaaaaaaaraaaea-raaaaaeaaaaaaaraaaaaraaaaaa-aaaaaaaaaaaaaaaaaae

aeeaeaaaa-aaaayaaaaaaaea-a-eaaaaaaaaeaaaaeaaaaaaaaaeaaaaaaeaeaaaaaaaaaaaaaaaae-aaaa

aaaaa)aaae�aoaaaeaaaaaaaagaaaeaaaeaaaeEegdggTgSNggggegNgeNgK

eaaaaaaaaaaaeeaeaaaaaaaaaraaaeaaaaaaaaeaaaaaaa-a-eaaaaaaaaeaeaaaaaaaaeaaaaaae-aaaa

aaaaaaaaaaaaaaaaaaaaaaae-aaaaaaaaaaaaaaaaaaaaaaaae-aaaaaaaaaaaaaaaaaae-aaaaaaaaaaaaaaaae

eaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaasytatas-aaaaeaaa-aaaaaaaaeaaaaaa-aaaaaaaa

gaaaaaaaagtt-aaaaaa)aaae�aeaaaaaaaaaeaaaaaaaaaaa-raaaagaeaaaaaaaaaaara-aaaaaa

aeaaaa-aaeaaaaaaa-aaaeaaaaaa-aaaaaaaaaeaaaaaaeaaaaaaaaaaaaaaaaaa-aaaaaaeae-

DtoDeoMD

y))a?

erhtyaz-a-aa)oyytMa)

aa-yoa?

ar)aaaoya)

zaaaa?

ayo)t)zt)ea)r)zt

a-at)ayaaaaaaa?

ooaraaoM-MA

ety-rD)aaeea?



111

RR11111 11111111 1Rss1s1ss11111ss

ataaoAtaMr) aaaaa oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aayaD sozotayoMAt) aaaaaaaaa-aaa-

D-aezoraarDt) oegaaaae ytaay-)a-rMa) zaaaaaaaaaaaaaaaeaaaaaaaa-a

gtt-

aaaaaeaaaaaaaaaaaaaaa-aaaaazaaaaaa)aaaaaaaaaeaaaaaaaaaaaaeaaagaeaeaaeaeaaaayaD

aaaaaaaaaaeaaaa-a-

saaaa zaaaaaa)aaaaaaaaaeaaaaaaaa

aayaD yaDao

yaDaeazaaaaaaee yaDaoa-aaaaaaaaaaaaayaDae

aayaDa-aaa-aaa aaaaeaeaaeayaDaoaeayaDae

aayaDa-aaaaaaaa aasaeaeaaeayaDaoaeayaDae

aayaDa-aagaaaaae ogaaaaaaaeayaDaoaeayaDae

aayaDa-a-aaeaa yaDaoaaeaaear-aaaaaayaDae

haaaayaDaeazaaaaaaeeaaaaaaaaaaae-ayaDaeaaaeaaaaaaaaaaaaaaeaaaaea-aaaaaaaaaaaa

aaeaaaaaaaaaaaaae-ahaaaayaDaeaaaeaaaaaaaaaaaaataaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

aaeaaaaaaaaaaaaaeaaaaaaaa-aaaaaaaaaaaaaaaaaaaaeaaeeaagaaaaeayaDaoaaaeaaaaaaaaaaa

aaaaaaaaaaaaaaaaaaaaaaaaaaaaa-a)aaaaaaaaaaataaaaaaaa-aayaDaa-aaaaaaaaaaaaaaaaaa

yaDaeaeaaaeaaaaaaeaaaaaa-aayaDaaeaaa-

ataaoAtaMr) aaaaa oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot) aee sozotayoMAt) aa-aaee

D-aezoraarDt) oegaaaae ytaay-)a-rMa) zaaaaaaaaaaaaaaaeaaaaaaaa-a

gtt-

aaaaaeaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaeaaaaaaa-aaaaa)aaaaaaaaaeaaaaeaaaaaaaaeaaaa

aaeaaaaaaaaaaaaaaaaaaaaeaaaae-a-aaaaaaaaaaa-aaaa-aaaaaaaaaaaraaaaaaaaaaeayaDaaaaaa-aae

agaaaa-aa-aaaaaaa-aaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaeaaaaaaa-a)aaaeaaa,aaaaaaaaaaaaa-aaaa

aaaaaaaaaaaaaa,aaeaeaaeaagaaaaaaaaaa-aaaaaaaaggaaaaaaagaaaaeaaa,aaaa-a-eaaaaaaaaaaa

aaaaaaaaaaaa,aaeaeaaeaagaaaaaaaaaa-aaaaaaaaaaaaaaaaaaaea-aaaaaaaaagtt-

ataaoAtaMr) aaaaa oeez-taaar) aaaaaaaeazaaaaa

Dt)oozaasozot)aaeaaa-aa sozotayoMAt) zay-zay-zay-zaaa-zzay

zzay-zzay-zzaaa-zzaaa

zzaay-zzaay-zzaaa-

yeas-yeas-ayeas-aaeas-

aarasy-ayrasy-

aarasy-ykas-aakas-

aykas-aakas-aaaa-eaaa-aa

D-aezoraarDt) oegaaaae ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaa-aaraaaaaaeaeaaaaaaaahaaaMeaagaaaaaaae-aaaaaaaeaaaaaaaaaaaaga

eaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaa-aaa-aaaaaaaae-aaaaaaaaagaaaaaaaaaaaaaaaaaeaaa

aaaaaaaaaaaaaaaaaaasaeaaaaaaaeaaaaaaaaaaaaaaaahaaaMeaagaaaaaaae-aaaaaaaeaaaaaaaa

aaaga-ahaaaaaaaeaaaaaaaaaaaaaa-aaaaa-aaaeaaaaaaaaaaaaaaaaaaeaaaaaaeaeeaaaaaaaa

eaaaaaaaaaaaaaaaaaaaaaaaaaaaagaaaaaa-aaaaaaeaaaaaaaa-a-eaaaaaaaaaaaaaaaaaaaaaaaeaaa

aaaaaaaaaaaaaaaaaaaaeaaaaaaa-aaaaaaeaeeaaaaaaaaeaaaaaaaaa-aaaaaaaaaaaaaaaaaaaaaeeaaa

aaaaaaaaaaaeaaa-aaaaaaaaaaaaaeaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaea-aaaaaaaaaaaa

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaagaaaaaaaaaaaaaaaaaa-aaae

aaaaaaaaaaaaaaaaaeagaaaaaaaaaa-aaaeaaaaasaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

aaaaaaaaaaaeaaaaaaaa-aaaaaaaaaeaaaaaaaaaaaaaaeaeaaaaaaaaaaaaaaa-aaaaaaaaa-aaaa

aaaaaaaaaaaaaaaaaaaaaaaaaaasaaaaaeahaaaMeaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaeaaaagaaaaaaa

aaaoeaaMeaa-raeagaeaaaa-raaaaaaaaaaaagaaaaaa-aaaaaagaaaaaaaaaa-aaaaaaeaeaaeaaaa

oeaaMeaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaa-aaaaaaaaaeeaaaagaaaa-aaaaaaaaaaaaaaaa

aaaaaaaaaaaaaaeeaaaaaaaaaaaaaaaeaaa-aaaaaaaaaaaaaea-araaaearaaaaaaaaaaaaaaaaaaaaa

yaDaDt)-M-a-rM)

aayaDa?

-)ayaDa)o-za

ztoatyaArta)aaeea?

ztoaaayo)ta)oyst

ataoe)aeaaa-aaa?



111

RR11111 11111111 1Rss1s1ss11111ss

Rrsss11Rss11

ataaoAtaMr) ayaaa oeez-taaar) -aaaaeaaaaaaeaaa

Dt)oozaasozot)aaMMo sozotayoMAt) MMo

D-aezoraarDt)aaaoaa ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaeaaaaaraaaaaaaaeaaaeaaaaaaa-aeaaaa-aaaaaaaaaae-

ataaoAtaMr) ayaaa oeez-taaar) -aaaaeaaaaaaeaaa

Dt)oozaasozot)aaaaaa-aa sozotayoMAt) aaa-aa-aeaaa-aa

D-aezoraarDt) oegaaaa ytaay-)a-rMa) Maaa

haaaaaaaaaaaggggdgg-aaaaaaaeeaaaaaeaaaaaaaaaaaaaaeaaa-aaeaaaaaaagaaaaaaaaaaaaa,ae

aaaaaaeeaaaaaaaaaaa-aeaaaaaeaoaaaaaa-aaeaaaaaaaaaaa-aaaaaaaaeaaaaaeataa-aa

eaaaa-aaaaaaaaaaa�ry�aaraaaaaaaa-ahaaaa-aaaaeaaaaaeaoaaaaaaaaeaaaaaeaaaaae

taa-aaaeaaaa-aaaaaaaaaaaaaaaaggggdgg-aaaaaaaaaaaaaaaaeeaaaaaaaeaaaaaa-ae-ahaaa

aaaaaaaeaaaaaeaaoaaaaaaaaaaaaaeaaaaaeataa-aaaeaaaa-aaaaaaaaaaaaaaagggdgg-aaaaaaaaa

aaaaaaeeaaaaaaaaaaeaaaae-ahaaaaaaaaaaaaeaaaaaeaoaaaaaaaaagggdgg-araaa-aaaa-a

aaaeaaaeaeaaaaaeaaaaeaaaaaaaaaaaaraaaaa-aae-aaeaaaaaaa-aaeaaaaaaaaa-aaaaaaaaaaaaaaa

eaeaaaaaaaaaaaaaa-aaaaaaaaaaa-aae-aMaaaaaa-aaeaaaaaataaaaeaaaaeaaa-aaaeaaaaae

oaaaaa-a)aaaaaaaaaaraaaaaaaaa-aaaaaeaaaaaeataa-aaaeaaaa-aaaaaaaaaaea-aaaaeaaaaaaaa

eaaa-aaaaaaaaaaa-

ataaoAtaMr) ayaay oeez-taaar) -aaaaeaaaaaaeaaa

Dt)oozaasozot)aaaaaaaa-aae sozotayoMAt)aaaoaraearaaasaaaaaeaa

saaryts-aaaaaaayaear

aae-aaaaaaaa

D-aezoraarDt) oegaaaae ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaa-aaraaaaaaaaaaaaaaaaaaaaa-aaeaaataaaaeaaaaaaa-aaaeaaaaae

oaaaaa-araaaeaaaaaaaaaaaaaaaaeaaaaa-aaeaeaaaaaaaaaaraaaaaaaaa-aaaaaaaaaaaaaaaaaa

aaaaaaeaeaaeaaaaaeaaaaara-aaaaaaaaaaa-aaeaaaearaaaaaaaaaaaaasaarytsa-aaa

aaaeaaaeaeaaaaaaaaaeaaaaa-aae-araaa-aaaa-aaaaaeaaaeaaaaaaaaaaaaaa-aaaaa-aaeaaae

aaaaaaaaaaaaaaa-aaaaa-aaeaeaaagaaaeaaaaaaa-aMaaaaaaaaaeaaaaaaaaaMea-aaaaaa-aeara

aaaaaaa-aaaaaeaaaaaaaaeaaaaaeaaaaaaeaaaaaaaaa-aaeaaaeasaarytsaaaaaaaa-aaaaaeaaa

aaaaaaaa-aae-

ataaoAtaMr) ayaay oeez-taaar) aaaaaaaea)aaaaaaaaaeaaa

Dt)oozaasozot) 0a-ay sozotayoMAt) 0a-aaaaaa0a-ya

D-aezoraarDt) oegaaaae ytaay-)a-rMa) Maaa

aaaaaeaaaaaaaaaaaaaaaaa)raaaetyaeha-aaaaaaaaaaaaaaaaaaaaaaaaaagaaaaaaaaaaaaaaaaa

taaaaraa)aaa-

ataer-Maa)

araataaataoe

eyrAyoaao))taa)

aaa-aaa?

)zoMAtaeoaahryD?

aaa?

ò

-Msoz-D

eoaa)rDt

----asaaryts

tMatyarzD

eoaahryD) a a a a?

)zoMAtaeoaahryD?

aaa?

raaasaaryts

)raaaetyaeha)

0a-aya?

aaaaaaaaagaaeaaaaaaa-aaaaraaaaaaaaeaaaaaaaaaaaaaaaaaeaaaaga-a-eaaaaaaaaggggdgg-aaaa

aaaaaaaaaaa-aaaaaaaaaaaaraaaaaeeaaaaaaaaaaaaaaaaaaaaaaaea-ahaaaaggggaaaaaaaaaaae-aa-a

aaaaaaaaaaaaataaaaeaeaaaaaaaaaaaaaaaaaaaaaeaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaga-



6.9

MS-2101 Chapter 6 Setpoint Values

MESSAGE NO: S3-05 APPLIES TO: Interface Module

DEFAULT VALUE: MECH:NC VALUE RANGE: MECH:NO SS:N/A

SS:N/A MECH:NO SS:N/A

MECH:NC SS:N/A

MECH:NC SS:N/A

DISPLAY MODE: Advanced RESTRICTIONS: None

This function configures the alarm contacts for normally open (NO) or normally

closed (NC). MECH refers to the mechanical alarm contact on terminals 20 and 21

of the Control Module. SS refers to the solid-state alarm contact that is not

available on board. In NO mode, the contact closes during alarm condition. In NC

mode, the contact opens during alarm condition.

MESSAGE NO: S3-06 APPLIES TO: Interface Module

DEFAULT VALUE: no VALUE RANGE: low temp, high temp

low current, high current

gf alarm, RTDA failure

RTDB failure, switch fail

low voltage, high voltage

continuity

yes, no for each alarm

DISPLAY MODE: Advanced RESTRICTIONS: None

This function configures each alarm as latching or non-latching. Pressing

[STORE] toggles the cursor between alarm selection and yes or no selection.

Alarms selected as yes will be latched. Latching alarms will remain on the display

eventhough the alarm condition no longer exist. To clear the alarm, you must press

[STATUS] to display the alarm and press [RESET]. When the actual and alarm

setpoint values are displayed, the actual value is the pre-alarm actual value.

Tracecheck, ground fault trip and test alarms are latched only and not user

definable.

MESSAGE NO: S3-07 APPLIES TO: Interface Module

DEFAULT VALUE: alarm:off VALUE RANGE: alarm:off, alarm:on

flash/on, flash/off

DISPLAY MODE: Advanced RESTRICTIONS: None

This function determines the response of the alarm light output to an alarm. The

alarm light output is design to drive a 5Vdc LED. If the value is set to alarm off,

the alarm light is on in a no alarm condition and turns off when alarms are

present. The alarm off setting works best with a green LED for fail-safe mode

where loss of power or a burnt out LED generates an alarm condition. Value

alarm on, turns the alarm light off in a no alarm condition and turns on when

alarms are present. Value alarm flash/on flashes the alarm light when alarms are

present and turns on the alarm light when there are no alarms. Value alarm flash/

off flashes the alarm light when alarms are present and turns off the alarm light

when there are no alarms.

MESSAGE NO: S3-08 APPLIES TO: Interface Module

DEFAULT VALUE: Celsius VALUE RANGE: Celsius, Fahrenheit

DISPLAY MODE: Advanced RESTRICTIONS: Heater Setpoint must not be

off.

This function sets the units of measure for temperature. All temperatures are

displayed in the selected units of either degrees Celsius (°C) or degrees Fahrenheit

(°F).

ALARM CONTACTS:

MECH:NO "   SS:N/A "

ALARM LIGHT MODE:

alarm: off "

TEMPERATURE UNITS:

Celcius "

ALARM LATCHING:

low temp "       yes "
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MESSAGE NO: S3-09 APPLIES TO: Interface Module

DEFAULT VALUE: advanced userVALUE RANGE: advanced user, normal user

DISPLAY MODE: All RESTRICTIONS: None

This function determines what messages are displayed. If set to advanced user,

all messages are displayed. If set to normal user, only the basic messages are

displayed. Each message listed in this chapter shows the Display Mode required

to see the message. Advanced indicates that you must set the display mode to

advanced user to view the message.

MESSAGE NO: S3-10 APPLIES TO: Interface Module

DEFAULT VALUE: System status VALUE RANGE: See values below

DISPLAY MODE: Advanced RESTRICTIONS: Heater Temp messages are

not displayed if Heater

setpoint is off.

This function specifies the information that will be displayed when no key has

been pressed for the Display Timeout interval as described below.

VALUE INFORMATION DISPLAYED

System status Alarm status

Heater status Heater on or off

Heater temp Control temperature

MESSAGE NO: S3-11 APPLIES TO: Interface Module

DEFAULT VALUE: 60 s VALUE RANGE: 5 to 600 s, off

DISPLAY MODE: Advanced RESTRICTIONS: None

This function sets the length of time, from the last key press, to automatically

return to the Default Display information. To disable this function, set the value to

off.

MESSAGE NO: S3-12 APPLIES TO: Interface Module

DEFAULT VALUE: 3 s VALUE RANGE: 1 to 10 s

DISPLAY MODE: Advanced RESTRICTIONS: None

This function sets the length of time between the display of successive messages.

Select a value that is comfortable for the viewing speed of the operator.

MESSAGE NO: S3-13 APPLIES TO: Control Module

DEFAULT VALUE:  1 VALUE RANGE: 1-250

DISPLAY MODE: Advanced RESTRICTIONS: None

This function changes the Module Number of the Control Module. If a controller

is to communicate along with other modules to a central computer or display,

each module must have a unique address to ensure only one module attempts to

communicate with the remote display at any time. The address for communication

is the module number.

DEFAULT DISPLAY:

System  Status "

DISPLAY TIMEOUT:

60 seconds "

SCAN TIME:

2 seconds "

SET MODULE

NUMBER: 1 "

DISPLAY MODE:

advanced user "
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MESSAGE NO: S3-14 APPLIES TO: Control Module

DEFAULT VALUE: no VALUE RANGE: yes, no

DISPLAY MODE: Advanced RESTRICTIONS: None

This function resets all values of the Control Module to the default values. Select

yes to proceed. Select yes again to confirm.

This message confirms that the Control Module was reset.

MESSAGE NO: S3-15 APPLIES TO: Interface Module

DEFAULT VALUE: 1200 VALUE RANGE: 600,1200,2400,4800,9600

DISPLAY MODE: Advanced RESTRICTIONS: None

This function sets the communication baud rate for the RS-485 serial port. All

controllers connected to the same data highway must operate at the same baud

rate.

MESSAGE NO: S4-01 APPLIES TO: Interface Module

DEFAULT VALUE: N/A VALUE RANGE: N/A

DISPLAY MODE: Advanced RESTRICTIONS: None

This message displays the name of the sub-menu when entered.

MESSAGE NO: S4-02 APPLIES TO: Selected Control Module

DEFAULT VALUE: disabled VALUE RANGE: 1 to 24 hrs, disabled,

on continuously

DISPLAY MODE: Advanced RESTRICTIONS: None

This function manually controls of the alarm output for maintenance purposes. For

normal operation, set to disable. If you select a period of time, the alarm output is

forced into alarm state for the selected interval. If you select on continuously, the

alarm output is forced into alarm state until you select disabled. Alarm state is

determined by ALARM CONFIG function settting.

MESSAGE NO: S4-03 APPLIES TO: Selected Heater

DEFAULT VALUE: disabled VALUE RANGE: 1 to 24 hrs, disabled,

on continuously

DISPLAY MODE: Advanced RESTRICTIONS: None

This function manually overrides heater control for maintenance purposes. For

normal operation, set to disable. If you select a period of time, the heater is forced

on for the selected interval. If you select  on continuously, the heater is forced on

until you select disabled.

Setpoint Tests

BAUD RATE:

1200 "

SETPOINTS

TEST

ALARM  TEST:

disabled "

HEATER TEST:

disabled "

MODULE

RESET

yes [STORE]

ARE YOU SURE?

no "

RESET CONTROL

MODULE?  no "

yes [STORE]
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-aaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaza-aaaaaaaaaaa-a)aaaaaa

aaaaaaaaaeaaaeaaaaaaaaaaeaaae-aa-aaaaaaeaaaaaaa

a-aaaaaagaaaaaeaaeaaaaagaaaa-aaaaaaaaaaaaaaagaaaaaaeaaeaa

aaaaaaaeagaaaa-aaaaaaaaaaaa-

L L s R
R 1 1 1 s s s

R 1 s 1 s
R r 1 s L s s s 1 1 1 s s 1 s 1 s s

0 3 4 0 0 0 1 g 1 0 0 0 0 3 1 3 1 1 1 3

3 2 3 1 2 12 1

3 2 2 1 3 3 2 1 1 2 3 3 2

12 3 1 2 1 2 1 2

0 1 1 g 1 0 0 0 0 4 1 1 2 1 1 3 3 1 1 3 3 2 2 2 1 3 3 2 2 1 2 1

2 3 2 1 33 1 1

2 12 1 1 2 1 1 1 2

0 1 4 0 0 0 1 g 1 0 0 0 0 3 1 3 1 1 1 3

3 2 3 1 2 12 1

2 1 1 12 3 3 2 3 1 2 3 1 1 11

1 1 2 3 3 2 1 1 2 3 3 2

12 3 1 2 1 2 1

1 1 4 0 0 0 1 g 1 0 0 0 0 3 1 3 1 1 1 3

3 2 3 1 2 12 1

2 1 1 12 3 3 2 3 1 2 3 1 1 11

2 3 3 11 1 2 3 1 2

3 2 1 1 2 3 3 2

12 3 1 2 1 2 1 2
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RR11111 1111111181Ls111s111s1sss

aaaaaaaeeaaeaaaaaaaaaaaaaaaraaaaagaaaa-aaaaaaaaaaaaa-aaa

aaeaarazaaaaaaaa-aeasa-aa-aaaaaa)aaaaeaaaaaaaeasaaa

aaeaaaaaaaaaaAaaaa)aaaeaazya)aaaaaaaaaaaeasaaaazaaaaa

aaaaaaaaaaaAaaaa)-aoaraaaaaeaaaaaaaaaaeaaagaaaa-aaaaaaaaaaa

-aaaaaaeaarazaaaaaaaa-aeasa-araaeaaaaaa-agaaaaaaa

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa-

aaaaaaaraaar)a-aaaaaaaaaaaaeaeaeaaaaaeeaaaa-aeaaaaaaa

aaea-aeaeaaraaaaaaaaaaaaeasaaeaaaaaaaaaaaaaagaaaa-aa

aaaaaaaa-aaae-aaaaeagaaaa-aaaaaaaaaaaaaaaa-aaaaaeaaaea)y)

aaaaaaaaaae-

aaagaayaaaaaaa)a-aaaaaaaaaaaaeaeaeaaaaaeeaaaa-aeaaaaaaa

aaea-ataaaaaaraaeaeaaaa-raaaaaaa-aaaaaaaaae-aeaaaagaaaaaaae

)y)aaaaaaaaaaae-

aaaaaaaa)aaeaaaaaeatsaeaaa)

yataaaaaaaagaaaaaaaaaaaaaaea-aaaaaaaaaaaaaaaaa.a�aaaa-

aaaaaaaaaaaaeaaagaa-aaaaaaaaaaaaaaaa.a�aaaa-aaaeaaaaaaaa

aaaaeaaagaaaaaaaa-aa))-azaaaaaaaaaaaaaeaaaaaaaaaeaaaa

aaaaaaaeaaaaaaa)

gggegggggegggg.egsgggggggeggggggegggtggsgggggggggeg

aae-aaaaeaaaeaaaaaaaa) )aaaaaaaaaaaa)aaa

aaaaaaaaaeaaaeaaaaaaaa) yaaaaaaaaaaaaaaaaeaae

aaaaaaaaaa

-aaaae-aa-a)aaaaaaaaaaaa)aaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaa

aearMaaaar))-

)aaaaaaaaaaaaaaaaeaaaeaaaaaaaaaaeaaae-aa-aaaaa

eaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaa-araaaaaa

aaaaaaaaaaaaaaaaeaeaaaaaaaaaaaaa-aaaaeaaaaaeaaaaaaaaa

aaaaaaaaaaaeaaaaeaaaeaaaaaaaaaaaaaaaaaaaaaaa-aaaeaaaeaaaa

aaaaeaaaaaaaaaaaaeaagaaaaeaaaaaaaaaaaaeaaaaeaaaaaaaa

aaaaaaaasaaaa-a-a�aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaae

aaaaeaaaaeaaaeaaaaaaaaaaaa-aeraaaaeaaaaaaeaaaagaaaaazyaya

)))aaazas)aaaaaaragaaaa-aaaaaaaaaaaa-aaaaaaeaarazaaaa

aaaaa-aeasa-aa-aaaaazyaaaeaayza)zaaaaaaoaaaeayaaaaae

aaaaaaaaaaayaaaaaAaaaa)-aaaaaaaaaaaaaaeaaaaaaaaeaaa

aaaaaaaaaaa-aaaa-aaaaaaa-aaaaeaaaaaaeaaaagaaaaaaaaaaaar

aaaaaaaaa-aaaaaaaaaaa-agaaaaaaaaaaaaaaaaa-aaa-aaaaaagaaaa

aeeaaa-aaaaeaaaaaaeaaaagaaaaaaaaaaaaaaaazyayaaaaeaaaaaaaar

aaaaaaaaa-aaaaaaaaaaaaaaaaaaaaaaeaaaaaaraeaaaaaaaaar

aaaaaaaaa-araaeaaaaaaaaaaaaaaaaaaaaaaaaea-aaaaaaaaaaaaaaaa

aaaaaaaaaaaaaaaaaaaaaaaa-

aaaaaaaraaar)a-aaaaaaaaaaaaeaeaeaaaaaeeaaaa-aeaaaaaaa

aaea-aeaeaaraaaaaaaaaaaaeasaaeaaaaagaaaa-aaaaaaaaaaa-aeaaa

gaaaaa))aaazasaaaea)y)aaaaaaaaaaae-

aaagaayaaaaaaa)a-aaaaaaaaaaaaeaeaeaaaaaeeaaaa-aeaaaaaaa

aaea-aeaeaaraaaaaaaaaaaaeasaaeaaaaagaaaa-aaaaaaaaaaa-aeaaa

gaaaaa))aaazasaaaea)y)aaaaaaaaaaae-

aaaaaaaa)aaeaaaaaeatsaeaaa)

yataaaaaaaagaaaaaaaaaaaaaaaaaaaaaaaaaaaa.aa�aaeaaaeae

aaeaaaaaaaa-azaaaaaaaaaaaaaeaaaaaaaaaeaaaaaaaaa

eaaaaaaa)

gggegggggegggg.egsgggggggggggggggggggggggggggggdgg

gggggggg

aae-aaaaeaaaeaaaaaaaa)aaaaeaaaaaaaaaaaaayaaaaaaa

aaaaaaaaaeaaaeaaaaaaaa) aaaaaaaagaaaaaaaaaaaaaagaaaa-aa

aaaaaaaa

-aaaae-aa-aeaaaaaaaaaaaaayaaaaaaaaaaaaaaaaaaaaaaeaaa-aaaar

gaaaaaaaaaaaaaaaeaaaaaaaaaaaa-a)aaaaaaaaaaaaaa

eaaaeaaaaaaaaaaeaaae-aa-aaaaaaeaaaaaaaaaaaaaaeaaaaaaaaaaa

gaaaaaaaaaaaaaagaaaa-aaaaaaaaaaaa-aaaaaaeaarazaaaaaaa

-aeasaaaaaaeaaaaaaaaaaAaaaaa)aaaaaya)-aaaeaaaaaaaaaaa

Aaaaaa)yaaaaayy)aaaeazaaaaaaaaaaaaaaaaAaaaaa)saaaaaaay)-

oaraaaaaeaaaaaaaaaaaaaaagaaaaaaaaaaaagaaaa-aaaaaaaaaaa

-araaeaaaaaa-agaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa-

aaaaaaaraaar)a-aaaaaaaaaaaaeaeaeaaaaaeeaaaa-aeaaaaaaa

aaea-aeaeaaraaaaaaaaaaaaeasaaeaaaaagaaaa-aaaaaaaaaaa-aeaaa

gaaaaaaaea)y)aaaaaaaaaaae-

aaagaayaaaaaaa)a-aaaaaaaaaaaaeaeaeaaaaaeeaaaa-aeaaaaaaa

aaea-aeaeaaraaaaaaaaaaaaeasaaeaaaaagaaaa-aaaaaaaaaaa-aeaaa

gaaaaaaaea)y)aaaaaaaaaaae-

aaaaaaaa)aaeaaaaaeatsaeaaa)

yataaaaaaaagaa)yaaaaaaaaaaaaaaaaaaaaaaaaaaaa.aa�aaaaaaaa

aaaaaaaaaaaayaa))-azaaaaaaaaaaaaaeaaaaaaaaaeaaaaaaaaa

eaaaaaaa)

R1sss11R11ss11ss1ss rrsss Rsss11s1Lsssssss1)ss11111)

2323234111222 1 2003)32222323113232323200)

3111111133112 1
13)11332113d1222133221213232133211

2121121112d)

323113311121111

1112t
2 113303)10g1)303110

3212322312 2 112803)3300332t)

333 2 ????

R111s1Rss1ssss rrsss Rsss11s1Lsssssss1)ss11111)

2323234111222 1 2003)3222232321133232323200)

3111111133112 1
13)11332113d1222133221213232133211

2121121112d)

323113311121111

1112t
2 113303)10g1)303110

3212322312 2 112803)3300332t)

333 2 ????

R1sss11R11ss11ss1ss rrsss Rsss11s1Lsssssss1)ss11111)

2323234111222 1 113)3222232311323232311)

3111111133112 1 33)11332113d1221332112332

123121212d)

323113311121111

1112t

2 133)1222131131231212132111113331123

3221213)1)2331331232332323)

1133213123323121212 2 13)232g3312332112332)

333 2 ????

R111s1Rss1ssss rrsss Rsss11s1Lsssssss1)ss11111)

2323234111222 1 113)322223232113323232311)

3111111133112 1 33)11332113d1221332112332

123121212d)

a121111331233212

s3122

1
23)2333122)

3212322312 2 1013)10113)3)

333 2 ????



111

RR11111 1111111181Ls111s111s1sss

gggegggggegggg.egsggggggggggggggggggggggggglggt

gggggdgggggggggggg

aae-aaaaeaaaeaaaaaaaa) yaaaaaaaaaaaaaayaaaaaaaa

aaaaaaaaaeaaaeaaaaaaaa) aaaaaagaaaaaaaaaaaaaaaaaa

saaaa-aaaaaaaaaaaa

-aaaae-aa-aeaaaaaaaaaaaaaaayaaaaaaaaaaaaaaaaaaaaaeaa

-aaaaragaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaagaaaaaeaaaaaaaaaa

aaaa-a-aaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaza-aaaaaaaaaaa-a)aaaaaa

aaaaaaaaaeaaaeaaaaaaaaaaeaaae-aa-aaaaaaaaaaaaaeaaaaaaa-

oaaaaaaaaaaaaeeaae-aaaaaaaaaaeaaaaaaaaaagaagaaaa-aa

aaaaaaaaaaaaaa-aaaaaaaaaeaaaaaaaaaaeaaaaaeagaaaaa-aaaaa

aaeeaaeaaaaaaaaaaaaaaaraaaaagaaaa-aaaaaaaaaaaaa-aaa

aaeaarazaaaaaaaa-aeasaaaaaaeaaaaaaaaaaaaAaaaaa)yaaaa

yy)aaaeazaaaaaaaaaaaaaaaaAaaaaa)saaaaaaay)-aoaraaaaaeaaa

aaaaaaaaagaaaaaaaaaaagaaaa-aaaaaaaaaaaaa-aaaaaaeaar

zaaaaaaaa-aeasa-araaeaaaaaa-agaaaaaaaaaaaaaaaaaaaaaaaaaaa

aaaaaaaaaaaaaaaaaa-

aaaaaaaraaar)a-aaaaaaaaaaaaeaeaeaaaaaeeaaaa-aeaaaaaaa

aaea-aeaeaaraaaaaaaaaaaaeasaaeaaaaaaaaaaaaaagaaaa-aa

aaaaaaaa-aaae-aaaaeagaaaa-aaaaaaaaaaaaaaaa-aaaaaaae-ataaaa

aaaraaeaeaaaa-raaaaaaa-aaaaaaae-aeaaaagaaaaaaaea)y)aaaaaa

aaaae-

aaagaayaaaaaaa)a-aaaaaaaaaaaaeaeaeaaaaaeeaaaa-aeaaaaaaa

aaea-aeaeaaraaaaaaaaaaaaeasaaeaaaaaaaaaaaaaagaaaa-aa

aaaaaaaa-ataaaaaaraaeaeaaaa-raaaaaaaaaeaaaea)y)aaaaaa

aaaae-

aaaaaaaa)aaeaaaaaeatsaeaaa)

yataaaaaaaagaaaaaaaaaaaaaaaaaaaaaaaaa.a�aaaa-aaaeaaaaaaaa

aaaaeaaagaaaaaaya))aaaeaaaaaaaaeaaaaaaaaaaaaaeaaagaaaaa

yaaa))-azaaaaaaaaaaaaaeaaaaaaaaaeaaaaaaaaaaeaaaaaaa)

dggggggggttggggggggggsgeggggggggg

oaaaaaaaaaeaeaaaaaaaaaaaaaaa-aaaaaaaaaaeaaaaaaaaaaaaae

eaeaaaaaaaaaaaa-a-aaaaaaaaaaaaaaaaaaaaaaeaeaeaaaaaeeaaaa-

oaraaaaaaeaaaataaaeaaaa)aaaaaa)a-aaaaaae-aaaaaeeaa

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaeaeaaa

aaaaaaaaaaaaaaaaaaeaeaaaaagaaaaa-aaaaeaaaeaeaaa�aaaaaaaaae

aeeaaaaaaaaaaaaaaaaaaa-aaeeaaaaaaaaaaeaeaaa-a-aaaaaaaaaae

aaeaaaa)aeeaaaaaaaaaaeaoeeaaaaaaa-aaaaagaaeaaar

aaaaaaaaaaaaaaa-aaaaraaaaaeaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa-

aeeaaaaaeaeaa)aaaaoDDytaaatMoeztaeaaaa-aaaaaaaaaaa

aaaaaaaaaa-aaaaaaaaaaa)aaaaaaaeaaaaaaaeaaaa)aeeaaaaaaa

aaaaeaoeeaaaaaaaaaaeeaaea-

aaaaaaeaaeaeaeaaaaaaeeaaaaaaaaaaaaaaaaaaaaaaa

eaeaaa-aaaaaaaaaaeaaaaaaaa)aaaaaaaaazaaaaaaaaaaaagaaaaaae

aaaaaaaaaaagaaaa-aaaaaaaaaaaa-aaaaaaeaarazaaaaaaaa-aeas

ays-aaaaaaaeaaaeaeaaa�aaaeeaaaa-aaaaaaaaaaeaaaaaaa

)aaaaaaaaayaaaaaaaeaaaaagaaaaaaaaaaeaaaaaaaagaaaa-aa

aaaaaaaaa-aaaaaaeaarazaaaaaaaa-aeasaayy-

aaaaaaaaaaaaaa-aaeeaaaaaaaaaaeaeaaa�aaaeeaaaa-aaaaaaaaa

eaaaaaaaa)aaaaaaaaazaaaaaaaaaaaaeaaaaaeaaeeaaaaaaaaaaaaa

gaaaa-aaaaaaaaaaaa-aaaaaaeaarazaaaaaaaa-aeasaay)-

ls-1l1)-11sn-%11-dd11ss1s-1--11-es%11.sd1n11-s..1s-

s1ss1s11.1-dd11ss1s11-s..-sds11s1-1.1d1-s1n551

aaaaaaaa)aaeaaaaaeatsaeaaa)

oaaaaaaaaeaeaaaaaaaaaaa-aaeeaaaaaaya-azaaaaaaaaaaaaaeaaa

aaaaaaaeaaaaaaaaaaeaaaaaaa)

dgse...gNgggggggglggggg

-eaaaaaaaaaaaeaeaaaaaaaaagaaaaaaaaaaeaaaaaaaaaa-aaaaaaa

aaaaaaaaaaaeaaaaaea-raeaaeaaa-aeaaeaa-aagaaaaaaaaaaaaa)y)

aaaaaaaaaaa-aaaaaeaeaaaa-aaaaaaaaaaaaaaeaaaaaaaaaaaaaeaaa

aaaa-

R1sss11R11ss11ss1ss rrsss Rsss11s1Lsssssss1)ss11111)

2323234111222 1 113)3222232311323232311)

3111111133112 1
113)11332113d2111233231231132

311123123321123323123121212d)

323113311121111

1112t
2 13

1133213123323121212 2 23)23321123323123121212)

a121111331233212

s3122
1 43)4333122)

3212322312 4
103)10)332113313312323233332323)

30003)300)3321133133312323233332323)

333 2 ????

R111s1Rss1ssss rrsss Rsss11s1Lsssssss1)ss11111)

2323234111222 1 113)322223232113323232311)

3111111133112 1
113)11332113d2111233231231132

311123123321123323123121212d)

323113311121111

1112t
2 13

1133213123323121212 2 23)23321123323123121212)

333 2 ????

R111s1Rss1ssss rrsss Rsss11s1Lsssssss1)ss11111)

2323234111222 1 183)322223232113323232318)

3111111133112 1
13)11332113d2111232332312311113112

32112332312312121d)

323113311121111

1112t
2 12303)10g1)303110

3212322312 2 3003)3010)3)

333 2 ????

R1sss11R11ss11ss1ss rrsss Rsss11s1Lsssssss1)ss11111)

2323234111222 1 2113)2332323211)

3111111133112 1
13)11332113d211123233231231111

112332112332312312121d)

323113311121111

1112t
2

1813)1222131131323123121213211

22213111332111222)

3212322312 2 2303)12332111222)

333 2 ????

R111s1Rss1ssss rrsss Rsss11s1Lsssssss1)ss11111)

2323234111222 1 2113)2332323211)

3111111133112 1
13)11332113d211123233231231111

112332112332312312121d)

323113311121111

1112t
2

1813)1222131131323123121213211

22213111332111222)

3212322312 2 2303)12332111222)

333 2 ????

R1sss11R11ss11ss1ss rrsss Rsss11s1Lsssssss1)ss11111)

2323234111222 1 183)3222232311323232318)

3111111133112 1
13)11332113d2111232332312311113112

32112332312312121d)

323113311121111

1112t
2 12303)10g1)303110

3212322312 2 3003)3010)3)

333 2 ????
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RR11111 1111111181Ls111s111s1sss

haaaaaaaaaaaaaaeaeaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaa

eaaeaaa-aeaaeaa-aagaaaaaaaaa)y)aaaaaa-aaaaaaaaaaaa-aaaa-a

aaaaaaaaaaaaeaaaaa-aaaaaeaaaaaaaaaeaaaaaa-aaaaeaaaaa)oM)a

a-rMa)rDta-raaa-aaaa-aaaaaaaaaaa)aaaaaaaaaaaaeaaaaaaa

aaeaaaaaaaeaaeaaaaaaaagaa-aaaa-aaataaaaaaaaaaaeaaaaaaa

aaeaaaaaaaeaaeaaaaaeaaaaaaaaaaaaay)-aaaaa-raaaaaaaaeaaaa-a

aaa-aaaa-aaaaaasaaaaaaaaaaeaaaaeaaaaaaaaaaaaaraaaaeaaaaaa

aaaaaaaaaaaae-

aaaaaaagaaaaaaaaaaaaaaaaaaaaaaa)aaaaaaaaaaa)y)aaaaaa)a-aaa

-a)

aaaaaaaaaaaaaeaaaeaaaaaaaaaeaaaa-aaaaasaaaaaaa

aaaaaaaaaaaeaa-

aaaaa-zztAoza)oM)a-rM

aaaaeaaaaaaaaaaeaaaaaaaeaaaaea-raaaaaeaaaaaaaaaaaaaaaaaae

aaaaeaaaaaaaaaaaaaaaaaea-raaaaaaaa-

aaaaa-zztAozaataryrazr)oa-rMa-MDtk

aaaaaaeasaaaaaaeaaaaea-raaaaaeaaaaaaaaaaaaaaaaa-a-aa-

ayaaa-zztAozaoDDytaaatMoeztaD-eaah-a)z

era-a-rM

aaaaaeeaaaaaaaa-aaaeaaaa-aaaaaaaaaaaaaaaaaaaaaaaaaaaaa

aaaaaaa-aaaaaaaaaaaaa

Rs1s1s1Rs1s1r1R11

aaeaaaaaaaaaaAaaaa)

R111s1Rss1ssss rrsss Rsss11s1Lsssssss1)ss11111)

2323234111222 1 ????

3111111133112 1 ????

1t122111133112 1 ????

333 2 ????

Rs1s1s

Rs11sss1

Ls1sx

1111s

Lss1sg

rrsss
11111s1s1L11s

40001 0 2 32221321321133211221111213122

40002 1 2 32221321321133211221111213122

40003 2 2 32221321321133211221111213122

40004 3 2 32221321321133211221111213122

40001 4 2 32221321321133211221111213122

40001 1 2 32221321321133211221111213122

40001 1 2 32221321321133211221111213122

40008 1 18 31113233113321232212111 32

40011 11 4 32221321321133211221111213122

40011 18 4 32221321321133211221111213122

40021 20 4 32221321321133211221111213122

40023 22 4 32221321321133211221111213122

40021 24 4 32221321321133211221111213122

40021 21 2 32221321321133211221111213122

40028 21 2
311132331331111211113s21133212

3113221123331113)1

40021 28 2 32221321321133211221111213122

40030 21 2 31113234321331133133112

40031 30 2 31113234321333111211

40032 31 2 31113233433223211111

40033 32 2 31113231121333312133213133

40034 33 2 32221321321133211221111213122

40031 34 2 3111111331123122

aaeaaaaaaaaaaaaaeaaaaaaaaaaaaAaaaa)

)yaaeaaaar)

Rs1s1s

Rs11sss1

Ls1sx

1111s

Lss1sg

rrsss
11111s1s1L11s

40041 44 4 3111323212112

40041 41 4
311132341123331111133311123)32g311

2312111332111131212)2

40041 48 4
311132341123331111133311123)32g311

1121312131112321)1

40011 10 4
3111323411233112133332213)32g311

2312111332111131212)

40013 12 4
3111323411233112133332213)32g311

1121312131112321)

40011 14 4
3111323411233112133331213)32g311

2312111332111131212)

40011 11 4
3111323411233112133331213)32g311

1121312131112321)

40011 18 4
31113234112333111113332323)32g311

2312111332111131212)

40011 10 4
31113234112333111113332323)2g311

1121312131112321)

40013 12 4
3111323411233311111333232321112

322213)32g31132312111332111131212)

40011 14 4
3111323411233311111333232321112

322213)2g31131121312131112321)

zaaaaaaaaaaaaaaaaAaaaa)

Rs1s1s

Rs11sss1

Ls1sx

1111s

Lss1sg

rrsss
11111s1s1L11s

40011 11 4 32221321321133211221111213122

40011 18 4 32221321321133211221111213122

40011 10 2 322213213211321111232t2212111

40012 11 2 32212131123321

40013 12 2 322121322121111

40014 13 2 11334232212111234321332211113

40011 14 2 313334232212111234321332211113

40011 11 2 1133311121134321332211113

40011 11 2 32221321321133211221111213122

40018 11 2 32221321321133211221111213122

40011 18 2 31333311121134321332211113

40080 11 2 32221321321133211221111213122

40081 80 2 32221321321133211221111213122

40082 81 2 32221321321133211221111213122

40083 82 2 32221321321133211221111213122

40084 83 2 32221321321133211221111213122

40081 84 2 3111113321313411232211113

40081 81 2 31111133213134321332211113

40081 81 2 31321313113311121132211113a-a)aaaeaaaeaaaaaaaaaaaaaaar

a-ayaaeaaaar

Rs1s1s

Rs11sss1

Ls1sx

1111s

Lss1sg

rrsss
11111s1s1L11s

40031 31 2 32221321321133211221111213122

40031 31 2 32221321321133211221111213122

40038 31 2 3111323321123343213

40031 38 2 31113233334221

40040 31 2 32213412123311323)4211112)

40041 40 4
32213412123113232312231233221

3221121331132

40043 42 4
322134121231132342222131233221

3221121331132
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RR11111 1111111181Ls111s111s1sss

Rs1s1s

Rs11sss1

Ls1sx

1111s

Lss1sg

rrsss
11111s1s1L11s

40088 81 2 412123321132211113

40081 88 2 322121322132131232

40010 81 2 1133213123234321332211113

40011 10 2 31121111112333111113

40012 11 2 321311233433411111

40013 12 2 3211233322121

40014 13 18 32212131232

40103 102 2 43211112

40104 103 2 3221321132211113

40101 104 2 212121211

40101 101 2 313332131232343213332211113

40101 101 2 32221321321133211221111213122

101g108 322213213211321111232t2212111

Rs1s1s

Rs11sss1

Ls1sx

1111s

Lss1sg

rrsss
11111s1s1L11s

40110 101 4 3221213212112

40112 111 1 3221213432133212112

40111 114 2 32212133111113342322121112

40111 111 2 343343411123342322121112

40111 111 2 3433s3411123342322121112

40118 111 2 32212134133211211232

40111 118 2 32212133111211

40120 111 2 32221321321133211221111213122

40121 120 2 32221321321133211221111213122

40122 121 2 31111133213133111211

40123 122 2 32212132131232

40124 123 2 312g1112331111133213133111211

40121 124 2 32221321321133211221111213122

40121 121 2 32221321321133211221111213122

40121 121 2 32221321321133211221111213122

121g130 322213213211321111232t2212111

zaaaaaaaaaaaaaaaeaaaaaaaaeasaaaaaaAaaaa)

)yaaeaaaar)

Rs1s1s

Rs11sss1

Ls1sx

1111s

Lss1sg

rrsss
11111s1s1L11s

40132 131 2 32t1313342322121112

40133 132 2 3111313342322121112

40134 133 2 32t1313332212133111211

40131 134 2 32221321321133211221111213122

zaaaaaaaaaaaaaaaaaAaaaa)

)yaaeaaaar)

a-a)aaaeaaaeaaaaaaaaaaaaaaar

a-ayaaeaaaar

Rs1s1s

Rs11sss1

Ls1sx

1111s

Lss1sg

rrsss
11111s1s1L11s

40131 131 2 32221321321133211221111213122

40131 131 2 32t1313331111133213133111211

40138 131 4
112133332213122133233)32g311323121113

2111131212)

40140 131 4
112133332213122133233)32g311

1121312131112321)

40142 141 4
112133331213122133233)32g311323121113

2111131212)

40144 143 4
112133331213122133233)32g311

1121312131112321)

40141 141 4
112133332213)32g311323121113321111

1212)

40148 141 4 112133332213)32g31131121312131112321)

40110 141 4
112133331213)32g311323121113321111

1212)

40112 111 4 112133331213)32g31131121312131112321)

40114 113 4
322121341113413311123)32g311323121113

2111131212)

40111 111 4
322121341113413311123)32g311

1121312131112321)

40118 111 2 3221213321121123231233411134134132

40111 118 2
32212134111341332323)32g311323121113

2111131212)

40111 110 2
32212134111341332323)32g311311213121

1112321)

40113 112 2 32t131332131232

40114 113 2 311131332131232

zaaaaaaoaaaeayaaaaaaaeaaaaaaaaaaaayaaaaaAaaaa)

Rs1s1s

Rs11sss1

Ls1sx

1111s

Lss1sg

rrsss
11111s1s1L11s

111 114 2 322213412123321133111111113343213

111 111 2 32221331111133213134112343213

111 111 2
32221341212332113311111332131

43213

118 111 2 3222134121233211311333111211343213

111 118 2
32221341212332113313333111211

43213

110 111 2
3222134121233211331111133213134112

43213

111 110 2
32221341212332113323111332311121

43213

112 111 2 3222132121121112

113 112 2 32221332t1313342322121112

114 113 2 3222133111313342322121112

111 114 2 32221332t131333111211

111 111 2 32221321321133211221111213122

111 111 2 32221321321133211221111213122

118 111 2 32221332t1313331111133213133111211

111 118 2 32221311213333221

180 111 2 32221311213333121

181 180 2 3222134111341331112

182 181 2 32221321321133211221111213122



8.6

MS-2101 Chapter 8 Communications

 Module Commissioning and Address Group:

subdoM

retsigeR

xednI

eulaV

htgneL

setyB
emaNelbairaV

88104 781 2 noisimmoCeludoM

98104 881 2 sserddAeludoMtseT

09104 981 2 sserddAeludoMngissA

subdoM

retsigeR
setyB emaNelbairaV egnaReulaV

10004 2 esurerutcafunamrofdevreseR

20004 2 esurerutcafunamrofdevreseR

30004 2 esurerutcafunamrofdevreseR

40004 2 esurerutcafunamrofdevreseR

50004 2 esurerutcafunamrofdevreseR

60004 2 esurerutcafunamrofdevreseR

70004 2 esurerutcafunamrofdevreseR

80004 81 esurerutcafunamrofdevreseR

71004 4 esurerutcafunamrofdevreseR

91004 4 esurerutcafunamrofdevreseR

12004 4 esurerutcafunamrofdevreseR

32004 4 esurerutcafunamrofdevreseR

52004 2 esurerutcafunamrofdevreseR

72004 2 esurerutcafunamrofdevreseR

82004 2 1#troPlaireSroFetaRduaBnoitacinummoCeludoM 006sietarduabfi0=

0021sietarduabfi1=

0042sietarduabfi2=

0084sietarduabfi3=

0069sietarduabfi4=

92004 2 esurerutcafunamrofdevreseR

03004 2 thgiLmralA

mralanasierehtnehwnOfi0=

mralanasierehtnehwffOfi1=

ffOesiwrehtomralanasierehtnehwhsalFfi2=

nOesiwrehtomralanasierehtnehwhsalFfi3=

13004 2 tcatnoCmralA

A/N=etats-dilosdnaON=lacinahcemfi0=

A/N=etats-dilosdnaON=lacinahcemfi1=

A/N=etats-dilosdnaCN=lacinahcemfi2=

A/N=etats-dilosdnaCN=lacinahcemfi3=

1. For manufacturer use only

2. Read only

3. Hardcode setting.

subdoM

retsigeR
setyB emaNelbairaV egnaReulaV

23004 2 noitceleSDTReludoM pukcabrofBDTR,desusiADTRfi0=

desuegarevasDTRowtfi1=

desusisDTRowtfognidaerrehgihehtfi2=

desusisDTRowtehtfognidaerrewolehtfi3=

ffotucerutarepmethgihrofdesusiBDTRfi4=

desusignidaerADTRylnofi5=

33004 2 hWkrePtsoCygrenEeludoM )tnecfotinuni(05-1

43004 2 esurerutcafunamrofdevreseR

53004 2 edoCtcudorP 2,1 epytIIKM1SMsieludomfi5= 3

63004 2 esurerutcafunamrofdevreseR

73004 2 esurerutcafunamrofdevreseR

83004 2 mralAlaunaMeludoM delbasidsitsetmralafi0=

= x rofnositsetmralafi x )42=<x=<1(sruoh

ylsuounitnocnositsetmralafi52=

Modbus Map Data Format

Module Setup Group:

Module Setting Group:

subdoM

retsigeR

xednI

eulaV

htgneL

setyB
emaNelbairaV

381 281 2 esurerutcafunamrofdevreseR

481 381 2 esurerutcafunamrofdevreseR

581 481 2 mralAtseTFGteseR

681 581 2 egatloVmumixaMteseR

781 681 2 egatloVmuminiMteseR



111

RR11111 1111111181Ls111s111s1sss

Rs1s1s

Rs11sss1
rrsss 11111s1s1L11s 1111s1R1s1s

40031 2 31113233334221 03031233331221312311223321

03x3123333122131231132113x3311123)1)0t)024)

03213123333122131231132121133321321112312331232122221

40040 2 3221341212331132 03032113123211314332232g3231321113332332

03132113123211314132232g3231321113332332

03232113123211314832232g3231321113332332

033321131232113141032232g3231321113332332

034321131232113314332232g3231321113332332

031321131232113314132232g3231321113332332

031321131232113314832232g3231321113332332

0313211312321133141032232g3231321113332332

0383211312321133141232232g3231321113332332

0313211312321133141132232g3231321113332332

03103211312321133141832232g3231321113332332

03113211312321133142032232g3231321113332332

031232113323132333s4232232g3231321113332332

031332113323132331s4232232g3231321113332332

031432113323132338s4232232g3231321113332332

0311321133231323310s4232232g3231321113332332

0311321133231323310a42332232g3231321113332332

0311321133231323311a42332232g3231321113332332

0318321133231323320a42332232g3231321113332332

031132113323132331e4232232g3231321113332332

0320321133231323310e4232232g3231321113332332

0321321133231323311e4232232g3231321113332332

0322321133231323320e4232232g3231321113332332

03233322133221121

032433122332

40041 4 32213412123311323231223123322133221121331132 32g311333121113331111331132133211F31g)3

40043 4 322134121233113234222213123322133221121331132 32g311333121113331111331132133211F31

a-a)aaaeaaaeaaaaaaaaaaaaaaar

a-ayaaeaaaar

y-azaaeaaeaaaaaaaaa-

y-aMaaaaaaaaaa-aaaaaaaaaaaaa

Rs1s1s

Rs11sss1
rrsss 11111s1s1L11s 1111ss

40041 4 3111323212112 111ss1rrss:

31g303e311121132311133132231

333333333003e321311g212123

333333333013e312323

323e3113321312323222231

33333333303e3112323222 33

33333333313e313122323222

34g333e3343331121

333333333003e3113343

333333333013e31123343

333333333023e3131334333

333333333033e31123132131111232

313e332t13133111121131

33333333303e330433

33333333313e31004

313e3232133212221133111

33333333303e33113232132

33333333313e323213232122211

313e332t13133333111121131

33333333303e334

33333333313e31433

Rs1ss11rrss:

33g303e3113321312332212121

33333333300013e33211133213311133

333333333333333300103e3322

33333333301013e3321

33333333310103e33210

31g343e31112113231113313221

333333333333003e321311g2121233

3333333333333333333013e312323

333333333333103e3122131221121

313e3123221211123322211232113121321

33333333330e3g10)331130310)3

33333333331e3g10)331130100)3 33

313e332221321321133211221111213122

aaeaaaaaaaaaaaAaaaa)



111

RR11111 1111111181Ls111s111s1sss

aaeaaaaaaaaaaaaaaaAaaaa)

)yaaeaaaar)

Rs1s1s

Rs11sss1
1rrsss 11111s1s1L11s

40041 4 311132341123331111133311123)32g311323121113321111312122311331112)2

40041 4 311132341123331111133311123)32g31131121312131112321231131F10331112)2

40011 4 3111323411233112133332213)32g3113231211133211113121223113133)

40013 4 3111323411233112133332213)32g3113112131213111232123113133))

40011 4 3111323411233112133331213)32g311323121113321111312122311332112)

40011 4 3111323411233112133331213)32g311311213121311123212311332112)

40011 4 31113234112333111113332323)32g31132312111332111131212231133232)2

40011 4 31113234112333111113332323)32g31131121312131112321231133232)2

40013 4 31113234112333111113332323211123322213)32g31132312111332111131212231133232)

40011 4 31113234112333111113332323211123322213)32g31131121312131112321231133232)

Rs1s1s

Rs11sss1

Lss1sg

rrsss
11111s1s1L11s 1111s1R1s1s

40011 4 32221321321133211221111213122

40011 4 32221321321133211221111213122

40011 2 322213213211321111232t2212111

40012 2 32212131123321
0303123322121312311223321

031312332212131232123321

40013 2 322121322121111

03x31232213113xF103)33)0)03x3)01000)

03101031232213111sss

03102031232213113ssss

40014 2 11334232212111234321332211113
03x31232213113xF103)33)0)03x3)01000)

03101031232213113sss

40011 2 313334232212111234321332211113
03x31232213113xF100343)0)03x3)01000)

03101031232213111sss

40011 2 1133311121134321332211113

31133043321113

03x31232213113xF100343)0)03x3)03000)

031001031232213113sss

40011 2 32221321321133211221111213122

40018 2 32221321321133211221111213122

40011 2 31333311121134321332211113

31133043321113

03x31232213113xF100343)0)03x1)03000)

031001031232213113sss

40080 2 32221321321133211221111213122

40081 2 32221321321133211221111213122

40082 2 32221321321133211221111213122

40083 2 32221321321133211221111213122

40084 2 32221321321133211221111213122

40081 2 3111113321313411234321332211113
03x31232213113x3343)10)03x1)01000)

03100131232213113sss

40081 2 31111133213134321332211113
03x31232213113x3343)10)03x1)01000)

03100131232213113sss

40081 2 31321313113311121132211113

31133043321113

03x31232213113xF100343)0)03x1)03000)

031001031232213113sss

40088 2 412123321132211113
03x31232213113x3311123)0)03x1)024)

032131232213111sss

40081 2 322121321312323223211
03t31232213113t3313123)0)0t)0100)

033222112131232213111111

40010 2 1133213123234321332211113
03x31232213113x3213123)81)03x1)0300)

0330131232213111sss

a-a)aaaeaaaeaaaaaaaaaaaaaaar

a-ayaaeaaaar

y-azaaeaaeaaaaaaaaa-

y-aMaaaaaaaaaa-aaaaaaaaaaaaa

zaaaaaaaaaaaaaaaAaaaa)



111

RR11111 1111111181Ls111s111s1sss

Rs1s1s

Rs11sss1

Lss1sg

rrsss
11111s1s1L11s 1111s1R1s1s

40011 2 31121111112333111113
030312311223321

03131232123321

40012 2 321311233433411111
03031233221213111123ss

03131233221213111123sss

40013 2 3211233322121

34g30

030312332212131221312311223321

03131132431233221213122131231132113221331112

032131233221213123113111111111233

313213313212311131221

40014 18 32212131232
311213113331223212332212131232312t132111131

122132333122321231133312131121111

40103 2 43211112
0303123113121sss

0313123113121ss

40104 2 3221321132211113 03x31232213113xF103)33)0)03x3)01000)

40101 2 212121211
03x31232213113x322111123)10)03x3)01112)

03100031232213111sss

40101 2 31333213123234321332211113
03x31232213113x3213123)100)03x3)0300)

0330131232213111sss

40101 2 32221321321133211221111213122

40108g

40101
4 322213213211321111232t2212111

a-a)aaaeaaaeaaaaaaaaaaaaaaar

a-ayaaeaaaar

y-azaaeaaeaaaaaaaaa-

y-aMaaaaaaaaaa-aaaaaaaaaaaaa

zaaaaaaaaaaaaaAaaaa)

)yaaeaaaar)

Rs1s1s

Rs11sss1
1rrsss 11111s1s1L11s 1111s1R1s1s

40110 4 3221213212112 111ss1rrss:

303e3322121323213321222113311

313e3322121321233213311

323e33221213221211113113)1113sss3111ssss)3311

333e33221213113311

343e332212131221311F1223311

313e31121213211311F1223311

313e3311132323213321222113311

313e311131221

Rs1ss11rrss:

31g303e311121132311133132231

333333333003e321311g212123

333333333013e312323

323e3113321312323222231

33333333303e311232322233

33333333313e313122323222

34g333e3343331121

333333333003e3113343

333333333013e31123343

333333333023e31313343233

333333333033e31123132131111232

313e332t3111121131

33333333303e330433

33333333313e31004

313e332t33331111211312121

33333333303e334

33333333313e31433

313e311131221

Rg1111rrss:

33g303e33113321312332212121

33333333300013e33211133213311133

33333333333333300103e3322

33333333301013e3321

33333333310103e33210

31g343e3311121132311133132231

333333333333003e321311g2121233

333333333333333333013e312323

33333333333103e33122131221121

313e3123221211123322211232113121321

33333333330e3g10)331130310)3

33333333331e3g10)331130100)333

313e311131221

1s1sg1rrss:

11131221



1111

RR11111 1111111181Ls111s111s1sss

Rs1s1s

Rs11sss1
1rrsss 11111s1s1L11s 1111s1R1s1s

40112 1 3221213432133212112 111ss1rrss:

303e331331232323213

313e3313331232323213

323e331331111211323213

333e3313331111211323213

343e31F2

313e31F2

313e31F2

313e31F2

Rs1ss11rrss:

303e3331111132213131112323213

313e3311111322131323213

323e33433432213112323213

333e33433s32213112323213

343e334334323111323213

313e33433431221323213

313e33433s323111323213

313e33433s31221323213

Rg1111rrss:

303e33111211323332213112323213

313e341212332113311111322131323213

323e34121233211331331111211323213

333e341212332113313331111211323213

343e34121233211331111132213131112323213

313e341212332113111211323332213112323213

313e31F2

313e331333131232323213

1s1sg1rrss:

303e33313333131232323213

313e331F2

323e331F2

333e331F2

343e333331221323213

313e33223231321132213

313e33111111111331321132213

313e3412123321131111111113

11ssg1rrss:

11131221

R1xsg1rrss:

11131221

Rs1s1s

Rs11sss1
rrsss 11111s1s1L11s es1ss

40111 2 32212133111113342322121112 )11311112312312113312312312233231112)

40111 2 34334342322121112 )11311112312312113312312312233231112)

40111 2 3433s342322121112 )11311112312312113312312312233231112)

40118 2 32212134133211211232 )113111132211211)

40111 2 32212133111211 )113111131231034)

40120 2 32221321321133211221111213122

40121 2 32221321321133211221111213122

40122 2 31111133213133111211 )11311113123134)

40123 2 32212132131232 )1131111312321312)

40124 2 312g1112331111133213133111211 )11311113123134)

40121 2 32221321321133211221111213122

40121 2 32221321321133211221111213122

40121 2 32221321321133211221111213122

40128g

40131
322213213211321111232t2212111

zaaaaaaaaaaaaaeasaaaaaaAaaaa)

)yaaeaaaar)



1111

RR11111 1111111181Ls111s111s1sss

Rs1s1s

Rs11sss1
1rrsss 11111s1s1L11s es1ss

40132 2 32t1313342322121112 )11311112312312113312312312233231112)

40133 2 3111313342322121112 )11311112312312113312312312233231112)

40134 2 32t1313332212133111211 )113111131231034)

40131 2 32221321321133211221111213122

40131 2 32221321321133211221111213122

40131 2 32t1313331111133213133111211 )11311113123134)

40138 4 112133332213122133233)32g31132312111332111131212) )11311113123133)

40140 4 112133332213122133233)32g31131121312131112321) )11311113123133)

40142 4 112133331213122133233)32g31132312111332111131212) )1131111312332112)

40144 4 112133331213122133233)32g31131121312131112321) )1131111312332112)

40141 4 112133332213)32g31132312111332111131212) )11311113123133)

40148 4 112133332213)32g31131121312131112321) )11311113123133)

40110 4 112133331213)32g31132312111332111131212) )1131111312332112)

40112 4 112133331213)32g31131121312131112321) )1131111312332112)

40114 4 322121341113413311123)32g31132312111332111131212) )1131111312331112)

40111 4 322121341113413311123)32g31131121312131112321) )1131111312331112)

40118 2 3221213321121123231233411134134132 )113111131233211211)

40111 2 32212134111341332323)32g31132312111332111131212) )113111131233232)

40111 2 32212134111341332323)32g31131121312131112321) )113111131233232)

40113 2 32t131332131232 )1131111312321312)

40114 2 311131332131232 )1131111312321312)

zaaaaaaaaaaaaaaaaaAaaaa)

)yaaeaaaar)

Rs1s1s

Rs11sss1
1rrsss 11111s1s1L11s 1111s1R1s1s

111 2 322213412123321133111111113343213
003111323321212

01332221

111 2 32221331111133213134112343213
003111323321212

01332221

111 2 32221341212332113311111332131343213
003111323321212

01332221

118 2 3222134121233211311333111211343213
003111323321212

01332221

111 2 32221341212332113313333111211343213
003111323321212

01332221

110 2 3222134121233211331111133213134112343213
003111323321212

01332221

111 2 3222134121233211323111332311121343213
003111323321212

01332221

112 2 3222132121121112
003111323321212

01332221

113 2 32221332t1313342322121112
003111323321212

01332221

114 2 3222133111313342322121112
003111323321212

01332221

111 2 32221332t131333111211
003111323321212

01332221

111 2 32221321321133211221111213122
003111323321212

01332221

111 2 32221321321133211221111213122

zaaaaaaoaaaeayaaaaaaaeaaaaaaaaaaaaAaaaa)



1111

RR11111 1111111181Ls111s111s1sss

Rs1s1s

Rs11sss1
1rrsss 11111s1s1L11s 1111s1R1s1s

118 2 32221332t1313331111133213133111211
003111323321212

01332221

111 2 32221311213333221
003111323321212

01332221

180 2 32221311213333121
003111323321212

01332221

181 2 3222134111341331112
003111323321212

01332221

182 2 32221321321133211221111213122

183 2 32221321321133211221111213122

184 2 32221321321133211221111213122

181 2 3222133334221343213
003111323321212

01332221

181 2 32221332t131332131232
003111323321212

01332221

181 2 322213311131332131232
003111323321212

01332221

aaeaaaa)aeeaaaaaaaaaaeaoeeaaaaaaaaAaaaa)

Rs1s1s

Rs11sss1
1rrsss 11111s1s1L11s 1111s1R1s1s

40188 2 311132331331221111

40181 2 42213311132341112221

40110 2 4221313311132341112221

a-a)aaaeaaaeaaaaaaaaaaaaaaar



111

RR11111 1111111191Ls111ss1ss1s1

L1s111s1

raaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaagaaaeraaaa

aaaaaaaaaaaaaaaaaaeaaaaaaaaaaaa-aoaaaaaaaaaaaaaaaaea

aaaaaaeaaaaaaaaaagaaaeaaaaaaa-aaaaaaaaaaaaa-aaaaaaaaeaea.aa

aaaaaaaaaaeaaaaaaaa-aaaaaaaaaaaaeaaaaaaaaaaaaaaeaaaeaaae

aaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaMaaaaaaaa-aaaaaaea-aaaaaa

aaaaaaaaaaaaaaa-aa-aeaeaaaaaaeeaaaaaaaaaaaaaaaaaaaaaaaa-

aaaea-----11n1nss--nn--1ss-aa-aaaaagaeaaaaeaaaaaaaaaaeaaa

eaaaaaaa-aaaa-aaaaa-aeaaaaaaaaaaeaaaeaaraaaaaaaaa-araa

aaaaaeaaaaaa-aaaeaaeaeaaaaaa-aaaaaaaaaaaaaaaaaaaaa

eaaaaa-aeaaaa-----11131d1--1s11---1-1daaaea-----1116

-1--s1s-1%-n11s-

Rss111s1ssss

aaaaaaaaaaaaaaeaaaaaaaaaaaaeaaaaaaaaaaaaaaaaagaaaer

eaaaaaaaaaaaaaaaeaaaaeaaaeaaaaaaaaaaaa-aaaaaaaeaaaaaaaa

aaaaaeaayaDaaaaaaa-aaaaaaaaaaaaaa-aaaaaaeaeaaaa-aaaaaaaa

aaeagaaaaaaaeaaaaaaaaa-aaaaeaaaaaaaaaaeaaaeaaaaaaaa-aaaaaa

aaaaeeaaeaeaeaaaaaaaaa-aaaaaaaeas--aaaad1s-en1d-a-aaaaaaaa

eaaeaaaaraaaaaaeaaaeaaaaaaaaa-aaeaaa-aza-agaa-a-a

aaaaeeaaeaaaaaaeaaaaaaaaaaaaaaaatn--1s11--11-ss-1snn11

1s1-11%1-1a-aaaaaeaaeaeaeaaaaaaaaaaaaaaaaaaaaaaaagaaaer

aaaaaaaaaaaaaaaaaaaeaeaaaaaaaaaeaaaaaataaaeaaa-

ggtgg,gtggegggggg

Daaaaaaaaaraaaaaagaaaaaaaaaaaaaaaaaaaaaaaaaa

aa-aaaaaaaaaaaeaaaaaaaaaaaeaaaaaaaaaa-aaaae

aaaaaaaaeaaaaaaaaaaaaaaaaaa.aar-

oaaaasaaaeaaaaaaaaaaaaeaeaaaa-aaaaaaaeaaraaaaaa

-aaaaaaaeaaaa-aaaaaaaaaaaaae.aaaaaaaaaaaataaaa

eaaa-

aaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaa

aagaaaaaaaaaaaaaaaaaaaaeaaaaaaaaa-ahaaaaaaaeaaaa

aaaaaaaa-aaaaaaaaaaaea-aaaaeaaaaaaagaaeaaaaaaaa

-aaaaaaaeaaaaa-aaaea-

-aaaaaaaaaaaa)aaaea)

a- )aaaeaaaaaaaaaaaaaaagaaaaaaaaaaaaaaaa-aaaaaaaaaaeaaa

aaaaasaaaeaaaaaaaeaaaaaaaaaaaaaaa-

a- )aaaeaaaaaaaaaaaaaaaaaaeaa-aaeaaaaaaaaaaaaaaaaaa-aa

eaaaaaaaaasaaaeaaaaaaaeaaaaaaaaaaaaaaa-

y- )aaaeaaaaaaaaaaaaaaaeaaaaaaaeaaaaaaaaaaaraaaaaaaaae

aaaaaaaae-

RRs1Ls11s1Rsss

ttaaaeaaa)

a-aayaaaaaaaaaaDaaaeaaeasaaaaaayaDaaaeaaaaaa

)3 33)1332) )3 33)1332) )3 33)1332)

g40 84121 80 130181 200 111184

g30 88122 10 134110 210 111111

g20 12111 100 138110 220 183111

g10 11101 110 142121 230 181182

0 100100 120 141101 240 110141

10 103110 130 141182 210 114108

20 101111 140 113118 210 111111

30 111111 110 111132 210 201130

40 111114 110 111104 280 204188

10 111131 110 114111 210 208141

10 123124 180 118141 300 212103

10 121101 110 112111

)3 33)1332) )3 33)1332) )3 33)1332)

g40 84121 110 121110 310 111121

g30 81141 110 121112 310 111134

g20 88111 180 131114 380 113131

g10 10181 110 133181 310 111143

0 13103 200 131111 400 111148

10 11122 210 138108 410 111111

20 11131 220 140118 420 181111

30 11111 230 142121 430 183118

40 101114 240 144138 440 181111

10 103110 210 141148 410 181113

10 101101 210 148111 410 181111

10 108122 210 110111 410 111111

80 110138 280 112114 480 113118

10 112113 210 114182 410 111111

100 114118 300 111110 100 111111

110 111183 310 118111

120 118111 320 111104

130 121110 330 113111

140 123124 340 111111

110 121131 310 111123

111111a21nayaaaaaaaaaagaaaaaaaaeaaaaaaaaaaaa))
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To test RTD Input,

1. Disconnect the RTD(s) from the control module

ensuring that the leads are adequately labelled.

2. Connect the resistance box as shown in figure 9.3.

3. Choose a test temperature for each RTD input and

select corresponding resistances for each of the

resistance decade boxes using the table of RTD

resistances in figure 9.1 and 9.2. The temperatures

for each RTD should be different. For the RTD

simulator, set the test temperature of each unit.

4. Turn on power to the controller.

5. Using the RTD definition function

(SETPOINT\HEATER SETUP\RTD DEFINITION),

set to Two RTDS Average.

6. Display the temperature of each RTD

(MEASURED\OPERATING VALUES\RTD-A

ACTUAL) and (MEASURED\OPERATING

VALUES\RTD-B ACTUAL). The two values should

agree with the selected temperatures within the

accuracy of the controller and test equipment.

7. If  there is a significant discrepancy, consult the

factory for service.

Heater Voltage and Current Test

Equipment:

one voltmeter

one clamp-on ammeter

adjustable load bank (240VAC/10kW)

240VAC/30A single phase variac

You can perform voltage and current measurement tests

on the same test setup. Rather than using an adjustable

load, you can use a fixed load in conjunction with a variac

to adjust the input supply voltage.

To test heater voltage and current,

1. Disconnect any field wiring to terminals 2,3,4  and 5.

2. Connect the adjustable variac outputs to terminals 2

and 3. Connect the input supply of the variac to either

208 or 240VAC. 120VAC will work but will not

provide an effective test range for voltage testing.

3. Connect the load bank to terminals 4 and 5.

4. Connect the voltmeter across terminals 2 and 3.

5. Connect a clamp-on ammeter around one of the load

cables.

6. Set the variac control for 120VAC and turn on the

power.

7. Force the heater on by setting the manual heater

function for 1 hour (SETPOINT\SETPOINT

TEST\MANUAL HEATER).

8. Display the heater current

(MEASURED\OPERATING VALUES\HEATER

CURRENT).

9. Adjust the variac control within the voltage range of

the controller and compare the readings of the

display with the ammeter.

10. Display the heater voltage

(MEASURED\OPERATING VALUES\HEATER

VOLTAGE).

11. Adjust the variac control to take another set of

readings. Repeat until enough readings are taken to

cover the range. Current and voltage readings should

be within the accuracy of the controller and test

equipment.

12. If there is a significant discrepancy, consult the

Figure 9.3 Test Setup
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factory for service.

Ground Fault Current Test

Internal GF Test

The controller comes with a ground fault test function

that can be executed from the display

(SETPOINTS\SETPOINT TEST\GF TEST).

To run this test,

1. Select start now

2. Go to ground fault current

(MEASURED\OPERATING VALUES\GROUND

FAULT CURRENT).

A ground fault current appears for the duration of the test.

If the controller does not see a ground fault current, it will

initiate a GF CT failure alarm indicating the ground fault

monitoring function is not working. The GF test function

only verifies for operation and does not check for meas-

urement accuracy. To check for accuracy, the next test

procedure applies.

External GF Test

Using the same test setup for voltage and current meas-

urement tests, add the following components to the test

setup.

Equipment:

One 240R/250W power resistor (load bank used in

previous procedure may be disconnected and used in

place)

One AC ammeter (0-1A range)

To test ground fault current,

1. Disconnect the load bank used in the previous test

and reconfigure to 240R if possible.

2. Connect the load bank or power resistor to terminals

2 and 5 of the controller with the ammeter in series.

3. Set the variac control for 120VAC and turn on the

power.

4. Force the heater on by setting the manual heater

function for 1 hour (SETPOINT\SETPOINT

TEST\MANUAL HEATER).

5. Change the GF trip alarm to OFF to prevent nuisance

trips during the test. Reset ground fault trip alarms if

necessary.

6. Display ground fault current

(MEASURED\OPERATING VALUES\GROUND

FAULT CURRENT).

7. Adjust the variac control to simulate various levels of

ground fault currents through the load and compare

readings from the display with the ammeter. Readings

should be within the accuracy of the controller and

test equipment.

8. If there is a significant discrepancy, consult the

factory for service.

9. Disconnect the load bank after the test.

Alarm Output Test

Mechanical Alarm

Equipment:

one 120VAC/100W Incandescent lamp with socket base

To test mechanical alarm contact,

1. Connect one lead of the lamp to terminal 20 of the

controller.

2. Connect 120VAC to open lead of the lamp and

terminal 21.

3. Power on the controller.

4. Ensure all alarms are turned off so that the controller

is in no alarm condition.

5. Set SETPOINTS\SYSTEM SETUP\ALARM

CONTACTS to MECH:NO SS:N/A. Lamp should be

off.

6. Force alarm on by setting SETPOINT\SETPOINT

TEST\ALARM TEST to on for 1 hour.

7. Lamp should be on.
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Warranty

The manufacturer warrants each control that it manufactures to be free from

defective material or workmanship for a period of 12 months from date of

purchase.

Under this warranty, the obligation of the manufacturer is limited to repairing or

replacing the defective control at its option, when returned to the manufactur-

er’s factory with shipping charges prepaid.

If failure has been caused by misuse, incorrect application or alteration of the

control, this warranty will be void.

UNLESS SPECIFICALLY PROVIDED FOR IN WRITING IN THIS WAR-

RANTY, EACH CONTROL IS PROVIDED WITHOUT ANY WARRANTY OF

ANY KIND EITHER EXPRESSED OR IMPLIED. IN PARTICULAR, WITHOUT

LIMITING THE GENERALITY OF THE FOREGOING, THE FOLLOWING

IMPLIED WARRANTIES AND CONDITIONS ARE EXPRESSLY DIS-

CLAIMED:

a). ANY IMPLIED WARRANTY OR CONDITION THAT THE CON-

TROL WILL MEET YOUR REQUIREMENTS.

b). ANY IMPLIED WARRANTY OR CONDITION THAT THE OPERA-

TION OF THE CONTROL WILL BE UNINTERRUPTED OR

ERROR FREE; AND

c). ANY IMPLIED WARRANTY OR CONDITION OF

MERCHANTABILITY OR FITNESS FOR A PARTICULAR

PURPOSE.

The user shall be made aware that if the equipment is used in a manner not

specified by the manufacturer, the protection provided by the equipment may

be impaired.
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