A@ﬂ;. CSC400 Combustion Safety Controller

Manufacturing Inc.

Installation and Operations Manual

for the

CSC400 Combustion
Safety Controller
(Rev 1D)

b

c us

WARNING

This manual must be read in its entirety before installation of this controller.
Installation must be performed by a qualified technician and must adhere to
the standards set by the local regulatory authorities.

ACL is not responsible for the misuse or incorrect application of this product.

V221

805 Main Ave. West — Box 2002 Sundre, Alberta TOM 1X0 — Phone: (877) 638-5234 — Fax: (403) 638-4973 — Email: aclmfg@telus.net

Website: www.aclmfg.com


mailto:aclmfg@telus.net�

Table of Contents

INEPOAUCTION ...t R R R R R R e R R e R e Rt R Rt e Rt R R e r et n s 4
CSCA00 FRALUIES. .....e.eeeeveeeiesrereee st se e sr ettt s e et st e et e e e Rt e st R e e st E e e e R ARt Rt et E e ARt E e e Rt e bt e Rttt e Rt e bt nr e s e s r e er s 5
(@] o] 1T TS 1117 S SPR 6
Quickstart Installation Procedure - CSC400 Combustion Safety CONrOlIEr .........coovviviirieiecece e 7
INPUL AN CONLIOT CONNMECLIONS ........itiiti ittt sttt ettt b ettt ettt e e b e b e be bt eb e e Rt em e e ebeebeebeebeebeeReen b e saeabenbesbeebeene e 10
Solenoid Output ConNECctions, IGNITOF 1 ANG 2......cc.iiiiiiieiee ettt b et b e e e b e b sbesbesaesreenes 18
CSC400 Front Panel Buttons and LED DiSPIAY .......cuiuieiriaieiirieiiesie sttt sttt st e e bbb sbeenes 20
Adjusting Temperature Setpoints and DEAUDANGS ........co.iiiiiiiii et eneas 22
Wiring Diagrams - FI (FIame TONIZALION) ........couiiiiiiiii ittt bbbt e e bt sbe b sneeneas 23
CSCA00 CONLPOMIET IMIBNU SYSEEM ......titiitiitiite ettt sttt ettt et b e be s be bt e aees e e e et e beeb e ebeebeeh e e e embeebeebeebeebeabeeneemb e e sbesbesbeebeanes 28
CSC400 Menu Structure SUMMATY Chart .........cocoiiiieiieieicse st e et e e sresbesneereeseenseseesreseeaneareenes 28
LI TR A= T o] o] £SO 32
(@00 Y 1o [T LT TN\ 1= A TU I @] ] oo O 32
Line Display Configuration MENU OPLIONS ........civeiiieieiisiesesiesestseeeseeste s ste e sresta e e essesaestesaessestesseaseeseesseseesseseessessensenns 33
ShOW LaSt IGN SD MENU OPLIONS .....cueiurerieieiesiestesteseeseeeetestestestessessesseesseseessestessessesseeseeseessessessessesseasseseessessessessesseasennes 34
VIeW TMAIN 1/ 2 MENU OPEIONS.....c..iieitiitieieseeriesteste st st stes e eseesae st e stestestesseaseeseeseeseestesteaseeseeseesseeeseesseaseaneeseensesteneeneeaneanens 34
SOIEN0IA DIIVEIS IMENU OPLIONS ... ettt sttt ettt bbbkt e e e b e bt sbe e b e e Rt e he et et e beebeebeeheeb e e s e enbesbesbenbesbeebeenes 35
Time and Date SEt IMENU OPLIONS ......couiiiiiieiee ittt sttt sttt ettt b e s be bt bt e ae e s e e ebesb e ek e ebeeb e e Rt eneeneeabesbesbeabeene e 35
MOADUS SEHHINGS MENU OPLIONS ...ttt ettt sttt et b et bt bt bt ekt et ea e e b e b e nbeebeebeebeeb e e e enbenbesbenbesbeebeene e 35
4-20MA OULPUL (1 7 2) IMENU OPLIONS ...veiieiieeete ettt ettt sttt b et e et b e be bt bt e ae e e e seesbeebeebeebe e st emeesee st e sbesbeabeene e 36
4-20mA Input Level / Pressure (1 /2) MeNU OPLIONS .......ocueiierieiieiiesiese ettt sttt st sb et be st se e e s sb et sbesbeene e 38
AUX1 & AUX2 Relay Settings MenU OPLiONS ......ccoiviiieiieeieiese e sese e eie e ste st sre e e eseesee e seesresaesseaseeseessessessessesneasens 38
MOUDUS COMMUNICALIONS .....evveieeieesr ettt E Rt e R R R Rt R e e n et nrer s 39
Modbus/RS-485 Cable Connections — Field INSEAllAtiONS ..o 39
Commonly Used CSCA400 MOUDUS REGISIEIS.......ciuiieiierieiiieseseseseeteseeee e st e tesresre s e esaesae e tesrestesneesaeseenseseesresaesneasennes 41
Additional CSCA00 FEALUIE DELAIIS ........viuiireeriirririireeiees ettt r bt sr e r e nrens 46
Latched versus UnIatChed SNULAOWNS ...........coreiiiieeeseeee et sn s 46
Intermittent (Pilotless) or CONtINUOUS POt FEALUIE ...........ciiiiiieii et 46
PUIGE CYCIE FRALUIE. ... ettt et b et bbbt s et et e s ke eh e e b e Rt e h £ e Rt ea b e b e eb e e b e e b e ek e e heene e b e abenbesbesbeabeannas 47
TC3 Auxiliary High Temperature SHULAOWN .........coiiiiiiiiee ettt b bbbt e bbb sbesbeene e 47
Low Temperature SNULAOWN/ALAITI ..........oiiiiiei et b ettt et s et e b e bt eb e b e s bt e be e e e benbesbesbesbeebeene e 47
Dual TCL/TC2 Difference SHUIHOWN .......c.oiiiiiiiiiii bbbttt n s 47
CSC400 Controller SHULdOWN DiSPIaY COUES.........eiueruieiieieie ettt sttt se bbb bt b e e et et sbe b saesreenes 48
4-20mA Input Connection Notes for Rev 1D CSCA400 BOAIUS .........ccviveeeriirieieseseseseeneee e ste e e sreseessessessessesnessesneens 51
A0 gV LT o LU L (o TSP 51



4-20mA Output Connection Notes for Rev 1D CSC400 DOAIAS .......cccviveeerieieresese e ste e sre e 52
] LAYy (ol I @ o] o] TR T=] 1] T SRS 53
Appendix A - CSC400 Rev 1D Technical SPECITICALIONS ........civiiiieiiieie et re e e e sresresneereeneens 54
Appendix B - Modbus/RS-485 Cabling Technical DEtails ..ot 56
RS-485 Signal Naming CONVENTIONS.......c..couiiuiiiiiiietieieie ettt sttt e et et b et e be b e et esbeebesbesbesbeabeeseeseesseabenbesbesbesneaneas 56
Half-DUPIEX VS FUIT-DUPIEX ...ttt ettt etttk b bbb e st e s e ke e b e ke s bt eb e e b e e ne e e e nbenbesbesbesbeeneas 56
(OF: 1o L /o1 USROS 56
VAT Talo o] aZo] (o]0 V2SRRI 57
[T a Lol o] Vg4 Vo] OO OSSPSR P TR URPR 57
TEIMINGLION ...ttt ettt b e ekt b e et eb e e ekt e b e ekt e b e ekt e b e e bt e b e e bt ebe e eb e eb et e bt ab et et e eb et et e nb et ebenbe e ebe it 58
Number of Allowed DeViCes 0N the RS-485 .........coiiiiiiiiiiise bbbttt sttt e ne st 58
SIBWW RALE ... ettt ettt bt h R E et E e SRRt R R oAt Re R R e R R R e Re R Rt R R e Rt R R Rt b bbb b e Rt bt re et 58
o] P LT I (o] g @] 0T 0110 X C1 (10 T SR 58
Appendix C - Programming a New Modbus SIave ID (AUIESS) ...ueieeeeieierireseseseseeieseese e sre e sseeseeseesseseessessessessassssseeseens 59
PN o] 1= Lo Tt N 8 (0] o] F=1] T o L1 o S PR 60

Additional Documents

The following additional documents for the CSC400 Combustion Safety Controller are available.

Document Filename Document Description

CSC400_Modbus_Installation_Manual.pdf Modbus documentation containing more in-depth register
descriptions and additional technical details.




Introduction

The ACL CSC400 is a leading-edge Combustion Safety Controller that provides burner ignition and full first-out annunciation
of all the shutdown inputs such as Level, High Temperature, High/Low Gas, Remote Shutdown, Pressure, Proof of Closure,
Flame Failure, Power Failure, Auxiliary 1 & 2 and more. The CSC400 monitors three separate thermocouple inputs that can
be utilized for temperature control in process applications such as tanks, line heaters, re-boilers or any other application where
accurate temperature monitoring and/or control is required. The CSC400 also provides two independent 4-20mA Inputs (level,
pressure, temperature) which can be configured as latched Low or High shutdowns. The system is designed to operate with or
without a continuous pilot.

The CSC400 controller can be configured for a wide variety of systems:

Application Configuration / Mode

Burners, CSC400 Flame lonization (FI) System
Combustion
Safety Control,
Incinerators

The CSC400 Flame lonization (FI) System incorporates dual burner control. Each burner includes
ignition control and three solenoid outputs (Pilot, Main, Temperature Main). The CSC400 uses a
high voltage sparker to light the continuous or intermittent pilot burner. It uses a single
ignitor/flame rod to provide both flame acknowledgment and ignition per pilot burner. Either or
both burners may be enabled. An alarm will signal if the CSC400 detects that either the pilot is out,
or the flame failed to light. Once the Start button is pressed on the front of the unit, the CSC400
will automatically start sparking up to a maximum of three ignition trials providing that all
shutdowns are in a permissive state. The CSC400 can be configured to have both burners shut off if
one goes into Flame Fail, or have one remain running while indicating an alarm.

Six membrane push buttons on the face of the controller are provided: Stop/Reset, Start, Menu, Select, Up, and Down. All
options can be adjusted with the membrane push buttons on the face of the controller (including the three independent
thermocouple temperature set points). The 4-line, 20-character LED display can be configured in a variety of ways to show the
measured temperature values, temperature setpoints, 4-20mA input values, igniter/burner and solenoid status (on/off). Various
user preferences can be configured through the menu system and DIP switches including a variety of display options,
temperature ranges, shutdown latch control, 4-20 input/output configuration, temperature unit display, and dead band range
selection.

The CSC400 Controllers are able to communicate remotely with Modbus Master Devices. A Modbus Master Device may be a
Programmable Logic Controller, a PC, or another device. The CSC400 Controller is a Modbus Slave Device that implements
the Modbus RTU protocol on an RS-485, half-duplex, physical connection. The default Modbus communication parameters
are 9600 baud, 8 data bits, no parity bits, one stop bit (“8N1"), Modbus Slave ID (Modbus address) 2.



CSC400 Features

CSC400 Controller Features List

e | No complex programming required. Simple menu interface provided to enable/disable burners and adjust
temperature setpoints

o | Dual burner system with three solenoid outputs each (6 total).

e | 12/24VDC operation. Solar capable as well.

e | CSA approved for Class I, Div 2 locations

e | Operational ambient temperature of -40° to +60° Celsius

e | CSA approved C22.2 No 199-M89. Combustion safety controls and solid-state Ignitors for Gas & Qil burning
equipment

e | CSA B149.3 - 10 compliant, meets NFPA standards

e | Type 4x enclosure, corrosive resistant and weatherproof

e | Modbus RTU (over RS485) communications capability with full status and Shutdown logging readout

e | 100% fail safe design

e | Local and Remote On/Off controls

e | Brownout Protection. CSC400 will continue in previous state if a brownout/blackout condition is detected.

e | First out annunciation of shutdowns

o | Safety lockout for high temperature setting

e | Onboard solenoid driver option for power reduction to solenoids and peak-hold solenoids. Each solenoid can be
set to an independent low-power setting.

e | Onboard solenoid output short circuit detection and notification (via LED display and Alarm Status)

e | Three adjustable type-K thermocouple inputs for monitoring three separate temperature points (2 process temp.
& 1 high temp.)

o | Pilotless burner control selectable.

e | Provides control logic for FI (flame ionization) ignition systems (burners, incinerators)

e | Five Shutdown inputs (dry contact switches required): High/Low Gas (ie: pressure shutdown), Level Shutdown,
and Auxiliary 1 & 2 Shutdowns. Additional shutdowns may be added in series. Any shutdown turns off both
burners.

e | Two isolated, fail-safe, solid-state, auxiliary, configurable relay outputs (NC, COM, NO : NC-COM in Alarm
state, NO-COM when burner(s) is(are) on)

e | Two 4-20mA powered outputs. Can be configured to output any of the three thermocouples as either a linear
temperature output or a proportional valve output around the selected setpoint temperature. Proportional valve
range is adjustable up to +/- 100°C (200°C total) around the setpoint for smoother temperature transitions. Can
also be configured to output either of the 4-20 Input readings (eg. to an external PLC).

e | Two 4-20mA (or 1V-5V) inputs with local power-sourcing availability (1A combined current limit for 4-20mA
Inputs and Outputs). Can be configured to alarm and shutdown, or alarm only upon reaching user-defined High
and/or Low levels. May also be used with 4-20mA transmitters for setpoint control of either or both burner
outputs. An OR-ing scheme is used if both 4-20mA Inputs use setpoint control on the same burner. Custom
range and units may be selected.

e | Thermocouple range: -60°C to 1200°C (-75°F to 2192° F) (Type-K Thermocouple)

e | Adjustable thermocouple dead band from 1 - 5°C or 2 - 10°F

o | Easy to read four-line, 20 character LED display indicating thermocouple temperature values, 4-20mA inputs,
shutdowns, and On or Off status for both burners

e | °C or °F readout




Operation Summary

Supply 12/24VDC to Main Input Power connections on the CSC400 Controller, referring to "Figure 1 — CSC400 Controller
Main Board, Top View" on page 7. The 4-line LED display will turn on and show the desired process temperatures, 4-20mA
input levels/pressures, ignitor and solenoid status, and any shutdowns active. The CSC400's menu system is accessed and
controlled via four membrane push buttons on the front panel: Menu, Select, Up, and Down. Once temperature setpoints are
set to the proper values for the desired process (heater, boiler, etc.), and additional options are configured, the Start button can
be pressed to start the CSC400 system.

When the Start button is pushed and the controller is calling for heat (measured temperatures are below the setpoint
temperatures), the controller will attempt ignition and the pilot solenoid output will provide voltage to the pilot solenoid valve,
providing pilot gas for ignition. Shutdowns, POC, and Remote Start/Stop terminals must be in a permissive state for this to
occur. Pilot solenoid output will cease if there is a failure to light within five seconds. "FF" will appear and blink on the
display indicating "Flame Fail". The CSC400 controller will attempt to light the pilot two more additional tries before locking
out, even when using a single try ignition module. If the Flame Fail status persists after three tries, this condition can be reset
either by the local Stop/Start buttons, the Remote Start/Stop switch terminals, or via Modbus Remote Stop/Start command.
Main solenoid valve outputs will be turned on 10 seconds minimum after it is confirmed that the pilot has been lit (adjustable
up to 120s). The Intermittent/Continuous Pilot Menu setting selects the behavior of the controller once all solenoids are
opened.

In Pilotless/Intermittent pilot mode (1), once the measured temperature on thermocouple 1 reaches the TC1 setpoint
temperature (but TC2 temp is still below the TC2 setpoint), all solenoid valves will be turned off.

In Continuous pilot mode (C), once the measured temperature on thermocouple 1 reaches the TC1 setpoint temperature (but
TC2 temperature is still below the TC2 setpoint), only the T/Main solenoid valve is turned off. The Pilot and Main solenoid
outputs will remain on as long as all shutdowns and POC remain permissive.

When Flame lonization mode is selected, thermocouple 2 is used as a "high-temp" shutdown safety control for both
Intermittent and Continuous modes. All solenoid outputs and the ignition module will be turned off if the measured
temperature on thermocouple 2 is above the TC2 setpoint. An option to use thermocouple 3 as an auxiliary high-temp
shutdown is available as well.

The CSC400 has a hardware revision of 1D and firmware version 00.02.09 (minimum). The menus in this version of the
manual show firmware version 00.02.56.

THIS EQUIPMENT IS SUITABLE FOR USE IN CLASS1 DIVISION 2, GROUPS
A,B,C & D OR NON-HAZARDOUS LOCATIONS ONLY

WARNING - EXPLOSION HAZARD - SUBSTITUTION OF COMPONENTS MAY
IMPAIR THE SUITABILITY FOR CLASS 1 DIVISION 2

WARNING: EXPOSURE TO SOME CHEMICALS MAY DEGRADE THE SEALING
PROPERTIES OF MATERIALS USED IN THE FOLLOWING DEVICES:

Twelve-position DIP switch S1
Four-position, half-pitch DIP switch SW8
Eight-position DIP switch SW2




Quickstart Installation Procedure - CSC400 Combustion Safety Controller

with Combustion Safety Controller Installation.

The Quickstart Installation Instructions assumes the user has some familiarity

Figure 1 — CSC400 Controller Main Board, Top View
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# | Name Category Description
1 Display Headers Display OLED Display: 16-pin header connector that the CSC400 display flex cable
connects to.
VFD Display: 14-pin header
There are also two vertical headers (5-pin/6-pin) for alternate cabling for the
displays.
2 | Control Processor | Programming Programming header (factory use only) for reprogramming the onboard
Programming Control microcontroller.
Header
3 | Communications | Programming Programming header (factory use only) for reprogramming the onboard
Processor Communications microcontroller (Ethernet & USB functionality only. RS485
Programming Modbus communications is performed by the Control microcontroller).
Header
5 DIP Switches Inputs/Control DIP switches for user options configuration (see "DIP Switch Option
Settings" section on page 53).
6 | "AUX1 Relay" & | Control "AUX1 Relay" & "AUX2 Relay" outputs are present to allow users to control
"AUX2 Relay" external valves, switches, or other controls based on the TC1/2/3
Output (dry measurements. Each relay contact can be controlled by any of the three
contacts, solid thermocouples.
state, 120mA max - AUX1/2 Relays: "NC" and "COM" are connected together if TC
for each) measurement is lower than the selected setpoint.
The thermocouple used for the "AUX1 Relay" and "AUX2 Relay" (and the
mode) can be changed using the menu system on the front panel of the
CSC400. See the section titled: "AUX1 Relay & AUX2 Relay Outputs” on
page 16.
7, | Expansion Expansion Locations for future expansion modules.
8 | Module Locations
9 | Spare Fuses Power Spare 6.3A fuses for field servicing.
10 | Keypad / Overlay | Inputs/Control 5-pin Header connector that the flex cable from the Keypad overlay on the
Header front panel connects to.
The CSC400 will shut off all ignitor outputs and solenoid valves if the overlay
is unplugged.
12 | Modbus DIP Modbus/RS485 | DIP switches for selecting termination options for the Modbus/RS485
Switch communications cable
13 | Modbus Modbus/RS485 | Terminals for connecting a Modbus/RS485 communications cable. CSC400 is
Terminals a Modbus RTU slave in a 8N1, 9600 baud default configuration.
14 | Thermocouple 1 Inputs/Control Thermocouple 1 input terminal connections. Ensure proper polarity for
correct operation. Use ungrounded thermocouples.
15 | Thermocouple 2 Inputs/Control Thermocouple 2 input terminal connections. Ensure proper polarity for
correct operation. Use ungrounded thermocouples.
16 | Thermocouple 3 Inputs/Control Thermocouple 3 input terminal connections. Ensure proper polarity for
(optional) correct operation. Use ungrounded thermocouples.
17 | 4-20mA (or 1V- Inputs/Control Terminals for connecting a 4-20mA (or 1V-5V) transmitter indicating a Level
5V) Level Input input for controlling CSC400 shutdown or for process measurement.
Complete configuration of this input is provided using the menu system (See
4-20mA Input Level / Pressure (1 / 2) Menu Options
on page 38).
18 | 4-20mA (or 1V- Inputs/Control Terminals for connecting a 4-20mA (or 1V-5V) transmitter indicating a
5V) Pressure Pressure input for controlling CSC400 shutdown or for process measurement.
Input Complete configuration of this input is provided using the menu system (See
4-20mA Input Level / Pressure (1 / 2) Menu Options
on page 38).
19 | 4-20mA Output 1 | Output Status The 4-20mA output generates a current output relative to the measured

temperature on either TC1, TC2, or TC3 (selectable via the menu system).
This output can be configured as either a direct temperature conversion, a
proportional valve output, or it can output either 4-20mA Input reading
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(emulating a "splitter" mode).
20 | 4-20mA Output 2 | Output Status The 4-20mA output generates a current output relative to the measured
temperature on either TC1, TC2, or TC3 (selectable via the menu system).
This output can be configured as either a direct temperature conversion, a
proportional valve output, or it can output either 4-20mA Input reading
(emulating a "splitter" mode).
21 | Proof of Closure Inputs/Control Proof of Closure input terminal connections
22 | Remote Start/Stop | Inputs/Control Remote Start/Stop input terminal connections
23 | High Gas Inputs/Control High Gas Shutdown input terminal connections
Shutdown
24 | Low Gas Inputs/Control Low Gas Shutdown input terminal connections
Shutdown
25 | Level Shutdown Inputs/Control Level Shutdown input terminal connections
26 | Auxiliary Inputs/Control Auxiliary Shutdown 1 input terminal connections
Shutdown 1
27 | Auxiliary Inputs/Control Auxiliary Shutdown 2 input terminal connections
Shutdown 2
28 | Alarm Status Alarm (Dry Alarm Status output terminal connections
Contacts)
29 | Main Power Input | Power Main 12-24VDC input terminal connections
Terminals
30 | Ground Terminals | Power Extra earth ground terminal connections to assist in providing stable ground
connections for solenoids, ignition modules, or other hardware
31 | Ignition Module Hardware The Ignition Module Mounting Location indicates the area where the ACL
Mounting Ignition Module may be installed.
Location
33 | "To Igniter 2" Control ACL Ignition Module 2 input terminal connections: "P"ower, "A"larm,
Ignition Module "V"alve, Ground.
Terminals "IGN2" can be enabled or disabled using the menu system.
34 | Solenoid Relay Output Terminals used for controlling power delivery to the solenoid valves for
Terminals for Solenoids: IGN2 | Ignitor 2.
IGN2
35 | IGN2P/M & Power Main 6.3A Input Fuse for Control Electronics & "IGN2" Pilot and Main
Main Fuse Solenoids.
36 | TMain 1/2 Fuse Power Input 6.3A Fuse for TMain Solenoids for "IGN1" and "IGN2".
37 | IGN1P/M & Power Input 6.3A Fuse for "IGN1" Pilot and Main Solenoids.
Main Fuse
38 | "To Igniter 1" Control ACL Ignition Module 1 input terminal connections: "P"ower, "A"larm,
Ignition Module "V"alve, Ground.
Terminals "IGN1" can be enabled or disabled using the menu system.
39 | Solenoid Relay Output Terminals used for controlling power delivery to the solenoid valves for
Terminals for Solenoids: IGN1 | Ignitor 1.
IGN1




Input and Control Connections

Refer to the below diagram when reading the Input and Control Connections section.

Figure 2 - CSC400 Input and Control Connections

BICIOIOISIBICICIGIGIOICIOICION®

Z RS485A +|1 © NC |39 oo
g RS485B —|2 Ol 2z |AUX 1 |ooml 40 o
% 1solated GND_|3| [ of B IRELAY 1Tl | o
T 1 + Yelow | 4 2liaw e |42 Jo o
11— rea|s| | o] [AX2 |euled [T @
T/C 2 + Yelow | 6 @ RELAY NO |44 1%}
T/C 2 — Red | 7 %]
T/C 3 + Yelow | 8 @
4-20mA I
T/C 3 - Red | 9 Q|oFE & nputs
4-20mA 12/24V Out +|10] 72 o it S
4—20mA Level Input (1) —|11 2] o i
4-20mA 12/24V Out +|12 O |l m b + 2450
4-20mA Pres. nput (2)—|13 )] o i e it
4-20mA  (mA Out) +H14] 1B Of ™ (3o, B me nting
ouput 1 () @y —|1s| | of & [3 3 & B
4—-20mA (mA Out)+ 16 %) Short On: 0 ohms 1n-line
Output 2 (I/P) (6ND) —|17 %
Proof of 18 ©
Closure 19 @
Remote 20 %
startstop ) || |- o
High Gas 22 %)
(Pressure) S/D 23 %)
Low Gas 24| @
(Pressure) S/D 25 %
Level 26| @
S/D 27 %)
Auxiliary 28 ©
S/PD1 29 1)
Auxiliary 30 %
S/D 2 31 @
ALARM NC 32 1@ @
com| 33 o
STATUS No |34l o
MALN - + |35 ]
INPUT \1f2D—024\!fN — |34 %)
POWER
@ BONDING [T 37 ©
GND 38| o

10



The following inputs directly control 12VDC power output to the ignition modules and must be connected to dry contacts:

Input and Control Connections Voltage on Control Inputs Output and Control Connections
Requiring Dry Contacts That Are Dry Contacts
Proof Of Closure 12vDC
Remote Start/Stop 12vDC
High Gas (Pres) Shutdown 12vDC
Low Gas (Pres) Shutdown 12vDC
Level Shutdown 12vDC
Auxiliary Shutdown 1 12vDC
Auxiliary Shutdown 2 12vDC
N/A AUX1 Relay
N/A AUX2 Relay
Alarm Status N/A Alarm Status

Interruption or disconnection of the Remote Start/Stop or Shutdown inputs will turn off or prevent power delivered to the ACL
ignition module and turn off power to all solenoids with the exception of the Proof of Closure input. The Proof of Closure
input will only interrupt power going to the ignition module if power has not been turned on already to the ignition module. If
the system is already running, the Proof of Closure input is allowed to open during operation.

Figure 3 - Shutdown and Ignition Module(s) Power Flow Diagram

CSC400 Controller Power Flow Diagram
“P"ower Output to
Ignition Module 1

. High Gas i
Auxiliary 2 Level (if enabled)
S/D Input S/D Input }E;ﬁts') S/o Proof of —
Low Gas Closure “P"ower Output to
Auxiliary 1 (Pres.) SID Remote  Switch Ignition Module 2
S/D Input Input Start/Stop  Input (if enabled)
1 1 1 1 1 1 1 —
12vDC
1, LI QL] RIQ) (@] (PIQ] (@@l (@) @ @
Stop Relay | _fHigh-Temp | I I I Il I | |—‘ I
(Solid State) (Rse(lﬁg State) Low-Temp | |POC Ignitor 1 ||
Relay (TC1) | |Relay Output Relay
Thermocouple 2 (Solid State)
Controlled
High-Temp Relay Ignitor 2
QOutput Relay
(Solid State)

Main Power Input

The ACL CSC400 Combustion Safety Controller operates on an input voltage range between 10 and 30 Volts DC. Typical
input voltages are 12VDC and 24VDC. Whatever input voltage is delivered to the CSC400 on the Main Power Input terminals
is the same voltage delivered to the solenoid outputs. Solenoids attached to the three solenoid outputs on the CSC400 (Pilot,
Main, T/Main) need to have matching control voltages (Eg. all 12VDC or all 24VDC).

Although the CSC400 will operate with input voltages as low as 10VDC, some larger solenoid valves may not operate on such
a low voltage. For this reason, try to maintain the input voltage as close to (or slightly higher than) the required voltage for the
desired solenoids.

The Main Power Input terminals are:

Terminal Number Description Typical Input Values Allowable Input Range
35 VDCIN + (positive) 12VvDC or 24VDC 10 VDC (min) - 30 VDC
(max)
36 VDCIN - (negative) 0V (GND) 0V (GND)
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The VDCIN - (negative) terminal is connected to ground internally on the CSC400 printed circuit board.

The Main power inputs (VDCIN + and VDCIN -) are protected against reverse polarity. The CSC400 will not operate if the
Main Power Input wires are reversed and it will not cause damage to the CSC400 electronics.

Bonding Ground Inputs

Extra system bonding ground terminal connections are provided.

Terminal Number Description Typical Input Values Allowable Input Range
37 Ground 0V (GND) 0V (GND)
38 Ground 0V (GND) 0V (GND)

@ Thermocouple 1, 2, and 3 Inputs (" T/C1", ""T/C2", ""T/C 3")

The CSC400 controller accepts three type-K (ungrounded) thermocouples. They are clearly marked on the board for each
thermocouple and polarity (See wiring diagram "Figure 8 - CSC400 Wiring Diagram™ on page 23).

Terminal Description Temperature Range | Optional? Thermocouple Purpose
Number
4 T/C 1 Yellow + | -60°C to 1200°C TC1: No Process temperature measurements
5 T/C1Red- (-76°F to 2192°F) and solenoid control
6 T/C 2 Yellow + | -60°C to 1200°C TC2: Yes, but is High-temperature shutdown for IGN1
7 T/C 2 Red - (-76°F to 2192°F) recommended for use as | and IGN2
High Temp shutdown
8 T/C 3 Yellow + | -60°C to 1200°C TC3: Yes May be used for process temperature
9 T/C 3Red - (-76°F to 2192°F) measurements, 4-20 Output control, or
as an auxiliary high-temp shutdown

The temperature range for each thermocouple is -60°C to 1200°C (-76°F to 2192°F).

@ 4-20mA Level / Pressure / Temperature Inputs

The 4-20mA input terminals provide a powered 4mA to 20mA (or 1V to 5V) converter that reads a current (or voltage) input
from an external transmitter. The 4-20mA Inputs can be configured to simply provide a scaled measurement of the external
transmitter, or they can be configured to shutdown the burners if either 4-20mA input reads a value above the High Trip-point,
or below the Low Trip-point. An "Alarm only" or "Shutdown on Alarm" option is provided for each input ("SD on Alarm
Yes/No") in case the user wishes to alarm but not shut down the burners on a Low and/or High reading. The 4-20mA Inputs
may also be used with 4-20mA transmitters for setpoint control of either or both burner outputs. An OR-ing scheme is used if
both 4-20mA Inputs use setpoint control on the same burner.  See the ""4-20mA Input Connection Notes for Rev 1D
CSC400 Boards' section for additional details in wiring these connections.

4-20 Input | Terminal | Description Output Source for 4-20mA | Allowable Input Range
Number Inputs
Level 10 12/24VvDC Output "+" 12 or 24VDC
Level 11 4-20mA Level Input (1) "-" 4 -20mA, 1V -5V
Pressure 12 12/24VvDC Output "+" 12 or 24VDC
Pressure 13 4-20mA Pressure Input (2) "-" 4 -20mA, 1V -5V
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4-20mA Outputs 1 and 2

The 4-20mA output terminals provide an internally-powered 4mA to 20mA converter that generates a current output
proportional to the measured temperature on either TC1, TC2, or TC3 (selectable via the menu system). An option in the menu
system allows users to select the output mode: either a direct current output directly proportional to temperature, a proportional
valve output that slowly controls an external 4-20mA valve around the selected setpoint temperature (plus or minus 5 degrees
window), or it can output either of the 4-20mA Input readings (emulating a "splitter" mode). The "splitter" mode allows for
this output to re-broadcast one of the 4-20mA Input readings to an external PLC. See the ""'4-20mA Output Connection
Notes for Rev 1D CSC400 boards' section for additional details in wiring these connections.

Notes:
- An output of 3.5mA means there's an error. This could mean that the selected thermocouple for the 4-20mA Output is
disabled.
4-20 Output Terminal Number Description
1 14 4-20mA Output 1 (mA Out) +
1 15 4-20mA Output 1 (TX) (GND) -
2 16 4-20mA Output 2 (mA Out) +
2 17 4-20mA Output 2 (1/P) (GND) -

@ Proof of Closure Input

The Proof of Closure Input terminals are used when a proof of closure safety shutdown valve is used in a system. If the POC
switch is open, it prevents power from being delivered to the ignition module. This safety feature eliminates the risk of
igniting a burner if the POC valve is partially open and the proof of closure switch indicates open. This is also a failsafe input
as it will not allow ignition to initiate if a wire is broken or disconnected.

These terminals must be wired to dry contacts of a remote Proof of Closure switch when used. A wire jumper must remain
across the Proof of Closure terminals when not in use.

The CSC400 LED display will flash "POC" when the Proof of Closure input is open.

Terminal Number Description Allowable Input Range
18 Proof of Closure None: use dry contacts
19 Proof of Closure None: use dry contacts

@ Remote Start/Stop Input

The Remote Start/Stop input allows the user to hard wire a remote switch or relay for controlling the CSC400. These terminals
must be wired to dry contacts of a remote switch or relay when used. The Remote Start/Stop switch turns on and off the power
delivered to the ignition modules as long as all other shutdowns and Proof of Closure inputs are closed and temperature values
for TC1 & TC2 (if enabled) thermocouples are within the allowable range. A wire jumper must remain across the Remote
Start/Stop terminals when not in use.

The CSC400 must have been started already for the Remote Start/Stop Input to function. The CSC400 is started by pressing
the Start button locally, or by receiving a Modbus Remote Start command.

The CSC400 LED display will show "RemStop"” when the Remote Start/Stop input is open.

Terminal Number Description Allowable Input Range
20 Remote Start/Stop None: use dry contacts
21 Remote Start/Stop None: use dry contacts
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Shutdown Inputs: High Gas, Low Gas, Level, Auxiliary 1 /2

Opening of any switch attached to the Shutdown inputs will shut off the ignition module and de-energize all six valve outputs
(Pilot, Main, TMain for IGN1 and IGN2). If the S/D Latch menu option for any shutdown is in "Unlatched S/D" mode, the
CSC400 will attempt to restart ignition (on enabled ignitors) when any switch attached to the Shutdown inputs clears. If the
S/D Latch menu option is in "Latched S/D" mode for a selected shutdown, this set of shutdown terminals will prevent the
system from automatically restarting after it detects any interruption in continuity on these input terminals. If a latched
shutdown trips, then resets itself, the CSC400 will detect this, prevent the system from automatically restarting, and alert the
user on the LED display (and via Modbus) as to which shutdown caused the latch out.

@ High Gas, Low Gas (Pressure) Shutdown Input

The High Gas and Low Gas (Pressure) Shutdown inputs allow the user to hard wire a remote switch or relay for controlling the
CSC400. These terminals must be wired to dry contacts of remote gas pressure switchs or relays when used. The High/Low
Gas switch turns on and off the power delivered to the ignition module as long as all other shutdowns and Proof of Closure
inputs are closed and temperature values for TC1 & TC2 (if enabled) thermocouples are within the allowable range. A wire
jumper must remain across the High Gas Shutdown terminals when not in use. A wire jJumper must remain across the Low Gas
Shutdown terminals when not in use.

The CSC400 LED display will show "High Gas" when the High Gas Shutdown input is open.
The CSC400 LED display will show "Low Gas" when the Low Gas Shutdown input is open.

Terminal Number Description Allowable Input Range
22 High Gas Shutdown None: use dry contacts
23 High Gas Shutdown None: use dry contacts
24 Low Gas Shutdown None: use dry contacts
25 Low Gas Shutdown None: use dry contacts

@ Level Shutdown Input

The Level Shutdown switch input allows the user to hard wire a remote level switch or relay for controlling the CSC400.
These terminals must be wired to dry contacts of a remote level switch (or pressure or auxiliary switch) or relay when used. If
more than one shutdown switch is used, they must be wired in series. The Level Shutdown switch controls the power delivered
to the ignition module as long as all other shutdowns and Proof of Closure inputs are closed and temperature values for both
thermocouples are within the allowable range. A wire jumper must remain across the Level Shutdown terminals when not in
use.

The CSC400 LED display will show "Level" when the Level Shutdown input is open.

Terminal Number Description Allowable Input Range
26 Level Shutdown None: use dry contacts
27 Level Shutdown None: use dry contacts

@ Auxiliary Shutdown 1/2 Inputs

The Auxiliary Shutdown inputs allow the user to hard wire a remote switch or relay for controlling the CSC400. These
terminals must be wired to dry contacts of a remote switch (pressure or auxiliary) or relay when used. If more than one
shutdown switch is used, they must be wired in series. The Shutdown switch turns on and off the power delivered to the
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ignition module as long as all other shutdowns and Proof of Closure inputs are closed and temperature values for both
thermocouples are within the allowable range. A wire jumper must remain across the Shutdown terminals when not in use.

The CSC400 LED display will show "Aux 1" when the Auxiliary Shutdown 1 input is open.
The CSC400 LED display will show "Aux 2" when the Auxiliary Shutdown 2 input is open.

Terminal Number Description Allowable Input Range
28 Auxiliary Shutdown 1 None: use dry contacts
29 Auxiliary Shutdown 1 None: use dry contacts
30 Auxiliary Shutdown 2 None: use dry contacts
31 Auxiliary Shutdown 2 None: use dry contacts

Alarm Status Output

The Alarm Status output provides remote indication of an Alarm condition on the CSC400. When power to the CSC400 is off,
the Alarm Status contacts are open between "NO" and "COM" and closed between "NC" and "COM", indicating an Alarm
condition. The contacts are also in an Alarm condition when the CSC400 is in a shutdown state. Eg: a Shutdown switch or the
Remote Start/Stop switch is open. This provides a complete fail-safe indicator to a remote control center of the status of the
CSC400 controller.

Terminal Number Description Max Contact Rating
32 Alarm Status "NC" Load current: 120mA;ms / mApc
Voltage: 30VDC, 30Vp(AC)
33 Alarm Status "COM" Load current: 120mA;ms / mApc
Voltage: 30VDC, 30Vp(AC)
34 Alarm Status "NO" Load current: 120mA;ms / mApc
Voltage: 30VDC, 30Vp(AC)

# Possible Alarm Conditions

Power is off

Overlay unplugged

Remote Start/Stop switch is open

High Temperature shutdown (Thermocouple 2)

High-Temp Latch condition

Shutdown switch is open (High Gas, Low Gas, Level, Aux 1, Aux 2)
Proof of Closure valve is open

Shutdown Latch condition (High Temp, High Gas, Low Gas, Level, Aux 1, Aux 2,
4-20mA Input)

9 Power Fail Latch condition

10 Short detected on solenoid valve output terminals

11 4-20mA Input Lo/Hi Shutdown enabled

12 Modbus Stop command received

13 Flame Fail (Alarm signal from ACL Ignition Module)

14 | Thermocouple 1 (TC1) fault/open

15 Thermocouple 2 (TC2) fault/open (if enabled)

16 Thermocouple 3 (TC3) fault/open (if enabled)

O IN|O|OB|WIN|F-
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@ AUX1 Relay & AUX2 Relay Outputs

The AUX1 & AUX2 Relays (solid state) are present to allow users to control external valves, switches, or other controls based
on thermocouple measurements or other current conditions. Both of the AUX1/AUX2 Relays are configurable to be controlled
by any of the three thermocouple's setpoints (TC1, TC2, or TC3), a custom temperature, to switch upon Flame Fail on either
ignitor, to reflect a TMain solenoid (TMain Mirror), to be on during a Purge cycle, or via Modbus control. AUX1/AUX2
Relays are turned off ("NC" is connected to "COM") when the CSC400 system is off. If a thermocouple is enabled via the
menu system, it needs to be attached to a Type-K thermocouple to operate properly. The LED Display will indicate an alarm
and the system will be turned off if there is an open fault detected with the thermocouple (if enabled).

Example: TC1 Ignitor 1 setpoint controls the dry contact AUX1 Relay switching. "NC" is connected (shorted) to "COM" if the
TC1 measurement is lower than the TC1 IGN1 setpoint temperature. "NO" is connected (shorted) to "COM" if the TC1
measurement is higher than the TC1 IGN1 setpoint temperature.

Name Terminal | Terminal Name Mode | AUX1/2 Relay Operational Description (using TC1 and
Number TC3 setpoints as examples)
AUX1 Relay 39 NC - Normally All "NC" is connected (shorted) to "COM" if TC1 IGN1
Closed measurement is lower than the TC1 IGN1 setpoint
temperature
AUX1 Relay 40 COM - Common All Common connection in both AUX1 Relay switched states
AUX1 Relay 41 NO - Normally All "NO" is connected (shorted) to "COM" if TC1
Open IGN1measurement is higher than the TC1 IGN1 setpoint
temperature
AUX2 Relay 42 NC - Normally All "NC" is connected (shorted) to "COM" if TC3
Closed measurement is lower than the TC3 setpoint temperature
AUX2 Relay 43 COM - Common All Common connection in both AUX2 Relay switched states
AUX2 Relay 44 NO - Normally All "NO" is connected (shorted) to "COM" if TC3
Open measurement is higher than the TC3 setpoint temperature

Note:  Both of the AUX1/2 Relays are configurable to be controlled by any of the three thermocouples: TC1, TC2, or
TC3 and may also have a custom setpoint temperature set as its switching point. Either relay may also be
configured to switch upon Flame Fail on either Ignitor or upon Modbus command, or other options. Both AUX
relays will turn off (connecting NC to COM) upon a shutdown.

@ Modbus / RS485 Communication Connections

The three Modbus/RS485 terminals are used for connecting the CSC400 Controller to a Modbus communications channel. The
CSC400 Controller is a Modbus Slave Device that implements the Modbus RTU protocol on an RS-485, half-duplex, physical
connection. The default Modbus communication parameters are 9600 baud, 8 data bits, no parity bits, one stop bit (“8N1”),
Modbus Slave ID (Modbus address) 2.

The RS485 signal naming convention used in this document and by many RS485 transceiver vendors is reversed from what the
EIA/TIA-485 specification states:

CSC400 Modbus/RS485 EIA/TIA-485 Modbus Description
Documentation Naming Convention | Specification
Name
A (“RS485 A +”or"DO A+") | B D1 Non-Inverting, Transceiver
Terminal 1, V1 voltage (V1 > V0
for binary 1 (OFF) state
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B (“RS485B-"or "D1B-") | A DO Inverting, Transceiver Terminal
0, VO voltage (VO > V1 for binary
0 (ON) state

Isolated GND (or common C Common Signal and Optional Power

GND) Supply common ground

Due to the potential for large amounts of noise on the Modbus communication cable, the “Isolated Ground” terminal is
connected to earth ground on the CSC400 board to improve noise immunity.

Refer to the "Modbus/RS-485 Cable Connections — Field Installations™ section on page 39
or the document "CSC400_Modbus_Installation_Manual.pdf* for more details on additional
Modbus registers, programming, testing, and troubleshooting.

@ Ignition Module 1 and 2 Inputs & Outputs

The four terminals marked as "To Igniter 1" on the main circuit board need to be wired directly to the ACL Ignition Module if
Ignitor 1 is enabled in the menu system. The four terminals marked as "To Igniter 2" on the main circuit board need to be
wired directly to the ACL Ignition Module if Ignitor 2 is enabled in the menu system. This provides two-way communication
between the CSC400 and the ignition module(s), creating a complete combustion safety control and burner ignition system.
(See wiring diagram).

As shown in the Ignition Module Power Flow Diagram above, the "P"ower outputs to the ignition modules can be interrupted
by eleven methods (shutdowns, on/off switches, temperature relays, solid-state control relays).

Due to the fact that the two ignitors are independently controlled, a disabled ignitor does not need to have a jumper installed
between the "P™" and "V" terminals to ensure that the enabled ignitor still works.

All of the below signals need to be attached between the CSC400 and Ignition Module 1 for the burner system to work
properly when Ignitor 1 is enabled. The Pilot GND signal is used to connect the ground wire attached to the Pilot assembly
ground lug to the ground of the CSC400.

"IGN 1" Designation | Description Ignition Module Direction
Terminal Wiring Harness
Number Color
58 P Power (12VDC) Red Power output to Ignition
Module
59 A Alarm Blue Input signal from Ignition
Module (12VDC level)
60 \% Valve Brown Input signal from Ignition
Module (12VDC level)
61 GND Ground Yellow Ground
62 Pilot GND Ground to Pilot N/A Ground
Ground lug
connection

All of the below signals need to be attached between the CSC400 and Ignition Module 2 for the burner system to work
properly when Ignitor 2 is enabled. The Pilot GND signal is used to connect the ground wire attached to the Pilot assembly
groung lug to the ground of the CSC400.
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"IGN 2" Designation | Description Ignition Module Direction
Terminal Wiring Harness
Number Color
47 P Power (12VDC) Red Power output to Ignition
Module
48 A Alarm Blue Input signal from Ignition
Module (12VDC level)
49 \% Valve Brown Input signal from Ignition
Module (12VDC level)
50 GND Ground Yellow Ground
51 Pilot GND Ground to Pilot N/A Ground
Ground lug
connection
Solenoid Output Connections, Ignitor 1 and 2
+|(52 oo +|63 ao
TMain TMain
M —|53 Q@ M —|64 ) Q
Main +54| 10 @ Main +|65| 10 ©
—|(55 %) —|66 Q@
+ +
piot 2| | @ piot 1167 |* @
—|57 %] —|68 %)

The solenoid output connections are designed for driving external solenoid valves. Each output is rated for a maximum of 3A
of steady-state current output. The main input voltage (either 12VDC or 24VDC) is fused and then directed through solid-state
relays which controls this voltage output to each solenoid terminal. The solid-state relays are able to detect direct shorts and
elevated current levels on solenoid outputs and shut down the affected solenoid outputs.

Note: All solenoid outputs can be configured to use separate Low Power Solenoid settings. Therefore, the setting for each
solenoid output must be verified to work with the attached solenoid. Larger solenoids with higher power requirements will
need to be set to a higher setting (40% or 50%) to remain open when desired. Smaller solenoids (Pilot valves) should be able
to work on a setting down to 10% - 20%. A lower solenoid driver setting means more power savings.

The solenoid output connections are matched with their corresponding Ignition module, as shown in the following table:

"IGN 1" Solenoid Ignitor Designation | Solenoid Output Description
Terminal Number Block
63 IGN 1 T/Main + Temperature Main +
64 IGN 1 T/Main - Temperature Main - (GND)
65 IGN 1 Main + Main +
66 IGN 1 Main - Main - (GND)
67 IGN 1 Pilot + Pilot +
68 IGN 1 Pilot - Pilot - (GND)
"IGN 2" Solenoid Ignitor Designation | Description
Terminal Number Block
52 IGN 2 T/Main + Temperature Main +
53 IGN 2 T/Main - Temperature Main - (GND)
54 IGN 2 Main + Main +
55 IGN 2 Main - Main - (GND)
56 IGN 2 Pilot + Pilot +
57 IGN 2 Pilot - Pilot - (GND)
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Pilot Solenoid

The Pilot Solenoid terminals provide power to the Pilot Solenoid valve. The Pilot valve allows gas to flow through the pilot
valve train for initial ignition and flame sensing. During normal operation, the CSC400 turns on the pilot solenoid first while
attempting to light the pilot flame via the ignition module. The pilot's flame needs to be stable before the Main and T/Main
solenoid outputs are turned on.

This output has a low power solenoid feature provided by an onboard solenoid driver circuit. This circuit can reduce power
consumption of the solenoids by as much as 80%. This circuit also helps eliminate any noise that may be produced by some
solenoids, and helps extend the life of the solenoids.

For more information on the Low Power Solenoid Driver, see the Low Power Solenoid Drivers section on page 19.

Main Solenoid

The Main Solenoid terminals provide power to the Main Solenoid valve. Power to these terminals is present a minimum of 10
seconds (adjustable to 120s max) after the pilot's flame is detected and the shutdowns are satisfied.

The Main Solenoid output also has the same low power solenoid feature provided by an onboard solenoid driver circuit. For
more information on the Low Power Solenoid Driver, see the Low Power Solenoid Drivers section on page 19.

T/Main Solenoid (Process Temperature Control Valve)

The Temperature Main ("T/Main" or "TMain") Solenoid terminals provide power to the T/Main solenoid valve for process
temperature control. Power to these terminals is present a minimum of 10 seconds (adjustable to 120s max) after the pilot's
flame is detected and the shutdowns are satisfied. The T/Main solenoid valve is also controlled by the measured temperature
on Thermocouple 1 (TC1). This allows for individual temperature control of one of the main solenoids (T/Main), eliminating
unnecessary stroking of the main safety shutdown valves to control main gas to the burner.

The T/Main Solenoid output also has the same low power solenoid feature provided by an onboard solenoid driver circuit. For
more information on the Low Power Solenoid Driver, see the Low Power Solenoid Drivers section on page 19.

Low Power Solenoid Drivers

The Low Power Solenoid Drivers are individual control circuits added to each solenoid output that saves power drawn by the
solenoid by altering the cycle time power is delivered to the solenoid once it is driven fully on. Larger solenoids require more
power to keep them open, therefore needing a larger cycle time (eg: 40%). The cycle time percentage is shown in the Solenoid
Drivers menu section: 100% means the solenoid is driven without any power savings, 10% cycle time means that the maximum
power savings for the selected solenoid is utilized. The setting for each solenoid output must be verified to work with the
attached solenoid.
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CSC400 Front Panel Buttons and LED Display

The CSC400 Controller provides a simple status and control interface to the user on the overlay mounted on the outside of the
CSC400's box. A 4-line, 20-character LED display provide temperature status, 4-20mA input levels, and shutdown status and
feedback while six membrane push buttons provide control for setting temperature setpoints, selecting menu options, and
configuring the CSC400.

After configuring options and setting the setpoints, pressing the Menu key will go back to the Main Screen of the display,
showing the actual thermocouple temperature readings. The measured temperatures and the setpoint displayed are
configurable in the menu settings but the default settings show a typical profile: TC1 and TC2 displayed with setpoints and
IGN1 enabled with IGN1's solenoid output status.

The display will show "Disab™ when thermocouples are not enabled through the menu system.

The display will show "OPEN" if the thermocouples are not connected or if they have failed in an open condition.

Figure 4 - CSC400 Controller Front Panel Overlay

T Fhel  Set ZEED

@ TCE SE el Set BEEE D
1

@ OFF 1:0OFF 2: 0OFF @
Menu Select T l

START
# Overlay Button/ | Mode Description
Display
OLED Display: All The LED display shows the temperature for thermocouples 1, 2, and 3,
4-Lines, 20 any selected 4-20mA input levels, and provides a variety of shutdown
characters per line and solenoid status messages to the user.
The information displayed per line is user configurable. For example, any
of three thermocouples can be displayed, solenoid status of either Ignitor,
and 4-20mA input values.
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Shutdown Status
Area

All

The Shutdown Status Area shows the current state of the CSC400:
"OFF", "ON" (blank), or whether a Shutdown (first-out) is active
(flashing).

Ignitor 1 & 2
Status Area

All

Ignitor 1 & 2 Status Area shows the state of each Ignitor (if enabled):
"ON", "OFF", or "FF" (flame fail). If an Ignitor is disabled, it will not be
displayed.

Menu

All

The Menu button is used in two ways:

1) To show the Top Menu when the Main Screen is displayed

2) To "back up" by one menu each time it is pressed to a parent menu,
eventually getting back to the Main Screen

Select

All

The Select button is used in the menu system to either select an option to
modify, or to select a sub-menu to branch to.

A "selected" option will show a blinking cursor: ">" alternating with .

All

The Up button is used for incrementing values (ie: temperature setpoints)
and moving up the list in the currently displayed menu. Hold the button
down to increase values by larger increments. Release button when
desired value is reached.

D] ®

All

The Down button is used for decrementing values (ie: temperature
setpoints) and moving down the list in the currently displayed menu.
Hold the button down to decrease values by larger increments. Release
button when desired value is reached.

All

Pressing the Stop Button will cause the system to stop: power to ignitor
outputs and shutdowns will be shutoff. Valve solenoid power outputs
will be turned off. Pressing the Stop button will also clear any shutdown
and shutdown latch indicators present on the LED display.

Other methods of shutting off the system include:

- Remote Start/Stop in the Stop position (open contacts). Note: 12VDC
power will remain on the shutdown terminals if only the Remote
Start/Stop is opened

- Modbus Remote Stop command

- Shutdown terminals (system will restart automatically if SD terminals
close again and the SD Latch menu option is disabled for the selected
shutdown)

o

All

Pressing the Start button will cause the system to start

Pressing the Start button will also clear any shutdown indicators present
on the LED display.

Other methods of turning on the system include:

- Remote Start/Stop toggled Off, then On again (open contacts, then
close contacts again)

- Modbus Remote Start command

The main Stop/Reset switch acts as a reset to clear any latched shut downs that have tripped and been detected by the CSC400.
A shutdown configured as a latched shutdown prevents the system from automatically restarting after it detects any
interruption in continuity on the input terminals for the selected shutdown. If a latched shutdown trips, then resets itself, the
CSC400 will detect this, prevent the system from automatically restarting, and alert the user on the LED display (and via
Modbus) as to which shutdown caused the latch out.
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Adjusting Temperature Setpoints and Deadbands

From the Main Screen (shown below in Figure 5), press the Menu button. The Top Menu will be displayed, seen in Figure 6.

Figure 5 - Main Temperature Display Screen (Example)

TC1 25°C  Set 388°C
TCZ2 CE-C Set EQA-C

1 PLOFF MIOFF T:iOFF
OFF 1:0FF 20 0FF

Figure 6 - CSC400 Top Menu

*Confisuration
Line DisrFlag Confia
Temr Setroints
IGH1 Timer Wiew-5et

Move the cursor (">") to the "Temp Setpoints™ line using the Down button and then press the Select button. The Temperature
Setpoints menu will be displayed, showing the setpoints for all three thermocouples (even if they're disabled) as well as their
deadband settings.

Figure 7 - Temperature Setpoints Menu

Temr Setroints
*TC1 Set 388c°C

TCZ2 Set E@H-C
TC3 Set 4986 -°C

Use the Up and Down buttons to select the desired thermocouple setpoint (or deadband) you wish to change and then press the

Select button. The cursor will blink ">" alternating with "l to indicate the current thermocouple's setpoint is now in Edit
mode. Use the Up and Down buttons to modify the temperature setpoint of the selected thermocouple to the new desired
value, and then press the Select button again to exit Edit mode.

Press the Menu button twice to return to the Main Screen.

22



Wiring Diagrams - FI (Flame lonization)

The following diagram shows the wiring connections for the CSC400 Combustion Safety Controller.

Figure 8 - CSC400 Wiring Diagram - FI (Flame lonization), Remote IGN Module

CSC400 Wiring Diagram - FI Mode, Remote IGN Module Mounting
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Figure 9 - CSC400 Wiring Diagram - FI (Flame lonization), Local IGN Module

CSC400 Wiring Diagram - FI Mode, Local IGN Module Mounting
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Minimum Required Wiring Connections Optional or Additional Functionality Connections

Thermocouple 1 Thermocouple 2 (Set TC2 menu option to
Disabled if not used)

Ignition Module: P, A, V, GND Remote Start/Stop (jumper if not used)

Main Input Power (+12/24VDC, -12/24VDC) High / Low Gas Shutdowns (jumper if not used)

Pilot Solenoid Output Level Shutdown (jumper if not used)

Main Solenoid Output (if a minimum of two Auxiliary 1 /2 Shutdowns (jumper if not used)

valves are required)

Alarm Status (dry contacts)

Proof of Closure (jumper if not used)

Main Solenoid Output (keep open/unconnected if
not used)

T/Main Solenoid Output (keep open/unconnected
if not used)

Note: Ignition Module connections are matched with their corresponding Pilot/Main/TMain solenoid blocks. Ensure
that the solenoid outputs used (IGN1 / IGN2) match with the Ignition Module (IGN1/ IGN2).
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Figure 10 - CSC400 Wiring Diagram - Dual IGN Modules: 1 Local, 1 Remote Mounting

CSC400 Wiring Diagram - FI Mode,

To Pilot 2
GND Lug

Dual IGN Modules: 1 Local, 1 Remote Mount
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CSC400 Wiring Diagram - FI Mode, Local IGN Module Mounting With Throttling Valve
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Figure 11 - CSC400 Wiring Diagram - 4-20mA Controlled Temperature Control Valve (Throttling Valve)
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CSC400 Controller Menu System

The CSC400 has an in-depth but intuitive and simple to use menu system. The entire menu system is accessed via the overlay
buttons and the 4-line display. Individuals menus are explained in their respective sections following the CSC400 Menu

System Chart.
Type Column:

Menu - a submenu that allows lines and options to be selected, and possibly further submenus
Option - Selectable line that can be modified using the Up and Down buttons once it's selected
Information - Simply shows information only, no menu selections are available

CSC400 Menu Structure Summary Chart

# Menu Menu Selections Type Description
1 Main Screen None available except Top Screen | Main Display showing desired temperature and/or
"Menu" button 4-20mA input values, Ignitor status, and shutdown

status

2 Top Menu Menu

2.1 Configuration Menu Configure CSC400 options

2.2 Line Display Config Menu Change lines displayed on Top Screen

2.3 Temp Setpoints & DB Menu Change Temperature Setpoints

2.4 Show Last IGN SD Information | Show most recent shutdowns for IGN1/2

2.5 View TMainl ON Time Menu View/Reset TMainl Solenoid ON Time

2.6 View TMain2 ON Time Menu View/Reset TMain2 Solenoid ON Time

2.7 Solenoid Drivers Menu Change Solenoid Driver Cycle Times

2.8 Time Set Menu Set the time in the CSC400

2.9 Date Set Menu Set the date in the CSC400

2.10 Modbus Settings Menu Change Modbus Comm. Settings

211 Diagnostics Information | Shows firmware version, diagnostics info

2.12 Reset SDLog Menu Reset (clear) Shutdown Log

2.13 Reset TLog Menu Reset (clear) Temperature Logs

2.14 Reset Settings Menu Reset Settings to default

2.15 Recalibrate TC Menu Recalibrate Thermocouple inputs

2.1 Configuration Menu Burner Configuration settings

2.1.1 IGN1 Enabled Option Ignitor 1 Enabled/Disabled

2.1.2 IGN2 Disabled Option Ignitor 2 Enabled/Disabled

2.1.3 °C/I°F °C Option Select °C/°F

214 TC2 Enabled Option TC2 Enable/Disable

2.15 TC3 Enabled Option TC3 Enable/Disable

2.1.6 TC3 AUXHT SD No Option Use TC3 as an auxiliary High-temp SD (Y/N)

2.1.7 Low Temp SD No Option Enable Low Temp shutdown/alarm on
Thermocouples?
(No, TC1, TC2, TC3, TC1&2, TC1&3, TC2&3,
TC1&2&3), Alarm or Shutdown

2.1.8 I/C Pilot  Contin Option Intermittent / Continuous Pilot Select

2.1.9 P to M Delay 10s Option Pilot On to Mains On Delay (10 - 120s)

2.1.10 Mto TM Delay  0s Option Main(s) On to TMain(s) On Delay ( 0 - 120s)

2111 Num IGN Trials 3 Option Select Number of trials for ignition before Flame
Fail lock-out

2.1.12 All IGN SD @ FF Yes Option Shutdown both Ignitor outputs upon Flame Fail on
one Ignitor? Yes/No

2.1.13 ALM Only if Both FF Option Alarm Only if Both Ignitors are in Flame Fail:

"ALM Only if Both FF"
or Alarm if Any Ignitor goes into Flame Fail:
"ALM if Any IGN FF"
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Both Ignitors must be enabled for this option to
have an effect on the Alarm/Status contacts
2.1.14 Dual TC1&2 SD No Option Dual TC1&2 10°C Difference Shutdown Y/N
Yes: Shutdown if TC1 & 2 are different by greater
than 10°C (18°F)
No: No link between TC1 & TC2
2.1.15 4-20 Out  Settings Menu 4-20mA Output Settings Menu
2.1.16 4-20In1 Settings Menu 4-20mA Input 1 Settings Menu (Level)
2.1.17 4-20 In 2 Settings Menu 4-20mA Input 2 Settings Menu (Press.)
2.1.18 Purge Cycle 10s Option Purge Cycle Time (0s - 300s) (before first ignition
trial)
2.1.19 IGN Int-Purge 0s Option Extra Inter-Purge Time (Os - 240s) between
Ignitor relight trials.
2.1.20 AUX1 Relay Settings Menu AUX1 Relay Settings Menu
2121 AUX2 Relay Settings Menu AUX2 Relay Settings Menu
2.1.22 PWR Save Disabled Option Power Save Enable/Disable
2.1.23 PWR Fail Latched Option Power Fail Shutdown Latched/Unlatched
2.1.24 High Temp Latched Option High Temp Shutdown Latched/Unlatched
2.1.25 Hi Tmp TC3 Latched Option TC3 High Temp SD Latched/Unlatched
2.1.26 High Gas  Latched Option High Gas Shutdown Latched/Unlatched
2.1.27 Low Gas Latched Option Low Gas Shutdown Latched/Unlatched
2.1.28 Level Latched Option Level Shutdown Latched/Unlatched
2.1.29 Aux 1 Latched Option Auxiliary 1 Shutdown Latched/Unlatched
2.1.30 Aux 2 Latched Option Auxiliary 2 Shutdown Latched/Unlatched
2.2 Line Display Menu Line Display Configuration - Select items to
Config display on the three top lines on the display
Line 1: TC1 temp w setpoint | Option Select information to display for Line 1
Line 2: TC2 temp w setpoint | Option Select information to display for Line 2
Line 3: Fl mode VLVs 1 Option Select information to display for Line 3
2.3 Temp Setpoints Menu
TCLIGN1 Set 200°C Option Change TC1 Ignitor 1 Setpoint temperature
TCLlIGN2 Set 300°C Change TC1 Ignitor 2 Setpoint temperature
TC2 Set 600°C Option Change TC2 Setpoint temperature
TC3 Set  400°C Option Change TC3 Setpoint temperature
Low Temp Set  200°C Option Change Low Temp SD/ALM Setpoint temperature
Deadband TC1 IGN1 1 Option Set Deadband for TC1 IGN1: 1-5°C or 2-10°F
Deadband TC1 IGN2 1 Option Set Deadband for TC1 IGN2: 1-5°C or 2-10°F
Deadband TC2 1 Option Set Deadband for TC2: 1-5°C or 2-10°F
Deadband TC3 1 Option Set Deadband for TC3: 1-5°C or 2-10°F
2.4 Show Last IGN Information | Show the last shutdown(s) for IGN 1/ 2 and the
SD time and date that they occurred
25 TMain 1 On Menu Display time that the TMain 1 solenoid has been
Time View on since the last TMain timer reset
Years Hours Information
Months Minutes Information
Days Information
Reset TMain 1 Timers Option Reset TMain 1 solenoid timers
2.6 TMain 2 On Menu Display time that the TMain 2 solenoid has been
Time View on since the last TMain timer reset
Years Hours Information
Months Minutes Information
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Days Information
Reset TMain 2 Timers Option Reset TMain 2 solenoid timers
2.7 Solenoid Drivers Menu Low Power Solenoid Driver settings
Pilot 1 100 Option Duty Cycle time for Pilot 1 solenoid output
Main 1 100 Option Duty Cycle time for Main 1 solenoid output
TMainl 100 Option Duty Cycle time for TMain 1 solenoid output
Pilot 2 100 Option Duty Cycle time for Pilot 2 solenoid output
Main 2 100 Option Duty Cycle time for Main 2 solenoid output
TMain2 100 Option Duty Cycle time for TMain 2 solenoid output
2.8 Time Set Menu
Hours Option Hour for the current time
Minutes Option Minutes for the current time
12/24 Hour Time Option Select between 12 or 24 hour time display
2.9 Date Set Menu
Day Option Current day
Month Option Current month
Year Option Current year
2.10 Modbus Settings Menu
Slave ID Option Modbus Slave ID of the CSC400
Baud Rate Option Serial Baud rate for Modbus RTU
Format Option Serial Format for the CSC400 (eg. "8N1": 8 hits,
No parity bits, 1 stop bit)
TLog Rate Option Period for logging temperatures into Temp Logs
for reading via modbus
211 Diagnostics Information | Shows firmware version and diagnostics
information
2.12 Reset SD Log Menu
Reset SDLog to Default Reset (clear) all stored Shutdown Log entries:
(Yes, No/Cancel)
2.13 Reset TLog Menu
Reset T Logs to Default Reset (clear) all stored Temperature Log entries:
(YYes, No/Cancel)
2.14 Reset Settings Menu
Reset Settings to Default Reset all CSC400 settings to the defaults: (Yes,
No/Cancel)
2.15 Recalibrate TC Menu
Recalibrate Thermocouple Recalibrate Thermocouple inputs (Yes,
inputs No/Cancel)
Configuration
Submenus:
2.1.14 | 4-20 Out Menu 4-20mA Output Settings Menu
Settings
4-200ut1l Temp TC1 Option 4-20mA Output 1 Mode Select
Low( 4) -60°C Option 4-20mA Output 1 Low value for 4mA
High(20) 1200°C Option 4-20mA Output 1 High value for 20mA
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FS Ramp Time 10s Option Full-scale (4 to 20mA or 20 to 4mA) Ramp Time
PVLV Ctrl IGN1 Option Proportional Valve Ignitor Control for 4-20
Output 1
PVLV Min Disabled Option Proportional Valve Minimum Mode
Enable/Disable
Min mA Set NA Option Minimum mA Value for Proportional Valve
Minimum Mode
PVLV + Range Option Proportional Valve Range above selected Setpoint
PVLV - Range Option Proportional VValve Range below selected Setpoint
4-200ut2 Temp TC2 Option 4-20mA Output 2 Mode Select
Low( 4) -60°C Option 4-20mA Output 2 Low value for 4mA
High(20) 1200°C Option 4-20mA Output 2 High value for 20mA
FS Ramp Time 10s Option Full-scale (4 to 20mA or 20 to 4mA) Ramp Time
PVLV Ctrl IGN2 Option Proportional Valve Ignitor Control for 4-20
Output 2
PVLV Min Disabled Option Proportional VValve Minimum Mode
Enable/Disable
Min mA Set NA Option Minimum mA Value for Proportional Valve
Minimum Mode
PVLV + Range Option Proportional VValve Range above selected Setpoint
PVLV - Range Option Proportional VValve Range below selected Setpoint
2115 4-20In1/2 Menu 4-20mA Level (1) and Pressure (2) Inputs Menu
2.1.16 | Settings
Format: 4-20mA Option Format of the 4-20mA input: 4-20mA / 1V-5V
SetPt Ctrl: None Option Secondary 4-20 Input setpoint control for selected
TMain: None, IGN1, IGN2, or IGN1&2.
Lo Alarm Enabled Option Alarm if 4-20mA Input is Below Trip-point:
Enable/Disable
Hi Alarm Enabled Option Alarm if 4-20mA Input is Above Trip-point:
Enable/Disable
SD on Lo Alarm Yes Option Shutdown upon Low Alarm? Yes/No
SD on Hi Alarm No Option Shutdown upon High Alarm? Yes/No
SD Latched Option Shutdown Latched/Unlatched Select
Units mA Option Units for 4-20mA input
Low (4) 4.00mA Option Range Low value (at 4mA)
High (20) 20.00mA Option Range High value (at 20mA)
Lo TrpPt:  12.00mA Option Low Trip-point value (Alarm and/or SD Below
this value)
Hi TrpPt; 18.00mA Option High Trip-point value (Alarm and/or SD Above
this value)
Setpoint 4.00mA Option Setpoint for Secondary TMain control (TC1 & 2
still have priority)
Deadband 0.00mA Option Deadband value for 4-20mA Inputs: 0 - 50 (eg:
0.00mA to 0.50mA, or 0.0 - 5.0%, etc.)
1V-5V 1/2 Calib Option 1V-5V Inputs 1 & 2 Calibration (internal)
2.1.20 | AUX1/2 Relay Menu AUX1/AUX2 Relay Settings Menus
2.1.21 | Settings
Ctrl: TC1 Custom Option Control source variable for selected AUX relay:
TC1IGN1/TC1IGN2/TC2/TC3 setpoints,
TC1/2/3 custom temperature setpoint, extra Alarm
signal for IGN1 FF or IGN2 FF, Modbus Control,
TMainl / TMain2 state Mirror, or "On For Purge"
Cust Temp: 425°C Option Custom temperature setpoint
Deadband 1 Option Deadband value for custom temperature setpoint

for selected AUX relay
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Top Menu Options

The CSC400 Top Menu allows users to select a variety of submenus with additional options and configurations available. It
provides the most often used options at the top of the menu list.

# | Top Menu Selections Type Description

1 | Configuration Menu Configure CSC400 options

2 Line Display Config Menu Change lines displayed on Top Screen

3 | Temp Setpoints Menu Change Temperature Setpoints and Deadband values
4 | Show Last IGN SD Screen Show the most recent shutdowns for IGN1 & 2

5 | View TMainl ON Time | Menu View/Reset TMainl Solenoid ON Time

6 | View TMain2 ON Time | Menu View/Reset TMain2 Solenoid ON Time

7 | Solenoid Drivers Menu Change Solenoid Driver Cycle Times

8 | Time Set Menu Set the time in the CSC400

9 Date Set Menu Set the date in the CSC400

10 | Modbus Settings Menu Change Modbus Comm. Settings

11 | Diagnostics Screen Shows firmware version, diagnostics information
12 | Reset SD Log Menu Reset (clear) Shutdown Log

13 | Reset T Log Menu Reset (clear) Temperature Logs

14 | Reset Settings Menu Reset Settings to default

15 | Recalibrate TC Menu Recalibrate Thermocouple inputs

Configuration Menu Options

The CSC400 provides the options most often changed in the first menu named the "Configuration" menu. This menu allows
users to set the operation mode, which ignitors and thermocouples are enabled, intermittent or continuous mode, deadband
values, 4-20mA output and input modes, and shutdown latch settings.

# Configuration Menu Type Description Possible Options/Values
Selections

211 | IGN1 Enabled Option Ignitor 1 Enabled/Disabled Enabled/Disabled

2.1.2 | IGN2 Disabled Option Ignitor 2 Enabled/Disabled Enabled/Disabled

213 | °CI°F °C Option Select °C/°F °CI°F

214 | TC2 Enabled Option TC2 Enable/Disable Enabled/Disabled

215 | TC3 Enabled Option TC3 Enable/Disable Enabled/Disabled

216 | TC3AUXHT SD No | Option Use TC3 as an auxiliary High-temp SD Yes/No

2.1.7 | Low Temp SD No | Option Enable Low Temp Shutdown/Alarm on No,
Thermocouples? (SD TC1, TC2, TC3, TC1&2,
- Either SD or Alarm can be selected for TC1&3, TC2&3, TC1&2&3),
any combination of thermocouples. (ALM TC1, TC2, TC3, TC1&2,

- There is only one Low Temp setpoint for | TC1&3, TC2&3, TC1&2&3)
all three thermocouples.

2.1.8 | I/CPilot Intermit Option Intermittent / Continuous Pilot Select Intermittent / Continuous Pilot
219 | PtoMDelay 10s Option Pilot On to Mains On Delay 10 - 120s

2.1.10 | Mto TM Delay  0Os Option Main(s) On to TMain(s) On Delay 0-120s

2.1.11 | Num IGN Trials 3 Option Select Number of trials for ignition before 1 - 3 trials

Flame Fail lock-out

2.1.12 | Al IGN SD @ FF Yes | Option Shutdown both Ignitor outputs upon Flame | Yes/No
Fail on one Ignitor? Yes/No

2.1.13 | ALM Only if Both FF Option Alarm Only if Both Ignitors are in Flame "ALM Only if Both FF" or
Fail: "ALM Only if Both FF" "ALM if Any IGN FF"

or Alarm if Any Ignitor goes into Flame
Fail: "ALM if Any IGN FF"

Both Ignitors must be enabled for this to
have an effect on the Alarm/Status contacts
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2.1.14 | Dual TC1&2 SD No Option Dual TC1&2 10C Difference Shutdown Yes / No

Y/N
2.1.15 | 4-20 Out Settings Menu 4-20mA Output Settings Menu (Branch to submenu)
2.1.16 | 4-20In 1 Settings Menu 4-20mA Input 1 Settings Menu (Branch to submenu)
2.1.17 | 4-20 In 2 Settings Menu 4-20mA Input 2 Settings Menu (Branch to submenu)
2.1.18 | Purge Cycle Os Option Purge Cycle Time Os - 300s, Enables Pre-Purge is

greater than Os

2.1.19 | IGN Int-Purge 0s Option Extra Inter-Purge Time between Ignitor Os - 240s

relight trials.
2.1.20 | AUX1 Relay Settings Menu AUX1 Relay Settings Menu (Branch to submenu)
2.1.21 | AUX2 Relay Settings Menu AUX2 Relay Settings Menu (Branch to submenu)
2.1.22 | PWR Save Disabled Option Power Save Enable/Disable (Enable = turn | Enabled/Disabled

display off after 10 minutes of no button

activity)
2.1.23 | PWR Fail Unlatch Option Power Fail Shutdown Latched/Unlatched Latched/Unlatched (see pg 46)
2.1.24 | High Temp Unlatch Option High Temp Shutdown Latched/Unlatched Latched/Unlatched
2.1.25 | Hi Tmp TC3 Latched Option TC3 High Temp SD Latched/Unlatched
2.1.26 | High Gas  Unlatch Option High Gas Shutdown Latched/Unlatched Latched/Unlatched
2.1.27 | Low Gas  Unlatch Option Low Gas Shutdown Latched/Unlatched Latched/Unlatched
2.1.28 | Level Unlatch Option Level Shutdown Latched/Unlatched Latched/Unlatched
2.1.29 | Aux1 Unlatch Option Auxiliary 1 Shutdown Latched / Unlatched | Latched/Unlatched
2.1.30 | Aux 2 Unlatch Option Auxiliary 2 Shutdown Latched / Unlatched | Latched/Unlatched

Line Display Configuration Menu Options

The CSC400 allows the user to select what they wish to view on the top temperature / shutdown status screen. Lines 1to 3
may be configured to show a variety of status and temperatures. Some selections show information on more than two lines.
Line 4 always shows shutdown status and Ignitor status (On, Off, Flame Fail "FF").

# | Line Possible Selections Type Description
1 Line1, | TC1temp w IGN1 setpoint Option Display TC1 Temperature and IGN1 Setpoint
2,3
TC1 temp w IGN2 setpoint Option Display TC1 Temperature and IGN2 Setpoint
TC2 temp w setpoint Option Display TC2 Temperature and Setpoint
TC3 temp w setpoint Option Display TC3 Temperature and Setpoint
TC1 TC2 Option Display TC1 and TC2 Temperatures
TC1 TC3 Option Display TC1 and TC2 Temperatures
TC2 TC3 Option Display TC1 and TC2 Temperatures
TC1 TC2 TC3 Option Display TC1, TC2, and TC3 Temperatures
4-20mA Input 1 Option Display 4-20mA Input 1 measured value
(including desired units)
4-20mA Input 2 Option Display 4-20mA Input 2 measured value
(including desired units)
FI mode: (2 lines) IGN1 Pilot, Main, | Option Display IGN1 Pilot, Main, and TMain solenoid
TMain status (On/Off) output status (On/Off) on 2 lines
FI mode: (2 lines) IGN2 Pilot, Main, | Option Display IGN2 Pilot, Main, and TMain solenoid
TMain status (On/Off) output status (On/Off) on 2 lines
FI mode: IGN1 P:ON/P:OFF, Option Condensed display of IGN1 Pilot, Main, and
M:ON/M:OFF, T:ON/T:OFF TMain solenoid output status (On/Off) on one line
FI mode: IGN2 P:ON/P:OFF, Option Condensed display of IGN2 Pilot, Main, and
M:ON/M:OFF, T:ON/T:OFF TMain solenoid output status (On/Off) on one line
Blank Line Option
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Show Last IGN SD Menu Options

The "Show Last IGN SD" menu option displays a separate screen showing the shutdowns for the system and the date and time
that they occurred. The shutdowns are displayed on the four-line display in the format shown below:

Figure 12 - CSC400 - Show Last SD Menu Screen

= 134 ~AZ 23 21 29 <4— “SDs” + Current Date and Time
AR W e oD HHE kil || €— Heading Line

“FURF 14.-82-23% 18123 || € LastShutdown
HEas 19-82-.23 191 232 <4— Second-Last Shutdown

When the "Show Last IGN SD" screen is first displayed, the cursor is shown on line 3 which indicates the last shutdown that
occurred for the system. The up and down pushbuttons may be used to scroll through the previous shutdowns stored in the
Shutdown log. As an alternative to scrolling through the menu, the shutdowns may be read out via Modbus by a PC or a PLC.
The CSC400 can currently store over 65000 shutdown events in the shutdown log.

Note that the SD Log only stores shutdowns that are enabled for storing in the SD Log. By default, all shutdowns are stored in
the SD Log except the Start/Stop buttons, the Remote Start/Stop terminal, and Modbus Remote Stop/Start commands. (see the
CSC400 Modbus manual for additional details).

Shutdown Log Codes:

# | SD Log Code Shutdown Description

1 HTmp High Temperature (TC2)

2 HGas High Gas SD terminal

3 RStp Remote Stop terminal

4 Modb Modbus Remote Stop/Start command received
5 | PWRF Power Fail

6 Stop Stop Button

7 1FF Flame Fail on Ignition module 1

8 | Auxl Auxiliary 1 SD terminal

9 | Aux2 Auxiliary 2 SD terminal

10 | LvI Level SD terminal

11 | LGas Low Gas SD terminal

12 | 2FF Flame Fail on Ignition module 2

13 | 420L 4-20 Level Input shutdown (High or Low)
14 | 420P 4-20 Pressure Input shutdown (High or Low)
15 | LTmp Low Temp shutdown (any thermocouple)

View TMain 1/2 Menu Options

The "View TMainl ON Time" and " View TMain2 ON Time" menu options display a separate screen and menu showing the
TMain solenoid ON Time for burner usage calculations and environmental legislation requirements.

Line# | Menu Information Type Description

1 IGN1/2 Menu Title
TMain On Time View
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2 Years Hours | Info Number of Years and Hours that the TMain solenoid
has been on since the last TMain timer reset

3 Months  Min Info Number of Months and Minutes that the TMain
solenoid has been on since the last TMain timer reset

4 Days Info Number of Days that the TMain solenoid has been
on since the last TMain timer reset

5 Reset TMain 1 Option Reset TMain 1/ 2 solenoid timer

Timer

Solenoid Drivers Menu Options

The CSC400 incorporates low power solenoid driver technology to save power on each solenoid output while maintaining the
ON state. Refer to the Low Power Solenoid Drivers section on page 19 for more information.

# | Solenoid Drivers | Type Description Possible Options/Values (Cycle
Menu Selections time)
1 | Pilotl Option Duty Cycle time for Pilot 1 solenoid output 10% - 100%
2 Main 1 Option Duty Cycle time for Main 1 solenoid output | 10% - 100%
3 | TMainl Option Duty Cycle time for TMain 1 solenoid output | 10% - 100%
4 | Pilot2 Option Duty Cycle time for Pilot 2 solenoid output 10% - 100%
5 Main 2 Option Duty Cycle time for Main 2 solenoid output | 10% - 100%
6 | TMain?2 Option Duty Cycle time for TMain 2 solenoid output | 10% - 100%

Time and Date Set Menu Options

The CSC400 allows the user to modify the current time and date. A time and date stamp is added to the shutdown log for each
shutdown event.

# | Menu Menu Selections | Type Description
1 | Time Set Hours Option Hour for the current time
Minutes Option Minutes for the current time
12/24 Hour Option Select between 12 or 24 hour time display
Time
2 Date Set Day Option Current day
Month Option Current month
Year Option Current year

Modbus Settings Menu Options

The Modbus RTU settings for the CSC400 are changed in this menu. Refer to the
Modbus/RS-485 Cable Connections — Field Installations - Field Installations"” section on page 39. Also refer to the CSC400
Modbus Manual for additional details.

# | Menu Selections Type Description Possible Options/Values

1 | Slave ID Option Modbus Slave ID of the CSC400 1-247

2 Baud Rate Option Serial Baud rate for Modbus RTU 300, 1200, 2400, 9600, 19200,
38400

3 Format Option Serial Format for the CSC400 (eg. 8N1) | 8N1, 8E1, 801, 8N2

35



4-20mA Output (1 /2) Menu Options

The 4-20mA Outputs on the CSC400 allow the user to configure a variety of options to support a wide variety of applications
and equipment. Either a linear temperature mode, or a proportional valve mode can be used.

Proportional valve mode may be used for modulating a gas valve, for controlling a VFD, or for other applications. The PVLV
+/- ranges can be modified to provide a wider control range around the selected thermocouple's setpoint. The 4-20mA outputs
can also be configured to change how fast they respond to temperature by altering the "FS Ramp Time" (Full-scale Ramp

Time).
# | Menu Selections Type Description Additional Notes & Possible Options/Values
1 |4-200utl Temp TC1l | Option | 4-20mA Output 1 Mode Select | "Temp" = Normal temperature output: TC1,
TC2,0r TC3
"PVLV" = Proportional Valve output: TC1,
TC2,0r TC3
"Level In" = 4-20mA Input 1 (Repeater/Splitter
mode)
"Press In" = 4-20mA Input 2 (Repeater/Splitter
mode)
2 Low( 4) -60°C Option | 4-20mA Output 1 Low value A measured temperature below this Low value
for 4mA outputs 4mA.
-60°C to 1200°C (-76°F to 2192°F)
3 High(20) 1200°C Option | 4-20mA Output 1 High value A measured temperature above this High value
for 20mA outputs 20mA.
-60°C to 1200°C (-76°F to 2192°F)
4 FS Ramp Time 10s Option | Full-scale (4 to 20mA or 20 to Time taken to change from fully closed (4mA)
4mA) Ramp Time to fully open (20mA) and vice versa.
5s - 120s
5 PVLV Ctrl IGN1 Option | Proportional Valve Ignitor Selects which ignitor to control in Proportional
Control for 4-20 Output 1 Valve mode: 1, 2, or 1&2
6 PVLV Min Disabled Option | Proportional Valve Minimum "Minimum Fire" position for Proportional Valve
Mode Enable/Disable Mode. If enabled while set to PVLV TC1, TC2,
or TC3 modes, this 4-20 output will never
output less than the Minimum mA Value set in
the "Min mA Set" line below.
Possible Values: Enabled/Disabled
7 Min mA Set NA Option | Minimum mA Value for If PVLV Minimum Mode is enabled and this
Proportional Valve Minimum output is set to PVLV TC1, TC2, or TC3 modes,
Mode this 4-20 output will never output less than the
Minimum mA Value set here.
Possible Values: 4 - 20mA
8 PVLV + Range Option | Proportional VValve Range Example: PVLV TC1, TC1 setpoint = 500°C. If
above selected Setpoint this value is set to 20 degrees, the PVLV output
will be at 4mA (I/P valve fully closed) above
TC1 Setpoint+20 (520°C). The PVLV 4-20mA
Output spans the entire band of the +/- range.
Possible Values: 0 - 100 degrees
9 PVLYV - Range Option | Proportional Valve Range Example: PVLV TC1, TC1 setpoint = 500°C. If

below selected Setpoint

this value is set to 30 degrees, the PVLV output
will rise to 20mA (I/P valve fully open) below
TC1 Setpoint-30 (470°C). The PVLV 4-20mA
Output spans the entire band of the +/- range. In
this example: 470°C = 20mA, 520 = 4mA with a
linear calculation of the 4-20mA Output in
between these temperatures.

Possible Values: 0 - 100 degrees
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below selected Setpoint

8 |4-200ut2 Temp TC2 | Option | 4-20mA Output 2 Mode Select | "Temp" = Normal temperature output: TC1,
TC2,0r TC3
"PVLV" = Proportional Valve output: TC1,
TC2,0r TC3
"Level In" = 4-20mA Input 1 (Repeater/Splitter
mode)
"Press In" = 4-20mA Input 2 (Repeater/Splitter
mode)
9 Low( 4) -60°C Option | 4-20mA Output 2 Low A measured temperature below this Low value
temperature value for 4mA outputs 4mA.
-60°C to 1200°C (-76°F to 2192°F)
10 High(20) 1200°C Option | 4-20mA Output 2 High A measured temperature above this High value
temperature value for 20mA outputs 20mA.
-60°C to 1200°C (-76°F to 2192°F)
11 FS Ramp Time 10s Option | Full-scale (4 to 20mA or 20 to Time taken to change from fully closed (4mA)
4mA) Ramp Time to fully open (20mA) and vice versa.
5s - 120s
12 PVLV Ctrl IGN2 Option | Proportional Valve Ignitor Selects which ignitor to control in Proportional
Control for 4-20 Output 2 Valve mode: 1, 2, or 1&2
13 PVLV Min Disabled Option | Proportional Valve Minimum "Minimum Fire" position for Proportional Valve
Mode Enable/Disable Mode. If enabled while set to PVLV TC1, TC2,
or TC3 modes, this 4-20 output will never
output less than the Minimum mA Value set in
the "Min mA Set" line below.
Possible Values: Enabled/Disabled
14 Min mA Set NA Option | Minimum mA Value for If PVLV Minimum Mode is enabled and this
Proportional Valve Minimum output is set to PVLV TC1, TC2, or TC3 modes,
Mode this 4-20 output will never output less than the
Minimum mA Value set here.
Possible Values: 4 - 20mA
15 PVLV + Range Option | Proportional Valve Range Example: PVLV TC1, TC1 setpoint = 100°C. If
above selected Setpoint this value is set to 5 degrees, the PVLV output
will be at 4mA (I/P valve fully closed) above
TC1 Setpoint+5 (105°C). The PVLV 4-20mA
Output spans the entire band of the +/- range.
Possible Values: 0 - 100 degrees
16 PVLYV - Range Option | Proportional VValve Range Example: PVLV TC1, TC1 setpoint = 100°C. If

this value is set to 20 degrees, the PVLV output
will be at 20mA (1/P valve fully open) below
TC1 Setpoint-20 (80°C). The PVLV 4-20mA
Output spans the entire band of the +/- range. In
this example: 80C = 20mA, 105 = 4mA with a
linear calculation of the 4-20mA Output in
between these temperatures.

Possible Values: 0 - 100 degrees
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4-20mA Input Level / Pressure (1 /2) Menu Options

The 4-20mA Inputs on the CSC400 allow the user to configure a variety of options to support a wide variety of applications
and equipment. Normal 4-20mA or 1-5V ranges can be selected, or custom ranges and units can be entered by the user for
displaying on the four-line display. The 4-20mA inputs can also be configured to alarm and/or shutdown the ignitors once the
desired trip-point has been reached (above a High Trip-point and/or below a Low Trip-point). The High Trippoint must be
above the Low Trippoint value. Similarly, the Low Trippoint value must be below the High Trippoint value.

# | Menu Selections Type Description Possible Options/Values
1 Format: 4-20mA Option Format of the 4-20mA input: 4-20mA input,
4-20mA or 1V-5V 1-5V input
2 | SetPtCtrl: None Option Secondary 4-20 Input setpoint control | None, IGN1, IGN2, or IGN1&2. Either
for selected TMain. 4-20mA Input may control a TMain
solenoid. An OR operation is
performed.
3 Lo Alarm Enabled Option Alarm if 4-20mA Input is Below Trip- | Enable/Disable
point: Enable/Disable
4 | Hi Alarm Enabled Option Alarm if 4-20mA Input is Above Trip- | Enable/Disable
point: Enable/Disable
5 | SDonLoAlarm Yes | Option Shutdown upon Low Alarm? Yes/No | Yes, No
6 | SDonHiAlarm No | Option Shutdown upon High Alarm? Yes/No | Yes, No
7 | SD Latched Option Shutdown Latch select Latched/Unlatched
8 Units mA Option Units for 4-20mA input 4-20mA, 1-5V, gallons, m3, psi, kPa, %
9 Low(4) 4mA Option Range Low value (4mA level) 4.00 - 20.00, 0 - 32000, -60 - 1200
(depending on selected units)
10 | High (20) 20mA Option Range High value (20mA level) 4.00 - 20.00, 0 - 32000, -60 - 1200
(depending on selected units)
11 | Lo TrpPt: 12.00mA | Option Low Trip-point value (Alarm and/or 4.00 - 20.00, 0 - 32000, -60 - 1200
SD Below this value) (depending on selected units)
12 | Hi TrpPt: 18.00mA | Option High Trip-point value (Alarm and/or 4.00 - 20.00, 0 - 32000, -60 - 1200
SD Above this value) (depending on selected units)
13 | Setpoint 4.00mA | Option Setpoint for Secondary TMain control | 4.00 - 20.00, 0 - 32000, -60 - 1200
(TC1 & 2 still have priority) (depending on selected units)
14 | Deadband 0.00mA Option Deadband value for 4-20mA Inputs: 0 - 50 (eg: 0.00mA to 0.50mA, or 0.0 -
5.0%, or 0.0 to 5.0 degrees, etc.)
15 | 1V-5V 1/2 Calib Option 1V-5V 1 & 2 Calibration (internal) Start an internal 1V-5V calibration

As an example for 4-20mA Input setpoint control, if both inputs are set to control Ignitor 1, if either input is below its
corresponding setpoint, it will turn on the TMain 1 solenoid output (an OR operation). Both inputs would have to be above
their setpoints for Ignitor 1 TMain solenoid output to turn off.

AUX1 & AUX2 Relay Settings Menu Options

The AUX1 and AUX2 Relays can be configured in the menu system to switch based on a variety of options. Either relay can
be selected to switch upon reaching the setpoint temperature of any of the three thermocouple inputs, a custom thermocouple
setpoint temperature can be used, the relay can be selected to switch upon one of the Ignitors going into Flame Fail (Alarm), or
the relay may be selected to only turn on upon Modbus control.

As an example, for incinerator systems, an option to turn on external fans once the TC1 temperature reaches 960°C may be
desired, but the setpoint temperature for TC1 is set to 980°C. In this case, the user would use one set of AUX Relay terminals
to control the 12VDC fan relay coil: set the "Ctrl:" option to "TC1 Custom", and then set the "Cust Temp:" field to 960°C.

#

Menu Selections

Type

Description

Possible Options/Values

1

Control:
("Ctrl:™)

Option

Control source variable for the
AUX 1/2 Relay

TC1 Ignitor 1 SetPoint,
TC1 Ignitor 2 SetPoint,
TC2 Setpoint,
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TC3 Setpoint,

TC1 Custom Setpoint,

TC2 Custom Setpoint,

TC3 Custom Setpoint,

IGN1 FF Alarm (On when IGN1 is in FF),
IGN2 FF Alarm (On when IGN2 is in FF),
Modbus Control (turns off upon any SD),
TMainl Mirror,

TMain2 Mirror,

On For Purge

2 | Cust Temp: Option Custom Temperature setpoint for | -60°C to 1200°C (-76°F to 2192°F)
the selected AUX relay.

3 Deadband Option Deadband value for custom 1-5°C or 2-10°F
temperature setpoint for selected
AUX relay

Note: Both AUX relays will turn off (connecting NC to COM) upon a shutdown or if the system is Off.

Modbus Communications

Modbus/RS-485 Cable Connections — Field Installations

Special Notes
Ensure that only industrial-rated equipment is used for field installations, with appropriate
measures for handling noisy environments.

If using a PC with USB-t0-RS485 connectivity for field installations, use an industrial-rated
USB hub (preferably one with a metal case) for connecting the PC to the USB-to-RS485 cable.

Refer to Appendix C for additional Modbus cabling technical details.

Refer to the document "CSC400_Modbus_Installation_Manual.pdf” for additional details and pictures on additional Modbus
registers, testing, cabling, and troubleshooting.

Cabling

Connect a cable from a PLC (Programmable Logic Controller) or a PC to the 3-pin terminal strip of the CSC400 labeled
"Modbus", observing proper connections:

- The RS-485 standard suggests using twisted pair type cables (CATS5E or a shielded twisted pair with ground) for
connecting devices together. This is definitely a requirement for longer cable runs (25m to 1000m) and for use in
noisy environments like industrial or commercial installations.

- The RS485 signal naming convention used in this document and by many RS485 transceiver vendors is reversed from
what the EIA/T1A-485 specification states:

CSC400 Modbus/RS485 EIA/TIA-485 | Modbus Description
Documentation Naming Specification
Convention Name

A (“RS485 A +”or"DO A+") | B D1 Non-Inverting, Transceiver Terminal 1, V1
voltage (V1 > VO for binary 1 (OFF) state

B (“RS485B-"or "D1B-") | A DO Inverting, Transceiver Terminal 0, VO
voltage (VO > V1 for binary 0 (ON) state

Isolated GND (or common C Common Signal and Optional Power Supply

GND) common ground
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- Ensure that the “Isolated Ground” terminals are all attached together on all RS485 devices on the bus. This ground
should be connected to earth ground at one point along the bus, preferably at the Master.

- Ifusing a CATS5E (or similar) cable with unused wires, do not leave them “floating”. Connect these wires at one point
on the cable to the ground (or “Isolated GND”) terminal at the CSC400, or at the master’s ground terminal.

- A USB-t0-RS485 cable may also have unused wires if the provided Terminator resistor wires are not used (the FTDI
Chip cable as an example). These should be connected to ground as well, to reduce noise propagation.

Termination

An RS-485 bus should only be terminated at each end of the cable (at each device at the end of the cable). No other devices in-
between the two devices at each end should have termination resistors installed or enabled. If there are 20 devices on an RS-
485 bus in a daisy-chain, the 120 ohm termination resistors should only be enabled at the first device and at the 20" device.

The CSC400 Controller has a 4-pin DIP switch with the third switch from the top labeled “120o0hm term”. This can be used to
connect a built-in 120 ohm resistor. Simply push the third DIP switch to the right and the 120ohm termination resistor will be
connected.

Line Polarization

If Line Polarization is not available on the Master device and is required for the RS-485 bus in this installation, two “Line
Polarization” DIP switches on the CSC400 Controller are available. To enable the Line Polarization terminations, move them
to the right (towards the “Line Pol...” text) as shown in the picture below. If the DIP switches are moved towards the left, the
Line Polarization terminations are removed from the RS-485 bus on this CSC400 device.

“Line Polarization” enables a pullup resistor on the “Data A +” signal and a pulldown resistor on the “Data B —* signal. It
ensures that the bus is put into a known state with the “Data A +” signal High and the “Data B -” signal Low.

Line Polarization should only be enabled on one device on the RS485 bus, if necessary. Usually this is done at the end of the
bus where the master device resides.

Isolated (or Common) Ground

The “Isolated Ground” terminal on each CSC400 Controller is isolated from the onboard CSC400 ground. This isolated ground
connection should be used to connect all common ground connections on all RS-485 devices on the bus. This common ground
should be connected to earth or protective ground at one end of the RS-485 cable only (preferably), usually at the master
device.

Due to the potential for large amounts of noise to be conducted onto the RS485 cable, an option is provided to connect the
RS485 isolated ground to the CSC400 earth ground to shunt noise away locally instead of at the Modbus master. A solid
ground connection should be made between a CSC400 earth ground terminal to an earth ground external to the CSC400 using a
minimum 16AWG wire.
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Commonly Used CSC400 Modbus Registers

Notes:
- SCADAPack Register Addresses are listed for reference when programming SCADAPack PLC units.
- See the CSC400 Modbus Installation Manual for additional registers and specific details about reading and writing
registers.

Function used to read the state of each relay. Read Coil function code 0x01 can read all relay coils in two bytes.

1 1 0 "AUX1 Relay" control Auxiliary Dry contacts,
relay Control relay max 0.12A @ 30VvDC
1 =relay ON
2 2 1 "AUX2 Relay" control Auxiliary Dry contacts,
relay Control relay max 0.12A @ 30vDC
1 =relay ON
3 3 2 IGN1 Pilot solenoid relay | Solenoid relay | 1 =relay ON
3 IGN1 Main solenoid relay | Solenoid relay | 1 =relay ON
5 5 4 Alarm relay Control relay 0 =relay OFF = Alarm
condition. 1 = relay ON,
no Alarm
5 Not used N/A Reserved
7 7 6 Proof of closure, IGN1 Control relay 1 =relay ON
output relay
8 8 7 IGN1 Temperature Main Solenoid relay | 1 =relay ON
solenoid relay
9 9 IGN2 Pilot solenoid relay | Solenoid relay | 1 =relay ON
10 10 IGN2 Main solenoid relay | Solenoid relay | 1 =relay ON
11 11 10 IGN2 Temperature Main Solenoid relay | 1 =relay ON
solenoid relay
12 12 11 Proof of closure, IGN2 Control relay 1 =relay ON
output relay

This Function is used to read the state of each input. 1 =ON, 0 = OFF (unless otherwise stated)

0 (LSB) | Igniter 1 Alarm input 1 = Alarm signal high
(Alarm indicated)
10002 2 1 0 1 Igniter 1 Valve input 1 = Valve signal high
10003 3 2 0 2 IGN1 Main solenoid 1 = Main solenoid is on
10004 4 3 0 3 IGN1 Pilot solenoid 1 = Pilot solenoid is on
10005 5 4 0 4 IGN1 T/Main solenoid 1 = T/Main solenoid is on
10006 6 5 0 5 Reserved
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10007 7 6 6 POC, IGNL1 relay output 1 =POC IGNL1 relay output

measurement is High (12VDC present)

10008 8 7 7 (MSB) | POC minus terminal 1 =POC "minus" terminal is
High (12VDC present)

10009 9 8 0 (LSB) | High Gas Shutdown input 1 = High Gas Shutdown
input is High (12vDC
present, shutdown sensor
not tripped)

10010 10 9 1 Remote Start/Stop input 1 = Remote Start/Stop
switch is On/Closed
(12VDC present)

10011 11 10 2 HT input: AUX 2 terminal 1 = High Temp R2 relay

"minus" input (output of TC2 output is High (12VDC is

"R2" relay) present, not in High Temp
shutdown), 0 = high temp
shutdown

10012 12 11 3 Output of TC1 "R1" relay 1="Low" Temp R1 relay

(input to POC relay) output is High (12vDC is
present), 0 = TC1 temp is in
shutdown (if in Intermittent
Pilot mode)

10013 13 12 4 PWR fail condition (only on

briefly upon powerup)

10014 14 13 5 PWR fail latch condition 1 = Latch is on presently

10015 15 14 6 HT/HT latch condition 1 = Latch is on presently

10016 16 15 7 (MSB) | High Gas SD/SD latch 1 = High Gas SD Latch is

condition on presently

10017 17 16 0 (LSB) | Thermocouple 1 open/fault 1 =TC fault, 0 = no fault

10018 18 17 1 Thermocouple 2 open/fault 1 =TC fault, 0 = no fault

10019 19 18 2 Modbus Remote Stop 1 = Modbus Remote Stop is

condition active (CSC400 is stopped
via Modbus)

10020 20 19 3 Level Shutdown input 1 = Level Shutdown input is
High (12VDC present,
shutdown sensor not
tripped)

10021 21 20 4 IGN1 Pilot Solenoid Fault 1 = Solenoid fault (short),

(Short) 0 = no fault

10022 22 21 5 IGN1 Main Solenoid Fault 1 = Solenoid fault (short),

(Short) 0 = no fault

10023 23 22 6 IGN1 TMain Solenoid Fault 1 = Solenoid fault (short),

(Short) 0 = no fault

10024 24 23 7 (MSB) | Reserved

10025 25 24 0 (LSB) | "Stop" relay output 1 ="Stop" relay is on

measurement

10026 26 25 Thermocouple 3 open/fault 1 =TC fault, 0 = no fault

10027 27 26 2 AUX2 SD/SD latch condition | 1 = AUX2 SD Latch is on
presently

10028 28 27 3 AUX1 SD/SD latch condition | 1 = AUX1 SD Latch is on
presently
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10029 29 28 4 Level SD/SD latch condition 1 =Level SD Latch is on
presently

10030 30 29 5 Low Gas SD/SD latch 1 =Low Gas SD Latch is

condition on presently

10031 31 30 6 4-20mA Level Input (1) 1 =4-20mA Level Input SD

Shutdown / SD Latch has tripped and is active

10032 32 31 7 (MSB) | AUX2 Shutdown input 1 = AUX2 Shutdown input
is High (12VDC present,
shutdown sensor not
tripped)

10033 33 32 0 (LSB) | AUX1 Shutdown input 1 = AUX1 Shutdown input
is High (12VDC present,
shutdown sensor not
tripped)

10034 34 33 1 Low Gas Shutdown input 1 = Low Gas Shutdown
input is High (12vDC
present, shutdown sensor
not tripped)

10035 35 34 2 Unplug Detect signal 1 = Overlay is removed
(Alarm condition), 0 =
overlay is present

10036 36 35 3 Stop Button input 1 = Stop button is high, not
pressed, O = button is
pressed

10037 37 36 4 Start Button input 1 = Start button is high, not
pressed, O = button is
pressed

10038 38 37 5 CSC400 System State 1 = System On, 0 = System
Off

10039 39 38 6 Reserved Reserved

10040 40 39 7 (MSB) | 4-20mA Pressure Input (2) 1 = 4-20mA Pressure Input

Shutdown / SD Latch SD has tripped and is
active
1 = Alarm signal high
10041 41 40 0 (LSB) | Igniter 2 Alarm input (Alarm indicated)
10042 42 41 1 Igniter 2 Valve input 1 = Valve signal high
IGN2 Pilot Solenoid Fault 1 = Solenoid fault (short), 0
10043 43 42 2 (Short) = no fault
IGN2 Main Solenoid Fault 1 = Solenoid fault (short), 0
10044 44 43 3 (Short) = no fault
IGN2 TMain Solenoid Fault 1 = Solenoid fault (short), 0
10045 45 44 4 (Short) = no fault
1 =POC relay output is
POC, IGN2 relay output High (12VDC present),
10046 46 45 5 measurement IGN2
Low Temp Alarm flag 1=alow Temp Alarm has
10047 47 46 6 occurred
Low Temp Shutdown flag 1 =aLow Temp Shutdown
10048 48 47 7 (MSB) has occurred
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Holding registers are 16-bit values (2 bytes)
Register bytes are read back as MSB then LSB

40001 1 0 TC1 temp setpoint (deg C), IGN1
40002 2 1 TC2 temp setpoint (deg C)
40003 3 2 TC1 temp setpoint (deg F), IGN1
40004 4 3 TC2 temp setpoint (deg F)
40050 50 49 TC3 temp setpoint (deg C)
40051 51 50 TC3 temp setpoint (deg F)
40149 149 148 TC1 temp setpoint (deg C), IGN2
40150 150 149 TC1 temp setpoint (deg F), IGN2

Input registers are 16-bit values (2 bytes)
Register bytes are read back as MSB then LSB

30001 1 0 TC1 current temp (deg C)
30002 2 1 TC2 current temp (deg C)
30003 3 2 TC1 current temp (deg F)
30004 4 3 TC2 current temp (deg F)
30005 5 4 TC3 current temp (deg C)
30006 6 5 TC3 current temp (deg F)

The individual coils can't actually be written to, they're influenced by the temperature.

Remote Stop and Remote Start are allowed though.

Remote Stop will turn off all relays in the CSC400. CSC400 can only be started again by a Remote Start command, or by
turning ON/OFF switch to OFF, then back to ON.

AUX1 Control Relay Write access only allowed when the Modbus
control option is selected in the AUX1 Relay
Settings (Holding Register 140)

2 2 1 AUX2 Control Relay Write access only allowed when the Modbus
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control option is selected in the AUX2 Relay
Settings (Holding Register 144)
3-16 3-16 |2-15 (Reserved for reading coil
status. See Function
Code 0x01)
17 17 16 Increment TC1, IGN1 ON = increment TC1, IGN1 setpoint, OFF = no
setpoint effect
18 18 17 Decrement TC1, IGN1 ON = increment TC1, IGN1 setpoint, OFF = no
setpoint effect
19 19 18 Increment TC2 setpoint ON = increment TC2 setpoint, OFF = no effect
20 20 19 Decrement TC2 setpoint | ON = increment TC2 setpoint, OFF = no effect
21 21 20 Increment TC3 setpoint ON = increment TC3 setpoint, OFF = no effect
22 22 21 Decrement TC3 setpoint | ON = decrement TC3 setpoint, OFF = no effect
23 23 22 Remote Stop ON = Stop, OFF = no effect
24 24 23 Remote Start ON = Start, OFF = no effect
25 25 24 Increment TC1, IGN2 ON = increment TC1, IGN2 setpoint, OFF = no
setpoint effect
26 26 25 Decrement TC1, IGN2 ON = increment TC1, IGN2 setpoint, OFF = no
setpoint effect
Notes:

Write Single "Coil" (or setting) function code 0x05 can increment/decrement the setpoint temperatures of either
thermocouple, and can also trigger a Remote Stop or Remote Start command.

"0xFF00" (or 65280 in decimal) turns a "coil" ON, "0x0000" turns a coil "OFF"

For our "coils" or settings, 0x0000 or OFF, has no effect on the Setpoints or Remote Stop/Start settings.

Remote Stop disables all power going to ignition modules and closes (turns of power to) all six valve solenoids
Remote Stop can be cleared by a physical toggling of the Remote Start/Stop power rung or by pressing the Stop
button, then the Start button

Remote Stop can also be cleared by receiving a Modbus message turning Remote Start ON

Remote Start enables the CSC400 to be turned on

Remote Start can be interrupted if Remote Start/Stop is open, if a Shutdown is open, or if POC is still open
Remote Start can also be cleared by receiving a Modbus message turning Remote Stop ON

Function Code 0x06 - Write Holding Registers

Holding registers are 16-bit values (2 bytes)
Register bytes are written as MSB then LSB

Example | Register | Modbus Description Notes

PLC # Holding

Register Register

Address Address

40001 1 0 TC1 temp setpoint (deg C), IGN1 | Writing a value to TC1, Igniter 1 in
degrees C, also writes to the TC1, IGN1
degrees F register (after conversion)

40002 2 1 TC2 temp setpoint (deg C) Writing a value to TC2 in degrees C,
also writes to the TC2 degrees F
register (after conversion)

40003 3 2 TC1 temp setpoint (deg F), IGN1 | Writing a value to TC1, Igniter 1 in
degrees F, also writes to the TC1, IGN1
degrees C register (after conversion)
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40004 4 3 TC2 temp setpoint (deg F) Writing a value to TC2 in degrees F,
also writes to the TC2 degrees C
register (after conversion)

40050 50 49 TC3 temp setpoint (deg C)
40051 51 50 TC3 temp setpoint (deg F)
40149 149 148 TC1 temp setpoint (deg C), IGN2 | Writing a value to TC1, Igniter 2 in

degrees C, also writes to the TC1, IGN2
degrees F register (after conversion)
40150 150 149 TC1 temp setpoint (deg F), IGN2 | Writing a value to TC1, Igniter 2 in
degrees F, also writes to the TC1, IGN2
degrees C register (after conversion)

Additional CSC400 Feature Details

Latched versus Unlatched Shutdowns

Opening of any switch attached to the Shutdown inputs will shut off the ignition module and de-energize all six valve outputs
(Pilot, Main, TMain for IGN1 and IGN2). If the S/D Latch menu option for any shutdown is in "Unlatched S/D" mode, the
CSC400 will attempt to restart ignition (on enabled ignitors) when any switch attached to the Shutdown inputs clears. If the
S/D Latch menu option is in "Latched S/D" mode for a selected shutdown, this set of shutdown terminals will prevent the
system from automatically restarting after it detects any interruption in continuity on these input terminals. If a latched
shutdown trips, then resets itself, the CSC400 will detect this, prevent the system from automatically restarting, and alert the
user on the LED display (and via Modbus) as to which shutdown caused the latch out.

Intermittent (Pilotless) or Continuous Pilot Feature

The CSC400 incorporates a feature that allows the user to select between Pilotless/Intermittent Pilot (1) or Continuous pilot (C)
modes for burner control using the menu system. This option is set through the Configuration Menu Options (see page 32).

Intermittent / Pilotless Pilot (1)

The ACL CSC400 controller provides the Intermittent/Pilotless Pilot feature for applications where a continuous pilot may not
be desirable. The pilot output (on enabled Ignitors) is only energized when the controller is calling for heat (the measured
temperature on thermocouple 1 is below the TC1 setpoint temperature). In this case, the pilot turns on, then after 10 seconds
the Main and T/Main outputs become energized. This allows for a low fire start through the main burners or a pilot/main start
where an individual pilot and main are used. This is only initiated if the Start button has been pressed (or Modbus Start
command received) and all shutdowns and POC are closed.

Continuous Pilot (C)

When Continuous Pilot (C) is selected via the Configuration Menu option, the pilot output (on enabled Ignitors) becomes
energized when the CSC400 has been started and all shutdowns and POC are clear and permissive, regardless of whether the
controller is calling for heat.

Once the Pilot turns on, 10 seconds later the Main and T/Main solenoid outputs become energized, if calling for heat. When
the TC1 setpoint is reached, the T/Main output turns off and the Pilot and Main solenoid outputs stay energized.
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Purge Cycle Feature

The CSC400 incorporates a feature that allows the user to enable a Purge Cycle when the Start button is pushed or when the
Remote Start/Stop terminal is toggled. The Purge Cycle On/Off and Purge Cycle duration time options are set through the
Configuration Menu Options (see page 32).

Inter-Purge Cycle Feature (Between Ignition Trials)

The "Int-Purge" Time feature allows the user to add additional time between each ignition trial. Purge Cycle does not have to
be enabled to use this feature.

TC3 Auxiliary High Temperature Shutdown

An option to have TC3 used as an additional auxiliary high-temperature shutdown is provided. TC2 is normally the high-
temperature shutdown thermocouple, but TC3 may be used as a backup as well by setting this option to "Yes".

Low Temperature Shutdown/Alarm

The Low Temperature Shutdown/Alarm option is provided as a method of detecting Main solenoid valve freeze-off if the fuel
gas is composed of very "wet" gas (high water content). Once the selected process temperature (TC1/2/3) rises above the
"Low Temp SD/ALM" setpoint, a flag is triggered so that an Alarm or shutdown trips if this temperature then falls below this
setting. Note that for this Low Temp Alarm or shutdown feature to trip, the measured temperature needs to fall below the Low
Temp setpoint minus the deadband used for the selected thermocouple.

For example: TC1 deadband = 2, TC3 deadband = 4, Low Temp Alarm is set to monitor both TC1 and TC3. To trip this alarm
on TC1, the TC1 temp would need to fall below (Low Temp setpoint - 2). To trip this alarm on TC3, the TC3 temp would
need to fall below (Low Temp setpoint - 4).

Dual TC1/TC2 Difference Shutdown

The Dual TC1/TC2 Difference Shutdown feature is used as a safety feature to sense an issue with a thermocouple. Both
thermocouples need to be close to each other to ensure the burner keeps operating. If the difference between TC1 and TC2
(using a dual thermocouple) is greater than 10°C, issue a shutdown because there's an issue with either thermocouple wires
melting or a short in a thermocouple at the junction point.

47



CSC400 Controller Shutdown Display Codes

The following table provides a summary of all the possible Shutdown Display codes that the user may see on the CSC400

Controller's 4-line LED display.

LED Display Indicator

Name

Description and/or Corrective Action if Necessary

Common Operational /
Shutdown Messages

(Shutdown line only)

Power Fail / Power
Fail Latch

Indicates there was a power failure on the main input power to the
controller. Seen if the Power Fail Latch menu setting is set to
Latched and a power failure occurs. Pressing the Stop then Start
buttons, or a toggling of the Modbus Remote Stop/Start power rung is
required to reset this condition.

Flame Fail

Indicates that the pilot has gone out and/or failed to re-light. "FF" will
flash on the bottom right part of the display beside the respective
ignitor ("1:" or "2:") indicating Flame Fail status.

Press the Stop then Start buttons, toggle the Remote Start/Stop switch,
or send Modbus Remote Stop then Start commands to retry the
ignition sequence.

Power is Off

Indicates that the system is in the Off state (Stop button was pressed,
Modbus Remote Stop command received).

TC1is Open

TC1 thermocouple is currently open. Check TC1 thermocouple and
terminal connections.

TC2 is Open

TC2 thermocouple is currently open. Check TC2 thermocouple and
terminal connections.

TC3is Open

TC3 thermocouple is currently open. Check TC3 thermocouple and
terminal connections.

Proof of Closure

Indicates that the "POC" input is open, preventing power from going
to the ignition module and allowing the system to start.

Remote Stop

Indicates that the "Remote Start/Stop" input terminals are in the Off
or Stop (open) position. Jumper with a wire jJumper when not used.

High Gas Indicates that the "High Gas Shutdown™ switch inputs (or terminals)
Shutdown are open (in shutdown). Jumper with a wire jumper when not used.
Low Gas Indicates that the "Low Gas Shutdown" switch inputs (or terminals)
Shutdown are open (in shutdown). Jumper with a wire jumper when not used.

Level Shutdown

Indicates that the "Level Shutdown" switch inputs (or terminals) are
open (in shutdown). Jumper with a wire jumper when not used.

Auxiliary 1 Indicates that the " Auxiliary 1 Shutdown" switch inputs (or
Shutdown terminals) are open (in shutdown). Jumper with a wire jumper when
not used.
y Auxiliary 2 Indicates that the " Auxiliary 2 Shutdown" switch inputs (or
""" Shutdown terminals) are open (in shutdown). Jumper with a wire jumper when

not used.

High Temperature
Shutdown

Indicates that the measured temperature on TC2 is at or above the
TC2 setpoint, thereby shutting off all solenoid valve outputs (Pilot,
Main, T/Main) for both Ignitor output blocks.

May also indicate that the system is in High Temp Latch mode if the
"HT Latch™ menu option is Enabled. Pressing the Stop then Start
buttons, or issuing Modbus Remote Stop then Start commands is
required to reset this condition.

High Temperature
Auxiliary
Shutdown - TC3

Indicates that the measured temperature on TC3 is at or above the
TC3 setpoint, thereby shutting off all solenoid valve outputs (Pilot,
Main, T/Main) for both Ignitor output blocks.

This will only be seen if the menu option " TC3 AUX HT SD" is set
to "Yes" and if TC3 is enabled.
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Modbus Remote
Stop

Indicates that the CSC400 has received a Modbus Remote Stop
command and is waiting for either a Modbus Remote Start command,
or a toggling of the On/Off or Remote On/Off switch before the
system will start again.

Pilot Fail

A Pilot output has been detected as not being on when the Main
and/or TMain solenoid attempts to turn on.

4-20mA Input 1 Lo
Shutdown

Indicates that the 4-20mA Input 1 Low Shutdown has been triggered,
shutting down Ignitors and output solenoids.

If "Lo Alarm" is Enabled in the 4-20mA Input 1 settings and "SD on
Lo Alarm" is set to "ON", the measured 4-20mA input has fallen
below the selected Low Trip-point value.

4-20mA Input 1 Hi
Shutdown

Indicates that the 4-20mA Input 1 High Shutdown has been triggered,
shutting down Ignitors and output solenoids.

If "Hi Alarm" is Enabled in the 4-20mA Input 1 settings and "SD on
Hi Alarm" is set to "ON", the measured 4-20mA input has risen above
the selected High Trip-point value.

4-20mA Input 2 Lo
Shutdown

Indicates that the 4-20mA Input 2 Low Shutdown has been triggered,
shutting down Ignitors and output solenoids.

If "Lo Alarm" is Enabled in the 4-20mA Input 2 settings and "SD on
Lo Alarm™ is set to "ON", the measured 4-20mA input has fallen
below the selected Low Trip-point value.

4-20mA Input 2 Hi
Shutdown

Indicates that the 4-20mA Input 2 High Shutdown has been triggered,
shutting down Ignitors and output solenoids.

If "Hi Alarm" is Enabled in the 4-20mA Input 2 settings and "SD on
Hi Alarm" is set to "ON", the measured 4-20mA input has risen above
the selected High Trip-point value.

4-20mA Input 1 Lo
Alarm (no
shutdown)

Indicates that the 4-20mA Input 1 Low Alarm has been triggered, but
Ignitors and output solenoids are not shutdown.

If "Lo Alarm" is Enabled in the 4-20mA Input 1 settings and "SD on
Lo Alarm™ is set to "OFF", the measured 4-20mA input has fallen
below the selected Low Trip-point value.

4-20mA Input 1 Hi
Alarm (no
shutdown)

Indicates that the 4-20mA Input 1 High Alarm has been triggered, but
Ignitors and output solenoids are not shutdown.

If "Hi Alarm" is Enabled in the 4-20mA Input 1 settings and "SD on
Hi Alarm" is set to "OFF", the measured 4-20mA input has risen
above the selected High Trip-point value.

4-20mA Input 2 Lo
Alarm (no
shutdown)

Indicates that the 4-20mA Input 2 Low Alarm has been triggered, but
Ignitors and output solenoids are not shutdown.

If "Lo Alarm" is Enabled in the 4-20mA Input 2 settings and "SD on
Lo Alarm" is set to "OFF", the measured 4-20mA input has fallen
below the selected Low Trip-point value.

4-20mA Input 2 Hi
Alarm (no
shutdown)

Indicates that the 4-20mA Input 2 High Alarm has been triggered, but
Ignitors and output solenoids are not shutdown.

If "Hi Alarm" is Enabled in the 4-20mA Input 2 settings and "SD on
Hi Alarm" is set to "OFF", the measured 4-20mA input has risen
above the selected High Trip-point value.

TC1&2 Difference

Indicates that TC1 and TC2 are different by greater than 10°C (18°F).

Shutdown This will only be shown under these conditions if the "Dual TC1&2
SD" configuration option is set to "Yes". For use with a dual
thermocouple.

Low Temp Indicates that a Low Temperature Shutdown has occurred on TC1. ie:

Shutdown, TC1

TC1 rose above the Low Temp setpoint, but has now fallen below it,
causing a full shutdown.

Low Temp Alarm,
TC2

Indicates that a Low Temperature Alarm has occurred on TC2. ie:
TC2 rose above the Low Temp setpoint, but has now fallen below it,
causing an alarm.
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Error Message Indicators (any

display line)

TC1/2/3 Indicates that the selected thermocouple (TC1, TC2, or TC3) is not
Thermocouple enabled through the menu options.

Disabled

Selected Indicates that a thermocouple is not connected or that it has failed in

Thermocouple is
Open or Failed
Open

an open condition.

If a thermocouple indicating "OPEN" is enabled, all solenoid valve
outputs will not open and the CSC400 system will not start until the
thermocouple "OPEN" condition is fixed.

Uncalibrated

Indicates that the CSC400 Controller's thermocouples are
uncalibrated.
Seen if the internal thermocouple calibration procedure failed.

Uncommon Error Message
Indicators (Shutdown line

only)

Pilot Solenoid
Output Fail, IGN1

IGN1's Pilot solenoid output has failed but it's supposed to be open.
ie: no output voltage is present on the Pilot + terminal

Solenoid Fault -

There has been a fault on IGN1's Pilot Solenoid output due to a short

Output Fail, IGN2

Pilot, IGN1 circuit or excessive current draw on the Pilot + terminal (to ground).
""" Solenoid Fault - There has been a fault on IGN1's Main Solenoid output due to a short
Main, IGN1 circuit or excessive current draw on the Main + terminal (to ground).
""" Solenoid Fault - There has been a fault on IGN1's T/Main Solenoid output due to a
TMain, IGN1 short circuit or excessive current draw on the T/Main + terminal (to
ground).
----- Pilot Solenoid IGN2's Pilot solenoid output has failed but it's supposed to be open.

ie: no output voltage is present on the Pilot + terminal

Solenoid Fault -

There has been a fault on IGN2's Pilot Solenoid output due to a short

Intermittent Pilot
Mode

Pilot, IGN2 circuit or excessive current draw on the Pilot + terminal (to ground).
Solenoid Fault - There has been a fault on IGN2's Main Solenoid output due to a short
Main, IGN2 circuit or excessive current draw on the Main + terminal (to ground).
""" Solenoid Fault - There has been a fault on IGN2's T/Main Solenoid output due to a
TMain, IGN2 short circuit or excessive current draw on the T/Main + terminal (to
ground).
""" TC1 Fault, TC1 has shut off power to the ignition module in Intermittent Pilot

mode due to a fault condition on thermocouple 1.

4-20mA Input 1
Open

Indicates that the 4-20mA Input 1 is Open. A Shutdown has been
triggered and all Ignitors and output solenoids are turned off.

If "Lo Alarm" or "Hi Alarm" are Enabled in the 4-20mA Input 1
settings, the 4-20mA Input 1 has been detected as being open.

4-20mA Input 2
Open

Indicates that the 4-20mA Input 2 is Open. A Shutdown has been
triggered and all Ignitors and output solenoids are turned off.

If "Lo Alarm" or "Hi Alarm™ are Enabled in the 4-20mA Input 2
settings, the 4-20mA Input 2 has been detected as being open.

Relay 9 (Stop
relay) output
failure

Indicates that there is an internal error with the 12VDC voltage level.
This message may show briefly during normal operation timing. If
condition persists, contact ACL for details.
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4-20mA Input Connection Notes for Rev 1D CSC400 Boards

The CSC400 Rev 1D board changes how the 4-20mA inputs and outputs are powered. The CSC400 Rev 1D board provides a
shared 12-24VDC power switch with a combined maximum output current of 1A for all 4-20mA Inputs and Outputs. The
provided input voltage (eg: 12VDC or 24VDC) will be the same voltage on the power output terminals for the 4-20mA Inputs
(terminals 10 and 12) and the same voltage supplied to the two sets of 4-20mA Output circuitry.

Figure 13 - CSC400 4-20mA Input Connections Wiring Diagram Examples

CSC400 4-20mA Input Connections Wiring Diagram Examples

4-20mA Power Supplied by CSC400
4-20mA Transmitter

<+

— 4-20mA current flow

12-24VDC output
from CSC400
) 4-20mA 12/24V Out +(10 oo
4-20mA Level nput (1) —| 11 @
4-20mA Transmitter 4-20mA 12/24vV Out +|12| |0 ©
4—20mA Pres. nput (2)— 13| @
‘— Notes:

- An external power supply connection is not required
for the CSC400 Rev 1D’s 4-20mA inputs or outputs.
- Both 4-20mA Inputs are internally connected to the
same GND reference.
—> - Combined current delivered to the two 4-20mA inputs
and two 4-20mA outputs is internally current limited at 1A.

4-20mA Power Supplied By An External Power Supply

4-20mA Transmitter
4-20mA current flow

12-24VDC R 4-20mA 12/24V Out +{10| (O ©
_> - 4-20mA Level Input (1) —|11 @
: OR 4-20mA 12/24V Out +(12| |0 @
Nan 4—-20mA Pres. Input (2)—|13| %)
Notes:
- When an external power supply is used, leave terminals
— (to CSC400 GND) 10 and/or 12 unconnected.

4-20mA Input DIP Switches

There are 4 DIP switches for each 4-20mA Input. They select the inline (series) resistor added to each 12/24V Output
(terminals 10 and 12). A DIP switch is "On" when it is moved to the right side (towards the "Local Mount of the Ignition
Module" area). The inline resistance options are present to assist with 4-20mA Input impedance adjustments and for possible
HART communication devices. DIP Switches labeled "1:" correspond to "Level Input (1)". DIP Switches labeled "2:"
correspond to "Pressure Input (2)". Operation of each 4-20mA Input is identical regardless of the "Level" or "Pressure” label.

Number of DIP Switches On Resulting Inline Series Resistance

All DIP Switches Off 249 ohms

1 of top three DIP switches "On" 124.5 ohms

2 of top three DIP switches "On" 83 ohms

3 of top three DIP switches "On" 62 ohms

"Short" DIP switch "On" 0 ohms: All external resistors are bypassed, shorting the internal 12/24V power
supply output to the terminal(s) (10 and 12) directly
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4-20mA Output Connection Notes for Rev 1D CSC400 boards

The CSC400 Rev 1D board changes how the 4-20mA inputs and outputs are powered. The CSC400 Rev 1D board provides a
shared 12-24VDC power switch with a combined maximum output current of 1A for all 4-20mA Inputs and Outputs. The
provided input voltage (eg: 12VDC or 24VDC) will be the same voltage on the power output terminals for the 4-20mA Inputs
(terminals 10 and 12) and the same voltage supplied to the two sets of 4-20mA Output circuitry. The 4-20mA Qutput terminals
14 and 16 should be connected directly to the external I/P valve, 4-20mA PLC input, or other 4-20mA controlled device.

Figure 14 - CSC400 4-20mA Output Connections Wiring Diagram Examples

CSC400 4-20mA Output Connections Wiring Diagram Examples

4-20mA Power Supplied by CSC400
I/P Valve
4-20mA current flow

4

Output 1 (TX) (eND) —|15 Q
4-20mA  (mA Out)+|16 oo

<+— Output 2 (IP) (eNp) —|17| o @
4-20mA current flow

Notes:

/P Valve - An external power supply connection is not required
(or PLC) /P for the CSC400 Rev 1D’s 4-20mA inputs or outputs.
- Both 4-20mA Outputs are internally connected to the
CSC400's GND reference.
- Combined current delivered to the two 4-20mA inputs
— and two 4-20mA outputs is internally current limited at 1A.

Notes:
- An output of 3.5mA or 22mA means there's an error. This could mean that the selected
thermocouple for the 4-20mA Output is disabled or not connected.
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DIP Switch Option Settings

Main DIP Switch (S1, 12-pin)

For the main DIP switches, an "OFF" setting means the DIP switch is moved to the left. An "ON" setting means the DIP
switch is moved to the right.

OFF & O
oL ON
S-E/D mjm—|m
OLED ~» UFD Display mm|m—|mm
DIP SH 3 mu|m—mm
DIP SH 4 mujm—|mm
DIP SW & mu|m—|mm
DIP SH 6 w=|m—
DIP SH 7 mum—|mm
DIP SW 8 mujm—|mm
DIP SH S wum—(mm
DIP SW 10 m=|=—
DIP SW 11 mu|m—|mm
DIP SW 12 mu|m—|mm
DIP Name on Description OFF ON Operation
Switch | Circuit Board
Number
1 S-E/D Security - Security mode is On (Enabled). The CSC400 will not
Enable/Disable | (Default) accept temperature setpoint modifications. The Menu and
Select Buttons will still work but the Up and Down
buttons will not.
= | Security mode is Off (Disabled). The CSC400 will accept
all button input modifications, including temperature
setpoint changes.
2 OLED/VFD OLED/VFD . OLED / VFD Select switch indicating that the OLED type
Display Display Mode | (Default) display is attached to the CSC400. This DIP switch
Select should only be changed by factory personnel or by trained
technicians.
== | OLED/VFD Select switch indicating that the VFD
(vacuum fluorescent display) type display is attached to
the CSC400. This DIP switch should only be changed by
factory personnel or by training technicians.
3 DIP SW 3 - Normal operation of 4-20mA Output
(Default)
= | Output 20mA on 4-20mA Output 2 (Pressure) when
CSC400 is "Off", in a Purge Cycle, and after a shutdown
has occurred. Output normal mA (eg: "Temp TC1
IGN1") after purge cycle is done and burner is on.
4 DIP SW 4 . Normal AUX2 relay switching with selected function in
(Default) AUX Relay menu
[ mm | AUX2 Relay used to signal "start" to external system:
NC-COM shorted when in shutdown, NO-COM shorted
when ON button is pushed
5-12 (none) Spare DIP Spare DIP switches are provided for future options or
switches expansion.
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Appendix A - CSC400 Rev 1D Technical Specifications

General Notes:

- All components on the CSC400 Controller are RoHS compliant.

Modbus Notes:

- Receivers are designed to fail-safe to a logic high output state if inputs (terminals A and B) are left un-driven or
shorted. If the bus is un-driven for long periods of time, the receivers are designed to not require line polarization on
the bus (adding a pullup resistor to “A” and a pulldown resistor to “B™). Line polarization may be enabled (via the
two DIP switches on the top of the CSC400 Controller's Modbus DIP switches (4 half-pitch DIP switches)) for use

with other devices on the same RS-485 bus.

- Drivers are protected from excess current flow caused by bus contention or output short-circuits by both an internal
current limit and a thermal-overload shutdown.

- RS-485 inputs (terminals A and B) are protected against ESD (Electrostatic Discharge) events up to +/- 15kV (Air-
Gap and Human Body Model) and up to +/- 8kV Contact Discharge (IEC61000-4-2).

Specification

Default Value

Possible VValues or Range

Modbus Protocol Modbus RTU Modbus RTU

Modbus Slave ID (address) 2 1-247

Modbus/RS-485 Serial Settings:

Baud rate 9600 300, 1200, 2400, 4800, 9600, 19200, 38400
Number of data bits 8 8

Parity bit setting None None, Even, Odd

Stop bits 1 1, 2 (only with parity set to “None”)
Operating Temperature -40°C to 60°C ambient

RS-485 (Modbus) Signals:

Input voltage on A and B signals -7 VDC to +12 VDC

Driver Short Circuit Current Limit +/- 250mA maximum

Differential Driver Output, No Load 5VDC

Differential Driver Output, R, = 540hms

1.5 VDC minimum, 2.7 VDC typical, 5 VDC
maximum

Receiver Input Resistance

96k ohms minimum (1/8™ of a Modbus “Unit Load")

Receiver Differential Threshold (VA - VB)

-200mV minimum
-125mV typical
-40mV maximum

Receiver Input Hysteresis

25mV typical

Termination

None or 120ohms (2-pin jumper may be installed by
user)

Line Polarization Resistors

560 ohms +/- 1%, selectable by user via two DIP
switches

Line Polarization Pullup voltage

5VDC +/- 1% (5% max)

Line Polarization Pulldown voltage

RS-485 Isolated or Common GND (0V)
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Inputs and Control Outputs:

Main Power Input, Voltage Range

10VDC (minimum) to 29VDC (maximum)

System Current Draw, no solenoid outputs on,
OLED display on, system off

350mA Max, 143 mA typical (at 12VDC)

System Current Draw, no solenoid outputs on,
OLED display off, system off

300mA Max, 100mA typical (at 12VDC)

System Current Draw, no solenoid outputs on,
Ignition module on, Max

620mA / 310mA (12VDC / 24vDC)

System Power Draw, no solenoid outputs on,
Ignition module on, Max

7.44W (no solenoids on)

4-20mA Inputs:

Allowable Voltage Input, 4-20mA mode
(Terminals 11 and 13)

12VDC minimum, 26VVDC maximum (up to 24VDC
typical)

Allowable Voltage Input, 1V-5V mode
(Terminals 11 and 13)

0V-26VDC, 1V - 5V for input measurements, 0V
sensed as "open" or disconnected

Input Impedance

249 ohms, +/- 0.1%

Solenoid Outputs:

Voltage Output on Solenoid terminals
(12vDC main input)

Main Power Input minus a small voltage drop that is
dependent on current draw and temperature:
Solenoid outputs are 11.85V to 11.98V (approx.)

Voltage Output on Solenoid terminals
(24vDC main input)

Main Power Input minus a small voltage drop that is
dependent on current draw and temperature:
Solenoid outputs are 23.85V to 23.98V (approx.)

Voltage Output on Solenoid terminals
(10vDC main input)

Main Power Input minus a small voltage drop that is
dependent on current draw and temperature:
Solenoid outputs are 9.85V to 9.98V (approx.)

Maximum Allowed Continuous Output Current
per Solenoid Output

3A

Alarm / Status Contacts, AUX1 & AUX2
Solid-State Relays:

Maximum Voltage ("NC" to COM or "NO" to
COM)

30VDC, 30V,(AC)

Maximum Current ("NC" to COM or "NO" to 120MA s / MApc
COM)
Resistance ("NC" to COM or "NO" to COM) 35 ohms max

Physical Dimensions:

Length

10.750” (273.05mm)

Width

9.000” (228.6mm)

Height, maximum (from bottom of components
on bottom layer to top of components on top
layer)

1.130” (28.70mm)
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Appendix B - Modbus/RS-485 Cabling Technical Details

Refer to the document "CSC400_Modbus_Installation_Manual.pdf* for additional details
on additional Modbus registers, programming, testing, and troubleshooting.

Additional Modbus documentation is available at www.modbus.org:

RS-485 Signal Naming Conventions

The RS485 signal naming convention used in this document and by many RS485 transceiver vendors is reversed from what the
EIA/TIA-485 specification states:

CSC400 EIA/TIA-485 | Modbus Description

Modbus/RS485 Naming Specification

Documentation Convention Name

A (“Data A +) B D1 Non-Inverting, Transceiver Terminal 1, V1 voltage (V1 > V0
for binary 1 (OFF) state

B (“Data B -*) A DO Inverting, Transceiver Terminal 0, VO voltage (VO > V1 for
binary 0 (ON) state

Isolated GND (or C Common Signal and Optional Power Supply common ground

common GND)

Half-Duplex vs Full-Duplex

Half-duplex communication allows only one device to communicate over the two RS-485 wires (one differential pair) at a
time. Full-duplex communication adds another pair of wires to allow bi-directional communication between a PC/PLC master
and a slave unit simultaneously.

The CSC400 provides a three pin terminal for half-duplex communication between the CSC400 and a host master Modbus
device.

Cable Types
Master Used Cable Type To Use For | Notes
Testing
PC USB to RS485 cable RS485 cable should have stripped wires for
connecting to terminal blocks on the CSC400
Controller
PLC — Programmable Logic CATSE Use a matched twisted pair for RS485A+/B-
Controller (eg: SCADAPack, Eg: Blue for RS485A+
ROCB800 series) Blue with white stripe for RS485B-
Allowable Pairings of CAT5E Cable
Signal CATSE Cable Wire Color Twisted Pairs Notes
RS485A + or Data + Blue
RS485B - or Data - Blue with white stripe

I
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RS485A + or Data + Green

RS485B - or Data - Green with white stripe
RS485A + or Data + Orange

RS485B - or Data - Orange with white stripe
RS485A + or Data + Brown

RS485B - or Data - Brown with white stripe

The common ground connection should use a wire from an unused pair in the CAT5E cable.

Examples of USB to RS485 cables

Manufacturer Part # Length Website Available at
Moxa UPort 1130/11301 or WWW.moxa.com WWW.moxa.com
UPort 1150/1150I

FTDI Chip USB-RS485-WE-5000-BT 5m www.ftdichip.com www.digikey.com,
WWW.mouser.com

FTDI Chip USB-RS485-WE-1800-BT 1.8m www.ftdichip.com www.digikey.com,
WWW.Mouser.com

Startech ICUSB422 6ft www.startech.com www.startech.com

Industrial-Rated USB Hubs

Manufacturer Part # Website Available at
Startech ST4200USBM www.startech.com www.startech.com
Moxa UPort 404, UPort 407 WWW.moxa.com WWW.Mmoxa.com

Wiring topology

For connecting multiple Modbus devices on to the same RS-485 bus, a “daisy-chain” wiring topology should be used (one long
cable with short “stub” connections to each device). Ensure that short “stub” connections are made at each device to the main
RS485 cable to reduce signal reflections and interference.

A “star” or “ring” wiring topology should not be used. An example of a “star” configuration would be separate, multiple
cables branching out from the Master to each individual slave device. Only one cable should be connected at the Master end.

Line Polarization

Line Polarization enables a pullup resistor on the “Data A +” signal and a pulldown resistor on the “Data B —* signal. It
ensures that the bus is put into a known state with the “Data A +” signal High and the “Data B -” signal Low. Some RS485
receivers are susceptible to external noise or interference if the RS485 bus is not driven to a known state when the bus is idle
(no device is driving a signal on the bus).

Line Polarization should only be enabled on one device on the RS485 bus, if necessary. Usually this is done at the end of the

bus where the master device resides. The CSC400 Controller allows the implementation of Line Polarization via two DIP
switches located on the top of the board.

57


http://www.ftdichip.com/�
http://www.ftdichip.com/�
http://www.ftdichip.com/�

Some PC software (or other Masters) will work with Line Polarization off, while others may need the non-inverting signal to
be driven high during idle times on the RS485 bus. For example, the PC software Modnet for Modbus RTU will work with
Line Polarization off but it shows an extra “0x00” byte received at the beginning and end of a Modbus packet. However, the
Modbus Reader PC software shows a Frame Error received by the CSC400 Controller if no Line Polarization is turned on.

Termination

This type of termination refers to bus termination between the pairs, not the termination resistors used for Line Polarization.
This termination connects signal “Data A +” to “Data B —” through a 120 ohm resistor.

An RS-485 bus should only be terminated at each end of the cable (at each device at the end of the cable). No other devices in-
between the two devices at each end should have termination resistors installed or enabled.

The CSC400 Controller has a 4-pin DIP switch with the third switch from the top labeled “120ohm term”. This can be used to
connect a built-in 120 ohm resistor. Simply push the third DIP switch to the right and the 120ohm termination resistor will be
connected.

Number of Allowed Devices on the RS-485

The number of devices allowed on an RS-485 bus depends on a variety of factors: the total length of the wire, the wire gauge,
the signaling characteristics or the “Unit Load” of each device on the bus (receiver input impedance, capacitance).

The CSC400 Controller uses newer RS485 transceivers with advanced fail-safe features. Due to these newer transceivers, the
theoretical maximum number of devices allowed on the bus is 256 because the receiver’s input impedance is 96kohm which is
1/8" the input impedance of older transceivers at 12kohm (1/8" of a “Unit Load”). The Modbus specification limits this
theoretical maximum further to 247 devices allowed on an RS-485 bus.

Any Modbus system allows a minimum of 32 devices on the RS-485 bus without use of a repeater. More devices may be
allowed depending on the characteristics of all devices on the RS-485 bus.

The CSC400 Controller allows more than 32 devices to be present on the RS-485 bus due to each transceiver occupying 1/8"
of a Unit Load on the bus. Since each installation is different, with different cable lengths and the potential for other devices to
be present on the bus, the user needs to test out the maximum number of devices that can be placed on each RS-485 bus.

Slew Rate

The CSC400 Controller incorporates RS-485 transceivers with slew rate limited drivers. Slew rate refers to the speed at which
a signal changes state from a 0 (Low) to a 1 (High) or from a High to a Low state. Slew rate limited drivers slow down the rise
and fall times of a signal which help with reducing signal reflections, reducing EMI emissions, and possibly allowing a bus to
work without termination resistors.

Unfortunately, with slower rise and fall times, the maximum communication speed (or baud rate) is reduced. The drivers on
the CSC400 Controller can operate at a maximum rate of 115kbps but the maximum setting allowed in the CSC400 firmware is
38.4kbps (38400 baud, or raw bits per second).

Isolated (or Common) Ground
The “Isolated Ground” terminal on each CSC400 Controller is isolated from the onboard CSC400 ground. This isolated ground
connection should be used to connect all common ground connections on all RS-485 devices on the bus. This common ground

should be connected to earth or protective ground at one end of the RS-485 cable only (preferably), usually at the master
device.
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Due to the potential for large amounts of noise to be conducted onto the RS485 cable, the Isolated GND terminal is connected
to the CSC400 earth ground to shunt noise away locally instead of at the Modbus master. This is done using a wire jumper
soldered onto the main CSC400 circuit board at jumper J23, to the left of the three Modbus terminals and Modbus DIP switch.

A solid ground connection should be made between a CSC400 earth ground terminal to an earth ground external to the
CSC400 using a minimum 16AWG wire.

Appendix C - Programming a New Modbus Slave ID (Address)

The default Modbus Slave ID for a new CSC400 is “2”.

Press the Menu key to show the Top Menu. Press and hold the Down Arrow key to scroll down the Top Menu's options until
the cursor reaches "Modbus Settings" (see Figure 15). Press the select button.

Figure 15 - Top Menu - Modbus Settings

Solenoid Drivers
Time Set
Date Set
*Modbu=s Settinsass

The cursor (">") should be on the "Slave ID:" line of the "Modbus Settings Menu". If not, use the Up and Down arrow keys to

move the cursor to this line. Press the Select button. The cursor will blink ">" alternating with to indicate the Slave ID is
now in Edit mode.

Figure 16 - Modbus Settings Menu

Modbus RTU
*SLave ID:
Baud Rate:

2
9684
Format: 2H1

Use the Up and Down buttons to modify the Modbus Slave ID to the new desired value and then press the Select button again
to exit Edit mode.

Press the Menu button twice to return to the main temperature display screen.
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Appendix D - Troubleshooting

Burner Management Troubleshooting

# Issue

Possible Reason

Corrective Action

1 | Fails to attempt ignition

Blown fuse

Check if the display is on or not: a menu screen or the
Status screen should always be displayed.
If Display is off, replace fuse with a 6.3A max fuse

Supply voltage too low

Ensure that the minimum input voltage is 11.5VDC
(measured with a volt meter) for use with 2-3
solenoid outputs

Poor power connections

Check all connections on the terminal strips. Ensure
that there are no short circuits, that the wires are
tightly gripped inside the terminals, and that the
screws on each terminal are tight.

POC terminal not closed, display
showing "POC"

Ensure that 12VDC is measured on both the POC+
and POC- terminals

2 | Attempts ignition but
pilot doesn't light

Fuel gas supply to Pilot may be
too high or too low

Pilot fuel gas supply should be set at 5 pounds

Gap setting on ignitor/flame rod
not correct

Gap should be approximately 1/8" (3.175mm) and rod
tip needs to be cut to a sharp point

Ignition cable defective or
insulation worn

Check continuity through the ignition cable.
Multimeter should read close to zero ohms. If not,
cable needs to be replaced.

Poor ground connection

Ensure that good, thick ground connections are made
at the CSC400 and at the Pilot/burner valve.

Pilot solenoid failure

Check supplied power to solenoid. Check gas flow
through solenoid.

Plugged orifice on Pilot

Clean out Pilot orifice (Do Not redrill!)

3 | Weak or Erratic Spark

Gap setting too wide or rod not
cut to a point

Shorten gap setting to approximately 1/8" (3.175mm)
and recut the ignitor rod tip.

Ignition cable defective or
insulation worn

Check continuity through the ignition cable.
Multimeter should read close to zero ohms. If not,
cable needs to be replaced.

Poor ground connection

Ensure that good, thick ground connections are made
at the CSC400 and at the ignitor tip.

Contaminated ignitor rod or Pilot
nozzle

Remove Pilot assembly, clean rod and nozzle, and
reinstall.

4 Solenoid valve not
opening

No power to solenoid valve or
faulty solenoid valve

Replace defective solenoid valve

5 | Solenoid valve opens but
then closes again
(intermittent operation)

Wrong Low Power Solenoid
Driver setting for the attached
solenoids

Verify that the Low Power Solenoid Driver DIP
switch settings are matched to the solenoid valves
connected to the CSC400.

Voltage droop on input

Some larger solenoid valves rated for 12VVDC require
an output voltage very near to 12VDC. Measure the
output voltage on the solenoid terminals to ensure that
it's sufficient (approx. >= 11.5VDC).

Higher current drawn on each solenoid output will
cause slightly higher voltage drops which may
interfere with solenoid operation. Input voltage may
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need to be boosted to 12.5VDC if multiple large
solenoids are attached to one solenoid output.

Modbus Communications Troubleshooting

# Issue

Possible Reason

Corrective Action

1 Modbus Master can’t read
temperature values from
CSC400 (or any other
data)

RS485 cable isn’t connected
properly

Ensure the wires for the RS485 cable are connected
properly at the CSC400 and at the master and that the
screw terminals are gripping the metal wire, not the
insulation.

Wires may also become damaged with frequent
bending or if they’ve been pinched. Ensure that the
RS485 signal wires haven’t been broken by testing
continuity.

Modbus Slave ID (address) is
different than the address used for
the CSC400

Verify that the address used by the master to
communicate with the CSC400 matches the address
set in the CSC400.

Try using the default address: “2”.

The master may need to poll a variety of modbus
addresses (from 1 to 247) to find slaves that respond.

Power to the CSC400 may have
been interrupted

Verify the CSC400 has power locally.

Inappropriate, non-twisted pair
cable has been used for the
RS485, for long distances

Ensure that an appropriate twisted-pair cable (like
CATS5e cable, or other appropriate cable) is used for
the RS485 bus.

2 Modbus communication
interrupted, noise issues
suspected

Inadequate or ineffective
grounding

Ensure that an adequate connection has been made
between the earth ground terminal on the CSC400 and
an appropriate earth ground external to the CSC400
(eg: thick spike in the ground, underground water
pipes, earth ground pin on an AC wall outlet).

Ensure that unused, non-power sourcing wires in any
RS485cable are grounded.

Connect the “Isolated GND” terminal on the CSC400
Controller to the CSC400 earth ground terminal to
provide a localized ground path for noise. (Attach
GND jumper on Rev 2B cards and later)

Power to the CSC400 may have
been interrupted

Verify the CSC400 has power locally.

3 Modbus PC Master
communication with
CSC400 interrupted

If a USB-to-RS485 conversion
cable has been used, the PC test
software may have lost
connection to the virtual COM
port, or noise may have interfered
with USB communications.

Unplug the USB-to-RS485 conversion cable from the
USB port on the PC, wait 10 seconds, then plug it
back in. Retry connecting to the COM port in the test
software.

Add an industrial-rated USB hub between the PC and
the USB-t0-RS485 cable. Ensure that the hub is
powered locally, not bus-powered from the PC.

Refer to Troubleshooting item # 2 for additional
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grounding notes

Power to the CSC400 may have Verify the CSC400 has power locally.
been interrupted

4 | Modbus communication CSC400’s ignition module may The CSC400 will not respond to Modbus requests
works for writing Remote | be “sparking”. when the ignition module is powering its high-voltage
Stop, Remote Start, but no sparker to ignite the Pilot.

values are being read back

If a USB-t0-RS485 conversion Unplug the USB-to-RS485 conversion cable from the
cable has been used, the PC test USB port on the PC, wait 10 seconds, then plug it
software may have lost back in. Retry connecting to the COM port in the test
connection to the virtual COM software.

port, or noise may have interfered
with USB communications.

Notes:

62



Notes:
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ACL

Manufacturing Inc.

Website: www.acimfg.com

Limited Warranty

Seller warrants that the product hereby purchased is, upon delivery, free from defects
in material and workmanship and that any product which is found to be defective in
such workmanship or material will be repaired or replaced by Seller for a period of one
year from purchase date. Warranty of such items do notinclude shipping, installation
or set-up.

Liability Statement

ACL Manufacturing Inc. Shall not be liable for any special, indirect, consequential or
other damages of a like general nature, including, without limitation, loss of profits or
production, or loss of expenses of any nature incurred by the buyer or any third party.

805 Main Ave West - Box 2002 Sundre, Alberta TOM 1XO0
Phone: (403) 638-5234 - Fax: (403) 638-4973
E-mail: acimfg@telus.net
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