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Arctic Cool Chillers Limited

Introduction

This document provides user details for the Interface version 4 of the ArcticCool Chiller.
The following is a typical About screen that provides your exact version.

-
(ecrcn) Chiner

Interface

ArcticCool Rev.: 4.18

Figure 1: Revision Screen

This HMI software is designed to meet the need of all ArcticCool Chillers with 1-4
compressors and in either Air-Cooled or Water Cooled configurations. In additional, this
software provides visibility into external controls that are optional functionalities of all
ArcticCool Chillers:

e Condenser Valve control
e Cooling Tower Fan Enable/Control
e BMSintegration

Who Should Read this Manual

This document is produced for the use of the end user and representatives therein,
especially those who are involved in the day-to-day maintenance and upkeep of this
ArcticCool Chiller. Also, this document is for ArcticCool Personnel and their
Representatives.

Terms and Definitions

July 2013 Chiller Interface Version 4 pg. 1
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Arctic Cool Chillers Limited

References

The following table lists the reference material to be used in conjunction with this
document.

Table 1: Document References

Name Synopsis Supplier Document
Reference
Number

Chiller Complete control manual including ~ Danfoss AC_T3C_DKRCC.PS.R

Control options and special functionalities. 10.B5.02_520H7630
Manual

WEHIGVAIENEE Provides a description of the Danfoss T3C_MasterSlave_v2
Manual functionality of the communication

and control strategy when 2 or more

similar chillers are linked together.

July 2013 Chiller Interface Version 4 pg. 2



Arctic Cool Chillers Limited

Control Architecture

The control architecture is broken down in the following categories:

Basic Controls - considers both standard Water-Cooled and Air-Cooled Chillers.
Special Controls:

o Hand/Off/Auto

o  Chiller Setpoint Control

o EXV Control

o Condenser/Fan/Cooling Tower Control
Optional Functionalities

o Data Logging
Controller options
Interfacing to External controllers
Master/Slave
Tonnage and Power calculations
Metric/Imperial Display
BMS interconnectivity

o Mechanical Enable.
Security Configuration
Alarming

O 0 O O O O

July 2013 Chiller Interface Version 4 pg.- 3



Arctic Cool Chillers Limited

Basic Controls

Table 2: Basic HMI User Controls

Screen Controls

- — 1. Screen: Main (Air-Cooled and Water-Cooled options
EW ? displayed).
e — 2. Function: Primary Display:
oI [ [ T mee) a. Displays All KPIs for the chiller:
o il | I A B i. Compressor and Chiller State
s sorcllm msrel| o 0] ii. Evaporator and Condenser
] B Specifics.
iii. Hand/Off/Auto (HOA) Control (see
Special Functions).
iv. Power, Capacity and Tonnage
calculations (see Special

Functions).
Provides access to primary setpoint
c¢. Has main menu and access to all other
screens.

d. Has New Alarm indication.
3. Screen is first displayed on power-up and from the

CHILLER STATUS
OPERATIONAL

ot rouwe [T ¢ el L | Main button on any other screen.
VATER IN 88 °C || Anbient 274'C

UATER 0UT 7.1 °C || Fan Speed 10007

sor

. s s 3 4. Has Security Access: Logon/Logout.

27.0 amp|
Sub Cooling 76 ¢
6.4 ba || Corrent Losd 41 wn

ssT (R 333°C

SUCT PRES 2.7 bay|| D1sE PRES

July 2013 Chiller Interface Version 4

pg. 4



Arctic Cool Chillers Limited

Screen Controls

1. Screen: Digital I/0

- . et ) . .
&> o - 2. Function: Displays current status of all hardwired
T —r , digital Inputs and outputs.
i bl sl ot sl IR ;
B e i et et = a. Provides access to AnalogI/0
| Romote OFFsel Enable 01 44 @ Chiller Alarn 0084 @ . . .
weauies @ oo 1 000 @ S b. Displays wire numbers for maintenance
e Ol0s @ Econonizer 2 1086 @ .
o o st 01478 200 O and Troubleshooting purposes.
Cond Flow Suitoh DI s @& Econonizer 4 0085 @
s b s e sl e c. Provides access to wiring diagrams
G itiel T e oye 3. Access: Main screen - 1/0 button.
spare 010 12 @ Comp 1 inferloct 008 13 &
spare D1 8 14 @ Comp 2 interlock 00 %14 @
spare 018 15 @ Comp 3 Interlock 00415 @
- D1 %16 Comp 4 interlock 008 16 @
O e msle
Pl b e
e s e

7 — = 1. Screen: Analog1/0
\’ﬁ:‘_‘_’;‘;wl/ v Z.ﬁ 2. Function: Displays current value of all hardwired
analog Inputs and outputs.

fAnalog

e et s . m::iﬁtl’?l.ﬂl :? a. Provides access to Digital I/0
e N S e e b. Displays wire numbers for maintenance
R e e S and Troubleshooting purposes.

e e 3. Access: Main screen - 1/0 button. > Analog

ok e P Button

e

AL 12 2267 Spare
AL18 32767 Spars
AL 14 92767 spare

A1 16 37767 Spare -
B

Al 16 32767 Spare

S — — 1. Screen: Compressor (1 for each compressor)

T\"-::(/mr #l m’l 2. Function: provide detailed snap-shot information
regarding the each compressor.

- 3. Access:

a. Main - Comp button.

it e b. Main > COMP#x screen link.

Speed

Choke Speed 31744 rpm Discpron feas

fotual tpeed 25741 rpm
Sorge Spwed 25365 rpm
Speed  5.599 %
otual Demand  30.9 X
actust w201 8
hotual ae 27.0

Main Voltage 488.0

July 2013 Chiller Interface Version 4 pg. 5
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y

Leaving >
ntering chilled vater sensor
Main switch

chilled water senser

Atacm MotiFioation [ 2

Mew,

Screen Controls

Screen: Alarms

Function: Display, acknowledge and reset system
alarms. NOTE: All alarms must be acknowledged
and reset (green) before deletion.

Access: Main - Alarms Button.

T s
B °4 ator Condenser

B

IN 9 . 8 o Ambient *29 . I i
ouT (7] | Fan Speed 100.0
- [B7] ., " [8.4)

Screen: Water Display: display is different based on

T({:m oL - air or water cooled. Both versions displayed here.
- - Function: Displays water temperatures and system
w | B85.1 w|71.4 pressures in large font for easy long distance
- T reading.

—— R a. Air-Cooled configuration replaces
owr | 49.6 out 2.5 Condenser water temperatures with

— e Ambient Temperature and Fan speed.

: Access: Main > W/Temp Button.
v |37.2 ), *|109.7

et -

July 2013

Chiller Interface Version 4

pg. 6
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Arctic Cool Chillers Limited

Screen Controls

1. Screen: Water Temp (trend): Context-Sensitive to
Air or Water cooled configuration.
2. Function: Displays trend of the last hour’s data:
a. Evaporator water temperatures in and out.
b. Water-Cooled: Condenser Water in and Out
Temperatures.
c. Air-Cooled: Ambient Temperature and Fan
Speed(%).
d. Demand(%).
Has Y-axis runtime zoom.
Provides access to Power Trend.
5. Access: Main - Trend Button.

- w

o — 1. Screen: Setup
T“\!‘f ﬁmp S [ 2. Function: Setup Menu:
: a. System control parameters.
| b. Configuration Parameters.
c. Safety and Calibration parameters.
[ESNSE— d. Diagnostics.
e. Access to HMI BIOS
f.  Security Manager
3. Access: Main - Setup button.

4. Has Security Access: Logon/Logout

July 2013 Chiller Interface Version 4 pg. 7



Arctic Cool Chillers Limited

Screen Controls

—— 1. Screen: Chilled Water Control
P va ter hj 2. Function:
a. Tech Level Chiller SP Control (see Special
m Hin setP Chiller Flowv Rate o.agp.‘ FunCtlonS
rlg il . c:::"::j:n"::;x:,:_g”' b. Dlsplay and adjust chiller PID settings (see
[ totearst Gonling Produced 0. ton section 3.8 Compressor Control of the
[TE8 cain Chiller Control manual).
If:'; S c. Compressor staging control (see section 3.8
[T Control signal @:EMT 1L Compressor Control of the Chiller Control
manual).
d.
L | e. Tonnage Calculation Configuration (see
Special Functions).
3. Access: Main > Setup button - Chiller Control
button
— ‘ — 1. Screen: Compressor Setup
(Q:gm:" ﬁ 2. Function: Display and adjust compressor specific
— — parameters (see section 3.8 Compressor Control of
[65 COMPRESSOR MOTOR POLER Ki ALL Comp [ERSHIET [5] .
T NUMBER OF COMPRESSOR S — the Chiller Control manual).
o e 3. Access: Main - Setup button - Compressor
T LoD LIMITING button

[T108 EXTERNAL LOAD LINITING
[TE5 RATED POMER CONSUMPTION KM
[T35 TGV START POSITION %
|78 T6v sTOP POSITION %
[T388 STAGE IN TIME OUT (sec)

NIMUI DEMAND X

e Pover @ Haximum X
S5 STAGE-IN SURGE SAFETY % Spoad i mum [N x
F5 | HAXIMUM START PRESSURE RATIO
30 BYPASS SOLENOID DELAY (sec) -

1. Screen: Safety

T‘“‘ “M‘Y 2. Function: Display and adjust safety parameters

i 3. Access: Main - Setup button - Safety button

[T7Z8 Hinimun LUT temperature
| 1.5 LMT temperature varning of fset
[T58 Minisum Suction temperature
| 1.8 Suction temperaturs varning of fset
[T173 Maximum discharge pressure
|79 Maximum discharge pressurs varning X
(I i mom
55 Maximum pressure ratio varning ¥
5 Safety steady delay
9 Safety step dovn time

ressure ratio

July 2013 Chiller Interface Version 4 pg. 8
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Screen Controls

> prror 1. Screen: CWH Reset.
T(A’ 2. Function: Displ d confi i

& - . : Display and configure setpoint
-] compensation (see Special Functions).

[—3] Digital input offset . .
—— TP 3. Access: Main - Setup - CWH Reset button.

- Mater diff. temp. offsel compensation enable

|' 1o Filter for compensation (sec)

— == 1. Screen: Calibration
r("\_:_/mx ion . Function: Display and adjust calibration settings.

N

e 3. Access: Main - Setup button - Calibration
[088 Leaving chilled vater sensor offset button.

0.20 Liquid temperature

[W Entering chilled vater pressure offset

]W Leaving chilled vater pressure of fset
3.00 Outside air sensor offset

[5:99 Suction pressure 1 remote offset

]We_ Discharge pressure 1 remote of fsat

[[880 Suction temperature lof fset

[8:88 Suction pressure lof fset

[[8:88 Discharge pressure loffaet

[[888 Leaving chilled vater C1 offset

1. Screen: HMI Configuration.

2. Function: Enable/Select or Select special and
Optional functionalities. Details for each function
are described in the sections Special Functions and

Liguid Lovel () Qlselsy) Tapac)as Optional Functionalities.
sopartit @ R 3. Access: Main - Setup button > HMI
o) —— Configuration Button.

e
T/Aug u_f_(MQural ion

EXV Control Option | Condenser Control Enable

Disabled () Fan Control Enable

Flov Hetering
Controller Option

ncxm.

nexase ()
L)

Current Load Display

o |

July 2013 Chiller Interface Version 4 pg. 9



Arctic Cool Chillers Limited

Special Functions

Hand/Off/ Auto

The Hand/Off/Auto control consists of 2 components:

1.

Display and Access
button (invokes HOA
control screen).

Control Screen.
CHILLER RUNNING
MODE

The Hand/Off/Auto function, as the name implies, has 3 modes:

1.

2.

Off - No function. Compressors are off and remain so regardless to loop temperatures. All
display functions work as normal. Chiller Enable is Red and OFF

Hand - the chiller controls the compressors based on (by default) achieving setpoint on
leaving chilled water temperature. Chiller Enable displays White and ON.

Auto - This mode requires an external (hardwired) signal providing Chiller Enable;
otherwise, Chiller is Off. Once Chiller Enable signal is provided, chiller controls compressors
according to setpoint.

Chiller Setpoint Control

Version 4 provides multiple chiller setpoint control modes. These are:

B W=

User Setpoint
Digital Offset
Remote Setpoint
Remote Offset

The chiller ultimately works with one value for setpoint, this value is always displayed on
the main screen in the Evaporator Section, labeled Set Point:

July 2013 Chiller Interface Version 4 pg. 10



Comp

Alarm

W/ Temp

Trend

CHILLER STATUS EVAPORATOR CONDENSER

OPERATIONAL HAND HOA
SET POINT | 450 °F ||| SET POINT 849 'f Power 761 Kw

Hourly Usage 6.9 KWh
UATER IN 828 "F||| uatER IN 71.4 °F |[Monthly Usage 180 KWh
VATER 0UT  68.0 'F ||| uaTER oUT 889 0f Cap. Used 585 %
sST 61.9 *F||| sor o8 'r Current 83.0 amp
Sub Cooling 17.7 of
SUCT PRES 57.5 psil|| DISC PRES 109.7 psi || Current Load 148.0 ton
COMP#1 COMP#H2Z

Demand 83.0 | Demand 83.9

IGVY 7 118 | I6V 72 110

Interlock 1| Interlock 1

Status Operational | Status Operational

Suction Pres 58.9 | suction Pres 57.5

Suction Temp 66.8 | Suction Temp 63.7

Actuval Speed 26446 | Actval Speed 26432

Discharge Pres 111.2|Discharge Pres 10%.7

Discharge Temp 105.1|Discharge Temp 104.2

Pressure Ratio 1.67 | Pressure Ratio |

Figure 2: Main Screen

July 2013

Chiller Interface Version 4

pg 11



Arctic Cool Chillers Limited

User Setpoint

To Access the Chiller Setpoint control screen, select the setpoint indicator from the main
screen or the Chiller Control screen. See the following figure:

Chiller Control Setpoint “

Actual Setpoint 45.0 °F

User Setpoint [a5.0 *F
Remote Setpoint 20 @
Remote Offset 00 r @
Digital Offset EER |
Setpoint Range 320-950 °F
Remote Set Enable No

Figure 3: Chiller Setpoint Control
To change the setpoint:

1. Touch User Setpoint.
2. Akeyboard appears and allows you to enter a new value.
3. Inuser setpoint mode Actual Setpoint equals User Setpoint.

Digital Offset

The Digital Offset Feature is new to Version 4. It requires a parameter and a digital input.
The parameter, Digital Offset is exposed to the HMI on the Chiller Control Setpoint screen:

Chiller Control Setpoint

Actual Setpoint 455 °f
User Setpoint [ 423 ¢
Remote Setpoint 324°F @
Remote Offset 74P
Digital Offset 120
Setpoint Range 32.0-950 °F
Remote Set Enable [ 1o

Figure 4: Chiller Setpoint Control - Digital Offset

The screen above allows you to enter a value (0-10) in °C or °F depending on the HMI
configuration.

July 2013 Chiller Interface Version 4 pg. 12



Arctic Cool Chillers Limited
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Version 4 currently has the digital input that enables the digital offset as Digital Input #4.
When this input is on then the digital offset display turns blue and the accompanying pilot

lights up.

Remote Setpoint

The remote setpoint is a new feature of version 4.04. When enabled it ignores the user

setpoint and reads analog input #1. This function requires:

1. Inputs:

a. Remote Setpoint - Analog Input #1 - range: 0-35 °C or 32-95 °F.

b. Remote Setpoint Enable - Digital Input #3.
2. Parameter:
a. Remote Set Enable - set to Absolute.

Chiller Control Setpoint

Actual Setpoint 49.3 °F
User Setpoint m *F
Remote Setpoint 433 Q
Remote Offset 0z @
Digital Offset [Ta«+@
Setpoint Range 32.0-95.0. °F

Remote Set Enable | Absolute

Figure 5: Chiller Setpoint Control - Remote Setpoint

NOTE: Actual Setpoint equals Remote Setpoint.

With Digital Offset

With Version 4, you can combine remote setpoint and the digital offset:

Chiller Control Setpoint

Actual Setpoint 505 °F
User Setpoint m '
Remote Setpoint 493 FQ
Remote Offset 02 % @
Digital Offset 120
Setpoint Range 320°950 °F

Remote Set Enable | Absolute

Figure 6: Chiller Setpoint Control - Remote Setpoint with Digital Offset

July 2013 Chiller Interface Version 4
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Arctic Cool Chillers Limited

In this situation, the controller adds the offset value to the remote setpoint value.

Example: 49.3 + 1.4 = 50.7
This requires everything in the previous section plus the Remote Offset Enable input (#4).

Remote Offset

With Version 4, you can combine the sum of 2 offsets:

1. Remote Offset.
2. Digital Offset.

Chiller Control Setpoint
Actual Setpoint 439 °F
User Setpoint [a23 ¢
Remote Setpoint 493 @
Remote Offset 02 ¢
Digital Offset [1a+Q
Setpoint Range 32.0-95.0 °F
Remote Set Enable I Relative

Figure 7: Chiller Setpoint Control - Remote Offset with Digital offset
To use this scenario the controller requires:
1. Inputs:
a. Remote Offset Enable - input #4.
2. Parameters:
a. Remote Set Enable - set to Relative.

The actual setpoint is calculated:

User Setpoint + Digital Offset+ Remote Offset

42.3+1.4+02 =439

July 2013 Chiller Interface Version 4 pg. 14



Arctic Cool Chillers Limited

EXYV Control

This chiller has 4 options for controlling the EXV(s):

1. Disabled - Only indicates that the EXV is controlled
externally without any visibility at the HMI.
2. Liquid Le}\llel - this is t}}lle standgrd EXV Control EXV Control Option
functionality used on all flooded chillers. Disabled O
3. Superheat - Uses an external controller connected
via Modbus to the HMI. Control functions vary by Liquid Level O
controller.
4. DTC EXV Control - Used on chillers with multiple SuperHeat .
refrigeration circuits (primarily Air-Cooled units).
This utilizes the compressor’s to control the EXV
based on a liquid level sensor. DTC EXV Control O

The following table displays the varied EXV control
screens with their options and limitations.

Table 3: EXV Control Options

Screen Controls

As demontrated below, the screens
are almost identical.

Common Controls:

Setpoint. Process Value and Control
value particular to the signal measured.
Auto/Manual control.

Trend with Y-axis zoom.

Access: Main 2 EXV button.

?Agg TICCoor 38 nsion
\__'__ alve

Setpoint [ 60.0

Process Value x

Control Value

=

x

Standard EXV Control:

Includes OFF state.

Can invoke wiring diagram for level
Sensor.

Has a PID setup control screen:

EXPANSION VALVE
SETUP

P-Band X[ 55

Integral f_ﬁ

Valve Step Change X[ 2.0
Hax Opening [ 100

Hin Opening °
SPLOSE,

July 2013

Chiller Interface Version 4
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Screen

Controls

Set Point | 2Z7.9 °f

Pressure  -0.3 pu

Super heal 0.9 ' Saturation Temp -15.2 'r
|

Valve Open @.0 | x Suction Temp -G0.9°F
—-—
T

Superheat Control.
¢ HMI Connects to an external controller
(KelvinlI displayed).
e 4 additional Alarm indicators:
o Pressure Sensor
o Suction Temp
o Low Superheat
o High Superheat
e Shows Parameters by which Superheat
is calculated.

SET POINT @ %

PROCESS VALUE x

VALVE OPENTNG|| @ |x

DTC EXV Control
e Setpointis readonly - requires
compressor monitoring tool to adjust.
e Allows for multiple refrigeration circuits
usually 1 per compressor.

July 2013

Chiller Interface Version 4 pg. 16
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Condenser/Fan/Cooling Tower Control

This software has the ability to control external devices as well as take care of any devices

that are local to the chiller. Two of these features are:

1. Condenser Valve control
2. Condenser Fan Control

Condenser Valve Control

The condenser valve can be a device attached to the chiller or, just as easily, a device

connected to the BMS. The controller provides a signal reference that is PID driven to
control the condenser inlet temperature to a defined setpoint value.

The valve-control interface has 2 components:

1. Condenser Valve Control:

a.

®

Displays trend and current values for
Setpoint, Process Value and Control
value.
Setpoint is Tech level adjustable.
Display and Control Mode:

i. Auto/Manual/Off
Access to PID Setup.
Trend has y-axis zoom capability.
Access: Main - COND button.

2. Condenser Valve Setup

a.
b.
C.

d.

P and I constants

Step change of valve

Maximum and Minimum valve
opening settings

All values settable at Tech level user
logon.

Access: Main - COND button 2
SETUP button.

B
(A TICCy
& WR CONTROL

SET POINT [ 28.4 ‘c
PROCESS vALUE R 29.4]) *c
VALVE OPENING m *

CONDENSER VALVE
SETUP
P-Band % 3.0
Integral 180
Valve Step Change % -]
Max Opening 100
Min Opening 5

July 2013

Chiller Interface Version 4
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Condenser Fan Control

The condenser fans can be a devices attached to the chiller or, just as easily, a devices
connected to the BMS. The fans can also in a cooling tower configuration on a water-cooled
chiller or in a direct condenser cooling configuration as in an air-cooled chiller.

The controller provides a signal reference that is PID driven to control the condenser
saturated discharge temperature to a defined setpoint value.

The valve-control interface has 2 components:

1. Tower Fan Control:

a.

o®

Displays trend and current values for
Setpoint, Process Value and Control
value.
Setpoint is Tech level adjustable.
Display and Control Mode:

i. Auto/Manual/Off
Access to PID Setup.
Trend has y-axis zoom capability.
Access: Main - COND button.

2. Tower VFD Setup

a.
b.
C.

d.

P and I constants

Step change of valve

Maximum and Minimum valve
opening settings

These values settable at Tech level
user logon.

Includes diagnostic parameters that
are adjustable at Factory Rep level
logon.

Access: Main > COND button »>
SETUP button.

20137817
Setpoint 29.4 .
Process Value | 33.5] ¢ bl
Fan Spoed % Quaided
L— -J <
w51,
r

Tower VFD SETUP

29.4
P-Band ¥ [ 33.4
Integral [— :g:
Start Speed ‘—_
Max Speed [‘_ 0.0
Min Speed [__ 50':
.
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Optional Functionalities

This section discusses the following options that are available to the chiller operation:

Data Logging

Controller options

Interfacing to External controllers
Master/Slave

Tonnage and Power calculations
Metric/Imperial Display

BMS interconnectivity

July 2013

Chiller Interface Version 4

pg.- 19



Arctic Cool Chillers Limited

Data Logging

New to Version 4 is data logging. The HMI captures chiller and Compressor specific data and records to a pair of CSV files. The system
creates 2 files per day with data recorded in 3 ways:

1. Once per minute - factory settable

2. One-shot when an alarm occurs
3. On-Demand via Log Data button that appears on all screens: Log Data
 ——

The following table shows the chiller specific data captured by this function.

Table 4: Common Chiller Data Captured for Logging

Pneumonic | Description

ChSP Evaporator set point

Evaporator leaving water temp

Evaporator entering water temp
SST Evaporator Saturated suction temp

Suction pressure

_ Condenser Setpoint

Ambient temp

Fan Speed

condenser entering water temp

condenser entering water temp
SDT Saturated discharge temp

Discharge pressure

Total power for all compressor calculated for BMS
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Pneumonic

Description

AmpT Total Amp for all compressor calculated for BMS
KWh Hourly Power Consumption

KWhD Daily Power Consumption

KWhM Monthly Power Consumption

The following table describes the compressor specific data. NOTE: This will have data for 1-4 compressors depending on the chiller
configuration.

Table 5: Compressor Specific Data Captured for Logging

Description

KWCx Compressor Power (Integer Value with x implied decimal) - Compressor #x

Pneumonic

LPCx Suction Pressure (Integer Value with x implied decimal) - Compressor #x
ALMCx Alarm Register (see details page for bit layout) - Compressor #x

StCx Compressor State (see Details Page for State Enumeration) - Compressor #x
HPCx Discharge Pressure (Integer Value with x implied decimal) - Compressor #x
AmpCx Compressor Current (Integer Value with x implied decimal) - Compressor #x
STCx Suction Temperature (Integer Value with x implied decimal) - Compressor #x
FLTCx Fault Register (see details page for bit layout) - Compressor #x

DTCx Discharge Temperature (Integer Value with x implied decimal) - Compressor #x

July 2013 Chiller Interface Version 4 pg- 21



Arctic Cool Chillers Limited

CC
o S —

The following tables display sample data from the 2 data logging files:

Table 6: Logging File 1 Sample Data

- kwci | tpc1 | Awmca Hpc1 | Ampci | stc1 FLTC1 | DTC1

44.6 392 392 154.4 288.6 104 0 0 0 0 -139.2 =13 0 0 0 =il 0 i, 0 0 -459.8 0 -459.8
I v
154.4 288.6 -139.2 -1.5 -459.8 -459.8
AN N I v
154.4 288.6 -139.2 =13 -459.8 -459.8
I v
154.4 288.6 -139.2 =il5 -459.8 -459.8
I v
154.4 288.6 9.2 -1.5 -459.8

1A N D I
- 1544 2836 41392 -15 -459.8 -459.8
I S N I
- 1544 2836 41392 -15 -459.8 -459.8
IR I N v
- 392 392 1544 2886 104 1392 -15 -459.8 -459.8
AN I N D A
- 1544 2886 41392 -15 -459.8 -459.8

July 2013 Chiller Interface Version 4

pg- 22



()

CCCOO

Arctic Cool Chillers Limited o

Table 7: Logging File 2 Sample Data

] o e 5717 v ] e et 5 ] s e[|

1.5 1.5 15 1.5
---------------------
m 15 -15
[ ] ---------------------
o002 [ e
=7 ] ---------------------
m -15 -15 -15 -15
---------------------
0:08:24 -15 -15 15 -1.5
---------------------
0:10:25 -15 -15 15 -1.5
---------------------
0:12:25 15 -15
---------------------
0:14:24 -15 -15 15 -1.5
---------------------
0:16:24 -15 -15 15 -1.5
---------------------
0:18:24 15 15

s ---------------------
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Controller options

Version 4 works with 2 versions of the MCX Danfoss Controller:

Controller Option

The functionality of the 2 controllers is identical; the only difference is the Input/Output capabilities of the 2 units. At the HMI this
difference is reflected in the following screens:
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MCX15B

Functions | MCX20B

Digital Inputs and Outputs screen:

Z01300614] W s
e Shows all digital I/O - Spare indicates = ml 2 W Wﬂo W
thatitis not used. R e | L st SRR I
. indicates active signal - Red s S G Q0| eSO ereions o L. |
indicates inactive. fesiiile Comnirer 10 e i1 @ tonmniie 10y o
. T o e e \ e e i P iTanie
e Shows wire numbers on-demand by o Fiow suiton 11 15 & Comnizr 4 @10 ® Rttt U s st it
. . Spare 01 49 @ Compressor 1 Run 0047 @ Spare 0109 @ Staging Dypass 2b W12 @
toggling the Wire# button. spare 010 @ Comprassor 2 e 00410 @ aes avive S mive
. . Spare 0l 411 @ :w--w!'-:mn_l: Spare D1 811 @ Conpressor 91 Run 04 11 @
e Provides access to Analog 1/0 via ;,_: ain E "'E Lt 018 et Dt :::g :
Analog button. pestitid Coe 3 intoclowk 1413 @ e s S R

Comp 4 interlock m# 16 @
Comp 1 staging valve 317 @
Comp 2 staging valve 00 %18 @
Comp 3 staging valve 0817 @

doaleg,
Comp 4 s1a0ing valve 0 8 20 @ o
—

spare 01 4 16 @
Spare 01 017 @
Spare O 815 @
Spare 01 015 @
Spare DI 4% @

Spare 0L 816 @
Spare 01 817 @
Spare 01 815 @

e Provides access to on-line electrical
drawings for the controller via TOP and
BOTtom buttons.

e Access: MAIN-> I/0 button.

T

Analog Inputs and Outputs:

indi Coor alog 1/0 e Vst o |
e Shows all analog I/O - Spare indicates - o oot
that it is not used. T o sl (3 C s
e Shows wire numbers on-demand by AR B Pl g AT Do o Ah e
. . a3 40.5 Level sensor 8-16v a8 0.9 vaive Condenser Al 2.0 Level zensor 8-16v a X ve Conduermer
togg]lng the Wire# button. AL 4 32767 Condenser ReP OFfsel S melieiaee s A ety (oAl e
i L. . .. a5 26.0 Liquid Line Tesp 05 1800 Tower Fan  8-18V AL 5 %93.1 Liquid Line Tenp s 0.0 Spare
e Provides access to digital I/0 via Digital st TR PR ‘ N1 6 SR miet Teeatrs g 00 S
a7 9.5 Chilled Vater | LIrd BV Chilled Vater IN
button. S el | G e s
e Access: MAIN-> I/0 button - Analog s S SRS
button. S e
e - -
- - N
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Controller Top Layer Electrical Drawing:

For Reference

Can toggle between TOP layer and
BOTtom layer.

Access: MAIN - 1/0 button > TOP
button.

MCX15B

Controller Bottom Layer Electrical Drawing:

For Reference

Can toggle between TOP layer and
BOTtom layer.

Access: MAIN - 1/0 button > BOT
button.
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Master/Slave

The master/slave functionality allows an array on n or n+m chillers to be controlled by one
(Master) controller. Where n is the number of chillers in the array and m is the number of
chillers in the array that are designated as “Backup” nodes. Please refer to reference
document Master/Slave Manual for details.

To use Master/Slave functionality, you must do 2 operations:

1.

Click Master/Slave Enable button on the
HMI Configuration screen so that it displays
Enabled.

a. Enables the HMI to control
Master/Slave but not master/Slave
itself.

b. Exposes the Master/Slave CFG
button on Setup screen

To enable Master/Slave functionality click
n01 MCX network enable button. Blue
indicates active - grey indicates inactive.

The left side of this screen provides the
parameters for Master/Slave.

The right side of this screen provides status
information.

Access: MAIN - SETUP button -
Master/Slave CFG button.

Master/Slave Enable _

Master/Slave CFG

s
s
Configuration =T

k02 Master Found CAN 1D
k03 Requested System Power
k13 ActivePowerTable N1
k14 ActivePowerTable N2
k15 ActivePowerTable N3
k16 ActivePowerlable N4
k17 ActivePowerTable N5
k18 ActivePowerTable N6
k19 ActivePowerTable N7
k20 ActivePowerTable N8
K54 Nunm of Backups

K55 Num of Avail Nodes

B 01 MCX network enable
0 n02 Number of slave nodes
B 103 Auto master select
I 105 Snart Power Redist.
B 106 Node rotation enable
©.0 n07 Backup node offset
[1200 n08 Time to enable n07
1 n09 Number of backup units
0 n12 Capacity upper threshold
20,0 n13 Capacity lower threshold
ni4 Capacity step min time
10 n15 Master node CAN 1D
T n16 Slave nodes CAN 1D of fset
____In17 Control probe auto switch

secsscesssas
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Tonnage and Power Calculations

This information is displayed on the Main screen:

Power 0.0 KW

Hourly Usage 0.0 KW%h
Monthly Usage -2989 KWh
Cap. Used 00 %

Current 0.0 amp

Current Load 0.0 ton
Flou 0.0 gpm

Power and Consumption

The power calculations start from the physical value, Power, from the compressors - a
totalized instantaneous power from all compressors in the chiller. This value is integrated
over a 1 hour period to provide Hourly Usage. The Hourly Usage value is totalized daily
for the data logging report (reset at midnight) and monthly into the value Monthly Usage

(reset on the 1st of the month at midnight).

Tonnage

To display tonnage:

1. Navigate to HMI Configuration screen.

2. Click Current Load Display button to display
Enabled.
a. Exposes control on Chiller Control Screen

3. Select Flow Metering Source:

a. User Entered - Provides Chiller Flow Rate
data entry on the Chiller Control screen

enter a theoretical flow value for the chiller.

NOTE: the tonnage display will also reflect
this theoretical value.
b. External - relies on Analog input 14 to have
a calibrated flow rate for the chiller.
i. Enter the Flow Meter Maximum
value on the Chiller Control screen.
4. Enter Fluid Compensation Factor on the Chiller
Control screen if the fluid used is not water.

Chiller Flow Rate 2.0 gpm
Flow Heter Haximum @.@ gpm

Fluid Conpensation Factor | 1.06@
Cooling Produced 2.0 ton
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Metric/Imperial Display

Version 4 allows you to customize your display to suit your environment. Whether you
prefer to see data in imperial units of metric, it is a single click of a button:

1. Navigate to the HMI Configuration Screen - MAIN - SETUP - HMI Configuration.
2. Toggle the Display Imperial button (below).
a. Button display current setting.

BMS interconnectivity

Version 4 allows BMS connectivity in the form of:

e Modbus (not recommended).
Modbus TCP.

BACNet MS/TP.

BACNet IP.

LONWorks

NOTE: Any BACNet or LONWorks configuration requires external hardware.

Version 4 provides 3 levels of BMS interconnectivity:
1. No connectivity.
2. View Only.

3. View with control.

No Connectivity

This is slightly misleading, insofar as the data is always available from the chiller. No
connectivity is a decision from your side of the system.
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View Only

When a BMS is connected in the preferred flavour above, the entire data set is exposed. The
listing is in the following table:

Table 8: BMS Data listing Version 1.3

Tag Description Array | Object
Offset | Instance
Name
Chiller Enable 0 1
Chiller User Setpoint (Integer Value with 1 implied decimal) 1 2
Chiller Inlet Temperature (Integer Value with 2 implied decimals) 2 3
Chiller Outlet Temperature (Integer Value with 2 implied decimals) 3 4
Condenser Inlet Temperature (Integer Value with 2 implied decimals) 4 5
Condenser Outlet Temperature (Integer Value with 2 implied decimals) 5 6
Condenser Setpoint (Integer Value with 1 implied decimal) 6 7
Chiller Limit Percent (Integer Value with 1 implied decimal) 7 8
Chiller State (see Details Page for State Enumeration) 8 9
Chiller Power (Integer Value with 1 implied decimal) 9 10
Chiller Current (Integer Value with 1 implied decimal) 10 11
COM1_PW_12 Compressor Power (Integer Value with 1 implied decimal) - 11 12
Compressor #1
COM2_PW_13 Compressor Power (Integer Value with 1 implied decimal) - 12 13
Compressor #2
COM3_PW_14 Compressor Power (Integer Value with 1 implied decimal) - 13 14
Compressor #3
COM4_PW_15 Compressor Power (Integer Value with 1 implied decimal) - 14 15
Compressor #4
Suction Pressure (Integer Value with 1 implied decimal) - Compressor 19 20
#1
Suction Pressure (Integer Value with 1 implied decimal) - Compressor 20 21
#2
Suction Pressure (Integer Value with 1 implied decimal) - Compressor 21 22
#3
Suction Pressure (Integer Value with 1 implied decimal) - Compressor 22 23
#4
Alarm Register (see details page for bit layout) - Compressor #1 27 28
Alarm Register (see details page for bit layout) - Compressor #2 28 29
Alarm Register (see details page for bit layout) - Compressor #3 29 30
Alarm Register (see details page for bit layout) - Compressor #4 30 31
COM1_STA_36 Compressor State (see Details Page for State Enumeration) - 35 36
Compressor #1
co 7 Compressor State (see Details Page for State Enumeration) - 36 37
Compressor #2
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Description Array [ Object
Offset | Instance
Name

Compressor State (see Details Page for State Enumeration) -
Compressor #3

Compressor State (see Details Page for State Enumeration) - 38 39
Compressor #4

Discharge Pressure (Integer Value with 1 implied decimal) - 43 44
Compressor #1

Discharge Pressure (Integer Value with 1 implied decimal) - 44 45
Compressor #2

Discharge Pressure (Integer Value with 1 implied decimal) - 45 46
Compressor #3

Discharge Pressure (Integer Value with 1 implied decimal) - 46 47
Compressor #4

Chiller Percent Capacity (Integer Value with 1 implied decimal) 51 52

Compressor Current (Integer Value with 1 implied decimal) - 52 53
Compressor #1

Compressor Current (Integer Value with 1 implied decimal) - 53 54
Compressor #2

Compressor Current (Integer Value with 1 implied decimal) - 54 55
Compressor #3

Compressor Current (Integer Value with 1 implied decimal) - 55 56
Compressor #4

Suction Temperature (Integer Value with 1 implied decimal) - 60 61
Compressor #1

Suction Temperature (Integer Value with 1 implied decimal) - 61 62
Compressor #2

Suction Temperature (Integer Value with 1 implied decimal) - 62 63
Compressor #3

Suction Temperature (Integer Value with 1 implied decimal) - 63 64
Compressor #4

Fault Register (see details page for bit layout) - Compressor #1 68 69

Fault Register (see details page for bit layout) - Compressor #2 69 70

Fault Register (see details page for bit layout) - Compressor #3 70 71

Fault Register (see details page for bit layout) - Compressor #4 71 72

Discharge Temperature (Integer Value with 1 implied decimal) - 76 77
Compressor #1

Discharge Temperature (Integer Value with 1 implied decimal) - 77 78
Compressor #2

Discharge Temperature (Integer Value with 1 implied decimal) - 78 79
Compressor #3

Discharge Temperature (Integer Value with 1 implied decimal) - 79 80
Compressor #4

Discharge Temperature (Integer Value with 1 implied decimal) - 80 81
Compressor #5

Discharge Temperature (Integer Value with 1 implied decimal) - 81 82
Compressor #6

8 Discharge Temperature (Integer Value with 1 implied decimal) - 82 83
Compressor #7
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Tag Description Array [ Object
Offset | Instance
ame

COM8 DT_84 Discharge Temperature (Integer Value with 1 implied decimal) -
Compressor #8

Chiller Actual Setpoint (Integer Value with 1 implied decimal) 85 86

W
Spare - Site/Project Specific 87 88
woe
Spare - Site/Project Specific 90
_--
Spare - Site/Project Specific 92
_--
Spare - Site/Project Specific
_--

Spare - Site/Project Specific 96

Spare - Site/Project Specific

_--
Spare_100 Spare - Site/Project Specific

NOTE: AS with all of version 4, this system provides data for up to 4
compressors.
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The BMS Listing has the following characteristics:

e All values are integers.
e Some of the values like temperatures and pressures have an implied decimal place; this
means that a value of 450 read from the chiller via BMS interface for Chiller Outlet

Temperature, CHIL_OUT_04, means 45.0 °F (in an imperial configuration).
e Some values are enumerated integers:
o Chiller State:

Integer Yalue Label Font Mame

Invalid DefaultFont

0 0 IDLE DefaultFont

1 1 START DefaultFont

2 2 SHUTDOWN DefaultFont

3 3 RESTART DefaultFont

4 4 OPERATIONAL DefaultFont

5 5 STAGE-IN DefaulFont

6 6 STAGE-OUT DefaultFont

Figure 8: Chiller State Map
o Compressor State:
Integer VYalue Label Font Name

Irwalid FontResource001
0 o Absent FontResource01
1 1 Offline FontResource01
2 2 Idle FontResource001
3 3 Operational FontResource001
4 4 Hold FontResource001
5 5 Starting FontResource001
6 6 Stopping FontResourcedD1
7 7 Retreating FontResource001
3 8 Fault FontResource001
q | 9 Timeout FontResource001

Figure 9: Compressor State Map
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e Some Values, specifically Compressor Alarms and Faults, are Bit Arrays:

Table 9: Compressor Alarm and Fault bit Configuration

Compressor Fault List Compressor Alarm list

LI oo tenperane O Temperare

0/1: Discharge Temperature 0/1: Discharge Temperature
Osontsre  Oseinrese
0/1: Discharge Pressure 0/1: Discharge Pressure
OpImeowrGmar ondmsedme
0/1: Cavity Temperature 0/1: Shaft / Cavity Temperature

Oftlawg /e OflewngWaTempernre
0/1: Total Compression Ratio Fault 0/1: Total Compression Ratio

O/ Gneric g oo Gompresor O/iSCRTemperatre
0/1 Sensor Fault Spare
opsRTemee swe

0/1: Lockout Fault Spare
O TemperreFaeSwe
0/1: Super Heat Fault 0/1: Super Heat Alarm

S e
Spare Spare
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Security Configuration

The Chiller control system has 3 levels of security:

1. USER:
a. Automatic Logon
b. View all main pages
c. Can change user chilled water setpoint.
d. No access to setup and control screens.
2. Tech User:
a. Useris responsible for day-to-day maintenance of the chiller.
b. Must LOGON using the button on the MAIN or SETUP screens.
i. Provide username and password.
c. Has full access to screens and settings except factory settings (HMI Configuration).
3. Factory Representative:
a. Full Access.
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Alarms

The chiller control system has 4 alarm levels:

1. Warning - They appear in the Alarm list but do not adversely affect the chiller.

2. Alarm - an alarm will shut down a compressor or chiller depending on scope but an alarm is
generally automatically reset and the compressor or chiller can restart without user
intervention.

3. Fault - requires acknowledgement and the fault condition to clear before chiller or
compressor can restart.

4. Critical Fault - applies to compressors. If a critical fault occurs, the compressor will requires
a hard reset - power down and power up - before the chiller can restart the compressor.
Generally, a compressor maintenance function is required.

Alarm Handling

The following is the procedure for alarm handling:

e  When an alarm occurs a new message appears in - in the alarm screen.

e All alarm entries must be acknowledged; this turns the alarm entry YELLOW.

e Then press and hold the reset button on the alarm screen for 10 seconds. Any alarm
condition that is clear will turn - Any condition that is still yellow means the alarm
condition still exists.

e  When all alarm entries on the alarm screen are green, press the delete button.

NOTE: Do not delete the alarm list if any are Yellow or Red.

The following table list the alarms that may appear in the Alarm Screen:

Table 10: Chiller Alarm Listing

Code | Description | Enable | Reset | Period | Start | Steady | Active Compressors
Up in Off Relay

Main switch INTERLOCK

A02 Refrigerant NOT 1 0 60 0 0 X X INTERLOCK
selected: Select,

Restart

A03 Evaporator flow 1 5 60 60 5 X INTERLOCK
switch alarm

A04 Condenser flow 1 -1 60 10 5 X OFF
switch alarm

AO05 Communication 1 -1 0 0 0 X INTERLOCK
fault

A06 Compressor in 0 -1 0 0 0 -
surge
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Code | Description | Enable | Reset | Period | Start | Steady | Active | Alarm | Compressors
Up in Off | Relay

A08 Leaving chilled 1
water sensor
alarm

Enterlng water
pressure alarm

A12 Condenser pump 1 -1 0 0] 0 X X -
overload alarm

4 Suction pressure

A11

1 transmitter
alarm

1 LP 1 cutout INTERLOCK
alarm
Evaporator high INTERLOCK
flow rate alarm

A23

A24 Evaporator 1 -1 0 0 0 X X -
pump 1 overload

A26 Evaporator
pump 1 run
hours exceeded

Evaporator
pump switched
due to fault

Low water
temperature
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Code | Description | Enable | Reset | Period | Start | Steady | Active Compressors
Up in Off Relay
High discharge
pressure

Warning: Low
water
temperature

Warning: High 1
discharge
pressure

- Liquid level
sensor alarm

A40 Low Liquid Level 0

A42 Low Liquid Level 0
Condenser fan 1
overload alarm
A46 Condenser fan3 1 -1 0 0 0 X -
overload alarm

Condenser fan 5
overload alarm

A50 Condenser fan7 1 -1 0 0 0 X o
overload alarm

- Free cooling
Ll mﬂ-------—
Freeze_Stat
Ll ’“”""—-------—
General DI

alarm 4
‘GenerllDI 1 10O 0 0
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Code | Description | Enable | Reset | Period | Start | Steady | Active | Alarm | Compressors
Up in Off | Relay
General DI
alarm 6

A60 General DI
alarm 8
A61

A62 General DI
alarm 10

General Al
alarm 2
General Al
alarm 4
-~ _-------_
General Al
alarm 6
General Al
alarm 8
o _-------_

2 General Al

alarm 10
A74 Compressor 1

interlock
activated

A76 Compressor 3
interlock
activated

Evaporator
heaters overload

Evaporator
heater 2
overload
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Code | Description | Enable | Reset | Period | Start | Steady | Active | Alarm | Compressors
Up in Off | Relay

A82 Evaporator
heater 4
overload

Evap. Condenser
heaters

Coollng enable
- _-------_

A88 Scheduler list
cleared

90 Capacity limited 1

Aux device
communication
error

all TC1 AC -
Inverter
Temperature

13 TC1 AC - Suction
Pressure

al5 TC1AC-3
Phase Current

Trip
al7 TC1 AC -

Leaving Air
/Water

19 TC1 AC-Bearing 1
Motor Fault
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Code | Description | Enable | Reset | Period | Start | Steady | Active Compressors
Up in Off Relay

TC1 AC - SCR
Fault

alD TC1 AC - Motor
Thermistor

alF TC1 ANC -
Inverter
Temperature

1H TC1 ANC -
Suction Pressure

communication

all TC1 ANC-3

L TC1 ANC -
TC1 ANC - SCR 1 -1 0 0 0 X S
Temperature
error

a24 TC2 AC -

Discharge
Pressure
Cavity
Temperature

Phase Current
Trip
Leavmg Water
1 -1 0 60 0 X -
22 TC2 AC -
Dlscharge Temp
a26 TC2 AC - Shaft 1
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Code | Description | Enable | Reset | Period | Start | Steady | Active Compressors
Up in Off Relay

a28 TC2 AC - Total 1
Compression
Ratio Fault
TC2 AC - Sensor
error
TC2 AC - Lock 1
out Fault
a2E

- TC2 AC - Super
Heat Fault
a2G TC2 ANC - 1 -1 0 0 0 X -
Discharge Temp
e )
a2l TC2 ANC - 1 -1 0 0 0 X =
Discharge
Pressure
a2K TC2 ANC - Shaft 1
Cavity
Temperature
TC2 ANC - Total 1 -1 0 0 0 X S

Compression
Ratio Fault

TC2 ANC - Super 1
Heat

31 TC3 AC -
Inverter
Temperature

3 TC3 AC - Suction
Pressure

5 TC3AC-3
Phase Current
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Code | Description | Enable | Reset | Period | Start | Steady | Active | Alarm | Compressors
Up in Off | Relay

Tr|p

a37 TC3 AC -
Leaving Air
/Water

9 TC3 AC - Bearing
Motor Fault

TC3 AC - SCR 1

Fault
_-------_
TC3 AC - Motor

Thermistor
. 1 =il 0 0 0 X -

Suction Pressure

a3] TC3 ANC - 3
Phase Current

TC3 ANC -
Inverter
Temperature

TC3 ANC -

Trip
L TC3 ANC -

Leavmg Water

N TC3 ANC - SCR 1
Temperatu re

aC4 TC4 1 -1 0 0 0 X -

communication
error

42 TC4 AC -
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Code | Description | Enable | Reset | Period | Start | Steady | Active | Alarm | Compressors
Up in Off | Relay

Dlscharge Temp
a44 TC4 AC -

Discharge
Pressure

a46 TC4 AC - Shaft 1
Cavity
Temperature
a48 TC4 AC - Total 1
Compression
Ratio Fault
TC4 AC - Sensor
error
TC4 AC - Lock 1
out Fault

E TC4 ANC - Super 1

4G TC4 ANC -
Dlscharge Temp

a4H

a4l TC4 ANC - 1 -1 0 0 0 X -
Discharge

Pressure

a4k TC4 ANC - Shaft 1
Cavity
Temperature
TC4 ANC - Total 1 -1 0 0 0 X -
Compression
Ratio Fault

TC4 ANC - Super 1
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Code | Description | Enable | Reset | Period | Start | Steady | Active Compressors
Up in Off Relay

Heat

Condenser high 0
-W-------—
- Master

connection lost
- _-------_

Master Error

Alarm Node 2

- _-------_
Alarm Node 4
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Table 11: Alarm Configuration Notes

Enable:

Period:

Startup:

Steady:

Active in OFF:

Alarm relay:

Compressors:

Notes

only if 1 the alarm is active.

is the type of reset. The possibilities are:

means that when the alarm occurs the reset is
. done automatically when the alarm conditions not
* -1 Automatic: .
longer persist.
means that when the alarm occurs the reset have
to be done compulsorily by the user (maintainer or
» 0 Manual: service) by pressing a key-combination on the user
interface.

means that alarm is automatically reset for the
"Reset" number of attempts
in the specified "Period" of time, but if the alarms

>0 occurs one more time, it

Semiautomatic: becomes Manual. This column can be set even
with a parameters, so it can be changed on field by
the user.

is the period of time where the alarm can occurs for "reset" number of
times (minutes) with the automatic reset and without become manual.

is the delay (second) in the alarm during the startup phase.

is the delay (second) in the alarm during the steady phase.

sa9 — Safety steady delay - Default Setting: 5s (Safety Page)

Define steady delay before an alarm warning or alarm. Valid for alarms:
* "A34" Warning: low water temperature;

* "A35" Warning: low To saturated suction
temperature;
* "A36" Warning: high discharge pressure;

* "A37" Warning: high pressure ratio

if this box is checked the alarm will be enabled even if the machine is in
OFF condition.

if this box is checked, when the alarm occurs the corresponding digital
output (configured in the
“Digital Output” tab as "alarm") will be activated.

with this column there is the possibility to stop/run for security reasons
the compressors when the alarm occurs. The compressors will be
stopped/ran according with the column system/circuit.
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