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Who We Are

A 501c3 nonprofit working to create a sustainable
future for supermarket refrigeration by removing
barriers to natural refrigerant adoption.

160+

member
companies

55K+

food retail
locations

Goals

@ Build a sustainable technician workforce

@ |ncrease funding for natural refrigerant equipment

@ 'mprove technology options, education, and
awareness

What are
Natural Refrigerants?
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Holup, boss
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Online Info

Visit the CAREL website EXPLORE OUR ¢ YEARS OF HISTORY
 https://www.carelusa.com/ 2B ® o

Programmable Controls

Terminals

HVAC controls

Food Retail

Refrigeration Parametric Controls

Isothermal Humidifiers

Adiabatic humidifiers

Water Treatment Systems (Not For US market)
loT digital Services

Remote management and monitoring systems
Connectivity

Sensors and protection devices

EEV Technology

Temperature, humidity and pressure control solutions
Speed controllers and inverters
Powersolutions

Obsolete products

SCAN M E DRIVEN BY THE FUTURE

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.


https://www.carelusa.com/

Online Info

Visit the CAREL YouTube Channel

=  E3Youlube aQ ¢ Tl
(A Home

&3 shorts

{51 Subscriptions

Library

Watch Later

=
O  History
®©
i)

Liked videos

@ @CARELHQs

Subscriptions 6.23K subscribers

0 Music HOME VIDEOS LIVE PLAYLISTS COMMUNITY CHANNELS ABOUT

0 Sport
© caming

Relative humidity and respiratory infections

598 views * 6 months ago

@ Movies &1V The human body is designed to live in environments where
relative humidity is within a specific range, between 40 and 60%.
@ This ideal range is due to several different mechanisms:
Explore - the innate immune defences of the respiratory system function
@ Trending best only when the incoming air is not too dry, to the extent

where it defeats the action of “mucociliary clearance”
- many viruses have reduced infectivity at humidity values abov...
READ MORE

Shopping

d° Music

M9 Movies&TV About CAREL P Play all

() Live
&3  Gaming -- S —
LEADNGTHE EVOLUTION P %frl
3 0
News et | oy oy |

This document and all of its contents are property of CAREL. All una rised use, reproduction or distribution of this document or the information contained in it, by e other than CAREL, is severely forbidden.



https://www.youtube.com/channel/UCoA1V1nCo2AF1TyWPDid6DA

Online Info

Visit the CAREL Courses website “SIGN UP” button**
 https://learninqg.carel-deutschland.de/en/courses

watch

COURSES H learn
INnnovate

CATEGORY ¥ LEVEL v GENRE ¥ L =sorTBY

the Refrigeration Controller
for Smarter Field
- - . Commissioning

e

CMALDSEO002 - Panel for cabinets
with MPXpro

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.


https://learning.carel-deutschland.de/en/courses

Technical Services
Phone & Email Support

®* US Based Customers: * By Email:
1-833-809-7267 SERVICES.USA@CAREL.COM
* Canadian Based Customers: * For Field Visit Request:

1-412-446-3646 FIELD.SERVICES@CAREL.COM



mailto:SERVICES.USA@CAREL.COM
mailto:FIELD.SERVICES@CAREL.COM

Where are we and what
are we controlling?

Rack control!



CO2, Parallel compression, Loop Piping

Dual Temp Parallel Compression Rack

Low Temp Loop (-21*F SST)

Gas Cooler EEPR

Medium Temp
Loop (+25*F SST)

L : | \"*%’ |
Y Y

Medium Temp Low Temp
Medium Temp +20"F SST

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Distributed Control

Rack doesn’t care what the

cases are doing and the
cases don’t care what the
rack is doing...most of the

Rack Controller

Gas Cooler

Case

Controllers

Supervisory
System

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Decentralized Control System

The job of the rack controller is to:
* Provide quality liquid
* Provide quality suction

A Lar s A break in comms? So what! Things should
"3 _ norery TR keep running!
ST

The job of the case controller is to:
« Cool or not. Can regulate temperature

‘ We work together!

The job of the superheat controller is to:
 Regulate superheat
« Smooth Lines! No on/off control. “Floating” superheat.

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



What are we using for rack
control?

pR300T!



PR300T Hardware

ROICHK S

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



PR300T Quick Summary

 Transcritical/Subcritical CO2
 Booster system

o iltin di - WATCH OUT!

BuH_t In display and/or a handheld display L1 = Medium Temp
. Optlpnal on board valve control L2 = Low Temp
* Multiple boards can be connected together ...always!

« Wizard for initial programming/parameter setting

 Backup to controller, laptop, or USB drive

« Configurable I/O

« What you don’t use you can’t see

« Configurable to your application: Dual Temp (CO2
Booster) Medium Temp, Low Temp, Condenser Control

« ***Can be used as standalone HPV/Flash Gas valve
controller***

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



pR300T

PR300T = | ; G 2
Driver and | gh™=® yll
Ultracap

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Watch Out!

Upper retaining tabs are fixed!

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



A few examples...



Hmmmm....

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



What's in the panel?

EVDevo

PR300T PR1
L1 Medium
Temp and
Gas Cooler

PR300T PR2
L2 Low
Temp

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Networking



Distributed Control

Each pRR300T has it’s own Modbus address

Belden 8761, 8762; 22, 20 AWG 1 single pair
2 insulated wires + 1 uninsulated wire

Belden 9841; 24 AWG 1 single pair
2 insulated wires + 1 uninsulated wire

Belden 3106A; 22 AWG 1.5 single pair
3 insulated wires + 1 uninsulated wire

Gas Cooler

Rack - Rack

Controller 1 Controller 2

A
\\N ’, .
- \N

over RS485 ’,——"""""‘~~.~
'
’
\v/’ \c
. Main Case
Main
C(?ntrcc:)ﬂse? Controller -

= -
P

-~

#

. . Main Walk in
Main Walk in
Controller
| Controller Secondary
: y . ‘ Secondary Case d Walk in
SuperVISOI’y - ¢ \LS/I?SAL ,*  Controller Local Controller
) : P e - ¢ M
SyStem g N Case Net N MIS N\ D=

= Case Net

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Network Example: pR300T Multi Board

= J25BMS2 Modbus =
= RTUover RS485 = .
= (RS485-Line2) = GLOBAL JPPTE L L
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PR300T #1: MT

Suction, Condenser,
Reclaim, Valves
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J10 pLan to pGD

J11 pLAN to 2nd pR300T

pROck @

pGD Remote
Display

J26 Fieldbus to
EVD valve driver
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This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, b

FieldBus card

12 7 13
TR

a®
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J25 BMS2 Modbus
RTU over RS485
(RS485 - Line 2)

Ii g Bug g8
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pR300T #2: LT
Suction
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one other than CAREL, is severely forbidden.




Network Example: pR300T w/ Driver & Exp. Board

J11 pLAN Expansion Board
J10 pLan to pGD

Carel or 3rd party HPV and Flash Gas Valve

=

3
!
o

= J25BMS2 Modbus = 1 |
: RTUover RS485 = cE g cEze
" (RS485-Line2) - S83z gss2
Illll..‘l.l.lIIIIIIIIIIIII‘I‘I‘-III ) ﬁg ﬂggg
.'.. ““ — EE'C‘MQ - gEGD
hq“.’¢‘ "j-l-n.‘,\";‘d o 11“[ shieid
» = —
Sy A3 - i s
| AR

—EC| [EO ...
CHO| [EHO
S

pR300T: MT/LT
Suction, Condenser,
Reclaim, Valves

Expansion Board
(only 1 allowed per
configuration)

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Wiring: 1/0



pRack — I/O Overview

« Universal I/O can be configured for different uses:

Temperature probes: NTC, PTC, PT1000

Active pressure/temperature/humidity probes
Ratiometric pressure probes 0 -5V

Current inputs, 0 to 20 mA or 4 to 20 mA

Voltage inputs, 0 to 1 Vdc or 0 to 10 Vdc

“Wet” and “dry” digital inputs

Analogue outputs, O to 10 Vdc, 10 Vdc to 0 or PWM

- Digital Outputs:

most, but not all, are Form A (normally open)

Optional SSR’s

Each connector is
grouped by J##

J## and individual
pins are identified
by silk screen on
controller

Where a wire lands is up
to the programming and
can be moved in most
cases

Yes, the gold silkscreen is
hard to read

This document and all of its contentss are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden. All data refer to year 2017



PR300T: Layout

J11 pLAN to Outputs
——== 2"4pR300T FPee=aE=== B = 0
5GD Remote Display + 2525852500 650,65, 20000 =
EIOJ M [°2g¢g9|°

Ta®x GHND = |_ E

11plA J25 BMS2 Modbus
RTU over RS485 OO ep TR = L
(RS485 - Line 2) |t | = | [ r

IIIIIIIIIIIIIIIIII‘ ,

NN: J26 or J23 Fieldbus to 27

= EVD valve driver .

4EEEEEEEEEEEEEEEERY

FieldBus card BMS card

AL F 7 ij

T HT >\‘ e Eevehass

24 VacVdc — S
ov—

Temperature probes

Pressure probes

420 A g T ) [ ——
- —
0-5 Vdc @ 10 J]I]D-QJ -

This document and all of its contentss are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden. All data refer to year 2017



Analog Inputs

NrRack

pR300T

I FieldBus card

NI Y A

 “U” means “Universal”
« Ul
« U2

,,,,, . T ———— « And soon...
24Vad/Vdc \
ONac/Vdc Ntc/Pt1000 Ratiometric Probe: 4-20 mA Probe: ID

124 2 ’ " ;e « +VDC = ~24VdC (4'20 mA)
: i=%2 « +5V=5Vdc
Vterm = ~21Vdc (terminal)

i
>
i
:

A,

!
r
N

|

One side of /‘7
temp sensors @

has shared ﬁ ﬁ

connection

C:;Udﬂ"'\/g, -

*NOT USED Reder 1o 1e0hnicl i=aniet 1o aifiecent 4 -20 mA sensocs moos

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Digital Inputs

« Most of the
Digital Inputs
are “wet”,

: however, J3

pFBOOT | and J20...

FieldBus card BMS card 13
| o o

= = L =

- = - I -

’E}@@

Uil

. 202  Silk screened
TV SN 2avaovac 5'1*.:::: ﬁhi-’-’: and identified
| 230 Vac iIn manual as

0 Vac/Vdc ' ' 0 Vac/Ndc “ID”

24 Vac/Vdc

0 Vac/Vdc

24Vac/Ndc { {

0Vac/Vdc

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden



Analog Outputs

5 Identified as “Y#”

FieldBus card BMS card 1 o e B [— on controller
il “VG” is the volta
. g e - ge

MECMC.. B X _ 8000290800 080¢ 222220222 08227 cource for all
)Vac/Vde | Analog Outputs.
Voltage at VG is
regulated and
output from each Y#

24 Vac/Vdc
0 Vac/Vdc

Use your meter to
measure between
VGO and Y#to read
the DC output

OUT1
ouT 2
OuT3
OUT 4

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Relays

=M edium 24Vac/230Vdc
0Vac/Vdc
24 Vac/230 Vac
0 Vac/Vdc

24Vac/230 Vac
0 Vac/Vdc

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Sensor Connections

/4— 20 mA Pressure Sensor\s / O — 5V Pressure Sensors\ /NTC Temperature Sensors\

DO NOT CONNECT GREEN REMEMBER TO MATCH NOTE GND

WIRE: CAP OFF. Power from UPPER AND LOWER CONNECTIONS

+VDC terminal LIMITS IN CONTROLLER.
/ K Power from +5VRef / k /

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Pressure Sensors

To protect the sensor against damage from inducted overvoltage
and incorrect use, the following measures are recommended:

Pressure transducers require removal prior to vacuum test and cannot
be exposed to a deep vacuum

Avoid winding the cable in spirals, and adequately separate the cable from
the power cable.

Receiver pressure: (SPKT00G1S0) 0-60 bar, 0-870
psig, 0-5V

MT Suction pressure: (SPKTO0B6P0) 0-45 BARG,
0-650 PSIG, 0-5V

MT Discharge pressure: (SPKT0O0D8CO0), 0-150 bar, O-
2175 psig, 4 — 20ma, Gas 1/4 MPT (straight thread, o-ring
included)

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



5.1 Table of temperature-resistance values for NTC sensor 10K@25°C B 3435

Temp. |Resistance value Temp. |Resistance value Temp. |Resistance value

Temperature Sensors =~

M. Typical | Min. Max Typical Min.
C 0 K
1 26,65 26,13

o |

e | = -

50

=1 =1 r e e e

[ — (e

NTC*WF** -- Standard Temp

| o
\;

£2 158

5B 153
7] :

40 205 L=
|

STANDARD TEMP. RESISTANCE
READINGS ARE DIFFERENT THAN THE
NTC**HT** SENSOR. NTC 10K, BETA 3435

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



User Interface

Demo too!



Display: Buttons and Terminology

View alarms: press the alarm button once and
use the scroll up or down button if multiple alarms
are present.

Reset alarms: press the alarm button again for 3
seconds

Pressing the menu button and entering the
user password will allow you to access the
1O list and functions. The default OEM
password is 1234.

Pressing the enter button after the
parameters are selected will allow you to
make changes to the values.

Terminology:

« Mask: Display screen
* Line: Group

« L1:Line 1, orGroupl

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Display: Rack Operation Overview Screens

Unit Overview Screens: Press enter then use the up or down arrows to view pressures,
temperatures, and other operating values without logging in. Super helpful!

_ ————F=149
Le—Suction ————F=149

LIFEDHdEHS__—gg EEP519

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



LOOK OUTIM!

LSS 100

Software
Versions!

Information

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



_ﬁ _j A. Unit status
Password and Menus B =2l
B. Input/Output
b. Manual Management
PR300T manages three levels of passwords: C_Test
- 1. User
2. Maintenance C. Compressors d :
3. Manufacturer 1;
- Each level includes the same rights as the lower levels
- Configurable D. Fans
R ’) . . - . "
Mess up? You can log in/out via F. Settings
- No
User User password 0000
Service Service password 1234
Manufacturer Manufacturer password 1234
E. Other functions
_ 2.0
Menus:
. . . . . c. Economizer
Branches of menu divided per functions: inside every F. Settings
branch there are parameters and variables relative to :
- : G. Safet :
the specific function. —
, I. Setup .
Y'all remember (Day Date x 4) + 127 P

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Main Menu — A. Unit Status

« Main Info
« Setpoint
e On/Off

131 MeEnld

Main info

b.Setroint

wd g Pl

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Main Menu — B. Inputs/Outputs

- Status: to see status and change configuration N == | |
: : | & IEr}'nmErI'u ?gatgﬁessngigtsg tﬁ Fress. Frobe 1

of all enabled inputs and outputs. The logic ; T Chaldgy FLE B 5 UIS'EJI:-EErEm
(NO/NC) can be changed. You'll see the status Lotus Cloge erer valust  7.obar Jl
(what the controller is seeing at the input) N Function  Nat sctive —_— " /f

change AND you can see if the function is Active
or Not Active.

- Manual management: bypass enabled outputs, respecting | e ——
alarms, safety times, and start procedures. **Only allowed == [P0 S
if the controller is in the OFF mode.*** Includes vacuum | ™ | [fores &=
function. Allows you to manually open HPV and Flash \= B
Gas Valve. Also helpful to verify wiring.

==
e

]
m
m
A I_ Y
m—— ]

- Test: to bypass any output without timing, protection or safety f‘ i
function. **Only allowed if the controller is in the OFF =
mode. Mode has adjustable timeout.**

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Main Menu — C. Compressors

I

a, [0 status

b.Fe9ulation

Prg

- C.Working hours
\‘I E5C @

I/O status: all I/O related to the compressors, check status and change settings.
Regulation: regulation settings such as setpoint, differential, type of regulation, timings, etc.
Working hours: to see number of hours the compressors are working or reset the counters.

- Energy Saving: Energy Saving Suite. All settings related to compressors energy saving
functions.

- Alarms: all settings related to compressor alarms, both digital input and probes
- Configuration: all standard configuration parameters, timings, etc.
- Advanced: contain advanced parameters. Freguencies, non standard configuration, etc.

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Main Menu — D. Fans, E. Other Functions

D. Fans:
- |/O status: all I/O related to the fans, check status, and change settings.

- Regulation: regulation settings such as setpoint, differential, type of regulation, timings, etc.

- Driver EVD: Not used. %
| | . . | o Condensers L1 1/7= A "|I

- Energy Saving: All settings related to compressors energy saving functions. | T j‘
- Alarms: all setting related to condenser alarms, both digital input and probes. .\ e J,
| Esc o < {-‘

- Configuration: all standard configuration parameters, timings, etc. —
- Advanced: contain all advanced parameters. Frequencies, non standard configuration, etc.

E. Other Functions

« OQil  Heat Reclaim J E—
. ) ] | Other functions
* Subcooling * Generic Functions )
- Economizer « ChillBooster o ¢ ])
« Liquid Injection . DSS | e SuBERatIng -
o _ | .Economizer . )I
« Transcritical Settings @

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



PR300T More Menus

F. Settings

Contains all the parameters for the main settings of the controller:
passwords, language, supervisor parameters, etc.

G. Safety
All settings for common alarms, prevent, etc.

H. Info
Contains information about software version, firmware, BIOS and

BOOT.

|. Setup

Contains all the parameters to reset the default configuration or re-
start from the start up. ***Most of this section requires the unit to
be switched OFF via the software switches, Mask Ac02

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



First Power Up



Wizard

/ & ( ONFrESSors Config. J\ { L}

aMEressors Lup
Prg REE[PRDEﬁTIHG &

Select conf19. 1ten:
WIZARD

amFreEssors humber: 2

\ /q( \ Answer the ayestions
') J ONFFess0rs cont'13. \ t,.l:l haUEl a Fu 1 1 H
N Szt W ) conf'i3urat.ion
ifferential: @.3Zbarg \ Es¢c

A—

|
\ | 0
L ondensers confid.

[N

:

ans number:

Step-by-step guided procedure
- After the Wizard is complete, the controller is ready for
work!

WARNING: if the boards do not have all the I1/O needed for the
__ selected configuration, wizard will signal error and users can decide
« if to continue or modify configuration.

™0
DHFEd durlng _
A0 aulo—configuratior

EEEE%E]EDH 1Euebaguwau
return Lo bedin
COOWH Imore information WATCH OUT!!

SYSTEM OF UNIT MEASUREMENT CANNOT BE CHANGED
AFTER WIZARD! METRIC (SI) OR IMPERIAL (US)

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Wizard Step by Step

| 5duade FBEML =Larl ue
Selecl cont'i9.1Llem:
Languyadea: EHGLISH WIZARD
[EHNTER] Lo change Hhswer Lhe auesl.ions
[ESC] Lo skiF Lo have 3 fullg
o cont 19ural.1on

TaFe of 1hstallation:
SUCTION & COMDENSER

Redulalion TarFe:
BEOOSTER TRAMS.

Measzure unils:
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After the Wizard...

By going to main menu -> inputs/outputs -> status -> you can configure all
of the inputs and outputs.

Enmman %Du Preszas%a% gucflan PFESS.PFDEE
FLE K ID == FLE H L= B-3l)

Stat, Cl -39 . 43psig
Coaic " Upper yalus: 15500513 Watch out! Some
Function EESERSTE Eglﬁgr‘;%igﬁ; EI:EIEE%'EI /O can be accessed

from multiple menus
OR only from one

00 status AO Status men U!
QP eSS0 ans 1nverlLer
FLE [E1
_ FLE K§ AD ==
Line relag DO-- 0Off )
SLatus I

Logic L]
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Regulation & Rotation



Regulation & Rotation

Input Regulation Type

Neutral zone, proportional band,

Regulation Type proportional & integral band

Calculated capacity required

hh

Rotation Type, Timings, etc.

- FIFO, LIFO, Running time, custom
- Variable speed comp is ALWAYS

first on, last off.

Modulating devices ramp down as

Devices stages increase, providing a full

spectrum of system capacity.

Active capacity

h

Output _
Devices Controlled
Compressors, fans

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Regulation: Neutral Zone 1/3

Neutral Zone:
Used for both compressors and fans

A central zone in which:
Compressors/fans are not activated or deactivated
Central set point with differential on both sides

Timings of starting and stopping

Variable speed devices ARE modulated within this zone

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Regulation: Neutral Zone 2/3

Power ‘

The required capacity depends on: . .
t . t Decreazing band MNeutral zone Inn:reasjrtlg band
. setpoin ! - |
p LT T STy i
. . . 100%:) I
. Differential - your parameter is NOT poverone) ;
divided by 2! e | i
cument “cold ST
. . uest” |
. activation band - . ;
Deactivation : : Activation |
. deactivation band , band i 400psig band 4
Minimum 10 psig Setpoint 10 psig !
power (0%) : : A : , -"'
/’ s a . PlorT)
. F ffthrezhold . ) ) i
Outside of these zones, the e dffgrental diffsrenta
required capacity reaches
the maximum (100%) or Narrow bands = fast and reactive systems, possible swings
minimum (0%) Wide bands = slow and stable systems
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Regulation: Neutral Zone 3/3

Based on the current system operating point,
the required CAPACITY the controller is calling
for (remember, this is NOT the # of
compressors) depends on TIMINGS. Since the
controller is looking at the total capacity, the
timings you enter are TOTALS, and therefore
divided by the # of compressors you have.

Activation Zone (“Power load...”)
Minimum activation time from O to 100%
«  Maximum activation time from O to 100%

Deactivation Zone (Power unload...”)
* Minimum deactivation time from 100 to 0%

«  Maximum deactivation time from 100 to 0%

Decreazing band

Meutral zone Increazing band

Max Time to
0% Power

KMin Time to
0% Power

We wait the Max time to
bring on 100% capacity at
this pressure. So if the
press. sits here, we wait the
full time before we go to a
call for 100% capacity.

Max Time to
100% Power

We wait the Min time to
KMin Time to

bring on a comp at this
pressure. This makes
sense because the
pressure is climbing rapidly.

100% Power

- B’

Deacreaze zone
difierential

A

» .
: Increase zone P [CII' T]

E Q:I'
i Setpoint differential

Meutral zni'ls
differential

Based on the specific configuration of compressors or fans (humber, sizes, etc.) the activation/deactivation
times of the different compressors depend on how far the value is from the set point.

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Regulation: Prop.+ Integral Band

Required capacity depends on the proportional and integral (adjustable).

Parameters:
« Setpoint
 Differential (this won’t be divided by 2!) Power §
« Time (in seconds)
Maximum _
power (100%)
High Differential (psig) = system slow and
not reactive
) ) ) Power that
Low Differential (psig) = system fast and D..,,f,f','?c"ji i
reactive, possible instability " request
High Integral Time (seconds) = system slow B .
to respond to instability pn’.;!gr'm;".; : -
' : 551:Pnint P [nr T]
Low Integral Time (seconds) = system fast » _ T
and reactive, possible instability i Differential
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Rotation

Part of the SW that reads the power capacity request from the regulation and tries to activate the right type or
number of devices to make the active capacity as close as possible to the capacity request... In other words, lets

match what we have to what we need.

Uses: Required capacity refers to:

-+ Rotation type. FIFO, LIFO, running time, custom * 0% = all available compressors off

. number and type of device available * 50%= half of available compressors on
. actual status of devices » 100% all available compressors on

. timings

. alarms

. sequence of activation and deactivation

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Rotation of Variable Capacity Compressors

The rotation manages the activation of the speed modulating device considering

. minimum activation (min frequency)
. maximum activation (max frequency)
. nominal capacity

. nominal frequency

. Increase and decrease times

The management is the same in case of:
. inverter

. digital scroll

IHUEFEEP EDH!IQUFEEIDH

Mininum wollage: H.@L
1E|.|au:\\
SHHZ

Maximum woltage:
18 . 8Kuw Min/Max voltage should
“match” Min/Max

Mominal fres.:
Hominal rFower:

LanmF «HC

rverLaer cont 13ural.1on frequency. In other words,
.. : if you want 2.5V (25%) as
Eé?i?ﬁgtir{ﬁe ?Eg your minimum voltage,

then your minimum
frequency should be 15Hz
(25% of 60Hz).

IHUEFEEF EDH$19HFEEIDHK//////

SEH=
eEH=

Min.fredquencds
Max . frequencd:
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Rotation — An Example

Comp 1: 30-60kW = 8.5-17T (102-205MBtu)
Comp 2: 20kwW = 5.7T (68MBtu)
Comp 3: 20kW = 5.7T (68MBtu)

e ON-OF F

100 e» esRequest
Inverter
90 Active
80
370
k3
©
T60
(@]
Begin 30
bringing
comps ON
here after
some time
delay...~22%
A
0 7\*\\\\\HHHHHHHHHHHHHHHHHHHHH\

Time—

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.

Min % ON of
variable
speed comp.
Keep ON for
some time
delay then
shut down.




Compressor Alarms



Main Alarm Steps

Example of value

for MT side
HP Pressostat Switch —>
HP Gas Cooler Alarm (by probe) ——
Prevent —> 107 barg
P100% —> 106 barg
Pmax 103 barg
HPV Setpoint —> . _
The bookends in the setting of

Min HPV Setpoint g 20 barg software thresholds are:
Low GC pressure alarm —> 20 barg  HP Pressure Switch

* LP Pressure Switch
Comp. regulation Setpoint 26 barg
Cut-OFF/Pump-down —> 22 barg
Low Suction Pressure Alarm — 20 barg
LP Pressostat Switch —> N
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Compressor Safety

Compressors have individual alarms: Overload, Oil, H.P., L.P. and Generic.

System Alarms: System HP, LP, Oil, Liguid Level, Inverter fault.

Suction Superheat alarm: By strapping an NTC sensor to the compressor inlet, the pRack can
monitor floodback. It can be set to turn the system off in the event of low superheat.

H.P. Prevent feature: The pRack can be set to prevent the system from going off due to high
discharge pressure.

At a preset pressure the controller will engage heat reclaim (if configured), then it will
begin unloading the Rack to prevent shutdown. Additional measures also taken within
programming dependent upon configuration.

Anti Liquid Return feature: if no compressor is operable, the anti liquid return relay
remains disabled.

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



PR300T: Compressor Alarms

. _ Common features

Piston or scroll compressors:

. All alarms can have automatic or manual reset

. All alarms are enabled also if compressor is off

. All alarms have start up delay and activation delay

. Start-up delay is reset at every switch on of the compressor

. Settable priority of alarms: SERIOUS — WARNING, activation of
different alarm relays

. Only two different alarms to supervisor SERIOUS — WARNING,
description of alarms is conveyed by dedicated variable.

. maximum 4 alarms (DI) per compressor
. Generic, HP, LP, overload/Klixon, oil
. the alarms can be grouped as desired on the
same DI: 2 digital inputs
ID1 = HP+LP
ID2 = overload/Klixon + oil
. What the heck does this mean? All you’re
doing is grouping the alarms for display
purposes

—
oY ComF.Alarms  LCasl? 4
™ Alarm 1 descrirtion

Gerneric:

Prg e loads

High Fressure:
— Iﬁi;-w _Fressyred

Vg [(H1ls=
_25@ Py @

(] ] 4] 5
[*
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PR300T: Compressor Alarms

« Up to 4 alarms by DI can be configured for
MHumber of alarms

for each i:n:-MF-r*essn:-Hl each compressor

Watch out! Look
closely...there are check
marks and “X’s”’!!

Generics
Ouer1oad:

High rFressure:
Low Fressure:
Qdil:

« For each alarm it is possible to associate the
description

Hlarm

« Configure the delay, type of reset (auto or
AcLiv.delaq: H=

Starf e delaw: A= manual) and Alarm Digital Output (Serious or
Reset.: AUT. :
BoTers SERTOLIS normal). Alarm code: from ALC90 to ALC99

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



PR300T: Compressor Alarms

~omF . H
BHCElom fish « High Suction pressure alarm by probe (threshold
alarm: ABSOLUTE and type threshold: ABSOLUTE or RELATIVE)

Threshold: 20 .Hdbharg

—_omF .H

Suction highk « Alarm will be issued at pressure > 35 barg and it will
CloisE=mal e be reset at 34 barg.

alarm diff. 1.8bar3 :
 This alarm forces the compressors at max power
Alarm deladg: 12A=

H1! 'EIE Ei EcEar*Ele « High Discharge pressure Alarm by probe

Fressure alarm (threshold, differential and delay).

Threskhold: 118 .8kar3a o i i i

QoeEst g-gnard This mask appear ONLY if a discharge pressure
probe has been configured.

« This alarm forces OFF the compressor.

Hlarm delaad: H=

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



PR300T: Compressor Alarms

=LanmF .H

ol discharde ; * Low Discharge pressure Alarm by probe
Frressure alarm

 This mask appear ONLY if a discharge pressure probe has been
Threshold: 44 . Hdlhar-3 '
Diffs S . Ghard configured. |

« This alarm does not do any actions
Alarm deladg: H=

2w Suecrh S - Low SH alarm: disabled, ONLY ALARM, or WARNING + ALARM
%ﬂ?géﬁald: BLAs - Alarm: Low SH with Comps running (delay will be Alarm delay).
Lo e oiraE L - Warning: Low SH with Comps running (delay will be half of Alarm
Resef: MAMLIAL delay)
Hlarm delaq: 2d=

—LomF .H
arningd 1nverLer

Switch—off come.1:  HO
Reset: MAMLAL

Alarm delaa: H=

« Warning Inverter Alarm
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Gas Cooler Control



Gas Cooler Control

« Fan operation can be tied directly to compressor operation or as stand alone devices.
« Fans may be managed with LIFO, FIFO, Time, or custom rotation in the same way as the compressors.
« Controlled by Gas Cooler Outlet temperature in current applications.

| G.Looler Reg.  Labldl]
Fedulation bea:
TEMFERATURE Mi i mum: S GO C
Fedulation Lurpe: : . o
FROPORTIONAL EAND Max1mumns £J.8°L

3. .Laol e .. FHet

Selroint: P I Ll I

When outlet at this temperature fans
are running 100%
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Fan operation with modulating device

Fans can be controlled by a modulating device.

Parameters can be set on screens Dag02 and Dbg02

Minimum modulating output value 0 V, maximum value 10 V, or vice versa
Minimum modulating device capacity 0 %, maximum 100 %.

Reversing Max/Min power refer. will

A Analog output Max capacity - 100% change the output to a 10 — 0 VVdc signal

Max output
value=10V

\|

Min capacity=0%

Min output E'.i 1 i | T-' RRE= 1 L= !';j = 5':
value=0Y_{___ . > Mas oul values LE L
Setpoint Regulation M1r FOEr et S . n kg
Differential _ Differential probe value i Mas JFouer reter . LEES

< g —
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High Pressure Prevention

Controller does what it can to prevent high pressure switch from tripping

Prevent procedure to avoid high condensing pressure alarm

High PCOI’]d

condensing
pressure
alarm

all comp. OFF

1° stage

Chilbooster or
prevent

Heat Reclaim

In case there are heat reclaim or chillbooster, they can be used as first stage of prevent.

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



PR300T: Gas Cooler Alarms

Gas cooler « High Gas Cooler pressure alarm by probe
ik alarm:  AESOLUTE (threshold and type threshold: ABSOLUTE or
Alarm delaq: BH= RELATIVE)

Higkh 39as= cooler Fress. o ThlS a|al'm fOI’Ce the GC fanS a.t max pOWEI’

plarm Lhe i 114.8bard and shut off the compressors
Alarm diff.: aAbara

» Low Gas Cooler pressure Alarm by probe

E?gsgﬁﬁéep  This mask appears ONLY if discharge press probe is configured.

low alarm: ABSOLUTE

 This alarm does not do any actions
Alarm delad: AH=

 Fan Common Overload by DI

Common fan overload: * YES: only one common overload available and NO action to fans in alarm state
vES  NO: can be configured an Overload DI for each Fan.
oL S e « The Fanl Overload shuts off the fan output only if it is not common with other

fans
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High Pressure Valve
(HPV)



How do we drive valves?

pR300T CO, can control HPV/RPRYV (Flash Gas Bypass)

valves via an EVD Evo driver, an onboard driver, or via a 1\\\\\\\"—“\\
0 -10Vdc signal. : » sk

4 s

rp @ built-in driver
\_J \U_J with Ultracap Tech.

B
”h" ll"nnnnnunu

: _

0 — 10Vdc Flash Gas Bypass |

0 — 10vVdc HPV

ITARY

ICMTS
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Transcritical CO, cycle .@HPV

| ] 1 /
| I
MT | HR1 HR2 N % MT EV W4
line L1 | “HPV L
| | % , ~ comps
I : LT EV
I | h
I I .
: e ~, |
I |
i RPRV |l @ REC .
: CO, specific components
' |
E : * Gas cooler: equivalent of condenser, so called because in
: : transcritical conditions there is no condensation but gas cooling
I
* High pressure valve (HPV): controls gas cooler pressure
* Receiver pressure regulation valve (RPRV): also called flash gas

valve, controls receiver pressure

* Optional - Parallel compressor: controls receiver pressure in
behalf of the RPRV
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High Pressure Valve management 88 e

L= = = & 1 3

3

L=:r = 1 = x x ;

« HPV managed according to the zone identified based on Gas Cooler outlet temp and
gas cooler pressure

* Minimum gas cooler pressure, less compressor work
« Adjustable limits, speed, standby, and backup positions of the HPV

« Alarms for troubleshooting and monitoring

=,
|
|

=)
=

Zone:

__@g_

High pressure proport. zone(based on P)

/_ L /L P100% = 110 barg e j

r" < v / < Pmax=105barg

100.004 ' ('

T

/ 7 I~

JTRANECRITICALZONE " = ‘f. 4 Transcritical

90.00 Regul tonf ﬂows Popt (hne 1) {

[ { |2 Pmax = 105 barg

L : T ) T12=32°C EoE

l}’12 (Tf:nt F' Tcnlf? ‘t32—C 7]/ bar)f / g \5! P12 = Pott(T12) = 77 bar ] Elr
R : f' . N T Line is calculated as a function of Popt

BOTA = - / / 7

80.00

‘oporzionale

3

T100%<Tgc<

70.00

pen 100%
lazione p

Intermediate 1. Transcritical Zone

Pomt B as before

e 54,,ar]poimc Calculation of the optimal Gas Cooler pressure to maximize COP.
" Subcrtcal Pl regulation to keep HPV pressure optimal setpoint

Point C as beforeTmin = 1°
Point D

HPV o
Regd

60.00

4 / i

" SUBCRIICALZONE | |

/{ gulation u#ses/s;ec line 3" |
/

(B

50.00

Psat=(Tmin+SBC) = 41 bar

ey 2. Intermediate Zone
<yes Low temp proportional zone (based on T) . - oy .y
o O Pl regulation for a smooth transcritical to subcritical transition

T100% = -5°C

N SBC=5K 3. Subcritical Zone

Pmin = 40 bar If P<Pmin then HPV closes

ko vkl fop fow P an compreasar PI regulation of the HPV valve to keep a subcooling setpoint

discharge line

Pmin=40barg | D
40.00

o8¢

T100%:

30.00

A -Eé’ﬁf;212?32‘?1‘}1%:;52"%i‘fé‘é‘?io”fi‘f”(%é’” Safety zone
\ Ign press. proportional zone . .
Above a set pressure the HPV valve open proportionally to avoid
pressure increase

140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
Enthalpy [ki/kg]
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Transcritical Settings (HPV)

Enable HFLU walwe uES « Enable/disable HPV management.

matiadement. . . .
_ _ » Setpoint calculation is CUSTOM and cannot be modified.
selrolnt calculalion

al9orithm: CUSTOM

: : Minimum Opening %:
Min.HPU oFreningd Frerc. _ _ _ _
Our-ing OM: a.8% * During ON: while the UNIT is ON (by parameters, DI or supervisor)

durind OFF: A .8% * During OFF: while the UNIT is OFF (by parameters, DI
or supervisor)

« Max opening percentage that can be taken on by HPV valve

HEESOalFey LORNUE ERCIGT during the regulation (while the UNIT is ON).
Maw . deltas 18 6% « Max delta Max allowed variation of the valve position in

one shot.
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Transcritical Settings (HPV)

ans..sellinds 1, * Prepositioning of HPV valve after that unit enters in ON status.
HFL walue « HPV valve remains at a fixed position for the pre-positioning time.
Fre-Fos.valus: 2E B : : : : :
_ « This procedure is reactivated whenever the unit goes into OFF status
Fre-Fos.Lime: = or the HPV valve moves into the minimum position due to all

compressors being turned off (optional).

« Graph that summarize the different regulation zones of HPV valve.

189,
Poritic: 1%3 ‘Bhara °© Modify each regulation zone of HPV valve.
TlZ: 21.8°C
T23: ol .8% C

Trins: 2.8°C
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Transcritical Settings (HPV)

» “Delta” is the subcooling used by the system to calculate the
setpoint in the subcritical zone.

: : « “Coeff.1” is the line design ratio. By decreasing the ratio, with the
EéEE% ??51'5"" s g same Tgc_out, the optimal HPV setpoint will decreases.

» Proportional and Integral time used to control the HPV.

P1: 2nsbarg
I1: BHE . Proportional identifies the HPV valve opening variation for every 1 barg

change in the Gas Cooler pressure.

» Filter that can be enabled to avoid fluctuations in the Gas Cooler
pressure. Could be used to correct any electromagnetic noises
presented in the GC_Out_temperature.

Erable HFU setroint
H M

Humber of =amrles: -
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Transcritical Settings (HPV)

« Max HPV safety setpoint: max allowed value other functions try to increase
the setpoint (protections of the receiver pressure by HPV). In normal operating

Maximum HPU safeta

=atFoint s 9E . Akarg conditions this can be up to Pmax (Fhb25).

gégég'iﬂtl:lpu A0 . Glarg « Min HPV setpoint: min value allowed in running mode.

Ena%lel 1oy T.-E'I"'lF'E'r"-EIT.-HEE'  Enable low temperature control enable the Low temp proportional zone.
conLial s

ans..sellingds
satelles
 Safety position of HPV in case of some fault (broken Gas Cooler outlet

satela HPLU wvaluve yb (

Fosition: SE LB temp. probe or broken Gas Cooler pressure probe)

ypmmmsﬂm Has L .Hdwarn.
ateliles e Offset to add to the External

Dalts t Temperature reading in case of Gas Eﬂablebgaﬁ EDDIEE :
w?thagagmzaglep Cooler temp. probe error. FIress .DackWF Frrobes

Frobe error: .8°C « Auto switch on ext. temp. must be Auto =switch ext. LemF .
enabled on mask Dagl4. if GC. Frobe FEUILH’ES
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Transcritical Settings (HPV)

Enable HFL =safelies
by receiwver PPESS.@ES

High receiuver Fressure

Lhreshold: &H . Bbarg
Max receiver Fressure:
rd.dbarg

Incr.set HPL: 14 .8karg

g-EIE E'EIE'E

Low receiver Fressure
Lhreshold: 22 .8barg
Min receiuver rFressure:

29 . dAkbharg
ODecr.zet .HPLI: 18 .8barg

Force closing when
comrFressor OFF: HO

Closirng delas at'ler
comFressor OFF: 16=

Parameter to enable some actions in the HPV valve to prevent High
and Low pressure conditions in the receiver (see masks Eib13 and
Eibl14)

If the receiver pressure will rises above the threshold, a proportional
offset will be added to the HPV setpoint in order to close the HPV. For
example: start at a O bar offset @60barg and scale up to a max 10 bar
offset @70barg.

If the receiver pressure falls below the threshold, a proportional offset
will be subtracted to the HPV setpoint in order to open the HPV. For
example: start at a O bar offset @35barg and scale up to a max 10bar
offset @29barg.

Parameter to enable closure of HPV when compressor is OFF. The HPV
closing position will match the value set as min HPV position during OFF.

Delay to close the HPV valve after the compressor switch OFF.
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Flash Gas Bypass Valve

(RPRV, Recelver Pressure Regulating Valve)



Transcritical Settings (Flash Gas Bypass)

Valve Output

EVD Evo Ultracap

Configured via
PpR300 L1 (Medium
Temp)
automatically (no
network setup).
Parameters set via
pR300.

No Inputs

Networked via
Fieldbus to pR300
L1 (Medium Temp).

NO MODBUS

ADDRESS
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Receiver Pressure Regulation Valve management

3

x> u"x = x 1 x 1 x

* Pl regulation to maintain receiver pressure at settable setpoint P =

« Settable limits, speed and stand-by and backup positions of the valve

« Debug and monitoring alarms

S ——— |

« High and low receiver pressure safety functions

* High receiver pressure alarm cut off compressors

= __@_

« Embedded algorithm with 0-10V output, compatibility with all kind of
valve in the market using EVD EVO driven by 0-10V input

 Backup/integration function of a secondary RPRV valve

CCM
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Transcritical Settings (Flash Gas Bypass)

Enable EPEL walwe
manademant:

YES « Mask where it is possible to enable/disable the RPRV management.

Fans o2l

_ _ * Min. opening percentage that can be taken on by RPRV:
A e Fait During ON: while the UNIT is ON (by parameters, DI or supervisor)
During OFF: while the UNIT is OFF (by parameters, DI or supervisor)

Ouring OFF: 5 G s

- Prepositioning of RPRYV valve after that unit enters ON status. RPRV

Pre-rFos.wvalue: 28,087 valve remains at a fixed position for the pre-positioning time.
RPRL walue - This procedure is reactivated whenever the unit goes to the OFF status
Pre-rFros.Lime: 2=

or the RPRV valve moves into the minimum position due to all of the

SLarl from rFreros: MO : .
compressors being turned off (optional).

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Transcritical Settings (Flash Gas Bypass)

Maxirmunm EPEY walue
oFening Fercentadet
5

Max.della: 18.8%

CO2 receiver Fressure

selrpoint: 23 .80barg
Fror.dain: 2B€<bard
Int.time:s al=

Safety EPEL valwe
Fosilion: ] 2 5 e

Force closing when
comrressor OJFF: YES

O=lag closing atter
comrressor OFF: 18=

Max opening percentage that can be taken on by RPRV valve
during the regulation (while the UNIT is ON).

Max allowed variation of the valve position in one shot.

Receiver pressure setpoint (RPRV setpoint).

Proportional coefficient and Integral time used for the RPRV. Proportional
coefficient identify the RPRV valve opening variation for every variation of
lbarg in the receiver pressure.

Safety position of RPRV valve in case of a fault (Receiver pressure probe broken).

Enables the closure of RPRV valve when comp is OFF. The RPRV closing position
will match with the value set as min RPRV position during OFF.
Delay to close the RPRYV valve after the compressor switch OFF.

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Transcritical Settings (Flash Gas Bypass)

Fans .selL1nds
H139h Feceluver

Flressure Ilarm - High receiver pressure alarm settings (threshold, differential,

Trheshold: 45 .8barg delay, reset).

El '{"F' .t = .EEEEQ . If “switch off compressor: NO” has been configured, no actions
elad. = will be done in case of alarm.

Fesel: MAMLIAL

Switch off comer.: HO

eLF. COMF. - This mask will appear only if the “force closing of RPRV with comp. off’ has
been enabled (mask Eib24).

Feceiver rFress.selF - . . .
- u u « RPRYV valve will be closed only if Recelver pressure < (setpoint+1/2 offset
diff.: 168 .8hara y P (setp )

and it will stay closed until the pressure increases above setpoint + offset.
As soon as the pressure reaches this value, this value becomes the new
working setpoint and in 60 sec it will bring to the original value (setpoint).

Time: =15 =T
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Other functions



PR300T: Double System Synchronization

-

—

. Optimization of system operation

. To avoid simultaneous peaks on different lines (3 lines)

. To synchronize the operation of two lines in booster )
y P E.J' .E =
systems: — —
®®—|l | \:]’;7,
1. if the low temperature line is active, then the E

medium temperature line must be active (forcing on

compressors or pumping down compressors)

2. if the medium temperature line cannot be active

00— F—

due to technical problems/faults, then the low

temperature line must not be active
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Generic Functions

The generic functions available for each board are:

Tel - Fedulation wariable:
5 digital thermostats (ON/OFF) - DO FEABEE
2 modulating thermostats — AO Mode:
Redulalion wvariable
SUCT .PRESS . CL22
Regulation variables can be analog inputs not Mo s OIRECT

used (generic probes) or internal system

variables with specific threshold and differential.

Enabling variables can be digital inputs not used (generic

DI) or internal system variables (mainly alarms). Frahle:
AL .COHO.PERESS .LCL1 2

OescriFrlion: SEKIF

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



USB and RHEC Manager

Retalil High
Efficiency Controllers Manager



Connecting to pRack

RS485 Converter with USB-B to USB-A
telephone connector: cable to pRack
CVSTDUTLFOto J10

USB drive to pRack

£ i<=gjifjt

JBEMS2 S5 TBEUS

pRack

PR300
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Using USB Drive — What Can You Do?

1. Download logs from controller.

2. Download/Upload the Application; AKA Software.

e BEPOD_01
b APPL_PCO.DWL 10/14/2001 6:25 PM DWL File 3,328 KB
b FILE_DEV.DEV 10/14/2001 6:31 PM DEV File 14 KB

3. Download/Upload Parameter Settings (setpoints). This is also known
as the .DEV file. Shown as “Non Volatile Memory” in controller.

DEVOD_01

D FILE_DEV.DEV 11/8/2022 1:22 AM DEV File 14 KB

4. Download/Upload “pCO”. This is everything except logs and boot file.

CEYOD 01 [] APPL_PCO.DWL 11/8/2022 1:31 AM DWL File 3,328 KB
[] BIOS_PCO.BIN 11/8/2022 1:38 AM BIN File 704 KB
[] FILE_DEV.DEV 11/8/2022 1:40 AM DEV File 14 KB

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Using USB Drive - RULES

e File names
In order to be recognised, the names of the directories and files on the
pendrive must have no more than 8 characters; the controller makes no
distinction between upper-case and lower-case characters. However,
during DOWNLOAD the names of the directories created by the controller
on the pendrive are always in upper-case.

« Tested and long filenames WORK on new
software! Keep directory names at 8 characters

* Always include software version in *.dev file name

« If keeping backups from multiple job sites, think about how you want to name these folders

« ALWAYS MAKE SURE SOFTWARE VERSION (APPLICATION VERSION) AND *.DEV
FILE VERSION MATCH

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



LOOK OUTIM!

***If downloading from a multi-pRack setup, you MUST switch
the controller off via keyboard and disconnect the pLAN
connection at one end***

[LQCK

PR300T

FisidRun cmrd
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LOOK OUTIM!

File names....ALWAYS INCLUDE SOFTWARE VERSION!!
This can be found in the rack controller or from the rack manufacturer

YES!! Customer, Site, Refrigerant, Rack ID, and Software Version

~\,

E Aldi_GooseCreek_COZ2_PR1_v428B.dev 10/11/2022 4:02 PM DEV File
E Aldi_GooseCreek_C0OZ2_PRZ_v428B.dev 10,/11/2022 4:02 PM DEV File
E GooseCreek_COZ2_T.dev 472272022 4:35 PM DEV File
E GooseCreek_COZ2_2.dev 472272022 4:35 PM DEV File

/

NOPE!! Not specific enough!

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.
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LOOK OUTIM!

LSS 100

Software
Versions!

Information
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Using USB Drive

1. Connect the USB drive to the pRack

2. Press and hold the “Alarm” and
“Enter” buttons together for about 3
seconds. The system option menu will
display. Use the down arrow button to
scroll to “Flash/USB Memory”. Press
Enter.

» SYSTEM_ INFORMATION H\\
LOG DATA
UTHER IHFURMATIOHN

FLASH-USE MEMORY
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Using USB Drive — Download — pCO to pen

1. Select Download 2. Select Download type:

| D TEREE ]
aacd OPFL
ciac] EIEL

nRack PR300T prRack

3. FoIIovr\(”screen directions

0 R T W S R I e B
R R R O Rt N AR A A Rt Rt B
PR SRS RAR M B ISR o § SR TR Mo 1L e LR o et H
HEHE o ] b e BOEEEEE
i i e R epltt B M o o |
R o I |l T LR LR R D L

R TR | - B

HRack PR300T
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Using USB Drive — Upload — pen to pCO

1. Select USB Pen Drive 4. Scroll through help screen
7 7 [ T | | T T R i

5. Select file or folder you want to upload
by pressing enter. A “3” will appear
next to the file you select. Press the
PRG (“target”) button

2. Select Upload (pen -> pCO
r Y PR e S

6. Wait and unit will reboot

Le
'l
=il

LIFloac CDHFl
Femowue LUSE k
isd

St Flease 4

|_|_| l'[l i
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Using USB Drive - Errors

Inualid nesuest SE odisk o ‘I
Lheck kew conlenlzs S

oF Led ked Fress ESL O
reinserllon iheart baaitah B I

NRAcK pR300T NRAcK pR300T

Try another USB drive USB drive not connected,
reinsert, or try another USB drive

Other errors may mean you’re trying to load a parameter file
written for a different software version

tion or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.
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Troubleshooting

Unstable Gas Cooler pressure

EFFECT POSSIBLE CAUSE SOLUTION

Unstable Gas Wrong configuration of HPV PID e  Check and adjust the HPV PID (decrease the
Cooler pressure (proportional too high and proportional and increase the integral time)
integral time too low)

Ineffective filter on the reading of e  Check and adjust the filter of ToutGC
ToutGC probe

Unstable HPV set point e Check that the calculation of HPV set point is
stable; otherwise keep it stable keeping stable
the Gas Cooler fans

Wrong placement of Gas Cooler e  Check that gas cooler probe has been placed in
probe the right position (not affected by external
conditions)
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Troubleshooting

The Gas Cooler pressure does not reach setpoint

EFFECT POSSIBLE CAUSE SOLUTION

The Gas Cooler The type of valve set is e Check and correct the type of valve parameter

pressure does incorrect
not reach the set

point incorrectly (rotates

in reverse)

Stator broken or connected
incorrectly

Wrong configuration of PID
parameter

Leakage from HPV valve
when it is closed

The HPV valve is connected

Check the movement of the valve by placing it in
manual control and closing or opening it
completely.

If the movement is reversed, check the
electrical connections

(for Carel ExV only) Disconnect the stator from the
valve and the cable and measure the resistance of
the windings using an ordinary tester. The
resistance of both should be around 36 ohms.
Otherwise replace the stator.

Finally, check the electrical connections of the
cable to the driver/ controller

Check and adjust the PID parameters in order to
increase the speed of the valve

Check that there is no transit of refrigerant through
the valve when it is closed. If there is a leakage
replace the valve
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Troubleshooting

High CO2 Receiver pressure (1/2)

EFFECT | PROBLEM/ POSSIBLE CAUSE SOLUTION
SCENARIO

High CO2 According to The type of valve set is Check and correct the type of valve

receiver the pRack info incorrect parameter

pressure the RF_’RV The RPRYV valve is connected o Che_ck thg movement of the valve b)_/

(too far valve_ IS !ncorrectly (rotates placing _|t m_manual control and closing
working in reverse) or opening it completely. If the

from the properly movement is reversed, check the

set point) electrical connections

Stator broken or connected (for Carel ExV only) Disconnect the

incorrectly stator from the valve and the cable
and measure the resistance of the
windings using an ordinary tester. The
resistance of both should be around
36 ohms. Otherwise replace the stator.

e Finally, check the electrical

connections of the cable to the driver.

Driver and RPRV valve are not Switch off and switch on the pRack or

synchronized (the valve stop and then start again the pRack

opening shown from the driver regulation

does not match with the real

position of the valve)

Wrong sizing of the RPRYV valve

Check the RPRYV valve selection

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Troubleshooting

High CO2 Receiver pressure (2/2)

EFFECT PROBLEM/ POSSIBLE CAUSE SOLUTION
SCENARIO

High CO2 According to the Wrong configuration of PI Check and adjust the PI parameters in
receiver pRack info the  parameter order to increase the speed of the
RPRYV valve valve
opening is too Receiver safety procedure e Check and configure the receiver
(too far | e .

ow oritis not configured safety procedure
from the always closed Set Point HPV too low e Check and adjust the configuration of
set point) HPV valve in order to increase the HPV
set point

pressure

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.



Troubleshooting

Low CO2 Receiver pressure (1/2)

EFFECT | PROBLEM/ POSSIBLE CAUSE SOLUTION
SCENARIO

e\ @@ According to The type of valve setis incorrect e  Check and correct the type of valve

receiver the pRack info parameter

pressure the RPRV The RPRV valve is connected ~ «  Check the movement of the valve by placing
valve is incorrectly (rotates it in manual control and closing or opening it

(too far working in reverse) completely. If the movement is reversed,

from the properly check the electrical connections

set point)

Stator broken or connected (for Carel ExV only) Disconnect the stator
incorrectly from the valve and the cable and measure
the resistance of the windings using an
ordinary tester. The resistance of both
should be around 36 ohms. Otherwise
replace the stator.
e Finally, check the electrical connections of
the cable to the driver.
Drive and RPRYV valve are not Switch off and switch on the pRack or stop
synchronized (the valve opening and then start again the pRack regulation
shown from the driver does not
match with the real position of
the valve)
Wrong sizing of the RPRYV valve

Check the RPRYV valve selection

Leakage from RPRYV valve Check that there is no transit of refrigerant
when it is closed through the valve when it is closed. If there
is a leakage replace the valve
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Troubleshooting

Low CO2 Recelver pressure (2/2)

EFFECT PROBLEM/ POSSIBLE CAUSE SOLUTION
SCENARIO

Low 2 ccording to the rong configuration o . eck and adjust the Pl parameters in
ow CO A di h w fi [ f Pl Check and adj he PI [
receiver pRack info the _ parameter order to increase the speed of the valve
pressure RFt)RVI—\I/'alr\lle OPeNiNg  Receiver safety procedure e  Check and configure the receiver safety
is too Hig fi

(tOO far not cor? igured | procedure | . .
e e e Set Point HPV too High e Check and adjust the configuration of HPV

. valve in order to reduce the HPV working
point) set point

e Ifit happens during the commissioning, itis
possible to decrease temporarily the Pcritic
of transcritical zone or increase the min
opening HPV during on

Check that there is enough refrigerant
inside the circuit; otherwise charge the
circuit

Insufficient refrigerant

This document and all of its contents are property of CAREL. All unauthorised use, reproduction or distribution of this document or the information contained in it, by anyone other than CAREL, is severely forbidden.
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Regulation Proportional + Integral

kp: proportional gain > is inversely proportional to the Requlation Differential

a2 Pressure Temperature )
100 [ 100 |
k = /0 :| k = A)O
P =2 piff [Aarg D= Diff C]

Depending on the regulation variable, kp is the request percentage

\ variation for every variation of 1 barg or °C /

For example:
- Diff = 1 barg
For a pressure change of 1 barg, a power Low Differential - system fast and reactive, possible
request change of 50% for proportional factor instability
- Diff = 10 barg
For a pressure change of 1 barg, a power

High Differential - system slow and not very reactive
request change of 5% for proportional factor
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Regulation Proportional + Integral

Ti: integral time: the time of integration needed to bring back the regulation variable to the setpoint

For example:

Setpoint = 1bar : kp - (SetP — Actualpressure
ActlFJ)aIPressure2 2 barg Integral _action = = ( Ti : ! %sec]
Case 1. Case 2:

« Diff =5barg 2 Kp =10% « Diff =5 barg =2 Kp =10%
 Ti=10sec > Power request will * Ti=40 sec > Power request will
increase 1% every second until Increase 0.25% every second

setpoint is reached until setpoint is reached

high Ti > system slow to reply to system instability

low Differential > system fast and reactive, possible instability
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pR300T: Line 1 — Optimal pressure

* } Proportional Regulation P>Pmax =105 bar
Transcritical zone: line 1 —-,-‘,-,r,»-_,_v-:a-:_:;----'9?(3"-9"-3--5’99?'5‘;;5 e e
> —: |
TGC_ T12 _ : 2 TRANSCRITICAL ZONE
Optimal pressure is calculated as 18 i iy < i e
a function of ToutGC. " 128
=4 ?Z SBC 5K 2 T T e
- Manual config: point B § Ay c : 7 Mpn'oms“fezwmm
o clone (Caaff 1Y | L SR I ¥ 2 sy
pressure and line slope (Coeff.1) & 7 { R0 CREDERPSA ey
are set manually 5 3 SUBCRITICAL ZONE
> 50,00 | : Regulation uses'SBC line -3
T2 : J ' ;
/ f’m:n-:‘?.b.atg.-.:._c.)' T ..?ST’?‘PT??CI’. ARG b ) o] 2B LR RS "4
Coeff 1 N T S 7] 11 127 1A A N
b/ |segiek | A N A LA
' / /] |
B ¥ Pcrit
E1bHE

Plinel : coeff1*(Tgc-T12)+Pcritic
Default settings are:

coeffl=2.5

T12=31°C

Pcritic=82 barg
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PR300T: Llne

Subcritical zone: line 3

ToutGC < Ty,

Optimal pressure is calculated to
follow the saturation curve with a
user defined delta (SBC)

Pline3 : P, (Tx + delta)

Default settings are:
Below T23 = 20°C
Delta = 3,0°C
Above Tmin =6.0

Lower proportional zone:
T <T <Tmin

100% GC

The valve is opened with a
proportional regulation. The
valve will not reduce opening
until Tge > Ty

Pmin = 40 bar

3 - Subcritical

Pro')omonal Regulation P>Pmax = 1OJ bar
S --, e sl AL N o, di e

PMax = 105 barg

1 TRANSCRITICAL-ZONE

@
:g Regulation follows Popt.’(ne 1)
15 4 5
...... §9 LS P P12 (Tert P(Tcit) = (32/°C, 77 bar)

=1

- 12 3 3 2 TERMEDTATE ZONE 1/

§ \2 ReGutation follows lTeZ(cmnbcﬁng Band C)

< Ao b |£5 { ‘ ‘ ' ’
bE (728, P(123+SBC)) = (30°C, 64 bat) \

ey ¥ ' 4 /' / {

SUBCRITICAL ZONE
Regulation uses'SBC line -3

SBQ'SK | A N A e A H L7 |

f

E1bHS

¥

Fans .oell1n3s
Farh desi19n
Flag=: 169, Ebarg
Framx: 184 .Abhar3
PEP}LIG= S hagg
oA ol .8% 0 Lines desidn
Ml s =0l Co=ff .1k 2.0
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PR300T:

Intermediate

_— , Pro’)omonal Regulation P>Pmax = 1OJ bar

Llne 2 -

RH

—---( N T

PMax = 105 barg

[L_;pper Igropolgtlonal zone:

max 100%
The valve |s opened with a
proportional regulation. When HP =
P100%, the valve will be fully
opened.
The valve will not reduce opening
until HP < Pmax

Intermediate zone: line 2
< <
T23‘ TGC = T12

Optimal P is calculated on a line
connecting point B and C

1 TRANSCRITICAL-ZONE
Regulation follows Popt.’(ne 1)

e P12 (Terit, P(Tcrt)) = (32.°C, 77 bar)
...... §_ s e )

- VTERMEDIRTE ZONE . .

§ Reguiation follows lTe 2 (copnecling Brand™s
...... - Ry e f ¥ | |

§ . PT23+SBC)) = (30°C, 64 bar) \

| | ' \
' 3 SUBCRITICAL ZONE
Regulation uses SBC line -3 _ \

Prmin = 40 barg P(Tmin+SBC)) = (1°C/ 41 bar) . ' \\‘

...............................................................................

10,00 o v f / |

o1 / ] /| , 1%
a SBQ'SK | V 1l A A , ' ,,
32' Y [ | } ’ 4
8: | ! ') / ' |
i ! Y /
= | J / | ‘ }

’ | HPV tlgsing, to'keep P > Prin )} {

¢ /N ] ‘ ,‘ /
/J ] } /

/

Pline2 : [(Pgq(To3 + delta) — Pisic) /

(Toz—= Ti2)] * (Tx = T12) + Peritic
Default settings are:

T,3=20°C

T,,=31°C

Delta = 3,0°C

ans . sell1nds

tarh des19n arar
189 .8bard A
1684 .1

Flags:
Pras: barg DO=lta:

de=149n

10«

Lines desidn

Co=ff .1k
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