ACHP-2-MB (Modbus RTU) specification

Versatile pre-configured controller
(Heat Pump)

1. General:
The ACHP-2MB Controller is a stand-alone or BMS, electronic controller with pre-
configured temperature and logic control applications. It is intended for heating,
ventilating, and air conditioning systems, including one or two -stage
compressors, heat pumps or single or dual stage heating and/or cooling
equipment.
Controller offers cost-effective flexibility by allowing selection of the best point
configuration platform for any HP application requirement.
This application is designed for control of two-stage electrical heating plus two
stages of cooling, with supply air static pressure control, plus room temperature
control with selection of alternative sensors. Use this application for small office
buildings with VAV zones.

Features:
Fully configurable operation logic through service channel.
2 Heat stages
2 boost heating elements or primary heat stages (pre-configured option)
2 Cool Stages
Every Heat pump unit including reversing valve (RV)
2 condenser fans operation control. Separated to each Cooling/Heating stage.
De-ice processing for each unit controlled through NTC sensors.
Evaporator fan fault protection through air pressure switch sensing.
Local monitoring and operation control through wall mounted thermostat.

Remote monitoring and control through field bus (RS485) protocol “Modbus RTU”
Logic configuration, firmware updating and real time monitoring (RS232-service port)

Schedule or ON/OFF switch,Fire alarm and occupancy detection control.
Return from power failure without operator or technical personal intervention.

2 Power Unit Components (see bellow electrical diagrams):
. Compressor's relay (monitoring only)
1 evaporator-fan speed relay up to 1/3 HP
Heat-pump (RV) relays.
Condenser fan control relays
3 temperature NTC sensor inputs:
1-Room/return air temperature-terminal
2-outdoor Coil stage 1- terminal
3-outdoor Coil stage 2- terminal

1 temperature duct sensor (0-10VDC) for outdoor temperature measurement.

4 inlets (dry contacts), from:

- Indoor fan pressure switch , motion detector, fire alarm system and main switch on/off or schedule

programmable timer/room thermostat.
2 analog outputs (0-10 VDC) for motorized dampers.

Communication connector (RJ 11) to connect local display unit (thermostat.

Service port RS232.

Field bus port RS485 - terminal

Communication and System status LEDs

Dip Switch (8 poles) to set the system field bus address - terminal “SW3".
Dip Switch (2 poles) to set the system field bus speed - terminal “SW2".
Dip Switch (5 poles) to set the system's configuration - terminal “SW1".
Inlets & outlets terminals are standard quick-connectors (blades) 6.3 mm.
8 Amperes fuse 5 x 20 mm. (Slow Blow type).
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3.Loads and peripheral connectivity .

Tab.1

N Description Alias Terminal num.
1 Air/Room temperature sensor SNS1 All 1-signal 2-GND
2 Defrost sensor Unit 1 SNS2 Al2 3-signal 4-GND
3 Defrost sensor Unit 2 SNS3 Al3 5-signal 6-GND
4 N/A Al4 7-signal 8-GND
5 N/A Al5 9-signal 10-GND
6 Schedule/Timer ON/OFF switch DI1 11-signal 12-GND
7 Differential pressure switch DI2 13-signal 14-GND
8 Critical alarm (Fire alarm) DI3 15-signal 16-GND
9 BMS input DI4 17+18-power 19-signal 20-GND
10 | Indoor Fan (Evaporator) DO1 25

11 | N/A DO2 26

12 | N/A DO3 27

13 | Compressor 1 DO4 28

14 | Reversing Valve 1 (RV1) DO5 29

15 | Outdoor Fan 1 (Condenser) DO6 30

16 | Compressor 2 DO7 31

17 | Reversing Valve 2 (RV2) DO8 32

18 | Outdoor Fan 2 (Condenser) DO9 33

19 | N/A AO1 21-signal 22-GND
20 | N/A AO2 23-signal 24-GND

Fig.1 Electrical connectivity diagram
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4. Programmable parameters.
Device parameters may be modified using a Personal Computer (through service port and the required software)
All pre-configurable parameters represented in Tab. 10

SMARTron s.r.o. Energy Management Doc Rev. 11 L.U.:17.06.2009 20f12



5. Compressor operation.

5.1 Operation modes terms.

Cooling:

The sensor All or local thermostat sensor measures the room temperature conditions. On demand for cooling
initiates the first stage of cooling by energizing digital outputs DO4 and DOG6 together. DO6 energizes the
outdoor fan, and DO4 energizes compressor 1. As the cooling load increases, digital outputs DO7 energizes
compressor 2 and DO9 outdoor fan 2.

Note: Logic of both reversing valves depend to on board dip switch 2 setting(see Tab. 5).
In case if “RV direct”-reversing valve not energized in cooling, otherwise DO5 and DO8 energized.

Heating:

The sensor All or local thermostat sensor measures the room temperature conditions. On demand for heating,
digital outputs DO4, DO5 and D6 energized, and the reversing valves adjust the compressors to operate in the
reverse cycle Heating mode. Digital outputs DO4 and DO5 operate as heating outputs to energize the
compressors in sequence to maintain conditions within the controlled space. As the heating load increases,
digital outputs DO7 energizes compressor 2, DO8 energizes reversing valve 2 and DO9 outdoor fan 2.

Note: Logic of both reversing valves depend to on board dip switch 2 setting (see Tab. 5).
In case if “RV direct’-reversing valve energized in heating, otherwise DO5 and DO8 de -energized.

Standby:
Depend to on board dip switch 3 setting(see Tab. 5) controller operate according to Schedule/Timer ON/OFF
switch or wall mounted room thermostat.

Schedule/Timer ON/OFF switch control.
Initiating the standby function depend to P37 (see Tab. 6) and program clock or switch is wired to DI1.

Normally open:
If the contact is open, the controller will be operating, if the contact closed, the controller will be turned OFF.

Normally close:
If the contact is open, the controller will be turned OFF, if the contact closed, the controller will be operating.

5.1 Operation demand
5.1.1 COOL mode loads energizing sequence.

a) Outdoor Fan 1
b) Indoor Fan

¢) Compressor 1
d) Outdoor Fan 2
3) Compressor 2

5.1.2 HEAT mode loads energizing sequence.

a) RV1

b) Outdoor Fan 1
c) Compressor 1
d) Indoor Fan

e) RvV2

f) Outdoor Fan 2
g) Compressor 2

5.2 Compressors delays
5.2.1 Minimum run time for each stage (see Tab. 6 —P7,P8,P9,P10)
5.2.2 Anti short cycle timer delay from Compressor shut OFF (see Tab. 6 -P13,P14,P15,P16)
5.2.3 Delay between energizing stages (see Tab. 6 — P11,P12)
5.2.4 Response time for full disconnect of power about 50 + 100 mSec, accuracy of delay timer about +5 seconds.
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Fig. 2 Example for minimal rest and minimal run time
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5.2.5 If the machine has multiple power steps, there are intervals of time which must pass between turning on of 2

compressors (see Tab. 6 — P11,P12).

The off time interval between compressors is not applied in the event of a compressor shutdown alarm, in

which case they stop immediately.

Fig. 3 example for delay between stages energizing.
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5.3 COOL mode temperature conditions and parameters
Tab 2.

Temperature equations Stage 1 Stage 2 Description

Room Set Point >= Room/return air sensor OFF OFF
(Room Set Point+P17) <= Room/return air sensor ON OFF
(Room Set Point+P18) <= Room/return air sensor ON ON
Note: see Tab. 6 for P17,P18.
Fig. 4 Example-Difference delta T in COOL mode -| | Room/return air sensor - Room Set Point |

Difference delta T
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5.4 HEAT mode temperature conditions and parameters

Tab 3.
Temperature equations Stage 1 Stage 2
Room Set Point <= Room/return air sensor OFF OFF
(Room Set Point — P19) >= Room/return air sensor ON OFF
(Room Set Point — P29) >= Room/return air sensor ON ON

Note: see Tab. 6 for P19,P20.

Fig. 5 Example- Difference delta T in HEAT mode | |Room Set Point - Room/return air sensor|

Difference delta T
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5.5 Automatic mode changing conditions.

Tab 4
Current mode Condition Description
COOL to HEAT (Room Set Point-P38 C) >= Room/return air sensor
HEAT to COOL (Room Set Point+P39 T) <= Room/return air sensor

Note: see Tab. 6 for P38,P39.

Fig. 6 Example of automatic mode changing

COOL HEAT

| |
| |
23°C 25°C 27°C
Room S.P. - 2°C Room S.P. Room S.P. + 2°C

5.6 Room Set Point control.
Room Set Point value may be adjusted through local thermostat or special software in range from 16 to 30C
Set point limits pre-configurable through serial communication. See serial protocol specification.
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6. Outdoor (Condenser) Fan operation logic:
The Outdoor fan will work always in parallel to the compressor operation (Fig. 7).The outdoor fan will start
10 seconds before compressor and will stop 10 seconds after compressor stop, except De-Ice process
(see Par. 8).

Fig7

| S |

7. Indoor (Evaporator) Fan operation logic
7.1 At Cool mode indoor fan works continuously in case if P2 (Cold draft prevention in cool) presetted to OFF,
otherwise stops and starts with compressor, according to his stop (P6) and start (P5) time parameters.
7.2 At Heat mode depend to cold draft prevention parameter P1 and delays (P3,P4).
At HEAT mode indoor fan stops operation after compressor stop if Cold draft prevention P1(Cold draft
prevention in heat) presetted to ON, otherwise works continuously.

As special option, indoor fan operation may delayed in two possibilities.
- Delay fan to start after compressor start — P3 in Heat and P5 in Cool
- Delay fan to stop after compressor stop — P4 in Heat and P6 in Cool

Note: see Tab. 6 for P1,P2,P3,P4,P5,P6.

Fig. 8 Indoor Fan start and stop example in case cold draft prevention preseted to ON
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8. De-Ice process
The De-ice function is active in heating mode only.
It is used to prevent ice formation on the surface of the external exchanger coil, which can occur in locations with
low temperatures and high humidity and will considerably reduce the machine’s thermodynamic performance,
creating a risk of damage to the machine.

8.1 Indoor fan (evaporator) operation in De-ice
Indoor fan will stay energized if another Heating stage demanded otherwise will stops

8.1 De-ice start
De-ice start and end depends on the condensation probe values (refer to De-ice temperature sensors) and the
settings of the parameters listed below:

De-ice starts as a result of two parameters see Fig.9
De-Ice temperature offset — P21
Pre de-ice time — P23
Time between de-ice sequences run out P40.P41 per stage.

When the De-ice sensor detects temperature values below the value of parameter P21 it starts the timer , and

when the number of minutes determined by parameter P23 has expired the de-ice process will start.

(see fig. 9 below).In case if Pre de-ice time — P23 presetted to zero, De-ice process will start immediately
Note: see Tab. 6 for P23,P24,P40,P41.

Fig. 9 De-ice start conditions chart

De-Ice entry point

8.2 Stopping Pre de-ice time — P23 timer
The timer will stop if:
Temperature rises above the value of parameter P21.
The compressor is turned off.
Operation mode was changed to Cooling mode.

8.3 Setting timer to zero
The timer will be set to zero if:
A de-ice cycle is completed.
Controller is turned off or power break.
Operating mode is changed (refer to operating modes).

8.4 De-ice management.
1.De-ice demanded
2.Compressor stops
3.0utdoor fan stops
4.RV energized during pressure release time P22
5.RV stops
6.Compressor start.
7.Compressor stop when minimum one of de-ice stop conditions occurred P24,P25.
8.Start RV
9.Start outdoor fan during Coil drying time P26
10 Compressor return to heating mode
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Fig.10 Stat De-Ice example
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8.5 De-ice process stop:
De-ice will be terminated if De-ice temperature sensor reached to “De-Ice stop offset” — P24 or “Di-Ice
duration time” — P25 is run out (see Fig. 11). After De Ice compressor de-energized and during “De-Ice Coil
drying time” — P26 condenser fan starts and after that system starts new regular heating cycle (see Fig. 12).

Fig. 11

De-
30 T———

Fig. 12 De-ice end
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9.Alarms
9.1 Closure of DI3 dry contact , will shut-off the system when “Critical alarm shut off time” P31 run out and
“Critical alarm action” P32. presetted to alarm and stop action.
System coming back to regular operation cycle when DI3 dry contact opened.
Critical alarm indicated through serial communication and wall mounted display.
See wall mounted display and serial communication specifications

9.2 Closure of DI4 dry contact , will shut-off the system when “BMS shut off time” P28 run out and “BMS
alarm action” P29. presetted to alarm and stop action..
System coming back to regular operation cycle when DI4 dry contact opened.
BMS alarm indicated through serial communication and wall mounted display.
See wall mounted display and serial communication specifications

9.3 Wall mounted display communication lost.
Wall mounted display communication lost indicated through serial communication only.
See serial communication specification.

9.4 De-ice process.
De-ice process indicated through serial communication only.
See serial communication specification

9.5 De-ice sensor or both of them overheated (sensing high temperature)
De-ice sensors overheating alarm activated in Cooling only and indicated through serial communication
only.See serial communication specification.

10.Faults.
10.1 Protection from Short-Circuit / Disconnect at Room Sensor
In case of sensor short, open circuit or out of range (Out of range is below 0C and above 50C)
System do not start at all.Signal "ER2" appears after 5 seconds. See wall mounted display specification

10.2 Protection from Short-Circuit / Disconnect at Evaporator Coil sensor 1
Ignores failure, compressor works as per system's demand. Several of functions unavailable.
Signal "ER3" appears after 5 seconds. See wall mounted display specification

10.3 Protection from Short-Circuit / Disconnect at Evaporator Coil sensor 2
Ignores failure, compressor works as per system's demand. Several of functions unavailable
Signal "ER4" appears after 5 seconds. See wall mounted display specification

10.4 Indoor fan fault.
In case when Indoor fan starts or in operation and during “Pressure fault delay” time feedback from
pressure switch was not received (digital input DI2 still opened),operation will be stopped. System will try
to start again every 10 minutes. Compressor will not start till Indoor fan fault detected.
Signal "ER5" appears after 5 seconds. See wall mounted display specification
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11.Local room thermostat connectivity.

Fig. 13
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12. Pre-configurable system parameters.

Tab. 5 Dipswitch SW1 (5 poles)

N ON OFF Description

1 Manual Automatic Manual mode available in case DIP3-OFF otherwise operation mode
will automatic.

2 RV direct RV reversed Direct -in Heat mode RV=ON in COOL=0OFF

Reversed-in Heat mode RV=0OFF in COOL=0ON

3 | Main switch Remote Main switch-command on/off from Dllonly
Remote-Command on/off from room thermostat

4 Memory*** Start/stop*** Memory-Power up recovering system status to last state
Start/stop-after power break return to off

5 N/A N/A

***Note: Available in case when Dipswitch 3 in OFF

Tab. 6 Pre-configurable parameters

Normally closed

N Parameter Legend Value Description

1 | Cold draft state (Heat mode) P1 ON/OFF Cold air blowing prevention in HEAT mode
satisfied state (All heating stages de-
energized)

2 | Cold draft state (Cool mode) P2 ON/OFF Heat air blowing prevention in COOL
mode satisfied state (All heating stages
de-energized)

3 | Indoor fan start delay (Heat) P3 Seconds Indoor fan start will be delayed till one of
Heat stages will not start

4 | Indoor fan stop delay (Heat) P4 Seconds Indoor fan stop will be delayed after last
Heat stage stops

5 | Indoor fan start delay (Cool) P5 Seconds Indoor fan start will be delayed till one of
Cool stages will not start

6 | Indoor fan stop delay (Cool) P6 Seconds Indoor fan stop will be delayed after last
Cool stage stops

7 | Minimum run time HEAT stagel P7 Seconds Safety time-During this time system wiill

8 | Minimum run time HEAT stage2 P8 Seconds not perform satisfaction test between set

9 | Minimum run time COOL stagel P9 Seconds point and return air/room sensor

10 | Minimum run time COOL stage2 P10 Seconds

11 | Delay between stages in COOL P11 Seconds ON to ON safety time

12 | Delay between stages in HEAT P12 Seconds ON to ON safety time

13 | Minimum Off time COOL Stage 1 P13 Seconds Safety time-During this time system wiill

14 | Minimum Off time COOL Stage 2 P14 Seconds not perform demand test between set

15 | Minimum Off time HEAT Stage 1 P15 Seconds point and return air/room sensor

16 | Minimum Off time HEAT Stage 2 P16 Seconds

17 | Cool offset stage 1 P17 Degree

18 | Cool offset stage 2 P18 Degree

19 | Heat offset stage 1 P19 Degree

20 | Heat offset stage 2 P20 Degree

21 | De-lIce start offset (set point) P21 Degree De-ice temperature set point

22 | De-Ice Pressure release time P22 Seconds When RV continue after compressor off
before de-ice

23 | Pre de-ice time P23 Seconds Delay to start de-ice when De-ice sensor
value below De-Ice start offset

24 | De-Ice stop offset (set point) P24 Degree Temperature offset De-ice termination

25 | De-Ice duration time (maximum) P25 Seconds Maximum De-ice duration

26 | De-Ice Coil drying time P26 Seconds

27 | BMS input type P27 Normally opened/

Normally closed

28 | BMS shut off time P28 Seconds

29 | BMS action P29 Alarming/Stop Contain system reaction to BMS alarm.

and alarming

30 | Critical alarm input type P30 Normally opened/
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N Parameter Legend Value Description
31 | Critical alarm shut off time P31 Seconds
32 | Critical alarm action P32 Alarming/Stop Contain system reaction to Critical alarm
and alarming
33 | Air Pressure fault delay P33 Seconds Indoor fan air pressure fault time detection
34 | Air Pressure fault type P34 Normally opened/
Normally closed

35 | System operation state P35 Cool/Heat

(Cool/Heat)
36 | Room Set Point P36 Degree
37 | Demand ON/OFF switch/Time P37 Normally opened

clock type Normally closed
38 | Dead Zone Cool P38 Degree Changing from heating to cooling
39 | Dead Zone Heat P39 Degree Changes from cooling to heating
40 | Delay between De-ice process of P40 Seconds

Stage 1
41 | Delay between De-ice process of P41 Seconds

Stage 2

Information in this publication is based on current specifications. The company reserves the right to make changes in
specifications and models as design improvements are introduced.
Products or company names mentioned herein may be the trademarks of their respective owners.
© 2009 SMARTTON s.r.0.

Your feedback is important to us. If you have comments about this document, please send them to
mailto:info@smarttron.cz
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