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Safety precautions are aimed at protecting users or any other person from injury or loss of property, by 

instructing the safe and correct use of the product. Please observe them strictly. In this manual, the 

safety precautions are described in the following forms. Be sure to understand the context of the 

precautions clearly before going on to the main text. 
 

Restrictions on use 

The ACTIVAL + has been designed, developed and manufactured for general-purpose application in 

machinery and equipment. 

Accordingly, when used in applications outlined below, special care should be taken to implement a  

fail-safe and/or redundant design concept as well as a periodic maintenance program. 

 Safety devices for plant worker protection 

 Start/stop control devices for transportation and material handling machines 

 Aeronautical/aerospace machines 
If you have any questions on system design, application design, use or intended use, contact a 

relevant person at Azbil Corporation. 

Azbil Corporation bears no responsibility for any benefit, or lack of benefit, derived from the operation 
by the customer. Do not use this product in applications where it might put people in physical danger. 

 

“Warning” and “Caution” 

 Warning Alerts users that improper handling may increase the risk of death or severe injury 

to the users or a hazardous accident. 

 Caution Alerts users that improper handling may increase the risk of slight injury to the 

user or of material loss. 

 
Symbols 

 
 White circles with a diagonal bar notify the user that specific actions are prohibited to prevent 

possible danger. 

These icons graphically represent the actual prohibited action. (The example on the left notifies 

the user that disassembly is prohibited.)  

 
 Filled-in black circles instruct the user to carry out a specific obligatory action to prevent 

possible danger. These icons graphically represent the actual action to be carried out. (The 

example on the left indicates general instructions.)  

 

 

Safety Precautions 
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 WARNING 

 
When handling or transporting any heavy product (more than 39.7 lb (18 kg)), carefully move 

the product with a handtruck or the like, or with 2 or more people. 

Careless lifting or accidental dropping of the product may result in injury or product damage. 

 

 CAUTION 

 Provide a circuit protector (e.g., a fuse or circuit breaker) for the power source. 
Failure to do so may cause a short circuit leading to fire or device failure. 

 Do not freeze this product. 

Doing so may damage the valve body and cause leakage. 

 When piping this product, be sure there is no foreign matter in the pipes. 

If foreign matter remains in the pipes, the product may break down. 

 Install, wire, and use this product under the conditions specified by this manual. Failure to do 

so may cause fire or device failure. 

 Use full face gaskets for flat face flanges. 

Failure to do so may damage the flanges or cause leakage outside of the valve. 

 When installing this product, hold it in the proper position and securely fasten it to the pipes. 

Excessive tightening or improper installation position may damage the valve. 

 After installation, make sure no fluid leaks from the valve-pipe connections. 
Improper piping may cause fluid leakage outside of the valve. 

 Do not put a load or weight on this product. Doing so may damage the product. 

 
Installation and wiring of the actuator must be performed by personnel qualified to do 

instrumentation and electrical work. 
Mistakes in installation or wiring may cause fire or electric shock. 

 Before wiring or maintenance, be sure to turn off the power to this product. 

Failure to do so may result in electric shock or device failure. 

 All wiring must comply with applicable codes and ordinances. 

Otherwise there is a danger of fire. 

 
For wiring, strip the insulation from cables as specified in this manual. 

If the length of exposed wire is longer than specified, it may cause electric shock or short 

circuit between adjacent terminals. 
If it is too short, it may not make proper contact. 

 Use crimp terminals with insulation for connections to the product terminals. 

Failure to do so may cause short circuit leading to fire or device failure. 

 Tighten the terminal screws with the specified torque. 

Insufficient tightening of the terminal screws may cause fire or overheating. 
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 CAUTION 

 After wiring or engineering work, be sure to reattach the cover. 

Failure to do so may result in electric shock. 

 Do not touch the moving parts of this product. 

Doing so may result in injury. 

Do not carelessly touch this product when it is used to control hot water. 

Doing so may result in burns, because the product reaches a high temperature. 

 

 

 

 IMPORTANT 

 In case an Azbil Corporation product fails, you are required to provide your Equipment with 

safety design such as fool-proof design*1, and fail-safe design*2 (anti-flame propagation 
design, etc.), whereby preventing any occurrence of physical injuries, fires, significant damage, 

and so forth. Furthermore, fault avoidance*3, fault tolerance*4, or the like should be 

incorporated so that the said Equipment can satisfy the level of reliability and safety required for 
your use. 

 *1. A design that is safe even if the user makes an error.  

 *2. A design that is safe even if the device fails.  

 *3. Avoidance of device failure by using highly reliable components, etc.  

 *4. The use of redundancy. 
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This manual describes the operation and adjustment of the ACTIVAL + Standalone Model. 

 

 

 Related documents 

AB-7497-U ACTIVAL + Valve Standalone Model Instruction Manual (this manual) 

 
For the installation work, the following manuals are required. 

 

AB-7487-U ACTIVAL + Standalone Model Motorized Two-Way Valve with Flanged-End Connection  
 (ANSI Class125 / A126 class B) 

AB-7488-U ACTIVAL + Standalone Model Motorized Two-Way Valve with Flanged-End Connection  
 (ANSI Class150 / A216 WCB) 

AB-7496-U Display Panel for ACTIVAL + Standalone Model 

 

 Notations 

 

The following notations are used in this manual. 

 

Notation Description 

 Things you should take notice of in particular. 

Tip! Supplementary explanation for your convenience. 

=> The section or the name of the manual you may refer to. 

[   ] Buttons or menu items that can be selected on screens and dialog boxes.  

<   > Represents the keys of the keyboard. 

> Result of operation in a procedure.  

 

 

Introduction 
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1.1 Major functions 
 
The ACTIVAL + Standalone Model is a control valve that can control chilled or hot water flow using 

analog signal (4 to 20 mA DC or 2 to 10 V DC). 

The product can measure and calculate fluid temperature, flow or energy and output totalized flow or 
totalized energy as a pulse. 

The product can also output information on the fluid such as fluid temperature, flow, pressure or energy 

required to assist with energy conservation measures at facilities and also provides the device 

information required for maintenance via RS-485 communications. 

 

 

 IMPORTANT 

The product is not a measurement device, so it cannot be used for commercial purposes or 
certification. 

 

 

 

1.2 Features 
 

1) Achieving energy conservation 

The flow control constantly provides optimum flow instead of the conventional valve position control. 

By controlling excess flow, you can reduce the number of operating pumps, which assists with 
energy conservation. 
Tip! Excess flow is a symptom in which the valve output rises to 100% and then flows greater than the 

design point. Excess flow occurs during warm-up in the morning or when operating at excessively low 
temperature settings. 

 

2) Energy management achieved by integrated functions 

The product combines the functions of a control valve with the measurement and calculation of flow, 

energy and pressure, so there is no need to install additional measuring instruments for energy 

management. The use of ACTIVAL +, with its flow measurement and control functions, allows you 
to control the energy demand of each AHU in a more compact space and at reduced cost. 

 

3) More stable control 

With the conventional valve position control, when the pressure in a pipe changes due to the pump 

flow is increased/decreased or other system control valve is opened/closed, the passing flow of the 

AHU coil may change even if the air conditioning load has not changed. In some cases the 

temperature control may not work stably.  

On the other hand, the flow control can maintain the optimized flow that corresponds to the load by 

suppressing the disturbance due to pressure changes in the pipe, and can realize a stable 
temperature control. 

1. Major Functions and Characteristics 
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The devices covered by this instruction manual are shown below. 

 

 

 
 

No. Description Model No. 

 ACTIVAL + Standalone Model FVY51_FJ00_ _ 
FVY51_JJ00_ _ 

 Display Panel for ACTIVAL + Standalone Model   QY5010S2000 

 

 

2. Target Devices (Model No. Configuration) 
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3.1 Standalone connection 
 

 

 

 
 

 

 
 

 

3. Configuration Examples 

Temperature 
controller, etc. 

Temperature 
sensor 

Return 
pipe 

Supply 
pipe 

Temperature 
sensor 

Analog input signal 

ACTIVAL + Standalone Model 

Pulse counter 

Switch 
(Cooling/heating  

switch) 

Pulse output signal 

Display Panel 
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3.2 When a PLC is connected 
 
This product enables to communicate with the upper equipments such as PLC via RS-485 

communication protocol using the programs you have created. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

PLC 

Other slave station 

MODBUS (up to 31 units), 4800 bps, max 500 m 

RS-485 

ACTIVAL + Standalone Model 
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4.1 Control valve (FVY51_ _J00_ _) 
 

1) Valve details 
 

 

 

 

 

 

 

 

 

 

 

 

 

4. Parts Identification and Functions 

Top cover 
 
Terminal cover 

Knockout
hole

Top cover 

Pointer 
 
Joint 

Plug

Actuator 

Yoke 

Valve body 

Bonnet

Terminal
cover

O-ring 
Gland packing 
Stem Spring

Seat ring

 Heat insulation 



Chapter 1 General 

AB-7497-U ACTIVAL + Standalone Model Instruction Manual 

 

15 

2) Actuator details (Connectors, ports, terminals, and LED) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Connector for Pt100 input
Row T1: Supply water temperature
Row T2: Return water temperature

Reset switch 

Connector for 
Display Panel 

24 V AC 
Power 

Port for  
Display Panel cable 

 

 
Port for 
temperature sensor 
(Pt100 input) cable 

Port for
valve sensor cable

Port for
temperature sensor
(Pt100 input) cable

Operating status LED (red)

Connector for  
RS-485 communication 

Pulse 
output 

DI 
(Cooling/heating 

switch) 

Control 
signal 
input 
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3) LED display indicating operating status  

The operating status is indicated by LED lighting status as follows. 

 

Operating status LED indication 

Normal Repetition of  
1-second ON  1-second OFF. 

 

Major alarm Continuous ON  

Minor alarm  Repeatition of 
1-second ON  0.25-second OFF   
0.25-second ON  0.25-second OFF. 

 

Communication 
error (and minor 
alarm) 

Repeatition of 
0.25-second ON  0.25-second OFF. 

 

1s 

1s 

ON 

OFF 

1 s 

0.25 s 

0.25 s 

0.25 s 

ON 

OFF 

0.25 
s 

0.25 s 

0.25 
s 

0.25 s0.25 s

0.25 
s 

ON 

OFF 

0.25 s
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4.2 Display Panel (QY5010S2000) 
 

1) Screens 

Analog values such as pressure, flow and temperature are displayed in the display operation areas. 

Various parameters can be set using the buttons. The details of any errors can be checked. 

This section describes the screen display. 
 
 Analog values display screen 

When power is on, the following analog values display screen appears. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.  Analog values display screen 

 
Display area 

Description Display range Unit 
 Item 

1 Pvin 
Valve inlet pressure 

0 to 320 
psig 

psig 

2 Pvout 
Valve outlet pressure 0 to 320 

psig 

psig 

3 Q Actual flow 0.000 to 999.9 GPM 

4 T1 Coil inlet temperature 14 to 212 °F 

5 T2 Coil outlet temperature 14 to 212 °F 

Opening Valve position indicated in a bar graph 0 to 100 (with every 10 % increment) % 

Flowrate Flow indicated in a bar graph 0 to 100 (with every 10 % increment) % 

E Error occurred ([E] flashes.)   

H C 
AHU operation mode ([H]: Heat / [C]: 
Cool) 

  

Heat/Cool operation mode
indicator

Display area 1 

Enter button 

Error indicator

Display area 2 

Display area 3 

Display area 4 

Display area 5 

Up button 

Down button 

Cursor button 

Valve position in bar graph

Flow rate in bar graph
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Setting button Function 

[] Arrow button Not used in the analog values display screen. 

[] Down button Press this button to switch to the error display screen when the error 
indicator [E] flashes. 

[] Up button Press this button to switch to the error display screen when the error 
indicator [E] flashes. 

[ENT] Enter button Press and hold this button to switch to the parameter setting screen. 

 

 Parameter setting screen 

Press and hold the [ENT] button to switch to the parameter setting screen from the analog values 

display screen. 
Tip! To change the parameters, you need to enable Parameter 60, “Parameter setting enable/disable”. 

 

 

Display area Display item 

Display area 1  
indicating the parameter setting screen 

Display area 2 Parameter number 

Display area 3 Current setpoint set for the parameter shown in the display area 2. 

Display area 4 No item displayed 

Display area 5 No item displayed 

 

Display area 2 

Display area 3 

Display area 1 
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Operation button Function 

[] Arrow button Press this button to select the digit of the parameter number and of the 
setpoint. The selected digit flashes. 

[] Down button Press this button to change the selected digit. 

[] Up button Press this button to change the selected digit. 

[ENT] Enter button Press this button to finally set the changed parameter. 
Press and hold this button to go back to the analog values display 
screen. 

Tip! No button operation for continuous 10 minutes on the parameter setting display will automatically 
switch from the parameter setting screen to the analog values display screen. 

 

 Error display screen 

 

 

Display area Display item 

E Error occurred 

Display area 1  
indicating the error indication screen 

Display area 2  Error code 

Display area 3 No item displayed 

Display area 4 No item displayed 

Display area 5 No item displayed 

 

Operation button Function 

[] Arrow button Not used in the error display screen. 

[] Down button Press this button to go back to the analog values display screen. 

[] Up button Press this button to go back to the analog values display screen. 

[ENT] Enter button Not used in the error display screen. 

Display area 1 

Display area 2 
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2) Screen changes 

 

 

 Screen transition operation  

Screen change Key operation Remarks 

 Analog values display 
screen=> 
Error display screen  

Press the Down button or 
the Up button. 

Transferred only when “E” is displayed 
on the analog values display screen.  

 Error display screen => 
Analog values display 
screen 

 

 Analog values display 
screen=> 
Parameter setting display 
screen 

Press and hold the [ENT] 
button. 

 

 Parameter setting display 
screen=> 
Analog values display 
screen 

When operation is not performed for 10 
minutes, the analog values display 
screen is displayed automatically.  
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Chapter 2 
 
Adjustment/Engineering  
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Start up the product using the following procedures. 

Use the Display Panel (QY5010S2000) for “Parameter setting/adjustment” and “Operation check”. 

 

 
 

 

 

 

 

1. Startup Flowchart 

Confirm wiring 

Power ON 

Power on parameter setting/adjustment 
=> “2. Parameter Setting/Adjustment items” in this chapter 

Confirm operation 
=> “3. Operation Check Items” in this chapter  

Trial operation 
=> “4. Trial Operation Check Items” in this chapter 
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2.1 Parameter setting method 
 

 

 

To display the parameter setting display screen, press the Enter button for a long time on the analog values 

display screen. To select the Parameter number on the parameter setting display screen, press the Up or Down 

button. 

To change the setting, press the [->] button with the Parameter number specified and the digit selected 

(numerical value is blinking) and press the Up or Down button. After making the change, press the Enter button 

to establish the setting. 
 

 

 IMPORTANT 

To change the parameter, you need to enable “Parameter 60: Parameter setting 

enable/disable”. If it is not enabled, the parameter cannot be changed. 

 
=> For further information, refer to “5.1 Parameter List” in this chapter. 

 

 

 IMPORTANT 

The parameters and data are expressed in the U.S. customary units. However the underlying 

data are in SI units, so there may be slight discrepancies between the setpoints and the 

readings, but this is not an error. 
 

 

 
 

 

 

2. Parameter Setting/Adjustment Items 

Parameter No. 

Setting  
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2.2 Basic settings 
 
You must set the following parameters for control valves (FVY513/514). 

 

1) Setting maximum flow 

Set the design flow of the AHU as the maximum flow value. Obtain the design flow of the AHU from 

the Equipment Table for the air conditioning facilities. 

 

Parameter 
No. 

Item Unit Default Setting 

3 Maximum flow 1 － *1
 Set the maximum flow. 

0*2 to 9999 (Maximum set flow) 
 For chilled/hot water coils, this setting is used as the 

maximum flow on the chilled water side. 
 Maximum flow 1 must be set regardless of chilled/hot 

water side. 

4 Maximum flow 2 － *1
 Set the maximum hot water flow for chilled/hot water coil. 

0*3 to 9999 (Maximum set flow) 
 This setting is not used for chilled water-only coils or hot 

water-only coils. 
 For chilled/hot water coils, this setting is used as the maximum 

flow on the hot water side. 

*1 The maximum set flow (GPM) for each valve’s Cv value is set to the default. 
The relationship between the Cv value and the maximum set flow (GPM) is shown in the following table. 

*2 In case Maximum flow 1 is set 0, 9999 is applied to the maximum set flow regardless of chilled/hot water 
side. 

*3 In case Maximum flow 2 is set 0, Maximum flow 1 is applied to the maximum set flow regardless of 
chilled/hot water side. 



Relationship between Cv value and the maximum set flow (GPM)

Cv value Maximum set flow 1 
Maximum set flow 2 

Flow decimal point 
position 

1.0 2642 3 

2.5 6605 3 

6.0 1585 2 

10 2642 2 

16 4227 2 

25 6605 2 

40 1057 1 

65 1717 1 

95 2510 1 

125 3300 1 
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 IMPORTANT 

 The flow decimal point position is the value defined for maximum flow. 

For example, if you set the maximum flow to “2642”, and decimal point position to “1”, the actual 
maximum set flow will be “264.2”. 

 Set a value lower than the maximum set flow (GPM) for each valve’s Cv value for maximum 

flow 1 and maximum flow 2. 

The "maximum set flow (GPM)" and the "decimal point position" vary according to the Cv value 

of the valve, as shown in the above Table, "Relationship between Cv value and maximum set 
flow (GPM)". 

 

 

 

2) Control method setting 

As the flow control method of FVY513/514, the linear control or the equal-percentage 
control can be selected. This can also be selected using the position control. Set the control 

method according to how the valve will be used. 
 

Parameter No. Item Unit Default Settings 

9 Control 
method 

－ 0 Set the control method for flow control/position control. 
0: Equal percentage control 
1: Linear control 
2: Position control 
The flow control (linear) converts the Control setting value 
into the set flow linearly, but the flow control 
(equal-percentage) converts the Control setting value into 
the set flow at an equal percentage.  

=> For the parameter related to flow control other than above (flow control differential gap, flow control 
proportional band, flow dropout, flow damping), refer to “5.1 Parameter list” in this chapter. 
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3) Cooling/heating switch setting 

First set the input source of Parameter 39, “Cooling/heating switch input selection”. When the input 

source of the cooling/heating switch is set to “1.RS-485 and QY5010S” or “2.QY5010S”, set 

Parameter 12, “Cooling/heating switch”. 
 

Parameter No. Item Unit Default Settings 

12 Cooling/heating 
switch 

－ 0 Set whether the product is operated in cooling mode or 
heating mode.  
This parameter is set only when “1. RS-485 and QY5010S” 
or “2. QY5010S” is selected for “Parameter 39, 
Cooling/heating switch input selection”. The others are 
status displays. 
0: Heating 
1: Cooling 
100: Cooling only 
200: Heating only 
Others: same as “1” 

39 Cooling/heating 
switch  input 
selection 

－ 0 Set the input source of cooling/heating switch signal. 
0: DI terminal 
1: RS-485 and QY5010S (later command takes priority) 
2: QY5010S 

 

 

IMPORTANT 

Set the input source of cooling/heating switch signal to “DI terminal”. To use the product in 

cooling-only applications, short the DI terminal (Terminals 5 and 6) of FVY513/514. 

However, if the input source of cooling/heating switch signal is set to “QY5010S”, shorting the 

DI terminal is not required. Adjust cooling-only or heating-only settings using QY5010S.  
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4) Temperature sensor installation location setting 

FVY513/514 can measure the supply water temperature and the return water temperature before 

and after the valve. 

Temperature can be measured by combining the built-in temperature sensor and the external 
temperature sensor (two points). Set the installation position of the temperature sensor according 

to how the valve will be used.  
 

Parameter No. Item name Unit Default Settings 

11 Sensor 
installation 
position 
selection 

－ 4 0: Install the external temperature sensor (T1) before the 
coil and the valve after the coil (T2). 

Flow 

T2 

T1: Pipe surface temperature sensor or pipe 

insertion temperature sensor 

T1 

 

 
1: Install the valve before the coil (T1) and external 

temperature sensor (T2) after the coil. 

Flow 

T2: Pipe surface temperature sensor or 

pipe insertion temperature sensor 

T1 

T2 

 

2: No external temperature sensor, install the valve after 
the coil (T2). 

3: No external temperature sensor, install the valve before 
the coil (T1). 

4: Use the external temperature sensors before and after 
the coil. 

 

Flow 

T1 

T2 

 
 
Others: same as “0” 
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5) Totalized energy/totalized flow 

FVY513/514 can calculate instantaneous energy and totalized energy from the measurement 

result of supply water temperature and return water temperature before and after the valve and 

measured flow. The valves can also calculate totalized flow from the measured flow. 
To calculate the energy and totalized flow, set the following parameters. 

 
(1/2) 

Parameter 
No. 

Item name Unit  Default Settings 

17 Energy unit setting  － 54 Set the unit of energy. 
54: kBTU/h 
55: MBTU/h 

18 Energy decimal point 
position setting 

－ 0 Set the decimal point position for energy data. 
0 to 3 

19 Totalized flow unit 
setting  

－ 18 Set the unit of totalized flow. 
16: gal 
18: kgal 

20 Totalized flow decimal 
point position setting  

－ 0 Set the decimal point position for totalized flow data. 
0 to 3 

21 Totalized energy unit 
setting 

－ 50 Set the unit of totalized energy. 
50: kBTU 
51: MBTU 

22 Totalized energy 
decimal point position 
setting  

－ 0 Set the decimal point position for totalized energy 
data. 
0 to 3 

23 Energy conversion 
coefficient for chilled 
water  

BTU/ 
(gal·
F) 

8.341 Set the energy conversion coefficient for chilled 
water within the following range. 
0.000 to 9.999 

24 Energy conversion 
coefficient for hot water 

BTU/ 
(gal·
F) 

8.226 Set the energy conversion coefficient for hot water 
within the following range. 
0.000 to 9.999 

25 Temperature difference 
low level cutoff value 

F* 0.90 Set the temperature difference low level cutoff value 
within the following range. 
0.00 to 99.99 
If the temperature difference ∆T = (T1 – T2, during 
cooling) or (T2 – T1, during heating) is equal to or 
lower than the “Temperature difference low level 
cutoff value”, ∆T will be 0, i.e., in this setting the 
energy is 0.  

* The parameters and data are expressed in U.S. customary units, but the underlying data are in SI units. 
Also calculations are done in SI units, so the energy conversion coefficient should be set in SI unit. 
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(2/2) 

Parameter 
No. 

Item Unit Default Setting 

36 
 

Pulse rate 
setting  
 

－ 
 

3 
 

Select the output type (energy or flow) and pulse rate of 
the totalized value output signal issued from the pulse 
output terminal of FVY513/514. 
0: Not output 
1: 10 BTU/pulse 
2: 100 BTU/pulse 
3: 1 kBTU/pulse 
4: 10 kBTU/pulse 
5: 100 kBTU/pulse 
6: 1 MBTU/pulse 
12: 0.1 gal/pulse (totalized flow) 
13: 1 gal/pulse (totalized flow) 
14: 10 gal/pulse (totalized flow) 
15: 100 gal/pulse (totalized flow) 
16: 1 kgal/pulse (totalized flow) 
17: 10 kgal/pulse (totalized flow)  
Others: same as “0” 
The parameters are limited according to the Cv value of 
the valve as shown below.  

Cv value  Totalized energy  Totalized flow  

1 1, 2, 3 13, 14, 15 

2.5 2, 3, 4 13, 14, 15 

6 2, 3, 4 13, 14, 15 

10 2, 3, 4 13, 14, 15, 16 

16 2, 3, 4, 5 13, 14, 15, 16 

25 3, 4, 5 14, 15, 16 

40 3, 4, 5 14, 15, 16 

65 3, 4, 5 14, 15, 16 

95 3, 4, 5 14, 15, 16 

125 3, 4, 5, 6 14, 15, 16, 17 

 

 

IMPORTANT 
 The ACTIVAL + is not a Specified measuring instrument, so it cannot be used for commercial 

purposes or certification. 

 The maximum value for the energy unit and the decimal point position of the energy must be 
below 9999. 

 Set the totalized energy unit, totalized energy decimal point position setting, totalized flow unit and 
totalized flow decimal point positions appropriately not to make the values reach to its maximum 
value in a short period considering the operation mode and the range of the values. 

 The pulse rate must be set not to make the totalized value go round in a short period 
considering the operation mode. 
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 Energy conversion coefficient 

The energy conversion coefficient is a coefficient for calculating energy using the temperature 

difference and flow, and is determined by temperature, specific heat and specific gravity (density.) 

Since the specific gravity varies according to whether the valve is installed before or after the coil 

during flow measurement, the energy conversion coefficient varies. 

The default is the setting when the valve is installed after the coil. 

If the valve is installed before the coil, change the parameter. 
The energy conversion coefficients for cooling and heating are shown below. 

 
 Energy conversion coefficient of water  

 For cooling For heating 

A valve is installed after a coil (default) 

 

Flow  

8.341 BTU/( gal·F) 8.226 BTU/( gal·F) 

A valve is installed before a coil 

 

Flow  

8.345 BTU/(gal·F) 8.206 BTU/(gal·F) 

 
 

6) Control setting input  

Choose settings for control setting input. 

 

Parameter No. Item Unit Default Description 

10 Fail-safe 
action 

－ 0 Set the valve operation if the control input signal is 
abnormal. 
0: Position retained 
1: Fully close 
2: Fully open 
3: Flow retained 

35 Control setting 
value AI error 
restriction 
 

－ 0 When the control input signal is abnormal, defines whether 
it is an error or not. 
0: Error 
1: Not error 
If “1. Not error” is set, the fail-safe action set using 
Parameter 10 will be ineffective. 
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2.3 Setting when RS-485 communication 
 
By using this product's RS-485 communication function (MODBUS), can communicate with the upper 

equipments such as PLC using the programs you have created. 

To connect to PLC, configure FVY513/514 as follows. 
=> For details of MODBUS communication, refer to Chapter 3. RS-485 Communication Function. 

 

Parameter No. Item  Unit Default Setting 

28 RS-485 
communication 
method  

－ 0 0: Not used 
1: MODBUS-RTU 

29 RS-485 
communication 
address 

－ 0 0: Not communicate 
1 to 127: address 

30 RS-485 data bit － 1 0: 7 bits 
1: 8 bits 

31 RS-485 parity － 0 0: Even parity 
1: Odd parity 
2: No parity 

32 RS-485 stop bit － 0 0: 1 bit 
1: 2 bits 

33 Minimum 
communication 
response time 

ms 30 20 to 255 
Others: Invalid 

 

 

IMPORTANT 

For FVY513/514, the RS-485 data rate is fixed at 4,800 bps. Do not change Parameter 30. 
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3.1 Operation Check Flowchart 
 

 
 
*1 Valve operation command 

The command used to open/close the valve for on-site adjustment if water is not actually flowing in the pipe 
(Parameter 13). 

*2 Pseudo pulse output command 
The command used to perform pulse output in override mode for a certain time to check communication with 
the host devices to allow on-site adjustment for the site where water is not actually flowing in the pipe 
(Parameter 37). 

 
=> For further information, refer to “5.1 Parameter List” in this chapter. 

 

3. Operation Check Item 

Confirm the output of each sensor of pressure (inlet/ 

outlet) and temperature (T1, T2)  

Forcefully open/close the valve by the valve operation 

command (0%, 25%, 50%, 75%, and 100%) 

Visually check the actual valve position is as defined by  

the command using the actuator indicator 

Cancel the forced open/close command of valve 
operation command 

Confirm the pulse output using the pseudo pulse output 

command 

To trial operation 

Tip! Reason for forcefully opening/ closing the valve by the 

valve operation command:  

In the flow control, the valve does not open/close without 

differential pressure even if the output value is changed.  
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4.1 Confirming supply/return temperature 
 
Compare the analog values of FVY513/514 and the thermometer installed in the AHU. 

If there is a temperature difference, fine adjustment can be performed using Parameters 15 and 16. 
=> For further information, refer to “5.1 Parameter List” in this chapter. 

 

 

4.2 Confirming flow measurement control operation 
 

Enter the control setting value values of 0%, 50% and 100% using a controller such as the temperature 

controller in the flow control mode and confirm the actual flow. 

 

1) If the control setting value is 0% 

Confirm that the actual flow is 0. 

 

2) If the control setting value is 50% 

Varies according to the flow control mode. 
 

 Linear control:  

 Confirm that the actual flow is about 50% of the maximum set flow. 

 Equal percentage control:  

 Confirm that the actual flow is about 16% of the maximum set flow. 

 

3) If the control setting value is 100% 

Confirm that the actual flow has the same value as the maximum flow. 

 
 

4.3 Confirming the operation of the pressure sensor 
 
Confirm that the pressure value of FVY513/FVY514 can be changed by adjusting the manual operation 
valve downstream from the fully-open position to the fully-closed position. If the pressure value changes, 

you can assume that the pressure sensor is operating normally. 

 

 

IMPORTANT 

If the operation of the pressure sensor is confirmed, you need to return the manual operation 

valve to the original position. 

 

 

 

4. Trial Operation Check Item 
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5.1 Parameter list 
 
Note down the parameters value you have set. 

If a value not specified in the setting field is entered, the default value will be applied. 
 

(1/10) 

Parameter 
No. 

Item  Unit  Default Setting 

1 Flow unit setting － 13 Do not change the setting, use the default "13" as is. 

2 Flow Factor － * Do not change the setting, use the default. 
Default : 
1 (Cv 1.0-6.0) 
0 (Cv 10-125) 
Others: same as "0" 

3 Maximum flow 1 － * Set the maximum flow. 
0 to 9999 (Maximum set flow) (The default value varies 
according to the valves’ Cv values. => “Chapter 2.2.2 
Basic settings”) 
 For chilled/hot water coils, this setting is used as the 

maximum set flow on the chilled water side. 
 Maximum flow 1 must be set regardless of chilled/hot 

water side. 

4 Maximum flow 2 － * Set the maximum hot water flow for the chilled/hot water 
coil. 
0 to 9999 (Maximum set flow) (The default value varies 
according to the valves’ Cv values. => “Chapter 2.2.2: 
Basic settings”) 
 For chilled-only or hot-only coils, this setting is not 

used. 
 For chilled/hot water coils, this setting is used as the 

maximum flow on the hot water side. 

5 Flow control differential 
gap  

% 5 Set the operation dead band (ratio to maximum flow) 
during flow control as a percentage. 
0 to 100 
Others: Invalid 
This parameter is used to stabilize the flow control 
(open/close control of valve). 
Tip! If this parameter is set lower than the default 

value, there is a possibility that hunting may 
occur easily. When the parameter is to be 
changed, set the appropriate value checking the 
status of the control operation. 

 

 

 

5. Parameters/Error Codes 
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(2/10) 

Parameter 
No. 

Item Unit Default Setting 

6 Flow control differential 
gap 

% 1 Set the differential for the valve operation switch during 
flow control (stop <=> open direction, stop <=> close 
direction.) 
0 to 100 
Others: Invalid 
This parameter is used to stabilize flow control (valve 
open/close control.) 

 Target 

Open 

operation  s top 

Close 

operation  
h d 

h 

 
 Flow control differential gap range is d. 
 Flow control differential gap is h. 
 Control of operation (for open operation) 
The operation stops if the parameter is within the range 
of d/2-h to the target. 

The operation starts for the target if the parameter is out 
of the range of d/2. 
Tip! If this parameter is set lower than the default 

value, there is a possibility that hunting may 
occur easily. When the parameter is to be 
changed, set the appropriate value checking the 
status of the control operation. 

7 Flow dropout % 0 Set the flow dropout as a percentage. 
0 to 100 
Others: Invalid 
 If the flow (ratio to the maximum flow) is equal or 

lower than this setting, the valve is fully closed and 
set the flow to 0. 

 This parameter is used to stabilize operation in the 
low flow range.  

8 Flow damping 0.1 3.0 Actual flow first-order lag filter 
0.0 to 25.5 
Others: Invalid 
This parameter is used to stabilize the responsiveness 
of the actual flow.  

9 Control method － 0 Set the control method (flow control/ position control). 
0: Equal percentage control 
1: Linear characteristics 
2: Position control 
The flow control (linear) converts the control setting 
value into the flow linearly, but the flow control 
(equal-percentage) converts the control setting value 
into the flow at an equal percentage. 
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 (3/10) 

Parameter 
No. 

Item Unit Default Settings 

10 Fail-safe action － 0 Set the valve operation if the control input signal is 
abnormal. 
0: Position retained 
1: Fully close 
2: Fully open 
3: Flow retained 

11 Sensor installation position 
selection  

－ 4 Set the installation location of the sensor. 
0: Install the external temperature sensor (T1) before 

the coil and the valve after the coil (T2). 

 

Flow 

T2 

T1: Piping surface temperature sensor or 
piping insertion temperature sensor 

T1 

 
1: Install the valve before the coil (T1) and external 

temperature sensor (T2) after the coil. 
 

Flow 

T2: Piping surface temperature 
 sensor 

T1 

T2 

 
2: No external temperature sensor, install the valve 

after the coil (T2). 
3: No external temperature sensor, install the valve 

before the coil (T1). 
4: Use the external temperature sensor before and 

after the coil. 

 

Flow 

T1 

T2 

 
Others: same as “0”  
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(4/10) 

Parameter 
No. 

Item Unit Default Setting 

12 Cooling/ heating 
switch 

－ 0 Set whether the product is operated in cooling mode 
or heating mode.  
This parameter is set only when “1. RS-485 and 
QY5010S” or “2. QY5010S” is selected for “Parameter 
39, Cooling/heating switch input selection”. The others 
are status displays. 

0: Heating 
1: Cooling 
100: Cooling only 
200: Heating only 
Others: same as “1” 

13 Valve operation command  － 0 To open/close the valve for jobsite adjustment in a part 
of the system where water is not flowing, set the valve 
operation. 
1: Forced command cancel 
2: Forced command 0% 
3: Forced command 25% 
4: Forced command 50% 
5: Forced command 75% 
6: Forced command 100% 
Others: Invalid (The value 253 is displayed.) 
 Be sure to cancel the command after the forced 
command is executed. 
Tip! Display during valve operation command: 

After the valve operation command is executed, 
the following parameters are displayed that 
indicate operating status.  
Forced command 0% (72) 
Forced command 25% (73) 
Forced command 50% (74) 
Forced command 75% (75) 
Forced command 100% (76) 

14 Unmatched position 
detection Time  

s 180 If there are differences between setting position and 
actual valve position, set the time that will elapse 
before the difference is notified. 
Default: 180 (120 to 3600 seconds) 
Others: Invalid 
If this parameter is set to 0 to 119 seconds, position 
non-matching is not detected.  

15 Supply water temperature 
zero adjustment  

F 0.0 Set the offset value to fine-tune the supply water 
temperature (T1). 
-12.7 to +12.7 
Others: Invalid 
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(5/10) 

Parameter 
No. 

Item Unit Default Settings 

16 Return water temperature 
zero adjustment  

F 0.0 Set the offset value to fine-tune the return water 
temperature (T2). 
-12.7 to +12.7 
Others: Invalid 

17 Energy unit setting － 54 Set the unit of energy. 
54: BTU/h 
55: kBTU/h 

18 Energy decimal point 
position setting  

－ 0 Set the decimal point position for energy data. 
0 to 3 

19 Totalized flow unit setting  － 18 Set the unit of totalized flow. 
16: gal 
18: kgal 

20 Totalized flow decimal 
point position setting  

－ 0 Set the decimal point position for the totalized flow data. 
0 to 3 

21 Totalized energy unit 
setting 

－ 50 Set the unit of the totalized energy 
50: BTU/h 
51: kBTU/h 

22 Totalized energy decimal 
point position setting  

－ 0 Set the decimal point position for the totalized energy 
data. 
0 to 3 

23 Energy conversion 
coefficient for chilled water 

BTU/ 
(gal·
F) 

8.341 Set the energy conversion coefficient for chilled water 
within the following range. 
0.000 to 9.999 

24 Energy conversion 
coefficient for hot water 

BTU/ 
(gal·
F) 

8.226 Set the energy conversion coefficient for hot water 
within the following range. 
0.000 to 9.999 

25 Temperature difference 
low level cutoff value 

F 0.90 Set the temperature difference low level cutoff value 
within the following range. 
0.00 to 99.99 
When the temperature difference ∆T = (T1 - T2, during 
cooling) or (T2 - T1, during heating) is equal or lower 
than the temperature difference low level cutoff value, 
∆T is 0. Therefore, energy is 0 under this condition.  

26 Maximum temperature 
setting difference (cooling)  

F 36.00 Set to determine the unit maximum energy (cooling). 
0.01 to 99.99 

27 Maximum temperature 
difference setting (heating) 

F 36.00 Set to determine the unit maximum energy (heating). 
0.01 to 99.99 

28 RS-485 communication 
method 

－ 0 Set the RS-485 communication method. 
0: Not used 
1: MODBUS-RTU 

29 RS-485 communication 
address 

－ 0 Set the RS-485 communication address. 
0: Not communicate 
1 to 127: Address 
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(6/10) 

Parameter 
No. 

Item Unit Default Settings 

30 RS-485 data bit － 1 0: 7 bits 
1: 8 bits 

31 RS-485 parity － 0 Set the RS-485 parity. 
0: Even parity 
1: Odd parity 
2: No parity 

32 RS-485 stop bit － 0 Set the RS-485 stop bit. 
0: 1 bit 
1: 2 bit 

33 Minimum communication 
response time  

ms 30 Set the minimum communication response time within 
the following range. 
20 to 255 
Others: Invalid 

34 Control setting value AI 
input type change 

－ 0 Set the control input signal. 
0: Analog input terminal 
1: RS-485 communication 

35 Control setting value AI 
error restriction  

－ 0 Set whether the control input signal being abnormal is 
regarded as an error or not. 
0: Error 
1: Not error 
If “1. Not error” is set, the fail-safe action set using 
Parameter 10 will be ineffective. 
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 (7/10) 

Parameter 
No. 

Item Unit Default Setting 

36 Pulse rate setting  － 3 Select the output type (energy or flow) and pulse rate of 
totalized value output signal and pulse rate. 
0: Not output 
1: 10 BTU/pulse 
2: 100 BTU/pulse 
3: 1 kBTU/pulse 
4: 10 kBTU/pulse 
5: 100 kBTU/pulse 
6: 1 MBTU/pulse 
12: 0.1 gal/pulse (totalized flow) 
13: 1 gal/pulse (totalized flow) 
14: 10 gal/pulse (totalized flow) 
15: 100 gal/pulse (totalized flow) 
16: 1 kgal/pulse (totalized flow) 
17: 10 kgal/pulse (totalized flow)  
Others: same as “0” 
The parameter that can be set by the valve’s Cv value is 
limited as shown below.  

Cv value Totalized energy Totalized flow 

1 1, 2, 3 13,14,15 

2.5 2, 3, 4 13,14,15 

6 2, 3, 4 13,14,15 

10 2, 3, 4 13,14,15,16 

16 2, 3, 4, 5 13,14,15,16 

25 3, 4, 5 14,15,16 

40 3, 4, 5 14,15,16 

65 3, 4, 5 14,15,16 

95 3, 4, 5 14,15,16 

125 3, 4, 5, 6 14,15,16,17 
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(8/10) 

Parameter 
No. 

Item Unit Default Settings 

37 Pseudo pulse output 
command 

－ 0 The command used to perform pulse output forcibly for 
a certain time to check if the wiring work has been done 
correctly between the upper devices as an on-site 
adjustment even if water is not actually flowing in the 
pipe. 
20: Pseudo pulse output command 
Tip! Pseudo pulse output operation 

After the pseudo pulse output command is 
entered, the valve fully closes; 20 seconds later, 
20 pseudo pulses are output for 40 seconds. After 
60 seconds, normal operating status returns. 
After executing pseudo pulse output command, 
the following parameters display the operating 
status. 
Full closing operation ongoing (22) 
Waiting for pseudo pulse output (24) 
Pseudo pulse output ongoing (26) 
Waiting for completion of pseudo pulse output 
mode (28) 
Normal process status (0) 

38 Pressure unit setting － 36 Do not change the setting, use the default "36" as is. 

39 Cooling/heating 
switch input selection  

－ 0 Set the input source of cooling/heating switch signal. 
0: DI terminal 
1: RS-485 and QY5010S (later command takes priority.) 
2: QY5010S 

40 － 

 

0 Not used 
41 － 
42 － 

43 － 

44 － 

45 － 

46 － 

47 － 

48 － 

49 Control setting value 
display 

% － The control setting value is displayed. 
Display range 0.0 to 100.0% 

50 Set flow display GPM － The set flow is displayed. 
Display range 0 to 9999 
The “decimal point position” follows the Table, 
“Relationship between Cv value and maximum set flow 
(GPM)” in “Chapter 2.2.2 Basic settings”. 

51 Instantaneous energy 
display 

－ － The instantaneous energy is displayed. 
Display range 0 to 9999 
The unit and decimal point position follow the settings of 
Parameter 17, “Energy unit setting” and Parameter 18, 
“Energy decimal point position setting”.  
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(9/10) 

Parameter 
No. 

Item Unit Default Settings 

52 Totalized flow 
(cooling) display 
(upper 4 digits) 

－ － The totalized flow (cooling) is displayed. 
Display range 0 to 264172. If the value exceeds 
264172, an overflow occurs and it returns to 0. 
The displayed unit and decimal point position follow 
Parameter 19, “Totalized flow unit setting” and 
Parameter 20, “Totalized flow decimal point position 
setting”. 
Up to 6 digits are displayed. The upper 2 digits of  
Parameter 52, “Totalized flow (cooling) display (upper 4 
digits)” and the lower 4 digits of Parameter 53, 
“Totalized flow (cooling) display (lower 4 digits)” are 
displayed. 

53 Totalized flow 
(cooling) display 
(lower 4 digits) 

－ － 

54 Totalized flow (heating) 
display 
(upper 4 digits) 

－ － Totalized flow (heating) is displayed. 
Display range 0 to 264172. If the value exceeds 
264172, an overflow occurs and it returns to 0. 
The displayed unit and decimal point position follow 
Parameter 19, “Totalized flow unit setting” and 
Parameter 20, “Totalized flow decimal point position 
setting”. 
Up to 6 digits are displayed. The upper 2 digits of  
Parameter 54, “Totalized flow (heating) display (upper 4 
digits)” and the lower 4 digits of Parameter 55, 
“Totalized flow (heating) display (lower 4 digits)” are 
displayed. 

55 Totalized flow (heating) 
display 
(lower 4 digits) 

－ － 

56 Totalized energy (cooling) 
display 
(upper 4 digits) 

－ － Totalized energy (cooling) is displayed. 
Display range 0 to 947816. If the value exceeds 
947816, an overflow occurs and it returns to 0. 
The displayed unit and decimal point position follow 
Parameter 21, “Totalized energy unit setting” and 
Parameter 22, “Totalized energy decimal point position 
setting”. 
Up to 6 digits are displayed. The upper 2 digits of  
Parameter 56, “Totalized energy (cooling) display 
(upper 4 digits)” and the lower 4 digits of Parameter 57, 
“Totalized energy (cooling) display (lower 4 digits)” are 
displayed. 

57 Totalized energy (cooling) 
display 
(lower 4 digits) 

－ － 

58 Totalized energy (heating) 
display 
(upper 4 digits) 

－ － Totalized energy (heating) is displayed. 
Display range 0 to 947816. If the value exceeds 
947816, an overflow occurs and it returns to 0. 
The displayed unit and decimal point position follow 
Parameter 21, “Totalized energy unit setting” and 
Parameter 22, “Totalized energy decimal point position 
setting”. 
Up to 6 digits are displayed. The upper 2 digits of  
Parameter 58, “Totalized energy (heating) display 
(upper 4 digits)” and the lower 4 digits of Parameter 59, 
“Totalized energy (heating) display (lower 4 digits)” are 
displayed. 

59 Totalized energy (heating) 
display 
(lower 4 digits) 

－ － 
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(10/10) 

Parameter 
No. 

Item Unit Default Settings 

60 Parameter setting enable/ 
disable 

－ 0 Enable/disable parameter setting. 
0: All parameter settings disabled 
11: Enable totalized flow related parameters only 

(Parameters 19, 20, 52, 53, 54, 55) 
33: Enable totalized energy related parameters only 

(Parameters 17,18, 56, 57, 58, 59) 
55: Enable pulse rate parameter only (Parameter 36) 
99: Enable the parameter settings other than above 
Others: Invalid 
By setting this parameter to 11 or 33, you can preset the 
totalized value of Parameters 52 to 59. 
Preset the totalized data as required using the following 
procedures if you have changed the unit/decimal point 
position. 
1. Note down the current totalized data. 
2. Change the unit/decimal point position.  
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5.2 Error code list 
 

Error code Description Details 

3 Minor alarm 1 EEPROM or RAM error has occurred. 

4 Minor alarm 2 Analog error has occurred (including initial 
error status). 

5 RS-485 error RS-485 communication error  

9 Unmatched position Non-matching between valve setting 
position and actual valve position  

10 Valve operation failure The valve does not open/close.  

11 Potentiometer error The measured value of the potentiometer is 
invalid.  

12 Fully-close error  The valve does not fully close when 
instructed. 

14 Pressure sensor error  Pressure sensor error has occurred.  

15 Reverse flow error  Fluid is flowing in the reverse direction.  

21 Control setting value error The analog control input signal is abnormal.  
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Chapter 3 
 
RS-485 Communication Function  
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1.1 General information on communications 
 
Using the RS-485 communication function of ACTIVAL +, you can communicate with host devices, such 

as the PLC, with the programs you have created. 

This section describes MODBUS communications. 
 

1) Features 

The communication function of this device includes the following features. 

 
 Up to 31 units of ACTIVAL + can be connected per master station as the host device. 

 If the communication specification of the host devices is RS-232C, a separate CMC10L 

 communication converter will be required. A CMC10L allows you to convert between RS-232C 
 and RS-485. 

 

2) Setting 

The following settings are needed for MODBUS communications. 

 

Parameter 
No. 

Item Unit Default Setting 

28 RS-485 communication 
method 

－ 0 Set the communication method for RS-485. 
1: MODBUS-RTU 

29 RS-485 communication 
address 

－ 0 Set the RS-485 communication address. 
0: Not communicate 
1 to 127: Address 

30 RS-485 data bit － 1 0: 7 bit 
1: 8 bit 

31 RS-485 parity － 0 Set the RS-485 parity 
0: Even parity 
1: Odd parity 
2: No parity 

32 RS-485 stop bit － 0 Set the RS-485 stop bit. 
0: 1 bit 
1: 2 bit 

33 Minimum 
communication 
response time 

ms 30 Set the minimum communication response time 
within the following range. 
20 to 255 

=> The settings are adjusted using the Display Panel (QY5010S). For further details, refer to “Chapter 2.2 Parameter 

Setting/Adjustment Items”. 

 

 

IMPORTANT 

The RS-485 transmission speed of the product is fixed at 4,800 bps. This cannot be changed. 

 

1. MODBUS Communication Function 
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3) Communications protocol 

The communications protocol is shown below. 

 

 The host device (master station) sends command messages to an ACTIVAL + (slave station). 
 The slave station receives the command message and performs the read or write process in 

response to the message.
 The slave station also sends a process-related message as the reply message. 

 The master station receives the reply message. 

 

 

 IMPORTANT 

Multiple protocols other than MODBUS-RTU cannot be mix-used on the same RS-485 

communication path. 

 

 

 

1.2 Configuration of message 
 

1) Configuration of message 

The configuration of the message is shown below. 

 

 MODBUS RTU 
All messages are composed of binary data. 

A MODBUS RTU message is composed of the following  to. 

Part  contains the command sent from the master station and the response from the slave 
station. 

Binary data is used for all messages. (One column indicates one byte in the following diagram.) 

 
             

 

             

 

   

 
1 frame 

 

 Device address (1 byte) 

 Transmission message, reply message 

 Check code (2 bytes) 
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 Device address 

The product creates reply messages only when the device addresses of the received messages 
are the same as its address. The device address in the message is 1 byte. 

However, if the device address is “0”, even if the device address matches, no response occurs. The 

product returns the same device address as it received as the reply message. 

 Check code (CRC) 

This is a 2-byte data used to check that the message has not been corrupted by noise, etc., during 
communication. 

 

The following section indicates how to create the check code (CRC). 

The part from the device address in a message before the check code ( and) is calculated. For 

the calculation, the binary data of the message is used as is. The check code is 16-bit data and can 

be calculated with the following C-language function get_crc16(). The lower digit byte comes first 

and the upper byte comes later in the message. This order is the reverse of other 16-bit data. 
 
[Explanation]  Calculate CRC16-bit 
[Argument 1]  Character string length (No. of bytes) 
[Argument 2]  Pointer for head of character string 
[Function value] Calculation result 

 
unsigned short get_crc16(signed int len, const unsigned char *p) 
{ 
 unsigned short crc16; 
 unsigned short next; 
 unsigned short carry; 
 signed int i; 
 crc16 = 0xffff; 
 
 while (len > 0) 
 { 
  next = (unsigned short)*p; 
  crc16 ^= next; 
  for (i = 0; i < 8; i++) 
  { 
   carry = crc16 & 0x0001; 
   crc16 >>= 1; 
   if (carry != 0) 
   { 
    crc16 ^= 0xa001; 
   } 
  } 
  p++; 
  len--; 
 } 
 return crc16; 
} 
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 Determination of end of 1 frame 

The end of the message (end of one frame) is determined when the time during which characters 
are not received exceeds the time specified for the transmission speed. If the next characters are 
not received by the time the following timeout time elapses, the end of one frame is determined. 
However, there is a ± 1 ms variation for timeout time in the following Table. 

 

Transmission speed 
(bps) 

Timeout value 

4800 9 ms or more 

 

 

2) Command type 

The command types that the product supports (transmission message) are as follows. 

Command type 
Description 

Conformance class 
RTU 

Multiple data read  03H (1 byte) Class 0 

Multiple data write 10H (1byte) Class 0 

 

3) Exception code 

If the reply message is abnormal, the following exception code is added to the function code. 

Error type  
Exception code 

Description 
RTU 

Invalid function code 01H (1 byte) Function code that the product 
does not support.  

Invalid data address 02H (1 byte) Including a data address that 
cannot be read or written 

Invalid data 03H (1 byte) Abnormalities other than above 

 

4) No. of data 

The number of data that can be read or written in a frame message. 

Command type 
(Function code) 

No. of data 

RTU 

Multiple data read (03) 1 to 16 

Multiple data write (10) 1 to 16  

 
Reference: 
For further information about the specifications of MODBUS communication, please refer to the following 
documents. 

 “Modicon Modbus Protocol Reference Guide (PI-MBUS-300 Rev.J)” MODICON, Inc. 
 “OPEN MODBUS/TCP SPECIFICATION (Release 1.0)” SchneiderElectric 
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1.3 Description of commands 
 

1) Multiple data read command (03H) 
The data of the continuous data address is read in hexadecimal numbers. 

 

 Command message 

Specify the head data address and the number of data. The configuration of the application layer of 
the command message is shown below. 

 

MODBUS RTU 

0AH 03H 03H E9H 00H 02H 14H C0H 

     



Device address 
Function code 
Head data address 
No. of read data 
Check code (CRC) 

 

 Reply message 

The configuration of the application layer of the reply message is shown below. 

 

 

MODBUS RTU 

 During normal operation 

0AH 03H 04H 03H 01H 00H 03H 51H 76H 

      



Device address 
 Function code 
No. of reads x 2 (No. of bytes) 
Read data 1 
 Read data 2 
Check code (CRC) 

 

 In case of error 

0AH 84H 01H F3H 02H 

    



Device address 
 Function code (In case of error, set the MSB of the function code of the transmission message to 1. In this 

example, the product responds with 84H to an undefined 04H.) 
Exception code (=> Page 57) 
Check code (CRC) 
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2) Multiple data write command (10H) 

The continuous data address is written in hexadecimal numbers. 

 

 Command message 

Specify the head data address, number of data and one or more data. The application layer of the 

command message is shown below. 

 
  Write the values of 01A0H and 0E53H to the two continuous data addresses from 05DDH. 

 

MODBUS RTU 

01H 10H 05H DDH 00H 02H 04H 01H A0H 0EH 53H 45H B9H 

        



Device address 
Function code 
 Write head data address 
 No. of write data 
 No. of write data x 2 
 Write data 1 
 Write data 2 
 Check code (CRC) 

 

 Reply message 

The configuration of the application layer of the reply message is shown below. 

 

MODBUS RTU 

01H 10H 05H DDH 00H 02H D1H 3EH 

     

 

Device address 
Function code 
Write head data address 
No. of write data 
Check code (CRC) 

 

Reference: 

 The reply message in case of error is same as that for multiple data read command. 
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1.4 Data address definition 
 

1) Data address RAMEEPROM area 

The data address is classified as shown below. 

 

Data address decimal  Name Remarks 

4096, 4097, 4105, and 
4114 to 4169 

RAM access data address The RAM area data is accessed both for 
read/write. 
 

 

2) Write data range 

If the write range exceeds the area specified for each parameter, write is not performed, and an 

abnormal end code is returned. 

 

3) Write condition 

When data can't be written due to unsuitable conditions, an abnormal end code is also returned. 
 

 

1.5 Numerical value expression 
 

The numerical value includes data address, number of data and data. All values are hexadecimal 
numbers. 

 

 

1) Hexadecimal of MODBUS-RTU 

The specifications of MODBUS-RTU hexadecimal numbers are as follows.  
If the number does not comply with the specifications, the product does not process the command 

message but returns abnormal response.  

Item Specification 
Example that does not match the 

specifications 

Usable characters 00H – FFH (all)  

Number of characters 2 or 1 
 (3 characters) 

Expressible numerical 
value (2 characters) 

8000H - 7FFFH (signed data) 
0000H – FFFFH (unsigned data) 

 

Expressible numerical 
value 

00H – FFH (signed data)  

Example of normal 
character strings  
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1.6 Transmission/reception timing 
 

1) Command message, reply message timing specifications 

For command message transmission timing of the master station and the reply message 

transmission timing of the slave station, the following two points must be considered. 

 

 Response monitoring time 

The maximum response time after the master station has sent the command message until the 

slave station starts sending a reply message is 2 seconds (part  in the following diagram). 

Therefore, set the response monitoring time to 2 seconds. 

Normally, when the response monitoring time is up, the command message is resent. 

 

 Transmission start time 

After the master station has received the reply message, 10 ms or more will elapse until it starts 

sending the next command message either when the message is sent to the same slave station or 
a different slave station (Part  in the following diagram.) 

  

 
   

 
 
 
 Master station transmission completed - Slave transmission start time = 2000 ms or less 
 Slave station transmission completed – Master station transmission start time = 10 ms or more 

 

 

  

Communication 
path 

Reply 

message 
Command 

message 

Command 

message 

 

Reply 

message 
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2) RS-485 driver control timing specifications 

When the RS-485 3-wire transmission/reception is directly controlled at the master station, the 

following timings must be considered. 
 

 




























 Master station transmission completed – Driver disable time = 500 µs or less 
 Slave station reception completed – Driver enable time = minimum communication response time 

(Parameter 33) or more 
 Slave station transmission completed – Driver disable time = 10 ms or less 
 Master station reception completed – Driver enable time = 10 ms or more 



 


Master  

Driver control 

Communication 

path 

Slave driver 

control 

(Command 

message) 

Effective 
data 

(Enable) (Disable) 

Master 

transmission 

completed 

  Slave 

transmission 

completed 

(Enable) 
(Disable) 

Effective 
data 

(Response 
message) 
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 (1/4) 

Item 

RAM 

address 

(decimal) 

RAM 

Word length  Unit 
Decimal 

information 
Data range Remarks 

Read Write 

Control setting value 4096 Yes Yes 1 % 2 0.00 to 100.00  

Actual valve position  4097 Yes ― 1 % 2 0.00 to 100.00  

Point status 4105 Yes ― 1 ― ― ― The error statuses of the analog 

values are displayed.  

0: Normal 1: Abnormal 

Bit 0 to Bit 6: Not defined 

Bit 7: Energy 

Bit 8: Return water temperature  

Bit 9: Supply water temperature  

Bit 10: Valve outlet pressure  

Bit 11: Valve inlet pressure  

Bit 12: Set flow 

Bit 13: Actual flow 

Bit 14: Actual valve position 

Bit 15: Control setting value 

Energized time 

[Upper] 

4114 Yes ― 2 Hour 0 0 to 9999999 The update and backup cycles of 

the totalized data on the left both 

are 15 minutes. 
Energized time 

[Lower] 

4115 Yes ― 

Operating time 

[Upper] 

4116 Yes ― 2 Hour 0 0 to 9999999 

Operating time 

[Lower] 

4117 Yes ― 

Operating level [Upper] 4118 Yes ― 2 % 0 0 to 9999999 

Operating level [Lower] 4119 Yes ― 

Number of operations 

[Upper] 

4120 Yes ― 2 times 0 0 to 9999999 

Number of operations 

[Lower] 

4121 Yes ― 

Number of reverse 

[Upper] 

4122 Yes ― 2 times 0 0 to 9999999 

Number of reverse 

[Lower] 

4123 Yes ― 

Total operating time 

within range 1 [Upper] 

4124 Yes ― 2 Minute 0 0 to 9999999 

Total operating time 

within range 1 [Lower] 

4125 Yes ― 

Total operating time 

within range 2 [Upper] 

4126 Yes ― 2 Minute 0 0 to 9999999 

Total operating time 

within range 2 [Lower] 

4127 Yes ― 

Total operating time 

within range 3 [Upper] 

4128 Yes ― 2 Minute 0 0 to 9999999 

Total operating time 

within range 3 [Lower] 

4129 Yes ― 

2. Communications Data List 
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(2/4) 

Item 

RAM 

address 

(decimal) 

RAM 

Word length  Unit 
Decimal 

information 
Data range Remarks 

Read Write 

Total operating time 

within range 4 [Upper] 

4130 Yes ― 2 Minute 0 0 to 9999999  

Total operating time 

within range 4 [Lower] 

4131 Yes ―  
   

 
Total operating time 

within range 5 [Upper] 

4132 Yes ― 2 Minute 0 0 to 9999999 

Total operating time 

within range 5 [Lower] 

4133 Yes ― 

Cooling/heating status 4134 Yes Yes 1 ― ― ― The cooling/heating status is 

displayed. 

Bit 0: 0: Heating/ 1: Cooling 

Device status 4135 Yes ― 1 ― ― ― The status of the measuring 

instrument is displayed.  

Bit 0: Not defined 

Bit 1: Reverse flow error (Error = 

1) 

Bit 2: Pressure sensor error 

(Error=1) 

Bit 3: Control method setting 

(Flow control = 0, position 

control = 1) 

Bit 4: Fully close error (Error = 1) 

Bit 5: Potentiometer error  

 (Error= 1) 

Bit 6: Operation failure (Error = 1) 

Bit 7: Unmatched position 

detection  (Error = 1) 

Bit 8 to Bit 10: Not defined (Bit 9 

and 10 are always “1”) 

Bit 11: RS-485 communication 

error (Error = 1) 

Bit 12: Minor error (2) (Error = 1) 

Bit 13: Minor error (1) (Error = 1) 

Bit 14 to Bit 15: Not defined 

Product model No. (1st, 

2nd character) 

4136 Yes ― 1 ― ― ― The data format is ASCII. 

Product model No. (3rd, 

4th character) 

4137 Yes ― 1 ― ― ― 

Product model No. 

(5th, 6th character) 

4138 Yes ― 1 ― ― ― 

Product model No. (7th, 

8th character) 

4139 Yes ― 1 ― ― ― 

Product model No. 

(9th,10th character) 

4140 Yes ― 1 ― ― ― 

Product model No. 

(11th, 12th character) 

4141 Yes ― 1 ― ― ― 

Product model No. 

(13th, 14th character) 

4142 Yes ― 1 ― ― ― 
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(3/4) 

Item 

RAM 

address 

(decimal) 

RAM 

Word length  Unit 
Decimal 

information 
Data range Remarks 

Read Write 

Product model No. 

(15th, 16th character) 

4143 Yes ― 1 ― ― ―  

H/W version (0, HWver) 4144 Yes ― 1 ― ― ―  H/W version 1 is 

“00.01(00h.01h)”. 

S/W version (0, Maj) 4145 Yes ― 1 ― ― ―  S/W version 1.2.10 is 

“00.01(00h.01h)”. 

S/W version (Min, Rev) 4146 Yes ― 1 ― ― ―  S/W version 1.2.10 is 

“02.10(02h.0Ah)” 

Product serial No. (1st, 

2nd character) 

4147 Yes ― 1 ― ― ― The data format is ASCII. 

 Product serial number 

FS0007C0012M is “F.S 0.0 0.7 

C.0 0.1 2.M”. 
Product serial No. (3rd, 

4th character) 

4148 Yes ― 1 ― ― ― 

Product serial No. 

(5th, 6th character) 

4149 Yes ― 1 ― ― ― 

Product serial No. (7th, 

8th character) 

4150 Yes ― 1 ― ― ― The data format is ASCII. 

Product serial No. 

(9th,10th character) 

4151 Yes ― 1 ― ― ― 

Product serial No. (11th, 

12th character) 

4152 Yes ― 1 ― ― ― 

Manufacturing date 

(0, year) 

4153 Yes ― 1 ― ― ― The Christian year - 2000 

 2010 is “00.10(00h.0Ah)”. 

Manufacturing date 

(month, date) 

4154 Yes ― 1 ― ― ―  December 1 is 

“12.01(0Ch.01h)” 

Actual flow 4155 Yes ― 1 GPM 1 to 3 0 to 9999 The “decimal point position” and the 

“maximum set flow” follow the 

Table, “Relationship between Cv 

value and maximum set flow 

(GPM)” in “Chapter 2.2.2 Basic 

settings”.  

Set flow  4156 Yes ― 1 GPM 1 to 3 0 to   

(Maximum set flow) 

Supply temperature  4157 Yes ― 1 F 1 14.0 to 212.0  

Return temperature 4158 Yes ― 1 F 1 14.0 to 212.0  

Valve inlet 

pressure  

4159 Yes ― 1 psig 1 0.0 to 320.0  

Valve outlet pressure  4160 Yes ― 1 psig 1 0.0 to 320.0 

Energy  4161 Yes ― 1 BTU/h 

kBTU/h 

0 to 3 0 to 9999 The displayed unit and decimal 

point position are set using 

Parameter 17 “Energy unit setting” 

and Parameter 18 “Energy decimal 

point position setting”.  

Totalized flow 

(cooling) [Upper] 

4162 Yes ―      

Totalized flow (cooling) 

[Lower] 

4163 Yes ― 
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 (4/4) 

Item 

RAM 

address 

(Decimal) 

RAM 

Word length Unit 
Decimal point 

information 
Data range Remarks 

Read Write 

Totalized flow  

(heating) [Upper] 

4164 Yes ― 2 gal, kgal 0 to 3 0 to 264172 The displayed unit and decimal point 

position are set using Parameter 19, 

“Totalized flow unit setting “ and 

Parameter 20, “Totalized flow 

decimal point position setting”. 

If the value exceeds 264172, an 

overflow occurs and it returns to 0. 

Both update and backup cycles for 

the totalized flow data are 15 

minutes. 

Totalized flow  

(heating) [Lower] 

4165 Yes ― 

Totalized energy  

(cooling) [Upper] 

4166 Yes ― 2 BTU 

kBTU 

0 to 3 0 to 947816 The displayed unit and decimal point 

position are set using Parameter 21, 

“Totalized energy unit setting “ and 

Parameter 22, “Totalized energy 

decimal point position setting”. 

If the value exceeds  947816, an 

overflow occurs and it returns to 0. 

Both update and backup cycles for 

the totalized flow data are 15 

minutes. 

Totalized energy  

(cooling) [Lower] 

4167 Yes ― 

Totalized energy  

(heating) [Upper] 

4168 Yes ― 2 BTU 

kBTU 

0 to 3 0 to 947816 

Totalized energy  

(heating) [Lower] 

4169 Yes ― 
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(1/5) 

Symptom Check item Probable cause Action 

Actuator not 

operating normally. 

Power supply line is connected 

correctly.  

Incorrect connection  Reconnect correctly.  

Correct power voltage is being 

supplied to the power terminal at the 

product side.  

Power supply voltage is 

out of specifications. 

Supply the voltage that complies with the 
specifications. 
If too high a voltage (24 V AC ± 15%) is 
applied, replace the product to ensure the 
future safety.  

The power supply line is broken.  Broken line Replace the broken wiring.  

The analog signal line is connected 

correctly.  

Incorrect wiring Reconnect correctly.  

The correct analog signal is being 

sent to the analog input terminal of 

the product.  

Analog input is out of 

specifications.  

Enter the analog signal that complies with 

the specifications.  

The analog signal line is broken.  Broken line Replace the broken wiring.  

The operating status display LED is 

on.  

Actuator failure Replace the actuator.  

Minor alarm 1 has occurred (Error 

code3).  

Actuator failure  Replace the actuator.  

A terminal screw is loose. Terminal contact 

failure due to loose 

screw  

Retighten the screw.  

The forced open/close command is 

permanently on.  

Forced open/close 

command operating 

Execute the forced open/close cancel 

command.  

Unmatched position has occurred 

(Error code 9).  

A foreign substance is 

trapped in the valve. 

 Drain out the chilled/hot water and 
make water flow again to wash out the 
foreign substance (change the 
chilled/hot water around the target 
valve). 

 If the valve seat leakage is noticeably 
large, replace the valve.  

Other than above, 

actuator failure 

Replace the actuator.  

Valve operation failure occurred 

(Error code 10).  

The valve is fixed.  

Other than above, 

actuator failure.  

Replace the actuator. 

Potentiometer error has occurred 

(Error code 11).  

Potentiometer failure Replace the product.  

Fully-close error has occurred (Error 

code 12). 

A foreign substance is 

trapped in the valve. 

 Drain out the chilled/hot water and 
make water flow again to wash out the 
foreign substance (change the 
chilled/hot water around the target 
valve) 

 If the valve seat leakage is noticeably 
large, replace the product. 

Other than above, 

actuator failure. 

Replace the actuator. 

1. Troubleshooting 
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(2/5) 

Symptom Check if… Probable cause Action 

Leakage from the 

flange 

The flange bolt is loose Loose flange bolt  Tighten the flange bolt. 

The flange gasket has 

degraded.  

Degradation of gasket Replace the flange gasket.  

The piping is misaligned. Misalignment of piping  Adjust the piping.  

Leakage from the gland The gland has deteriorated.  Deterioration or damage of 

gland 

Replace the product.  

Leakage from the 

upper lid  

The bolt is loose.  Loose bolt  The angle may be misaligned. Replace 

the product.  

Leakage from the valve 

seat is larger than 

specifications when the 

valve is fully closed.  

 

Noticeable leaks occur when 

the valve is fully closed. 

Abrasion of seat ring Replace the product. 

Abnormal noise or 

vibration  

Air is contained in the piping 

(airlock).  

Air ventilation is not enough.  Ventilate the air.  

Cavitation has occurred 

(determine by the noise in the 

piping or differential pressure 

value).  

Cavitation in the pipe Use the product under conditions 

where cavitation does not occur.  

Hunting occurs There is a large time variation in 

the control setting values at the 

controller side 

Incorrect adjustment of 

control parameters at the 

controller side. 

Set the control parameter correctly at 

the controller side.  

The actuator parameter setting 

(damping, deadband, etc.) is 

correct (during flow control).  

Incorrect adjustment of 

parameters at the actuator 

side.  

See “Chapter 2 

Adjustment/Engineering 5.1 Parameter 

list” to set the parameters properly.  

The measured 

temperature is 

abnormal.  

Minor error 2 has occurred 

(Error code 4). 

The external temperature 

sensor cable is broken.  

Replace the broken wiring.  

Incorrect wiring of external 

temperature sensor  

Reconnect correctly.  

Broken line to the valve 

sensor (valve temperature 

sensor)  

Confirm the connector 

connection of the valve sensor ( 

Yellow: shielded, 

Red: valve sensor 3.3 V, 

Black: valve sensor 0 V, 

White: valve sensor temperature).  

If the problem is not rectified, replace 

the valve sensor.  

Incorrect parameter setting 

of the sensor installation 

position selection  

See “Chapter 2 Adjustment/ 

Engineering 5.1 Parameter list” to 

select the appropriate sensor 

installation location. 

Other than above, actuator 

failure 

Replace the actuator.  

The zero fine adjustment of 

temperature has been performed.  

Incorrect parameter 

adjustment at the actuator 

side 

See “Chapter 2 Adjustment/ 

Engineering 5.1 Parameter list” to set 

appropriate zero fine adjustment.  
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(3/5) 

Symptom  Check item Probable cause  Action 

The measured pressure 

is 

Abnormal.  

Minor alarm 2 has occurred 

(Error code 4).  

The valve sensor line 

is broken.  

Confirm the connector connection of the 

valve sensor ( 

Yellow: shielded, 

Red: valve sensor 3.3 V, 

Black: valve sensor 0 V, 

Orange: valve sensor inlet pressure, 

Green: valve sensor outlet pressure).  

If the problem is not rectified, replace the 

valve sensor.  

Pressure sensor error has 

occurred (Error code 14).  

Valve sensor failure Confirm the connector connection of the 

valve sensor ( 

Yellow: shielded, 

Red: valve sensor 3.3 V, 

Black: valve sensor 0 V, 

Orange: valve sensor inlet pressure, 

Green: valve sensor outlet pressure).  

If the problem is not rectified, replace the 

valve sensor.  

Reverse flow error has 

occurred (Error code 15). 

 

Incorrect piping Install the pipe correctly.  

The measured flow is 

abnormal.  

The measured temperature is 

abnormal.  

― See the item “The measured temperature 

is abnormal”. 

The measured pressure is 

abnormal.  

― See the item “The measured pressure is 

abnormal”. 
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(4/5) 

Symptom Check item Probable cause Action 

The measured energy is 

abnormal.  

The measured temperature is 

abnormal. 

― See the item “The measured temperature 

is abnormal”. 

The measured pressure is 

abnormal. 

― See the item “The measured pressure is 

abnormal”. 

The energy conversion 

coefficient is correct.  

Incorrect parameter 

adjustment at the actuator 

See “Chapter 2 Adjustment/Engineering 

5.1 Parameter list” to set the appropriate 

parameter. 

The cooling/heating status is 

correct. 

The DI signal for 

cooling/heating switch is 

broken.  

Replace the broken wiring.  

Incorrect parameter 

adjustment at the actuator 

See “Chapter 2 Adjustment/Engineering 

5.1 Parameter list” to set the appropriate 

parameter. 

The measured value is 

blinking on the display 

panel (measured value 

and "----" are blinking 

alternately.)  

The communication line of the 

display panel is connected 

correctly. 

 

Connection failure with 

the connector of the 

communication line at the 

actuator installation side.  

Check the connection with the connector. 

If the problem is not rectified, even if the 

line is connected correctly, replace the 

display panel connection connector.  

Connection failure with 

the connector of the 

communication line at the 

display panel installation 

side. 

Check the connection with the connector. 

If the problem is not rectified, even if the 

line is connected correctly, replace the 

display panel.. 

The cable connecting 

actuator and display panel 

is broken.  

Check the continuity of the cable. If the 

problem is not rectified, replace the cable. 

Incorrect wiring Reconnect correctly. 

Failure of display panel Replace the display panel.  

The wiring cable is 

interfering with the 

actuator’s reset switch.  

Correct the wiring at the actuator terminal 

so as to free the reset switch.  

Other than above, 

actuator failure 

Replace the actuator. 
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(5/5) 

Symptom Check item Probable cause Action 

Communication with host 

devices such as PLC 

(RS-485 

communications) is 

abnormal.  

The communications 

parameter settings 

(communication speed, 

address, etc.) have the correct 

values.  

Setting error of the 

communication parameter 

at the host device.  

Set the communication parameters 

correctly at the host device.  

Parameter setting error at 

the actuator. 

See “Chapter 2 Adjustment/Engineering 

5.1 Parameter list” to set the appropriate 

parameter. 

The communication line is 

broken or not.  

Broken line Replace the broken line.  

The communication line is 

connected correctly or not. 

Improper connection Reconnect correctly.  

The number of connected 

ACTIVAL + is 31 or lower on 

the same bus.  

Too many ACTIVAL + 

are connected.  

The number of connected ACTIVAL + on 

the same bus must be 31 or lower. 

The total wiring length of the 

communication cable is 500 m 

or less. 

The total wiring length is 

too long.  

The total wiring length must be 500 m or 

less. 
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