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Atlas dAPV-s
Digital automatic valve positioner with 
the functions of the control and protection 
systems of the hydro and steam turbines

Application

•  Procesor AM3358 1GHz ARM Cortex-A8

•  10/100Mbit LAN

•  RS-232/485 port (galvanically isolated)

•  4GB 8-bit eMMC

• 6 analog current inputs with software range selection: [0,20]mA, 
[4,20]mA,[0,40]mA, [-20,20]mA, [-10,10]mA i [-5,5]mA 

• 2 analog voltage inputs with software range selection: [-1,1]V,[-0.5, 0.5]V, [-0.1, 
0.1]V, [-50, 50]mV, [0, 1]V, [0, 0.5]V, [0,0.1]V i [0, 50]mV

•  3 digital inputs (galvanically isolated) - 24V 

•  6 digital inputs (galvanically isolated) - 24V

•  Program cycle: 5ms, signal acquisition1kHz (1ms)

•  2 current outputs in the range [0,20]mA, 16bit

 o  maximum voltage of the current outputs is equal to the supply voltage

 o  maximum load resistance: 500Ω at 24V power supply

 o  control measurement of the current output current

•  2 counter digital inputs (galvanically isolated): 24V

 o  maximum frequency: 10kHz

The Atlas dAPV-s is a digital automatic valve positioner designed to control 
hydraulic servo drives via proportional or pulse directional control valves. 
Proportional directional control valves are controlled by a current signal (mA 
outputs), while pulse directional control valves are controlled by digital signals of  
certain duration. The cascade control structure, which closes the feedback at the 
position of the pilot valve and hydraulic servo drive, enables control of complex 
hydraulic systems in thermal and hydro power plants, as well as other energy or 
industrial plants. One device controls two independent hydraulic servo drives. It is 
intended to be mounted on a DIN rail inside the electrical cabinet.

In addition, the Atlas dAPV-s has the functions of a turbine controller of hydro or 
steam turbines, because it has the ability to close the feedback by measuring the 
speed:

• acquisition of high frequency counter pulse signals and generation of an 
analog speed signal, which can be transmitted by communication or wire to 
another control system,

•  overspeed monitoring - creation of digital outputs as speed thresholds, if the 
speed measurement exceeds a value, a digital protection or alarm signal is 
generated,

• control of hydraulic drives with current or digital outputs and thus achieve 
turbine speed automatic control.

Technical characteristics

•  Maximum conductor cross-section: 
 o for analog and digital inputs and 

outputs: 1mm2
  o  for power supply: 2.5mm2
•  Power supply voltage range [10, 32]VDC
• Permitted supply voltage drops that do not 

a�ect the operation: 5s
•  onsumption: 5W
•  Temperature range: [0, 65] OC
•  Mounting on the DIN rail
•  Supported communication protocols:
 o  IEC 60870-5-101 Master/Slave
 o  IEC 60870-5-102 Master
 o  IEC 60870-5-103 Master
 o  IEC 60870-5-104 Client/Server
 o  MODBUS RTU
 o  TCP Master/Slave
 o  MODBUS TCP Client/Server
 o  SPA Master
 o  IEC 61850 Client/Server
 o  DNP3 Master/Slave
 o  Hart Master
 o  Pro�bus Master
 o  BACNET Master
 o GOOSE
 o  Neo Master
 o  FINS Master
 o   DLMS



Figure 1 – Front view of the device with input-output signals  markings, 
dimensions and pinout ports RS-232 / RS-485

Input and output schemes

Figure 2 - Analog inputs CI0,...CI5

(When software-controlled switches SW1 and SW2 are in the open 
position, the voltage of the analog inputs is measured in the follow-
ing range: [0, 50] mV, [0, 100] mV, [-50, 50] mV and [-100, 100] mV . 
When the software-controlled switches SW1 and SW2 are in the 
closed position, the voltage of the analog inputs is measured in the 
following range: [0, 500] mV, [0, 1] V, [-500, 500] mV and [-1, 1] V).
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Figure 3 -  Galvanically isolated digital inputs and counter 
digital inputs EN, DI0, DI1, CNT0 and CNT1

Figure 4 - Galvanically isolated digital outputs DO0,... DI5 

Figure 5 -  Current outputs AO0 and AO1

Atlas dAPV-s can be used to control di�erent types of hydraulic directional control valves in hydraulic installations adapted to the 
speci�cs of a given project. It is possible to cover the control of a wide range of hydraulic directional control valves (proportional or 
pulse) for hydraulic installations with di�erent nominal pressures. Proportional directional control valves are positioned by a current 
signal, e.g. if there is a three-position proportional directional control valves controlled by a current output in the range [4.20] mA, 
then for:

• 4mA on the proportional directional control valve, the direction of the oil from the cylinder to the tank is fully opened and then 
the drive goes into closing position at maximum speed,

•  12mA proportional directional control valve is in the central position, the oil does not go in any direction and the drive is idle in 
the current position (does not go into closing or opening position),

•  20mA on the proportional directional control valve, the direction of the oil 

Application examples for hydraulic servo drives control



Process Control

Figure 6 – Control of the position of the hydraulic servo motor via the internal electronics of the proportional or pulse 
directional control valve using the Atlas dAPV-s module 

Figure 7 –  Control of the position of the hydraulic servo motor via the internal electronics of the proportional or pulse 
directional control valve with pilot valve using the Atlas dAPV-s module 

In this case, the opening speed is regulated by changing the current signal in the range [12.20] mA, and the closing speed in the 
range [4.12] mA.

Also, due to the possibility of the existence of a cascade control structure, it can be applied in hydraulic installations where there 
is a directional pilot control valve before the hydraulic directional control valve. Examples of hydraulic installations where Atlas 
dAPV-s can be applied are shown in Figures 6 and 7.

The Atlas dAPV-s module can be connected to the PCS / RTU / PLC master control level by standard industry protocols.
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Figure 8 shows an example of hydro-turbine control using the Atlas dAPV-s module. Through the two digital counter inputs CNT0 and 
CNT1, the turbine speed is acquired via two inductive probes, mounted next to the toothed wheel on the turbine shaft. The Atlas 
dAPV-s module is then controlled by the position of one or two hydraulic servomotors. Turbine speed setting can be performed from 
the master PCS / RTU / PLC control levels, and it is also possible to set up automatic turbine speed setting and turbine performance 
up to 0o / min to nominal speed and perform unit synchronization. Also, due to the digital outputs on the Atlas dAPV-s module, it is 
possible to generate digital signals of high-speed protection operation and introduce them into the turbine switch-o� circuit.

The main advantages of using the Atlas dAPV-s module as a turbine controller are re�ected in the following: 

• acquisition of turbine speed via two independent digital counter inputs, whereat the basic redundancy on the main 
measurement of the turbine controller is achieved,

•  the possibility of controlling two hydraulic servo drives simultaneously, which covers a wide range of hydropower plants (all 
types of Kaplan and Francis turbines, as well as Pelton with one needle),

• thanks to programming according to the standard in the EDICOPT software package, it is possible to create complex speed 
reference assignment structures in di�erent operating states. The complexity of the algorithm is not a limiting factor in terms 
of hardware performance,

• formation of high-speed protection signal, in case the turbine speed exceeds the de�ned limits and protective stop of the 
turbine,

• due to the wide range of communication protocols, the Atlas dAPV-s module as a turbine control system can be easily 
integrated into the master power plant management system.

This device is a cheap, e�cient and optimal all-in-one solution for modernization, of smaller or larger extent, of existing hydro or 
steam turbines.

For more details about the application of the dAPV-s module in turbine control systems, a detailed turbine control algorithm, as well 
as customization to your requirements, please contact e-mail automatika@pupin.rs with the title "dAPV-s turbine controller".

Figure 8 – Application of Atlas dAPV-s module for turbine control system for Kaplan hydro-turbine

Application examples for turbine controllers
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Hydraulic servo drive control algorithm

The control algorithm is based on cascade control with PID controllers. It is possible to deactivate the cascade control and realize the 
structure with one PID controller, with the appropriate choice of parameters. Table 1 describes the wired input and output signals, 
Table 2 describes the communication signals, and Table 3 shows the position controller setting parameters for the algorithm of Figure 
9.

Figure 9 – The algorithm for the hydraulic drives positioning on the Atlas dAPV-s module with one directional 
control valve (V1), for the other directional control valve (V2) is analogous 
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Table 1 – Wired input and output signals of the Atlas dAPV-p module and connection to the control 
algorithm from Figure 9 

Technical 
designation Description Type Connecting 

to dAPV Range Physical unit 
range 

Wire input signals 

V1_AI01 Servo drive 1 set position REAL CI0 [0,20]mA, [-20,20]mA, 
[-10,10]mA i [-5,5]mA [0,100]% 

V1_AI02 Servo drive 1 measured position REAL CI1 [0,20]mA, [-20,20]mA, 
[-10,10]mA i [-5,5]mA [0,100]% 

V1_AI03 Servo drive 1 pilot valve  measured position REAL 

CI2 0,20]mA, [-20,20]mA, 
[-10,10]mA i [-5,5]mA 

[0,100]% 
VI0 

[-1, 1]V, [-0.5, 0.5]V, [-
0.1, 0.1]V, [-50, 

50]mV, [0, 1]V, [0, 
0.5]V, [0, 0.1]V i [0, 

50]mV 

V2_AI01 Servo drive 2 set position REAL CI3 [0,20]mA, [-20,20]mA, 
[-10,10]mA i [-5,5]mA [0,100]% 

V2_AI02 Servo drive 2 measured position REAL CI4 [0,20]mA, [-20,20]mA, 
[-10,10]mA i [-5,5]mA [0,100]% 

V2_AI03 Servo drive 2 pilot valve  measured position REAL 

CI5 0,20]mA, [-20,20]mA, 
[-10,10]mA i [-5,5]mA 

[0,100]% 
VI1 

[-1, 1]V, [-0.5, 0.5]V, [-
0.1, 0.1]V, [-50, 

50]mV, [0, 1]V, [0, 
0.5]V, [0, 0.1]V i [0, 

50]mV 

V0_DI01 
Permission for dAPV module operation 
(0- operation not permitted, 1-operation 
permitted) 

BOOL EN {0,1} {0,1} 

V1_DI01 Request for fast closing of servo drive 1 
(0-request not active, 1-request active) BOOL DI0 {0,1} {0,1} 

V2_DI01 Request for fast closing of servo drive 2 
(0-request not active, 1-request active)) BOOL DI1 {0,1} {0,1} 

/ Rotation speed - pulse counter inputs REAL CNT0 f=[0,10]kHz f*60/Nz 
[10*o/min] 

/ Rotation speed - pulse counter inputs REAL CNT1 f=[0,10]kHz f*60/Nz 
[10*o/min] 

Wire output signals 

V1_AO01 Current signal of the hydraulic directional control 
valve 1 set  position REAL AO0 [-100,0,100]% [4,12,20]mA 

V2_AO01 Current signal of the hydraulic directional control 
valve 2 set  position REAL AO1 [-100,0,100]% [4,12,20]mA 

V1_DO01 Servo drive positioning status 1 
(0-not correct, 1-correct) BOOL DO0 {0,1} - 

V1_DO02 Opening pulse for servo drive 1 pulse directional 
control valve control BOOL DO1 {0,1} - 

V1_DO03 Closing pulse for servo drive 1 pulse directional 
control valve control  BOOL DO2 {0,1} - 

V2_DO01 Servo drive positioning status 2 
(0-not correct, 1-correct) BOOL DO3 {0,1} - 

V2_DO02 Opening pulse for servo drive 2 pulse directional 
control valve control BOOL DO4 {0,1} - 

V2_DO03 Closing pulse for servo drive 2 pulse directional 
control valve control BOOL DO5 {0,1} - 

 



Table 2 – Communication signals of the algorithm from Figure 8 for one (V1), for the other directional  control valve  
(V2) is analogous 

Table 3 – Parameters of the algorithm from Figure 8 for one (V1), for the other directional control valve  
(V2) is analogous 
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Technical 
designation Description Type Range Physical unit 

range 
Communication input signals 

V1.R01 Set position REAL [0,100] [0,100]% 

V1.X02 Correctness of the set position 
(0-not correct, 1- correct)  BOOL {0,1} - 

V1.R02 Measured position REAL [0,100] [0,100]% 

V1.X04 Correctness of the measured position 
(0-not correct, 1- correct) BOOL {0,1} - 

V1.R03 Pilot valve measured position  REAL [0,100] [0,100]% 

V1.X08 

 
Correctness of the pilot valve measured position 
(0-not correct, 1- correct)  
 

BOOL {0,1} - 

 

Technical 
designation Description Type Range Predefined 

value 
Parameters for setting control structure  

V1.X01 SP1 POSITION SETTING – WIRE /COMMUNICATION 
choice of position setting (0-wire, 1-communication) BOOL {0,1} 0 

V1.X03 SP1 POSITION MEASURING - WIRE /COMMUNICATION 
choice of position measuring (0-wire, 1-communication) BOOL {0,1} 0 

V1.X07 PV1 POSITION MEASURING - WIRE /COMMUNICATION 
choice of position measuring (0-wire, 1-communication) BOOL {0,1} 0 

V1.X05 PV1 ACTIVE 
choice of casacade position control  (0-not active, 1-active) BOOL {0,1} 0 

V1.X09 SP1 PULSE/PWM CONTROL 
choice of the directional control valve control mode (0-pulse, 1-PWM) BOOL {0,1} 1 

Parameters of the position controller of the proportional control valve controlled by PWM signals 

V1.R04 
SP1 HIDRAULIC_POZ K_POZ  
proportional gain of the position controller when the difference between the 
set and measured position is positive 

REAL [0,100] 1 

V1.R05 
SP1 HIDRAULIC_POZ K_NEG 
proportional gain of the position controller when the difference between the 
set and measured position is negative  

REAL [0,100] 1 

V1.R06 
SP1 HIDRAULIC_POZ DELTA_POZ 
dead zone of the position controller when the difference between the set 
and measured position is positive 

REAL [0,100]% 0.05 

V1.R07 
SP1 HIDRAULIC_POZ DELTA_NEG 
dead zone of the position controller when the difference between the set 
and measured position is negative 

REAL [-100,0]% -0.05 

V1.R29 SP1 HIDRAULIC_POZ DELTA_HIST 
dead zone hysteresis of the position controller  REAL [0,100]% 0 

V1.R08 
SP1 HIDRAULIC_POZ KORAK_POZ 
control jump when the positive difference between the set and measured 
position, which was positive, comes out of the dead zone 

REAL [0,100]% 0 

V1.R09 
SP1 HIDRAULIC_POZ KORAK_NEG 
control jump when the positive difference between the given and measured 
position, which was negative, comes out of the dead zone 

REAL [0,100]% 0 
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Parameters for correction PID position controller in cascade position control  

V1.R20 SP1 VENTIL PID KP 
PID controller proportional gain REAL [0,100] 1 

V1.R21 SP1 VENTIL PID TI 
time constant of integral gain of PID controller REAL [0,100]s 2 

V1.R22 SP1 VENTIL PID TD 
time constant of differential gain of PID controller REAL [0,100]s 0 

V1.R23 SP1 VENTIL PID TF 
time constant of the measurement NP filter  REAL [0,100]s 0 

V1.R25 SP1 VENTIL PID TF_DIF 
time constant of the differential gain NP filter  REAL [0,100]s 0 

V1.R26 SP1 VENTIL PID DELTA 
PID controller dead zone REAL [0,100]% 0 

V1.R27 SP1 VENTIL PID LG 
pilot valve maximum position  REAL [0,100]% 100 

V1.R28 SP1 VENTIL PID LD 
Pilot valve minimum position REAL [0,100]% 0 

Parameters for scaling the wired set position 

V1.R31 SP1 DEFAULT POSITION TURB_MER_1 W_20mA 
current value corresponding to the 100%  maximum set position  REAL [0,20]mA 20 

V1.R32 SP1 DEFAULT POSITION TURB_MER_1 W_4mA 
current value corresponding to the 0% minimum set position  REAL [0,20]mA 4 

Parameters for scaling the wired measured position 

V1.R35 SP1 MEASURED POSITION TURB_MER_1 W_20Ma 
current value corresponding to the 100%  maximum measured position REAL [0,20]mA 20 

V1.R36 SP1 MEASURED POSITION TURB_MER_1 W_4mA 
current value corresponding to the 0% minimum measured position REAL [0,20]mA 4 

Parameters for scaling the pilot valve wired measured position  

V1.R39 PV1 MEASURED POSITION TURB_MER_1 W_20mA 
voltage value corresponding to the 100%  maximum measured position REAL [-1,1]V 0.5 

V1.R40 PV1 MEASURED POSITION TURB_MER_1 W_4mA 
voltage value corresponding to the 0% minimum measured position REAL [-1,1]V -0.5 

Parameters for the position controller of the pulse directional control valve controlled by the pulse commands  

V1.R41 SP1 POZICIONER DELTA 
position controller dead zone REAL [0,100]% 0.05 

V1.R42 
SP1 POZICIONER FMODE 
value of the absolute difference between the set and measured position, 
above which a permanent opening or closing command is issued. 

REAL [0,100]% 5 

V1.R43 

SP1 POZICIONER DTIME 
maximum waiting time between the two pulses when the absolute 
difference 
of the set and measured position is beyond the controller dead zone 

REAL [0,100]s 0.1 

V1.R44 
SP1 POZICIONER TIMP 
pulse duration when there is no active permanent command on the opening 
or closing 

REAL [0,100]s 0.1 

V1.R45 

SP1 POZICIONER TV 
Offset in relation to the maximum and minimum set position for issuing 
pulse commands. If the set position is (more than 100% -Tv / less than 0% + 
Tv), then the pulses for (opening / closing) are given. 

REAL [0,100]% 0 



Software

Atlas dAPV-p is delivered with one of the following two software packages: 

• dAPV-s-jed is a web based interface, which serves to parameterize all parameters of the modules given in the Figure 8, as well as 
to monitor process values in real time. All input and output analog and digital signals can be monitored in the form of timing 
diagrams. This ensures simple and reliable commencement of the hydraulic system and generation of appropriate reports about 
the performed settings. 

 Requirements:

 - Windows or Linux operating system,

 - Web Browser (Mozilla Firefox, MS Explorer, Google Chrome,..),

 - MySQL server.

• dAPV-s-nap (slike 10-14) je softverski paket baziran na EDICOPT softverskom paketu, koji pored parametrizacije, omogućava • 
dAPV-s-nap (Figures 10-14) is a software package based on the EDICOPT software package, which, in addition to the 
parameterization, allows the user to create algorithms according to the speci�cs of a given project. dAPV-s-nap also enables the 
setting and testing of all communication protocols that are supported in the Atlas dAPV-s module. 

 Requirements:

 - Windows or Linux operating system,

 - EDICOPT software package, produced by the Institute Mihailo Pupin,

 - MySQL server.

Figure 10 – Edicopt – Table of analog inputs 

Figure 11 – Table of analog outputs
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Figure 12 – Edicopt - O�ine FBD diagram

Figure 13 – Edicopt - Online FBD diagram

Process Control



Volgina 15, 11060 Beograd
Tel: 011 6771 017
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Figure 14 – Edicopt –Module layout in topology
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