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1. INTRODUCTION 
 

For data interchange between controller and I/O devices in 
pneumatic system, a data transmission system having high 
speed and reliability is required. Conventional method to 
construct the data transmission system is to use multi-cables 
between controller and I/O devices. However, as the number 
of I/O devices increase, the cost for implementation and 
maintenance increase dramatically. The fieldbus system solve 
such problems by using a single data bus instead of using 
multi-cables. In this system, all the data and command are 
transmitted through a single link and are used in time 
multiplexed form [1][2][3][4]. By using the fieldbus system, 
we can reduce the number of cables as well as modify number 
of field devices easily. 

  This research develops a data transmission system based 
on the filedbus structure, and applies the system for pneumatic 
system control. For this purpose, we first designed hardware 
modules for an interface between central control module and 

local node that handles the operation of solenoid valves. In 
addition we developed a communication protocol for 
construction of RS-485 based multi-drop network, and this 
protocol is basically designed with a kind of polling technique. 
Finally we evaluated performance of the developed system. 
The field test results show that, even under high noise 
environment, the data transmission of 375Kbps rate is possible 
up to 1,500m without using repeater. In addition, the system 
developed in this research is proved to be used easily for 
extension of a communication network because of its modular 
structure. 

 
2. SYSTEM DESIGN 

 
In the filedbus system, the local nodes are connected to a 

single data bus in parallel, and data communication are 
achieved by using the baseband method. In the baseband 
method, the modulation and demodulation devices are not 
used, and the maximum communication distance reaches to 
1∼2 Km. In addition, maximum 32 local nodes can be 
attached to a single segment. We can increase the maximum 

communication distance by using repeater. The signal 
transmitted from controller applies to valve/sensor terminal 
through the interface module, and make ON or OFF 
operations of the solenoid valve. In addition, the signal from 
limit switch mounted on solenoid valve are transmitted to 
controller, and the controller checks ON/OFF status of the 
solenoid valve. 

  The control system for fieldbus system consists of 
process controller and local node. The process controller 
consists of host control module and hardware interface circuit 
to PC. The local node consists of communication/power 
supply module, local node control module, and drive module. 
 
2.1 Host Control Module  

The host control module make interface for communication 
between the central controller (PC) and the local node, and the 
block diagram is described in Fig. 1. 
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Fig. 1 Block diagram of the host control module 

 
Solenoid Valves. As described in Figure 1, data 

communication between PC and local node is achieved by 
using the 8-bit microcomputer (Intel8751) and FIFO memory, 
and the FIFO memory works as a circular buffer. In addition, 
to minimize the noise generated from the communication lines, 
the transmitting/ receiving data using the microcomputer and 
the transmitting data through transmission lines are separated 
by using the photo-couplers. The data transmission rate (Baud 
rate) can be selected by setting the dip switches connected to 
microcomputer. In addition, the similar dip switches are used 
in the local node to select the data transmission rate. For 
normal data transmission, two dip switches must be set in the 
same position. 
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2.2 Local Node  

As described previously, the local node consists of 
communication/power supply module, local node control 
module, and drive module, and the block diagram is described 
in Fig. 2. 
2.3 Communication/Power Supply Module 

The communication/power supply module work as two 
different devices. First, this module not only deliver data from 
the central controller to the local node control module but also 
deliver data from the local node control module to the central 
controller or another local nodes. 

 

 
 

 Fig. 2 Block diagram of the local node. 
 

Second, this module make two independent +5V power 
sources, +5V and E5V, in which E5V is used as power for the 
photo-couplers connected to the data transmission line. By 
separating two power sources for communication and main 
control, we minimize the noise effects generated from the 
transmission lines. 
 
2.4 Local Node Control Module 
  The local node control module work as an interface for 
communication between the central control module and the 
local node. In this research, we implement this module using 
8-bits microcomputer, and it has very similar structure with 
the host control module. This module not only deliver data 
from the central control module to the drive module but also 
deliver data from the limit switch to the central control 
module.  
  In this module, we select data transmission rate by setting 
the dip switches connected to microcomputer, in which the 
data transmission rate must be the same as the rate that is set 
in the host control module. In addition, we select address of 
the local node by setting two switches connected to 
microcomputer. 
 
2.5 Drive Module 
  The drive module work as two different devices. First, this 
module control the solenoid valve using data from the central 
control module. In this case, the transmitted data is serial form, 
and this data is converted to 8-bits parallel data. Using the 
parallel data, ON/OFF of 8 solenoids are controlled. Second, 
this module deliver data from the limit switches to the local 
node control module. In this case, data from the limit switches 
is 8-bits p arallel data. After parallel data is converted to serial 
form, the data is transmitted to the local node control module. 

Fig. 3 represents picture of designed module. As described 
in Fig. 3, since each module is implemented on independent 
board, the system is expanded easily. 
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Fig. 3 Picture of hardware module (a) Host control module (b) 
Communication/power supply module (c) Local node control 
module (d) Drive module 
 

3. CONSTRUCTION OF RS -485 MULTI-DROP  
NETWORK 

 
  The EIA RS-485 interface is a standard of transmission line 
which has bidirectional equivalence characteristics, and is 
widely used in industry. 
 This standard is developed for multi-drop system, and has 
advantage of high data transmission rate in long distance 
environment. 
Each I/O module operates independently, and use a single 
twisted pair as transmission media. Since each node can be 
connected to the network in parallel, new node can easily be 
added or removed without affecting system performance.  
  When each node transmit or receive data, since they use 
simple command and response system, data collision is never 
occurred. In this case, there always exist a single central 
controller and multiple slave, and the central controller does 
not have address and the slave devices have different address.  
  The command/response signal is transmitted from the 
central controller to designated slave device. In this case, the 
address of designated slave device is included in command. 
The designated slave device having the same address as the 
one from the controller execute the corresponding command, 
and the result can be checked in the central controller. 
 
3.1 Construction of RS -485 Network 
  In this research, PC including host control module work as 
central controller and the local node control modules work as 
slave devices. When each local node control module does not 
transmit data, it becomes response state. We construct network 
using the daisychain method which can minimize signal 
reflection from transmission line[5]. In this method, the 
network is constructed with multiple segments which are 
connected with repeater. Total 32 local node control modules 
can be connected to each segment. When the number of 
module exceeds 32, it leads to communication error due to 
rapid reduction of IC driver's current. 
 



 
3.2 Design of Communication Protocol 
  The data communication between PC and the local nodes is 
executed by distinguishing transmitting data and receiving 
data. The transmitting data is used as control signals for 
solenoid valve or for receiving signals from limit switches. 
The receiving data is used for receiving data from limit 
switches. The transmitting data is consists of 5 fields (1 byte 
per field), and the receiving data is consists of 3 fields (1 byte 
per field). Fig. 4 and Fig. 5 represent definition of those fields. 
The pneumatic system is controlled by two different strategies. 
In the first case, to control the designated solenoid valve, set 
the value of ID and COMMAND to 0 and put control signal 
into DATA 0 and DATA 1, and transmit this data through the 
bus. In this case, BCC data for error checking is automatically 
generated in the host control module by making logical 
EX-OR operation of value of ID, COMMAND, DATA 0, and 
DATA 1. The local nodes connected to bus checks the value 
of ID, and reads the transmitted data when the value of ID is 
the same as its own address. In this case, since the value of 
COMMAND is set to 0, DATA 0 and DATA 1 are used as 
control signal for solenoid valve. In addition, the local node 
prepare for error checking by taking logical operation. In other 
words, the local node computes the value of ERROR_CHECK 
= (ID) EX-OR (COMMAND) EX-OR (DATA 0) EX-OR 
(DATA 1). If ERROR_CHECK = BCC, there are no errors in 
transmitted data. In contrast, if ERROR_CHECK ≠  BCC, 
there are errors in transmitted data, and the controller should 
transmit the same data again [6][7][8].  
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Fig. 4 Definition of transmitting data (a) Transmitting data 
format (b) Data type of each field 
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Fig. 5 Definition of receiving data (a) Receiving data format 
(b) Data type of each field 

  In the second case, to check the status of limit switches 
attached to pneumatic system, set the value of ID and 
COMMAND to 1, and transmit this data through the bus. In 
this case, since the data of DATA 0 and DATA 1 are not used 
as control signals, it does not affect the system operation. The 
local nodes connected to bus checks the value of ID, and reads 
the transmitted data when the value of ID is the same as its 
own address. In this case, since the value of COMMAND is 
set to 1, the local node recognize that it has to transmit the 
status of limit switches to the central controller. The local 
node put the status of limit switches into DATA 0 and DATA 
1, and transmit this data to the controller. Then the central 
controller checks the status of limit switches using this data. In 
this case, BCC data for error checking is automatically 
generated in the local node module by naking logical EX-OR 
operation of value of DATA 0 and DATA 1. In addition, the 
central controller prepare for error check by taking logical 
operation. In other words, the controller computes the value of 
ERROR_CHECK = (DATA 0) EX-OR (DATA 1). If 
ERROR_CHECK = BCC, there are no errors in transmitted 
data from the local node. In contrast, if ERROR_CHECK 
≠ BCC, there are errors in transmitted data, and the local node 
should transmit the same data again. 
 

4. CHARACTERITICS ANALYSIS OF  
SOLENOID VALVE 

 
4.1 Design of On/Off Solenoid  
The force induced by solenoid is given by 
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And we can rewrite Eq.(1) as 
 

]m[
B

FS
g

2
2

7108 ⋅×π
=                             (2) 

 
where, radius of plunger is 2
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magnetomotive force U is given by  
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The width of coil h and length of coil T is determined by 
temperature difference fθ and fiθ , and which is given by   
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Referring Eq.(4) h becomes 
 

f

Uqh
λξθ
βρ

=
2

3
2

                                   (5) 

where, β= /hT . 
The internal diameter(r1) of conductor is sum of external 
diameter of plunger, gap of coil, and thickness of bobbin. And 
referring to r2 = r1 + T and V = IR, external diameter of 
conductor (r2) is determined as 
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And diameter of coil, d is given by 
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Therefore, number of coil layer becomes m = T/d, a number of 
turns becomes N = ((h/d)-1)m, and Ih have to be determined to 
calculate a rise in temperature.  
The coil mean length, ml  and coil total length, tl  is given 
by 
 

mtm Nll),Tr(l =+π= 12                           (8) 
 
Coil resistance(20 oC)  =  tl X resistance coefficient 
Coil resistance(100 oC)  = 1.314 X Rc 
Ih = V / Rh, , U = N Ih .  
A rising in temperature can be determined through fθ . 

A simulation was conducted on the solenoid. The modeling 
and internal electric circuit of the solenoid is shown in Fig. 4 
and Fig. 5. Therefore simulation results are as shown in Figs. 
6 –10. 

 
 

 
Fig. 4 Modeling of Solenoid 

 
 

 
Fig. 5 Schematic diagram of Internal circuits 

 

 
Fig. 6 Flux contour of Solenoid 

 

 
Fig. 7 Response characteristics of Magnetic force 

 

 
Fig. 8 Winding current excited of coil 

 
Fig. 9 Position Response characteristics of plunger 

 
Fig. 10 Speed Response characteristics of plunger 

 



 
The magnetic force(1N) is enough to move of 0.167mm 

displacement. And position and speed response test shows 
good result. 

4.2 Analysis of spool communication mechanics 
This is a relational equation of the mass flow rate of the 

compressible air passing through the valve nozzle, applying 
Anderson's experimental method, and the critical pressure 
ratio of the valve is shown as follows;  
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Fig. 11 shows the flowrate of the nozzle depending upon the 
up and downstream pressure ratio. 
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Fig. 11 Flow rate through the valve at pressure changes 

 
In a region less than HL PP /  = 0.53, Chocking occur and the 
flowrate is constant. The flowrate is only depending upon a 
operating pressure 
 

4. PERFORMANCE EVALUATION 
 

  We made performance evaluation with developed data 
transmission system, and Fig. 12 shows facility for 
performance evaluation. Test items are data transmission rate, 
maximum distance, noise immunity, and reliability of control 
program. The test result shows that the developed system can 
be used for controlling solenoid valves, with data transmission 
rate of 375 Kbps and up to distance of 1,500m without using 
repeater. In addition, the developed system shows good noise 
characteristics by using two independent power sources for 
main control and communication. The probability of 
transmission error was also reduced by applying 1-byte 
checksum data. 
 

 
 

Fig. 12 Facility for performance test 
 
 

5. CONCLUSIONS 
 

  In this research, we developed a data transmission system 
for pneumatic fieldbus system. The characteristics of solenoid 
valve is analized, And we designed hardware modules for 
interface between the central controller and pneumatic system. 
In addition, we developed communication protocol for 
construction of RS-485 based multi-drop network. The 
performance result shows that the developed system can be 
used for controlling solenoid valves, with data transmission 
rate of 375 Kbps and up to distance of 1,500 m without using 
repeater. In addition, the system can be used in highly noisy 
environment, and can easily be expanded. The system 
developed in this research can be applied to factory 
automation system and remote data acquisition system. For 
example, it could be possible to combine complex control 
system and make multiple distributed modules, and to 
construct a network in which all the modules are connected as 
subsystem. By applying this system, the data acquisition and 
information interchange between central controller and 
production lines become fast. 
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