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THE RESEARCH AND DESIGN OF WAVE CONTROLLABLE
PRESSURE ALTERNATING SYSTEM BASED ON FUZZY
ADAPTIVE PID CONTROL

ABSTRACT

Pressure fluctuation test-bed is a typical kind of environment ssimulation
equipment, which is widely used in the test of reliability and durability for
the product of military, motors and aviation. The nonlinearity of pressure
system is too strong to make the precision and stability meet the request and
this problem prevents its further application. Thus, how to use process control
theory to get the best performance has become one of the most difficulty
ISsues.

Based on the project of pressure test-bed for Shanghai Volkswagen
Automotive., LTD, this thesis investigates the design and realization of
pressure aternating system with fuzz adaptive PID control. The main
contributions are listed as follows:

1. We analyze the technical request of the system, propose the design

scheme and discuss the details of the hardware design. The principle and
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type of key elements such as data collecting equipment, proportional
valve, aswell as PLC are also included.

2. Severa common strategies of process control are introduced, including
PID control, adaptive control and fuzz control. We focus on how to
realize the fuzz adaptive PID control in this system.

3. The detail description of general design for software is given and the
realization of the modules for data collecting, serial port communication
as well as control algorithm is also proposed.

4. We analyze the testing content and process of the system, including
separate test of software and hardware and cooperation test. Further more,

we introduce the wave generation test method.

KEY WORDS

Fuzz Adaptive PID, Pressure Test-bed, Data Collecting, Pneumatic

Proportional Control.
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4.2

4.2
NI Measurement Studio
Modbus
PID

4.2 [26][27][ 28]

Measurement Studio

VC
4_.2_1 Measurement Studio

Measurement Studio NI Visual Studio .NET  Visual Studio 6.0
NI

Measurement Studio ActiveX .NET
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NI Measurement Studio

Visual Basic, VisualC# _NET  Visual C++

Measurement Studio Visual Studio
Measurement Studio Visual Studio _NET 2003
NET Measurement
Studio GPIB

Visual Basic .NET  Visual C# _NET

LED Measurement Studio

Measurement Studio Visual C++
Visual C++
Measurement Studio (App Wizard)

C++

C++

Measurement Studio Visual C++6.0 Visual Basic
6.0 ActiveX ActiveX
1/0, GPIB, VISA

(Fast Fourier
Transforms) Measurement Studio

ActiveX 4.3

Measurement Studio
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Visual C++
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ActiveX  _NET

4.2.2 Measurement studio

CNi_YL Measurement Studio

4.5

4.5

CNiDAQmxTask CNiDAQmxTask Measurement Studio
NI-DAQmx
N1-DAQmx

iy
std::auto_ptr<CNiDAQmxTask> myTaskAl
2) Reader:
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std::auto_ptr<CNiDAQmxAnalogMultiChannelReader> m_reader Al

NI-DAQmx

CNiDAQmxTask:Start

CNi1DAQmxTask:Control

myTaskAl->AlChannels.CreateCurrentChannel (_T("'devl/ai0"), T("Pressl™)
,static_cast<DAQmxAlTerminalConfiguration>(DAQmxAlTerminalConfigurationD

ifferential),m Min, m Max,ShuntResistor, "Pressl'™)

3.
CNiDAQmxAnalogSingleChannelReader
CNiDAQmxAnalogMultiChannelReader CNi1DAQmxTask
CNiDAQmxStream. Reader
ReadSingleSample ReadMultiSample
1) Reader:

m_reader_ Al =std::auto_ptr<CNiDAQmxAnalogMultiChannelReader>(new

CNiDAQmxAnalogMul tiChannelReader (myTaskAl->Stream))

2)

void SetSampleRate(double newRate = 100.0)

3)

m_reader_Al->Instal lEventHandler(*this, OnEvent)
4)

m_reader_Al->ReadMultiSampleAsync(int(sampleRate+0.5), m data, NULL)
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CNiGraph

OnEvent
1)
iIT(m_pOwner != NULL)m_pOwner->SendMessage(PWM_READDATA,0,0 )
2)
m_RTCurve.m_Graph.ChartY(r_data)
3)
DataGridRefresh(r_data)
4)
DIgRefresh(r_data)
5)
DataSave(r_data)

release delete
1) Reader

delete m_reader_Al.release()

2)
delete myTaskAl.release()

4.3 [29][30][31][32][33]

PLC ADAM Modbus
Modbus
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4.3.1

Modbus

RS-232 RS-422 RS-485

EIA

100kb/s

EIA

RS

Modbus

Modbus

RS-232 1962
RS-422
RS-232
10Mb/s

1983 RS-422

“ RS"
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RS-232
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Modbus Modbus

4.6

N

4.6

03

ASCI1 RTU Modbus
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Modbus

ASCI
1 n LRC LRC
RTU
1 n CRC CRC
4.3.2
1

hSerial = CreateFile("COM1:", GENERIC_READ | GENERIC_WRITE,

0, NULL, OPEN_EXISTING, 0, NULL);
iT(m_hSerial == NULL)
{

return;

2
DCB  PortDCB;
PortDCB.DCBlength = sizeof(DCB);
GetCommState(hSerial, &PortDCB);

PortDCB.BaudRate = 115200; // baud

PortDCB.ByteSize = 8; // Number of bits/byte, 4-8




PortDCB.Parity = NOPARITY;
PortDCB.StopBits = ONESTOPBIT;

if (! SetCommState(hSerial, &PortDCB))
{

return;
}
//
COMMTIMEOUTS  CommTimeouts;
GetCommTimeouts(m_hSerial, &CommTimeouts);
CommTimeouts.ReadIntervalTimeout = MAXDWORD;
CommTimeouts.ReadTotalTimeoutMultiplier = 10;
CommTimeouts.ReadTotal TimeoutConstant = 10;
CommTimeouts.WriteTotalTimeoutMultiplier = 50;
CommTimeouts.WriteTotalTimeoutConstant = 100;
if (!SetCommTimeouts(hSerial, &CommTimeouts))
{

return;

ReadIntervalTimeout

WriteTotal TimeoutMultiplier

WriteTotalTimeoutConstant

3
WriteFile (hSerial, &Byte, nByte, &dwNumBytes, NULL );
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5

if(hSerial = NULL)

{

CloseHandle(hSerial);

BOOL
BOOL

void

WORD
WORD
WORD
WORD
WORD

hSerial = NULL;

Modbus

StartComm()
CloseComm()

SetCommPort(char* m_CommPort)

1 10
MakeReadCmd1(char stationNo,WORD address, WORD length)
MakeReadCmd2(char stationNo,WORD address, WORD length)
MakeReadCmd3(char stationNo,WORD address, WORD length)
MakeReadCmd4(char stationNo,WORD address, WORD length)
MakeWriteCmd5(char stationNo,WORD address, WORD data)

56



WORD MakeWriteCmd6(char stationNo,WORD address, WORD data)

WORD MakeWriteCmd10(char stationNo,WORD address, WORD* data,WORD num)
4.

void MakeCheckCmd(LPSTR IpSend, DWORD dwLength,DWORD begin = 1)

5.

int ReadWords(WORD* fData,char stationNo,WORD address, WORD words)
6.

int WriteWords(WORD* fData,char stationNo,WORD address, WORD words)
7.

BOOL ReadWord(char stationNo,WORD address, WORD data)

8.

BOOL WriteWord(char stationNo,WORD address, WORD data)

9.

char ReadOneBit(char stationNo,WORD address)

10.

BOOL WriteOneBit(char stationNo,WORD address, WORD data)

11.

CheckCmd(unsigned char * IpRead, WORD dwLength)

4.4 [34][35]

44.1
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4.7

CPU
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CPU



A

Y

bRunStatus = 1?
Y
A y A
AfxBeginThreadSampleThreadt| |AfxBeginThread(SetThreadthisN| | AfxBeginThread| OThreadthisN
his,NULL,0,0); ULL,00); ULL00);
| | I
I | |
| | |
| [ |
I |
I |
D :
4.7
SampleThread,
SetThread PID
I10Thread
4472
PID
4.8
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v

E(k) = r(k) - y(k)

A 4

EC(K) = (k) - e(k-1)

A 4

PID
Y
Y
A 4
N
A 4
PID
A
4.8
PID CFuzzyPID 3 13x 13
K, K, PID

PID
1.
void Paralnit()
2.
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void Paralnquire()

3. PID

void PIDSet(float p, float i, float d)

4.5

~N o o A W N

© o0 ~N o o1 B~ W N P

VC

CYLDLG

CMainControl

CRTCurve
CRTData

CRT Imag

CHTCurve

CAlarmData

CTestPara
CSensorPara

4.8 4.9
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5.2.3

2.
3.

PID
PID

PID

PID

PID

PID

A

A

PID

PID
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5.3

5.4
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6.1

PID
6.2
2006 1
1.
2. PLC
3. NI NI
Measurement Studio
4. PID
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PID

PID
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23. G Chen Conventional and fuzzy PID controllers: An overview[J]. Int J.
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34.
35.
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PID
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