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ABSTRCT

Eddy current testing technology is a non-destructive testing method which based
on the principle of electromagnetic principle. Eddy Current Testing applied to
conductive material. When coil that contains alternating current detection around
conductive specimens,Specimen will be induced eddy by the magnetic field of the cail.
The eddy current’s strength. phase and flow forms will be affected by the conductive
properties of materials. The change of conductor’s own factor (conductivity, magnetic
conductivity, shape, size, flaw and so on) causes the induced current change when
examined and that we can use it to judge the conductor character and the condition of
conductor. We can use the eddy current testing principle in the actual project to
resolve problem of metallic material detection, thickness and so on. This kind of
technology is widely applied in astronautics, aviation, machinery, automobile,
petrochemical and boiler pressure vessel industry sectors.

The partial content of this paper is to take the Linux embedded system into the
eddy current testing and to design a single-frequency eddy current inspection
instrument based on AT91ARM9200 processor. Compared with existing small eddy
current inspection instrument, the new instrument has faster data processing speed and
less power consumption. In the software design, MiniGUI graphical user interface is
used for supporting system and making the instrument operation more simplicity and
direct-viewing.

The basic theories of eddy current testing are expounded and the factors that
influenced the eddy current testing are analyzed firstly in this dissertation. We
analyzed the impedance of eddy current testing coil and point out the factors that
influence the coil’s impedance. The restrain of the lift-off effect in eddy current
testing is analyzed and point out the method of use phase conversion to restrain the
lift-off effect.

In the following dissertation, the hardware of eddy current inspection instrument,
the selection of Embedded system and the design of software are separately
dissertated, then the detailed entire process of eddy current testing in strumentation’s
development is expounded.

Keywords. eddy current testing, embedded system, ARM, MiniGUI, detector
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| esocrrrsem |
) [ [
IFFS2 | | RAMFEFS
MTRS 75 5 4% | AT bR ]
| MTISE 5h 5 5
i 2 BR &
ey | MOR[E] 75 | S|
4-3 Linux

4-1 Linux
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bin
boot Bootloader

dev

etc
lib
mnt

media

opt

shin

tmp

usr

var
root Root ( )

home

Srv

Linux
o API API

API1 open(),close(),read(), Iseek(),ioctl()
API - Linux )

PC s s
RAMDISK - RAMDISK
, RAMDISK

- RAMDISK o N )
2.0/2.2 ; 2.4 , Ramfs tmpfs

, Linux

b o

, RAM

Linux
RAMDISK, FLASH Romfs,

NFS, FLASH JFFS o

€y o
2 /dec. /proc. /bin. /etc. /lib. /usr. /tmp ,

o
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3) , chmod. insmod. Is. mv. cp o

4 , rc. inittab. fstab .

o) ,  [/dev/hd*, /dev/tty*. /dev/fd0 .

(6) o

Linux ) RAMDISK, RAMDISK
. RAMDISK, .
N busybox N )
o RAMDISK,
RAMDISK .
RAMDISK

@) ramdisk.gz

#gzip— d ramdisk.gz

(2) RAMDISK ,
#mkdir my_ramdisk

#mount— o loop ramdisk my_ ramdisk

my_ramdisk ramdisk ,
/bin. /etc. /lib o
®3) , :
RAMDISK o
4 my_ramdisk  RAMDISK

#umount /my_ramdisk
#gzip ramdisk
) Linux ; Linux
«  uboot , uboot
FLASH , Linux o

4.4

) » LINUX , LINUX
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MiniGUI N

°

5.1 GUI  MINIGUI

5.1.1 GUI

Graphics User Interface

A}

( Do
QT/Embedded. MiniGUI .

[33. 34]

30

PC

A}

GUI

GUI . GUI

MicroWindows .

5-1



5.1.2 MINIGUI [35]
MiniGUI,
- MiniGUI (Real-Time)
, 1999 GPL ,
o , MiniGUI ,
Linux/uClinux. eCos. uC/0S-1II. VxworkS. pSOS. ThreadX
Win32 . Intelx86 .

ARM(ARM7/AMR9/StrongARM/xScale) . PowerPC.MIPS.M68K(DragonBal I/ColdFire)

o

MiniGUI C )
GUI ) windwos
o , GUI )
(1. Minicul ;
(2). N ;
). (GAL) (AIL),
4). MiniGUI-Threads. MiniGUI-Lite. MiniGUI-standalone
(5). ) . PAD N
5.1.3 MINIGUI fse. &1
MiniGUI )
o MiniGUI )
- MiniGUI 5-2 o
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FrameWork. MMI. Key Apps

MiniGUI

Portable Layer

ANSIC
Libary

Devices

Linux/uCLinux. eCos. uC/OS-1I .
VxWorks. pSOS

ix86. ARM. MIPS. PowerPC. M68K:-:-:*

5-2 MiniGUI
MiniGUI
;MiniGUI “
MiniGUI ( N )
Linux UNIX )
MMU ( )

[29]

(DMiniGUI-Threads.

b

VxworkS . pS0S o ,

MiniGUI-Threads .

(2)MiniGUI-Lite.
UNIX )
(3)MiniGUI-Standalone.

. uClinux

b b b

» MiniGUI
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ANSIC

Linux

MiniGUI-Threads

MiniGUI

»

uClinux. uc/0S-1I., eCos. Vxworks

MiniGUI-Threads

) CPU
b b GUI
) , uc/0S-1I. eCoS.
uClinux , MiniGUI

, MiniGUI-Lite
- MiniGul-Lite
Linux.
, MiniGUI

b

MiniGUI-Standalone



5.2

A
A A
MINIGUI glibc
B e - ——
A A A
A A
\4 A A
S G [ S——
5-3 MiniGUI
Linux ) MiniGUI
, C N
A N o 5_3 ’
MiniGUI o
) ) » FLASH o
s A/D\ D/A A} A} LCD
5-4 °
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A/D
MINIGUI
LINUX
GPIO AD LCD
5-4
5.3 [38. 39. 40]
5.3.1
Linux ( )
. UNIX » LINUX
o ) read write
o LINUX
VES o s VFS
o LINUX pSOS BSP )
( )
LINUX request_irq) ;
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b [}

1/0 » LINUX ) 1/0

1/0 , 170
1/0 inb outh 1/0
1/0 - AT91RM9200
. RAM, FLASH, 1/0 .
L INUX )
[37] .
€D (char device) :
) 1/0
@) (block device) :
1/0
€)) (net) :
1/0 , o
) listen(),accept(),
connect(), socket() bind(), o
5.3.2
LINUX ) /dev/ o
file_operation Cinclude/linux/fs.h) o

struct file_operations

{

int (*Iseek)(struct inode *,struct file *,off_t,int);

int (*read) (struct inode *,struct file *,char *,int);

int (*write) (struct inode *,struct file *,const char *,int);
int (*readdir) (struct inode *,struct file *,void *,filldir_t);
int (*select) (struct inode *,struct file *,int,select _table);
int (*iocrl);
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int (*mmap);

int (*open);

int (*release);

int (*fsync);

int (*fasync);

int (*check _media_change)(kdev_t dev);

int (*revalidate)(kdev_t dev);

j

File_operatoins LINUX , 5-1

5-1

Read

Write

Readdir )

loctl ,

Mmap )

Open

Flush )

Release

Fsync )

Fasync

Lock )

Readv

Writev o o

, ‘read. wrtie.
ioetl. open. release, o
linux/drivers/ , : cdrom, scsi, pci, isdn, sbus,
sound. ,



5.3.3

Linux )
) ) - Linux
o ; , Linux
o ) UNIX » LINUX
. ) read write o
b 5_5 o
5-5 Linux DDI1/DKI , 3
&D : file_operations .
(3 o
int init_module(void);
void cleanup_module(void);
init_module() , main(). Linux
( ) , init_module,
N - cleanup_module()
main() :> reed, write ’
3 ,
Idevikeyboard &)
' file_operations y
e | )| e o
RO (—
5-5 ’
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A/D. D/A. USB

Y s
| 3 |
Y 10 )
| : |
Y 17 LCD
| Y 6 | LCD 5-6
‘ o ‘ , 17 )
Y
| 8 | . ARM9 8
Y LCD ,
N Y - \ : RS
o | o
5-6 LCD , 17
3
5.4 MINIGUI
5.4.1 MINIGUI
L
GUI: MiniGUI-1.6.8.
: REDHAT 9.0 LINUX , TFTP )
LINUX 2.4.19.
AT91ARM9200 , AT91ARM9200
arm-linux-gcc
popt ) ‘popt-1.7.tar.gz. MiniGUlI  demo

QVFB ) Red Hat Linux . X-Window
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MiniGUI o
[tbminigui-1.6.8.tar.gz )

tar-zxf libminigui-1.6.8.tar.gz o
./configure , make )
Linux ; o
) make install .

minigui-res-1.6.8.tar.gz,

tar -zxf o , make install
. , /usr/local/lib/
) /usr/local/include/ )
/usr/local/etc/ o
MiniGUI .
/etc/1d.so.conf MiniGUI o
) MiniGUI .
5.4.2
) GUI
MiniGUI o MiniGUI
N N GUl
57
5-7 ) A ) B
) C ) D B , E
2, F B o
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T ETES,

o [ @ MORMAL 0P

W Al

xR

[io00oke [RS8 E Ei

e | & | wew | as |

E 2
57
5.5
5.5.1 AD
5-8
AD
AD ,» AD
read write
AD ,

FEHT,

CIgE O HE @ X
ikl

(o1 2 (3 Ca (15
e e

- (12 OE=

EE R
 I_—GER

TS AR pioreg R
[iondhz 356 [20d8 Eil

e | we | ew | en |

F 3
open AD » AD
ioctl AD ,
PGA AD )
AD , close
) AD
, AD Linux
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5.5.2

(33]

FIR

AD
¥
AD
|
J y
AD AD
| |
1
AD
v
5-8 AD
IR FIR
FIR , e
> 1+8
1-5
Fc=25HZ;
Fs=200HZ; —
F=1KHZ. %
0 QT o4 ;:>Q
FIR 20 10
y 5-9 FIR
21,
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—(20-n)

H(Z):nzgéh(n)[z‘uz ]+h(10)7" (5-1)
. h(0)=0.002546; h(6)=0.031907;

h(1)=0.003581; h(7)=0.039036;

h(2)=0.006352; h(8)=0.044861;

h(3)=0.010924; h(9)=0.048674;

h(4)=0.017176; h(10)=0.50000;

h(5)=0.031907;

5.5.3 LCD
LCD , LCD DMA
CPU , LCD RAM
, FrameBuffer. 16 BPP ,
LCD o LCD GPIO )
GPIO LCD ; RAM Cache FrameBuffer,
320X 240X 16/8 ; LCD LCD
) LCD N N N FrameBuffer
; LCD FrameBuffer
) LCD
FrameBuffer . (ASCII N
) LCD ,
=, LCD , \ N

void Clear_Screen(unsigned int color);//LCD

void Draw_Line(int x1,int y1,int x2,int y2,unsigned int color);

Il , : (xLyl). (x2,y2).

void Draw_Rectangle(int x1,int y1,int X2,int y2,unsigned int color); //
void Fill_Rectangle(int x1,int y1,int X2,int y2,unsigned int color);

Il , : (xLyl). (x2,y2).
void Draw_Circle(int x0,int yO,int r,unsigned int color);

/l (Bresenham ), : (x0,y0). N
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void Fill_Circle(int x0,int yO,int r,unsigned int color);//

void Display_Ascii(char*s,int x,int y,unsigned int color);

/l ASCII1 , : N (x,¥)-

void Display Ascii_Clockwise90(char* s,int x,int y,unsigned int color);

Il 90 ASCII , LCD

void Display_Chinese(char* mat,int matsize,int x,int y,unsigned int color);

Il , : N N (x,y)~

void Display Chinese Rotation180(char*mat,int matsize,int x,int y, unsigned int
color);// 180

void Display Chinese Clockwise90(char* mat,int matsize,int x,int y, unsigned int
color);// 90

void Display_Chinese_Counterclockwise90(char* mat,int matsize,int x,int y, unsigned
int color);// 90

void Display_Picture(const unsigned char image[],int width,int height,int x,int y);

Il , : ( 8 , 8 ). .
N x,y)-
5.6
MiniGUI ,
MiniGUI , , AD ,
LCD .
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6.1

(D)

2)

3

PCB
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6-1, 6-2 )

6.2

) ARM9200, SDRAM, FLASH,

AT91ARM9200 )
) o AT91ARM9200

6-3 AT91ARM9200
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LINUX

) MiniGUI
LINUX , MiniGUI
MiniGUI , ,
MiniGUI LINUX , FLASH ,
(€H) , ¢ 25mm, 1mm,
1 \ & 2mm, 0.2mm ( 6-2 Yo
( )) 6_5 o
0. *mm ) LEen
| e il |
T .-I".- - __r'.-:"?'.-....-' - - _|I ‘,
S I i
5
A o S i e S o g g L J
6-4
= AL i TR
[f2000hz B0 |e5dE Eis
wE | ' | ww | s
6-5
(2 ) 10mm, 3 )
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0.8mm, 1.5mm. 2.0mm ( 6-6 o

( ), 6-7
T L] | l.'“ "'.I 1\
. | + Y \: I II
A
6-6
g HE S AR i B
[Eo000h: — fie2 |[31dE Eil
AR RN ETR
6-7
6.3
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ARM
MiniGUI

LINUX

180X 110X 40 (mm®) ,

o

100Hz~6MHz

b

0.7

FIR

LINUX )
AT91RM9200
o ARM ,
) A/D
MiniGUI
USB PC )

67

PC



[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8)
[°]
[10]
[11]
[12]

[13]

) ) . . .2000.45~135
, 1993
.1994
; , 1994

; / ; .2000 No.5 P.23-2

N ; ; . 2005 No.7 P.7-8

. ARM . : , 2003.
Atmel Corporation. AT91ARM9200datasheet, www.atmel.com, 2004.

¢ » . .2005.3
, ; [M]- : .2002.
N ; , 1995

N ; ANSYS
( ) . 2006.8
Ye ZM, Wu B. Induction motor mechanical fault online diagnosis with the
application of artificial neural network[A]. IEEE Trans on Industry Application
[C]-2001

[14] Hoshikawa,H . Koyama, K. Maeda, M.Signal phase indiacation of flaw depth by

a lift-off noise free eddy current probe. Review in progress quantitative
NDE.21A,430~437 (2002)

[15] H-Hoshikawa. K.Koyama. A new eddy current surface probe for short flaws with

[16]

[17]
[18]

[19]

[20]
[21]
[22]
[23]

[24]
[25]

minimal lift-off noise . Nihon university. lzumicho Narashino chiba .275~

8575. Japan
N N ; ; .2003.Vol 20 NO.12
P.606~608
N . . , 1994
N . X—R . . Vol 20 No
12 Dec 1998
ARM  Linux L 1- )
2006
. Xilinx ; , 2004.8
] .2005
ARM 920T Linux ; 2005(4):22~24
N \ \ .ARM&L i nux
.2004.9.
; . 2005.8
C ) Arnold Berger . : . : .2002

68



[26] . ARM . , 2005.1

[27] : . : , 2006

[28] N N ; Linux . .2005.6
[29] .Linux ; . .2002

[30] David Seal .ARM Architecture Reference Manual.2 Addison Wesley.2000

[31] ATMEL. ARM920T Technical Reference Manual ARM.2003

[32] ; ; .2005.8
[33] ~ ARM MiniGUI

.2006
[34] \ \ -Linux/uClinux+MiniGUI: \

: .2005: 1~218
[35] -MiniGUI .2005: 1~21
[36] MiniGUI (MiniGUI Ver 1.6.8).2005: 1~-108
[37] N N .Linux C ; .2005.9
[38] \ \ : Linux
2005
[39] N . Linux [J]. , 2006.20
[40] N N . Linux [J]-
2004709

[41] ; -I 1 . 2007.6
[42] N N : ; .1995
[43] N N ; ; .1995
[44] ; . .1991
[45] . ; .1988
[46] : A/D, D/A

.1984
[47] : ( ). .1998.8

69



70



[1] . . ; ansys [J]-
2006.8

[2] . . . . ) ANSYS

[J]- 2008.6

71



T ARMER AT R G105 B3R SRR [ T [HRGEE ..

= b A
LT A [EIE] RPN

ARBEHE: http://d. g. wanfangdata. com. cn/Thesis D051761. aspx

NN 20104E5 725 H


http://d.g.wanfangdata.com.cn/Thesis_D051761.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%81%e6%b5%b7%e6%b3%a2%22+DBID%3aWF_XW
http://s.g.wanfangdata.com.cn/Paper.aspx?q=School%3a%22%e5%8d%97%e6%98%8c%e8%88%aa%e7%a9%ba%e5%a4%a7%e5%ad%a6%22+DBID%3aWF_XW
http://d.g.wanfangdata.com.cn/Thesis_D051761.aspx

	﻿封面
	﻿文摘
	﻿英文文摘
	﻿声明
	﻿第一章 绪 论
	﻿第二章 涡流无损检测理论基础
	﻿第三章 硬件电路设计
	﻿第四章 嵌入式操作系统的选择与配置
	﻿第五章 系统软件设计
	﻿第六章 组装与调试
	﻿第七章 结论与展望
	﻿参考文献
	﻿致谢
	﻿附录一 攻读硕士研究生期间发表的学术论文

