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Abstract

The tube to tube sheet welding joints of heat excharggéne most critical joints. A
special Nondestructive testing technology was proposdichwis based on the digital
radiographic imaging automatic inspection system to theactexistics on the tube to tube
sheet welding joints of heat exchanger. A new style lribsade Arrays as a device is used
to receive ray, which will be fixed on a automatic rogaidevice, and be led to its rotation of
the week through the rotating device to achieve the tubailie sheet welding joints
automatic inspection, finally the whole welding joinisiage was performed image
processing in order to generate testing results. Thaseshdwed that this inspection system
can be used to quickly and conveniently perform automatpeat®n on the tube to tube

sheet welding joints inspectignat the same time realize digital radiographic imagmhg

welds.
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1. Introduction

In the manufacturing process of the heat exchangeguhlity of the tube to tube sheet
welding joints has been the most critical jointsdorlity control .In order to ensure the safe
operation of equipment, the tube to tube sheet weldimgsjameed periodic inspections and
Supervision.

At present NDT methods of penetrant testing, magnetidcfeartesting, ultrasonic
testing as well as ray film photography and so on are sdetect the welding in the testing
process. However penetrant testing can only detectutiace of weld defects, magnetic
particle testing can only detect surface and near-sudafects of ferromagnetic materials
weld, ultrasonic technology has lower sensitivity toehdefectd!, ray film photographic
method has a series of questions of film storage andosmvéntal pollution and so on.
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Therefore a special ray detection technology is praposhich is digital imaging automatic
inspection methods.

2. System Detection Principle

In view of geometrical shape’s particularity of the Ringype in the tube to tube sheet
welding joints, the small focal point ray source isdjsbe ray source is anode small focal
point X-ray machine or Ir199- ray detection device.

The article introduces 0.6 * 0.6 mm of source size, 2.2%fCGactivity 1r192 y-ray
source detection device, the system detection prineiplshown in Figure 1. Ray source
enters into the tube from the front tube sheet, antklisered to the pre-calculated position
through focusing device, and makes the Circumferential expdmckward?, which
direction must pass through the tube and the tube shédihgvgpints. A new style Linear
Diode Arrays as a device is used to receive ray, whidhbeifixed on a automatic rotating
device, and be led to its rotation of the week throughdtaging device to achieve the tube to
tube sheet welding joints automatic inspection, findtly whole welding joints image was
performed image processing in order to generate testindisethus the system realizes
digital imaging .This imaging method can be applied tcenms for the carbon steel and low
alloy steel and stainless steel tube, such as plug-in @andetube sheet welding joints
inspection.

Fig 1. System Detection Principle diagram
1.ray source 2. Source drive pipe 3.tube 4. Shield block 5.welnlimts
6. Counterweight 7. Linear Diode Arrays detector 8. notptievice

3. System Design

The detection system is mainly composedylyay emission and receiving systems,
motion control rotating device, the computer and image penag system. System controls
circular motion according to the input information (scagnspeed, scanning distance, etc.),
automatically completes internal quality testing oftilige to tube sheet welding joints.

3.1 y-ray emission and receiving systems

y-ray emission and receiving systems is composegdrhay emission devices and Linear
Diode Arrays detector and so on. the Linear Diode Ardetector selects the new CMOS
imaging technology ,which can simultaneously completg neceive, the electro-optic to
transform and the digitization of the entire process.

3.2 Motion control rotating device



3.2.1 Rotating device

Rotating device is the foundation part which ensures autont@sting process. Its
function is driving Linear Diode Arrays detector to realihe steady circumference rotary
motion. velocity and accuracy of detector directly uefice the efficiency,accuracy and
reliability of testing.

The imaging system resolution and the imaging time deitide the imaging system
belongs to the low speed movement system, its trassmiratio of 3:1. It is driven to finish
circumference rotary motion through the stepper motor thedsynchronous pulley. Its
structure as shown in Figure 2.

Fig 2 rotating device Structure chart
1. Source drive pipe 2. Counterweight 3. synchronous bekgpet motor
5.synchronous pulley 6. Fixed plate 7. Linear Diode Arrays ttetec

3.2.2 Control design

In the general industrial automation detection, open-lamyral often is driven by a
stepper motor. The open-loop control system of steppésmean meet the requirements that
the quality of image is influenced the scanning speed anddacaticuracy, and which does
not need the feedback control in accordance with tHd quality, the maximum resolution
and imaging time. In addition, the open-loop controlhodtof the system is selected but also
because it has save the cost superiority.
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Fig 3 stepper motor control flow

The control system mainly is composed by the computekement control card of
stepper motor and the driver, its control flow as shawiigure 3.
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Stepper motor’control uses the way of "PC + Motion @unCard", that is, the
computer carries on the read-write operation through énéra software and transmits the
position, the speed and the acceleration order to thigoda@ard. movement control card of
stepper motor generates pulse sequence according to thmuteonorders,pulse number
(position), frequency (speed) and the frequency rate ofgehéacceleration) are controlled
by computer. Stepper motor driver generates more pulse drivgmgldio control stepper
motor to achieve rotation of positive and negative dioecticcording to received pulse signal.
In this system stepper motor drives realize 64 segmergatidrich causes the movement to
be steady, to be accurate. the system can realementy stop by the manual intervention in
the operation process.

4 . Image Processing System

Image processing system includes the design of contfolase and analysis and
processing of acquisition image. The system takes WINBOX® operating system as the
software platform, the VC ++ 6.0 development tools edu® realize the functions.

The system software uses A Chinese language interfashaagn in Figure 4. The
software can select the rotation of the positive aegative direction, scanning speed, the
time of decreasing noise, the range of testing and so coarding to technological
requirement. At the same time it can realize acdqorsimage display and image processing
function, for example, image enlarging/ reducing, brighlgnesontrast adjustments ,plus/
negative demonstration, image decreasing noise, image simgypgray histogram statistics
and measuring geometry size of defect image, location a&ydeyel and so on.
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Fig 4 system software interface

5. Reaults

The system test results is shown in Figure 5.
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Fig 5 system testing result
It showed that this inspection system can be used to gucid conveniently perform

automatic inspection on the tube to tube sheet weldingsjauspection at the same time

realize digital radiographic imaging of welds. Of cous#, next goal is testing in the field.
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