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(54) Detecting flaws in welds 

(57) In apparatus and a method for 
detecting flaws in welds in a workpiece 
1, the portion of the workpiece 1 
containing the weld 2 is maintained at a 
constant temperature and the weld is 
scanned by an infra red detector 16. The 
weld is then scanned again with the 
workpiece in contact with a cooling 
probe 9 to produce a steeper 
temperature gradient across the weld. 
Comparison of the signals produced by 
each scan reveals the existence of 
defects in the welds. The signals may 
be displayed on an oscilloscope and the 
display may be observed by a TV 
camera and recorded on videotape. 
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SPECIFICATION 

Detecting flaws in welds 

5 This invention relates to a method and apparatus 
for detecting flaws in welds. The invention finds a 
particular application in the non-destructive testing 
ofthe end welds in the sheathing of nuclear fuel pins 
for use in a nuclear reactor. 

10 The invention is based on a method of detecting 
flaws in welds which includes the steps of heating a 
workpiece having a weld to be examined and subjec-
ting the welds to examination under an infra red 
microscope, (that is a viewing device sensitive to 

15 infra red radiations from a relatively small object). In 
this method thermal discontinuities in a weld in a 
workpiece, such as the sheathing of a nuclear fuel 
element are detected by variations in voltage pro-
duced at an infra red detector on scanning the weld 

20 with the workpiece held at a constant temperature. 
However surface irregularities can give the same 
voltage response as internal defects and it is not 
always possible to distinguish between the two. 

According to a first aspect of the present invention 
25 a method of detecting flaws in welds in a workpiece 

by analysis ofthe infra red radiation emitted from 
the welds, including the steps of maintaining the 
workpiece at a constant temperature, scanning a 
weld in the workpiece foraf irst time with an infra 

30 red detector which produces signals dependant on 
the wavelengths of infra red radiation recieved from 
small portions ofthe weld, scanning the weld for a 
second time with the infra red detector in a similar 
manner to that used the first time whilst the work-

35 piece is in contact with a cooling probe which sets up 
a steepertemperature gradient across the weld and 
comparing the signals produced by the infra red 
detector on the first and second scans. The increased 
temperature gradient caused by the presence ofthe 

40 cooling probe on the second scan affects the signal 
obtained from the infra red detector when a fault is 
present. In the case of a sub-surface defect the signal 
is enhanced whereas in the case of a surface 
irregularity the signal is attenuated. 

45 According to a second aspect ofthe present inven-
tion apparatus for detecting flaws in welds in a 
workpiece comprises means for maintaining the 
temperature of a workpiece containing a weld to be 
examined at a constant temperature, an infra red 

50 detector which produces signals dependant on the 
wavelength of infra red radiation recieved from 
small portions ofthe weld, means for reproducibly 
scanning the weld with the infra red detector, a cool-
ing probe which is movable to bring it into contact 

55 with the workpiece to set up a steeper temperature 
gradient across the weld and means for observing 
the signals produced by the infra red detector when 
the weld is scanned by the detector with the cooling 
probe remote from the workpiece and with the cooi-

60 ing probe in contact with the workpiece. 
Conveniently the workpiece and infra red detector 

are mounted so as to allow helical scanning of a 
relatively larger weld area in portions say .009 in. in 
diameter. The results may conveniently be pre-

65 sented on an oscilloscope and recorded on vid-

eotape. As well as indicating the signal from the 
detectorthe angle of rotation ofthe workpiece and 
the distance from the end ofthe weld can be indi-
cated. 

70 To maintain the workpiece at a constant tempera-
ture heating in a high frequency furnace is preferred 
because of its rapid response. A thermocouple adja-
cent the workpiece can control the temperature. The 
sensitivity of detection is improved by raising the 

75 temperature of the workpiece. A temperature in the 
range 100 - 200°C has been found to give satisfactory 
results. The cooling probe preferably includes a solid 
state thermoelectric cooling module based on the 
Peltier effect. In its simplest form a thermo-electric 

80 cooling module consists of two semi-conductor 
blocks, one of N-type and the other of P-type mater-
ial, joined by a copper bridge making a couple. A 
cooling module comprises of a number of these 
P-type and N-type blocks connected electrically in 

85 series and thermally in parallel. Similar junctions are 
arranged in the same plane, so that when a direct 
current is passed through the module, one side is 
cooled and the other side becomes warm. Heat flows 
continuously from the cold surface through the 

90 module and is then dissipated by a heat sink. By 
reversing the current the direction of heat flow may 
be reversed. 

The invention will be illustrated by the following 
description of apparatus for detecting flaws in welds 

95 and of a method of using such apparatus. The 
description is given by way of example only and has 
reference to the accompanying drawing which is a 
schematic diagram ofthe apparatus. 

In the drawing there is shown a workpiece 1 hav-
100 ing an end weld 2. The workpiece 1 may be a 

sheathed nuclear fuel element. The workpiece is 
mounted in a chuck 3 which is rotated by a stepping 
motor4through a gearbox 5. The workpiece 1 is 
heated in the region ofthe end weld 2 by a radio 

105 frequency induction heater 6 controlled by a control 
unit 7 in response to a thermocouple 8. The tempera-
ture ofthe workpiece is maintained at a constant 
temperature in the range 100 - 200°C. Temperatures 
in the region of 135°C have been found to give satis-

110 factory results. A cooling probe 9 is movablefrom a 
position (not shown) in which it is remote from the 
end weld 2 to a position in which it contacts the end 
weld 2 (as shown in the drawing). The cooling probe 
9 is connected to a thermo-electric cooling module 

115 10 based on the Peltier effect which is mounted on a 
water-cooled heat sink 11. Above the end weld 2 is 
mounted a microscope reflective/objective lens 12 
for both visible and infra red radiation. A mirror 13 
reflects the visible radiation to an eyepiece 14 and TV 

120 camera 15 to allow for a visual examination of the 
surface ofthe weld. The infra red radiation from the 
lens 12 passes via a beam chopper 17 to an infra red 
detector 16 which may be an indium antimonide 
photovoltaic infra red detector. The output signal 

125 from the detector 16 passes through a preamplifier 
18 to an oscilloscope 19 where the signal is dis-
played visually. The lens 12, eye-piece 14 and detec-
tor 16 form a detector unit (shown generally as 20) 
which is mounted so that it can be traversed along 

130 the region of the workpiece 1 near the end weld 2 by 
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a lead screw 21 driven by a stepping motor 22. By 
combining the rotational movement of the chuck 3 
and the lateral movement of the detector unit 20 the 
workpiece is scanned in the region of the end weld in 

5 a helical manner. The motors 4 and 22 which pro-
duce these movements are controlled by a control 
unit 23 which provides a read-out of the lateral and 
rotational position of the workpiece 1 with respect to 
the detector unit 20. This information is displayed 

10 visually and may be observed by a TV camera 24. 
The control unit 23 also supplied a t ime base drive 
signal to the oscilloscope 19. The visual display of the 
oscilloscope 19 is observed by a TV camera 25. The 
output of each of the TV cameras 15,24,25 is fed to a 

15 video control unit 26 from where it may be fed to a 
monitor screen 27 for visual display and/or to a video 
tape recorder 28 for subsequent retrieval. 

In use of the apparatus, workpiece 1 is placed in 
the chuck 3 with the end weld 2 below the micros-

20 cope lens 12. The workpiece is then heated until a 
constant temperature, which may be nominally 
135°C, is obtained. The weld is then helically 
scanned. The cooling probe 9 is then advanced to 
contact the end weld 2. To compensate forthe cool-

25 ing effect of the probe the output of the heater 6 is 
raised so that the temperature of the workpiece 
remains at a nominally 135°C. The presence of the 
cooling probe 9 steepens the temperature profile of 
the end weld 2. When a steady state is acheived a 

30 second scan of the end weld is made. The response 
of the infra red detector is noted on the two scans. 
Comparison of them provides an indication of the 
presence of sub-surface defects because these pro-
duce enhanced signals from the infra red detector 

35 when the weld is cooled by the probe. Surface 
effects on the other hand produce an attenuation of 
the signals. 
CLAIMS 

1. A method of detecting flaws in welds in a 
40 work-piece by analysis of the infra red radiation 

emitted from the welds, including the steps of main-
taining the work-piece at a constant temperature, 
scanning a weld in the workpiece for a first time with 
an infra red detector which produces signals depen-

45 dent on the wavelengths of infra red radiation 
recieved from small portions of the weld, scanning 
the weld for a second time with the infra red detector 
in a similar manner to that used the first t ime whilst 
the workpiece is in contact with a cooling probe 

50 which sets up a steeper temperature gradient across 
the weld and comparing the signals produced by the 
infra red detector on the first and second scans. 

2. A method as claimed in claim 1 wherein the 
constant temperature is in the range 100 to 200°C. 

55 3. A method as claimed in claim 2 wherein the 
constant temperature is 135°C. 

4. A method as claimed in any of the preceding 
claims wherein the weld in the workpiece is scanned 
helically. 

60 5. Apparatus for detecting flaws in welds in a 
workpiece comprising means for maintaining the 
temperature of a workpiece containing a weld to be 
examined at a constant temperature, an infra red 
detector which produces signals dependant on the 

65 wavelength of infra red radiation recieved from 

small portions of the weld, means for reproducibly 
scanning the weld with the infra red detector, a cool-
ing probe which is movable to bring it into contact 
with the workpiece to set up a steepertemperature 

70 gradient across the weld and means for observing 
the signals produced bythe infra red detector when 
the weld is scanned bythe detector with the cooling 
probe remote from the workpiece and with the cool-
ing probe in contact with the workpiece. 

75 6. Apparatus as claimed in claim 5 wherein the 
means for maintaining the temperature of the work-
piece at a constant temperature include a high fre-
quency furnace controlled by a thermocouple adja-
cent the workpiece. 

80 7. Apparatus as claimed in either claim 5 or claim 
6 wherein the means for reproducibly scanning the 
weld include a rotatable chuck in which the work-
piece is mounted and a mounting forthe infra red 
detector which is movable along an axis parallel to 

85 the longitudinal axis of the workpiece. 
8. Apparatus as claimed in any one of claims 5 to 

7 wherein the cooling probe includes a solid state 
thermoelectric cooling module based on the Peltier 
effect mounted on a heat sink. 

90 9. Apparatus as claimed in claim 8 wherein the 
heat sink is water-cooled. 

10. Apparatus as claimed in any one of claims 5 
to 9 wherein the signals produced by the infra red 
detector are displayed on an oscilloscope screen. 

95 11. Apparatus as claimed in claim 10 wherein the 
oscilloscope screen is observed by a television cam-
era and the output from that camera is stored on a 
videotape recorder. 

12. A method of detecting flaws in welds in a 
100 workpiece substantially as hereinbefore described 

with reference to the accompanying drawing. 
13. Apparatus for detecting flaws in welds in a 

workpiece substantially as hereinbefore described 
with reference to the accompanying drawing. 
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