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For quality assurance of modified 9Cr-1Mo ferromagnetic steam generator (SG) tubes during manufacturing, eddy
current and ultrasonic non-destructive evaluation (NDE) methods are employed. Eddy current examination of these tubes
is difficult due to variations in magnetic permeability and hence, D.C. Saturation method is followed. During
manufacturing of these tubes, extended wall thickness variations within acceptable limits of ultrasonic testing have
produced disturbing signals during eddy current examination. In order to detect defects in these regions, a two-frequency
approach has been developed based on the wall thickness measurements made by ultrasonic testing. The approach has
shown identical detection performance in wall thickness variation regions as well as other regions for detection of
standard reference 1.2 mm diameter hole. After establishing suitable thresholds for implementing the accept/reject
criteria, this approach has been successfully implemented in production-line to test 600 SG tubes of PFBR. Apart from
enhanced quality assurance of SG tubes, significant cost saving has been resulted in.
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H ADDITIONAL INFORMATION

For validating this approach, the ultrasonic testing results of tubes are innovatively used to introduce reference defects.
Six tubes which are ultrasonically defect-free and found to be having variations in wall thickness in the range of 0.012 to
0.130 mm are chosen for optimising the two-frequency mixing procedure. For recording and evaluation purpose, signals
from channel-1 and mixer channel are oriented along the Y-axis of the strip chart recorder and the amplitude is measured.
Using this procedure all recorded and rejected indications of channel-1 data from wall thickness variation regions are
verified in the mixer channel.

B GENERAL EXPLANATION RELATED TO THE DESCRIPTION

The channel-1 and mixer channel data for 1.2 mm diameter hole in the wall thickness variation region is shown in Figure
2. Through the use of a separate threshold, it is possible to reliably detect localised defects in the wall thickness variation
regions.

The following criterion has been arrived at for acceptance and rejection of a tube based on the K, value: (K.=A,/A,, where A,
is the signal amplitude of a defect indication and A, is signal amplitude of the 1.2 mm diameter reference hole)

K, < 0.5 for accept
0.5>K_ <1 for Record and accept
K.> 1 for Reject

B BRIEF DESCRIPTION OF THEORETICAL BACKGROUND

As the tubes are ferromagnetic, D.C saturation based EC technique is employed. In this technique, the tube material is
magnetised to near saturation region such that the variations due to magnetic permeability are minimized and the
disturbing signals that reduce the signal-to-noise ratio (SNR) are not produced. In that situation, encircling differential EC
probe embedded in the magnetising solenoid coil can detect localised defects. The observed disturbing signals during EC
testing due to extended wall thickness variations are similar to that of the support plate signals from heat exchanger tubes
using a bobbin type coil. In case of heat exchanger tubes, two-frequency mixing technique is adopted for eliminating the
disturbing signal from support plate for detection of localised defects, if any, under it. In an analogous manner, a two-
frequency approach is proposed to suppress the high-amplitude signals from the wall thickness variations which mask
feeble indications of localised defects, if any. The challenge in implementing two-frequency mixing technique, in the
present case, is the lack of proper reference standard replicating such extended wall thickness variations to tune the mixer
settings for suppressing the disturbing signals. Further, fabrication of a reference standard replicating the wall thickness
variations is difficult, essentially because, the variations are on the ID side. In view of this, this approach innovatively uses
the ultrasonic thickness measurement data.

B ACHIEVEMENT

This approach has been successfully implemented at NFC, Hyderabad to test more than 600 tubes having wall thickness
variations. A total of 15 tubes have been rejected based on the conventional EC testing i.e. channel-1 threshold, due to
localised defects in regions other than wall thickness variations. Four tubes have been rejected based on the mixer
channel threshold, due to localised defects in wall thickness variation region. This effective procedure is routinely used at
NFC for imparting stringent quality control of SG tubes. This approach can be applied to other similar situations in
metallic tubes.
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