
ABSTRACT

ELEVATED-TEMPERATURE (600°F), MANUAL CONTACT

ULTRASONIC EXAMINATION

BY C. W. DONNELLY

ROCKWELL INTERNATIONAL CORPORATION
ENERGY SYSTEMS GROUP

Manual contact ultrasonic examination at temperatures above 250°F has not
been successful in providing meaningful results. Sensitivity of standard trans-
ducers degrades rapidly at 250°F and above.

It has been demonstrated that by using standard transducers and commercially
available wedges arid couplants in combination with a couplant/cooler system,
manual contact ultrasonic examination can be performed at 600°F for an essentially
100% duty cycle in conformance to the sensitivity requirement of the ASME BSPV
Code.
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ELEVATED TEMPERATURE (600°F) MANUAL

CONTACT ULTRASONIC EXAMINATION

C. W. DONNELLY

I. INTRODUCTION

There are obvious advantages to be gained if the progressive weld passes of

thick weldments could be ultrasonically examined at weld preheat temperature and

further if the completed welds could be examined at the required sensitivity

level prior to cooling to room temperature. Special advantage would be gained on

those welds which because of stress reasons must be maintained at preheat tem-

perature until the start of post-weld heat treatment.

There are commercially available products such as high-temperature wedges

and couplants which will permit intermittent ultrasonic operation at 500°F.

However, standard transducers degrade rapidly at 250°F and above and will

not yield meaningful examinations.

This document will describe how standard transducers anc off-the-shelf

components combined with an ingenious couplant/cooler system permits manual

contact ultrasonic examination at 600 F without significant loss of sensitivity.

A. STATEMENT OF THE PROBLEM

Manual ultrasonic examination of welds at temperatures of 600 F without loss

of sensitivity had not been demonstrated prior to this investigation.

Transducer manufacturers confirmed that high temperature transducers are not

as sensitive as standard room temperature types.

However, there are available angle beam wedges, delay lines, and couplants

advertised to perform to 800 to 1000°F. The weak link is the transducer.



B. TECHNICAL APPROACH

I t was believed that i f a method could be found to keep a standard transducer

near ambient temperature while the wedge or delay l ine was at high temperature, a

successful examination could probably be made.

For shear wave examination, standard transducers are normally mounted on a

p las t ic wedge with a suitable couplant between the transducer and wedge, and the

resultant assembly is coupled to the part to be examined with another suitable

couplant. The angle at which the transducer is mounted on the p last ic wedge and

the sound ve loc i t ies in the wedge and material to be inspected w i l l determine the

refracted angle of the sound beam in the part . This relat ionship follows Snel l 's

law.

In pract ice, the wedge angle is chosen to produce specif ic refracted sound

>s in steel between 40 and

for use in d i f fe rent materials.

angles in steel between 40 and 70°F in the shear mode, and corrections are made

A couplant/cooler was designed and fabricated (SK12198). This device was

then placed between a commercial high-temperature angle-beam wedge and a standard

room-temperature transducer (Figure 1). A couplant pool is formed by the cavity

in the couplant/cooler which, when couplant is c irculated in the device, acts to

couple the transducer to the wedge and to cool the transducer. Small-diameter

tubing connects the assembly to a couplant reservoir and low-pressure pump.

Tests have shown that th is assembly w i l l maintain room ambient temperature

at the transducer while the part/wedge interface is at a temperoture of 650°F for

contact times in excess of 30 min with no s ign i f icant loss of sens i t i v i t y .

Further tests were conducted on various commercially available high-temperature

contact couplants.



The couplant which best met our requirements was Hitempco made by KB -

Aerotech. This material is a thick gel at room temperature; and at 500 to

600°F, it is a thick liquid which provides good couplant properties but does not

run off the part, an advantage when doing overhead work.



II. DISCUSSION

Hot ultrasonic examination of weldments appeared feasible using the couplant/
cooler system, but what was needed was evidence that a useful examination of a
weldment could be macie that would meet ASME Code requirements at 600°F.

To prove that this could be done, an experiment was set up that consisted
of:

1) A laboratory hot plate with variac control and calibrated thermo-
couples and recorder

2) An ASME Calibration Block, 2-in. thick with a 1/8-fn. diameter
side-dri l led hole (1975 Ed. Section V)

3) An evaporative cooler pump and coolant reservoirs
4) A Krautkramer USIP-llflaw detector

5) Aerotech and Harrisonic Standard Transducers, 2-25 MHz, 1/2 in . x
1 in .

6) Aerotech and Harrisonic high-temperature angle-beam wodges, 45°

7) Couplant/cooler (SK12198)
8) Silicone gasket material (GE RTV)
9) High-temperature couplants.

A necessary and sufficient proof that ASME Code sensitivity requirements

could be met at 500°F was the construction of a Distance Amplitude Curve (DAC)

at the elevated temperature using the ASME Code Calibration Standard and the

Section V requirements.

The 2-in. thick calibration standard was placed on the hot plate. A T/C was

welded to the hot plate, and another T/C was placed in the side-drilled hole in

the standard. A third T/C was attached to the transducer assembly to monitor the

temperature of the transducer. All three were connected to the temperature

recorder.



A standard room-temperature DAC was constructed using Hitempco coup!ant.
The 3/8-node point was located at 80 •* of fu l l screen heignt (FSH) and, without
changing gain, the 5/8 and 7/8-node points were located and marked, along with
the 3/8 node on the CRT. The hot plate and the temperature recorder were turned
on.

As the temperature increased, spot checks of the 3/8- and 5/8-node points

made. The Hitempco coup!ant be<

there was no change in the couplant.

were made. The Hitempco couplant began to outgas at~iG0°F. At 500 to 650°F

I t required 10 db more gain at 500°F to get the same 80% FSH at the 3/8
node on the calibration standard. At this gain increase, the 5/8-node point
duplicated the amplitude of the room temperature DAC.

At 500 to 600°F, manual operation of the transducer is more d i f f i cu l t than
at room temperature, but not to the degree expected. At 4Q0°F, a simple leather
work glove was adequate protection, at 500°F an asbestos glove was used.

However, on large components, i t is presumed that protective clothing such

as welders or foundry workers use would be necessary to protect the personnel.

A second test was performed on a CRBRP Steam Generator Ultrasonic Standard
(see T-6602166 Sh 8). This standard was fabricated for use on the steam generator
to-thf! 1974 Edition of the ASME Code. As shown in the sketch, i t contains a weld
in which the-calibration hole is located. This was done to duplicate the actual
metallurgical condition of the part. The standard is 3-1/2-in. thick and the
side-dril led hole (SDH) is 3/16-in. diameter, 1-1/2-in. deep, and located at
1/4 T in the part.:

Essentially the same setup was used as with the 2-in Calibration Standard,
except two hot plates were used to heat the larger block.



A DAC was established on the 3/3- and 5/8-node point at room temperature.

At 600°F, the DAC was duplicated with an increase of 12 db. This increase

was partially due to a different entry surface on the large standard. It is a

fly-cut machine finish while the 2-in Calibration Standard was ground.



III. CONCLUSIONS

The concept of keeping the transducer cool while performing high-
temperature, manual-contact, angle-beam examination has been successfully
demonstrated.

The sensit ivity of the examination at 600 F has been demonstrated and wi l l
meet ASME Code requirements.

All the equipment used except the couplant/cooler is commercially available
"off-the-shelf."

Other notes of interest: there was no difference between the operation of
the Aerotech vs Harrisonic transducer. However, the high-temperature wedge from
Aerotech performed well at a l l the temperatures investigated. The Harrisonic
wedges worked well to 500°F; but at 550°F, one of the Harrisonic wedges either
melted or reacted with the coupiant.
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invaluable during this investigation.
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