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(57) Dispositif pour mesurer une charge sur une piece
telle quun boulon (2). Ce dispositif comprend une
douille (15) dont les parois definissent un espace
intérieur (17) dans lequel la douille se met en prise avec
le boulon pour transmettre une charge a ce dernier. Un
transducteur  acoustique  ¢lectromagnétique  (20)
comprenant un aimant (28) et une bobine (26) est place
dans I’espace mterieur de la douille pres du boulon. La
bobine fournit un courant tandis que 1’aimant génere un
champ magnéetique, de telle sorte que 1'aimant et la
bobine geénerent un signal ultrasonore avec le boulon. Un
détecteur permet de détecter et de mesurer un
changement dans le signal ultrasonore au niveau du
boulon.
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(57) A device for measuring a load on a part such as a bolt
(2), comprises a socket (15) have walls defining an
interior space (17) wherein the socket engages the bolt
for transmitting a load to the bolt. An electromagnetic
acoustic transducer (20) comprising a magnet (28) and a
coil (26) 1s located 1n the interior space of the socket near
the bolt. The coil provides a current while the magnet
provides a magnetic field such that the magnet and the
coll generate an ultrasonic signal with the bolt. A
detector 1s used to detect and measure a change in the
ultrasonic signal at the bolt.
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A device for measuring a load on a part such as a bolt (2), comprises |
a socket (13) have walls defining an interior space (17) wherein the socket

engages the bolt for transmitting a load to the bolt. An electromagnetic acoustic l
transducer (20) comprising a magnet (28) and a coil (26) is located in the interior

space of the socket near the bolt. The coil provides a current while the magnet

provides a magnetic field such that the magnet and the coil generate an ultrasonic 10
signal with the bolt. A detector is used to detect and measure a change in the

ultrasonic signal at the bolt.
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1. Eield of the Invention

The present invention relates in general to ultrasonic transducers and in
particular to a new and useful method using an electromagnetic acoustic transducer

for measuring the load on a bolt.

2. Description of the Related Art

A desired preload on a bolt is usually achieved during assembly of a structure
by applying a specified torque to the bolt. It has been demonstrated that 90% of the
torque applied to the bolt during assembly is used to overcome frictional forces.
Small fluctuations in these frictional forces for a given fixed applied torque result in
large fluctuations in the preload to the bolt. In a study of bolt preload vs. applled
torque for bolts used in the construction of the Space Shuttle Orbiter, a variation in
bolt preload of more than a factor of two was reported for a given applied torque.
Bolts having improper preloads can lead to catastrophic failure of critical components
in a wide range of applications.

Accordingly, ultrasonic methods using transducers have been developed in an
effort to provide improved bolt load measurement. For example, when it was
discovered that bolts used in reactor vessel internals in nuclear power plants were
failing due to improper preload, an ultrasonic method was developed for setting the

preload using conventional ultrasonic transducers. This method was subsequently
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used in the replacement of these critical bolts in the nuclear power generation
facilities.
According to this method, the bolt preload is set by a precise measurement of
the ultrasonic time of flight over the length of the bolt before and after tightening.
While this method provides much improved bolt preload measurements compared

to torque measurements, significant errors are introduced when removing and

reapplying a transducer to the head of the bolt.

Using conventional ultrasonic transducers, sound waves are transmitted and
received from the bolt via a coupling fluid. Because the velocity of sound in the
couplant is many times slower than that of the steel, which is used in the bolt, small
variations in the couplant path length can cause large variations in the transit time of
the ultrasonic signal. The uncertainty introduced by the couplant path has limited
most conventional ultrasonic bolt load measurements to measuring the time of arrival
difference between successive echoes which assumes that the couplant path transit
time is identical for each echo. There would be several advantages for only using the
first echo for ultrasonic bolt preload measurements. Primarily, the first echo is

generally the largest, and less affected by lack of parallelism and flatness as compared

to later echoes. For example, if the end of the bolt surface is at a small angle, 8, with
respect to the head of the bolt surface, the first echo arrives at the head of the bolt
at an angle of 26 while the second echo arrives at an angle of 60. The main
drawback to these methods is that the all important application of couplant and
transducer to the head of the bolt makes the automation of conventional ultrasonic

bolt preload measurements a difficult task.
SUMMARY OF THE INVENTION

The present invention pertains to a device for measuring a load on a part, such
as a bolt, and comprises a socket having walls defining an interior space, wherein the
socket engages the bolt for transmitting a load to the bolt. An electromagnetic
acoustic transducer comprising a magnet and a co:l is located in the interior space of
the socket near the bolt. The coil induces eddy currents while the magnet provides

a magnetic field such that the magnet and the coil together generate an ultrasonic
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signal directly in to the bolt. A detector is used to detect and measure a change in
the transit time of the ultrasonic signal in the bolt.

The present invention also comprises a method for measuring a load on a part
which comprises providing a socket and engaging the socket with the part such that
the interior space of the socket is provided between the socket and the part. A
magnetic field is generated in the interior space of the socket; and a cur-ant is
provided in the interior space of the socket such that the current and the magnetic
field produce an ultrasonic signal within the part. The ultrasonic signal at the part is
monitored and changes in the ultrasonic signal are detected by a detector.

The various features of novelty which characterize the invention are pointed
out with particularity in the claims annexed to and forming a part of this disclosure.
For a better understanding of the invention, its operating advantages and specific
objects attained by its uses, reference is made to the accompanying drawings and

descriptive matter in which the preferred embodiments of the invention are illustrated.
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In the drawings:

Fig. 1 is a schematic view illustrating the present invention:

Fig. 2 is a schematic view illustrating the present invention used in
conjunction with a detector and a monitor:

Fig. 3 is a schematic view illustrating a bolt tension test set-up utilizing the
present invention; and

Fig. 4 is a graph plotting a change in transit time vs. bolt load.
JESCRIFHION OF tHE PREFERRED EMBODIMENT

The present invention is a device and method for tension and load
measurement of a bolt using an electromagnetic acoustic transducer. The present
Invention comprises an electromagnetic acoustic transducer (EMAT) which generates
and receives ultrasonic waves without the need to contact the material of a part, such

as a bolt, in which the ultrasonic waves travel. The device according to the present

invention, as shown in Fig. 1, is used in conjunction with a bolt 2 and comprises a
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socket 15 hgvmg an knterlor space 17. The socket 15 engages the bolt 2 for
tensioning the bolt 2 and placing a load thereon. The interior space 17 of the socket
15 is located between the bolt 2 and the socket 15. A socket drive 10 is used in
conjunction with the socket 15; and the socket drive 10 is detachably engagable with
the socket 15 for changing to different size sockets for accommodating different sized
bolts 2.

An electromagnetic transducer assembly 20 is located within the interior space
17 of the socket 15 at the bolt 2. The EMAT assembly 20 comprises a housing 22
and a wearplate 24 which contacts the bolt 2. Within the housing 22 and the
wearplate 24 is located a permanent magnet 28 for producing a magnetic field and
a coil 26 for providing a current. The EMAT assembly 20 is connected to the socket
drive 10 by attachment bolts 21 and springs 23. A cable 27 is connected to the coil
26 for providing the current to the ccil 26. The cable 27 is channeled to the coil 26
through a cable routing hole 12 located within the socket drive 10. The cable 27 is
connected to the socket drive 10 by a slip ring assembly 30 engaged around the
socket drive 10. The slip ring assembly 30 comprises slip ring brushes 32.

The electromagnetic transducer assembly 20 is used as a generator of
ultrasonic waves by locating the coil 26 in a uniform magnetic field produced by the
permanent magnet 28 such that the ultrasonic waves are provided near the surface
of the metal bolt 2. By transformer action, a surface current is introduced into the
metal bolt 2. This surface current in the presence of the magnetic field experiences
a Lorentz force which produces oscillating surface stresses. On reception, the surface
of the metal 2 oscillates in the magnetic field thereby inducing a voltage in the coil
26. The transduction process takes place within an electromagnetic skin debth,
which for materials such as steel or aluminum, at megahertz frequencies, is a fraction
of a mil.

The present invention provides a very reproducible non-contact system for
generating and detecting uitrasound. Because the current of the EMAT coil 26

directly generates ultrasonic waves in the surface of the bolt 2, the precise time of

flight measurements can be made by timing from the current pulse to the first

reflection which eliminates many of the problems associated with known,

conventional ultrasonic measuring devices.
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Due - the development of the present invention, some bf the prob_‘l'ems that
have been . :ciated with previous efforts to measure bolt loading by uitrasonic
methods have been minimized or eliminated. The EMAT of the present invention
generates and receives ultrasonic waves without the need to contact the material in
which the waves are traveling. This eliminates the requirement for a liquid couplant
between the transducer and the material under test, which is the source of significant
error and problems for automating the measurement process.

In operation, the EMAT sensor 20 rotates with the socket 15 and the bolt 2.
Ultrasonic signals are transmitted and received via the slip rings 32 while testing the

bolted joint 2. Alternatively, the transducer cable 27 is allowed to twist during the

bolt tightening.

Fig. 2 shows EMAT instrumentation and computer 25 comprising a display
means 60 and a remote amp and matching network 29 which electrically matches the
EMAT coil 26 and cable 27 to the EMAT instrumentation 25. The detector 25, is a
computer which takes measurements on the unloaded bolt 2 in order to establish a
base line, and then measures and plots the bolt load while tightening the bolt 2.

As shown in Fig. 1, the EMAT sensor 20 is spring loaded by springs 23 so that
the sensor 20 is automatically seated on the head of a bolt 2 as soon as the socket
15 is placed on the bolt head 2. The E} T sensor 20 is attached to the drive
assembly 10 in such a manner so th: ‘:everal different bolt sizes can be
accommodated by changing sockets 15. EMAT measurements are taken as follows:
prior to loading, i.e. on an unioaded bolt, continuously during the loading of the bolt,

and after the loading of the bolt. When the desired load has been reached, the
s=-tor 20 does not have to be removed. This eliminates the errors previously
encountered in known transducers which are caused by having to attach and remove
the ultrasonic transducers for the two tests, i.e. the preload test and the postload test.
The method according to the present invention is well suited for automotive bolt
tightening for use in production lines and various robotic applications.

It is well known that commercial ultrasonic bolt load measurement devices
have been found to produce highly variable results primarily due to couplant
variability.

Additionally, the repeatability of the EMAT method according to the present

invention for measurements spaced over a period of time is much better than that of
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conventional ultrasonic methods. It may be desirable to measure the ioad of a bolt
periodically to ensure that it is still within specifications. Because the EMAT 20
operates without couplant, re-application of the sensor 20 to make periodic
measurements produces results with good accuracy if the load is unchanged.

A preliminary study of the novel concept of the present invention of using an
EMAT for measuring bolt loading was first conducted under laboratory conditions.
Fig. 3 shows an experimental set-up used during the preliminary study. A tension test
set-up 40 was used in conjunction with a bolt loading fixture 4 and 6 and a 50,000
pound loading frame comprising a load device 45. A specimen bolt 2 was loaded
in the tension test set-up 40 at 5,000 pound increments and measurements of arrival
time, load cell output, from load cell 47, and bolt temperature were recorded. The
results of the measuring times for the transmitter current pulse to first echo are
illustrated in Fig. 4 for two successive load cycles.

The effect on the accuracy of the readings caused by removing and replacing
the transducer was tested by removing and replacing the transducer on the head of
the unstressed bolt six times. The maximum variation in the time of flight was 4 nS.
or an error corresponding to about 1.5% of the recommended load value. The
average variation was only 1.2 nS. or less than 0.5% of the applied load. These
results were unexpected since the experimental transducer was not very rugged and
indicates that the transducer can be easily removed and replaced without introducing
significant errors in bolt preload measurements. The ability to remove and replace
the transducer without introducing significant errors allows for the reloading of a bolt
in an assembly where preload can change.

While a specific embodiment of the invention has been shown and described

in detail to illustrate the application of the principles of the invention, it will be

understood that the invention may be embodied otherwise without departing from

such principles.
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CLAIMS

1. A device for measuring a load on a part, the device comprising:

means for engaging the part, said engaging means having an interior space, the
interior space of the engaging means being located between the engaging means and
the part;

drive means for transmitting a load to the part through said engaging means,
salid drive means being detachably engagable with said engaging means;

a coll located in the interior space near the part for introducing an eddy current in
the part;

means for providing current to said coil;

a magnet engaging the coil in the interior space and being attached to said drive

- means for providing a magnetic field, the magnet and the coil generating a noncontact

ultrasonic signal in the part; and

detection means for detecting a change in the ultrasonic signal provided to the

part.

2. The device according to claim 1, wherein said engaging means comprises a

socket.
3. The device according to claim 2, including a housing located in the interior space
and a wearplate for contacting the part, the coil and the magnet being connected to the

housing, and connecting means for connecting the housing to the drive means.

4 The device according to claim 3, wherein the connecting means comprises a bolt

connected to the housing and the drive means.

5. The device according to claim 4, wherein the connecting means further

comprises a spring between the housing and the drive means.

6. The device including according to claim 1, including a cable connected to the

coll and the detection means.
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7. The device according to claim 6, wherein the drive means includes an

_8-

aperture for channeling the cable to the coill.

8. The device according to claim 7, including retaining means for electrically

connecting the cable to the coll.

9. The device according to claim 8, wherein the retaining means comprises a slip

ring assembly engaged with the drive means.

10. A method for measuring a load on a part, the method comprising the steps of:
providing a means for engaging a part, the engaging means having walls defining an
interior space; engaging the part such that the interior space is provided between the
engaging means and the part; transmitting a load to the part with drive means through
the engaging means, the drive means being detachably engagable with the engaging
means, attaching a magnet with a coil to the drive means so that the magnet and coll
are positioned in the interior space of the engaging means; generating a magnetic field
IN the interior space of the engaging means; providing a current in the interior space
such that the current and the magnetic field produce a noncontact ultrasonic signal in
the part; monitoring the ultrasonic signal in the part; and

detecting a change in the ultrasonic signal.

11. The method according to claim 10, wherein the engaging means comprises a

socket.

12. The method according to claim 10, including rotating the socket and the part.
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