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Real-time Bolt Axial Force Fastening System Using Ultrasonic Waves
in Mass Production Assembly Process
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In order to reduce variations in fastening force
in mass production assembly processes, a real-time
bolt axial force fastening system was developed to
provide fastening force that is stable, whether the work
is done by automated equipment or by humans. An
ultrasonic wave method is used to measure axial force,
with a gap between the bolt head and the probe for
increased accuracy. Bolts used for measurement were
bolts with specifications that allow for forming by
existing manufacturing processes. The probe emits an
ultrasonic beam that is propagated by means of a newly
developed solid propagation medium and receives
echoes separately from the head and bottom of the bolt.
Operations on the two received echoes are carried out
simultaneously so that measurements are stable even
while fastening is underway, realizing real-time axial
force measurement. As a result, measurement of axial
force during fastening is realized without changing
production takt time, bolt manufacturing costs, and
other such existing conditions.

This technology is capable of bidirectional
communication with nutrunners, the electric fastening
equipment that has been widely adopted for mass
production fastening processes. It can control fastening
force to a preset axial force value, and it has
successfully reduced axial force variations to one-tenth
or less than what is experienced with existing torque
methods of tightening.
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Table 1 Challenges of axial force measurement
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Fig. 4 Effect of changes in echo output on
measurements
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