
Ultrasonic Consolidation

(Ultrasonic Additive Manufacturing)

The mechanism of bond formation during the ultrasonic
welding of metals has been widely studied. O’Brien et al.
(1987) states that bonding formation is initiated by a
combination of compression under moderate pressure and
scrubbing of metal caused by ultrasonic motion. The motion
cleans off surface oxides through friction and leveling of
surface asperities. This allows direct contact of pure metal
resulting in atomic bonding. Shear vibration produces heat
through friction and by plastically deforming asperities. The
heat and plastic deformation promote diffusion and
crystallization of material between layers resulting in a true 
metallic bond. The process maybe aided by the passage of
ultrasonic energy into the metal, which effectively may act
similarly to localized heating, reducing the stress needed for
plasticity
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Fundamental Questions and Conflicting results

• Transducer amplitude vs. normal force

• Transducer slip on top tape?

• Slip or stick of top tape on build structure?
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25 μs of data; ½ cycle of 20kHz

stopped @ opposite extrema (+x)stopped @ extrema (-x)

2π 2π 2π 2π 2π 2π

16 cycles of Doppler fringing

Every  2π of fringing is .775 μm of travel
…………



average velocity = 12.4μm/25μs ~ 0.50m/s 

instantaneous velocity max = 1.550 μm/2.4us ~ 0.65m/s

average acceleration = 0.65m/s in 12.5 μs = 52 km/s2

20 ns per data point



Transducer amplitude vs. normal force
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2000N normal force
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