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Piano hammer testing device




Experimental results

Piano hammer features 50 . N

¢ & V=131 m/s
 The nonlinearity of the force- O a-aa v=10omis g
compression characteristics of OO 0VOTIMS {

the hammer

« The strong dependence of the
slope of the loading curve on
the hammer velocity

» The significant influence of
hysteresis, i.e. the loading and
unloading of the hammer felt
are not alike
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Hysteretic model of piano hammer

F(u(t) = F{ p(t)——fup(cf)eXp(§ jd:}

Equation of motion : md—u+ F(u)=0
dt*
Inttial conditions : u(0)=0; du =V
' 7 gt it=0

F, - Instantane ous hammer stiffness; & - hereditary amplitude
p - compliance nonlineari ty exponent; z - relaxation time
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Force and compression histories
for various hammer velocities
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Force-compression characteristics
for various hammer velocities
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Relative variation in hammer parameters across
the compass of the piano
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Parameters of hammer n=1
P=3.72;1,=2.7ps;my=119g;6=1-¢=0.011; F; = 16440 N/mmP



The contact duration t, between the hammer and the string,
and what can cause the hammer to rebound?
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Hammer-string interaction
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"When the hammer has less mass than the string, it will most likely be thrown
clear of the string by the first reflected pulse.”

Rossing T. D. The Science of Sound
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Contact times as functions of hammer number
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Normalized force histories
computed for hammer N=10
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Force histories computed for hammer N=1
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Compression model of hammer strike
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Compression model of hammer strike

 In case of slow loading the nonlinear force is given by
Fu@®)=F,(-¢&)u”({)=0, u” (1)

* During the strike the initial energy of the hammer is

. N 2
mV=  m{( du |
= [ J —|——Q0 u?”

2 2\ dt p+1
« The maximum compression corresponds to the moment, when
du/dt =0 |
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 The contact time
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Hysteretic and compression models comparison
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Wave model of hammer strike

Hysteretic model of piano hammer

F(u(t) = F{ aPt)- Jup(@exp(é jdf}
o

We shall consider the propagation of the one-dimensional transient longitudinal waves.
Equation of motion

pU" (x,t) =o' (xt) =0

Initial conditions
U(x0)=0,U (x0)=0, g(x,0)=0

Constitutive equation

o(x,t) = E{[U x.1° ——I[U (x.EI exp(g jdé}
‘o



U=U/: x= X/ t=otla

ok
o = 4 ;5:1—g:i;|:a —:ac&
1-¢ o | po

[(U)PT+[U)°T"-UT-6U™ =0

0=0.01; p=0.42g/cm3;c=25m/c
a=0.25ms;|=6mm;
E=E,=0.2MPa; E,=E,/&=20 MPa



Linearcase: p=1
U”-U"+U"-oU"" =0

o’ —K* +iok? —idw’ =0

1-10w
1—1w

k:k1+ik2:a)\/



[(U)PT+[U)°T"-UT-6U™ =0

Initial conditions

U(x0)=0,U (x0)=0

Boundary condition

U(0,)= Am g? )

0




Compression and wave models comparison
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Summary

Three models of the hammer strike are compared

The contact time for bass hammers is correlated with the speed
of compression wave generated by the impact

The speed of a compression wave increases with the growth of
Its amplitude

The compression wave speed Is in interval 25 - 75 m/s



