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Foreword 

(This  Fore9o"ord is  not a part of American S tandard
1
Methods  for the  of Shock and Vibration Pickups,  

82.2-1959.)  

This  American S tandard
1  
comprises a part of a group of definitions,  . standards,  and specifica-

tions  for use in work concerning acoustics,  vibration,  and mechanical shock.  It  has  been developed 

under the  Sectional Committee Method of ASA procedure,  under the  co-sponsorship of the  Acous-

tical  Society of America and the American Society of Mechanical Engineers.  
The  S2 Committee under whose j urisdiction this  s tandard was  developed has  the  following 

scope:  

Standards ,  specifications ,  methods  of measurement and test,  and terminology  in  the  fields  of mechanical  
shock and vibration,  but excluding  those  aspects  that pertain  to  biological  safety,  tolerance,  and comfort.  

Various  subcommittees  have been organized to  take  care of the  committee's  program and this  

s tandard was developed by  Subcommittee S2-W -27,  whose personnel is shown below.  

Suggestions for improvement gained in the  use of this  s tandard will be welcomed.  They  should 

be sent to  the  United S tates  of America S tandards  b1 stitute,  Ill  East 40th  S treet,  New York.  N.Y.  

York 1 f 
The organizations  which participated in  this  work and the names  of their representatives,  as  

listed at the  time this  s tandard was submitted to  the  S2 Sectional Committee for approval,  were 

as  follows:  
H.  M .  TnExT, Chairman C. E.  CREDE, Vice-Chairman 

S.  DAVID  HoFFMAN ,  Secretary 

Organization &presented N a:rn.e of 

Acoustical  Society  of America . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H.  M.  T.UNT 
I.  VIGNESS 

American·B ritish-Cunadian Navy Tripartite  Standardization . . . . . . . . . . . . . . . . . . . . .  H.  E.  STIB.LING 
W. W. BENNETT (Alt)  

Institute  of Electrical  Engineers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C.  A.  ABENTS 
American Society  of Mechanical  Engineers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C.  E.  C. unE 

D.  C.  KzNNAJlD, Ja 
HOWARD s. BZA.N (AU )  

American Society  for Testing  Materials  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CnuL M.  B .uuus  
Canadian Standards  Association (Liaison) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T.  D.  N oaTHWOOD 
Electronic  Industries  Association . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E.  W. BISSON 
National  Bureau of S tandards ,  U.S .  Department of Commerce . . . . . . . . . . . . . . . . . .  WALTJ:R RAMBERG 

R.  R.  Boucn (AU} 
.  s.  EDZLMAN (Alt)  

National  Electrical  Manufacturers  Association . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ROBERT 0.  FERR 
A.  c.  BAGG (Alt)  

Society  of Automotive  Engineers  Inc  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C.  T.  MoLLOY 
Society  for Experimental  S tress  Analysis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  EDWARD G. FISCHER 
Telephone Group  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  R.  L. HAN!ION 
U. S.  Department of the Air Force  (Liaiaon) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.  C.  KzNNAltD,  J1t 

ROBERT F.  WILIItUS (Al t)  
U.S .  Department of the  Army,  S ignal  Corps  (Liaison)  . . . . . . . . . . . . . . . . . . . . . . . . . .  JosEPH J.  OLIVERI 
U.  S.  Department of Defense,  Office of Assis tant S ecretary  for Research and 

Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ELIAS KLEIN 
U.S .  Department of the  of Ships ,  Code 621. . . . . . . . . . . . . . . . . . . . . . .  J.  R.  SuLLIVAN 
tr.  S .  Department of the  Navy,  Bureau of Ordnance,  Special  Products  Office . . . . .  L.  ScHLESINGER 

JoaN C.  NEw (AU)  
Members-at -Large . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  LAURENCE BATCHELDER 

LBO L.  BEBANEJC 
FLOYD A.  FIRESTONE 
F.  v. HUNT 
W. D.  NEFf'  
A.  P.  G. PETERSON 
R.  W.  Yot:NG 

Writing Group  S2-W-27 on Calibration of Shock and Vibration Measuring Instruments ,  which 
prepared this  s tandard,  had the  following personnel:  

WALTER RAMBERG, Chairman until December 1968 
R.  R.  BoucHE,  Chainnan afler December 1968 

ABRAHAM I.  DRANETI s. P.  THOMPSON 
J.  LLOYD JoNEs  K.  UNROLTZ 
H.  L. RICH Ia-..·IN VIoNEss  

t All American S tandards  are now designated tJSA Standards.  
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USA S tandard Methods  for the  

Calibration of Shock and Vibration Pickups  

Introduction 

The calibration of shock and vibration pickups  

has  become increasingly important as  the  need has  
grown for accurate measurements  of the  shocks  and 

vibrations  to  which aircraft,  missiles,  and other high 
performance equipment are  subj ected in service.  

Numerous  methods  have  been used or proposed for 
these calibrations.  These are briefly described in 
Section 4 of this  s tandard and in  the  Appendix.  
Section 4 contains  a tabulation and detailed descrip-

tion  of five " standard methods"  which have  proven 
themselves  to  be reliable means  for the  calibration of 
shock and vibration pickups.  A tabulation (see 4.1 )  

lists  approximate ranges  of application of each 

standard method and estimates  of attainable  ac-

curacy.  The  description,  which follows the  tabula-

tion,  gives details  of performing calibrations  by  

each of the  s tandard methods.  S ectionAl  contains  a 

brief survey of other methods  which have  been used 

to  calibrate vibration pickups,  but which have  not 

found sufficient acceptance as  yet to  be included 

among the s tandard methods.  The  methods  de-

scribed range from precision techniques  suitable for 

laboratory  use only to  procedures  appropriate'  to  

field use.  
It is anticipated that the  s tandard will undergo 

frequent ..  to  keep pace with the  advance-

ment of the  art  in  this  new and growing field.  Section 

4 will grow as  methods  in Section Al  prove their 

adequacy as  s tandards.  Section Al  will expand as  

new methods  make their appearance.  

Calibration methods  for both  shock and vibration 

pickups  are  included i n  the  same s tandard because it  

is impracticable to  draw a line of demarcation be-

tween pickups  used in measurements  of shocks and 

vibrations.  Using Fourier analysis  [1 ) 1  any  shock 

can be described by  the  superposition of a sufficient 

number of sinusoidal vibrations  of proper fre-

quency,  amplitude,  and phase angle.  

The  s tandard is limited to  the  calibration of ac-

celeration,  velocity,  and displacement pickups.  It  is 

not concerned with pickups  used for measurements  

of force,  pressure,  or s train  even though some of these 

may  be calibrated by  similar methods.  

1  Numbers  in  brackets  denote references  at the  end of 
the  s tandard.  

6 

I.  Purpose  and Scope 
1 .1  Purpose.  This  s tandard is designed to  acquaint 

the  user with the  general principles  of calibration of 
shock and vibration pickups  and to  describe con-
cisely several s tandard methods  which have proven 

to  give reliable and reproducible results.  Further de-

tails  concerning these methods  are given in the  

Appendix.  Also,  other methods  that have  not as  yet 
reached the  stage of development of the  s tandard 
methods  are described briefly in the  Appendix.  

1 .2  S cope.  Five methods  have.  been selected as  
s tandard methods  for the  calibration of acceleration 
velocity,  and displacement pickups.  They  are 
scribed in Section 4 of this  s tandard.  

It  is  impracticable to  calibrate all  pickups  by  one 

s tandard method over the  entire frequency and 
amplitude range of vibrations  and shocks  to  be 
measured by  the  pickups.  Several methods  are ac-
cordingly described.  Each method is  limited to  u 
range of frequency and amplitude,  and to  the  weight 

?f that be calibrated.  The  limitations  may  
mclude,  m addit1on,  other variables  such as  volume 
of the  pickup and temperature of operation.  

1 .3  Present and Future  Choices  of Methods.  
A pickup should be calibrated by  the  s tandard 

method or methods  corresponding to  its  range of fre-
quency,  amplitude,  and mass.  The choice of method 

is  facilitated by  the  tabulation of s tandard methods  

" ' ith  estimated ranges  and accuracies  given in 4.1 .  
Other methods  of calibration,  of the  types  re-

ferred to  in the  Appendix,  may  be used in the  future  
as  these methods  attain  the  degree of reliability  

characteristic  of a standard method.  

1 . 4  Related S tandards .  This  s tandard is  coor-
dinated with the  following s tandards  which are  

closely related to  the  calibration of pickups:  
American S tandard'  Method for Specifying the  
Characteristics  of Pickups  for Shock and Vibra-
tion Measurement,  Z24.21 -1957;  

American S tandard'  Method for Specifying the  

Characteristics  of Auxiliary Equipment for 

Shock and Vibration ! \Ieasurements,  S2.4-1960;2 
and 

American S tandard'  Shock and Vibration Ter-
minology,  S l. l-1 960. :  

- - -
2 These s tandards  111·ill become available in  the latter part 

of 1960. 

tAll American Standards are now designated USA Standards.  
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2. Definitions  

l 'he  letter symbols  and technical terms  used in 
the s tandard comply as  far as  possible with those 
given in American S tandard'  Letter Symbols  for 

Acoustics,  YIO. ll-1 953  and American S tandard'  
Shock and Vibration Terminology,  S l. l-1 900.  How-

ever,  boldface italic  type  is used to indicate complex 

quantities.  In  addition the  following quantities  re-

quiring definition are used repeately  in the  s tandard.  

2.1  Letter Symbols  

a - instantaneous  acceleration 
A.  - peak amplitude of sinusoidal accelera-

tion,  or area 
c - damping  constant 
c,  - critical damping  constant 

C -capacity  
d - instantaneous  displacement,  or mass  de-

flection 
D -peak amplitude of sinusoidal displace-

ment 
e - base of natural  system of logarithms,  or 

instantaneous  voltage 
E - peak amplitude of sinusoidal voltage 

f -frequency,  or instantaneous  force 

F - peak amplitude of sinusoidal force 

g - acceleration of gravity  
I - peak amplitude of sinusoidal current 
j -unit imaginary vector 

J - ordinate intercept 
k - spring constant 

l - length 
m -mass  
g - instantaneous  electrostatic  charge 
Q - s lope 
r - radius  
R - . res is tance  
S - sensitivity,  output/input 
t - time 
T -period 
u - instantaneous  velocity 
U - peak amplitude of sinusoidal velocity 

W -weight 

x - instantaneous  output of pickup 

X - peak amplitude of sinusoidal output of 

pickup  
Y.  - electrical admittance  

Y . .  - mechanical admittance  
z . .  - mechanical impedance 

o - logarithmic decrement 
8 -phase  lag 
q,  - angle,  or phase angle 
w - angular velocity,  or  circular frequency 

t All American Standards are  now desianated USA Standards.  

wd -damped natm·al •·ir,·ular frcquen<·y 

- undamped natural  t•ir<·ular frequcu•·y 
w,  - resonant C'ir<'ular frequen<'y 

52.2 

7 

: : ' \oTE:  When a is  printed in boldface italir  it  
indil' : ltes  a complex quantity.  

2.2 Pickup.  A pickup is considered in this  s tand-

ard as  n device for converting the  motion to he 
mensured,  e.g. ,  accelerntion in a given direction,  
into  a quantity  which may  be conveniently measured 

or recorded.  Pickups  are classified as  di!placement 
pickups,  velocity pickups,  or acceleration pickups 

depending on " · hether the  converted quantity  is 
proportional  to  the  displacement,  velocity,  or accel-
eration.  

A continuous-reading pickup is one which indicates  

the  mechanical excitation as  a function of time.  A 
pickup is termed a peak-reading pickup if it  indi-

cates  only the  maximum of the  mechanical quantity  

to  be measured.{ 2) An example is the  copper-ball 

accelerometer [3] in which the  deformation of a soft 

copper ball  is  used to  indicate the  maximum accel-
eration which has been experienced by  the  accel-
erometer.  Most of the  calibration methods  discussed 

are  applicable only to  continuous-reading pickups.  

A recJilinear pickup is a pickup  designed to  meas-
ure some chkracteristic  of translational  motion.  

Most rectilinear pickups  are  designed to respond to  

the  component of translational  acceleration,  veloc-

ity,  or  displacement in some specified direction 
relative to  the  pickup.  This  direction is the  axis  of 
sensitivity of the  pickup.  An angular pickup is de-
signed to  measure some characteristic  of rotational  

motion.  e.g. ,  angular acceleration about a specified 
axis of sensitivity.  

A continuous-reading pickup  is termed a li'Mtlr 
pickup i f  a sinusoidal input (see 2.3  and 2.4 for 
definitions  of input and output)  produces  a sinu-

Soidal output of the  same frequency and if under 
these conditions  the  ratio  of the  amplitudes  of the  
input and output,  and the  difference i n  their phases,  
are constants  as the  amplitude is  varied at a particu-
lar frequency.  Over a particular range of frequency 
and amplitude within which the  pickup  is linear,  its  
behavior can be  described by  linear differential 
equations,  and the  principle of superposition applies.  

A. pickup which does not satisfy these requirements  

is  termed a nonlinear pickup.  
A continuous-reading linear pickup  is  termed a 

diatortionlus pickup if the  output is a faithful repro-

duction to  scale of the  input for any  shock or vibra-

tion falling within the  frequency range of the  pickup.  

I t  should be remembered in this  connection that true  
lack of distortion is an  ideal which is never achieved 
in a pickup.  The  sinusoidal components  of a vibra-
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8U  

8 

tion can be faithfully reproduced in their proper 
phase relations  over a limited range of frequencies 
and amplitudes  only.  This  frequency range can be 
regarded as the  operating range of the  pickup.  

A pickup is tenned an electromechanical pickup if 

it  converts  a mechanical quantity,  such as accelera-
tipn,  into  an  electrical quantity,  such as  voltage.  A 
continuous-reading electromechanical pickup is bi-
laleral i f  it  can be used either to  produce an  electrical 
signal  as  a result of a mechanical excitation,  or to  
produce a motion as the  result of an electrical excita-
tion.  The  bilateral electromechanical pickup is  re-

ciprocal i f  the  ratio  of the  applied current to  produced 
force (when the pickup is restrained so the  velocity 
is zero) equals  the  ratio  of the  applied velocity to  the  
produced voltage (when the  pickup is open-circuited 
eo the current is zero).  Familiar examples  of such 
pickups  are  electrodynamic and piezoelectric pickups.  
A pickup employing s train gages  as sensing elements  
is unilateral because an excitation does not 
cause a perceptible mechanical effect i n  the pickup.  

Non:  The pickup will fre9.uently include auxiliary equip-
ment for amplifyin1 ,  indicatan1  or recording its  output.  

2.3  Input.  The input is the  quantity  to  be measured,  
e.g. ,  the  impressed acceleration for an  acceleration 

pickup.  

2.4  Output.  The output is the quantity  generated 
by  the  pickup i n  response to  a given input.  

2.5  Sensitivity,  Amplitude Sensitivity,  Phase  
Lag.  The  senmivity of a continuous-readiug linear 
pickup is the  ratio  of output to  input during sinus-
oidal excitation parallel to  a specified axis of sensi-
tivity.  In  general,  the  sensitivity includes both  am-
plitude and phase information and,  consequently,  
is a complex quantity  which varies  with frequency.  
I f  the  input motion is  a sinusoidal function of 

time,  the  output of a linear pickup is also a sinusoid 
of the  same frequency.  The  input motion (displace-
ment,  d; velocity,  u;  and acceleration,  a)  and the  out-
put,  x,  may be written in complex notation as :  

d = Del-' = DeJ< ..  ,_...,l 

= D[cos  (wt + cf>a) + j sin (wt + •a) ]  (Eq 1 )  

u  = jwW' - Uel-' - uel( ..  l #l +• l l l  

= U[cos (wt + • 1  + r/2)  + j sin (wt + . ,  + r/2) ]  
(Eq  2)  

a = jwUel'"' = A.eJw' = AeJ< . .  +-> 

= A[cos (wt + . ,  + r)  + j sin (wt + cf>a + r) ]  

(Eq 3 )  

l'! iA ST. \1 ' \D  ...  RD METHODS.  FOR THE 

= X[ros  (wt + + j sin (wt + 1/>2)]  
The diBplactmmt sensitivity is:  

where q,1  - 1 1 >2 is the phase lag.  
The  t•tloc£ty sen8'itizrity is:  

where + r 12 - 1 1 >2 is the  phase lag;  
and the  acceleration sensitivity is:  

where + r - is the  phase lag.  

(Eq 4)  

(Eq 5)  

(Eq 6)  

(Eq 7)  

The diBplacement amplitude sensitivity is Sd = X I D,  
the  vek>city amplitude semitivity is  s..  = X I r.;, the 
acceleration amplitude sensitivity is S,.  = X lA.  Usu-
ally,  the  displacement sensitivity is determined for a 

displacement pickup,  the  velocity sensitivity  for a 
velocity pickup,  and the  acceleration sensitivity  for 
an  acceleration pickup.  In  general,  the  amplitude 
sensitivities  and the  phase angles are functions  of 

frequency,  f = w/2r.  
A displacement,  velocity,  or  acceleration pickup in 

which the  corresponding sensitivity  does not vanish 
as  the  frequency approaches  zero is said to  have a 
zero-frequency respome (direct-current response).  

Examples  of pickups  with zero-frequency response 
are acceleration pickups  employing wire-resistance 
strain gages,  potentiometers,  differential transform-
ers,  or  variable reluctance circuits  as  sensing ele-
ments.  Seismic self-generating pickups,  such as  

piezoelectric and electrodynamic pickups,  are exam-
ples of pickups  without zero-frequency response.  
Sensitivity under constant acceleration corre-

sponds  to  w = 0 and the  phase lag is  zero.  Accelera-
tion sensitivity is frequently expressed i n  units  of 
output per g; this  is obtained by  multiplying S,  by 
the  acceleration of gravity,  g. 

2.6  Amplitude Distortion,  Frequency  Distor•  

l ion,  Proportional  Phase  Lag,  Phase  Distortion.  
A pickup is said to  have amplitude distortion i f  the  
ratio  of the  output to  the  input at a given frequency 
varies  with the  input amplitude.  Although a linear 

pickup is  always  free of amplitude distortion,  it  

usually has  other types  of distortion.  A linear (dis-
placement,  velocity,  or  acceleration)  pickup which 
possesses a constant (displacement,  velocity,  or accel-
eration,  respectively)  amplitude sensitivity  over a 
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CALIBRATION OF SHOCK A.SD VIBRATION PICKUPS  

specified range of frequency is said to  be free from 

frequency dutortion within that range;  conversely,  a 

variation of amplitude sensitivity  with frequency is  
said to  indicate frequency distortion within that 

range of frequencies  (see Note  below).  

I f  over a specified range of frequencies,  the  ratio  of 
the  phase lag of a linear (displacement,  velocity,  or 

acceleration)  pickup to  the  exciting frequency is sub-

stantially  a constant,  independent of frequency,  the  

pickup is said to  possess proportional phase lag (or 

phtue shift)  over that range of frequencies.  A pickup 
which possesses proportional phase lag over a speci-

fied range of frequencies is free from phase dutortion 
within that range.  The  output,  as  a whole,  is delayed 

a constant time relative to  the  input.  Conversely,  a 
nonproportional  phase shift will result in phase dis-
tortion within that range (see Note below).  

I f  a linear pickup  is distortionless  over a specified 
frequency range,  it  is free of frequency and phase 

distortion over that frequency range.  

NOTt::  The foregoing definitions  allow the  presence or 
abaence of frequency dis tortion  within a given linear pickup 
to  be specified irrespective of the  presence or absence of 
phase dis tortion  within the  same pickup,  and vice versa.  
However,  it  should not be inferred that the  amplitude sensi-
tivity  and phase lag  of a linear pickup are  independently  
assignable functions  of frequency.  In  fact,  these character-
istics  cannot be designed independently,  as is i llustrated by  
generally  applicable theorems  which give relations  between 
these characteristics .  [4) 

2.7  Calibration Factor.  I f  the  amplitude sensi-
tivity  of a linear pickup is  substantially  independent 
of frequency over a specified range of frequencies,  
the  amplitude sensitivity is called the  calibration 

factor for that range.  

2. 8  Transverse  Sensitivity  Ratio.  The transverse 
sensitivity ratio is the  ratio  of the  output of a pickup 
when oriented with its  axis  of sensitivity transverse 

to  the  direction of the  input to  the  output when the 
axis  of sensitivity  is aligned in the  direction of the  
same input.  In  certain pickups,  particularly those in-
volving piezoelectric crystals,  the  output due to  a 
given transverse excitation will vary  considerably as  

the  pickup  is rotated about its  axis  of sensitivity.  

2. 9  Exciter.  An exciter is  any  device for applying a 
controlled motion to  the  mounting  surface of a 

pickup.  A sinusoidal exciter is one which applies  a 
sinusoidal motion of controllable frequency and 
amplitude to  the  mounting surface of the  pickup.  

2.1 0 Damping  ratio.  The d4mping ratio,  cjc.  ,  of a 

linear,  viscously damped mass-spring system is the  

ratio  of the  damping  constant,  c,  of the  system to  
the  damping  constant,  c.  ,  for which the  system 

would be  critically damped (see 3.4).  

su 
9 

2. ll  Undamped Natural  Frequency.  Regardless  

of the  damping  present,  the  undamped natural fre-

quency of a linear pickup having a single degree of 
freedom is  the  frequency of sinusoidal excitation at 

which the  motion of the  mass  element lags behind 
the  motion of the  housing of the  pickup by  a phase 

angle of 90 degrees.  In  the  case of a more compli-

cated pickup having several degrees of freedom,  there 

may  be as  many  frequencies at which the  motion of 

the  mass and the  motion of the  housing differ by  a 

phase angle of 90 degrees as  there are  degrees of 

freedom.  The lowest of these frequencies  is taken as  
the  undamped natural  frequency.  

2a2  Damped Natural  Frequency.  The  d4mped 

natural frequency of a linear pickup is the  frequency 

of its  damped free vibration when the  pickup hous-
ing is  held fixed.  In  pickups  having  several degrees of 

freedom, there may  be as  many  damped natural  

frequencies as  there  are degrees of freedom.  

2.1 3  Resonant Frequency.  The  ruonant frequency 

is defined only for linear pickups  with  a damping 

ratio  less than 1 / v'2. The resonant frequency is the  
frequency at which the  of the  pickup is a 
maximum.  Additional resonances corresponding to  
modes in 4\·hich the  principal displacements  occur 

locally in the  spring,  housing,  or  attachment fittings 

are sometimes excited,  particularly  by  shock motions.  

3.  Characteristics  to  be Measured 

3.1  General.  The  primary  obj ect of the  calibration 

of a pickup is to  determine its calibration factor over 
the  amplitude and frequency range for the  degree of 
freedom for which the  pickup is to  be  used.  In  addi-
tion,  it  is frequently  important to  know its  response 

to  motions  in the  other five degrees of freedom,  e.g. ,  

for a rectilinear acceleration pickup,  its  response 
should be known to  motions  at right angles  to  the  
sensitive direction and to  rotations.  Other impor-
tant factors  include damping,  phase shift,  nonlin-
earity  or variation of response with amplitude of 
motion,  effect of temperature and pressure changes,  

and other extraneous  conditions  such as  motion of 
the  connecting cable.  

Methods  for specifying the  characteristics  of pick-

ups  for shock and vibration measurement are  out-
lined in American S tandard t Method for Specifying 

the  Characteristics  of Pickups  for Shock and Vibra-
tion Measurement,  Z24.21 -1957.  

3 .2  Direct Response.  The  calibration factor of a 
pickup may  be obtained by  placing the  pickup with 

its  sensitive nxis parallel to  the  direction of the  

tAll  American StancWds  are now clesianaled USA StancWds.  
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motion of the exciter,  measuring the  motion or input 

applied by  the  exciter,  and measuring the  output of 
the  pickup.  Both continuous-reading and peak-read-
ing pickups  can be calibrated with a controlled 
transient excitation whose amplitude and frequency 

components  are within the  working range of the  
pickup.  I f  the  input and output of a continuous-
reading pickup are very similar,  the  calibration factor 
may  be taken as an average value of the  ratio  of 
corresponding pronounced features  of the  output and 
input.  In  the  most common type  of calibration,  the  
pickup is mounted on a sinusoidal exciter,  is  
at  a measured frequency and amplitude,  and the  
output signal is measured.  The  measurement is re-

peated over a sufficient range of frequencies to  cover 
the  operating range of the  pickup.  To  detect any  
resonances,  the  output of the  pickup should be ob-
served while varying the  exciter frequency slowly and 
continuously over the  frequency range.  In  addition 
to  the  amp1itude sensitivity,  it  is necessary to  know 
the  phase response for a complete specification of a 
linear pickup.  This  can be determined by  measuring 
t.he phase dift'erence between the  output signal and 

the  mechanical excitation over the  frequency range of 
interest.  

3 . 3  Response to  Motion in  Other Directions  and 
About Other Axes.  The  transverse response of a 
pickup is determined by  mounting it  with its_ axis of 
sensitivity normal to  the  motion of an  exciter nnd 
measuring the  output. .  It is important that the  motion 
of the exciter be rectilinear.  The  transverse response 
may vary  with the  direction of the  excitation in the 
plane trnnsYerse to  the  nominal axis  of sensitivity [5]. 
It  is ad\; sable,  therefore,  to  repeat the  determina-
tion of tranl'lverse response \vith the  pickup rotated 
about its  axis of sensitivity to  several positions within 
an  arc of 180 degrees.  

3 . 4  Damping  Ratio  and Undamped Natural  
Frequency.  The  damping ratio  and undamped 
natural  frequency of a continuous-reading linear 
pickup can be determined by  severnl methods  if the 
pickup can be regarded as  a single-degree-of-freedom 
system (sec Fig.  1 ),  consisting of a massless spring of 
spring constant k and a massless dashpot of damping 
constant c attached to  a rigid mass element,  m,  which 
is  restricted to movemE-nt in a fixed direction relative 
to  a rigid support simulating the  housing of the  
pickup.  

The following equations  (6]  apply if such an ideal-
ized pickup is supported 011  a vibrating body execut-
ing a. sinusoidal motion,  

d,  = D,  sin wt .  

Vl'A STANDARD  METHODS FOR THE  

d2 =D2 sin (wt-B l  

FREQUENCY RATIO, .! :£. 
Wn  

Fig.  1  

Response  of 

3  

Idealized Linear Acceleration Pickup  

The motion d2 of the mass,  m,  will be sinusoidal of 
the  same frequency,  but generally displaced in 
phase relative to  the  ex<·iting motion:  

d2 = D: sin (wl - 8)  .  

The amplitude of motion of the pickup mass  element 
relative to its  housing,  D3 ,  whiC'h is equal to the  
amplitude of (d2 - dd,  is given by  [6]  

D3 = ,  (Eq  8)  

V(1  - + 4(c/c. ) 2(w/w,.)2 
where w,.  = v'k/m is the  undamped natural  circular 
frequen<'y of the  pickup,  and c.  = 2Vmk is  the  
<'riti<'al damping constant for the  pickup,  marking 
the  boundary between oscillatory and nonoscillatory 
response after a sudden displD.<'ement of the  mass  
element,  m.  The phase lag,  8, of the  motion of the 
rna."'> of the pickup relative to  its  housing is (6]  

8 
= t - I  2(c/c, ) (wlw, . )  

an 1  - (w/w, .)2 • 
(Eq  9 )  

The idealized pi<'kup may he regarded as  measur-
ing a<'<.'eleration at frequen<'ies below its  natural  
frequency,  w,., provided its  instantaneous  output is 
proportional to  Da.  The <'onstunt of proportionality 
will depend upon the constru<'tion of the  piC"kup. 
The a! '<·eleration amplitude sensitivity of the  pickup 
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Fig.  2 

Response  of Idealized Linear Displacement or 

Velocity  Pickup  

is proportional to  ratio,  

= 
(Eq 10)  

Figure 1  is a plot of the response as  given by  this  

quantity  for various  damping ratios,  c/c • .  When the 

damping ratio  is  less than 1/ v2. the  maximum 
value of the  response cun•e is 

(Eq  1 1 )  

This  occurs at  the  <'ircular frequenry,  w,,  

(Eq 12)  

At frequencies above w,.  ,  the idealized pickup 
may  be regarded as  measuring displacement i f  its  
output is  proportional to  Ds ,  or velocity if its  output 
is proportional to  the  velocity between the  pickup 
mass  element and its  housing,  wDa • The displace-
ment or velocity amplitude sensitivity of the  pickup 
is proportional to  the  ratio,  

D.,  (w/w,. )
2 

,  (Eq 13 ) 

D1 = V(1  - + 4(c/c. ) 2(w/w.) 2 

and is plotted in Fig.  2. The  maximum value of the 
eorresponding response curve is identical to  the  right 

52•  

11  

sidt> of Equation 11. Howe,·er,  for a dh:plarem<'ut or 
velority pickup the resonant frequent·y,  w,,  i:-

w,  = •  I · - .  

v 1 -2  
( Eq 1 -t)  

Equation 9 gives the displarement,  velocity,  or ac-
celeration phase lag for the corresponding type of 
pirkup.  Fig.  3  shows the  \"ariation ofphase  lag with 
frequency.  

The  damping ratio  and natural  frequency of a 
pickup can be measured by  subj ecting the  pickup to 
sinusoidal motion or to  a sudden impulse .  

In  the  first method,  the  pickup is  mounted on a 
sinusoidal vibration exciter and its  sensitivity is 
determined at several frequencies.  The  results  are 
compared with theoretical response curves [7, 8]  
like Fig.  1  or 2 .  to  obtain the  damping ratio.  I f  

phase measurements  are  included,  it  is best to  use 
the 90-degree phase lag,  Fig.  J,  to  establish the un-
damped natural  frequency.  The  determination of the 
damping ratio  can then be checked from Equations  

11 ,  12, or 14 if the  maximum sensitivity or resonant 
frequency of the  pickup is  measured.  
In  the  second method,  the response of the  pickup 

to a sudden impulse is  measured.  The  impulse may 
be applied in several ways,  e.g.,  by  tapping  with a 
light hammer,  by  a drop  tester,  or,  for pickups  with 
a low natural  frequency,  by holding the  pickup by a 

c 
Cc 
0 

2 3  

FREQUENCY RATIO, 

Fig.  3  

4 

Phase  Lag  of Idealized Linear Pickup  

· 5  
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string  and then quirkly  cutting  the  string  [9), or by  

suddenly  releasing the  mass  element,  m,  from a de-
flected position.  I f  the mass  element of thC' pi1 ·kup 
has  a weight that is appreriable  compared to  the  

pirkup,  the  pickup  should be  mounted on a small 

rigid metal  block that is  heavy  in  comparison to  the  

mass  element.  If the  damping  ratio  is  less than 

unity,  the  resulting  instantaneous  output is  a damped 

osciJiation which may be  described by  

x = Xoe- · · - sin (wttl - t/1) ,  (Eq 1 5)  

where Xo and f/1 depend upon the  iutema1  <·oustrue-

tion  of the  pickup  nnd upon the manner in  whi<·h 

the  impulse i:- applied,  and where 

(Eq 16) 

is  railed the  damped natural  1 ·in·ular frequenry  even 

though the  motion is  not exn<·tly periodi1 ·.  The 

damped natural  frequem·y,  h = wd/?.r,  <'an he  de-

termined from a rec:·ord of the  type  shown in Fig.  4 

as  the  re<·ipf()(•al of the  period.  For the  idealized 

pi1 ·kup considered here,  the  ratio  of surt•es. ,.iw nul.xi-

mum upward ( nr  downward)  deflc<"t ions  of ma."'"• m,  

of the  pi<·kup will be constant.  A good Yalue of this  
ratio  <'an be obtained from a re: ord of the damped 

vibration,  provided that c(c.  is  enough.  pref-

erably  less  than 0.3 .  The natural  logarithm of that 

ratio,  called the  lognrithmil'  dec:·remE'nt, &, is 

(Eq 1 7)  

Thus  the  damping  ratio  c·an be computed from 

Equation 17 and then the  undamped natural  cir('U-

lar frequen<'y,  w.  ,  can be computed from Equation 

16. 

It must be  kept in  mind that most pickups  behave 

like the system of Fig.  1  over a l imited range of fre-

quencies  only.  I f  the damping  is  by  liquid,  the  liquid 

will  add mass  and elasticity  to  the  vibrating  system 

of the pickup.[lO]  The system of Fig.  1  remains  a 

good approximation as  long as  the  effect of the dis-

tributed mass,  elasticity,  and damping  residing  in 

the  liquid are  small  enough.  In  such a case,  a useful 

equivalent damping  constant can  sometimes  be ob-

tained from the  preceding  equations  by  treating  the  

pickup  as  an idealized linear pickup  with  lumped 

mass  and spring.  I f  Coulomb  damping  is  present,  

the  response of the  pickup  will be nonlinear and may  

differ appreciably  [11]  from that shown in Fig.  1  or 2.  

t·s"  ST. \:SDARD  METHODS FOR THE  

Fig. , ,  

Response  of 

Idealized Linear Pickup  to  a Sudden Impulse  

3 . 5  Nonlinearity.  Deviations  of the  output of n 
pickup  from linearity  (amplitude distortions)  are  

determined by  measuring  its  response as  the  ampli-

tude of the  input is increased from a sm: lll value  to  

the largest value for which t.he pickup  is  designed.  

When a s inusoidal  exciter is  used,  the  measuremcut 

should be rcpt' .ated for several  frequencies.  

The nonlinearity  may  take  sevt'ru.l forms.  The 

sensitivity  of the  pickup  may change progressively  

with increasing amplitude,  tht' re  may be  pt' rmanent 

set leading  to  a zero shift aftersubj ectingthe  pickup  

to  vibration or impact,  or there  may  be stops  that 
limit the  rnnge of motion suddenly.  

The type  and magnitude of the  nonlinearity  of a 

pickup  may be indicated by  its  amplitude distortion  

and by  comparing  its  resonance curve,  its  phase  lag,  

and its  decrement with the corresponding  character-

istics  for the  idealized linear pickup  given in  Equa-

tions  9,  10, 13 and 17 above and in  Figs.  1 ,  2,  3 ,  and 4.  

The permissible deviations  from linearity  will de-
pend on the measurements  to  be  made with the  

pickup.  

4.  S tandard Calibration Methods  

In  order to  perform a direct calibration of a pickup,  

it  is  necessary  to  use an exciter which applies  a con-

trollable  and measurable  input to  the  pickup  and to  

provide  a means  for recording  or measuring  the  

output of the  pickup.  The pickup  is attached to  the  
exciter (or is  placed near it  in  the  case  of pickups  

whose output depends  on  the  relative  motion between 

the  pickup  and the  vibrating  obj ect) .  I f  a fixture is  
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