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The dynamic loads delivered by random vibration exciters 
to test items are commonly described by a power spectrum of 
the shaker table acceleration. For test items with resonances, 
the potential damage to a test item delivered by two vibration 
tests with different power spectra is difficult to predict. T h i s 
article proposes a new method for describing the shaker table 
motion that relates directly to the possible damage experi
enced by a resonant test item, independent of its natural fre
quency. The new descriptor, called the damage potential spec
t r u m , i s e a s i l y c o m p u t e d from an a c c e l e r a t i o n p o w e r 
spectrum. It is applicable to al l random signal driven electro-
dynamic and electrohydraulic shakers , but is not rigorously 
applicable to pneumatic hammer-driven (repetitive shock) 
shakers that are commonly used for environmental stress 
screening vibration tests, except at frequencies above about 
four times the repetition rate of the hammer impacts. 

The d y n a m i c loads d e l i v e r e d by r a n d o m v i b r a t i o n test ing 
machines (shakers) to test i tems are c o m m o n l y speci f ied and 
measured i n terms of a p o w e r spectral dens i ty (PSD) f u n c t i o n 
(also ca l led an autospectrum) for the shaker table m o t i o n . To 
assure that t w o d i f fe rent tests w i l l p roduce the same p o t e n t i a l 
damage to a test i t e m , it is necessary to make b o t h the p o w e r 
spec t rum and d u r a t i o n of the t w o tests s imi lar . T h i s is easy to 
a c c o m p l i s h w h e n the v i b r a t i o n tests are p e r f o r m e d us ing ran
d o m s igna l -dr iven e lec trodynamic or e lec t rohydraul i c shakers, 
because the p o w e r s p e c t r u m for the table m o t i o n of such shak
ers is easy to c o n t r o l . However , i f tests have already been per
f o r m e d w i t h t w o d i f fe rent p o w e r spectra, the re la t ive damage 
p o t e n t i a l to a test i tem caused by the t w o tests is d i f f i c u l t to 
assess. F u r t h e r m o r e , there is a g r o w i n g interest i n the use of 
pneumat ic h a m m e r - d r i v e n shakers, also called repet i t ive shock 
(RS) shakers or m u l t i p l e degree-of - f ieedom shakers, for so-
ca l led e n v i r o n m e n t a l stress screening (ESS) tests.^ The v i b r a 
t i o n generated by RS shaker tables is t e c h n i c a l l y a repe t i t ive 
t ransient , b u t because of its c o m p l e x i t y , i t appears to the test 
i t e m m u c h l i k e a q u a s i - r a n d o m v i b r a t i o n w i t h a non-Gaussian 
p r o b a b i l i t } ' d e n s i t y f u n c t i o n . H o w e v e r , a l t h o u g h the overa l l 
v i b r a t i o n de l ivered to a test i t e m by RS shakers can be al tered 
by changing the p n e u m a t i c power to the actuators, i t is d i f f i 
c u l t to ta i lor the spec t rum of the table v i b r a t i o n , w h i c h may 
vary substantial ly f r o m one type of RS shaker to another. Hence, 
there is a p r o b l e m i n r e l a t i n g the severity of the v i b r a t i o n pro
v i d e d by t w o d i f f e r e n t RS shakers, as w e l l as between an RS 
shaker and a r a n d o m s i g n a l - d r i v e n e lec t rodynamic or electro
h y d r a u l i c shaker that de l ivers near-Gaussian v i b r a t i o n w i t h a 
c a r e f u l l y c o n t r o l l e d spec t rum. 

One m e t h o d for descr ib ing the severity of the v i b r a t i o n p r o 
d u c e d by tests w i t h t w o d i f f e r e n t p o w e r spectra and/or t w o 
d i f f e r e n t types of shakers is to assess the table m o t i o n i n terms 
re lated to the p o t e n t i a l damage that w i l l be exper ienced by a 
test i t e m subjected to that m o t i o n . A n u m b e r of damage poten
t ia l descr iptors of r a n d o m v i b r a t i o n e n v i r o n m e n t s have been 
proposed,^ b u t they t y p i c a l l y relate the p o t e n t i a l damage f r o m 
one e n v i r o n m e n t to another at a specif ic f requency and do not 
relate the p o t e n t i a l damage f r o m one frequency to another. A 
p o t e n t i a l damage descr iptor that appl ies to b o t h d i f f e rent en
v i r o n m e n t s a n d d i f f e r e n t frequencies is des i red . 
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Figure 1. Idealized S-N curve for typical aluminum alloy. 

Simplified Fatigue Damage Model for Test Items 
The damage exper ienced by a test i t e m d u r i n g a v i b r a t i o n 

exposure can i n v o l v e m a n y d i f fe rent m e c h a n i s m s , b u t clas
sical fatigue damage is general ly the most c o m m o n . S t r u c t u r a l 
fatigue is a very c o m p l i c a t e d subject i n v o l v i n g the p r i n c i p l e s 
of f racture mechanics . " However , i n h i g h l y s i m p l i f i e d terms, 
i f a s tructure is subjected to repeated appl icat ions of a load p r o 
d u c i n g an adequate stress leve l , c u m u l a t i v e damage occurs that 
u l t i m a t e l y causes a crack to i n i t i a t e and propagate u n t i l the 
s t ructure fa i ls . The adequate stress level r e q u i r e d to a l l o w the 
a c c u m u l a t i o n of damage is referred to as the fatigue l i m i t or 
endurance l i m i t of the mater ia l . Fatigue data for var ious ma
terials are c o m m o n l y presented as peak stress versus the to ta l 
n u m b e r of l o a d i n g cycles to f a i l u r e (the n u m b e r of cycles 
needed to cause b o t h the i n i t i a t i o n of a crack and its p r o p 
agation to a c r i t i c a l l e n g t h ] . Such data plots are referred to as 
S-N curves, and are w i d e l y p u b l i s h e d for many d i f fe rent ma
terials , e.g., References 5-8. Various f u n c t i o n a l forms have been 
proposed for the S - N curves of metals,^ b u t as a first order of 
a p p r o x i m a t i o n , an i d e a l i z e d S-JV curve i n v o l v i n g t w o straight 
l ines on a p l o t of log S versus log A' is c o m m o n l y assumed for 
steel and a l u m i n u m a l loys , as i l l u s t r a t e d i n Figure 1 . A fur ther 
s i m p l i f i c a t i o n is achieved i f the fatigue l i m i t of the m a t e r i a l is 
i g n o r e d . For this case, the ideal ized S- iVcurve i n Figure 1 can 
be def ined by a single straight l i n e on a p l o t of log S versus log 
A ' , ' " l eading to the equat ion 

A' = cS" (1) 

w h e r e : 
S = peak value of c y c l i c a l stress (Pa) 

A' = n u m b e r of stress cycles to f a i l u r e 
h = fat igue parameter 
c = constant of p r o p o r t i o n a l i t y . 

Of course, i g n o r i n g the fatigue l i m i t i n Equat ion (1) leads to 
an overestimate of the damage caused by l o w leve l v i b r a t i o n 
i n p u t s to a test i t e m , b u t this w i l l have l i t t l e i m p a c t on the pre
d i c t e d damage p r o d u c e d by the h i g h level v i b r a t i o n tests most 
l i k e l y to cause a test i t e m fa i lure . 

To determine the fatigue damage caused by repeated loads 
p r o d u c i n g dif ferent peak stress levels, Miner^^ suggests that the 
damage at each peak stress l e v e l can be s u m m e d i n a l inear 
manner , as f o l l o w s : 
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iV,-
(2) 

w h e r e : 
i i ; = n u m b e r of cycles a p p l i e d w i t h peak stress S, 
AT; = n u m b e r of cycles w i t h peak stress S- needed to cause 

fa i lure 
D = total damage ( fa i lure occurs w h e n D = 1). 

S u b s t i t u t i n g f r o m Equat ion (1), the to ta l damage can then be 
a p p r o x i m a t e d by 

'cs: 
(3) 

For r a n d o m v i b r a t i o n environments w i t h a cont inuous stress 
t ime his tory , Equat ion (3) can bo w r i t t e n as'^ 

D = v%TJ^lp[S] I [cS-'']]dS ^ vjjj^p{S]S''dS (4) 

w h e r e : 
v;̂ , = n u m b e r of pos i t ive m a x i m a per u n i t t ime i n the stress 

t i m e h i s tory 
T = to ta l t i m e of exposure to the stress e n v i r o n m e n t 

p[S] = p r o b a b i l i t y densi ty f u n c t i o n of the stress m a x i m a . 
The value of b i n Equat ions (3) and (4) can vary f r o m 4 to 25 

de p e nding on the specif ic mater ia l and its geometry, i .e. , no tch 
factor. A value of b = 8 ( M = h/2 = 4] is r e c o m m e n d e d i n M I L -

for the s t ruc tura l materials c o m m o n l y used i n trans
p o r t a t i o n vehicles w h e n subjected to c o m p l e x or r a n d o m load
i n g . T h i s value of b p rov ides a reasonable a p p r o x i m a t i o n for 
the fatigue characterist ics of a n u m b e r of c o m m o n construc
t i o n metals , i n c l u d i n g u n n o t c h e d specimens of A 3 6 steel, and 
2024 and 6061 a l u m i n u m al loys . However , a value of 6 = 4 is 
also recommended i n Reference 13 and elsewhere i n Reference 
14 for the accelerated test ing of c o m p l e x s t r u c t u r a l assemblies 
and e q u i p m e n t i tems. 

Estimates of Stress in Test Items 
Shaker v i b r a t i o n i n p u t s to test i tems are n o r m a l l y measured 

us ing accelerometers, where the table m o t i o n is descr ibed i n 
terms of a p o w e r spectral densi ty (PSD) f u n c t i o n (also cal led 
an autospectrum) w i t h the uni t s of g'/Hz or (m/s^)^/Hz. H o w 
ever, i t is v e l o c i t y rather t h a n accelerat ion that has a d i rec t 
r e l a t i o n s h i p to stress.̂ ^• '̂̂  Veloc i ty is rarely measured di rec t ly , 
b u t g ive n an accelerat ion PSD denoted by G^^if), a v e l o c i t y 
PSD, denoted b y G^^Jif], is easily c o m p u t e d b y ' ' 

G„,(/) = - i ^ G , „ ( / ) (5) 
[2K f] 

where G^^J,f] mus t have the u n i t s (m/s-)-/Hz to obta in G^^^f] 
w i t h the u n i t s (m/s)-/Hz. 

E q u a t i o n (5) defines o n l y the ve loc i ty i n p u t to the test i t e m 
f r o m the shaker table. To estimate the stress related response 
of a test i t e m to the i n p u t v i b r a t i o n , let the f o l l o w i n g assump
t ions a p p l y : 
1 . The shaker table m o t i o n represents a p h y s i c a l rea l iza t ion of 

a " s t r o n g l y m i x e d " r a n d o m process. T h i s assumpt ion is rea
sonable for r a n d o m s i g n a l - d r i v e n e lec t rodynamic and elec-
t r o h y d r a u l i c shakers, b u t is not r i g o r o u s l y correct for p n e u 
mat ic h a m m e r - d r i v e n RS shakers since the table m o t i o n for 
such shakers is produced by repet i t ive hammer impacts w i t h 
a f i x e d r e p e t i t i o n rate. The v a l i d i t y of this assumpt ion for 
RS shakers is evaluated later. 

2. The dy namic response of the test i t e m subjected to the shaker 
table m o t i o n is l inear and d o m i n a t e d by a single resonant 
mode (natural frequency) ; i .e. , the test i t e m behaves as a base 
exc i ted l inear osc i l la tor (single degree-of-freedom system). 
Th is a s s u m p t i o n may or may not be reasonable, d e p e n d i n g 
on the c o m p l e x i t y of the test i t e m . 

3. The d y n a m i c responses of the test i t e m along the three or
thogonal axes, as w e l l as the three ro ta t iona l axes, are not 
c o u p l e d ; i .e. , the response along any one axis is d e t e r m i n e d 
solely by the e x c i t a t i o n along that same axis. Th is assump
t i o n may or may not be reasonable, d e p e n d i n g on the com
p l e x i t y and n o n l i n e a r behavior of the test i t e m . 

4. The ve loc i ty PSD of the shaker table m o t i o n is approx i mate l y 
u n i f o r m over the ha l f -power p o i n t b a n d w i d t h of the test i t e m 
resonance, w h i c h can be a p p r o x i m a t e d b y ' ^ 

(6) 

T h i s a s s u m p t i o n is reasonable for t y p i c a l test i tems w i t h 
l i g h t l y d a m p e d resonances [t s, 0.1). 

W i t h the above assumptions , the stress response of the test 
i t e m to the shaker v i b r a t i o n along each axis w i l l be n a r r o w b a n d 
and almost Gaussian, no matter w h a t p r o b a b i l i t y densi ty func 
t i o n the shaker table v i b r a t i o n may e x h i b i t a long that axis . '^ 
Hence, the p r o b a b i l i t y dens i ty f u n c t i o n for the peaks i n the 
stress response of the test i t e m w i l l be a p p r o x i m a t e l y Rayle igh 
i n f o r m ; - " i .e. . 

p(S) = — e (7) 

where S is peak stress va lue and Og is the standard d e v i a t i o n 
of the stress t i m e his tory. I t f o l l o w s that the fat igue damage i n 
the test i t e m can be est imated by s o l v i n g E q u a t i o n (4) w i t h the 
peak p r o b a b i l i t y densi ty f u n c t i o n g iven i n Equat ion (7). The 
s o l u t i o n is der ived to be^' 

D = l ^ [ V ^ a s f r [ l - F f e / 2 ] 
c 

(8) 

vhere: 

T = 

number of u p w a r d zero crossings per second (av
erage frequency) of the stress t ime h i s t o r y 
to ta l d u r a t i o n of exposure to the d y n a m i c e n v i 
r o n m e n t 
s tandard d e v i a t i o n of the stress t i m e h i s t o r y 
Gamma f u n c t i o n of [ ] 
mater ia l constants. 

F r o m References 15 and 22, the s tandard d e v i a t i o n for the 
stress i n the test i t e m can be a p p r o x i m a t e d by: 

r [ l + bl2] : 
b,C: 

nf„G,„{f„]ll + 4C-] (9) 

where : 
s tandard d e v i a t i o n of stress t ime h i s t o r y 
s tandard deviationi4f ve lo c i ty t i m e h i s tory 
n a t u r a l f requency of test i t e m 
PSD of i n p u t v e l o c i t y at the test i t e m resonance fre
quency 
d a m p i n g ra t io of test i t e m resonance 
constant of p r o p o r t i o n a l i t y . 

Subs t i tu t ing Equat ion (5) in to Equat ion (9) and assuming the 
d a m p i n g ra t io is r e l a t i v e l y s m a l l , say C < 0 .1 , 

k = 

(10) 

w h e r e G^^^^ifJ = PSD of i n p u t accelerat ion at the test i t e m reso
nance frequency i n (m/s-)-/Hz, and a l l other terms are as de
f i n e d i n Equat ion (9). F i n a l l y , s u b s t i t u t i n g Equat ion (10) i n t o 
Equat ion (8) and n o t i n g thatUg -/^^ for the response of a l i g h t l y 
damped osci l lator , i t f o l l o w s that : 

lb/2 
/,7 r [ i + b/2 ]oc/„T GcJfn) 

h/2 

(11) 

The last expression i n Equat ion (11) is def ined as the " d a m 
age p o t e n t i a l s p e c t r u m " g iven by: 

(12) 

w h e r e DP[fJ is p r o p o r t i o n a l to the fatigue damage i n a test i t e m 
w i t h any n a t u r a l f r e q u e n c y w h e n the i n p u t v i b r a t i o n is 
measured i n terms of an accelerat ion PSD. Specif ic values for 
the m a t e r i a l constant b and the d a m p i n g rat io £ must be as
s u m e d to establ ish a p o t e n t i a l damage s p e c t r u m for a g i ven 
i t e m of hardware . For example , w i t h the c o m m o n l y assumed 
values of b = 4 and t = 0.05, 
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Jn 
(13) 

The f o l l o w i n g characterist ics of the DP(fJ f u n c t i o n de f ined 
i n E q u a t i o n (12) s h o u l d be n o t e d : 
1 . Since theDPlf^] evolves f r o m a p r o p o r t i o n a l re la t ionsh ip , the 

accelerat ion PSD can n o w be measured i n the more c o m m o n 
u n i t s of g^/Hz. 

2. The DP[f^) is not b o u n d e d by u n i t y , as is the actual damage 
D est imated i n the f i rs t h a l f of Equat ion (11). 

3. The DP(/„) defines the damage to the test i t e m as a f u n c t i o n 
of the n a t u r a l f requency of the test i t e m , w h i c h may or may 
n o t be k n o w n . For those cases where the n a t u r a l f requency 
of the test i t e m is u n k n o w n , the n r a x i m u m value of the DP(f^ 
can be i n t e r p r e t e d as the w o r s t possible damage that can be 
caused by that test. 

Applications to Repetitive Shocit Machines 
The damage p o t e n t i a l spec t rum, DP(/,,), d e f i n e d i n Equat ion 

(12) provides a s i m p l e w a y to assess the potent ia l fatigue dam
age to test i tems p r o d u c e d by a r a i r d o m v i b r a t i o n test, assum
ing the four c r i t i c a l assumptions deta i led i n the preceding sec
t i o n are c o m p l i e d w i t h . The f irst and most fundamenta l of these 
assumptions concerns the randomness of the shaker table i n 
p u t v i b r a t i o n to the test i t e m . Spec i f i ca l ly , i f the i n p u t v i b r a 
t i o n represents a " s t r o n g l y - m i x e d " r a n d o m process, the instan
taneous p r o b a b i l i t y dens i ty f u n c t i o n (PDF) for the test i t e m 
response w i l l be Gaussian a n d , hence, the PDF of peaks for the 
test i tem response w i l l c losely a p p r o x i m a t e the Rayle igh dis
t r i b u t i o n given by Equat ion (7), as long as the test i tem response 
is l inear and n a r r o w b a n d ; i .e. , the test i t e m represents a s imple 
osci l lator . Th is w i l l be true even w h e n the instantaneous PDF 
for the i n p u t v i b r a t i o n is n o t Gaussian, since the n a r r o w b a n d 
character of the test i t e m response w i l l suppress d e v i a t i o n s 
f r o m the Gaussian form,^*^ as l o n g as the i n p u t v i b r a t i o n is ran
d o m . However , a l t h o u g h the v i b r a t i o n p r o d u c e d by pneumal^ic 
hammer-dr iven RS shakers is very complex i n character, i t does 
not const i tute a " s t r o n g l y - m i x e d " r a n d o m process i n the s t r i c t 
sense. I n th is case, the instantaneous PDF for the response of 
the test i t e m may n o t be Gaussian. 

To check the v a l i d i t y of the r a n d o m assumption for RS shak
ers, t w o s m a l l beams w e r e m o u n t e d o n the table of an RS 
shaker, one w i t h a resonance f requency oif^ = 270 H z , and the 
other w i t h a resonance frequency o f = 1308 Hz. V ibra t ion was 
a p p l i e d to the beams, and the response at the end of each beam 
was measured w i t h a s m a l l accelerometer. The test setup is 
s h o w n i n Figure 2. The n o r m a l i z e d , instantaneous p r o b a b i l i t y 
densi ty funct ions (PDFs) for the RS shaker table exc i ta t ion and 
the response of the t w o beams are s h o w n i n compar ison to the 
N o r m a l (Gaussian) d i s t r i b u t i o n i n F igure 3. Note i n Figure 3 
that the table e x c i t a t i o n is very nonGaussian, d i s p l a y i n g the 
classical characterist ics of w h a t stat ist ic ians ca l l " large k u r t o -
sls ," i .e . , an u n u s u a l l y large f o u r t h m o m e n t . H o w e v e r , th i s 
d e v i a t i o n f r o m n o r m a l i t y d i m i n i s h e s i n the PDFs for the beam 
responses as the n a t u r a l f requency of the beam increases, i .e . , 
the PDF for the response of the = 1308 Hz beam is m u c h 
closer to n o r m a l t h a n for the response of the 270 Hz beam. 
However , even for the/^, = 1308 Hz beam, a close i n s p e c t i o n of 
the tai ls of the PDF reveals h igher p r o b a b i l i t y densit ies than 
predicted by the n o r m a l d i s t r i b u t i o n . This is i m p o r t a n t because 
i t is the extreme values of stress that cause most of the fatigue 
damage to test i tems. 

The e x p l a n a t i o n for the results i n F igure 3 is bel ieved to be 
as f o l l o w s . Pneumatic h a m m e r - d r i v e n RS shakers ac tual ly p r o 
duce a repe t i t ive transient exc i ta t ion that has d o m i n a n t spec
t ra l components at the r e p e t i t i o n rate of the hammer impacts 
and a l l harmonics thereof, e.g., the RS shaker used to generate 
the data i n Figure 3 had a r e p e t i t i o n rate of about 35 Hz. These 
exc i ta t ion h a r m o n i c s are somewhat stochastic i n m a g n i t u d e , 
but nevertheless are concentrated around discrete frequencies. 
For structures w i t h l o w natural frequej ic ies , the b a n d w i d t h of 
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Figure 2. Test setup for a repetitive sliock shaker viljration experiment. 

N o r m a l Di .str ibuEion 

T a b l e D . x c i l a t i o n , 7 g 

2 7 0 H z B e a m Respo n . se 

3 0 8 H z B e a m R e s p o n s e 

- I 0 1 

M a g n i l u d e , S t a n d a r d D e v i a t i o n 

Figure 3. Normalized prol}al}ilily density functions for a repetitive shock 
shaker vibration experiment. 

the ir resonant response, w h i c h can be a p p r o x i m a t e d by Equa
t i o n (6), is too n a r r o w to accept more than one of the excita
t i o n h a r m o n i c s . For example , at/^^ = 270 FIz and assuming 5% 
d a m p i n g , B^^ 27 H z , w h i c h means that resonant response of 
the beam is d o m i n a t e d by a single h a r m o n i c of the e x c i t a t i o n 
(this also expla ins w h y RS shakers de l iver very l i t t l e excita
t ion to test i tems at l o w frequencies) . On the other h a n d , at/^^ 
= 1308 Hz and again assuming 5% d a m p i n g , 6 ,̂=. 131 H z , w h i c h 
means that resonant response of the beam is d o m i n a t e d by at 
least three harmonics of the exc i ta t ion . As the nvunber of har
monics d r i v i n g the response increases, the e x c i t a t i o n p r o d u c 
i n g the response appears more stochastic, as r e q u i r e d i n ^ ^ for 
n a r r o w b a n d f i l t e r i n g operations to suppress devia t ions f r o m 
the Gaussian f o r m . Since a n o r m a l d i s t r i b u t i o n for the response 
of test i tems is r e q u i r e d to make Equat ion (12) v a l i d , i t f o l l o w s 
that the damage p o t e n t i a l s p e c t r u m can be a p p l i e d to p n e u 
mat ic h a m m e r - d r i v e n RS shakers o n l y at frequencies above, 
say, four t imes the r e p e t i t i o n rate of the hammer impacts . To 
be more speci f ic , l e t t i n g R be the r e p e t i t i o n rate of the h a m 
mer impacts , the lowest frequency where E q u a t i o n (12) m i g h t 
a p p l y is; 

fn^2R/^ (14) 

where t is the estinrated d a m p i n g ra t io of the test i t e m at its 
na tura l frequenc}' . 

Conclusions 
A descr iptor of the v i b r a t i o n i n p u t to a test i t e m p r o d u c e d 

by r a n d o m v i b r a t i o n testing machines has been f o r m u l a t e d that 
relates to the damage p o t e n t i a l of the v i b r a t i o n i n p u t as seen 
by the test i t e m . The descr iptor is ca l l ed the damage p o t e n t i a l 
spec t rum, and is g iven by: ,. ..: 

CM'"' DP[f„) = f„T (12) 



where: 
G^^ifJ = PSD of shaker table acceleration in g^/Hz 

= dominant natural frequency of test item in Hz 
L = damping ratio of test item at its dominant natural fre

quency 
b = fatigue curve slope parameter 
T = duration of test in sec. 

In words, the damage potential spectrum, DPlfJ, can be es
timated as follows: 

1. Compute the acceleration PSD of the shaker table motion in 
g^/Hz at the attachment point of the test item using conven
tional F F T procedures. 

2. Estimate a fatigue curve slope parameter for the test item (use 
b = 8 for load carrying structures and fa = 4 for complex equip
ment items as default values). 

2. Estimate a damping ratio for the test item (use £ = 0.05 as a 
default value). 

3. For any given test duration T a n d acceleration PSD, compute 
damage potential as a function of the natural frequency of 
the test item using Equation (12). 
The damage potential spectrum is applicable to tests per

formed using random signal-driven electrodynamic and elec-
trohydraulic shakers, but is not rigorously applicable to tests 
performed on pneumatic hammer-driven repetitive shock shak
ers, except perhaps at frequencies above about four times the 
repetition rate of the hammer impacts (commonly above 1500 
Hz). An important aspect of the damage potential spectrum is 
that it allows a comparison of the severity of a vibration envi
ronment from one frequency to another, as wel l as from one 
environment to another. 
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