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THE MEASUREMENT OF IMPACT NOISE 

_ 'Iany of the everyday noi e that we 

hear ar impact noise . They range in 
intensity from the "tick-tock" of a 

"·ateh to the tremendous crash of a huge 

dr p hammer. In the industrial plant 

i mpaf't noi es are produced by ham­

mer', ri eter , chipper , and punch 

pre se:::;; and in the office, by type­
writers and bu ine machine of vari­
ous sort . A relat d class of noise i 

explosive noise as in gun fire or even the 
r peatei explo ion of ga oline engine 

in au to and trucks. To indu tr , ome 
of the noi e can be a serious problem, 

particularly tho e produced by large 

drop hammer , b cau e of the pos ible 

h a.ring 1 ss that can re ult from con-

tinued expo 'ure to the noi e.1 Thi 

problem ha led to con id rable r -
ear h in the fields of hearing damag 

from noise, of noi e reduction and of 

noise mea urem n t. 

Noise m a ur m nt with ound­
level meter and spectrum analyzer 

are inadequate for evaluating i mpact 

noi e. A cathode-ray oscillograph can 
be u ed to tudy thi type of noi e, but 

the measurement i o omplicated that 

i is performed mainly in the re ar h 

laboratory. 
n w rn trument, th TYPT..: 155G-

1 ubcommittee Z24-X-2, "The Relation of Hearing Los 
to Noise Exposure," American 'tandards Association, 
New York, 1954, p. 49. 

Figure 1 (leftJ. Oscillogram of noise from a single strike of a punch press doing a simple forming opera-
1ion. The time scale along the horizontal axis is 10 mil liseconds per division. The instantaneous sound 

pressure is displayed on the vertical axis, and the peak level recorded is 120 db re 0.002 microbar. 

Figure 2 (center). Oscillograms of noise from two separate handclaps. The time scale along the hori­
zontal axis il• 2 milliseconds per division. 

Figure 3 (right). Oscil logram of noise from a small drop hammer. The time scale along the horizonte1I 
axis is 10 milliseconds per scale division. 
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Impact K oi e Analyzer, shown in Fig­
ure 4 ha been re ently developed to 

implify these mea urement . This in­

strument is an acces ory for a ound­
level meter, and it can be u ed to m as­
ure certain signifi ·ant haracteri tic 

of an impa ·t n i . It i al o u eful a 

an a c · ·ory for pectrum analyzer , 

such a the TYPE 1550-A Octave Band 

).J" oise Analyz r, f r magnetic tape re­

corder and for th T'YPE 761 -A Vibra­

tion M ter. 
The consideration underlying th 

<l sign, operation, and appli ation of 

thi new in trum nt will be better 

under tood if w con ider fir t some of 
th characteris ic · of impact noises. 

Characteristics of Impact Noise 

Figure 1, 2 and 3 are oscillo­

graphi r ord of instantaneous sound 

pres ure (the vertical ordinate) ver u 

time (horizontal axis). Figure i th 

oscillo{Tram of the el trical output of a 

con.den er microphone placed 4 feet 
from a punch pr s doing a simple form­

ing op ration. The time scale along the 
horizontal axis i 10 milli econd per 

division, that i 0.1 econd for the full 
weep. The in tantaneous peak level 

hown in the oscillogram is 120 db (re 
0.0002 microbar) and occur about 5 
milliseconds after the fir t sound from 
the impact. At 1 milli econd, a level of 
about 119 db i reached. After thi 

initial rapid ri e, th level decay , o 

hat after about 30 milli econd it is 

appreciably belo' it maximum. On 
interesting f a ur of thi impact sound 

i the random nature of th individual 

peak amplitudes. That i , althouo-h 
there is the general rend of a rapid ri 
to a maximum value and a lower bu 
still rapid de ay, ucc ive peak ampli­
tude vary appr iably. This behavior 

is shown more 1 arly in u c eding 

o. cillogram . 'I h ound-pre sure wave 

is al o di yrnmetrical, with th po -

itive or excess pressure wave ha ino· 
th highest instant n ou p ak 1 v 1. 

Th o cillogram in Figure 2 corres­

pond to th ound pr s ure waves of 
w parate handclap about 1 in h · 

from th condenser microphone. Her 

the time scale has been pread out each 
division being 2 milli econd . The in­

stantaneou peak po itive lev 1 a -

tained in a fra tion of a millisecond ar 

117 db and 115 db, and the nega ive 
level are 118 db and 1 17 db. The deca 
i appreciably long r being everal 

millisecond . The di ymme ry h re i8 
not marked, but the randomness of h 
individual amplitude of the o cilla­
tion is clearly hown. 

Th oscillogram * of Figur 3 i a 

*Courtesy of Liberty Mutual Insurance Company, Boston, 
Massachusetts. 

Figure 4. Vi ew of Impact Noise Analy zer attached 
to a sound- level meter. 
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di play of the sound wave from a mall 
- _. 1800-lb drop hamm r in an op n :fi ld. 

The microphone wa 2-± feet from the 
hammer and th maximum level ob­
served i 119 db. (This i the very fain 

p ak 8.5 mall divi ion above he ref­
erence line.) The time scale along the 
horizontal axis i 10 milli cond p r 
small division. The usual very rapid 
rise and fa t d cay i v ry 1 arly 
shown here. But in addition here i a 

low-frequency variation having a p riod 
of about 25 milli econds (40 cps) which 

is a ringing of the hammer. This ype 
of o cillation i no o apparent in the 
o cillograms taken clo e to the hammer. 
At a distance of 3 feet, for example, the 

o cillogram ar v ry imilar to tho of 
Figures 1 and 2. A typical peak 1 v 1 
for thi ·mall hamm r at a di an e of 
3 feet is 127 db. The difference in shape 

of the o cillogram at these distance 
i a re ult of the appreciable attenua­
tion of high-frequency component and 
relatively small attenua ion of the low­

frequency component. 

Need for a New Instrument 

'/\Then a standard ound-level m ter 
i used to measure uch noi e , the mo­
men ary reading obtained at each im­
pact eem to have little ignificance. 
The ound level meter i inadequate be­
cause an impact ound do not r main 
a any particular level for a time that is 
comparabl to he time ons ant of the 
meter, which are of the order of two­

t nths of a second. The eter reading 
doe show a momentary rise and decay 
but the maximum reading obtained i 

om.manly 15 to 30 db below the peak 
level f the wave. 

A cathode-ray o cillograph does not 
have thi limitation. t moving element 
is an electron beam which has o little 

ma tha it can a ily be mad to move 
in accordance with he in tantaneous 
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·ound pres ·ure. By photographing the 
di played o cillograph pattern, on ob­
tain a r cord of a noi e of th type 

hown in Figure 1 2, and 3. 
The equipment required to obtain 

uc a record i compli at d, xp n ive, 

and bulky. A cathode-ray o cillograph, 
alone, has many on rol , and di play­
ing transient sounds on this device is a 
complicat d op ration. A a r ult only 
a few, well-equipped, re earch labora­
tori hav und rtaken a seriou tudy 
of impa t sound . To set up u eful cri­
teria for judging the significan e of 
the e unds, a great deal of experi­
mental data must be accumulated. The 
collection of the e data has been seri­
ou ly hampered by the lack of simple 
mean of mea urem nt. 

The variability of ome impact 
sounds provides further evidence of the 

need for imple mea uring quipment. 
For example, tool u ing explosive car­
tridge for etting fa t ning d vi in 

concrete produce ound that vary ,on-

iderably in level from one shot to the 
next. Therefore, a number of samples 

of uch ound hould be measured to 
determine this variabili y; and a simple 

measuring in trument makes such a 

tudy practical. 
Th re pon of the hearing m cha­

nism to impact ound i appreciably 
different from that to teady sound . 
This difference is due in part at least to 
certain delay inh rent in the action of 
the hearing mechanism. These delays 
are comparable to the time con tant of 
impact sound . The delay in the action 
of the middle ear muscle , for example, 
i probably of he order of ten milli­

s conds or rnore.2 Thus, on ome impact 
sounds no appreciable action of these 
muscles will occur until after the sound 

2 W. A. Rosenblith, "Electrical Responses from the Audi­
tory Nervous System," Annals of Otology, Rhinology and 
Laryngolo(Jy, eptember, 1954, Vol. 63, o. 3, pp. 839-

60. 
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i e ·entia 1 1  com pl ted . ·au f thi 
delay, on would xp the haracter 
of an impac noi . · in the fir t few milli-

e ond to be of grea er ignifican 

than the behavior af er 1 r g r period . 

Th m a ur ment of impa t ound 
by ath d -ray ci llographs ar yi ld 
a large amoun of informati n. u 

oscilloo·1·am cann t be u d dir tly in 
rating a noi e. W need o ha e a f ' 
nurn.b r that '""'ill charact riz the . und 
wave, so tha -vv can u th number i n  
plottino· graph and in ting up ten a­
tiv rit ria for impac noi es. A study 
of th pat ern · of impa t n i o cil lo­
gram 1 ad to h on lu ion that wo 

obviou number to u are the maximum 

in tantaneou 1 ,�el and ome mea ·ur 
of the t.im dura ion of th wa e. 

Description of Impact Noise Analyzer 

The ' o valu are r adil m a -
ured b th ne\ TYPE 155 -A Impact 
N oi Analyzer hown in Figure 4 a -

tached t a und-level meter. Both 
the p ak level and th dura ion of a 
·ingl i mpact an b m a ured. The 

in trum n ontain a ba tery-operated 
tran i tor amplifier, whi h i highly 

tabilized by n gativ fe dba k. Thi 
amplifi r imultan ou ly drive hree 
a-c v ltm ir uit , whi ch con i t 

of re ifi r , orage capa itor , and a 

ommon el ctronic d- voltme r, a 

QUASI- PEAK 

PEAK 

illu trat d in the implified ·ch rnati 

of Fio·ure 5. 

Th lectri al t rag y t m, which 
i a apa i or harg d by the r tifier, 
mak i i ble o mea ur 11 thr 
characteri ·i on a ingl impa t with 
only on indi a Ing m r. Thi to rage 

y tern i an sen ial 1 ment in ob ain­

ing a a i factory readino· on an indi­
cating in trum nt for th e very hort 
dura ion ou1 d . In order tha the 

harg rem in tored in the capacitor 
for ome time he el trical 1 akag of 

he rectifi r mu t b e . trem ly low in 
he re r dir tion. This characteris­
i i obtained i n  rec ntly d v loped 
ilicon-junction diod r tifi r . 

vVhen the mea urement of a ingle 
impa t i com.pleted, h capaci or in 
the metering ircu1 ar di charg d by 

wit hing t a po i i n. call d "RE­
ET." Th n the instrumen i ready 

for m a uring another impa t. 
The hr e hara ri tic f a ound 

hat an be m a ur d by mean of the 
Impa Noi e Analyzer are lab 1 d on 

he instrum nt a 'QUA I P��.-�­
"P AI," and "TIM AV " (time 
av rag ). 

The "QUA I PE I " i a ontinu­
ously indicating m a ur f th higher 

ound-pr ur 1 v l urnng ju t 

b for th im of indication. Th elec-
rical cir u1 of h ' Q I P K' 

D.C. 
AMPLIFIER 

RESET 

Figure 5. Simplified 
functional diagram of 
the Impact Noise An-

alyzer. 
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sy tern ha a fa ri e tim (a frac ion of 

one milli econd) and a low d a tim 

(abou ix- enth of a s cond) o that 

th fa t indi ating meter on he in ru­

ment an follO\ r a onably ''ell the 

peak level of oun . Thi · mea ur f 

a ound i u eful for r peated imp a 

It al o erve a a convenient indi ator 

for calibra "ng he y em, and i ha 

th hara t ri i propo d a andard 

for mea uring le tri al impu l n i 

Incidentall , ther i ome evid nc 

that in general it an b used a a sincrle 

mea ure f loudne of noise with ap­

pr iably b r r ul han i p ible 

with th rm m t r pe ified in h 

sound-lev 1 meter tandard. 

The "PEAK' i the maximum 

ound-pr ur level rea hed b he 

1101 aft r the analyz r 

switch d ou of th " RE 
Th time required for thi in trument o 

note the peak level i o sh or (of h 

ord r of ne en- hou andth of a econd) 

tha for ound wave i an be regarded 

as in tan.ta n  ou . Thi· "P AK' 1 v 1 
i tored l ctri all for a n imber f 

conds o that th 1 vel an b r ad 01 

th indi a ing in rument a lei ure. 

ompari OI hav b n made be-
ween th p ak 1 1 of impa ound 

mea ured on thi in trum n and tho 

mea ured bv the ca h de-ray o illo­

graph te hnique. The agreement i v r 

ati fac r b ing g n rally wi hin on 

decibel. 

The ime-av rag 1 v 1 i ob a · n d by 

chargino- a capacitor throuO'h a r tifi r 

and a rie. resistor. even diff r n 

valu f harg · ng im provided 

ranging from 2 mill i  o 0 ....... 
ond. rrhi im -averaO' 1 v 1 i a m a -

ure of the lev l main a1n d o r a 

p riod of 1m . The a ual av ra in.CT 

3 American tandard As ociation, 63.2-1950, "Propo d 
American tandard p cification for a Radio l oise 

:Ceter, 0.015 to 2.5 l\Iegacy I s/ econd." 
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tim i by the barging time and the 

hap h ur wave. Th time-

av rag tor d in an 1 ri-

cal capaci or o hat it can b r ad 01 

the indicating in trument at lei ure. 

Th cliff r n e b ween the peak level 

and th rag d l vel i a m ure of 

th tim dura ion f h "\Va ow a 

par icular time dura ion for h com­

pli at d impa wave is to be pecifi. d 

I n t ob i u . If h "\V r imple 

r tangular ul w uld b no 

problem. uch pul e will b u d 
illustrate he ba i of th proc <lure 

adopted for more compl icated wa es. 

ume tha the barging time of a 

r tifi r ir ui i t b 0.01 c nd. 

f a con tant voltag uddenly ap-

plied to thi r ctifi.er circui curr nt 
fl wing in h capacitor will r ul in 

a in rea e In l g i . The 

longer hi oltao· i appli d, th lo r 

will the volta e a ro s th capa i or 

approach th appli d voltao> . Thu , if 

it las for 0.01 e ond the capa i or 

voltage hould be 4 decib 1 1 han 

th appli d v 1 ag . If i la t · for only 

0.0 2 e nd h hould b 15 
d cib 1 1 h n a pli d oltag . 

rI hi relation i a th 1 w r 

exp rim n al 

r u ing th impa t 
known r 

h \Vn al o in Fig-

appli d 1 

to voltaO'e aero th capacitor i 

pl t d in de ib 1 al ono- the horizontal 

p r tin.er a .-p 

m n 

h oretical 

circuit are 

If a re angul r pul of unkno' n 

duration i appli d to hi in trum n , 

l dura i n can be d t r rnin d fr 1n 
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hese mea urem nt . Th "PEAE:" 
cir uit charge very ui kly t the full 

applied voltage so it i u d a he 

referenc , and the differ nc in decibel 

between the peak valu and the aver­

aged valu i u ed 'vith th chart to 

determine the duration of he pul e. 

For exampl , a ume tha th indi ated 

peak level i 13 db and th level ' i h 

an averaging tim of 0.002 e ond i 

130 db. The cliff r n e in level i 

decibels. From the char it i e n that 

this lev 1 difference orre pond to a 

time rati of 0.5. The pul , therefore, 

was one-half of 0. 02 econd, whi h i 

0.001 second, or 1 millise ond. 

Impact noi e are no o im.pl a 

rectancrular pul e howe er, a i hown 

by the o cillogram f Figur 1 2 and 

3. Rather, they app ar to be to a fir t 

approximation, exponentially decaying 

random noise . For uch an appli d 

Figure 6. Chart showing the relations between the 
ratio of the peak to averaged value and the time 
constants of an impact and of the circuit. The lower 
curve is for a rectangular pulse, and the upper one 

is for the usual impact noises. 
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FREQUENCY IN CYCLES P[R SECOND o:: 
NOISE MEASUREMENTS ON PUNCH PRESS 

w > 0 

Figure 7. The results of an octave-band analysis 
of the noise from a single impact of a punch press 
as measured by the impact noise onalyxer on the 

output of the octave-band analyzer. 

100 

wave a relation of the t pe previou ly 

given for rectangular pul e can be 

computed, and i hown in Figure 6.* 
Here the decay time con tant is d fined 

in the ame way as it i done in electri­

cal ircuit . The time con tant i the 

time required for the wave to drop 8.7 
db in level from its initial value. 
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A particular example will show how 

this r lation can be u ed. M a ure­

ments of a mall punch pre tamping 

out blanks gave a peak 1 vel of 1 5  db 

and a time-averaged level of 9 db when 

a tim con tant of 0.01 e ond wa u ed. 

The diff ren ·e in 1 v 1 i 17 de ibels. 

From the chart this difference corres­

ponds to a tim ratio of 2. The equiva­

lent impact d cay time i then 2 time 

0.0 1 ,  which i 0.02 econd or 20 mil1i-

conds. 

*Th computed relation hown in Figure 6 is based on the 
as umption that the charging time of the peak circuit is of 
the order of a hundredth to a thou andth th de ay tim 
of the exponentially decaying wave. This as umption 
appears to be j11stifi d for most of the impact noi sen­
countered in industry. 
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vVhen thi · proc dur i used n the 

i mpa n i e , who oscillo()'ram ar 

'hO\ 11 in Figur 1 and 2, equi alent 
d ca tim of abou 30 milli ond · 

for th punch pr <: nd bout 4 mill i­

s conds for the hand lap are obtained. 
The values appear to corre pond r a-

·on ly w 11 '' i th e tima e mad from 
the o cillogram . 

In addition to it u e for mea urino· 

j mpa t noi dir ly the impa t noi " 

analyz r can m a ure th output f a 

sp rum analyzer. For xampl th 

i mpac noi of a punch pr wa ill a -

ur d by u ing an octav -band analyzer 

and he 1 w iillpac ill ter. The result 
ar hown in Figur 7. Th upper urv 

i a plot of th p ak 1 v l ob rv d in 
the band, and th middl curv i a pl 
of he time-averaged level. Th ov rall 

l v l are hown at th right. 

It i not cl ar ha h m a ured p al 

l vel in a band ha r al ignifi an e by 
it lf, since thi p ak i not one tha 

actually occurs in the phy ical sound 
wav . But, when i i aken in conjun ·­

ti u with he tim -averag d level, on 
an g t an timate of how the n rCT 

in the ound i di tributed in frequ n 
Thus he peak and time-a eraged level 

can b u d to d termine an e uival nt 

de ay ime for the r oi in ea h ban d . 

Th n with th a ump i n that th 

Figure 8. The time constant of analyzed noise 
from a punch press. 

I 000 ,---,---.---,------.----.,-----.--,-------, 

OCTAVE PASS BANDS IN CYCLES PER SECOND 

FE B RUARY, 195 6 � 
1101 ·c wave in a •h band i an x­

ponen iall deC'aying one th squar 
f he pr ur wave can be integrated 

with tim and h r- ·ul i plott d on 

he chart a rela i e energy . The ab o­

lut p i ion h r I purel arbi rary. 
Th p int h w a di ribu ion in 

frequen · th t i · mor uniform than 

he di. tribution 'hm n for the peak 

l \·el1 which m ans hat, in generalr 

lower fr qu n mpon nt d cay les 
rapidly than do hio·h r fr q 1 n y one . 

The calcula ed d ca tim of th 

noi e in the differ nt bands is hown 
in th urv of Figur he e re­
·ult h w a variation in d ay tim 
·on tant from 3 0 milli cond or 0.3 

cond, in the lowe band to a tirn 
·onstant of only J 3 milli cond for th 

noi e in th band fr rn 2400 to 4 00 
cy le p r cond. rrhi re ult i what 

on would expect , sin the high-fre­

quenc energy i usually dissipated 

much more rapidly than th low-fre­

qu n y n rgy. 

Other Uses 

In addi ion to it u e in evaluating 
impact noi e and vibration, he Impact 

oise Analyzer shov s promi e of being 

u ef ul in many other ype of measure­

ment. Among tho e already uggested 
are th mea ur rnent of reverberation 
time, oi loudnes , and of the damping 
effect of sprayed coatings. 

- AR LD P. G. PETERSO 
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SPECIFICATIONS 
Input Level: Any voltage bctwcnn 1 and 10 volt s 
for normal range. Lev l' below 1 volt reduce 
the range of reading. 

Input Impedance: Betw('en 25,000 and ] 00,000 
ohm , d pending on LEVEL control tti ng. 
Frequency Range: Sc to 20 kc 
Level Indication: Meter calibrated in decib 1 
from -10 t + 10. Added attenuator swi ch 
in r ru • range by 10 db. 

Peak Reading: Ri e time i less than 50 micro-
cond · for a valu ithin 1 db of peak value 

(for r ctangular pul e ). torage time at normal 
room temp rature i great r than l cond for 
1 db d crea e in valu . 

Quasi Peak Reading: Rise tim of less han }i 
milli e ond and decay time of 60 ± 120 milli-

conds for r ctifier circuit. 
Time Average Reading: Charg tim of r tifier 
circui elected by ven po ition wit •h, having 
tim , of .002, .005, .0], .02, .05, .1, and .2 ec­
<md · for thf' r Hi. tan<' -capa ·itan ·e tim con-

Typ 

1556-A Impact Noise Analyzer 

s ant. torage time at normal room temperature 
is gr ater than 1 mi nut for l db decrea. e in 
value. 

Source: A ound-l vel meter or p trum an­
alyzer should ordinarily b u d to upply th<• 
analyz r input. 

Input Terminals: n a tached cord with phone 
plug at on end. 

Batteries: ne 10-vol siz • D flashlight •ell 
(Rayovac 2LP or equival nt,) and on 45-volt 
B battery (Ev ready 455 or equivalent) ar<> 
supplied. 

Tube Complement: ne TYPE I -641 tub,· 
Three TYPE 2N105 tran i t.or or quivalents. 

Cabinet: lurninu1n, finished in OJ'g:.tnic black. 
arrying case supplied. 

Mounting: May b fa ten d to nd frame of TYPE 
1551-A oundL v l 1 tr. 

Dimensions: 7),1" (wide ) X 4!,i" (deep) X 6)-1'' 
(high). 

Net Weight: In tn1m nt, 43/z pound ; a1Tying 
ca e, 1 pound. 

Code Word Price 

MEDAL $210.00 

A EW Gener�l Radio ne t-price li t i enclo ed with this copy of the 

EXPERIMENTER. As there have been n'tany revisions please be ·ure 

to use this latest price infor n-,,a tion when ordering. The list is of cont:enient 
size for filing with your copy of our catalog. 

The prices are net .f.o.b. Cambridge or Wesl Concord, Mass. Custorner. 

in other countries a.re rerninded that quantity di count ·ho ·u ;n .for some 

ite1ns apply only for dome tic ale . 

GENERAL RADIO COMPA Y 
2 7 5  MASSACHUSE.TTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TElEPHONE: TR o w b r i d g e  6 -44 0 0  

BRANCH ENGINEERING O FFI CES 
NEW YORK 6, NEW YORK 

90 WEST STREET 

TEL.-WOrth 4-272.2 

CHICAGO 5, ILLINOIS 

920 SOUTH MICHIGAN AVENUE 

TEL.-WAbash 2-3820 

LOS ANGELES 38, CALIFORNIA 

1000 NORTH SEWARD STREET 

TEL.-HOllywood 9-6201 

SILVER SPRING, MARYLAND 

8055 13th STREET 

TEL.-JUniper 5-1088 

PHILADELPHIA OFFICE 

1150 YORK ROAD 

ABINGTON, PENNSYLVANIA 

T E l .-H A n c o c k 4 -7 4 1 9 

REP AIR S ERVICE S 
WEST COAST 

WESTERN INSTRUMENT CO. 

8 2 6 N 0 R T H V·I C T 0 R Y B 0 U l E V A R D 

BURBANK, CALIFORNIA 

TE L.-V I ct or i a 9 -3 0 1 3 

CANADA 

BAYLY ENGINEERING, LTD 

FIRST STREET 

AJAX, ONTA.RIO 

T E l .-T o r o n I a E M p i r e 8 - 6 8 6 6 
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