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Acoustical Investigation of 
an Impact Drill 

by 

K. Zaveri, M. Phil 

ABSTRACT 
Acoustical investigation of an impact dri l l was carried out to determine its main sources of 
noise by the use of narrow band frequency analysis technique. Sidebands around tooth 
meshing frequencies, indicating malfunct ion of gears and pinpoint ing sources of noise, have 
been determined also w i th the use of cepstrum Analysis — a technique especially useful for 
separating different modulat ion frequencies. 

S O M M A I R E 
Une etude acoustique a ete effectuee sur une perceuse a percussion pour en determiner les 
principales sources de bruit. Pour ce faire, on a util ise ('analyse spectrale a bande etroite. 
Les bandes laterales autour des frequences des engrenages, signes d'un mauvais fonct ion-
nement des reducteurs et permettant de localiser les sources de bruit , ont aussi ete etu-
diees par ('analyse du " ceps t rum" , technique part icul ierement utile pour separer differentes 
frequences de modulat ion. 

Z U S A M M E N F A S S U N G 
Akustische Untersuchungen an einer Schlagbohrmaschine wurden durchgefuhrt , um die 
Hauptgerauschquel len mittels schmalbandiger Frequenzanalyse aufzuspuren. Best immte Ge-
tr iebefehler, die Seitenbander zu den Zahneingri f fsfrequenzen verursachen, liefcen sich mit 
der Cepstrum-Analyse feststel len — einer Technik, die ganz besonders zur Trennung ver-
schiedener Modulat ionsfrequenzen geeignet ist. 

Introduction 
Pinpointing sources of noise in the offending machinery and modifying 
the designs in it's early stage of development, have often proved in 
practice to be far more economical than taking remedial measures in 
the form of isolation and damping treatments. One of the diagnostic 
tools at the hands of an acoustic and vibration engineer is the use of a 
narrow band frequency analysis technique whereby the significant fre­
quency components in the spectrum can lead to the identification of 
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noise sources in the machinery. This technique was utilized in the in­
vestigation of an impact dr i l l , where the identif ication of the compo­
nents causing the most noise was desired. 

When considering the acoustical investigation of the dri l l it is important 
to keep the operating condit ions of the dri l l constant as far as possible, 
to obtain a stationary noise signal. It was observed that as the voltage 
supplied to the dri l l was varied, the speed of the dri l l was seen to be af­
fected which not only altered the amplitude of noise but also the fre­
quency structure of the noise spectrum. Other factors that affect the 
overall sound level are the kind of tool used (whether dri l l bit or chisel) 
and the kind of loading presented to the dri l l (whether dri l l ing in con­
crete, wood or metal). It is therefore pert inant to state the operating 
condit ions of the dril l for every measurement. 

The dril l is operable basically in two modes; dril l and impact, and im­
pact only. During the experiments the dril l was operated under free 
running condit ions wi thout the tool bit and then in the impact mode 
only w i th the dri l l and chisel bit successively. 

Measurement Procedure 
A cross-section of the dri l l is i l lustrated in Fig.1 where the wheel and 
pinion shown, have 4 4 and 9 teeth respectively. In order to relate the 
frequencies in the noise spectrum to the meshing frequencies of the 
gears, it is imperative to determine the rotational speed of the rotor 
w i t h reasonable accuracy. To achieve this a non-contact Magnetic 
Transducer Type M M 0 0 0 2 was mounted on the dri l l casing as shown 
in Fig.1 . A th in strip of metal of very high permeabil i ty was attached on 
one of the blades of the rotor fan . Each t ime the strip passes the mag­
netic transducer, a pulse is generated and passed on to a frequency 
counter via a Mot ion Analyzer Type 491 1 to measure the rotational 
speed of the rotor. Since it is diff icult to keep the rotational speed of 
the dri l l constant over a suff icient length of t ime to carry out a sequen­
tial analysis of the sound signal, use was made of a Digital Event Re­
corder Type 7 5 0 2 where a part of the sound signal is recorded whi le the 
speed of the rotor is simultaneously noted down from the frequency 
counter. The signal sample is rotated in the memory of the Digital 
Event Recorder and appears as a cont inuous signal at its output wh ich 
is later analyzed by means of a constant bandwidth Heterodyne Ana­
lyzer Type 2 0 1 0 shown in Fig.2. Other advantages w i th the use of the 
Digital Event Recorder are that large frequency transformations are pos­
sible by wh ich saving in t ime of narrow band frequency analysis is 
achievable. 
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Fig. 2. Recording and Analysis Instrumentation Set-up 

a) Drill operated under free running conditions 
As a prel iminary invest igat ion, the dri l l was made to run free w i thout 
a tool at 2 2 0 V . A half- inch microphone was placed at 1 meter distance 
from the dril l w i th no reflecting surfaces close to the dri l l or the micro­
phone, apart f rom the floor. A sample of the sound signal was recorded 
using the apparatus shown in Fig.2 and the speed of the dri l l rotor was 
noted to be 2 9 6 Hz. A 10 Hz bandwidth frequency analysis was carried 
out giving a spectrum shown in Fig.3 and the overall noise level was 
measured to be 93 dB. Since the spectrum was to be used for diagnos­
tic purposes a linear frequency sweep was carried out. 

The pinion on the rotor shown in Fig.1 has 9 teeth. This gives a tooth 
meshing frequency fc of 2 9 6 x 9 = 2 6 6 4 Hz wh ich is observed in the 
spectrum*, though the ampli tude at this frequency is not predominant. 
On the other hand, if pinion eccentricity causes it's teeth to be driven 
into and away from the wheel teeth, f luctuat ions result on the load be­
tween the pinion and whee l . The amplitude of tooth meshing noise is 
increased and decreased giving an ampli tude modulat ion process, see 
Ref.[1]. When complex modulat ion process occurs, sidebands are gener­
ated around the meshing frequency wh ich may have larger amplitudes 
than those at the meshing frequency. This is so, as can be seen from 
Fig.3 where the f irst lower sideband is the most predominant one given 

* In the spectrum the peak is marked as 2 6 6 0 Hz. Better resolution cannot be achieved by 
a 10 Hz constant bandwidth filter and especially when the filter is being scanned. 
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by (fc — fp) = 2 6 6 4 — 2 9 6 = 2 3 6 8 Hz where fp is the pinion rotational 
frequency. It should be pointed out here, that although 2 3 6 8 Hz is also 
the eighth harmonic of the rotational frequency (8 x 2 9 6 = 2368) , the 
significance of this frequency is associated wi th the sideband as the 
causes of its predominant existance is due to the pinion. The second 
lower sideband is given by (fc — 2fp) = 2 6 6 4 — 592 = 2 0 7 2 Hz which 
can also be seen in the spectrum, though its amplitude is not as signif i­
cant as the first lower sideband. 

The second harmonic of the tooth meshing frequency is given by fc x 2 
= 2 6 6 4 x 2 = 5328 Hz which is not significant in the spectrum and 
neither is the first lower sideband given by (2 f c — fp) = 5 3 2 8 — 296 = 
5 0 3 2 Hz associated w i th the second harmonic. On the other hand the 
second lower sideband is quite predominant given by (2 f c — 2fp) = 
5 3 2 8 — 592 = 4 7 3 6 H z . 

Similarly, the third lower sideband, 7 1 0 4 Hz, associated wi th the third 
harmonic of the meshing frequency and the fourth lower sideband, 
9 4 7 2 Hz associated wi th the fourth harmonic, are the most significant 
components. 

In other cases similar sidebands could also exist for the wheel fre­
quency (given by meshing frequency ± wheel frequency) but are not 
found to be significant in this spectrum. 

The amplitude modulation theory applied here has been adopted from 
electrical technology and has been described in references [2 & 3]. 

b) Drill operated under loaded conditions 
The dril l was now operated w i th the drill bit in concrete in the impact 
mode only. The sound signal was again recorded from a microphone at 
1 meter distance from the dri l l using the same apparatus as shown in 
Fig.2. The spectrum obtained by a 10 Hz bandwidth analysis is shown 
in Fig.4. When the recordings were made, two factors were immedi­
ately noticeable that were different from those when the drill was ope­
rating under free running conditions. They were, firstly that the speed 
of the drill was considerably reduced for the same voltage and second­
ly, the overall noise level was much higher. From the spectrum, Fig.4, 
the peaks at 12 150 Hz, 1 7 6 2 0 Hz, and 1 7 9 6 0 Hz are seen to be most 
significant, however, those at 1 4 5 4 0 H z and 1 4 9 7 0 H z should not be 
overlooked. The overall sound level was also measured and was found 
to be 117 dB. In order to determine where these five frequencies were 
generated, it was decided as a first step to determine the natural fre-
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Fig A. Noise Spectrum of Drill operating with drill bit in impact mode 
only, in concrete 

quencies of the drill bit. This was carried out by placing the drill bit in 
concrete and tapping it w i th a hammer as shown in Fig.5. The impact 
sound signal was recorded and analyzed, the spectrum of which is 
shown in Fig.6. Here the natural frequencies of the drill bit are excited 
and are found to be approximately the same as in Fig.4, namely 
1 2 1 8 0 H z , 1 4 5 9 0 H z , 1 4 9 7 0 H z etc. 

Fig. 5. Method of Excitation of natural frequencies of drill bit 
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