Precision Integrating Sound Level Meter

3-20-41 Higashimotomachi, Kokubunji, Tokyo 185-8533 Japan






Contents

Configuration of the NL-18 ... 1
MECTOPROME ... 4
Construction and Operation Principle ... 4
Frequency Response (at Standard Incidence Angle) .................. 5
DHFECHIVILY teenevcieeinieesiree ettt e 6
Thermal CharacteriStics ......vvvviiereriiecei i 7
Humidity CharacteriStiCs ......covoviviirieeiieinniisir e 7
Microphone Specifications .......ccocceeeviviiiiiiiiiiiiiie e 8
Preampliffer ........occooooiiiiiecee s D
reamplifier Requirement .........coccoooviiiniiiniii 9
Preamplifier Specifications ...........ccooceiiiiiiiiiiiini 9
Influence of Microphone Extension Cable............................. 10
Amplifier Circuit Configuration ... 11
Frequency Weighting Network ... 12
RMS Detection Ciremit. ... 13
Measurement Functions ... 16
Laeq (equivalent sound pressure level) ..o 16
Lar (sound exposure 1evel) ... 17

Ly (percentile sound pressure level) ... 18
Lmax, Lmin (maximum and minimum sound pressure level)...... 18
Lim3, Lins (Takt-max sound pressure level) ... 19
Lpeax (waveform peak hold) ... 19
Noise FIOOT ..o 20
Influence of Unit Body ..o 21
Influence of Background Noise .............ccooocviinn 23
Reduction of Wind Noise by Windscreen ... 24
Influence of Operator ...........cooiveiiiiiiiiiiici e 26
/O Commector .........coooiiiiiiiiiiiiiice e 28
Filter Characteristics ..........ocooveiieiiinicceecccee 29
/1 0CtaVe fHEET .ot 29

173 0CaVE 1HOT oo oot 30






Configurati

P

P

w/\“‘

below, followed by 2 brief

1pii fle{“

'écrm}h@ne

o

Cal

UC-53A NH-19

P
1
%“Uenu@iﬂj—“‘/\n plifier | ‘f“jFA"m ifier m—_,‘

+35 Y

%Freaur’m f/eu;htm dam iiﬁerBl -
[network | w]%) e !

Frequency woighting |

metwork2 1

Overload detector

Main ch

o Frequencv weighting
network 3

Amphﬁer 4

—i MS detestor|~{DC amplifier}—

—

|
; © <1
. A
IF?»SEE ia'%-l O ms

Frequency weighting| «
network

Overload detector|
Sub ch

|

®
®
©

[ CPU [ [A/D converterl RAM| |C]0{;k]

Of Output

BC

L‘(RMS dett:ctorl“ﬂ Impulse/peak detcctor}?‘h}c ampliﬁer}—<

IFast:E XOVZ[I mp

® <

}

®
1

o
[}

7
S

—

Level recorder
sync signal VO ||

Band selector
/o

Serial interface

it i

Tt it

U U

i

Switch I/O % LCD 1 driver

LCD 2 driver

()€ Power
I | IR
U Lo U, B SR

Vo o +35 V <
wv<— Power |
-6 v <—| supply ?Hj(j' R6
\ 15y €l batteries
iGparation keys| i Display 1 1 E Display 2 l
Block Diagram



Configuration of the NL-18

Microphone preamplifier
The unit employs a 1/2-inch prepolarized condenser microphone.
Microphone: UC-53A
Preamplifier: NH-19

Calibration oscillator

This circuit supplies the 1000-Hz sine-wave signal used for elecirical cali-

bration.

Attenuator
Attenuates the signal from the preamplifier according to the level range set-
ting.

Amplifier

Signal amplification is switched according to

fier 2 serves for calibration. Amplifier 5 is contro

that main channel gain and sub channel gain are equal.

Frequency weighting network
This network contains filters which provide type A weighting, type C weight-

ing, or flat.

Overload detector

Monitors the signal waveform at various circuit poinis.

RMS detector

True rms detection and logarithmic compression are peif
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signal, resulting in the level- converted DC signal. The following time con-
stant settings (time weightings) are available

Main channel: Fast, Slow, 10 ms

Sub channel: Fast, Slow, 10 ms, Imp (impulse}, Pea hold)

DC amplifier

Adjusts the level before A/D conversion.



Configuration of the NL-18

impulse/peak detector

Serves for impulse and peak hold detection (in sub channel only}.

CPU, A/D converter, RAM

1 H 3

he level-converted DC signal is converted into a digim‘i signal by the A/D

"

converter. The CPU and RAM are used for carrying out the various process-

Clock

Provides date and time information.

Conirols the center frequency setting when the filter unit s used.

Level recorder sync signal YO

Performs control functions when synchronized {requency an

filter unit and a level recorder 18 carried out.

Serial interface

Controls the RS-232C interface for data exchange with a computer.

LCD driver, LCD

Display 1 shows the noise level, measurement paramete

results. Display 2 shows the noise level changes over sima:; and 18

for showing the menu screens for parameter setup and the frequency a

sis graph.

Power supply

The voltage from the batteries or the AC aaapter is fed to a DC-DC con-



Measurements of sound pressure level can be ¢

crophone types. The precision integrating sound level

the prepolarized condenser microphone UC-53A that is compact an

stable and reliable response.

Construction and Operation Principle

As shown in the drawing below, an electret condenser microphone
four main parts: diaphragm, backplate, insulator, and housing. The surface of
the backplate is covered by a film holding an electrical charge. When sound
pressure is applied to the diaphragm, the distance between the diaphragm and
the backplate changes, thereby altering the capacitance. Using a load resistor,
this change can be turned into a voltage change. The frequency response as wel

as the temperature and humidity characteristics of an prepolarized condenser
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microphone depend considerably on the type and properties of the
used. The frequency range is determined by the resonance freguency of the

diaphragm assembly.

Sound pressure

— Dhaphragm
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Construction of prepolarized condenser microphone



Microphone

Frequency Response

The frequency response of a sound field microphone is expressed as the fre-
quency response in the reference direction of incidence (0°). The diagram be-

low shows an example for the frequency response of the microphone UC-53A.
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Microphone

Directional characteristics

The directional characteristics of a microphone is a measure
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sensitivity for sound waves arriving from various angles. Since the prepolarized

e type, it shouid

condenser microphone used in the NL-18 is a pressure-sens

53A.
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Microphone

Thermal Characteristics

T

he thermal characteristics of a microphone indicate how sensitivity changes at

various t@mpemmia& This is influenced by the choice of materials a

sign of the microphone. Normally, materials with a linear expansion coefficient
are used. The diagrams below show the thermal character Mmicro-
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Thermal characteristics (at 250 Hz)

Humidity Characteristics

The bumidity characteristics of a microphone indicate how sensitivity changes

at various humidity levels. The diagrams below show the microphone UC-S
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Microphone

Microphone Specifications

Vicdel: UO53 A

Mominal diameter: 172 mch

Sensitivity: -28dB (6 dB =1 V/Pa)
Frequency response: tO - 12500 Hz

Capacitance: 12 pF
Diaphragm type: Titan alloy filin

Temperature coefficient: +0.005 dB/C

o

Humidity-dependent sensitivity chan
0.1 dB

o
nge
or

condensation)

J

THmensions: 13.2 dia. X 12 mm



Preamplifier Requirement

Since the condenser microphone is a small-capacity transducer, it has highim»
edance, especially at low frequencies. Therefore a very high load resistance is
required to ensure uniform response extending to the low frequency range. The
relationship between the microphone capacitance and the low-range cutoff fre-

quency can be expressed as follows.

. |
fom—

for  Low-range cutoff frequency (Hz)
Zn:  Preamplifier input impedance (£2)

Cm: Capacitance of condenser microphone (F)

If the output of the microphone were directly routed through a long shielded
cable, the capacitance between the cable conductors would cause a sharp
drop in sensitivity, as is evident from the following equation.

Cm

Mo=—

Cm+ Ce

“Ms

Mo:  Qutput voltage into directly connected shielded cable (V)
Ms: Output voltage in microphone open condition (V)

Ce: Cable capacitance of shielded cable (F)

For the above reasons, a preamplifier is connected directly after the micro-

phone, to provide a low-impedance output signal.

Preamplifier Specifications

Input impedance: 3GQ
Output impedance: Less than 300 Q2

Maximum output current: 2 mA

9
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| Influence of Microphone Extension Cable |
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When the output of the micro pﬁ@ﬂ\,mmam;ﬂiﬁ%{“m routed throug
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cable, certain limitations t

uency range will apply. Th
T“@ longer the cable, the lower the measura

lower the frequency limit. The diagram below she

[am—

cable length, measurable sound pressure lev
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If for example a sound pressure level of 120 dB is to be measured up to 3 kHz,

an extension cable length of up to 100 meters can be used.
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The NL-18 provides & choice between “A” and “C” weighting and flat fre-

quency response. The electrical characteristics of the weighting network are as

shown below

g !
i
10 : i
FLAT FLAT
9 : e
ﬁgﬂmm@ i
Y i
-10 =5~ il
C c
o~ 20T -
18} L
2 30 A
= v
= 40 2
& /
3 ‘
-50 f A
-60 f
70
e 20 50 100 200 500 1k 2k sk 10k 20k 50k

Frequency (Hz)

Frequency weighting characteristics

The volume impression (loudness) of a sound depends not only on the sound
pressure level, but also on the frequency. At high or low frequencies, a sound is
felt to be less loud than a sound of equal level in the midrange. The “A” weight-
ing curve compensates for this effect and produces measurement results which
are close to the actual impression of loudness. For this reason, this type of fre-

quency weighting is widely used for purposes such as sound level evaluation.

With the “Flat” characteristic, frequency response is linear, which is suitable
for sound pressure level measurements and for using the sound level meter

output for frequency analysis.

The “C” weighting curve produces almost flat response, but with a rolloff be-
low 31.5 Hz and above 8 kHz. This is suitable for sound pressure leve
surements in situations with unwanted low-frequency or high-frequency com-

ponents.



Detection Circuit
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I'he sound level meter uses rms detection. The effective value

bt

fined by the following equation.

> time interval T is performed. The result is divic
square root 18 extracted. The circuit configuration for performing the

mathematical operation looks as follows.

£1 1 T el
&1 O Power of 2 —I
T Jo

Ioput Voltage “——r

bt

The rms detection circuit in the NL-18 employs logarithmic transfo

is configured as follows.

o O Rt Logarithmic i Time

$3F o by r——— ’11 j
echification T #uansformation T X2 | T weighting%ﬁf (}C

2]

lei] loglei| 2 loglei] log ei*

=logei’

For measurement and evaluation of the rms detection circuit, a signal with known
crest factor is used. The crest factor is defined as crest value divided by effec-

tive value. If the signal type is known, the crest factor can be calculated

cisely. The rms detection error of the NL-18 is about == 0.2 dB for an input

signal with a crest factor of 3.



RMS Detection Circuit

14

During sound level measurements, the level often fluctuates dra

«~§

would make it difficult to evaluate reading
applied. Sound level meters therefore provide the

ing (index averaging) using the rms circuit. The par:

process are called the time weightings, determined by

next page).

Sound level meters usually have a “Fast” and “Slow” ¢

ing. The time range that is considered for : VSE&Qiﬂg is

setting and wide in the “Slow” semng. n the “Fast”

From the point of view of the measurement object

suitable to situations with swiftly changing sound Eevei

setting yields a more broadly averaged picture. The “Fast” setting is more com-

. . ox

monly used, and sound pressure level values given without other i

usually made with “Fast” characteristics

The “Slow” time weighting setting is suitable for measurin

sound with fairly constant levels. For example, in Japan aircraft noise

speed train noise is usually transient noise with high ﬂu{;maﬁ@m but here in
Japan, the “Slow” setting is used to determine the maximum level for each

noise event.

The “10 ms” setting of the NL-18 results in a very short timne constant, «

the meter to closely follow noise fluctuations.

The “Imp (Impulse)” setting enables the meter to track noise bursts of v

e

short duration.

In the “Peak (Peak Hold)” condition, no averaging is carried out, and the peak

value of the frequency-weighted sound pressure waveform is displayed.



Frequency Weigl fin

rms amplitude e

Time weightings and time constant

Time Time constant
weightings Rise time Decay time
Fast 125 ms 125 ms
Slow is Is
16 ms 10 ms 10 ms
Imp 35 ms 15s

The time weighting network of the sound level meter perfo

on the square of the sound pressuye signal. The equivale
right. T is the time constant, which equals CR.
R v={R
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Laeq (equivalent sound pressure level)
For a sound pressure level signal that changes over time, the La¢q (equivalent

sound pressure level) is a hypothﬁtég:” constant sound pressure ievel that has
the same energy as the actually measured signal in the measurement interval. It

is determined by the following equation.

; )
L e pa’ ()
¥ e L <
L = {0log Lo
Aeq 0 g po’

£ Measurement start tirne
o Measurement end time
Tom: Measurement tHime

Expressing the above equation for sound pressure level yields the following

eguation.

4,
iy

L,  =10log, — [ 10M®00
A Tm i

La : Instantaneous sound pressure level

In the sound pressure level meter NL-18, this statement is used as reference,
and digital processing to determine Lacq is carried out according to the follow-

ing equation.

1 N
x . ; A Lawfi0
Lpeq = [0log,, v E 10

Y=t

N: Number of samples

16



Measurement Functions

Using the output signal of the rms detection circuit, digital processing is per-
formed to determine the Laq value. For this purpose, a suitable rms detection
time weighting and sampling interval for Lacq processing must be chosen. In
the NL-18, the sampling interval for A/D conversion is 10 ms (100 samples per
second), and Leq processing is carried out every interval. The Ly.q reading can

therefore be displayed already during measurement.

Lae (sound exposure level)

The Lag (sound exposure level) is a hypothetical constant 1-seco

bl

sure level having the same energy as a single-event sound pressure

sured with A weighting. It is determined by the following equation.

1 2 paA® (2
L. =10log, — [*PA 1)y
AR 10 2
L1070 po
i1 Measurement starf time
N Measurement end i
To: Reference time (1 S@Ci}ﬂ@}
po: Reference sound pressure 20 U
/ m?)

pA(f):  Instantaneous sound pressure mea:

sound pressure level meter A weighting

Expressing the above equation for sound pressure level yields il

1 e N
M_ . qLA(r,/iO Is
Lyg =10log,, o j{“ 10 dar

Law:  Instantaneous sound pressure level

equation.

1 & Lawy/10
g =10log,, — > 10

YO iz

No: Number of samples per second

[
el



Measurement Functions

=
P

T

1 the NL-18, the sampling interval for A/D conversion is 10 ms (100 sam

per second), and Lag processing is carried out every inter
P ) AE P

ing can therefore be displayed already during measurement.

The L, {percentile sou

exceeded for x percen

seiect five values for x {fmm 11099, in 1-percent steps), and caicul:

percentile level for these five %aﬂues simu}taﬁemzﬁi;\c The sampling intervai

Q,A

Ly pi"@csssémg is 100 ms (10 samples per second), and proces
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bty
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- is completed. L, readings shown during measurement
gfu

therefore are not meaningful.

Lmaxs Lmin (Maximum and minimum sound pressure
level)

18
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Lnay 18 the maximum sound pressure level an

i

4 Loin the minimum sound pres-
sure level encountered during a measurerment. In ¢

val for A/D conversion is 10 ms (100 samples p

Logn values since the start of the measurement are stored. Thersfore the [

surement.



Measurement Functions

Lim3, Lims (Taki-max sound pressure level) *

For the duration of the measurement, the maximum level within a 3-second or
5-second interval is sampled and the power average is determined. Ly is calcu-

lated according to the following equation.
1
L, =10log,, }—Embmﬂo

L Maximum level within interval (3 or 5 seconds)

N: Number of samples

The number of samples is determined according to the following equation.

{2 —1 1\
o i A
For Liys: N=-—r—"
3
o . (* - m}
For Lyys: N=-—1—=
5
e Measurement start time
t: Measurement end time

* Ly 18 specified by DIN as “Taktmaximalpegal Mittelwert”, and its mean-
ing in English is “Power averaged maximum sound pressure level in a

measuring period.”

Lpeax (waveform peak hold)

The waveform peak sound pressure level for a given measurement interval can

be measured.

19



*W:mméi

The diagrams below show the inherent noise

e

4

f the NL-18, in the frequency
weighting “A” and “Flat” positions. The measurement was made with a 1/3

octave filter and a frequency analyzer.
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When measuring a certain sound in a certain location, al

it that location except the measurement target sound are background noise \zfm

cailed ambient noise or dark noise ) Since the sound level meter will d
combination of target sound and background noise, the amount of b :E«;gmimd
oise must be taken into consideration when determining the level of the target

sound.

If the difference between the meter reading in absence of the target sound and
the reading with the target sound is more than 10 dB, the influence of back-

ground noise is small and may be disregarded. If the difference is less than 10
dB, the values shown in the table below may be used for compensation, to

estimate the level of the target sound.

Background noise compensation

Display reading difference with
and without target sound (dB)

Compensation value (dB) -2 -1

If for example the measured sound level when operating a machine is 70 dB,
and the background noise level when the machine is not operating is 63 dB, the
compensation value for the difference of 7 dB is -1 dB. Therefore the sound
level of the machine can be taken to be 70 dB + (-1 dB) = 69 dB.

The above principle for compensating the influence of the background noise
assumes that both the background noise and the target sound are approximately
constant. If the background noise fluctuates, and especially if it is close 1n level

to the target sound, compensation is difficult and will often be meaningless



(Reduction of Wind Noise by Windscreen

During outdoor measurements or measurement of ventilation devices, wind noise
can falsify measurement results. To counter such problems, the supplied
windscreen WS-02 should be mounted on the microphone. The characteristics
of the WS-02 are shown below. The attenuation of wind noise produced by the
windscreen is about 25 dB with “A” frequency weighting and 15 dB with “C”
frequency weighting.

The influence of the windscreen WS-02 on the acoustic performance of the
microphone is within £1.0 dB up to 12.5 kHz, as shown in the diagram on the

next page.
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Frequency response of wind noise measured with
windscreen WS-02 mounted on microphone
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Influence of Unit Body
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ifluence of Operator

The NL-18 is designed to minimize reflections caused by the body of the unit.
The charts below show the influence of the sound level meter body and the

operator on the measurement.
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Acoustical influence of sound level meter body



infivence of Unit Body
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/O Connector

28

The I/O connector on the NL-18 serves for input of control signals and input/

output of data. It has the following functions.

® Measurement data output to printer CP-10, CP-11
(with printer cable CC-90)

® Measurement parameter output to level recorder LR-06
(with NL information transmission cable CC-31}

® Filter control input from level recorder LR-06/LR-04
(with sync cable CC-91)

® Communication with a computer (RS-232C interface)
(with interface cable CC-87E)
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The characteristi

¢s of the filter unit NX-04 and WNX-05 are shown below.

1/1 octave filter

125

2506 500 1000 2000 4000 8000 16000

Aftenuation (dB)

Aliowable attenuation range

/

I

30

40

60

Attenmation tolerance according to JIS € 15131983 Type 1

1/8

1/4

Filter characteristics

Ve B E U CI) 4 8

Frequency ratio f/f¢ (f* frequency, fC: center frequecy)
q ¥ 4] q Yo J Juecy )

'3

+

and 1/1-octave band filter characteristics of NL-18

important

The frequency range of the noise level meter NL-18
is 20 to 12500 Hz. Measurements at ¢«

A\



Filter Characteristics

1/3 octave filter
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The filter has the following 33 center frequencies (Hz):
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and 1/3-octave band filter characteristice of NL-1¥

Important

The frequency range of the noise level meter
is 20 to 12500 Hz. Measuremsents at center {re-
quencies outside of this range may not be reliable.
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