A simple to use, pocket size,
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Instructions
and Applications =&~

Sound Level Calibrator
Type 4230

acoustic calibrator which gives an
accurate sound pressure level of
84 dB at 1000 Hz.
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1. INTRODUCTION

Type 4230 is a portable, lightweight, acoustic calibrator for accurate
field calibration of sound level meters and other sound measuring systems.
it fits all B & K microphones of 1 inch and 1/2 inch diameter. A unique
construction gives the calibrator a high equivalent volume, and the sound
pressure developed is, therefore, independent of microphone volume. This
means that exact fitting of the microphone in the coupler is not critical, and
that different microphones can be compared without correction for equiva-
lent volume.

The calibrator is virtually unaffected by variations in static pressure and
works accurately within a wide temperature range. The sound pressure level
developed is 94 dB re 2 x 10~5 Pa (1 Pa= 1 N/m2 = 10 ubar)..

The accuracy of calibration is better than £0.3 dB at 25°C. A frequency
of 1 kHz has been chosen to give independence of the weighting networks
(A, B, C and D) for sound “evel meters. These have a common reference of
1 kHz at which attenuation of the weighting network is zero.
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2. OPERATION

2.1. GENERAL

This calibrator is made for calibration of 1 inch and 1/2 inch diameter
microphones. An adaptor is placed in the front opening for use with
1/2 inch microphones, and is removed when 1 inch microphones are
calibrated. {Fig.2.1).

To protect the Calibrator, store and operate it in its leather case.

Fig.2. 1. Sound Len!él Calibrator Type 4230

The sound pressure level of the calibrator is 94 dB. However, when
calibrating a microphone which is to be used for free field measurements, a
small correction is necessary to compensate for the difference between free
field response at 0° incidence and pressure response. The correction is
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—-0.4dB for 1inch microphones (making the effective calibration level
93.6dB) and —0.2dB for 1/2 inch microphones (making the effective
calibration level 93.8dB). No correction is required when calibrating
pressure response,

Adaptors are available so that the B & K 1/4 inch and 1/8 inch micro-
phones can be calibrated using the 4230. The adaptor DB 0310 is required
for the 1/4 inch microphone and the adaptors DB 0310 and DB 0352 are
required for the 1/8 inch microphones. In each case the extra adaptors fit
inside the 1/2 inch microphone adaptor supplied (DB 0311).

Fig.2.2 Calibrator Fitted on 2205 Sound Level Meter

2.2. PROCEDURE
1. Place the microphone into the coupler of the calibrator {Fig.2.2}.
2. Press the button on the calibrator.

3. Adjust the measuring equipment to read according to Table 2.1.
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.: Pressure

i' Response 94 dB
3 Free Field 1 inch microphones 93.6dB -
i;- Response 1/2 inch microphones 93.8dB

Table 2.1. Indication required from measuring equipment for various
microphone types

2.3. BATTERY CHANGE
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! If the signal does not last for at least a few seconds after the push-button
} on the caiibrator has been released, then the battery needs repiacing. This is
h done after removing the leather case by unscrewing the bottom black part
! of the calibrator housing (Fig.2.3}, unsnapping the contacts to the battery,
! replacing the battery, snapping on the contacts, replacing the housing, and
! returning the unit to its leather case.

i
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Fig.2.3. 9 V Battery Installed in the Calibrator
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2.4. LEATHER CASE

The leather case which is included with the Type 4230 is designed to
protect it and is best left on the unit except when changing batteries, The
design of the case includes shock absorbing material to protect the
calibrator if it is dropped. The case also protects against dust and the effects
of instantaneous temperature changes, such as holding a cold instrument in

a warm hand while doing a calibration.

Fig.2.4. Calibrator in its leather case
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3. DESCRIPTION

3.1. PRINCIPLE

. The calibrator {Fig.3.1} is based on a 1 kHz stabilized oscillator which
; drives a piezoelectric bender. This bender is coupled to a membrane which
[ produces a sound pressure in the coupler volume. As the system is adjusted

| to resonate at 1 kHz and is driven at this frequency, the equivalent volume
is very high.

Adjusting mass /

Front volume

D

.i ic di T Equalization
: Metallic diaphragm ;V T Ji/ ik
| /;

: Ceramic bender // — ! Back volume
. LAV

i Helmholtz /// 'S

| resonator

Zener stabilized
oscillator

\\\\\\\\\\\\\\\
2
A R

1 ‘.-
1 Fig.3.1. Construction of the 4230

A hold circuit is included 1o facilitate operation. This circuit holds the
signal for up to one minute (with a new battery) after the push-button is
released, thus leaving one hand free for adjustment of the sound measuring
instrument. Short duration of the signal indicates inadegquate battery power.
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1
3.2. CHARACTERISTICS !

3.2.1. Atmospheric Pressure

The influence of atmospheric pressure variations from the reference
1013 mbar is shown in Figs.3.2 and 3.3. Fig.3.2 shows the addition which
H must be made to the basic £0.25 dB uncertainty in the calibration for

i

pressures around and below atmospheric. Fig.3.3 shows the influence of i
high air pressure environments as measured on typical 4230 Calibrators, l
4 }
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3.2.2. Ambient Temperature o
| A

Influence of ambient temperature on the basic +0.25dB uncertainty in “ ]
calibration is shown in Fig.3.4. o
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3.3. DESCRIPTION AND EQUIVALENT CIRCUIT

A cross-sectional view of the Calibrator is shown in Fig.3.5. It consists of
a Zener stabilized oscillator which delivers current via a potentiometer to a
piezoelectric crystal. The crystal is soldered onto a metallic suspension
system, which is designed so that its influence on the stiffness of the crystal
is minimized. The force generated by the crystal is transformed by a conical
nickel-membrane to a sound pressure in the coupler to which the micro-
phone is subjected.

The conical part of the membrane forms a stiff piston while the plane
edge of the membrane is elastic. To obtain low acoustic impedance from the
point of view of the coupler volume, the moving mechanical parts of the
system are adjusted to resonate at 1000 Hz which is the signal frequency of
the Catibrator. Since the mass and stiffness of the memhbrane and crystal
would give a higher resonant frequency, the frequency can be lowered by
adding a mass to the membrane.

It is desirable to eliminate the cavity stiffness behind the membrane since
it changes in proportion to the atmospheric pressure and would therefore
influence the resanant frequency of the system, This is achieved by coupling
a Helmholtz resonator (with resonant frequency 1000 Hz), giving a very low
acoustic impedance at this frequency.

Finally, a pressure equalization canal between the coupler and the cavity
behind the membrane is incorporated in the calibrator, to reduce the large
pressure variations caused by “piston” effects, when microphones are
coupled on and off, which could otherwise damage both the Calibrator and
the microphones.
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Fig.3.5. Cross-sectional View of the Calibrator
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An equivalent circuit for the above mentioned elements is shown in
Fig.3.6. The impedance analogy has been used, i.e. mechanical or acoustic
mass is replaced by an inductance, compliance (1/stiffness) by capacitance,
and damping by electrical resistance. The dimensions of the single elements
are determined partly by calculation and partly by transferring the given
i mechanical and electrical data of the crystal to acoustical units, taking into
consideration the area of the membrane through which the real acoustical
elements are coupled.
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Fig.3.6. Electrical Equivalent Circuit Diagram (for 1013 mbar, 250C)
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{ For actual build-up of the circuit in practice, the generating side of the
% circuit is modified whereby the transformer can be omitted, and the imped-
} ances of the elfectrical elements are reduced by a factor of 103 to obtain the
If order of component impedances met in actual practice.
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The simplified equivalent circuit diagram in Fig.3.7 is valid for an
atmospheric pressure of 1013 mbar, Similar circuits have been built for
lower atmospheric pressures during development work. These have per-
mitted careful examination in optimising the performance of the Calibrator.

For further discussion of the equivalent circuit see B & K Technical
Review 1971 No. 4, “Acoustical Calibrator Type 4230 and its Equivalent
Diagram”’,
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Fig.3.7. Simplified Equivalent Circuit Diagram
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| 4. SPECIFICATIONS i
! -
? I
i Frequency: 1%Hz £1.6% X
Iy

Sound pressure level: 94 dB re 2 x 10~5 Pa* I

1Pa i

I

L

Accuracy (at 1013 mbar): +0.25 dB at 25°C |

10.35 dB between 10°C and 40°C -

10.50 dB hetween 0°C and 50°C i

(see Fig.3.4) o

[

Influence of static pressure: +0.05 dB per 100 mbar change in pres- E :'::

sure between 500 mbar and 1100 mbar. !, |

(see also Fig.3.2 and Fig.3.3). I i

D

i

Distortion: Less than 1% 2 “:

] I .:

Microphone types: 1inch and 1/2 inch !! ii'

b i [

Power Supply: Battery Tx9V :j‘:

(IEC 6 F 22, NEDA 1604) i =|

oo

a o

[ Battery check: As long as calibration is possible with ;! M
the button released, the change in SPL i f::

is less than 0.05 dB # F

Ik

Dimensions including leather case: Length 110 mm ({4.40 inch) ii II

Diameter 44 mm (1.76 inch) i

] H:

I

Weight: 260 g. {9.2 oz) % I

1

Temperature range: 0-—50°9C 1 .

© oo

K

! i

* 1Pa=1N/mZ =10 ubar | 1
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y Equivalent volume: [V] > 200 em3 at 25°C
i [V] > 100 em3 between 10° and 40°C
E [V] >50 em? between 0° and 50°C
E Accessories Included:
|
| 1x QB 0010 9 V Battery (|EC 6F 22)

1 x KE 0065 Leather Case

i 1 x DB 0311 Adaptor for 1/2 inch Microphones
|
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