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Who am 1?

Erling Frederiksen

History

Transducer Development Engineer, 1958 - 1969

Manager of the B&K Microphone Production, 1963 - 1967

Manager of the B&K Microphone and Calibration Development Group, 1970 - 1994

Today
Product Manager — B&K Microphone Calibration Systems
Department Manager — DPLA-B&K Sound Calibration

Member of IEC/TC29 and Working Groups:
- microphones and calibration (WG5)
- sound calibrators (WG17)

Member of BIPM — CCAUV
erlingfred@bksv.com
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Contents
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 DPLA-B&K Pressure Reciprocity Calibration
 DPLA-B&K Uncertainty of Pressure Calibration
Type 4160 Modification

Reciprocity Calibration with PULSE Analyzer
DPLA-B&K Microphone Parameters
DPLA-DFM Microphone Data-fitting

* New Method of Infra-sound Calibration
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Danish Primary Laboratory of Acoustics

Operated by B&K in co-operation with DFM

B&K DFM*
Accredited S&V Calibrations | Special Calibrations
Calibration Research Calibration Research
Torben Licht (vibration) Knud Rasmussen

Erling Frederiksen (sound)

* DFM (Danish Institute of Fundamental Metrology) has replaced
DTU (Danish Technical University) as our DPLA partner
e
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DPLA Nomination and Accreditation
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Nomination as

Primary Laboratory for
Acoustical Measurements in
(ases and for Accelerometry

TIIF "lﬂllll .‘FT ney r’li' I?{'I'i'lllll]ﬂ"n: llr
Trade and Industey herely announces that it
has entered inte contract witls

DANISH PRIMARY LABORATORY
OF ACOUSTICS
BRUEL AND K]
Skodeborgyvej 307
DR-2850 Nerum
Denmark

concerning the establishment and mainienance of 2
Primary Laboratory for Acoustical Measurements
in Gases and Solids and for Accelerometry

The contesct has been entered on the lasis of paragragh 10, part 1,
i 1, part & of the Mankstry of Indisatry conscdislated set
chraary 22, 1933

&l iragra

Ma. 24, date

Damivh Primary Labiratory of Ansurtios, whach i operated by =n
indepemdent perimend of Hrikel gl Kjar A% m Cooperstian with
the Acouitsr Laboratoay of the Techsinal University of Dymmark,
i uler wa oldigeison tsstablish dld e contineualy malniain an<d
derelog cahlration ithen il imeibaols following Unterma thonal
recommemdatiomd, = that sound sl vibrazion trassdusers cin be
walaliratad o1 ther kighrd mterrational bevel,

T ol conbrset is given in cods 19

Copeshagen, Aprll 38, 1935
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MFGCENS RAING
Grrmenzl- Do tor, M_ 3¢

Trasish Agemiy foa Develogmment st Trade s Indussry
Muisistry of Busaness snd Induiley

Agcreditatian Dansk
1o parferm Akkrediterings

rachnical testing = Ordning

Laboraton: Brivel & Kjeer Industr AIS
Danish Primary Laboratory for Acoustics
Nanam Hovedgads 18

%) Monam
Acoreditation Aecustio Calibradion
Regigwratien numbar: b
Wabid fo: 1936 11 30

Fiald of teging:

Calbiraton of:
= MieresSonss
= Areslsrematens

Callbragon is perfoemed in with tha i : for measuring
rarge and capabilitas apprsved by Dansk Akkroditerings Qrdnisg ithe Danlsh
ercreditation schemsd,

The acereditaton I granted in pursuance of 55 in Order Mo, 163 of 19 March 1990 of the
Hazioral Agency of Indusiry and Trade on Accrecitatien of Laborataries 1o Perfarm Accradited
Technical Testung and Approval of the Laborg g Acthilied in acec @ with tha QECD
rules for Good Laboratory Prac

The Lahornory shall a1 all vmas comply with exigung riguldtions conseming i scthiy as an
acorediced labarate y and waith tha special cong ad 1o this sccreditition and natified
W lazoratory by separate document.
D 1582 0812
Dangk Akkredimenings Craning [the Danish sccreditation schese)
o Lo
r W a{iia,;-‘_-;_
,Ir/ Blarets Reamuzeen [ Niels Rudolph Murmamann i
L e T
.J’r,-f" L ,‘J;'I:"I

By st iwmeat of ady disgutes, Ghin DpoSess i3 Sealoh Lasguage ckall Bres prisgasy.
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DPLA-B&K
accredited
Pressure-field Reciprocity Calibration
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Plane Wave Couplers for use with Air

One-inch Coupler
taken apart for
volume and length calibration

Sapphire

]

Pair of Half-inch Couplers

Coupler Pair
for calibration and
microphone volume
determination

Length: 9.4 mm
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Impedance of 'Plane Wave Coupler

'Plane Wave Coupler Model of Acoustic Transfer Impedance
d ) Za,o
Za,x Za,y
L,

Za,xy is determined by the transmission line theory

1 Za,o+Za,o -cosh( ] )_|_ 1_|_Z“’°.Z“"’ -sinh( -l ) IEC 1094-2
Z _Z’ Z Z }/ xp 7/ xy ( - )

a,xy a,o a,x a,y Za,x Za,y
Dimension requirements: [, <04-A d = dgaphragm
Advantage :  very high max. frequency without Hydrogen

Disadvantage : high influence from impedance of microphones

U
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5th Generation B&K Reciprocity System

Type 9699 1°: ) Microphone Reciprocity

.- SEETEEEIAARA A AR Calibration System
Type 9699

= Highly Accurate
= Slow Method — Fast System
* Frequency Range up to 25 kHz
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Traditional Type 9699 Reciprocity System

IEEE-bus
Reciprocity Calibration Apparatus
<=
Amplifier Voltage Generator
HP-Filter Amplifier
7 >
Personal Computer
77— > ||
E | 1/3 Octave Filter
' {} Tr. Mic. Rec. Mic. {} E
| le } | o i | ! Digital Voltmeter
I . oupler |
i Capacitor !
E Driver - or Insert Voltage Ground or Insert Voltage |
Pressurization Chamber
I
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. : . Type 4160 No. 873982 | +— | o
Calibration History ol b
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Calibration History  Type4180No. 1124043 L e e
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Uncertainty Calculation Type 4180 — LS2 - DPLA

Input Parameter Symbol W. Unc. Unit 20 Hz 32Hz 63Hz 125Hz 250 Hz 1kHz 4kHz 8 kHz 10 kHz 12.5kHz 16 kHz 20 kHz 25 kHz|

Static Pressure Pa, Pez, P.s | 0038 KkPa| 0.0016 0.0016 0.0016 0.0016 0.0016 0.0016 00016 0.0016 0.0016 0.0017 0.0017 0.0017 0.0016

Temperature Ti, Tz, Ts 0869 Koo 0000580 000020 00001 000070 000000 000000 00002 00015 000260 000471 000841 0 0130| 0.0280
Relative Humidity | RH1, EHz, EHs | 4.32 S0 0.001 020 0.0040
Amb. Conditions 0.00 133 0.0283
Coupler Length lconp 0.003 | mm | 0.00( 046| 0.0100
Coupler Diameter decup 0.004 | mm | 0.00( 0o0| 0.0000
Coupler Volume Weoup 034 mm3 0.00 038 0.0037
Coup. Surf. Area Scenp 015 mm2 0.00 . 0o0| 0.0000
Coupler Leakage - seetable - | 004 DPLA_B&K uncertalnty 000 0.0000
Coupler 0.04. 060 0.0107
Mic. Front Length Ls 0.006  mm  0.00( budget for accredlted 180 0.0420
Eqv. and Front Vol Weoa, Vs 0.25/0.08 mm3 0.00 013| 0.0075
Diaphragm Res. fos 1476 | Hz | 0.00( 1Y 71 > . 280 0.0580
Diaph. Damp. Fac. Ds 0.094 - | 000 pressure SenSItIVIty Callbratlons 070 0.0300
Microphones 0001 340 0.0780
Series Cap. C sestable pF | 0.00: 032 0.0050
Volt. Ratio, DWVM | VRab, VR, VRb: zeetable - | 0.00° 042 0.0042
Volt. Ratio, Crtalk VRab, VR, VRe: < -66 dB - | 0.00: 025 0.0025
Volt. Ratio, Moise  VRab, VR, VRe: < 46 dB - | 0.00 001 0.0001
Volt. Ratio, Distort, VRab, VR, VRe: < 46 dB - | 0.00 001 0.0001
Frequency f 12 ppm 0,00 001 0.0003
FPal. Voltage e 0.08 Vo 0.00] 036 0.0036
Electrical Parameters 00000 vwuvou wvuwss vueTo VUt wuwets uuusl wouwioe  wouwoo vowwor wowwow woo0B89 00079
Reproduc./Stabil. Mg sestable dB  0.0160 0.0080 0.0080 0.0080 0.0080 0.0080 0.0080 0.0080 0.0080 0.0080 0.0147 0.0200 0.0347|
Result Rounding Mg <0.0005 dB  0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006]

Uncertainty at Measurement Conditions dB  0.048 0.022  0.014 0.013 0.013  0.013  0.013  0.013  0.014 0.016  0.024 0.043  0.091|

Sensitivity Correction for Static Pressure dB  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0008 0.0022 0.0024 00014 0.0080 0.0175 0.0140
Sensitivity Correction for Temperature dB  0.0027 0.0027 0.0027 0.0027 0.0027 0.0027 00027 0.0030 0.0033 00032 0.0031 0.0065 0.0063
Uncertainty at Reference Conditions dg8  0.048 0.022 0.014 0.013 0013 0.013 0013 0014 0.015 0.6 0.025 0.047 0.093
- - - - — - - -~ "
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Resulting Uncertainty Type 4180 — LS2 - DPLA
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Uncertainty Influence of Parameter Groups

—o— Ambient Conditions
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DPLA Uncertainty of Type 4180 Calibrations
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Comparison of Type 4160 and 4180
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DPLA Calibration Uncertainty, Type 4160 and 4180
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Influence of Microphone Front Cavity
Thread
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Details of Type 4160 Front Cavity

I
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Influence of Thread in case of B&K Standard Couplers

0.03
dB

0.02 \\
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0.01 SN
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0 E—
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10 100 1000 Hz 10000

Fig.4. Corrections to sensitivities of microphone Type 4160 measured with Plane
Wave Couplers of 7.5 mm and 15 mm length. The corrections account
for the heat conduction effect of the front cavity thread
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Details of Type 4144/45 Front Cavity

T DB0OI111

1.4 mm

1.95 mm
_____ l Sealing Ring

l Ring Cavity

918.6 mm >

022.0 mm ;
Type 4144/45
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Influence of Thread in case of B&K Standard Couplers
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Coupler Length: 15 mm \:j\
R e ——
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Fig. 5. Corrections to sensitivities of microphones Type 4144 and Type 4145 measured with Plane
Wave Couplers of 7.5 mm and 15 mm length. The corrections account for the heat conduction effect
of the front cavity thread and the ring-shaped cavity formed by the Adapter Ring DBO111
e
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IEC 61094-1 LS1 - Type 4160 Modifications

Thread removed from

Front Cavity Surface flattened
/ by lapping
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