SVAN 953 USER MANUAL

D. DEFINITIONS AND FILTER CHARACTERISTICS

D.1. Definitions and formulae

D.1.1. Basic symbols and notation

T-

Po -

current period of the measurement

period after which the results are saved in the logger set in the LOGGER STEP (path:
MENU / INPUT / MEASUREMENT SETUP / LOGGER STEP)

period of the measurement set in the INTEGR. PERIOD (path: MENU / INPUT /
MEASUREMENT SETUP / INTEGR. PERIOD)

exposure time (period during which a person is exposed to the action of noise).
This parameter can be set in the EXPOSURE TIME (path: MENU / SETUP /
EXPOSURE TIME). The available values are from 1 minute to 8 hours with 1-minute step.

period equal to 8 hours (28 800 seconds)

detector time constant set in the DETECTOR (path: MENU / INPUT / PROFILE (x) /
DETECTOR). The available values are equal to IMPULSE, FAST or SLOW

the temporary value of the measured sound with the weighting filter W (equal to A, C or Z,
path: MENU / INPUT / PROFILE x / FILTER) on the input of the RMS detector

the temporary value of the measured sound with the weighting filter W (equal to A, C or Z,

path: MENU / INPUT / PROFILE x / FILTER) on the output of the RMS detector calculated
from the equation:

where:
ty - time (variable of the integration)

the reference value equal to 20 pPa

the exchange rate in decibels equal to 2, 3, 4 or 5 and set in the EXCHANGE RATE (path:
MENU / INPUT / DOSE METER SETUP / EXCHANGE RATE). The value of Q influences
the calculations of dose meter results, namely DOSE, D_8h and LAV. The exposure rate
equal to 3 complies with ISO R 1999 “Assessment of Occupational Noise Exposure for
Hearing Conservation Purposes”, while Q equal to 5 complies with the American
“Occupational Safety and Health Act” — OSHA. The value of q used in the calculations
of DOSE, D_8h and LAYV is taken from the formula:

Q for Q#3
g=1log2

10 for Q=3

the threshold sound level set in the THRESHOLD LEVEL (path: MENU / INPUT /
DOSE METER SETUP / THRESHOLD LEVEL). The available values are as follows:
None, 75 dB, 80 dB, 85 dB or 90 dB

the criterion sound level set in the CRITERION LEVEL (path: MENU / INPUT /

DOSE METER SETUP / CRITERION LEVEL). The available values are as follows: 80 dB,
84 dB, 85 dB or 90 dB
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L(t) - sound level (a function of time) measured with the selected time constant (IMPULSE,

FAST or SLOW,; path: MENU / INPUT / PROFILE x / FILTER) and the weighting filter
(equal to A, C or Z) calculated from the formula:

L(t)=20 Iong—(t)

Lq4(t) - sound level (a function of time), depends on the selected threshold level. In the case when
the None option was selected:

La(t)=L(t)

In the other cases (when the THRESHOLD LEVEL (path: MENU / INPUT / DOSE METER SETUP /
THRESHOLD LEVEL) is equal to 75dB, 80dB, 85dB or 90dB) this sound level is taken
from the formula:

L(t)  for L(t)=L,

D.1.2. Definitions of the values, functions and results measured in SLM mode

PEAK value

The PEAK value (Peak Sound Pressure or Peak Sound Level) depends on the weighting filter W
(equal to A, C or Z) and is calculated for the given T from the formula:

PEAK =20 Iog(maxT aW(t)j

Po
In the case of the PEAK value saved as the main result T = T.. When the PEAK value is saved
in the files of the logger (time history) - T = Ty,

SPL function

The SPL function (Sound Pressure Level) - gives an equivalent of the Sound Level Meter
according to the IEC 651 Standard (meeting the requirements for the Type 2 instrument). The value
of the functions depends on the weighting filter W (equal to A, C or Z; path: MENU / INPUT / PROFILE x /
FILTER) and is calculated from the formula:

SPL :20Iog[maxT pW—(t)]
" Po

where:

T, - the last second of the measurement.

MAX result

The MAX result means the maximal value on the detector output for the integration period.
The MAX result for the period of 1 second is equal to the value of the SPL function. The MAX result
is calculated according to the formula:
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MAX = 20 Iog(mapr\g—(t)J
0

In the case of the MAX value saved as the main result T =T.. When the MAX value is saved
in the files of the logger (time history) - T = T,,.

MIN result

The MIN result is calculated according to the formula:

MIN =20 Iog[minTpW—(t)J
Po

In the case of the MIN value saved as the main result T =T.. When the MIN value is saved
in the files of the logger (time history) - T = T,,.

LEQ function

The LEQ function enables the user to calculate the RMS value of sound pressure in the given time
period. The instrument operates as the standard Integrating Sound Level Meter and conforms
to the IEC 804 Standard (meeting the requirements for Type 2 instrument). The value of the LEQ
function is calculated, when the LINEAR option is selected in the RMS INTEGRATION (path: MENU /
SETUP / RMS INTEGRATION), according to the formula:

T

%
LEQ =20 Iog{% J(aw(t)/po)zdt]

0

The value of the LEQ function is calculated, when the EXPONENTIAL option is selected
in the RMS INTEGRATION (path: MENU / SETUP / RMS INTEGRATION), according to the formula:

T

. %
LEQ =20 Iog[; j(pw(t)/po)zdt]

In the case the LEQ value saved as the main result T = T,.

A Note: For T =T, the LEQ values are saved in the files of the logger (time history) as the
RMS results (see below).

RMS result

The RMS result, saved in the logger’s file, is calculated according to the formula of the LEQ
function. The value of the RMS result is calculated, when the LINEAR option is selected
in the RMS INTEGRATION (path: MENU / SETUP / RMS INTEGRATION), according to the formula:

T, %

RMS = 20 log Ti I(aw(t)/po)zdt
by

The value of the RMS result is calculated, when the EXPONENTIAL option is selected
in the RMS INTEGRATION (path: MENU SETUP / RMS INTEGRATION), according to the formula:
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T, %

1
RMS =20 log| - J(pw(t)/po)zdt
0

SEL result

The SEL result (Sound Exposure Level) is essentially the subset of the LEQ function. Its value
is equal to the LEQ result referred to the integration time equal to one second
(so, for the INT. TIME=1s, SEL is always equal to LEQ). The value of the SEL function is calculated,
when the LINEAR option is selected (path: MENU / SETUP / RMS INTEGRATION), according to the
formula:

Tls]

T %
SEL =20 Iog[J.(aW(t)/po)zdtJ =LEQ +10 [I]ogT[g]

The value of the SEL function is calculated, when the EXPONENTIAL option is selected
(path: MENU / SETUP / RMS INTEGRATION), according to the formula:

T[s]

T %
SEL =20 Iog[a[(pw(t)/po)zdtJ =LEQ+10og 11y

In the case of the SEL value saved as the main result T=T.. The SEL value is not saved
in the files of the logger (time history).

Ltm3 and Ltm5 results

The Ltm3 and Ltmb5 results (Takt-Maximal Levels) are calculated according to the German standard
TA Larm.

Ld, Le,Ln, Lde, Len, Lnd and Lden results
Only one from the mentioned above results is contextually available in the instrument. It depends on
the day and nighttime in which the measurement was performed. It is assumed that:
» the day-time (denoted as T) starts from 6 am and ends at 6 pm or starts 7 am and ends at 7 pm,
» the evening-time (denoted as T,,) starts from 6 pm and ends at 10 pm or starts from 7 pm and ends at
11 pm,
» the nighttime (denoted as T,) starts at 10 pm and ends at 6 am or starts at 11 pm and ends at 7 am.

The mentioned above results are calculated from the following formulae:

5
Ld =20 log Ti [(Ew (o )at (T #0, Tey =0, Ty = 0)
d T,
b
Le =5 dB + 20 log I(rw(t)/po)zdt (Tg=0,Te, #0, T, =0)
ev
%
Ln =10 dB + 20 log Ti J'(rw(t)/po)zdt (Tg=0,Tey =0, T, #0)
n

Tn
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Lde =10 log _ﬁ(lz 1091 + 4 ELOLe/lO)} (Tg#0, Te, #0, T, = 0)
Len =10 log :4—;(4 (100 +8 ELOL“/lo)} (Ta=0, Tey #0, Ty # 0)
Lnd =10 log ﬁ (8 [10-"1° 4+ 12 mot9/10 )} (Tg#0, Tey =0, Ty #0)
Lden =10 log {ﬁ(ﬂ [10-9%0 +4[10"%/* +8 EloL”/lo)} (Ta#0, Tey 0, T, #0)

LEPd result

The LEPd result (Exposure level related to 8-hours working day) is calculated on the base
of the LEQ from the formula:

Te

8h

LEPd =LEQ +10 og

OVL result

The OVL result (Overload) presents the percentage of the overloaded input signal, which occurred
during the selected T. - measurement time set in the INTEGR. PERIOD (path: MENU / INPUT /
MEASUREMENT SETUP / INTEGR. PERIOD).

Lnn statistical Levels

The noise level L(t) is the continuous random variable. The probability that the temporary noise
level L(t) belongs to the interval (Lk,Lk +AL> is called the class density and it can be expressed
by the equation:

n
Pl sL{t) <L, +AL]=ZAti/P
i=1
where:

At; - time intervals, in which the noise level L(t)O{L,, L, +AL) occurs,

AL - so-called class interval or distribution class of the series,

P - total observation period.

In the case when the class interval approaches infinity, the probability of L(t) tends to the probability
of Ly. In practice, AL value is strictly determined and it depends mainly on the dynamics of the
measurements performed in the instrument. In SVAN 95x instrument, there are 120 classes and the width
of each class is equal to 1 dB.

The histogram is the set of the class density values calculated for all classes. In SVAN 95x
instrument the histogram is saved in the result files if the SAVE STATISTICS (path: MENU / FILE /
SAVE OPTIONS / SAVE STATISTICS) is activated (cf. the detailed description of the relevant table
in App. B).

The statistical distribution function, which determines the probability (expressed in %) of the noise
occurrence on the level equal or less than L, +AL is given by the formulae:

P[L(t)sLj]=ZJ::Pk(L)
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The cumulative density function,
expressed by the equation: Cumulative Density
PlL()>1,|=1-PlL()sL|
is directly used to determine so-called o7
statistical levels Lnn or position parameters 91

of the distribution. a5

The Lnn is the certain boundary level
surpassed by the temporary noise level
values in not more than nn% of 73
the observation period.

79

67
Example: Let us assume that L35 is 61
equal to 76.8dB. It means that during - =
the measurements the noise level 76.8 dB =S SN EeEee"TFcoif
was exceeded in not more than 35% E Ny
of the observation period. = =
& 43
The cumulative density function .

for the exemplary data is presented in Figure
on the right side. In order to determine 31
the Lnn level one has to draw the horizontal
cursor and find out the crossing point between
the cumulative density function and 19
the cursor. In SVAN 95x instruments the user

25

can determine 99 statistical levels - from LO1 13
to L99 (1% step of observation period). 7

The display in SVAN 95x instrument i =
has only 64 pixels on the vertical axis and 128 35,00 45,00 55,00 6500 7500 8500

on the horizontal one. It is obvious that
the change of the axes is more suitable
for the presentation of 99 statistical levels.
In this case, the user has to draw the vertical cursor and the value on it gives the required statistical level
(the value of the noise level, which happened during the performed measurements in not more than
selected percentage of the observation period).

Sound Level

Sound Level

85.00

75.00

65.00 -

Lnn presentation in SVAN 95x

17 25 33 41 49 57 65 73 81 89 97

Statistical Levels Lnn

45.00 -

35.00

9

1
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Two presentation modes of the statistical levels are available in the SVAN 953 instrument.
In both modes, the Lnn values, selected by the cursor, are displayed in the bottom line together
with its value and units (dB). The P value indicating the observation period equal to 100 ms (it means that
the statistical results are updated every 100 ms) is placed at the end of the bottom line. The profile’s
number the statistics are taken from, the RMS detector (Lin., or Exp.: Fast, Slow or Imp.), the filter's
name (A, C or Z) and real time are displayed on the right side of the view in the first presentation mode.
The selection of the profile is made by pressing the <SHIFT> and <A> or the <SHIFT> and <v¥y> push-
buttons. The same result can be achieved after pressing the <ALT> and <<> or <ALT> and <»> push-

buttons.

o o
MO RESULTS n's s s
ISR |- St UM Y| ... o P20 Fi3a
JFast S 1o
A C
& ik
L 16 34 1E: 3

1£% || |C3m 99.2 dB P:lBome ||L38 91.7 dBt P:ideme | |L3B 92.6 dB FP:lB8ue
Results shown in thefirst presentation mode of statistical levels

The selection of the Lnn to be displayed is done by pressing the <<>, <»> push-buttons.
The statistics LO1 is immediately available after pressing the <SHIFT> and <<> while the L99 - after
pressing the <SHIFT> and <»> push-buttons.

=] =] =]
............................................... L a9 L T
...... n S |
Sl c4d>4<SHIFT> | e ... .............] 5| < ? >+<SHIFT>
......... E 5
Lo 73.5 o Pz 1600 Ll 1.7 B P:l06ns L93  66.5 d

Results shown in the second presentation mode; the selection of the statistical level

The change of the presentation mode is done by pressing the <ALT> and <A> or the <ALT> and
<¥> push-buttons. The second presentation mode of statistical levels differ slightly from the first one:
the description on the left side is shorter but on the right side the value of the statistical levels are shown.

a a . a )
............................................... Ln's ARG R T
Pl o P2

s| | —— Life | <w>+<ALT>

Litn | cAS+<ALT>

ke
{15 33
L3R V3.5 dB P:lfBns

.......... —
1537
L98 7FE.8 dBE F:lbBEms

0 0 0
R B T — L axg . L E LS
...... i i Fe3a
=N D B ............. ™™ 5| <>+<ALT> Lll?l
........ P - —
= = | . E ... E =]
LE28 F3.5 dB P:lBEms LYd v8.0 dB P:lBbm= Led  FE.H0 dB  P:lbEms

Results shown in both presentation modes of statistical levels; the change of the mode
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D.1.3. Definitions of the results measured in DOSE METER mode

DOSE result

The DOSE result is the quantity of noise received by the worker, expressed as the percentage
of the whole day acceptable value. This result is calculated from the formula:

100(y T Ld(t)_Lc
DOSE =—°j10 a gt

8h

D_8h result

The D_8h result is the quantity of noise received by the worker during 8 hours. This result

is calculated from the formula:
T Ld(t)_Lc
0 Lalt)"Le

D_sh :@ jlo q

0

dt = % [DOSE

LAV result

The LAV result is the average level of the acoustic pressure for the given time period

of the measurement. This result is calculated from the formula:
1T Lg(t)
LAV = q(log ?J'lo a gt
0

In the case of Q (the exchange rate) equal to 3 the LAV result has the same value as LEQ
(if the EXPONENTIAL option is selected in the RMS INTEGRATION (path: MENU / SETUP /
RMS INTEGRATION).

TLAV result

The TLAV result is the average level of the acoustic pressure of the measurement. This result
is calculated from the formula:

T L)
LAV = qog J'lo a9 dt
0

SEL8 result
The SELS8 result is the SEL result corresponding to the integration time equal to 8 hours.
The SELB8 result is calculated on the base of the LEQ according to the formula:

Tenls]
SEL8 =LEQ +10 EI]og—sh—
1fs
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PSEL result

The PSEL result (individual Sound Exposure Level to the noise) is equal to the standing sound level
in a measurement period. The PSEL result is calculated on the base of the LEQ according to the formula:

PSEL =LEQ+10og——
T8h

E result

The E result (Exposition) represents the amount of the acoustical energy received by the worker.
The E value is calculated according to the formula:

LEQ

E= T[S] p2 [10 10

The E result is expressed in the linear units (Pazh).

E_8h result

The E_8h result (Exposition in 8 hours) represents the amount of the acoustical energy received
by the worker during 8 hours. The E_8h value is calculated according to the formula:

LEQ
E_8h=8h]p2 [0 10

The E_8h result is expressed in the linear units (Pazh).
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D.2. Frequency characteristics of the implemented digital filters

D.2.1. Weighting filters in the SLM mode

windows (path: MENU / INPUT / PROFILE (x)).

The weighting filters, which are available in the device (A, C and Z) are selected in the PROFILE (x)

=]
INFUT

=]
INFUT

=3
INFUT

MEASUREMEMT SETLUP
MEASUREMENT RAMGE

MEASLIREMEMT SETUP
MEASUREMEHMT RAMGE

MERSUREMEMNT SETUP
MERASUREMENT RAMGE

DETECTOR: FRST

DETECTOR: FRST

FROFILE 1 PROFILE 1 PROFILE 1
FROFILE 2 PROFILE 2 PROFILE 2
FROFILE 3 FROFILE 3 PROFILE 3
TRIGGER SETUP TRIGGER SETUP TRIGGER SETUFP
\4 \4 \4
= = =
PROFILEC1) PEOFILECZ) PEOFILEC3}
FILTER : FILTEE = FILTER :

DETECTOR: FRST

LOGGER PEAK : [ 1 LOGGER PEAK : [ 1 LOGGER PEAK : [ 1
LOGGER MA:= : [ 1 LOGGER MAY : [ 1 LOGGER MA: : [ 1
LOGGER MIM : [ 1] LOGGER MIM : [ 1 LOGGER MIM : [ 1]
LOGGER RMS L[] LOGGER REM% [1] LOGGER RMS [1]

INPUT and PROFILE (x) windows; weighting filter selection

[dE1 [dE]
i i
-10 -10
—30 -20
-30 -30
-40 -40
&0 -50
-60 -0
=0 -70
-80 -80

] 16 315 &3 125 250 500 ik 2k 4k Bk 16k Hz
a) -1.3 -0.4 -0.4 0.0 00O 0.0 0.0 0.0 00 0.0 00 0.0 dE
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[dE]

=10

=20

=20

=320

=20

-40

-40

=50

=50

-al

—-&0

=70

=70

-80

—-a0

0.5 1

b)

Full (a) and low band (b) frequency characteristics of Z filter implemented in the instrument

-21.4 -19.5 -10.2

A

2

L& 21.5
-0.4  -0.1

1]
0.0

125 250
0.0 0.0 0.

type 1 according to the IEC 651 standard.

500 1k

u] 0.0

[dE]

-10

=20

-20

-40

=50

-&0

=70

-20

=] la

31

.G

a3

125

-78.9 -5s8.9 -33.4 -26.2 -lal -

250

500 1

8.6 -3.2 0

k 2k 4k

.0 1.

2k

lek

-1.0 -&.8

Frequency characteristics of A filter implemented in theinstrument

C

type 1 according to the IEC 651 standard.

Hz
dB

[dE]

-10

-20

-20

-40

=50

-&0

=70

-20

Hz
dB
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[dB]
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Frequency characteristics of C filter implemented in the instrument
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D.2.2. Outdoor filters

The ENVIRONMENTAL filter is set in the FILTER TYPE (path: MENU / SETUP / MICROPHONE /
FILTER TYPE).

porn o
SETUP MICROPHOME
ELEAR SETUP 1 COMPEMSATION [
GAY TIME LIMITS <ENTER> | GIThO0R FILTER : [l
EXPOSURE TIME FILTER TYPE: NagIpiZN
EYTERNAL I1-0 SETUR

SETUP and MICROPHONE windows; the activation of ENVIRONMENTAL filter

[dBI [dE]
10 ——{ 10

—]

_—F”-f_"fd_ﬂ-
............... e
_f—"dﬂ’_!/
I
_'_'_'__'_'_'_'_'_'_'_,_,_—'—
—
u] u]

-10 -10
-20 =20

200 Lk 125k t.sk 2k 2.5k 315k 4k Bk 6.3k 8k 10k 125k 1ak 20k Hz
0.2 03 04 0.7 L0 1.5 22 30 40 &L e2 73 83 9.1 5.6 dB

Frequency characteristicsof ENVIRONMENTAL filter

The AIRPORT filter is set in the FILTER TYPE (path: MENU / SETUP / MICROPHONE / FILTER
TYPE).

SETUP MICROPHOME
EEEEHHEETUP I COMPEHSATION [+]
LAY TIME LIMITS <ENTER> OUTDOOR FILTER @ [w]
EXFPOSURE TIME FILTER TYPE: ISR
EATERHAL I-0 SETLF

SETUP and MICROPHONE windows; the activation of AIRPORT filter

D-13



SVAN 953 USER MANUAL

[dE] [dBE]
10 10
.............................. (_}_P__,-“#fﬂ_’

d_fﬁ—f
I T R R

u} u}
-10 -10
-Z20 -20

800 1k 1.25k l.ek 2k 2.5k 3.15k 4k 5k a.3k Bk 10k 12,5k 1ek 20k Hz

0.0 0.0 0.0 01 02 0.4 07 1.1 L8 23 3.2 41 51 &0 67 dB

Frequency characteristics of AIRPORT filter
D.2.3. Digital 1/1 OCTAVE filters implemented in the SVAN 953

[dE] [dE]

u} u}
-10 / \ -10
=20 \\ =20
=30 \ -30
-40 \ -40
=50 =50
-&0 \\ -&0
=70 \ =70
-B0 \ -20

0.ia8 0.25 0.35 0.50 0.71 1.0 1.4 2.0 FoFo

-95.4 -76.3 -5a.1 -33.1 -3.0 0.0 -3.0 -51.8 dB

Characteristics of the exemplary digital /1 OCTAVE filter implemented in the instrument
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