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Software Package WW 9041 for Noise Measurements
on Business Machines according to ECMA 74

1. Introduction

Software Package WW 9041 allows
nolse measurements on business ma-
chines according to ECMA 74, Mea-
surement of Airborne Noise Emitted
by Computers and Business Equip-
ment. [t includes programs for deter-
mination of sound power and for mea-
surement of sound pressure at the op-
erator and bystander positions. The
programs are written 1n BASIC 4.0,
and can operate in an HP 200/300 se-
ries computer. They are stored on a
bl/1 or 32 inch disc. The programs
also make use of a data disc for stor-
ace and retrieval of results.

The programs can be used for semi-
automatic or automatic measure-
ments. For semi-automatic measure-
ments, the following instruments are
required:

1. The Digital Frequency Analyzer
Type 2131, or the Sound Intensity
Analyzing System Type 3360

2. Modifications WH 0490/WI 1624
to the Type 2131 or Type 3360

3. A Microphone and Preamplifier,
(e.g. Type 4165 with Type 2639)

For automatic measurements, the
following instruments are required:

1. The Digital Frequency Analyzer
Type 2131, or the Sound Intensity
Analyzing System Type 3360

2. Modifications WH 0490/WI 1624
to the Type 2131 or Type 3360

3. 1 to 4 Multiplexers Type 2811

4. 1to 32 Microphones and Preampli-
fiers, (e.g. Type 4165 with Type
2639).

Since the determination of sound
power follows ISO 3744, (ANS] equiv-
alent, ANSI S1.34), a Reference
Sound Source Type 4204 might also
be required for measurement of the
room correction factor K.

by Erik Mikkelsen, M.Sc.

Roger Upton, B.Sc., Bruel & Kjaer, Denmark

The sound power determination 1s
according to ECMA 74 and ISO 3744,
from sound pressure measurements 1n
an essentially free field over a reflect-
ing plane. The sound pressure levels
are determined according to ECMA 74
and IS0 6081. The test for impulsive
Nno1se uses the modifications
WH 0490/WI 1624 to the 2131 or 3360,
and follows ECMA 74, as does the
pure tone determination, which uses
the 112 octave mode of the 2131 or
3360, All measurements are according
to the September 1981 draft of ECMA
74, except the pure tone determina-
tion, which follows the September
1982 amendment.

The programs can also be operated
with an unmodified 2131 or 3360. All
of the measurements described above
can be carried out, except the 1impul-
slve noise test.

2. Sound Power
Determination

The sound power levels are deter-
mined from 153 octave sound pressure
measurements at a number of micro-
phone positions on a measurement
surface in an essentially free field over
a reflecting plane. Two measurement
surfaces are allowed, namely the par-

He—

— N

Reference
parallellepiped

Measurement
surface

o Microphone
positions

'r"'-||(f'u

® Additional
microphone
positions

where:

—_—rr

L, = The band pressure level averaged
over the measurement surface

L,; = The band pressure level resulting
from the i-th measurement

N = The total number of measurements

8517175

Fig. 1. Microphone posttions for the parallelepiped, or “shoe-box”



Measurement
surface

Hemispherical surface

Reference
parallelpiped

857181

Fig. 2. Microphone positions for the hemisphere

allelepiped, or “shoe-box”, and the
hemisphere, shown 1n Figs.1 and 2 re-
spectively. Of these two surfaces,
ECMA 74 states that the parallelepi-
ped is preferred, and that the hemi-
sphere can only be used for measure-
ments on small noise sources.

The measurements can be per-
formed 1n a semi-automatic or auto-
matic mode. The semi-automatic
mode 1s intended for use with systems
using only one microphone. A pause 1s
introduced between each sound pres-
sure measurement to enable the mi-
crophone to be moved to the next mi-
crophone position. The automatic
mode 1s for use with multiplexed mi-
crophone systems, whereby the pro-
oram automatically scans around all
microphone positions. The scan can
either be continuous, or a pause can be
introduced between each sound pres-
sure measurement at each microphone
position, should it be necessary to
make adjustments to the device under
test. For instance, for printers print-
ing onto single sheets of paper, 1t will

be necessary to insert a new sheet of

paper for each sound pressure mea-
surement at each microphone posi-
tion.

Up to 32 microphone positions can
be scanned, either semi-automatically
or automatically, with a linear averag-
Ing time of up to 128 seconds at each
microphone position. When an averag-
ing time of 128 seconds is insufficient,
it may be extended by repeating the
measurement at each microphone po-
sition, with up to 10 repetitions being
possible. In addition, up to 10 com-
plete scans can be carried out arcund
the selected microphone positions. All
of the measured spectra are stored on
the data disc for later retrieval.

In addition to the source scan, a
background noise scan is required. In
both semi-automatic and automatic
measurements, the background noise
at each microphone position 1s mea-
sured as a separate scan prior to the
source scan.

The background noise scan 1s stored
on the program disc, and provided the
number of microphone positions re-

mains unchanged, it can be used for

multiple measurements of sound pow-
er. If the number of microphone posi-
tions 1s changed, however, (or the
background noise conditions change),
a new background noise scan must be

Difference in dB between sound pressure
level measured with equipment operating
and background noise alone

Correction in dB to be subtracted from
sound pressure level measured with
equipment operating to obtain sound
pressure level due to equipment alone

-

<

-

OO O~

measurement invalid
1.0

1,0

1,0

G,5

0,5

0,0

T006846GE0

Table 1. Corrections for background noise according to ECMA 74, Clause 6.7.3.

made. The averaging time used for the
background noise scan and the source
scan 18 independently selectable.

The sound pressure spectrum at
each microphone position, averaged
over the number of scans performed
and corrected for background noise
according to KCMA 74, (see Table 1),
can be displaved on the screen of the
computer or printed out on its graph-
1¢cs printer. The measured background
noise spectrum for each microphone
position can also be displayed or
printed. The average sound pressure
level, L, (corrected for background
noise), 1s calculated for each 1/5 octave
band across all microphone positions,
and can be displaved or printed, as
can the average background noise lev-
el.

The software includes the possibili-
ty of entering the environmental or
room correction factor, K, (KCMA 74,
clause 6.8, and ISO 3744, annex A).
This factor describes the amount of
nolse measured 1n dB due to unwant-
ed reflections. The correction factor
can be entered manually for each 153
octave and the A-weighted channel, or
can be measured using the Reference
Sound Source Type 4204, which 1s
placed 1n the test environment in the
same position as the source under test,
and with the same microphone posi-
tions. The correction factors are
stored on the program disc, and hence
provided that the test environment
and microphone positions remain un-
changed, they need only be entered or
measured once. The maximum range
allowed for the room correction fac-
tors 1s (0 to 2 dB.

The surface sound pressure level L ;
is the average sound pressure level,
corrected for the amount of noise due
to unwanted reflections:

Lpi’ = me o K

The sound power level is calculated
from the surface sound pressure level
according to the equation:

L7
1m-

Lw = L, + 10 logm( > . )

where S is the surface area of the mea-
surement surface in m®. Both the sur-
face sound pressure level and the
sound power level can be displayed on
the computer’'s display screen or
printed on its graphics printer, as can
the room correction factor K.




The display and printout of mea-
sured and calculated spectra can be
made both in numeric and in graphic
form. The A-weighted and 13 octave
or /1 octave levels, (calculated from
the 1/3 octave data), are shown. Correc-
tions for background noise or unwant-
ed reflections, (room corrections}, are
indicated, as are underrange 1n the

measurements or invalid data due to
too high background noise or room
correction factors. Examples of print-
Oouts are given in Section 7.

The data can also be displayed and
printed out without the background
noise correction. This allows sound
power to be calculated even when the

required background noise conditions
have not been met. However, the cal-
culated values will be too high, and
cannot be quoted as being measured
according to ECMA 74. A warning 1s
g1ven on the display or printout when
the background noise correction has
not been made.

3. Sound Pressure Measurements at the Operator and Bystander Positions

The operator position for noise
measurements on business machines
according to KCMA 74 is defined as in
Fig.3. The microphone should be ori-
ented such that it has a flat response
to sound incident on 1t from the device
under test at an angle of 30° below the
horizontal. Where the device under
test 1s not usually operator attended,
the noise measurements are made at
the bystander position(s). A number
of bystander positions can be defined
e.g. at the front, sides, and back of the
equipment under test. [t 1s left to the
manufacturer to decide how many po-
sitions are relevant. The bystander po-
sitions are defined similarly to the op-
erator position, except that thev are
now 1 m from the device under test.
The sound pressure measurements re-
quired at the operator and/or by-
stander positions are the mean A-
weighted sound pressure level, LA,
and where impulsive noise and/or
pure tones are audible, an impulsive
noise test and/or a pure tone determi-
nation.

The scanning of the microphone po-
sitions for sound pressure measure-
ments and the data storage 1s per-
formed as described 1n Section 2. The
sound pressure spectrum at each mi-
crophone position, averaged over the
number of scans performed and cor-
rected for background noise can be
displayed and printed, as can the A-
weighted sound pressure level, L A.
The average sound pressure spectrum,
(corrected for background noise), over
all the microphone positions 1s calcu-
lated and can be displayed and print-
ed. Also, the measured background
noise at each microphone position and
the average background noise over all
microphones can be displayed and
printed.

[f the 2131 or 3360 1s fitted with the
modifications WH 0490/WT1 1624, the
impulsive noise test according to
ECMA 74 1s performed at the same
time as the sound pressure measure-

ment. The A-weighted 1mpulse recti-
fied sound pressure level, L. Al, aver-
aged on a mean-square bhasis, 18 mea-
sured. If the difference between L Al

and L A 1s equal to a greater than
3 dB, the noise 1s considered to be 1im-
pulsive, and this 1s indicated on the
display and print-out.

A r l
733

— () 25 M pel—

1,20 m

Seated operator

1,50 m

-
<+

— 0 25 m (-—

Standing operator

851177

Fig. 3. Examples of the operator position for a seated and standing operator
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L. is the arithmetic mean of the band pressure
level in the shaded bands

Af (= 1/10 octave)

851176

Fig. 4. Determination of L, — L, in the pure tone determination



The pure tone determination 1s per-
formed according to the amendment
to ECMA 74, September 1982. It uses
the /12 octave mode of the 2131 or
3360, which requires a four pass analv-
s18. Hence, the number of scans is lim-
ited to 1, and no background noise
scan 1s made. The difference L, — L.,
1s determined as shown in Fig.4, and a
pure tone 18 detected when:

4. Set-up of Instruments

The instruments should be set up as
shown in Figs.5, 6 or 7. Fig.6 shows 10
microphone channels, which 18 the
minimum required when the hemi-
sphere 1s used. Where the parallelepi-
ped 1s used, the minimum number of
microphone channels 1s 9. However, 1n
both cases, additional microphone
channels could be required for the op-
erator and/or bystander positions.
The microphone channels to be used
for the measurements 1n an automatic
scan are selected using the SELECT-
INHIBIT switches on the Multiplex-
er(s) Type 2811. Note, however, that
Channel No. 1 on the main multiplex-
er must alwavs be connected. As men-
tioned earlier, up to 4 multiplexers
and 32 microphone channels can be
controlled.

The modification WH 0490/
WI11624 to the 2131 or 3360 are re-
quired to perform the impulsive noise
test. Where these modifications are in-
cluded, both WH 0490 channels
should be set to A weighting, with a
“Fast” time weighting in the first
channel and an “impulse” time
welghting in the second.

For detailed instructions on the 1n-
strument set-up and running the pro-
orams, refer to the Instruction Manual

for WW 9041.

5. Available Options

WW 9041/WW 1475 — programs on a
51/4+ inch disc for an HP 9826 or 9836
computer

WW 9041/WH 1476 — programs on a
314 inch disc for an HP 9816/9817 or a

series 300 computer.

L.~ L.>10-10 log (—?—i) dB

where Af 1s the bandwidth of the ana-
lyzing filter, (1/12 octave), and f. is the
Fletcher critical bandwidth. Frequen-
cies where a pure tone has been de-
tected are indicated on the display or
print-out of the /12 octave spectrum

and where the analyzer has been mod-
1fied as described in the previous para-
oraph, the impulsive noise test 1s also
performed.

Examples of printouts for all of the
above measurements are given in Sec-
tion 7.

Reference
Sound Source

Digital Frequency Analyzer
Type 2131 WH 0480/WI 1624

: -:
R ' *» EEIEE E == 3
.Hm ‘_@n@-' =#'_L
S — Microphone -
Type 4204 2639, 4165 N
AO 0264

— e e Tm v Te Y ErE B Em am LA . — —— — — — —

Desktop Computer

531021

Fig. 5. Set-up of instruments for semi-automatic measurements

Reference Sound Sa-urce

10 X Microphone Assembly

AO 0087
AQ 0034

4165, 2639 (+Adaptor JE 0002)

Digital Frequency
Analyzer Type 2131/
WH 0490/WI 1624

AO 0264

AOQ G013

AQ 0264

Desktop Computer

851020

Fig. 6. Set-up of instruments for automatic measurements




- Up to thirty-two
microphones and
preamplifiers (e.g., Type
4134 plus Type 2639}

(IS

]

~interface bus

| 8 Channel Multiplexer 2811 No. 1 S

Main Multiplexer * Out”

System
- Man

E}(.’[ern“aj. Scanning f.n"" ’

output

System

Main Multiplexer
"From Extension”

External Scanning "*Out”

8 Channel Multiplexer 2811 No. 2

1 Main Multiplexer “Qut’*

R + - . - - . i
¢

:u:-.‘»a:@;.-.-

External Scanning "Out”

Main Multiplexer
“"From Extension”

-

8 Channel Multiplexer 2811 No. 3

Main Multiplexer “Out”

1

External Scanning In”

¥y - s - @ o =

External Scanning ""Out’”

Main Multiplexer
“From Extension’’

<

8 Channel Multiplexer 2811 No. 4

-

Main Multiplexer “Qut”

External Scanning "in”

¥ . e =o- @ & =8 &

YYY Y Y YYYYYY Y Y YYYYYY Y YYYYYVY VY VYYY

- external
- scanning .

o input

| _C{jntrol |
Cable
AQ 0034

Coaxial

Cable -

(e.g;,
AO 0087)

800243

Fig. 7. Use of more than one multiplexer

in the set-up

6. Example of a Complete System for measurement according to ECMA 74

1 x2131/WH 0490/WI 1624

2 X 2811
9 X 2639
9 x 4165
1 x 4204
1 x AO 0133
1 X AQ 0127
1 x AQ 0034
1 x AO 0194
1 X AQ 0264

1 XHP 91220
1 X HP 2225 A

1 x HP 98580 A, opt. 008

1 X WW 9041/WH 1476

and W[ 1624

8 Channel Multiplexer
Microphone Preamplifier
Condenser Microphone
Reference Sound Source

BNC to BNC Cable (0,6 m)

BNC to B & K Cable (1,2 m)
Control Cable

IEC - IEC Interface Cable (2 m)
IEC — I[EEE Interface Cable {2 m)

Graphics Printer

Table 2.

Software Package on 3'/2 inch discs

Digital Frequency Analyzer with options WH 0490

Series 300 Computer with 1 Mbyte and Basic 4.0 (in-
cludes 98546 A Display Compatibility interface)
Double-sided 3'/2 inch Dual Disc Drive

100847660



7. Examples of Printouts

. | SOUND PRESSURE (POS. 1) ID-MEAS.NO: 1
| SOUND POWER MEASUREMENT - TTmmmomosooooomomo oo
| |
| OPERATOR: E£.M. | FREG. LEVEL
| |
| DATE: 12 1985 ID/MEAS. NO: 1 | Log Hz il
f t 125 o 48.% dB #
T e e e | 16& HE 51.9 dB ¥*
| MACH. TYPE: LINE PRINMTER 0P .MODE: NORMAL | 200 Hz 47.7 dB *
| | 250 Hz 49 .3 dB
. MODEL NO.: 7S06M SERIAL NO.: 723547 | 215 Hz c1.0 4B «
| | 400 Hz 47 .4 di
| COMMENTS: | 500 Hz 48. 4 dB
| | 5310 Hz 46 .6 dB
| TEMP.: 1% C PRESS.: 98.6 kPA R.H.: 45 % | 500 Mz 42.2 dB
! | lDUG H G4¢ .7 dB
i ______________________________________________________ l 1?50 HE QE.L dB
| NUMBER 0OF POS.: 9 NMUMBER OF SCaNS: 1 | Letd Hz 42.1 ab
] | EGQD Mo 4% .0 dB
| AUERAGING TIME: 16 s TOTAL aRES: 12.00 m"2 | 2700 Hz 46. 2 dE
1 t 3150 Hz 46.1 dB
| LOWEST FREQ.: 100 Hz HIGHEST FREQ.: 10000 Hz ! 4000 Hz 47.c do
| H D000 Hz o3 OB
““““““““““““““““““““““““““““““““““““““““““““““““ 5200 Hz 53 .0 dB
BOBG Mz 7.1 OB
4-WE IGHTED SOUND PRESSURE LOONT Hz R
________________________ ) S £2.9 dB
POS LpA
*1 Bkgr-corr.
1 62.3 dB
D 62.8 dB
3 $3.% dB SOUNTD PRESSIUEE »FO5, 1 ITDMEHD, N
4 64,10 dB T ) e
5 61.9 dBi | |
4 62.1 dB
7 63,7 dB .
3 1.1 dB f
9 62.3 dB |
]
A P ~—
— e N
o miB RN
AUERAGE SOUND PRESSURE [D-MEAS.MO: 1 S — — ]
______________________ 5 S |
— = — R ;"
FRED _EVEL ] = . |
L | P r — |
- | . | T s L
100 Hz R A 4 [ | | 5 |
125 Hz 50.¢ oB # | | o | § |
160 Hz 52.0 dB * ] ] L | IR .
200 Hz 49.7 4B + DR N S Y O | ] [ ] | |
260 Hz 49 .0 dB ' | | | ] | | |
315 Hz 51.0 dB | | | |
400 Hz 48 .4 dE _ ] | | = B
o -g Lt S N | A N B S S O T
20U Hz 48.2 dBb (25 258 588 1K 2K 4K BH 2
©2U Hz #6.5 dB | 3 QUTAYE ANALYSIS FREQUENCY [Hz)
S00 Hz 45 .6 di
1000 Hz 46.% dB
1250 Hz 43 .% db
16010 Hz 42,1 di
SO0 Hz 44,68 dd
2500 Hz 45 .3 dB
21%0 Mz 46 .1 d8
:EBE SI o ROOM CORRECTION FACTORS
Z 1
6300 Hz 52.% dB
3000 Hz Se.6 oB e
10000 Hz 57.5 dH TRED ~EVEL
100 Hz 1.7 dB
R-wh . 2.9 di .
12% Hz 1.3 dB
*1 Bkgr-corr. 160 Hz L.6 dB
AVERRGE SOUND FRESSURE TMERS. NO: 200 Hz 1.4 dE
" 250 Hz 1.2 dB
] 315 Hz 1.0 dB
| 400 Hz 5 dE
i 500 Hz '3 dB
B i 230 Hz .5 dB
| | 300 Hz 9 4B
| 1000 Hz 7 dB
5D 1250 Hz 6 dB
~ 7 | 1600 Hz & dB
S __4_% j 2000 Hz 5 dB
L H . _ﬁ A 2150 Hz .1 dE
) | - | 4000 Hz 1.0 4B
- an L L — : | 5000 Hz 0.0 dB
| | ] | 300 Hz .7 dB
| | | 8000 Hz 4 dB
| ’ 10800 Hz e
30 g .
| | ! % I A-ht . 5 4B
|
Y I S VS B N S N Y O O 1 ,l,l,[
25 258  S@@ 1K 2K 4K BK s
/3 OCTRYE ANALYSIS FREQUENCY [Hz ]



LEVEL L[oiB]

SURFARLCE SUUND PRESSURE D MEAS, WO 1 SOUND POWER SPECTRUM [D-MEAS . NOY ]

e A e o AL . A AL A AL AR B MEL A A B Bl E LE SEae AR L - S T wm W W e TR TR TTET e e —— L e e — — — —

FREL. LEUVEL FREG. REAVIAE
100 Hz ¥ ¥ K 100 H=z ¥ W ¥
12% Hz # 48.8 dB * 12% Hz i 59 .6 dB *
1ad Hz # S0.4 dB # 1 Hz i 61,1 dB *
200 Hz # 48,3 dB * 7200 Hz # CH .0 dB %
201 Hz i 4/7.% dB 250 Hz # 2.6 db
31% Kz i =y, 0 dB * 31% Hz # s.8 dB *
U0 Hz % 4.7 .% db 4U0 Hz 4t 8.3 dB
500 Hz 4 47,4 ab SO0 Hz # 8.2 db
a3 Hz 3 46 .3 dB 530 Hz “ .1 dBE
SU0 Hz 4 4.3 db 500 Hz # “H.s dB
1030 Hz 46 .7 adb 1000 Hz % 5.9 dB
1250 Hz # 45,3 dBb 12950 Hz 4 ©4.1 dB
1600 Hze # 47 .5 di 1600 Hz 4 3.2 dB
2000 Hz 4 44 .1 dB 2000 Hz 4 “4.% dB
2500 Hz 4 46 .0 dB 2500 Hz # 55 .8 dB
2150 Hz i a6.0 dB 3190 Hz 4 5.7 AB
40080 Mz 50.7 dB 4000 Hz 51.0 db
S000 Hz 6. a4 dB 000 H=z s/ 2 dB
6300 z i 1.5 dB G200 Hz 3# 7.0 dB
000 Hz & Ce.2 dB 000 Hz 4 7.0 dB
130800 Hz 3 56.% dB 100880 Hz % 67,7 dB
H-wht . 1 52 .25 db A—-wht . s “Z.0 dB
*1 Bkgr-corr. *1 Bkgr-corr.
) Raoam-corr. ) Room-corr.
SURFACE SOUMD FRESSUFE IDZMERS, MG SOUND POWER SPECTREM ID-MERS., NO:o o
| ' ] )
| I
| | f
% 3 b 1
| |
1
: | 79 |
R x ]ﬁ
| || S .
(- R { - — %l F]Ea [} E1f$
1 ] i | '
B e S B o m En - - o
T T Sl T b
| | ; | L] . i'gr |
n| % E ? REE R |
| | | | |
B | | | ] ] |
1 | | 4 | | ‘
. | | | | | i |
4'1 £ t | | | | | |
| ‘ | | . . | | ! ]
| Ld | I O I T O O 1p L | Ll N |
{25 250 508 K 2k 4 K BK H {25 ke 500 1K 2K 4 K BK A

| 73 QCTHYE HNRHLYZIOS FREQUENCY [Hz ] Lo QUTAVYE ANRLYSIS FREQUENCY [HZz ]



a4 -r— —— - — — o — — —tdde hdr — —— — ——

SUUND PRESSURE (PUOS. 13 1D/ MEAas.NUD 1

i — — — — e = e o EETT TIEE FTE IS SIS IS MW B B Eam EEm

el
SUUND PRESSURE MEASUREMENT | CRED ., { EUEL
DOPERKXTOR: E .M. | 100 Hz C4.3 dB *
i | 125 Hz 52.1 dB *
DATE: 1.2 1385 IO-MERS . D | 160 Hz Cl.4 dB *
_______________________________________________________________ _ | 200 Hz 51.2 dB
i 250 Hz 48 .2 dB
MACH., TYFE: LIME FPRINTER OfF . HOlDE @ MHORMRAL i 216 M= 51 92 4B
_ _ - 400 Hz 47 .4 dB
MODEL WU, BIHaA SERTAL KO,y PUEEE S ? C Q01 - 48 .7 4B
| 630 Hz 47 .2 4B
COMMEMTS: BYSTAMDER POCSITIONS | 200 Hz 449 AR
_ | 1000 Hz 48.32 dB
TEMP.: 19 [ PRESST . 93.6 kPM FLH. a8 % | 1250 Hz 44.¢4 dB
e e i 1400 Hz 44 .3 48
| 2000 Hz 4% .0 dB
NUMBER OF POS. : 4 HIUMBER DR SioAkks 1 i 2500 Hz 44 .7 dB
| 2150 Hz a6 .9 dB
AUERAGTIHEG TIMED 16 = ? 4000 Hz 7 & 4R
- N | 5000 Hz 2.0 dB
L OWEST FREU, iUl Hz HIGCHE=T FREQ.,: LO0UOU Hz | 300 Hz ST 0 dB
_______________________________________ e 8000 Hz 54 .7 dB
10000 Hz 57.3 dB
Lo 53,2 dB
LpRi 4 66 .4 diB
G-ETSHTED SOUND PRESSURE LEUELS Y IMPLE. S IUE
————————————————————————— - T T *) Bkgr-corr,
PSS el oAl
| SOUNTE PRESSURE (FOS, 1 INAMERS, NO:
1 3 £%.2° dB St . dAB N
X 52.2 dB 54.% dB e i
T g 5% .2 dB 47 .7 db | -
4 62.38 dB 45 .4 dB
Eat
#3 IMPULSIUE —
1 !
al’s ~ :
= BEnE
= | |
- i 1 ot
N 5@1 — j f ; |
Lef ] ot
-~ 4 L_] — ! | i
- o : E , Hﬂ Lo
40 | SR D 1
| O i | TR
| b i |
| b
38 { 3 it
C s |
o L
2@ | ,i ,l-i.i,[_ ,,l, _[_ BRI
[ 25 250 ] 3% 1K 2K 4K BK H
| -3 OCTHNVE HMNALYSIS FREQUENCY [Hz ]

10



(B ]

LEVEL

1-12 OCT. AUVERAGE SOUND PRESSURE  ID/MEAS.NO: 2
| T mm e
| PURE TONE MEASUREMENT | FREQ. EUEL — e
| , _
: UPERATOR: E.M. t 92 Hz 53.7 dB 1029 Hz 64.5 dB
| DATE: 1-2 198% (O MEAS, 1Ot 2 | 13; Sj :;:2 jg %ggg Ez ;l:g jg
e | 109 Hz 61.3 dB 1223 Hz $2 .6 dB
| | 115 Hz 57.9 dB 1296 Hz 1.5 dB
L PMRLH. TYRPR: P MJDR * 122 Hz 60.0 dB 1372 Hz 5% .7 dB
! . | ' 130 Hz 5% .2 dB 1454 Hz 55 .4 db
| MUDEL N SERTAL NU.: | 137 Hz 40.1 dB 1540 Hz 61.2 dB
e | 145 Mz 64.1 dB 1631 Hz 61.4 dB
I COMMENTS: | 154 Hz 32.9 dB 1728 Hz 54,7 dB
| . * 163 Hz 74.¢6 dB 1820 Hz 55 .5 dB
| TEMP PRESS ARARE ! 173 Hz 63,0 dR 1939 Hz 59.5 dB
e | 183 Hz $9.4 dB 2054 Hz 55 .3 dB
f | o | 194 Hz 4.9 dB 2175 Hz §1.3% dB
| NUMBER OF POS.: 4 MUMBER OF SCANS: 1 1 505 H 50 % dp 530 He S0 5 am
AUERAGING TiME: 8 | 218 Hz 5.5 dE 2441 Hz 5. 4 dB
] > ' | 230 Hz 72,2 dB 2525 Hz 60.1 dB
D - ) -
| LOWEST FREG.: 100 Hz HIGHEST FRED.: 10000 Hz 1 5;; Ei : :2 32 E;g? :2 Eg:i gg
A | 274 Hz 1.1 dB T073 Hz 59 .9 4B
250 Hz £% .9 dB 3955 Hz 55 .7 dB
107 He 45 .3 dB T447 Hz S4.6 dB
195 Hs 64 .10 dB 3662 Hz 57.1 dB
245 Hz 70.1 dB 3368 Hz 56 .4 dB
145 Hz 24.9 dB 4097 Hz 55 .9 dB
207 Hz 78 .7 dB 4340 Hz 54.9 dB
AVERAGE SOLUND PRESSURE TNAMERAS, NG 410 Hz 78.5 dBE 4597 Hz 52.1 dB
{1a 434 Hz Z1.5 dB 4870 Hz 2.3 dB
460 Hz 6% .1 dB 5158 Hz 57.1 dB
| 487 Hz 68.9 4B S4¢4 Hz 57,7 dB
. 516 Hz 7.5 dB 5788 Hz 51.0 dB
| 546 Hz 71.4 dB 6131 Hz 50.0 dB
| 579 Hz 70 .8 dB £494 Hz R
| 5613 Hz 23,7 dBR 8379 Hz A
11 — 649 Hz 72,1 dB 228¢ Hz X
B 588 Hz 72.5 4B 2718 Hz PR
: Fj | 729 Hz 72 .4 dB 5175 Hz 2.6 dB
A@ - - _ 1 E 772 Hz 70.0 dB 3660 Hz 0.0 dB
H * - 818 Hz £8.1 dB 9173 Hz 22T
1 T e | | | 366 Hz 7.7 dB 9716 Hz 444
70 it Tﬁ’ ~ - 917 Hz 55.8 dB 10292 Hz T
i ”: /7 Hz A5.5 dB 10902 Hz O
o AU A ;
58 H | thills i, LpA 35 .0 db
| | | I LpAl 37.8 dB
. | | | T ”Hmﬂh, 1 *) PURE TONES
125 258 @@ 1K 2K 4K BK A
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