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REQUIREMENTS FOR A GOOD ACOUSTIC LABORATORY

Kjeld Kjeldsen,

Rescarch Dept., Compressor Group

Danfoss, Nordborg, Denmark.

INTRODUCTION

It is a well-known fact that the compressor
manufacturer in the course of time has been
Obliged to show some interest in the noise
Caused by his products,

The necessity becomes greater as the compe-
tition increases. It is becoming clear to
the customer that noise is not absolutely
necessary to achieve the primary object, na-
mely refrigeration.

At the same the authorities are setting up
rules stating how much noise we may produ-
ce in and outside our houses. For refrige-
ration compressors it is fortunately a ques-
tion of annoyvance, rather than a question
of high noise levels.

In the past a lot has been written about
noise testing and noise evalution methods,
some usable, but also some so sophisticated
that they were impossible to use in prac-
tise. In the last ten years a crystalliza-
tion of the best of the methods has taken
bPlace, and within ISO usable standards and
drafts are on their way (1), which is of
great satisfaction. It would be gratifying
if all those national standards could be re-
placed by international standards, thereby
making it possible to speak the same lan-
guage.

REQUIREMENTS

What is the reguirements to a good acoustic

laboraty from the point of view of a com-

pressor manufacturer and his customer?

The primary object must be to own "a tool"

which facilitates the manufacturing of a

silent compressor.

1.For that purpose we shall of course
people with sufficient education and
imagination to handle the problémes in the
correct manner.

2.Furthermore we shall have to purchase spe-
cial measuring equipment in order to carry
out the necessary detail analysis of the
various components and parametres influ-
encing the noise level. Things like valve
examination, muffiler calculation and in-
vestigation, spring and discharge tube a-
nalysis, and compressor shell investigaw:

need
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tion can be mentioned.

3.We need measuring surroundings (test
rooms) enabling us to carry out objective
measuring with possibilities for sound
power determination, with an accuracy as
stated in international standards.
The measuring room should also be acous-
tical adjusted (frequency independent re-
verberation time) so that it enables us to
carry out a subjective evaluation of the
noise character (pendling, discrete free~
quencies, time variation, etc). Such an
"adjustment" will also facilitate tape
recordings of diverse equipment during
testing and replay in front of an audi--
ence for pronouncement.

4.The measuring procedure must be practi=-o
cable in time as it is normally neces-
sary to carry out measurements on several
samples, and at more than one running
condition.
This is tantamount to measuring equipment
with automatic data acquisition, which
together with a digital computer admits
an easy access for all desired calcula-_
ting such as sound power level, noise
evaluation, statistical tests, etc.

The .following contains a review of the pro--

cedure with which we attempted to meet the

requirements under points 3 and 4.

TYPES OF TEST ROOMS

It is commonly known that a reverberant
room offers great advantages in regard to
cost and test effort, compared with an an-
echoic room (2,3). The disadvantage is by
and large limited to the problem of obtai-
ning sufficient space averaging of the
sound pressure when testing equipment whose
spectra contains narrow bands of noise(4.5)
Our reverberant test rooms (two identical
rooms, constructed in 1968) are of the con-
ventional rectangular type with data in ac-
cordance with several standards and draf%
proposals (6.7). The room volume is 200m~,
Further data for the rooms are stated at
the top right corner of figure § .

In order to be able to measure equipment
with extremely low noise levels the rooms




are built with double walls.
is vibration insulated by means of rubber
springs. Background noise levels (room +
measuring instruments) are stated as func-
tion of frequency in figure 5 (in table).

The inside room

Reverberation time adjustment and diffusing

elements.
The room were constructed with inside sur-
faces as hard as possible to c¢reate a high

reverberation time at the high frequencies.

After the finishing of the building, regqula-
tion of the room absorption was made for two

reasonsa:

1.To increase the bandwidth of the resonance

curves of the normal modes of the room,
particularly at the low frequencies.
2.By and large to obtain a frequency-inde-

pendent reverberation time for the possi-
bility of making an auditive evaluation of

noise from the test object as mentioned
(see figure 1).
Most of the absorbing elements are made af

perforated and unperforated aluminium pan-

els. The elements were placed at random and

at various angels to the room surface to
work as diffusors,
was carried out by means of "tuned membrane
absorbers" suspended in the room. Further
diffusion was made in the ceiling con~
struction (see figure 2).

There are now revolvable or oscillating dif
fusors in the room, Space averaging is made
by a traversing microphone which moves with
a constant velocity (0.4m/sec) over a path
of two metres.

Danfoss' Reverberant
20 I Test Room
T |sec \ Volume - 202 cubic meters
18 Al Surtace: 250 square meters
\/ For T= 2 sec.,a = 0.066
16 For T= 15 sec.,a = 0.088
v \
14 \ —
a.
12 \\
10
8 x
6 \
4
) b \
——— T
l 1T
5 10% 2 10° 2 5 10° Hz

Fra.1 Reverberation Time versus Frequency
a. Before regulation.
b. After regulation.

also. A final regulation
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INSTRUMENTATION

Aqﬁeasuring equipment are used a 1/3 octave
pand Real Time Analyser (B & K, type 3347)
with continuous time averaging (RC-smoothing)
with time constant equal to 20 seconds. The
analyser is connected to a tape punch B&K
type 5582). A Manual Data Extension Unit

(B & K, type 5599) gives the possibility for
information on sample type and number, run-
ning conditions, etc. (see figure 3).

The data measured can then be calculated in
a digital computer.

QUALIFICATION OF THE TEST FACILITIES

To examine the quality of the room, various

measurings have been carried out on two dif-

ferent types of noise sources.

1.The conventionally used ILG-Reference
Sound Source (broad band noise)

2.Selected compressor with narrow bands of
noise and discrete frequencies.

Re.l, Figure 4 shows the sound pressure

levels Eor the sound source (RSS) versus

distance to microphone. From 125 Hz and up

to 8 kHz we have very smooth sound pressure

jevels over a long distance except at 250 Hz.

Qualification test for broad band noise




Fig.3Real-Time Analyser with Paper Tape
Punch Unit.

measurements in accordance with the new ISO
draft (7) are shown in figure 5a and 5b.
The reguirements are more than satisfied
except the 100 Hz 1/3 octave band.

Other measurements (not shown here) show
that one source location and the microphone
traversed with constant velocity over a path
of two metres, gives measuring uncertainty
which is less than that mentioned in the new
IsO-draft (7).

With a carefully selected fixed microphone
location, the uncertainty will only be
slightly increased, which is important when
recording on tape recorders.

Re 2. When measuring sources with narrow
bands of noise and discrete frequency, one
must be more careful. Figure 6 shows meas-
urings on a compressor, which, after the de-
finitions in the ISO (7) part II, have nar-
row bands of noise with 315, 400, 800, 1600
and 2000 Hz and discrete frequencies.with
500 and 1000 Hz.

Figure #% shows measurings

and statistical test with the compressor lo-
cation moved 0.7 metres from the above men-
tioned. There were only significant devi=
ations in a very few 1/3 octave bands.
Finally, figure 8 shows a statistical test
between the measurings from figure 6 and ten
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measurings taken at intervals of one minute
on the game compressor, but with fixed mic-
rophone located in the centre of the micro-
phone path.,

As expected there are significant differen-
ces between several frequency bands, but
the deviations are modest.

PRESENTATION OF MEASURED AND CALCULATED
DATA

Figure 5 to 8 also shows clear examples of
how to present the measured sound pressure
levels, calculated sound power levels and
statistical test.

The applied equation for sound power level
calculation

Lw = Lp + Ej)loglov - 10 1ogloT -
has to be changed to
Lw=1p + {10 log, v -

1 as

10 loglOT +

10 logy,(1 + —-85_;\37—)— l4]dB

to account for the effect of the interferen-
Ce pattern formed near the room surfaces,
ISO part II (7).

FINALLY COMMENTS

Mentioned here are some of the most impor-
tant requirements for a good acoustic labo-
ratory, withhout, however, all the details.

Fig.

1
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Of the factors which are significant for the
sound power calculations are things like ac-
curacy when adjusting the memsuring equip-
ment and the determination of reverberation
time.

Oscillating or rotating diffusors are often
used in reverberant test rooms, but one of
the factors connected with this must be
made clear. Such diffusors cannot operate
during tape recordings, since space vari-
ations of the sound pressure level in the
test room will be conceived as time vari-
ation of the test object.

The length of the microphone path we use is
much less than demanded by ISO for measuring
at discrete frequencies, but it is a gues-
tion of whether this point is still too so-
phisticated?

It must be better having the other facili-
ties in order, with the possibility to make
compressors witout pure tones than being
able to measure with the utmost precision on
a bad product!

e TEKNISK EDBs DANFOSSs+ NORDBORG. PROGRAM M3054 R
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i**i*****************************Q*i***************i*li*******%*********i************fﬂﬂ*i***l*******'*****'*"'i*****ﬁ*

* NOISE MEASUREMENTS ON REFERENCE SQUND SOURCE
* WITH CALCULATION OF
* LP = MEAN SOUND PRESSURE LEVEL IN 1/3 OCTAVE BANDS
# S = STANDARD DEVIATION
* LW = MEAN SOUND POWER LEVEL IN 1/3= AND 1/1 OCTAVE BANDS
# CALs AS LW ® LP +(10LOGY =10L0OGT =14) = LP +K (K SEE TABLE)
* LwlAl= THE WEIGHTED S0UND POWER LEVEL IN DB(A)
*
TEST OBJECT ILGe R55 * 220 VOLT # ROOM TEMP
11 MIK«POSs 1RSSePOSe - 50 Hz * 60% REL. HUM,
T SEC 145 145 145 145 145 1u6 144 Lad 1ot 17 148 1aB 148 1.8
LPRAC 19 15 12z 10 12 10 8 8 7 ] & 5 5 5
BAND 17 18 19 20 21 22 23 24 25 26 27 28 29 130
HZ50 &3 80 100 125 160 200 250 315 400 500 630 800 11X
NUMBER
1100 620 684 584 606 598 616 614 618 646 636 634 &34 640 644
1000 620 690 568 594 590 614 612 618 640 634 &34 636 642 644
900 602 666 562 594 586 618 606 620 640 642 642 &4 642 646
800 610 682 552 582 SHB 618 604 612 640 630 648 632 642 642
TO0 606 668 550 580 582 612 616 616 644 630 648 642 644 646
600 600 664 544 S5T7Q 584 608 620 612 628 632 640 642 640 636
500 592 660 544 560 582 612 624 624 632 636 638 638 642 638
400 586 652 538 556 576 606 606 620 628 636 634 634 646 638
300 582 638 534 548 576 618 614 636 634 646 644 634 640 638
200 5807632 532 540 570 612 606 632 626 634 640 636 642 640
100 580 616 526 540 570 618 616 632 626 634 630 662 646 638
LP#10 598 659 549 570 582 614 613 622 635 635 639 637 642 641
s 145 243 147 243 049 Qeé 0ub 0uB Du7 Qa5 0e6 Oul U2 Cals
K Te2 Te2 To2 742 Tol To0 Tal Tab 740 647 625 642 642 642
LW1/3 670 731 621 642 653 684 6A7 6%6 705 702 704 699 704 703
LWl/l 7443 Tlal Thats T4e3 7542
THE WEIGHTED SOUND POWER LEVEL LW(A)= 80.5 DS(A}

/:/'Q.S a.
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*
*
*
*
*
*®
*
2

1.8
5

3l
le2

648
650
646
644
644
bl
642
646
644
842
(YN

T3
0«2

692
707

THE MEASUREMENTS ARE TAKEN IN A REVERBERANT TEST ROOM #
WITH THE FOLLOWING DATA #*
LENGTH X WIDTH X HEIGHT = Ba7M X 640M X 4alM

VOLUME V = 212 ={(VQOLes OF ABSORBERS ETCa) = 202 M#%3
REVERBERATION TIME = T SEC (SEE TABLE)
BACKGROUND SOUND PRESSURE LEVEL = LPBAC

* %k ok K %k

(SEE TABLE)

if******ﬂ*i*********i*l*i*******%****#*%*************Q*I*i*******ﬁ************************i********i***ﬁ************i*i

MFas DATE * CODE 1
MESe —%= 03406472 #

0 C *
*

l.6
[}

latr 142 140 048
6 ) & -]

le.8
5

240 240 1.7
5 5 &

35
3.2

36
4K

47
DBA

32
leb6

33
2K

34
203

37
5K

38
65a3

as
8K

40
10K

41
12K

652
658
660
546
650
652
G652
648
644
&40
L

646
646
644
642
648
648
bbb
642
644
640
542

612
612
610
610
610
610
608
604
608
606
608

588
586
586
588
590
586
584
582
586
582
584

576
276
572
574
576
572
572
568
570
570
570

566
562
562
566
558
560
556
550
550
554
556

420
4la
414
416
412
“Cch
wn2
409
40Q
396
396

T46
746
T4k
T42
746
Ta4
742
T40
T4z
740
T42

482
480
48B4
484
;¥
478
476
472
472
470
470

624
622
624
620
622
622
624
&6le
620
618
&18

534
532
534
536
534
532
530
528
530
526
526

650
0a6

6h4
Oe2

586
Ca3

437
0.9

621
0.2

609
Da2

572
0.3

558
0.6

531
0.3

477
Qe

T4a3
0«2

a6
&£75

7.0
656

Teb
648

8.2
&40

940
621

1Ca &
513

5.9
703

&e2
683

Fe7
710
Tua?

T0.8 6647
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MEAN SOUND PRESSURE LEVELs STANDARD DEVIATION AND $PECTROGRAM FOR N
TEST OBJECT: 1LGe R55 # 220 VOLT = ROOM TEMRs 20 C %~ MFs DATE

* CODE 1

11 MIKePOSs 1RSS52P0O5 * B0 HZ ¥ 60% REL. HUM. # MESe =#= 03.06.72 *

Hz50 63 B0 100 125 180 200 250 315 400 500 £30 800 1K 142 1s6 2K 245 342 4K 5K 643 8K 10K 12K DBA

LP®10 598 659 549 570 582 614 613 622 635 635 639 637 642 64l 645 650 644 621 609 586 572 558 3531 477 407 T4.3
5 145 2e3 147 262 0e8 Deb Os6 048 De7 Oes Ced 043 De2 0e3 0e2 Qa6 Ca2 0a2 Ju2 042 0e2 045 043 045 QeB 0a2

SPECTROGRAM FOR CALCULATED MEAN SOUND PRESSURE LEVEL AND + 2 TIMES THE $TD DEVIATION

0 10 20 30 40 50 60 70 80
I . 1 - 1 - I . 1 . I - 1 . I . I
HZ50 ****li***iil**w*!****i********iﬂ*!*l%ﬂ******i*#i****l*l*iliion--
62 ********{4**********liﬂi**l***l!*i*******l****ili*ll***i*i**#ﬁ**&l&-——-—
a0 PR T T P TS PR LS P LEL L L LA LR S A
100 ***l!l**%**%n**i*ﬂ**il*l***%i*iﬂiﬁ**%*****l**!ii‘*i**'***7-——--
125 **********«****u;n%*n*n«¥*******w*****%&******#*%i*ﬁ#**i**a——
160 Q******Qi***%***i*#*#i**%*l%ﬂ%******f#*i******@*li%***iﬁ*****l
200 ’**{i**ﬂlli******k***%****il***%***i********#*i*i******i***Wil-
250 *&*#****‘w*iw****q*»w**#*#»**&%qun**44»******#****1***n****w*uz--
315 ******#**ﬂ*lll%******%%*%%**%*iﬁ*i*%4*****ﬁ#*i**ﬂ‘***ﬂ*#***ii%**h-
. 400 ***i(**li**%*****%*%ﬁ****#ﬂ%*ﬂ*k%%*w%******#I******ﬂi***ﬁii#ﬁ#i*“
500 ***********Fil*%*%i*ﬁii*#*i***iﬂ#4**%*******%***%*#*%%*ﬁ%*#*****“-
630 ****l*#%*#*ﬂ**ﬁl*#*#**4****%k**i**************%%k*%ﬁi#%%ﬁ%w#*“ﬁﬂh
BOO &**************i*#*#%****#a*&ﬁw**»ﬁﬁai%*****#***n*#*n****ﬁ*#**»*A
1K *i*{l******%#****%%%%%****ﬂﬁ**ﬂn%“***&4*********%ié**fi*i**%*“#kq
12 ***ﬁ*******%****#%Il***ﬁ%l“*ﬂ*ﬂ*&%“***%*&**********%*******ﬂ%*ﬁ**s
le6 *Q**!*l%##******!******%#%*%#*%*%***%&%”**ﬁ*#**%**&%**4*%***#**%%5-
2K »**&A**&***#*#”w****#**n#***»**%****&***%*****w**#*e**ﬁ*«***i*#iu
245 PR e T T L e P e e R A LS LR Al
302 *Q**i*fi&**********l**%*ﬁ**#*##***##**#{***Qnﬁﬁ****iii*******1
4K, TN N AT I AT SRR R RN AR AR RN RO
5K PR R R RS SRR S A S
6e3 e e TR TR T TS DS TN UL LR LA L LS
8K *Q*iﬂ**anu**»***nn#**»*****«*#»&*#*Rw****ﬁ*l**»&huﬁ**g
10K PR e 2 A St SRR LS L L AL AL L Lt
12K prprprprprananppepr g T AL T DL E AL SRS L LA L
PARA *ﬁ«*oﬁﬁﬁ***44*«i*ﬁ*****»*%w«*n**n%*»***u**&f&*ii*nﬁuu**n**n**n*&***;*n**uua
I . 1 . 1 . { » I . 1 . I . 1 . I

o] 10 20 3Q 40 50 &0 T0 a0
Frg. b5 4
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MEAN SOUND PRESSURE LEVEL» STANDARD DEVIATION AND SPECTRQGRAM FOR
1 COMPRESSOR TYPE PW4s5K9 * 220 VOLT # EVAPORATING TEMPa =25 C * MF s CATE

20 DB
. I
. 1

90 D8
* CODE 6

1 SCaP0Se 11 MIXePOS * 50 HZ * CONDENSING ~—%= 55 ¢ % MESs =#= 03.06472 *

HZ50 63 80 100 125 16Q 200 250 315 400 500 630 800 1K 1s2 leé6 2K 2s5 3.2 4K 5K 643

LP#10 193 145 133 121 120 130 125 137 148 157 251 122 121 158 113 178 273 204 169 137 120 106 110

BK 10K 12K DBA

5 120 092 0a2 Qu3 Qu7 Quds 142 OuT 1aB 2¢3 3.7 lal 1e7 342 045 le7 1B 0a7 la2Z 045 042 042 D40 0l Qa2 1e3

SPECTROGRAM FOR CALCULATED MEAN SOUND PRESSURE LEVEL AND + 2 TIMES THE STD DEVIATION

0 1? 20 30 40 50 &0 70 80
L] a
HZ50 ****!i*i***iiﬂ**li*gl- ' ! * ! * . ' ! ! ! : !
63 EREEAREERRRLRANE
80 AREFRRARRAR AT
100 R TA AT
125 HRARARANH NN D -
160 ERNERRAR AR N HT
200 HRRRA RN AR D
250 RN A K Ly
115 O LT T T TP
400 AERERAREA AR RAR RS mmmm e
500 B T L e e
630 PETT T T T Ty .
800 RN AR S D i
1K HRANA BB AL BRI N e e
la2 FREERRAB AR ] =
1.6 P Y L L LT
2K N AT KRR AR RN RR T — e
245 L T L T e
32 ARARRRARE AR RRRN KT =
4K R ANR AN RAR L
[T AR AR KD
63 XM TR ]
8K ERERRRRR RN ]
10K EE 223 L L L L Yol
12K HRAAR RN ]
DBA P S i g R R ¥
I » 1 D I . I . I a 1 » 1 . 1 . I
0 10 20 30 40 50 60 79 80

rrg.6

324

90 0B
. I
- I

90 DB

98 111 3leé&



F= AND T=TEST FOR NQISE MEASUREMENTS. "+—#/ TEKNISK EDBs DANFGSSs NORDBCRGs PROGRAM M3062 /#—+!
1 COMPRESSORS TYPE PW445K9 % 220 VOLT * EVAPQRATING TEMPe =25 C * MFa DATZ * CODE &
1 SCePOSe 11 MIKePOS * 50 HZ * CONDENSING =#-— 55 C * MESs =—#*= 03.06e72 * (REFERENCE)
LP#10 193 1645 133 121 120 130 125 137 148 1567 251 122 121 158 113 178 273 204 169 137 120 106 110 98 111 316
s 1el G2 042 003 047 Dua5 142 0a7 1e% 243 348 1ol 1eB 342 De5 1aB leB Ga7 122 06 042 Qa3 Ual 02 Ted lu3

1 COMPRESSQORS TYPE PW&4s5KY # 220 VOLT #* EVAPCRATING TEMPs =25 C # MFs DATE ® CODE 7

AS ABOVE. COMPR.MOVLD 0.7 M ¥ 50 HZ * CONDENSING —%= 55 C * MESas =%= 03.06a72 *
LP#10 190 145 132 124 L21 143 122 133 161 159 250 126 117 149 118 173 264 207 177 135 118 110 108 96 108 312
5 105 Oud 002 Qutt Ga7 143 1at 0eB8 149 1ot 440 100 1a7 304 0u8 Ou7 1a5 009 148 049 0a2 143 Oal DaZ 0o2 0s9

T#100 =52 =40 =45 181 18 294 -463-137 158 27 =7 92 =51 -3 178 =86=137 &7 125 —-39-209 95-358-204-283 -81
DEGeF 20 20 20 20 20 14 20 20 20 20 20 20 20 20 20 14 20 20 20 20 20 11 20 20 20 20
H250 &3 B0 100 125 180 200 250 315 400 500 630 H0OQ 1K la2 le&6 2K 245 3.2 4K 5K 63 BK 10K 12K DBA

SPECTROGRAM FOR CALCULATED LP=MEANs # =95 PCTy %% =99 PCT AND ##% =299,9 PCT SIGNIFICs F ONLY 95 PCT TESTEDa

DB RELs I Fm 5 10 15 20 25 30 35 %0 45 DB 56
I TO REFe I V/VMIN ' o & o « I « o ¢« o ' 2 a o oI v a s o' o w ool oo oat aoaeloessa! ool
HZ50 I =Q.3 I 1l.88 10
63 1 —0al 1 2415 0
B0 I =040 1 11438 +==me———————a—ee—=(
100 1 0Oa3 I 1le38 =——armecm;o—m=—e—=04
125 1 0.l 1 1407
160 I la2% 1 Gabo#
200 I =0a3 I le27
250 1 =0at I 1.07
315 1 1.3 1 105
400 1 042 1 12467
500 1 =041 1 112 0
630 I Oah 1 12431
800 I =0e& 1 11.06
1K T =0.9 1 1lell
142 | 0.5 I 2476
lab I =0ab 1 Y6429
2K 1 =10 1 'lasb -
245 1 0.2 1 1le63
3,2 1 0.8 I 2411
4K 1 =0ul I 2452 =w—=m——e-—
5K 1 =Qa2# 1 1417 =———eecc—wmn—a=(
63 1 Out 1 #HERE ——m—m——aamnm( 4
8K I =~Oulw® I 1478 r~owese-—=cee) OBS.: FIVE ASTERISK: F9.99
10K 1 =042 I 1496 —mmemme—asQ
12K 1 —0a.3% 1 2470 we—m—e—m—eew ]
DRA I =04 1 '2a.09 12
x.-ln'u.o.I-;.-'lun-1..-.':-..1-..4'..--1:.--'--.-1
Fre. 7.
F= AND T=TEST FOR NQISE MEASUREMENTSa f4+=%/ TEKNISK EDBs DANFOSS» NORDBORGa PROGRAM M3062 /%—+!
1 COMPRESSOR TYPE PW4s5K9 # 220 VOLT * EVAPORATING TEMPe =25 C #  MFe DATE % CODE 11

10 MEASUR., WITH 1 MIN.INTV. * 50 HZ * CONDENSING —#= 55 C * MESe —%*= 03.06s72 % (REFERENCE)
LP®10 196 145 121 121 117 136 110 140 142 154 240 111 107 115 107 171 259 195 161 131 120 105 108 97 112 302
5 lel Ou2 042 0a2 082 003 02 046 0a3 004 002 0s3 Dal Oule 003 0a7 Lla5 Cu5 Qa5 Ca2 042 Qab Jsl Ol Dal Qa9

1 COMPRESSOR TYPE PW4e5K9 # 220 VOLT # EVAPORATING TEMPe =25 C * MFe DATE * CODE 6
1 5CeP0Ss 11 MIKePOS * 50 HZ * CONDENSING == 55 C # MESe =%= 03406472 *
LP#10 193 145 133 121 120 130 125 137 146 157 251 122 121 158 113 178 273 204 169 137 120 106 110 98 11l 316
s lal Qo3 OaZ 0e3 0a7 005 1a2 007 1¢9 2¢2 348 1ol 148 342 05 1e8 leB8 0a7 122 0a6 042 0a3 Vsl 0e2 003 1a3

T#100 =56 46 197 25 119=329 410-113 113 35 91 309 259 433 320 129 197 348 185 295 -~37 256 450 138~122 284
DEGeF 19 1% 19 16 11 1% 11 19 11 11 12 12 10 10 16 14 19 19 14 14 1% 19 19 19 16 19
H250 63 80 100 125 160 200 250 315 400 500 630 800 1K la2 1s6 2K 225 342 4K 5K 6.3 &K 10K 12K DBA

SPECTROGRAM FOR CALCULATED LP=MEANa * =95 PCTy #% =99 PCT AND ##% e99.9 PCT SIGNIFICs F ONLY 95 PCT TESTED.

1 OB RELe I Fa= 5 10 15 20 25 30 35 40 45 DB 50
TQREFQIV/VMIN'nlltllu.-'-lo-ln-lo'c-|u1-|..‘-l.cI-n-u'la--l
HZ50 I =043 I '1a.11 10
63 I Qa0 1 1471 =—em———c————e——e—aa()
80 1 Da2 S 1 S — o
100 I Q.0 1 42048 —ccwmmmnm—e——=()
125 1T 0.3 ] HRAEES mmicmmmarcame(4
160 ] =Qaf#% ] 3428 =——w—eaca—a—usc==s]]
200 ] leS#% [ ER¥ES memmcamamaee(dbbd
250 I -0.3 I 1858 se—smcsccccssassas]{
315 1 Qa7 1 EEREH 04
400 I Qa2 I #eaws a+
500 I 1.1 T #xndn O+
630 I  lel¥® [ AWRARN sce—emam—e——u(hg
BO0 I  leh# 1 HEENE ——mem—— (4
1K I 4e2%h | ANBKK mecmmmmeeeeon Otk dbrsts 0BS.: FIVE ASTERISK: Fa 099
le2 ] Out#d [ 4303% =mececcuawem—(+
la6 1 0.7 I &.78# 0+
2K 1 leB I 1l.40 Oss
245 I DeS#x 1 32,21 s
3e2 1 047 1 7.00= o+
4K I Oubw | 74228 mremmrm—snam————(+
5K I =040 I 1423 m—==me=s—e=e——)
6¢3 I 040 1 12,45 =mammce—a——(
BK I Oplwss | 1464 =—ccecmw——a—aa(
10K I Oal ] 2425 mmmcacaaa)
12K I =0.1 1 44058 mmmcermccema=))
DBA 1 le4¥ 1 2435 oeat
T o oo o' w0 aal oo ao?uansIoeaon! asoeelonaot ool oeeea! sl
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