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Pressure vs. Power



How can we quantify source strength?
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Sound Pressure Level = X?
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Sound Power as a source strength metric

Targets & Regulations
Comply with target specification
Comply with Market Specifications
Comply to legislation

Comparison
Compare equipment (same / different types)
Compare with competitive product
Purchasing parameter in the selection process

Engineering
Verification of the developed product
Indicator for developing quitter product
Quality control in production
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Sound Power measurement techniques

|ISO3744 = Pressure based

= Microphones around object n
= 1SO3741/42/43/44/45/46 till 1ISO3747 .

= Fast & easy method

= Only in controlled environment
= One number
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il lﬂll‘dB
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1ISO9614 = Intensity based

Intensity Probe
1ISO9614-1 ISO9614-2
more time consuming
Can be used in-situ
More engineering insight
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Sound Power measurement techniques

ISO3744 = Pressure based 1ISO9614 = Intensity based
Microphones around object = Intensity Probe
1ISO3741/42/43/44/45/46 till 1SO3747 = 1SO9614-1 1ISO9614-2
Fast & easy method
Only in controlled environment
One number

= more time consuming
= Can be used in-situ
= More engineering insight

) Lua
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Pressure-based Sound Power SIEMENS
’hgehuifyfor&{e

1ISO3744 = Pressure based Put # microphones on e.g. half sphere
= Microphones around object

= 1SO3741/42/43/44/45/46 till 1ISO3747

= Fast & easy method

= Only in controlled environment

= One number

{-I
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Ull‘dB
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Pressure-based Sound Power SIEMENS
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Configuration rCaIibration rncquisitiop/yRepurt ]

|ISO3744 = Pressure based Includes

corrections for

u Microphones around Object Linear 7010 FRO7 2835 0.00 TRO7  TIEI 1128 1488
room f-weighted 7105 78,03 2555  0.00 7993 7458 1100 1480
- 1SO3741/42/43/44/45/46 till 1ISO3747 overberation "

=] Measurements
u FaSt & easy methOd and baCkground 20.00 1792 2031 1647 [JEOMMZ09  [22.98 1857 -l6El 1425
. . . 25.00 19.00 2234 1345 060 273 [2404 1949 -16.19 -12.56
= Only N ContrO”ed enV|r0nment noise 31,50 1717 2180 1721 [IEIaE 2342 1918 -1SA0 -11.47
40.00 2243 2633 1112 000 390 [28.001 2357 1467 -11.63
m One number 50,00 2737 31,75 1581 000 438 [3341 2902 1312 1017
£3.00 2744 3225 985 000 481 3395 2941 -11.92 -9.50
§0.00 2195 2705 381 000 520 2885 243 -l11.22 -3.06
10000 3124 3676 392 000 552 [3|47 33I1 995 689
12500 29.20 .99 867 000 579 [3EE9 3216 -8A0 611
16000 3230 3833 1830 000 604 [4000 359 R 486
20000 3614 4237 601 0.00 622 [4408 3951 615 -3.66
250.00 3687 4325 1576 0.00 638 [44.96 4040 525 253
3500 4422 5074 1206 0.00 651 [5244 4788 4z 134
40000 4691 5353 1366 0.00 662 [5524 5067 325 036

f ™

500,00 51,30 S8.01 1443 0.00 6,71 59,73 5514 -2.13 059
630,00 48,21 54,99 1559 0.00 6,78 56,71 5210 -1.55 1.34
800,00 45,76 5260 1431 0.00 .84 54,33 4969 096 1,99
i0oo.00 4967 5655 1534 0.00 6,85 55,29 5360 050 Z5&
125000 é051 6743 1444 0,00 6,92 62,19 6445 025 3ES
160000 6028 6723 13,75 0,00 6,93 69,02 64,15 054 4,11
200000 6144 6542 1402 0.00 6,93 70,24 65,22 063 4.56
2300.00 64,40 7140 1380 0,00 6,99 7IEF 6803 136 6,00
315000 6036 6737 13,98 0.00 7.01 69,32 63,73 012 4,15
4000.00 62,81 69.83  13.60 0.00 7.02 71,89 6575 007 463
. iy 5000.00  S6.61 63.64 13,10 0.00 7.03 65,78 59.25 -2.17 1.58

Final step = ISO report in Word/Excel
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Pressure-based Sound Power

Declared Sound Power

| Unit 1
| Unit 2
I Unit 3

‘ >, statistics

Restricted © Siemens AG 2018
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Statistical analysis is needed to obtain a ‘Declared Sound Power Value’

Relevant standards ISO9296/ECMA109

HAND HELD POWER TOOLS

OPERATOR1 | OPERATOR2 | OPERATOR3
TEST1 71,2 71,8 71,3
TESTZ2 71,4 71,5 71,2
TEST? 71,1 71,3 71,3
TEST4 71,4 71,6 71,0
1.4 71,3 71,2

Average over units and operators

OFFICE EGUIPMENT

ECONO NORMAL BEST QUAL
PRINTER1 71,2 71,8 71,3
PRINTER 2 715 715 71,2
PRINTER? 71,1 71,3 71,3
MEAN 71,3 714 71,3
DEV 0,2 0,3 0,1

Average over units and modes

OUTDOOR EQUIPMENT

LIFTING DRIVING TURNING

TEST1 71,2 725 76,0

Combine modes (weighting) to obtain single Sound Power value s

iemens PLM Software
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Sound Power measurement techniques

——

S0O3744 = Pressure based
Microphones around object
1ISO3741/42/43/44/45/46 till 1ISO3747
Fast & easy method
Only in controlled environment
One number

10he
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1ISO9614 = Intensity based
Intensity Probe
1ISO9614-1 1ISO9614-2
more time consuming

Can be used in-situ

More engineering insight

) Lua
10k

—
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What is Sound Intensity? SIEMENS
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Sound Intensity = Power flow density vector!

Intensity = Pressure x Particle Velocity

X 2

Force Distance  Energy = Power | Watts
Area  Time  AreaxTime Area | m
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How is Sound Intensity measured? SIEMENS

’b\g,ov\ut‘\ty‘forufa
» Standard ICP microphone * Acoustic Intensity probe
*  Measures sound pressure *  Measures 2x sound pressure
* Has (almost) no directivity * Directivity along microphone axis
* No idea where the sound comes from * You perfectly know where the sound comes from

Restricted © Siemens AG 2018
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How is Sound Intensity measured? SIEMENS
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Sound Intensity = acoustic energy flow through unit area:

I'=p()-v(t) = p(t)

p(t) = local pressure - average of p, and p,
v(t) = particle velocity = estimate from p, — p, over Ar

Ap
Ar
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Spacer distance influence SIEMENS

’b\g,ev\ut‘\ty‘foru‘[a
Lower Frequency Limit ‘:l ___________________________________ t_ ________ Upper frequency Limit
Phase mismatch between microphones Spacer distance :
Typically < 0.3" degrees for matched probe microphones « ., — < 1/6! of the wavelength
| i ﬂ |

|
|
Wikh 4" I'ni"m.'e. Type 4081 ;'1|:I: Ermim Spacer I:GHEIEIEI:I:I

|
I
. | ] i
i | | L 1
Zhmm (GR004Z) | i i _—
| I T
- | I
 — _ [ ‘j|5
S0mm (GRO043) | '

aill

| I
t 1
l 1 ni| (lﬁEID’H:I ‘ ! | |
| ; '

-

-0 1 ' 10k 100k
Freguency Hz
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Intensity-based Sound Power

= Rectangular “shoe-box” around the object
= Sub-divide each surface in sub-segments

Restricted © Siemens AG 2018
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1ISO9614 = Intensity based

Intensity Probe
1ISO9614-1 ISO9614-2
more time consuming
Can be used in-situ
More engineering inside

e,

©) L
104

—

—
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Intensity-based Sound Power

Calibration
Amplitude of both microphones
Phase calibration

Measure Residual Intensity

Restricted © Siemens AG 2018
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1ISO9614 = Intensity based

Intensity Probe
1ISO9614-1 ISO9614-2
more time consuming
Can be used in-situ
More engineering inside

e,
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—

—

A

Siemens PLM Software



Intensity-based Sound Power

Measure each sub-segment sequentially
Point method — 1SO9614-1
Scanning method — 1ISO9614-2

/VQ —

o o . B —

£ :Q

| )
0. ‘ Q O/L/ D

[ /~O C

’7777771): D,

© : O < -
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1ISO9614 = Intensity based

Intensity Probe
1ISO9614-1 ISO9614-2
more time consuming
Can be used in-situ
More engineering inside
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10hs
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Intensity-based Sound Power

ISO Sound power = sum of partial sound powers
(Intensity x surface of sub-segment)

SPOW = L Int x Surface

Restricted © Siemens AG 2018
Page 21

SIEMENS
lngenuity for life

1ISO9614 = Intensity based

Intensity Probe
1ISO9614-1 ISO9614-2
more time consuming
Can be used in-situ
More engineering inside

e,

@) Lw
104

P ————
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Intensity-based Sound Power SIEMENS
ISO quality checks lngenuity for Life

ISO 9614 Field Indicators ensure the quality of the measurements and meshes

F2: Surface pressure-intensity indicator

Examines the difference between the pressure and the absolute values of intensity, which tells how diffuse or reactive a field is
Small value = good measurement conditions

Large value = probe not aligned well or measuring in a diffuse field

F3: Negative partial power indicator

Examines the difference between measured intensity and pressure while taking the direction of the intensities into account,
which gives amount of extraneous noise

Positive direction = intensity from source under investigation
Negative direction = intensity from extraneous sources

F4: Non-uniformity indicator
Indicates the measure of spatial variability that exists in the field, which verifies the mesh adequacy

&
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What about external sources? SIEMENS
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.
I
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What about external sources? SIEMENS
’h%hui\‘y{or(ift
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Sound Intensity as a source localization tool SIEMENS

ks

reflecting p[a}m e

lngemuity for Life

ISO sound power ) /;r"i _____ s ’;T"i_"_;?ﬂi
Scan all surfaces surrounding the object f’—/—:*——+: ————— T—’:———J;————{/ | i
Intensity x surface = sound power i i ) ,ir _____ S L____%__ﬁi_:j
Not influenced by “external” sources L/_’_)I:_IL_____:L_SEUI _______ ﬂi/’Jl/ i
ISO9614 standard | | | i I{ |

|

|

Source localization
Point-by-point method
Keep individual partial sound power values
“Easy” hotspot finding (1 source)
Build full acoustical map (different sources, frequencies)
Source ranking
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Conclusions

Pressure-based Sound Power

- Very fast results
J Easy to execute procedure

L Single value result only

L Sensitive to disturbances
L Requires specialized test environment

Page 26
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Intensity-based Sound Power

1 Adds source localization capability
] Robust measurement method (environment, noise)

O Very time consuming

L More complicated test execution
O Limited frequency range (multiple test required)
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SIEMENS
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www.siemens.plm/simcenter
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