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LPM — Tutorial LPM-358F

Overview A

The LPM module determines the electrical and mechanical parameters (Thiele-
Small parameters) of electro-dynamical transducers. In contrast to the LSI (that
identifies the large signal parameters) it focuses on the precise measurement of
the small signal domain parameters.

LPM el i v 2l X 6 B8 11 RS E0OR ) % S 8 (Thiele-small Z4L). #HLL
T LSI RO RAE 525, EME T/ ME 5 58S Er ks il & .

What is the goal of this tutorial?

TEFE R H KR A2

This tutorial makes you familiar with the LPM module.
IR T PR LPM B

The tutorial is divided into three parts.

BRI =AY

1. Inthe first Viewing LPM Results we will show you how to view LPM
results already stored in the example database.

FEEE—HB4) Viewing LPM Results (2% LPM Z78)h, FRAT K4 14
JEoR, GREER CORAFAEBIRESR ) LPM 2558,

2. The next part of the tutorial Performing a new LPM provides a step-by-
step recipe to measure the electrical and mechanical driver parameters.

eI EE 4 Performing a new LPM (# 77—~ #H7 LPM) 45 T
W47 75 28 SR 2R 22 2 TR P 3R
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3. Inthe final section Customizing LPM we discuss modifications of the
setup parameters to use more powerful features and improve the
performance of the measurement.

{Ed i — 7> Customizing LPM (Z#/LPM)T, AT =118, &
PR T RES BB, LR 2 107 e, I el &
P

In the chapter LPM-Reference you will find more information on the basics of
the linear model used as well as a detailed description of the result windows and
the configuration of the property pages.

7EE T LPM-Reference 11, #n] DL BT SC A MR BRI AT H LA S 45 R
120 5 R AR R g P P ) B 2 AR R AE R

In the last section you will find information on possible problems, malfunctions
and troubleshooting.

PEdpe e BT of, ) AR BIAT 5C nT Al H B i 0, i R i eI Ik ) A
FAe o
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Table Linear
Parameters

LSRR

Impedance
Magnitude

FHOUIEAE

Viewing LPM Results (part 1)
AFE LPM 453 (#57) 1)

Open the object First Example Driver in the folder Example Drivers in the
example database (installed as default database after the first installation).
Please refer to the dB-Lab manual section for navigating within or selecting
databases.

7t example database (¥ 2) i) 3% Example Drivers B4 FF
1% First Example Driver (1K %%E 5/ A BRIAEE E) - 15215 dB-
Lab /it A A A sl $e s e ) 215 .

After double clicking on the operation LPM linear parameters the default
result windows will be opened.

Mili EE1E LPM linear parameters K47 JFERIA G B % 1

The result window shows the electrical and mechanical parameters of the linear
driver model, the derived parameters (resonance frequency, loss factors etc.) and
the parameter of the suspension creep factor that are determined by the LPM
module (if measured with laser method).

SR R T LPM BB (G SR drO A IAR) D I 4k K s R Y
WA 2 S8, AT ESR (URERIR, BRI 155) Mtk REu AL

The most important results are: # 522 ) 45 540 K

Re Electrical voice coil resistance at DC % ¥ &l F FHL

Le Frequency independent part of the voice coil inductance
AT AR 3 1) Bl LUK

fs Driver resonance frequency

P75 IR AR NI R
Muns Mechanical mass of driver diaphragm assembly including air load

and voice coil
P i AR AL R )y 2 s RN BB 1) ) 2 R
Bl Effective force factor (Bl product)

30 E (Bl R

The result window shows the magnitude of the measured and estimated
impedance Z(f)=U(f)/I(f) where U(f) is the terminal voltage and I(f) is the
current. The measured curve is the ratio of the measured spectra U(f), I(f)
while the fitted curve is the impedance calculated with the linear driver model
using the identified parameters shown above. You can clearly detect the
resonance and the increase of impedance at higher frequencies due to the voice
coil inductance.

SR SR 1SS AN SR BEET Z(O=U O/ () FIEME, U A
Jeo 1(F) S FR . S pth 22 Sl U, 1AL, A 22l
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ik PAE S5 1 2 By s i AP X AR U B ORI BT 45T LI 2
R 2], ph 5 B U SO A e AL (R DAL BB AR 19 T o

Magnitude of electric impedance Z(f)

Measured Fitt=d
KLIPFEL
225
200 f
17.5 I
E C
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75 F B / ——l
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Frequency [HI]
Hx (f) Magnitude The r_esult window shows the magnitude pf the_me_asured and estimated transfer
) B function Hx(f)= X(f)/U(f) between the voice coil displacement X(f) and the
Hx (f) W& terminal voltage U(f). The measured curve is the ratio of the acquired

spectra X(f), U(f) while the fitted curve is the transfer function based on the
linear model using the identified electrical and mechanical parameters as well as
the creep parameter.

SR W 1 RS X(F) AN L s U (F) 2 18] S 000 AR Rl PR 4 32 R 2
FROIEAEL. SN h 22 XA UG ] G LU, P00 i 22 T8 TR
T (T L2 M T 2 SO St A 5 I e MRS IR 1 1) A 3 o £

The creep effect models the low frequency behavior of the suspension system of
a loudspeaker. The stiffness is not constant over frequency but decreases for
very low frequencies. For more information see the reference / Linear modeling
of LPM.

IR AR RN AU T 4 75 A B R G RARE M . ShEETEAER EASREEE I,
{ALEARSAL /> . 2 A5 S, 152 . reference / Linear modeling of LPM.

The curve is based on the conventional model without
considering the creep factor.

IR R BT TAR G I AN R AR R A 211 -
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Magnitude of transfer function Hx(f)= X(f)/U(f)

I [=R—N-—R—1} e
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Spectra of state A multi-.tone sigr]al gsed _for loudspeaker excita_tion has some ad\_/antages over
iabl conventional excitation signals such as MLS. Since we are working with a
variables sparse spectrum we excite the speaker with a logarithmically spaced frequencies
y S and are able to measure the distortion and noise at the unexcited frequencies in
REZEEHOE the spectrum. The spectra of the measured signals can be viewed in the result
windows Voltage (f) Spectrum, Current (f) Spectrum, X (f) Spectrum
and p (f) Spectrum.

FHR BN 75 25 W 2 8005 5 LU iR 1% MLS —HEAL SRl inds 5 8 B —
BRI DRIR FRATT 0 AT e s 2 R A, DR) b 3 el A P ot i 80 X T I 7
HIVBIE S R e, T T AE AR b BBl T P AR B b N R
IR RS o A 5 RO AH DA AT e 25 5L % 1 Voltage (f) Spectrum,
Current (f) Spectrum, X (f) Spectrum # p (f) Spectrum H&F 3,

Spectrum X(f) of voice coil displacement
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Measured waveforms

LR

The terminal voltage, terminal current, voice coil displacement (laser sensor)
and sound pressure (microphone) waveforms can be viewed in the result
windows Voltage (t), Current (t), X (t) and p (t). These are not open by
default. Please open the result windows by checking the corresponding box in
the result window.

Ui, i L, PR (WO AR B ) R R (32 ve JR) TR T 40 T (e 45
JLEF 1 Voltage (t), Current (t), X (t) fl p (t) T & FH. XLEHORERE

KRNI o I 7E 45 % 1 (result window) HH i i A A1 B ) T BLAR T

JA PTG R 1 .

KLIPPEL R&D SYSTEM (LPM)

Tutorial e 7



Performing a new LPM (part 2) $i47—
AFTHI LPM (FR 45 2)

In the second part of the tutorial a step-by-step recipe is provided to measure the
electrical and mechanical driver parameters. We assume that the following
standard hardware configuration is available:

e Distortion Analyzer (Power Monitor 8 Hardware does not support LPM
Measurements)

e Laser displacement sensor
e Driver mounted in laser stand
o Power Amplifier

FREIEE 2 B3R AL TR A R S B b A . BUELLT
PRERE A C E W]

o RELMTAX (R4 Power Monitor 8 A2 HE LPM il &)
o BOGAIBARIRAS

o P AR BRI E AT OGS I SR |

o ik

If you have not got a laser sensor you may consult the third part of the tutorial.
The section working without laser will give you detailed description.

RIS RO IS, T AR R EE 3 87> working without laser
K A S B 4 A

Setting up the
Hardware

wEEMS

|

Power
supPly

F 1

PC Laser Amplifier
Input

\

Spoaker Amplifier

Terminal Output

Note: Relevant connectors are at the back side of the device (except USB).

T AR AR AE B (K T3 1T (USB BRAH)

1. Connect the Distortion Analyzer with the power supply delivered by
Klippel.

K RIS Klippel A4 K HIEE R K .
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Select setup
parameters

BEERESH

Connect OUTPUT 1 (XLR, symmetric signal) to the input of your power
amplifier. This cable is not distributed by Klippel since there are to many
Amplifier input connectors available on the market. Please use you own
specific cable. You find more information on requirements for the amplifier
and connections in the chapter Hardware within this manual.

4 OUTPUTL(XLR, X FRAE ) BN HI DA i o XA
Klippel it s, BIh T AT K2 af I Dt Ak . i e 2
EAT k. AEARTR R EEYY Hardware 1, 88 0] DU BRI B0 247
RINTBRERL AN AR B

Connect the Amplifier output to the Speakon connector AMPLIFIER of the
Distortion Analyzer.

AR T o 2 R T A Speakon %3k AMPLIFIER.

Mount the driver in the driver stand or in a baffle.
K47 75 2% AR L SR T B BRI

Connect the Speakon connector SPEAKER to the terminals of the driver
or loudspeaker using the SPEAKER cable (having a Speakon at one end,
and clips at the other) coming with the system. If you have a hardware
version 1.2 or higher, the second speaker channel is equipped with a high
sensitive current sensor by default. Older versions may be modified on
request. In this case, prefer Speaker 2 channel for all small signal
measurements, where the maximal current (peak) is below 5A.

M ARG A4 1) SPEAKER £k, %4 Speakon #%3k SPEAKER #4775 #%
SRR ATIR 1) (3 Speakon, S AHEJCA) . I HL A )
PERRAS 1.2 s RCA, 2 2 AN 4l iE BN S — m RN
VAL AT AE i o IHRSCAS PTAR S SR AT etk o X AMELLR, X
BT /M 5 I R ] Re i IS Speaker 2, BEAL 155 K IR (W 1H)
/N BA.

A Laser Displacement Sensor can be connected to the LASER input to
enable the identification of the mechanical parameters.

BOCHAI R AL AR T L 2 LASER iy N\, DASEELN #4056 5E .

Connect the Analyzer via USB to a Computer .
L USB S #2 7 HrA  vh 5L

Note: Make a dot with white ink (correction fluid) on the diaphragm and
adjust the laser to this point. Alternatively to the ink you can use white adhesive
tape that can be removed easily after the measurement. See also section Using
the Laser Sensor in chapter Hardware of the manual for more information.

BB K R EOR) 7EME T AR —AN R, FR O E B
Ao BT D A e R ER K, IXFEEN R SIS, T AR S 1k
ke k. EE2ME R, 15 WY Hardware / Using the Laser Sensor .

1. Create a new operation and / or object for your own measurements. You

should not overwrite the examples in the example database. You find
more information in the dB-Lab section of the manual.

KLIPPEL R&D SYSTEM (LPM)
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T A CRE, G —ASFT R ERAER 800 . REAN A 5 AE]
FERAE A 17 Tt dB-Lab #4445 S 2 AHSCAE B

2. Select the LPM measurement and open the Property Page Driver
I%EHE LPM W&, Jf4TFF @M 0L Driver.

Infa Driver |Stimulus| Inpuk I Methodl Im.-"EHportl

Diaphi g I e
'aphragm area d 5411 = —Rated values

Diameter dd 8.30 cm | Power P.3 [max] {4.00 o
I aterial of voice coil Icopper 'l Impedance Zn IB_DD Ohm
o | Hep | Ciese |

3. Enter the driver diaphragm area Sygand the nominal impedance Z,. You
find how to measure diaphragm in dB-Lab Reference / Property Pages.
BN A PR AR Sq RIIE PR Z,. RT3 7Y dB-Lab
Reference / Property Pages " 4 21| 4oy i & i F 1 AH 5 B

4. Open the Property Page Input and specify the connected external devices
as well as the used speaker channel. Using the Laser the measurement
identifies all of the linear parameters in one step. It is also possible to
connect a microphone to measure SPL in the near field.

FITFJEME U Input,  $87E T IEFE R AN vt LU T 47 75 2
o FAEHHOL, s RS — Pl e I &2 8. Al
AR AL IR 22 v KRN 5 s 2 (SPL).

Infa I Diriver I Stirulug  Input |Meth0d| Im.-"EHportl
— Routing
¢ Speaker 1
% Speaker 2

~ External sensors
¥ Lazer connected

[ Mic connected

QK I Help | Cancell

5. Open Property Page Stimulus shown below
FIIFJE M T Stimulus, W FE AR,
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LPM linear parameters (first example driver) H
Infa I Driver  Stimulus Ilnput | Methodl Im.-’Exporll

— Frequency Waltage
W ms
F ma |4uuu Hz ID.5
 dBu
Relative resalution

1/ Iﬁ oct. above |50 Hz

&t Speaker terminals
€ atouT

——— FFT: 8132

IE VI % averaging W Muige floor + de monitoring

0K I Help | Eancell

Specify Fnax (upper bound of frequency range), relative resolution,
reference frequency and voltage of the excitation signal. The specified
voltage is either referred to the speaker terminals (at Speaker
terminals) or to the amplifier input (at OUT 1). Select at Speaker
terminals. In this case the amplifier gain is measured prior to the
parameter measurement and the excitation signal is adjusted to the
measured gain. Deselect Noise floor monitoring.

P Fonax (RG] ERR), AXHENTIE, 2R RIS 5
JEo fREMHIE, Zags iy Sam](at Speaker terminals),
B2 505 B s N (at OUT 1). ##¢ at Speaker terminals,
EFIEDL T, DB s K A5 S 50N AT I &, IR ERER 6 Sz
W35 B (55 . B % $E Noise floor monitoring s

Note: Make sure that the chosen voltage will not destroy the driver. Performing
identifications of the linear parameters at higher amplitudes will cause additional
parameter variations since the linear model is no longer adequate for the large
signal domain.

R U AN BRI 5 S AR ARG IR AR ST Ze tE S KR
STEBIMNISEAA, RO BN AR CANFE RENS AL K A5 5 ik
AT

Select measurement  Open Property Page Method.

method fT7FJ& £ 7 Method.
> by v/
Infa I Diriver I Stimulusl Input  Method | Im.-"EHportl
r— Measurement method—— - Driver
£ sging lazer & |n free air

s Using additional

- .
mass Mounted in sealed enclosure

Uzing sealed
enclosure

" Fied Mmd ™ Series resistor ID Ohm

o | Hep | Closel
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Start measurement

TGN E

Ensuring accuracy

i DR s

Select Using laser and In free air.

1E#¢ Using laser (fF H10) F1 In free air (76 B H1341).

Start measurement by pressing

@ Run

% Run 8, JTIRE

After testing the amplifier you will hear the multitone excitation. In the
case that the measured signals are too low in amplitude or considerably
distorted you will get one of the warning messages discussed in the
Tutorial part 3. To optimize your measurements you should open the
result table Signal Characteristics. In the first line you find useful
hints to improve the accuracy of the measurement. Refer also to the
section Reduce noise level in the tutorial part 3 for further help.

WERTE G, oKW 2 2 A S 5 o a0 FBIE 5 e i b ik
REAR AR ORI, MR — AN EfR R 3 it e
warning messages (%5234 8. B EME, NITIFRURE
Signal Characteristics. #KE 5 —47 Hh H 3 Sl S HEFPER A
R, 182> 3 1K Reduce noise level ¥4t i £ # 1) .

Name I Value | Unit I Comment Al
HINT : Reduce Fmax to 20% fs to improve impedance fitting J
Upp 2,81 peak to peak value of valtage at terminals

U ac 1.30 Y rms AC part of voltage signal

U head 348 dB digital headroom of voltage signal

USMR+D 43.0 dB ratio of signal to noise +distortion in voltage signal

funoise 1.5 Hz frequency of noise +distortion maximum in voltage signal &
il | _’l_fl

View all result windows and tables by setting the checkboxes in the result
window list. You may also define your own window arrangement and
your own setting of default windows (Default windows are opend
automatically if double clicked on the operation). For customizing result
presentation, refer to the dB-Lab manual section.

145 B 1512 (result window list) o3 2 K 25 4f (checkbox), LL#F
B4R ORISR . St nT DL A e ST DA SRR AT
S (WARRAE, BROATE D4 AT IR). s R M A5
K, 5% dB-Lab T4y,

3. Repeat the measurement if necessary by pressing

@ Run
B2, % Run f, EENE.

To become even more familiar with the LPM we strongly recommend to
perform at least once a pair of laser based and added mass based measurements
with the same driver. This test not only gives you the practical training, it also
ensures that the hardware is properly calibrated and connected. By performing
both methods of determining the small signal parameters you should obtain an
agreement of the Bl and M,s parameter of at least 5%. By optimizing the
measurement a typical deviation of 2-3% is standard and should be aimed.
Please find detailed information on performing and optimizing these
measurements in the tutorial part 3.

KLIPPEL R&D SYSTEM (LPM)
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TG LPM, - AT XU LIRS ) — 47 7 4 W AR AT 22 /> — AL T
JERIHET BRI . AR R O T SBrgR ], e Rt
OR TR CAEA A HERERE . AT I E ME = ZHU P T3 RT3
(5 BI AN My (ELZ TR] ) AN—ZPE RN T 5% S PUAEIN &, 2-3%11) S 5
ZERORVE I, TRAEN H AR FEF5 3 BRSO SCHAT AL AL L8l
RIS

Furthermore we recommend to use a reference driver. This is the quickest
way to check the proper operation of the LPM. You keep one driver that you are
familiar with in the shelf. To check the LPM you measure the parameters of this
driver and compare them with the known ones.

UEAN, BATE WA — S A7 75 d AR, RO A LPM IERf A iR i
FEMRAE. IR ADERRNZ S SR, B A LPM, TR 4
A TR ZHOT S ARG 3 7 45 SRS B AT B

The calibration and the proper operation of the hardware can be checked easily
with a reference driver. We strongly recommend to keep one driver as
reference in the shelf and to measure its parameters once in a while. Any
deviation of the parameters indicates a hardware or calibration problem.

] — 2 M A7 75 s B AT L (S A, BB RS HE AN L AE A R B A o AT
SRV OR B — 5 S AR E N Z IS, RIS TS E0
ZEHR G 5 SR s Ty T 1 1 i
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Physical Limitations

Yy 2 PR 1)

Influence of
measurement
conditions

HEF AT

Adequate Modeling
TR

Customizing LPM (part 3) x| LPM
(#8453 3)

In this part of the tutorial we discuss modifications of the setup parameters to
use more powerful features and improve the performance of the measurement.

PAVREAEARFIIIX & P ie B st B 24, DUEHTSE 2 98 K 1y
PRI R P RE -

The most important results of the linear parameter measurement are the moving
mass M, the force factor Bl and the DC voice coil resistance R,. These
parameters are almost independent on the amplitude of the excitation signal.

LSRN Rt L A5 RAT, IR My, 7 BIE BI AN EL I 35 el FL B
Reo IXLES U LTS+ P55 IR 0E .

The properties of the suspension depend on many factors (excitation level, time,
ambient temperature, humidity). The compliance C and all derived parameters
such as the resonance frequency f, and the loss factors Qi and Qg vary even in
the small signal domain. C,,s and f; may easily vary by 10-20% with (small
signal) excitation level [1]. Furthermore C,s and fscan change by 50 % (!) if the
temperature is increased from normal ambient temperature to 40 °C [2].
However, the parameters R, Bl and M,,s should not vary with measurement
conditions.

BEARGMEEE TR Z N E (g, e, B, RBHE
FE)o MPE Cos T HRTAESEL, WHEPRANZE f FIBIFE REL Qu Al Qe LF 1]
TEAME T IR B[] Cos B fs FTBE (M55 B2 42 5 A% 4k 10-20% .
TEE Cos M T AR 220 50 % (1), W Hil i =23 7 1) 40 °C [2]. 2K
M, B0 Re, Bl Mys AN Bifl 1 5 45 2 1T A2 5048

The measurement of the linear parameters fails if the model is not adequate for
the particular driver. For example additional electrical components, mechanical
sub-resonance and acoustical guides may cause substantial deviations between
the measured and expected behavior.

USRI R S8 47 75 ds PR B T, VeSS B RR R il Aish
HIHLER TP, 77 BV S AN P T e 5 LAk Sl AN TR 1 2 1] 14 7K A
Fo

The creep of the suspension can only be measured by a mechanical sensor. This
effect may cause substantial errors in the traditional two-step measurements
using an additional mass or test enclosure. Both perturbation methods assume
that the stiffness is independent on frequency. However, some drivers "forget"
50% stiffness at frequencies one decade below f.

KLIPPEL R&D SYSTEM (LPM)
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How to get the best
Performance ?

WIS BRI HIPERE?

Precise Calibration

FEOEEHE

Amplifier
/)74

EE ARG AR R RE 1 ) A AR AR DT o A% R] BEAE A0 B IR 5 sl
AR gE 2 BB R SR ERRZE . WAMESE G, WIS T
B, AR, R SRR S T, AT IR IR 1AM AL,
I TE I 2D 50% .

Reference 7% Ciik:

[1] Klippel, W. and Seidel, U. Fast and accurate measurement of linear
transducer parameters. Presented at the 110th Convention of the Audio
Engineering Society, Amsterdam, Mai 2001

[2] Hutt, S. Ambient temperatures influences on OEM automotive loudspeakers.
Presented at the 112th Convention of the Audio Engineering Society, Munich,
Mai 2002, preprint 5507

In this section a step by step procedure is outlined that maximizes the accuracy
of the results. Factors that deteriorate the performance are identified and
suggestions are made for improvements.

KA B A A T AT AR S RAERR L oA, DU TR RE R
7=, JFhlE sod

High accuracy of the results requires that the sensors for voltage, current and
displacement (if a laser is used) are calibrated carefully. The current and voltage
sensors are already factory calibrated and may be checked with a Hardware
Check module which is included in the Service package.

D2l R S E R VR SR AR H AN O AR HE i AR I B, HIRAE A R
F IS (WA O . WAL B A R AR s Db AT I ) ke, H
Al 3@ L f# ] Service package ) Hardware Check module #7452 .

The calibration of the laser head should be checked more frequently but in any
case if the head is changed or replaced (see Using Laser Sensor and Laser
Calibration Check in the Hardware manual). Any laser calibration error will
deteriorate the accuracy of the mechanical parameters. For instance a 3 %
calibration error causes an error of 3 % for Bl and 6 % for Mms!

A A A IO S R HE , (BAEATME R, — Heed sl o o Sk,
W TR HER 7 (3 W T-IF Hardware/Using Laser Sensor 1 Hardware/Laser
Calibration Check). fTA¥em kiR =S & %A )1 =S5 nerfibE. T
Wi, —A %M HER 24 S5 Bl 42 3%, Mms P74 6 %Itk 2.

Do not use DC-coupled amplifiers. Neither use amplifiers with a very steep low
frequency roll-off (roll-off > 40 dB at 1Hz) . The DC voice coil resistance Re is
measured at the two lowest frequency lines (about 0.5 Hz —2 Hz). In case of a
steep roll-off the signal to noise ratio will be insufficient for this measurement.
Note, that the LPM can measure and compensate (to a certain degree) the roll-
off.

AN E IR A I, AN B iy SURARATR B (R T (£ 1 k2%
Ab, TR (R F%) > 40 dB). LI T R FL BEDKS A8 PR A B AR AT R e Ak
WA KL 0.5 Hz -2 Hz)o MAFAE SURIRBE I, DA B 288 115
Wbk, vER, LPM nldl&E I aME (B — e R R .

KLIPPEL R&D SYSTEM (LPM)
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Check hardware with
reference driver

FH SR AR &
L

Adjust laser

Check mounting of the
driver

BB 5w P % F

The calibration and the proper operation of the hardware can be checked easily
with a reference driver. We strongly recommend to keep one driver as reference
in the shelf and to measure its parameters once in a while. Any deviation of the
parameters indicates a hardware or calibration problem. Please keep the remarks
made in section Physical Limitation (see above) in mind.

B2 PR A MR I A0 8 A 1 4 2 bl il A — 2 ) 75 i R AT AR A
ARV VR — S A N S R IG, RN S48 (T4
ZH s 22 8 25 5 SR o) R sl 14 ) . 17729 Physical Limitation (U0
k) g

Adjust the distance between the laser head and the diaphragm carefully. The
adjustment is described in section Using Laser Sensor in the Hardware manual.
Please refer for basic considerations on using and installing the laser to this
chapter.

/N O RO SRR 2 TR PR S . A, S
Hardware/Using Laser Sensor. 1i 2 il #2715 WP A SO AE F J 22 25% i A 2%
&

Make sure that the rest position of the diaphragm is in the middle of the lasers
working range. Move the diaphragm slightly with your fingers and check that
the working range is not left.

ORI (LA EAE O TARE R P e Az & . T TR ot 2 s
Jis FER A AT B B IO TR .

To increase reflection make a white dot (white correction fluid or adhesive
tape) on the diaphragm and adjust the laser to this point. The white dot increases
the signal to noise ratio of the laser signal considerably; never measure without
it ! Make sure that the laser is pointed to an approximate perpendicular surface
(e.g. center of dust cap or joint). The target may be up to 20° out of
perpendicular position without degrading the performance significantly.

FEREFT EARd— i (1 A G SR sty ) A B, IR ot 2]
BRLE . R RN T OGS S IR L AGE AN EAE AT A
LT REATIN Y W RO TE ) — LT BLaE BRI (B0, B2 iE p
BHESRAL) . AEANTZE BRARTERERI DL, H b ml (i B 3 FLAL B e 208 20°
Ak

Check that the driver is tightly mounted in the laser stand. If the driver is
improperly mounted it will vibrate or even change position. Both will falsify the
laser measurement. Make sure that no cable, etc. touches the driver or the laser
head. It might vibrate slightly during the test and disturb the laser signal.

R 7/ o AR R 1 2 [ 2ROt 28 B R 75 g T A ke A
A, ek, HERSCEAE . XPRME A B O .
TRIAT B Z AW ARl 2047 75 2 B AR B0 Sk, AT RE S AE DI e el
s, FETIBOEE S

KLIPPEL R&D SYSTEM (LPM)
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Select Voltage: at Speaker terminals in property page STIMULUS. In this

Use “at Speaker mode the amplifier low frequency roll-off is measured and compensated (by

terminals” increasing the excitation level for the attenuated lines). Without roll-off
“at Speaker compensation the measurement qf the voice coil resistance R, may bt_a corrupted
%zinals’,’) due to poor SNR. This will deteriorate the accuracy the other small signal

parameters as well.

76 )8 P STIMULUS R #% Voltage: at Speaker terminals. fEi%fH A
N, A A M DR AR (LI X SO e G IR ) . AEANY
WIEAMERITE ORI /MOEEE L, 55 Rl Fi B R, R0 & v] fE 2 I
RO AL = UEA 1 A L e MBS S L

Use speaker channel 2 Sta_rting wit_h_ h_ardware version 1.2 the seco_nd speaker chann_e_l is equipped with

18 [F 17 7 BRI 2 a high sensitivity current sensor. Older versions may be modified on request. If
available use the high sensitivity sensor for all linear parameter measurements.
The speaker channel is selected in property page INPUT.

MEEPERRCAS 1.2 TT45, 25 2 D775 Sl B i & 1 sy R A% s - 1H
FRAS TR SR BEAT B 5. WRTAT AP vet R AR TR AT P AT ek
SHON R TEJEPETT INPUT i 647 /s 43 i .

Adjust frequency range A(_jjust the spectral resolu_tion in property page STIMULUS to your pgrticula_r

L driver. A spectral resolution of at least 16 lines (better 24) per octave is required
at the resonance f;. Providing higher resolution at frequencies below the
resonance f; won’t result in any additional benefit because the increased
displacement will activate more distortion. The bandwidth F,,, of the excitation
signal should be about 20-f; This will shift the impedance resonance peak to
the middle of the logarithmic frequency range which is optimal for curve fitting.

MR EAA T2 ds T A, AEJ@ A U STIMULUS A 480t 70 ¢
FEUEIRAIA F AL, ERBEAMEPIRE R D 16 1R (24 MRELLT) B RIBE 7>
e o AEMRT IR IRIIR 1 (MR Be LSR5 e (0 0 A R AN 2 i SRAR AT A S
(Rolr ik, DR SRR A 2 Bl 5 22 R ORI o A 5 R 58 Fra N4
20-f5, RORFIERIEELAS Bl 0 B Y Bl A2, A 2 fU 5 2
Al

Adjust excitation level The excitation voltage needs to be adjusted carefully. Select Noise floor
y . y monitoring in property page STIMULUS. This will invoke an additional (zero
HEBIHE stimulus) noise floor measurement before the main measurement.

PO R AR AN o BEAT R #E . 7R B P T STIMULUS HiE#¢ Noise floor
monitoring, XHFAETMEFT, WM GEIAN Z) A I .

The main measurement uses a multi-tone stimulus. Only some few
(logarithmically spaced) frequency lines are excited. The output signal of a
purely linear system will show only those lines. In case of a nonlinear system
(like a driver operated in the large signal domain) additional lines (distortion)
are present in the output signal. In the result window Current(f) Spectrum
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Current spectrum with noise floor and distortion lines

FE AL AT A4 A M 7 K L 2

the exited lines are plotted red. As the excitation voltage is almost constant over
frequency (voltage driven measurement) the shape formed by the red lines is the
inverse of the impedance curve. The additional distortion lines are plotted gray
while the noise floor spectrum is depicted as black line. This is very important
for adjusting the excitation level. If the level is too high the distortion lines
exceed the noise floor indicating that the driver is not longer operated in the
small signal domain. Very low excitation levels lead to a poor signal to noise
ratio.

A 2 I S e RAT DR OO BRI b (1) e il ZiZe ik
ARG AR SR R R RS R 2. R AR E RS (BAF A

FERAE S BN H a8 BAK), e S b S RIBI AR 2 (R I0) . A
4% 11 Current(f) Spectrum ™, S IMER L KRN 20t DU il
HL T AEBIAR TR IR (H s B (R0 ) AT b Pl 2 g Pl PR 8T 2 3 1)

BT o BAMR R AR L B7R D A, AR i 7 Ak LA PR et 2zt

RO R O AR H L. RSO i, R O R I A
PSR, X EA S AR ME S IE . RS g i
NRIE R LE .

Therefore the ratio

Signal
Distortion+ Noise

SNR+D =

needs to be maximized for optimal results. Start with a small excitation voltage,
say 0.3 V. After the measurement has finished check the result window
Current(f) Spectrum. The signal lines should exceed the noise floor and the
distortion by at least 20 dB. If not, you have probably noticed a warning, saying
that the current signal is not properly conditioned. The minimal distance

| SNR+D between signal and noise + distortion lines is given numerically in
Table Signal Characteristics. Normally it occurs around the resonance
frequency (70 Hz in the above figure) due to the resonance notch formed by the
signal lines.

AR (El

Signal
Distortion+ Noise

SNR+D =

KLIPPEL R&D SYSTEM (LPM)
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T KA, DRI SE A B /N e s 0.3 V IR IEAT Il & .
MELHR G, BESRE D Current(f) Spectrum. {5 SR Wi A
JE IR PR ELNZ 2 /0 20 dB, WA, Bl ReC e s —RES G
B, Sz HmE s &2 AE A& . 7F Table Signal Characteristics
AR R R B AR R /D EE RS | SNR+D LI TR A G,
TAF I P A R 1, 8%, SR AR IR (] T0HZ 4b)
S .

- - SNR+D | Accurac
Note: The accuracy of the electrical and mechanical y

parameters is directly related to the SNR+D value. The 20dB 10 %

right hand table gives the required SNR+D to obtain BI 30 dB 3%

with a certain accuracy.
40 dB 1%

Y BSEOR )2 S0 MERR P B S SNR+D {HAH
Ko AT IUMIRRLE H T XS RN — 5 PIUERR
Bl {HFT 2K ) SNR+D 1H.

Excitation level adjustment ¥hZ% A%

1. If no distortion lines are visible try to increase the excitation level till the
distortion lines exceed the noise floor slightly.
WMARTCREAIRG T W, ARG, H B R RN Tl i
AP AT S

2. In case of considerable distortion decrease the excitation level till the
distortion lines exceed the noise floor slightly. Don’t be afraid of very
small levels. Levels as small as 0.025 V (combined with a high number
of averaging) are an optimal choice for some drivers.

FHOREN T, WA, R I B M bR i A g
A o ANEORE LN U SR B A, T2 R A FRAAROR U,
Bhg /N E] 0.025 V(5 KB H (1) averaging A 45 &) & Hog 1k $% .

3. If SNR+D is still poor increase the number of averaging. This will reduce
the noise floor. Note, that the distortion will not be decreased by more
averaging. Adjust the excitation level again till the distortion exceed the
noise floor slightly.

4 SNR+D {HAKARIR /N, Bl averaging $0 H , X2yl A i B
o VEE, REMALIE LK) averaging HH N o RO H
g, H BRSO I AR g

4. |If steps 1-3 lead to no improvement check the result window Current(f)
Spectrum for humming components (caused by ground loops). You
may also check fi noise (frequency of the minimal SNR+D) in Table
Signal Characteristics. In case of ground loops check your setup
carefully.

KLIPPEL R&D SYSTEM (LPM)
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Check laser spectrum

R BRI

WFIPER 1 31 3 X S A A A U, R T P g (R 2 FR |
i), FAgi A L Current(f) Spectrum. % [AIFEIH 7 Table
Signal Characteristics 71[{] fi noise (/> SNR+D i Ab4i%) . 4
BT H T M IR g5 DR 1), TR A7 4 2 S i) B

5. The above procedure may fail to increase SNR+D above 20 dB if the
current spectrum shows a very deep decay (notch) at resonance
frequency. This is normally the case if the driver has a high Q,s/Qes ratio.
The decay can be flattened considerably if a resistor of 10-20 Ohm is
connected in series to the driver. Proceed as described in section Use a
series resistor to increase signal to noise ratio in part 3 of the Tutorial.
Please follow the outlined procedure exactly to ensure maximal accuracy
of the results.

R AT E 1 P A A s — AR R B SR (G 1), IR R
P2 2134 N SNR+D {5 2] 20dB LA F ] GE 2RI, 47 74 4 ek
HAT 1 QmelQes HUAA, 1K — W R ARG OL. R —BHAE R 10-
20 Ohm FJHELFHAR L5 47 75 ds B AR B G, AT DAARORRE B2 L P8 P12 3 0l o
WHE— P HIHA, 15S WF M4 3, Use a series resistor to
increase signal to noise ratio. V& FR BRI (1) e oA b R
45 R KR

Use the series resistor only if steps 1-3 definitely fail to produce a proper

SNR+D !

HAEH AR 1-3 REer= 443G 1 SNR+D S OL TR, AE ] B
FH S !

Open result window X(f) Spectrum. The displacement spectrum is normally
quite constant below resonance frequency f, and decreases by 12 dB/octave
above f; Check the following:

FTITERE 1 X(F) Spectrum . A7 A2 S A1 A f DL #2410
s TR f, BRI TR 12dB. BEHLLT WA

1. Most important is the ratio

SNR+D = Signal

Distortion+ Noise -

As the displacement signal naturally vanishes in the noise at higher
frequencies SNR+D is evaluated around and below the resonance
frequency only.

BE R
Signal
Distortion+ Noise
KA A5 5 H AR R AL T SR AE e v, DAL SNR+D B TE
W PRATAR ) [ A TR A3 3 A AT U5

SNR+D =
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Check impedance
fitting

REMGIHE

Spaclrum K[ alvaice caildisplacemanl

e = —
Hodsa Aoer

] O B
z < 10 = L= 1048 b =hH ik I <k
Frequsncy [Hz)

Displacement spectrum with noise floor and distortion lines

A BT Hy AR JE M 7 M 2R LA 2

SNR+D of the displacement should be at least 20 dB. If it is too low try
to increase averaging and/or the excitation level. Check the impact of the
changes to the current spectrum. Readjust the excitation level if
necessary.

PRSI SNR+D {42 /b %y 20 dB. Ui SFZAE R/, R A3 N
averaging it H A8 S . A SO TG I 20 . QAT
B, FRT U .

Note: that maximizing SNR+D for the current is more important than
maximizing SNR+D for the displacement.
YE: U SNR+D {E i KA LEA7 S SNR+D fi i K AL B L%

The minimal distance X SNR+D between signal and noise + distortion
lines is given numerically in Table Signal Characteristics. The
calculation ignores signal lines with a level less than 3 dB below the
maximum level of the spectrum.

7t Table Signal Characteristics "', {55 F10 5+ BUMZE W] 1) 5%
/NS X SNR+D DAEU PG th o AR T A0 de K, AR 20
/T 3dB R T A .

Check the distortion present in the displacement spectrum. Normally
there are no distortion in the displacement if there are none in the current.
There might be something wrong with the laser if the displacement signal
is considerably distorted while the current signal is not.

R AR PRI IR B — kUG, R ek, A7
AR ARG STRIE, MABETHEERIE, BAa
WOGTT REAFAE — 5 i /L

Open result window Impedance Magnitude. Is the measured curve
(black) smooth (not noise corrupted) ?

T4 9% O Impedance Magnitude. Szl 4k (SE0) & P31
(T T4t g ?

Check the overall agreement between measured and fitted curve. Check
the agreement at low frequencies (< 5 Hz). This region is most important
for fitting the DC voice coil impedance Re. If the fitting is poor you can
specify the Re value manually in property page IM/EXPORT.
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Check Hx(f) fitting
BEHX(#E

7 S i 2 LA 2 2 TR R AR —B0bE . A AR AR (<BHz) 1)
—EE . ZXIR BN TS EIR R P Re 2 B R A, Witk
G, ] LULLE & PE T IM/EXPORT 8135 E Re {H.

Open Table Linear Parameters and check the fitting error rmse Z.
Values between 2 % and 4 % indicate a good fitting.

17 Table Linear Parameters, #&EMGIRA rmse Z. BEZE{HAT
2 %3] 4 % 4 A5 BT U5 o

Open result window H,(f) Magnitude. Is the measured curve (black)
smooth (not noise corrupted) ?

TSR % 1 Hy(f) Magnitude. Sl ph £k (SE00) J& 3 10 S e =
T4k) g ?

Check the agreement between measured and fitted (purple) curve. Open
Table Linear Parameters and check the fitting error rmse Hx.
Values between 2 % and 4 % indicate a good fitting. Check the measured
curve for mechanical resonances which may be caused by the mounting
of the driver (see figure below).

o2 S 2 RO P 2R (R ) 2 TR — Bt 4TI % 0 Table
Linear Parameters, @& #l&1RZ% rmse Hx. #ZEHLE 2 % 3
4% 2 PEB AR AP A A . B T RE 75 A% PR AR e 28 5 [ R s
M2k B RO ) .

Magnilude al lranslar lunclian Hx[M= ¥ [IYUMN

— - =
a7 Waasura Amad withaut cresp Amed

=N KLIPPEL

oE F e

s £

, N
o AL
: =

" <R
&Y

I}.l}:

I=4

b e
1 o T H 164G o
Fraausncy [H3]
Transfer function Hx(f) with two additional mechanical resonances

2 ARG ) A7 I (1% 32 o 2 HX(F)

Try to damp the resonances if they are significant. Make sure that your
clamping mechanism is appropriate for the drivers size. Klippel currently
offers two different driver stands: a small portable stand and a bigger
(more rigid) professional stand.

IR R T, WERAENT. FRERR BN IE S 4
LA RST . Klippel 2 7] H TSt 2 5K A K147 75 23 37 48 /N 415
ORI CEHATRIE) Tk 7 5
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Select inductance
model

FE BRI

Cross check with
loaded mass method

T EEAI LR A2

Speed up
Measurement

i &

Reduce noise level

PiR/D RS

Open property page IM/EXPORT and switch between the different models in
the combobox Inductance model. If you are free to choose the inductance
model select the one that gives the lowest fitting errors rmse Z and rmse Hx.

FTIFEME T IM/EXPORT, 7E4144E Inductance model H A [\] i A5
B, R AT DL e R e R, T RE BT S B ML AR E
rmse Z fil rmse Hx [rAE8,

If you doubt the laser based linear parameters , perform a second measurement
with the loaded mass method (see section Working without laser | Using an
additional mass in part 3 of the Tutorial). The results for Bl and M, should
deviate no more than 2-3% between the two methods.

WER BN T 2S5 B0, PATH IS =V 2 2 0l & (S W
JRFE 5 364>, Working without laser | Using an additional mass). 2 Fill &
FNEIITAFI Bl My fELAN N it 226831 2-3%.

The duration of the measurement depends on a variety of factors. You may
expedite your measurement significantly by considering the following things:

DN A RSN TR B e T P IR 3R . B 5 B DU R 460, SmT DL ity
R

e Disable the checkbox Noise floor monitoring in the property page
Stimulus.

@ L Stimulus AL A HE Noise floor monitoring .

e Decrease the number of averaging in the property page Stimulus
Wb JE LT Stimulus H1 () averaging #H .

e Disable the checkbox Mic connected and/or Laser connected in the
property page Input if one or both sensors are not used
W —ANEL - AME SR I, Z5H JE MU Input H IS A AlE

Mic connected Fl1/ai Laser connected.

e Open the property page Stimulus. Reduce the value of spectral
Relative resolution and/or increase the reference frequency.

FIFJEYE T Stimulus . /b4 Relative resolution [1{E /a1
=2

o Decrease the upper frequency Fax Of the excitation components in the
property page Stimulus.

AT I Stimulus 5, B it B P

All the sensors used for measuring sound pressure, displacement, voltage and
current add noise to the measured signal. You may reduce any noise component,
which is uncorrelated to the stimulus by activating the averaging in the property
page Stimulus. We recommend to average over at least 16 measurements.
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Importing Mps, Bl, Re
%)\ Mms; BI, Re

How to set a fixed Re

BHERE [ E Re {H

Use a series resistor
to increase signal to
noise ratio

A5 P BB BBk R FELER R A=
M2 b

P O s, R0R%, T DAR LA PR A s A2 45 I A5 5 I A e
Fio ST LA AT A L5 £ e PR TP G averaging VU 5 0 K R A A
Ire TATEBL, Z/FH) 16 Rl

The fitting algorithm fits all parameters automatically to the measured
impedance data by default. However, it might be desirable to define fixed values
since they are measured or known by other methods. At the Import page fixed
values for My, Bl and R, can be specified. If the user sets or modifies these
values the fitting algorithm tries to fit all other parameters but the fixed ones.
Please note that all parameters are refitted if one of the fixed parameters are
changed.

BOABEE N, A HE B ah & AT 28O Sl BT . AR, € X
T A T 9 DM A5 0 R [ S A AT HERT o AE DT Import TR, AR
FRAE Mg, BN Re I E (. AR ™ B00E BB o 8, U Sofid
P BRI UM A e 2 8. ERE, WA — N E S HUR
A, P HARS Bk U

If the DC resistance is precisely known the parameter R, can be fixed to this
value at the Import property page. If measuring high impedance drivers this
method may increase the parameter accuracy. The lowest two frequency lines
are used for R, measurement. Due to the high pass at the lower band limit of the
power amplifier these lines can be noisier than the lines in the pass band.

W ARSI T AN EL LR, I ACEEYE T Import TRl S EL R, [E Bl
A WS S BT 75 3 AR, A2 VE AT I S B . AN
PRERARAIR LT IEAT Rt TAEZDBOMBLEH N PR Al , 1K L8R
LN LA T Th A S T

Due to the dip in the current spectrum the signal to noise ratio sometimes
decreases rapidly at the resonance frequency. This dip can be flattened
considerably if a resistor of 10-20 Ohm is connected in series to the driver
under test. Furthermore the shunt will decrease the overall displacement leading
to a more linear operation of the driver. However care must be taken as the
increased resistance R, + Rseries Will be measured with less absolute accuracy
than R only. This problem can be circumvented if the accurate value of R, value
is imported for the measurement with the shunt. The method described below is
perfect for measuring Bl and My, very precisely for drivers that have a high
Qums/Qes ratio (causing a deep current decay at f;). In order to use the shunt do the
following:

H T HLRIEE P AR A, R AT IR A T R A R B A R B
4 10-20 W) L BELES S5 400 e 26 SR B, A2 AR TR IR . Bedh, 200
SRR DRI RS DU AR M . AR AU BN
s, DUEIE N HLFHL Re + Roeries 22 LU I & R B AT A (4 xt R E . %
e T ARNRE, SR P ) R (B IAERA (2 5 20 Vs — A S [ HE . R
P (K 7720 T415 15 Qs Qes LEAELFA147 75 55 HLAA (K] BI NI Miys T iL 21
WOREEAISE SRR . D TR i ds, TEREAT LUR DB

1. Adjust the setup parameters for the measurement
Xof P R B B
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Use an additiona
Microphone

FERBSP I TR

2. Connect the Speaker cable to driver

4% Speaker £k F)47) 74 4 LA

3. Start measurement and wait until the result windows are updated
TFaRIEE,  JFAE 2 P I 5w 1 g e e

4. Open Table Linear Parameters and read the value of R.. Open
property page Im/Export and enter the value into the edit field Re.
Uncheck Voice coil resistance in order to deactivate the imported R,
for the following measurement of the shunt resistance.

F1JT Table Linear Parameters, 3 Reff. F1JTJETET
Im/Export, {EGMEEHE Re FAIANIZAE . XF/0 B LU RIE:,
TRMGIHE R, A Voice coil resistance.

5. Connect the shunt to the Speaker cable (instead of the driver)
R MU 2% 5 Speaker 424k (B A7 7 % ALAK)

6. Start measurement and wait till the result windows are updated
THGIE, JF55 B P 45 3 % 1R v B

7. Open Table Linear Parameters and read the value of Re
77T Table Linear Parameters, il Re {i

8. Open property page Method. Select Series resistor and enter the
measured value.

FTITE T Method . 1E+¢ Series resistor, % A S

9. Connect the speaker cable to the series connection of the resistor and the
driver.

JEH% speaker $22k 1) B 1) HL BHL 2% Rl 75 4 AR

10. Restart measurement and wait till the result windows are updated. Open
property page Im/Export and activate the imported R, by checking
Voice coil resistance. Now you should get most accurate Bl and M,
results.

FOHT IR, JFA BT 45 R DA e . TR MET
Im/Export, Filiil A% Voice coil resistance J#i% 51 3HE1 Reo Fil
TERS NAZAF 2 AL ) Bl AT Mpns 45 51

Select Mic connected in property page Input to measure the sound pressure
signal in the near or far field of the driver. Whereas the low frequency response
of the driver can be measured by the laser or predicted by the model at high
accuracy the microphone preferably shows the properties at higher frequencies.

FEJETETT Input HIEFE Mic connected, K7 75 4% B4 1 oz S b
IR AR 5o 775 d SRR KRR S F] A R vERATE T, OIS s
TAFHEIN H 5 22 50 U B e S 7 e AL R
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The microphone must always be connected to IN1 input channel for LPM
measurements. Older hardware versions than 2.0 must use an external power
supply to power the microphone. Newer versions have built in ICP and phantom
power supply for input channel 1 and 2.

X LPM I, 32 7 KUDA 20 S S N TS INL AR, e 2.0 ZHERR
AGAG R — M e AR A 22 v K. XIS 1 F1 2, ETRACLE ICP
FYE AT L) YR P 0T T o

The result window SPL shows the measured (laser and microphone) and
predicted driver sensitivity (SPL in 1m for 1W electrical input power). The
microphone can be placed anywhere in the near filed. The microphone
sensitivity will be detected automatically.

S50LE D SPL SR TSR (WO A 22 5 ) RIFRCUE (147 75 25 20 4R R e
(7 1 KEREAL, BIADIAN 1 TRFRIA R ZR) . 22 s Rl 222 AE T I Ak 1
FEATAEE,  FOR BN H ST .

First the driver sensitivity is calculated from the displacement signal using the
relationship
dx?(t) S, p

dt* 2z

plaser(t) =

where piaser(t) is the sound pressure signal in 1m and p is the density of air. After
this the microphone spectrum P, (f) is scaled by a factor o to match the
spectrum P(f) in the vicinity of 2 f,, i.e.

Plaser(2 fs) =a I:)mic( fs)

HOE, P AR RS A A S T O R A A

dx?(t) S, p
dt* 2z

plaser(t) =

Praser(D) F R AE LKER AL A IRAE 5, p RoRAEL. Za, LA
Pric(NIERL KT o AREE, K5 2 f T I Prager(f) VLR

Plaser(2 fs) =a I:)mic( fs) '

This leads to a Im far field microphone signal. The factor o accounts for the
microphone sensitivity and the near field - far field conversion. Finally the ratio
Of Praser(f), Pmic(f) and the input power spectrum is calculated to get the driver
sensitivity.

RO T 1K@ i WG 5. T o T80 8 R AIT-a 3 2
W e e fe i, T Praser(f), Pric()ANAA DA 2 (0] (LA,  LAA3 21
75 3 AR K RIS
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The electrical and mechanical parameters of drivers that are mounted in a sealed
HQW to measure ) enclosure of known volume can be measured with the laser. This is useful if you
drivers mounted in @  don’t want to remove the driver from the enclosure for the measurement. Due to
sealed enclosure ? the stiffness of air enclosed by the box the overall stiffness and the resonance

frequency increase. As the force factor Bl can still be determined correctly with
pul GV h=ere i s ap ] theq Iasery the deviation of the parameters caused by the enclosure c)a(n be
NS RENE7 ek 1327 e calculated and compensated if the volume of the enclosure is known. To use this
feature follow these steps:

AR CRARRIC 3 B AR N I3 75 8 AR I S O 2 24, wdd
Wothts . WEREARCY TR MR RN 13775 48 PARIE,  IXANTE
FEARR AR TR CLIE A RIZDE,  BEAR2) ERI fhe A4 1Y
e A I BEAR SR i LLIE A OGN E P e SRA R (AR
5, WA A AG RN S EUWZ T TSRS . SRR IE, TEERBE T 4

IR

1. Open property page Method and select Using laser in group
Measurement method and Mounted in sealed enclosure in
group Driver. Specify the volume Vo, 0f the enclosure.

FFFJEME T Method, #£41 Measurement method Hi£#¢ Using
laser, Jf{F4H Driver H1#+% Mounted in sealed enclosure. &
7€ AR AR TRAR TN Vioxo

[LPH linear parameters (first exampledriver) |
Infa I Diriver I Stimulusl Input  Method IImx’Exportl
r— Measurement method—— - Driver
% szing lazer ™ In free air

s Using additional
mass

~ Using sealed Y bow IZD.EDﬂ |

enclosure

€ Fired Mmd ™ Series resistor ID Ohm

& Mounted in sealed enclosure

ak I Help | Cancel |I

2. Start the measurement and wait until the result windows are updated
TR IS T 45 R ST

3. InTable Linear Parameters you will find both the parameters of the
system driver + box (influence of the enclosure not removed) as well as
the parameters of the sole driver.

/£ Table Linear Parameters ', K4k 31 system driver + box (A4~
Z3IRAG AT I )5 W) FR) 2 B DA R B 7 BRI 28

How to use different The inductance and the magnetic losses of real world drivers are strongly
frequency dependent and show a very complex behavior. The LPM supports

inductance models various common models. They can be selected in property page Im/Export.

JOARTASE P A IR ) R AR
i)
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Measure distortion
online

FELNERE

Add comments

I

TS )47 75 2% AR TR H BRI G 153 FE ik Z HB I e -0 0 s R R 2410
Rk LPM SRR SRR WA Rl &, W E J@ P 0T Im/Export Hot e fi 13k
THEHE.

See section LPM-Reference | Linear Modeling | Inductance model for detailed
information. Note that the inductance model is used for post-processing only.
Switching between models will not destroy any measurement data. Always use
the Shunted inductor model if you want to export the results to the SIM
module.

g5 {5 B, 12 I LPM-Reference | Linear Modeling | Inductance model. ¥
B, U HU TR Ab B . A5 R 2 T (R 4 AN S BT A i e 4
o RAAR Hdn a2 SIM BB, i —E AT Shunted inductor
model.

Select Noise floor monitoring in the property page Stimulus to separate the
residual noise floor (uncorrelated to the excitation ) and nonlinear distortions
(harmonics and intermodulation components). It is strongly recommend to use
always this option despite it doubles the measurement time. With this option you
may assess the distortion level produced by the driver and therefore the validity
of linear measurements (where the distortion should be at least 20 dB below the
fundamental components).

76 JEYE T Stimulus Fi%$¢ Noise floor monitoring K4 25 58 43 1) A JE gk
P (5 WU TG )RR 2 2R ST R R B 73 ) o R i — LA i
VB, RSB e T I ). A F 4, 180T DAVEAY B 75 48 B
AT R R L2 DA S et I PR AT e (ORI N & MIG T R A B 20
dB).

You may also use the LPM for distortion measurements produced by multitone
excitations. The distortion can’t be separated into harmonic and intermodulation
components but the effective distortion pattern may give you clues about the
broadband distortion produced by a complex excitation signal. This requires
high excitation levels. For this special application of LPM refer to the
Application note AN16 Multitone Distortion.

AT LPM BT i 2 5005 5 = A M R Bl . SRELARE T 50
WA E RSy, AR R R B S 4 8 S U 5 AR 1 sE Al
KRB, XERE M. LPM KX Rk N, 152 0 N 2040
AN16 Multitone Distortion.

The Info page allows the user to change the name of the measurement and to
add a comment to the measurement (comments may be included in the report
file). Using templates the comments are copied to each derived operation.
Changing the name may also be done by a slow double click on the operation
name in the object tree window.

GO Info SR VFH] ™ BE SOl 544 00 PR N vie. (018 60 36 AL #R 75 S
H)o AEAIREEL, PRIRAS R AR B 3R R o BT A B T
SRERYG 7 (/R G
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Working without
Laser

RO E

Using an additional
mass

e/ EE

LPM linear parameters (first example driver) =] I

Irfa |Dri\-'er I Stimulusl Input I Methodl Ima’E:-:portI

M arne: ILF'M linear parameters 15:31 2001-11-14

Comment:

Example Speaker ;I
[~

ot | Hep |[ Close "

All electrical parameters are obtained from the impedance curve. The module
identifies the electrical parameters regardless whether the laser is connected or
not. The laser signal is used to identify the mechanical parameters. Although we
strongly recommend to use the laser the mechanical parameters may be obtained
by performing a second perturbed measurement with an additional mass
attached to the driver or the driver mounted in an sealed test enclosure of known
volume. Furthermore it is possible to calculate the mechanical parameters from
the impedance curve if the value of Mmd is known (“Fixed Mmd method”). It is
highly recommended to perform at least once a comparison between the
classical perturbed method and the laser based method. The Bl and M,s values
should agree with at least 5% accuracy. This way you make sure that the
parameters are identified correctly and the laser is calibrated and used right.

FTAT S MO 1 2 2 JCH T BLPTh Ze U rh A3 21 A HOLIER 5,
FRRHR 2 B WO S HIREEE 1228 RS A o Z U
IO, AR AZ A R AT S 2 AN BN T 147 7 A AR I ik
7 7 s PP 22 A AN AR AR 2 B AR A Th i Sk s R AT . R
Mmd i 40 (“FlE Mmd V57), Ll NGt geh ok 8007 2 8. B
DBUEAT 22 /0 — IR MR B A AFO VA Z M LLEL . NI 7 i s
H ) BIAT My fEZ TR AS — SN N T 5% XA AT LU fR, ZHCIE
bt 56 5 LA SO CORHE A T IE A o

To obtain the mechanical parameters with the loaded mass method you have to
do the measurement in the following steps:

FAE RN AR 1 2 24 TR I DU 2D SRt A T I

1. Open the property page Method and select the Using additional
mass in the group Measurement method and select In free air in
the Driver group.

FIFJE T Method, {41 Measurement method %+ Using
additional mass, Jf7E4l Driver Hi%&# In free air.
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LPM linear parameters (first example driver) =] I

Infa I Diriver I Stimulusl lnput Method IIma’E:-:portl

~ Measurement method—— - Driver

© Using laser & |nfree air

o Uzing additional
mass

¢~ Using sealed M add I g

ehclosure

€ Fixed Mmd [ Seties resistor ID Ohm

© With mazs

ok I Help | Cancel |I

2. Connect the speaker without additional mass.
EANH B I BTR I S O T, R 5 4% .

3. After selecting the other setup parameters in the property pages
Stimulus and Input start the first part of the measurement by pressing

@ Run
7EJEPE UL Stimulus A1 Input HFiEF el e W E 405, % Run
B, TFAR IR R

4. Wait until the result windows are updated.
SR Iy AR 1 R e R

5. Attach the additional mass to the driver. Be careful to distribute the mass
symmetrically over the cone to prevent from stagger and try to fix it
tightly to avoid resonances.

Vg B 5 0 38477 7 s AR b o T AT A0 R BRI BT X B A O3 A ]
A b, VB2, IR L e DL i i

6. Open property page Method, select With mass in group Driver and
specify the value Mqq Of the mass attached to the driver.
)BT Method, {E4] Driver Hi%$ With mass, JffgE#H s
i FELA R BROIN BT A Maga o

[LPH linear parameters (first exampledriver) |
Infe | Driver | Stimulus | Input  Method Ilma’ExportI
— Meazurement method —— - Driver
€ Using laser  Infree air

Using additional .
o s % With mass

e Using sealed M odd |5.520 g

enclosure

€ Fired Mmd ™ Series resistor ID Ohm

ak I Help | Cancel |I

7. Start the second part of the measurement by pressing

@Run
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% Run B, JT4adl& w5 .

8. Wait until the result windows are updated. The result windows
Impedance Magnitude and Impedance Phase will show the
results of both measurements. Both the unloaded resonance frequency (f;)
and the perturbed resonance frequency (f.) are listed tn the Table
Linear Parameters.

SERNTAE SR O P . 458 % 0 Impedance Magnitude #l
Impedance Phase K {7 AN I 5 45 08 . 5 BB PRI (1)

MRS ISR (f) #¥/F Table Linear Parameters 1512}

ke

Using a test enclosure Using a test enclosure as perturbation you have to do the measurement in the
of known volume following steps:

515 B AT B A 3 TRV A £33, b IR I DL 20 SR A T 0

1. Open the property page Method and select the Using sealed
enclosure in the group Measurement method and In free air in
Driver group.

FFFJEME T Method, #£41 Measurement method Hi£#¢ Using
sealed enclosure, F{E4 Driver HiE#E In free air.

[LPH linear parameters (first exampledriver) |
Infa I Diriver I Stimulusl Input  Method IImx’Exportl
r— Measurement method—— - Driver
™ Using lazer  |n free air

s Using additional
mass

(& Using sealed W I I

enclosure

€ Fired Mmd ™ Series resistor ID Ohm

" Mounted in sealed enclosure

ak I Help | Cancel |I

2. After selecting the other setup parameters in the property pages
Stimulus and Input start the first part of the measurement by pressing

@ Run

76 PETT Stimulus Al Input HFEFELFHE & E S 55, 1% Run
B, AR R

3. Wait until the result windows are updated.
LR QLR R e e

4. Open property page Method and select Mounted in sealed
enclosure in group Driver and specify the volume Vy, of the test
enclosure in liter.
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T FF )@ M vl Method, 7E4] Driver F1i%4% Mounted in sealed
enclosure, FFUALTF A AT, 452 MERFTAF Vioxo

[LPH linear parameters (first exampledriver) K|
Infe | Driver | Stimulus | Input  Method Ilma’ExportI
— Meazurement method —— - Driver
€ Using laser  Infree air

s Using additional
mass

¢ Using sealed Y am |20-5Ud |

enclosure

€ Fired Mmd ™ Series resistor ID Ohm

& Mounted in sealed enclosure

ak I Help | Cancel |I

5. Start the second part of the measurement by pressing
Run

¥% Run B, FFIadEFI%E 2 355

6. Wait until the result windows are updated. The result windows
Impedance Magnitude and Impedance Phase will show the
results of both measurements. Both the free air resonance frequency (fy)
and the perturbed resonance frequency (f,) are listed in the Table
Linear Parameters.

SRR D H e te . 45 9% 1 Impedance Magnitude £l
Impedance Phase ¥ Zo/r 2 MR MR 250 . B g desing
(f) PR EL IS IRAE (f,) #¥AE Table Linear Parameters 1141

Fixed Mmd The mechanical parameters can be derived directly from the impedance
measurement the mass M4 of the voice coil and the diaphragm (without air
[EE Mmd load) is known.
D12 HR BT R SR AT, E AR BB Mg O (A8
AT ) o

1. Open the property page Method and select the Fixed Mmd in the group
Measurement method.

T EM T Method, Ff7E4 Measurement method 1, iE#%
Fixed Mmd.

2. Enter Mmd in group Driver.
{E2 Driver H4i A\ Mmd.
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 sing laser

~ Using additional
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~ Using zealed
enclozune

—Drriver
& |n free air
M g [84 .

& Fived Mmd

™ Sefies resistor IU Ok

LPM linear parameters (first example driver) =] I

Infa I Diriver I Stimulusl Input Method | Ima"E:-cportI

o ]

Help | Eancell

3. After selecting the other setup parameters in the property pages
Stimulus and Input start the measurement by pressing

@ Run

76 )& ML Stimulus #1 Input Wk It

B, TR .

2oL

B

B2 K5, % Run
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