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I. Composition of Smart Sound/Vibration Analyzer

- AC Adapter: 1set

- USB Interface Cable: 1 ea

- Smart Sound/Vibration Analyzer: 1 ea

- S/W CD(RealWave S/W, Firmware Update S/W, RealWave Desk S/W) : lea

- Manual: 1 ea
- Portable Aluminum Hardcase : 1 ea

P Accelerometer (Option)
or i =iy
Nl - e—

Microphoen (Option)

SD Card (Option)

Headphone (Option)

— >
e

Aluminum Bag

T

[Fig. I-1] System Diagram



I1. Installation & Operation Procedure

1. S/W Installation
Before installing of the RealWave program on PDA, you must install ActiveSync on your PC.

Please refer to the chapter VIII to install ActiveSync. After installation of ActiveSync, connect PC
with PDA via USB cable and Insert the CD. Run the RealWave.exe file from the RealWave folder of
the CD-Rom drive. When the window appears like [Fig. 11-1-1] and click ‘Next’, it can be proceed to
[Fig. 11-1-2] and [Fig. I1-1-3]. And then click *‘OK’ to finish installation [Fig. 11-1-3].
Realwave.ARM.CAB files use when installing a program from PDA directly.

SV RealWave x|

Packet PC installation
SV Realwave will be installed on your Pocket PC now

WELCOME TO <REALWAVE POCKET> SETUP PROGRAM

Installing Applications

Installing 5% Reals'ave Pocket...

1. Remove CF card type Hardware from PDA.

2. Cornect PDA to PC using Sync Cable.

3. Follaw this installation pragram step by step. llllllll

4.1 pou would meet waming message in PDA, press "OK'™

5. After you finish, Insert hardware to PDA,

E. Run "Realwave Pocket" in Start\Progiam tap.

This program installs Reafw ave Pocket on your PocketPC.

SV Carporation,
e sveligital com

Cancel |

< Back

[Fig. 11-1-1] Installation window 1 [Fig. 11-1-2] Installation window 2

Application Downloading Complete il

Please check your mobile device screen to see if additional steps are necessary ba complete this installation,

[Fig. 1I-1-3] Installation window 3

File Edit View G |><

s 3 x2 =~

adaptive_...
[l Realwave Pocket
£ Windows Srat3)|
e - | [ 9:08 AM |52 |y #7[ORe... | .m0 916 AM 52| B
[Fig. 11-1-4] Run of RealWave program 1 [Fig. 11-1-5] Execute RealWave program 2



To run Launch RealWave program, click the tap [Start >> Programs], and then click ‘RealWave”

icon on the window of [Fig. 11-1-5].

2. Run and Registration
2. 1 Unregistered PDA

If running RealWave program at unregistered PDA, please enter given license number on the

register window when appears a window like [Fig. 11-2-1,2]. The license number is limited at only
one PDA. Once registered, RealWave program doesn’t work properly if the license number is

different. Please contact us when you have a problem with the license number.

B4(7 Realwave Pocket Analyzer

Device Information:
|SDDD4CDD4 100540046

Plaase, registar your program:

” Cancel

wiwyy, svdligital.com

[Fig. 11-2-1] Registration window

2. 2 Pre-registered PDA

iR (1 Realwave Pocket Analyzer

Device Information:
‘50004(004 100540046

Please, register your program:

[ 0K ” Cancel l

B 1[2[3]a]s]6]7]8]9]0]-]
Tah]q]w]e[r[tlr[u_[ ik[ollp_l

—{=1l

[Fig. 11-2-2] Entering license number

If you have PDA included package, program will start without register procedure like [Fig. 11-2-1].

In case of no H/W or failure to recognize, icons in the red box are not activated like [Fig. 11-2-3]. But

in case of the opposite, icons are activated and ready to measure like [Fig. 11-2-4].

00 o
0.0 mrmyfs P

Disp. ,
Tirne: 0.000 sec, IntTime: 1, IRD(E.8-2kHz)

[

43|[ear... |iS-oFeaRR R B
[Fig. 11-2-3] Failure to recognize H/W

[ 12 125

il =
figir ] [ [ 50 )
#7|[Rea... | L[ 2B 12:00 2 B

[Fig. 11-2-4] Properly recognized H/W




3. Firmware Upgrade
3. 1 Check firmware version

If you select [About RealWave] menu in [File], dialog window appears in [Fig. I1-3-2]. You can
check the information of hardware including firmware version.

3 vew |
Open...

Save As..

Export...

Delete...

Select Part...

Transducer & Calibration. ..
Configuration Open...

About program:

Realwave Pocket Analyzer

SW Version 2.8.8n(IRD)
; v (for CES.0 RPA)
Copyright (C) Sy Corp.

63 =0 iy, syligital.com

Firmware Information

Configuration Save As... Firrmware Wersion: Coo 1,22
Load Reference Fle.., Mumnber of Channel: |1

Recording Options...
Recording Information...

Max. Sample Freq.(Hz): |22763

.-
SR SATAM R |y 7 [Real... |s.m> 9:42 AM 52 | By

About Realwave. .
Exit

&7 [Real...

[Fig. 11-3-1] Select [About RealWave...]

menu

[Fig. 11-3-2] Check firmware version

3. 2 Firmware Upgrade

Smart Sound/Vibration Analyzer H/W has firmware inside, so the firmware has to be upgraded
when the new version is released. First, ‘FirmUpl.0_ENG.exe’ file in the RealWave software CD has
to be copied at a proper folder in PDA. Here is the way to copy it:

1) Copy the ‘FirmUpl.0_ENG.exe’ in the RealWave software CD.

2) Connect PDA with PC using a USB cable.

3) After ActiveSync connected, double click the “Mobile Devices’ folder on the windows explorer.

Several folder in PDA will be found.
4) Paste ‘FirmUpl.0_ENG.exe’ to the proper PDA folder.
[Fig. 11-3-3] ~[Fig. I1-3-4] shows a copy of ‘FirmUp1.0_ENG.exe’ file.

@ CFDevice . ] 4 CFDevice v Name »
File Edit ‘iew Favorites Tools Help | ’,‘ Firmwarel.Z.Z 7/10/06 134K
— il .0_| 7/10/06 38.5K
Gﬁack -l ? e | Search H_ = Folders || |23 | 3 x n | 7
Address Ia WCFDevice j Go
Falders X || Mame = | Size | Type
= G IMobile Device ;I FirmUpl.D_ENG 35.5KB  Application

@ Firmwarel. 2.2 13.4KE  BIN Filz

= U My Windows Mobile-Basec

Databases
{2l CFDevice J
1) Conntgr

1) iPAQ File Store

I3 My Documents

1) profiles _|;|

R i millin | o

|2 object(s) [ [ Mabie Device v

[Fig. 11-3-3] Copy and Paste in the Window Explore [Fig. 11-3-4] Run ‘FirmUp.exe’

file on PDA



When running ‘FirmUpl.0_ENG.exe’ file on PDA, the program runs like [Fig. 11-3-5]. Press
[Open] button on the window of [Fig. 11-3-6]. Select folder and file (*.bin) to update and press [Open]
button on the window of [Fig. 11-3-7].

4 .f FirmUp

Open *.BIN file: Dpen | Cancel

{.fl FirmUp

Update File Mame :
| [

E=RY
I:I + 3 Application Data
[ CFDewice

[ Canntgr

[ w T

+-[£3 Documents and Settings
| +-£3 My Documents
+-[E3 Program Files

Mame = Size | Date
13K 7f10/06
E0
[Fig. 11-3-5] FirmUp window [Fig. 11-3-6] Open a file to update

}'.‘,'lFirmUp -15 1232 [ak

Update File Mame ;

|Firmwarel.2‘2.bin || Open |

L ]
B

Succeed to upgrade.

[Fig. 11-3-7] Completion to open a file to update

At [Fig. 11-3-7], press [Start] button to start update. You must insert front-end H/W before update. It
is highly recommended to use AC adaptor or USB cable, but not to use PDA while updating. It is very
harmful that H/W is removed from CF card slot or shut down compulsorily while updating. If it
causes, you can’t to update it and the hardware has to be repaired.

You must turn off PDA after finishing upgrade(Or remove hardware from PDA and then insert
hardware again).

Attention before updating firmware!
A 1. Use of AC adaptor or USB cable is highly recommended.
X Itis very harmful to use PDA while updating.
X If the firmware upgrade is failed, the hardware can't be used anymore and must
be repaired.

Attention after updating firmware!

1. Turn off the power of PDA, and then Turn on.




lll. Basic Functions of Program

1. Icons
1. 1 Vibration Level Meter

@l 1con for vibration level meter mode [Fig. 111-1-1]. [ and icons are activated.

[# 1con to set measurement option of vibration level meter mode[Fig. 111-1-2]

Icon to control the result display[Fig. 111-1-3]

€} |con to hear sounds in real-time

&= Icon to display data only (without saving) in real-time and be called ‘ARM button’

® |con to measure and record wave file in real-time.

To accomplish sound hearing function, press ¥ and = icons so that you can hear sounds in real-
time

=3 Vibration Options: 1| |[cancel Display Options: _()K i

o Fiter ([#] 1RD) -~ [IRD(5.8-2kHz) v - Ereguenty Axs:
- riits Lirear Hz v
Integration Time i 1 e |sec; |:| Stop

Detectar i 2 3

Integral [acc, « i\iel. v | D

1600

agnitudé Axis:

TimeConst {100 v |[1.00 «|[1.00 »
Quantity [PEaK « | [PEAK w | PP &

Unit |mfsZ v ]mmfs v !um v

Scale ILineal v iLineal v !Linea\ v

Vibration Level Meter:

Graph !m of Detector !ﬁ Range(mm/s): W HEEET
47 [Real...]| 2 8% » 10:04 AM |52 |, 27 [Real...]| %> 10:05 AM 52 | B,
[Fig. 111-1-1] [Fig. 111-1-2] [Fig. 111-1-3]
Vibration Level Meter Vibration Options Display Options

1. 2 Sound Level Meter

Upon clicking [File>> Transducer Calibration...] tap, [Fig. I11-1-4] will appear, and if you choose
Microphone in Type option then you can use sound level meter.

Function of buttens are similar to Vibration Level Meter, icon®F will appears measurement option
of sound level meter ([Fig. 111-1-6]).
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Transducer Calibration] OK |Cancel i @ Sound Options:

Trancdicor:

LZeq[InfAv] 53.2f 70.4de Highpass Fiiter (Hz) -~ [20 =
LZmax 78.7de Integration‘rime(sec)i1.DDD v
Teerammty, . d
ICP Amp Gain: T?S sec, IntTime: 1,000, HPF:U < Detector 1
Calbrator: Leq [In] Level Leq v n
Ref, Freq: 1000 Hez Freg WT [z I
Ref. Level(RMS): (94 dB Time WT =
Dh Ref; [20.0 = [*10~-6Pa o Lavel i
Compens. Gain: |1.DDDDD ;.Ee_q___._.._ —
Start | Stop | Graph ;Trace w| of D1 a
i T 2 N Jrecn] 8
£9|[Real... || % %> 10:06 aM 52 | By #7|[Real... || 2. s> 10:08 AM 52 | By 27 [Real... || 28> 10:08 AM 52 | By
[Fig. 111-1-4] Setting the Sound [Fig. 111-1-5] Sound Level [Fig. 111-1-6] Sound Options
Level Meter Mode Meter

1. 3 FFT Analyzer

P 1con for FFT Analyzer. If pressing the icon, graph control icon®l, option setting iconf# and

sound hearing mode icon®¥ are activated. Likewise, you can also hear the sounds of accelerometer
and microphone with ¥* and & icons.

RN o A T P R RS YG ]  P EE R s o e G
29|[Real...] | k> 10:20 M 52 B, & [Real..| | 10:22 AM 2 |y ¢ [Real... | L8k 10:25 AM |52 | B,
[Fig. l11-1-7] FFT Analyzer [Fig. 111-1-8]Spectrogram [Fig. 111-1-9] Octave Analyzer

1. 4 Spectrogram

B 1con for spectrogram. The activated icons are identical with FFT Analyzer.

1. 5 Octave Analyzer

itz 1con for FFT Based Octave Analysis. The activated icons are identical with FFT Analyzer.

1. 6 FFT Based RPM Meter

B Icon to measure RPM. Graph control icon and measurement option control icon [# are
activated only. And Arm button = is only activated because it doesn’t support data store function.

11



(B ew |« X

9840 ren

on

[Fig. 111-1-10] RPM Meter

1. 7 Entering record information
Icon to enter record information. Record information window appears like [Fig. 111-1-13].

[Ele_Viow ] & :
0841 e
Recur;:i I;flbr_r|1atiur1_ ) =

Location : RS
Directian : i}( - ¥-Axis v

click

[Fig. 111-1-11] Record information window

1. 8 Measurement and Playback

anag

: ARM mode - Icon to display data only in real-time without data store.

@ &

: Record mode — Icon to store wave file and data in real-time.

. Stop mode- Icon to stop arm, record and playback.
: Playback mode — Icon to analyze data playing wave file. The measured data with this function

Il |
L'_I I

is the same as the one of record mode.

2. Control of Wave File
2.1 Open afile

When clicking [File] menu on lower left side of the screen, wave file can be controlled with [Open],
[Save As...] and [Delete] tap at [Fig. 111-2-1]. To open file, click [Open] tap and choose a folder and a
file on the window as you wish at [Fig. I11-2-2].

12



Transducer & Calibration...
Configuration Open...
Configuration Save As...
Load Reference File...

Recording Options...
Recording Information...

Ahout Realwave..,
Exit

[Fig. 111-2-1] Open a wave file

2.2 Save As...

F7][Feal... [ - %%> 05T AM 52 | &

Open *WAaAV file: Open |Cancel

=l P
B Hive

3 My Docurments

2 Program Files

-0 Temp

B3 Windows

b HEH3 bt
Mame « | Size | Date !
@SVDDI.WAV T2k 112
@SVDDZWAV [al=t= A U

| Bk 1051 AM 5| By

[Fig. 111-2-2] Opening window of wave file

After opening a file, file name can be checked by clicking [*] icon to convert window like [Fig.
I11-2-3]. Upon clicking [File>>Save As...] tap, one of the window from[Fig. I11-2-4] to [Fig. I11-2-6]
will appear, so you can define a folder and file name at the window. [Fig. I11-2-7] shows how to enter

a file name.

(B vow | o

0.775 o
53 .013 mmys

File:

o/ 0 P B2 i P B B

[Fig. 111-2-3] Confirmation of a file name

Save as *.WAV file| Save |Cancel

SWOOL, WA

= W P
BT Hive
Rl .1y Documents
B-I55 Program Files
3 Temp
- Windows v

MName = I Size I Date

eal... | L gk» 11:18 AM 52 | By

[Fig. 111-2-5] Selection of a
folder and file to save as
another name

B
Fi i_ﬁeal...

Save as *.WAV file| Save |Cancel

Save as *.WAV file| Save |Cancel

SYOO1, WaAY
20 w
B3 Hive
-3 My Docurnents
- Program Files
7 Realwave Pocket
Temp]
Windowes
i HEW3
S BE ZEIOM M0

27|[Real | S 11:23 AM 5B | By

[Fig. 111-2-6] Selection of a file
to save as another name

|svo0L way

= _)
-3 Hive
L3 My Documents
(-3 Program Files
-0 Termp
B3 Windows
i WER3
=0 58 ZZ 18 H0IE

| 2o 10:59 AM 52| By

[Fig. 111-2-4] Selection of a folder to save as

another name

LT Hive
' My Docurnents
= Program Files
~{J RealWave Pocket
- Temp
BT Windows

ﬁi‘!pul Panal

37|[Real. | 11:20 AM 5| B

[Fig. 111-2-7] Entering a file
name
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2. 3 Deleting currently opened file
[File>>Delete] is showed [Fig. 111-2-8] and you can erase .wav file which are selected currently or
erase all files which include export files. It will not be activated if there’s no opened file. (When

selecting [File>>Delete] tap, currently opened files are deleted.)

Delete *.wav file

Delete all of files

Cancel

w0 e e @ B (B
27 [Real... || 2> 11:25 AM[5R|B

[Fig. 111-2-8] Deleting currently opened file

3. Open & save configuration.

[File>>Configuration Save As...] is to save all of currently configured options (measurement and
graphic display option) of the program. [File>>Configuration Open...] is to open and change to the
saved configuration. Extension of the saved file is *.CFG.

The functions of ‘Open’ and *Save As...” is similar to that of chapter 2 “Control of Wave File”.

Save as *.CFG file: | Save | Cancel
SV.CFG /> Entering file name

Sy T ~
B3 Hive
{3 My Documents
-5 Pragram Files
3 Temp
-7 Windnaes

Lz | sgelpate |
JfpUt Panel S

ﬂl!lli'.lﬁ.'i.'lll

,-J; {ﬁﬁf’!._.;,.}» 1:31 AM |5 | B

[Fig. 111-3-1] Entering a configuration file name.

4. Data Export
4. 1 Vibration Level Meter Mode
Each different data is exported according to the display option. When displaying only vibration
value like [Fig. I11-4-1], it doesn’t support to export data. On the other hand, when displaying
vibration value and trace like [Fig. 111-4-2], it supports to save the changed values and export as an
image file.
14



0.095 o
4663 mm

File: SLA002 WAL |§ Fi D02 AN _!
R s - o w0 P el o @ B B
45 |[Real...| |2 %> 11:33 aM GA B, 2|[Real... | 11:34 AM 52 |
[Fig. 111-4-1] Vibration value display [Fig. 111-4-2] Vibration value and Trace display

To export data, click [File>>Export] tap, and then the window [Fig. 111-4-3] is opened. Check the
data or image file which wants to export, select file type and click “Export” button. At last, just close
window by clicking [Ok] button.

= The supported data file type : Text, Excel, MATLAB
= The supported image file type : BMP, JPEG

[Fig. 111-4-4] shows exported file and filename is similar to wave file’s name. For example,
exported octave image file is named as [wave file name_OCT.bmp].
If you should select [Automatic Export], dialog box shown in [Fig. 111-4-6] would appear after every
measurement. Pressing [Export] button have data be exported automatically as option.

Exporting to File: Ok ||Cancel

VIBRATION Level Meter 20040101 0442

File! SY00Z.WAY [ ] Auto Export SVD02 WY
To SWO02_oCT, ™ Transducer Type
o1 Microphone
Display Type
Text o 13 Octave - DL
Octave Overall
0.060
EE Sampling Frequency
Graoh 16384 Hz
Octave EMP » LM Integral
X Arc.
i Weighting
= WBConb,
2 oo Time Constant
S 1.000
‘E 0.0 Integration Time
2 1
z , Quantity
oo RMS
Cursor Yalue
Export |] oo *¥=0.00 y=0.00
0.0 L

1 16 25 4 6.3 10 16 25 40 63
Al A Frequency (Hz)

[Fig. 111-4-3] Export window [Fig. 111-4-4] Exported octave image file
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I 3M006_¥LM - Notepad

File Edit Format Wiew Help

I [=[ 3]

Date
Location

rLocation

Axis x-x-axis

AcCC :12.994228 mAis=
el :21.753054 mmss
Disp :91.932770 um

FILTER
INTEGTI

UNIT
SCALE
1. 000
2.000
jolel]

INTEGRAL
TIMECONST
QUANTITY

HPF(1H2)
ME
Acc
1.000
PEAK
s A2 mm s
Linear Linear
10.406 22,885
10,755 15.823
10,645 L 215

12 387
8. 685 20.
12.994 21.

$2006-07-03 17;30;02 MON

vel
1.000
PEAK

um
Linear
142,787
77320
85,830
180,618
84,307
78,900
80,284
59,785
76,395
01.933

Disp
1.000
PEAK

-

| Dy

[Fig. 111-4-5] Exported octave data file (TEXT)

4. 2 Sound Level Meter, FFT, Spectrogram, Octave Mode
Sound Level Meter, FFT and Octave analysis mode support both data and graph image export. But
spectrogram mode supports graph image export only. In the exported data, the frequency and

corresponding values are arranged vertically.

5. Transducer type and Calibration

5. 1 Selection of transducer type and entering sensitivity

Filz: SvOD4, way
To: SY004_OCT.*

87| [Real..

measurement

][ 11:51 AM 5B By

[Fig. 111-4-6] Automatic Export After

By clicking [File>>Transducer Calibration...] tap, [Fig. I11-5-1] window is opened.

Transducer Calibration| OK |[Cancel

Trarsducer:
Type: ]Acce\erometer >
SEnsitiity: Microphone
ICP Amp Gain:

Calibrator:
Ref, Freq: 159.2 Hz
Ref. Level(RMS): (10 mys2

Db Ref: [ac =

[Lon = *10~6mfs2

Compens. Gain:

[1.00000

AutoRange

Calibrate Start | Stop

Hdl [Real..

[Fig. 111-5-1] Selecting

transducer

.o |2 8:48 AM 5B | By

Transducer Calibration| OK |[[Cancel

Transducer Calibration| OK |[Cancel

Transducer: Transducer:
Type: |accalerometer Type: Accelerometer v
Sensitivity: [ mifg Sensitivity: 50 /g
ICP Amp Gain: | x4 ICP Amp Gain: %4 -
Calibrator; *2
Ref. Freq: ‘159 2 Ref. Freq: ¥B
Bof 1 ouclroncy. li0 i Ref. Level(RMS): [x16
Hipdt panel” —_— Db Ref: [An ~ [1[39
Compens.Gain: 1.00000

AutoRange
Calibrate Start || Stop

&7 [Real..

[Fig. 111-5-2] Entering

sensitivity

S 851 AM | [T

27 [Real... |omk» 852 AM 52| By

[Fig. 111-5-3] Gain adjustment

ICP(IEPE) type microphone and accelerometer is supported and input sensitivity data as shown on

[Fig. 111-5-2].

5. 2 AutoRange and Gain adjustment

This system supports digital gain adjustment by 1, 2, 4, 8, 16, 32 and 64 times. It is preferable to
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adjust gain if the signal is low. To use AutoRange function is more desirable than hand-operated
adjustment.

[AutoRange] calculates input signal and automatically adjusts gain. So it would be better to
accomplish AutoRange before calibration. [Fig. 111-5-3] shows AutoRange process.

HighTech RealWave H/W has an analog gain with 10 times, but digital gain is used at gain

G adjustment. Analog amplifier accomplishes the role of Pre-Amplifier. Work of the
i analog amplifier depends on the cable connected to the sensor.
1 Digital gain usually uses the method that multiplies an original signal by any gain,

but it also amplifies noise with signal. So this system doesn’t use the method.

This system uses the 24bits for ADC(Analog to Digital Convert) and 16bits data
is extracted from 24bits data. Therefore, the Digital Gain means to extract data
shifting bit position as figure below when extracting 16bits data from 24bits data.

r Bit Lower Bit
| 24Bits Data

16Bits Data

Unlike conventional method using fixed magnification, It is very effective to

amplify signal without the amplification of noise.

5. 3 Calibration

After selecting type of transducer and entering sensitivity and adjust gain, click [Calibrate] button.
A graph window will appear like [Fig. I11-5-5]. It is only the status to display data in real-time without
measurement. By clicking [Start] button, it is calibrated during 10 seconds. After calibration, [Fig. I11-
5-6] will appear and the result is calculated by compensated gain.

Generally, calibrated sensitivity can be calculated as follows:

Compensated Sensitivity = Compensated Gain x Inputted Sensitivity <Eq. I11-5-1>
If it is calibrated inadequately, you can return to the pre-calibrate status by clicking [1.0] button. In

case calibrated gain value is smaller than 0.5 or exceeds 1.5, an alarm message will be pop up and the
transducer cable or the power of calibrator need to be checked.
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Transducer Calibration| OK |Cancel

Transducer Calibration OK Cancel
Transducer:
Type: IAcceIerometer A
Sensitivity: 50 mifg
ICP Amp Gaine: x64 b
Calbrator:
Ref. Freq: . Hz
Ref. Level(RMS g mfs2
Db Ref: [a0 = P #1076 mys2
Compens.Gain: |l.DDDDD
AutoRange
Calibrate Start | Stop
.@;Heal... ‘,&» 8:56 AMI@%

[Fig. 111-5-4] AutoRange

6. Recording Options
When selecting [File>>Recording Options...] tap, a recording option window will appear like [Fig.

Ref. LeveI(RMS) \10

Db Ref: [ac =
Compens. Gain:

[Loo = *1076 mfs2
|1.00000

AutoRange

Calibrate Stop

#7|[Real... |2 8:57 AM |52 | By
[Fig. 111-5-5] Calibration

window

Transducer Calibration| OK |ICancel

mjs2

[10

Ref. LeveI(RMS
Db Ref: [ac ~ (100 = [*10~6m/s2
Comnpens.Gain: |1182.D2271

&
[Fig.

AutoRange

Calibrate Stop

[Real... | 2> 8:59 AM 52 B

111-5-6] Completion of
calibration

I11-6-1]. [Save Wave File In VLM / SLM] option is for if saving wave file in vibration level meter /

sound level meter mode or not. By checking the option, vibration values / sound values and wave

files are stored simultaneously. If it is not checked, actual wave data will not exist although file name

will remain.

[Fig. 111-6-1] Recording options window

Recurdlng Optluns OK | Cancel

M
‘ Save Wave Flle in VLM ,‘ SLM;
]n] % -

. Use Tlmer I 10 Isec
File Mame: ey O™, wav;

Select Folder:

 Hive

) My Documents
= Program Files
) Temp

2 Windowes

_J HE 421

| General | Memnary

-|Device Marme rC IT

Move slider to th

the right for mar

the slider bar) cal

memory to run programs, Move it to

Only unused RAM (black portion of

e left for more

e storage space.

h be adjusted.

Storage
memory
32520KE total
SEKEB in use

(@5 |@

Program

memory
94012kEtotal
S408KE in use

o 9:24 AM 32 | By

[Fig. 111-6-2] Memory information window

[Fig. I11-6-3] shows the difference between checking [Save Wave File In VLM] option and no

checking the option on the vibration level meter mode. The size of ‘SV001l.wav’ is only 44Bytes at

[Fig. 111-6-3]. It means there’s no actual recorded data. On the contrary, ‘SV002.wav’ has 640kBytes.

It means that there’s actual data.
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Fle Edit View Go | |><

3 @3-

[ Name | Size |~

My Docurmnents
' Program Files

LHEY3
@ lE [1~3
] SYoo1 7/10/06 ToZB .
SYOD1_ VLM 7/10/06 131K No real data but only wave file name
IZEES'H‘I]I]I 7/10/06 44B . t
JS?I]I]Z 7/10/06 7T62B exIsts.
jS?l]l]Z YL 7/10/06  1.09K
IEESUI]I]Z 7/10/06 640K !
£

¥ This wave file has the actual data.

[Fig. 111-6-3] Saving wave file on vibration level meter mode

- [Use Timer] option is to define time duration. Measurement is accomplished during the defined
duration and stop automatically. For example, if the timer is set 10 sec., it will measure only for 10
seconds.

- [File Name] option is to define file nhame. Once measurement is accomplished, each recording
session automatically generates numeric name after the given file name. For example, let us consider
a series of measurements with the name *“SV”, numeric name automatically generated as
“SV001.wav”, “SV002.wav”, etc.

- [Select Folder] option is to select folder to save files.

- [Memory Info...] button shows memory information like [Fig. 111-6-2].

c To prevent losing data in case of battery discharge, it is recommended to set
saving folder to the ‘SD Card'.

7. Recording Information

Recording Information window is for entering the recording information (Name, object or axis of
measurement etc.).

- [Name] : Operator

- [Object] : Object of measurement

- [Location] : Location of measurement

- [Direction] : Measurement directions of accelerometer as X, Yy, z-axis.

In [Location] option, you should enter the location information where measurement is
accomplished in advance, and then choose pre-defined location by clicking icon. To add new
location information, it is easily added by clicking [add] button after entering new location
information. To delete it, select a list and click [Del] button. Do not use special character \/: *? “ <>
for [Location], after the measuring it will use for folder name in desk program,
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OK |(Cancel
Marne: !SV Corp

Date: |2011-07-28 09;33;09 THU
Ohject: !Object—
Lacation: l—‘
[ ~leey

Direction
H-Axis {xmﬂs—
-Axis: I\u’l\ms—
zows as

Recording Info:

P e
77 [Real... | @ 9:34 M2 | By

[Fig. 111-7-1] Recording Info.

Recording Info:

Recording Info:

Mame: !S\f Carp
Date: |2011-07-28 09;33;,00 THU

Object: lCar

Location: lSeat
| v

Direction

H-bis: !PrDEessing Course

-uis: [ProcessingLEFT

Z-Ais: !F‘erpendicular

47 [Real... |1y .» 9:37 AM 52| B

[Fig. 111-7-2] Completion to

enter Rec. Info.

Marre: !S\-r Corp
Date; I?Dl].-:]?-QE 09,3309 THU

Obiject: lCar

Location: IEngine

¥-#uis: [Processing-LEFT

Z-is: !F‘erpendicular

w Goal . | ) = |
#7|[Real... 192> 9:40 AM 5 B

defined location

[Fig. 111-7-3] Example of pre-

A Do not use special character\/: * ? “ < > for [Location]
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V. Real Time Measurement in Vibration Level Meter/Sound Level Meter

1. Basic Theory of Vibration Level Meter / Sound Level Meter
1. 1 Understanding of Integration Time and Time Constant
The RMS(Root-Mean-Square) calculation routine is based on “IEC60804:2000-Integrated

Averaging Sound Level Meter” and “ISO8041:1990-Human response to vibration-Measuring

instrumentation”.
Generally, RMS is calculated by the equation below :

1,7,
a,. = /? [REROLL <Eq. IV-1-1>

where a(t) is instantaneous acceleration and T is measuring time. &, is calculated for T
second. The calculation method in real-time is nhamed Running RMS Acceleration which is described

at ISO(International Standard Organization) standard.

The RMS calculation equation in real-time can be arranged as below :

a_(t)= /Tl I:q a2 (t)dt <Eq. IV-1-2>

where t, is current time, T is measurement period(time) for calculation. Sometimes, this period

is called by integral time. This calculation for RMS is linear Averaging RMS.

[Fig. IV-1-1] The Calculation Method with Linear Averaging RMS

The linear averaging RMS Method is used for RMS, but is inferior to the exponential averaging
RMS in real-time calculation. The equation below represents the exponential averaging RMS.

t-t,
arms,z (to) = \/Ejto a2 (t)e ‘ dt <Eq 1IV-1-3>
T 9>

where 7 is the time constant and we can read it with ‘tau’ pronunciation. As [Fig. IV-1-2] is
shown, the exponential averaging RMS equation is different to the linear averaging RMS, but the

results are similar and the former emphasizes recent data of signal as [Fig. IV-1-2].
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Generally, the time constant is set with 0.035sec(Impulse), 0.125sec(Fast), 1sec(Slow). Each term

of times writes in the parenthesis. If you want to measure the impulse signal, you have to use 0.035
sec time constant. If you use more time constant (more than 10sec), the RMS has crushed values and

[ Linear Averaging

the response time is also slow.

Exponential(t=RC) Averaging—\ A
1

1
1
1
1
1
1
1

1

1

;’—/t
T 0

t,-T
Averaging Time

[Fig. IV-1-2] Running RMS Calculation with Exponential Averaging

1. 2 Detector with Exponential Averaging Function
The full procedure of RMS(Root-Mean-Square) Detector is described in [1. 1] paragraph. When
peak values are calculated, we also use Peak Detector with exponential averaging. [Fig. IV-1-3]

shows how to detect peak values in real-time.

Peak Detector has two time constants. One is the attack time constant and another is the release (or
decay) time constant. The attack time constant means how peak values increase quickly. And the

release time constant means how the peak values decrease slowly after a peak.
Both time constants are defined from the user definable time constant in the program. If the release

time constant is smaller than 1.5sec, this is set by 1.5sec automatically which is defined in

“BS60651(IEC60651:1979) — Specification for Sound Level Meters”.
[Fig. VI-1-3] shows the variation of peak as the time signal in our system. This peak is calculated

eeeeses Poak Vatiation

from the absolute of time signal.
Peak Datector(z,_ 4.5msec, 1, 4.5msec )
| : S.gnal.

15

[Fig. IV-1-3] The Peak Variation of Time Signal
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For getting the peak-to-peak(P2P) value, our system also use detector. At first, the positive and
negative peak values are calculated, and then we can get P2P from the difference of positive P2P and
negative P2P. The positive peak values are calculated from the positive signal and the negative peak
values are calculated from the negative signal. [Fig. IV-1-4] and [IV-1-5] shows how to calculate P2P

from signal.
Peak Detector(x,, 4.5msec, 1o, 4.5msec ) Peak Detector(z,, 3.5msec, 1p . 1500msec)
8 T T = T ' . H . - :
L gf;‘::e Peak Vaniation | | 10 (= gfgl:e Peak Variation | |
====-== Negalive Peak Varation| | | | eeeees Negative Peak Variation
Ll Peak To Peak 11 | Peak To Peak
= Peak 1 8 | Peak
4t . sl
3l
2|
1
o
al
2l
2 5 10 15 20 ) %05 10 15 25 30 35 40 45
Time{msec) Time{msec)
[Fig. IV-1-4] A Case of Small Release Time [Fig. IV-1-5] A Case of Big Release Time
Constant Constant

1. 3 Calculation of the Maximum of Signal (Max. Detector)

Peak Values are decreased with the release time constant as time goes. If you want to observe the
peak value(or maximum) during measuring, you have to use the maximum detector. You can’t
observe the peak value with peak detector. The value is found from the signal during the integration
time. For example, suppose that the integration time is 5sec. This system finds the maximum value
from time signal with 5sec and then saves and displays it to file at every 5sec. the integration time is
shownas T at[Fig. IV-1-1]

1. 4 Integrator
The theory of discrete integrator is classified into 3 types. There are Trapezoidal, Forward Euler
and Backward Euler. Integrator is written like below in the s—domain :

H(s)=

1
= <Eq. IV-1-4>
S

After this equation is rearranged with the bilinear Z Transform method, the integrator is written as
below in the z—domain :

-1
s =$i L <Eq. IV-1-5>
+Z
-1
H(2) =T?i+ z <Eq. IV-1-6>
A

23



1 - - “ ” - H
where T :F, F, is Sampling Frequency. RealWave uses the “Forward Euler” method, which is

S

simplified from Trapezoidal Method. We can write it as below :

H(z)= <Eq. IV-1-7>

The frequency response function of integrator is shown in the [Fig. IV-1-6].

Forward Euler - Tz [1-2'){Fs : 65536)

'50\
100} .

10 10 10 10 10
Frag(Hz)

Magnitude{dB)

100+
120}
1401

Phase{Deq)

160}
AR e
10" 10 10°
Freq(kiz)

[Fig. IV-1-6] Frequency Response of Forward Euler Integrator

Trapezoidal Integral(Fs : 65536, Freq : 20)

2 - .-
n """"" Integral by Math
Integral by Filter

$ 1133 3% 0488 iR RARE
01 02 03 04 0.
Time(sec)

[Fig. IV-1-7] Integrated Result

Discrete integrator generates offset of signal (see [Fig. 1V-1-7]). We must use highpass filter for
removing the offset. The highpass filter with 10Hz cutoff frequency (2-pole Butterworth 1IR Filter) is
used in RealWave. The procedure for velocity and displacement is shown in the [Fig. 1V-1-8]

Acceleration - ; Velocity
—> Integrator > H'QQ?SSHSZ)ﬁIter .

A
A

.| Highpass filter | Displacement
(10Hz)

Integrator

[Fig. IV-1-8] Flow-chart for integration

Discrete integrator has original error as shown in the [Fig. IV-1-9]. Specially, that error increases
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gradually in the high frequency region. But the integrated values(velocity or displacement) have a
very small values less than -50dB. Finally, the errors rarely affect the integrated value.

The integrated values have linearity in the low frequency which is in range of 23% of sampling
frequency. If a sampling frequency is set 10 times of the wanted frequency, we can get a good
linearity in the wanted frequency. Therefore, the sampling frequency is set 1024Hz because the useful
frequency range in the human vibration level meter is 80Hz.

o of Ideal Integ! and Forward 5 20800 10(FWD EULER_RF)-20log10(Theory RF), Fs:2560

Forward Integrator

10F “~“ ======= [deal Integrator
ot “'\._ 4
-10
., i 3
g -20f B g
i b g
= -30 P E 2
£ ) s s
] |
50 ey
60} l\‘
T 0
-70
10 10 10 10 o 10 10 10 w0 1
Frequency(Hz) Frequency(Hz)
[Fig. IV-1-9] Frequency Response [Fig. IV-1-10] Phase Response

1. 5 Sound Pressure Level Calculation

Differently with Vibration Level Meter, you can calculate dB value of measured sound signal
which uses microphone using such below basic theory through the chapterl.1 to 1.4.

Sound Pressure Level (SPL) is composed as below.

SPL(L,) = 20-log,, [p—]

ref

P, : Root Mean Square (Pa)

P, : Reference Sound Level (20 xPa)

Equivalent continuous Sound Pressure Level (Leq) is expressed as below.

2
1 p’
L., =10-log,, ;Z{—]

p" : Real Sound Pressure (Pa)

P, - Reference Sound Level (20 «Pa)

T : Measurement Time
You can get Equivalent continuous A-weighted sound pressure level when A-weighted pj
replaces p’ from this equation.
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2. Setting of measuring option
2. 1 Selection of Filter
2. 1. 1 Filter selection of vibration level meter
A window is opened to press @ button like [Fig. IV-2-1]. You can see 9 type filters.
Here are the list below :
- 1Hz Highpass Filter
- BHz Highpass Filter
- 10Hz Highpass Filter
- 1KHz Highpass Filter
- 2Hz ~ 300Hz Bandpass Filter
- 2Hz ~ 1kHz Bandpass Filter
- 10Hz ~ 500Hz Bandpass Filter
- 10Hz ~ 1kHz Bandpass Filter

- WBCombined Filter (1ISO6954)
Vibration Options: - w

Fiter([ ] R0}~ [EEEEE]

Integration Tlmel 1 i |sec; Dstup
Dietector 1 2 3

Integral IAcc. v IVeI. v IDisp. v

TimeConst [1,00 '+ [1.00 »|[100 »
Quantity [PEAK « | [PEAK & | [PP +

Unit |g w Imm,fs v Ium v

Scale ILiﬂEaI bt lLiﬂEaI w lLiﬂEaI b

Graph ITrace w | of Detector |2 ~

$7 [Real... [1[) 2> 9:42 AM 52 |
[Fig. IV-2-1] Parameter Selection Window in Vibration Level Meter

And another option is supplied for low frequency analysis as below :

- BW 1.6kHz : it means 1.6kHz bandwidth for analysis, Sampling Frequency is 4096Hz.
- BW 200Hz : it means 200Hz bandwidth for analysis, Sampling Frequency is 512Hz.

- BW 100Hz : it means 100Hz bandwidth for analysis, Sampling Frequency is 256Hz.

Highpass Filter uses 2-pole Butterworth Filter, Bandpass filter uses 4-pole Butterworth Filter. And
Whole-Body Combined filter is made with being based on the 1ISO6954 and 1SO8041.

The frequency response of the each filter is shown in the [Appendix 2 : The frequency response of
Vibration Level meter] and [Appendix 3 : The frequency response of whole-body vibration filter].
And if you select WBCombined filter, Quantity value become initialize to RMS value.
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A If you select WBCombined filter, Quantity value become initialize to RMS value.

2. 1. 2 Filter selection of sound level meter
A window is opened to press [ button like [Fig. IV-2-2]. You can see 2 type filters.
- 1Hz Highpass Filter
- 20Hz Highpass Filter

Highpass Filter (Hz) |20 L%
IntegratiDnTime(sec)l1.EIDD v Stop

Detectar 1 2
Level Leq v | Lo
Freq WT |7 i B
Time WT
% Level

Sound Options:

|L2eq IL?.:.-"r_a

Graph ITrace v ufDll v
ILeq[In] v

37 [Real... [1g2.» 9:42 AM 52 B

[Fig. IV-2-2] Parameter Selection Window in Sound Level Meter

2. 2 Integration Time

This parameter is the T of <Eq. IV-1-1> and <Eq. IV-1-2> and means the measuring time or the
observation time. The calculated values are saved to file at every integration time. If you select stop
check box in [Fig. IV-2-4] and [Fig. IV-2-5], RealWave will stop measuring in the integration time.
Also if you select [Timer] in the [Recording Options] and [Stop] in the integration time
simultaneously, the system will stop at a short time. For example, if the timer is set by 10sec and the
integration time is set 2sec without stopping function, the system will save the 5 data at every 2sec

and stop after 10sec.

Recording Options: OK | Cancel Vibration Options: Cancel
FLolel T ety Fiter( [ rD) ~ [FOS82khz) v
Save Wave Filz in VLM J SLM;
| |Save ta Tey Bl Integration Time i 1 % |sec; |:| Stapl
LlseTiment[ 10 =] [sec = l
File Nal'l'n:.l;;,\; FveT Detectar 1 2 3

Integral |&cc, Wl Disp,
Select Folder: g I C. i el w I isp. v

TimeConst {100 v |[1.00 »|[1.00 +
i Quantity [PEAK w | [PE&K & | [P-P &

gl_}w ~ Wit Jg v fmmfs v fum v

Scale ILineal v lLineal v lLineal v

7 Programm Files

-0 Temp Graph !Trace v | of Detector !2 v

7 Windowes
i HERZ3

S TAH rnmir ¥
L 911 AM 52| B, #7|[Real.. ||em» 913 aM 52 By

[Fig. IV-2-3] Timer Setting [Fig. IV-2-4] VLM Integration Time Setting
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Sound Options:

Hahpass Fiter () _[20 > 1ol
'IntegrationTirne(sec) 1,000 5'.'-:-.*.‘-' File Edit Format ‘iew Help
Date ;2006-08-10 11;55;00 THU =
Detector 1 2 hgfgt i 29;?53‘;
Level Lo Ace 11.529044 m/s*
ea  B8I7ike vel 6.366823 mm/s
Frea WT. [z vz Disp :37.453629 um
] FILTER HFF{5HZ)
Tirne WT 5(1s) INTEGTIME 2
% Level - = INTEGRAL Acc vel risp
TIMECONST 1.000 1.000 1.000
iLZeq LZ5p CUANTITY RMS RMZ RMZ
'_LINIT m/'sad mm/s Lim
SCALE Linear Linear Linear
[rrace =] r_' 2.000 0.126 0.792  5.820
Graph fTrace B ofD]1 18 40000 0850 1.785  13.72%
[lealin] ~ 6.000 0.801 3.248  24.749
§.000 1.222 5.830 43.338 =
e . 10.000 1.529  6.367  37.454 =
#7||Real... || 2> 9:15 AM GA B q )
1#-1 y
[Fig. IV-2-4] SLM Integration Time Setting [Fig. IV-2-6] Measured Results

2. 3 Detector

The results of 3 detectors are displayed in vibration level meter and 2 detectors are displayed in
sound level meter simultaneously. Only the data of the selected detector are displayed and stored. For
example, if you want to measure acceleration in vibration level meter, you can select only a detector
like [Fig. IV-2-7]. And if you want to measure Leq in sound level meter, you can select only a
detector like [Fig. 1V-2-9]. And [Fig. VI-2-8], [Fig. VI-2-10] is shown the activated display window.
The options of each detector are listed vertically as shown in [Fig. VI-2-7] and [Fig. VI-2-9].
RealWave supports various units with gravity acceleration(g) and decibel(dB) (see [Fig. IV-2-11] and
[Fig. IV-2-12]).

vibration Options: |} Cancel i i3
Filter( {v| IRD) iIRD(S.E-zkHz) v D1 Acc. PEAK
Integration Time i 1 se|sec; D Stop

Detectar 1 2 3

Integral| [acc. v [vel. | [Disp. w

D2 Vel. PEAK

TimeConsf 1,00 sf|1.00 »||1.00
Quantity | [PE&K «| [PESK » | [P-P

Unit |g v imm,’s v !um v

Scale ILineal w iLineal v !Lineal ~

Graph !Trace + | of Detector ;.2_: File: |%|
b e e © B (@
27 [Real... |a%> 9:39 AM G2 | £ [Real... |2 9:01 AM[5R B

[Fig. IV-2-7] One Detector Selection in VLM [Fig. IV-2-8] Activated Window for One

Detector in VLM
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j[Cancel B
Highpass Filter (Hz) |20 w

IntegrationTimelsec) | 1.000 Stop

Sound Options:

Dietectar [w]1

Level Leq v & )

FreqWT |7 v

Tirne WT - R Y

% Level

!LZeq ;5.?.::'9
Granh !Trace v | of D1 & ;:P;:e:U.OUU sec, IntTime: 1,000, HPF: 20 %
taiw cwdiat. 0 el e BB
#7|[Real... || 2% 9:43 M 32| 7 [Real... | L 9:45 AM |62 |y
[Fig. IV-2-9] One Detector Selection in SLM [Fig. IV-2-10] Activated Window for One

Detector in SLM

You can measure acceleration, velocity, displacement with various physical quantities at the same
time in the vibration level meter. The various quantities are RMS(Root-Mean-Square), Peak, Peak To

Peak, Max and Min.

vibration Options: Cancel e

Fiter{ [/ RD) - [IRD{5.8-2kHz) v
Integration Time | 1 '+ sec; [ ]Stop

Detectar 1 2 3
D2 Acc. PEAK

Integral i.!-\cc. w ].&cc. v ].&cc. v

TimeCorst|1.00 »|[1.00 »| [1.00 »
Quantity [RMS | [PEAK & | [P w

Unit Ig v ]mf52 v ]mf52 v

Scale |Linsal v | [Linea v | [Lineal v

Graph !Trace v | of Detector [2

@ B R @

29 [Real... || 2> 9:51 AM[GR| &, #7Real... |L.a%» 9:49 AM |2 | By
[Fig. IV-2-11] Setting with various units in [Fig. IV-2-12] Display with various units in
VLM VLM

You can change unit with m, mm, gzm, ¢. For example, you can set a unit of acceleration to
m/s®, cm/s®, mm/s*, um/s®, g and display vibration levels with linear scale or logarithms

scale(dB:Decibel). The reference acceleration of decibel unit is 10°m/s?. Of course, you can
choose 10°m/s? in the [Acc. Decibel Ref:] of [File >>Transducer Calibration...] tap. This function
works when you select accelerator in the transducer. The references of the decibel calculation are

listed in the <Table 1V-2-1>.
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Transducer Calibration| OK [ICancel

Transducer:
Type: Iﬁccelerometer i
Sensitivity: 50 myjg
ICP Amp Gain: 14 -
Calibrator:
Ref, Freq: 158.2 Hz
Ref. Lewvel(RMS): |10 mys2
Db Ref: [ac v - | #1046 m/s2

Compens. Gain; UU I
AutoRange
Calibrate Start || Stop

[Fig. IV-2-13] Setting the reference of decibel in VLM

<Table IV-2-1> The Reference of Decibel

Korea, etc. ISO
Acceleration 10° 10w,
\elocity 10°my 107wy,
Displacement -10%m 10*m

You can measure the Leq, Lp, Lmax, Lmin, Lpk in sound level meter.

Sound Options: OK ||Cancel % [.:
Highpass Filter {Hz) |20

D1 LZSpk
IntegrationTime(sec) i 1.000 w Stop

Detectar it 3 0 = 0 dB._|

Level
Freq.WT
Time WT

% Level

Graph il\lone w| of D1 »

!Leq[ln] v (] T P B e P &
29 Real.. | 20 1001 AM (2] [Fear.. |

Tii'ne: 0,000 sec, IntTirme: 1,000, HPF: 20
File:

® @

[Fig. 1V-2-14] Setting with various units in
SLM.

[Fig. IV-2-15] Display with various units in
SLM

Reference level value of sound level meter is 20 ¢Pa .
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Transducer Calibration| 0K [[Cancel

Transducer:
Type: iMichpthe A
Sensitivity: [51.1 /P
ICP &mp Gan:  |x64 -

Calibrator:

Ref, Freq: 1000 Hz
Ref. Level(RMS): |94 de
Db Ref: [EE = *10~6 Pa
Compens.Gain: |l.DDDDD

Start || Stop
£ [Real... | 3. ¥%» 10:08 AM G2 By

[Fig. IV-2-16] Setting the reference of decibel in SLM

2. 4 Display

You can choose one detector among 3 detectors in Vibration Level Meter mode and among 2
detectors in Sound Level Meter mode in the [Detector] of [Display] Option. You can see 4 types-
[None], [Trace], [Octave], [FFT]-graph as display option from [Fig. IV-2-17] to [Fig. IV-2-21]

(e viow | i &

e e B [
| 418 PM A | By

[Fig. IV-2-17] Display-None in VLM

(B o ) @ %
0.039 a
1-022 mmjs FE
. 5 925 um )

o e @ S
29 [Real... | 4:20PM 52 |y

[Fig. IV-2-19] Display-Trace in VLM

e =
D1 LZSpk

102.7

D2 LZe

Tii'ne: 80,750 sec, IntTime: 1,000, HPF: 20
File:

o e e BB B
#7|[Real... | S 459 PM GA | B

[Fig. IV-2-18] Display-None in SLM
[Ele_viow ] &

D1 LZSpk
D2 17e

H x

Tirne: 11,875 sec, IntTime: 1,000, HRF: 20

T e e e @ 8,
27| Real... ||2%) 9:31 AM W%

[Fig. IV-2-20] Display-Trace in SLM



5,625 sec

File:

R el G = R I - =
#7|[Real... || L@ 4:34PM[5R|By #7|[Real... |2 9:38 AM 5B |y

[Fig. IV-2-21] Display-FFT in VLM [Fig. IV-2-22] Display-Octave in VLM

But octave and FFT graph is shown only in the WBCombined Filter. The 1/1, 1/3 and 1/6 Octave
analysis which is selected in FFT option window is supported. So after you changed to FFT mode,
you have to press the FFT option button [# to set octave. If you want to see the detailed contents, see

the chapter V-5.

2 The FFT and Octave Graph of the Vibration Level Meter are supported in the
Human Vibration Filter, BW 1.6kHz, BW 200Hz and BW 100Hz. They are not
supported in another Filter. Also, the option of octave is set in the FFT option

window.

3. Display Option

3. 1 Trace Graph
If you press the button, the display option window appears as [Fig. IV-3-1]. The option in the
red square is only for vibration level meter. The range of y-axis in the trace graph is defined at
[Range] as [Fig. IV-3-1] or you can input this range with keyboard. If user clicks the Y-Axis by

stylus pen, the range of Y-Axis is automatically adjusted.

Display Options: OK ||} Display Options: OK | Cancel

Frequency Axis: Frequency Axis:
Scale, Units: iLinear v 1Hz v Scale; Linits: iLinear v 1Hz w 00 g
Range (unith: [ 0 ~|[ 100 ¥ Range (unith: [ 0 /[ 100 0.0 mm/
Magnitude Axis: Magnjtul:le Axis: 00 un PP
Quantity: PEAK e Quiantity: PEAK v
Unit{acc, ) mjs? “ Unitiace, ) mjsz “
Scale: Lirnear w Srale: Linear w
Range: 00 vl |34 v I Ranige: 00 wlJan w l
=
1

Pealk Auto-Detecting: |ON v == R o S =T T .
Auto Scale: iUse after stap v fgrput Panel’ = T —
|:| Harrnonic Cursor; mmﬂ -

RET;

AT s R A

£9|[Real...]| 8% 10:39 AM G2 | #9|[Real... || 2 i 10:41 AM | | B 47 [Real...|| 2. m%» 10:43 AM 5@ | B
[Fig. IV-3-1]Adjustment of [Fig. IV-3-2] Entering the [Fig. I'V-3-3] Auto-scaling for
the range of trace range of trace with keyboard y-axis
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3. 2 Octave graph

Control of octave graph is similar to controlling trace graph. For more detailed information about
the control, see the pictures from [Fig. 1V-3-4] to [Fig. IV-3-6].

Display Options: oK || Display Options: OK |[Cancel

Frequency Axis: Frequency Axis:
{ Lirzar Hz ~ T, Lrits: Linear Hz ~
Fange 0« || 1600 s Range (Unit): 0w || 1600
Magnltude Axis: Magnitude Axis: :
Quantity; PEAK b Quantity; PEAK » Time: 5625 sac
Unit{acc, it my's= v Unitface, ) myfs® v
Scale: Linear v Srale: Linear v
Range: hd Range: W l L
Peak suto-Detecting; Padk Aufo-L g: JOM
Auto Scale: e after stop v Auto Scale: Use after stop v
||%I
R R - e g
#7/[Real... || a%» 9:40 AM 2| B #7|[Real... ||k 9:45 AM |2 |, 89| |Real... Ir‘k’ 9:46 AMEWE%

[Fig. IV-3-4] Adjustment of the  [Fig. IV-3-5] Entering the range  [Fig. 1V-3-6] Auto-scaling for
scale of octave y-axis

4. Measurement and Storage

Measurement starts with pressing ® putton. If you don’t use [Timer] or [Integration Time] option,
you have to press stop button ™ for stopping. Stored files are three which are a wave file, text file
with measurement option and text file with vibration level. Saving the wave file depends on [Save
Wave File In VLM / SLM] option in [File>>Recording Options...] tap. If you check the saving option,
a wave file will be saved. Otherwise, a wave file exists without data.

If you want to get more information, see the chapter I11-6.

[Ele Edit View Go| |
@ 2 4 E-
| Marme | Size l Type
ST Fie Folde -I0ix
=] 5001 Feahytes T FE Fie Edi Format Yiew Help
[ svo01 68B8KE  Unknown ffransducer : ACCELEROMETER, .
#] SW001_WLM 1.4KE TXT File Sens‘lt'lv‘lty(mv/(m/s/\zjj 1 10.203874,7 |
Amp. Gain @ 84
Input wvol. (mv) : 5000.000,
Quan. Max. walue : 32768,
Compensation Gain @ 1.00000,
acc Decihel Ref : 104-5 misAz,
overload @ NO,
Mame : SV corp
Date : 2006-08- 10 10;51;38 THU,
object @ CAR,
Location : Seat,
axis_ 1 X-x-Axis,
y 3 sampling Frequency(Hz) 1 32768,
purationfsec) : 10.000, -
.'ijt %»IDIIAM@% ol |_’|_AI
[Fig. IV-4-1] The Three Saved Files [Fig. 1V-4-2] File with Measurement

Information
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P 5¥002_¥LM - Notepad o [m] ]
File Edit Format “iew Help

Date :2006-08-10 10;51;48 THU -
Location :seat

Axis 1x-x-Axis

Acc 11.993471 m/s®
el :15.959435 mmss
Disp :144.720764 um
FILTER HPF{5HZ)

INTEGTIME 1

INTEGRAL Acc vl oisp
TIMECONST 1.000 1.000 1.000
QUANTITY RMS, RMS, RMS,
LIMIT s A2 i A s um

SCALE  Linear Linear Linear
000 0,149 0, 78RO G, 567

1

2. 000 0.191 1.549 15.183

5. 000 0.166 1.045 10.045

4. 000 0,678 4.740 42,708

5.000 0,981 6,122 50,655

5, 000 1.04%9 5.328 42,930

7. 000 1.628 5,172 74,747

5. 000 1.706 11.858 104.859

G, 000 2,069 15,752 141,378 b
10. 000 1.993 15.959 144,721 -

4 | B

[Fig. IV-4-3] File with Vibration Level

-loix]
File Edit Format View Help
pate :2006-08-10 10;56;57 THU -

Location :seat

fxis 1x-x-Axis

Acc t0.142060 m/s=

el :3.979568 mm/s

Disp :0.000000 um

FILTER WBComb. (IS069547
1

INTEGTIME
INTEGRAL Acc vel
TIMECONST 1.000  1.000

QUANTITY RMS RMS

UNIT mssAZ  mmss

SCALE  Linear Linear

OCT_DATA ACC

OCT_FREQ 1. 000 1.250 1.600 2,000 2. 51

1. 000 0,049 1.354 0. 000 0. 000 0,000 0. 000 0. 000 0. 000 0.0
2.000 0,055 1.537 0,005 0. 000 0. 000 0. 002 0.000 0. 008 0.0

-

1] | H 4

[Fig. IV-4-4] File with Vibration Level and Octave Results

If you want to get results with vibration level and octave data together as [Fig. 1V-4-4], you should
set the octave graph at [Display] in vibration level meter.

5. Playback and Analysis

You can play the wave file using playback button ¥ after opening (or loading) wave file. The
measured wave file is so loading basically that you can play that without loading (see [Fig. I'V-5-1]).
Playback button ¥ is activated always when wave file is loading. The analysis is carried out playing
wave file as the measured options. If you play wave file again, the results of analysis are overwritten
at every playing.
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g
0.0 mmis P
0.0 j um

[ 125
File: SW0011AY

T o R = :
29 [Real.. |2 10:21 AM[52 |

[Fig. IV-5-1] Playback Button is Activated after Loading Wave File

2 Measured and Analyzed Data File is overwritten at every playback. If you want
to analyze with another option and playback, you have to change the results file

name absolutely.

6. Input of Measurement Information
Press toolbar switch button [l in red circle of [Fig. 1V-6-1] after measurement. You can see

button which is measurement information input button. If you click it, dialog box appears for
selecting the information of measurement as [Fig. 1V-6-2]. Texts (or Information) of dialog box are
inputted previously in [File>>Recording Informations...] option. Also the information is written in

the result file of vibration level.

B
1437 a PeExx

1437 o

14.037 mmy: 14.037 nT"-:. PEAK

Record  Information

Location Eat v

Direction : 1}( - H-Bis v

e B R EE

e P e e e B R B

#7|[Real... |2 %> 10:25 AM |52 | By #7|[Real... || 2> 10:49 AM 58|y
[Fig. IV-6-1] Measurement Information Button [Fig. IV-6-2] Selection of Measurement
Information

7. Octave Analysis in Vibration Level Meter
The option of octave analysis in the human vibration filer of vibration level meter is listed below :

- Sampling Frequency : 512Hz
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- Buffer Size : 2048

- Hanning Window

- Exponential Averaging : Time constant is same to that of detector.

- Frequency Range : 1~100Hz
- Nth Octave : 1/1, 1/3, 1/6 Octave is useful. This parameter is changeable in [Nth Octave] of FFT
Analysis(or Spectrogram, Octave Analysis) Option.

If you want to get the more information of octave analysis, refer to the chapter V-3.

8. Setting options for Human Vibration Measurement

8.1. Selecting type of sensor, Entering sensitivity and Calibration

@ Select [Accelerometer] in [File>>Transducer Calibration...] tap.

@ Entering Sensitivity at the option [Sensitivity].

® With connecting sensor to calibrator, click [Calibrate] and [Start] button to accomplish calibration.
= [Compens. Gain] value is changed from 1 to another value.

@ Adjustment of [ICP Amp Gain] just before measuring : With connecting sensor and adhering the

sensor at measurement position, select [ICP Amp Gain] or [AutoRange] button to set the gain

automatically.

Transducer Calibration| OK |Cancel

Transducer:
Sensitivity:
ICP Amp Gain:
Calibratar:
Ref. Freq: 159.2 Hz "
Ref. Level(RMS): |10 mjs2 Ref. LevelRMS): |10 mys2
Db Ref [ac ~ [1.00 = *10°6mfs2 Db Ref: [A0 = [L.00 = | *10°-6 mjs2
Compens.Gain: ‘l.DDDUD Compens. Gain: |1.DDDDD
AutoRange
Start || Stop Calibrate Stop
47|[Real... | 8% 10:51 AM 52| By £2|[Real...|| 2. g% 10:53 AM |2 By
[Fig. IV-8-1] Selecting Sensor and Entering [Fig. IV-8-2] Calibration
Sensitivity

8.2. Setting the measurement time and file name

When selecting [File>>Recording Option...] tap, a window appears like [Fig. IV-8-3].

@ [Save Wave File in VLM / SLM] option should be checked to store wave files.

@ [Use Timer] option should be checked to use timer. Measurement for 1 minute is recommended at
1ISO6954:2000(E). If main component is smaller than 2Hz, it is recommended to set the measurement
for 2 minutes.

@ Enter the file name as you wish at [File Name].

@ Select the folder at [Select Folder:]
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Recording Options: OK | Cancel

File format;  PCM, 16 hit;

Recording Info: OK |Cancel

Save Wave File in WLM [ SLM; Mame: ISV Corp
| |Save to Temporary File; e e
Date: |2011-07-28 09,33;09 THU
| |Use Timer [[10 = Isec - : = e i
File Marne: [Siy O0M. wa; Object: lObJect
Select Folder: Leation: I
| v
WStorage Card' Direction
-3 My Docum_ents - A ’;(Ms—
- Program Files
e 107 302 Carcl -l Iv-Axis
Z-is: IZ-Axis
Windows
[Real || : | | O e i st
#7||Real... | gk 10:56 AM |GA |, 89 [Real. [ o 930 AM AR

[Fig. IV-8-3] Recording Option [Fig. IV-8-4] Entering Recording information
8.3. Entering Recording information
@ Select [File>>Recording Information...]

@ Enter name, object, location and direction of measurement in advance.

8.4. Selecting Vibration Level Meter and Setting the measurement options

@ Change the analysis mode to vibration level meter.

@ Select the vibration options as [Fig. 1V-8-5]. Set [Integration Time] for 1 second and [Time
Constant] for 1 second. Therefore, the data is stored per 1 second for 1 minute.

Transducer Calibration| OK [Cancel vibration Options: F—
Trarisducsr: Flter([ ] IRD) - [HPF(SHe) v
I Integration Time ll—\_»sec; DStop
EEREITEH
ICP Amp Gain: Detector - [W]1 Mz . [v]3
Calibratar: Integral IAEE. v IVEI. v IDisp. v
Ref, Freq: 159.2 Hz TimeConst[1.00 v (100 v |10 v
Refiioveius gl 10 = Quantity [PEAK v | [PEAK w | [P-P w
Db Ref: [ao w (100 »*10-6 mfs2 -
L Uit |g v |mm,fs v |um v
Compens.Gain: ‘l.DDDDD <
Scde [Unea v | [Lnea v | [Lnea
AutoRange -

Calibrate Start || Stop Graph !Trace w | of Detectar I2 v

#7 [Real... || g 2o 11:04 AM 5B |y #7|[Real... || g 5» 11:06 AM 53 | B

[Fig. IV-8-5] Conversion of Vibration Level [Fig. IV-8-6] Window for Vibration Options
Meter Mode
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8.5. Measurement
@ Confirm the status of measurement to press [ARM] button.
@ Start measurement to press [Record] button.

® Enter recording information to press [Entering recording information] button.

|W|E|‘| \"|JJ

o8 o T 2 '_JJJJJ*M Blo|HE

l__fIMQI_I_I EIE] |_
#7||Real... || L[ 2= 5:20|0A By #7||Real... | L 2= 5:20|0A B 47||Real... | L[ 2= 5:21 DA By

[Fig. IV-8-7] ARM Button [Fig. IV-8-8] Recording Button  [Fig. I\V-8-9] Entering recording

information Button
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V. Real Time FFT Spectrum-Spectrogram and Octave Analysis

1. Understanding of Frequency Analysis

The shape of the time signal is so complex that we can’t see the information of frequency in the
measured time signal. Therefore, we have to calculate FFT (Fast Fourier Transform) analysis to get
the information of frequency-the periodicity of time signal. Frequency analysis is classifying the
magnitude of time signal as frequency like [Fig. V-1-1]

VL
N = A m
=

Frequency

Spectrum

:

Frequency

l_

Frequency

-

Frequency

[Fig. V-1-1] Concept of Frequency Analysis

2. Fast Fourier Transform

Frequency analysis usually uses Fast Fourier Transform which is abbreviated to FFT. The basic
assumption to calculate FFT is that time signal has infinite periodicity. Here is the calculating
equation below :

=z

>
I
o

-1 -1 ﬁkn
X[K] = [x(n)e [y j], 0<k<N-1 <Eq. V-2-1>

where Xx(n) is discrete time signal, N is the buffer size of FFT. And X[K] is the calculated

result of FFT. In general, N has the number of 2"-512, 1024, 2048, 4096. The parameters of FFT
are listed in <Table V-2-1>.

The calculation of FFT accomplishes after an allocated buffer is filled with data. This procedure is
shown in [Fig. V-2-1]. FFT, is calculated after the first buffer is filled with data, and then FFT, is

calculated after the second buffer is filled with data. This procedure is continuous, so we can see the
FFT results as real-time data.
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<Table V-2-1> Defined Parameters for FFT

Parameters Definition Equation
F, Sampling Frequency User Definition
F Usef F_ = FS
span seful Frequency Range span — 256
N Buffer Size User Definition
N N
L Display Line L=——+1lo0r L=—
2.56 2.56
. FS
Af Frequency Resolution Af = W
1
At Sampling Interval(sec) At = E
S
Recording Time
T T=N-At
or Total Time of Saved Data in Buffer

Buffer 1 Buffer 3
Ir - T
1
1
1

Freq Freq
FFT of Buffer 1 FFT of Buffer 2

[Fig. V-2-1] Instantaneous FFT results from each FFT calculation

As previously mentioned, the basic assumption of FFT analysis is that time signal has infinite
periodicity. But buffer size is so finite that energy leakage causes. So we call it “leakage error”. As
shown in [Fig. V-2-2], time signal with infinite periodicity generates just one peak in FFT results.
However, as shown in [Fig. V-2-3], time signal with finite buffer causes finite periodicity. If we
calculated FFT using this buffer, we got the broaden peak of FFT.
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a) Actual input a) Actual input noAN NN NN n

"ﬁl‘. I‘I‘ ‘.I ‘II "‘I ‘.‘I Iﬂl I\I I\I I\' I‘,‘ ‘I\' '\I I\' ‘l‘ ‘|' "\ I‘I‘ |
\ .‘; "‘, | "w, I.‘I \ i ".‘ “I I"‘ ‘." lll / "" :‘I | I.‘I I‘u‘ |
I‘. ,w" | / v "'v" i "v‘l I'u' EI‘V'I V I‘\f \
v | |
b} Time record :ﬂ\ noon i
b) Time record AR A
(Integral number A I
of cyclesin ! '\I [ ‘ll
time record) o ."I I‘-. [
) c) Assumedinput | | D
) A — | | —
el 2 AN
input) AN AN A A N
AR AN AR AN A AR
= I‘I‘ AVAY AN |/ y "‘. RAVAES
I'./" i ‘IU‘I I‘-.f‘l : I"u'l‘ ‘u"‘ E I‘U‘I I/'I : ‘I‘-J"
Freq > Freq
[Fig. V-2-2] Ideal FFT [Fig. V-2-3] Actual FFT

2. 1 Windowing

We must use windowing function to solve leakage error. The procedure shown in [Fig. V-2-4] is the
windowed time signal which is original time multiplied by windowing function. The figure (b) is
shown the finite periodicity of time signal that is recognized in FFT algorithms, but figure (d)
represents the infinite periodicity of time signal by multiplying original time signal and windowing
function. Therefore, a windowed time signal has not leakage error.

a) Actual |nput

‘\ Wi \\|||‘|'|\|‘|“\|IUI| |‘|
"|'\'I\””'\ T
(kRAAaRMN f\l\"'ﬁ""'M"H‘H'\"
AR LT
[ IR (11 IRIRIAl
\UI|||I|||I|\,‘|I||‘|||' H" |H| |||I”||
| I
1
: Time 1
1 1
b} Assumed input ! Record !

||I|'||“H'I|“"I|"""' "“||"|"|H||||Il|u"l

'|H LR 'I'Iu VL
tHTARHR WO '||“||"\'H‘|"\"”"

|
NN \II|H|| AR
lﬂ". IHHHHU ‘\|I||IUH ull\\ "'II""”HM
. |
; :
¢ Windowed function i - i
: /\ :
: :
L -
- ;
i :
: :
d) Windowed input . i
i :
i1 : o : I
f |l
S - (I |
" f'\|‘|||||‘" no '||I‘|||‘| g o ru"”“u”n."
AVATRIRTATA et VATAY, II'\U' Vil .“|||‘|‘ VAR
A aill
[ u U

[Fig. V-2-4] Windowing Procedure

Windowing is multiplied time signal and the coefficients of window which has number N . Here is
the equation below :

X, (i) = w(i)x (i), 0<i<N-1 <Eq. V-2-2>
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where N is buffer size. There are all kinds of window function, but generally hanning, flat-top and

rectangular(no window) window is used.

Time domain Frequency domain
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[Fig. V-2-5] Various Windowing Functions

However windowing causes the leakage of time signal’s energy as [Fig. V-2-6].

I \“\\I\I hahrrARD
|‘"‘|‘"|H||"'I "'"u‘\"\ ‘\IH'H'“
\H"'II il |‘| |H |\|\ \'u'l\'u

N I
\ I\|| [ (L

I [l \IIIH\
||| IIII |I M Ly | Il
| |\|‘ hl M |\ I\ |\ I. | “\ \I \| \I |H III

Energy Leakages

[Fig. V-2-6] Windowing causes the leakage of energy of time signal

2. 2 Overlap

Overlapping is done to protect energy leakage. If you hope to understand the overlapping, you have
to know no overlapped time signal. For example, let’s suppose that the first time data X, has 0 ~ N-1,
the second time data X, has N ~ 2N-1 and so on. FFT, is the FFT spectrum of X, and FFT, is
the FFT spectrum of X,. See [Fig. V-2-7]. The left figure is no overlap that means the time signal
buffer for FFT is not repeated. 50% Overlapping uses the second half data of X, and the first half
data of X, together.

Over 66% overlapping doesn’t usually have the loss of energy in the time signal.

No Overlap 50% Overlap
M\ n /\
FFT, /\/W\/W\/\/ FFT,_ /V\/\/\M/\/
FFT, FFT, FFT, FFT,

[Fig. V-2-7] Overlapping
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2. 3 Averaging of FFT Spectrum
The reason of averaging spectrum is to remove noises in the spectrum. There are linear averaging,
exponential averaging and peak hold averaging.

2. 3.1 Linear Averaging

Let’s suppose that FFT, is FFT spectrum of the first time signal buffer, FFT, is FFT spectrum
of the second time signal buffer and so on as [Fig. V-2-8]. Linear averaging is the arithmetic average
of spectrums at each frequency. On other words, you have to sum all of spectrums at special
frequency, and then divide summed values with averaging number like the equation below.

FET(K)=— S FFT (), 0<k s% <Eq. V-2-3>

a i=1

where FFT is the averaged spectrum of FFT. n, is averaged number. N is buffer size.

| Time1 | Time2 [ Time3 | ... |

i

FFT, FFT, FFT,

[Fig. V-2-8] Instantaneous FFT Spectrum

2. 3. 2 Exponential Averaging
Exponential averaging is calculated from the exponential averaged spectrum at each frequency
using <Eg. V-2-4>. Exponential averaging emphasizes recent spectrum in all of spectrums.

FFTi(k)z[l ] ie “FFT,,(K), 0<k<E <Eq. V-2-4>
i=0

where FFT, is the averaged spectrum of FFT at present. FFT_, is the proceeding averaged

spectrum. T is the total time of one buffer per second. And 7 is time constant per second.
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[ Time1 | Time2 | Time3| ... |

s

FFT, FFT, FFT,

L, time

[Fig. V-2-10] Exponential Averaging

2. 3. 3 Peak Hold Averaging
This averaging keeps the biggest peak value of spectrum at the same frequency to repeat with
averaging number. This theory is shown in [Fig. V-2-10] and <Eq. V-2-5>.

<Eq. V-2-5>

FFT (k) = MAX [FFT,(k)], O<i<n -1, ngs%

where n, is averaging number(or iteration number for averaging).

| Time1 | Time2 [ Time3| ... |

Sy

wnstant FET Ll il
FFT, FFT, FFT,

verage FET |11 ([l (g
FFT, FFT, FFT,

[Fig. V-2-10] Peak Hold Averaging

2. 4 Picket Fence Error

The resolution of frequency is defined as dividing the sampling frequency by buffer size. Therefore,
if the peak of spectrum exists in the smaller region than resolution, the peak was not shown with real
value. The energy of peak divides into both side spectrums. In this situation, we can’t get a real
frequency and magnitude of peak. This is called “Picket Fence Error’. This error is shown in [Fig. V-
2-11]. If you want to get the exact frequency and magnitude of spectrum, you have to compensate
both parameters with some theory.
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[Fig. V-2-11] Picket Fence Error

3. FFT Based Octave Analysis

FFT analysis is named narrow band frequency analysis, but octave analysis which is describing in
this paragraph is called broad band analysis. Octave means the twice frequency of reference’s
frequency. Reference frequency is defined as 1kHz in the International Standards-ANSI S1.11.
Therefore, we can make bandpass filters with center frequency which is based on octave of 1kHz.

Octave analysis uses a lot of defined bandpass filter. The 1/1 octave bandpass filter with 1kHz
center frequency is shown in [Fig. V-3-2]. This 1/1 octave filter means bandpass filter with a full
octave band. 1/3 octave filters are realized by bandpass filter with bandwidth that is divided an octave
by 3. Therefore, you can get 1/1 octave data from 1/3 octave data.

Cctave bands

i i i N

I 1 >
0 f 24 Frequency

| |
af af e scale)
Dgarl mic scale
DA
L‘

( octave step-up)
[Fig. V-3-2] 1/1 Octave Based Bandpass Filter with 1kHz Center Frequency and an octave bandwidth

[Fig. V-3-1] Concept of Octave

Bandwidth

f=708 f=1000 f,=1410 FrequenEy
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L B = 1/1 Octave

AN AN AN

2000 [Hz]
L B = 1/3 Octave
VARV N » Frequency
" 00— 1000 L1250 [Hz]

[Fig. V-3-3] 1/1 and 1/3 Octave Bandpass Filters

1/1 and 1/3 octave bandpass filters are shown in [Fig. V-3-3]. As previously mentioned, we can
calculate the octave data from FFT spectrum. The relationship is shown in [Fig. V-3-4].

/ 1/1 Octave

| _I
: || ] /—|7| 1/3 Octave
' || | I

------ | || || '

sl

[Fig. V-3-4] Relationship between FFT Spectrum and Octave Analysis

[H2]

Equation for calculating is <Eq. V-3-1>.

N/2
Y1/30ctave = \/ z y? - Window Correction <Eq. V-3-1>
i=0

where Y, is the spectrum of FFT. Y, 0. 1S the octave value of each band. i is frequency index

in the spectrum.

4. Weighting
Microphone is reacted uniformly as the frequency of sound. So when you measure the sound using
a microphone, you can’t get the sound level as you hear the sound because the ear of human being
hears sound differently according to the frequency.
Equal Loudness Contour represents the curve that the human being feels equal loudness of sound
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as frequency at specific sound pressure level(SPL). Sometimes, Phon unit is used instead of SPL.
Phon is same to the SPL at 1kHz. For example, the curve passing on 80dB at 1kHz is called ‘80phon
curve’. The definition of weighting functions is listed in <Table V-4-1>.

<Table V-4-1> Various Weighting Filer

Weighting Term Curve Definition Remarks
A-weight Reciprocal of 40phon Curve Useful in Noise Analysis
B-weight Reciprocal of 70phon Curve -
C-weight Reciprocal of 100phon Curve -
D-weight - Useful in Airplane Noise Analysis
E-weight - -

Normal Equal Loudness Contour is shown in [Fig. V-4-1], the frequency responses of each
weighting function are shown in [Fig. V-4-3].
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[Fig. V-4-1] Normal Equal Loudness Contours
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Frequency Response Function of ABCDE-weighting Networks
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[Fig. V-4-2] A, B, C-Weighting Frequency Response

Frequency Response Function of DE-Weighting Networks
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[Fig. V-4-3] D, E-Weighting Frequency Response

5. Integration in Frequency Domain

Velocity and displacement spectrum can be analyzed in FFT and Octave, Spectrogram analysis
when accelerator is used. For this, you select [Integral] option in [Fig. V-5-1]. The detailed theory of
integral in frequency domain sees [VI. 3. 2] verse.
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[Fig. V-5-1] Integration in Frequency Domain

6. Setting the Options of Measurement

Setting the options of measurement of frequency analysis, spectrogram and octave analysis is
defined in the same option’s window. If you press ‘FFT & Octave option’ button &, the window of
[Fig. V-6-1] appears.

FFT & Octave Option{ OK [Cancel FFT & Octave Optinn{ OK (cCancel
Frequency Range(Hz} !I [ Frequency Range(Hz) :IlE'DDD v
Buffer Size |4095 [ Buffer Size | |4095 v
Fs! W szlm Lines:lm Fsi W dF:Im Lines:lﬁ
Integral : lm Integral lm
Winclawy IHanan - Wi IHanning v

Average Mode | INone ~

Murnber of Averages |2U Stop

Average Mode &
Hurmber of Averages : |20 [(]Stop

Titfie Constant (sec) I 1.0 (Slow Timie Constant (sec) ;| L0 (Slow

Frequency Weighting :INDnB ~ Fraquency Weighting ill‘\‘lmB b

Ntk Octaves : |1f3 octave v ik Octaves : |1f3 octave v
|5 o3 52 PR 1 Fear. |50 25 5972 =

[Fig. V-6-1] Setting the Option for FFT Analysis [Fig. V-6-2] Inputting Averaging Number or
Time Constant

Frequency range means the useful frequency and is same to frequency span as mentioned. The
maximum of frequency range is 16 kHz. Sampling frequency F, is dependent on the frequency span
and maximum value is 32768Hz. You have to also choose the buffer size which has the max 4096. A
frequency resolution(dF ) is dependent on the relationship between sampling frequency and buffer
size. The number of lines is dependent on the buffer size.

The relationships of parameters are listed in <Table V-2-1>.

Window function is supported with rectangular, hanning and flat-top window. Average mode is
offered with NONE, linear and exponential averaging, peak hold averaging. If you select the linear or
peak hold averaging, the box for number of average is activated. The system with [ Stop] will stop
measuring automatically when the numbers of average reaches the input number. If you set [Use
Timer] in [File>>Recording Options...] and [V Stop] simultaneously, the system will stop at short
time.
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Selecting the exponential averaging have been activated the combo box of time constant. You can
choose the proper time constant and this function doesn’t offer the automatic stopping with [ Stop].

Frequency weighting is used to analyze the noise with A, B, C, D, W weighting filter. A-weighting
is an ordinary weighting in noise analysis. The combo box of [Nth Octaves] has 1/1 octave, 1/3
octave and 1/6 octave.

FFT based octave analysis is dependent on the options of FFT analysis. So you have to set the
option of FFT properly. For example, if the linear averaging with 20 iterations is set, octave analysis
is calculated from linear averaged spectrum with 20.

7. Setting the option of display

Pressing the display option button generates the window of [Fig. V-7-1]. The adjusting
frequency and magnitude axis is used in frequency analysis, spectrogram and octave analysis. The
range of frequency axis defines the start frequency and end frequency in the FFT graph. And the scale
of frequency axis is defined linear axis or logarithms axis. Frequency range is editable in linear scale,
but it is impossible in logarithms scale. The units in magnitude axis is displayed with RMS(m/s? or
Pa), Peak(m/s? or Pa), Power(m?/s* or Pa?) and scale is displayed with linear / logarithms /
decibel scale.

For example, if you want to see the decibel of RMS value, you have to set that the unit is RMS and
the scale is dB.

There is another way for adjusting magnitude axis. If user clicks the Y-Axis by stylus pen, the
range of Y-Axis is automatically adjusted.

Display Options: OK [Cancel

Frequency AXis:
Scale, Units: Linear »||Hz v
Range (unit):  [IE ~ || 400
Magnitude Axis:

<

Quantity: PEAK e
Unitfacc, ) myfs? -
Scale: Linear v
v
w

Range: 0.0 | [1.000
Peak Auto-Detecting: |OM
Auto Scale; Use after stop -

[ Harrnanic Cursor;
Ref;

T3 [
£ rea.. | 500 2% 0222 2 hea.. | r 25 1308 B

[Fig. V-7-1] Option Window Display [Fig. V-7-2] Auto-scaling of Magnitude Axis

Cross marker represents the maximum peak of spectrum with frequency and magnitude after [Peak
Auto-Detecting] is turned on. And if you press any peak of FFT graph for 1second, big cross marker
appears with current frequency and magnitude instead of the value of peak auto-detecting. Pressing
the screen for a short time turned off that function. The rightmost bar graph is overall level.
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[Auto Scale] and [Peak Auto-Detecting] function is not offered and only the adjustment of
frequency is available in the spectrogram graph.

In octave analysis, [Auto Scale] function is offered but [Peak Auto-Detecting] function is not
offered. However, the bandwidth being pressed for 1 second is changed from green to white bar, and
then you can read frequency and magnitude in the leftmost top of octave graph. Refer to [Fig. V-7-4].

[Eteview [
= :

l
i

62 120

1
#rea.. |25 2% T 2 4. | 50 2% a2 =
[Fig. V-7-3] Spectrogram Graph [Fig. V-7-4] Octave Graph

8. Record and Playback

Press the ARM button & to see an analyzed data in real-time without recording. And press the
stop button LI stop arming. If you want to hear the sound in real-time, you have to press hearing
button #* and arming button = simultaneously.

Press the record button @ to record and analyze the data. After recording is finished, wave file is
loaded and playback button ¥ js activated. If you press playback button, playing the wave file and
analyzing the data executes at the same time.

To export a measured data, [Export] menu in [File>>Export...] tap should be selected. Refer to the
chapter I11-4 to get the details.

9. Mode Conversion of FFT Analysis, Spectrogram and Octave Analysis

Press FFT button P for frequency analysis, and press the spectrogram button & for spectrogram
and press octave button il for octave analysis. Recording, playback and hearing function is same to
vibration level meter mode.

51



VI. FFT Based RPM Meter

1. Understanding about the RPM Measurement

The RPM is usually measured using a tachometer. Tachometer counts the revolution of a rotator
using optical sensor and reflector or using the photo coupler and the hole of rotator or magnetic
sensor and the teeth of rotator. Anyway, all of this method contacts a rotator directly. This is good way
to get an exact revolution. On the other hand, it is a defeat. To solve the defeat, we have devised the
FFT based RPM meter.

Spectrum in a rotational vibration has a peak which corresponds to RPM and a lot of peaks against
to rotor/teeth/bearing. But a first peak generates by an input rotation. Therefore, this peak is called
“1st order’. The peaks which is an integer times of the frequency of a first peak are called harmonic
components.

The relationship of frequency and RPM represents in <Eq. VI-1-1>.

Freq = RPM <Eq. VI-1-1>
60

where RPM is the abbreviation of a revolution per minute. Therefore, we can calculate RPM from
the first frequency of FFT spectrum.

First Frequency Harmonics

W C185 He, [~ 01451 pm =])
i ;- 30/08/2000: 2gta 0007tk 'sonde EDF AVAMT INST."
pm 1130708,/ 2000: 20ta 0001 tubef “sonde EDF AVEC INSTAB"

p2

il

I 50 100 150 200

014

0.0

0.001

(0.0001

[Fig. VI-1-1] Fundamental Frequency and Harmonic Frequency

2. Frequency Analysis
Frequency analysis is done with the listed option below and user can’t change the option.

- Hanning Window
- Linear Averaging : this parameter is defined at [Average Number] in option setting window.
- Buffer size for FFT is variable as the maximum RPM. Refer to <Table VI-2-1>
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<Table VI-2-1> Relationship of Maximum RPM, Sampling Frequency and Buffer Size

Max. RPM Sampling Frequency(Hz) Buffer Size
12000 512 1024
24000 1024 2048
48000 2048 4096
96000 4096 4096

As mentioned in V-2-4 paragraph, a frequency analysis generates a picket fence error. We can’t get
an exact frequency which corresponds to rotational RPM. As this problem, the system has a
compensation algorithm.

3. Measuring with RPM Meter

Button #M changes another mode into RPM mode and, at the same time, RPM option setting
button ¥ is activated. This mode doesn’t offer the recording except arming.

RPM Meter has the RPM window and FFT graph window as [Fig. VI-3-1]. FFT graph window has
two vertical lines for setting range of a first frequency. To calculate RPM from the maximum peak in
a defined region by two vertical lines, you have to drag lines with stylus pen.

Two vertical lines

MairnLir RPM 12000 -
Sampling Freq. (Hz): l:l
verage Mumber ;[ X1 -

—_—

B b ] o B O
File view [ii] & W )| K [4]

[Fig. VI-3-1] RPM Meter [Fig. V1-3-2] Option Setting Window

The option setting window is shown in [Fig. VI-3-2] and maximum rpm and averaging number
shall be selected. Sampling frequency is calculated from maximum RPM as <Eq. VI-3-1> equation.

F_ Max. RPM 8

S

2.56 <Eq. VI-3-1>

Cross mark “+’ represents the maximum value in all frequency with no correlation of vertical lines.
If you set an unfit range, you would get a fault RPM from a fault frequency.
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3. 1 Using the Velocity Graph or Displacement Graph to get a fit RPM

It is difficult that you find the fundamental frequency in the harmonic frequency of spectrum of
acceleration. The spectrum of rotational vibration with the fluctuation from 1610PRM to 1660RPM is
shown from [Fig. VI-3-3] to [Fig. VI-3-5]. As shown in [Fig. Vi-3-3], you can’t find the first order(or
fundamental frequency) easily and harmonic frequencies are so big that the calculated RPM is not
correct. If you find in the spectrum of a velocity or displacement, you can find it easily. But in the
integrating process, the noise of a low frequency is amplified. Consequently, though you see a first
order, you can be mixed between noise and first frequency. To solve this problem, the highpass filter
with 4Hz cutoff frequency is used. In other words, the frequency less than 4Hz has 0 magnitudes.

To get the graph of acceleration/velocity/displacement, you can set it in [Integral] of [Fig. VI-3-2].

A magnitude has RMS, units is fixed with m/s’, cm/s and mm.

Realtave Pocket o 4 6242 €3

1656 RPM

1 Amplified Noise
Hz;

RealWave Pocket & % 6:41 €3

0, Sample Freq. : 512 He, Velocity
; 0,012

ol f
File view [ | (& = 1p) | = E

Fileview%h____J'nIE

[Fig. VI-3-3] Acceleration [Fig. VI-3-4] Velocity [Fig. VI-3-5] Displacement

3.2 Integral in the spectrum of FFT
The relationships of acceleration, velocity and displacement are listed below equations:

) Acceleration
velocity = Y <Eg. VI-3-2>
T

Acceleration

<Eg. VI-3-3>
27 f) q

Displacement =

where f is frequency. These equations represent the relationship of magnitude except phase. We

can rewrite these equations with frequency in the spectrum as below.

FFTe (1) = PPl 1) <Eq. VI-3-4>
2rf,

FFT,,, () = FFTACC(ZI), o<i<N <Eq. VI-3.5>
@rf) 2

where FFT (i) is a magnitude at each frequency. f, is frequency. i is the index of frequency
and N is a buffer size.
54



VII. The way to use RealWave Desk for PC

1. Create a Project [1 / Open &
When user creates a new project of file menu, project information dialog is opened. Choose the

route of the project which has to be installed, enter the project name and just put the OK button [Fig.
VII-1-1]. After then a new project like [Fig. VII-1-2] will be created.

[] "RealWaveDesk
File(F)  Wiew(v) about{A)

Project Path : Dot ﬂl

x|

Project M ame : IPHUJ ECT_

Date |2nn5-n5-27 10:59

Comments

Cancel |

[Fig. VII-1-1] Enter the information of Project
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0.000

(sec)
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[Fig. VII-1-2] Program

When user opens a project of file menu and choose a project file (*.PRJ), the chosen project is

loading like [Fig. VII-1-3].
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[Fig. VII-1-3] Project loading

2. Adding a file
Click a file additional icon

Delete

click the mouse on the right button when user a

on the toolbar or after choose data folder of the tree control, then

dd a wave file of file menu and choose the wave file

which has to be added at the Project, the wave file and the result file of analysis are added like [Fig.

VII-2-1]
=8 DEMO
{3} Project Information,..
429 DATA
Ea Location
B2 2005-03-04 16:13:33 FRI
B SVO01 Y
-] SVOD1_WLM_DCT.TXT
B2 2005-03-04 1613:59 FRI
B BVO0Z WA
- [E] sw002TXT
WO0Z_WLM. TT
- [E] SVO02_VLM_FFT.TXT
=23 2005-03-04 16:14:20 FRI
B SVO03MAY
-[E] SVO03THT
SVO03_WLM.TXT
- [E] 5VO03_WLM_TRATHT
(-2 2005-03-04 16;14:55 FRI
df SVOD4 Y
-[E] SW004.TRT
-2 SVOD4_FFT.THT
----- [ REFORT

[Fig. VII-2-1]

If user wants to the added file, user has to sel
displayed by clicking of mouse right button. All

Project tree control

ect the “Delete” menu in the menu window, which is
file of folder and sub-folder will be deleted.
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3. Control of Graph
When double clicking the folder that a data from tree control, a graph is appeared on the right of
the window like [Fig. VI1I-3-1].
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[Fig. VII-3-1] VLM / FFT Control of Graph

* VLM Trace : The Trace graph will be displayed on the button side in VLM. User can see the
cursor value by clicking of mouse left button. Also user can select the specific range by clicking of
mouse right button and dragging

* VLM Octave : The Octave graph will be displayed on the upper side in VLM .User can see the
Octave graph corresponding to the cursor position in automatically trace graph.

* VLM FFT : The FFT graph will be displayed on the upper side in VLM peak position is detected
in the FFT graph. Also user can select the specific range by clicking of mouse right button and
dragging.

« FFT : User can display the cursor value by clicking of mouse left button, also user can select the

specific range as same way in VLM FFT.

« Selection Button : After user select the specific range in the graph control. The peak & average
values will be calculated and displayed by locking the “Select” button.

4. The Control of Property list

The property of measured data which is importanted from saved file is displayed in list control like
[Fig. VII-4-1]. Combo box will be displayed by double click of blue color character in the list, and
then user can change the parameters, displayed graph will be changed as defined parameters.
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lterm | Walue | ltem | Walue

Detectar Acc Detector Acc

Peal: 14,3640 m /52 HPF 0-10Hz  Mone

Average 49372 /5t Peak 0680210 rm/se
Filter WEComb, (1506954) Average 0023411 m,fs2
Integ Time 1 sec Transducer  ACCELEROMETER
Tirne Caonst | 1,000 sec Sample Freq 2048 Hz
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Integ Time 1 sec

Time Const 1,000 sec
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File Marme SYODE_ VLM _FFT T=T

[Fig. VII-4-1] The control of property list

5. Control of Sound
If user roading the data from project tree, sound control menu of toolbar is activated like [Fig. VII-
5-1]. Sound play, stop, play time are displayed.

| » = | 00:05

[Fig. VII-5-1] Control of Sound

6. List of Result Report &
The measuring result data is displayed as a report form of 1ISO6954 like [Fig. V11-6-1] from current
project file.

|
Make a ISO 6954 Report Mew SaveAs...l Delete Excel Clase
MNo. | Location | Direction | Accelerahnn' Ace. Unit | Velnclt:,ll Vel Unit |
1 Lacation Hew-doiz 0.0s10 mis 28082 mms
2 Lacation Aoz 0.0376 més 285376 mmds
3 Lacation Kbz 0.0796 més 2.2887 mmds

[Fig. VII-6-1] Reporting of Result

* New : Tap to load a result date from current project.
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» Open : Tap to load a stored result list file.
« Save As : Tap to save a current result list file as another name.
* Delete : Tap to delete a date of selected list.

« Excel : Tap to change details of list as MS Office Excel file like [Fig. VII-6-2].

=T
File Edit “iew Insert Formab  Tools Data  Window  Help Type a question for help =
H 2 Al - - B I U EEEHEH %% E A
1 - F
A B C B E F G H
Measurement Results
1
2 | No.|Transducer Location Driection verall frequehcy-wmghted Lm s valug
3 Acceleration Welocity
4 1|Location Hex-Auis 0.091 mis® 28062 mmis
5 2|Location Hex-Auis 0.0976 mis® 258376 mmis
53 3|Location Hex-Aiis 0.0796 mis? 22887 mmis
| 7|
| 8 |
| 9 |
10
11
12
13
Ready v

[Fig. VII-6-2] Result Report with MS Office Excel

Measurement Results

Dverall frequency-weighted r.m.s value

No.|Transducer Location Driection : :
Acceleration Velocity
1|Location X-x-Axis 0.091 m/s? 2.5062 mm/s
2|Location X-x-Axis 0.0976 m/s? 2.5376 mm/s
3|Location X-x-Axis 0.0796 m/s? 2.2887 mm/s

[Fig. VII-6-3] Printed Result at MS Office Excel

59



VIII. Installation of ActiveSync and Communication with PDA

1. What is Microsoft ActiveSync?

Microsoft ActiveSync is a program which synchronizes with PC and PDA. If PDA is connected
with PC, many data is transported each other. If selecting the folder named Mobile Device, user can

see the internal data of PDA. ActiveSync program must be installed at PC which will be used before
connecting PDA at a USB port of PC.

& Microsoft ActiveSync i =] |
File  Miew Tools Help

@ Sync @ schedule E;) Explore

Connected @

Synchranized

Hide Details %

Information Type | Status |

[Fig. VIII-1-1] ActiveSync Executed Window

2. Installation of ActiveSync

Run “MSASYNC.EXE” at the folder named “ActiveSync” in CD and follow from [Fig. VIII-2-1]
to [Fig. VII1-2-9].

i Microsoft ActiveSync 4,1 x|
Microsoft ActiveSync 4.1

Welcome to Microsoft ActiveSync 4.1 Setup é’ |

Click Mext to install Microsoft ActiveSync 4. 1 on your computer.,

Installshield

= Back Cancel

[Fig. VIII-2-1]
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i Microsoft ActiveSync 4,1

B
Destination Folder
Click Mext to install to this folder, or dick Change to install to a different folder. |

G Install Microsoft ActiveSync 4.1 to:

C:\Program FilesWMicrosoft ActiveSyncit Change... |
Valume Disk Size Available Regquired | Differences |
=0 19GEB 7161MB 23MB 7133MB
=D 58GE 47GE 4000KE 47GE
=E: TOGE 1267MB OKB 1267MB

Installshield

< Back Cancel

[Fig. VII1-2-2]

Up to here, installation of the program is completed. First, PC and PDA has to be connected each
other using USB cable or cradle because connection of PDA will be carried out from now on.

Get Connected x|

Get Connected

To connect your device to this PC:

1. Connect the cable to the PC
2. Tum on the device
3. Place the device in its cradle

ActiveSync should automatically detect your device

I your device is not automatically detected. click Next
If you are using infrared (IR} or Bluetocth, click Help

[Fig. VII1-2-3]

Press the NEXT button after connection as [Fig. VI11-2-3]. In the following, relationship of partner
has to be established to use PDA at the office. When standard relationship of partner is set up, Sync
item of data is selected and PDA is connected with PC, the data of PC is copied at PDA and the one
of PDA is copied at PC, so the data of each device is identical. Generally, this is called to be Sync
(Synchronization). The synchronized data is Microsoft Outlook data, E-mail and the files to be set up
synchronization. If user just set up standard relationship of partner, it is useful because the connection
is completed directly without any questions for connection.
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51

Set Up a Partnership

This wizard helps you establish a partnership between your
mabile device and this computer. You can sst up either a
standard partnership to synchronize data between your
device and this computer, or a guest partnership to simply
transfer data between your device and this computer.

What kind of partnership would you like to establish between
your device and this computer?

& Eizndard parners

o synchronize data between my device and
this computer, keeping data such as e-mail and
calendar items up4o-date in both places.

' Guest partnership
| want to onhy copy and move information between my
device and this computer, add and remove programs,
or restore a backup image on a device whose memory
has been reset. | do not want to synchronize data.

k-
H'|
o
2

< S =6 I CHSiM) > I =
[Fig. VII1-2-4]

New Partnership x|

Specify how to synchronize data
Choose to synchronize with vour desktop and/or a server %‘)

You can synchronize data, such as e-mail messages and calendar items, between your
device and this desktop computer. However, if you have access to a Microsoft Exchange
Server with Exchange ActiveSync, you can also choose some information types to
synchronize directly with a server, getting the most upto-date information, even when your
desktop computer is tumed off

How do you want to synchronize with your device?

# Synchronize with this desktop computer:

" Synchronize with Microsoft Exchange Senver and/or this desktop computer

{Mote: You must have access to Microsoft Exchange Server with Exchange ActiveSync
or Microgoft Mabile Information Server.)

e

< FZ(E) I CHE(N) > I EES E=
[Fig. VII1-2-5]

New Partnership x|

Select Synchronization Settings
Select the type of information you want to synchronize. @

To synchronize a particular type of information, select its check box. To stop
synchronization of that information, clear its check box.

Mobile Device
5]

[ EContacts Microsoft Outlook

[ B3 Favorites Intemet Explorer

O Files Synchronized Files

O @Inbm( Microsoft Outlook

O ches Microsoft Outlook

O %Pncket Access Microsoft Databases j
— = . - P

Tofind out more about and to customize what gets synchronized. click Setti
on that information type in the list and then click Settings. &I

<siz@ [ oEm> | e | =8z |
[Fig. VIII-2-6]

All check boxes should be unchecked like [Fig. VIII-2-6] and push the NEXT button because this
step is for what the data of PC and PDA is transferred each other. And then, the connection comes to
an end. Generally, it is not used for office but for measurement, so it is useful to delete the item of
data synchronization.
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New Partnership x|

Setup Complete

You are now ready to start exchanging information between
your mobile device and this computer.

Upon exiting this wizard. Microsoft ActiveSync will open and:

I your device is a guest, click Explore on the toolbar and
start exploring your device

I your device has a partnership, synchronization starts.
Flease wait until synchronization is complete before using
your device.

Click Finish to exit this wizard

< FIZ(E)

[Fig. VII1-2-7]

& Microsoft ActiveSync =101 x|

File  ¥iew Tools Help

Sync Sfop || Details Explore  Options

Pocket_PC
Connected Q

Synchronized

Information Type | Status

[Fig. VII1-2-8] The State of Connection

If the connection is completed, user can see and copy the entire data of PDA with the folder,
[Mobile Device] like [Fig. VI11-2-9] at Window Explorer.

@ My Windows Mobile-Based Device =] 3]
File Edit ‘iew Favorites Tools  Help | -#'
e Back ~ e - Lﬁ | search [E; Folders | |$ .,_5; x K’ | v
Address I_Q ot j Go
Fefdeis X || Mame = [ size [ Tupe [ Modied
B [ mabile Device N [21Databases System Folder
B My Windows Mobile-Base: (D) CFDevice File: Folder
15 My Music [ Conrtgr File Falder
[ My Pictures [C)iPAG File Store File Falder
= M My Documents File Folder
D M me [profiles File: Falder
3 SIA [ Program Files File Folder
(&) shared Documents (DTerp File Folder
[C3) sv's Documents (Dywindows File: Folder
‘g My Metwork Places
@ Recycle Bin
15 Mew Folder |
-
K| L ]
|9 object(s) [ [') Mable Device 4

[Fig. VI1I1-2-9] PDA Folders at Window Explorer
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[Appendix 1]

The Theory for calculating RMS by
1ISO2631 and ISO8041

64



1ISO8041:1990

Annex D
D. 1 Nomenclature

a : Instantaneous magnitude of signal
a, : Reference magnitude of signal(=1um/ s® or 1pW ) if power is measured

7 : Time constant for running averaging

t :Time

t, : Time of observation

t, : Start time of integration

t, : Stop time of integration

e or exp : Exponential Function

T(=t,—t) : Measurement period for linear averaging

D.2 Integration

The equivalent continuous vibration value or the equivalent continuous vibration level are based on
normal start-stop integration (linear integration) of the squared signal. The time weighting
characterizes a running integration of the squared signal. The result is the running r.m.s value.

1
2

1t o
armS,T (to) = [;IOO a2 (t)e ‘ dt}

It is a function of the instant time t_. All recent parts of the signal a(t) contribute to the value.

They are weighted by a factor decreasing exponentially with the time distance from t; .

The corresponding time weighted vibration level, in decibels, is given by

dt}d

NOTE - These equations describe the behavior of a hot-wire ampere meter and can be realized by

rer(t ) 1O|Og|: J.

relatively simple means or digital algorithms. The running r.m.s value responds to fluctuations of the
signal as slowly as the constant allows. A considerable reduction of data is achieved without losing
essential information about changes of amplitude or level.
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The equivalent continuous vibration value or level can also be derived from the running level by
true integration or by summing over discrete samples, L, being constant or nearly constant for a time
interval t; as follows:

1

n ti 0L, 2
aeq,T =4, |:Z?10 . :|
i=1

where

o3
i=1

From a statistical distribution giving the percentages p, of the total measuring time T, during
which the level is within an interval(e.g. 1dB) around a central value Li, the equivalent value is
given by

1

- P 0.14 2
A, =4 ——10
o {Z 100% }

i=1

where

[ Linear Averaging

Exponential(t=RC) Averaging —\

_

Averaging Time

[Figure] Weighting curves for linear and exponential integration
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[Appendix 2]

Frequency Response of Filter in the
Vibration Level Meter
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1. 1Hz Highpass Filter
A 2-pole Butterworth IR Filter was used for this filter and integrator has highpass filter with 10Hz
Cutoff frequency.

FRF of 1Hz Highpass Filter in the Acceleration

= Theory
......... Measurement

Magnitude(dB)

10’ 10° 10° 10*
Frequency(Hz)

Error of 1Hz Highpass Filter in the Acceleration

5 T T T T T

-40 :
10"

A0+ i

Error Rate(dB)

15}

20 o o )
10 10 10 10 10
Frequency(Hz)

FRF of 1Hz Highpass Filter in the Displacement
60 : - ;

‘ sesssesss Theory
Measurement | 7

Magnitude(dB)

20} =
L,

10’ 10° 10° 10*
Frequency(Hz)

Error of 1Hz Highpass Filter in the Displacement

60 T T r :

Error Rate(dB)

7 ’ 10’ 10° 10
Frequency(Hz)

FRF of 1Hz Highpass Filter in the Velocity
40 T T r

Sl sesesesss Theory
Measurement | |

Magnitude(dB)
(=]

10’ 10° 10
Frequency(Hz)
Error of 1Hz Highpass Filter in the Velocity

=20

Error Rate(dB)

40 -1 IO 1 I2
10 10 10 10 10

Frequency(Hz)
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2. 5Hz Highpass Filter
A 2-pole Butterworth IR Filter was used for this filter and integrator has

Cutoff frequency.

Magnitude(dB)

Error Rate(dB)

Magnitude(dB)

Error Rate(dB)

Magnitude(dB)

Error Rate(dB)

FRF of 5Hz Highpass Filter in the Acceleration

=——— Theory

=== Measurement

10' 10°
Frequency(Hz)

10°

Error of SHz Highpass Filter in the Acceleration

10°

Sk
A0+
15}

-20

10

40

10

10’ 10°
Frequency(Hz)

FRF of 5Hz Highpass Filter in the Velocity

201

-

===« Theory

Measurement

10' 10°
Frequency(Hz)

Error of 5Hz Highpass Filter in the Velocity

=20

-40

highpass filter with 10Hz

10

10

1

10 10°
Frequency(Hz)

FRF of 5SHz Highpass Filter in the Displacement

‘k.‘
.,
',

=== Theory

',
s
L

Measurement | |

10' 10°
Frequency(Hz)

10°

Error of SHz Highpass Filter in the Displacement

10’ 10°
Frequency(Hz)
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3. 10Hz Highpass Filter
A 2-pole Butterworth IR Filter was used for this filter and integrator has

Cutoff frequency.

Magnitude(dB)

Error Rate(dB)

Magnitude(dB)

Error Rate(dB)

Magnitude(dB)

Error Rate(dB)

FRF of 10Hz Highpass Filter in the Acceleration

Theory
......... Measurement
T

10’ 10° 10°
Frequency(Hz)
Error of 10Hz Highpass Filter in the Acceleration

10 10°

Sk

A0+
15}

-20

10

40

’ 10’ 10° 10
Frequency(Hz)

FRF of 10Hz Highpass Filter in the Velocity

201

T ™

________ sesesesss Theory
Measurement | |

10’ 10° 10
Frequency(Hz)
Error of 10Hz Highpass Filter in the Velocity

=20

-40

highpass filter with 10Hz

10

10° 10' 10° 10

Frequency(Hz)

FRF of 10Hz Highpass Filter in the Displacement

T
‘k.‘
s,
.,

=== Theory
Measurement |

',

*u, L

10' 10° 10° 10°
Frequency(Hz)

Error of 10Hz Highpass Filter in the Displacement

’ 10’ 10° 10
Frequency(Hz)
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4. 2Hz~300Hz Bandpass Filter
A 4-pole Butterworth IR Filter was used for this filter and integrator has highpass filter with 10Hz

Cutoff frequency.
FRF of 2~300Hz Bandpass Filter in the Acceleration
0
g
_5 _10 5 -
E]
ré 20+ s
s Theory
= -30 .
===+ Measurement
40 L i L I I
10" 10" 10’ 10° 10° 10*
Frequency(Hz)
Error of 2~300Hz Bandpass Filter in the Acceleration
5 T T T T T
g 1
k=)
3 st 1
&
§ —10 B 9
w 15} 4
20— o g iz 3 7
10 10 10 10 10 10
Frequency(Hz)
FRF of 2~300Hz Bandpass Filter in the Velocity
40 e . :
Tl seeseses= Theory
@ 20 - Measurement | |
k=)
T
2 of 1
=
&
= -20 .
-40 : :
10" 10" 10’ 10° 10° 10*
Frequency(Hz)
Error of 2~300Hz Bandpass Filter in the Velocity
20 T T T T T
o
2 0r
2
o
li4
s 20
i}
40 =1 I 0 : X! ; 2 I 3 I 4
10 10 10 10 10 10
Frequency(Hz)
FRF of 2~300Hz Bandpass Filter in the Displacement
60 , - :
b === Theory
o 40r Measurement |
k=)
T 20} |
2
£ of |
i)
= 20 A
40 L i y N
10" 10" 10’ 10° 10° 10*
Frequency(Hz)
Error of 2~300Hz Bandpass Filter in the Displacement
60 T T r :
& 40
=2
T 20f
&

5 O 1
w 204 4
40 =1 I 0 : X! ; 2 I 3 I 4
10 10 10 10 10 10

Frequency(Hz)
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5. 2Hz~1kHz Bandpass Filter

A 4-pole Butterworth IR Filter was used for this filter and integrator has

Cutoff frequency.

FRF of 2~1kHz Bandpass Filter in the Acceleration

Magnitude(dB)

Theory
Measurement

1

10

10"

10°
Frequency(Hz)

Error of 2~1kHz Bandpass Filter in the Acceleration

10' 10° 10°

5t
-10
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-1§

-20

10

40

10° 10' 10°
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===« Theory
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Error of 2~1kHz Bandpass Filter in the Velocity

10

-20

Error Rate(dB)

-40

highpass filter with 10Hz

10

10’ 10°
Frequency(Hz)

FRF of 2~1kHz Bandpass Filter in the Displacement
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T
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=== Theory
Measurement |
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"~
L

10° 10°

Frequency(Hz)

10
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Error of 2~1kHz Bandpass Filter in the Displacement

10’ 10°
Frequency(Hz)
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6. 10Hz~500Hz Bandpass Filter
A 4-pole Butterworth IR Filter was used for this filter and integrator has highpass filter with 10Hz
Cutoff frequency.

FRF of 10~500Hz Bandpass Filter in the Acceleration

Magnitude(dB)

30} Theory
--------- Measurement

10’ 10°

Frequency(Hz)
Error of 10~500Hz Bandpass Filter in the Acceleration
5 T T T T T

]

10 10° 10°
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15t 1

20 o o ) I I
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40 T T r

________ sesesesss Theory
Measurement | |
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7. 10Hz~1kHz Bandpass Filter
A 4-pole Butterworth IR Filter was used for this filter and integrator has highpass filter with 10Hz
Cutoff frequency.

FRF of 10~1kHz Bandpass Filter in the Acceleration
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[Appendix 3]

Theory of WBCombined Filter and
Frequency Response
(1SO6954 Filter)
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1. Theory
<Table 1. Parameters of the transfer functions of frequency weightings >

Acceleration-velocity
Band-limiting Upward step
transition
f f f f f f
I 1 2 3 4 5
Weighting Q4 Q5 Hz QG
Hz Hz Hz Hz Hz
W, 0.4 100 125 125 0.63 2.37 091 3.35 0.91
W, 0.4 100 20 20 0.63 o - e
W, 0.08 0.63 oo 0.25 0.86 0.0625 0.80 0.1 0.80
WBCombined 0.7943 100 - 5.684 - o0 - o0
W, 0.4 100 8.0 8.0 0.63 © - 0
W, 0.4 100 1.0 1.0 0.63 o - 0
U 0.4 100 o0 00 - 3.75 0.91 5.32 0.91
W, 6.310 12589 | 15915 | 15915 |  0.64 o0 - 0
W, 04 100 16 16 0.55 25 0.9 4.0 0.95

The frequencies f, to f, and the resonant quality factors Q, to Q, are parameters of the
transfer functions determining the overall frequency weighting, referred to acceleration as input
quantity. The transfer function is expressed as a product of several factors.

a) Band-limiting(Two-pole filter with Butterworth characteristics, Q, =Q, = 1/\/5)

High-pass :
1 s?
H, (s)= =
(9) 14 V2w, +a)712 ol +\2w5+5°
S s?
Low-pass :

H(s)-—t @
I - T2 2
1_|_~\/23_|_ 12 § @, +N2w,5+$S
@, 2

b) a-v transition(proportionality to acceleration at lower frequencies, proportionality to velocity at
higher frequencies)
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Ht(s): 1 1

S+-5S
Q, @,

2

For W.B.Combined this expression is replaced by

1 w
H, (s)= =—4
) 141 @S
@,

¢) Upward step(steepness approximately 6dB per octave, proportionality to jerk)

%)
2 Wi+ 2s+s°

1 1
2 1+7S+723
H (s){&J Qos @i _ " O,
@) 1+ s+izs2 w?+ s s
Qews g Qs

Where
w,=2zf (n=1to 6)

s = jw(imaginary angular frequency) = j2r f

The product H,(s)-H,(s) represents the band-limiting transfer function. Its corner
frequencies(intersection of asymptotes) are given by fand f,.

The product H,(s)-H,(s) represents the actual frequency weighting transfer function for a

certain application. H,(s)=1 for frequency weighting W,;; H (s)=1 for frequency weighting

W, W,, W,, W, and W.B.Combined. This is indicated by infinity frequencies and absence of
quality factors in Table 1.
The total weighting function is

H(s)=H,(s)-Hi(s)-H.(s)-H.(s)

The weighting curves in annex C show the modulus(magnitude) |H| of H versus the frequency

f in a double-logarithmic scale.

NOTE 1. If the equations are interpreted in the time domain, the imaginary angular frequency p
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leads directly to the differential operator dt, which may be approximated by At in a digital
realization of the weighting if the sampling interval At is small enough.

NOTE 2. Frequency weighting W, is considered to be the appropriate weighting curve for z
direction comfort in rail vehicles. W, is defined in BS6841:1987, and is equivalent to :

H(s)=1.024-H, (s)-H,(s)-H,(s)-H,(s)

Where the parameter values f, to f, and Q, to Qg for H,(p). H,(p)., H,(p) and
H.(p) are:

f,=04Hz; f,=100Hz; f,=f,=16Hz; Q,=0.55;

f,=25Hz; Q,=09; f,=4.0Hz; Q,=0.95

NOTE 3. Parameter values in [Table 1] define exactly the frequency weighting W,, W,, W,,
W_, W, and W, according to ISO2631-1:1997.

NOTE 4. Frequency weighting W.B.Combined and W, ,(formerly H.A) are unchanged by this

amendment. The parameter values in Table 1 are chosen to reproduce the weighting curves of ISO
8041:1990 using formulae of 1S02631:1997.

Above analog frequency response function is transferred to digital frequency response function by
bilinear transformation method which is below :

_ o1
s=2FS[1 Z_lJ
1+z

Highpass Filter of Whole-Body Combined Filter

-850+

Magnitude(dB)

-100+

10° 107 10" 10" 10" 10°
Frequency(Hz)
200

Phase(Deg)
S o
oS

o
(=]

o

10" 10° 10" 10%
Frequency(Hz)

-
o.
o

<Fig. 1 Highpass Filter with 0.7943Hz Cutoff>
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Phase(Deg)

Phase(Deg)

Magnitude(dB)

Lowpass Filter of Whole-Body Combined Filter

<Fig. 3 a-v transition Frequency Response>

U - -
20+

40} 1

60 : :

10" 10° 10’ 10
Frequency(Hz)
0 . .

-50 1
100} j
150
-200 Iz Is 4

10 10 10 10

Frequency(Hz)
<Fig. 2 Lowpass Filter with 100Hz Cutoff>
a-v transition of Whole-Body Combined Filter

10 ; : :
g o -
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S -0 |
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< 20} |
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10" 10 10’ 10° 10
Frequency(Hz)
0 Y . .

20k 1
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Total Weighting Fuction using s-function

Magnitude(dB)
-
o o (=}

&
(=]

10° 10' 10°
Frequency(Hz)

o
o

180 T T T

175

Phase(Deg)

170

165 I - - I
10 10 10
Frequency(Hz)

<Fig. 4 Frequency Response of Whole-body Combined Filter using s-function>

Whole-Body Combined Frequency Weighting using z-function

Magnitude(dB)
A
o

80 - - -
10 10 107
Frequency(Hz)

200 T T T

Phase(Deg)

300 I - - I
10 10 10
Frequency(Hz)

<Fig. 5 Frequency Response of Whole-body Combined Filter using z-function>



FRF of Whole-Body Combined Filter

Magnitude(dB)

.70} | = WEC in the s-domain 1
WBC in the z-domain

-80 "
10

H 10' 10

Frequency(Hz)

<Fig. 6 Comparison of Whole-body Combined Filter>

x10° Impulse Response
16 T T .

— Matlab
14+ C-Code |
12} |
10} |

o 8 }

E

B B

o

2
4t 4
2 L 4
0 - <
2t 4
10* 10° 10 10" 10° 10’

Time(sec)

<Fig. 7 Impulse Response Function in the Matlab and C-code>

A simulated impulse response function is same to a theoretical impulse response function in C-
code’s algorithms as shown in [Fig. 7]. Where the sampling frequency for simulation is
2048Sample/sec, a buffer size is 4096.
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<Table 2. Error between Standard and Calculated Filter>

Frequency

WBCombined(dB)

Error(%)
Nominal TRUE Calculated Standard
0.100 0.1 -36.002 -36 0.005555
0.125 0.12589 -32.004 -32) 0.012498
0.160 0.15849 -28.01 -28.01 0
0.200 0.19953 -24.022 -24.02 0.008326
0.250 0.25119 -20.051 -20.05 0.004987
0.315 0.31623 -16.121 -16.12 0.006203
0.400 0.39811 -12.286 -12.29 -0.03256
0.500 0.50119 -8.672 -8.67 0.023063
0.630 0.63096 -5.5082 -5.5 0.148869
0.800 0.79433 -3.094 -3.09 0.129282
1.000 1 -1.5876 -1.59 -0.15117|
1.250 1.2589 -0.84682 -0.85 -0.37552
1.600 1.5849 -0.59086 -0.59 0.145551
2.000 1.9953 -0.61239 -0.61 0.390274
2.500 2.5119 -0.81796 -0.82 -0.2494
3.150 3.1623 -1.1884 -1.19 -0.13463
4.000 3.9811 —-1.7404 -1.74 0.022983
5.000 5.0119 -2.5008 -2.5 0.03199
6.300 6.3096 -3.4885 -3.49 -0.043
8.000 7.9433 -4.7032 -4.7 0.068039
10.000 10 -6.1234 -6.12 0.055525
12.500 12.589 -7.7138 -7.71 0.049262
16.000 15.849 -9.4352 -9.44 -0.05087|
20.000 19.953 -11.253 -11.25 0.02666
25.000 25.119 -13.141 -13.14 0.00761
31.500 31.623 -15.088 -15.09 -0.01326
40.000 39.811 -17.102 -17.1 0.011695
50.000 50.119 -19.228 -19.23 -0.0104
63.000 63.096 -21.581 -21.58 0.004634
80.000 79.433 -24.385 -24.38 0.020504]
100.000 100 —-27.931 -27.93 0.00358
125.000 125.89 -32.371 -32.37| 0.003089
160.000 158.49 -37.551 -37.55 0.002663
200.000 199.53 -43.176 -43.18 -0.00926
250.000 251.19 -49.017 -49.02 -0.00612
315.000 316.23 -54.952 -54.95 0.00364
400.000 398.11 -60.925 -60.92 0.008207
500.000 501.19 -66.914 -66.91 0.005978
630.000 630.96 -72.91 -72.91 0
800.000 794.33 -78.908 -78.91 -0.00253
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2. Frequency Response and weight factor of Weighting Filter as acceleration input

WEC Filter Weight in Acceleration
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<Fig. 8 Comparison of a theoretical acceleration and a measured acceleration (y-axis
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<Fig. 9 Comparison of a theoretical acceleration and a measured acceleration (y-axis
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Error Rate(dB)
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<Fig. 10 Error Range and Acceleration’s Error >

Error curve is in a upper and lower threshold line within band limiting frequencies.

<Table 3. Combined frequency weighting, defined from 1Hz to 80Hz, in one-third-octave bands>

Frequency WBCombined Weight Tolerance

TRUE Nominal Factor W, dB dB

0.1000 0.100 0.015800 -36.03 + 2
0.1259 0.125 0.025100 -32.01 + 2
0.1585 0.160 0.040000 -27.96 + 2
0.1995 0.200 0.062900 -24.03 + 2
0.2512 0.250 0.099400 -20.05 + 2
0.3162 0.315 0.156000 -16.14 + 2
0.3981 0.400 0.243000 -12.29 + 2
0.5012 0.500 0.368000 -8.68 £ 2
0.6310 0.630 0.530000 -5.51 + 2
0.7943 0.800 0.700000 -3.10 + 2
1.0000 1.000 0.833000 -1.59 + 2
1.2590 1.250 0.907000 -0.85 + 1
1.5850 1.600 0.934000 -0.59 + 1
1.9950 2.000 0.932000 -0.61 + 1
2.5120 2.500 0.910000 -0.82 + 1
3.1620 3.150 0.872000 -1.19 + 1
3.9810 4.000 0.818000 -1.74 + 1
5.0120 5.000 0.750000 -2.50 + 1
6.3100 6.300 0.669000 -3.49 + 1
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7.9430 8.000 0.582000 -4.70 0 0
10.0000 10.000 0.494000 -6.13 + 1
12.5900 12.500 0.411000 -1.72 + 1
15.8500 16.000 0.337000 -9.45 + 1
19.9500 20.000 0.274000 -11.24 + 1
25.1200 25.000 0.220000 -13.15 + 1
31.6200 31.500 0.176000 -15.09 + 1
39.8100 40.000 0.140000 -17.08 + 1
50.1200 50.000 0.109000 -19.25 + 1
63.1000 63.000 0.083400 -21.58 + 1
79.4300 80.000 0.060400 -24.38 * 2
100.0000 100.000 0.040100 -27.94 + 2
125.9000 125.000 0.024100 -32.36 + 2
158.5000 160.000 0.013300 -37.52 + 2
199.5000 200.000 0.006940 -43.17 + 2
251.2000 250.000 0.003540 -49.02 + 2
316.2000 315.000 0.001790 -54.94 + 2
398.1000 400.000 0.000899 -60.92 + 2
501.2000 500.000 0.000451 -66.92 + 2
631.0000 630.000 0.000226 -712.92 + 2
794.3000 800.000 0.000113 -78.94 + 2
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3. Frequency Response and weight factor of Weighting Filter as velocity input

WE Combined Filter in Velocity
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<Fig. 11> Velocity Weighting Factor

<Table 4> Velocity Weight Factor in Human Vibration

Velocity Weighting
True
Referen| Calculat
Frequency(Hz) Error(%)
ce ed

0.0022

0.1995 1 0.00223 -0.679
0.0043

0.2512 9 0.00438 0.150
0.0087

0.3162 0 0.00868 0.260
0.0170

0.3981 0 0.01701 -0.053
0.0325

0.5012 0 0.03246 0.135
0.0589

0.6310 0 0.05889 0.025
0.0979

0.7943 0 0.09779 0.115

1.000 0.147 0.147 0.313

1.259 0.201 0.201 0.040




1.585 0.260 0.261 -0.196
1.995 0.327 0.327 -0.028
2.512 0.402 0.402 -0.055
3.162 0.485 0.485 -0.035
3.981 0.573 0.573 -0.037
5.012 0.661 0.661 -0.024
6.310 0.743 0.743 0.013
7.943 0.813 0.813 -0.021
10.000 0.869 0.869 -0.036
12.590 0.911 0.911 -0.033
15.850 0.941 0.941 -0.001
19.950 0.961 0.961 0.003
25.120 0.973 0.973 -0.042
31.620 0.979 0.979 -0.035
39.810 0.978 0.978 0.026
50.120 0.964 0.964 0.037
63.100 0.925 0.925 -0.014
79.430 0.844 0.843 0.118
100.000 0.706 0.705 0.201
125.900 0.533 0.531 0.439
158.500 0.370 0.366 0.959
199.500 0.244 0.240 1.635
251.200 0.156 0.153 2.103
316.200 0.100 0.096 3.856
398.100 0.063 0.059 6.184
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Velocity Frequency Response
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<Fig. 12> Error between theoretical value and measured value
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