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Development of Multi-axis Vibration Evaluating System (MaVES)’

Atsushi KANDA™!

Abstract

The MaVES (Multi-axis Vibration Evaluating System) is able to measure automatically three directional vibration

characteristics of objects in non-contact and analyze modal characteristics and operating deflection shapes. This system consists

of three laser Doppler sensors, a 6-axis robot and a control software. This paper shows system specification, functions,

measurement procedures and an example.

Keywords: robot, laser, vibrometer, modal characteristics, ODS
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BRI ENLFHH > 2 7 2 DDMS (Dynamic Displacement
Measurement System) % % L Ty 7= (Fig.1.1) . DDMS
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Fig.1.1 ByRIZEAIEHI S 27 2 (DDMS)
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Fig.1.2 Z@biREhIEHAR B BRI 27 & (MaVES)
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Fig.2 MaVES DOHf ik

ZOfM,1999 Flze ARy MM 2 Ea— 2 O E
A B R 2002 FElCu Ry MilEFSRED SR E YE1T 9 72
L, B RSP REN EA2fToCT& 2. LRy
BRI L—H—& o —RIKOHRE - PEREIC DV T
FAF YD EE TH Y, FHINCK T 2 E RO KIC
R D ENHEZ o TEZ LT, EFIC X
AR EA RN Z 78 2008 I FSE FiEH &
1R LT,

Bk AT BN, Z OB ARG AT A D
EFIZ KD R EADNHFET 5 X 512/ -72 2004 4
SIET R A T2, %k AT AT, WSRO IERM - A
EHEHA & D B A BEBE U, S S ICRHIMERE - BERE A 1)
EEEr 2B E L., 2O E, mN RS I,
CCD # A7 # AW T2k T — & VEREh A% D LI O
VAT AL ENTSRER 2 T2, ZhIREIIEREAL O B)
> A2 7 4 MaVES (Multi-axis Vibration Evaluating
System) 7% 2010 4E 3 Az L7z (Fig.1.2) .
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2. VRTLOWME
2.1. AT LDERK

MaVES I I RENFFE OGN RN & TEAT 5 1291
3D AF v = /IREFE o —ERE 2R v b
INLOREERMSEL2HEGY 7 hu =T, E—F L
ATy 7 b =7 b EN D (Fig2) .3D AF v =
VTR, B o LE S e Ry b B HOVRAT Y
Z AU 2T EERENAIAGTH O WML L CHEAT D
ZLENARETHD.

3D AX ¥ = ZIEHHIE, COVATLADaT LR
LAY T, L—F—ic kv 3 fmoREE (mahimm)
Z WM £ 7o IR IR TR T E D, EENED Y 7
ho=7 (PSV Y7 box7T) 1280, RSO ED
O EH T — 2 O KR, ERBEATRERORRE TEITD
TURAMER, B —HoI 7 —%HHTHZ LT
—EDOT YT DL —FRAXy U E2ITOMELZR L TV
D.

o —frEfl#EH e R v M, 3D Ax v = JiE#EE
DO Y —DOMERDEIT I 20O T — LBIO 6 fili &
aRy N CThHDH. ERDOLIICEHOEB TR U —%
Ty hT RN, BV —2m BN EICfHEIC
'Yy N T HZENTES,

MAEY 7 b =71%,3D AF ¥ = ZIR#FH L R v
N OEENE R S D 2 & T, KW O FHELE O R H)
ZFAHBTHATE A L2927 DD Y7 =T Th
5.

T—HNVRNTY 7 b =T 1%, 3D A ¥ v = JIRENG
(BIOery—f@Efl#e Ry NFEEY 7 Fo=T)
128> TS L IRERE T — % 2 €, & — RifT
EFOTDDY T N 2T ThDH.

2.2, EAOLHEA

REF T, L —Y—k oV —ZHOTIEHL T D
PERIROIRENEE #3252 & TfFH. L—F— K
TIT=REEMAL VDD, L—F—ofil i oiR
FEE DR TE 5. MaVES T, 35D L—H¥—+&
Y —H IR B R NE D ICEETHZ LT, 3 M
OIREHEZ R L, K FMORSZEETHZ L TX
Y, Z DERT 2 3EOREHE A FHITE DA TH
D.

FEARPNC 1 BIOFHAT ALE O 1 A0 3 Hh )7 iR Bhis g
ZEHMTELN, v —DL—HF—DRAF v =0 J
REROCTEEOHMAEZIBERA Xy 352 & T#H
Bt R OGN ATiEL 22D, L—F—DAF vy =T
X, B —ICHBEDO AN 2 T —EFE &5 L
THEHELTWD., I 7 —OFEIFENTHIIL, 2R v

FBEXORBHOHA Y 7 b =T 242 2 & 72<

3D AXx ¥ = ZIEBFOLTEBFH B ATETH 5.
LV IRWFEFH ORI L CiE, By —& i L T
by N T L TEIAIETND. ahy FO
@, —DAF vy = THERE, T— X DIV IAL
R S AN D> T Y, S L LTIAWE
PRI 8 5B OF MR EZ BECHIT 5 Z LR AHRELE 72
STWD.,

EHICL—P— P —ICiE CCD I A T HRNE SN
THY,PC Lzt T A B4R A L CHHLE 2 B T
BRETDHZENTED. MLy —ICHNRONE =
= b (Geometry Scan Unit) % T > ¥—2 5 1E
MECTOREEZFHNT 52 T, ol y b O EEE)
HEHE Lot o — OArE PR 4 JRI, FHALE O AR %
ATz EnTE D,
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3. VAT LM
AETIEEN—RFT =T,V 7 MU =T IZOVTCEEM
TR

3.1. 3D RF¥ v =V JiRENE
L IRBNGT DAL

3D A%y =2 7 EEE (Polytec #-#d PSV-400-3D-H)

X, Fig.3.l I3 &£ 212, 3 & ® Scanning Head
(PSV-1-400) , 3 & ™ Controller (OFV-5000) , Junction Box
(PSV-401-3D # J U8 PSV-E-408) , Data Management

System (PSV-W-400-3D,Fig3-1 TIXHLIZ PC & FEoR) 75

MR Ehs, 2hboiso 95 H, 3 /0 Scanning Head
(Z4LE 4 TOP, RIGHT, LEFT) [ZR i Tl =% & > 4 —

MLEFIE 2 AR > b7 — A s (Fig3.2) , 7%

D OBEIILT v 7 IZUiiEhTna (Figd3) . & L

L T Scanning Head ¢ Zifi X % Fig.3.4 [Z7~7.

Scanning Head i3 Controller & 45 % {5t < v, L —H—D
TRH & 226217 5 7235, 4% Scanning Head (21d CCD 5K
@ Video Camera AWK I AL TW5. &I, TOP @
Scanning Head 13 Geometry Scan Unit (PSV-A-420) A3EX
DFIFHHRTNS.

Junction Box (37 F v 7[5 P EZNMAEFD AT %475 .
PSV-401-3D |£ 4 AJ14 73T % 73,PSV-E-408 I 2. %
ZETEDLITAANBIES Y, fFE T8 AL 4L
o TWN5,

Data Management System |, PC3 L OVPSV V7 F 7 =
7 B RERL S 4, Junction Box & DT — X DEZ(EL, &
T —% OB ELT S .

Scanning head
TOP

Scanning head

Controller

CCD AAZ
L—Y—RlRst
(Top >/ H—IC )

Fig.3.2 Scanning Head

Monitor

Keyboard

PC

Junction Box PSV-E-400-3D

Junction Box PSV-E-408

Controller
TOP

Controller
LEFT

Controller
RIGHT

Fig.3.33D A& v = JiREF Ok (7 v 7)
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Table 3.1 Standard Applied

e Laser IEC/EN 60825-1:2003-10
[ e ) safety (safety of laser products, complies to
—— i US21 CFR
1 g 1040.10 and 1040.11 except for deviations
kzj;@! | “"]a pursuant to laser notice no.50, dated 26
B— = July 2001)
T Electrical IEC/EN 61010-1:2002-08
spEme safety (safety  requirements  for electrical
e equipment for measurement, control and
i@ © li g Hn laboratory use)
O e [ F ] EMC IEC/EN 61326-1:2006-10
i@ 7 %% (EMC requirements on Emission and
“_ T ° Immunity  electrical equipment  for
o e g measurement, control and laboratory use)
# 8 A L 17| £ \L/ Emission:  Limit Class B
bd i neTaen / IEC/EN  61000-3-2 and
o ol = ‘ 61000-3-3
|l — Immunity: IEC/EN 61000-4-2 to
L B | R 61000-4-6 and IEC/EN 61000-4-11

Fig.3.4 Scanning Head ® — X

3.1, 2. IRENET D LR

BEGHCET STV D EHEE Table 3.1 2R,
Scanning Head 3 X Q'L —4 — 4 1 4 — K> Geometry
Scan Unit @ L —#— (%, & L 2 243 400nm %> 5 700nm
OFPHO AR TH IR ImW R ch b2, L
— = HOLLIUETH S EN60825-1 (23T laser
class 2 IZHEIND. ZHUT,EHEEFENSBICA-TH,
FIREFOEISIZ I H~OREWR R D L
~ILTH B,

Controller ™ {1:#§ % Table3.2~3.8 |2, Junction Box D1t
¥k % Table 3.9~3.13 |2, Data Management System O {1:4k %
Table 3.13~3.16 (2, Scanning Head M {14k % Table 3.17~
3.22 R T

Table 3.2 Controller OFV-5000 (General Data)

Mains Mains voltage 100 — 240VAC+10%,
Connection 50/60Hz
Power max. 100VA
consumption
Fuses 2.0A/slow-blow
Safety class | (protective
grounding)
Ambient Operating +5°C — +40°C (41°F
Conditions temperature — 104°F)
Storage —10°C — +65°C (41°F
Temperature — 149°F)
Relative max. 80%,
humidity non-condensing
Housing Dimension 450mm x 360mm x
150mm (197,
84HP/3U)
Weight 10kg
Calibration Calibration every 2 years
recommended

This document is provided by JAXA.
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Table 3.3 Controller OFV-5000 (Digital Interfaces) Table 3.4 Controller OFV-5000 (Analog Signal Outputs)

RS-232 8 data bit, 1 stop bit, no parity; VELOCITY Output swing max. 20Vy.p

baud rate: 115200Baud; OUTPUT Output nom. 50Q

cable to junction box: 2 x 9-pin Sub-D impedance

jack, Load resistance min. 10kQ (-0.5%

null modem cable (cross-wired) additional error)
DIGITAL OUT | TOSLINK output with S/P-DIF Overrange typ. 90% of full
Optical standard indicator scale
DIGITAL OUT | TRIAX output with S/P-DIF standard threshold
Electrical DC offset max. 20mV
External special interface for an external digital SIGNAL Voltage range 0V - 3vDC
Decoder displacement decoder (not used) Load resistance 210kQ

Table 3.5 Controller OFV-5000 (Decoder Specific Properties - Velocity decoder VD-08)

Measurement range 0.2 0.5 1 2 5 10 20 50
[mm/s/V]
Full scale (peak) [m/s] 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5
Frequency range
fmin [HZ] 0 0 0 0 0 0 0 0
fmax [kHZ] 5 5 10 10 20 20 25 25
Max. acceleration [g] 6.4 16 64 256 640 1280 3200 8000
Frequency response
0.05Hz — 3kHz [dB] +0.05 +0.05 - - - - - -
3kHz — 4kHz [dB] +0.1/-0. | +0.1/-0. - - - - - -
4kHz — 5kHz [dB] 3 3 - - - - - -
+0.1/-1 | +0.1/-1
0.05Hz — 7kHz [dB] - - +0.05 - - - - -
7kHz — 8kHz [dB] - - +0.1/-0. - - - - -
8kHz — 10kHz [dB] - - 3 - - - - -
+0.1/-1
0.05Hz — 10kHz [dB] - - - +0.05 +0.05 +0.05 - -
10kHz — 14kHz [dB] - - - +0.1/-0. | +0.1/-0. | +0.1/-0. - -
14kHz — 20kHz [dB] - - - 3 3 3 - -
+0.1/-1 | +0.1/-1 | +0.1/-1
0.05Hz — 11kHz [dB] - - - - - - +0.1 +0.1
10kHz — 16kHz [dB] - - - - - - +0.1/-0. | +0.1/-0.
16kHz — 25kHz [dB] - - - - - - 3 3
+0.1/-1 | +0.1/-1
Resolution
frequency-dependent <0.01 <0.01 <0.02 <0.02 <0.02 0.01 - 0.2 - 0.04 -
[um/s/v/Hz] <0.005 | <0.005 <0.01 <0.01 <0.01 0.04 0.08 0.2
typically [um/s/v/Hz] <0.02 <0.03 <0.05

Frequency-dependent

phase -107 -107 -105 —49.3 -33.8 -33.8 -8.7 -8.7
shift pp (typ.) [°/kHZz]

Signal delay tp (typ.) [us] 297 297 290 137 94 94 24.3 24.3
Calibration error [%]

Ty = +5°C — +40°C +1 +1 +1 +1 +1 +1 +1 +1
(Tu =41°F — 104°F)

Linearity error [%)] <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Harmonic distortions [dBc] <-50 <-50 <-54 <-54 <-54 <-54 <-54 <-54
Spurious signals < -60 <-68 <-74 <-80 <-83 <-86 <-90 <-90

(non-harmonic) [dBFS]

This document is provided by JAXA.
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Table 3.6 Controller OFV-5000

(Decoder Specific Properties — Velocity decoder VD-09 )

(Part 1 of 2)

Measurement range 5 10 20(LP) 20 50(LP) 50 100(LP) 100
[mm/s/V]
Full scale (peak) [m/s] 0.05 0.1 0.2 0.2 0.5 0.5 1 1
Frequency range
fmin [HZ] 0 0 0 0 0 0 0 0
fmax [kKHZ] 100 250 250 1000 250 1500 250 1500
Max. acceleration [g] 3200 16000 32000 128000 80000 480000 | 160000 | 960000
Frequency response
0.05Hz — 50kHz [dB] 0.1 +0.1 +0.1 +0.1 - - - -
50kHz — 100kHz [dB] +0.1/-1 | +0.1/-0. +0.1 +0.1 - - - -
100kHz — 250kHz [dB] - 2 +0.1/-1 +0.1 - - - -
250kHz —1MHz [dB] - +0.1/-1 - +0.2/-0. - - - -
- 5
0.05Hz — 100kHz [dB] - - - - +0.1 +0.1 +0.1 +0.1
100kHz — 250kHz [dB] - - - - +0.1/-1 +0.1 +0.1/-1 +0.1
250kHz — 1MHz [dB] - - - - - +0.2 - +0.2
1MHz —1.5MHz [dB] - - - - - +0.2/-0. - +0.2/-0.
5 5
Resolution
frequency-dependent 0.01 - 0.01 - 0.2 - 0.02 - 0.04 - 0.04 - 0.07 — 0.06 —
[um/s/v/Hz] 0.04 0.07 0.08 0.25 0.2 0.35 0.4 0.4
typically [um/s/~/Hz] 0.02 0.04 0.05 0.12 0.06 0.18 0.1 0.2
Frequency-dependent
phase —7.45 -5.54 -5.8 -3.2 -5.4 -2.94 —4.54 -2.94
shift pp (typ.) [°/kHZz]
Signal delay tp (typ.) [us] 20.7 15.4 16.1 8.9 15.0 8.16 12.6 8.16
Calibration error [%)]
Tu = (25£3)°C +1 +1 +1 +1 +1 +1 +1 +1
(Tu =(7745)°F)
Ty = +5°C — +40°C +1 +1 +1 +1.5 +1 +1.5 +1 +1.5
(Ty =41°F — 104°F)
Linearity error [%] 0.5 0.5 .5 0.5
Harmonic distortions [dBc]
0.05Hz — 100kHz <-44 <-52 <-52 <-54 <-52 <-54 <-54 <-54
100Hz — 250kHz - <-46 <-46 <-46 <-46 <-46 <-54 <-54
>250kHz - - - <-38 - <-36 - <-38
Spurious signals <-83 <-86 <-90 <-90 <-90 <-90 <-90 <-90
(non-harmonic) [dBFS]
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Table 3.7 Controller OFV-5000 (Decoder Specific Properties — Velocity decoder VD-09 ) (Part 2 of 2)

Measurement range [mm/s/V] 200(LP) 200 500(LP) 500 1000(LP) 1000
Full scale (peak) [m/s] 2 2 5 5 10 10
Frequency range
fmin [HZ] 0 0 0 0 0 0
fmax [kHZ] 250 2500 250 2500 250 1500
Max. acceleration [g] 320000 3200000 | 800000 | 8000000 | 1600000 | 9600000
Frequency response
0.05Hz — 100kHz [dB] 0.1 +0.1 +0.1 0.1 +0.1 +0.1
100kHz — 250kHz [dB] +0.1/-1 +0.1 +0.1/-1 0.1 +0.1/-1 0.1
250kHz — 1MHz [dB] - +0.2 - +0.2 - 0.2
1MHz —-1.5MHz [dB] - +0.2 - 0.2 - +0.2/-0.5
1.5MHz — 2.5MHz [dB] - +0.5/-1.5 - +0.5/-1.5 - -
Resolution
frequency-dependent [pm/s/vHz] 0.13-0.8 0.1-1 0.25-2 | 0.25-2 05-4 05-4
typically [um/s/vHz] 0.15 0.5 0.25 0.6 0.5 0.7
Frequency-dependent phase —4.75 -1.35 -2.10 -1.34 —2.57 —2.14
shift pp (typ.) [°/kHZz]
Signal delay tp (typ.) [us] 13.2 3.76 5.83 3.73 7.13 5.95
Calibration error [%)]
Ty = (25£3)°C 1 +1 +1 +1 +1 +1
(Tu =(77£5)°F)
Ty = +5°C — +40°C 1 +15 +1 1.5 +1 15
(Tu =41°F — 104°F)
Linearity error [%] 0.5 0.5 0.5
Harmonic distortions [dBc]
0.05Hz — 100kHz <-54 <-54 <-54 <-54 <-54 <-54
100Hz — 250kHz <-54 <-54 <-54 <-54 <-54 <-50
>250kHz - <-38 - <-36 - <-38
Spurious signals (non-harmonic) [dBFS] <-90 <-90 <-90 <-90 <-90 <-90

Table 3.8 Controller OFV-5000

(Analog Low Pass and High Pass Filter)

Low Pass Filter

High Pass Filter

Filter type

Bessel 3rd order

Butterworth 4th order

Cutoff frequencies

5kHz, 20kHz,
(adjustable)

100kHz | 100Hz

Frequency roll-off

—60dB/dec = —18dB/oct

—80dB/dec = —24dB/oct

Stop band attenuation

> 70dB

> 70dB

Table 3.9 Junction Box PSV-E-401-3D (General Data)

Mains Connection

Mains voltage

100 — 240VAC+10%, 50/60Hz

Power consumption

max. 100VA

Fuses

3.15A/slow-blow

Safety class

| (protective grounding)

Ambient Conditions

Operating temperature

+5°C — +40°C (41°F — 104°F)

Storage Temperature

~10°C — +65°C (41°F — 149°F)

Relative humidity

max. 80%, non-condensing

Housing

Dimensions

450mm x 360mm x 150mm (19”, 84HP/3U)

Weight

9kg

This document is provided by JAXA.
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Table 3.10 Junction Box PSV-E-401-3D (Digital Interfaces)

RS-232 (TOP, LEFT, | 8 data bit, 1 stop bit, no parity;

RIGHT) Transfer rate: 115200Baud (for PSV-3D);
cable to the junction box: 2 x 9-pin Sub-D jack,
null modem cable (cross-wired)

USB Universal Serial Bus Type B;
cable to the PC: 1x USB Type A, 1 x USB Type B

Table 3.11 Junction Box PSV-E-401-3D (Analog Signal Inputs and Outputs)

VELO TOP, VELO LEFT,
VELO RIGHT and REF

Input voltage range

+100mV — £31.6V, adjustable in the software

Input impedance

1MQ parallel with 100pF

Input coupling

AC/DC, adjustable in the software
AC —3dB cutoff frequency: 3.4Hz

Overvoltage protection

+42V (against damage)

Operating modes

Single-ended (initial state)
Differential (adjustable in the software)

IEPE Mode (ICP®) REF

Sensor supply

nom. 4mA/24V, IEPE compatible (ICP®)

Lower cutoff frequency

0.02Hz (-3dB), with DC coupling of the REF

input
Time constant 10s
TRIG IN Compatibility TTL
Input voltage max. +5.5V
GATE IN Compatibility TTL
Input voltage max. +7.0V
AUX IN Compatibility TTL
Input voltage max. +7.0V
SIGNAL1 (SIGNAL2, Output voltage swing max. £10V
SIGNAL3 and SIGNAL4, | oytput current max. £5mA
only PSV-400-3D-H) Output impedance 50Q +10%
Short-circuit protection | Permanently short-circuit proof
SYNC Compatibility TTL
Output voltage HIGH min. 4.35V(lout =3.5mMA)
Output voltage LOW max. 0.4V(lout =5mMA)
AUX OUT Compatibility TTL
Output voltage HIGH min. 2.4V (lout =15mMA)
Output voltage LOW max. 0.5V(lout =64mA)
S-VIDEO OUT Video signal (Y/C) 1V,.,/75Q

Table 3.12 Junction Box PSV-E-408 (General Data)

Ambient Conditions

Operating temperature

+5°C — +40°C (41°F — 104°F)

Storage Temperature

-10°C - +65°C (41°F -
149°F)

Relative humidity

max. 80%, non-condensing

Housing

Dimensions

482mm x 303mm x 23mm

Weight

1.5kg

This document is provided by JAXA.
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Table 3.13 Junction Box PSV-E-408 (Analog Signal Inputs)

REF21, REF22, REF23 and

Input voltage range

+100mV — £31.6V, adjustable in the software

REF24

Input impedance

1MQ parallel with 100pF

Input coupling

AC/DC, adjustable in the software
AC -3dB cutoff frequency: 3.4Hz

Overvoltage protection

+42V (against damage)

Operating modes

Single-ended (initial state)
Differential (adjustable in the software)

IEPE Mode (ICP®) REF21,

Sensor supply

nom. 4mA/24V, IEPE compatible (ICP®)

REF22, REF23 and REF24

Lower cutoff frequency

input

Time constant

10s

Table 3.14 PC PSV-W-401-3D (General Data)

Mains Connection

Mains voltage

100 — 240VAC+10%, 50/60Hz

Power consumption

max. 350VA

Safety class

| (protective grounding)

Ambient Conditions

Operating temperature

+5°C — +40°C (41°F — 104°F)

Storage Temperature

~10°C — +65°C (41°F — 149°F)

Relative humidity

max. 80%, non-condensing

Housing Dimensions 450mm x 550mm x 190mm (19", 84HP/4U)
Weight 18kg
Table 3.15 PC PSV-W-401-3D (PC Configuration)
Processor min. AMD Athlon™ XP3000+; 2.6GHz; 1GByte
RAM

Hard disk drive (HDD) | > 120GB

Operating system Microsoft® Windows® XP or 2000

Network connector Ethernet

DVD recorder

Refer to manual of the manufacturer

0.02Hz (-3dB), with DC coupling of the allocate REF

Table 3.16 PC PSV-W-401-3D (Data Acquisition)

Data acquisition board 2 X
PCl-4462

Input channel 8

Resolution 24bit

Maximum bandwidth 80kHz

Internal function generator PCI-6711

Output channel /simultaneous) | 4

Resolution 12bit

Maximum bandwidth 80kHz

This document is provided by JAXA.
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Table 3.17 Scanning Head PSV-1-400 (General Data)
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Laser

Laser type Helium neon
Wavelength 633nm

Cavity length 204mm £1mm
Laser class 2

Laser power <1lmW

Electrical Data

Power consumption

approx. 25W (average value)

Carrier frequency

40MHz

Ambient Conditions

Operating temperature

+5°C — +40°C (41°F — 104°F)

Storage Temperature

-10°C - +65°C
149°F)

(41°F -

Operating altitude

max. 3048m (10000ft)

Relative humidity

max. 80%, non-condensing

Housing

Dimensions

Refer to FIGURE 7.1

Weight

kg

Table 3.18 Scanning Head PSV-I-400 (Optics)

Front lens model Long Range (LR) Mid Range (MR)
Focal length [mm] 100 60
Minimum stand-off distance [mm] 350 40
Aperture diameter (1/e?) [mm] 10-11 2-6.6
Spot diameter (typ.) [um]
@ 100mm - 31
@ 200mm - 41
@ 500mm 33 73
@ 1000mm 43 132
@ 2000mm 147 255
@ 3000mm 222 376
@ 5000mm 368 624
@ each additional meter plus 74 126
Visibility maxima 99mm + (n - I);
n=0, 1, 2 —; I=204mmz=1mm

Table 3.19 Scanning Head PSV-I-400 (Visibility Maxima)

Visibility Maxima (in mm) for I=204mm

99 1731 3363 4995 6627 8259
303 1935 3567 5199 6831 8463
507 2139 3771 5403 7035 8667
711 2343 3975 5607 7239 8871
915 2547 4179 5811 7443 9075
1119 2751 4383 6015 7647 9279
1323 2955 4587 6219 7851 9483
1527 3159 4791 6423 8055 —

Table 3.20 Scanning Head PSV-I-400 (Scanner)

Type

Servo-controlled

motor

galvo

Maximum deflection

Horizontal: £20°
Vertical: £20°

Angular resolution

< 0.002°

Point stability

< 0.01°/hour (after warm-up)

This document is provided by JAXA.
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Table 3.21 Scanning Head PSV-1-400 (Video Camera)

Video system CCIR/PAL
Sensor Color CCD 1/4”, 752 x 582 pixel
Signal-to-noise ratio > 50dB
Zoom 72 x (4x digital zoom)
Lens F 1.4/f =4.1 — 73mm, auto focus, auto iris,
18-fold
Angle of view (horizontal) @ wide end: approx. 48°
@ max. tele end:  approx. 2.7°
Minimum stand-off distance @ wide end: 10mm
@ max. tele end:  800mm
Minimum illumination 3 Lux (F 1.4)

Table 3.22 Scanning Head PSV-I-400 (Geometry Scan Unit PSV-A-420 : General Data)

of the two laser beams.

Laser Laser type Laser diode
Wavelength 620 — 690nm
Laser class 2
Laser power <1lmw
Accuracy of the measurement distance | +2.5mm
Max. distance between the focal points | < 5mm (20)

It will not be necessarily measured
in the focal points of the laser
beam.

Ambient Conditions Operating temperature

+5°C — +40°C (41°F — 104°F)

Storage Temperature

—10°C — +65°C (41°F — 149°F)

Relative humidity

max. 80%, non-condensing

Housing Dimensions

Refer also to FIGURE 7.3

Weight

0.6Kg
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Table 3.23 O/ DTk

Type KR 150-2
Maximum reach 2,700 mm
Rated payload 150 kg

Suppl. Load, arm/link

arm/rotating col.

50/100/300 kg

Suppl. Load, arm + link arm, | 100 kg
max.

Maximum total load 550 kg
Number of axes 6

Mounting position

Floor, ceiling

Variant Cleanroom, Foundry
Positioning repeatability +0.06 mm

Controller KR C2 edition2005
Weight (excluding controller), | 1,245 kg

approx.

Temperature during operation

+10°C to + 55°C

Protection classification IP 65

Robot footprint 1,006 mm x 1,006
mm

Connection 7.3 kVA

Noise level <75dB

[ D E

Volume
F G

Work envelope Dimensions®
A
3,100 mm

3,450 mm

2,700 mm | 1,875 mm | 825 mm

1,788 mm | 1,100 mm | 55.0 m?

Fig.3.10 =R > ko A B[

This document is provided by JAXA.



16 FHE 2T TE DR SEREAE BT TE DR 78 Rk

Fig.3.11 & v kDl

Table 3.24 ORy FDEED O] HEF & EHE

Axis data Range Speed with rated
(software) payload 150kg
Axis 1 (A1) | +185° 110°/s
Axis 2 (A2) | 0°/—146° 110°/s
Axis 3 (A3) | +155°/—119° | 100°/s
Axis 4 (A4) | £350° 170°/s
Axis 5 (A5) | +125° 170°/s
Axis 6 (A6) | +350° 238°/s
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Pn:gr.'lm un moce: =00
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4.1. EHRIDORN
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7T, BARy MO LENRENRESEOBRIEELTT O
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Select "Focussing Dwing Scan™;
Save Saltings
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4.2, FHAIZESR
4.2.1. K L EHRIBBRDORE

ik L OGRS 2 = E T 2 kO R EICH
TeoTE, v ARy hO B Z BB L TT 9.

4.2.2. MaVES Qi ®)
2Ry bOEE) : mARy MHIEZE O ER A ON
W95 L, BIERE TREOAREEIZIE IR T 5.
DA ¥ v = JIREF OEH) . LEFTEH LW
RIGHT® Controller D & 22 ONIZ L (3DFHIM A 1T
WA DO AL OFIEITATE) |, RIT
Junction Box (TOP®Controller& —1{K) O EJE %
ONIZT 5. IBICPCOERZONICT S, Zhb
#ONIZ9 5 &, Windows EC,PSVY 7 b =7
BLORoboViIDY 7 MU =T AEB TEDH LI
A

4.3 RERDETE

HFERDOREITIL, Preference®FRE, 2D7 7 A A v
NDFTE, 3DT T A AL NDOFRE, BaseEAERD ¥ ¥ U
TL—varndbd. MaVESTIL, 3EDOL—HF—E
= DI A 5G5S AT O EONLE D D HEE D
700mmEEN AL IE IR E RN S L Z LR BE LT T
ARAVRNT—=EZBRHEIN TS, kLY —0
FXIEZEBAEEETDHIET,2D7 74 AV b
FODTFTA A NOREFTREL D, Base/EiE R
DFEXY T —2a AlONTHRHITARETHS.

4.3.1. PSV O Preference %
PSV ¥ 7 k7 = 7 T Preference ® % & % 1T 9
(Setup>Preference) . Preference OFHEY 4 >~ NV %
Fig.4.2 lZ7r7. Z®D 9 L Devices ¥ 7 ClZ, Scanning Head
EEHEHT 202 THROLIICHET D,
* PSV-E-401-3D : 3 5 (TOP, RIGHT, LEFT) #f#if
+ PSV-E-401-3D(1D) : 3 B & k#3523 TOP DA%
5
- PSV-E-401-1D : TOP O % % fii Jf]
F 72, Channels % 7 Ci&, IREEHORIBNIZEHER T2 T x
IV AR ET 5. Scanning Head % 7 Cld,Scanning Head
\ZxF 9 2 REMI 2R % E 21T 9. FFIZ Head Angle DR EIZD
WCIE, MaVES Tl 3 5 ® Scanning Head O H Y £ 1) 23
B SIVTHENIE > TE Y, Top:0°, Left:270°,
Right:90° & L TR /E9 5. Geometry % 7 ClZ, Hidden
Points DHELEE D FHRCEREO BB HEORE LT .
dB Reference # 7 Cl% dB D HEHEZ %+ 5. Messages ¥
TCEHERTDIVAT LA v E—VOFREET).

21

4.3.222DF7 54 * 2V FDERE
U AEE EO Vv —YOME LY EEOBER FIZH
LZUV—FOMEEEILHICT T4 AL NELTD
(Setup>2D alignment) MEEAZBLE L TWHET A
Wi (Fig.s.3) T ML LOEEOMEICL —F—% <
TADPRE TR ESE, LB S TND
ME~<TUATIRET 5. 2% TOP, LEFT, RIGHT 4% L
—P—lcox, T 6 AU EEET L T2D T 7
A A NEIT) ENBEETAEBG ET AT )
7 LTZJRIZ 3 2oL —F =R Ehb Lok sd.m
Ry bZ&2 5841, RoboVib ¥ 7 F 7 =7 TREHD
TIARAY T =2 AT 5720, ZOHEBIRT T
FTORTIIRETHD.
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Preferences Preferences
Devices | Ghannels | Scanning Head | Geometry | dB Refersnce | Messages | Devices | Charnels | Scanning Head | Geometry | dB: Reference | Messages |
Hidden Paints Galculation
Junction Box PSV-E-401-30 .
= PEW-E-401-3D 40, " Tolerance for Calculating Hidden Paints: al mm Fecommended
Device |PSv-E-401-1D | GComection [ Addvess | Warning | =
PV 3D Multipleszer USE 7 Typical Distance between Scan Points: 5042 mm
Vibeniter Gontipller liche Al Note:  Tolerances considerably larger than the recommended value can
Generator Internal v lead to lone caleulation times.
Camera PAL (5-Videal s Top ~
e e Gk UsB T Automatic Caleulation of the Focus Values
) = [FlCalculate Focus Values Automatically
Calculate Focal Length Calculate
Scanning Head Focal Length of Lens Infinite Focus Position
Top: mm
Left: mm 2826
Right: 9843 mm 2818
Lok J[Fetn [ ~nF | o J[ &k ][ ~nF ]
Devices # 7 Geometry # 7
Preferences X Preferences X
| Devices | Channels | Scanning Head | Genmetry | dB Reference | M | Devices | Ghannets || Scanning Head || Geometry | 9B Reference [ |
Sl Pl | Vibrameter ‘ Giobal 0 d8 Rsferance (Used for all Palytec Fradusts)
1 Yibrometer 20 Wik 20 20 Vibrometer Controller 0 dB Reference for the Active Document
= : 5 i (s
2 Reference 1 Refl c d
3 Reft Mot connected
1 Ref22 [T Quantity 0 dE Reference [ Unit [~
5 Rei2d Not connected citlah 1 [méss 3
5 Ref2d Not connected 1 [rad L
t Acceleration 1 rad/s?
1 radis
1 m
1 A
1 H &
o J[ &t J[ g ] o [ = [ g ]
Channels % 7 dB Reference % 7
[ X Preferences X
Devices || Gharnels | Scamning Head | Geometry | dB Refersnce | Messages | Devices | Ghannels | Scannine Head | Geometry | dB Refersnce | Messages
Scanning Head: Head Angle ®Ehow Alk
) Warnings
Preferred Sean Directior: Top: [ =
e [ 1 6l
Focus Sharpness: 1 Left 2m B e fions
Pan-Tilt Control O Right : [#] Suppress Massages for Automation (Scripting)
[JLog Messages
H-Direction  Y-Direction % &
Flip Mideo:
Geometry Scan Unit
Offset X -0071 | Offset ¥t -0122|* [ Current Position
Dffset Distance mm
Signal Level 100 2% Signal level threshold for optimal measurements
Lok J[Fetn [ 7 | o J[ &k ][ ~nF ]

Scanning Head % 7

Messages ¥ 7

Fig.4.2 PSV @ Preference 7 > K
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Fig.4.32D 7 F4 A kO

43.3.3D7 T4+ bDEE

W E Ik 0 JEAE SR DR E & FE) 1T 5 (Setup>3D
alignment) . EEOHFA LTI oD L —F—% 1 ST —
B &0 5 FURLLX Bl 5L Bl 5 [/ O 1F O pU5E % 5 E
LC R A2 RET D (Figdd) . Ry ka5 HE
%, RoboVib ¥ 7 FU =7 TREFDOT 74 A T —
AT 270, ZOHEBIZRTFE TOREITHE
Thb.

s,

o Y R
.Il Phe

Fig.4.4 3D7 74 A kOB

4.3.4. Base EERDF v TL—>3a Y

BasefEfE A DX v 7 L— g %, 2R v hDBase
JERE R AR ET HToOIZITH. BaseBiER* vV 7 L
—varOVU—7r 7 —%Fig.45Z~ 7. Base TR D
X7 L—a ILLBEC (BaseEIERICHE S\ TE) B
BLEAEE SN elik a2, aR v Moxk L8 &
VG AICRKRE 2R ENH 5. 2L, Base B3R & & v
V7 L=y a il LV ERLET T CiREOHNAD
HEZRIENTEL72DTHD.

W EOFHREORRE Z BAM T 256 2 i IE ARH
IR T BasefEE A DX v U 7 L—r a3 VIFARETH D,

1 F¥VIL—TarRBar FORE
R EIC4ROF Y VT L—va VRSV b
HETH. 20O &L XA —ER R X
HN2T 5
KX VT —valRAy NOEEBERD D

2 Vv—Y¥—%ER~BE
PSVY 7 7 = 7 T,acquisition mode®3D
AlignmentiZ A %
Select and Check Point% %474 %54 5
U A b D) Dalignment pointz 27 U >~ 7 L, L
— =% R ~BEHT 5

B mARy hTuTTLADIEMR
nRy h7a T AEHBICH (Figd.6) . 72
Br 4 —F W, Fa s T AEAeT
START_PSV_MOVEMENTS®4T & PTP HOME ™
1ITOMICFIRT 5.
3IODL—F—=NIEHEDOF Y U T L—a VRA
VYL LY ey hERBEISE 2Ry
MIEZT 4 —F 7T 5. Z O EEIEIX
PTP (Point-to-Point) ®iff L 4%, 7r /7 A LT
Ry TT v TFTHPTPA T4 7+ —HIZBWN
T2H 7 LBICEET DRy MIEOLFRIIBL
LT 53T LAHITEARHE LA T AHBLUS
HTLART 7N OFEFE ET D (FigaT)
FEVIHDOF Y VT L— g VR A v MIRL,A
VIA T —LD2HT LB OLMEENTEN
B2,B3,B4L LT, 7 4 —F &+
2Ry b Ta s T AR RET D

(4) BaseX v U7 L —v = DFET

RoboVib Y 7 v = 7 ®Preferences T, 7 4 —F
THEHROORy NTa T T ADT AT T AN
AT 5

Setup > Base Calibration% %R L, Base Calibration
v R (Fig4.8) .

AEDOF YV T L— a3 ViR A v NOEEE NT)
95 .Base EEARANFHE I, a Ry har ba—
T—ICHARE SN D . 2T LD, m ARy | DBasel#
E % ChH HBASE[LINEH S D
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Comments

PSv Comments

AD-Alignment

T “Sedect and Cheds Point
Lasar Crigin Salect first akigrment paint
froem Nst

Lasers inleract an
callbration point
{Point on object with known
soordinates)

FUIKA “Ciparating and
ramming Inatructions”

Chapter 8.0.3
ER=E =

Use Too(1). Base(0] |

Base calibrafion requires
exacily o paints in total;
if using fwo mbols, fwos
pasitions can be teached
for mach mobot

After chamging the BASE
coordinate sytem, the paths
of the rabsal ane aulomatically
changed.
Ewan If thene were no
colisions before,
wilh 1h& new BASE
coordinale system,
collssions can oocur!

Fig.4.5 Base Calibration®V — 27 7 1 —
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File Program Configue Monitor Sefup Commands | Technology Help

10%
=

X &

KRCHR1PROGRAMITESTZ SRC

Ln7, Calo .

C.J Time  [no. [ Souce | Message [ ] s0x
(I} 7543. 1355 KCP  Sta
i, 7554, 200 KS Dii

Num || Cap |8/ [l A TEST2

|[1P= 7|/ 72 || HOV 502 || Robovib || 7:55 AM| <,

Chenge | Matin Logic | LeaCmd | LineSel | Touchlp | MaviGarom |

Fig.4.6 oy h7w /7 A

pTP =|[B1 | =|vel=[100 %[PDAT

Fig.4.7PTP £ > 5 A > 7 4 — A

Base Calibration [x]
Fleas e enter coordinates of $6ASE calibration poinks {in mm})
x ¥ Z

[BL
$WORLD 7 -2286 B57
$BASE [ 0 [ [ [ [l

Bz
$WYORLD -7 prcicic) 389
$EASE | [l | [ | [l

B3
FNORLD -129 -2352 364
$EASE | [ | [ | [

b4
$WORLD -167 -2Z286 B53
$BASE | [i] | [i] | [i]

o] o |

Fig.4.8 Base Calibration 7 ¢ > K5

4.4. ORy FMIBOTA—F Y

HE RS W CeRy hZ2E8INTHAIC, THrAR
v MiEEZT 4 —F 7 LCuRy h7us T LElEk
THBERD L. Ry MIBEIZONTIE, 3 BOL—
— o — DI A S AT O L E ) D TRE I
700mm B 7B ICHERIR R B 5 L O ICRET D (SIN
ERF Y = T OFPHD/RT 2 A5 700mm % HE e
23D T A A NT—ERHFESINTND)., L—H—
Tt — PRI O E IR A Fig.4.9 IR T

700mm

Fig.4.9 & ¥ — & Ik o7 & B AR

1) vARy NTaT T AOHBER

F4—F R F L NTC,rRy N a ST AETHAE
K95 (Fig.db 25M) BT 4 —F L JWFZ, 70
Z A% 4T START_PSV_MOVEMENTS ® 4T & PTP
HOME OiTOMICFERT 5. 728, W 2hoHT7 7
Ol I RIGEIL, AL Ta T ALYy T Ta s
TLEROHT e /7 I 7L aRETH D,

@ vRy MIBEOF4—F 7
TA—FXUF MY Ry MiEET —F
7% 5. O EMESEIX PTP (Point-to-Point) &h1E &
LPTPA LV FA L T4 —AICBWT 28T LHICKRET
LuRy MIEOAHRILIEEIZ ML, M2+ - - &9 5.3
BT HATZEAE LA AT AEO Tool FEFE R % Tool [1]
L L,5%4 7 L H O Base JEfE R % Base[0] & 5. 723,02 K
v N EMERIROE AR LT 2 E A BERE LRI

EIbRONY I—onRy MIBEZRET2HEAND5.

Zo%ED PTP BIEL T84 T4 0 74— AL
WCuaRy MIBEOLHIZPLP2: « - L, E5HIC3H
7 LHIZCONT 245832 (AERTIEEL RN LD
FRE) JERERITETR O B o L [FEE, Tool FEEEA & Tool [1]
L L ,Base FEEF¥E% % Base[0] & T %.

BREBL—P— % EERICA X v o S CTHIATRE 7 fipH
DEREWHE LN Ry MiEET A —F 77
HZEMABETHD.ZNIEPSY VY7 by =T D~
~'m 77 A" ShowScanRangeAndZeroPos"
(Examples¥Macros¥ShowScanRanges.bas) % 3479 % Z
EWZEVATY . EITHIEEICL =R XXy Sh
L—H—DRFHEN IR TE D REL 70 5.

B) vRy NTuTTLERGFTD.
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4.5 EHAIRDERE

FEITFN 21T 9 REeREL, VA A MY GHUROE
B BAERT D L — W — D7+ — N R E AR
Ui d %.

(1) mARy MIEOBH)
T4 —F T LR aicaeRy NT—A%
B

(20 3DTFA AL FORE

TRAEFEITTLHZET, HiLve Ry MLEICx

LT3 774 A 1 2D 774 A hbET)
RETD.
RoboVib ¥ 7 7 =7 @ System Control 7 ¢ > N
7 (Fig.4.10) %P < (Setup>System Control)
Read Position 27 U v 7 L CHEDO 2R v MIE
T tdirte (RARIAENTERIRIND R Y ML
& JEAZE X, Tool[1], Base[1]D JEE RIZI 1T B JEAE

ThHD)
Set 3D AlignmentZ27 J >~ 27 LT3D 77 A A
FERET D
o Donirl 3
Systeml [ Resd Position | [ Set D Alienment |
Position:
System System
% -1.2 mm
i 530 mm
P 960.0 mm
B 9054
B 6676
G: -144
-

Fig.4.10 System Control 7 ¢ > K7

(B) YA ANV EIERK

PSV Y7 k7 =7 EC,CCD # A 7 OE# LIz, FHll
EAERL L T < MERLEE,
Geometry Scan % 32179 % & (Scan> Geometry Scan) , %
FHALR OB ZFHII L, YA A N RERT D, i
TA—F T LituRy MIESMFETIVUL, (1) 53)
R0

(4) 74 —NADHEE
ETCOFSERIRZDOI>BLEADO ETHZ U v
7 A = =2 ——Recalculate Focus Values
2T OFM A Laser Focus Status (23T
Calculated (272 > TV 2D 0 ERS
Scan>Focus during Scan (2 F = v 7 (FFHE L7z
Focus & H &2 5)

Bk JAXA-RM-10-010

(B) WET 7 A NVELRT

4.6. EHRIROREM

FHAR Z T L, 7« —F 7 Liza Ry Mgl
L, TERL7Z3HAE OEI Y M TAEATH . B TORHIAI
& LEHARTBEDN E 9 2 DHE AT .

(1) TSR DR E
RoboVib ¥ 7 7 =7 C, NI &MEOREEIT
(Setup>Preference) . §% i 1L Preference 7 4 > R ¥
(Fig.4.11) TITH9H, TDO Y 4> RIZiL General % 7
& Systeml ¥ 73 5. General % 7 Gl FRR D% E %47

D.

Scan Point Definition File : R EFE S Lk
ET 7 A NELRE

Quality Control Folder : #h’'E 2> b r— /L D7D
Ty ANERAFT DT AN ERRE

Maximum Angle of Incidence : itk HIC 24 7= 5
L—W—O KA (ERRER I OER T E b
— W= —LDRTAE) ZFE (Figdl2) . b
LUEBEOAENZ O E B 2 23561%, FHUARR
LT EnD.

Maximum Measurement Distance : #7672 & K
HEEOBE (Fig.4.13) . & LHEEROHEED Z Ofi
2 D5, FHART L En D,

Calculate Hidden Points : = > 7 7R v 7 A% ON
5 &, RoboVib Y7 N7 =7 NP A A NI D
BRI E W EENTLE S FHIA (Hidden Points)
EEHET 5.

Tolerance for Calculating Hidden Points : Hidden
Points (O HIiE (2 B #F A& AT 5. #FAEAE

X0 EWERRELC & 5 F1HAIARIE Hidden Points & fE
&n 2 (Figd14) . @ PSV V7 b7 =7 D
Preference DX E Y 1 > K7 D Geometry % 7 T#f
HULIEHRMEEZOEEANNTH (A3 LHEMH) .
Calculate 3D Edges: & OFHAIAAS 3D edge Liz®H
L0EFRESELIHEETTF =y 735, FHA A
s D IR L= =Y e 57 < 72 D ATHE
MM 5 mi% 3D edge &fIET %, Fig.4.15 (1 3D
edge EHIESN DA E SNV DHNIZDONT
R

Robot Settling Time before Scan: =R > F B3 7 4 —
F o7 SNIALEICEE) LT B EHIIBRE S
LETORBEHEZRET H. vAhy FOBE)IC
F0, B —BEOIRBZHE S LD GEIT,
REDILE D F CTEHNOBRGZE LY 25512
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W5,

Systeml % 7 CIX FiL DR EZ1T 9.
3D Alignment File : 3D 77 A A > NOERET — X
T ANERE BEIXT 74NV NOEET, &
DM EER.
Robot Positions File : 7 ¢ —F > Z W IZ/ERL Lo =
Ry N s S AEEE

Preference ri
“General | System |
Prevarstion
Scan Point Definition Fils: [ ¥Datakleatletinitrg: coi] B
Mesuurament Satiings Fulder WPwAOOVDATA (D Fobo ¥ MessSetiines =l
Quality Comtred Folder: D¥Fzbovbiuality =3l
Mgeimuie Al of bcderce )
Mugimum Measurement Distence V5|
[¥] Calculste Hidden Points
Telerance for Calculatin Hdden Poiete B mm
] Calulste 30 Eders
Heasurrmerd
Bkt Satting Time before Scar 0y
R
General % 7
Preference ri
[
Freparstion
0 et Files W Firbe il abenwll alen wval sl =l
Bobeot Pogitions File WEKr 1 S0 TWProgramiaapiens plane tre D
Messurament
[5] B5V Conrol Active
mmmhll Mame or I Bevitd Tl =
PV Gean Files Folder. WPEADONDATA WMMM D
[2] Pigbat Gonmral Active
gy O Pl toma o T i
Systeml % 7

Fig.4.11 RoboVib ® Preference 7 ¢t > K7

Fig.4.12 Angle of Incidence

Fig.4.13 Measurement Distance

Fig.4.14 Hidden Point

27
Iy
Distance
\i
B _Tolerance
\“
‘\
\\
\\

‘\

“‘ x ‘\\\O

No 3D edge

#

Fig.4.15 3D edge
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(2) fiEbT o FAT

HIE LT R SR I DT, BRI O R 24T

(Action > Prepare Measurement Settings) . 4T 234& 179
He, ATORSIE 1 SERITEHOVA A Y 2
R—=xr b GHULSEOEERE) 1ITHIY M TH i, Quality
Control Folder 33 & U Measurement Settings Folder |Z7% &
T ANPHER S LS.

FHALS A TR 580 24 TR RIT, Quality Control
Folder WIZHERR SN 72i%E 7 7 A /L"MPOS_ALL.set" T
R TE 5. &E LISk & IS La b CEHITT
AE &I S 7oL, ST A ARy MIE O4

(M1, M2, » + +) ERICAHEDOIA A Y 3 R—*
Y MZEID B THD. FHUARATEE &I S A7 FHRLE
X, BEDO YA A MY a2 R—x2 b (Table 4.1) ([2E1V
MTHILD. ITOR/RE LNV MY 3R —3
> Ol Figd.16 ([ZR"T. I 2 TRETHAE, FHH
ROEE, T SRIFOERTEEITS .

F A2, Measurement Settings Folder PNIZ 4 A kU
TR —R Y MEIERSNTZRE Y 7 A M- TH
FEH AT OIS,

=&

5] ANGLE TOL
=l

=m

[ MEASURED

[ HOT_REAGHABLE
[E] ANGLE_NOT_BEST

Fig.4.16 YA A kU 22 d—% 2 kO

JAXA-RM-10-010

Table 4.1 BEED A A FYaVR—FR2 b+

AR—R 2 M e

ANGLE_TOL FHA AT A (Maximum Angle of
Incidence D% E B & 2 T
%)

DIST_TOL FHUA TR (Maximum
Measurement Distance D% &

HEBEZTWD)

3D-EDGE FHHIR A S (3D edge & HIE S

nTuns)

HIDDEN MR A (Hidden Point & |

TENTND)

PRI (BENRA Xy =
T OHEFHAEH L TND)

NOT_REACHABLE

MEASURED AT RE 70 AR

FoRrLTWDHaAR Y MIEDD
IEFHIA A R Tod D (Maximum
Angle of Incidence D & &1l %
B TWD) B, thorRy b
AL B EHA AR GRE SRAIC G
W R BE 72 2

ANGLE_NOT_BEST

4.7, FHEIGHDEE
PSVY 7 R =7 C, IHREMRT — F MLV JA TS
72 EOFRGMEFRET S (Acquisition > Settings) % E
T LA,
General (— %% &)
Channels (JIITE T v %L DFEE)
Filter (AJIMEHDT Y X V7 4 )L H DFRTE)
Frequency (FFT I7E T o JE MG &)
Window (AJIME 5 D& DO E)
Trigger (VU HOFE) , SE (E 5 DL E)
Vibrometer (Decoder® % &)
Generator (77> 7 v a PR L—XDHEIE)
FastScan (FastScanil] & & — KD IE)
Time (Timeffll €€ — N DFEE)
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FHINC AW T BEERARIE, RATRS A Bk L 7k & 72 o
TEY, AE - B8 BEER - KERE (27T AR
THER ST A, EURIE, Ti ok TF ORIk bk
EEFL TV, 2B EROBIBEEMIC IHEH o v
REO AT OB S 5, KOOSR % Fig.h.1 12, i
RO = H X % Fig.5.2 12/~ 7.
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Fig.5.4 Y4 A RV
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T HHEED FRF Z 34 5.
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RIS AR I,

0-500Hz # ik TA 7 LT A #0%400 & LTV D (F

7V TR B 1280Hz, 4y fiRRE
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800ms/ 7 L'—A4) . MHEIF A=A BT XN (17 Lb—A
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5.6. ERRBENT
FRF OSSR (2 TORHLS DY) FRF) % Fig.5.6
2, EBREENT O R % Table 5.1 (237

33

VN
IZ30FEITHD. : e
Fig.5.6 &k HUs 2 BI%k
Table 5.1 SEBEFHT
g 1 2 3 4 5 6 7
“.
S a A | % S P

“ | N NN N N
A% [Hz) 10 31 48 58 89 134 176

i 8 9 10 1 12 13 14

| U A » » S ™> >
21N —~ B~ X o e
> e \ WE
8% [Hz] 188 239 291 320 338 383 4869
Table 5.2 &— Nf##T
&5 1 2 3 4 5 6 7
) 2 . } | S

21N . B w . p . ’\ ‘V__, L o=
JE % Hz] 8 32 45 63 89 134 176
MEERE [%] 6.09 3.06 4.19 10.22 0.73 1.09 3.56

&5 8 9 10 11 12 13 14
JAE [Hz) 188 237 292 320 337 382 469
IR (%) 0.45 1.87 1.12 0.30 0.95 0.26 0.63
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5.7. E— F#EH
ETOFHBSICHIE LT FRF BXOYE A N 2F
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— RfR#T 21T > 7=, Test.Lab o> A 4 + U % Fig.5.7 IZ,
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~ h U 2 2220, Fig5.9 35 & U Table 5.3 (27537, A AL AN LR
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Fig.5.7 Test.Lab EDO T F A VU Fig. 5.9 MAC ~ U 7 &

Table 5.3 MAC ¥ k1) 7 R
Mode 1 [Mode 2 [Mode 3 [Mode 4 |Mode 5 |Mode 6 |Mode 7 [Mode 8 [Mode 9 [Mode 10 [Mode 11 |Mode 12 [Mode 13 |Mode 14
Mode 1 100 | 15.041 | 40084 | 3942 | 0448| 0082 | 9.032| 2287| 12029 2373| 0.151 7133 | 8219 203
Mode 2 | 15.041 100 | 28.792| 5607 | 0059 | 41.452| 0.601 003| 6014 1522 | 0014| 4802 04| 0057
Mode 3 | 40.084 | 28.792 100| 20.88| 1437 4617| 9941 | 2249| 17959 | 0684 0.16 6.136 | 12221 0.136
Mode 4 | 3942| 5607| 2088 100| 1.882| 1.141| 1511| 2618 10.888 5.392 0.06 9315| 10017 6.014
Mode 5 0448 | 0059 | 1437| 1882 100| 0912| 4839 27.725| 2.155| 4942| 0241 0.125 1243 0581
Mode 6 0082 | 41452 | 4617 | 1.141| 0912 100 | 0244 | 0554 | 2415| 0029| 0006 0472 0277 0614
Mode 7 9.032| 0601| 9941 | 1511 | 4839| 0244 100| 2006 | 38893 | 14.639| 0021 5.147| 59.873 9.491
Mode 8 | 2287| 003| 2249| 2618| 27.725| 0.554| 2.006 100 | 0458 1248 0012 3374 1014 1.187
Mode 9 | 12029 | 6.014| 17.959 | 10888 | 2.155| 2415| 38.893| 0.458 100| 5.757| 0.765| 22018| 50.722 2.381
Mode 10| 2373 | 1522| 0684| 5392| 4942| 0029 | 14639 | 1.248| 5757 100| 0.142| 43495 1.164| 0064
Mode 11| 0.151| 0014| 0.16| 006| 0241| 0006| 0021| 0012| 0.765| 0.142 100| 0275| 0404 0.01
Mode 12| 7.133| 4802 | 6.136| 9315| 0.125| 0472| 5147| 3374| 22018 | 43495| 0275 100| 2174 0014
Mode 13| 8219 04| 12221 | 10017 | 1243 | 0277| 59.873| 1014 | 50.722 1.164| 0404| 2174 100| 8528
Mode 14 203| 0057| 0.136| 6.014| 0581 | 0614| 9491 | 1.187| 2381 0.064 0.01 0014| 8528 100
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