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MR R OMEEE (3£30) : Manual operation by skilled technicians is still indispensable in
custom-made industrial production and high-mix low-volume production. This
research deals with the newly developed virtual environment skill training system, in
which a trainee is given discomfort feeling when he/she manipulates machines and
tools inappropriately. Experimental results show that the developed system is effective
in avoidance of hazardous manipulation and accomplishment of safe training.

SR ERE
(AL : 1)
(RSN RSN & &t

2010 RS 800, 000 240, 000 1, 040, 000
2011 4 2,000, 000 600, 000 2, 600, 000
2012 R 500, 000 150, 000 650, 000

FRE

FRE
# 3, 300, 000 990, 000 4, 290, 000

Wrges5 8 - L5
BFE DO FL « MIE - B 5, ARERE S - B AT &
XF—U— R RNR—=F X LU T UT ¢, BWRTAE - EETS, A AT A

)7, (RAREREERIEREFIMRIL, FIFEEhED
RPHIEMTLLEBELIVENLTVD & IX
SRV, Tihbb, BETHIHIN-OILE

1. WFFEBREAE 4 FI DA 5

ARSI EE BT O EERGHE B SN T
WD B D —DITHRREFE N & 5. FRREAIME
RO T T 51O LE R L Y BRI k3 2 BRI A A, 188K & AR
2O 2ITIE, EOFEEAED IR UMY - & VEE(E2T 5 TICEBLTLE > AN D
B D 2 ENARAIRTH Y, AR FREEA 5.

ZFENEEK IR RO RRICEBRTX LY IR ICB W TERZZRNTH D Z &
—/LE LTHff STV 3. RN IR R T A I BRI L D




BHRELEREINTVWDED, BEREZEHD
HIZIZIEEENOREEFETH S, #allE O
BRESICHTIEF =2 a VRN ETh
X, fElRIcxE T 5 BIREAMEL TH, Fn
D OB R D 5, BHEITETEF -
I R RN AY & [ Al [0
LTI EbZ 0. F0 LD
TRBRRNEE Tt LT, ] 5 00D 515 CRRERK
FEHDHIENTEIUL, ABRERERHERERN
Y AT AOFRAMEIIRENICEE D &5
5.

2. WEDBK

TER DRAHBR TR REFIH S A 7 AT E
WT, fERRZIRICIT - TIEW T 7
1E - BfEICK LT, 2 05E, E9°KHD
WIEISCFRERICE 2B RIIBH STV 5.
Thbh, A, RERE, EORWRE
DEFRHANHN TN, L, FbiE
VLB IRVVERR L 1372 0 2. KAFZET
&, fEfRZIRI A, fERRPEIL VDS, R
BEREEZ 5252 LIk &L+ 5
AR, FOMEEKRETS.

3. WHEDTTIE

KB LT HERRIIIEE, T EL, %
B OIFEBL IR E 2 B 7o (2B 5 &
LB, BB SN TS DO BHE, &
M %, AREEFHEEE L, BFRE & FIC

L DEEON— T 2T 3G, BET 2.

o aE AN, &F IF R RS T
HEBRAT 1Z K 2 ARG SR 21T\, 1824 72
REEHRT D505 AT, 20k, R
R Sk ST s LN Y AN R s 1=
VAT AZHEA L, < OEBREIC X HIEE
D, ZOAEMEERFT 5.

4. WK
(1) AR RS & 0D B 58

PHFE L7 VR FEREFIRRS 2 7 L2 4 11
R RN EEN LSS AT LT

%1, T ORPMEDOHERIIR AKX Tl 5.

E T, HRERE O IR T B AT O L Re LM A
& A AT ot 72 HAEZE O HREFEAM A &
OBMRERRE Lz, X 21X, fHecag,
bbb — RERO Y (KIE) 7R,
U< 7 $hE) HiEdERzZE, 7—27HK
HEORMEE AE &0, KRR B OSMERA
EEE-oTLEORRERT. K5 mE T
WZIXE VBB B 0, R AT A3 HRE
AR THD Z ENHER SN

[ 312, VR B H LIS 2 T L& wd .
R AT DTSR Z Z A NT WA, 32
TEE 2 ZIZRFITHEE L3I AT AT
H5.

Leaf springs
with strain
gauges [

motor o

Linear'guide

X1 fii% VR PRI AT A

B Standard deviation in Y-coordinate (R=0.624)
— + — & Standard deviation in Z-coordinate (R=0.900)
- = = =¥ Number of failures (R=0.927)

0.6 0.0 ; : Yyl
Multiple correlation L7
coefficient - R=0950 .79

0.7 02 w2

o
o
=]
S

L]
o
=
o
S
Number of falures

—
—
[

=
o

Standard deviation in Y-coordinate mm
Standard devialion i Z-coordinale mm

—
(]

6
1 2 3 4 5 6 7 8 910

Point of actual welding

—
=]
=]

4 2 VR ECRERHINAE & SEMESEBRERIAME & oD
BfR

X3 VRAEHH LIRS 27 &

FEEOH <V EED VR IIZIE, LLRIEE
LT RAEHEAE L ARIR SR T 4 AT LA &
v A7z B L, AL K41
ZONBERT.

ol

Handwheel ) 0 >
e \'\" '/ ah

i
R oy e |

N
S~
code

4 VR e < 0l AT A



(2) R 2 1 D B %

AR RHE RS 1 2 FREBE S L7, — i
T 4 A7 BURENE — & B O T R IEEN R
EHEETHY, MITRREFLEETHD.

%%m,wmzf&ﬁ%@ CHNIRE) 25
T2 DT, HEOHEAEIM & R THRRIY
K%&t%%,%<®W%%i§%AE%L
L EITHROBARMEZER LD Z LR ESN
7-. £, REFEIL 3s BNEYTHDB k
Hiomodz. X5 IIAEE 2k <Y FilfEE
kﬁhébﬁtk%®@ﬂﬁk?%ﬁ®%
fRZmd. RPREIINE D B o LI TRE

fili L, SIEIDOABIRHZ LRI L TRV,

CORRPBELZ B AL IR RIRE A
H 2, S o288 2k T 5 KO 725
WAREEZADND.

200

©

—B— Cutting forc
—o— B /a ratio

@
1=}

Cutting force (I
a 9
o o o
o N £ o
B /a ratio

14 7 10 13 16 19 22 25 28 31 34 37 40
Time (s

5 <O ERERFOGIHIT) & ANPRIE O BIAR

HBEHDORRTFHFEEERIL, ~y FARTH
6 OL 7RO %w%% fErRT5H0
Thb.

L Wt

Fu.:'.a-':y N iz

X6 FE LIEARGEEEE AT FLofl

B 4 FEERE L, #RE OB ReREmic
KO RBRENE -T2 3 DDOEEE, REIC
SHEENVWEEITT U HA LR EZIED LD
L7z, KT, HiRRBEMERE 2 R ITAT
YTl 2 OEERBEFERRB LUK
R DB R 2~ IBERRRIC BB S T
Tml&, ERRETIN, oIz, R
Pz A2 U7 WIESLI TOFEBRFER /R LT
W5 REREI VTR B R S T
FEETH Y, (EERFME, KEEHEE HIT/hS

WIE D BEEEREWZ EERT. KA RS L,

ARG 2 I % & R BIEE 3 RME (34

D0, EERRITRS R ZENDND.

140 %

B Task with normal sound

2
120 O Task with uncomfortable sound

100
| ] v

80 -

o
o
L]

.
o

Operation time [g]

[
O =KW R LG ®O o0 O

=

W Task with normal sound

O Task with
uncomfortable
sound

1]

[l
N m
3 4

Average value

Failure number

6

Number of task

X7 RIS EE F IS 2T
5 & X OIMEEL & VESERER O Lhig

(3) A3 U BRI TWW%%TTéWl%
<Y EIfE S 2T AT, APIREN
%ﬁﬁAbﬁtﬁ@W%#ﬁwwﬁ%IS
. VEITHERE 16 4% 2 BRSO, —
OIS THEHME T 5138 k&
{Ipolzb &, ThbbfE/iclEe Liz L
[CARPRE 248~ L, 5 ORI/ 7
BERFIC B IEE 2 foR B9, R 10
HOFR Y IEEE TR L EOBREE TR
7. KOMERNIIEEZ R Lz (RIRET7I
FhiTX7n) WA SR, MRENIEER S A
R G, MIRD T LA HAEESR TR
W25 ELL ODWBRENEITH LIk
L0, WEIAHOR LT2E D ST 2 g
HMNBNZ Wb Dh. 2D L, HEE
L7c Y AT AMERR7eEREA LRE L, &2l
AT DI=DICHERTH D EHEHI SN 5.

9
* =
s
- x *
* *
s
@ Without vibration

4 I B With vibration
3

1

0

12 s ] 708 9 10

No. of task
B8 RNRARENFE R OF M LD PR
oo L

No. of subjects

Wﬁnﬁ%@ik@
TEAEICBT D EREIEEEXISR L L



T-5FED VR JIis AT 2% TLHELED
2, RHREEEREEZBE L, T 2lEe
5D EICE T, A 2R B ER AR PR
EAEEF IR T DI AT LB L
-, R LT7- AT AR AWV EEERTIT
WM TIEH DN, BE LIV AT LADMERKR
IRPER AR L, LRI DT DICHR)
ThDH LR TE-. AR EIT, FIREEE
g, fERAEPE D EZEITHd D VR Fifgis 2T
LADOERKIZEBT HbDEFZD.

5. BRI IE
(WFFeAR . BFgey s R OV 724 1
=Y

CdERSRR 0 (B3 1F)

OB e, fh 34, HighEfficiency
Skill  Training of Lathe Boring
Operations by a Virtual Reality
Environment, Proc. of 2012 IEEE Int. Conf.
on Mechatronics and Automation . Z#t
. 2012, 285-290
DOI:10. 1109/ICMA. 2012. 6282856

QR EEHE, 24, EREIZX D
oD BERRE R O mRE R AR, H AN
—F ¥ VI T VT 4 FEwmCEE. AaiA.
16 % 4 &, 2011, 533-538

QP MEEFH M, {4 4, Discomfort-
Inducing Warning System by Auditory
Stimulation., Proc. IASTED Int. Conf.
Technology for Education, & aif . 2011,
16-23

(FasR) Grer)

DR, NEEHE, th34., VRICK D TE
BHREAIE OB RAGICEE T D HFZE. A AN
—F XNV VT VT 4 FRRE, 201249 A
12 H, BILERAKRTRE

OA—, IEEHRE, a4, FEEOV
RIS AT MBI HIIROZE, HAR
N—=F X LU T VT 4R RE, 201249
A 12 B, BISHEAKRTHEH

OB, IEEFHHE, 24, AEEREEICE D
FIAHEHRE ORI, BARNN—F ¥ L
U7 VT 0 FaKRE, 201149 H 20 A,
NSRRI

OFEE—, JEEHLE, 24, MERTIE
ORI LERED VR s 27 A, AR
AN TS BRI ARE, 2010 4F 12 H 4
H. MR A &

O, S, IEESRE, 24, VRIZED
FEMEVERENFR S AT L& VT2 B RE R
ek, AAAR T3 EXIAS.
2010 12 A 4 B, HERZ SRS

OHIFEANGIT FBARERE, JIEEFS I, il 2 44,
AR E AW TEMEA O E
AR, HARANM T SBREGH RS, 2010

HF12 H 4 B, HERTF &S WS

6. HWFZEALG
() WFgeEH

g FHHE (Kato Hideo)
T-HERY: « KPPt TAARZERE - #0%
Fge &&= 1 80 009711
(2) ey

L
(3) NI

L



