Specific Research Reports of the National Institute
of Industrial Safety, NIIS-SRR-32 (2005)
UDC 621.879:614.8:313.1

3. EHIEE O/ NUfERRIRER S I 2LV — & OFAFE*

WA e PR

3. Development of a Small Sized Simulator to Simulate Hazards
in Excavator Accidents*

by Kiyoshi FUKAYA** and Takahiro NAKAMURA**

Abstract; A large excavator simulator for research was developed, and the research on the operator's actions was
done. On the basis of these experiences, a small PC based simulator was developed for the safety training. This
simulator has a front screen with 6 planes, 8 projectors, a driver's seat on a motion base, and PCs that generate
CG images and control the system. A set of 4 projectors is used to project 4 images to 6 planes for one-eye, and
2 sets of projectors are used for stereoscopic viewing. The aim of the simulator is to give simulated experiences
of excavator accidents. A turnover accident in driving on a slope, in loading to the truck and in running over
uneven surfaces can be experienced.

The performance of the small simulator was evaluated in comparison with the large simulator. Occupied
area of the system is considerably reduced. The brightness of screen images is improved and the images can be
seen with illumination, which means this system can be used in an ordinary meeting room. There is some defect
in uniformity of the brightness of screen images because of the complexity of the projection, that is, projections
with 8 projectors to 6 planes. The ratio of the area of the projection image in the visual field is nearly same as
that of the large simulator. The degree of freedom of the motion base is reduced from 6 to 2, but the expressive
effect is sufficient for this content.

The performance of the new characteristics of the small simulator was also evaluated. The simulator has
flexibility in the projection system, that is, capability of reduction of projectors. A projection system of 2 images
is possible, but the expressive effect will be reduced. The system is portable, because it can be disassembled, but
it is difficult.
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Fig. 2 A nuclear power reactor simulator.
FEFIFI 2L —200

EETIED LT, R ICERME 2 R FHah°
b, INHIE, EPCEIrb0THY, Fomn
TNEd 5035, falEtkd Dk v,

F7z, ERE GERIRE, MEOHE) 2w, E
BeEHWIARBIRBE fTbN T\ b, B, 1
HIFEIZBWTIE, BEWifzmo7onNT v b2 il
THREILL), 70— 03F 2L REEE5 2
EDATbNTnE, Thd, L2t ftl) .

23 YIalL—4%HHATIESE

REDIFEIZBNTIDEI Y IaLb—F %G
M35 LDFE %2 TFITRT,

1) Hifgs s L) ekl rBHETE, $72,
HigE KB TE %,

ABEHZH > TO D05 v, FELTWD
FERL TV ARWnhT, BREFREANOIICIEN IR E
RENHBELEEZONL, o T, HgD PR
&, HEOHR LT L ETHEMEEDbNS,

2) R EN D,

EIIEHET I ORI 2L =2 a AR
THHD, bzt N—F ¥ VB Ial—%
T, COfEBREEHITONDS, EoT, L) EHA
ATEBIRDOY I 2L —2a b REE b, £
72, FOMMIZHEE L CTHMETLRYEE S,



PREIAE O/ NG BRER S 3 2L — % OFI%E

3) MU HBETE S,

MR FECICTAIENTELDT, METHREL
S CTHRDBELME TS, 72, INFEI R OFHE O
729121%, JEHEHEFR—Ch LI EDUETH S,
4) FUOBREERDVEDTH b,

TN & VW72 HUE T O ) XA
B b, W HENI K BT ISHEN - Imic s A
DT, ZTONEFET%R 520D D ELT % EB I
B35 2L TE B, HHTIIMO CHEETH 5,
YIal—2arTho, WIEOBEREEY Y E
ZAHTET, R T VHITE & I2 WHTE OY)
DEZIIESHTH S,

5) FEA& OS2 I ZMICHETE 5,

FEOFETIZBWTIE, FEOMEIZL > THA
DIEREEIIRL D, ERRICBWT, ZO00HED
FEZHETH-0IREVEBESELETH S DS,
VREHWAY I 2= a 2BV TIEET VS
ZAHEITNE, oL eAEOREbWEEL & 5,
6) HERLFRO I TRETH 5,

HEIBWTEEIAERTH 505, B SEHRIRER
WBWTH, HEFHR2RE L THESZHEET 2
CLEHNEETH D,

FEREE VTR 2T O %6, € OBRELH
REDLZEIFILT LIRS TIE RV, EROB) X8
AT T ETRETHIEETRETH HH, A
FRE &N B, —F, VRICEBY Ialb—Taribid,
BEZ LS L TR, #Er S OMEO 2 %53
WAL HOME EHHLTRAZELTEETH 5,

24 HHIE IAL-20EHR

R B BT HERE CREARW) 12X 5 9E1IF, B
HEREIZOWTE W (Fig.32 M), 2 CTHIREIHKIC
L5 KEZERIEDLEKL FI24 5 (Figd4z ) .
COINTHKENLWEHIETHY, BEYHE & FELIC
HMPGIEAEEZ ICRBRAS N TV ARSI REN,
512, FERFEREEBRE OGS LD o TV AT
HbH, INLDOILEFERELT, HHIFKOKE % L0
R CEDHEWERKE IV -V ER%E L,

3. /NEGFIEAERES I 2L — 2055
3.1 MEAKRED I1L—20OHE

NI Y I 2L =% DL L % o 72 KEIORf5E
FIEIRE S I 2L — 7 OBEE R 5,

1204 Y FORBAZ ) = 2THERD X912
FiiE L, Eing OB HOHEmEIEONE L)
IZL7z (Fig.b2M), Zhud, $mHIBEORE TIEE

Fig. 3 Kinds of fatal accidents in construction industry.
BERICH T BRTKENDIES (FH15F)

) PR ) N

gy By BY N

49% it R
gy Y R

8 NN

y y IR

e I NN

0 50 100

Fig. 4 Kinds of machinery involved in fatal accidents.
BRI DR DTEERIFE T K E (FR158E)

Fig. 5 Large size simulator.
KB I L—2D5E

BEBWET D2 RENL N0, BHEEDOBNDEE
KNEARDT-OTH B, T2, MHEHLIEEE
7972012, ERIZOoOWTIE, ET22HNAZ ) —
YO LT, 70, L, HHEkEL L,
BB - EBREOEPEE SN B NEHIT LT,



PEELR LM ZEFTF B 7E e NIIS-SRR-NO.32  (2005)

TEEE (2, EREHML B EL N — S RE L,
FER L FAREOBAE TS ORI OEREDTT 25
Iz T2, IR I EREE O EICRELT,
I\ SO B T FE kRS O AR O 2 5 2 Bt L 72,

F7o, BT HUBOER, LN—SDEEDO A
N R OEIZEE ORI, FF9 74 v 7T —7
F—avEMHL,

3.2 /MBS IS L—ADEEHH

KBy I2L—FiL, FFFITKERAR=-ALH
WDEWTZ LBEE T HDT, HEIIIER 2 EEH
VBEE Db, T2, BROA )= ~\Ofa Eh/z
RIS TH LD, F D7D\, iz T 74
VI = IAT = arw b B@e$h, Tio, B &
DETVBLE—arN—AIEBRETIEH L7, K
EWDT, ZFEAZ) = LI KEULDEIR & 7%
S TWh, ZO3KIE, BN DEZEATL ETO
gL L, HEINHHELTLAEAIN LD,
CO3FEERLICERZMZ, MOEEIETELRY
RS Bl ) FEET, REFL B L2,

Rt st e LTiE, RN G KB oL 0% B
B4, —ERE 2 BT A2 & T/ L 2 ET A 2
bOTH L, SHIZ, /MUMLOF] & A5 LT, Frit
DHFFENENFLAATHEHTHZLIZOVTHEE
L7zo F/2, AEDLDEE AL HLTAHZOIZ, F
B U CHBEL L7 D TR L 2 BV AT L% O
EL7ze BRI, DTl E2ZEL,

(1) BEBROIRTRIE, A L REIZL S,

Q) MEBHROIRIE, A27)—V R ET A,

(3) B DRI, HEILFE OB FEHREE L BRAERRBEIC L B,
(4) TR ZTREE T4,

(5) KB CRR L3y 7 VBT T4,

(6) ZiE A — Z1Z3m X 3m X 2.5mPAN & T4,
(7)PCR—=AD VAT LET D,

(8) ByFREEE LML T %,

(9) A7) = OB AHAF1208, $YET0ED L ET5,
(10) ATtk % F5 729 %

(11) Y AT LRERL SRR ICET I REE T 5,

4. NEIFISRAERIS I 2L —4F
41 NERY 2T LOBE

Bk OREI eI E, MY 32 L — 5% B
L7z KDL DOHEDEEEHT (6) 55 (9) TH
BH, KELDL DL g L7z 3% 7 A4 % Table 1 71
T (10) 122V TIE, AT THRELZ, (1) 12D
TIdBik 4%,
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