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Suzuki, Y. and Kanzaki, K.: Working efficiency of a remodeled excavator having an extensible arm mounted on
a small ground undercarriage assuming that the minimum operational stability required of the excavator is
secured. J. Jpn. For. Soc. 80: 8~15, 1998 This paper analyzes the energy consumption of a remodeled excava-
tor introduced in the previous report on the assumption that the minimum operational stability required of the
remodeled excavator is secured with consideration for the running resistance and driving force working on undercar-
riage wheels. By re-examining formulas for the static model of the previous report, we proved that if the moment at
each arm joint is intensified so that the arms press the ground, the operational stability of the excavator chassis is
enhanced enough to prevent the excavator from tumbling over. Next, the energy consumption of the remodeled
excavator for hoisting a load was calculated. In the calculation, the reference value of the resistance force of the
undercarriage and the running resistance and driving force working on the undercarriage wheels were varied and the
moment at each small arm was adjusted to secure the minimum stability. As a result, it has been clarified that the
running resistance of wheels has little effect on the energy consumption of the remodeled excavator, that when a
driving force is applied to undercarriage wheels the energy consumption rather increases, and that as the resistance
force of the ground undercarriage increases, the energy consumption is reduced.
Key words: driving force, energy consumption, operational stability, remodeled excavator, running resistance
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FIEE, 1996) & RIfRICL TiT-o7e $ b5, N, R, x,
Mo, M %2 EXBHFT A OAKE o OB LTERL, BE i
LA LTAE a» 55 EIFEEORTHO e T
15~21 %45 L R FHEEBIZDOWTEET 2, 3| LIFfEE
HEINZZANE— BB, BHO7 7 F 21 —F 535
AT 25— A MCBEAEIOAREE 20T X7 -0 A,
B, CEZ2DHFHICOoOWTDEHEE Pvi 202*R) % a o
5o FTESURE B, N3 2HEDT —005 v %
TRITEDOZANVF—HEE. M2 THENS
Q7* ). OBy 7Y rOARE RV TEHERES
WEVIiT5,
SEIOEEAE T, H>0 3 bbb EMEOBEDE
EICERBI I 2 N2 558, Bk EL & o cHigo
EXENC LV IHBINAZANF— Es2NZkbD% E
ET 5,
E1:E1.1+E1.2+E1.3 (H>O) (21)

C1
Ers= fc " HAC (22)

22) XA DOTESZEE C 3R EOFEHES C OfiiE % &
LTwb, Hig(1d), Qe)xX&Lb

H=(Cp+C,)-N (23)
HiZaeDZHRTH DD, BHRFEMBE TR CLOME
K-> TITD 128, sTRCEEEAREH W, T3V
F—HERITETR & Bk, W EsIE BT s MidER
DETHBAEEX 7(35a* ) # AV TEFHET 3,

V. BREEE

1. 5 & @A
T EBEEDIE f OFEFIZ -3 1, BT — X
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70 -
T
60 - R, ————
50 -
840 1 i
0 1
§30 1
£20 1 N £x-100
10 S
0 —— Ri—— T T P |
1025 20 A5 10 5 0 5 10
a (dog) fX0+100
B-3. S1&LEEOEE 2 ORFE

O, Ri:@ R0 A, NiIR&, fo) Bk, BIERTO folfxo)o
0=20°, Po=196kN, k=—02, Noun=9.81kN,

60
1 Pl’1 Qe -@Q -0 - D -0--0--0--g..g._g
80 Jo--onrTTY J—
40 - -
Ma )
g 30 1
<20 4. Ms °--.p ;
10 :’"'M'C """""""""""""""""""""""" :l'*"a"‘:‘; """
0 li%0 — . .
102 2 15 A0 s 0o 5710
a (deg.)
B-4. BHEIOE— A > b LT —OFEH
EER, M WA, M — 8, Mo ), Pr=Pu/lda/dtls

0=20°, Po=196kN, £=-—0.2, Nmn=9.81kN,

N ENRY—DOFEAER-4 IR, W RHEER
0=20°, FOEE P,=1.96 kN, HEHIZSOHEEOE A K
PURE k=—0.2, BEHIEDOPLST O EEEE Npin=9.81 kN
DFBEDLDTH 3,

TOFE (-3) Ti&, 1EEBD D a5/ 2 3%}
T LEEICE S a=10° 0 TREEEDTEL T
WE (HRTEERO fi=fio E LTRLE), 2D,
N ZHEHMEP FicEmo TLTE2BEL TV S,

T—A Y POFE (M-4) TIE, BEEAICH»P S E—
AYMNEBEFH B2 bDEDBKREL BTV,
DEVMOREIBIFEWELIZERZ R E— A2 Mo
T LI ZETHY, ZOMEMIZEDHEFNIZDONWT
BIFIEERTH oo Mc X y B—F L LTWB D, 1
HEP—EThD, FECLBELEEININNT—E, N7 —
P % BT A O3 & OHHE |de/dt| TH-> 78 P T
RUT. BRI UL SME - TOBOIEERE
&, Bikiziz AT OEERT £ TOESERPICHEKRL T
DWEEENERT—HREL{KoTWE, IhiE, AIET
R R RS ¥ LD LT 5AE LEMc B E— AV
FOAENTNTCOMEMICHK T 5728, 3 XTORT
R — B RETLLERH DO THS, COEELBE
BRINTOHEPITR—TH -7,

2. AERIZLIDZHEEIRILF—DLER

HEHERIFYAE & L MR T 28RO E
IANF—RELTCERINDLD, P.>0T kbbb P,

13
0.3 -
Ms:0
0.2 -
[ Ms:=0
0.1
PN LY
Po:1.96 kN, k-O.
0.0 , — 04 .
5 10 15 0 25 30 35
6 (deg)

BJ-5. MEEHE » OFFEFR  £20, Naun=4.90kN

Ay (Po, B)=(1.96 kN, 0) ; O, (1.96 kN, —0.2) ; (1, (1.96 kN,
—04); A, (392kN,0); @, (3.92kN, —0.2) ; B, (3.92 kN,
—04), OB LUV @EFLBD W T LRI (54K - wi,
1996) DFERT, EFEL Me=0 & LIz L SO D X8, s
#EdA, O, P,=196kN,; @, 3.92kN,

0.3
0
Po=3.92kN, k={-0.2\
-04
0.2
[
0.1 4
Po= 1.96kN, k=[-

0.0 T T T T .
5 10 15 20 25 30 35
0 (deg.)

K-6. HEHE ) OFEHER D £=0, Naun=9.81 kN

A, (Po, £)=(1.96 kN, 0) 1 O, (196 kN, —0.2) ; [, (1.96 kN,
—04); 0, (1L96kN, —0.4) : &, (3.92kN,0); @, (3.92kN,
—0.2); W, (3.92kN, —04),

=196 BLU'3.92kN DFBFITOWTHEEITI,
1) I o dg I EREN ) % 2 1 TS D KD B3
MAHBE T R=0

Nun=4.90 kN OBEDOHEFE 9 OFFEBREN -5 1
T, RICIE, RO I RTH (B - fls, 1996 © X-
7 5, Mp=0r LTCEHELLN>EM, BXUH%SD
B (V—F) 24 OMERE L 7 A hX—¥ OFtERE
WHiRL Tz,

P, DESKEWIE) BHEESIF OO, MEERED
BESB LD DR %220 TH 5, P,=1.96,392kN
WTFNOBE LB VILPIERT L DENKE LD &
FFELELETL TN, ZOEF P2 bDIZH~
% EINE W,

Me=0 DEEON>ER, BLUORKMOHAER L
N5 E, ££0, Nun=4.90 kN OEE O TR IHE DIF
R E RS> TW5, ZREBMBOHERRICOWTHE
THb, D%V, BEMEHHELIEETIE Ms=0 &
L7TAREL D S EHERIET T 50, KA L THNOER
BREREL L D ARGV E2RL TV 5,

Nuin=9.81 KN O5EDHFHEIE Nun=4.90 KN D55
EEEAEEDbLRWERE Ko (B-6), JHIZRE
P2 R T 5 720 B N OFERFE OS2, WE D
HTRERELLRDPOIIDTHS, ZHEIRL, ZEH
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14
0.3 -
Po:3.92kN, k= 0
/;L
0.2 %/ 04
& —
O’/O—/—_o
0.1 -/M’
0
Po= 1.96 kN, k={-0.2/
I -04
0-0 T ~—T

o0

10 15 20 25 30 35
0 (deg.)

-7, HER 5 OFFERRE D £=0, Nun=19.6 KN
ABEE-6 1AL,

0.3 -
0
Po=3.92kN.k={0.2
04
0.2 -
[
0.1
Y
Po:1.96 kN, k={ VY-
0.0 - . : : 04" ,
5 10 15 20 25 30 35
0 (deg.)
M-8. HEHEZE 7 OFEER  £20, Nun=4.90 kN

A, (Po, ))=(196 kN, 0): X, (1.96kN,0.2); +, (1.96 kN,
0.4): A, (392KkN,0): X, (3.92kN,0.2); +, (3.92kN,
0.4), BEASDHEH C 120 E LTz,

0.3 4

Po:392kN,Cr:0.2, k:{g-g

0.2 -
=
01 - =
00 . . , : : .
5 10 15 20 25 30 35
6 (deg.)
B-9. HEZE OFERR  £=20, Nun=9.81kN

ABIRR-8 IR, 772U, BAEss Y\ C, =02 L1
HREZTRT,

BEICERE S > THEREINT VWS Nan=19.6 KN OFE
(B-7) 1%, BN DEPIAVNES WIF EAERNE WEA S
FETH 2, k=022 T Nun=4.90, 9.81 kN D& &
T sk, HERBSI~3EEH Y, XL E=—04T
13, RHEER A (0=235°) ZHHITIE Nan=4.90 B L U
98IKN DBE LY bHAFERPETFTET T 2R/R L Lo
fro E72, EOEONEI L 2HBHROMDZEALD Nun
=196 kN OEERKEL b D EL>TnWS, ThiE, N
BPRELTBEIERHAEREFD D I LIWXDRHMDEH, B
BOEHIC L A EEKBMEL TARELRE21HTH S,

2)  EHIER O BHERICERH D R LB 2 BREN T & T 7

BE k=0
ENRDEHC=0% L T, Nin=4.90,981, B & O
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0.3 -
Po:3.92kN, k= 0

01 %%

- {02
Po=1.96kN, k 04

00 F—0uv—

5 10 15 20 25 30 35
0 (deg)

10. 33 9 OFFERRE  £20, Nun=19.6 kN
FLEEE-8 IR U

-

#-2. EEBhc XD MBI ANLF —

H(deg) Eiit+E Eis E\ 7
kD (k) kJ)
k=0
5 33.3 0.00 33.3 0.031
10 36.3 0.00 36.3 0.056
15 39.4 0.00 39.4 0.076
20 42.7 0.00 42.7 0.092
25 46.2 0.00 46.2 0.105
30 49.8 0.00 49.8 0.115
35 53.7 0.00 53.7 0.122
k=0.2 Cr=0 C,=0.2 Cr=0 C,=0.2 C,=0 C;=0.2
5 32.8 9.68 19.35 42,5 52.14 0.024 0.020
10 35.6 9.50 19.01 45.1 54.64 0.045 0.037
15 38.6 9.30 18.60 47.9 57.25 0.063 0.052
20 41.8 9.06 18.13 50.9 59.97 0.077 0.066
25 45.2 8.83 17.66 54.0 62.83 0.090 0.077
30 48.6 8.61 17.23  57.2  65.83 0.100 0.087
35 51.8 8.47 16.95 60.3 68.76 0.109 0.095

Po=1.96 kN, Nuin=9.81 kNo Ei.+ Evidio ke & BIFT O BRI HE
FTBHILFINF—, B BEMHOEHRORSCEET 21 ¥— B i
Evi, Evz Eus D&

19.6 kN OBE&OHEBREZhFNK-8, 9, 10ITRL
7ro B-90CIE Cr=02 & LR bR LT, k OHRHH
BINEL P, K EVIED BEEEREHE VI &, Nan=
490 £ 981 kN & TIIFERIZIFIZFE CTH % »19.6 kKN
T3 b OIHEIN/NZ VIFEEERNEHL LS, Lvo
ToMEMIE RS0 DBE LR TH 5, b OB X 5 H5H
EORTOEEWIT ES0DBELD bRE W,

CDFER %, HTEREPHETIHIOZ ALY —HERED
WED SHE T 2, £-21F P,=1.96 kN, Naun=9.81 kN
DOBEDTANF—HEE, k=0BL U 02D5EICD
WTRLIZDDTH D, Bl & BEio BRI L % %
VF —HEE (Bt Ev) FEHEEE O B BB ) = 2 0
72388 (F=02) DIES BT HIELrnhoTnd, B
BB EL T RRIIIEhSbN TS, L
L, ZOBENCL 323 VF—HER (Es) PRS0
W, HEEIZE=02D1FI2H k=01 D HETFL T
o WV EIMAHZE T E, RSO R LD
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W, B D PO AERINL 725720 b OE 28504
5L LBIFFAICHERCR S, ZHEE-9 T E=04, C,
=007 7 7% k=02, C,=0207 7 7XFIZALTH
520 bHERTE 3,

V. & b ¥} (2

UETiE, MoEBEEERORECE L T I 248
T BIET 5 2 &I & o THEAROERENC N 5 g %
HHHITE 2 Z ERR LTz, %2, BEMOEMREZRRE L
TAREA X ETEE L O S BIESERW O = 2V ¥ — 148
BEFFEUICRER, B2 im0 o RHE I LA TRE
M RBEFRFELIE I NI ANF —HEOHNICH Dk
N5 E, ERBVIEIICE 2 22V F —DBEDEZEIT/N
SWZ L, BEMEOHERICEEN 5 2 2BREREEZ T A
NWE—EEENPZ>THRIEZZEVPHSLIIK -T2,

WEDIEZE T, MHREORS DT O I EE O
DEFERFREED D 2 EDLETH 5, HEOMNETH
FHREHICE 2 2 EBIC O TS { O H D, it
FTREI -0y XOATHRTOREFETH 2 IR
S50kPa Z HEHIEDHBFRF EEO TV IME D b 5
(Matthies et al., 1995),

HEgSHZED T LY A Y OBE, BRICIZy A ¥ ok
MEZIAVYORNED 1.1 fFCR3 a3 TS (FREERk
WAb#i%, 1966 ; Sundberg and Silversides, 1996), 9 7
bbb, UL»BNEELY AV 2HOIEHK 2 FEE D 2 B
HIE IR MEUNICHR T 22 k3, LeL, o
& BB O BEHIE O FEERIC O W TR, B ES—E TR

15

Z &, TEER QR ETIR S BRBOMKEZETT 2 72012
EVORVBEZNE L ELCD L EDS, —RETHK
FAFE S NICRES A Y 25 YWD MEAE & FIE T X il REME
HEZSND, ZDD, NOXREROERLDIzDIz
&, F IR T OB O D IKHTPEE OF D B
278 EREBRNICHE, D, BHEOBEOKR 2B 2
TeDDERIR T — S 2 ED D EBRETH 5,

BRI DB EOREI DWW, EHEIASEESTE
B —BE D S ER RS S WP Wi, ZZIEBILEL
EF s,

51 A Xk
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