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Kinematic Optimal Design and Analysis of Kinematic/Dynamic
Performances of A 3 Degree—-of-Freedom Excavator Subsystem

ds I, s 083
(Whee- Kuk Kim, Dong-Young Han, Byung-Ju Yi)

Abstract : In this paper, a two-stage kinematic optimal design for a 3 degree-of-freedom (DOF) excavator
subsystem, which consists of boom, arm and bucket, is performed. The objective of the first stage is to find the
optimal parameters of the joint-actuating mechanisms which maximize the force-torque transmission ratio between
the hydraulic actuator and the rotating joint. The objective of the second stage is to find the optimal link
parameters which maximize the isotropic characteristic of the excavator subsystem throughout the workspace. It
is illustrated that Kkinematic/dynamic performances of the Kkinematically optimized excavator subsystem have
improved compared to those of original HE280 excavator, with respect to three performance indices such as
maximum load handling capacity, maximum velocity capability, and acceleration capability.
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th @8, B 1, 2, a2l 300A niA o) AR EL
HE280 & 719 A4 <&AES ey nxgdo)s F

ce &% ¥, &, 29

WA 2 HE280% F93 Adde 3 Ay
dimin/ d1max =0.5891 8 ZtE F% WAUYZTY H3A
AA AAE dedo. B 4, 5 1832 6 HE2809
4y Addde AA HA-d-Hd FAH Agu

dlmin/dlmn:0.5891, dZmin/dZmax=0-5854v :LE]—T’—

dgm,'n/dgm;,x=0.6314i ——'—7-133}'1 ¢i9’] ]ﬂ‘?‘]% @3’5}3]-
= A% 9% 7 ¥ B WAUZY A5 4A 2
g Qo3 Aolv}. aElm 29 4,5 67 7, 8 9= 7
2+ ® 1,2 3% 45 634 2 HFH HA JARES &
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e A9 dodAM 7 3 #E 7F Foid 3)H WY
el A &2 of 5 daddet sd @3 Ale]e] A=z
vl [GHI%te Mes o3 agolnt ol AR
¢ g ¥ T AAUSFY] A9 2R ¢,

9% ¢ 4% Y-E2 dd Hes

#* 1. B #d9 #H-ge HA dah
(—49.19° < ¢, <61.25%).
Table 1. Optimized design parameters for boom joint.

(—49.19" < ¢, <61.25").

K=1/nl -49.1808° <4< 61.2542° a=1.
dymin . a
_?.Lrﬁx_ dymin dymax ($1o+ &n)en TT P
05 opti 06558 13116 73.0838° 0.399 33179
06 o, 07426 12376 7575725 03015 4503
07 opti. 08192 11704 78,0136 02138 6.6228
05891 opti, 0.7337 12453 7545057 03116 43433
0.5891 0.7447 12641 30.01° 0.3183 44437

E 2 ¢ wEe FHsy A I
(—156.50°<¢,< —35.757).

Table 2. Optimized design parameters for arm joint.

(—156.50°<¢,< —35.75").
K=1/nl. ( ‘156.5005‘7525 _35.75‘) b|=L
dpmi N . b,

ﬁ (Izmm dzmax (¢mj’ ¢21)a~ -b_f P.1
0.5 _opt. 0.6565 13129 196.1884° 0.3776 38912
06 opti. 0.7431 1.2386 193.9031° 0.2805 5.3812
0.7 opti. 0.8195 1.1707 191.8229° 0.2020 8.1338
0.58540pti. 0.7311 1.249 194 2239° 0.2979 5.1008

0.5854 0.7477 1.2773 186.1100° 0.3034 5.7070
F 3 #R wEo FHHsE A A
( - 140.290S¢3333.320, ¢31 =94.1 0, ¢33: 17.667)

Table 3. Optimized design parameters for bucket joint.

( —140.2903¢3S33.32”, ¢3]=94.10, ¢33:17.660)
______j;,min dymin | dymax] S | £ | & f & _. P.1
'ymax cy o [ cy

05  opti. ] 0.6592 | 13186 | 04218 | 0.3645 | 0.1154 | 0.0736 | 53415
0.6 opti. } 07371 | 1.2283 | 0.3141 | 0.2634 | 0.1041 | 0.0725 | 7.5659
0.7 opti. | 0.8093 | 1.1561 | 0.2238 | 0.1930 | 0.0845 | 0.0641 | 11.6583
0.6314 opti. } 0.7601 ) 1.2041 | 0.2844 | 0.2441 | 0.0988 | 0.0707 | 8.5566

06314 0.7732 | 1.2245 | 0.2630 | 0.2453 | 0.2119 | 0.1345 | 35.6608

E 4 4 BH HAHgd A Ak
( dlmin/dlmax:O.5891).

Table 4. Optimized design parameters for boom joint.

( dlmin/dlmax =05891 ).

K=1/nl.  d yoin | d 1max = 0.5891) a=1.
PR dymin | dymax | (do+ b1 e % Pl
-49.1898° <¢;< 61.2542° 0.7337 1.2453 75.4503~ 0.311G | 43433
-40° <4< 557 0.7327 1.2437 7283147 0.3474 | 3.4886

-55° s ¢, < P 0.7360 1.2493 75.50707 0.2894 5.695
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B 5 ¢ #He HAgld MA AxL
( dZmin/dZmax:()-5854).

Table 5. Optimized design parameters for arm joint.

( dZmin/dZmax 205854)

K=1/nl. ( d omin / @ amax =0.5854) b=1
b,
RN dymin | dymax | (bt b2)on T: P.I
-1565002° <¢,< -35749° | 07311 | 1249 194.2239° 02979 | 51008
-140° < ¢p< -45° 07297 | 12465 192.2415° 03514 | 34458
-170° < ¢, -20° 07368 | 1.2588 188,7920° 0.2702 | 124383

£ 6 W BAY A¥sa 44 Az
(dBmm/dSmax:O.6314, ¢31=94.10, ¢33=17.660 )

Table 6. Optimized design parameters for bucket joint.

( @ 3min/ d3max = 0.6314, ¢3=94.1°, $5=17.66° ).

K=/l ( dymin/ dymae =0.6314, 5y =94.1°, ¢5=17.66" )

i & | @) & | L
$19] Bel dymin | dymax a o - o P.I
-140.2858° <g;< 33.3242°] 0.7601 | 1.2041 | 0.2844 | 0.2441 | 0.0988 | 0.0707 | 8.5566
“130° séy< 20° 0.7767 | 1.2297 | 03275 | 0.2742 { 0.0949 | 0.0606| 64120
-150° << H0° 0.7589 | 1.2020 | 0.2704 | 0.2372 | 0.1017 | 0.0795| 11.0135
-49.1808 < phi_1 < 61 2542 , r=d1min/dImax
8r 1
a4 = 0.7 opti.G
sl
st j
= 0.5891 opli.G
4r q
3F 4
! <05 0pli.G
%o 40 e o 20 ) &0 80
Q (4
:l‘jé 4. E}% E]gg] dlmin/dlmaxg_ 7]'115‘ [Gdl]g}
¢ o 19 .
. [ . .
Fig. 4. [G'4] vs ¢, plots for different ratios of
d 1min / d 1max -
-156.5002 < phi_2 < -35.749 , r=d2min/d2max
2 — :
3 (=05 opti.G 1
a4l
= 0.9854 opti. G
5t 4
s 4
W7k = 060pli.G A
.a’. /
.k
-10r =07 opti.G
eo g7 120 RT) 0 60 40 20
s 5
29 5 A& HEY domin/ domax B 7HE [G19

¢ 9.

Fig. 5. [GQZZ] vs ¢, plots for different ratios of
dZmin / d2max .

a9 6 oe

-140.2858 < phi_3 < 33.3242 , r=d3min/d3max
T T T T T

—

r=0.5 opli.G

-SF

r=0.6 opti

-10r r=0.6314 opti, 4

= 0.7 opli.G

r=0.6314 G

L PRSI " n

25 " " " R
-160  -140 -120 -100 -80 -60 -40 -20 o] 20 40

¢3¢ 19,

Fig. 6. [G'f}a] vs ¢3 plots for different ratios of

d3min / dSmax .

r=d1min/dimax = 0.5891 opti. G
8 T T T T T

.65 < phi_1 <70

phi_1 < 55

60 -40 -20 0 20 40 60 80

-j-% 7. dlmin/dlmax=0~5891 oz ﬂxé‘ﬂ?i% u‘“

[G%1% ¢,9 19,

Fig. 7. [Gq;l] vs varying ranges of ¢; plots

for fixed ratio of @ min/d 1max = 0.5891.

r=d2min/d2max = 0.5854 opti. G
22— T T T T 2 T

-170 < phi_2 < -20

16 ) L s ) s s " I

“fe0 160 -140 120 100 -80 60  -40  -20 0

1% 8. dZmin/dZmax=0-58549—~i 3’—135]‘21% ‘IH

[G%19 4,9 9.

Fig. 8. [Gqffz] vs varying ranges of ¢, plots

for fixed ratio of dymin/domax = 0.5854.

-140 < phi_2 < 45
i mmz <phi_2 <-35.749
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H]%Q’] d3min/d3max g 7}111‘5 [Gd‘?a]g}



MO - XiSet - A2ESS =2A W33 W4z 19978

r=d3min/d3max=0.6314, opti.G
v T T

F3s -130 < phi_3 <20

-140.2858 < phi~
8}

-158 < phi_3 <40

i

15 . L . L ) " i L
-160 -t40 120 -100 -80 -60 -40 -20 0 20 40

g 9. d3min/d3m:0.6314.9_i IAEHAE o
[G% 8k g9 19

Fig. 9. [G,;,J] vs varying ranges of ¢; plots

for fixed ratio of d3min/d3max =0.6314
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istropic index({scailed gud) Tphi0=0.5
T T T T

08
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03
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*bz

a)

istropic index(scailed gud) Tphio=0.1
T T T

a9 1L 12/111}' 13/11 of g O'GI‘O’] TAAE,
a) Td/max/fxmaxzo-s; b)y T¢max/fxmax=0.1.
Fig. 11. Contour plots of o wrt. L/l vs. L/l .
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Table 7. Design parameters of exacvators.

ol of o>‘

Optimized parametar.
dimin: 2115m | dlmax: 3.50m

Oniginal HE 280 paramcter.
dlmin: 2115m | dimax: 3.59m

dl Hif: 05891 dl W4 05301
-49.1808° <¢< 6123427 -49.1808" < ¢y < 61.25427
5L 63m 4 6.3m
d2min: 24dm_ | d2max: 41w da2min: 2.4m [ damax: dtm_
a2 M 00834 Ok:
-136.5002° <¢,< =367 15650027 S¢,S -35.749"
£ 30m 4 3m
dBmin: 1L97m_ | ddmax: 302m__ T cmin 197m | d3max: 312m ]
d3 M 06314 d3 ulg: 0.6314
-140.2858° < ¢y< 3332427 -140.2838° <¢,< 33.3242¢
I3t 1.553m 5 1.553m
a;t 2.84m ay 0.904m ay: 2.883m ay’ 0.8083m
b 32lm by 0.99m by 3.2826m by 0.9779m
¢;° 2.548m c,(ey): 06Tm ¢ 250 1m @) 0.7369m
@g: 0.626m l ey 054m | ey 047m | e, 0.6325m | ey 0.256m ! e, 0.1832m
¢ig + du = BO.01Y S - ¢n = 75.4604°
b+ bn = 186115 by = 19422387 {
6y 9410 | PR Bt 9407 B 17,66
1, = 2962.5K¢ m = 2962.5Kg
; mq = (3.15m, L. Am) m a = (3.15m, 1.4m)
T = 630000/, T = 650000Ke,
ny = 1437. 7Kg " m, = 1431.7Ke

my = (1.585m,0.7m)
T3 = 65000/,

my = (1.55m,0.7m)
T = 65000,

ny = 765.4Kg my = 765.4Kg
g = (0.9m,0.9m) my=(0.9m,0.9m)
T = 50000Kg, T3 = 50000Kg,

Istropic index|G*u_d]avg Hopti. {global)
T T T

of 1
sk
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2 12
™
10}
S 1
of
)
-0
2 o 2 4 6 8 10 12

¥ 12. x—y HHEANAY gg9 TILHE
a) HAstd A€, b) HE280 A &H.
Fig. 12. Contour plots of o5 on x— y plane for.
a) optimized system, b) original HE280 system.
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Maximuin lead handling capacity.opti. {globa!}
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Fig. 13. Contour plot of maximum load handling capacity.
a) optimized system, b) original HE280 system.

Maximum Accel. capacity.opti. giobal
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432

Maximum Accel. capacity. HE280. global
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; i ! ! 1
St E
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i . L
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ag 14 Hd 7tEEe] FaME
a) #3¥std Al2", b) HE280 Al 2#).

Fig. 14. Contour plot of maximum acceleration capacity.
a) optimized system, b) original HE280 system.

Maximum Vel. capacity.opti global
T T T T T T

A0 e e

12

b)

29 16 Al £x9 FuME
a) #Z3lE A~ b) HE280 Al 29,

Fig. 15. Contour plot of maximum velocity capacity.
a) optimized system, b) original HE280 system.



433

VII. 2 &
EERAAE 2R A29F B, 9 293 WAL
2 FHEE 3 ARE $E Axdel @@ 778 A
4 AAg Fastdch 24709 1744 AL e

7 e F AR Yo FyEGen A A g
Me B o 22l i Z4zte] #3g FEAIE ¢
AFoolEe} A HAH Alolo] 3-Ea HE Heg 3
dz &7 94 717 HHssr FPHA 77 EA
A AFEAHE % 7% UdAe ddstn 43
P-E3 ®Bd vE Y (76)3 o] Aod A
AT AFE AHEEAT T OHA dAdAE 2379
g5 73 JellAM dYg SHd 5E4E Az 3] 9%
(798} o] Aeod A FHA AFE A5t FHH9
ga Zold #Ie] ZAEAT a8l Ho 3F £F
HY £x, adn HY 7tEE 59 A5 AFE AR
o FaA7e FAH A¥E Aty HHsd 2379
A 71& Z3r)9 A%& v astdch

2 dqe A dolzl dAxg go%3d oS3 #Zo

1) B3 oo 75 #d dAYEY 7138y ATl
do)x AA ZHr19 HE2804 AA A= AL&ste
Ao B AFdA dojzl HA MHA JAREES AL
= Afd JoAME i FAES 80T £ A e
WA B 75 dAYUEY 4ol HE2809 dA A%
o g3t HAgGE dA Aaetes ol A 2ol
ow HE2809] ¢ %2 /Mde oAx71 &S &2 &
T AAH

2) AA Q] A3 o v gl we i
Euz AgEe Ajag AAA old wet HAE F-
B3] tig 71FA7F dA = o g}, ang, 99
9] 7}FAE M E Ao Ui HAAH dA LHES AA
stgon T3, dAAZ oAz g AFAE HRE F
S diste Alx=®le] Y3 Zolo dist HH HAE F
A7 =

3) 7ITEH He & T4 H%59 SHIAAME HE280
# HAHzd ZEve AA 5 FAAAY T A
 BE Hg 35 £%, Ad &=, HAd V&= 58
Qﬁ%oiﬂH@ﬂﬂéﬁh1ﬂ*“ﬂﬂ%ﬂlm%wi
g g 5% HeE HAE e AT £ Ak
vlxjgto gz Az AMEHolAE FPA FYAT
237 Alzadge Ad 3F &30 FolHE W 7+ +F

28 =
1980 meEid) ZIAEES 4. 94t
& FYPo(x") 7lAFSH AAL

(1985), SoHeed BFAH1990). 1991 ~
A4 neAdeL Ao AS T P
S BARCRE ZRIHCFARFE/
gl 7% 2y A2d, 2¥ dAUE
A7) 9 A, 2R SuEddR, QARRALY, B
WER/myny) 2AA, 245 5.

Journal of Control, Automation and Systems Engineering, Vol 3, No. 4, August, 1997

AFololEcl Ao} A FF £HE TIic WHEAM &
sty zheketAl vlEsidem olEgh wWHE HA A
Alzdle] #HH FF dFolojele MY Ao HEH 5
=
e
(1] Aoz, ¢44, ouFE, “F27] +£3 127 29
A dig 714 FA4 e o3 =83, pp. 130-

(2]

[3]

[4]

(5]

(6]

(71

(8]

133, 11. 1993.

J. A. Paul, Lever, Fei-Yue Wang and Deqgian Chen,
"A fuzzy control system for an automated mining
excavator,” Proc. IEEE Robotics and Automation,
pp. 3284-3289, 1994.

"Telerobotic excavator operates in hazardous en-
vironments,” Hydraulics & Pneumatics, pp. 33-34,
1991.

M. Thomas, H. C. Yuan-Chou and D. Tesar,
"Optimal actuator sizing for robotic manipulators
based on local dynamic ASME ]
Mechanisms, Transmissions, and Automation in
Design, vol. 107, pp. 163-169, 1885.

ojdd, o¥F, FEI, "AfHTE AMY 2R BE
o) 4% A R FEFA AY A @A
=83, A199, AlE, pp. 181-192, 1995.

L AEZ, ol F, “ZHe AhEFR B
Wy AN @A ARE FASENS =B,
585-590, 1995. 11.
#59, Y, o F, “2H7)9 AFHH A=
St 4% BT, #2PUFH FANES =R,
pp. 617-622, 1995. 11.

criteria”,

59

R. A. Freeman and D. Tesar, "Dynamic modeling
of serial and parallel mechanisms/robotic systems,
part I-Methodology, part II-Applications,” Proc

20th ASME Biennial Mechanisms Conf Orlando,
FL, Trends and Development in Mechanisms,
Machines,
1988.

and Robotics, DE-vol. 15-3, pp. 7-27,

#s9

1993 d & of Zﬂ‘ﬂﬁl%%"lﬂﬂr 4,

oot AAH1996). 1996-AA B
FHeEATY TR &Q—E—Ok—t— &

A Aulz el A, Wty s AA

% 3y,



MOt - XISt - NABIBS =2X RIS A Kl 43 1997 8

j o] H *

1984 gy 71AF st =9, wa}
2 FHA(2") sA e Aap
(1986), Fdistyl wrxb(1991). 1992 ~
19959 =71 wSd 2w, 199%
~ @A SR AojA=T 2w
T BAEoF: multiple arm dyna-
mics and control, biomechanical system modeling and
analysis, fault tolerant manipulator architecture, assembly
device design, dynamic system animation 5 <.

434



