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A Study on Kinematic Evaluation of Hydraulic Shovel Arms by
Using a Manipulability Measure

Soondong KANG*, Kei HARA*, Manjo HUH**

ABSTRACT

The paper deals with kinematic evaluation of performance of a hydraulic shovel arm for deburring task.
Iirst, a new criteria for evaluation is derived to evaluate accuracy of an end-effector at each position with-
in the movable area of the hydraulic shovel arm. Secondly a graphic evaluation system that displays a map
of the criteria for evaluation and a map of the manupulability measure is build. Thirdly, by using the sys-
tem, a hydraulic shovel arm is kinematically evaluated. Finally. from the comparison of the result obtained
from the computer simulation and an experimental result, it is indicated that the derived criteria for evalu-

ation and the graphic system are useful.
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Fig.1 The arms of hydraulic shovel.

ground floor

Fig.2 Schematic drawing ol arm model.

Table 1. Specifications of hydraulic shovel arms.

920mm
480mm
393mm
24" t090°
38" t0150"
—60° to90°

The Length of the Amms
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The Move Range of Angle
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Fig. 3 Movable range.

2399 Ade) 4% v s Z4te] ALE 0 99 B
A et 2 gele o) A

v =J(6)) o)

A7 J(O)= Az AL vEhin, 3RS
Ze JHAEY e

Jll JIZ JIS
JZI ‘I22 J23
J. 31 J 32 J 33

J(@) = (2)

o Y2 o7 ). =g, A3riot #Y] 2 24
£ ol 2o

Ju=heytheg thegs o Ty =~(hsi+hsy +hs) 5 Jy =1

Jp =he +hem s Iy = =(hsiy + bsys) y Ip=l
Jis =hey P ) » =1
714,

¢, =cosfly, ¢ =cos(f), +0,), ¢p3 = cos(B, +8; +063)
5 =sinf, 8, =sin(B, + 8, +0,), 855 =sin(6, + 6, +6;)

o)k,

54

dutreg det J(O) =09 ZALE EAAY g
Faw, ojfg FolAl 3 1 FWdAME AUE 59
e Aol W a0, ol A Y )9
EolgY #7lE HFolAAZREH dnit dolA et
& WEMlE AF2A, T.Yoshikawat i1 & o[e g
AEAE W 2 el B4R ARaE 28 A
Fetdt. B TFINE £F4L00%e) N2ARE
vehle B/ 52 Azt gEe Bojghs o &
ST, 4eddel Azdwd BN 4E gee 4
L2RY B

W, = |det 7(0) &)

- —2 Wy (4)

A7), n=20, (?1E€AZ 200mmd g £&5) o
=3

4 (3)el ek rlzgzel Aie ted 342 A
AAE

(A) WUEdoEe 958 o] galod AuAEA
o] Fz2dg FHARAY FAXE YT}

(B) A=)t AP J(0) & AgT}

(C) H(3)d & Astgiet.

(D) Fdadse) Fegddctdsy W, o g9 =7
of wal oz FAgE

EF A(4)= Pig.4o) vierd A3} o] Z7he] ol
held x & ZEe] AA x, = 1200mmelA T4 x, =
1000mm 7A £he]SARL W, 7k2ds W, o %
TE A}

3. Jgtelr Mute] SRR WIHR|4

E d7e 789 UvE 9L ZER SP) &
ey Adte] L] did 3 ox7t 439
FUES FHeh=d “er-g-?ﬂ' 84F A HG. 28 &
g e AARYRoE HEAR Ao, JYH
A4 w2 ALY E 2734 @7] i) A 29e
A7F AukQl 2R EG 4 e JE d 2] 7%
st} olE @ AM RS tuiF 2R 02 o447 98
MNE Zrete) #do] e 7AE LAE HESY o3
=9 N YEE d F A=A Al Yot gest)



FFAL A A4 A1 (1997 19)

T Bedd. JEIde AvdN TYsE S50
2349 a9ozk dzde Bds, Bdd 23R
Zo] glon, olig 24EL Pekd 1Y A

S ool o BN %] el mFAT. 1zhelr) A
el 91R 27 APs} 7 ste) 2 oR AQ skl WA
= oldh ¢} o] Ho BT},

AP = J(6) A8 5)
(A, (AB)
LAyJ - J(G)lABZJ (6)
Az AG,
q7]1A Ax, Ay, Az = A2t gEQlE Agte] x& o
Fo7 Brle Ay = WEe® 471E 24 25 HP%

22 A7E 2AE vEdY. £ AT goiM AFd

Aok 2ol a2l Adde] £5UF B 42347

AT AEEE AYINEE, x YY) oA 2

ol o3 FAGL, y & o Are £ oag

< FEAT. I3 dde] 3508 B £4 o4
£ 9t 42 4 (6)227E off g Zo] 7},

Ay = J5, A0, + T, A8, +J,,A8, )
AYax = T 2180, +|T 506, + V2346, ®

H(8)elA ale] Adke] AR ot Ay, &
Aymex = f(AG), AD,, AG;) o] BAE 7AAH | A8,
AD,, AG; = d=TE] Fels, AdY 2HeA g &
9 dold| ojsf TAse 4 ¢ A= oAtg ov) gt

2 dtdME Ao ddA e drede 4
A AEE Tt FFska, o5 e 2 (8)o H4%
o 33 gelA 2% (A),(B).(C).(D)S] AxaAE S 4
Pofo], 2459 AA FH LA BRE At =3
Z4zre) ol h AN x & AR NA x, = 1200mmel A
T4 x,= 1000mm AR B FAHE W, y & 43
o A e 9 AR g 1, A4 X E
ARt B/ FE o] 83t FA YL ofgf g 2ol 1}
Ebdict.

35

Ay = —2 A, ©)

i=1

4. Nedo|d ot & IH

4.1 ZF=ZrE o] At

Fig.5% 4 (3)alA Jebd Azt dEe] Solgte
T2E 289 A28g& AHEste veld Aolt} o] I
He F9L Fo|2ke) 271E viehd Rolw AXEUS
5 50132 Avst Ha, oe] 240 F&3l 5o
A2 dE o)A gl A o Jepdh. =8 Fig 4
o verd Z4e x| kel x & AT A x, =
1200mm A F4 x, = 1000mm71A 3| A H &
o, st2aze] HEG W, & Table 29 vehisich
Fig.4 ¢ Table 29 @ze AQd /PSS W, 9
ol Ak BoFa sidt. o]49] 3-8 7t2dwe]
95 ol Astolr 7tzAwrt & Fgo] £ Ktk
dete] $EAFE A @ & gle AAE e,
@ rl3Aos Fert BEA g HH AALE ¢
7 3tk

y4

%z =1000mm x, =1200mm *
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Fig. 5 Kinematic manipulability measure.
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Table 2. Kinematic manipulability measure.
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Table 3. The Maximum error of joint angle.

Joint Ermor
AB 0.0409deg]
Ad,.,, 01996[deg]
A8, 0.5882(deg]

Table 4. The maximum error of joint angle in each height.

k 200mm_ 100mm Omm_ —100mm =200mm
A8, | 0034[deg] | 0035(deg] | 0030[deg] | 0.040{deg] | 0.040[deg]
A8, | 0148deg] | 019%deg] | 0161[deg] | 0168[dez] | 0178[deg]
A8, | 037 1@&] 0399[deg] 0.426[d(’:__g] 0472[deg] | 0588[deg)

Table 5. The maximum error { Avn, )and average
error ( y) of grinder in Each Height

h 200mm. 100mm Omm =100mm =200mm
Ay 4412mm 3984mm 3823mm 3.640mm 3450mm
Ay 3788mm 3629mm | 3436mum | 3220mm 299Tmm
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Fig. 6 The maximum error of grinder.
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Table 6. The experiment result of trajectory control
in each height.

h 200mm__|__100mm Dy ~100mm | —200mm__

E 0793mm | 0676mm_ | 0681mm | 03559mm | 0652mm
N | 2268mm | 2057mm_ | 2078mm | 1926mm | 1727mm
&w | 0004mm | 0021mm | 0025mm | 0005mm | 0.003mm
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Fig.T The experiment result of PID trajectory control.
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Fig.8 The result of duralumin grinding with h=200mm

Fig.9 The result of duralumin grinding with h=-200mm
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