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Design and Research of Electrical Composite Driven Flexible Manipulator
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ABSTRACT: The work aims to design a general underactuated flexible manipulator, with respect to the problem that the
object to be grasped in the light industry and food industry has various physical properties and a large size range. The
manipulator structure was designed according to the function that the manipulator needed to meet. The Fsolve function in
Matlab software was used to solve the relationship between the relative rotation angle of the middle finger and fingertip of
the manipulator and the pressure of the pen-shaped cylinder, based on which the workspace drawing of the manipulator
was drawn. The simplified grab model of the manipulator was established, and the grab calculation of the manipulator was
carried out with 500 mL beer and 160 mL cola as the grab targets. The size adaptive continuous width range of the mani-
pulator was 0-200 mm, which could accurately control the contact force between the manipulator and the object while
adapting to the size of the object to be grasped. The designed manipulator has a large grab range, and the series double
hinge structure installed with torsion spring enables the manipulator to achieve reliable grabbing of the target without
Sensors.
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Fig.1 Manipulator structure
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Fig.2 Simplified mechanical model of manipulator's

single finger

S=(cxcos(d,+6,+6)+hxsin(b, +6,+6)+

1, x cos(, + 0,) + cx cos(6,) - hxsin(6,))* +

(cxsin(@, +6, +6,)—hxcos(6, + 0, +0) +

1, xsin(@, + 6,) + ¢ xsin(8,) + h x cos(6},))’ (1)

@ =arcsin((h xsin(6, + 6,) + 1, xcos(6, + 6,) +

[, xcos(6,)+c)/S) 2)

k,x 6, —F, xhxsinp+F xcxcosp=0 3)

ky,x 6y, —F, xhxsing+ F, xcxcosg—
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Fig.3 Relationship between the relative angle of the phalanx
and the fingertip of the manipulator and the air pressure
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Fig.5 Static load force analysis of manipulator's single finger
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(10)
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Fig.6 Hover force analysis of a single finger
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Tab.1 Common beverage specifications

Z4E/mL A% /mm = /mm
500 65 170
355 65 125
330 65 120
250 54 135
200 54 95
160 54 85

DIFIUHC 500 mL 25 5 (P | 160 mL 255 197 4k
RPN 5 o X 2 FPERe OB PR 45 . 500 mL [
WY T 2924 0.521 kg, 160 mL A9 7] Ak 29 9 0.172 kg,
BRI BE 5 A2 IS A EE S DRV e oM 0.6 1101 B2 42 R
s h1.2,

P 500 mL PR T 5 0 42 Ak 1 R . mag=s/(Bu),
WABRAS T i 71k 3.344 85 N,

P 160 mL 7] 4R T 5 422k 1 R . mogxs/(Bu),
WABIRAF i e 712 1,105 31 N,

PTG 500 mL AU RS, HUBR TR
9325 mL, HEfil 1k 3.4 N; U4 160 mL Ay
AAREE, WU IUBCEAR N 27 mL, Bl b 1.2 N,

{i il Matlab 3419 Fsolve sREGHATIHHE . HUE
160 mL A SRR . AU T Ir s i/ N3RS 0.16
MPa, $5ARTT SR 1.290 729, FRFE S5 HIXT £
4 0.530 501 rad, #8415 AHXTMAEEHR 0.120 921 rad;
P 500 mL PRAES, HLMETF I S/ NER 0.2
MPa, FEARITFES A BE N 1.549 433, Fh3815 M XT 5 £
29 0.109 601 rad, F5R 15 AHXTEE MR 0.121 713 rad,
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Fig.7 Manipulator workspace map in four limit states of torsion spring parameters

2 2

Tab.2 Change of contact force with torsion spring parameters when grabbing the beverage cans of two specifications

S B PUHLS00 mLMUTT I 42 /N JIUHR160 mL AT SR 42 firh /N
K /N BESEI R BHE 3.4 1.2
FAH B | /N L S HO U Rl 3.353 558 1.096 272
KEAFAEE . NS B BUR/ME 3.439 361 1.294 093
KA S BRI KA . /MR S B R ME 3.424 720 1.225 557
KNS HOB R/ IME . /NI B E S B K 3.381 332 1.178 921
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