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A Weight Compensation Mechanism with a Non-Circular Pulley and a Spring :

Application to a Parallel Four-bar Linkage Arm

Gen Endo*!, Hiroya Yamada*!, Akira Yajima*?, Masaru Ogata*? and Shigeo Hirose*!

We propose a new weight compensation mechanism with a non-circular pulley and a spring. We show the ba-

sic principle and numerical design method to derive the shape of the non-circular pulley. After demonstration of

the weight compensation for an inverted/ordinary pendulum system, we extend the same mechanism to a parallel

four-bar linkage system, analyzing the required torques with transposed Jacobian matrices. Finally, we develop a

3 D.O.F manipulator with relatively small output actuators and verify that the weight compensation mechanism

greatly contributes to decrease static torques to keep the same posture within manipulator’s work space.
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Fig.1 Conventional weight compensation mechanism
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(a) Inverted Pendulum

(b) Ordinary Pendulum

Fig.2 Weight compensation mechanism with a non-circular
pulley and a spring
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Fig.3 Procedure to derive the non-circular pulley
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Fig.4 An example of the Non-circular Pulley
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Fig.6 Weight compensation with the proposed mechanism
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Fig.7 Derived shape of the non-circular Pulleys
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JE$ 5. T T sICTFREREDD 296 & EfioEE) <
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Fig.11 Virtual displacement for the parallel four-bar linkage
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FHME 0.5 [kg] DIFT2HTH LI LD, NATALNC 2 K
Hed UL Fig. 7 LOIMET—) 2 20 F FHCTHEHMET
EpLEZOLND.

HEMEOMEZWET L7280, me O FHIFLE pg 12
@ TEFML. WEOHFTE T T — LD (01,02) =
(45, —45) [deg] D& & D pg FEHFE L L L CHXTHEZERT
0.1[m] ZEDETHEZET 5. RICZEOETHTT — A% il
&R0 5% 5HT 5. HOFHINIAERS TR ER
DNERB[SFED N (k= 8.90 x 107* [N/mm]) % Hw:7-.
DN po WZHUD M, EH RN NR 2 IEF 2 LT
NEHYVEDEDL. ZOLEOBEEEFHEL, NAOMU LT
)% BiR2 Bl 5 2 & CRENRT MVEFHIIL 7.

HIER R % Fig. 13 1IRT. HPEALGIFETE Y —) 0FE
WEOHPAVLTEHI L T, JOFAMEIZ 0.57[N] TH Y,
FRIHML 72 & me = 0.53 [kg] ICL2ET 5.2[N] 1L
TBLEZ1050 1 BETHL. FMEHBNTHORE S
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PET 2 2 ENTEETH 72, Dbnrs 2 HHE 4 8P4 »
IR T — 215 LT H ARIRFE D B EHIE A T RET
HDHTENERMIZOHEDIO SN

Table 1 Mass property data of a 2 D.O.F passive arm and an
actuated light weight arm

Mass [kg] m1 | me | mz3 | ma | ms | msg
Passive Arm |0.265|0.125|0.230|0.080 [ 0.190 | 0.530 || 1.420
Actuated Arm |0.475|0.155|0.307|0.129|0.3110.300 || 1.677
Length [m] 1 lo I3 In Is la I
Passive Arm | 0.190|0.070|0.250|0.100 | 0.253 | 0.500 | 0.200
Actuated Arm | 0.305|0.084|0.250(0.123|0.300 | 0.500 | 0.160

oMy

Fig.12 The weight compensation mechanism (left) and a force
measurement experiment for a passive parallel four-bar
linkage arm
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Fig.13 Experimental result (force vectors)
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B7 — ASEAL72FHOEHN L, BET D FEFERO T —
LAY AT AL LTI ARL 2 EDSUTHET, BBHhD7T
JFaT—% M7 e REEHRTHETH 5 2 LERMITIRT.

4.1 BEEFABET L

BT HRHTm O Pick & Place {EETIEAHE L C, 3 HHE
OBMEMNT — A% B L72[10). FASELAT — 21k 2 BHE
4 BT v 7 BRENC RSO fE R E 2 B L 72 3 HHED 7 —
LATHAH. IMBIB L UL % Fig. 14, Table 2 (R8T, 772
FarL—F )31 #20[W] T, MiTHbLTICADETEE
WHHTE L L) ICHA TERIOT7 7 F 22— 5 %RELT
WA I NSy 2l (R 1 100) & HWT
AV

4.2 BEHERE

4 FiTFAT) v 2 7 — LK 3DCAD 77— % LW %) v o
Ty TYITEOEEBLVOEOMIERHHB L7 (Table 1 T
B). CoRER 8) I#EHL, V7K 05m] ® 1 HH
BEIRTSRICRAE S5 L, BIE J (3B EE M = 1.18 kg
OBEART, B Jo 1 M = 0.33 [kg] OEEIET L &fliTH
LG rol. BWY Y7 OME J1 DI EDKER
HEMLZDENTWAZ LD BHETX 5,

FHET LI 7 — ) ok % & S ICRET 2 ) v o bbbt
T Fig. 15 1R F. MHEHITY ¥ 7 EICHIE T 5IEME 7 —
YOS R L. (HEMEICES LaVwEso 7 —1) IR
EETHHD, bS5 AF— 00 b OiMITEE 20 [mm]
D EZmEfr L Ciat L7z e B B EM P2 b &
#AEXO L LT 14.5 <601 < 90.0, —90.0 < 02 < 0.0 [deg] T
H5. 0 1T EFHESE NI A5 3.2 HiFE 2 KON 4
ZWHITHWLZ L Lz, AW OB J1 126

End Effecter
(dummy)
Fig.14 Prototype model of a parallel four-bar linkage arm for

a light duty operation

Table 2 Specification of the arm

500(Link 1) + 500(Link 2’)
R =985
Jo: 0g = £90
Ji: 61 =0, 90 (where 61 — 62 > 20)
Jo: 02 =—90, 0 (where 61 —62 <160)

Arm Length [mm]
Maximum Reach [mm]

Range of Motion [deg]

Actuator Maxon RE25 (20 [W]) x 3
Payload [kg] 0.5
Total Weight [kg] 4.5
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(a) Link 1 0, =90° (b) Link 2

Fig.15 Derived shapes of the non-circular pulleys

Fig.16 Joint diving mechanism with the non-circular pulley
and the spring

L Ti& 2o = 100 [mm], k = 1.15 [N/mm], Fo = 14.71 [N], J»
123t LTl 2o = 80 [mm], k = 1.57 [N/mm], Fo = 14.71[N]
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59, WA S HEAD - 727200, REERHRIZ I ) K L
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V) 27 EM LIRS — ) & BERRE T 5. I T — ) 5 A
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BHNCREL VIR TH 5.

4.3 EB
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e 22 AR C 0.1 [m] MR OET LIS 7 — & feim i i %
L&, ZORBERFTILOULET LM IORESZT S
F 2 T— & BHAKES X O bV 27 E5 43.8 [mNm/A] 7 55
WLzt

BIEN Ji, o ICOWTHEMERES WAL HIGAY
Fig. 17, 18, 19, 20 IR F. A F 3 v O/ B %
FL, EEHBIL 5 [mNm] JTEICHRLTWA.
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Fig.17 71 without compensation
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Fig.20 72 with compensation
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