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Design of Variable Release Torque-based Compliance
Spring-clutch and Torque Estimation

= 1
A F 40, o

2 syt
R S I |

Ju-Shin Seok', Woo-Sub Lee’, Sung-Chul Kang'

A variable release torque-based compliance spring-clutch (VCSC) is presented. VCSC is a
safe joint to reduce the impact of collisions between humans and robots. It is composed of four functional
plates, balls, springs to make some functions in compliant movement, release mechanism, gravity
compensation during its work. Also, it can estimate torque applied to a joint by using distance sensor
and parameters of cam profile. The measured variable torque of prototype is 4.3~7.6 Nm and release
torque is 4.3 Nm. In our future studies, a calibration for torque estimation will be conducted.

Safe Joint, Joint Mechanism, Torque Estimation
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Fig. 3. Release motion of VCSC



28 zyats) =8 AW A1 (2016.3)

3 o4kel elgo] 7 H =R
Al HEA = VCSCe= % AE7E EoKe).

212 58 B4 5&F

Fig. 4= ¢ B4 5245 Uehlich 271480l A
Rotation axis7} 27431 =W BAF 7 Z2ulelo] 2)s)
(b)2} o] WA Feo|EVF AxHS AFAI7IH VCSC
7h 2R O] Ao BARl0l FH EAvt dAsES
itk A BA HMels £90°0]the).

ﬂH
i
N
_ﬁ
)
e
l=0
21_,
j&
L
i‘fi
ol
tio
me
o
o
)
olN
)
>,
N

7] Hmlt}.

7|Z0| iy 2R Zo] EEgol AEm W I/
vl Y EAE 43 NmZ 2As1gon 2o 2
7IL 3 mmz Z2Asiort £8 FYH WA 1 mm,

\é
L.
HU
K
ne,
1o
N
o,
N
o
rlr
w
w
fu
it
oX,
$
=
i’
1o

of old#Ql 7=71E Fig. 59 Al o) /st
oAl TIeTe &Y 27] 7&7INE dAHSH

(a) () (c)

Fig. 4. Gravity compensate motion of VCSC

Gradient comparison
—— Calculated gradient
| L= 1deal gradient

| el m
il d //V -4 \.
/ N

Gradient

2 3 4
Horizontal length of cam profile (mm)

Fig. 5. Comparison of gradient

S7RltE 2999 2% 7187 |vE A it
o (a)ofl A A (jerk)E WA ZITE o] AT Y &
2ol X5 W S48 sty ol ddstr] ¢l ot
A HaAe e o853tk

f(xL) =a,t+a,x; +a2:0 +-ta,z) )
1z Ty Q f(331)
1 =z xh o |®| = f(z,) ?)

b £, BB
Aome) HRAIG B F 42 S ol8e12)
o Fig. 59] ARE TFaha] RS ol g5te] 7
ARG 7127001, AE WA

ool A AAE 43 Nmo| 9 E3S 714)7] A=
7 Zzujelo] vleo] £8 &9} ook 31 Fig, 7
o529 ¥AE yeEhdth

Fig. 7258 &9 #42 52 4 Stk

F,=F,-tan(a)

)

=k - tan (o) (€)]

Compliance cam profile

,L|— —Release hill

s T
——Ball
Cam profile

Vertical length of cam profile (mm)

z ] 3
Horizontal length of cam profile (mm)

Fig. 6. Compliance cam profile



7HH E9 B3 7N HEeto|dA Ay FejR O dA L EA 4 29

2y E*Ol St ] elel o wy w2
| ukEe] E57) o 71s)A1= Ao Fig. 9o Yehdth
o] VCSCO £ IS W37 &Jgo] dAs)y
g e FAS o 4 glA vheth

o|2 & dslr] 3l o) ti3t 2 o] BANE =
Y B2 BAFolok shnl ket 2ol ANY &

P

Fig. 7. Relations of external force and reaction force

Atk
| i
{ G T, =mgl - sin(8) (©6)
£ "‘1‘ : Catdition = 1 tan (8) (M
1'.
o ) 9] Aol m e 22 Ho] Ak, g FINEE, 1S
T ek ket 514 FAT BAFA Aole] A2, o= = o] 3
Fig. 8. Release torque of VCSC ZH0~90°), €, giinion 22EF O] U5 Aol T)= F99
ogt B4, ki AXF Aotk
F,—F, =kz, - tan(a) 4 A (002 59 JFOoR WHof| del= EAE UE
Wi A () A Q)e2iH fFEEen &2 2
9 AollA F= 7 TRt £ W, Fe= A2 A Zao|EV} RY Wo| s|Adl|| wa} AZES
BY, ks AZY A, e oYY £8Y, oe A2Y w3 ok2AY)E AL UeRdth
o A=, 1,2 2T oY} o), e oIt NAE Z BA ) Z2uld e Fig. 103} 2k
Al Q)2 Az o Qg HETo|dA Y ZEat
do] 4= WHS vehdich Eol gx]o]7] $laiM= £,
7} B, Hr}h Aok st AU 2tk Eol o] F31A] o=
t} o5 1125te] AAH ki 20.6 Nmmolt}. 4] (4)&
B o83t 2,5 Akl AL Uehdch 29 B4 !
oF Aol A, A ZRutY Fof3] gho|n o] 6=0
gt z,+= 2 mmolth. Xl HESRRE VOSCTL 2
7Vdeoll A ER7|17HA Q] EAE Aklsh ohaat . Fig. 9. Concept of gravity compensation
Cotiipaiisition i peoiilk
T, =1k(z+z,) - tan () (5) W= -

9 Ao 1= B S & T4 Akele] Ao
a7} 714 2 WY BEAvt 29 B0tk o5 Fig :
8‘% /—\—] (5)% q—]ﬂ—LHEq %% EE—E— Q_}: 4'3 NmO]E]-' " ' : Ro‘l«ullun ull_L"lﬂul'll]ill]i;)lliillur(li;_ﬂ]

Fig. 10. Compensate cam profile

Vertical length (mm)



30 =353 =8 A11E 415 (2016.3)

25 E3 £H

VCSCY| E= 42 ADAMIANE ol-&sto] AA1E 7Y
Z2utolo] glo|g Hlo|ERFE Ao &g o
g7h5 glop B Ao tjY stz WA 0= o]Fo]
Zlct.

2z =min|H—d| ®)

9] Aol me AAE Y ZEatd o] Fo] HloH,
di= 72l 9] gholct.

e} do) Apole] gkl »i Bt 7 ZEupele)
345 A9 Sl ol ol 25 A
2 x7F AAEH o]of dgsh= AHE A dlolE
2y 2 4 Ao

T, =l(]c(x+xp) - tan (o) +mgl - sin(9) 9

o] Ale. Al (5)9} 4l (6)& T3t Alojn] 2AE =

bt 4 @0l 29F a & Al2lali ] Has

Sensor value(d)

Release torque
T, = Ik (x + %) tan(a)
Searchx and @ a
x =min|H —d| I:> from cam profile
data table Qﬁ

Comp: torque
Cam profile Tp = mgl - sin(8)
data table(H, a)
H = height array of cam profile 6

a = pressure angle Estimated Torque
L=Tw+Ts

Fig. 11. Block diagram of torque estimation

Cap Qutput plate Ball Spring

Fixed plate

Compliance plate Compensate plate Ball transfer

Fig. 12. Prototype of VCSC

& Folxl gholw &} o oA g WRlew
of B35 243tk o9 Fig. 11 B3 3% WY
E5 tojojagoer yepd Zojt

o v

3. VCSC A=t

Fig. 12= VCSC9] 2 EEIYIS UER] VCSC+=
78, 29 ZEOIE, &, AFEelds S0, A2
g 1A Zgo|E, B EdlAL, 13 Zgo|ER LA
EJof Itk ok} Table 12 VCSCE} AbE LERHTE
3.1 &¢f &3

Fig. 13 VCSCO] A1 31742 Uehich A% 8
A5RE 21 e Fre 7hkses HAIs] ¢l
3 RA%, VOscel Ael Eag 245 99t Ba
LA, VCSC, 23e)e] Qr&are sjotslr] 915t o]
AA, P28 5dsl7] $a e} sy satoluw
4=l glk

rlo

(

¢

e

Table 1. Specification of VCSC

Diameter 66 mm
Height 60.2 mm
Weight 525¢g
Range of variable release torque 4.3~7.6 Nm
Range of gravity compensation torque 0~3.3 Nm
Release torque 4.3 Nm

Mass & payload Motor & harmonic drive

Laser sensor

Torque sensor VCSC

Fig. 13. Experimental environment
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