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Torque Control Example
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S2 =

(
x12
0

)

lS = |S2S3|
l3 = |S2M |

Known:
(ls, l3,m2,m3, I3S3, b, µ)

T

Required motion:
(x1M , y1M)

T

Input variables:
(F12,M23)

T

Independent variables:
(x12, φ23)

T

Kinetic energy (it is not used in further derivations):

Ek =
1
2
m2ẋ

2
12 +

1
2
m3(ẋ

2
1S3 + ẏ21S3) +

1
2
I3S3φ̇

2
13 (1)

Direct kinematics
(
x12
φ23

)
− >

(
x1M
y1M

)
(2)

x1S3 = x12 + lS sinφ23 (3)

y1S3 = −lS cosφ23 (4)

x1M = x12 + l3 sinφ23 (5)

y1M = −l3 cosφ23 (6)

Inverse kinematics, the configuration should be selected based on the current configuration and joint coordinates velocities
(ẋ12, φ̇23)

x12 = x1M ±
√
l23 − y21M (7)

φ23 = arctan 2(x1M − x12, y1M ) (8)
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Uvolňování
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Slider:

m2ẍ12 = F12 +Rx − FT

0 = N +Ry −m2g

0 = M23 −Mr

FT = bẋ12 + µsgn(ẋ12)|N |

Pendulum:

m3ẍ1S3 = −Rx

m3ÿ1S3 = −Ry −m3g

I3S3φ̈23 = RylS sinφ23 +RxlS cosφ23 +M23

Coordinates of S3 substituted:

m3(ẍ12 − lSφ̇
2
23 sinφ23 + lS ¨phi23 cosφ23) +Rx = 0 (9)

m3(lSφ̇
2
23 cosφ23 + lS ¨phi23 sinφ23) +Ry = −m3g (10)
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Dynamics equations:

(m2 +m3)ẍ12 + bẋ12 + µsgn(ẋ12)|m2g +m3g +m3lSφ̇
2
23 cosφ23 +m3lSφ̈23 sinφ23| =

= F12 −m3lSφ̈23 cosφ23 +m3lSφ̇
2
23 sinφ23

I3S3φ̈23 =

=M23 −m3glS sinφ23 −m3l
2
Sφ̈23 −m3lSẍ12 cosφ23

Nonlinear transformation of input, the plus/minus sign is applied according sgn(ẋ12) and
sgn( ~N)

M =

(
m2 +m3 m3lS cosφ23 ±m3lS sinφ23

m3lS cosφ23 I3S3 +m3l
2
S

)

~N =

(
bẋ12 ± µ(m2g +m3g +m3lSφ̇

2
23 cosφ23)−m3lSφ̇

2
23 sinφ23

m3glS sinφ23

)
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Structure of the Torque Control Controller
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