Modeling & Simulation of
two DC - motors applied to a plate clutch
using solidThinking Activate
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Two DC-motors applied to a plate clutch

Two armature controlled DC-motors (out of section 7) are applied to the plate clutch (out of
section 5).
For more detailed information about the corresponding models see the very section.

The connection is realized via a parallel connection of a spring with a stiffness of K, and a
rotational damper with a damping factor of B,

Damper B,

Touts@out

Note: Spring and damper components are displayed with translational behavior although they are rotational components.
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Two DC-motors applied to a plate clutch

Objectives

* Learn how to...
... connect two complex systems by feedback loops

Damper B,

Touts@out
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Creation and Simulation of two DC-motorsq applied to a plate clutchye

Theoretical background and how to implement it using Activate

Step 1: Connecting the systems (Two DC motors < clutch)
Step 2: Implementation using Activate
Step 3: Validation of the results
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Step 1. Connecting the systems (Two DC motors < clutch)

Tioaa =Tk + Tg Damper B,, Ty

TlOCld = (91 - Hin)Kzl + (wl'win)B4 T1,01,0, Ti0ad:®in, Oin

Additionally: Spring K, Ty

Motor 1 and 2 are not frictionless anymore (compare section 6: DC motor)
* Friction factor =B
* J101 = Kyiy — BO; — Tioaq — Thelt
* ]2, = Kyiy — BO, + Tpeyy

The time dependent variable friction B,,,- begins disengaging at 20s.
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Step 2: Implementation using Activate

Damper

» Feed-in: Angular position and
angular velocity of motor 1:
thetal and theta_d1

* Feed-back: Angular position and
angular velocity of inertia J;,,:
theta;, and w_in

theta_d1 theta_1
theta_1 =
theta_2
= > D
et . TK
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mmmzmm_2 theta_in
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Step 2: Implementation using Activate

» The Torque (produced by spring and damper) influences the motor as a load torque and is
fedback to motor 1.

* Note: To prevent interactions, implement GetSignal and SetSignal blocks.
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Step 2: Implementation using Activate

Implementation of Friction into motor 1 and 2

V_bemf

Motor 1. B |
]19"1 = Kqi; — Bgl — Tioad — Tgelt

Motor 2:
* J20; = Kyi; — BO, + Tgeys
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Step 2: Implementation using Activate

Complete model:

Angular_velocity_motor_Scope T_load_Scope

Velocity_scope
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Step 2: Implementation using Activate

* Initialization of parameters Cortet | Avaine Varats
EdH 'H#HDAS

1 //Motor 1
2 Jl=1
3 K1=1000
4 R1=10
3 K bemfl=0.1
& B=2
8 [ /Motor 2
] J2=1
10 K2=1000
11 R2=10
12 K bemf2=0.1
13 B=2
14
15 //Belt
& K _Belt=2000
17 B_Belt=0.0001
18
19 S/Inertias
20 J3=.8
21 J_out=.2
22 J_in=.004
23 B3=1
24 K3=.5
25
28 //Motor-clutch connection
27 K4=10
28 Bd=.9

Cancel
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Step 3: Validation of the results

» The clutch is fully engaged during the first 20s. e,

* Motor 1 runs up to 40% quickly (orange line).

* Jin (green line) responds faster than J,,(red line), [\
(k= 10)is siferthan he Spring between fp and (=l
J2 (K3 =.5).

» The clutch begins disengaging at 20 s.

 As the clutch disengages the load torque
decreases.

» As the load torque decreases, the motor speed
increases (orange line).

* The overshoot amplitude of w, (blue line) is

50

[racis]
w
@

20

0 10 20 30 40 50 &0 70 30
ts]

) Legend: -
governed by the shaft spring constant. green: angular velocity of J;, Vg Vo= e !l‘]ul%g
 The smaller the spring constant the larger the red: angular velocity of oy - ‘

hoot blue: angular velocity of J,
overs : orange: rotor speed of motor 1
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Step 3: Validation of the results
» Friction between motors and belt and within the

012

motors itself produces a permanent belt stretch )

when running at a constant speed T N A B

* The belt stretch reaches a steady state of 0.08m e
stretch after the clutch is fully disengaged because "
the motor speed has increased slightly.
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Fig. 1: Belt stretch
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Fig. 2: Load Torque
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