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Feedforward Controller of Precise
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Introduction

Positioning system |
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®Control that moves object to a target point and
stops

®Evaluated by positioning time and positioning
accuracy

Positioning mechanism treated by this research

®Mechanism that rotates ball screw by motor, and moves
table to target points .
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mDesign FF Controller
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Problem1

The phenomenon of postponing settling times by the
oscillation of the base becomes a P From input torque to speed of motor,
i i R

objectT
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Gain (4B

10
Frequency [He]

Earlier methods
®Remove the oscillation frequency from the instruction
®Linear feedback(observer + state feedback etc...)

Bad Robustness

®Model uncertainty |::> Limit of linear controller

®Deterioration of observability 4
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Problem2

the saturation of the motor voltage becomes a problem
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Voltage Saturation
®The differential motor torque is a great factor
®|ndex of the impact given to the machine

®Consider the constraint of the differential torque
®The simplicity of FF seems to be higher than that of FB

Design FF controller by Hybrid Predictive Control

FF : Feedforward
FB : Feedback 5
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Controller Structure (2 degree of freedom)
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Position Control output
instruction (position of object)
Oref —s| Model 7

controller

Model

2 inertia Model
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rotation of motor and oscillation of base
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Vellmm/s]

Torque[Nm]

0 : Position of object ¢ _
6, : Speed of object  6a :Speed of motor 65

Time[s]
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* Position of motor 9B : Position of base
: Speed of base 8
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Simplest FF Controller
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L=4mm. A=0.20G, StiTime=255.6ms 10Hz From position instruction to object
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Earlier FF Controller (Pole Placement)

L=4mm, A=0.20G, StITime=80.8ms
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From position instruction to object
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® Oscillation stands out
® Settling time is too long

L :instruction position

Drp : difference between
instruction and object

Base : position of base

Cmd : instruction speed

® Adjusted by pole placement to limit torque to be under |
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A :instruction acceleration gimL

: speed of object

StiTime : settling time simM : Sﬁeed of motor 9

Frequency (rad/sec)

0.32[Nm] and differential torque to be under 48[Nm/s] =

® The oscillation of about 80Hz stands out
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Design of FF Controller
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L=4mm, A=0.20G, StiTime=63ms

Limit of Earlier FF Controller
® The input breaks the constraint
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LQ FF Controller
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L=4mm, A=0.20G, StITime=80.8ms

From position instruction to object

DeSlgn with MPT 0 o1 0z 03 ]oé%

Time[s]

ODeS|gn that conS|ders constraint by using MPC

®Improvement of performance by a high degree

of freedom G

MPT is based on LQ and PWA state feedback
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® Adjusted to become almost the same response as
earlier methods with LQ

It is necessary to make response preferable with LQ
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® The oscillation of about 80Hz stands out
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Control of oscillation (80Hz)

WThe input break constraint by the oscillation of 80Hz

Before MPT is applied, we suppress the oscillation of 80Hz
Frequency shaping |

W —
0, Model Input
ref Controller ] weight m

20}~

Magnitude (dB)

Frequency shaped LQ is based
on LQ, so easy to apply to MPT

Phase (deg)
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Frequency Shaped FF Controller
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L=4mm, A=0.20G, [StiTime=55 8ms] From position instruction to object
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® Suppressed the oscillation of 80Hz by frequency shaping
® Settling time is shorter than previous one
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MPT FF Controller
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L=4mm, A=0.20G StITime=49.6ms|
Limit of Linear Controller 1 — ;
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when response become fast BT . —
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®Design that considers constraint by using MPC

Hﬂ.
controller

Model
Controller

—

Constraint of torque :#0.32[Nm]
Constraint of differential
torque :=48[Nm/s]
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MPT FF Controller (Image)
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Image of MPT Controller )

The controller is given by a PWA
state feedback

(Surround)
Controller which
doesn’t break

(Center)
High-speed Controller
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Example of MPT
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mDesign the controller which breaks the constraint with

L=4mm, A=0.20G, StITime=55.2ms

frequency shaped LQ
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constraint
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EConstrain the input
; Y
Ore Model Input
f Controller weight | m
Constraint of torque :30.32[Nm]
Constraint of torque differential :+=48[Nm/s]

17

Tokyo Institute of Technology Fujta Laboratory

Example of MPT

HCalculate MPT Controller
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L=4mm, A=0.20G, StITime=55.4ms
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The controller switches not to break the constraint

18

Tokyo Institute of Technology Fujita Laboratory




Tokyo Institute of Technology

Problem
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® No solution when severe constraint is given

® Because prediction time is short, appropriate solution
is not outputted

® There is no guarantee that the input of the plant

doesn’t break the constraint

<

When the target value is changed, it sometimes diverge

19

Improvement Plan
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Improvement Plan
®Change the model
®Change the FB controller
o ...
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EProblem
mDesign FF Controller
EModel Change

EConclusion
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Model Change

BChange from 2 inertia model to 4 inertia model
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It is possible to control accurately by using 4 inertia model
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Difference of Frequency Response
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Frequency-shaped Not frequency-shaped
2 inertia model 4 inertia model

From

position instruction
to

position of object

Magnitude (d8)
Magnitude (dB)

[

Phase (deg)

Magnitude (dB)

position instruction : : R position instruction
to L= to
position of object and motor position of motor

Phase (deg)
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LQ FF (4 inertia model)
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L=4mm, A=0.20G, StiTime=58ms From position instruction to object
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® Designed with LQ
® The differential torque change greatly at the switch of the
target acceleration
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MPT FF (4 inertia model, with constraint) Outline
— Tokyo Institute of Technology —-— Tokyo Institute of Technology
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® The constraint is put on torque
® The differential torque greatly at the switch of the target
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Conclusions and Future Works Reference
[— Tokyo Institute of Technology [— Tokyo Institute of Technology
Conclusions

®Treated FF controller of positioning system
®Suppressed the oscillation
®Use the input constraints
®Model change
Future works

®Robust stability, Robust performance

®FB controller
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[Appendix1] Bode of simplest FF
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[Appendix2] Bode of pole placement
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[Appendix3] Bode of LQ
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Bode Diagram Bode Diagram

[Appendix4] Bode of frequency shaped LQ
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Bode Diagram Bode Diagram
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[Appendix5] Bode of LQ (4 inertia)
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