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Abstract

Tan-shwei is an important viewpoint of
observing how foreign influence affects a
place and its space program. Within Tan-
shwei, the Pu-ding area has its specially
interesting space changes because of its three-
hundred-long exposure under different ethnic
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changeover. For example, the entrance of
foreign forces, the designation of residence
for them, the establishment of consulates, the
institution of foreign firms, the promotion of
churches, the construction of residences,
hospitals, and schools, and local compradors’
imitation of these new foreign concepts, all
contributed to its space changes.

This research observes the landscape of
Tan-shwei, especially that of Pu-ding. At the
angle of cultural imagination, we try to find
how and why, historically, the western culture
changed this space. By examining the changes
in the form and the function of the colonial
architecture in Pu-ding, we can see the
cultural impact in different periods and the
indigene's response and imagination to that.
Thus, we choose this certain area and try to
hit the mark in- space by exploring the
literature, poetry, paintings, and figures in
different imes, in order to discuss the cultural
tmagination and the consequent cultural
identity in the colonial architecture and place.
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The associated mechanical equation can be
described as

do,

J
at

+Baw,, +T, =K,i, (2)
where K, is defined as the torque constant.
K =-=""y, &)

Furthermore, one should consider the
mechanical equation (2) with uncertainties

do,, :

el (a+Aa)w, +(b+Ab)i s +dT, (4)
One further defines the speed error as
x)=w,)-w, (5)

where @, is the speed command. Taking the
derivative of (5) with respect to time yields

%=wc(z)+b[uﬁy(t)+ectn ©)
where

ug (1) :iﬂs(t)+%w;r

and

Aa Ab d
{)=— H+—i, +—1T
e() b a)m() b r[(s‘ b L

According to the redefined uncertain system (6),
the sliding surface with integral component is
designed as follows:

5(0) = x(t)- [(a+bk)x(z)dr = 0 (7)

where 4 is a linear feedback gain to be designed.
When the shiding motion occurs, s(f) =$(z)=0,
the dynamical behavior of the controlied system

is equivalent to

—::—tx(t) = (a +bk)x(t) (8)

From (8) it is evident that, in the sliding mode,
the speed error x(z) will asymptotically converge
to zero without being affected by the
perturbation. That is the controlled rotor speed

. @, can track the desired speed command @/,

asymptotically.

To assure the existence of the sliding mode,
the following assumption is firstly given

le()| <5

i.e., the lumped perturbation e(?) has an upper
bound A. Then, based on the uncertain system
(6) and the designed sliding surface (7), the

U g (1) = k() — fF sgn(s(?))
vanable structure speed controller is designed as
where sgn(. ) is a sign function defined by

o, 0
sgn(s(1) ={,1 Ifff Sf(z;o

The above sliding mode controller design is
based on an ideal indirect field-oriented control.
However, it is known that both rotor time
constant and mutual inductance are uncertain. In
this case, the estimated slip speed will deviate
from actual value. As a result, the decoupled
property of the field oriented control will lost.

III. Self-Decoupling Method Using Short
Duration Pulses

To get an ideal indirect field-oriented control,
this section proposes an on-line tuning method
for estimating the slip gain. The method is by




superimposing short duration rectangular pulses
Ai, on the flux command current .

Observing the dynamical equation of the rotor
flux w, interms of the flux producing current.

It can be seen that the rotor time constant
governs the changing rate of rotor flux.
Accordingly, if the given flux command pulses
are short relative to the rotor time constant, the
rotor flux magnitude will not change
significantly. Figure 1 shows the rotor flux
magnitude resulting from a short rectangular
pulse of flux command. It shows a small
decrease in rotor flux, approximately -5\%,
during the flux command pulse.

Under perfect operating conditions, the
parameters of the vector controller are matched
to those of the induction machine, giving a slip
calculation without error. This assures that the
actual synchronous rotating frame matches the
estimated frame. Thus, the rectangular pulse in
the flux command current will not affect the
controlled speed. However, if the stator current

vector 7, is projected on the actual synchronous
rotating frame (@ and f axis) and on the
estimated frame (& and B axis). It can be

seen that if the estimated slip gain I%_, is less
than the actual value K_, the calculated slip
speed @, is less than the actual slip speed @, ,

since the slip speed is proportional to the slip
gain K. In this case, the actual synchronous

rotating frame moves ahead of the estimated
frame. If one superimposes a rectangular pulse
Ai’e on the flux command current i'e based
on the estimated ¢&-axis. Therefore, the

rectangular pulse Ai‘a can be decomposed
into two components, Ai, and A/, based on

the actual synchronous rotating frame,. The
component A/, does not affect actual flux

component much; however, component Aig
will increase the developed torque.

Based on the above analysis, one sees that a

short rectangular pulse Ai’ss superimposed on
the flux command, according to the estimated
c%—ﬁ’ frame will change the actual developed
torque, which is related to whether the estimated
slip gain ]%, is less, the same or greater than
the actual slip gain K. As a result, the speed

controller will produce a torque command
current to compensate the change of the
developed torque due to the flux pulse. To
assure the overall system robustness, a variable
structure speed controller is combined with the
proposed slip gain estimating method. Figure 5
shows the torque command current produced by
the variable structure speed controller for three
cases of the estimated slip gain value. It can be
seen that the polarity of the torque change gives
an indication of whether the estimated slip gain
I&, is less, the same or greater than the actual

slip gain K.
Accordingly, based on the change of the

torque command current, the following

algorithm is used to adjust the estimated slip
gain K

rE

Step 1: Sample the torque command current
igoey @t two points:
(a) The first point is at the start of the
flux pulse and is assigned to be
Fasicey
(b) The second point is at the end of the
flux pulse and is defined to be iy, .

Step 2: Substitute g, and ig,,, into
Ks(k+l) = Kp (j,{kl(k) - i}}sZ(k) )+ Ks(k)

Step 3: Repeat from Step 1 at the start of the
next flux pulse command.

IV. Experimental Results
The experimental resulis of a 800 W

induction motor are used to test the proposed
variable structure speed control with self-



decoupling algorithm. The convergence of the
estimation algorithm of the slip gain is verified
by experiment results shown in Figures 2 and 3.
Figures 2 and 3 show the tuning of the slip gain
under operating the motor speed at 150 rpm
with 7, =1.0N-m, and the initial gains set at

]2'5 (0)=1.9 and 12'5 (0)=7.6, respectively. It can

be seen that estimations converge to the same
value.

V. Conclusions

In this study, a new self-decoupling
method by estimating the slip gain in the
computation of the slip speed for indirect field-
oriented control is proposed. The decoupling
method is combined with a novel variable
structure controller with integral sliding surface
for the speed control of the ‘induction motor
drive. The estimating method applies a short
duration pulse on the flux command current.
The slip gain is then tuned according to the
variations on the torque command current from
the variable structure speed controller. With the
slip estimation algorithm, the indirect field-
oriented controlled induction motor drive is
robust to the deviation of the slip gain to get a
decoupled field-oriented control. Moreover, due
to the property of the special design of the
integral sliding surface, the acceleration signal
needed in the conventional variable structure
speed controller is removed. The novel variable
structure speed controller also provides the
robustness for disturbance load. Finally,
experimental results are provided to verify the
validity.
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