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HOW CAN WE CONTROL THE FASTEST SYSTEMS?
ONE SOLUTION ISQFT
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Abstract: When we want to control a very fast system, like an operationd amplifier, we
have the problem that the controller must be faster than the system. The controller’s work
conditions are extreme and it is very difficult to find an optima and implement solution.
The QFT design methodology dows to look for red solutions to the problem. To
demostrate this afirmation, a study has been done about the operationa amplifier (O.A.)
LM12CL of Nationa Semiconductor. The result is a robust controller that dlows its
operation in extreme conditions. Copyright © 2002 IFAC
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1. INTRODUCTION

In the fidd of eectronic design, the operationd
amplifiers play an important role. The O.A. are usd
in a lot of applications, including works of midde
power. The LM12CL is an O.A. desgned for this
kind of jobs; it is capable of driving loads +25v at
+10A.

Although O.As ae interndy compesated, some
operation conditions can drive them to a very
submuffled or ungtable systems. This stuation force
to control the syssem O.A.. Besides appear these
extreme work conditions, as O.A. is a physcd
system, is dso a not linear system (although in fact
we can condder a negligible linearity), and it aso
has uncertainty in most of its parameters, due to
manufacture condtions are not aways the same.

If we andyse the problem, we can obtain three
important causes for which the QFT methology
design is useful to solve our problem control in this
kind of systems:

1. To work with low gains makes the operaiond
amplifier ingable. There ae gplications in
which it is interesting that the O.A. works with
unity gain (voltage follower).

2. When the OA. drives capacitive loads, interact
with the open-loop output resistance (about 1W).
The system acquires a new pole that reduce the

Fig. 1. Capacitive loadsinfluencein O.A.



phase magin of the feed-back loop, ultimately
causng ocillation. Figure 1 shows the effect
over gain in open-loop if O.A drives capacitive
loads.

3. The vaiaion of operaiond amplifier
paameters makes that operation conditions
change donificantly. It is neccesary to reduce
these variaionsin apparently equa devices.

The three above points show possble situations of
ingtability and uncertainty interrelated, that QFT can
solve suitsbly. Moreover QFT aows impose other
kind of conditions, i.e tracking performance
specifications, that will adlow to design a controller
for the system, to force the response into limits
indicated for desgner.

2. QFT MODEL

QFT needs a sysem defined in frequency domain
and with some kind of uncertainty. This is traduced
in a catan number of plants, tha show the worst
behaviours. This plants will be forced to work into
performance  specifications that the designer has
indicated.

For this reason the first step for controller’s @sign is
to obtain the modd in frequency domain of OA,
Nationa Semiconductor offers Bode plot of open
loop, that is shown in Figure 2.
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Fig. 2. LM12CL open loop response.

After some cdculations the LM12CL is modded by
the following trarsfer fuction

G. = Aocl s+De "z
Plana ™ (T, s+1) (T, 5+ (Tg 5+))

T,=3.062938485- 10" T,=40- 10°
T,=0.002652582385 T,=1.224268793- 10°
T=1.020979495- 10" Ap=50000

This modd is quite approximate, in figure 3 the grest
coincidexce with the Bode plot of Nationd
Semiconductor isshown.

Once the O.A. is modded, the work's conditions
indicated above must be included in the transfer
fuction. To this respect, according to point 1, the
controler must be designed to dlow works with unity
gain. The point 2 indicates that the controller will
dlow the OA to work with varigble capacity. Findly
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according the point 3, it will bear in mind the
vaiability in two paameters, dc gan and output
resistance.

20000 £ Apc£ 90000 02WE Ry £ 1W

Knowing this information, the transfer fuction for
openloopis

Gpianta = Apc(Tys+he™*
planta = (T, s+1) (T, s+1) (T5 s+ (R,Cp s+))

Cdling Apc =10000 Ay RC, = 10% the wncertainty
in O.A. parameters can be defined as
2EA£E9 and O£t£1

The result isthe following transfer fuction

10000 A (T, s+1) e 2°
(Tzs+1) (T, s+1) (Tss+1) (10 %t s+1)

G planta=



3. CONTROLLER DESIGN

QFT offers the control solution through two
freedom-degrees. Figure 4 shows this structure. The
target isto cdculate the G(s) and F(s) controllers.
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Fig. 4. Two freedom-degrees control is proposed by
QFT

Firgly we cdculae the parametric uncertainty
obtaining 65 plants. These plants represent the worst
O.A. conditions. Variability is converted in A and t
combinations shown in figure 5.
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Fig. 5. Parametric uncertainty and combinations for
design.

Figure 6 shows some plant’s frequency respases in
Black plot, for different combinations. (4 repre
santative plants of 65).
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Fig 6. Black plat for some plants.

It is easy to see the great variability in response due
to variable paramenters O.A.

Once the plants are defined, the second sep is to
mark the dedrabled peformance specificaions.
They can be divided in two pats dability
peformance and tracking peformance. The gability
performance specifications are indicated with a gain

margin of 5dB and a phase margin of 50°. In QFT
design, thisinvolves the following specification

PE)CO) |, .,
1+ P(s) G(s)

On the one had, the tracking peformance
specifications are determined to get the loop close
system response, enclosed into two limits. These
limits are defined in frequency domain by two
trandfer fudions

[P(s) © Pant]

3.3s? +4.210"s+1.210"
2.510 % s° +9s? +3.4107 s+1.210%°
-1107s+1
7910 s*+1.210? 2 +2.610 6 s+1

Mu(s) =

Mi(s) =
and the step response is shown in figure 7.
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Fig. 7. Step response for limitsMu(s) y MI(s).

The marked specifications are trandated in the QFT
bounds. These bounds indicae the frequency
response restriction to get the proposed dbjectives.
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Fig. 8. Loop-Shaping for controller design.



The dability and tracking bounds obtained are
intersected to get the most restrictive gpecificaions.
Once this operation is carried out, we go to the
design.

It is important to look for an easy controller to get a
implemently system. Figure 8 shows the obtained
solution, that involves the following cartroller

G- 89.035” +6.76710" s+255510%
s? +4.92310° s+2.13510°

The controller is of a low order and the specifications
a amogt perfetly fitted, it would just test b cdculate
the prefilter. The dedgn itsdf is dmilar to the
controller, G(s), and it's obtaned as aresult

6
F9 = 258210
s+ 258210°

The 65 plants dmulation behaviour facing the
unitary step is praecticaly found as a whole in the
fixed especifictions. The answers of the further
fixed specification plants are shown en figure 9, and
& it can be seen, the discordance among then is

perfectly acceptable.
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Fig. 9. Worst tempora responses for the controlled
system.

4. SEARCH OF SOLUTIONS

Once the controller is desgned, our next god is the
system implementation. However two problems

appear:

1. Thecontroller hasapolein 87 MH:.
2. The controller has a gan of
superior to 10000.

low frequency

Which physicd system is able to offer a pole in 87
MHz and gain of 10000, with the rest poles further
away 0 as not to produce a frequencia charge
effect?

This solution is not possble Given the O.A.
bandwidth, a controlller with a huge bandwidth is
necessary, what produces the necessty of no-using
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Fig. 10. Passive controller Loop-shaping..

active devices (since the bandwidth of then is not so
big). This means the only red solution can be
obtained by means of passve edements, what a the
time will force, without any doubt to relax the fixed
specifications. In order to look for a controller which
could be implemented with passive components, and
wich reaches the specifications in its maxims as well
(always bearing the sability conditions), we have
obtaned
2.60210°% s+1

G(s) =0.0243 —
3.269110 "s+1

The frequencid response located upon Nichols's
chat and the bounds founds are shown in figure 10.
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Figure 11. Worst response for the system with
passive controller.



It is observed that the tracking specifications gve up
working in many frequencies, but those of stability
do ill work. In this dtuation we can avoid the pre
filter caculation. Figure 11 shows the step response
for most extreme plants.

Obviody the system works much more sowly, but
watching the sep responses is checked that they
don't differ tha much from the imposed limit
responses.

5.ELECTRONICIMPLEMENTATION

The block diagram to implement is the one shown in
figure 4, with the particularity that in the end, the
prefilter is not necessary. The man problem is to
know how to cary out the difference junction.
Electronicdly, a difference junction is built by means
of a differentid arplifier, but for that it is necessary
to use an OA. which will produce a frequencid
charge due to the poles its gain owns. This Situation
doesto ook for other solution.

;( )ﬁ 3( ) N I S
5 S g+ +a,

Fig. 12. Difference juction ided and real mode.

The problem answer could result in using the O.A. in
itdf as a diffeorence juction. The OA. is a
differentid amplifier and, in order to use it as a
difference juction, it would be enough just to
transform the block diagram of figure 4 into the one
of figure 13.

RO~ Ry =1 66 PO

€6

Fig. 13. New gructure of QFT block diagram
control.

When the prefilter is designed, the improvement
behavior is poor. For this reason the prefilter can be
eliminated.

With this last condderaion we introduce the
controler.  The dectronic  circuit  that  would
implement the transfer fuction is shown in figure 14.
The total system without pre-ilter is showed in
figure 15.
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Fig. 14. Controlador. C;=2.3979nF, R;=1085.11W,
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Fig. 15. Tota system with controller.

In reference to write it above, it is possible change
the product F(s)- G(s) for a smple voltage divisor
implemented with the Ry ad Rz resistors (G y G
can be diminated from this block diagram part).

6. CONCLUSIONS

The paper has shown the posibility of controlling
very fast systems, which have uncatainty by the way
of QFT.



The active devices tha implemented a controller,
which it is used to control a fast system, must have
got a frequencid response fagter than the system. In
other dtuation frequencid effect charge is produced.
It is obvious, but if faster active devices do not exigt,
the unique solution is to use passive elements to
implement the controller. It means that we must relax
design specifications and work’ s conditions.

Findly, we have to indicate that QFT has alowed to
go from the ided, optima and unattainable solution,
to a red and implementely solution, offering the
brigde between the pure theoricd desgn and a red
engineering design.
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