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ABSTRACT. This paper is concerned with velocity control of a brushed DC-motor when
actuated using a DC to DC Buck power converter. We propose a controller which is
proven to be asymptotically stable as long as the DC power supply can provide the neces-
sary voltages at the converter inductor and capacitor. Our control scheme is the simplest
controller proposed in the literature until now with a formal stability proof for this control
problem. Moreover, the required number of computations are small and they are simple.
Linear proportional-integral (PI) actions are used to regulate the motor electric current,
the motor velocity and the converter capacitor voltage. This is important since it provides
robustness to the control scheme and linear PI controllers are the main components used
in the successful strategy used in industry to control brushed DC-motors. These results
are tested experimentally in a setup constructed by the authors.

Keywords: DC to DC Buck power converter, Brushed DC-motor, PI velocity control,
PI current loops, Lyapunov stability

1. Introduction. Brushed DC-motors are extensively used in many industrial applica-
tions such as servo control and traction tasks due to their effectiveness, robustness and
the traditional relative ease in devising the appropriate feedback control schemes [1].
Control of these machines is commonly performed by adjusting voltage applied at the
motor terminals as a function of the actual and the desired output (velocity or position).
This has been traditionally done by using pulse width modulation (PWM) techniques
which, however, cause unsatisfactory dynamic behavior because of the underlying hard
switching strategy: large forces appear acting on the motor mechanics and large currents
detrimentally stress the electronic components of the motor and the power supply [2].

Because of the above cited drawbacks and the fact that PWM techniques necessarily
require the presence of a power supply component [2], it is proposed in [3] to replace the
PWM techniques by the combination of DC to DC power converters with DC-motors. This
configuration improves performance, with respect to that obtained with PWM techniques,
because DC to DC power converters deliver smooth DC output voltages and currents with
a very small ripple. This is due to the fact that DC to DC power converters have several
energy storing elements such as inductances and capacitances [2]. For instance, a DC to
DC Buck converter driven DC-motor system has been proposed in [4, 5] since a Buck
converter possesses an inductor and a capacitor as energy storing elements.
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Motivated by the work in [4, 5] several control schemes have been proposed for the
DC to DC Buck converter driven DC-motor system [2, 6-10]. However, most of these
controllers are complex in the sense that they require the exact knowledge of all (or,
at least, many) of the system parameters (i.e., inductances, resistances, capacitances,
inertia, viscous friction coefficient, torque and back electromotive force constants) and
they are based on differential Flatness or Backstepping approaches which require lots of
computations.

On the other hand, we have remarked that it is pointed out in [1] that an important
reason why brushed DC-motors are extensively used in many industrial applications is the
relative ease in devising the appropriate feedback control schemes, specially those of the
PT and PID types [11]. There are motivated works in [7, 8] where PI controllers have been
proposed for the DC to DC Buck converter driven DC-motor system. However, those
solutions are far from being completed since either the presence of a load torque at the
motor shaft is not considered or the load torque is considered to be known. Moreover, only
simulation results are presented in both [7, 8]. In this respect, although [12] presented a
control scheme for the more complex DC to DC Boost power converter driven DC-motor
system, they have to resort to algebraic estimators (a more complex solution than a simple
integral action) to compensate the unknown load torque.

In the present work we introduce a control scheme for the DC to DC Buck converter
driven DC-motor system. Our controller has three components. The first component,
inspired by the controllers proposed in [13-15] for DC to DC Boost and Buck-Boost
power converters, is intended to force voltage at the armature terminals (i.e., voltage
at the Buck converter output capacitor terminals) to reach a desired voltage. In the
second component, this desired voltage is computed as the addition of the outputs of a
linear proportional-integral (PI) controller for the motor armature electric current and
a linear proportional controller for the motor velocity. Finally, in the third component
the desired value for the armature electric current is given as the integral of the motor
velocity error. Hence, our controller has the main components contained in the successful
control scheme used traditionally in industrial applications for brushed DC-motor control
[16]: a linear proportional-integral (PI) controller for the armature electric current and
a linear proportional-integral (PI) velocity controller. This is important to remark since,
contrary to previous works in the literature, these features render our approach simple
and easy to implement and, at the same time, robust enough for practical applications.

The main advantages of our controller, which represent our main contribution, are
simplicity (i.e., a reduced number of computations are required when compared to Flatness
based and Backstepping based control schemes presented in [2, 4-10]), the integral action
on the velocity error provides a simple and effective manner to compensate constant load
toque disturbances (which represents an important advantage when compared to works
in [2, 4-10, 12]) and a complete formal stability analysis is presented which proves that
the closed loop system is asymptotically stable under reasonable assumptions. Moreover,
this stability analysis stands for the case when the DC to DC Buck power converter is
used as a smooth starter for the DC-motor.

This paper is organized as follows. In Section 2 we describe the dynamic model that
we consider whereas our main result is presented in Section 3. An experimental study is
presented in Section 4 and some concluding remarks are given in Section 5.

Finally, some remarks on notation. Given a h € R" we define the 1-norm as ||h||; =
Sr . |hi| where symbol |-| stands for the absolute value function. Moreover, the Euclidean

norm is defined as ||h|| = /> ., hZ.
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2. Dynamic Model. In Figure 1(a) we present a DC to DC Buck converter driven DC-
motor system. In Figure 1(b) we show how to model the transistor and the diode by
means of ideal switches. Using Kirchhoff’s Laws we find the following dynamical model:

L% = —v+ Eu (1)
CC;—;’ =i - ¢ (2)
La% = v — Ryig — kew (3)
J‘;—j = ki — Bw — T} (4)

Variables 7 and v represent the electric current through the converter inductance L and
voltage at the converter output (i.e., the electric voltage applied at the motor armature
terminals). Electric current through the DC-motor armature circuit and motor velocity
are given, respectively, by i, and w. The switch position is represented by u, which is
considered to be the control input only taking two discrete values: 0 or 1. Constants C,
R, FE, L, R, J,B, ky, and k. are positive standing for the converter capacitance, a resis-
tance fixed at the converter output, power supply voltage, the armature inductance, the
armature resistance, motor inertia, the viscous friction coefficient, motor torque constant
and motor back electromotive force constant. Finally, 77, is a constant representing the
unknown load torque.

e e i

Q L i L, R,
ﬁ D___;_/WY\ Z: i i/YYY\
1T D w
E= + v==C IR
Buck converter DC Motor

(a) Implementation of the DC to DC Buck converter
driven DC-motor system using a diode and a transistor

u=1 L ; 3 L“ R
—0 LYY
1 12
J + w
b= [ v==C R
[ TC 3
Buck converter DC Motor

(b) Ideal representation of the DC to DC Buck converter
driven DC-motor system

Ficure 1. Electric diagram of the DC to DC Buck converter driven DC-
motor system
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3. Control of the DC to DC Buck Converter DC-motor System. The following
proposition summarizes our main result.

Proposition 3.1. Consider the DC to DC Buck converter driven DC-motor system (1)-
(4) in closed loop with the following controller:

1 . o . +1, s>0
u = 5[1 —sign(s)], s=1i—1", sign(s) = { 1 s<0 (5)
- t
= = + kple + kil / e(T)dT (6)
R 0
t t
V= —T4q + Ryiqg — *y/ ea(T)dT + fhpoo, ia = kiQ/ w(r)dr (7)
0 0
E=TV—0U, €="1lg—lg, W=Wy—Ww (8)

where wy is the time varying rest-to-rest desired velocity, i.e., it is given as wq(t) =
wi(t) + Wg with Wy a positive constant representing the final desired velocity and w}(t)
is a function of time which has to be selected such that wj(t) is bounded for all t > 0,
wa(0) equals the initial desired velocity and wy(t) = wWq, Vt > tg, where t; > 0 is a finite
constant. There always exist positive constants kyi, ki1, kpa, kiz, f, 1o and v such that the
origin of the closed loop system is asymptotically stable as long as:

di*

0< L
v+ 7

<E 9)

Remark 3.1. In Figure 2 we present a block diagram of controller (5)-(8) in Proposition
3.1. Note that this controller is composed by four main loops. a) The most internal
loop is a sliding mode controller intended to force electric current i, through the converter
inductor, to reach its desired value i*. b) This desired electric current i* is computed
as the output of a linear PI controller which is designed to ensure that voltage at the
converter output v reaches its desired value v. ¢) v is computed by a linear PI controller
driven by the motor’s armature electric current error plus two terms which include velocity
error and integral of the velocity error. d) The desired motor’s armature electric current

a 4 =z L. R
Y YL IL IYYYL
LT i
| ow D + W
FE= T ==C §R

FIGURE 2. Block diagram of controller (5)-(8) introduced in Proposition 3.1
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i, 15 computed as the integral of velocity error. Hence, our proposal contains the main
components that are present in industrial practice for DC-motor control, i.e., proportional
and integral actions on 1) the armature electric current error and 2) the velocity error.
Thus, robustness of the closed loop system is expected since, additionally, proportional and
integral actions are also present on the converter output voltage error and sliding mode
control is applied on electric current through the converter inductor. Robustness is verified
experimentally in Section 4.

3.1. Reaching the sliding surface. The time derivative of the positive definite and
radially unbounded scalar function V(s) = $s?, along the trajectories of (1) is:

o [di dif] sl dic 1| 1
V = s S{dt dt] H v dt+2 ‘ 5 }<0 (10)

where (5) has been used, if |-v — L% + 1 E| — LE < 0. By considering the two possibil-
ities —v — L% + 1EF > 0 and —v — L% + LF < 0, it is not difficult to show that (10)
implies (9). From the sliding condition $ = 0, (1) and (9) we find that the equivalent
control satisfies the following bound:

1 di*
g = 0 L— 1
0 < Ugq z {v + 7 ] <
which means that the sliding regime is possible. On the other hand, (10) ensures that the
sliding surface s = ¢ — ¢* = 0, is reached, i.e., that ¢ = ¢* is reached. Thus, we only have
to study the stability of the dynamics (2)-(4) in closed-loop with (6)-(8) when evaluated
at ¢ =",

3.2. Closed-loop dynamics on the sliding surface. Using i = i* and (6) in (2),

adding and subtracting terms i,, C'%7, ﬁ(de + T}), using i, given in (7), and defining

kpo = kp/km, kia = k;i/km, where k,, k; are positive constants, we find:

. 1 k; dv
Ce:—<E+kp1>e—ki1C+ea+E§+CE (11)
t 1
(= / e(r)dr — (Bwg+ T71) (12)
0 kmkzl
t 1
- / o(r)idr — (BT + 1) (13)
0 i
where
Cfl_? =C [—raéa + }Z:w — e, + %a (14)

On the other hand, adding and subtracting terms U, kewq, La% in (3), using (7), wq(t) =

wh(t) + Wy, kpy = kp/km, kio = ki/kp, and defining r = R, + 14, €, = p+ 0 we can write:
1

1
Lap = —56—7"p—’)/21+ke(;)— 5]?78(/&); (15)

1 1
L,o = —5€ O = 7z + fio — ikew; (16)
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t
1
= dr + —k 1
21 /Op(T) T+2”y Wy (17)
! 1
_ dr + —k 18
o /0<7(T)T+27 ot (18)
k, ki
= f L, 50 19
fi fkm km> (19)

Finally, adding and subtracting terms Jwy, kpmia, Bwg in (4), using the definition of i, in
(7), wa(t) = wi(t) + Wy and e, = p + 0 we can write:

Jo = —kpp — kmo — ki& — Bo + Jisg + Bw), (20)

with £ defined in (13). Hence, the closed-loop dynamics on the sliding surface s = 0 is
given by (11)-(20) and the state of this dynamics is given as y, = [@,&, 0, p, 29, 21, €, (]

3.3. Stability analysis on the sliding surface. Note that the following scalar function:
Wiys) = Wi(@,§) + Wa(p, 21) + Ws(e, () + Wa(o, 22) (21)
1 1
Wi(@,€) = §J&12 + aJoé + §kz~§2

1 1
Wa(p,z1) = =Lap® +pLazip + =721

2 2
1 1
W3(€, C) = 5062 + (SCQC + §I€Z’1C2
1 kn 1k,
W4(Uv Z2) = §Laf0'2 + BLy200 + 57323

is positive definite and radially unbounded if the following is satisfied o > 0, k; = k; —
] >0,p>0,F7=v—p*Ly>0,8>0,ky =kyy —06°C >0,5>0and f; = Ehim. After
some straightforward cancellations and using the facts that +qw < |¢| |w|, V¢, w € R,
IIh]]l1 < /n|h]|2, YR € R™, we find that the time derivative of W, given above, along the
trajectories of the closed-loop dynamics on the sliding surface s = 0, i.e., (11)-(20), can
be bounded as:

W< —y"Qy + |yl || (22)

where y = [|@], |&], o], |p], |22], |21], €], [C]]",  is a bounded scalar function of w} and wy
which is zero when both w); = 0 and wy; = 0, and @ is an 8 x 8 symmetric matrix whose
entries are given as:

Fr,
Qu =B —alJ, Qu=ak, Q= Tf_ —fBLa, Qu=r1—plLa (23)
1
1 Cr,
Qss = B, Qe =py, Q= R +kp ) — 7 0C, Qss = ki

Quz = Q31 = Qa1 = Qus = Q52 = Qa5 = Qo2 = Q2 = Quz = Q34 = 0
Q51 = Qus = Qo3 = W36 = Qo = Q56 = 0

Q12 = Q21 = —$, Qis = Qs = _%7 Qi = Qo1 = —
Cr, { fhy Lk]  CRJki  Cfk,B

“or, | B, TRt ok 2Tk

pke
2

Ql? = Q?l =
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Qs = Q1 = 0Q71, Q32 = Qa3 = Quz = Quu = —%
QRr2 = Qor = _QZ; {1 + Cékp] Qs = Qas = 0Qa7
= Qu=-5, Qn-Qu--fr-Trr_ 2 L 2%
Qg3 = Qag =0 <Q73 + f—?l) Qs = Qs = —%
Q4 :Q47:Q37—1+k—m, Q84:Q48:5<Q47+1>
4 4Af; 4
Q= Q=G0 0 Qu= Q= -
Q76 = Qo7 = —027;: - g, Qs = Qo = _C;zzé
QRrs = Qg7 = —g (% + km) _ 62'2;5

The eight principal minors of () can always be rendered positive as follows. The first
principal minor is rendered positive by choosing a small enough a > 0 since B > 0. The
second principal minor is rendered positive by means of a large enough k; > 0. A large
enough » > 0 and a small enough g > 0 suffice to render positive the third principal
minor. Similarly, a large enough r > 0 and a small enough p > 0 suffice to render positive
the fourth principal minor. Given any f; > 0 a large enough v > 0 suffices to render
positive the fifth and the sixth principal minors. The seventh principal minor is always
rendered positive by choosing a large enough k,; > 0 and the eighth principal minor is
positive if we choose large enough k;; > 0 and a small enough 6 > 0. Thus, we can always
ensure that Ay (Q) > 0 to write (22) as:

W < =X (@ lysll + sl ||
= —(1 = ©)Auin(@)N1Ys 1" — OAumia (@) 1y I* + Ilys| ]

O Dl ol > T
(1= O Amin( @)l Vllysll = F3=rs

IN

(24)
for some 0 < © < 1.

3.4. Proof of Proposition 3.1. Since functions W;(-,-), for j =1,...,4, given in (21),
are quadratic forms, it is clear that there always exist two class K., functions aq(||ys|),
as(||ysl]), satistying o (||ys|]) < W ys) < aa(|lys|]). Thus, (invoking Theorem 4.18 in [17],
pp.172) we conclude that this and (24) mean that y, € R® is bounded and converges
to a ball whose radius depends on the upper bound of the scalar function of time |z|.
Moreover, since wq(tf) = wg, Yt > t;, where t; > 0 is a finite constant, then wj(t) = 0
and wy(t) = 0, V¢t > ty. This implies that |z(t)| = 0, Vt > ¢, as explained before (23).
This ensures that y, converges to zero as t — co. This completes the proof of Proposition
3.1.

We stress that conditions ensuring the above result are o > 0, k; = k; —a?J > 0, p > 0,
F=7—p*Ly > 0,8 >0, kjy =ky —062C >0,8>0, f = %km and suitably choosing
a>0,k>0,r>0,8>0,7r>0,p>0,v>0, ky >0, ki; >0and d > 0 such that the
eight principal minors of matrix @, defined in (23), be positive.
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Remark 3.2. We stress that despite definitions kpy = ky/kp and kiz = ki/kp, introduced
before (11), it is not necessary to know exactly k,: both k, and k; have to satisfy the
stability conditions listed above but this does not require an exact value for them which
implies that both expressions kyo = ky/km and kiy = k;/ky, can be rendered true just by
using large enough values for kyo, kio and the other controller gains. Moreover, according
to the first expression in (7), the armature resistance R, has to be exactly known. However,
this requirement can be relaxed if the controller gain r, is chosen large enough such that
re > Ry, i.e., that r = r,. Similarly, the exact knowledge condition on the Buck converter
output resistance R, imposed in (6), can be relazed if a large controller gain k,, is selected.
Furthermore, as explained in Remark 3.1, this control strateqy is expected to be robust
and, hence, uncertainties in both R, and R are expected to be compensated by the PI
controllers acting on the converter output voltage error and the motor armature electric
current. Some experiments are presented in Section 4 which confirm these observations.

Remark 3.3. Although it might seem to be cumbersome to verify that all the principal
minors of matriz Q) are positive (see (23)), we stress that it is rather straightforward
to check this. The reader can realize that positiveness of the principal minors of Q) s
determined by the diagonal elements of Q. Thus the i-th principal minor can always be
rendered positive if the (i — 1)-th principal minor is positive and Qg 1is rendered large
enough just by choosing a large enough value for the controller gain appearing in QQ;;.
This process s repeated until the 8-th principal minor be rendered positive.

Remark 3.4. Condition (9) can be ensured to be satisfied by designing a suitable desired
velocity profile wy as we explain in the following. Using the differential Flatness property
of the DC to DC Buck converter driven DC-motor system we have that [10]:
JLq| . BL,+ JR,| . BR, + kekyy
] [ b,
. [ JL O s BL,C+JR,C+ JL,G| .
1= [ o }w + [ . ]w

W

N {BLQG +R,JG +J+ BR,C + kekm(]} o4 {BGR,L + k.k,,G + B
km o,

where G = %. Assuming a perfect tracking we can use w = wy and i = i* in the previous

expressions to evaluate numerically v + L% for a given wy and verify whether (9) is
satisfied or not. Note that this task is to be performed off-line.

4. Experimental Results. In order to verify our results we have performed some ex-
perimental tests with a DC to DC Buck converter driven DC-motor system built at
CIDETEC-IPN. In Figure 3 we show a block diagram of the experimental setup. There,
we also show the connections of all the system, the electrical and electronic components,
as well as the equipment used for measurement. The DC to DC Buck power converter em-
ploys the NTE2984 N-channel MOSFET and the MUR840 diode as switching devices. We
have used the brushed DC-motor model GNM5440E from Engel which has been equipped
with an E6B2-CWZ6C incremental encoder from Omron in order to measure velocity
through numerical differentiation of the rotor position. Two Tektronix A622 AC/DC
Current Probes measure ¢ and i, and a Tektronix P5200 Differential Voltage Probe is
used for measurement of v.

On the other hand, controller is implemented in the Control Block (also shown in
Figure 3). This is achieved by building a block diagram in Matlab-Simulink (shown in
Figure 4) which is executed using the DS1104 card from dSPACE. The block diagram
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NTE2984 L L, R,
Y AAVA = = o= o= o= o= o= -
I ta [CTURRENT PROBE]
ol + E6B2-CWZ6C
+ =3
=z =S Encoder
e G ; = : v . 0
E = Xz . C/H+— R SES (2 0
'S 2 R Z5
— S =g ;
>0 GNMS5440E
e=l _ DC Motor
%‘
5V = =
3300 7y iR Ele
—W—et & ps 1104|2
33003 8112 3 2D
= A
& 2 A4 v -
@j; 3 2 T
= CONTROL BLOCK

Ficure 3. Block diagram of the DC to DC Buck converter driven DC-
motor system used to perform the experiments

Desired velocity
(O—>{ TRAJECTORY [ wa » D—» w ) - —
Time : w w1, —>< 1q
.............................................. | Wa Wq :
from E6B2-CWZ6C ENCODER e . @ :
S i :
0 dt w > M ; ‘ :
N P La i :
from A622 CURRENT PROBE Do 2 ;
i /100 iy v v 5
Do € P € :
i _ - % x|
from P5200 VOLTAGE PROBE : D—r U - t '< Nk
v/500 vy :
Do Z>_’ e © to NTE3087
from A622 CURRENT PROBE Do ‘ U NOT —
- [ f
i/100 B ) :

Controller

Input signals

Fi1cUure 4. Control Block implemented using Matlab-Simulink

shown in Figure 4 has the following three components. i) Input signals: this component
acquires all the system measurements, i.e., i, v, i, and w. i7) Desired velocity: the desired
velocity trajectory wgy(t) is programmed in this block. iii) Controller: the control law is
implemented in this block. Output of this block is w, i.e., the inverted value of u. This
is done because the opto-isolator NTE3087 delivers at the output the inverted value of
signal at its input, hence, retrieving u. The NTE3087 provides electrical isolation between
the DS1104 card and the DC to DC Buck power converter system.

The numerical parameters of the brushed DC-motor model GNM5440E are the follow-
ing: L, =222 x 1073 H, R, = 0.965 Q, k,, = 120.1 x 107 Nm/A, b = 129.6 x 1073
Nm/(rad/s), J = 118.2 x 1073 kgm?, k, = 120.1 x 107 V/(rad/s). The DC to DC Buck
converter has the following numerical values: R = 28.5 Q/50 W, C' = 114.4 uF, L = 68.6
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mH, £ = 52 V. The desired velocity was proposed to be given as:
wq (t) = wq (t:) + [wa (ty) —wa (t:)] ¢ (¢, i, tf) (25)

where ¢(,t;,t7) is the following function which interpolates between 0 and 1 using a 6th
degree polinomial:

0, for ¢ <t
3 2 3
ottt =4 (2) 20— 05 (1) w30 (12) =10 (2)] L orve () 20)
1, for t > tf

with &, = 0's, ty = 1.46 s, wa(t;) = 0, wa(ty) = 20. According to this, and using
the nomenclature introduced in Proposition 3.1, we have that @y = wq(t;) and wi(t) =
wa (t;) + [wa (tr) —wa ()] @ (¢, ti,tr) — wa (tf). The controller parameters that we have
used in all of the experiments are: k,; = 29, ki = 2, kps = 0.8326, ki = 9.1590, r, = 0.5,
r=R,+r, =1465 v=050, f =1, =015 p =05 a=0.78, f = %km = 0.4003,
0 = 0.0005. It is important to say that these control parameters were chosen such that
all of the stability conditions, summarized before Remark 3.2, are satisfied.

In Figure 5 we present the experimental results obtained when the DC to DC Buck
converter driven DC-motor system has the nominal parameters listed above. We remark
the nice velocity response: the desired velocity wy(t) and the actual motor velocity w

£ 10

(a) Armature electric current and motor angular (b) Electric current through the converter induc-
velocity tor and voltage at the capacitor

20

0 1 2 3 45 6 7 0
(c) Control signal (d) Plot of v + L%—ig in (9)

F1GURE 5. Experimental results under nominal conditions
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(a) Armature electric current and motor angular (b) Electric current through the converter induc-
velocity tor and voltage at the capacitor

20

0 1 2 3 45 6 7 0
(c) Control signal (d) Plot of v + L% in (9)

FIGURE 6. Experimental results when changes on both R and E appear

overlap all the time. This is achieved despite the noisy shapes of ¢ and ¢* and the slightly
oscillatory shape of i, at the beginning of the experiment. Also note that v and ¥ overlap
all the time. We stress that condition (9) is satisfied all the time since F =52 V.

In Figure 6 we present an experiment when resistance R, at the output capacitor of the
Buck converter, changes to 7.56 €) for ¢ > 3 s and the DC power supply voltage E changes
to 30 V for ¢t > 5 s. Note, again, that the desired velocity wy(t) and the actual motor
velocity w overlap all the time despite the above cited changes in the numerical values of
the system parameters. We observe that these parameter changes only have some effect
on values of the variables i and i*. We stress that condition (9) is again satisfied all the
time since £ > 30 V.

Finally, in Figure 7 we show a test where the external torque disturbance due to a brake
system is applied for ¢t > 2.8 s. We realize again that the desired velocity wy(t) and the
actual motor velocity w overlap all the time. We observe that the only effects produced
by the external load torque are small changes in i,, 44, 7 and i*. We can also verify that
condition (9) is satisfied all the time since £ = 52 V.

Finally, let us say that although good performances have also been reported exper-
imentally in [2, 10], the main advantage of our approach is that its implementation is
much simpler since controllers in [2, 10] rely on a large amount of computations because
of their dependence on the differential Flatness approach. It is also important to say that
a large number of computations renders those controllers sensitive to numerical errors
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(a) Armature electric current and motor angular (b) Electric current through the converter induc-
velocity tor and voltage at the capacitor
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(c) Control signal (d) Plot of v + L%—ig in (9)

FIGURE 7. Experimental results when an external load torque is applied

which implies that they are not robust for industrial applications. On the other hand,
although controller in [12] is not comparable with ours because that controller is designed
for a boost converter, we stress that controller in [12] relies on algebraic estimators to
compensate for load torque. Although this is a novel approach for load torque compen-
sation, however it also relies on a number of computations which are much more complex
than method used in our controller: a simple integral of the velocity error.

5. Conclusions. We have presented a controller for a DC to DC Buck converter driven
DC-motor system. This controller is proven to be asymptotically stable if the power
supply can provide the necessary voltages at the converter inductor and capacitor, i.e.,
if condition (9) is satisfied. One important advantage of this control strategy over the
controllers reported previously in the literature is that our proposal contains the main
components used in the traditional and successful control strategy used in industry for
brushed DC-motors: a proportional-integral action on the motor electric current and a
proportional-integral action on the motor velocity. Moreover, our controller is simpler
than the previously reported strategies in the sense that a reduced number of computa-
tions are required and a reduced number of parameters are required to be exactly known.
Several experimental tests have been performed which show the effectiveness of our pro-
posal.
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Finally, let us say that use of a Buck DC/DC power converter as a driver for a brushed
DC-motor eliminates the need for pulse width modulation (PWM) power techniques which
cause unsatisfactory dynamic behavior because of the hard switching strategy: large
forces appear acting on the motor mechanics and large currents detrimentally stress the
electronic components of the motor and the power supply. Another practical application
of this plant is its use as a smooth starter for brushed DC-motors.
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