Progress In Electromagnetics Research C, Vol. 159, 56-64, 2025

PIER C

(Received 19 July 2025, Accepted 13 August 2025, Scheduled 24 August 2025)

Torque Ripple Reduction of the Anti-Disturbance Sliding Mode
Deadbeat Gontrol for Switched Reluctance Motors

Shining Lin', Aide Xu>*, Xiong Su!, and Lidong Dong'

College of Electrical Engineering of Ships, Dalian Maritime University, Dalian 116026, China
2 College of Information and Science Technology, Dalian Maritime University, Dalian 116026, China

ABSTRACT: To improve the current and torque regulation performance of the traditional deadbeat predictive current control (DPCC)
for switched reluctance motors under model parameter mismatch, this article proposes an improved DPCC method based on the sliding
mode strategy. First, a dedicated torque-current converter is formulated to achieve precise transformation of electromagnetic torque into
corresponding g-axis current references. Second, a unified anti-disturbance sliding mode control compensation scheme is introduced into
both the torque-current converter and the deadbeat controller to mitigate the negative effects of model parameter mismatch on current and
torque control. This integration achieves indirect torque control through phase current modulation, effectively reducing torque ripple.
Furthermore, the stability of the controller under model parameter mismatch conditions is rigorously demonstrated through Lyapunov
stability analysis. Finally, the effectiveness of the proposed control method is demonstrated through simulation results, and its significant
superiority in current control performance and torque ripple suppression is shown.

1. INTRODUCTION

n recent years, switched reluctance motors (SRMs) have
I gradually highlighted their competitive advantages in various
industrial applications due to their simple structure, rare-earth
free, and high starting torque characteristics [1]. To achieve a
fast dynamic response and improve the steady-state accuracy in
SRMs, researchers have proposed many current control meth-
ods to suppress torque ripple, such as current chopper control,
proportional-integral (PI) control, predictive control, and slid-
ing mode control [2—5]. With the enhancement of microproces-
sor computing power, the discrete model-based deadbeat pre-
dictive current control is able to deal with complex nonlinear
problems and system constraints and achieves a wide range of
applications in the field of current loop regulation [6-8].

An accurate predictive modeling is effective in achieving fast
convergence of DPCC and thus reducing steady state torque
pulsations. Existing prediction models mainly include look-
up tables method, iterative learning and genetic algorithm [9—
11]. Typically, the effectiveness of these methods heavily relies
on the accuracy of the torque-current inversion function, yet
achieving high precision in this function faces significant tech-
nical bottlenecks. In[12], a new Q-learning scheduling method
for current controllers is put forward, which achieves optimal
tracking of reference currents through reinforcement learning
method. In[13], a novel online torque-sharing function method
is introduced. This approach dynamically generates phase cur-
rent references by combining initial torque mapping with real-
time decaying current sampling, effectively improving tracking
accuracy. However, under high-speed conditions, the enhance-
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ment of back electromotive force may worsen current tracking
errors, thus constraining torque control performance.

The performance of DPCC is directly limited by the preci-
sion of the motor modeling, which means that parameter er-
rors or unmodeled dynamics can induce undesirable model mis-
matches. Existing studies address these limitations through two
approaches: model correction [14, 15] and disturbance com-
pensation [16,17]. In [14], a digital Pulse Width Modulation
(PWM) current controller is proposed, which employs parame-
ter adaptive methods to online correct the SRM flux linkage
model, thereby enhancing the robustness of DPCC systems.
In [15], a recursive least squares estimator is designed and em-
bedded within DPCC. This integration enables adaptive calibra-
tion of prediction models and optimally achieves current con-
trol objectives. In [16], a Kalman filter-based robust DPCC
is developed to compensate for multi-parameter mismatches
and mitigate periodic disturbances. In [17], an adaptive gain
observer is incorporated into DPCC, demonstrating excellent
current tracking performance even under significant modeling
errors. However, existing model correction methods [14, 15]
incur heavy computational burdens from real-time inductance
estimation, while disturbance compensation methods [16, 17]
require precise-model-dependent adaptive observers that treat
mismatch as slow-varying disturbances, failing to handle fast
dynamics and strong nonlinearity. Notably, the DPCC method
based on a sliding mode disturbance observer has been success-
fully used to suppress model parameter disturbances in perma-
nent magnet synchronous motors [ 18], but their directly decou-
plable state variables make them difficult to apply directly to
SRM. The disturbance dynamics of SRM exhibit unique com-
plexity, with disturbance terms intricately coupled to state vari-
ables such as dg0-axis voltages and dg0-axis currents.
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To address the current control issues caused by model pa-
rameter mismatches in the DPCC system, this article intro-
duces an enhanced DPCC method. On the one hand, a torque-
current converter based on effective current vector mapping is
designed for the coupling relationship between the electromag-
netic torque and current of the motor, which provides a reli-
able reference current signal for the deadbeat controller. On
the other hand, the method employs an anti-disturbance slid-
ing mode controller to ensure robustness under parameter mis-
match conditions. Compared with the existing methods [18],
its unique feature is that it does not simply add a conventional
observer but instead actively eliminates the influence of distur-
bances through a sliding mode predictive model. This method
offers the advantages of simplicity in implementation and falls
under the category of disturbance compensator-based control.
The key contribution of this article is given as,

a) The outer loop uses a sliding mode torque-current con-
verter based on effective current vector mapping as the front
end of the DPCC, directly correcting the g-axis reference cur-
rent using the sliding mode surface of the torque difference,
thereby satisfying the saturation condition.

b) The inner loop modifies the DPCC voltage prediction law
into a sliding mode compensation law for the first time, using
the sliding mode surface of the current difference to real-time
offset parameter mismatch disturbances and providing a uni-
fied convergence law, enabling single-step tuning of dual-loop
gains.

2. SRM MODEL

The electromagnetic torque equation of the SRM in the three-
phase stationary coordinate system is as follows:

. (8La 5 O

2 \ag, '
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where N, is the number of rotor poles; iq, %y, tc, Lq, Ly, and
L. are the phase current and phase inductance in stationary co-
ordinates, respectively; T is the electromagnetic torque.

Neglecting the magnetic saturation, the a-phase inductance
characteristics are expressed in terms of first-order Fourier se-
ries as:

La(0:) = 1o+ 11 cos(be) )
where [y and [; are the DC inductance and the first-order self-
inductance amplitude, and 6, is the electric rotor position.

According to Eq. (2), the voltage balance equation of the
SRM in the dg0 coordinate system is given by:
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Uq, Ug, Uo, t4, iq, and iy are the voltage and current com-
ponents of the dg0-axis. R is the stator resistance. w, is the
electrical angular velocity, and the subscript “0” denotes the
nominal value.

3. TRADITIONAL DPCC STRATEGY

3.1. DPCC Principle

Ignoring all disturbances, the deadbeat control law can be dis-
cretized from Eq. (3) using the first-order Euler formula, yield-
ing the following expression:

Uiq0(k) = Rigqo(k) + we(k)Co(k)igqo(k)

igqo(k + 1) —igq0(k)

+Bo(k) T

“4)

where T is the sampling period, and k denotes the index of the
kth sampling instant.

In the ideal conditions, the voltages generated by the predic-
tive control ensure that the actual currents accurately track the
reference current values at the beginning of the next control cy-
cle, ie., igqo(k + 1) = ij,0(k). In addition, according to the
theoretical results of torque per ampere control [19], the rela-
tionship between the reference current components of the dg0
axis is given by the following equation:

ig(k) =0, (k) = v2ig (k) )

The system block diagram of the traditional DPCC method

is shown in Fig. 1. The deadbeat control law generates the in-
verter’s switching signals through PWM, which are then input

to an asymmetric half-bridge converter to drive the SRM for
normal operation.
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FIGURE 1. Block diagram of a conventional DPCC system.

3.2. Sensitivity Analysis under Parameter Mismatch

According to Eq. (4), it can be seen that constructing the DPCC
system based on the idealized first-order inductance model has
a strong dependence on the accuracy of the model parameters.
During the actual operation of the motor, the temperature rise
and magnetic saturation will lead to the mismatch between the
controller parameters and the actual parameters of the motor,
which in turn triggers the steady state current error.
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Obviously, the DPCC system ignores magnetic saturation
and unmodeled dynamics. In fact, considering that the actual
values of the inductance parameters deviate from the nominal
values, the deadbeat control law needs to introduce a distur-
bance term to characterize the effect of parameter mismatch.
Therefore, the reconstructed model is as follows:

digqo
dt

w0 = Rigqo + weColaqo + Bo +F, (6)
where F, = [F,, F,, F,,]T F, is the disturbances due
to model parameter mismatch and other model uncertainties,

which is expressed as:

digqo
dt

Fu = Riqu + weACOiqu + ABO (7)
where AC = C — Cy and AB = B — By.

The disturbances introduced above reveal the direct im-
pact of inductance parameter deviations on the DPCC system.
Specifically, AC introduces the coupling term error, while AB
affects the accuracy of the current prediction.

According to Eq. (6), a discrete current model can be ob-
tained as

iago(k + 1) = By ' (k)T (ujyo + F)

+ [ =By ' (k)T (RI + w.Co (k)] iago(k)  (8)

where I is the identity matrix.

By associating Egs. (8) and (4), the relationship between the
current value at moment k+1 and the tracking reference current
value is given by:

iago(k + 1) = if,0(k) + By (k) TLF, )

As shown in Eq. (9), the parameter mismatch causes an
equivalent perturbation to be introduced in the current loop,
so that the actual current and tracking reference current val-
ues cannot directly satisfy igq0(k + 1) = i7,0- Therefore, an
anti-disturbance Sliding Mode Controller-based Deadbeat Pre-
dictive Current Control (ASMC-DPCC) method is presented in
the next section to improve the robustness of the system under
parameter mismatch.

4. ASMC-DPCC STRATEGY

4.1. Torque-Current Converter

In this section, a torque-current converter based on effective
current vector mapping is introduced to replace the torque-
current converter based on PI controller, thereby indirectly
achieving torque control. Employing ¢4 = 0 strategy, the tradi-
tional g-axis current vector, which relies on three-phase current
vector synthesis, is decomposed into two-phase current vectors
to mitigate the adverse effects of continuous current in each
winding within the negative torque region. By fixing the cur-
rent vector ¢, on the g-axis, Fig. 2 shows the mapping process
of the effective current vector in a three-phase stationary coor-
dinate system.

From Fig. 2, it is evident that the trajectory of the g-axis cur-
rent vector is divided into three sectors. Within one electrical
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FIGURE 2. g-axis current vector mapping.

angle motion cycle, the current vector can be decomposed into
adjacent two-phase currents in each sector. Hence, the three-
phase currents are determined as follows:

n=123 (10)

where n indicates the sector where 74 is located. For example,
i1-qbc MEANS %1.q, 415, 41-c When i, is located in sector 1.

In-abc = 'Lan ;

la 1-p t1—c

in-abe = i27a l2p I2-¢

i3_q d2-p i3_c
When 6, falls within the intervals [—2/7,7/6],
[7/6,57/6],  [57/6,37w/2],  respectively,  the ex-
pressions for D;, D,, and D; are as follows:
D, = |[sin(7/6 — 6.)/sin(n/3) cos(f.)/sin(w/3) 0],
D, = [0 sin(57/6 — 6.)/sin(7/3) sin(B.7/6)/sin(7/3)],

and D3 = [sin(f, — 57/6)/sin(w/3) 0 — cos(6.)/ sin(m/3)].

By associating Eq. (1), Eq. (2), and Eq. (10), the estimated
equation for the g-axis current without considering magnetic
saturation can be constructed as:

A 16T

iqg = a4,
where Ay = N,.l;(sin 30, + 4sin(0, + 2(2 —n)7/3)), and T
is the reference value of the electromagnetic torque.

The torque-current converter serves as the inverse torque
model. In the deadbeat controller architecture, the current es-
timate is computed in real-time using Eq. (11) further decom-
posed into a reference current signal through g-axis current vec-
tor mapping which serves as the control input to drive the dy-
namic behavior of the system. Moreover, as shown in Fig. 2,
the three-phase current references are continuous at the sector
boundaries, and the resulting torque exhibits a smooth transi-
tion without spikes.

(11)

4.2. Design of ASMC-DPCC

In DPCC systems, model parameter mismatches are quite com-
mon and inevitably introduce steady-state current errors. This
error seriously deteriorates the performance of the torque-
current converter and deadbeat controller, leading to a decrease
in control accuracy and an increase in torque ripple.
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To further achieve indirect torque control under phase current
regulation, a sliding mode surface is designed based on current
and torque tracking errors as follows:

Su = €y = i;kqu — iqu
S; = €; = Te* —Te

where e,, is the current error matrix, e; the torque error, and
i,0 = [i5 1y ip]" the current reference for the dg0-axis.

The control functions wj;,, = [u} u; ug]” and 7} are associ-
ated with respective sliding mode compensation quantities with

the following expressions:

(12)

(13)

ko

{ ll;;qo A: Udq0 + Ugmedqo
Zq iq + iSqu
where Wgpeqq0 and gy, indicate compensation for the distur-
bances caused by parameter mismatch. i, simultaneously
compensates for the estimated current error caused by the lin-
ear torque-to-current converter based on effective current vec-
tor mapping, rather than through an explicit nonlinear model.
Due to the strong coupling between disturbance terms and
state variables such as dg0-axis voltages and dg0-axis currents,
sliding mode compensation quantity is designed as a propor-
tional feedback form of matrix error to offset the perturbation
effect in real time, and its expression is as follows:

Wy =B su
{ smedq 0 (14)

Lsmeq = 15

To simplify parameter design, both controllers adopt a uni-
fied reaching law design. When the current and torque errors
are zero, the tracking is achieved. Therefore, this article designs
the sliding mode reaching law as:

(15)

$y, = —misign(sy) [Su| — T8y Sy
Si = —ngsign(si) |Si| — T28; |51|
where 7y, 2, 71, and 7, are the sliding mode gain, and sign is
the switching function.
By solving Egs. (12) to (15) simultaneously, the ASMC-
DPCC model that accounts for parameter disturbance compen-
sation can be obtained as follows:

(16)

-k

U0 = Uago — Bomisign(sy) [su| — BoTisy [sy]
Zq = iq — llngsign(si) ‘Sl‘ — l]_TQSi |Si‘

According to Lyapunov’s stability theory, it is necessary to
construct a Lyapunov function V' = 1/2s?, whose derivative is
given by the following expression:

Vi = subu = —11 [sul” — 7152 [
9 (17)
2
|“ — 7057 |4

V = 5181 = —12 |Sl

Since 1,72 > 0, 71,72 > 0 and [sw|, |si] > 0. It is evident

that V,,, V; < 0, satisfying the conditions for global asymptotic
stability.
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By differentiating the sliding surface and combining it with
the reconstructed voltage Eq. (6), the dynamic equation of the
sliding surface is obtained as follows:

d(i:‘;lqo - iqu) di;qO R . weCO .
Sy = di - dt + ioldqo + Toldqo
1 1
——Uj —F, 18
BO dq0 + BO ( )

By substituting the control functions into Eq. (18) of the slid-
ing surface, the following expression is obtained:

§ = di:;qO _ diqu
“ dt dt

. 1
+m18ign(sy) [Su| + 7184 \su|+B—Fu (19)
0

Furthermore, to ensure the stability of the deadbeat controller
under parameter mismatches, constraints need to be imposed on
the sliding mode gains 7; and 7y to satisfy the relation s, s,, < 0.

Defining the composite disturbance upper bound
M = max |digqo/dt — dij,,/dt —1/BoF,], the constraints on
m and 7 are given by the following relation:

M—Tlsi
Sy

2

M+7 S,

Su ’

m < , Sy >0

(20)
m < s, <0

In summary, the schematic diagram of the proposed anti-
disturbance sliding mode controller is shown in Fig. 3, which
includes the sliding mode torque-current converter for torque
regulation and the sliding mode deadbeat controller to elimi-
nate current tracking errors under parameter mismatch. The in-
puts of the sliding mode controller are the errors in torque and
dg0-axis currents, while the outputs are the compensations for
the g-axis current and deadbeat control law.

FIGURE 3. Schematic diagram of anti-disturbance sliding mode con-
troller.

5. SIMULATION AND EXPERIMENTAL VERIFICATION

The block diagram of the ASMC-DPCC system is shown in
Fig. 4. The reference current for the dg0 axis at the next mo-
ment is obtained based on the torque-current converter of the
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FIGURE 4. Block diagram of ASMC-DPCC system.

effective current vector decomposition. ASMC dynamic com-
pensation parameters are used to compensate for interference,
so that even when the model parameters are mismatched, it is
still possible to solve for a deadbeat control law that meets the
control requirements.

For SRM, relying solely on mathematical models to directly
describe its torque characteristics often fails to meet the accu-
racy requirements of practical applications. Therefore, a torque
table is established based on the stall test data of the locked ro-
tor. Fig. 5 shows the measurement results of the torque model.
The total torque is queried in real time through the torque table,
thereby providing the control system with accurate electromag-
netic torque data.

Torque(N - m)
] = =

— L
=]

10
Current (A) 3

40
20
Position(degree)

00

FIGURE 5. Torque model.

5.1. Simulation Results and Analysis

In this article, a simulation model is developed based on the pa-
rameters of a three-phase SRM. The specifications of the mo-
tor are presented in Table 1. The model parameters [y and
are identified using only two sets of flux-linkage data obtained
at two extreme rotor positions [20]. The DC inductance (ly) is
150.2 mH, and the first-order self-inductance (I1) is 129.8 mH.

TABLE 1. Specifications of the motor.

Parameter name Values
Stator/rotor poles 12/8
Rated Power 55kW
Rated torque 35N'm
Rated current 11.3A
Rated speed 1500 r/min
Stator resistance 1.472 Q2
Moment of inertia  0.0189 kg-m?
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Based on the stability and anti-disturbance constraints estab-
lished in Section 4, the sliding mode gain coefficients are sys-
tematically determined. Setting 7, proportional to 1/7 regu-
lates the convergence trajectory of current errors. To ensure
smooth torque dynamic response, the bandwidth of the torque
loop is strictly constrained to be lower than that of the current
loop, hence 7, is much smaller than 7. Simulation-based es-
timation of the disturbance upper bound M confirms the range
for 7;. The torque compensation gain 7, is directly associated
with the g-axis tracking error of the current-torque converter to
provide strong robustness margin. Therefore, the optimal con-
trol loop parameter for the proposed algorithm is set to n; = 10,
M = 4,7’1 = 1000,7’2 =1.

The control performances of the different algorithms are
compared using current error and torque ripple as metrics,
whose formulas are given in Eq. (12) and Eq. (21), respectively.

T, = (Tmax - Tmin)/Tavg (21)

where T;. is the torque ripple coefficient; Tinax, Timin, and Tiqg
are the maximum, minimum, and average values of total torque,
respectively.

When the model parameters are matched, the simulation
comparison results of the three control methods at 1500 r/min
with a 5 N-m load are shown in Fig. 6.

From Fig. 6(a), it can be seen that the torque ripple of the
conventional DPCC method with the torque-current converter
based on PI controller is 64.6%. As shown in Fig. 6(b), the
torque ripple of the proposed ASMC-DPCC method is further
reduced to 39.7%, confirming the excellent torque control per-
formance of the torque-current converter based on current vec-
tor mapping under high-speed conditions.

Second, in order to assess the robustness of the proposed cur-
rent control scheme under model parameter mismatch, com-
parative simulations are conducted for three control methods.
These simulations introduce step changes in inductance param-
eters at 1000 r/min with a 10 N-m load. Specifically, at 0.25
seconds into the simulation, the inductance parameters [y and
l; are abruptly decreased to 50% of their nominal values, and
the steady-state response characteristics are shown in Fig. 7.
By comparing the dg0 axis current tracking performance and
torque ripple metrics, the differences in control performance
between the matched and mismatched conditions of the model
parameters are further quantified.
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FIGURE 6. Comparison of simulation results at 1500 r/min with a 5N-m load when model parameters are matched: (a) Traditional DPCC; (b)
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ASMC-DPCC.

The simulation results show that when the model parameters
are matched, the dg0-axis current tracking of the three control
methods performs well. However, the torque ripple character-
istics differ significantly. The torque ripples of conventional
DPCC and ASMC-DPCC are 49.5% and 24.8%, respectively,
which shows that ASMC-DPCC method offers superior torque
regulation performance.

The dg0-axis current tracking ability of both control methods
decreases when the inductance parameters ly and /; undergo
a step decrease. The maximum tracking error of the dg0-axis
current of ASMC-DPCC increases by only 4.4 m A, 25 mA, and
5.6 mA, respectively, which can basically recover to the steady-
state level when the parameters are matched. In contrast, the
d-axis and 0-axis currents of the conventional DPCC show sig-
nificant tracking deviations, with the maximum tracking error
exceeding 0.78 A and 0.76 A, respectively, which are 0.69 A
and 0.65 A higher than that of the inductance parameter match-

61

ing, respectively. Specifically, underestimation of inductance
parameters results in insufficient predicted voltage, causing the
d-axis current to exhibit a negative steady-state error and the
0-axis current to trigger amplified positive fluctuations. The
above phenomena show that the proposed sliding mode dead-
beat controller suppresses the current tracking error by compen-
sating for the voltage deviation.

After the motor parameters are mismatched, the conventional
DPCC could not achieve accurate current tracking, and its sta-
bilized torque ripple increases by 5%. In addition, the torque-
current converter, due to parameter mismatch, operates in a
non-equilibrium state at the moment of 0.25 seconds, triggering
transient torque fluctuations. This phenomenon is allowed to be
considered. The ASMC-DPCC is able to reduce the amplitude
of transient torque fluctuations to 13 N-m, and the torque ripple
remains at 24.85% after steady state. This is attributed to the
fact that the strong nonlinearity of the SRM is treated as per-
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turbations by the sliding mode torque-current converter during
parameter mismatch, and its strong robustness suppresses the
direct transmission of these disturbances to the torque, thus ef-
fectively regulating the torque through torque compensation.

5.2. Experimental Results and Analysis

Figure 8 shows the experimental platform of the constructed
SRM drive system, which mainly consists of SRM control
box, asymmetric half-bridge power converter, incremental en-
coder, magnetic powder brake, host computer, and dSPACE.
The PWM sampling frequency of the differential beatless con-
troller is set to 10 kHz, and the DC bus voltage is 200 V. The mo-
tor parameters and sliding mode gain coefficients are consistent
with those in the simulation. The adopted conventional DPCC
method and the proposed ASMC-DPCC method are consistent
with Fig. 1 and Fig. 4, respectively.

Figure 9 shows the experimental results of phase current and
torque of CC and ASMC-DPCC under parameter matching.
When the motor is running at rated speed, the torque ripple of
the conventional DPCC method reaches 78.4%, and the phase
current peak (I.x) is as high as 4.4 A. In contrast, the 7. of
ASMC-DPCC method is suppressed to 42.4%, while I,y is
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reduced to 4.2 A. The ASMC-DPCC method has a significant
advantage in reducing the torque ripple and current peak. Com-
pared with the current strategy based on PI control, the torque-
current converter based on the effective current vector map-
ping significantly reduces the dg0-axis cross-coupling effect,
which linearizes the mapping relationship between the electro-
magnetic torque and g-axis current, thus suppressing the torque
ripple.

In addition, Fig. 9 shows a comparison of the tail currents
of the two methods. The results show that when the traditional
DPCC method is used, each phase has a longer conduction time
throughout the electrical cycle, resulting in higher source cur-
rent consumption. It indicates that while the traditional DPCC
method increases the conduction time, it also increases the cur-
rent consumption of the system.

Figure 10 compares the experimental results of dg0-axis cur-
rent and torque of DPCC and ASMC-DPCC under parameter
mismatch. A comparison with Fig. 7 shows that the actual cur-
rent on the dg0-axis in the experimental and simulated results
shows the same trend. This is consistent with the expected mag-
netic saturation, inverter dead zone, and sensor dynamic effects,
which are not considered in the model of Eq. (2) but are sup-
pressed by the anti-disturbance sliding mode controller.

WWwWw.jpier.org



Progress In Electromagnetics Research C, Vol. 159, 56-64, 2025

@ [ ~i0

[=2)

uuummm

lq- Model parameter mismatch. . . .

omsdiv

_ Curent (1A/div)

Torque (1N:m/div)

(b)

: Current (1A/div) |

2mydiv. . { . Torque(IN-n/div)

FIGURE 10. Comparison of experimental results at 1000 r/min with a 10 N-m load when model parameters are mismatched: (a) Traditional DPCC;

(b) ASMC-DPCC.

@ [ o
6 i : ; E ‘ 5 ‘A/
T
ﬁ."w'“o-“‘w(mir‘\,‘('l‘r}) !H“ ‘}l\ H’“él‘li
0 usuu":r#«lw'x‘.f"ai#m-v*'w'vw’vu‘vufv‘#iiin«-

20ms/div Current (1A/div) |

(b) ] :
i S
; :
| | 3 .
1— H I A
M U# / ,Hi 1'1 I S ad s .M4'mluimuwmu
M'flwlwiiiﬂw
: f !
};

e'«it:al\k‘:&'duu'-\nm!-'l'l!;e' .

{ 20ms/div Current (1A/div)

FIGURE 11. Comparison of experimental results of load torque step change at 5000 r/min: (a) Traditional DPCC; (b) ASMC-DPCC.

Overall, the presence of inductive mismatch leads to dra-
matic oscillations in the actual current of the conventional
DPCC. The 74 current ripple increases from 0.83 A to 1.26 A,
representing a surge of 51.8%. Similarly, the i( current rip-
ple increases from 2.19 A to 2.68 A with an increase of 22.4%.
However, under the control of the proposed ASMC-DPCC
method, the dg0-axis currents show excellent mismatch resis-
tance, and their current ripple increases are effectively sup-
pressed to a low level of 1.9%, 2.4%, and 2.9%, respectively.

It is worth noting that model parameter mismatch also causes
torque regulation problems in the deadbeat controller. The
torque ripple of the conventional DPCC further deteriorates
from 60.5% to 65.6% under the model parameter mismatch
condition. In contrast, the proposed DPCC method with an anti-
disturbance sliding mode controller is able to compensate the
unknown disturbance components of the system in real time.
As a result, the current ripple caused by model parameter mis-
match is eliminated, and the deterioration of torque ripple is
further effectively suppressed.
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Finally, under conditions of model parameter mismatch, ex-
perimental comparisons are conducted between the two control
methods for load torque step changes. Fig. 11 shows the dy-
namic response characteristics of the dg0-axis current to load
torque step changes when the given speed is 500 r/min.

As can be seen from the results in Fig. 11, during the sud-
den change in load torque from 5N-m to 8 N-m, the dynamic
response times of the two methods are similar, and both exhibit
good dynamic performance. It is worth noting that even under
conditions of model parameter mismatch, the proposed ASMC-
DPCC still maintains robust stability.

6. CONCLUSION

In this article, a sliding mode-based deadbeat predictive cur-
rent control is proposed to realize the current and torque con-
trol of SRM drive system under model parameter mismatch.
The method realizes high-precision control through dual inner-
loop cooperative control. The first loop integrates the sliding
mode torque-to-current converter into a standard DPCC sys-
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tem, which provides a reference current for the deadbeat con-
troller through the torque-to-current inverse mapping to real-
ize torque control. The second loop designs the sliding mode
deadbeat controller to suppress the current tracking error by
dynamically compensating the voltage deviation to improve
the robustness of the current control. The two controllers are
designed with a unified sliding mode convergence law to en-
sure the dynamic steady-state response synergy. Simulation
results show that ASMC-DPCC method exhibits lower torque
ripple than the conventional DPCC scheme under medium and
high-speed operating conditions, regardless of model parameter
matching. In addition, ASMC-DPCC method not only signifi-
cantly improves the current tracking performance and reduces
current ripple, but also further optimizes the torque control per-
formance under parameter mismatch conditions.
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