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ABSTRACT

Given the high dependence of traditional model predictive current control (MPCC) methods on the accuracy of motor parameters, this paper proposes
a robust dual-vector MPCC (DV-MPCC) method. In this control strategy, separate value functions are designed for the d-axis and g-axis based on
ésampled information. Subsequently, through the computation of these value functions and rolling optimization, the actual parameters of the motor are
éestimated. Simultaneously, this estimation information 1s used to dynamically adjust the predictive model in real-time, thereby achieving strong
éparameter robustness 1in control performance. Finally, simulation experiments are conducted to validate the effectiveness of the proposed method in
éreducing sensitivity to DV-MPCC parameters.

The Theory of Proposed Robust DV-MPCC Method

where Hy, denotes the weighting coetficient between the dq-axis
current and the aggregate parameters X, Y.

A. Establishment of a robust prediction model
Since the paper adopts control based on, and T-R/L-i, is much less

than 1, this part can be ignored. At this point, prediction model can be From the two value functions, it can be observed that as term1
expressed as approaches 0, 1t indicates minimal current error. As term?2
f approaches 0, 1t signifies that the calculated information of the
it (k+1)=i,(k) +Zud (k) +Tw,i, (k) aggregate parameter sets at the two moments is very close. If
L both of these conditions are satisfied simultaneously, the most
b B IR ). T . Ty .o, B suitable X and Y can be obtained. Therefore, it is necessary to
i (k1) = (1 B leq (k)+ Lo (k) =Ty (k) L (=1.2) () compute the partial derivatives of X(k+1) and Y(k+1) in (1) }e]md
7 T R ( k) (2) to find the minimum values of CF, and CF), that satisty these
=i (k)+—u,(k)-Tw,,/ (k) ° (v, +——2%) conditions, which can be formulated as

“ - : - och 2| if (k+1) =iy (k+1) u (k)

where x=1 denotes the selected first VV and x=2 denotes the selected 8X(k+1) d d d 5)
second V'V.

+2H,| X (k+1)—- X (k)]

From (1), 1t 1s evident that the d-axis prediction model only includes the
inductance parameter, while the g-axis prediction model incorporates

resistance, inductance, and magnet chain parameters. To remove motor och; _ 2[1’5 (k+1) —1 (k + 1)][—)( (k)a)e}
parameter information from the prediction model, this paper employs 7/L oY (k v 1) (6)
and Y;+R-i,/®, astwo consolidated parameters for real-time OH [Y(k+1)—Y(k)}.
computation, thereby obtaining accurate motor parameter information ! | |
during operation. Consequently, the updated prediction model is formulated Let (3) and (4) be equal to 0. In this case, the optimal values of
as X(k+1) and Y(k+1) are obtained and expressed as
P (k+1) =i, (k)+ Xu, (k)+Twi (k u (k)i (k+1)—i (k+1
%dx( ) d( ) d( ) eCI( ) (2) X(k+l):X(k) d( )|:ds( ) d( ):| (7)
iy (k+1) =i, (k)+ Xu, (k)-T aj, (k )- o XY H,
= — ° P (k+1)—i (k+1) || X (k)
where X=T/L, Y =y + Ri_  / o, Y(k+1):Y(k): [q( ) q( )][ ( ) ] (8)
Hq
B. Motor Parameter Estimation Since the predicted and sampled currents at (k+1)th instant are
Given that the aggregate parameter X, containing inductance information, unknown, 1t 1s necessary to shift the moments 1n (5), (6) forward
appears exclusively in the d-axis prediction model, this paper employs X as by onecontrol period, 1.e.
a performance index for designing the d-axis value function to accurately uy (k- 1)[1‘1’ (k)—i, (k )]
: : : _ X=X (k-1 d ds d 9)
determine 7/L during motor operation. Similarly, the aggregate parameter Y, ( ) ~ ( ) 7
which encompasses magnetic chain and resistance information, appears d
only 1n the g-axis prediction model. This paper also utilizes Y as a [ii(k)—iq (k)} [X (k_l)a)e:| (10)
. . ] | Y(k)=Y (k—1)-
performance index to construct the g-axis value function. The specific steps H

q
Similarly, the slopes K;; and K, in the time calculation can also
be expressed using the estimated information as

are outlined as follows.
First, the value functions for the d-axis and g-axis are formulated as

follows
2 2 K, =di/dt=K_+Xu,/T
CF,=|if(k+ D —iy(k+1) | + H,[X(k+1) - X(K)] 3) ‘K, =di, /dt=—Ri, | L- @i, -, (11)
erm! | =0~ XY/T
CF, =[ it (k+1) i (k+1)] +H [Y(k+1)-Y (k)] @

terml term?2




The control framework of proposed robust DV-MPCC with one-step delay "THD=6.23%
compensation 1s shown in Fig. 1. -
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L # Fig. 3. Simulation results at rated load and speed of 2000 r/min, (a)
rncodacr

T-DV-MPCC method, (b) Proposed robust method.

Fig. 1. Control schematic diagram ot the proposed robust method. The above experimental results show that the proposed robust
method can maintain a control performance comparable to that of
- the T-DV-MPCC at both low and high speeds. This highlights the
Experlmental Results ability of the proposed method to effectively reduce the parameter
In order to verity the etfectiveness of the methods proposed in this paper | sensitivity of the T-DV-MPCC method.
in terms of robust performance , relevant simulation experiments are || Meanwhile, in order to further demonstrate the robustness of the
designed 1n this section. proposed robust method in the full speed range, Fig. 4 shows the
As demonstrated in Figs. 2-3, this section assesses and validates the || current THD of the above two methods in the full speed range, and

steady-state performance ot the proposed methods. Initially, Fig. 2 presents || it can be seen that the phase current THD of the two methods
the steady-state results of the T-DV-MPCC and the proposed robust method || remain similar under the same operating conditions, which again

at a torque of 4 N-m and a Speed of 500 r/min. Under these conditions, the Str()ngly Proves the strong robustness of the pr()p()sed method.
total harmonic distortion (THD) of the T-DV-MPCC current 1s 3.87%, with

dg-axis current ripples of 0.70 A and 0.35 A. In comparison, the proposed 1-DV-MPCC method Proposed robust method
robust method achieves a phase current THD of 3.80% and dg-axis current
ripples of 0.70 A and 0.34 A. e 2
Subsequently, the performance of the proposed robust method 1s evaluated °r h )
with a constant load torque while increasing the speed to 2000 r/min. It 1s S83 < Rt 6 23
observed that the robust method performs comparably to the T-DV-MPCC, ek
maintaining a similar level of control. This indicates that the proposed >
method exhibits robust performance and can effectively mitigate the = 381 3.82
parameter sensitivity 1ssue associated with the T-DV-MPCC method. *S’ 4
- THD=3.81% §
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z': (5A/ div)/v i (5 A/div)/' Fig. 4. Comparison of current THD 1n full speed range between the

two methods.

Hb=3.82% 1 (CONCLUSION

In order to reduce the dependence of the DV-MPCC method on the
motor parameters in the mathematical model, a simple two-vector
_ - robust model prediction method 1s proposed 1n this paper. The
| i (5 A/div), method ca.lculates.the. set tot'c.11 parameters cqntaining the motor
parameter information 1n real time by constructing the d-axis and g-

4

i (5A/div) i (SA/diV)/' gxis Val}le functions. Then the calculated s§t t.otal paramete?

information 1s used to update and correct the prediction model in real
(b) time, and the prediction model can be made infinitely close to the real
mathematical model of the motor when 1t 1s running, so as to control
the motor to run stably and well. Finally, the simulation results verify
that the proposed method has good parameter robustness.

Fig. 2. Simulation results at rated load and speed of 500 r/min, (a) T-DV-
MPCC method, (b) Proposed robust method.




