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Abstract— A robust and anti-disturbance speed controller for
an ultra-high-speed permanent magnet synchronous machine
(UHS-PMSM) is proposed to assist A Mechanically Based
Antenna (AMEBA) in an RF-denied environment such as
underwater and underground facilities. A 2kW, 8.33kHz, high-
power-density UHS-PMSM is designed for operating the AMEBA.
Robust high-speed control of this motor is crucial for an accurate
transmission of the signal. However, motor performance and
system stability deteriorate due to parameter variation at
increased temperature and frequency. To address these issues, a
novel fast Anti-Disturbance Sliding Mode-based Deadbeat Model
Predictive (ADSM-DMP) control is proposed for precise speed
control and to minimize the effect of dynamic parameter variation.
The proposed controller achieves 47.7% faster settling time,
96.7% reduction in average torque fluctuation, and 12.46%
reduced total harmonic distortion (THD) in current. For
experimentally validating the proposed controller, cascode GaN-
FET based inverter is designed to operate in high frequency and
high-temperature regions.

Keywords—Ultra-High-Speed Permanent Magnet Synchronous
Motor (UHS-PMSM), Anti-Disturbance Sliding Mode-based
Deadbeat Model Predictive Control (ADSM-DMP), Reaching law,
GaN-FET based inverter, TI DSP F28335.

[. INTRODUCTION

MSMs are extensively used in intricate mechatronic
P systems for their high-power factor, efficiency, and

power density. PMSMs are also popular for operating in
a wide speed range with optimum dynamic torque response [1]-
[2], motivating a UHS-PMSM for AMEBA applications [3]. In
AMEBA, the load of UHS_PMSM, a magnetic dipole is used
to transmit ULF/VLF (0.3kHz to 10kHz) magnetic field as a
communication signal in RF-denied, under the earth-surface,
and into deep-sea infrastructures [4]. [5] and [18] contains the
design of the UHS-PMSM for driving AMEBA. As the
rotational speed of magnet dipole will define the quality of the
transmission signal, accurate speed control, and smooth torque
response of the UHS-PMSM are crucial. A high frequency,
high-power density, highly efficient and portable motor drive is
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Fig.1: Demonstration of a transmission signal

required for the motor . A receiver might misinterpret the
message due to the higher error rate of the received signal as
shown in Fig. 1. Thus, transmitted signal should be clear and
fast according to receiver’s specification. For this purpose,
motor speed must be regulated carefully to achieve minimum
settling time and overshoot. However, UHS-PMSM faces
stability and performance issues due to the gradual non-
linearity with the increasing fundamental frequency [8]. So,
critical speed control issues are motor parameter variation,
change in load torque, and system stability at high bandwidth.
A rigorous literature review [6] - [19] has been done to check
the existing controllers’ performance with the requirements of
AMEBA. Proportional Integral (PI) controllers are traditionally
popular for simple implementation and better steady-state
response. However, gain values cannot be changed once the
system starts to operate. So, fixed gain values limit its capability
to adapt to disturbances, such as load torque change and
parameter variation. In [7] and [19], self-tuned PIs with Fuzzy
Logic is implemented to adapt with load torque variation. In [6],
a disturbance observer-based PI controller was designed to
improve the transient behavior of PI under disturbances and
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Speed - (regulator - |regulator
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Fig.2: Existing double loop controller
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Fig. 3: Proposed controller with single bandwidth
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uncertainties. Although these modified PI controllers can
improve the performance under load torque change, there is no
discussion about model parameter variation and high-speed
operation. Also, with increasing speed, the motor model
becomes more non-linear, so, the linearized PI controller cannot
perform efficiently.

For addressing these issues, various non-linear control
methods, such as, sliding mode, model predictive, backstepping,
Kalman filter are used for motor drives. Among these methods,
sliding mode control (SMC) showed better performances with
parameter variations, load torque change and other external
disturbances [8] - [16]. In [8] and [13], terminal sliding mode
control is incorporated to make the states reach the sliding
surface within finite time. However, for rejecting disturbance,
high switching gain has to be incorporated that can cause huge
chattering. Chattering is one of the major drawbacks of SMC
[10]. In [11], a higher-order sliding mode is established to
address this drawback, but computational complexity increases
with increasing order. Authors in [14], proposed a “quick
reaching law approach” that can associate an adaptive switching
gain to limit both disturbance and chattering. Although, this
approach results in desirable response in low frequency,
chattering increases in higher frequency as, it is related with
sampling time. For solving this limitation, authors in [12]
proposed sliding mode-based extended state observer (SMESO)
and in [15] extended sliding mode disturbance observer
(ESMDO) is proposed. However, in these articles, only the load
torque change is taken as a state of ESO. In [16], hyperbolic ESO
is incorporated to estimate lumped disturbances, including
external and internal uncertainties and load torque. Using these
methods, disturbance can be estimated and fed forward to SMC,
that can eliminate the tradeoff between anti-disturbance and
chattering property of the controller.

However, most of the literatures discussed above, focuses on
the speed control loop, and PI is employed for the current control
loop. The double control loop, as shown in Fig. 2, imposes a
tradeoff between settling time and transient response. This
tradeoff limits the existing controllers’ ability to attain the
required speed for AMEBA. Furthermore, a high proportional
gain coefficient is required for high-frequency operation, which
increases the system's bandwidth. And, high bandwidth leads to
instability according to the Nyquist stability criterion.

For addressing these tradeoffs of anti-disturbance-chattering
and settling time-overshoot, a fast-Anti-disturbance Sliding
Mode-based Deadbeat Model Predictive Control (ADSM-DMP)
is proposed for UHS-PMSM speed control. The proposed
controller addresses both the chattering and uncertainites. A
modified fast double power reaching law is proposed for faster
response with lesser chattering. Whereas, for compensating for
the load torque change, parameter variation, and other
uncertainties, a non-linear Gudermannian function-based ESO
(GFESO) is developed. Gudermannian function allows faster
and smoother switching of ADSM that contributes to chattering
reduction and better steady state response. At the same time,
tracking differential (TD) is designed to limit overshoot. So, the
combination of GFESO, TD and fast reaching law based SMC
is able to address the tradesoff mentioned above. DMP, the
voltage regulator, is cascaded with ADSM to enable the system
to operate with a single bandwidth, as shown in Fig. 3. Estimated
speed and sensed current are fed back to the current regulator.

138

Table I

REFERENCE SPEED
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Fig.4: High-level AMEBA system
However, the voltage regulator uses model predictive control,
that eliminates the need of current feed-back allowing the
controller to work with a single loop which ensures better
stability in high frequency. Thus, the proposed ADSM-DMP can
cope with disturbances and, simultaneously, ensures stability in
the high-speed region. A Lyapunov stability criterion is utilized
to ensure closed-loop stability of the system and to establish
bounded values for gains.

The rest of the paper is organized as follows. Section II
relates the AMEBA requirement with the UHS-PMSM speed
profile. Section III contains a brief discussion about UHS-
PMSM. In section IV, ADSM-DMP is validated and finally,
section V concludes the paper with summarized results.

II. CONTROL REQUIREMENT FOR UHS-PMSM

Fig. 4 illustrates the concept of the AMEBA system, which
shows that the reference speed of the motor is associated with
the data modulation scheme of the transmitted message. In [3]
and [4], the modulation scheme for the transmitter of AMEBA
is discussed in details. M-ary continuous phase-frequency shift
keying (M-ary CP-FSK) is proposed for power-efficient data
transmission that can reduce the average torque requirement of
the UHS-PMSM. Here, Mis the modulation order of CP-FSK
that represents the number of possible signals. Each symbol is
associated with a certain frequency, which is used as the
reference speed of the motor so that the magnetic dipole can
transmit a magnetic field with the same frequency.

CP-FSK has a central frequency, f. and a frequency
deviation, Af. Frequencies to be transmitted are defined as f;
fo+@i—1—-M)Af, where i =1,2,..,M. Range of central
frequency, f, is chosen from 25Hz to 3kHz. Frequency
deviation, Af , is kept between 4Hz to 25Hz to avoid
interference with the power system signal of 60Hz and its
harmonics. Frequency deviation should be kept as low as
possible to keep the rate of motor speed change under a certain
value to satisfy the rated power and rated torque of the UHS-
PMSM. For smooth transmission of symbols, overshoot of
motor speed should be less than (Af/f,)% and settling time, Tg;
should be less than one-fourth of the symbol period required by
the receiver [4]. In Table I, reference speed for different symbol
are represented.
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Fig.5: (a) Prototype of UHS-PMSM with (b) the stator (c) and rotor
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Fig.6: (a) Rotor axial temperature at rated condition and (b) percentage of
losses due to temperature increase.

III. UHS-PMSM MODEL

A UHS-PMSM of 2kW rated power and 8.333kHz
fundamental frequency is designed in [18]. A prototype in Fig.
5 is designed to increase power efficiency and provide rated
torque, allowing the motor to have 38.2mNm torque.

The rotor of the UHS-PMSM has a cylindrical magnet
inside a hollow retaining sleeve. Since the flux path is equal in
both d-and g-axis orientation, stator inductance along direct
axis,Ly and along quadrature axis, L, are equal. Due to high
power density, rotor axial temperature varies, as shown in Fig.
6(a). With varying temperatures, motor parameters such as,

Table. 1T
UHS-PMSM MODEL PARAMETER
Parameter Symbol Value
Stator Resistance R 0.1382
Stator Inductance Lg = Lg 65% 107
Flux Linkage Apm .0032
Inertial Coefficient ] 3.8x107°
Friction Coefficient B 2x1077
Rated Power Prated 2kW
Rated Current Lrated 39A
Rated Load Torque T, 38.9mNm

stator resistance and mutual flux linkage change. And it causes
loss of the system as Fig. 6(b). This phenomenon can be
addressed with the proposed control method. Specification of
the motor are shown in Table II.

Mathematical model of the UHS-PMSM is given in (1) where,
Vg is d-axis voltage, v, is g-axis voltage. i, is d-axis current, i,
is g-axis current and T, is electrical torque of the motor.

i
Vg = Rig + Ly d—: — LyPwni,

: di . (M
vy = Rig + 1, I + LgPwmiq + ApmPwm

Te = 1.5PAymi,

IV. FAST ADSM BASED DMP CONTROL
A. Novel Fast Reaching Law for Sliding Mode Control

“Reaching Law” approach is adopted for robust control
purpose for its characteristic of guiding the system states to the
sliding surface for fast and chattering free response [14].
Conventional exponent reaching laws are expressed as,

% = —a, sgn(s) —a,s; a;,a, >0 (2)
where, s is the sliding surface, a; and a, are constants. It is
evident from (2), reaching the speed of the system state is
higher when the error is away from the surface, s, but it
gradually reduces as it reaches closer to the surface. Once the
states reach the surface, the first term of (2) contributes to
keeping them on the surface, but as it is a discontinuous
function, the states fluctuate within a band which is called
quasi-sliding-mode-band (QSMB). QSMB, A; of (2) is,
a,T
A=2 1=a,T 3)
where T is the sampling time. QSMB is constant in this case,
and this property introduces chattering in the system. For
reducing chattering, the authors of [16] proposed an adaptive
reaching law. Proposed reaching law, novel quick reaching law
(NQRL) reduces the chattering, but on the other hand, reaching
time increases. Increased reaching time results in increased
settling time of the system, which is not acceptable for AMEBA
applications. For solving this tradeoff, a novel fast reaching law
is proposed in this paper as,
ds

= = ~alsl’t sgn(s) = aglsls )

where f1 = tanh(s°') — 1.6 arctan(e’*) + 1, and, f2 =
o3 tanh(A4|s]). In this reaching law, a,, a,, 0y, 0, and A, are
defined to be positive and greater than one and 1, = % + o3,

where 0 < o3 <1 . In the proposed reaching law, the
coefficient of the discontinuous term is defined as an adaptive
function. When, |s| > 1, coefficient of the second term in (4) is
responsible for increasing the reaching speed as f, > 0. And
the coefficient of the first term is responsible when |s| < 1
as,f; < 0. QSMB of the proposed reaching law, A, is,
f1
o 2TV o
— a,TIs()|?

where, n is the sample number. The QSMB is a function of the
nth sample of |s| .Which means, the band will reduce as it
gradually reaches zero error position. Fig. 7 demonstrates the
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comparison between the two abovementioned QSMBs.
Gradually decreasing the QSMB of the proposed reaching law
contributes to reducing the chattering of the system. At the

s=0 S5 0
System State 1 System State 1
0.0 T (0.0)
y; A,
System State 2 System State 2
Fig.7: Comparison of QSMB A, and A, in phase portrait.
Current regulator  Voltage regulator UHS-

Fig.8 Novel Fast ADSM-DMP speed controller
same time, a higher reaching speed reduces settling time as
well.

B. Novel Fast ADSM-DMP Controller

The proposed control system, ADSM-DMP, utilizes sliding
mode control for current regulation and model predictive
control for voltage regulation. The current and voltage regulator
works sequentially, and the computations are sample-based.
Fig. 8 shows the overall control diagram. From Fig. 8, it is seen
that the current regulator consists of three segments. The first
segment is Gudermannian function-based extended state
observer (GFESO). GFESMO estimates the uncertainties or
disturbances such as load torque change and parameter
variation. Once the disturbance is estimated, the estimated
speed response is optimized by compensating for the
disturbance. From the motor model, speed and torque can be
defined as,

w=Xi, —Yw —ZT, (6)
where X = (3PA,,)/] ., Y=B/], and Z=1/] Now, if
disturbances and uncertainties are considered, (6) becomes,

@ =X+4X)i; — Y +4V)w — (Z + AD)T, (7)
If disturbance, D is defined as, D = AXi; —AYw — (Z +
AZ)Ty, then, (7) can be simplified as,
w=Xiq—Yw+D ®)
D is estimated based on the Gudermannian function, and
estimated speed of the motor is optimized as (9).
d=—§& (2 arctan(e*®r) — g)

O=Xi,—Y®—&e +d
e=0—-w

©

where d is the tracked disturbance and @ is the compensated
speed. & and &, depend on the stability of the system, which
will be discussed later.
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Now, the second segment, the fast sliding mode controller
(FSMC) is used to calculate the current reference command
utilizing the compensated motor speed. The sliding surface is

chosen as,
t

s=err+ Cf err(t)dr (10)
0

Where, err = W,y — @ and w,. is the reference speed of the
system. Now, from (4), (9), and (10), reference g-axis current
command can be calculated as,
iy = (@res + Y& — D + ay|s| " sgn(s) + ayls|/%s "
+ C(err))/X (an

Finally, third segment, tracking differential (TD) is used
to compensate for the overshoot in I, to reduce output speed
overshoot. Finally, is; using TD is designed as,

dl;;ef = —§3|igrer — Ty| arctan(e*Carer 7)) _g (12)
where &3 > 0. In this controller, the d-axis current is kept as
zero to get maximum torque response.

Now, for voltage regulator segment, deadbeat model
predictive (DMP) controller is cascaded with a sliding mode
controller. The model predictive controller uses the present
current sample to predict future voltage values according to (1)
and regulates the output optimally. DMP is designed by
discretizing v, as,

TR -1
(iqref(n +1)— (R (1 - e_T)> iq,ef(n)> 03

+E,
where, T, is the sampling time.
As mentioned before, this cascaded configuration allows the

controller to work with a single bandwidth, w,,,, represented as
(14).

¢ -1
Wpy = 21 (f (—aylsltsgn(s) — azlslfzs)_1 dt) (14)
0

C. Stability Analysis of FSMC

The stability of the system depends on the coefficient of the
disturbance. So &; and &, should be bounded to protect
stability. For analyzing system stability, Lyapunov function id
used, and it is selected considering the energy of a system as,
V= %52. So, V = ss and for stability, V < 0. Solving this
inequality, it can be defined that, §; + &, < 2000.

R
]]qzeL

V. SIMULATION AND EXPERIMENTAL VALIDATION

In this section, the proposed ADSM-DMP controller is
verified through simulation and experiment. The superiority of
! —Conventional exponent
—Double power

NQRL
—Proposed law

@051

0.2 0.6 0.8

.04
Time (s)
Fig. 9: Sliding surface vs. time
the proposed single loop controller to the traditional dual loop

controllers in terms of stability is discussed. Moreover, the
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ability of the proposed controller to address parameter variation
and external disturbances is also verified.

A. Simulation Results

1) Single loop Vs. Dual loop controller stability

Table. IIT
SPEED AND TEMPERATURE MAPPING OF UHS-PMSM FrROM FEA

Speed (rpm) Coil Temperature (°C) Tem}l)velfi?;; ©C)
50000 76 51
200000 90 68
350000 100.6 95
500000 118 130
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The proposed controller is implemented using MATLAB-
Simulink. At first, the proposed novel reaching law (4) is
validated compared to the existing laws, described in
subsection A of section I'V. It is observed that the convergence
rate is improved by 47.7%, which eventually will contribute to
improving the setting time of the whole system. Fig. 9 shows a
faster performance of the proposed law than the NQRL, power
reaching law and conventional exponent reaching law as
described in (2).

As stated before, the proposed controller consists of single
bandwidth and this bandwidth also depends on the reaching law
of the controller. Mathematically, bandwidth of the whole
system is as (12). Whereas, for traditional dual loop controller,
bandwidth of the current control loop is 20 times broader than
the speed control loop. Initially, zero of the speed controller’s

—19 and zero of the current

—2126, in order

to maintain first order system, which is necessary for avoiding
oscillation. But, for achieving required settling time and
overshoot for AMEBA, gain values has to be tuned. As the gain
values increases, the bandwidths increase as shown in Fig 10.
And with increasing bandwidth, Nyquist diagram reaches the
value -1, which is the stability margin (Fig. 11). So, it can be
concluded that, dual loop controllers cannot provide expected
response while operating in high speed region and the trade off
between settling time and overshoot deteriorates the AMEBA
response.

transfer function should be at, -é

controller’s transfer function should be at -g

2) Perfomance of motor under different conditions

For executing AMEBA application properly, speed response
of the motor has to maintain a certain control constraint.
Settling time and overshoot of the speed response depends on
the frequency deviation (Af) and central frequency (). In the
worst-case scenario, settling time should be less than 0.3s, and
overshoot should be less than (Af/f.)% , that can go as low as
.05%. If the speed response does not satisfy the control
constraints, one transmitted signal might interfere with the next
transmitted signal, eventually resulting in the wrong message
transmission. Satisfying the control requirements becomes
difficult by applying the traditional dual loop controller, as
there is a tradeoff between settling time and overshoot of the
output response. Fig. 12 shows the comparison of speed
responses with increasing gain for maintaining the required
response. However, the gain has to be increased for reducing
settling time, which results in increased overshoot. Moreover,
increased gain also makes the system vulnerable to instability,
as discussed in the previous subsection. From Fig. 12, it is
evident that, in an attempt to reduce the settling time, the
overshoot increases. Settling time reduces from 0.67s to 0.27s,
tuning the gain values, but at the same time, overshoot increases
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up to 28.5%. According to Fig. 12, speed response 1 is not fast
enough, and speed response 2 and 3 have a large overshoot,
making the receiver read the wrong frequency or message.
Whereas applying the proposed ADSM-DMP single loop
controller, the settling time of speed response is improved from
49s to .26s, without any overshoot (Fig. 13). Also, Fig. 14
shows the comparison of torque response of the motor with both
controllers. Load torque, T;, is changed from 23mNm to
36mNm at 1s time. With a double loop controller, overshoot is
13.88%, whereas with ADSM-DMP, overshoot is negligible.
These characteristics of the controller allow the motor to
transmit an accurate signal to the receiver.

Another control constraint is to maintain the output torque.
As the motor has to rotate a magnetic dipole, the torque
response must have to be stable. However, being a high-power
density (>60kW/L) motor, the temperature of the magnet tends
to rise from 51°C to 130°C, when the speed increases from

ARG

1 —Phase-A —Phase-B — Phase C

Torque (Nm)
e
=
(=)

Tlme (ms)

(a) (b)
Fig.17: (a) Cascode GaN-FET inverter and (b) current profile of the
inverter.

Fig.18: Experimental setup
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50000rpm to 500000rpm (Table III). In rear earth magnets, like,
Sm,Co,,, magnetic remanence (B,) and intrinsic coercivity
(H.) are temperature dependent, maintaining B, = 1 — a(T —
20°C) and H, = 1 — B(T — 20°C) equations, where a and f§
are material dependent. As permanent magnet flux linkage, A,
is a function of B, and H,, it will decrease with increasing
temperature, which will eventually distort the average torque.
Fig. 15 shows the variation of stator resistance with coil
temperature and variation of A, with magnet temperature.
From FEA simulation, it is observed that, at a fixed speed,
temperature of magnet can rise up to 240°C. And, average
torque can vary from 38.6mNm to 35.9mNm as a consequence
of varying A, with temperature. As the average torque
variation is not acceptable for AMEBA, GFESO is designed in
the controller to track the disturbance and to reduce the torque
variation. In Simulink, parameter variation has been designed
after .5s, and Figure 16 shows that average torque variation
reduces from 2.65mNm to 0.02mNm.

B. Experimental validation

For evaluating the proposed controller and for operating

the UHS-PMSM prototype, a three-phase inverter with a

current and voltage sensor has been designed and validated. As
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Fig.19: Speed response of UHS-PMSM at 73k rpm with (a) double-loop
controller and (b) proposed ADSM-DMP controller
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Fig.20: Speed response of UHS-PMSM at 230k rpm with (a) double-loop
controller and (b) proposed ADSM-DMP controller
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Fig.22: d-q axis current profile of UHS-PMSM with (a) traditional double
loop controller and (b) proposed ADSM-DMP controller
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Fig.23: Torque response of UHS-PMSM with (a) traditional double loop
controller and (b) proposed ADSM-DMP controller

the rated frequency of the motor is 8.33kHz, the switching
frequency of the inverter would reach to 200kHz. Wide
bandgap (WBG) switches, such as Gallium Nitride (GaN) and
Silicon Carbide (SiC), can operate in this high-frequency range.
Cascode GaN-FET, TP90OH180PS, was chosen for the inverter
for its ability to operate at high frequency and ease of
integration. For close loop control of the motor, an isolated
amplifier, AMCI1301 is used for sensing current. The 3-phase
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inverter has been validated for 90% rated fundamental
frequency and with 120kHz switching frequency. 10uH
inductor was used as line inductance The phase current of the
inverter is shown in Fig. 17(b). The system is controlled using
a TI DSP F28335 as shown in Fig. 17(a). The experimental
setup is as shown in Fig. 18.

For AMEBA application, the speed of the motor should be
able to change rapidly, maintaining the control constraints as
discussed in section II. For experimental validation, UHS-
PMSM is operated in two ranges of speeds (0.15 rated and 0.50
rated).

In the first condition, the reference speed is changed to 73k
rpm. Fig. 19 shows the speed response of UHS-PMSM with the
traditional double-loop controller and proposed ADSM-DMP
controller. In this speed range, both of the controllers behave
optimally. However, the traditional controller takes 0.54s to
settle down, whereas the proposed method takes 0.36s to reach
a steady state. For the second condition, the reference speed was
changed to 230k rpm. Fig. 20 compares the speed response with
both controllers. It is observed that, traditional controllers show
significant fluctuation in speed response. As, in this speed range
motor parameters start to fluctuate according to FEA
simulation. However, speed response with the proposed
controller shows more promising results. Settling time
improves by 33.33% and steady-state response improves from
0.2423% to 0.598%.

To observe the torque response of the UHS-PMSM under
traditional and proposed controller, the motor was operated at
230k rpm and 7% rated load. Fig. 21 shows the three-phase
current of the UHS motor with a traditional controller and
ADSM-DMP controller. Current amplitude fluctuates with
existing controllers, whereas ADSM-DMP shows more
consistent current. From Fig. 22, the d-q axis current with both
controllers is compared. Its observed that g-axis current ripple
decreases from 55 6% to 23.2% with usmg the proposed
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Fig.24: THD Comparison of UHS-PMSM phase current with (a, b, ¢)
double-loop controller and (d, e, f) ADSM-DMP controller
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controller. Moreover, Fig. 23 shows that the proposed
controller can reduce the torque ripple from 55.39% to 24%.

Total harmonic distortion (THD) of the phase current is
analyzed for comparison, as shown in Fig. 24. With the existing
controller, 5" and 7™ harmonics dominate in the THD
calculation. With the proposed controller, the odd harmonics
(5™ and 7') are reduced. THD is improved by 12.46% with the
proposed ADSM-DMP controller. Table IV shows the
comparison of THD of each phase with both controllers.

So, from simulation and experimental results, it can be
concluded that, the proposed controller works better for
AMEBA system, in terms of settling time, and overshoot of
speed, average torque fluctuation and torque ripple, than the
existing controllers.

Table. IV
TOTAL HARMONIC DISTORTION (THD) COMPARISON
THD (%)
Control Scheme Phase A Phase B Phase C
Double loop 16.86 17.1 16.82
ADSM-DMP 133 14.2 13.9

VI. CONCLUSION

In this paper, a robust speed controller, ADSM-DMP of
UHS-PMSM is proposed for the AMEBA. Gudermannian
function based fast ESO has been proposed for disturbance
estimation which reduces the average torque fluctuation from
2.65mNm to 0.02mNm under parameter variation and load
torque change. A novel fast reaching law has been established
to reduce the settling time by 47.7%. Tracking Differential
(TD) has been incorporated for reducing the overshoot from
28.6% to almost 0%. Deadbeat model predictive control is used
for voltage regulation which ensures the stability in the higher
frequency region as, it allows the system to work with a single
bandwidth. Experimental validation shows that, settling time
reduces by 33.33%. Torque ripple reduces from 55.39% to
24%, and THD of each phase of current improves by 12.46%.
Thus, the better performance of the proposed controller,
ADSM-DMP than the existing double loop controllers is
validated for maintaining the control constarints imposed by the
AMEBA.
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