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Abstract

Student-supervisor cooperation was carried out to design the inter-subject final
year project (FYP) reported in this paper. According to the student feedback, this
approach allowed gathering his main interests —vector control (VC), microcontroller
(uC) programming and wind power generation— together, therefore reinforcing
his motivation towards his FYP and making him feel particularly responsible for
its outcome. uC-based hardware-in-the-loop (HIL) emulation made possible to
combine the three afore-cited student interests. In this context, the virtual prototype
of a current-controlled wind turbine-driven 2-MW permanent-magnet synchronous
generator (PMSG) is presented, along with the pseudo-code corresponding to the
PMSG speed control algorithm programmed in an 8-bit x4C. In addition, tuning
formulas are derived for the digital integral-proportional (I-P) controllers commanding
both the PMSG current and speed. Detailed descriptions are provided in order to
guarantee reproducibility. Implementation of the HIL rig is also tackled, supported
by illustrative results obtained when running it. The developed HIL rig is considered
suitable for laboratory practices of subjects like digital control and ;C programming.
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Introduction

Final Year Projects (FYPs) represent excellent opportunities to push students to naturally
cross imaginary borders between subjects taken during their degree studies. This aspect
is essential for their academic training as enginéérat the same time, it is desirable

to keep motivation of students as high as possilléthrough the development of their
FYPs. The latter favours a positive attitude and willingness to effort when facing the
technical difficulties that students will definitely encounter during the course of their
FYPs.

A rather intuitive approach aimed at achieving those two goals may consist in
designing inter-subject FYPs in collaboration with interested students. This alternative
may be regarded as halfway between constraining students to choose from a list of FYPs
fully defined by the academic staff and encouraging them to specify the FYPs they
would like to undertake. This way, an opportunity is provided to those students who,
even though do not exactly know which FYPs they would like to tackle, have a rather
clear idea about which subjects they would like to bring together within their FYPs.

From more than a decade ago, the second and third co-authors of this paper have
regularly been supervising FYPs designed in collaboration with interested students,
whose academic performances range, as a rule, from average to top. This paper reports
one of the latter FYPs conceived following that approach. In particular, during an
interview, a student taking a Degree in Industrial Electronic Engineering and Automatics
explained his interests in depth to his FYP supervisor, somehow assuming the role of
a technological client specifying his requirements. In short, those interests might be
summarised as follows:

 To study a control technique not taken throughout the degree studies
e To program a microcontrollep/C) making use of its main resources
* Wind power generation

As a commonpractice,digital control and . C-baseddigital electronicsystemsare
tackled separatelywithin different subjects,during the degreestudies* Little effort
is traditionally devotedto maketheir links evidentthrough,say, laboratorypractices.
However thefirst two requirementsetby the FYP studentanbeeasilycombinedsince
digital control algorithmsare naturally realizedvia ;.Cs %® Moreover,implementinga
controlloopin a uC requiresusing,atleast,its following resourcesan A/D convertera
timer,atimer-driveninterrupt,anda D/A converter—if integratedn the ,C— or parallel
ports*

Similarly, two possibilitiesspontaneousharisewhen aiming at combiningthe first
andthelastrequirementsconsideringanadvancedontroltechniqueo governthepitch
of the wind turbineblades”® or dealingwith vectorcontrol (VC) of the wind turbine-
driven electric generataf'? In the latter case,the full-converter permanent-magnet
synchronougienerato(PMSG) topologyis deemedhe mostaccessibldo get started
with VC theory*!

Regardingcombinationof the secondand third requirementshardware-in-the-loop

(HIL) emulationis an attractivesolution allowing to test control hardwareon virtual
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prototypes of plants not available as laboratory physicatigitypes. In this sense, virtual
prototypes of complex industrial plants represent an interesting option to provide students
with practical insight into real-world control problems at relatively low ctst

In a second interview, all the considerations above wereepted to the FYP
student, who expressed his preference and motivation towards implementing a VC-based
algorithm in auC, and validating it via HIL emulation on a virtual prototype of a wind
turbine-driven PMSG.

Implementation of VC algorithms, whose current control loops run typically at
sampling frequencies close to 10 kHz, requires the use of powerful and, generally,
dedicated 32- or 64-bjiCs or digital signal processors (DSP$}+6 However, given
that, during the degree studies, fundamentalg@s and their programing are usually
taught on the basis of simpler 8- or 16-bit devices, substantial additional training is
required to bridge the considerable gap existing between programming those devices
and programming 32- or 64-hitCs or DSPs.%*’

Bearing in mind that VC was also a topic to be learned by the R¥ent, in order
to keep both the difficulty and duration of the FYP reasonable, the student and his
supervisor agreed to somehow make use of the same 8-bit 80@552udied in the
degree. Considering the limited computational capacity of the latter, the implementation
of the VC-based algorithm for the PMSG was split into two parts by incorporating the
fast current control loops to the virtual prototype, while programming the significantly
slower speed control loop, in C language, in the 80C562

A great part of this paper is devoted to describe, in full detail, the work carried out
throughout the above-mentioned FYP, so that it is reproducible without difficulty by the
interested reader, student or lecturer. The paper ends up with the experience and feedback
of the FYP student and a conclusion section.

Virtual prototype of the “wind turbine + PMSG + current control

loops” system

The virtual prototype of the system to be commanded by the 8-bit 80¢&5%vas
developed using MATLAB/Simulink, and it runs in real time. It is made of the following
three subsystems: the wind turbine model, the PMSG model, and the digital current

control loops of the PMSG. Each of those subsystems was implemented by means of
a C MEX S-function —see Fidl—, as described in the following subsections.

Wind turbine model

The mechanical power captured by the wind turbifg, is given by
P, = %m}#cp(A, Bv, 1)

wherep is theair density,R representshe bladelength,C,, is the powercoefficient,and
vy, Correspondso thewind speed(, is computedoy applyingthe following nonlinear
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Figure 1. Simulink block diagram of the “wind turbine + PMSG + current loops” virtual
prototype.

function of the tip-speed ratio,, and the blade pitch anglg;°

11
(A, B) = 05176 < AG
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Additionally, the tip-speed ratio is calculated as
/\ _ Q_R — wrmR’
Vw Ny,

3)

(4)

whereQ) andw,.,,, are, respectively, the rotational speeds of the wind turbine and the
PMSG, andN is the ratio of the gearbox connecting the wind turbine and the PMSG
shafts.

Based on eqns2f and @), Fig. 2 represents parametric, vs. A curves for different
values of 5. It follows that, for the wind turbine under study, an optimum power
coefficientC) ., = 0.48 is achieved when = \,,, = 8.1 andj = 0°.

Finally, the wind torque on the PMSG shaft is computed as

Tw = . (5)
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Figure 2. Power coefficient vs. tip-speed ratio curves for different blade pitch angles.

As displayed in Figl, the inputs to the wind turbine model grev,,, w.,, and 3, and
its output isT’,. The additional output®,,, C}, and\ are provided just for visualisation.

PMSG model

The electrical model of the PMSG, expressed in the synchronously rotatimgference
frame, is given by°

dig 1 . .

O = va Raia+erLiy) ©

di 1 ' i

d_l? = . [Uq — Rgig — wr(Laiq + \Ijm)] ) ()
q

whereigq, i, andvg, v, are, respectively, the direct- and quadrature-axis components of
the stator current and voltag®; is the stator resistancé,;, L, represent the direct-
and quadrature-axis stator inductancés, is the flux of the permanent magnets, and
w, = Pw,., corresponds to the rotor electrical speed, wittdenoting the number of
pole pairs of the PMSG.

vg andv, are derived from the three-phase stator voltaggsys, v., by making use
of both Clarke’s and Park’s transformations as folloWs:

vy | cost, sin6, vp |
vg | | —sinf, cosb, vo |
———

e—ior vDQ

VDQ

(8)

172 -1 -1 Va :
= e_JGr g |: 0 \/g _\/g :| Uy = e_JGTCVabca
e gy

Vabe

wheref,. = P0,.,,, 6, andé,.,, being,respectivelythe rotor electricaland mechanical
positions,andvp, vg arethe stationary-framelirect- and quadrature-axisomponents



of the stator voltage. Correspondingly, the three-phaserstatrents;,, i, i., can be
obtained from; andi, by applying the inverse Park’s and Clarke’s transformations; i.e.:

i 2 0

1 .
i | = 3 1 3 [ ZD ] _
e -1 =3 LY
c+ e
ino (9)
_ ~+ | cosB. —sind, U | o0
=C sinf,  cos0, } { iq } = Cre Mg,
——
eifr idq

with ip, ig being the stationary-frame direct- and quadrature-axis components of the
stator current.
The electromagnetic torque developed by the PMSG is computéd as

3
T, = §P [Wyniq + (Lg — Lg)idig) (10)

and the simplified one-mass mechanical model given next is adopted:

dw, 1
°‘C’lt = = (T + T = Dwrm) (11)
derm

T = Wrm, (12)

whereJ and D are, respectively, the equivalent inertia and viscous friction of the set
including wind turbine, low-speed shaft, gearbox, high-speed shaft and PMSG.

Finally, regarding consumed powers as positive, the PMSG active and reactive powers
are calculated as follow¥

P, = g(vdid + quq); Qs = g(’l}qid — ’Udiq). (13)
As shownby Fig. 1, v,, vy, v. andT,, aretheinputsto thePMSGmodel,while i, i,
ie, wrm aNdé,., areits outputs.Furthermoreputputsvp, vg, va, vg, ip, iQ, id, iq, Te,
P, and@, areincorporatedvith the only purposeof visualisation.
A virtual prototypeof a 2-MW PMSG-basedvind turbineis adoptedor the project,
whoseparametergarecollectedin Tablel.

Digital current control loops of the PMSG

The PMSG currentcontrolloopsareimplementedaccordingto the functionaldiagram
in Fig. 3. It must be consideredthat any variable presentin a given layer of the
diagramis also availableto the layersinside. Therefore the control algorithm should
be implementedrom the outerto the innerlayer —labelled,respectivelyas ‘15t Step’
and‘3' Step’attheir top.
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Table 1. Parameters of the 2-MW PMSG-based wind turbine virtual prototype

Parameter Value

Blade length R 30m

Gearbox ratio)V 45

Equivalent inertia,/ 562.8955 kgm?
Equivalent viscous friction]) 0 N-m/(rad/s)
Stator resistance?, 10 nmQ2
Direct-axis stator inductancé, 165pH

Quadrature-axis stator inductandg, 165uH
Flux of the permanent magnets,,, 2.5Wb
Number of pole pairsP 2

Rated r.m.s. line-to-line stator voltage 1000 V
Rated peak value of the stator current 1500 A

’ Ideal PWM
PMSG & Converter
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Figure 3. Functional diagram of the PMSG current control loops.

The ‘1% Step’is devotedo derivecurrentsynchronousomponents,, i, from three-
phasei, andi; currentsby consecutivelyapplyingClarke’'sandPark’stransformations.



Measurement ofi. is avoided by assuming balanced three-phase current; i.e.,
le = —lgq — lp.
The feedforward decoupling voltage components

Vad = —wrLgig; Vaqg = wr(Laiq + ¥p), (14)

estimated in the ‘% Step’, allow cancelling the cross-coupling voltage terms present in
the PMSG dynamics reflected in eqr®). &nd (7). Knowledge of parameters;, L, ard
¥, is required to accurately calculate them.
Thew, andv, voltage components to be applied to the PMSG are derived in the ‘3
Step’ as
Vg = Vg + Vad; Vg = ﬁq + Vdq- (15)

It should be noted that substitution of eqnks)(and (L4) into egns. §) and (7) leads to
the following first-order decoupled dynamics relatifygi, to 04, 04:

di

0
Lt Ryia =045 L 4 4 Ryiy = by (16)

¢ dt
Given thatL,; = L, = L in this case —refer to Table—, the two transfer functions
anising from eqn. {6) are identical and expressed as
Ta(s) — 1I4(s) b

Tus)  Tys) sta 4

Lq

with b = 1/L anda = R,/ L. Accordingly,i4 andd, are computed via the two identical
integral-proportional (I-P) current controllers given next:

9 I*(S)_Id(s)’ ‘A/q(s):—KpIq(S)—f—KlI;(S)_Iq(S),

Va(s) = —KpIa(s) + K;~2 -

(18)
with K, and K; being, respectively, their proportional and integral gains. Another
consequence af, being equal tal, is that current componenj does not contribute
to torque production, as evidenced by edit)( Consequently;}; is set to 0 in order to
minimize current consumption.

Replacing eqn.X8) into eqgn. (7), the following unity-gain second-order closed-loop
transfer function can be derived fir andi, current control loops:

Id(S) — IQ(S) _ sz
Ij(s) ~ I;(s) 82+ (0K, +a)s +bK;’ (19)

where K, and K; are tuned, through pole placeméfitso that eqn. 19 matches
the following target transfer function showingdamping coefficient and,, natural
frequency:
2
Id(S) — Iq(s) — wn . (20)
Ii(s)  Ir(s) 82+ 28wns+w?
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For that purpose, the denominators of transfer functidr® and @0) are equated
coefficient by coefficient, thus giving rise to the tuning equations given next:

2ty —

K, = % — 2w, L — R, 1)
2

K; = % = 2L (22)

Aiming at avoiding overshootg, is chosen to be 1. Moreover, ongss fixed, w,
is selected so thatia = 16.5-ms settling time is achieved for current control loops. In
particular, according to th2% criterion,’® w,, = 5.8/t, when¢ = 1, which leads to a
wy, 0f 351.5152 rad/s. Replacing those valuesf@ndw,,, together with those foR,
andL = L4 = L, provided in Tablel, into tuning eqns.41) and @2), it turns out that
K, = 0.106 V/IA and K; = 20.3879 V/(A-s).

Finally, starting fromwg, v, an inverse Park’s transformation, followed by an inverse
Clarke’s transformation, allow deriving the set-pointg, v;;, v}, of the three-phase
voltage to be applied to the PMSG. An ideal power converter is assumed, so that the
actualv,, vy, v. three-phase voltage matchesiifs v}, v} set-point at any time.

Implementation of a digital version of the current control scheme described above
requires the two I-P controllers irl) to be discretized. Thus, application of Tustin’s
trapezoidal methotf to the first I-P in eqn.18) leads to difference equation

ﬁdk = ﬁdk—l + Kpi(izk + Z':ik,l) - (KP + Kpi)idk + (KP - Kpi)idkfu (23)

where indexk stands forkth sampling instanti,; = K;h/2, andh = 100 ps is the
sample time. Equatior2@) is also applicable to the axis after replacing subscript
with ¢. Both I-P current controllers are equipped with anti-windup.

Figurel evidences thai,, iy, 0,m, Wrm, andz‘j; are the inputs to the digital current
controller, whilev,, v, andv,. are its outputs. Additional outputs, i,, v4 andv, are
provided just for visualisation.

Digital speed control loop

Design and tuning

Figure4 displays a block diagram representing the, speed control loop of the PMSG

in a simplified manner. An I-P speed controller generates, as control signaj, se¢-

point for the inneri, current control loop. The plant to be controlled, placed between

I;(s) input andw,,,,(s) output, is derived from eqnsl() and (L1) by considering that

Lq = L4. In addition, given that the dynamics of the speed control loop are much slower

—dominant— than those of thig current control loop, the latter is regarded as ideal.
From Fig.4, the transfer function of the plant to be controlled is dedias

wrm(s)J _ by (24)
T\ =0

Ix(s) s+ar’
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Figure 4. Simplified block diagram of the PMSG speed control loop.

with b; = 3P¥,,/(2J) anda; = D/J. Note that the transfer function in eqr24j is
aralogous to that in eqnl{), which implies that the method applied to tune the current
I-P controllers and, as a result, tuning eqr?d){(22) are also valid for the speed I-P
controller. Consequently, the proportional and integral gains of the speed I-P controller
given by

*

« Wy \S) — Wrm S
Iq (S) = — plwrm(s) + Kil ( ) B ( ) (25)
are adjusted according to tuning equations

2511,0“1 — a 2(2§1wn1J — D)
K, = = 26
Pt by 3PV, (26)

w? 22, J

K = =nt = —Znl? 27
T 3PV, @7)

A & =1 and aw,; = 4.8333 rad/s are requested in this case, which lead to a
dynamic response showing no overshoots ahg & 1.2-s settling time. Based on those
specifications, application of tuning eqna6(and @7) yields K,y = 725.5098 A/(rad/s)
andK;; = 1753.3152 Alrad.

Finally, the following difference equation, analogous to that in ediB),(is
programmed to digitally implement the speed I-P controller above:

iZk = iZk—l + Kpit (W:mk + W:mk,l) - (Kpl + Kpil)wrmk + (Kpl - Kpil)wrmk(1a)

28
where K,,;1 = K;1h1/2 and hy = 60 msis the sampletime. This controlleris also
equippedwith anti-windup.

Microcontroller-based implementation

The digital speedcontrollerabovewasprogrammedn C languagen 80C552,C. The
control algorithmitself is implementedwithin a timer-driveninterruptserviceroutine
(ISR),whichis scheduledo be executedeveryh; = 60 ms. Themainprogramis justin
chargeof initializations, stayingidle for the restof thetime. Thelatter is organizedas
follows:

1% step:  Configurethetimerto beused andloadit with theinitial valuecausingts count
toroll over—thereforegeneratingininterruptrequest—afterexactlyh; = 60 ms.
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2"d step: Enable the timer-driven interrupt and start the timer.
39 gtep: Remain idle using, for example,

while (1);

Each time a timer-driven interrupt request takes place —sletting a new sampling
instant ¢th sampling instant)—, the following 7 steps are executed within the ISR:

1% step: If required, reload the timer with the initial value required to generate a new
interrupt requesk; = 60 ms later.

2"d step:  Capture of the current reference and actual speed valfigs,andw,.,, . Two
A/D conversions must be carried out for that purpose. Given that the 80@552
integrates an 8-channel 10-bit A/D converter (ADC), two integer numbers between
0 and 1023 result from those A/D conversions, which correspond to the [0, 5] V
voltage range of the input analog signals.

34 step: Based on the:; andn,, integer numbers resulting from the A/D conversions,
Wy, andw,.,,, are derived. In our particular case, the virtual prototype was built
so that the [0, 161.6] rad/s speed range is outputted as a voltage signal in the [0, 5]
V range —see the detail in Figa. Consequentlyy;,, andw,,,, are derived as

follows:

Wi = 161.6 * nj,/1023;

M

Wrm,, = 161.6 % ny/1023;

4™ step: Computation (update) of the, control signal by applying eqn2g).

5t step: If necessary, limitation of;, to avoid entering motoring operation 7> 0—
or exceeding the peak value of the PMSG rated currgnt, Given thatig is
regulated around zero, the peak value of the PMSG current is almost eqial to
at any instant.

it (if < —I,,)
i;k = _ITP;
dseif (i, >0)

iz, = 0;

Due to the direct non-canonical implementatigmovided in eqn.Z8) for the I-P
algorithm, the limitation above results in simultaneous application of anti-windup.

6" step: Application of thei;, control signal to the virtual prototype. A D/A conversion
is required for that purpose. Since the 80C5B82 does not contain any D/A
converter (DAC), a 12-bit external DAC providing output voltage in the(,
10] V range is used. Accordingly, the integer number to be fed into the DAC is
derived as follows:
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m* = 4095 % (i, + Irp) /(2% L) ;

The output voltage of the DAC is fed into the virtual prototypjch was built so
that the [-10, 10] V range of the DAC output voltage is scaled up to the,],,
I,p] A range ofi; —see the detail in Figbb.

7t step: Update the discrete states of the I-P controller for the next sampling instant as

L =Yg
* Lk .
wrmk,l - wrmk ’
Wrmp_1 = Wrmy, »
a

wrm* & wrm

[wm_re
511616 polp
wm »
wrm* & wrm Scaling Analog Output
4’@ National Instruments

\ PCI-6014 [auto] /

b
Analog ol i
Input S “1
p . ” m]]] m]]] .
Analog Input iKg=caling Rate Transition liq_ref] Current Digital
National Instruments Vector Control

PCI-6014 [auto]

Figure 5. Amplitude scaling of reference, feedback and control signals within the virtual
prototype. a Amplitude scaling of wy.,,, and w,n,. b Amplitude scaling of ;.

Hardware-in-the-loop experimentation

The hardware required to perform HIL experimentation, physically observable iB,Fig.
was connected as detailed by Fig.

The virtual prototype consists in the Simulink model of Figunning in real time in
a personal computer connected to NI PCI-6014 data acquisition (DAQ) card. The latter
allows outputtingv;,, andw,.,, from the virtual prototype as analog signals within the
[0, 5] V range.Thosesignalsenterthe 80C552,.C, includedin the DISEN552module,
throughchannel® and1 of its built-in ADC —pinsP5.0andP5.1.
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On the other hand, parallel port P4 and pins P3.2—P3.5 oflpbpalrt 3 bring integer
numberm* —see thes™ step of the ISR in the preceding section— from the 80C552
1C to the input of a 12-bit DAC integrated in an interface card. Accordingly, such DAC
turns thei; numerical value computed by the€ into an analog signal within the-[10,

10] V range, which enters the virtual prototype via NI PCI-6014 DAQ card.

Virtual Pfototype
.. ;.. m ]J

Figure 6. Snapshot of the HIL rig.

DISEN 552 Interface Card Virtual Prototype

NI PCI-6014

LSB P4.0
P4.1
P4.2
P4.3
P4.4
P4.5
P4.6
P4.7
P3.2
P3.3
P3.4

MSB P3.5

ANEEEEEEEEE
=]
[FUH'-]FUFJ<ZOO ;]

Figure 7. Detailed scheme of the HIL rig connections.
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With the purpose of illustrating operation of the HIL rig, theaim results of an
experiment carried out in the below-rated speed region, wHete0°, are presented
next.

A realistic wind speed profile, displayed in Fign, was applied. Furthermore, based
on eqn. @) and aiming at reaching the optimum power coefficient,dtig shown in
Fig. 8b was computed as

NAopt’Uw
* o L Topv W 29
wrm R ( )
Considering both the wind speed variability and the high wind generator inertia, tracking
of w?,, by w,.,, is more than acceptable, as observable in &g Consequently) and,
in turn, C}, remain around their respective optimum values of 8.1 and 0.48, as evidenced
by Figs.8c andd.

a b
9
8.5
z
g 8
E

7.5

8.9
8.5
~ 8.1
7.7
7.3
0 5 10 15 20 0 5 10 15 20
time, s time, s

Figure 8. Performance of the PMSG speed control loop. a Wind speed. b PMSG reference
and actual rotational speeds. ¢ Tip-speed ratio. d Power coefficient.

RegardingcurrentVC loops,Figs.9a andb substantiateiespectivelythe satisfactory
regulationof 74 around0 andthe high performancelynamicresponsef ,, resultingin
the generatingorque of Fig. 9c. The lattdeads to the ¢, shown in Fig. 8b.
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1 1 J

0 5 10 15 20
time, s

Figure 9. Performance of the PMSG current VC loops. a Direct-axis current component
set-point and actual values. b Quadrature-axis current component reference and actual
values. ¢ Electromagnetic torque.

Finally, Figs.10a andb, display,respectivelydetailsof thethree-phaseoltageapplied
to the PMSGstatorandtheresultingthree-phaseurrent.

Student experience and feedback

Oncethe FYP was concludedthe studentwaskindly askedto freely expresshis own
conclusionsgn a brief documentof no morethan 300 words. He handedhis feedback
overin asealedenvelopewhich wasopenedvell afterhavingdefendecandmarkedthe
FYP. Its contentis reproducechext.

“I havefoundhighly motivatingto actively participatein the designof my own FYP.
While allowingmeto alignit with my maininterestsit alsopushedneto feelparticularly
responsibldor its final outcome.

The projectitself was highly usefulin establishingand strengtheningsomeof the
fundamentalknowledgeacquiredduring my degreestudiesin Industrial Electronic
Engineeringand Automatics.That knowledgesetsoff in controlengineeringandends
with digital systemprogramming,including principles aboutelectronicsand electric



16

550

A ”Wmﬂmmw(
275H
_275»[{ WWW
il U‘u\w“uu‘\u‘ HHHJHMJHM‘

-550 1 1 1 1

Vabe \Y%
o

1500+

750

iq ||
i |

iabcv A

-750

-1500 L I I I

time, s

Figure 10. Time responses of the three-phase stator voltage and current. a Voltage detail. b
Current detail.

machineryConsequentlythis project,duringwhich | wentmoredeeplyinto theabove-
mentionedareasof engineeringand becameawareabouttheir closeconnectioncould
definitelybe consideredsinter-subject.

Furthermorel wasableto carryoutbasicresearclin VC of thePMSG,whichwasone
of themainattractionof the projectdueto thewidespreadiseof suchcontroltechnique
in industry.

It is alsoworthmentioningthatthesoftwaretoolsadoptedrovedparticularlypractical
in the developmenbof the project.On theonehand,MATLAB/Simulink allowedmeto
build a virtual prototypeof a current-controlledvind turbine-drivenPMSG, capableof
runningin realtime. This madepossiblebringingtogethemy interestsin wind power
and pC implementationof digital controllerswith no needfor a physicallaboratory
prototype.Moreover, | both applied and becamefamiliar with the conceptof HIL
emulation.

On the other hand,the debuggeiincludedin the iVision softwaredevelopmenkit
usedto implementhedigital speedcontrollereasedietectiorandsubsequertorrection
of all programmingbugswithin the algorithm. Without this tool, it would havebeen
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a demandingtask just correctingall possiblebugs,someof which were dueto code
optimization.

In summary] feel satisfiedbothwith whatl learnedduringmy FYP andwith its final
outcome”’

Sofar, the approactor FYP definition put forwardin this paperhasbeenevaluated
basedust on 300-wordstudentcommentariesike thatreproducedbove Nonetheless,
theexperiencgainedupto datesuggestshatadoptionof amorestructurednethodology
would be highly advisableso asto guaranteeollectionof valuableinformationon the
level of succes®f the proposedipproachForthatpurposein future FYPsdesignedria
student-supervisarollaboration|t is intendedto supplementhe aforementione@®00-
word commentaryith theresultsof thequestionnair@rovidedin Table2.

Conclusions

An inter-subjetproject,designedyy a FYP supervisolin cooperatiorwith aninterested
studenthasbeenreported Accordingto the studenfeedbackthis approactallowednot
only keepinghim motivatedall throughthedevelopmenof his FYP,asintendedbutalso
makinghim “feel particularlyresponsibldor its final outcome”’

The secondand third co-authorsof this paperhave ordinarily beenexploring that
approachto FYP definition for arounda decade Thusfar, it hasbeenconfirmedthat,
in mostof the casesthe aim of keepingstudentmotivationwhile carryingoutthe FYP
was achievedvhenfollowing the proposedapproachNeverthelessits main drawback
lies possiblyin the fact that a highereffort mustgenerallybe devotedto the definition
of the FYP, whencomparedo thoseentirely definedby eitherthe academicstaff or the
studentsln contrastasfar asthedevelopmenof the FYP is concernedit is deemedhat
supervisomworkloadis notdirectlyrelatedto thewayin whichthatFYPis defined Other
aspectslike its inherentdifficulty, the ability of the studentto work independentiyand
her/hisinitiative level, havea prevailingimpacton thatworkload.

The projectitself, conceivedwith the aim of simultaneouslyoveringthreetopicsof
interestfor theFYP studenthasbeendescribedn detail,sothatit is readilyreproducible
by appealedeadersin particular,developmenof arelativelylow-costvirtual prototype
of current-controlledvind turbine-driverPMSGmadepossibleo experimentallyassess,
via HIL emulation,a uC-basedimplementationof its speedcontroller. The HIL rig
implementeds deemedvell-suitedfor laboratorypracticesof subjectgelatedto digital
controlanduC programming.

In orderto eludebringingfurtherdifficulty to the FYP, the studentandhis supervisor
agreedto adoptthe same8-bit C studied during the degree,which was clearly
insufficientto realizethecurrentvC loopsof thePMSG,runningat 10kHz. To overcome
thisdrawbackthecurrentV/C loopsweresomehovwartificially incorporatedo thevirtual
prototype However,it is plannedo replacethe 8-bit ;.C with a powerful32-bitonein a
futureFYP,whichwill allowtransferringhecurrentVC loopsfromthevirtual prototype
to the ,C. Accordingly, the virtual prototypewill emulatejust the wind turbine-driven
PMSG,while the uC will hostthecompletecontrolalgorithmcomprisingheouterspeed
controllercascadedb innercurrentVC loops.
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Table 2. Tentative survey to evaluate the success of the proposed approach for FYP definition

Questions 1 2 3 4 5
Please, rate the level of difficulty of your FY@: Very low; 3: Average5: Very high) O OO O O
How did your initial motivation towards your FYP evolve dogjiits development? O O O O &d
(1: Substantially decrease®; Remained the samg; Substantially increased)
3. How did your interest in the subjects brought together witfour FYP evolve during its development? O O O 4 4
(1: Substantially decrease8; Remained the sam®; Substantially increased)
4.  The experience of defining my FYP in collaboration with myewsor was highly enriching. O O O & &
5. The FYP definition process did not take significantly londpemt expected. O O O O &d
6.  The defined FYP integrated my interests in a natural way. O O O 4 4
7. My FYP allowed me to identify and strengthen the relatiopsthetween subjects taken during my degree studigs1 [1 [ [1 [
8. Participating in the definition of my own FYP pushed me to fegdecially responsible for its final outcome. O O O 4 4
9. How much did you learn throughout your FYB?Much less than expected; As expected5: Much more than expected) 1 [1 [ [1 [
10. The available laboratory resources were appropriate dfidisot to carry out the defined FYP. O O O O &d
11. My supervisor guided me satisfactorily during developnefnny FYP. O O O O &d
12.  Please, rate your initiative and level of self-sufficienieyoughout your FYRZ1: Very low; 3: Average;5: Very high) O O O 4 4
13.  Overall, | feel satisfied with the developed FYP. O O O 4 4
14. |1 deem that the FYP carried out could give me a competitiveaathge when seeking employment. O O O & &

1: Strongly disagree2: Disagree3: Unsure4: Agree;5: Strongly agree

8T

(X)XX ®piL reusnog
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