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Chapter 1

Block Diagram of the overall Electric Drive

1.1 Parameters

EHMOTOR parame
RatedVoltage=48;
NoLoadSpeed=1420% (2*pi/60) ;
HoLoadCurrent=7.77e-3;
RatedSpeed=T774*% (2%pi/60) ;
RatedTorgue=188e-3;
REatedCurrent=0.583;
StallTorgue=415e-3;
StartingCurrent=1.29%9;

ers

Resistance=37.10;

Inductance=9,31le-3;

TorqueCONSTANT=0.321;

SpeedCONSTANT=29,8* (2°pi/60);
FotorInertia=120e-7;

ArmatureTimeConstant= (Inductance/Resistance) ;

TotalInertia=(RotorInertiatloadInertia);

(REGULATCRS PLARAMETERS
Current KP=26331:
Current KI=0.00025;
Speed KP=1.0;

Speed KI=0.415;

$£SUPPLY SYSTEM (kattery)
SupplyVoltage=80;
SupplyInternalResistance=0.4;
SupplyInternalInductance=0.4e-3;

ConverterMAXoutCurrent=1.4;
CarrierFrequency=le-5;
SampleTime=le-§;

ZCAPACITANCE { ALC10S51104DL )

Capacitance=10e-3;

£(DIODE (CRS520I40R)
DiodeResistance=286;
DiodeVim=0.43;

EN-MOSFET (B5SD3165SH)

MosfetResistance=160e-3;

$LOAD with a torgue proportional to the spee

LoadTorgueSlope=1.6e-3;
LoadInertia=160e-7;

(b)

Figure 1.1: Variables linked and used in the Electric Drive model
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1.2 Current and Voltage Saturation

Current
~ Saturation

Limit input signal to the upper an

Main Signal Attributes

Voltage
Saturation

Limit input signal to the upper and s

Main Signal Attributes

Upper limit: Upper limit:

ConverterMAXoutCurrent 79.94 Vinput in the Horidge of the converter
Lower limit: Lower limit:

-ConverterMAXoutCurrent -79.94

M Treat as gain when linearizing
Enable zero-crossing detection

1.3 Block Diagrams

M Treat as gain when linearizing
Enable zero-crossing detection

Figure 1.2: Block Diagram of the Electric Drive



.
=/ la_amw

wm

Figure 1.3: Detail of the PI controllers structure and the Input block

The two PI regulators have been tuned by using the PID tuning tool in the section "Tuning Methods"
of the support program provided by MatLab, "rltool";The PID tuning tool allows to select the adjust the
robustness and the settling time of the plant response.

It’s applied as input a step which goes from Orad/sec to 41rad/sec (50percent of the rated speed of
82rad/sec).
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Figure 1.4: Detail of the Driver and the DC/DC chopper Input-Output
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Figure 1.5: Detail of the DC motor
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Figure 1.6: The image shows the rltool MatLab tool interface exploited to find the parameter of the two
PI regulators (PI current reg. and PI speed reg.). In order to calculate the values of the coefficient related
to the proportional and integral gain of the two PI controller it has been used the PID tuning tool inside
the rltool interface which allows you to choose the correct parameter’s values by tuning and selecting the
rate of robustness and speed of the system and check if the requirements are met by looking the plotted
simulated behaviour



Chapter 2

DC/DC chopper modelled with Simscape
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Figure 2.1: full diagram of the chopper
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Figure 2.2: Source, capacitor and breaking leg
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4 Quadrant Chopper
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2.0.1 Voltage

Figure 2.3: H-bridge
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Figure 2.4: Voltage comparison between the various stages of the DC/DC chopper




2.0.2 Current

lin B [7 v Trace Selection ax
1 T
Ill | 2 larmature ~ El
lin
|
140 ; 7 ¥ Signal Statistics ax
120| ! Value Time
! Max 4.044e-01 0.010
| Min 4.036e-01 9.995e-03
I Peak to Peak  8§.143e-04
} Mean 4.041e-01
e | Median 4.041e-01
40 | RMS 4.041e-01
|
0 1 F ¥ Cursor Measurements ax
| » Settings
| ¥ Measurements
: v Time Value
larmature E 11 0.010 4 044e-01
| 2] 0.010 4.036e-01
04048 \ [—— lamature] AT 254722ps  AY  7.934e04
B |
° ; 1/AT 3.926 kiz
0.4044 : AY [ AT 3115 (is)
|
0.4042] t
|
0.404 |
|
0.4038
0.40 :
0.4034 }
|
001 0.0101 00102 00103 00104 00105 0.0106

Figure 2.5: Current source compared with the current in the load of the quadrant chopper

The current ripple in the supply circuit is 0.0007934A for a carrier frequency of 1IKHz. ( which is less
than the 1% of the average current source, or in other words, 0.004A)

2.1 Devices Used :

2.1.1 Capacitor

vDC Rated Capacitance Case Size Part Number
(WF)
50 10,000 35x 50 ALC1051102DF
63 10,000 35 x 60 ALC1051103DH
&0 10,000 35x80 ALC10511040L
100 10,000 40 = 90 ALCIDST105ZEX

Figure 2.6: Detail of the capacitor data-sheet selected



2.1.2 N-MOSFET

BSD316SN Electrical characteristics, at T =25 °C, unless otherwise specified
Product Summary Static characteristics
Vis 30 |V Drain-source breakdown voltage V grjpss |Vies=0V, 15=250 pA 30 - - \/
RDS[onj.mnx V=10V 160 | mo Gate threshold voltage Vesm  [Vos=Ves. [o=3.7 pA 1.2 16 2.0
= V=30V, V=0 V,
VGS 4.5V 280 Drain-source leakage current Irgs TD'SZ o a5 - - 1 pA
=25
Iy 14 |A
V=30V, Vge=0 V,
T=150 °C - o
PG-SOT363 Gate-source leakage current s Vies=20 V, Vipe=0 V - - 100 nA
‘5 5 4 Drain-source on-state resistance Rosgony |Ves=45V, 15=1.1A - 192 280 [mQ
q VesE10ViI=14A | - | 120 | 10
1, T VieslP2llolR
2 4 Transconductance g l, _Dil 1 }L olR osjonyman: - 23 - S
=1
(a) (b)
Figure 2.7: Detail of the Mosfet Data-Sheet selected
2.1.3 Diode
TOSHIBA
Schottky Barrier Diode
C S 0 0 Electrical Characteristics (Unless otherwise specified, Tq = 25 °C)
1. Applications Characteristics Symbol | Note Test Condition Min | Typ. | Max | Unit
Secondary Rectification in Switching Regulators
Reveorse-Current Protection in Mobile Devices Peak forward voltage VFM‘“ e = 0.1 A (pulse measurement) _ 0.28 _ v
s F res Venz) lpag = 1.0 A (pulse measurement) — 042 —
(1) Peak forward voltage: Vpy = 0.6 V (max) @lpy =2 A Vim) i = 2.0 A (pulse measurement) — 0.53 060
(2)  Average forward current: Tpiay) =2 A Repetitive peak reverse current Iram) Viam = 5 V (pulse measurement) — 4 — ir.y
(3)  Repetitive peak reverse voltage: Virm = 40 V Iramz) Vigam = 40 V (pulse measurement) — g (<]
(4)  Small, thin package suitable for high-density board assembly Junction capacitance 'Ci Ve=10V,f=1MHz — 35 — oF
Toshiba Nickname: S-FLATTM

(a)

(b)

Figure 2.8: Detail of the Diode Data-Sheet selected




Chapter 3

Expected Performance
3.1 CURRENT:

3.1.1 Armature Current Scope

la =
1.5
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Figure 3.1: Armature current, Reference current and Current error of the current feedback

The armature current has a settling time of about 0.0095sec with a maximum value of 1.34A and a
minimum of 0.335A applied a step variation from 0 to 81rad/sec on the speed reference;



3.1.2 Armature Current Ripple

la, la_ref, la_err & [7¥ Trace Selection ax
[ 2] — I2 | [—]
——la_ref
I F ¥ Signal Statistics ax
Value Time
0 Max 4.0450-01 0.013
Min 4.036e-01 0.012
Peak to Peak  8.383e-04
Mean 4.041e-01
Median 4.041e-01
o RMS 4.041e-01
* ¥ Cursor Measurements ax
» Settings
¥ Measurements
0.404] 4 Time Value
1 SIRL 0013 4.044e-01
2} 0.013 4.036e-01
AT 272.069ps  AY  7.976e-04
0.4035, 174T 3.676 kHz
AY | AT 2932 (/s)
0.403
0.4025]
0012 00122 00124 00126 00128 0013 00132 00134 00136 00138

Figure 3.2: measurement of the current ripple

The ripple of the armature current is 0.0007976A for a carrier frequency of 1kHz; ( which is less than
the max current ripple allowed of 0.0593A )

3.2 SPEED :

3.2.1 Speed Scope

Wm cal
/ —m
0|
j
Wm_ref
I
L Wm_ref
45|
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\ T o
) \‘
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Figure 3.3: plot of the actual speed, the reference speed and the speed error

The speed reference is a step function which goes from 0 to 41rad/sec (50percent of the nominal speed
of 81rad/sec).



3.2.2 Speed Overshoot

Wm ™ [7¥ Trace Selection X
— e =
—Wim_ref
n_em % ¥ Signal Statistics "X
41.25]

Value Time
Max 4.123e+01 5.856e-03
Min 3.880e+01
412

5.608e-03
Peak to Peak  2.425e+00
Mean 4.077e+01
Median 4.100e+01
41.15)

RMS 4.077e+01
/ # ¥ Cursor Measurements ax
411 » Settings
¥ Measurements
4 Time Value
41,05 211 s857e03 4.123e+01
2} 6.101e-03 4.100e+01
\ AT 244426 s  AY  2.275e-01
“ — 1047 4.091 kHz
/ \_/ AY ] AT 930.931 (/s)

) |

57 58 59 & 681 62

63
<10

Figure 3.4: detail of the overshoot in the speed behaviour

The speed presents an overshoot, after 0.005857sec, of 0.2271 which is lower than the 1percent of the
reference steady state value (0.41).

3.2.3 Steady State

Wm = [ Trace Selection ax
2] — wn =
———— Wm_ref
4100 T 7 ¥ Signal Statistics ax
Value Time
41,0008 Max 4.100e+01 8.562e-03
Min 4.100e+01 9.336e-03
Peak to Peak  1.894e-05
41,0008 Mean 4.100e+01
Median 4.100e+01
RMS 4.100e+01
41.0004,
7 ¥ Cursor Measurements ax
» Settings
41.000: v M 1ts
4 Time Value
Steady State error = 0.0002radkec vl | 6.200e-03 4.100e+01
4
“ 2] 9.000e-03 4.100e+01
AT 2800ms AY  1062e-04
40.9998| 1/ AT 357113 Hz
AY /AT 37.917 (fks)
40.9996
40.9994,
40.9992
86 87 88 89 9 a1 92 93
<10

Figure 3.5: detail of the steady state behaviour of the speed characteristics

The speed has a settling time of 0.009sec with an error of 0.0002rad/sec with respect to the reference

value of 41rad/sec ( which is lower than the max. speed error allowed of 1% of the half-nominal speed or
in other words 0.41rad/sec )



