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1. Datasheet IRAMY20UPGOB:

PD-96955 Rew.C

IRAMY20UP60B
(MOTION™ Series

_ ybrid IC for 20A, 600V
Appliance Motor Drive Applications.

Description with Internal Shunt Resistor

International Rectifier's IRAMYZOUPEOE is a 204, 00V Integrated Power Hybrid IC with Intemnal Shunt
Resistor for Appliance Motor Drives applications such as air conditioning systems and compressor drivers as
well as for light industrial application. IR's technology offers an extremely compact, high perdformance AC
motor-driver in a single isolated package to simplify design,

This advanced HIC is a combination of IR's low V. Non Punch-Through IGET technology and the industry
benchmark 3-Phase high woltage, high speed driver in a fully isolated thermally enhanced padkage.

A built-in temperature monitor and over-curment and over-temperature protections, along with the short-
circuit rated IGETs and imtegrated under-vwoltage lockout funicdon, deliver high level of protection and fail-
safe operation. Using a newly developed single in line package [SP3) with heatspreader for the power dis
along with full transfer mold structure minimizes PCE space and resolves isolation problems to heatsink,

UL certified, - )
IRAMY.201>508
- _

International
IR Rectifier

Integrated Power Hybrid IC for

Features

» Integrated Gale Drivers

+ Temperature Manitor and Protection

+ Dwencurrent shubdown

« Fully Tsniated Package

» Low WCE {on) Mon Punch Through IGET Technology.
+ Undervoltage lockout for all channels

+ Matrhed propagation delay for all channels

« 5V Schimiitt-briggened ingut logic

» Cross-condusction prevention kogic

+ Lowes dijdt gate difver for better noise immunity
» Motor Power r@mge 0.75~2.20W | B5~353 Vac

» Isclaticn 2000V, min

= UL Certificate Mumber: E252584

Absolute Maximum Ratings

Paramister Description

Wers | Wiz TGET/Diode Blocking Woltage

Ui Positive Bus Input Voltage

L, i T=25"C FMS Phase Current [Nobe 1) rai

L @ Te=100°C RMES s Current (Mobe 1) 10 A

In Puled RMS Phase Currert [Nole 2) 4]

Frwm PWHM Carrier Freqjuency 20 kHz
P, Power dissipation per IGET & T, =25°C &8 W

(- Tsclation Yaltage [ 1min) 2000 Vs
Ty {HGET B Diodes) Operating Junction bemperature Fange ~40 b +150 o
T, { Driver IC) Operatiog Jundicon temperature Range 40 bo +150

T Mcriting torgue Range (M4 screw) 0.7t 117 Ml

Note 1: Snussidal ModUiation 2l V- =300V, T.= 150°L, Foye=20kHz, Modulation Depth=0.8_ PF=0.5, Ses Figure 3.
Mobe ¢ b 100Me; To=25°C: Frap=20kHe. Limilted by Ly oo, o8 Table "Inverter Sertion Bectrical Characterictice”

whenwd irf.com
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IUR

Internal Electrical Schematic - IRAMYZ0UPGOB
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IRAMY20UP60B

Absolute Maximum Ratings (Continued)

Al woltages are absolute referenced o COM) Tne.

Symbol Paramebar Miin Mz Units | Conditions
Lo Bootstrap Diode Peak Forward 45 tp= 10ms,
o Current B - Ty = 150°C, T.=100°C
Boolstrap Resistor Paak Power te=100}5, T =100°C
- 25.0 W
P ek (Single Pulse) ESR / ERJ series
High side floating supply offset
Wiy 23 Kjﬂl;e g ! Vias- 25 Wi 35 +0.3
LT High side foating supply votege] 0.3 BO0
Low Sace and logic fixed supply 5
Vix 0.3 i
[ = I;E i
Lowsar alf
Vi Input voliage LIN, HIN, Ty, 03 {Was+ 15V) o
Vet 0.3V
Inverter Section Electrical Characteristics @T,= 25°C
Symbol Parameber Min | Typ | Max | Units |Conditions
Colkector-to-Emittes Breakdown
W, 600 -— WV |Vi=5V, L=250yA
(=S Voitage = I
Termperature Cosff. O o [¥w=EY, = 10maA
AW /8T | g ectrem Voltage B 0.3 VIC i35 - 1507y
Collactor-te-Emilter Saturation - L75 215 Le=100, V=13
Ve - v
Wiltage — | 2m | 23 I.=108, V=15V, T,=125°C
e Tero Gate Vollage Collector - 5 BO) " W=, V=600V
Current - B0 Way=5W, V=600V, Ty=125"C
- 14 25 =104
Vs Diode Forward Voltage Drog v
- 16 23 =104, Tr=125°C
v Booltstrap Diode Forwand Voltage ] v =14
e Drop - - | 110 Tp= 1A, Te=125°C
e Boolstrap Resistor Valus - 2 - Q  |T=25°C
APl R Bootstrap Resistor Tolerance - - +5 % |T,=25°C
_ Cuiret Protection Thresshak 35 _ 4 A Ty=-40°C o 135°C
sl (pesitive gaing) Ses Fig. 2

wwwirf.com
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Inverter Section Switching Characteristics @ T,= 25°C
Syrmibol Paramister Min | Typ | Max | Units |Conditions
Eﬂ». Turr-0n Hh’.hhlg Liss 320 450 ]c=l|1ﬂ W =0
Eer Turr-O Switching Loss 175 25 R Vo= 15V, L=2mH
Eror Total Switching Loss w5 | eas Energy losses include "tail" and
e reverts refivery
Eapr Do Rogsmisrss FLerimwery anergy 35 70
tar Dl Rerverse Feoowery time a5 ns See (Tl
Eics Turr-0n "_ﬂlh‘.hlng Less 520 630 ]c=lm W= =0V
Ecer Turrroff Switching Loss 05 | 385 . Wop=15V, L=2mH, T,=125°C
Erarr Total Switching Loss g2 | 1065 Emangy loases inciae: "l and
e reverse recovery
Eare Do Resvisrse Fleriwery energy 50 100
Lar Dhioche Reverse Beoovery time 125 s See CT1
G Turrr-On IGET Gate Charge 55 4 e L=15A&, V" =400V, Ver=15V
Ti=1507C, L=10W, V==600Y
RESOA Reverse Bigs Safe Operating Ares FULL SGUARE V= 450V
Vo= +15W b OV See (T3
Ti=150"C, V=600V,
SCS0A Short Circuil Safe Operating Ares 10 e [VT= 360V,
Vo= +15W to OV See (T2
T,=150°C, V=600V, Lo <10js
Lo Short Circuit Collector Current 140 A V= 360V, V=15V
Ver=+15V to IV Seei (T2

'Recommended Operating Conditions Driver Function
Thie IriputyOwsput logic timing dizgram is shown in Figurs 1. For proper aperation the device should be usad within the

recommende conditions, All voltages are absolute referencad to COM/ Ty, The ¥ offsat is tested with all supplies
biased at 15V differandal (Mot= 3)

Symbol Definition Min Max Units
Vay2a High side faating supply voltage Veti? V=20 ]
Vs ay High sids floating supply offset volktage Motz 4 45]

Ve Low side ard logic fixed supply voltage 12 20 .
Wiren Ly Mpust voltage Vig Wi *5

Wi Logic input woltage LIN, HIN Vg V=5 V

Mot 3: For more deteils, see TR21353 date sheet
Mot 4: Logic operational for V, from COM/T,,-5V to COM/ITRIP+600V, Logic state held for ¥, from COM/TTRIP-5V to
COM/TTRIP-V e

4 wnananirf.oom



CONTROL SINCRONIZADO DE DOS MOTORES SINCRONOS DE DIFERENTES

TGR

CARACTERISTICAS MEDIANTE LABVIEW

IRAMY20UP60B

Static Electrical Characteristics Driver Function
Wiz (Ve Vi 2 2)=15W, unless ethenaise specified. The Yy, and L, paramebers ane referenced te COMT o, and are
appilicabie to all b channels, [Nate 3)

Symbol Definition Min | Typ | Max | Units
Vo, Logic 07 nput voltage 3.0 W
W Legic ™17 input voltage - 0.E W
Worie, Yoz Vo and Vo supply undervoliage pociive going threshold 10.6 11.1 11.6 W
Werue, Vs Nor and Vs supply underolags negative goirg threshokd 10.4 g | 114 W
Werog Vimsn | Ver B0 Ve supply undervoltage lock-gat ystenesis - 0.2 W
(A Trgt Clamip Woltage (HIN, LIN, T/1—y) L=104 40 5.2 5.5 W
Toms Cuescent Ve supply current V=0V - - 165 A
Lo Quiescent Vi Supply current Vo, =0V - -— 3135 A
Le Offsed Suppiy Leakage Current - =] ik
T Trigit bilas current V=5V - 200 300 A
Iy Trput: bias current Vo =0V - 104 320 ik
s Trrep b cLrment V=W - 0 100 A
e Trrep bl cLirmesit V=W - 0 1 A
W) T Hhreshold Voltage 440) 4a] 540 v
W{Trzar, HYS) Treer Inputt Hiysterasis - 70 i
Dynamic Electrical Characteristics
Drives only tming unsss othenwise specified. )

Symbol Parameber Min | Typ | Max | Units |Conditions
Ton on delay tme (seafigat) |~ | % | = | ™

- — Ve=Vg= 15W, L=100, V* =400V

Torn Input to Output propagation | o0 | — -

-0 delay time {See fig. 11)

T Iriput Filker time (HIN, LTN) oo | @mo | - s |Viw=0 & V=5V
Tarnm Iy Blancking Time 100 | 150 ns | Vin=0 & V=5V
D Dead Time (Vg =Y5=15V) 220 290 350 ns | Vg=Vae=15V
" Matching Propagation Delay __ O - b |Vee= V= 15V, extemal dead

Tirne (0 & O} time> 400ns

Time ;:Fggaub;ﬂwﬁaisi‘:?l; - — | 175 | 1 |ve=ve= 15V, L=108, v*=400v
T POEL Ty I Sl SM'II:J'I to tm-off| - 7.7 e Te= Z253°C

chear Bme (see fig. 2) an 6.7 axa Te= 100°C

wwwLirf.com
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IRAMY20UP60B

IR
Thermal and Mechanical Characteristics
Symbaol Pararmeter Min Typ Max | Units |Conditions
iy Thermal resistance, per IGET — 1.6 15 Flat, greased suface. Hestsink
Reacy Thermal resistance, per Diode - 22 3 SCAW  |compound thermal conductvity
R—_h:\:.m Thermal resstances, C-5 - 041 - Ik
Ca Crespage Distance i5 — - mm  [See oubfine Drawings

Internal Current Sensing Resistor - Shunt Characteristics

Symbol Parameter Min Typ Max | Units |Conditions
Rure Resistance 168 | 17.0 172 mia (T = 25°C

T ot Tesmperature Coefficient 1] - 00 | ppmyeC

P Porer Digsipation - 4.5 W [-H0RCe To=100°C
Trmngs Tesmperature Range -40 - 125 o

‘Internal NTC - Thermistor Characteristics

Pararmeter Definition Min Typ Max | Units |Conditions
Ras Reasigtarece a7 100 | 103 k2 |Te = 25°C
Reag Resistarce 225 | 252 | 2.0 kD T =135°C
B B-constant (25-50°C) 4165 | 4250 | 4335 kR = Rye MU HTHI
Temperature Range -4l 15 =C
Typ. Dissipation constant 1 MWL [T = 25°C
Input-Output Logic Level Table
?,.
Frise HINLZ3 | LINLZ3 | uwvwW
Hinl 2.3 =
. S 0 a 1 v
(13,1415 UMW
' :l —:.2 = 3 0 1 0 a
== 0 1 1 X
Lin1.2.3 1 X ¥ X
(18,17, 18)

& wwwLirf.oom
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TGRPoc
"HINL, 23 ] \ /
LINL, 23 / \

OJONOIONNO, ®
L C ) e B

_ LT R
fus | 1us

S -

UWW
—— I, ———
Sequence of events:

1-2) Current begins to rise
2) Cusvent reaches I leved

2-3) Current is highes Han L. .. for at least Gus. This value is the worst-case condition with very low
over-current. In case of high CLETENE (short circult), e actual detay will be Smaler.

3-4) Delay between difver identification of over-cuent condition and disabling of all outputs

4) Cusrent starts decreasging, eventually reaching 0

5) Cument goes bebiw Ly ., the diver starts its sulo-reset sequance

&) Driver is automatically reset and normal operation can resume [over-current condition must be remdoved
by the time the drivers aulomatically resets fsell)

Figure 2. T_ Timing Wavelorm

Mobe 5: The shaded area indicales that both high-side and low-side: switches are ofT and therefiore the hall-bridgge outpet
wioilage would be determined Dy Hee direction of cument Mow in the iad,

wowwLirf.com 7
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IGR I
Module Pin-Out Description

Fin Name Description

1 T High Side Fioating Supply Veltage 1

2 U, Vg Output 1 - High Side Foating Supply Dffset Vollage
3 HA e

4 [ High e Flaating Supply veltags 3

5 Wz Output 2 - High Side Faating Suppily Offset Voltage
6 HA nene

7 Nz High Side Riaating Suppiy voltage 1

a W Output 3 - High Side Faating Suppiy Offset Voltage
9 HA e

10 v Positive Bus Tngist Voltage

11 HA none

12 W Negative Bus Tnput Voltege

13 Hay, Logic Ingut High Side Gate Driver - Phase 1

14 Hoe Logic Trigit High Side Gate Driver - Phase 2

15 Hao Logie: Input High Side Gate Driver - Phase 3

16 Lo Logie Input Low Side Gabe Driver - Phase 1

7 Low Logie Tnput Low Sige Gabe Driver - Phasa 2

18 Loa Logie Input Low Side Gabe Driver - Phase 3

19 FauljTus | Temperature Monitor and Fault Function

2 T Current Manitor

1 Wer + 15 Main Supply

= Vs Negative Main Suppiy

8 whanw.irf.com

10



CONTROL SINCRONIZADO DE DOS MOTORES SINCRONOS DE DIFERENTES

CARACTERISTICAS MEDIANTE LABVIEW

Internoional IRAMY20UP60B

IOR recl

Typical Application Connection IRAMYZ0UPGDE

G

i
=
&)

)

—
BOOT-STRAP & W "
CRPaCITORS - ’T\ =

,

o O
- e NS
- v + Ls_ §
— : u =
—[— ’I‘mufumn'gus y g -
e i c
] =|| 2
o o B
- e o v s B
cocion = — = M_
e [ S ]
— ML~
“T 3

1. Electrolytic bus capacitors should be meunted 25 close to the madule bus tesminals a5 possible ko reduce Anging and

EMI probiems. Additional high frequency ceramic capacdior mounted dose 1o B module pins will Rurther improve per-
Tormance,

2. Tn order bo provide good decouping bebween Vee-Vas and Vg 3.3V 2.3 temminals, the capacdors shown connectad
betwean these terminals should be locted very dose 1o the module pire. Additional high Trequancy capacitors, typi-
cally (L1F, are strongly recommended.

3. value of the bool-strap capacitons depends upon the switching Trequency. Their sslection should be made based on
IR design tip DM 96-2a, appication note AN-1044 o Figure 5. Bootstrap capactor vakue must be selected 1o imit the
power dissipation of the intemal resistor in series with the V. (se2 masimum ratings Table on page 3).

4. Current sense signal can be obtaired from pin 20 and pn 22, Care should be taken bo @void having invertes cument
ficwing throwgh pin 22 bo mantain required current measurement aocuracy

5. After appeon. Bms the FAULT is reset. (see Dynamic Charadieristics Table on page 5).

B, PWHM generabor must be disabled within Fault dwration o guaranbes shubdown of the system, gvescumant condiion
must be cleared before resuming operation.

7. FaultyTemp Monitor pin must be pulled-up to 45V,

wawwLirf.com 9
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IUR

2 i ==
! 15“-!-.:.— I | I I
EHE I T T T T

ﬁ S Fow = 12kHE
EI;E === 2L F = 16kke
& 108 - — an:ZﬂH'lZ

of — —
¥ T
: 0 — —
3w =
o —

Y e — =
T BE T=150C =
E | Sinusoidal Modulstion
E o
X0 I I I I
= o1 2 3 4 &5 & 7 B 9 10 11 12 13 14 15 16 17 18 19 2

Output Phase Current - A__

Figure 7. Maximum Allowable Case temperature vs. Ouiput RMS Current per Phase

160

1 1 1 1 1 1 1
L T,avg. = 14701x T, + 12.431
150 =

=2

140 =

120 =

IGBT Juncon Tempemtune
]

110

100

65 70 75 BO BS a0 95 100
Internal Thermistor Temperature Equivalent Read Out - =C

Figure 8. Estimated Maximum IGET Juniction Temperature ws, Thermistor Temperature

12
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IRAMY20UP60B

INR

5.0 — I T T
> [ —
g 45 "'"'v-,,h 5 -
= 40 = —
K- Tremms | Preguss | Tromss: | Brens | Tooms Bn:R W, e
= 15 = a = & = g B Fars
| = -~ |amri = |iooooo) B T ol F e —
3 TR
-3 b TR -3 T
i 30 | [ = [ar = e o | s —
-2 15818 &0 soeTy e = e
é' 2 [nmon] e | aoece | wo [ ww Min -"'-’-?2:\\
2.5 —]
[ = o8 |mamerg| wn e | wps | 1w Aug, S
[ 2.0 o0 |momcea| s [ oemee [ v | =im Max [
T . =5 471813 - 1] TEE Lr-; == | g
‘3 1] T -] s (s Z= :\K\‘\
2 15 5 |zveoc| | e v | ew R""\.
ﬁ | =, 06T 1T i Lo ] 4 il \\.\‘H‘H“‘
1.0 v |vesmmn]| o | eosse) wer | 1 “-_‘_‘
E x |uwoe| = [wn] wm | 12 '-:._":
05 N
=0 -30 -2 -10 0 10 M 30 40 50 &0 T 80 S0 100 110 12 130
Thermistor Temperature - “C
Figure 9, Thermistor Readout vs. Temperature (12kohm pull-up resistor, 5V) and
Mominal Thermistor Resistance values vs. Temperature Table.
'h.. 16.0 T I T |
150 [ 15 ' ' ' ' —
& 140 —-—[—|t— S—
g oo . . . ! —
. - g
120 o [ —
g, o — . Y o ——]
TN —— - Y S —
g, CEM —
g a0 = —
Wi O] —
an S—
-E 7.0 EEuF
E &0
E =0 Ane
E 40 I 15F
5 in L I
20 I
a 5 10 15 ai
PWM Frequency - kHz
Figure 10, Recommended Bootstrap Capacitor Value vs, Switching Freguency
www.irf.com 13
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Inferna onal IRAMY20UP60B

IR |

et aip

1 nr D UNW | —
. il:] = / L |

uni,23

— b
F

v

Figure CT1. Switching Loss Circuit

W
An12.3 ﬂ[:} I
10K . ' || =
Ln1,23 | | oo uw
ﬂ 0 I
N
i i
L

v
Hin1,2,3 EE}
L] ]
: ™ " o
Duwer LW
* —
& Umi23 "—"I::: ~ s /___/’/I
T 1=,
L4, —
v

Figure CT3. R.B.S04 Circuit
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IRAMY20UP60B Int mafior |

Package Outline

4

—

i TR

;UF'DJ—L%' O
Hilk

- W

el B4 w S RS

i

e

LS

1]

K
L]
28 TiE

.
L I

OO0 ROT SCALE DRNATHE.  REMDWE A1 BURRS, SND SHesF BDeres:

Standard Pin leadforming option MNotes:
L. . Dimensions in mm
For mounting instruction see AN-1045 1 Marking or gin 1 identificats

2- Product Part Mumber

3~ Lot and Date code marking

4- Conwvex only 0,15mm typical

5- Tolleranices =0.5mm, unless otherwise stated

International
IGR Rectifier

Data and Specifications are subject to change without notice

IR WORLD HEADQUARTERS: 233 Kansas 5t., El Segundao, California 30245, USA Tel: (310) 252-7105
TAC Fax: (310 252-7903

Visit us at www.irf.com for sales contact information

0705
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2. Caracteristicas Raspberry Pl 4:

Raspberry Pi4 Model B Datasheat
Copyright Raspberry Pi (Trading) Ltd. 2019

}  Features

21 Hardware

1

Quad core 64-bit ARM-Cortex AT2 mmning at 1.5GHz
1, 2 and 4 Gigabyte LPDDREA RAM options

H.265 (HEYC) hardware decode (up o 4K p60)

H.26d hardware decode (up to 1080p60y

VideoCore V1 31 Graphics

Supports dual HOMI display output up to 4Kp6&0

Interfaces

RO2.11 g/ nfac Wireless LAN
Bluetooth 5.0 with BLE
Ix 50 Card
2x micro-HDMI ports supporting dual displays up to 4Kpb0 resolution
2x USB2 poris
2x USH3 ports
Iz Gigabit Ethermet port {supports PoE with add-on PoE HAT)
Iz Raspbermy Pi camera port (2-lane MIPLCS1)
Ix Raspbermry Pi display port {2-lane MIP1 DA
28x wser GPIOY supporting varows interface options:
— Up tofx UART
— Up to6x 12C
— Up to 5x 53P1
— Ix SDICY interface
— lx DI {Paralke] RGH Display )
- lx PCM
— Upto2x PWM channels
— Up to 3x GPCLE oofpuats

16
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3 Raspberry Pi 4 Model B Datasheet
Copyright Baspberry Pi (Trading) Lid 2019

13 Software

« ARMvE Instruction Set
+ Mamme Linux softwame stack
= Actively developed and maintaimed
— Fecent Linux kernel support
— Many drivers upstreamed
— Stable and well supported wserland
— Ayailability of GPU functions using standard APls

} Mechanical Specification

=1 55 =
-]
1_;... CEE B = e
i
a
£0.5
—
49 58
[ U 45.75
4.5 71
ilh 4
h b 1
1.5
3.5 —=

Figure 1: Mechanical Dimensions

4 Electrical Specification

Caution! Stresses above these listed in Table [ may cause permanent damage to the device. This is
4 sipess rating only; functional operation of the device under these or amy other conditions above those
listed in the operational sections of this specification is not implied. Exposure o absslwe maximam
rating conditions for extended periods may affect device reliability.

17
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Easpbery I 4 Mode| B Datasheet
Copyright Raspberry I (Trading) Lid 200%

Symbal  Parameier Minimum Maximum  Unit
VIN 5W Input Vollage 05 A W

Table 2: Absolute Maximuem Ratings

Flease node that VDD is the OPI0 bank volmpe which is tied to the on-board 3.3V supply rail

Symbol Parumeder Conditions Minimum Typical Mamximum Unil
Ve It low vollage® VDO = 13Y TRD ¥
Vig Inpet high vollage® VIO = 13¥ TED v
I Input lezkage omenl TA = 48540 TRD LA
e Ipeal. Capaciiance . - TRI pF
Ve Oubpd low valtage® WD = 3 3%, B = -2mA TRD v
Vor Cutpt high voliage®  ¥DILJ0 = 13¥, KIH= 2mA TR ¥
Tor Ouipul low ourrene®  WDILJO =139, W0 =04 TED ma
Tom Output high crment® VOO0 =13¥.¥0=13%  TED m
Ry Pullap mesisior : TED TRD kit
Rpp  Puldown mesisior . TED TRD kit
® Hysieresis enzbied
¥ 10 fault drive strenggh (Emay
© Maximem drive strengih (18maA )

Table % I Characieristics
Fim Name Symbol  Parameier Minimum  Typical Maximuom Unit
[Mgiial pulpuls  deae 1090 rise fme™ - TRD - ns
Digital outputs £ 7p O0-104% fall Hme® - TED - ns

= Defzuli drive siength, CL = 5pE VDD = 13V

Table 4: [igital 18D Pin AC Characteristics

DIGITAL
OUTPLUT

Figure Z: [Jigital 10 Characieristics

18
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4.1 Power Requirements

The P48 requires a good quality USE-C power supply capable of delivering 5% at 3A. I attached
downstream USE devices consume less than 500mA, a 5%, 2.5A supply may be usad

5 Peripherals
51 GPIO Interface

The PidB makes 28 BCWIT 11 GPIOs available via a standard Raspberry Pi £0-pin header. This beader
is hackwards compatible with all previous Raspberty Pi boards with a 40-way beader.

L1 GFIO Pin Assipnme nts

] W
n
2
GPIOz EE 1
= -
_:"551 oo G
=T
GPID1T EE :
GRIZT a5 O
[EIFH =1 hp L ERIDZa
e I oo Ll RFL ID_SD and ID_SC FINS:
— : il EE 0 GRS Trese plns ape resszved for BAT I0 EEEROH,
1o 50 '72 oo ‘5!:_35 e
GRS ] EE A ] ]
I » 3; oo R |£E|g
AT 3L EE = = GRIO1E
L EC R D0 MOT (SE these DAns foF Anything other
oo g5 B F tham attaching an I4¢ I EEFRCH, Lexve
oo unoomnactad £f ID PEFROM nof reqoirsd.

Figurz 3: GPIO Connector Pinout

As well & being able to be used as straightforwand software controlled input and owtput (with pro-
grammable pulls), GPIO pins can be switched (mualtipexed) into varions other modes backed by dedi-
caied peripheral blocks such & 120, UAKT and SFL

In addition to the standand peripberal options found on kegacy Pis, exma 12C, UAKT and 5P peripherals
hiave been added to the BCMIT11 chip and are availsbbe as further mux options on the Pid. This gives
users much more flexibility when attaching add-on hardware a5 compared to older models
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Rasphermy P 4 Model B Datashe et
Copyright Raspherry Pi (Trading) Led 20019

512 GPIOARernate Functions

Deefanin
GPIO Pull ALTD ALT1 ALT2 ALT3 ALT4 ALTS
] High SDA0 SAS PCLK SPI3.CEON TXDZ SIMAG
1 High SC1L0 544 DE SPI3MIZ0 EXD2 SCLG
2 High SDA1 SA3 LCDWSYNC  SPII_MOSI  CTS2 SIW3
3 High SCL1 A2 LCD HEYNC  SPI3_SCLK  ERTs2 SCL3
4 High GPCLED 5Al L SPH.CEON TXDZ SDW3
5 High GPCLEK] SA0 DL SPEMISD EREXD3 SCL3
'] High GPCLK2 SOEN  [DFLDZ SPIAMOSI TS5 S
T High SPIDLCEIN SWEN DPFLD3 SPHSBCLK [RTs3 SCL4
B High SPIDLCEON 50 DL T S
9 Lo SPIDMIS0D 5D1 DL RN SCL4
10 Lo SPI0_MOE1 5D2 DF_D6 CTS4 SIS
11 Low SPI0SCLE  S5D3 DPLoT RT34 SCLS
1z Low FWkI0 Sl DPL_DE SPIS.CEON TXDS SDWS
13 L ML 5105 DL SPISMISD  EXD5 SCLS
14 L TXIX] 516 DFLIMD SPISMOSI  CTSS TXIN
15 L RX D s507 PN SPISBCLK RTSS RX I
16 L FLO 5108 DM 2 CTs0 SPIILCELN CTS1
17 Lo FLI 5A DN 3 TS SPIICEIN  ETS1
(4 Lo PCM_CLE 5010 DF_D4 SPI6.CEO_ N SPIICEILN PWMOD
19 Lo PCM_FS 5011 DF_MS SPIe MIB0  SPII_MISO  PWMI
mn Low PCMLIDIN 5012 DPLDIG SPI6MOSI  SPI1.MOS1  GPCLED
21 L PCMLDOUT 513 DFLDNT SPIBSCLK  SPIISCLE  GPCLKE]
2 L SDLCLEK 5114 DFLINE SN LK ARM_TRET SDwa
3 L SDLCMD 5115 DFLIMg SN ACMD ARM_RTCE SCLA
Fo L SDLIDATO 506 D L_I¥H] SN AT ARM_TINY  SPI3.CEIN
5 L SD0_DAT1 SD17 DF_D] SN _DATL ARM_TCE SPI4_CEIN
6 L S50 _DATZ TED DF_z2 SN _DATZ ARM_TDI SPIS. CEIN
¥ Lo SDO_DATS  TEI DF_DES SDN_DAT3 ARM_TMS SPI6CEIN

Table [ details the default pin pull state and available alternate GO functions. Mest of these altemate
peripheral functions are described in detail in the BCM2711 Peripherals Specification document which

Tabke 5: Rasphemry Pi 4 GPIO Altemate Functions

can be downboaded from the hardwae documeniafion section of the websie .
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, Raspberry Pi 4 Model B Datasheet
Copyright Raspherry Pi (Trading) Lid 2019

513 Display Farallel Interface (DFPD

A standard paralie] RGH (DP1) inerface is available the GP10s. This up-to-24-bit paralie] inerface can
support 3 secondary display.

514 SIVSDICO Interface

The PidB has a dedicated S50 cand socket which suports 1.8%, DIDR50 mode {at a peak bandwidth of 50
Megabyies [ sec). In addition, a kegacy SINO interface is available on the GP1O pins.

51 Camera and Display Interfaces

The PidB has 1x Raspberry Pi 2-lane MIPI C51 Camera and 1x Raspberry Pi 2-lane MIP1 DI Display
connectar. Thess connectors are backwards compatible with ke gacy Raspherry Pi boards, and suppon
all of the availshle Rasphemy Pi camera and display peripherals.

53 USB

The PidE has 2x USB2 and 2x USE3 type-A sockets. Downstream USE cument is limied to spproxi-
maiely 1.1A in aggregaie over the four sockets.

54 HDMI

The PidB has 2x micro-HDMI ports, bath of which support CEC and HOMI 2.0 with resolutions up to
4Kpé0.

55 Audio and Composite (TV Out)

The PidE supports near-CO-guality analogue sudio owtput and composie TV-ouipat via a 4-ring TRS
The analog andio output can drive 32 Obm headphones disectly.

56  Temperature Range and Thermals

The recommended ambient operating temperature range is 0 o 50 degrees Celcins.

To reduce thermal cutput when idling or ander light toad, the Pi4B reduces the CPU clock speed and
voltage. During heavier load the speed and voltage (and hence thermal output) are increased. The
iniernal governor will throttke back both the CPU speed and voltage to make sure the CPLU e mperatane
neverexceads 85 degrees

The Pi4B will operaie perfiectly well without any exira cooling and is designed for sprint performance -
expacting a light use case on average and ramping up the CPU speed when needed (2.g. when loading
awebpapge) If a user wishes to boad the system contimualty or operate it at a high ermperatare at fall
performance. further cooling may be neaded.
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3. Conexiones de la placa de circuito impreso:

ip)

+15V

GND
Itrip
Vth

L I
- S

PE PS
L1 L2 L3 V+ V- EBAY
B od b ¢
[ [ [ 18]
III:E:E"'
— — — U'l
ZZZ3I8/E:<
=
=)

NOTA: Las entradas de +5V y +15V han de tener como referencia la
entrada GND. También, hay que recordar que la entrada GND Raspberry hace
referencia a la toma GND de la Raspberry y, en ningln caso hay que juntarla a
la entrada GND.
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4. Conexiones de la Raspberry PI:

En la Tabla que se encuentra a continuacion, se describe que cables hay que
conectar a en cada uno de los pines utilizados de la Raspberry Pl y ademas, si
se trata de una entrada o de una salida.

p
3V3 power 5V power
GPIO 2 (SDA) 5V power
GPIO 3 (SCL) Ground
GPIO 4 (GPCLKD) o GPIO 14 (TXD)
Ground GPIO 15 (RXD)
GPIO 17 o GPIO 18 (PCM_CLK)
GPIO 27 Ground
GPIO 22 GPIO 23
3V3 power GPIO 24
GPIO 10 (MDSI) Ground
GPIO 9 (MISO) GPIO 25
GPIO 11 (SCLK) GPIO 8 (CED)
Ground GPIO 7 (CET)
GPIO 0 (ID_SD) GPIO 1 (ID_SC)
GPIOS Ground
GPIO 6 GPIO 12 (PWMO)
GPIO 13 (PWM]1) o Ground
GPIO 19 (PCM_FS) GPIO 16
GPIO 26 GPI0 20 (PCM_DIN)
Ground GPIO 21 (PCM_DOUT)
.
N.2 de pin Tipo Funcién
7 Salida HIN1 del motor 1
11 Salida LIN1 del motor 1
12 Salida LIN3 del motor 1
13 Salida HIN2 del motor 1
15 Salida LIN2 del motor 1
16 Salida HIN3 del motor 1
18 Salida LIN1 del motor 2
22 Salida HIN1 del motor 2
29 Salida LIN2 del motor 2
31 Salida HIN3 del motor 2
32 Salida HIN2 del motor 2
33 Salida LIN3 del motor 2
35 Entrada Giro Horario
36 Entrada Giro Antihorario
37 Entrada Freno
38 Entrada Control de Velocidad |
40 Entrada Control de Velocidad Il
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5. Manual de usuario:

En este manual de usuario se va a tratar de ilustrar de forma sencilla que pasos
se han de seguir para conseguir poner en funcionamiento el programa creado
y la realizacion de todas las conexiones de la parte fisica.

1. Conexion entre el PCy la Raspberry PI.

En primer lugar, debemos abrir en el ordenador que se desee emplear la
aplicacion llamada “NI LabVIEW 2020 (32-bit)” o superior, que debera de
estar instalada previamente, junto con el paquete de Linx destinado a la
comunicacion con la Raspberry PI.

Una vez abierto LabVIEW, debemos elegir y abrir el proyecto en el que se
encuentra nuestra tarjeta (el fichero con el proyecto se encuentra en la
carpeta de anexos).

3 taeview
Operate  Took Help

Mew Wl Chrls M
Open.

Creste Project—.
Cipen Progect..

Recent Prajects
Recent Files

a0

Exit [T P 4]

-W

pcl

Blank Project

Find Drivers and Add-ons

Conned bo dévices and expand the
funchonality of Lab\VIEW

Open Exigting

All Recent Files

Clllsersiraulyv\Deskiop\ TFG\Raspb

Community and Suppeort

Farbeipate in the discussion larums

of risguins! technatal Support

W

€ 7/8 >

Find Add-Ons

Thi NI Tools Neteork accalarales
devaloper productivity by providing

»

access to Nl and ceified third-party add-

ons
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n Select a File to Open

T <« TFG_01933_anegjos » Programa v D
Organizar » Nueva carpeta
n ~
@ OneDrive Mombre
it Control 1
[ Este equipo ) Contro
- @ Control 2
; Descargas E; Control 3
Documentos E; Control 4
[ Escritorio [l ProyectaTFG01933
El Imagenes &) Raspberry Pi2 B
J’ﬁ Musica
. Objetos 3D
m Videos
e Windows (C)
s RECOVERY (D:)
v <

2 Buscar en Programa

Bz O @

Fecha de modific:

13/07/2021 22:23
13/07/2021 22:23
13/07/2021 22:23
13/07/2021 22:23
14/07/2021 12:23
14/07,/2021 10:00

No hay ninguna vista
previa disponible,

>

MNombre: | Raspberry Pi2 B

v| All LabVIEW Files (*wi*.ctl;*vit;

Cancelar

Una vez abierto el proyecto llamado Raspberry Pi 2 B.lvproj, aparece la

siguiente pantalla.

2 Raspberry Pi 2 B.lvproj - Project Explorer — O *
File Edit View Project Operate Tools Window Help

b Ser| « 85k | @R ]2 2l
ltems  Files

= (&l Project: Raspberry Pi 2 B.lvproj

=)

Dependencies
'é Build Specifications
=] '0 Raspberry Pi (10.135.0.103)
E Control T.ctl
Control 2.ctl
Control 3.ctl
Control 4.ctl
ProyectoTFGO1933.vi
Dependencies
Build Specifications
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En la parte superior de la imagen, donde aparece “Raspberry Pi
(10.135.0.103)”, hacemos clic con el boton derecho del raton y pinchamos
en “Propiedades”.

2 Rracpberry Pi 2 B.bvproj - Project Explorer - O *

I

File Edit View Project Operate Tocls Window Help

b xho XS ®-& o .

ltems  Files

=3 E;l, Project: Raspberry Pi 2 B.lvproj
EI B My Computer
_':'q_" Dependencies
'4_ Build Specifications

La.
|i Contral New g
[ Control| Add »
> |ﬂ, Control

i [l Control Connect
i [ml, Proyecte

33 S Depende  Utilities 3
L % Build Sp

Deploy

Deploy All

Find Project ltems...

Arrange By »
Expand All
Collapse All

Remove from Project

Rename... F2

Help...

En la nueva ventana que aparece, debemos de cambiar la “IP Adress/DNS
name” por la direccion IP de la Raspberry Pl en el router al que se ha
conectado (en la UVa la direccion de la tarjeta es 10.135.0.103). La red en
la que se encuentran tanto la Raspberry Pl como el ordenador utilizado ha
de ser la misma. Esta direccion IP que ha obtenido la tarjeta al conectarse
a la red, se obtiene en la barra de comandos de la propia Raspberry Pl
tecleando el comando ifconfig.

Si el router al que se conectan los dos equipos es el mismo, en lugar de la
direccion IP de la tarjeta, se puede poner “raspberrypi”.
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n Raspberry Pi 2 B Properties

Categol

Conditional Disable Symbols
VI Server

Web Server

User Access

Host Envirenment
Miscellaneous

MName

Raspberry

10.1

" General

Pi

IP Address / DNS Mame

oK

X

Cancel Help

Por altimo, una vez asignada la nueva direccion de la tarjeta, procedemos
a conectarla al ordenador, haciendo clic con el botén derecho del ratén

donde aparece

“Raspberry Pi

(10.135.0.103)",

y pinchando en

“Conectar”. Si el proceso de conexion ha tenido éxito, entonces el led verde
0SCuro que aparece junto al logo de raspberry se pone en color verde claro.

|2 Raspberry Pi 2 B.lvpraj - Project Explorer - O *
File Edit View Project Operate Tools Window Help
EEE IR = <[]

ltems  Files

= [B Project: Raspberry Pi 2 B.lvproj
£+ B My Computer

Dependencies
"%, Build Specifications

= Mew »
- i, Control 1.ctl
B Control 2.ctl Add »
i Lo et
E Control 4.ctl 2 "
Eg ProyectoTFG le-_rc.nne-:l
[ %' Dependencie Ui 4
- Build Specifit  pegioy
Deploy All

Find Project ltems...

Arrange By »
Expand All
Collapse All

Remove from Project

Rename... F2

Help...
Properties
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Realizada correctamente la conexion, el siguiente paso que vamos a llevar
a cabo es abrir el programa creado, que se llama “ProyectoTFG0O1933.vi".

Una vez abierto, aparecera el panel frontal de la aplicacion y para cargarle

en la tarjeta, hay que pulsar en la flecha que aparece en la parte superior
izquierda.

2 ProyectoTFGO1933.4i Front Panel on Raspberry Pi 2 B.lvproj/Raspberry Pi
File Edit View Project Operate Tools Window Help

@ © 1 [15ptApplication Font ~ | 3o o ¥~ 69+ P
N g

- x

]

Velocidad Motor 1 {r.p.m.) Velocidad Motor 2 (r.p.m.)

L Horarie

g ¥
1400 1600
200 1

Secuencia de disparos:
800
Q@ 3 o @ 0
Mantener Velocidad Loy ED N M o e e
= =0 Q2 @2 Q32 Q42 @52 Q62
, 2400 M| e G G G G
G 2600
2800
W0 >
. \
RAUL VALLEJO LUIS.
Frecuencia

“CONTROL SINCRONIZADO DE DOS MOTORES
SINCRONOS DE DIFERENTES CARACTERISTICAS|
MEDIANTE LABVIEW"

M2
TFG 01933
o (E
.
;

Velocidad {rpm)

B
o 1510
Velocidad Introducida . 5
TN Multiplicar Incremento
Eag

Raspberry Pi 2 Bvproj/Raspbery Pi] <

Una vez cargado el programa, estara ejecutandose en la Raspberry Pl hasta
que se pulse la tecla “STOP”.

Conexion entre Raspberry Pl y el Bastidor.

Para realizar la conexion entre la Raspberry Pl y el controlador que se
encuentra en el bastidor, se emplean los cables que tienen bananas negras
pequenas.

La conexion eléctrica se lleva a cabo entre los bornes que hay en la caja con
iman que contiene la Raspberry Pl y los pines del panel del bastidor como
se indica en las siguientes imagenes.

AT )

£
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 “@wﬁ@ ad

P :
Rl PSR A VI IS

3
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20 A 5V X
600V

FLTVth X

‘N‘
!

L1 L2 L3
Parameter Description Value Parameter Description Value

Vees/Vaau IGBT/Diode Blocking Voltage | 600 V PD Power Disipation per IGBT (Tc =25°C) [68 W

WV Input Voltage EEON ViSO [solation Voltage (1 min) 2000 VRNS

lo re- 25 RMS Phase Current 20A T] (IGBT & Diodes) | Operating Junction T® Range -40to +150 °C
Ip - 100cy IRMS Phase Current 10 A T] (Driver IC) Operating Junction T Range -40to +150 °C
Ty Pulsed RMS Phase Current |40 A T Mouniing Torque Range (M4 SCrew) 0.7 10 1.17 Nm
[ PWR Carrier Frequency 20 kHz Vee Electrical power supply 15V

Ademas de estas seis conexiones necesarias por motor, hay que conectar
el pin GND de la Raspberry Pl con la placa de circuito, por medio de otro
cable negro con una banana que se conecta a la parte trasera de la caja
que contiene la Raspberry PI.

En la caja de la Raspberry PI, esta senalizado con una pegatina que pone
“M1” o “M2” los pines que corresponden con el control del motor 1y con el
control del motor 2 en el programa de LabVIEW.

Puesta en marcha de los motores.

Para la puesta en marcha de los motores, una vez realizados los dos puntos
anteriores, debemos conectar la excitacion del motor, si este no es de
imanes permanentes.

Después, se conecta a las entradas de los paneles del bastidor la
alimentacion en tension continua para cada uno de los motores vy
finalmente, se conecta cada una de las salidas a las fases de los motores
con una configuracion en estrella.

Para iniciar la marcha se puede activar uno de los pulsadores del panel
frontal de giro horario o giro antihorario.
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2 ProyectoTFGO1933.4i Front Panel on Raspberry Pi 2 B.Jvproj/Raspbery Pi
File Edit View Project Operate Tools Window Help.

o ® O 0 [EAmnron | fov e @ (- — Qﬁ

- x

También se puede iniciar la marcha por medio del panel de pulsadores
situado de forma contigua a la caja de la Raspberry PI.

Para detener la marcha de los motores, se ha de accionar el pulsador del
panel frontal del ordenador llamado “Freno” o, el tercer pulsador de la caja
de pulsadores.
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Para configurar los motores empleados, debemos definir en el panel frontal
el nidmero de pares de polos que tiene cada uno. De esta forma, el
programa es capaz de saber con qué frecuencia ha de alimentar el motor
para que gire a la velocidad definida.

Por ultimo, el control de la velocidad se puede realizar de dos maneras:

e Panel frontal del ordenador:
Para que esta opcion esté habilitada, los dos interruptores
correspondientes al control de velocidad de la caja de control que
hay en el bastidor han de estar en las posiciones 0 O.
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En el panel frontal la referencia de velocidad se introduce en la
variable llamada “Velocidad(rpm)” y con la ruleta llamada “Dial”,
podremos llevar a cabo la disminucion de la velocidad en uno de los
motores, mientras que en el otro esta se mantiene constante.

e (Caja de pulsadores del bastidor:
En la caja de control con interruptores, situada en el bastidor, existe
una pequena leyenda que nos indica la velocidad a la que se hace
girar el motor dependiendo de la posicion de los interruptores.

P1 P2 r/min
0 0 PC
0 1 60
1 1 200
1 o 400

Con este sencillo control podemos variar la velocidad de nuestro
motor sin necesidad de utilizar el ordenador.

Se recomienda iniciar la marcha de los motores con una velocidad de
entre 60 r/min y 100 r/min y no reducir esta a menos de 60 r/min, ya que
puede bloquearse el motor.

En el programa también aparece un control llamado “Multiplicar
Incremento”, con un valor por defecto de 5. Si variamos este parametro
podemos conseguir que el bloque variador de frecuencia aumente o
disminuya la velocidad mas rapidamente o menos. Conviene no tocarle,
pues si la variacion de velocidad se produce muy rapido, el motor se puede
bloquear.
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