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System Diagram With New Hardware
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National Instruments cRIO — 9074




Analog Input NI - 9205
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Motor Controller NI - 9505
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Downloading LabVIEW Code to FPGA
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LabVIEW Project with
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FPGA Front Panel
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FPGA LabVIEW Code
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FPGA LabVIEW Code
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ardware 1/0 Interface With FPGA
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FPGA LabVIEW Code

Actuator PID Control Loop

Fau]

s oL
M Medl/AOS [555|Wind Tunnel Air Pressure

[Ambicnt Air Pressure
) |

Ban Nodi/AD )

SanNodi /AT

Drag Force
Lift Force

[#86}—— [Votkage to millimeters conversion factor]
[Z>—EEllactuator1 Position

1/A1Y)

PEIE]|A ctuator 2 Position

505853375

[ Actustor 3 Posiion
[ Pecent Humicity

Ambwenﬂemn-
-—- BEET Wind Tunnel Temp

]
[SAR Modd/Current Sense’y

JEisT|Actuator 1 Current Sense

[ Mod6/Current Sensej| [P Actuator 2 Current Sense

s

RTE- Stop

ResetE - Stop

Actuator 2 Enable [TER

False -] Tre ]
Actuator1 Enable[(TE
Ensble Drive

Actuator 3 Enable[TER

Enable Drive

ctuator Current Fault

Modd
Drive Fault

TE]|Actuator 1 Drive Fault

|
BAAMod8/ Current Sense§| Amm'i Carrent sense

=]

Drive Status

o
Over Temperature Faul

B0 Actuator 1 Status

Vsup Present

s I ctustor 1 Over Tem Fauit

T Actustor 1 Vsup Present

= Mods

Drive Fault

|Actuator 2 Drive Fault

Drive Status

|Actuator 2 Status

Over Temperature Faulk
Vsup Present

|ctuatar 2 Over Temp Fault

ctuator 2 Vsup Present

= Mods

Drive Fault

|Actuator 3 Drive Fault

Jactuator 3 Status

Drive Status
Over Temperature Fault

Vsup Present

FEE]|Actuator 3 Over Temp Fault

. FTE|Actustor 3 Vsup Present

AActuster 2 Postion?]

Act #3 Uppes Limit[E28

[t i
{False v
FActustor] Y AT Modd/Motor®
FActustor 2 Outp >:9_19 o B od6/Motor®
#Actustor 3 Outputr} fii> W S [F T Miod&/Motor™
el
AACHT In Rangeb]--{3>
e
T B
e 1
[Clodkowise
Iy j% [P Mo a4 Dive Direction®)
[Ea —————
I [ Miod6/Drive Direction®)
> [P Modo Drie Diection’]
(—
[F0 M2/ 40 = 1 MHzLoop.
[ Mz /100 = 10 Kz PWM
| [#5iop PG+ [@]

[psicrecio]

B
.lk,#iii BIE{ActZ In Ronge

[#0 MHz 7 2000

=]

1 False 'b
False ~]
[[Damper on/offf]
#Wind Speed Output ] E [P NI Mod3/D01 8|
[P iU Mod3/D028]
#Wind Spesdn Fango)] &
o
[#Wind Speed fpi
Wind Speed Manual Control [TE8-

Kz Loop)
[10 Kz /100 = 100 Hr pwm {2900

#Siop FPGAY]

Calculated Wind Speed[EE————

PID gains =8

[ <@
S

.

YAStop FPGA

18



Actuator PID Control Loop
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Linear Actuator Distance Versus Setpoint
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FPGA LabVIEW Code
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Actuator Control PWM Generation

I

|PJ'I.I'II Modd/Motor®
I

| PJ'I.I'II Moda/Motor®
I

| PJ'I.I'II Mod&/Motor®

| #Actuater 1 Cutputr}———y

b

!

| #Actuator 2 Outpute}

| #Actuator 3 Outpute}

[ A ActLIn Ranger] -3
#Act 2 In Ranget] =

FF Counterclockwise 'I

i**CIoclmrise 'I

I
||_PILFLI Modd4/Drive Direction®

I
Il_PILI'L[ Maod6,/Drive Direction®

¥

40 MHz /40 = 1 MHz Loop Ty
1 MHz /100 = 10 KHz PWM

#Stop FPGAR .......*,.




FPGA LabVIEW Code
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Wind Speed PID Control Loop
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Damper Control PWM

FPGA LabVIEW Code
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Damper Control PWM Generation
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FPGA LabVIEW Code

Hardware 1/0O
Actuator PID Control Loop
Actuator Control PWM

Wind Speed PID Control Loop
Damper Control PWM

Wind Tunnel Air Pressure. ¢ soplEEl

e L
] Ambient it Pressure
e g buce

Actuatar 1 Enable[TER

| Actustor 2 Enable[TEN-H

——
S anbiooi A0
——
B A Meail 116

AR T BEE ][0 Tunnel Ternp.

ustor ] Current Sense

Pecent Humidity.

RTE stoplTER
Ambient Temp.
etk sop[Tel

i) DT |Actstor Current Fault

Drive itk - BTE IAckuator | Drive Fault
Drive Statoss Actustor | Statos
Do Temperatre k. Bt L0 e Pt

- n i © v llactuntor 1 Veup Presern

- BiE JActustor 2 Drive Fault
50 [|Actuator 7 Statuc
BTE ]l Actustor 2 Over Temp Fault
BT Actuetor 2 Vaup Present

Hiode

Birtee Eaut B TE J|Actustor 3 Drive Fault
i st G scruoton 3 Status

Dost Tenpeiature Fall

WA In Ranger] {2
RS2 T Fanger]
WA mRange] 4 -

JETE A ctustor 2 Outout

e
T
= EH

Emommmman
|21 8 Drive Direction®) -1
woou] i

5
.‘ 3
[Aictimin & Fositiony] .@-m BElAa 3 onge

Act #2 Upper Limit (1160 B scuator 3 ouput
Actustor 2 Setpoint [T

Act 22 Lower Limit [1T
e
:
o ey L
)

E i MedI oL

T

Calculated Wind Speed

[#0in 2 Speed Setpomiy] o>

Wind Speed Manual Control [TEd:

ASip FRGAT]: =

.

YAStop FPGA

28



Real Time Target LabVIEW Code

S, D i Ali

m MainRTwvi Front Panel * _— - A o P
File Edit View Project Operate Tools Window Help
i [ [10] [ 15pt Dialog Font ~ |[8 [~ [~ |[20~] »| Search
Main ‘ Manual Operation Mode | Automated Operation Mode | Calibration Page | =
gﬂ_
Please Select Operation Mode Tab To Begin & iy
s 70
G
[ = | I 60
Start Basic Test Start Basic Test %
— = 504
=]
s I
o 40-
[
£ 30- |
Data File =
[ l
1 1
30 60
Time =
Drag Lift Wind Tunnel  Ambient Wind Tunnel Ambient [ ]
| | Record Data
Force Force Temperature Temperature Pressure Pressure 'I
r . . r 3 r 4 sy e t 4 To File
3= k| - 100~ 100~ i \ o \\ [ 1 S
: : yr : / A g Relative Humidi 0 | (
e P P i/ 1314 NG/ 13 14 \\ S el
2- = Z Lz © 150012 ©) 151 : [ 1 Create New
3- 80= 80= L 12 et 15 1LY e /| Ccaleulated Wind Speed || O ] T i
E 5 \\ I 16 / \\ I 16 / L J est File
2= 70= 70= ¥ i | o ) ) [ ) .
1= = : ‘w.;_:_.'-'/ S wind Speed Set Point (MPH) | 0 | L _ ==
1= 60 r 1 [ 1 ve—
= | 0.00 | | 0.00 | Actuator Extension (mm) - - =

n
=
il ban

n- 0- 50= s .

: £l . [

Lz 40 40 Angle of Attack (Degrees) | - fechbsion =

-1- = = r y

e 0z || | 302 25 0 i

: : e | | i |

s = ‘ 20—E 20—E _B/ ‘ \15

-4- 10-= 10= a1 : % e .

; ; —— ol BRADLEY

B || 0w 0-w N o lilo Ij{lo 1 i S e A e

= 4 L - \ L. -~ - - , & UNIVYERSITY

I | | Units
| 000 | | 000 |i | 000 | 000 |J : www.bradley.edu
» g ’ ” - Standard(__:) Metric
Fl [Tl . _;




Real Time Target LabVIEW Code
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Real Time Target LabVIEW Code
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Real Time Target LabVIEW Code
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Real Time Target LabVIEW Code
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WindSpeedTest.CSV

Step | Wind | #1 Actuator | #2 Actuator | #3 Actuator
Step|Time (s)|Speed|Position (mm)|Position (mm)|Position (mm)
0 20 50 120 90 0
1 15 50 90 90 0
2 15 50 150 90 0
3 20 70 120 90 0
4 15 70 90 90 0
5 15 70 150 90 0
6 20 60 120 90 0
7 15 60 90 90 0
8 15 60 150 90 0
9 15 80 120 90 0
10 15 90 120 90 0
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Real Time Target LabVIEW Code
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Real Time Target LabVIEW Code
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Test Results and Debugging
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Plot From Test Data Recorded to Spreadsheet
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NI 9472 Wiring Diagram
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NI 9205 Wiring Diagram
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NI 9211 Wiring Digram
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