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Resolver FLALEE T-15 &= 0.2
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Mains Daisy Chain]
Single-Phase RS232
120/240 VAC EtherCAT

or CAN

Circuit Breaker [l STO
or Fuses Safe Torque Off
Connect to *24 VDC
power supply
or use bypass plug
Line_ Filter “Regenerative
(optional) Resistor (optional)
Magnetic
Contactor

Functional
Ground

Motor Power

* To be supplied by customer

Refer to EMI Suppression in the user manual

1.7 WKEhas R GAT A 5 IAE SC

Motor Brake
(optional)

| _—— Rotary Switches

Drive addressing

Connect to PC
USB mini-B cable

Connect to Host Controller
Voltage reference input
Pulse and direction input

6x digital inputs

3x digital outputs

1x analog output

Connect to Additional 10s
5x digital inputs

3x digital outputs

1x fault relay

Secondary feedback

Motor Feedback

*24 VDC Power Supply

Brake Output
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b INTEEYR ) ZA* N/m/sec
| FRFEE B O B B0 A E 0.188m
| A 0.0014kg*m*m
g bty 9.8m/s®
K1 R ) 3 10N/A
K2 Iy 25 FL I i R A 0.51ANV
INTEV BN b 2% 48mm/10000pulse
FRHT A i 2% 2400pulse/rev
P )RR A -10V——10V
F e NG B )
X NS E
P PEAT 5 3 B W) R 7 18] 1R A
(BB EFHIE A BN E A )
¢ PEAF 55 2 L) b7 [ A
F, PR Z BRI [ T
F P52 30 1) 2 BT AT )
F, F.5F & h
TR AR R ROR R BB AR A A AR 1 AN [R) L UE FT AR AE — 8 22




FLA ML RE AR LR B RS S K

K 2.2 2 RGNS 100 BT Forb, N AT P O /N2 5 R AR LA FH 70 KPR BL7 19 (70 B

P
v
. E—

F bx’

 —— Inl ——
D -
—» X
- x

K22 RGH/INERR I
B 2.3 SRS IS T AR EIOK T BT, T R AT B B

TS, &R AT N @ T e

K23 B2
TR ESEPRELAE R S8 TR BN PAT 5 B A IE 07 17 CfE BRI SR 7 1708 LA,
NI TR R BT Ao

2. HemiA
SN N7 R T2 6 71, ATRAS BT 7
MX=F —bx-N (2-1)

DR R B SR AT AN Y TR R, WK IR BT T, B AR
AT AR RN BT T (R A T30 By o BT F AR 7058

Fs =F;sina F, =F cosa (2-2)

XHENT KV J5 1 (52 3 BEAT 3 A n] AAS 21 T 5 3K

2

N —-F :mj?(xﬂsine) (2-3)
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;N =mx+mldcosd—mlo®sing+F, sina (2-4)

Xt 3.3 AT ELT [ B RE i AT oo d, AT AR T 5 RE

2
—-P+mg +F, :mi—z(l—lcose) (2-5)
{: —P+mg+F, cosa =mldsind+mlg* cosd (2-6)
JIHEPHT T FEANR -
F,Isinacosd+ Fylcosasing+Plsind+ Nlcosd +16 =0 (2-7)

AP RN, 5,
2F,Isinarcos@ + 2F, I cosasin @ + (1 + ml? cos 20)8 + mgl sin & — ml?6? sin 20 + mlx cos & = 0 (2-8)

WO=rw+¢ (RABASEEN LI7m BIs, SO, AN XL Rk g<<1, WAL
AT AL
cos¢=1,sin¢:gzﬁ,(célj—(f)2 =0,c082¢ =1,5iN2¢ = ¢

T |=lm|2
3
TR A
2F, (—sina—¢c05a)+%ml(}ﬁ'—mg¢: mx (2-9)
4, Fr=Fsina—¢gcosa) ., gy
2F, +§ml(}5 —mg¢ = mx (2-10a)

3 (2-10a) B RALFE B L —RELIE RS My TR, A mg=1.176,1 = 0.188 szfr¥idE s,
SRR (2-10b) Fias.

. F
¢ =29.4¢+3%-6— (2-10b)
m

MW T F,, RGNS DR (2100 PR,
é = 29.4¢ + 3% (2-10c)
BTG, HE—RETIERGRABMAN MR IIUN R5, ZERTIRNE, HE&—REIER
Gife RN DU RS PRI 4 SR B B ANERBIRE X N X L SRR A O

SERF0FHERE 6 0BG LI AN RS X RRFINARE O IR N R X, F R
B RENRIEE AR TR R LEET, v ERON T I %S
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(2-11)

2. H&—REIIEARRG R EE ST
AP 2.4 Fios B 2580, W RS IR SN (-5.4222). (5.4222):

R(s) D(s)

»
»

A\ 4

57 =29.4

K24 MR RGEEE
A SLEAIERINT, FTCAAR RGEARRE, DA R E R G R e .
3. SIMULINK /i &
7 MATLAB Simulink F1# % 2.5 s 24K B2 7 el.mdl

Exp 01 Googol Linear 1-Stage Inverted Pendulum--System Modeling and Stability Analysis

T .
| i ad
— i

Step Transfer Fcn Scope

Kl 2.5 R4 AP
BN Im/s? IRTERAE B, At fiedl«(”, it Scope #ik, ABIRG L MZMIE 2.6, M REARE,
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P 2.6 {5 E 2k
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SR RS R LQR 1148

BF B — MBI LQR 175 %%
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—. ERRE
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L
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AP IR 2R PE IR BRI ES QRN IR R G —FREZE T H, JZEH T MIMO #2%4i. H
fhmmjjﬁﬂziii RARG IR T — B AR 7, ATEH TR AR RS, AT AREER AN (E S A
T ) A, ] A BRI TC R A TR X (], BRI RSB R HIRRE AR .

A. LQR (MMM 4 5

FZRABMRETEWNQRL), RRERBEE: U = — KX, [FE0 T EREER RN
b

1 7 1
J==| f[x'Ox+u"'Ruldt+=x"(t,)Mx(t
>, fIX'Q Jdt+ S xT (EOMxX)

Q. MRLIERIEME, RGN, Q. M4 BIARHRA EAH AR &N IBUER, X
BngeRAER, URmdem A, gomi e, omis X0 gm.

PSR R R, DUET ek — /> Hamilton BG4

H = _%[XTQx+uT Ru]+ A" [Ax + Bu]

LEINAE S AZLIRE, JIATXT Hamilton pR#GHATR 3 IEAHAE N 0, RER/AME, N33
FEHE T

oH

ou

— Ru+B"2=0
u*=R*BT A

AT F AR

A =—-Px
P 1T H1 Riccati 75 FEsR H

P=-PA-A"P+PBR'B'P-Q
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~PA-A"P+PBR'B'P-Q=0

LQR [ B IR — AN GRS S R 58, g e I R R RS . BT LS 3o i 24 e o s e Q A
R, FE¥#I1Z 5 fe M e 2 A HEAT 3 .

FIH MATLAB ] LQR B %n] LUE 58, #ERfHR H LOR MfE—— K [%.,

B. LOR (£ —IRAYEAM AT 28) ALl

LQR £tk A I 1 15 2B S BB R Q A R BESRAR I AR 45 S e K 5 5 S8 P R BRI 56

R, PR TR AR B, B ARIRAS IR B 55 8% 58 5 it & B ik SR i i R 4t
N T EHIEIRE, REURE LOR B :

X 0 1 0 0 X 0
X 0 0 0 0 X 1 N
= + [%]
) 0 0 0 1 ¢ 0
sl 10 024 o 4| 3

FE DU . Bt LQR TSR .

HATIEE Q, R =1, NIRHE ik 77ERE LOR FIfE K BUME, ¥ K FMET A MATLAB 27 /Y
“Controller” 1,

LRI BRGABRKI QEM, RN R B AWE RLE s
AR Q R/, RIBKH B RGMRAEM
=R N
REELE Q WE, 8 QR/AN, ik REMEAZEX, HinR=100, &FE ALK EH;
REEHE Q P ARIE—ME, BRI, BREMWEILIFN.
U, SEE B
1. SERbEEH)
(1) LQR il it B

EXP.09 Googol Linear 1-Stage Inverted Pendulum--State Feedback Control of 4 States

1 9 Note:

] How to run thisdemo:
1. Connect the Hardware correctly.
Initialize Pos Ref.2 2. Build all the demo.
GT400-5V -< 3. Connect to the target.
4. Start realdtime code.
5

GT400-5V Infiaization — -—’-ﬁ/O . Hold up the pendulum manually.
Pos Pos Ref. 1 Manual Switch

2

.
Pos Ref.

- »lduidt 4

e

; : ‘ | Controller
S )
6 L_ﬂ_l 7 :

Angle
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a) SRR R A
HREHINE RGIEM AR, IO ARG HIAE, Wit A ARG R AL S IR PR E
AT, R G R oK.
b) AL
O GTS400-PVs Initialization Fidk

Initialize
GT400-5V

GT400-5V Initialization

AT ZH S
'

|~GT Initialize (mask) (link}

| Initializing the googol GT400-5V motion control board and set the work
mode of the system
Block parameter:
Control loop:
0: closed-loop control.
1: opened-loop control.
2: opened-loop without servo-on.
PID parameters:
[kp, ki, kdl: kp, ki, kd are between 0 and 1000.
FIDLl: Azisl
PIDZ: Axis2
PID3: Axis3
PID4: Axisd
Servo ON/OFF:
[#1, #2, #3, #4]: #i>0, =serve on, [ i stands for i-axis)
else, servo off
Serial port:
<=0: inwvalid
>0: serial port rumber (integer).

| Wormal | p1p1 | pIpz | PID3 | PID4 | sP |
Control loop:

o

Servo ON/OFF:

[[1, 0, 0, 0

0K Cancel | Help | Apply

ZH :
M BVIAELL GT-400-SV =4 2%
%  TVAN Thee L gN

FOREERIZRIT . IR
0: P&l &% P2 |
Control loop 0

1. FBITTER )
2: Pl B FFER AR LR (2 F R

TR R AR
Z4 ServoON/OFF  0: Ffafk 0
1: AR
[1,0,0]
PID kp, ki, kd] [1,0,0]
KA fE | 2R AR ) PID 244 kp, ki, kd 2308 0~32767, {H
parameters ﬁﬁé‘éy\j 0 518,8}
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p 05, RYEEEIES LS BT IE, BT EL AR IR AR
Didfe, HARRIF¥IBEE N 0.

@ Pos Ref.0 #He A 4 Mz
@ Angle Ref itk: R HEMHE B W) AT N pi=180°

@ AIFEXTI (AR S
@ -pl~pl *ﬁﬂ%

Ppi~pi
BTN A B A B —pi ~ +pi Z (]
25 7N hee RIE
i / FE¥h A /
LIPN / AT A /
KR filt: N 1.5%pi W% -0.5%pi

® du/dt e AR AR S
@ Controller #ibk: 2 &%
RealControl 14k

i F 5 " Real Control” &5

Real Control
N BEE RN 3.1
Out1 In1
_I Trigger and Safty
Sign Gain v Vel Pos ._©1
In1 1 Out1 § Pos
In2  Out2
D § R D)
1 2 Enabled Subsystem
Acc Angle
Pendulum
1] 4 5

Saturation

& 3.1 Real Control T-f&Hk
% 3.1”Real Control” F1& 15 B

AL W]

it B 25 R

1
2 SRR | S s i e N
3 ARG Ry UEORY RN W] WL T 3R 2.2
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4 BB | RERIBISHTE X 1 B ACC S mEiE, #iA 0B ACC '3 kit
5 | SR | XERGUHN A T A PR (5 T M R

X" Trigger and Safty” f&H

Trigger and Safty

WEREE R IR 3.2

ot 2 EntryAngle E':
[—' e StopAngle
o 7 [} ?lw
: 1
Ouﬂ
]
| 3.2 Trigger and Safty T f5t
2 3.2” Trigger and Safty” 75 i B
F5 i8] Dhie
1 RGN RAMNAEE T AES nfE2
2 EIR TS A RO R AN | RGN AELNEDNTET 10° RETHIGE
3 IS RN | REMAMELNERTET 100 /447 1HE1T
4 fFILFE P2 RGN EANERTST 10° BT IEIEEAr
5 LIPS THHESERK 2.1

X “Pendulum” Bt

,

Pendulum

W s R an A 3.3

2

>

Vel
¢ VelCof Vel

SetAccVel

»{Acc

GetPos Pos

Pos Encoder

Pos

Get Cart's Position

>

Acc

AccCof

Set Cart's Acc And Vel

GetPos  Pos|

Angle

1 Angle Encoder

Get Pend's Angle

3

3.3
2% 3.3Pendulum FHHL 5B

!
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1 W Ik 71 B U {51 37 58 0 T AR A B
2 Tl IR w251 il BN IR TR
3 Tl IR w21 UilE /S EANINE IR ]

© Pos Ref.l il AL FEMER(E S

(2) LI HAEL IR
1) FTOMELCIRREA R, R R AL N R ST R E
2) HATFFCAF“LQR_Control.six”, <3t il 2.4 B i SE 2] S AR 4 B 3.5 s iz i 5
K, HO#TREMNE (. & 3.5 F1# Controler Fb ] B L £ ).

&

GT400-5" Initiali zation

-pi~pi

Real Control

Kl 3.4LQR S 25 il F2 7
EXP.09 Googol Linear 1-Stage Inverted Pendulum--State Feedback Control of 4 States

Note:

f M How to run thisdemo:
1. Connect the Hardware comectly.
Pos Ref.2 2. Build all the demo.
- 3. Connectto the target.
|:| _O/,o— 4. Start realdime code.
> 5. Hold up the pendulum manually.
Manual Switch
Pos Pos Ref.1
1
u.fd . Pos »
Pos

- +
5 Algle
‘ Controller Real Control
u!d 8

. 7

6 ]
Angle

K 3.5 LQR S HIFE P

VER: K35 FFREIA 4 /) scope fib, 7 RlEMM 4 NEIEAR R, JEH, K 4 4> scope fitk
121 3.6 AT IE, NI REdE 17 2] workspace S [A], FHTiFE T £

18



FLA ML RE AR LR B RS S K

[[]Limit data points to last

Apply

@& Scope
| [_file Tools — View  Simulation  Help
@O0 |- |a-E | FEH-
(8] il2]
|
500 :
[400 [7] Decin:
h @ Log d:
Wariable nam
Save for
1300
|200
‘ |
.

3.6 scope LK B A7 2 TAE 22 (W] i 1 E Tk

+4 4

3)

s, At EE gy,

o it Bigirere, SHAT AN, BRI A O, A
DA THERT, JE TR IR 50s WL L.

i

5) il

s B, 4TRSS Pos. Angle. HURE. ALEBERICIE, WIS AL HININ .

6) IEA@)T KFEMALFRGT, RGREEN. 1 0.1M/S" MEREE T i e 3.6 Pix.

=
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e
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THENTHD SIS

v N’U"‘f“ﬂ- ]

ZH
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-0.02

[

-0.04

I |

0.5

b —

I
I

R

1
1

-0.5

1

[
*lllll

54

58

€0 62

3.7 LQRAT# K =[-7.0711 -9.5801 52.6097 10.0370] Kbkl stk 24 th K
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fn: BREFEIHETE:

(L AR (3.2) T KIE, BIFENERS, LRGEE 40S UL, 0B, HE. M.
FAIE B VUSRS AR 8 1 EUE 21 workspace 2] ;

(2) FH matlab f# var &85 2%,

2. A (3.2) i KAE, KE 35 ) “9” AM{EEEN 0.5~1 28], AMTFFRARINAES
ZAIE N 0.0 AL E, FRXIBITENIERS, fR5F0E 30s L L, EBITRET, BT E “9”
b, BUIMAN—ABYERFH, 847 165 DAL, fRAF 4 MIRESWARIZ, 2 HT AR TR Racfae b
T

3. WELME Q MIME, 3 QR/N, ik RMMEMAKR, thin R=100, Z7r#T R 48w B 1% s

WG R Q X ALIIE—AME, frESHEER, BREUR/N, 4T RS RAE .

R FRIRSCE QE, #FEH matlab H ) Igr ERECHEAHN K K, ¥ K EHAZIE 3.5 1)
LOQR B, 4mikizfT, &FH RGAIMRIEN.
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