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Find: X
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5. £ Custom Component Template €% 4 & X 7ot

1E Define Equations B4, i \E UCHF BRI T2 eq.

£ configuration V&, M NE SR IO IR PEAT = I S BV GE , DL bR
£ Component Generation Bt%, 1Tt 14 FRN friction.

Define Equations:

eg = [tau(r) = f-diff (theta(1), 1) ]
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Tk 1 BN IS - BER N EST,  theta(t), tau(t).

J7ik 2. A Maple 220l “ A S BE” TR A9 7-BE, N 0 (theta)F T (tau).

J7iE 3. A Maple 22l “F 57 AT B

SHFF SN

i 1. A A diff(theta(t),t), VEAINS% diff K175 B,

J7ik2: BN 0, TR “Cul+Shiftr” A, SebraBE o 1 BT, RS
B HASRTS, R 2 diff(theta(t),t)

% F Add Port 8, sidiizim [, ¥4k RARAEE SR ORI E. 7
configuration>Ports #, 1%~ Clear All Ports £ i FAS AR Hh i) BT A 5 S 11

K121 B e SOonfh K

7E type Hi%FF Rotational,
Angle #7r, M THERHESE theta(t)o
Torque #77, M T HE R HEFE tau(t).

Configuration: © Parameters © Variables @ Ports

| EmmeO || mesmo || ssEpes0 |

ez .Rotational - |

1 .
=

#HE: @2 Db

: |theta(t) |

:Choose... v: +/-

mF
o

Angle = theta(t)
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Component H1,
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R 15 EHIFRBEETTHR

TSR I iy A= P
1 1-D Mechanical > Rotational > Sensors> Angle Sensor #
nole
Sengsor
-
1 Electrical > Analog > Common > Ground -
Ground
1 Electrical > Analog > Sources > Voltage > Signal Voltage
Vot
1 Electrical > Machines > DC Machines > DC Permanent Magnet ?
o
1 Signal Blocks > Common > Constant E
Constant
1 Signal Blocks > Common > Gain D
Gain
1 Signal Blocks > Common > Feedback T
Feedhack
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Probe1

S phi
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SRR AT o B R A DC motor 2 [H]FRIELZE, A In— AN & BRI IREL
seRn PRI S, %8R 1-6 B S 4
£ 1-6 THSHBEK

Juf ZHIBK
Constant Signal k=0
Eﬂ RAEHIFS N B FRRFER x B 2 B2 15§ A
Constant B, fEHERATREEE 0.
AET RS

WISV F RS, AT LASE A WA SE AN Th e A B . AR FRATTZEA E — L
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FA¥ AR A 88, 7E revolute, rigid body, Al rigid body frame 7G4 & 6 H — AN 7 HE

M EAR A SR, MABESE ST Create Subsystem.

T Cul+G Al — N T 2%



1 Cut Cirl+X
Copy Ctrl+C
Paste Ctrl+V
Align Horizontal 3
Align Vertical »

Create %bsystem Cirl+G

Reroute Connections —

K127 QIET RS
R1 R4 Arme. LRI ZEH N . B R OB %1 R L EAE B2 AT
HHEE T RS

1.2.7 HE XM R RE

oA E— N EIE S O Sos B S A XS B #4E 77 0%, & Show
Simulation results ( =) BEELER, it Simulation Results (X)) 571 26 M TEIAR
7E Plot Window 1, iy (M8 51, FHAERHEHE 4N B 5 & FR “ IR Vs A,

FI 7 A £ phi B TE]) ¢ 4B, ZETAR A28 42 Variables /X B A )48 & 134T 1&
o, ETFHI i, A EEIE R change the X-aris, U A HR B AL b 2 MR A T ISFTE] € A8 4k
NHI 1, TR IR - A

Simulation Results

WStored Results
=Ly #Eriction
v

Latest Results
E-#FRan 2

BE B (\|w &

W Variables: friction Latest Results
= E

Find x

Main
o e

E—
El-Probe2
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X-axis &1 (L), Y-axis &+ phi (). BITHFE, EWl BRI

BHELR

miihi Analysis Window ST -l f#) plot window H1 ] ( By s, wTLLk BTk R

LERRAT
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3 Defaut Plot Windaw L |
(9 Current vs Angle [l e | Symbol Line Color Transparency Aves Manipulator Export
Symbol Line Color Transparency Aves Manipulator Export - ﬁ-_+- u B8 QL. Bl ree
e 0 (GO QL HE e .- . [
(e | 1 w
T 3 1] ] 18 | |
~——_Frbai . \
— | L
" \
\\\ . ‘| R
-0z - J
S | ;
g
o1 i
. \ I % I i I
" A ] J
\ |
| |
P
s | ‘
/ : ;
06 |
T = ol
L Vas
|| Keep this window on top of others Keen this vandow on top of others.

K 1-29 fhiELERE

P O AL, K5 DR A A R AR AE

& Visualization Window

40 #Sd0fRobot
(B PP Lateit Results
= @ #TInver tedPendulem
i
|
Q
5
i
S
a
&
l =l

W Variskles: SdofRobot Latest Res

N

£ HV- daaa H

l,a‘,,,lllT

]
16

Position 2 Position 3
P— 16 A
14
12
1
08
06
04
e 02
* ol
0 2 4 6 L] 10
+ 1 t
[ — "Desired 2'.value| — "Desired 3.value|
‘Actual 2" phi —— ‘Actual 3' phi N
X
Position 4 Position 5

I.5|

TEE

lected plot window]

*Actual 4'phi

1%
E,m oia ﬁj

1-30 A RIRAF



2SI K v B R Ak, R DU U4 R O Excel B esv A% UK S0

Export 2-D Plot Data &J
{gtF: | M Desitop - 2eeEE
[ =] Position Plot:
e
Eif AR
B
L)
E
Eipheg |
LY
WAL
= Y
G!s, feateor Position Flots
Fi ) [conna-Separated Values Fils (5. cav) -]
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1.2.8 f#i F Maple B4 7> #T MapleSim %574

MapleSim 3T Maple 5%, 5 Maple 5% 5 /%, Bl 7 7] LA A Maple )4
KR TR, Wikooth. BORSTHFE B fEEAE MapleSim B8 8T R G HI2) 115474
lan, FH PR RAE ] Maple SEECHIER(ERIAL A 7 7%, MR AN HE, il C
RS, FERCK R = R TS

FH AT LA FH MapleSim AERSOM 5 HE 5 1 T5UEL AT S5 A E Maple HHACFRACRY X4t
BEME Maple T/E#R, I @ LI BE M3 H 78 O AR 0 AT AT 55 1 il gt — A
MapleSim #%, K5 FH—A AT H AR LE Maple 158 B4 BT A 55

MapleSim F24EFE 1-7 BT T BLAT 55 1A -

% 1-7 MapleSim K BESHMR

FERR A2 B HHEEREZHR B
C ARAGE BABAR Code Generation R 3 C AR
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Jeft. EEAEE, §2 SR Qg A
e SURE T
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T7 R SR HUASR Equations MEANE AR AR rh 4R BT 2
BIBCIRAZS A %€ X oot | Custom Discrete State Space 78 SUAIAR il — > B B8 HICIR 2 28 1) # iR
[ E & X MapleSim &t
B R B E i GE | Custom Discrete Transfer [ SCRIAS Bl— A FH S8 #3450 A
Function & X MapleSim Z 5 e
Excel HEHARAR Excel Connectivity T Excel H7FEA&1E)y MapleSim £
Ok, siFE I MapleSim 244 3
Excel H1F3&H .
LMt R G TR Analysis A M T RS TTE -
AL Linearization M MapleSim /1[4 1 R G L a1 g
—AMNEMERGN R
H 7€ SCTGHFRRAR - Modelica Custom Component [ffi Fi Modelica 1A% & AT AE al —
Modelica 1%H5 52 X MapleSim H & Xt
SR RIS BHUAR Monte-Carlo Simulation /& X — M ZHBENL A1, FF8 HIBEL
Al SHO R
ZARBUE 73BT AR Multibody Analysis RN Z AR RGN TR, JFRRA— M
ELEAERI AT A% X
SRR Optimization O MR T S 4, A T RER)
FLAR.
BE AL B AR Random Data E SN R — AL REN LS =, i, 2
A T E R T RO AR .
RGBT Sensitivity Analysis TE S HU R AT
TAER Worksheet G178 — NS MapleSim #E84 f) T A
B

AN AR T S, HP AT RS > MapleSim =R A R o1 £
Maple TAEER, fEZIofFHITIF—4> 047 1) MapleSim #=7 ,
EIRPIRNSE RO AT AR S5 105 3, AR AT DU AR R K Maple pR AE P ) 08
g AR 7 SR8 TAE, %% MapleSim #1 DynamicSystems BR (3.
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R MEHIXESCERR G, RAF.mw S, ARG PRAFN B msim AT ST A
WLAEAd H Templates Button 7] Monte-Carlo #5445 44 34T 8F 7%

s T A b B e, M3 8 b 7% 3% Monte-Carlo Simulation.

Add Apps or Tem...
v BApps &

+Code Generation

- Data Generation

-~ Egquation Extraction
- Excel Connectivity

- Linearization

glonte Carlo Simulation
Maltibody Analysis

= Optimization

- Parameter Sweep

~~Random Data

~-5imulink Component Block Genen

-

Templates

@ W b Bl e

~Browse. ..

-Custom Compoment

~Custom Port

-Fxternsl C/Librery Flock

- Hydraulics Custom Component
~-Nodelica Custom Component
- Norksheet

¥ 1-32  Add Apps or Template [

X7 7T Mote Carlo Simulation.

. Monte Carlo Simulation 2
" MapleSim Model: @
Main > -
Parameter Distribution: @
Parameter [ .

Nominal value

Distribution [pce

Help

h

K 1-33 4R ISP AR

T 5G1E Monte-Carlo Simulation B¢ 7%, it Load System $%4H



MapleSim Model:

Main = -

K 1-34 IRIWMAGSHE D

SRJE BB I HA A

L -~

Load Systen

Parameter Distribution: @

Parameter (g, =

Nominal value

Distribution [y,

—
]

o

K 1-35 RIS AR A

424 all variables 12244 Main.probe.phi. #% T Run Simulation %412 171/ &

DPlot warlances in boxes

for .Main.l’rohel.phi v.
Number of bins

Main. Probel phi
0 T T T T |
2 4 b 4 10
-0.1
-0.2
-0.3
-0.4
-0.5
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1.3 HiRERER

B R #bk:  hitp://www.maplesoft.com.cn/book/1.3.zip
FERXANGRA, F PR 22 AR U2 b B e, 0P T b AR T SR LA R4 7 5L
JRHEL LR

K 1-37  F-if AT B AL R

AR LS 3 AN RELRI: IR R (A) EERRAEFIHEM B — i, P EE
53— 5 AT LRSS AN BREE RN (B) 4% AR S —im S sh iiE R ER =
AR (C) &%, WaiEdEE P isshE S mER . kbs b, XY
TR S e IS s e o s R R BT RIS S, 2R BRI A,
JREME RIS T, TTIRENE Y ST

FEZR>IH, AR SE RN SIAESS -

1. G AP AT R 485

2. EXMBLT RGBS

3. QI HAR AR T

4. ARSI €, WEhE, JFERTTi
5. 5 XHIE KA

6. A7 LT T AT AL o

1.3.1 QI —"NENTF RS

MIS BRI A, AT DA B R — S A SR T E T #i (AL A 2B [
EAT) AEF (B 2 C MR XPIMERAER AR 2 x S E#EAT 08 (35
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& xi M xo) e R, HIPORS S B —ANE T (P IHDEAT, N o e 1 (2
JE) AL FUTEERT x T - iuj: EIPN N EAS DR DA REE Spta Frx?EEEI’J L

i bo FEXA R, L?E. EFFIREE, OB T O,
D FTH—AN#11) MapleSim 3 ff .
2) M Multibody — Bodies and Frames 5., ¥ HIH A Rigid Body Frame oAl —
A~ Rigid Body Joff -
3) R TARIX, Bt RBF o, A5k #/K-FiEf: Flip Horizontal.
4) BbrA il Rigid Body WA o, SR 5 £ £ e Rotate Counter Clockwise.
5) fuahotan TR E .

RBF RBF
i 2
W bl
2 @

K 1-38 EATERBTH

P BERT DO & A o, B & oA R A G .

%% Rigid Body Frame 4114 3 Rigid Body 4114, 5 %% 4% Rigid Body Frame
P 1 (AR A XARHE R B %) Rigid Body Toih (5 Lo {RAIEJS 32 % A8 bR £
414 Rigid Body Frame JofF RN RERE, 52 XAE Rigid Body Jof i O FHIZ %
bR RAHIVCHC o

6) 7E Rigid Body JGf4- M1 RBF, JufFA7 MIAE < [B]#E H — AN IE 2

K 1-39 TR

7) fE Rigid Body JLfF1 RBF, Jo Ao MIAE 2 ] 3 37 58 — NI 4L



K 1-40 AT

8) EFHEEE T (N, 78Tk G AN A

REF RBF

".:‘._:i_ t-_.:.*
||

%’o

K 1-41 BIET RS

9) M Edit 35, i%$% Create Subsystem.

10) 7£ Create Subsystem XFiHHE, #i A\ Link 3 fidi OK, H P EERER IS H, 40
H AT EREIXAN T RS

11) Wi Link T &5t

12) midi RBF i . ARG i F RGN ILHE, BlE— o E, W& fr

No

K 1-42  ININT &R G 1
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13) midi— NEL, AT ARG LN 1.
14) R R RBF JofF A MR AR 7 — A im 1, dnE s

K 1-43 N1 & G 1
132 BEXFREGESH

FERANEAES T, BE LN TRASH L Xk link KK, H¥SEEEN—
AN &4yt 45 Rigid Body Frame JGIFHZ 5. Rigid Body Frame Joi4-K 4k & 251 L 1%k
(. ZHL EEFIZR T TR G0 R AR . 7] b = R 8 AT B S 5
X BB 43 ) SE B AN [R] A B AR

1) MTAEX FI7HI Libraries ¥ it 7RG b K —ADToAF, il TAEX T
AR LA B ) 2 B L

2) #E£ Link subsystem default settings R 5 —1T, & X — M4 N L WSH, %
[ ZE B A

Link subsystem default settings

MName Type Default Value Default Units Description
L Real i1 Length
M Real i1 mass

K 1-44 B X T RGSH

3) EX—ABEME 1, JHI Length /E i .



4) i THF B0 fedl, DB s .
5) FEA MY Properties AR HZ 2k Parameters, € X 124 1A -

& % T RBF, Joff, 7EF,, lZﬁZ%X~Mﬁ%%[—%,0,0]

¥ Parameters

; L
Tyrz 3

£0,0] m v

1-45 52 X RBFy TTiHI S50

& #F RBF, Jift, 6T, lziﬂiﬁﬁé~/|\1ﬁ%z%[%,o,0]

¥ Parameters
1

Tyiz 3

Lo,0] m v

K 1-45 & X RBF JLfHIIZ L
Fi: BN EHEFRATE (D,
6) FILLA#EAE, 7E Link subsystem default settings R INF &S5 m, BINEN 1,
FHIN mass TE NI
7) ik TEEL BRT b, DB saa .
8) e TR IR, TEA M S B AR e ST R

Mame 1B,

Type Rigid Body

¥ Parameters

i m ke -
00010 O 0
0 0 ﬁm}} 0 kg o |
0 0 11: I

K 1-46 5 X Rigid Body soiE 1231
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1.3.3 B fAs A o

FERXAMMES T, AT O MALERA o, PRSI —A Link 7 2454
FRA T, HEF S . EHOER OB — AN F K .

D) S SR TR F Main #2401, 30 SRR TR Z

2) BbrA i Link T 258, #%4% Convert to shared Subsystem. —-> Link T R Zi 4% s
% Local Component 3% 5 71 ) Component [N, H#h— MR T RS

3) #FE Link EHET R%.

4) {EAi Properties #E I f] Name X35, BIL=F RGN A FN Crank.

5) M Definitions [HIHR 1, K Link ElFRHEN B TAEX, JUALE Crank T REMH
.

6) iLHE Link L= T REHEE A copy.

7) fEAi{l Properties TR, T RGN AFIEECH ConnectingRod, A EE
N 2.

1.3.4 dnls e ebr & I3 E . Aisshl ot

FERXANEEAELE S f, F PR IN—A Fixed Frame 7oft, — MR IE 30 H BB Rigid
Body Joff, PARZBhEI T,
1) M Multibody — Bodies and Frames [fi#i 4 A—~> Fixed Frame Joff, JA{E Crank
T RGN
2> MAHIFEIF IR H i N —> Rigid Body 7o, TAAER&(KT Connecting Rod T~ H 4t
KA N A E
3) W0 A
<> M Multibody — Joints and Motions [fI A —> Revolute g% fll, JAE Fixed
Frame JO{F AN Z (6], 72 fARFIEFT Z [N EE =4 Revolute &6, 7EEFTHI
T BN R (AN EE = A~ Revolute FEFZF .
< WA AR 30— Prismatic ¥ H HEBNE], MAE Crank T REM T



4) EFER TAEX N1 RBy o, EHifn 44 Sliding Mass.
5) B#rA s Sliding Mass Jofi%4% Flip Horizontal; AR [F] 8977 20 R 2 g4 B Rs 1
J5 1)

43
)

L]
&
2T ConnectingRod R

R1 = Crank E]
RB
L} o !
= '@
P
1
Kl 1-47 oo BIEEA TARIX
6) Wi~ B REE S @B
Probe2
N phi
FF rI
! L] I‘ L] =] —_:/ L]
1 = Crank 2 = Connec ting Rod 3
Probe
ae=T iding Mass
] - =1
= °

Kl 1-48  iAn-TE By

fern: AERA RGBT, FeREABAL Y RHE AT B0, S R BB T 4
AR R Plan, e R Bk E s N RESER) Z fllieke, 5 XY Pl RSP Z
—H WS REET AR IR, X AR T BE TR E A, DL ORI
% B G LR T 183 .
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D S HAEEE], 160, D, BEESNAIR I rad.
GV AT, B PE 3T ESC R, W FRSERSAE T S

2) MIC,, Tz, i#% Strictly Enforce.

IC, _ |StrictlyEnforce ) M
8, % | 31 Fad -
@, 0 rja’

K 1-49 & XHIIR AT
2 MapleSim Kt a8 SR BIAE 26 AFI, BB ES M ?ﬂ%rad, SR A HRE b
BRI

1.3.6 i &

D MR TAER TR, A Rem ©

2) {ERE TAEX, il Prismatic SEEhEIENRA 1y, Wn— 54t

3) TR T AR X o AR

4) {E Properties EI-R 1, 164% Length EMENF2

5) FARRER TR, 7E R OSEHEI R F, H—AH IR & Angle &
6) AR TAF X 7 (X 358 o

7) {EA N Simulation Settings JETIR [, WE ta ISE{E N 10 Fb.

8) ik T B LB . S, A S T R
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Probel.s Probe2 phi 5
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K] 1-50 fhELERE

9) PRAFAALE] i T B msim 7
1.3.7 SRR 155 5 R

UAES$ ] Templates 77 1) Worksheet #5445 7R 3E4T 2047

¥R 2 DU B TR L 00, S8 b 4% Worksheet, JEXUat$TFF

% v Templates

Browse. ..

%""Custom Component

%""Custom Port

%""External C/Litrary Bleock
é""']‘[}rdraulics Custom Component
%""Modelica Custom Component

K] 1-51 Templates ' 1) Worksheet %4

£ Maple AL FH AT ) 4> -

mModel := MapleSim:-LinkModel();

mModel:-GetSubstitutions();

mModel:-SetSubstitutions({ ' Main.R1.theta” = theta 1,
‘Main.R2.theta” = theta 2,

‘Main.R3.theta’ = theta 3,



‘Main.Crank.L' =L 1,

‘Main.Crank.m’ =m__ 1,

‘Main.ConnectingRod.L" =L 2,

‘Main.ConnectingRod.m" =m__ 2,

‘Main.P1.F1' =F 1}, savewithmodel=false);
MB = mModel:-GetMultibody(simplify = true)

TR #ATHEH] Shift+Enter . AREEIEIZEI R, BN SARATHATIZIER]

Main > -

> mModel := MapleSim:-LinkNodel ():

nModel :-—GetSubstitutions () ;

mNodel :—SetSubstitutions ({ Main.R1. theta” = theta 1,
"Main. R2. theta = theta_ 2,
"Main.R3. theta’ = theta__3,
"Main Crank.L” =L 1,
"Main. Crank.m” =m_ 1,
"Main. CommectingRod. L = L__2,
"Main CommectingRod m” = m_ 2,

"Main.P1.F1 = F__1}, savewvithmodel=false)

K 1-52 PATRER
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ARG 5 ST 8IS T LA S ZR>T, INR 1 fi# MapleSim [y 2Z AL

2.1 Ll 1. BREER

RER R i Hdk:  http://www.maplesoft.com.cn/book/2.1.zip
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®2-1 BESHTE

BN Klbr Dife ik K&
Fixed Frame % E Uit 1
Revolute . :\‘:‘ | 1
Rigid Body Frame t, = Wil AL bR FR T 2
]
Rigid Body o : NI TT A5 0 1

L Ao BR TAEX H, R fos
OFixed Frame: F{% B8 [f] 7 bify 5
@Revolute: FARFZFH;

@Rigid Body: FEIEEFT O

@ ®Rigid Body Frame: % # i 0 (EFT

2-2 BRI TefF

2. R THA R, W FR:
TR TR HER:: Cl+R, ABEss: Cul+L, AA&EE: Cul+H, FEHX
¥ Ctrl + F,



FF, 2123 RBF,

® o Eﬁﬁﬁ:CtrHL
§_< o)\,
R

] e
1 e A S Cerl+H

K 2-3 BT E &I
3. RS TCIHRIR L, T B s

’ RBF RBF
®

‘ 5 @

ol

K] 2-4 EL A
4. BEIEMNSE, W EPR:
i H 2 ) ) "Rigid Body Frame" Joff, M Properties [t b 482160 B i 25 i

N, " ESEUE1,0,0] 1B20N[-0.5,0,0], Ak E O AN KN 0.5m;

R #E, %A 4 M F"Rigid Body Frame" Joff, S0 1, "HIMEM[1,0,011E 50N

[0.5,0,0], WAk& e XA MBKE N 0.5,
B E OB K LN Tm, B TR O,

REF Rl
1
SURPE L

MName RBF| MName RBF,

Type Rigid Boch Frame Type Rigid Bodhy Frame

[ 1 Parameters

Farz  |[-05,0,0] m

¥ Parameters

e [0.5,0,0] "

—
Tipen Euler Angles

Tipe, [11,2.3)

By e |[0.0.0] rad

Advanced Variable Settings

Tipep Euler Angles
Tipe, [[1.2.3)
8.:“‘: [0,0.0 rad
Advanced Variable Settings

K 2-5 5 X RBF 133




5. ININFNBE B BRET Probe, 40 K EIFTR;

i THEAE BB “Attach Probe” EIbR, JEhRs 28 NERETEAR;
> i “Revolute Joint” JoffA £ A #0250 3w 1, #8I0— 4% Probel;
> EFEINERNYEEE: Angle fl Speed.

B REN N & 1
( Probe i @
Probel
(1 | ¥ aAngle |phi
WV Speed w
A

[~ Acceleration a

L " v [ Torque tau

2-6  INER%ET Probel
> FERAMFEIR L, WS In#R%Er Probe2 # Rigid Body Frame (RBF2) Jiff.
> EFEHENYEE R, XEEE Length T 1 M2, WEi&um S X AR Y A

bR

( Probe o @ )

Frobe2

Length |r_0

I
v 2

Probe?

i phi, w

K 2-7  UINER%EL Probe2
6. BT E, W FEAIR;
My CF ) BT, BATER, BEEVTHSGREIREEAME. M. EMF
R X WAL Y J7 A,



\

i

i
|

U

|
|

=

].

MZH:: gaae o —9 m EI£||
i Probe.phi AEE probelw -
., ’ \ TR A AN
T 3R
£ 5_2” ]I]| jf 1‘11 'LIl ]If lIHII lll fi
QU | R
X{LAS Prubcz.r_;[l] Y{LES Pmbez.r_:][?:]

L

(il

=
o =

il

= 05 \l -
A IRARRRRIAN AN TR i
z;—o.sH ll’l}‘\ H E:E:: ‘ (

K 2-8 {iF4RA

2.2 2l 2. HBREDR|EE K RELET

2l 1 Z AR MapleSim J5 8 1) B € TofF——mT Db . SR 61 8 2 T 40
BB H 7 Ao, A9 MapleSim HUERTIEE, & ARV B Tt

BRI BE T L K 05 « S5 T R R k TRLAF U 6, R AR

BRI 1R, R TOREN B 5 SOnft, B MM sh Rl 2
Ji7eft
1. M H Maple H & ot 7 s

B
> Sy A2 H AR B “ Add Apps and Templates” ElFr (T=D), 3 H Maple )3 #7



FRARL s

> EFE E IR : Custom Component, F- X7 A i, 2 J5 s _ B ##37 MapleSim
F1 Maple 134, HBNFTH Maple H & IR

% v Templates

i’""fxiern&l CfLlibrary Flock
:’""Hydr&ulz'cE Custom Component
;’""Hodelic& Custom Component
“Worksheet

K 2-9 Custom Component 4%

2. f N B g SRR T
Maple H & XIoHH DAE Custom Component Template 1 T i ;

> ¥ Equations FHIJ7RE eq MIAIIT (eq:=[tau(t)=k*diff(theta(t),t)]), FF%[al AT
ZTRE, WNERTR.

. DAE Custom Component Template

Define Equations:

eq = [tau(t) = k-diff{theta(z). 7] ];
[1’('{') =k[%e(s)”

K 2-10 I NREUTHE

> it Configuration T “AERIH” RA T FEHF A ERNSE, IS8T parameters
BESH, SHENIE NS, 0 tau(t). theta(t); ANEITE t KNS EL W0 k.
wrHE R

Configuration: @ OVariables ©Ports © Dimensional Analvysis

=3 2 3 4 5 6
1 |k |1 real | | I




Kl 2-11 TrfEH IS

Configuration: © Parameters © Variables © Ports © Dimensional Analysis

bl

T8 2 3 H 5 & 7
1 |theta(t) Angle “theta"”
2 |tau(t) Torgue "L “tan”

K 2-12 JrfEPiAR R
3. FETREMIR R, Kig e R MR,
> P Ports, FE5ENT HAR . KITEEH AR E B B E OonfH i H .
FEZITRE, Fe A O s % o, MERTERI—Mom 1, AT — AN Eh 282
FE S, Bz O R R — o
MR MMR ¥ 3 1 pin_p, S8 J5 5 Delete Port MHFRZu 11, [FIFEEEESG [ pin_n, 28
Jr ik #¥ Delete Port MR 1% H o 2HF 5 E T ERR ERIN (Use default) .

Add Fort ( Delate Port ) Clear A1l Ports | Teom Size: Small & O O 7 pLarge ¥ Snep to Grid
Type: |Flectriesl - /\ / h \
L_| =
Style: @+ - l pin_p J l pin_n J
Tame: [Pin_p
Signal: [vD(t) Assign
Choose. .. ¥ +- ﬂﬂge_._

K 2-13  JIER 2 A



AR 34 i 1

PR 150

Qin_p pin_y

ﬂﬂge_._ > flange |:

t.Electrical. Machines. DCMachines. DC_PermanentMagnet

61\. IEnpy component ¥ j en Use default - )

K 2-14 fRE 1 Mumd

7€ X flange B AT (FZERIND:

(:,-,. Betarianal - )
Styla: ® o T
Fuas: [flange
Sigal: [thetalt) Aznign
Chawie. .. ¥ = [ Mange
ingle = thata (1)
| I ————
(G J
Tean: [Vse defamdt ¥ |

K] 2-15 & i F SR A 54
4. HEREETITRR N B E ST
> F8E HE T4 FR. #E Component Generation 15 5E H & XTI Z RN firction,
It s Generate MapleSim Component 4= 3% T 77 #2 ) MapleSim H & X ouff. 4Rk
H H 5& X JGHETE MapleSim [¥) Local Component> Components>friction, U1~ KTz,



g Local Components

| Find: X
ﬂ W Components o
N N N
L..\ :g' '] F1 P32
EE fric ticn link

#1216 HE Tff

5. 75 RS R N R
> R friction JUFANINEIER Rt (BOABEIR R Bk N 1, ol BATIEH0, % MELL.
()

*! )
“ Probe1 Probe?
chioni D
| phi, w {0
FF, ;‘ RBF, REF, i
L] 1
§L | EQ\ ~ ot Lo onr
} ] i T } =l
NSRS F
s @
Kl 2-17 @ hnA € oot
6. BT, BEWEEGNIEEIRR;
bic)iea Probe 1.phi biibLdi-a Probel.w
0
~0all 0 [\
£ 1|I 2 f
2 ol P ]
£ H £
-14 1'| ;
T RV S
0 2 4 6 8 10 0 2 4 6 10
T t
XPi#e Probe2.r 0[1] YHi e Probe2.r 0[2]
1.0 I 0
— 08 —-02
= 06 ‘[t %_04 \
g 41 ¥ oall
£ 02 ]‘ 2706 \
= 9 & 03
-0.2 \\.-'/ -1 \f\
0 2 4 6 8 10 0 2 4 6 10
t t

K2-18 fiHEARIE



2.3 SElll 3. P PUEARE

ot 3 AR MapleSim ¥)H KRG @M, EY R BG4 RGN AR AT
Ak R

VEFFALA DN EF L1, L2, L3, L4 MYANE3hEI R1, R2, R3, R4 A, WF
KR o

K2-19  DUFFHLR ) AR Y

1. QIEERT R4

VOFFHLRI B8 A EERT AR — o, FUOR KR, I AT DORE A A IE R 2 57 AT
ARG, Iy REBIUAE
> MHIER Probe2 #R%H IFHEIEIERJTiF, Wi FE s,

+*
‘w Probe1
chiont O
phi, w
HEATH M
FF, f {/Eﬁr__“__ﬁa—\
[ ]

| = e |

%‘ X—

R, | : |

| 7 @ :

\ ________ p—

K 2-20 QEEMH T RS



> Ctl+G RIEFFAMFEAR R T R GH, JHEE T RGEMARON link, W0FE R,

.o |
“ Probe1
chiond O
; phi, w
AR SESEEEEEENEESEEEESSEESSSEESSEEEEEEES \
FHy i ' | i o, Create Subsystem ﬂ I
gi—‘—l{ \g ! “{ J—| L——'—Hv Name I
Ry | ; Link |
I : @ |
| BEO | BHO |l
NSsSRE S e e L e N =

K] 2-21 HINTFRGHNK

' *
w QP robe

chioni

r

; phi, w

'
4

‘II'
FF, ;
»
R1

K 2-22 QT RG0R R

link

> A link B, #EA link F RS, BIEPA 5 D EE R link § RS % H
b, WTrEFTR.

K 2-23 BT RG A H

2. X link T RIS H
> HfF5A4E L RESGEMPIKE, O T ORARE, WK 5O A M ) EFT



K JE 8 SON-L2, 0 A M EA K B e O L2, W N EFR.

(B ([-03L0,0 ) Loz |[05L0.0 \
e R L ~
Ny RBF1 / \ RBF2 //

K 2-24 52 X RBF HIZ %

> EX link TRANEMNSE. 1E link T RS P S HS 5 Parameters, A ZE

WEAM, IETRESHALRTRMA L, HTHEE L MEUE.

[=#]

Standalone Subsystem default settings

Mame Type Default Value
L Real i

K 2-25 X TREARSH

> B link TREGSH. 7F link 7250 F A iR SLH Diagram, [7] 31 2245 5w L,

R link T RGAEAMET Inspector F BB FRAMSE L FUER AN 1 (AT
oo, N ERT

IE'Q TNOO D‘U@' I @Y o Type  Standalone Subsystem
1 |lez=m—————~—
. P I' Parameters \l
P Probe1 L |1
A S e — —
chiont O
phi, w
Advanced Parameter Settings
FF, ; T Advanced Variable Settings
N, A TR
§| i — 8
R m; m, |
1 \ Tt o

K 2-26 T ASNSHE R
3. = link F R4



KeEAT EHIEIZ A, AR ReTs 8 A R A —FEK R, 75200 link S 143k
2T R
> Cul+C &l link TR %5t, Ctl+V Kl link 7 R%8, FHAEFH I link 7 RS
EFAFETRG BRI,

o [l-ploSmSlmddomSuhlyuol_l link

The component listed above is defined a3 & stand~alone

subsystem. Pasting this subsystes »ill create a nee .2

stand-alone sebsystes eith identical content w Probed

Modifications %o & stand-alene subsystea dees not

affect other subsystess ction? £ phi, w
h ,

A shared subsystes references s subsystes definition

¢
Nodi fying the shared subsystes affects all subsystess FF, ; —_—_———— -
sharing the definition . {
b1 F_1 b1 F_1 |
Tou can convert beteeen a stand-aleme and a shared I
subsvstes at any tise Ry Tink link, ,

(o Denvert the above stand-alone ssbsystes to s ]
shared subiviten (Recommended)

¢~ Beplicate the above stand-alone subsystes as
& new stand-alone subsystes

| WO I A ©) ]

K 2-27 BNHET RS

> LR link FRAEEHE] 44, WFEATR.

*0
’J#w Probe1
“Sictiond Q )
S phi,w
;
0
FF, ;
L]
%H_EQ?\— Bl F_i Bi F_i ol F_i
R ]
! link lirik., link,,
Ell F_1
lirik,

K] 2-28 HHIZANF RS

4, ININFEIRPEEBIR], HERE
> ETAEXHEIM=2"%50E] (Revolute), FHiZun MAE



K 2-29 HA UM E

> RS RINCERHL Y R, A RSCE PR PDEM LA, 0 ER .

Y

<N

<7 @
(P » 4R

K] 2-30 A oS Y B R AR X6 B
5. B EM KR
> BRCERIEMPIKE, L=l L=2, L:=3, Li=3;5%SE5EMNF RS link, FE4A
WS EE S MMES L BUE, N EFTR.



K 2-31 EXHENTRAKNSH
6. BOEIEMHIGEAL B, JFHEATHA;
> BUES EMVIIRAIEY 60 K. S I R1, VIR 6,2 XN 60 &, ]
IR RAL IC, , Y Treat as Guess, RIPUIEFFHLE IAIIRALEAE 60 B T4k

PLf (A Ignore ZRSHIUEIRZSAE, Strictly Enforce 5EMIVIIGIRSE D« 5E WG
i€ G THA, T BN,

¥ Parameters

. | & [0,0.1] v
%P OF'robe1
Nm
friction, ;f phi, w K 0 i
P, r;' L 0 rad -
o n.\: ]—
\| - Nms |
§| IQ bﬂ - K L rad
oRp o =
ik IC, , |Treatas Guess N

60 | deg A

Kl 2-32 & XRG4
2.4 S2YIl 4. P D& L]

2Bl 1 ZAR L MapleSim £ 548 RGBT B IVRAE, 1ZonBI R R T HLRCE 1
B MR — K, SCEHL R — R



77T fourbar_control.msim 3CAF, W1 N EIFR, DUEFHLI K3 B B K L ALK
1, HALH B RN N R DE o B SRR A constant, FJAH A
[ (1 B S AL RIS AT 15 V0L

ot

’:}—l AL

depm, lr»:;w\.
Probel _..... 1
Eee \a/
w OHERH

____________________________ .:Q.

2-33 INN AL ALER B Y

T7F fourbar_PIDcontrol.msim LA, 1N Ef7s, KA PID Szl PEA L .

PAVDEATHLR S U R N BARNE N R G HIHAE N R, B33 fourbar T RGN,
ARG AN RN, RGOS — AT A R R Y, % PID Sk R AR A
WSS (Step) RUBHE (Feedback) PID Joas RIS REHNT

Target output Real output

o Q
< value PID, Ty

K 2-34  fi)gd fourbar T- &%t
5



PID #&Hi 4, AIEFXSANFEIHHEEAE, 75 PID IS4, DAIRAS R 4TI R G rI4EH
BOR . Wk B P

Target output Real output
o Q

5, < value PID, W Real output "
B /
1 Y -

¥ Parameters

V¥ Parameters Signal Size |1
height |1 -
- ) k 50 —— "Real output’w “Target output’ valuc]
ofiset T, 0.5 s v
T, 1 s v
° T 01 s |-
Ny 10

2-35 B R TTF S

2.5 Szl 5. P I EAF EPUR R E H

Pl 3 AN Maple % MapleSim fRBEAT =2 70 #r, SEIL MapleSim “ H &
T BB RE A, BRI A I R G AR A R B AR . RS R TR
WA, IEBhiEHs, AR 5 C, C++, Simulink. Labview, FMI, DSpace %%.
1. RGiJ7 T
FIH fourbar_connector.msim XA, AT VIEFFEHIAEH) 5 FE (fourbar TR 40),
2475 7% 1 7% ] £ Maple 1) Equations 2} HT AR SEHL .
> S 22 E TR G “Add Apps and Templates” %5, i Maple 1173 54K ;
> PR E T XTI . Equations Extraction, FE7EXUid7, %57 maplesim Al maple )
B, ABNITIF Maple J7 FEFRBUBAR

~~Data Generation

@ Fquation Extraction

- Execel Conmectivity

N

»~Linearization

“~Mente Carle Simulatien
Multibody Analysis
~Optimizatien

~~Parameter Sweep

-~ Random Data

~~Simulink Cemponent Block

S5 v Templates

B @

K] 2-36  Equations Extraction #54%

5



> EFEHIIENT S fourbar T & %t: 1E Equation Display 71 N HIX Gk FE i@ 7] N =4
i k% £ fourbar 7 24, FF Al Load Select Subsystem HI#ELFTIE RN S, Fr X
RINTTHE, W EFR.

Subsystem Selection:

Main > fourbar > -

[ Load Selected Subsystem ]

K 2-37 T RS

> fourbar T ARG RE I : AEINEPTIEXN RIE, HIREX RETRAM, MRS
TR RESHH ARG, WTFEPIR.

[ Toggle Keep ][ Bezet Substitutions ] Use Subseripts N

4
"Rl. theta (t), theta_ RI(t) [
“bl. tan (t), tau_ bl (t)

K2-38 RGPHIAE

View Equations:

DSimplif_v retwned eguations (may take time for large equations)

’ Extract Equations ] [] Auto Update [¥]Iypeset Math

Equations Iypes: @ DAEs () Definitions () Relations () Events () ODEs () AEs
1 MapleSim:-LinkModel():
2 etSubsystemName("fourbar™):
3 etSubstitutions([ Main.fourbar.Rl.theta’ (t) = theta__R1(t), “Main.fourbar.l
4 := A:-GetEquations('output’' = "all', "inputs’' = { Main.fourbar.bl.tau’ (t)}
s = eqgs[1];

‘ |

1

2 2
|—TM(E‘] + ﬁ %emm — cos( (1) [-% _ [ d

2
+ [%em(r)] cos(ﬁm(r])] =0]

K 2-39 RGHHITRE



2. C RS A

MapleSim 1 [RARAS AR B REAS i AT RSB R, 5 20 PP A i A28 fy iy 11
WAGEE S (Reallnput) F{E 5%t (RealOutput). 1§ [ maplesim fffJ& 1 Code
Generation 4R 42 5 C AR LTS Maple Hr s, mT LU MU SR BET = H br
o, i Maple/MapleSim 37 3Z4T .
> fa A H A ) “Add Apps and Templates” bR, 1 H Maple (17> BT AR ;
> PR E XM : Code Generation, FEXUili, #37 MapleSim 1 Maple [ #2,

13147 JF Code Generation Template 4R .

m @ _code Generation

- Data Generation

- Equation Extraction
DD\ - Excel Commectivity
- Linearization

~Monte Carle Simulation
lEE ~Multibody Analwysis
~Optimization

- Parameter Swesp
@J - Random Data

~53imulink Component Block Gene:

% v Templates

i 2-40 Code Generation Template TR

> RN R fourbar TR 45: fE C Code Generation 7 N FIXf Rk £, @i\ T
A HETSRIEFE fourbar T R4, F 45 Load Select Subsystem fN#E AT £ 1IN 4, Wl
TE .

Subsystem Selection:

Main > fourbar > -

Load Selected Subsystem |

2-41 M#ET RS

> WHEXR fourbar 7 RGEHIE LR EMBIEN R, BN ZAUS 22 5
O, AL, WO RESE, T EPR.



Configuration: © Inputs @ © Parameters © Code Export Options

E] “Main. Probe2. i” (1)
"Main. Probe3. phi” (1)

[ Export A1l ] ’ Export None

Add an additional cutput port for subsystem state variables

K 2-42  HrH e

WP Euler KRS, Wk BN,

Solver Options:
Fixed step solver: (* Fuler ¢ RE2 ¢ RES ( RE4 { Implicit Euler

Optimization Options:

w]

Lewel of code optimization (0=Nome, 3=Full): 0

Constraint Handling Options:

Maximum number of projection iterations: |3
Error tolerance: IU- le—d

I'2 Apply projection during event iterations

Event Handling Options:

Maximum number of event iterations: I“J
Width of event hysteresis band: IU- le-8

Baumgarte Constraint Stabilization:

rﬂpply Eaumgarte constraint stabilization I Export Baumgarte parameters

Alpha: 10

Beta: I2

K 2-43 E XS

ARG RAF C B, IRFRORAFERASAN M4, R R Gerneration C code %
H, W FER.



Export:

Target directory: |C:"-xUsers'&Administrator |

fourbar

C-File:

[ Generate C code l [ overwrite file

K 2-44  EBCCIFAFRARAEAL B

> C I B ~fE View C Code X3, W NE =~

View Code:

s s e s ol s A 0 R 0 N0 R R e s
# Automatically generated by Maple.
# Created On: Sun Sep 06 10:29:43 2015.

o R 00 0 A 0 s R0 A el st e e

#ifdef WMI_WINNT

#define EEP __declspec(dllexport)

#elze

#ifdef E86_64_ WINDOWS

#define EEP __declspec(dllexport)

#elze

#define EEP

#endif

#endif

#include <stdlib.h>

#include <stdio.h>

#include <math.h>

#ifdef FEOM_MAFLE

#include <mplshlib. h*

static MEernelVector kv

EXF ALGEE M_DECL SetEernelVector iMEernelVector kv_in, ALGEE args) { kv=kv_in; retu

felse

#ifdef WMI_WINNT

#define M_DECL __stdcall

felse

#define M_DECL |L|
1 | r

K 2-45 FZR5011H C AU

> A R A BIFRE B AR, W0 R B PR,




. Administrator

~=of x|

‘éov| | v ZEHIEES (C) v Users ¥ Administrator - @I $#=%E Administrator

XHE &850 =BV IR0 EHH

ER v eofFF v HE v nE  #WESUSE

T dEEs = |, .android | .gstreamer-0.10
= Autodesk 360 | .maplesoft | .msca
B = |, AppData |, Eurekalog
W =FE | fmiTmpdmdWwM0Q | fmiTmp8hhcQTST
E SRS | fmiTmpuDiTn8wO | Intel

B EFHTEL HEEA

=13 P L= LrimE=
H sReans L= F By
B n =EMRR ;e
= EE o EAER s
B | FFEra= R=EE
3 navs
o  BF

8 L
£ s ©)

gt 0y

#-me

Kl 2-46  fRAF C AR SO

2.6 [ff: PID S¥EE

1R PUERH LR R 2 A

J;. MapleSim 2016 - E:\Commun\uﬁeﬁm\ﬂﬂlmﬂmapﬁw\ﬁfcurbar_mmml.msin_

File Edit View Tools Help

|D E‘lg‘ : Search for components, examples, he H&a k‘ 10 :s v: ?E;)

| wRfEl X O&fourbar_PIDtuning X

Q4fourbar PIDcontrol X

@ Add Apps or Templates

v Apps o~

..

AE7 B YHEERE @] X @

~Code Genmeration
~-Data Generation

-~ Excel Commectivity

= @fmulation
~-Multibody Analysis
~-Optimization
~-Parameter Sweep

Target output Real output

-~ Random Data ’,’ value \“f
~-Simulink Component BElock Generatic S s

(o}
[&
<
e
Y

Templates

o \
i / » Jri
- * -

\

~Browse. . "
~Equivalent Cireuit Battery Paramet
~~Electrochemical Battery Parameter

=

~-Custom Component 4

’—i.ﬁﬂ_I
“&

777

~Custom Port

2-47 FTHF Linearization FEAR

¥ fourbar T R4, MET RSG5, &iidi Linearize.



Jp. | Linearization X

”bﬂi¢

l]r_/’ Mai(fnurbarD
Juan —

&d Load Selected Subsystem D

=
Configuration: © Inputs © Qutputs © Parameters © Linearization Options

Linearization Point: Linearization Formulation: Baumgarte Constraint Stabilizati

® Equilibrion Point (0 Initisl Configuration @ Explicit @ Inplicit [Juse Baungarts

« 10 |[s‘2

Linearize:

)

Analysis: ®Basic © Mappings © Bode O Nygquist O Root Locus © Response

View Options: ) Matrix & (O Matrix B (O Matrix € O Matrix I @) A1l Matrices () Equations

4 n ] 3
® S C:\Users'\ADMINI™1\AppData\local) Temp'19275ec2-0 W7F: - BE: - ©f: 100%

m

K 2-48 KT RGLMEAL

O Mappings ©Bode ©Nyquist © Root Locus © Response

View Options: ) Matrix & O Matrix B ) Matrix C O Matrix D © A1 Matrices () Equations
0 1 0 0
x4=|1835219 -111168 070772 | xB= 0 ,xC’=[0 1 0},m=[0}
0 -42441318 -33.33333 666 66667
Create Model:

Fone one@ ||

Dez ption:
@ﬁﬁhnmm

4 n ] 3
® S C:\Users'\ADMINI™1\AppData\Local) Temp'19275ec2-0 W7F: - BE: - ©f: 100%

m

K 2-49 BUCIFAARRIFOIE

2. PID #5&



- Multibody Analysis
- Optimization

-~ Parameter Sweep

-~ Random Data

#

-
-

Target output

value

Real output

=+ Simulink Component Block Generatic P .

-
- "
[ - RI_1 -
s I
= N w
Y - )

~Browse. .. '
~Equivalent Cireuit Battery Faramet

Templates

~~Electrochemical Battery Parameter " .

~Custom Component

~Custom Part

~Equations

~External C/Library Block

""" Hydraulics Custom Component
~Modelica Custom Component

=L LzbVIEW EMI Component Elock Gen

and LabVIEW SIT Compo
¢

K 2-50 #TJF PID Tuning 5tk

Diagnostics Information

0 errors, 0 warnings '

MapleSim Control Design Toolbox Template:
PID Tuning

Y Description
Use this template to perform PID tuning on a linear subsystem created using the Linearization template in

The analysis section allows you to plot the properties of the system for both the open-loop system as well as

Y Linearized Model

Select the |j ized model.

The system is converted to a DynamicSystems object and stored in the z5tateSpace variable.

> DyvnamicSystems.-PrintSystem | zStateSpace)

¥ Controller Design

Controller p— Plant

Kl 2-51 EFELEPE T



(8§ &% () X | [W=04fourbar FIDcontrol FIDTuning2. =mw X

[ 4
ED == w3 =28 I@E

| L Text '||Deja7u5ans "||10 v| B I U : : : l 06

select the tuning method, then select the controller type based on the selected design method.

Metho ' A Controller: |FID = |

Some of the technigues may require additional design information to be entered.

—-100. 0-100. 0=I 2 |
1 real pole (PID only) < -10.0 i

Click this button to design the controller.

Deszign Controller

Controller transfer function:

1 complex pole from complex conjugate pair (PI or PID)

- R
G-Kp[1+ e +Tds]

K 2-52 EXZH

|| 5 #%% (3) ¥ |8 =04fourbar_PIDoontrol FIDTuningZ. mw X
*

ED 5= mE 28 @

[T Toxt <1 [ Dejava Sem vnmv|]3d[|| =

Controller transfer function:

B 1
G=Kp|1+ +Tds]

7

Kp=45952
Ti = 0.10807
Td = 0.0080972

The above controller parameters are automatically stored in the corresponding globa

Y Export to MapleSim

Enter the name for the MapleSim block below and click the Export to MapleSim

‘__ Export to MapleSim LJ

i

K 2-53 & PID S HIE S



3. FI¥TH PID 42 G2 WEATIZ 3, EFEHIRCR
%4 MapleSim 2016 - *EA\Common\MapleSimVEZINTHE R\ maplesimisEREzn 04 :
File Edit View Tools Help

DEHEI !g |Search for components, examples, he| E& k‘ 10 5 - ‘t?

| shfrgl X O6fourbar_PIDtuning ¥ #04fourbar_PIDcontrol X

ot.L | AE7 B YRESD x| 9B

@ Local Components

E‘ Find:

W Components

B[S} || (i

E:
o=l

Real output

L J

)
S \EM SharedSubsystem_1

7 - &
-'.. L
£ o .
L ] A _
P B
[’ 2-54  FRnE G R T
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unit

v Engineering Parameters

i 0.1
A 0.01
I 400 kg m® ¥
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IOATREE, MBI DI b U A, #7208 RPM.

Engine RFM Gear Mumber
value QSDEEU
! value
H
|
const, E, RG BG, I:-l'.
| = L]
— ; F-’h =7 =L E
= =l = ]'
RA, i
Kl 4-15 WS InRE
v Y S N N L e Ty =) 4
BB B 1508, BATHAY, H2HHEER.
‘Engine RPM . value 'Gear Number value Speed.value
T T ! L
6000 ~ . 180 ==
E / —“En,x 160 /
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1000 —f
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&l 4-16 1 45 HE
6. JIA PID Fitl
TEMIHHL S5 € F1 1 use external torque B FT X5 . FHAMBHY real signal % A
ML, SR AR

Engine RPM Gear Num
zss,  value ©s, ‘,,* value Spead

1 value
i

corst‘

¥V Parameters

¥ MWaodeling Parameters
use external
torgue
speead rad's -

output
unit

K 4-17 B Sh et

9



25 K shBL e AT Constant TG/

Engine RPM Gear Mum

»
RSS. ,‘, value S, J.' value Speed
.

K 4-18 Eeis rts Ay

Ramp JofFH1 And Jofh i B EAE 4E0E .

DesireSpeed value[1]

1201 /
/
R, 1004 7
80- /
VA
P 60+
o x—'\D_b
. J_. 40
_/_ 201
0 . | {
0 50 100 15

0

MName |R; Name R,
Type Ramp Type Ramp
¥ Parameters ¥ Parameters
height 130 height -130
Tj. -1'0 & - T, 100 = -
] smaoth corners [] Ssmooth corners
offsst [0 offset |0
T, 50 -
T, [0 s - o i

K 4-19 ¥ & Ramp 1 And JCiHHIZ %

O Lim PID ##loft, #H¥ FETGFEAT RS #% Cul+G G R%, HT
KRG % N PID Controller.
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R / 3
Vas . 4
1
. Q)
/_ —
Create Subsystem L
Name
PID Controller
wE© || EBE©
Engine RPM Gear Num

/
+  value Gs, ;- value Speed

" H‘l'— yvalue

| TC, RG, El o,

: i = | L= i
x—w_%__[x L T
=7 = [ ] =

— s u

‘PID Controller

K] 4-20 fill% PID Controller 7 %4t

S PID Controller F&%4, MIA%—4 LimPID, £ LimPID Al Gain JG

o B PR ER A IO

Engine RPM Gear Mum

.
rss,  value &S,/ value Speed
. .

H‘l'— value
E. | TG, RS, BG, r}“
B B e . g
> x L o ar n—l_ﬁzw—ﬁ <
- s (]
£ =T = I |

RA

'PIC Controller
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K 4-21 PID Controller 754t

40~ B PR g PID FE ] ST AT Gain JoiF 1241,

Name |PID,

Type Lim PID

¥ Parameters

WV General
Signal Size |1
Controller |PID controller r
Name |PID, Type
Type  Lim FID k 0.1
¥ Parameters T; 100 ] -
G |
V eneral Td 01 3 -
Signal Size |1
Controller | PIcontroller - Yomax 0
Type
, =
K 01 Yain
i wo |[s |+ Wy 1
e 1 Wy 1
Yaia g N, 09
Wy 1 Nd 10
N 09
[] strict
[ strict
Initialization
¥V Initialization v
Initial No initialization (4% Initial No initialization (57
Values Values

¥ Parameters
Signal Size |1

k. - 1000
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B, IS S AR 5 5

=1 R

K 4-23 PID Controller ¥ £ % F1 14k

. Throttle
DesireSpeed
l:'F-||:-1 ,O

value

K 4-24 7RG INREHT B

ik Return to main ( ) 60, 5150 S

W I MR I 1 N I &, /2N PID Controller T RZEHIHIANE . HIMA Gain JG
M AT 3 B R rad/s, WEZERE P42 0 0.35m. U 1% Gain G EE1H N 3.6%0.35,
538 P2 B A8l kvhe T BRBERE T



Engine RPM Gear Num

;
S value 85, ) value
11 o

'PID Coptroller

] i

Speed

1 value
\

o

Mame |G

Type Gain
¥ Parameters
Signal Size |1

k 36-035

K] 4-25 ¥R Gain JoiF I E S

RIS 5 5 R aERE, MEES 5 E.

Engine RPM Gear Num

.
Rss, value s, ’; value

E, TC, ?G‘ BG,

RO_1y . J— N

a0.4 Te=T = L;:;A-_l.—._l o ]
:

"PID Caftraller T
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ehicle Speed
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.

L
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B

IXANHRE E 2L PR MapleSim s BRI A RIT & T . @it ik
157 B PR 7 9166 s i Y DR SRS 2R AR PR SRS AR
RN H, P TER N IES
1) #37—A> RLC Hi g7
2) WEILMSHE i E AT
3) WINTREHRE M KA R TR B RN E
4) RLC HLESER; K
5) B RLC HiE& G £ — A7 5 1) B P AT LA 2
6) TEAFEISHRM T M B AU (7 5
MR # bk http://www.maplesoft.com.cn/book/5.1.zip

5.1 #E—A RLC HEFHRE

AT S AN B, P RN B AR, SRR
Gto XA B, RLC MUBSAAY AR T oo/ PE i #e . rePHAS . FUR . AE S
Totke BEREEE —AMEENG SR, X —AME SRR, PRH B R b

1 AEAAY T AE X 22N f#) Labraries Components 235471, /i Electrical 55171 /=
PREEFFIN. FFET, JEHF Analog 325, SRJGJEIT Passive T32H., W NEIFIR.
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¥ Analog
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e
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Ground
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3. AHAAER 12 #R 775 W InHAR I T R B R TARIX
® )\ Electrical — Analog — Passive— Resistors SZH., sl Resistor Joffo
® )\ Electrical = Analog — Passive — Inductors 2 ., il Inductor Jof4:-.
® )\ Electrical — Analog — Passive — Capacitors 2., /s fill Capacitor JG
7
® )\ Electrical — Analog — Sources — Voltage ., ¥l Signal Voltage
Joft
4. piItHEsh oA 2R B R AL E .

ié:n o

Kl 5-3  MapleSim #E 8! TAE X H 1) o447 J=)

5. R J7 A1 ig % Signal Voltage Joff: 48 s B8 TAEIX 1) Signal Voltage 152
B, M S B R BRI e #% (Rotate Clockwise).

6. KTEIFE: AR oo, M SE Bk /K T8 4% (Flip Horizontal).
FAIER GBS 3 TR .

7. WGES £ ) JiEfs Capacitor TG A7 H# AU IR A [X 7 1) Capacitor FEHR I %
IS 41 g %% (Rotate Clockwise)o

F P BRAE W] DU o (T iR, 8 LRGN A ELAER
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D
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9. . Ground % N\ IR EHRZ
10. ¥4 S brTE%H#£ 5 Signal Voltage JoA4 I Ttk 1, 0B FTR

8
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.
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F P BLAERT AN —AME S IR 2 B R b
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5.2 SRR

R T AT, e SRR TR I S HUE

- R AR DA B FL B Resistor 7o, 28t i BLEE Bf w104 N, o g
BELAS (1 4 FR A S 4001

2. fEATF BRI R XA, A 24, JF#Z T IRk, RFAE SOy 24Q.

Subsystem
Resistor

Compaonent
&

Parameters
R 24 (o) v

8 5-8 R T A B 52 TR
3. AR L A2 oy, AT T SIS 4
® & Y Inductor HJFL/EFRHY160-10°H.
® ¢ X Capacitor ffJHL%¥ 4 200-10° F.,

® & PRYE Step T KIMEN 0.1s.

5.3 WIn#R%Er (Probe)

NT B R ESENREE Y EENE, 7RV ISR 50m 1 _E
M—REF (Probe). fEIXHL, FATIIE RLC HEHIHE.

1 MR TAEIX TRF |, maiiet ('E})o
2. B H PR ArTE4%r 3] Inductor A1 Capacitor Z [HJIELL I, XKELK &=

Dl

3. gL, HREHERERR TAEX N,
4. HBRE 2 EAR AL B
5. W IRE, REFRY R VE BN AR XA



6. 1EFE Voltage HIEME, fEfi HEEH /R EE.
7. N TiERANEABER TEX P ERR—NEE XA, £ TEPRIAENRA
Voltage, #AJG ¥R 4258

Probe

|Pmt:uel
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[ Current |i
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2. & compiler 4 false.
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[
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4. {4 RLC_Circuitl.msim PRAFEEIY, $REFFIME U S EUE B PR A7 B
W,

5.5 Bl ER EAURE

WMAER N (EMF) M—/ ML E 2] RLC S EIA b 61 2 — N i B ) B
L. FEXANEEIH, PR S R DR d o 2 RLC HLEEAY .
1. 7t Labraries Components £5i< P, M Electrical — Analog — Common 3z .,

N EMF JofE.

E WElectrical

W Analeog "

D W Common
Q . :
s ‘ ‘ HH ‘
Ideal Op . Capacitor

@ Amp 3 Pin
| * |

EMF Ground

m
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(Capacitor) FIA.

4. M 1-D Mechanical— Rotational — Common — Capacitors 5., s Inertia JC
G

5. ISINSE Inertia JofF BB TAE X, A E L Rotational EMF st 147 1l .

6. W N B PR E RS Tl

K 5-13  #off 2 REE AR R B

T e AL TERE (60 1, Al— o, Mg bR st Bl 2R
R TR, I AT

7. FERATAEX, fitdi EMF Juffs
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9. MM ERTTH Step, BHSHUE To N 1.

5.6 EREHREEJTE

1. 7R TAEIX, MIER4RES Probel .

2 MR TAER TER b, satistiet (D).

3. BB H F ) BRUbRTE £ 3 Rotational EMF A1 Inertia 7082 6] (R3ELL F 7 .

4 BERERSE TS, WEFAE T, ERRE R E.

5. EFRRET .

6. 1E Properties M 14, M BEEE Speed FIHLAE Torque SLIEHE . FRAFT B4 A
o, Sk FR T
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8. fE Settings LI RN, BB HAT K IE tao8 5, A5 5 E TR ERiEeT

G P . SR T R A R

] PlotWindowd ===
L By @@ HE LU VY . m =
Probe2 w Probe? tan B
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50.06 §02
— o
A @
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0.1
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6.1 FEWRARGEM

AR 4k http://www.maplesoft.com.cn/book/6.1.zip

FHXAH“HEV_Powertrain_ Cooling FTP_Cycle.msim” 1.

AR — MR GBI EAE R G AR BT B 1 1 s A, R B,
AL/ R AL, Th 6 2 1) 38 VA 50 R GRAL R o ¥ HVRA VA E0 R AR r it R Zh LR B,
PR AR A N B A A XL R R A B RS S AR B

MITFT &4t Cooling, FTIFHIIER T R4

EngineCoalant

@ Block Temperature
’ 'x“ degC

. . H_flow

dp. T

& 6-1 Cooling T & 4;

1. WSIN#AGE JoF; Thermal > Pipes and Valves > Heated Pipe
m=Mfluid rad kg ; 4Ji%& Fixed TO ;

IS INFIRZE et Thermal > Heat Transfer Components > HeatCapcitor
C=896.3 J/K;

ISt 5 o4 Thermal > Heat Transfer Components > Thermal Conductor

o _ 220%2Pi | W

=

2. USINFAKFFE e s Thermal > Heat Transfer Components > Convection; #f% 5% H

S B Y


http://www.maplesoft.com.cn/book/6.1.zip
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9.

EEIWUAT

EEhELEGE

K 6-2 INinyoti)a s

LA et Signal Blocks > Signal Converters > Conversion Block
5 5 A TE;  Signal Blocks > Mathematical > Operators > Product
ZH(3 ; Signal Blocks > Interpolation Tables > Look up Table 1D
data = RadiatorHeatTransfer.xIsx column=[2] skiprows=1
RadiatorHeatTransfer.xlsx F% 2 HA RN 7%, EHAHPIAHE T E X Convection
H RS HEAER R A3 R

Signal Blocks > Boolean > On Off Controller

hysteresis=5 ; “ZJi% preyo ;

Signal Blocks > Signal Converters > Boolean To Real

Real True=4.92 ; Real False=0 ;

2 AL T

Signal Blocks > Signal Converters > Conversion Block

CBI1: dimension=Velocity; fromUnit=km/h; toUnit=m/s;

CB2: dimension=Temperature; fromUnit="C; toUnit=K;

(ERER/VIn G

Signal Blocks > Common > Constant

k=SetTemp;

N B PR & oot



5 Radiator Temp

o

K 6-3 eI ARG

10, IBATHAY, AFRE, R, RS,

— Latest Results From Block' T

Latest Results Battery thermal' T

Latest Results.'Coolant Pump'.T
— Latest Results.'Block Temperature K'.T
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g o D
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7.2 R

VBT & 4 B ARSI (HIL) R%. 8 90125 T O 4 3F 3 45 2 1
MapleSim E4EI . HL 5 R%, Concurrent SKEHLBL S S i o BABLLEL M0 255
MRS

0o wiowpp

7-1 REAE AR RS

7.3 FMI £1

N TSR B & RGRE Y, SR T FMI(Functiona Mock-up Interface)
prdEfEE D . FMI B H AR 8 X— IR R, LA R RG0S RGHEA
B % SLEL IR AR R A (BB & 5 20 BRI, FMIL 32 00 T B0 10 200 7o b 07 B8 pE AR
FPil s A R,

FMI b $22 VAL S BB IR SO R AR PP A RS B AN 643 o AL RA SO XML 4%
X, FEMA TGRS, GG LR NS5, iEREFRI A DLL 32
f, FERH C. C++Hisg MATLAB %i 5 HIEFE T o

DLL U A 6 B SR A IR bR #2177 B L3R DLL AR Sl 40, 5 Ae ik
PiE S0 PMU, 15 B % IR uE T 7 0% MU 3471 F S 0 . 1 B3R 1 7 2
9 FMU 42 LA SR i 25 -

MapleSim #2647 FMI 2 1 THAH, Jfilid FMU X5 Concurrent ¥ SER - & i3
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7.4 MalpeSim %

1. MapleSim #7424

R R ik http:/www.maplesoft.com.cn/book/7.1.zip

1
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1. ShEBER AR BAUER L
I T MBS RS BB N/ NUR R /N AL, SRR R AR, AT e BRI
HIf oL FATH B 2 ot FRIC R A AL B B2 2 /N0 s DU AL

Custom Component Template: Author:
Differential Algebraic Equations Date:

Y Description

Use this template to define and generate custom components for a MapleSim model. For more information, see the Chapter 3 of the MapleSim User's Guide or click one
of the help buttons, labeled with question mark. Custom components can also be created using MapleToModelica and the MapleSim APL.

Y Equations
Assign eq the system equations.

- .y _ (floor(10000-Pin(z)) ) |.
4= lpow(’) = 10000 ]

[Pow(l) = lﬁ)éﬁ floor(10000 Pin| r))l (2.1)

Kl 7-4 FRIC [ 58 Lottt

(2) BT 5K AR A HL

PR B S AL A RR AN SR, AP Ko K.

R ITE: HEAR K IO, RS R SR AR I 25
(3) i 5B K E

PiEB KA R, BERRME R R AT eI R /NI ARG, AT RE U YA
— M E KIS AR AE SR AR S5 . T LT E LR S A 0L, B8R RN
KRR AT RE, FA TR BB £ 1ms I R K.

7.5 HB FMU 344

7 MapleSim H14T JFAH M 5 4
® 5 Add Apps and Templates.
® EXFIEHHEF X i FMU Generation.
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e MapleSim 2016 - C:\Users\Cybernet China\D

Eile Edit View Tools Help
nEE Y., [Search for conponents, examples, he L BED | B |60 s v ¥ 0]
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& Add Apps or Tem. .. — o
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¥
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Bloc L
gu\;::;:a =L ST 0010 output
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K] 7-5 FMU Generation

® J5 i FMI Component Code Generation, &#7; B4 FMU BT R5t.

® i “load selected subsystem”,

=] - 8 x
L
&
(%4 . FMU Component Code Generation| @
&
Subsystem Selection ?
Main > Vehicle > ~
<l
b_
- 1 -
AR5y S
Load Selected Subsystem

€: \Dozs\CYRERN" L psData Local | Temp \bod 2485-1 A F: - Hll: -

«
» w1

K 7-6 FAFEAY

® 73Jj| K7 Input, Output, Parameters & & M A&, frth A& DL SHL.

s OoOutputs O Parameters | OExport Options O Info Options

"Main Vehicle UL_accel” (t)
“Main. Vehicle. UL_ang pos’ (t)
“Main. Vehicle. UL_brake (t)

Variahle Prefix

KW 7-7 X N AT E



® 1iili Export Options, ¥ 2 % H &I
W BIFEEA 25 MapleSim 1/ Fi%5E (Simulation Setting) AH[E, M ARIEAE %
AR5 5 MapleSim AL ) — 54 o
(1) IR AL T
Constraint Handling Options & S 2542 7533 2 {8 F 29 i 4% 52 42 B Simulink B 1505
RETTFE DAE RS X MR =6 5 2 K DAE RGMIREEE . iR L 005 A
/2 RGEE RS R, IS EER ERE0E .

Maximum number of projection iterations: |3
Error tolerance: |0, 1le-4

apply projection during event iterations

K 7-8 ZydabHEiEIiE

' Maximum number of projection iterations & X 52 SOV RKIEAEL, RIS E
R lIESE N

W Error tolerance & X B KRR ZE BT

%% Apply projection during event iterations 1 F (B 1A RAT B RS A ) 45 1

21 52 (Constraint projection) f# F External Model Interface ' [ constraint
projection f£/7, &l DAE R4, 1H4H(5 5 W Mathworks )%k .

(2) HfAabFRIE T

Event Handling Options J& S 2 A& 7 & 1 H S A4 52 24E il Simulink B3R5 4R
¥O7HE DAE #4i. HHRXMETHE S & FHMH DAE REHRE .. W EA 54T
B, RGES RSB LR R, JEREE R EREUE .

Maxirmurm number of event ikerations: | 10
Width of event hysteresis band:  |0.1e-9

[ ] Cptimize For use with fixed-step integrators
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% B Width of event hysterias band & X 5 [ #E521% Z 25 VF

%% Optimize for use with fixed-step integrators {4 i hysterias bandwidth ] BRI 1L
AR

H$E5 (Event projection) f# il External Model Interface H[f] event projection F2
F¢, Fii DAE R4GuMWEE, 4105 5 W Mathworks /Y35

(3) &SR

WK A S B K. (Rlf5 MapleSim H 45 HR 48 5 07 B0 K — 3%, B 4sk

IS ALY A4 45 B 5 MapleSim 17 B 45 B A—F0.

Fixed-step Integrator Options:

Dﬂptimize for use with fixed—step integrators

Embedded solver for Co—Simulation:

(@ Fuler (JBRKZ (JBRKZ (JBE4 () Impliecit Fuler

Maximum Stepsize for CoSimulation: 0.1e-2

B 7-10 KAk

O Inputs OOutputs OParameters ®Export Options O Info Options

FMI Version and Environment: Fixed-step Integrator Options:
Version: @RI 1.0 ORI 2.0 Optimize for use with fixed-step integrators
Envirorment: () Model Exchange @) CoSimulation Embedded solver for CoSimulation

Constraint Handling Options: Ofuler Or2 @F O O Inplicit Euler

Error tolerance Baumgarte Constraint Stabilization:

A Apply projection during svent itsrations [ 4pply Baumgarte constraint stabilization

Event Handling Options: Alpha:

Max event iteratioms:
Beta
Tidth of event hysteresis band:
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Generats FMU Archive
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FMU Model Prop:
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Description :
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Generation tool :
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2
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[ ew RTDS
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[ Rebuitd Fay CPUcores : |
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LI
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K] 7-14  Select FMU Files

User Edit RTDBEUO Program Test Monitor Third Party Tools Help

6 9| s

Bl BN B GEEMES AR KT DS e

55058 Stopped  simpack_tear/ewSession

[ RoadMap & | il Models X |

Fiau oders |

L=0 FMU Models ¥

FMU Model Prop:

[ Fuu odes

ect rmu 4 @8 157

=]

R e ——— -
= = g
[ Maplesoft hary [ has linuxG4 binary [] has source
I ogel
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K 7-31 fEMRE TR AR EHE
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Fia. FMUIRE
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MapleSim #&#Y

K 7-32  HEIEE RN LR
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FBINE BT

8.1 HHLAHTIEEII

1. BAFEAE:  http://www.maplesoft.com.cn/book/8.1.zip
2. ATHF3CAF “Motor_Nao_Analysis.mism”. A5 2708 H T 9% 30 NAO 26 Jig g
JA 5% 9% AT Al FELATL
3. FEIRR
1) Electrical > Machines > DC Machines > DC Permanent Magnet
Taoper 29315 Ki Vanom_ 24 Vi Ignom 0.41  A; ®nom 10700 rad/s;

=

Jr 1/12500000 kg m"2;

dopm,
Vv Operational temperatures % Mominal resistances and inductances
2 3 -
1L, T 203 1500000000 K R, 119[:? 0 -
% Nominal parameters -
T . |295.1500000000 K -
Vooon |4 v - =
1
oo | 04100000000 A - % |0 X
7 E - ; -
o 10700 . L, 5 H
T, o | 2531500000000 K v W General
1 .2 [=
% 12500000 kg m

2) 1-D Mechaincal > Rotational > Common > Ideal Gear

ZH: r=15027/100

I8, ¥ Parameters
ot T ] Use Support Flange
'7]”_] 15027

100


http://www.maplesoft.com.cn/book/8.1.zip

3) 1-D Mechaincal > Rotational > Sensors > Angle Sensor
4) Electrical > Analog > Common > Ground
5) Electrical >Analog > Sources > Voltage > Signal Voltage

6) Signal Blocks > Controllers > Lim PID

ZH: k 70 5 Ti 07 s; Td 0.1 s; ymax 24 ; wp 1 : wd 0
Ni 09 ; Nd _10;
) V General
"'lfjp’ Signal 5ize |1

i Controller | PID controller -
Type
k 0
T, 0.7 s -
T, 0.1 s v
Yoz A
Vain - yhvix
W, 1
w4 0
N, 0.9
N, 10

7) Signal Blocks > Routing > To From Blocks > From Variable
ZH. var ShoulderLeftPitchRef(Ref)
N P BT, R IIRET




B=| Robot Parameters

FIETEI'I'IEIIET51
= | Joint Inputs
Refinputs, g
T CAD.
QCumlmnd vl 7—’77‘
| valug PID,
BV :
@_{.—. / Shaft
F i phi, w, a, tay
= —
|
Lefthrm,

8-1 FLMLEEA

A 2 MRER, PREF Command FIERER Shaft, sidiR%l Shaft, 7545 M1 2 A ik £

Angle, Speed, Acceleration, Torque.

Shaft
Shaft
Angle | phi
. phi, w, a, tau
—+* Speed |w

Acceleration |a

Torgue |tau

4. WK FTN, BA0HTH) Worksheet.



| a0 Motor_analysis-1 X

. B [ &E 100%

Add Apps or Tem...

¥ ipps ~

~Code Generation

Analysis of NAQ's Motor

- Line

- Monte Carle Simulation
Multibody Analysis

- Optimizatien

- Parameter Sveep
- Random Data S| Robot Parameters
Simulink Component Elock Gen

parameters,

¥ Templates
Bre ] Joint Inputs
ivales ircuit Battery Px Refinputs, ﬁ
cal Battery Para =
~Custom Component - CAD,
~Custom Port Command =
- Equations Q
External C/Library Black value sh
- Hydraulics Custom Compement | . QO
-Modelica Custom Component FY, i ! { phi, w, a tau
T LabVIER BT C 5 5 nouFEThescnmat _—
NI Veri! o
. Create Attachment X H
i} Worksheetl| v Q |

LerAm,

8-2 %37 Worksheet

1) EEARM, n#k Maple pREE
> A := MapleSim:-LinkModel():
> with(DocumentTools):
with(SignalProcessing):
with(plots):
2) BEBASY
> A:-GetParameters(allparams = true);
3) IREUEIAARE, %% MapleSim 7Y
>cproc:=A:-
GetCompiledProc(params=[dcpm1_Ra=199/10,dcpm1_La=2/5,IG1_ratio=15027/100,dc
pml_Jr=1/12500000]);
4) 7% MapleSim F A fy
> Probes:=cproc:-GetOutputs();
5) & XARENME, TEMmHER
> Res:=cproc(params=[15,0.5,15,0.0000001]);



mte  T{FH

b A [T 20 Math

T TEo0E

[CyalueE Ity

- | | Times New Roman

Az~ BUIU &

# |Res

800 x 6 Matrix

oo ® g

P Matrizx

P24 (51)

B £ (FPS)

| ]

b EEZE

W Components

Butten

Combeo Box N
D Check Box
(® Radio Button

Text Area

Lahel
List Box

I
= (0|[v]
&) 1$9) 0[]

) 23]

[Feax

I ]

ElbowLefiTaw_theta= U, ShoulderLeftPiich_alpha= 5 T, ShoulderLeftPiich_thetc
ShoulderLefiRoll_d= 0, ShoulderLefiRoll_theta= % L, WristLeftYaw_a= 0, Wristi
=10, PIDI Ni= % FPIDI P k=1 PID] Td= % PIDI Ti= % PIDI_add
PIDI_qddP k2= -1, PIDI_addPID ki=1. PIDI addPID k2=1, PIDI_addPID

=0,PID] wp=1,PID] xd start=0, PID] xi start=0, ES3_extract =8 ES3_

1 P

_ T ) | _ _ =
TTI affset =0, depml_laNominal 00" depml_Jr 12500000 depmi_La

= % depml _TaRef= % depm] VaNominal = 24, depml_alpha20a=10,¢
ElbowOffsety = NN HandOffsetX = 2L HandOffsetZ = 13 Lowerdrm.
200° 4000 ° 100000 °

_) cproc:=A:—GetCompiledProc (params=[dcpml_Ra = 199/10, dcpml_La :
cproc == module( ) .
_) Probes :=cproc:—GetOutputs ()

Probes == [value_I(t), Shaft_alt), Shaft_
_) Res:=cproc{params=[15, 0. 5, 15, 0. 00000011]) ;

S00x 6

Data Ty
Res =
Storage: re

Order: (

6) & N HIEMH

K| 8-3 {F Worksheet H T

>ParamValuel:=15;ParamValue2:=0.5;ParamValue3:=15;ParamValue4:=0.00000

01;

7) HEAN 4RSI, WAlRITFRRIERBEE, W E PR



Slider Properties
#£3: Sliderl
#RER:
BkuEE: 0.1
EeluEE: 300
LEifuH: |5 5296386
FEIEMEHE: 200
A BIERERE: 100
BE (BF) . 190
=E (fgF) 3B
FHE: [00,0]
{HRHE: (255, 235, 233]
IR B B
i
TR
[ E&Am
[ Bt
FrEERL
[ pdFr IR
b g e

B,

HE. .

Slider Properties
EHR: Sliderd]
$BTER
HEuEE: 0.0
el aiE: 3000
LpitrE: 210268
FZIEMENE: 200
N ZIEEENRE: 100
B (B 190
= (g% .
FiHR: [0,0,0]
fHFRHE 255 255, 255]
pali] I=15ETEN
am
TR
OssAm
[ mtEairas
FRAIERID
O tzrahzIEtTic
HEENRHESER

[#z0 || mH©

*

WH©

K 8-4

Slider Properties
E=t0
ETER
GhuEE
BaluiE
[Tl
# ZIERE 35
|2 FERIEIRE
BE (B
=E (B
FHEHE
BHREE

I

Slider2

0.08

3.0

1.2849999

20.0

10.0

180

38

[0,0,0]

[255, 255, 255
J=1E TR

ZI
ST
O&gsm

[ twirr s
ETHHIERIL
[ pdsri IR
HEEHR ST

FiE.

=

Slider Properties

k=2
TR
BiLLE{E
BeUEE
HFIfEE
FHIEREE
D FIFERIEE
BE (BE)
=E (BE
FiEHE
IBFREE

JEIR

314 derd|

1.0E6
0.2
0.1000004

20.0

10.0

190

38

[0,0,0]

(255, 255, 255]
BRI,

AR
TR

D EgAm

[ g ins
FTHHIETC
mESer Elleimmn)
HEENRhEE T

e

=]

(@20 | mH@

AR R YRR E
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S AAEAN 4 AN EE O, 44 Label. BSARR. ENME W FEFTR.



W Components

Button

Combo Box e

D Checl: Box

(® Radio Button

Text Area

Lahel
List Box

| @B
= (0w -
2]« [

8-5 [ oAl Label Joft

Parameters

Armature Resistance ' 16. 91

TextAreal
Armature Inductance ' 2/a

ListBox TextArea2

Gear Ratio ' 180, 269

TextArea3
Ruotor Inertia ' 1/12500000

TextAread




o EeEEO Hi TSN

EFh: Flotd EFE: Flotl

I A T2 [ T 0 o sEEn
2R Flotz =R Plot3

BAREHE R EFR: Flotd

K86 HAILlE

8) L aNsk, HmiHE AR BE,
AL Slider] %A

use DocumentTools in

Paramindex := 1:

ParamValue||Paramindex := GetProperty(Slider||Paramindex,value);
SetProperty(TextArea||Paramindex,value,ParamValue||Paramindex);
Res:=cproc(params=[ParamValuel,ParamValue2,ParamValue3,ParamValue4]);
PO:=plot(Res[..,1],Res|...2] title="Command Value"):
SetProperty(Plot0,value,display(P0));

P1l:=plot(Res[..,1],Res]..,3] title="Shaft_a(t)"):
SetProperty(Plotl,value,display(P1));

P2:=plot(Res[..,1],Res]..,4] title="Shaft_phi(t)"):
SetProperty(Plot2,value,display(P2));

P3:=plot(Res[..,1],Res|..,5] title="Shaft_tau(t)"):
SetProperty(Plot3,value,display(P3));

P4:=plot(Res|..,.1],Res|..,6] title="Shaft_w(t)"):



SetProperty(Plot4,value display(P4));
end use;
#U L EEZRNGCRADERR AKX NEFH,
LA Slider2 f A [FIRERIADD, K58 — ) 25¢ ParamIndex:=2;
[FFE, 2014 Slider3 BN ParamIndex:=3,41F Slider4 24 A ParamIndex:=4;
9) SULHIBNANIEUE, T LA S i ] 2H AR A A R S . AT AR
AR HL 2 BB R HULE RE PRI S



EHE NAO HLEBANEE

9.1 NAO HlEAER

1. MEAR AL http://www.maplesoft.com.cn/book/9.1.zip

2. T XfE “Hello NAO 1.mism”.

3. Hiii Local Components AHEMM AT RS, DH T RENNAF)KTT,
DHR T RE RN A B KT

& Local Components |

Find: A

W Components

F © b/ B

o1 HWAMFKT RS

DH &SRR E W T E R, BMNEMH 4 MSHERR, XA D
Fon NAO WLEE NP BEM, X T2 4058 DH AR 7 12 S A5 FE TR
a, =i Xoflh, M Z.BBhE| Znn HIHE S,

o, =58 X B, M\ Zn BEFE R Zur KIS
d, =W Zo B, M\ X B33 Xa KRR

Hn :éjj% Zn iEE’ N\ Xn-1 ﬁﬁ%@] Xa E/‘]%E)


http://www.maplesoft.com.cn/book/9.1.zip

9-2 DH ¥ ARG R PLE

4. ¥4F 2% DHR Hi N\ G [X 35,
Ctl+G BT RS TRAMBN “LeftArm”;

Left Arm’

i 3 B
RightLeg Lefileg

Kl 9-3 Z57 LeftArm T R4

M LeftArm F 248, fIHTFRGNES
5. ¥ 4 1 DHR AN LeftArm T R4, H DHR F &40 B 77 WHES
& e S B FTR .



Mame | ShoulderLeftPitch
Type DHR
Parameters
alpha 0.3 Fi
theta 0
a ]
d 0

MName  ElbowLeftRell
Type DHR.

Parameters
B

alpha -5

theta |0

a 1]
d 0

6. Multibody > Visualization > CAD Geometry #i A\ 5 > CAD JuffFI A

MName |ShoulderleftRoll Mame  EfbowleftYaw
Type DHR.

Type DHE
Parameters Parameters
alpha |-03Fi :
pra alpha | EL
B 2
theta —
2 theta |0
a0 3 -ElbowOffsett
a 0 4 UpperArmLength

Name |WrstLeft¥aw

Type DHE
Parameters
alpha £
theta 0
a 0
d 0
:
T
A
B
]
=:
&
T3
3
T3
=l
[
5
T i
=1 H
S
g
g
=l:
& g

K94 LeftArm 7RG H TS BN E

% T B PR ERRA, I e SEE S E R .

| Color=black
._____1 II‘IlagEAﬂﬂChrt-lEﬂ[:ALD Shoulder leftstl;
L ! 4 Enable Inertia
CAD, | p=1300 kg/m"3

| Calor=blue
| Image Attachment=ATD Arm left stl;
. < Enable Inertia
| 6-0.0,Pi/2] rad
CAD, | p=700 kg/m"3
Color=black
| Image Attachment=ATLD Flbow Leftstl:
=" | J Enable Inertia
s | 6=[0,0,Pi/2] rad
| p=1300 kg/m"3 |
| Color=gray 1
| Image Attachment=ALD Fixed Armm Leftstl;
4 +/ Enable Inertia
- | 8=[0,0.Pi/2] rad
CA, | p=1300 kg/m”3

| Color=blue

| Image Attachment=ALD MHand stl;

| Translation

1 "1 Offset=[LowerArmLength,0, HardOffsetZ]
L | </ Enable Inertia

CAD, | p=1300 kg/m”3

WiristLefty awE howlLefiRoE b sl eft Y Blvou de il eftBiutiulde rLeftPich

K 9-5 JufriIRIALAL



7. Multibody > Rigid Body Frame

Mame REF,
Twpe Figid Body Frame
H ) Paramaters
- vy | 10, ShoulderOffsetY, ShoulderOffserZ) | m -
It
B ————
I' E T:vpaR Fotabon Nt -
— 8
9. e
AR, [F) 010
a0l

Type Rigid Body Frame

_55 ¥ Parameters

cib, Gy 10.0,0) m -

i

fofl 2 vt Sbvces e Lt el ke <L eftPich

ol
.

Typep Euler Angles .l
Type, |[1.2,3)

- B, B
B s |T':"T| nd |

o
L
"y 1

P Wi L e

Mame  REF,
Tvoe  Ripid Bady Frame

¥ Parameies

=i}
LI
RBF,
‘u/

iy (=0 + Lowerdonl roh, O, -HasdOfartZ) |
! Tipey, Enles Asgles
cap, Tipe, (1123
8, 1008 e

K9-6 @nyelit i E S
8. 1-D Mechanical > Rotational > Motion Driver > Position
A 5 /™ Position JofF
Signal Blocks > Routing > To-From Blocks > From Variable
#E N 5 > From Variable , {£4 Position 3Kz}

Multibody > Visualization > Path Trace i A TG/~ T8 18 BP0 F AR EL



var:Shoulderl eftPitchRef(Ref) ~—
Tl pr—

e

varShoulderLefiRollRef(Ref) —— "=

var:ElbowLeft YawRef(Ref)

var:ElbowLeftRollRef(Ref)

var: Wristl eftYawRef(Ref)

LeftEndEMort

e

mode:Drawn over time

K 9-7 INnTefiiH S

0. fh e, GUETRAMEZ.
10. S R EIbR, %P Image ——HIWE A -

F ENOC | W -] -~

v e -]

K9-8 2 ARG Elbr

11 R A F3R s T, BHFEBITER.



BTE BEISA

10.1 BEEEHLEZA

1. BRI AL http:/www.maplesoft.com.cn/book/10.1.zip

2. T “NAO Dances.mism”.

3. ST A% Head, P~ Component DHR 5 A\ 25 [X 43
DHR1: Name=HeadPitch; alpha=0.5Pi; theta=-0.5Pi;a=0;d=0;

DHR2: Name=HeadYaw; alpha=0; theta=0; a=0; d=0.

for
BHR,

o
DHR,

K 10-1 DHR T &%

4. 2 /> Rigid Body Frame Joff .Multibody > Bodies and Frames > Rigid Body
Frame
RBF1: rXYZ=[0,0,NeckOffsetZ] m;
RBF2: 0=[0,-0.5Pi,0.5Pi] rad;
5. 2/ CAD Geometry Jof4. Multibody > Visualization > CAD Geometry
CAD;: Image Attachment=ALD Neck .stl ; + Enable Inertia ; p=1300 kg/m’
CAD;: Image Attachment=ALD Head.stl ; + Enable Inertia ; p=5000 kg/m’
6. 2 > Position Juff. 1-D Mechanical > Rotational > Motion Driver > Position.
7. 2 7 From Variable JGff. Signal Blocks > Routing > To-From Blocks > From
Variable.
FVi: var=HeadPitchRef(Ref); n=1;

FV,: var=HeadPitchRef(Ref); n=1;


http://www.maplesoft.com.cn/book/10.1.zip

EERTCAF IR B s

K 10-2 B TTiFZ A S
8. miili Return to main [H 2] E U, # Head: 5 Body: fHi% .

[at.. A8~ & 5

Rightarm

10-3 R RIS
9. BTG RNG RS
10. #T7F Joint Inputs, #F TT) iS4, Bt data 114, 7] DLCENLES A
Ik TSN -

DR, v

HeadPitchRet
HeadYauRat

g

N
-
=

ShoulderRighPitcaRef
4 ShoulderRightRollRef
L ElbowRightYzwRef

b Elbow RightRollRef
WiristRightYawRef

¥ Parameters ™, DuR,

datasource atiachment A E |
mode

Antached Daraset

data Sprinkler_command_16s.]7]

[T

1y

columns DMR, v
Disco_command 16s.csv 1
offsat e — ghouider eftPitchRet
— = .ZhoulderLefRollRef
il - -
SETITE 0 : Elbou L efYawRef
skiprows 1 ElbowLefRelRef

WiristLefiYawRef
smoothnes | Table points are linearly in »
5



K 10-4  BoEbLES NBESRSI1E

B+ —8F BTEEEEHE

B

E P22 AR SR R B s, AR 2 AU, ANME S oo fFE R i
Telf, Xt RGHAT RS T H

s il
® = oN:
o WALEIR

- EFRORERHIE, H R LA
WA,

® ML % :
o bk Ak B
—- FERAUER] #3509 A B A AR A .

o EiHA
- @it AL BRI

K111 P A T BT LA i ]

FEZR T, BATRSE RN FIESS

1. GUE BT R,
EXT RASH
NI A% J 45
TR ) 2R AL
P Tt DR A REAT i B

ARG HS 3D B,

o g M~ L N



AR EHiht: http:/www.maplesoft.com.cn/book/11.1.zip

11.1 S E P E LR

PRI ~ BB R, 7E MapleSim H, 8 F 24k o4 2 v B oA pa i ix A~
Ziky, N Eps:

LTS IR
r8, I.: @ - o
} . { T 0 0
41 AY M| e Lase| w4
o liing ’
V Parameters ﬁ 5 [T B 0,0,-+2
& 0L s . ek =
- pendulum,
< Nm
K 10 = —_—
% ad ﬁf‘i% %‘j

s
1
N

11-2  {#iHH Multibody 7o g 2 7 455 7Y

1. B ARRA
B, BOEEIIJTAWTE KR

Multibody Settings

HE]

¥ Animation Ind
[ 3-D Animation
3-D 5

Playtack: hd
Time

ARSI

3-D 40
Sampling
Rate

¥ Multibody

g 981

Direction of gravity
ég [0,0.-1] A

|8
1



http://www.maplesoft.com.cn/book/11.1.zip

Kl 11-3 &EE I

MEETCIEE S, HEAZ AT, W B .

Be—
=
14
X, Cart, T_, NYOX
e o . A7y
E'.lr' N'_
FF, | c
|:“‘I
Kl 11-4 S ToihhLE R R
S eI B B E SN N R TR
F 11-1 AT
RS (DA=H ZHWE
FF1 Multibody > Bodies and
Frames > Fixed Frame
P1 Multibody > Joints and

& |[1.00]

Motions > Prismatic




Cart

Multibody > Bodies and

Frames > Rigid Body

m

M

N
0.2708333333 mH" 0

kg

mn ] % ] kg m
0 0 09375 mH |
X1 Multibody > Bodies and Ly | [L3H0,0] m
Frames > Rigid Body Frame
X2 Multibody > Bodies and ;m [-1.5H0,0] m
Frames > Rigid Body Frame
Z1 Multibody > Bodies and i 1
bvr | 0,0,-~ H m
Frames > Rigid Body Frame ——
Z2 Multibody > Bodies and T
ixt_z |E'= 0. - H m
Frames > Rigid Body Frame —
Y1 Multibody > Bodies and -
= 1
B . |D: 0,- 3L m
Frames > Rigid Body Frame :
Y2 Multibody > Bodies and i 1
vz |D= 0.5 L i
Frames > Rigid Body Frame -
B1 | Multibody > Visualization > - calor
Box Geometry I
height (1.5 H m v
width |H m v
C1 | Multibody > Visualization > B coor
Cylinerical Geometry L] Transparem
radius 01L m v
Pend | Multibody > Bodies and [ Vaiable Point Mass
m m kg
Frames > Rigid Bod
9 y % mEE 0 0
[ 0 % mI® 0 kg m




R1 Multibody > Joints and e |[0.10] v
Motions > Revolute K |0 :L—;n v

g 1] rad v

K, |01 Nm”; = |»

IC,  |Strictly Enforce -

g, (023 rad v

@y 1] %d -

Wrp R ARy, A, GIEEART RS, PN Cart:

> wgv
"(: —
[=] /&
ol -
T ®
®
Be——
By
I
I]-I] Cut Ctrl+X
{. Copy Ctrl+C
X Paste Cirl+V
.‘(2 Cart1 IL Y X1 2
r L - ‘_T Align Horizontal
_u.._‘—Tu_ 0 | S A . .
—‘ Align Vertical
rr _ Create Subsystem Ctrl+G
~
s l FF1 Reroute Connections Ctrl+D
[ ] u] | < u o =
P. P

K 11-5 G4k 1 RS

VBN 7y, BT RS, 440N Pendulum, FEIRAL, 407K ElIfrs.




4
Pend T ) =
Cut Ctrl+X
L ° Copy Ctrl+C
Paste Ctrl+v
L]
= Align Horizontal 3 b1
Align Vertical 3 Pepdulum
— Create Subsystem Ctrl+G o
o
/‘ Reroute Connections Ctrl+D o
-] L]
b1
b1
Cart Cart

K116 OUEBSIET RS
11.2 RXTRASH

HEN Cart TRZ, MES¥E (=), $@S%H M m, 1FER

Standalone Subsystem default settings

Name Ige Detauli alue s
H Real ML
o Real L

Subsystem Composition

FF) componeat
MName Type Value Units
Teve Position 10,0,0 m -
Typey, Rotation Matrix Type  Euler Angles -
100
m®] Real 010
001
Type, Real 1L2,3
a,.“ Angle [0,0,0 rad -
Cart, component
Name Type Vaue Units
Variable Point Mass Boolean false -
m Mass m kg v

11-7 € X Cart T R4S

R, % Pendulum TR, SESEIM (=), YES®LMm, W FE



Standalone Subsystem default settings

Lams Tupe Detquit valye
L Real |1
m Real |1

Subsystem Co
FFy component
Name Type Value Units.
- Position [0,0,0] m
Typen Rotation Matrix Type Euler Angles -
4 100
®] Real 010
001
Type, Real 1,231
BC"LG Angle [0,0,01 rad
(Cart) component
Name Type Value Units
Variable Point Mass Boolean false =2
- Mace - trm

K 11-8 5E X Pendulum ¥ £ % 155

kP 248 Pendulum, WiE L=3, m=2.

¥ Parameters
L 3

m 2

Advanced Parameter Settings

Advanced Variable Settings

Cart

K119 #5E Cart T RGNS HUE

jﬁ#?/\é}‘ﬁ Cart, iﬁ/—\? H=1, m=10,



¥ Parameters
H 1

m 10

Advanced Parameter Settings

b1l

O/}EErru:lulum Advanced Variable Settings
P+

Cart

K 11-10  #5E Pendulum T R4 S50
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K 11-11 fEEA T RghaldiEn

£ BT AR E RIS AL S, IR T R4t Inverted Pendulum, 41~
BT -

11-12 Inverted Pendulum 1 &%
B e AL B A SN N R TR
£ 11-2 BN T

E (DAL ZHRE

IGRT1 1-D Mechanical > Translational > F Use Support R

Common > Ideal Gear R2 T ] Use Support T
ratio |1 =
m
G1l, G2 Signal Blocks > Common > Gain Signal Size |1
k -10
AS1 1-D Mechanical > Rotational > tolnit [radian M

Sensors > Angle Sensor




RSS1

1-D Mechanical > Rotational >

Sensors > Rotational Speed

Sensor

toUnit | rad's -

PS1

1-D Mechanical > Translational > talnit |m

Sensors > Position Sensor

SS1

1-D Mechanical > Translational > tolnit m's

Sensors > Speed Sensor

fE T RGN I N BB, FFEIEN Plant ()7 248, 41 F -

MR,

11.4 EAM L1

Imsartad Pandulum,

11-13 Plant F 7 &%

SERCR IR, I — MRS S, JF ORI A A R

el I15|1

Probe1

| -7 value
r‘d
plant,

K 11-14 s fsR




@TEWIEHE&LE@%%E, ITIFTE SO . A Apps B3 bk 3%
Linerization, 485 %l

KRG A ST Maple, FHATH—DNERAENS PN . 75 FHFIRFIER Plantl, <
SN Bl A

r‘ ChUsers\azhao W7 64WAZHAO\AppDataiLocal\Temp\4599313e-0\F#E11_Lineanzationl.mw® - [Server 21] - Maple 2015 E@g-‘
D S50 HBW #A0 R F=He BED e BEFEEG IED S0 Z8H
DB2ESS Ll ¢ BTPE EE «f4= NI1Oope & Bux @ %
HEFELEN . 15 . Apps
4| #InvertedPendulun? Linearizationl . mw €3 #InvertedPendulun2_LAGDesign. mw Q AT $i11_LQGDesi gn. me €3 N
| | €= s+ orm mm g |
(C Temt 7 ) ( Dejavn Saa= (o) BIU E = Ohig =i=
. . . . Author: ]
Analysis Template: Linearization bate:
Description 3
Use this template to linearize a MapleSim subsystem. The linearized model can be saved as a component in the
Definitions > Component menu, which is located under the Project tab in MapleSim. A model can also be linearized with
the Linearize command in the MagpleSim API.
Y Linearization =
Step 1: Subsystem Selection
Select the subsystem te linearize then click Load Selected Subsystem. The input/output connectors must be causal
signals.
Main » plant, P
Subsystem [plant_1 (InvertedPendulum)]
-_——— |
| |
| E
| . |
1
- 1S3 B
S |
| Invarted Pandulum, | |
\
i I |
_________________ ]
« '
T
4 1 | »
. MapleBHABRE C:'\Users\azhao WTB4WAZHAD'\AppData'Locsl'Temp'£599313e-0 [7F: 218.20M RAHE: 7.50s iR+

¥ 11-15 Linearization % [

. Load Selected Subsystem %4, RGBT B0, F2 W55



Configuration:

© Qutputs © Parameters © Linearization Options

© Parameters O Linearization Options

Configuration: © Inputs © Qutputs @ ?arameterg; O Llinearization Options

Filter Apply Clear View: @ 811 () Exports

Inverted Pendulun Cart H

[ Export.

m

value: I
Inverted Pendulun_IGR2T1_fixedR_phil

Inverted Pendulun_TGRZT1_fixedl_s0
Inverted Pendulun_IGR2T1 ratie
Inverted Pendulun Pendulun L

[ Export 211 | [ Export Neme | [TIskip Parameter Check

Configuration: © Inputs © Outputs © Parameters © Linearization Options

Linearization Point: Linearization Formulation: Baumgarte Constraint Stabilization:

© Explicit () Implicit [Cuse Bamngarte

@ Initial Configuration () Equilibrium Point

o

11-16 B ERERRE . A SE LI
=20, niili Linearize %4, K21GR|RGHITHE.

Component Name F 4N linsys, FHHi A HAA, Fi Create #2045

Analysis: @ Basic © Mappings © Bode © Nyquist © Root Locus © Response

View Options: () Matrix A () Matrix B (0 Matrix C () Matrix D (0) A1l Matrices (@ Equations () Initial Point

d d
< (0 =x(1), 5~ x(1) = 1.03812539540251502 (1) + 6.10979793619368347 x;5(7) — 0.0102734533210098516 x14(1)

[
¥
= xg(8), 1) =0, (1) = (1), (1) =0, 1) =30, (1) =0,y (1) =), (1) =0, o

d d
o %15(8) =x6(1). 5 x1(r) = 0.102734533210098516 2 (1) + 0.603846007906842314 x; (1) — 0.0276833438774004005
¥3(1) =3 (1), py(1) = —x14(2)

B 11-17 BRI F A TR



Create Model:

Component Mame: linsys

Description: ||linerize the cart

use offsets

K 11-18 M ontF R 2 RR K fiA

£ MapleSim /o {425 I — AN 7ot linsys, W R B rs .

Local Components

Find: H
W Components
e
Ir
PR
09&0::
linsys

11-19 L L f T B
11.5 =68t TRM#ATEHBROT

7 MapleSim 72l H #5519 Add Apps and Templates(Z )1 1] Browse, SA

LQGDesign.mw {4, 1T ElFir.

% v Templates

;’""Custnm Component

:’""Custnm Port

:’""External C/Library Block
:’""]'[}'draulics Custom Component
:’""H-:-delica Custem Component

tWorlesheet

K 11-20 § A LQGDesign.mw {4

1



FNJE, WEZSE 4, ITOHEHI R TR, 0T ERR .

MapleSim Control Design Toolbox: Author:
Control Design Worksheet Date:
Description

Use this template to retrieve a linear subsystem. You can then analyze the linear system object as a DynamicSystems object using
any Maple commands or tools.

The subsystem that you retrieve must be a component that you generated with the Linearization template from a nonlinear
subsystem.

¥ Linearized Model

Select the linearized model created using the Linearization template (linsys):

Linsys -
The linear system object is automatically stored in the variable zStateSpace.
_> eval(zStateSpace);
State Space
continuous
4 output(s); 1 input(s); 4 state(s) @1
inputvariable = [ linsys. RI2(1) ]
outputvarizble = [linsys RO3_1(1), linsys RO3_2(1). linsys RO3_3(1), linsys RO3_4(1)]
statevariable = [xJ(7), x2(1), x3(1), x4(1) ]

You can now use any Maple commands or tools to analyze the linear system as a DynamicSystems object and any command frem
the ControlDesign package to create and analyze a controller for the linear system.
> with( DynamicSystems) -

with{ ComtralDesign) :

7) PrintSystem( zStateSpace):

K 11-21 LQGDesign itk

IBATHAR ) Maple fiv %, BB BN AN LQG 2l 45 .



¥ LQR Design

The @ and R matrices for the LQR controller can be computed using ComputeQR command if the desired closed-loop time constant is
sufficient performance criteria, for example:

> CompureQR|(zStateSpace, 1):

0
1.0.0
Record| Q= 0 .R= 0.0324391509703009]

o o o
=]

0. 0. 1.

The @ and R matrices for our LQR controller are defined as follows:

> Omar=Mari(4,4, {(1,1)=1,(1,2)=0,(1,3)=0,(1,4)=0,(2,1)=0,(2,2)=0,(23) =0, (2.4
=L(3,4)=0,(41)=0.(42)=0,(43) =0, (4.4) =0});
Rmat = Matrix{1. 1. {(1.1)=1})

1000
0000
Omat :=
o010
o000
Rmat-=[ 1|

The gain value, K, for the LQR controller is computed as follows:

> K= LOR|(zStateSpace, Omat, Rmat);

Y

K =[ -1 280878509395939 -585352136845337 119,514540001435]

K 11-22 ST 1 A4

7 LQG Design

G.D

3.2)=0.(3.3)

(3.2)

(3.3)

A Linear Quadratic Gaussian {LQG) controller can be developed by combining the LQR controller with a Kalman observer as shown:

u
-/ Kalman u
Filter - - K = Plant
Kgain

LQG Controller
It is also possible to include a reference gain in the LQG controller above, if desired.
To begin the LQG design, we first compute the LGR gain:
> Kc:= LOR(zStateSpace, Omat, Rmat):
Kc 2[ -1. 280.878509395939 -5.853352136845337 119.514540002435 ]
The additional G and H matrices are used to define the stochastic state-space form
x=4dx+Bu+Gw

y=Cx+Hw+v

where wand vrepresent white noise.

_) G := Lineardlgebra -IdentityMarrix(4):
H:= Lineardigebra-ZeroMarrix(4);

1000
0100

G
0010
0001
o000
o000

H=
Anan

K 11-23 ARl LQG =448

(4.1)

(4.2)



£ Local Component IR F, 4 m—1 LQGController | #5 -
Kz S B w1, JRiER:

*
A |
-
QGControllert plant,

K 11-24 #=HlSRS T RGER
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3-D Playback Window =k
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height 10
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:::I Probe1
" D Probe2
Sosv,a 1)

5V, a
Probe3

2|2

sV, a

sewart,
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HoAh 5 B s i, A A/ Simulink, C++, LabVIEW. FMI 284885 1E 30t
%o

"Analyzing system..."
"Performing constraint analysis..."
"The system has 6 degree(s) of freedom. It is modeled using 24 generalized coordinate(s) coupled by 18 algebraic constraint(s)."
"Peforming a dynamic analysis using an augmented reaction formulation - system variables shown below:"

1. 24 Vector,

p— 1. 24 Vector,

p— 1. 24 Vector,

ol 1. 18 Vector

colurmmn

Data Type: anything Data Type: arything Data Type: anything Data Type: arything

Q.

I R = | "vPdot". = |. "vReactions", i
Storage: rectangular Storage: rectangular Storage: rectangular Storage: rectangular
Order: Fortran_order Order: Fortran_order Order: Fortran_ovder Order: Fortran_order

"Dynamic analysis complete.”

> eq3:=vPosCons (3)=0;
eg3 = cos(LEGI_UI _beta(t)) cos(LEGI_UI_alpha(t)) sin(n(z)) sin(&(¢) ) cos(C(z)) ¥AT + cos(LEGI_UI_beta(t)) sin(LEGI_T

) )
— cos(LEGI_UI_betalt)) cos{LEGI_UI_alpha(t)) sin(n()) cos(&() ) cos({(1)) X4 — cos(LEGI_UI_beta(t)) sin(LEGI_
+ cos(LEGI_UI_beta(t)) cos(LEGI_UI_alpha(t)) sin(E(r) ) sin(C(#)) X47 — cos(LEGI_UI_beta(t)) sin(LEG!_UI_alpha(
+ cos(LEGI_UI beta(t)) cos{LEGI_UI_alpha(t)) cos(&(1)) sin(L(1)) ¥4I — cos(LEGI_UI_beta(t)) sin(LEGI_UI_alphal
+ cos(LEGI_UI_beta(t)) cos(LEGI_UI_alpha(t)) cos(n(1)) cos(Cl(2)) ZAI + cos(LEGI_Ul_beta(t)) sin(LEGI_UI_alpha

— sin(LEGI_UI_beta(t)) sin(E(t)) cos(n(¢)) Y41 + sin(LEGI_UI_beta(t)) cos(&(z) ) cos(n(z) ) X471 — y(t) cos(LEGI_UL
+ z(t) cos(LEGI_UI_beta(t)) cos(LEGI_UI_alpha(t)) + sin(LEGI_UI_beta(t)) sin(1(f)) Z41 — ZBI cos(LEGI_UI_betal
+ YBIcos(LEGI Ul beta(t)) sin(LEGI_UI alpha(f)) + x(f) sin(LEGI_UI beta(t)) — XBIsin(LEGI _UI beta(t)) — LEC

> eql:=subs (zeta (t)=A(1), eta (t)=B (1), zi (1)=C(t), eql);
> eq2:=subs (zeta (t)=A(t), eta (t)=B (1), xi (1)=C(t), eq2) ;

> eq3:=subs (zeta (t)=A(1), eta (t)=B (1), zi (1)=C(t), eq3);

Kl 12-7  3RHEL Stewart B2 5 2= 15l /52 05 1%
5.Stewart Iz A3 M3z ] faE S, WA RS 2E T R, T

SKIZB BN FE KR, (07 GHcE BT T, DR RN R seBliz 2]
]

’/" value
RYin . | TTeeo _RYout
stewart, " RZout

valu

Rixin

value

K 12-8 Stewart iz sh4% 5 Al
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P> Relational
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Cylindrical Free Motion Planar
‘ P Electrical i
W 1-D Mechanical l TYY ] ol = a
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P Bodies and Frames
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P> Sensors
& z . Universal XYZ
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¥z

¥ Parameters
[0,0,0.3] ™ o

¥ Parameters

Tz

XA, ¥4, Z4]

m -

IC"

€.

Treat as Guess hd

EEn]

L' Vﬂ—'_'%"(."—'

N\

V¥ Parameters
|XB. ¥3. 28]

Tz

]

¥ Parameters
[0.0,0.51

Tz

¥ Parameters
- AT XY

IC,

¥

Treat as Guess

K 12-17 BECEM TS

3.5 TS H) = ST

5E T 5 R[] S P AR o

E X U BIBIHILE{EZETL N Treat as Guess, B &4t F MG
5 R AR R fan HE AR &

FF.

¥ Parameters

1

N

ryy | [XB.TB.ZB] m o
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-l
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L ] o
- ¥ Parameters
no< | & o -

IC,

¥

Treat as Guess v

K 12-21  5E PRI 5 TR AT a6 (2 7

TENXBEEI TN Z J7h, 257K Treat as Guess.

12.1.3 BT RS

LA AT RO, A ik # U T R Gt Create Subsystem, S PR AEHE Ctrl+G
A 7 RY. KT RGm4N LEG.

FF1 REF1
. L %~ 1, % A
R S — @
1 L £, pn 5,
e r Cut Cirl+X °

Copy Cirl +C
Paste Ctrl+V
Align Horizontal b
Align Vertical »

Create Subsystem  Ctrl+G >
—1

Reroute Connections Cirl+D

Create Subsystem il

Name

Jzd
weo | mEO |

LEG,

12-22 QIEZEM T R4 LEG

2T RGHIMEEID, EEHIT RS, EEEHRNRET RS GBRND,
HERGHAIA ARG —8, &ZHlF] 6 3.



MapleSim ﬂ

Currently, LEG is a stand-alone subsystem. Pasting this

" subsystem will create a new stand-alone subsystem with
identical content. Modifications to one subsystem will
not affect others.

Conwversely, a shared subsystem references a subsystem
definition. Medifying the shared subsystem affects all
subsystems sharing the definition.

You may choose to conwert between a stand-alone and a
shared subsystem at any time.

(¢ Convert LEG to a shared subsystem (Recommended)i

" Replicate LEG as a new stand-alone subsystem

wEo | mEo |

=

K] 12-23 HZIEN T RS

3 T A4 LEG #EA T 248, KKunf) RBF EE T R4t H, {FNZTRAS
HAbRGEH3% 0

RBF RBF, REF,

REF

w

A

o

Rl
RB1

A

o

Rl
R92

A

m

il

w

LA
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1
i
| Ing
1o
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e
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K 12-25 S0 E Kbr

5. 8N FE T A E XA YA, ZA,XB,YB,ZB, FVF&EHTE A E£R, FEFEHE

BB &R, X\YZ R AEZIT Ry RSB 2] S e i =

LEG subsystem default settings

Mame Type Default Value
X4 F.eal i1
¥4 Beal i1
Z4 Beal ¥l
XB Real T
b Real i1
ZB Feal i

12-26 &5E LEG T R4S
12.1.4 Gl P4

L0 Rigid Body 1E A B S RIOEE, HS5®A &R, W EFxR.

LEG, i
I AT T oo e
= = LEG,

= Y- ; —@®
g‘ LEG, LEG,
Q LEG. 5‘ LEG,

5‘ LEG, = LEG,

K 12-27 &S FPGR®E

2.9 58 L G AL FR(0,0,H), F1sEERH| 3R Strictly Enforce #1531 S WI4H{E A
(0,0,H).



¥ Parameters

" 1 kg =
000010 0

1] 0 0000 kgnt |v
0 0

IC, . |StrictlyEnforce =

r [0, 0, H] m -

K 12-28 B LT A WA AL P

12.1.5 Bl E A SH

1S HZHIRE B RN S AERS IR L 7N P, EASEI AN SE L2 K
XAl, YAl, ZAl, XBl, YBI, ZB1 73 #{EN Stewart ‘FEHE—0 X5 NS
IR R B

12-29 IS HEL Py

Farameters subsystem default settings

MName Type Default Value
XA Real ¥l
T4l Feal ¥ |1
Zil Feal Tl |1
XBi Real ¥l i1
Y&I Real ¥l i1
ZR1 Real ¥l

12-30 AL E S &

2.EHISEE Py, EBEEHI MM stand-alone AR, JhSZARAY ATVE NS B o,
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MapleSim x|

I-@-I Currently, Parameters iz a stand-slone subsystem. Pasting

¥ this subsystem will create a new stand-alone subsystem
with 1dentical content. Modifications to one subsystem
will not affect others.

Conwversely, a shared subsystem references a subsystem
definition. Modifying the shared subsystem affects a1l

subsystems sharing the definition.

Tou may choose to conwvert between a stand-alone and =
shared subsystem at any time.

(" Conwvert Parameters to a shared subsystem (Recommended)

fe 'Replicate Parametersz as a new stand-alone Sl.'lbs}'stellé

wEo | mEo |

BE| BB B| BB B

K 12-31  NAMMLL IS HER

309K Pa Z Pe NS HURMISEAFRINT, 20 8 HAR Y ST AR 12, SR
JE T FAZ

P—---—-XA2, YA2, ZA2, XB2, YB2, ZB2.

P;-—--—-XA3, YA3, ZA3, XB3, YB3, ZB3.

Py—-—-XA4, YA4, ZA4, XB4, YB4, ZB4.

Ps-——-—--XAS5, YAS, ZA5, XBS5, YBS5, ZBS.

Pe-—-----XA6, YA6, ZA6, XB6, YB6, ZB6.

HRFAE XA AR, a0 SE e a5 T 1228 R M T.

= = = = =

Y\

Parametars 1 subsystem dat Parameters 3 subsystem de Parameters 4 subsystem del  Parameters 5 subsystem def ~ Parameters & subsystam dei

MName Mame MName MName Name
XA42 X432 Xd4 X453 X6
Y42 T43 T44 Y45 Y46
Z42 Z43 Z4d Z45 Z46
XB2 X8B3 XB4 XB3 XBs
¥B2 YB3 YB4 YBS ¥B&
ZB2 ZB3 ZB4 ZB5 ZBdg

12-32 U HAE

4. 5 HIEFT RS, & SXMSER BT : 40 LEG 408 8 XA=XA1,YA=YAI,
ZA=ZAl %,



Fil—
Sl Mame |LEG
Type LEG
i ¥ Parameters
G L. @ X4 x4l
Fil— ¥4 |F4i
) e ——— Z4 |z4l
= XB XBI
YR |¥BI
R 7B |ZBI
=
Kl 12-33 EMFSHUEIE
Name IEG, Name |[EG, Name  IEG;
Type LEG Type LEG Type LEG
¥ Parameters ¥ Parameters ¥ Parameters
X [xu X4 X4z X4 Xx43
¥4 |¥al T4 [742 74 743
Z4d | Z4] Z4 Z42 Z4  |Z43
X |xB1 X8 XB2 XB XB3
Y8 |¥BI T8 |¥82 Y8 |¥B3
7B |7BI zB  |zB2 78 |zB3
=G Name  LEG; Name |LEG,
Type LES Type LEG Type LEC
¥ Parameters ¥ Parameters Y Parameters
X4 |Xd4 X4 X435 ¥4 |xds
¥4 Y44 T4 Fd5 Fd TA6
Z4 | Z44 4 |Z45 74 | 7dE
X8  XB4 X8 XBS ¥B XB§
¥R YB4 B FBS ¥B YB6
ZB ZB4 ZB |ZBj 7B |ZBs

K 12-34  EFZSHUEE
5. i Z IR AR M SH L BAS BN 7N platformset , HEASHIINS
AR HH T € P S IR =

E MName
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6.4 7 Stewart #7, BAKEIEIT, HAKREESHRAELIRES — X B,

B B B

B—o—o— —— b———

N

Mame |LEG Mame |py

Type LEGC Tyne Standalone Subsys
¥ Parameters ¥ Parameters

X4 | K42 X432 (1

¥4 |¥43 F43 |1

Z4  |Z43 43 |1

X8 |XB3 XB: (1

Y |¥33 FR3 |1

ZB  |ZB3 ZB1 |1
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12.1.6 BRI ZH

1. a5 2 M5 B TR 9 Add Apps and Templates [E47 (8 Y9 MapleSim 7 50 {4
TIN5 Hr AR -

2.5 15 Browse #%fHiE#¥ Set paramters (H & X AR, AL T HLf 51 Stewart £5
R e, W NEIFTR, s Create Attachment #3E N\ Maple #1355,



ﬁ v Templates

?""Custnm Component

E‘""Custnm Port

E‘""External C/Library Block
E‘""]‘[}'draulics Custom Component

’H odelica Custom Component

L-Worlesheet

K 12-37 A B RE TR

3.3k Set paramters Z} TR S I A A0 T, 382 AT DU I AR s L
Stewart f/_-F 5142 RA, FF&EF4ERB, L F&EJM angA, TFH KA angB UL
JAETIIGEAL B = B Ho, KA E Stewart BIAY &I Sl AL bR E

I:} restart : BT R2GMNAFTF
|:} A := NapleSim:—LinkNodel () :###E B 2 Ef Fimaplesintd Y
|i‘> A:—GetParaneters (allparams) ;##i&ﬂi—“lﬁﬁmﬁﬁ

ELEFEH
S e FEHRAER
I:‘:__.---.:r_._.- ——{*.?:-__‘_:I. ) j‘f_? ang A
A EATFTFEE
=717 %EHRBES
7angB
1. StewartZE T2 EH 2. Stewarti= &

> RA:=1:RB:=1: anghA:=0:angB:=0:H0:=1:##E ¥ L T E & HE43RA, BB,
AE R, £ X TS EE=1
K 12-38 [ E X TR i

4. 567 R Stewart B I SE LR E N BB XA YA, ZA, & XB,YB,ZB Jf
PL1,2,3,4,5,6 XS5 L FENFE L), FBFHATEE, RIS IBSRUE NS4,



> A:—GetParameters (allparans) ; #HEREENE &%
X41=0,XBl= %ﬁ Ydl=-1YBI= —%vzale}?zsf:n?mz: %JT @)

)32:%\/?, YAS’Z%,YBQZ—%,Z.42=0,ZBQ=D,)¢43=%J?,)B3

1

?,KB_?=1,ZA3=0,ZB3=0,)G44=—%ﬁ,quo‘y‘g;;:%‘

=0, ¥43=

FB4:1,ZA4:0,ZB4:D,X45:—% ﬁ,)@jz—%ﬁ,ﬁa’j:%,ﬂ?j:

1

! 745=0,7B5=0 X46=0 XB5= —% J3.rd6=-1.¥B6= -5 246

,?’

=0,2B6= 0}
K12-39 $UTHEFRIBSE S

5.151 %1 Maplesim B8, EHRELR 1) S 805 242 Parameters H1o

¥ Parameters
¥ Parameters

—

1
e XA6 [0
va |1 YA6 [-1
ZAG6 |0
za2 [0
1 —
XB2 %H XB6 |- V3
1 ¥B6 -1
e -1 5
782 |0 ZB6 |0

K 12-40 HHSEER
12.1.7 47 #R

1.t Maplesim P74, 35 RTINS, BIFREE Bubs - 4280 R s IEAE 7 FLR .

DAELER, EENGED, AE®, &AF Stewart SR, 1R B,

4 3-D Playback Window E@

WPlot Windows: =&5E3
L
SuPAN -] Flayback Windos]

Leflg Saved Plots =]

.
.. KA e »
R DR
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3RAEARE L N stewartmodel o

12.1.8 A AT 44k

1.7£ Multibody I Visualization (Z &AM H 3k T, 4% Cylindrical Geometry ([3
FEAR)H T R85 AR, 14 Spherical Geometry(BR1A)H T F&or R 74 HIERE
AR, %#E Tapered Cylinder Geometry(HETEAR)H TR Rx LT 4.

W Multibody

P Bodies and Frames
P Forces and Moments
P Toints and Motions
P Sensors

W Visualization

L| - g =

HAxis Box CAD Cylindrical
Geometry Geometry Geometry

- ® |

Force Amow Spherical Spring Tapered
Geometry Geometry Cylinder
EleErai |
ﬁl |l

Torgue Arrow  Path Trace

K 12-42  ZARATAAL T

2.1£ Multibody ] Visualization (Z AR #A4L) B X, it T BB T ALAL T

I FF, REF, o o | CE REF, |
L T Loy 7 LA |

e e e 2Cy

| 1 'P1 31 Lﬂ

| |

| .I 1 - 1 - | - |. I

I S6, [olc} ca, folc) 56 |

K 12-43  WIRALTCIFRE BB SC T REN

3 LN TR TR B 0 30, B EL B IR B FTR



Y, % At K |
T @'L - ; ’T =
[ T - o
G G, ce, ce, 56,

4 AR B
“ ‘0 . @

frame s " [trameb] fames m
Ot @y © ®

Bl L — I — -

SG1Ek{EIES: ceiﬁﬁtﬁﬁ Ce1RITE %R CGZE»HKE?%:
T UB i UG 2| LRB1 L T FLaRBLE

al e s reF, of' o REF g l=.ﬁ|=J
P‘ P g T a 1@ _"C o1
©_ 7 ® @'. o

— - T Iy 4.

£ -
2 =<1 ca,

CG2E IR CG3ETE R CG3ETE1HESE 5@3}5}2#;{%
BEATRBF2E BEATRBF2E FsElZinm F SB[
i i
Kl 12-45 ELD IR

SABAT AL IO B AT A2 KN, 420 R EIE

T aE e
/ / NN

Name |5G;

Name cG, Name SG,y
Type Spherical Geometr Type Cylindrical Geome Type Cylindrical Geome Tvpe Cylindrical Geome Type Spherical Geometr
¥ Parameters ¥ Parameters W Parameters W Parameters ¥ Parameters
radius |0.12 m - radius 0.1 m - radius |0.07 » - radius (0.1 m v radius | 0.12 m -
I cotor B coior [ color B color [ color
™ Transparent " Transparent [~ Transparent [T Transparent ™ Transparent

K 12-46  fEECrT AL IO R RO EL AT R /N

6.HCE T & AT AL



$i i —A Rigid Body Frame H T &/~ B F & HIEE, %€ Rigid Body Frame A2 #5%

$0°5(0,0,0.1), f8E L FEEEN 0.1m.

T

LEG,

REF,

LEG,

T

PR
m]
®

LEG,

LEG,

LEG,

i

T e

LEG,

Mame  RBF)

Type Rigid Body Frame
¥ Parameters

Pz (10,0011 ||m v
Tipeg Euler Angzles v

Tipey [11.2,3]

B‘:ﬂ.(5 [0,0,0] rad -

K 12-47 $RE LT EIEE

P HHEEAR TCGy 35 RBF iE#:, WEHEEAK TCG) bR 42 i

-

TCE,
TCG
REF, 1
REF,
t, %~
| A
J_A_ T_'.
RE
1 RB1
© -9

Mame G,

Typea Tapered Oinder

¥ Parameters

" 1 m -
?“b 1 i -
- color

I Transparent

12-48 2o B ST RAL AR

THEUIBATHR, DR =4 BoriiX, A& 0 UARRE, i an T HEIE 1%
Hl, "IERRAK Stewart AJAALRCR . S AN AALAE T ] DI A CAD Geometry 1A

FLAth = 2 R ST 1) = 4 SRR

nENEEE

(A) [N LTk

I]

CAD
Geometry

(B)CAD =4y
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12-50  Stewart £ 7 %5 5 &

12.2 25>] 2: Stewart FEBIFEGE

BE

Stewart {38 2)) 73 T ELFE AL B 73T« 3 B2 3 A AN Sk B 4 A 55 =0 5% . 183 o i g
PR R, BPIEE S AT I IEARALE B A T I R . AN S EOR T S HUR NN
FEIEM: R SR H S ECR N SHUR N 18 3) 5 R

Stewart IZ3) 05 BN ORI B S IEE), KA MALE . WA, Ik, Ais
BRI . EE AT

L4 E B e B afE AT, lid Absolute Translation, Absolute Rotation
8 LFEROmiEs) (BB, KA.

2NEEATHH : J8Id Probe PREMMEIEFTALE . A, MIEE.

PSR 2> F 2 1 7o



Multibod: .
Y tibody W Ihdtibody
PEodies and Frames

P-Forces and Moments P Bodies and Frames
W Joints and Motions

P Forces and Moments

‘.' !_;;.r P Toints and Motions
* nﬁ&e-n n-n n)( ! ¥ Sensors
Cylindrical Free Motion Planar Prescribed
Rotation ; @ .
! !r ! = o . @ RWO r dv F
. /ﬁ = t@ﬂ "'C.ﬁ” voiv f TET 7 7|
P EulerAngIgI absolle | Absolute || Force and
Revolute

Prescribed Prismatic

G| -+ ]

T I T
Universal XYz Relative Relative
Translational

Rotaticn Translation

Yy ¥¥Y¥Y
na "‘!gn n’f"zn
Pl e

- Rotation Translation Moment
Spherical

Prescribed Prescribed
Raotation Translation
= B RE ot = H B AL IR B Tt

ﬁzm r zdu
v

Absolute i
Rotation Translation
ZAR R AN B I o Z Ak R G Ao ¥ B B o
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Ji17 stewart model & stewartkin (Kinematics), fr% Stewart model 1% F T 5 41
FFEA R HTIRAEN) Stewartkin 58U [ H Tiz sl 2415 H o
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12-52 stewartkin f&E%Y

12.2.2 #hn B FE 95

LR P S Bl — 1 R G0, MEIEFRNA SOOI ETT o, PGS Cr+G 6
HT ARG, wr4404 platform.

N e r] U oo |~
: o — REF: ija:tle Subsystem ﬁ REF:
Ty wE0 | mEo | '

I :

K 12-53 &P a4t K 12-54 QT R4S
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platform,

Kl 12-55 EF&F £5: platform

20N B 6 platform T R4, MEAA RS E RIS €4 Fixed Frame, $%5) UKz
Prescribed Rotation, 2 5ZX5)) Prescribed Rotation, 77 &+, & /5EED FFEFOk

i

W Maltibody

W Eodies and Frames

A
§—n I tat | ©: Ly
Fixed Frame Flexible Rigid Body Rigid Body
Beam Frame
P Forces and Moments
W Jeints and Motions
TYyY
i
ol | | & ST
Cylindrical Free Motion Planar Prescribed
Rotation
rrY
$Cp

| |oe | <O

Prescribed Prismatic

Translation
G| #

Universal XYz
Translational

K 12-56 #E L EIkE)

Spherical

TCG,

jm——

34 ANME 5 el Real DeMultiplexer, 44-4% 211 9K 2 A1 21 5K 20 (¥ 4y N\ it 1
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WSignel Blocks. .. Tt
P> Common |
P Boolean I EE
P> Continuous | 1 T
P Controllers | L. \f
P> Discontinuous | )
P Discrete |J'|
P Interpolation Iables I'rl 1 °
P> Mathematical |
P> Relational |
W Routing |
P To-From Blocks | " }‘i
W Demultiplexers | )- o=
| 1
| | E R
4 s
| F o
Boolean Integer Real |
DeMultiplexer DeMultiplexefl DeMultiplexer |
P Multiplexers B
2 1 /N fo7d
Kl 12-57 EEAES o iE it
aaasaamnn o e s s e < < s s aaaEuaa ey da e s s |
| ‘ } |
} ey } ‘ REF, |
(¥ TCG,
| t, e oG] ‘
a— ‘ |
; - s SRS
i \
! @ } B '@ |
* I E \
\ ‘ } |
| > | ‘ |
T y,Y |
\ ,_E% "4 \ | }
} j ”‘ } | IEE » o }
A |
| FFy /‘?’ | | ae
| A e, | | == ).,;TD }
| \ \ =, :
\ \ \
,,,,,,,,,,,,,,,,,,,,, 4 \ J
e e e e S o e e e S o e

12-58 EFE P 6 9KEh N

4. bR 7 HIAEIE RS 3 IR 3t 11, K 4 FRAE SN PIN,[RIRE K 3 20 DK 3 11
LFRECN RIN P8 = RS H 3K, 7l LB 2 platform 13 114 PIN,RIN 4N 11

Name [PIV | |3g=

Type Real Input

MR
Name |RIV Ve

A
Type Real Input !

K 12-59 &0 4 8% PIN ,RIN



al

LEG

al

LEG,

a2l

LEG,

platfarm,

LEG,

al

LEG,

i 5

T

LEG,

K] 12-60 platform ¥ 54t b SRy H 44 FK

545604 F~F & 1 Fixed Frame AR FE 9(0,0,H), 8 53X 50 (K45 5 LA EF G B0 TG

Name |FF)
FFI
| Type Fixed Frame
¥ Parameters
o o

Pz |[0.0.H] m -

K 12-61  4RE MBI IR AL E.

12.2.3 A L FEaHA

LA S E G HR— DT RGE, (444 stewart.

A
= LEG,

Create Subsystem ﬁ

Name
|ste\vart
. wEo | mEO | [
*RN
"II—
- platform,
= LEG,

= LEG,
3

= LEG, stewar,
K 12-62 & AR stewart T R4t

2.3k N stewart T R40, ¥ EF & 1% N\ PIN,RIN 5] HENZ T RZGem A, K H

[EE I R 3 1 2370l i 44 4 Pxyz,Rxyz.



Name  Pxyz . = LEG,

Type Real Input

MName |Rxpz * [T T A
Type Real Input

PN
al

platform,

. T =1
K] 12-63 1% stewart -7 & St 1 Pxyz,Rxyz

3.5 FI N A IS S J01 Real Multiplexer, 750 7155 stewart (AN . #5545
B SN IESZE SR IROER R & IHE 5 oot E N EAG 5.

| ¥ Signal Blocks

P> Common

P Boclean

P> Continuous

P> Controllers

P> Discontinuous

P Discrete

P Interpolation Tables

P Mathematical

P> Relational

W Routing
P> To-From Blocks
P> Demultiplexers
W Multiplexers

%
| - < B

Boolean Integer Real

Payz

Slewarl,

Kl 12-64 EHAE5 G ROTER] Stewart T R4

W Signal Elocks

W Common

>

]

Integrator PID Agd Feedback

> EH P [

Gain  Constant | Sine Source Step

=

¥

12-65 i/} Sine {5 51/E N &GN

ANETAN IETZAE 5 o 4 FR 2y BN PZ,PY,PX,RZ,RY,YX {8 T AHN{E S8,
B NG SR/ NOE RN EHEE 2 BHEE51E5)).



ks Name |PZ Name |PY Mame |PY
/\/ Type Sine Source Type Sine Source Type  Sine Source
Py VY Parameters V¥ Parameters VY Parameters
amplitude 0.1 amplitude |0 ampiituds |0
%ﬂ 7 1 g |- 7 1 B | 7 1 L
i * 0 rad v ® 0 rad v o 0 rad T
/\/ oftet 0 ot |0 ofiet |0
% 0 PR T 0 s v 7 0 PR
i Name RZ Name [&¥ Name 2Y
/\/ Type  SineSource Type  SineSource Type  SineSource
¥ Parameters ¥ Parameters ¥ Parameters
RY amplitude |0 amplituds |0 anplitude [0
/\/’—:EEI—* I 1 E v I 1 H v I 1 H v
o L] 0 rad L2 @ 0 rad v L] 1] rad f
offset 0 offset 0 afftet (]
/\/ % 0 5 o 5 0 B - T 0 B o

K 12-66  FREM AL T FHR Mg (E

12.2.4 &K

LN T 298 LEG A2 3R] Py A I 1 51 B, e 2] 1 R4 LEG (M RE2L
UHE, FHEERT RS stewart FIBELAHE, 1~ EIFR.

1
LEG.

| »

AN
platform
T
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1.3EN stewart T-24t, il Icon EbridE NP LHD & A5,

Tk, ) Ik stewart.gif BB A (B2 T B3 )IBE R SO o

@‘r | !’,Q: r:i:{ OF’ robe2
- ::r ':: /////// ’i"' : Probe3
linnnsmm=n== Bt
— T “‘n_OF'robeSSl F
@ \bF'rnbes i
K] 12-68 AT 4 il i
Probel Probel
¥ Length s [~ Length s
[ Speed v ¥ Speed |v
[ Acceleration a [ Acceleration |a
[ Force f [ Force f
W= EE I A
Probel Probel
[ Length s ¥ Length |s
[ Speed v ¥ Speed |v
» Acceleration |a » Acceleration |a
[~ Force |f [ Force f
I 0 e A = A
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RY \‘, 5V, 3
.-[\/ ::] bProbeEi
5V, 3
X

K 12-71 Stewart 7127 El#r

12.2.6 AN EEIE

BATHA, AT EA R T A R



oasff— - |“]Pm}|:l|ﬂ'gu (I T oas - |“]Pm?l|czju (R
1 T
FUIHEE
e
U TR
“H il O =00 i il
e Ul ]u[ l||,|I l||,'| U ||u|l Lll 1“[' Il|.|l l||‘|i e Ul ]uI l||,|I l||,'| U ||u|l ibll 1'|[| |]l,ll l||‘|i

K 12-72 fiESER

12.3 23 3: Stewart FEIFHEHGE

B

B 1R A S S R E R 1 2 IR R o Stewart 3] ) 2407 BAARAG /S 4r
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HRERIRE 1B T B 120 H AR, ARG NIMGE & I 32 3 2 07 Hom AT
O B HE, @I spline $7 IS BN H 0 ELAOEUIE, VRN IR MIZ S IR, fE151E
AR, EF SNBSS, HIE XS 3) T REMNZ T, ZTERE S
—ANBE) TN A E, RIS SRR 7 B S R R (A Adams B 1 D

MapleSim HI5) 715105 B, K88 A8 RIS SUF-KEHERD RIsh Ty #0884y
SCORFEFF IR ) G5 — BRI Stewart B8, AT LLSEIANELZ S T ¥3) 505 H .

FENER:
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W 1-D Mechanical

P Rotational
W Iranslational

P> Common

P Springs and Dampers
P Friction and Stops
P Force Drivers

WMotion Drivers

"?l ;I ? Translational Position: F -5 € % 3 B I B

Translational Constant  Translational

Acouasis: 1 i Move Force Sensor: JH-T- I &E&FNEIN2Z 1

"? | "? | Position Sensor: ] Tl & s B A &

W Sensors

Kl 12-73 sl R oo
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Probe
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MapleSim il

I@ Currently, stewart is a stand-slone subsystem. Pasting

&Y' thic cubsystem will creats a new stand-alone subsystem
with identical comtent. Modifications to ome subsystem
will not affsct others.

Conwversely, a shared subsystem references a subsystem
definition. Modifying the shared subsystem affects all
subsystems sharing the definition

You may choose to convert hetwsen a stand-alone and a
shared subsystem at any time.

" Comvert stewart to a shared subsystem (Recommended)

 Replicate stewart ss a mew stend-zlons subsystem

K] 12-75 | stewart T R4 ML T RS

3EMERRFWT, HANFE A Stewart FEH) EFET RS, #K EF GRS
MIER . 25— Stewart By BTG IKE), 55 A Stewart AN IS .

12-76 MR _EF G WREhc:

4B [F 2 sewart, 7RG H I, BN SCAEL LU FUIHER, R R E7 G4
o, ERTR.
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5.FT7F Local Component H 3%, ¥ Component H % NHIILE T R4 LEG &4, #
YEJ71%: i LEG £ SR AR ie % Duplicate, 7548 H (1 #r A AE B4\ LEGtwo. 1% T &
i 0T B8 — A Stewart HUMRIZNAN 032, 1ZERAEM1F LEG M1 LEGtwo # B AT,

Local Components Local Components
Find: X Find
W Companents - ) [T——
1 1 - Rename Subsystem x| il
_ 5 T,
\ [ensie 1 LEG (EGtwo  PlatformGlass
] ) - i 1
1 L= Duplicate B )
Delete J . i
J Move to Hierarchy »
ﬁ SPLegClass
3

Kl 12-78 il LEGtwo

6.5 H 6 41~ LEGtwo T R 4: 3 stewart, T KRG HHE . B ESEEST:
LEGtwol S N XA=XA1,YA=YA1,ZA=ZA1 %,

LEGnD,

LEGWo,

LEGinG, |Z|

LEGIWD, platform,

LEGWo,

LEGinG,

12-79 & #2754 LEGtwo T &5t

Name  LEGnwo, Name  |LEGiwo, Name  LEGiwog

Type LEGtwo Type LEGtwo Type LEGtwo
¥ Parameters ¥ Parameters ¥ Parameters

X |x X4 x4 X |xa

¥4 ¥4l T4 |F42 ¥4 |F43

74 |Z4) 74 |42 Z4  |Z43

X8 X8I X8 xm2 ¥B  XB3

¥z |¥B! TB | 7BZ Y8 ¥B3

7B |ZB! 7B ZB2 ZB | ZB3

Name | LEGhway Name  |LEGiwos Name |LEGtwog

Type LEGtwo Type LEGtwo Type LEGiwo
V¥ Parameters ¥ Parameters ¥ Parameters

X4 x4 X4 |XA5 X |Xi6

T4 T4 YA |45 ¥4 |Fd6

Z4 244 Z4 |45 Z4 |Z46

XB | XB4 XB |XB5 XB  |XB6

YE | TB4 YR |TBS T8 | ¥B6

ZB B4 B |ZB3 ZB |ZB6

K 12-80 & LEGtwo fIZ %



745 6 ML 5 BT SR FEFTR, #EA LEGtwo T R4, KR anmIF 0 L
LT

I-

LEGtwa,

I
e
m
2
8

LEGws,

I
n
m
2
k-

LEGtwa,

I‘

at
LEGHWe, piatfarm,

LEGtwa, - I

al
i
RS.

LEGa, B

I
-
m
|

12-81 Ik P Il 2k 12-82  #HLS EF A
8.4i Hi Translational Position Fl Force Sensor £ LEGtwo T R4+, ik
Translational Position Z#( ] exact, f&EM AL AN, e T EIEL . ZiRF
TRIE T 35 A stewart BRI AT IKE], IR H 1) 700 & ok

W 1-D Mechanical Name P,
P> Rotational
W Iranslational

P Common

Type Translational Positic

'V Parameters

[ Uses: t Fl
P> Springs and Dampers e Support Flange
P Fric d Stops ¥ exact
P Forc s 5 =
Whotion Drivers . i
M . = : L
PE=SD o [ —] T
/I /I R, REF, o ° ReF, o ° ReE,
.
Trnsiatonal Constant  Transiational L.t one Lo b
Accelerate Speed Move by
1 F‘ 3
| v o
2 % s,
d c6, cG, oG, sG,
Translational [fransiational
Position Speed

W Sensors

! Position Speed

Sensor Sensor

K12-83  fi7E 7 SONBAEANL B K]
QAT N i I 42 3| stewart, T RGN I, W 775 H v & RE R stewarts
F ARG AN, N LFETF RS platform, ¥ L F & B0 ISR B N Treat as
guess, PFERMERHFKRE, WTFEFR.



|
|

r o e e
|

LEdGiwo, ‘ |
‘ | Type Rigid Bodhy
B
LM Lo = R —
LEGm, | | b, ke CG, [— 1 & |
e |
LEGwa | | b, | 0.00010
! § | I | om 0 olligam v
l | d ° | 0
| ‘_ | IC,  |Treatas Guess M
LEGHwo, platform, | ‘ | ’
| ERRNREnnnan SR S aN R A SaN L Anans A nAR R R RaR A Sl fwom |
b g miﬁ |
I LEGmo, |
b g i* |
| LEGm, |
|

K 12-84 B SEAIRIMAEER
12.3.2 WM 1A B

1LZEFEHXF, 30 6 4 Position Sensor H T & 25— Stewart V- 518 8l I} 579 32
EMMMNERE, Rz EEE NS A Stewart P& A KHAE.

W 1-D Mechsnical
P Rotational
W Translational
P Common.
P Springs and Dampers

P Friction and Steps
P Force Drivers
P Motion Drivers

W Sensors

ml-m-m

Force Sensor| Position Speed
Sensor Sensor
T i Ti i T K
Acceleration Power Relative
Sensor Sensor Acceleration
Sensor

K 12-85 NI & I B AL B3 oot
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2K PSS — > Stewart F A i HHANER A~ Stewart UM

PZ

Kl 12-86 A Stewart FR7H

4 [ FHREL probe WIS 1152 71, B3R EH i 44 4 forcel~force6 .

12-87  PEEFZ 77

1233 &AM ELS

IBATHA, AT A NS STRIIRE 77, AR 0 45 SR T Tk B s AL e
WAL /A R IR mE, AL B g2 4o



Forcel: value Force2: value

Y O ' (S |V |
sILIEE A O
anl H ‘l |‘ H—H ‘|| || ‘| 241 ‘| ‘ ‘ ||| #\ |l| |\ ‘1 ‘
AU e
AR ARARARR R AR RAR Eo T
2'“‘l\|‘\|||’ L Elg‘l||l|||’ i
: ||||||} H : |\l||||||} 3
H"H"'""I"\f | I|||1"H Hll“” IIIHH“H
HH |||| H || ]||‘ \ H I l||| H HH |||| H I ]|‘ |1 I |'| ‘l
e 3L 0 0

t

] 12-88  stewartdyn #& T4 5) )25 B 45 R

12.4 2] 4: Stewart F & B3 H|

B

Seevbitil e IR e S Rl DR st NI Y- 8, N P it N S
U NEYPISEE =2 E i e s

Stewart PGB s, NS E B SR e B AT, TS 6 i
WS RiEg). SH EARETAE . W Dy =R, AR AL B
LR g e ) PR 7 3

VAR S22 7R fE Stewart I8ZE K1, ySEIT & N EPLIEAT, FFER
HAZIZE ~ AR E &, AT s) 2RI L .

2. Bl e, R DU NEAT S, O TR RIROR, RENE
BRI E. BEMMAR, JF 5B AT, B S .

ZSEBIRE 2R T



W Signal Blocks

W Common

Integrator: 143 oA

PID:PID 5 T4t

Feedback: it N\ JoA

Sine Source Step

W 1-D Mechanical

P Rotational

W Iranslational

P Common Ly —
. Force: JJUXZ))7G
bSpnngs and Dampers
PFriction and Stops

WForce Drivers

—_—

k4
—a | s=e | ==
L s
Constant Force Force 2
Force

Kl 12-89 sl Il

12.4.1 #8445 B

1. ¥THZR>] 1 1) stewartmodel #5784, H1EHN stewartcontrol , o 22 30 H [H B

) “Add Apps and Templates” (ﬁ ) Templates HHi% ¥ Worksheet, IR INS>

WA E 5 i (Y HEA Maple.

% v Templates

— Browse._ ..

;*""Eus tom Component
;*""Eus tom Port
*Ex ternal CfLibrary Flog

i’""Hndelica Custom Compa

'l-:nrksheetll

K] 12-90 I HTARAR



2. BT EFP

mModel := MapleSim:-LinkModel();

MB := mModel:-GetMultibody(simplify = true);

IBATZAR, T LAIRAS stewart B (RIS 352 5 RE AN B F1 5 5 R o
TERE: T4 Shift+Enter, 24T Bnter g ( M),

3. IBATAR AT B 2 stewart BRI H DY 6, K 24 DR 18 MR AR H
A I B 2 T RS 15T R

" Analyzing system."
"Performing constraint analysis.."
"The system has 6 degree(s) of freedom. It is modeled using 24 generalized coordinate(s) coupled by 18 algebraic constraint(s)."
"Peforming a dynamic analysis using an augmented reaction formulation - system variables shown below:"

1. 24 Vector, pom 1. 24 Vector, pom 1. 24 Vector, b om 1. 18 Vector, p o

g, Data Type aﬂ}:h:feg P, Data Type. an}zhzfqg 1 Pdot. Data Type. an}{hzfqg | vReactions', Data Type. an}zhzfqg
Storage: rectangular Storage: rectangular Storage: rectangular Storage: rectangular
Order: Fortran_order Order: Fortran_order Order: Fortran_order Order: Fortran_order

"Dynamic analysis complete "
12-91  Stewart BALE ) M) F1 AL HTTRE

4. 1t Multibody Analysis %\ L N FEfT:
vPosCons:=MB:-GetPosCons();

% Enter 88 1] B LR T FE TR o

» vPosCons ;= MB:-GetPosCons( );
1. 18 Vector,

colurmn

Data Type: anythin;
vPosCons == P - _g
Storage: rectangular

Order: Fortran_order
12-92 BRI

5. ¥ AR AE vPosCons:=MB:-GetPosCons(); I, iy LA 217184
A=A HANAT, W FEFTR.



> vPosCons := MB:-GetPosCons| J;

1. 18 Lgcmrcoinmn

WPosCons = Data Type: arything

Storage: rectangular

Order: Foriran_order

K 12-93  JEA AT
6. EFEL1T BiA
eql:=vPosCons(1)=0;
eq2:=vPosCons(2)=0;
eq3:=vPosCons(3)=0;

SRJEMIRI% Enter ATIX =AMw 4, H T IRBUSE LA B 29 7 R 1T = A7 11X
MNTTRERIR T 0 S — I B AR TTRE . T Stewart MR 4r SC &5 M2 —FF, RItkixTs
PR P LLE A& 2R 6 AR E 28 T8 oAt 7 SR B2 R TR

7.0 XM EBEARTENT. 58 L TFaBIILE xt)y0).2t), 7 5% &
CO)n(t)E(M) . 43— U BIFAEE 458 LEG1 U1 alpha(t),LEG1 Ul _beta(t)FIF53h

gl PAF&E LEGI_P1 _s(t).

> eql:=vPosCons (1)=0;
egl = -sin(LEGI_UI_bera(t)) sin(LEGI_UI_alpha(t)) sin(n (1)) sin(&(r)
— sin(LEGI_UI beta(t)) cos(LEGI_U1 alpha(r)) sin(n(z)) sin(Z (s

sin({(1)) ¥4I + sin(LEGI_UI_beta(t)) sin(LEGI_U!_alpha()) sin(n(1)) cos(¥(1)) sin(£(1)) K41
1) 1) cos(L(1)) YA + sin(LEGI_UI betalt)) cos(LEGI_UI aipha(z)) sin(n(2)) cos(&(r)) cos(C (1)) X41
+ sin(LEGI_UI_beta(t) ) sin(LEGI_UI_alpha(t)) sin(¥(1)) cos(¢(t)) X41 + sin(LEGI_UI_beta(t)) sin(ZEGI_UI_alpha(t)) cos(¥(1) ) cos(§ (1)) ¥41
— sin(LEGI_U1 beta(t) ) sin(ZEGI_UI alpha(r)) cos(n(z)) sin(C (1)) Z41 — sin(LEGI Ul betalt)) cos(LEGI_UI alpha(t)) sin(&(t) ) sin(E()) X471
)
)

i
Ei

(.
— sin(LEGI_UI_beta(t) ) cos(LEGI_U1_aipha(1)) cos(E(1) ) sin({ (1)) ¥4I — sin(LEGI_UI_beta(t)) cos(LEGI_UI_alpha(t)) cos(n(1)) cos(¥(1)) 241
— cos(LEGI_UI_beta(1)) sin(&(r)) cos(n(r)) 741 + cos(LEGI_UI eta(r)) cos(&(r)) cos(n(r)) X41 + M(¢) sin(LEG]_UI_beta(r)) sin(LEGI_UI alpha(1))
— (1) sin(LEG_Ul_beta(t)) cos(LEGI_UI_alpha(t)) — YBIsin(LEGI_Ul_beta(t)) sin(LEG]_UI_alpha(t)) + ZBIsin(LEGI_UI_beta(t)) cos(LEGI_UI_alpha(t))
+ cos(LEGI_UI beta(r)) sin(n(t)) Z41 + x(t) cos(LEGI_UI_betalz)) — XBlcos(LEGI_UI beta(z)) =0
> eq2:=vPosCons (2)=0;
eg2:=sin(LEGI_UI alpha(t)) sin(n(z)) sin(&(r)) cos(¢(r)) Y47 — sin(LEGI_UI alpha(t)) )
+ cos(LEGI_UI_alpha(t)) sin(1 (1)) cos(E(r)) sin({(t)) X41 + sin( LEGI_UI_alpha(t)) sin(E(z) ) sin({(f)) X1 + sin( LEGI_UI_alpha(1)) cos(E(z)) sin({()) Y41
+ sin(LEGI_U1_alpha(f)) cos(n (1)) cos(L(z)) ZA1 + cos(LEG]_UI_alpha(t)) sin(&(t) ) cos(C(t)) X41 + cos(ZEGI_UT_alphait)) cos(&(r)) cos(¢(r)) Y47
— cos(LEGI_U1_alphalt)) cos(1(1)) sin({(£)) Z41 + y{1) cos(LEGI_U1_alpha(t)) + (1) sin(LEGI_U1_alpha(t)) — ZB1 sin(LEG1_U1_alpha(t)) — YB1 cos| LEGI_UI_alpha(t)) =0

)) sin(n(2)) cos(E(2)) cos(C(r)) X41 — cos(LEGE_UT atphai 1) sin(n(t)) sin(&(r)) sin(C(r)) Y42

> eq3:=vPosCons (3)=0

eg3:= cos(LEG]_UI_betalt)) cos(LEGI_UI_alpha(t)) sin(1 (1)) sin(&(r) ) cos({(t)) ¥4 + cos(LEGI_UI_beta(t)) sin(LEGI_UI_alpha(t)) sin(1(1)) sin(E(f) ) sin({ (1)) ¥47

) )
— cos(LEGI_UI_betal(1)) cos(LEGI_UI_alphal(t)) sin(n(z)) cos(&(r) ) cos(C(t) ) X41 — cos(LEGI_UI bera(t)) sin(LEGI Ul alpha(t)) sin(n/(1)) cos(&(z) ) sin(C(r) ) X41
+ cos(LEGI_UI_beta(1)) cos(LEGI_UI_alpha(t)) sin(E()) sin({ (1)) X41 — cos(LEGI_UI_beta({)) sin(LEGI_UI_alpha(t)) sin(&(t) ) cos({(1) ) X4
+ cos(LEGI_UI_betal(1)) cos(LEGI_UI_aiphal(r)) cos(E(z)) sin(C(r)) 41 — cos(LEGI_UI bera(t)) sin(LEGI Ul alpha(t)) cos(E (1)) cos(E(z)) ¥4I
+ cos(LEGI_UI_beta(1)) cos(LEGI_UI_alpha(t)) cos((1)) cos{{(f)) Z41 + cos(LEGI_UI_beta(1)) sin(LEGI_UI_alpha(1)) cos(n (1)) sin(() ) Z41
— sin(LEGI_U1_bata(r) ) sin(&(1)) cos(n (1)) ¥4I + sin(LEGI Ul betalt)) cos(&(t) ) cos(n (1)) X4 — (1) cos(LEGI_UI beta(r)) sin(ZEGI_UI clphair))

+ 2(1) cos(LEGI_U1_betal(1)) cos( LEG]_UI_alpha(1)) + sin(LEGI_U1_betalt)) sin(1)(1)) ZAI — ZB] cos(LEGI_UI_beial()) cos(LEGI_UI_alpha(t))
+ YBI cos(ZEGI_U1_betalt)) sin(LEG]_UI_alphalt)) + x() sin( LEG]_UI_betalt)) = XB1sin(LEGI_UI betal1)) — LEGI_PI s(t) =1=0

P 12-94  Stewart FR A7 B 29 97 FEEEL



12.4.2 HE M Wia s 12
1. 7£°F eql:=vPosCons(1)=0; A F-ffi N = ANr AT F- 4% a0 TN
eql:=subs(zeta(t)=A(t),eta(t)=B(t),xi(t)=C(t),eql);

eq2:=subs(zeta(t)=A(t),eta(t)=B(t),xi(t)=C(t),eq2);

eq3:=subs(zeta(t)=A(t),eta(t)=B(t),xi(t)=C(t),eq3);

2. Subs()fir & F FH AT R AHK, zeta(t)-A(t),eta(t)=B(0).xi()=C(t) H HI2¥ C(t) &
oy A, nt) & B, &()E#Ky Ct). ABC MR EFA% X &, Y Hhifl Z
PR, fERZE N T TR,

> eq3:=vPosCons (3)=0;
egd = cos(LEGI Ul beta(t)) cos(LEGI_Ul_alpha(r)) sin(n(7)) sin(&(1)) cos(C(z)) ¥47 + cos(LEGI Ul _beta(r)) sin(LEGI T

) )
— cos(LEGI_ Ul beta(t)) cos(LEGI_UlI alpha(r)) sin(n(1)) cos(E(z)) cos(Cir)) X41 — cos(LEGI Ul beta(t)) sin(LEG]_
+ cos(LEGI_Ul beta(t)) cos(LEGI Ul alpha(r)) sin(&(r)) sin(€(7)) X471 — cos(LEGI_Ul beta(r)) sin(LEGI_Ul alpha(
+ cos(LEGI_Ul beta(t)) cos(LEGI_Ul alpha(r)) cos(&(1)) sin(€(1)) Y47 — cos(LEGI_UI beta(t)) sin(LEGI_UI_alpha(
+ cos(LEGI_Ul beta(t)) cos(LEGI_UlI alpha(t)) cos(n(z)) cos(L(1)) Z47 + cos{LEGI Ul _beta(1)) sin{LEGI Ul _alpha

— sin(LEGI_UI beta(t)) sin(&(7)) cos(n(7)) ¥41 + sin(LEGI_UI beta(t)) cos(E(z)) cos(n(z)) X471 — (1) cos(LEGI Ul
+ 2(1) cos(LEG] Ul beta(t)) cos(LEGI Ul alpha(t)) + sin(LEGI Ul beta(r)) sin(n(1)) Z41 — ZBI cos(LEG]_UI_betal
+ YBIcos(LEGI U1 beta(t)) sin(LEGI_Ul_alphalt)) + x(1) sin(LEGI_UI_beta(t)) — XB1 sin(LEGI_Ul_betal)) — LEC

> eql:=subs (zeta (1)=A(t), eta (t)=B(t), xi (t)=C(t), eql);
> eq2:=subs (zeta (1)=A(1), eta (t)=B (1), xi (t)=C(t), eq2);

> eq3:=subs (zeta (1)=A(t), eta (1)=B(t), xi (t)=C(1), eq3);
K 12-95  Stewart R i B 2 57 AL B 4k

3. A AT I N
eq:=[eql,eq2,eq3];

B — M, AT 2T -
> eql:=subs (zeta(t)=A(t), eta(t)=B (1), xi (1)=C(1), eql);
> eq2:=subs (zeta(t)=A(t), eta(t)=B (1), xi (1)=C(1), eq?) ;
> eq3:=subs (zeta(t)=A(t), eta(t)=B (1), xi (1)=C(1), eq3);

> eq:=[eql, eq2, eq3];
Kl 12-96  fi N AR 4 ig 4
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> eq:=[eql, eq2, eq3];

eq = [ -sin(LEGI_U1_betalt)) sin(LEGI_UI_alphalt)) sin(B(1)) sin(C(r)) sin(4(z)) 1
— Sin(ZEGI_UI_betalt)) cos(LEG]_UI_alphalt)) sin(B(1)) sin(C(1)) cos(4(1)) I
+ Sin(ZEGI_UI_betalt)) sin(LEG]_UI_alphalr)) sin(€(1)) cos(4 (1)) X417 + sin(
— sin(ZEGI_UI beta(t)) sin(LEG]_UI_alphal)) cos(B(1)) sin(A(#)) Z41 — sin(.
— sin(ZEGI_UI beta(t)) cos(LEG]_UI_alphalt)) cos(C(t)) sin(A4(1)) ¥4I — sin(
— cos(LEGI_UI beta(t)) sin(C(1)) cos(B(1)) ¥l

+ cos(LEGI_UI beta(t)) cos(t
— 2(#) sin(LEGI_UI beta(t)) cos\LEGI_Ul alpha(t)) — ¥BIsin(LEGI Ul betal
+ cos(LEGI_ Ul beta(t)) sin(B(t)) Z41 + x(t) cos(LEGI_UI beta(t)) — XBlcos
— sin{LEGI_UI_alpha(t)) sin{B(t)) cos(C(¢#)) cos(A(1) ) Xd] — cos(LEGI_UI dal
+ sin(LEGI Ul alpha(t)) sin(C(t)) sin(A(t)) X41 + sin(LEGI_Ul_alpha(t)) co
+ cos(LEGI Ul _alpha(t)) sin(C(¢)) cos(4(t)) X4 + cos(LEGI Ul _alpha(t ]]
+ 2(t) sin(LEGI_UI alpha(t)) — ZBI sin(LEGI Ul aipha(t)) — ¥B1 cos(LEGI_
(

+ cos(LEGI_UI_beta(t)) sin(LEGI_Ul_alpha(t)) sin(B(1)) sin(C(1)) sin(A4(1)) ¥
— cos(LEGI_UI_beta(t)) sin(LEGI_Ul_alpha(t)) sin(B(1)) cos(C(t)) sin(4(z)) A

— cos(LEGI_UI beta(t)) sin(LEGI_Ul_alpha(t)) sin(C(1)) cos(A(f) ) X4 + cosl
— cos(LEGI_UI beta(t)) sin(LEGI_Ul_alpha(t)) cos(C(t)) cos(A4(r)) ¥4I + cos
+ cos(LEGI_UI_beta(t)) sin(LEGI_Ul_alpha(t)) cos(B(1)) sin{4(1)) Z41 — sin(

— 1) cos(LEGI_UI_bera(t)
— ZBIcos(LEGI Ul beta(1)
=10]

sin(LEGI_UI_alphalt))
cos(LEGI_UI_alpha(t))

z(t) cos(LEGI_UlI_bata

)
) ¥BI cos(LEGI_UI_bet

4
"
Kl 12-97 BB s R4

5. 1% Cul+C BB )5 I =1 eq:=[eql,eq2,eq3];» TENDZMizzh2E
T

> eq:=[eql, eq2, eq3];

—Ly

L

) — 1bicos|

| + ¥BIcos(

12-98 i3> — 4

6. Mt % JHE R Custom Component(FH F' H € o), ARG E 2 Xt



1, 55 B AR Create Attachment 3 A 3] maple 3735,

fis

v Templates

rHBrowse. _ .

% """ Custom Port

?“External C/Library Block
?“Hydraulics Custom Component
?“Mndelica Custom Component
“Worksheet

K 12-99 N E & oo AR

7. ERIATTREAL, MERE IR SRR RN 210, 4% Enter ST 7

FE4.
Define Equations:

ey = |- mn(LEGI Ul beta(t)
— sin(LEGI Ul betalt

)
( c
+ sin(LEGI Ul betalt
(
(

)
os{LEGI Ul alpha(t)) sin|
in(LEGI Ul alpha(t)) sin(
in(LEGI UI alpha(t)) cos(
cos(LEGI Ul alpha(t)) cos(C(t
(7)) cos(B(1)) XA + ¥(1)

) sin(B(
si ) Clt
— sin(LEGI U1 bata(t)) si ) B(

(
)
)
)
— sin(LEGI_UI_beta(t)

)
)
)
)
+ cos(LEGI Ul beta(t)) cos(C
— ¥YBIsin([LEGI Ul beta(t)) si

— XBlcos(LEGI Ul beta(t)) =0, sin(LEGI Ul alpha(i)
—cos({LEGI Ul alpha(t)) sin(B(t)) sin(C(1)) s

+ sin(LEGI Ul _alpha(t)) cos(C(t)) sin(4(1)) ¥4I + sin(
+ cos(LEGI Ul alpha(t)) cos(C

— ¥Blcos(LEGI Ul alpha(t)) =

sin(LEGI Ul alpha(t)) sin(B(1)) si
t

I

n(A(t)) ¥4I + cos(LEGI_Ul_alpha(t

(#)) cos(A(t)) F41 — cos{LEGI Ul alpha(t)) cos|
0, cos(LEGI Ul beta(t)) cos(LEGI Ul alpha(t)) si

n(A4(r)) Y41
[ os{A(7)) ¥4I 4
os{A(2)) X411 + sin(LEG.

sin(4(7 I —sin(LEG.
) ) sin(A(2)) ¥4I — sin([LEG
sin(LEGI U1 beta(t)) sin L

) sin(C(1) ) si
) sin(Ciz)) ©
)} cos(A(z])
) ) Z4

in(LEGI_Ul_alpha(t)) + ZBIsin(LEGI_UI betalt))

) sin(B(z)) sin(C(z)) cos(A(1
(
LEGI Ul alpha(t)) cos(B(t
B(

~+ cos(LEGI_Ul beta(t)) sin(LEGI Ul _alpha(t)) sin(B(1)) sin(C(z1)) sin(A4(z)) ¥4I —
—cos{LEGI Ul beta(t)) sin(LEGI Ul alpha(t)) sin(B(t)) cos{C(1)) sin(A4(7)) X471 4
— cos(LEGI Ul beta(t)) sin(LEGI U1 alpha(t)) sin{C(1)) cosi4(1)) X417 + cos{LEG
—cos({LEGI Ul beta(t)) sin(LEGI Ul alpha(t)) cos(Clt)) cos(4(t)) ¥41 + cos(LEC
+ cos({LEGI Ul beta(t)) sin(LEGI Ul alpha(t)) cos(B(t)) sin(A(t)) Z41 — sin([LEG
— vit) cos(LEGI Ul heta(t)) sin(LEGI Ul alpha(t)) + z(t) cos{LEGI Ul bata(t)) c
— ZBlcos(LEGI Ul beta(t)) cosiLEGI Ul alpha(t)) + YBIlcos(LEGI Ul betalt))

K 12-100 HE #4532
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Configuration: © Parameters

Configuration: @ parameters

Refresh All

Refresh All
Variable (Guess

! |A(t) Parameter Dafanult
2 Bt

1 TAL 1 1
3 o
4 |LEGI_P1_s(t) 2 IEB1 1 )
5 |LEG1_U1_slpha(t) 3 TAL 1 1
6 |LEGI_Ul_ beta(t) 4 |TB1 1 1
L 5 |zal 1 :
g8 |¥(t)

B ZE1 1 1
9 z(t)

K 12-101 SREUTFRHA =AM SEL

9. f£ Ports H 3 SeimbR A oG L, ZJ5 BN =" 4 H .

Refresh All | L
Add Port | Delete Port | Clear All Ports | ‘ Ll

Type: IChoose... Vl [ |

K 12-102 ¥

10. % OALE, JHBHUCE—im DR ETE, FNTEE BTG XY.Z TR

e

Configuration: © Parameters © Variables © Ports © Dimensional Analysis

2RI
[ Emsn | [ meswn | [ Seeimsn | B A8 @ O O 0O KB [JSnap te Grid
#7l: [Real Signal - | |

g [ gt @m Oow
= .
- nlez B

Txyzin[1] = = (t)

Txyzin[2] = y(t)
Txyzin[3] = =z (t)

K] 12-103 B E AN Txyzin



1. B —um D RJEE, fE8TE L6 X2 TR s &,

Configuration: © Parameters © Variables @ Ports © Dimensional Analvsis
ZERRIET
b ]| i | FhREiERD BFdl: 8 @ O O O xk® [V] Snap to Grid
#70: [Resl Signal =
HFE: ﬁj—_t @ in ) out
—
-
[Chosse =] ==
Rayzinli] = C(t)
Rayzinl3] = At
Li'] Rxyzin

K] 12-104  Jic & 28 Ao Rxyzin

12. BB = DA e, XN B S84 B ST T sCrf K.

Configuration: © Parameters © Variables © Ports © Dimensional Analysis

2RI
[ Fmmn | [ messn | [ seaEsn | EiiAd: A8 @ O O O A [FSnap to Grid
28: [Real Sigmal B

HEE: I:Iﬁﬁ @ in @ omt
o

jz2: | LEG_P1_sit) MEE
Chaose -

=g

. Rxyzin

K 12-105 M & 58 = um 1 Pout

13. W58 X H 8 e AR EMCA invK (inverse kinematics 1732 5% 1) 4

I5),

JF 5 Generate MapleSim Component B iZ A5 = A A

Component Generation:
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14. [A]13] maplesim #%4, 7F Project->Definitions-> Components H 3% T 1] LLE 24
B invK [ H € ST

g Local Components

bl
in
H

L
x

W Components

*ﬁ-
Y,

ik

@ i b/ | B

i
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12.4.3 Wiz sh 45

1. 3N LEG R4, WIS E R INE ¥ &4 LEG H, 224 invK &
R ZH: XA1=XA,XB1=XB,YAI=YA,YB1=YB,ZA1=ZA,ZB1=ZB, XF&MIZ%
CIE AL G A IE =

Name invE;

Type  imK

V¥ Parameters

[é; » XAl K

Les XBl XB

i o i REF, REF,
: tons T bon VIEERFEEL; i YAL |14
& - P, s, Y1 [18
g g
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W 1-D Mechanical Tvpe Translaional Positiv
P Rotational
¥ Irasslational ¥ Pararnelers
| JTN [T Lice Support Flamge
P Springs wnd Despers ~

P Friction wad Stops
P Force Drivars
W istion Drivers

| T

Tangdatonal  Constant  Translatonal
Accolerale Spoed Move
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Tansiational Fmnsatonal
Posiion Speod
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4. BFIZ|E RS, HTEANAE BN MEMKERE, B WIGE AL E N3 E N
Treat as Guess 258, W FEFIR -

iy = m 1 kg v
. 0.00010
o2 1
e 0! 0 o’y
[m 0
s TS, IC, , |Treatas Guess M
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5. 4%i%k Stewart JEFF FF &, G4 Stewart T 2%, W ~NEFIR.
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K 12-102 f))# Stewart ¥ 2 4¢
6. 1& Stewart T RG T, ¥ HE X o NERRTFREN LM, wFEAR,
Brgshim N R1-1 ER 3| [F— N 0 RIL, s\ R1-2 ER 3 [F— N E RI2,00R
Fiomo
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offset=H , 1134 T KRB ZAEHT 4G B (0,0,H) N HIIZE).

P2

MName | PZ

Type 5ine Source

a8

FY

¥ Parameters

amplitude 0.1
N—F 7 =

] 0 reacd
I offser H
I ] 5
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1244 VP ERENE

1. # A Stewart R4, MAE Multibody->Sensors H 3 T ¥s 0 4 X6 A7 # 4% K 2%
Absolute Translation F148 X} % ffi #4245 Absolute Rotation, 73 7ll3% 2] _F~F & 157 Co i 1]
b, HTE G A E N A .

W Multibody

P Eodies and Frames
P Forces and Moments

P Toints and Motions bl
W Sensors ],4 N ! }
LT~ "' AT

Rotation

G 1

! b .

- p—— AR

A2 Far, cv\v‘/r

x5l ESY p— | = Lo %
Absolute

Absolute .
Translation —‘]'“4}7 RE,
e LG,
- ~ . o .
. [ ; -
Iy e —> @
7 ] il

Euler Angles  Force and F o
Moment 2
L8

Relative Relative
Rotation Translation

K 12-107 W& B 6 A B A A
2. AR FE AL IR EE Absolute Translation P4t XYZ = ANJ7 [AIMALES vy FE v FI
I EME dve 4505 A4 I ES Absolute Rotation AI 48 XYZ =ANJ5 IR M Ry A
RRE we AOIEEEE dw, B A IME L 9 AN 1) & IR U, oAt oy =A 10 & %
At

=,



Absolute Translation

Measures the absolute translational motion of a frame with respect to ground ATE1

My
y frame_b

T
vV

TMOwputP  TMOutputy  TMOutputs,

Absolute Rotation

Measures the absolute rotational motion of a frame with respect to ground

Y
frame_b
"B OW dw
TVT

RMCutputR  RMOutputyy RMOutputAA
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3. LIS 50 iR T Real DeMultiplexer, %323 ATS (AL E Hrth i o,

ARS 3 % H 3 w, 7545 M Signal Blocks->Common H 3T, $i7 HH =M 43 7644 Integrator,

N B

W Signal Elocks ATS1

W Common REF,
TCG,
L n d$

) N } t i
S T = I:
Intaqgrator { Add °

-

| TT=l .

Feedback Gain Constant mﬁn >

i, Jij

Sine Source Step
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5. BIBIFEHFET, N ETFEHimOWIREr, IBREF 4 R BN
PXout,PYout,PZout,RXout,RYout,RZout %1~ B Fra~. ZralH Tt EF6 XYZ T
N EMEME, BITEMEE VML, R,
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g OF'Xout
> . PYout
[\/ : I ;o ovalue (D)
P _ ¢ e value
[\/ ‘ PZout
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_ORXout
g value
~~~~~~ RY out
: O
stawart, \\ORZout value

S
1
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. ut
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12.4.5 1A PID %)

1. AN stewartPIDcontrol, 3t NEAFF R4 LEG, ¥ 5 A 1 E AR EFA7 72 9K
)] Translational Position MHF%, %40 B4 PID JufF, Feedback(jz i) i, Force(/J
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W 1-D Mechanical

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
P Rotational | D, |
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PFriction and Stops | i bl |
W Force Drivers ‘ ir |

| hn

—_— FF, REBF REF. RAF.
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Constant Force Force 2 ‘ ) A 5 I
Force ‘
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» 56,
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2. f N, &L PID JoFZ % k=30000,Ti=300,T¢=5N¢=1000( 1 T Stewart
BRAE RS2 A5 SN LA E IR0 R, A NI AR, RIHoR e 32 8 KSR
K)o

Name  PID;

Type PID

¥ Parameters
k 30000

T 300 s -
7 5 B o
Ny 1000

Initial Values | Don't use, only for backwa =
g ]

xd 0
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Name |RB,

Type Rigid Bodhy
¥ Parameters

E 1 k=
0.00010

0 04 kgt
0

0]

4

IC, . |StrctlyEnforce

y [0, 0, H1 m
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[— PZin.value PZout.value[1]]
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Translation
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K 13-3 &AL HA 6 DHE MR ITE A

N1k BRI AR xyz AR E HEE, ikt e ooy, RGN
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BAREEAE: R AR, 91X 6 Moot (3 > Prismatic, 3 /) Revolute), RJ5
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Create Subsystem Ctrl+i
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Beroute Conmections

K 13-10 flE—NT ARG

TE#H 1) Create Subsystem X1 1% A\ name: base, K% T RGN “base”.
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13.2.2 RIS ) 2 5T

N T RIS, FRATIN 2 ANMIEREE], R kEEHIERE T I, 2 AN
HEA e ER R, DUESM R REEHA T M MAEREL: M ERARE
R R, IXAE R SR B Eh AR N PID MR HIRH R LA . 0 2.10 Bk .

e WRFENEH oM, FTLLE IR IO, SR WA IR R ER,
] DA P S B (et ctrlHf 45).
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Fived Frame  Flexible ° ﬁ—

ﬂaml
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EEXE B, s IR EA TS WTﬂ@%F
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% —/> Rigid Body Frame [{J2< & 8454 (0, 2.35, 0.5), 7£ yz Vi _E. Pl EXUEM
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REF REF
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ZNITEHESEAEN R AL BR A (0,0,1.25), R H—ANNIPEREZE RPN yz ~F
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W, FIRZER N ZAWITEHESEIX A T

Q:
FF REBF REF
1 1 2
® o o o ® o
§ 1t x N\, L. o~ Q
at Fl i o
R o o o R
Dasul q 2

onstruct mode
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K 13-19 %5~ Revolute ISk E

e BRI TRIA T AR BT (yz Tl #3) OrmEgE (1,0,00 f kD,
Ji B Rigid Body IZHUE ST 45 RIEAR KRN, Al AEBOARSA S5, B
AL X SEFR 7 ZEEAT 1B 2

13.2.3 A B 2RI ar

N TR R B, SRR AN TE 3 27 fa) L, AT 75 2220 A H VAR iR 3z 20
FESEGIR, R EEALTEIE S AR Z M AR . RZSRMEAS BIR)2 T IE b 2 e Bl i A
FEFE R, P AN N A (RIS = BeNIVERESE) 5 Hbs i Z [ e A 220K, W] L
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K 13-21 FLEARPEshE] (RRIEZAW) WSHE

KR B bR s IAIAE AR L EAE TR 1 z Jr Al b, BER (RIS =BrWIPERESE) (M
ARG A AEARRS AR z J7 1) b, BT LABE I BRI 7 Al A &R e A (0,0,1), W B,
BRIE S A SHCR BN BB, THSE.
IRIEBA VLR, Bbs A B 2 # ., FTLARE Fixed Frame, I B S 40N
(0,0,20), G~ 2.18 Fr.

S [0.0, 207/ = -
Tipep  |Euler Angles
oo Tipe, |[1.2.3)
L H-:n P [0,0,0] | rad -
FF
2 Advanced Variable Settings

13-22 H#¥r 4 Fixed Frame, Z230i% B

V20U, BATA RE R B 22 /S M #E A& . N LB H A5 & Fixed Frames
KIS H E AR, HaERZSH T E.

BURHRE: Ak F TR S e, s s e ORI, R,

13-23  ZHuE XA E

WIS Tx, Ty, Tz, FH40AHUEHN 0,020, W FKE.



Main subsystem default settings

Mame Type Default Value Default Unit:
Ix Feal (|0
Feal (|0
Real ¥ (1|20

Subsystermn Composition

K 13-24 HINTx. Ty. Tz =43

BRE S ERRG, s MLE L, REIFEAMER . % Fixed Frame2 Jo14,
BRALERESHCN (Tx, Ty, Tz), it Fixed Frame2 M B REZHE R EAN T
(0,0,20), AR ZSEIEENERSE, 7 e AL E oy MR .

13.3 B BN B e R

FIRRALAE ST T WU LR, RIS B R G ssh 20T R, A2 T4
Ho ATHATHE, TEIMAGSE, P WTar@ssl; RN AT 5 201 i
FeRlEm s, HEKIEEEE, IWEN HES

13.3.1 £ ARG issh LR 5 7%

o 22 H B B ) Add Apps and Templates #% £ ( ﬁ ), EEFEFIFRFH
Worksheet., FTH Maple F+1H, W FFE R,

% v Templates

—  Browse...

;’""':uz tom Component

:’""':uz tom Port

’Ex ternal CfLibrary Block
:’""]'[:n:]r gulics Custom Component
:’""Ml:-deli ca Custom Component

13-25 G ZRIE5h52 1) maple AR

£ Maple Fti 1, i ~E:



. Analysis Template: Multibody Analysis

¥ Description

Use this template as a starting point for performing advanced analysis on the multibody portior
retrieve the multibody eguations in a form that is suitable for manipulation and analysis.

¥ Model Diagram

Main > w

Q=
FF RBF REF
! ] L] 1=} i L] o
R "
.Elassl 1 2
o

13-26  FREZE IAMAYK) Multibody Analysis 14k

AR, A& Maplesim B 3242 T 24630 7122 0B OB, A VR 2 7 e alan 2
17, ATBSRAFS 2RZ RGP INVF 2 30 02D REBERE, F P EXS Maple 47— € #GE 1S
OUT, WP O, BEOTRE. AT, REIE DEENE TR E

) N 5 > N SN . !!! Qe N— S
RUGEFER D AT, LM FIE TS S, REZAL & &Eir.
ER: ;iEaaHE Y, Rt A9, RoRiori.
BT IR

mModel := MapleSim:-LinkModel();

MB := mModel:-GetMultibody(simplify = true);

AT SR ARG RERIT R,



"Analyzing system..."
"Performing constraint analvsis..."
"The svstem has 6 degree(s) of freedom. It is modeled using 8 generalized coordinate(s) coupled by 2 algebraic constrain
"Peforming a dynamic analysis using an augmented reaction formulation - system variables shown below:"

2

d
? basel PI_sit)

% basel PI s(1) 2
d,, basel P2 s(t)
d | dr-
’n basel P2 s(1)
basel_PI_s(1) d . — basel P3 s(t)
basel P2 s(t) & basel P3 s(¢) dr
basel P3 s(1) d
RI theta(t) %Rj—mm( f) o hetalt) FI(
"\-'Q"__ Rz_ N ( ) WP, ) . "\.de.gt“__ . B "\-'REaCﬁGIlS"_.
thetal <
‘ - IR2_rhemr(r) dq R2 thetalt)
basel RI theta(r)
basel R2 theta(t) % basel RI theta(t) o 7
basel R3_theta(r) 2 el Rl _thealt)
% basel R2 theta(t) £
— basel_R2 _theta(t)
% basel R3 theta(t) dr

-
£

d—q basel R3 thetal(r)
dr”

"Divnamic analvsis complete”

K 13-27 BRI RG]

e Z A AR IER, IR LUN R

mModel := MapleSim:-LinkModel();
vPosCons:=MB:-GetPosCons();

AR T REME) TR B, SR IEWEHXHRE.
SR 2 o0k, 2l R (RISE— Mgk a)D B ERIAUM R2 (RIEE =4
WERERED 1A EERIE
fE FIRREFP E N R a2, RGeS Bl 7K1 A28 B T I8 3 # 2 T 1%
th1:=solve(MB:-GetPosCons()[1],{R1_theta(t)});

th2:=solve(MB:-GetPosCons()[2],{R2 _theta(t)});

13.3.2 57 H & A

EiREAE, Caf/R 1 2 MERER RIS A LRI’ N, WER
ZATIRE, RIRUF SR B8 0 2 M hefe Al il &



IR [A1 2] MapleSim S, s A2 H iRk F# Add Apps and Templates %41

( ﬁ ), 1EFEFTIF Custom Component, 1T &,

i Templates

3

Custom Component

Custom Faort

i~External CfLibrary Block
~Hydranliecs Custom Componant
r~Modelica Custom Component
“Worksheet

K 13-28 @A H e XAt

R 15 2 ) # AT R B2 B s AL, HRITHSL 2 A3l &
HARBRAE:

b eq i, ErEe =11,
IR [A] 2] Multibody Analysis Ft1fi. & iR MG M iE 2] Custom Component H eq J&5
PSS, WA TRZEAES () 2k, WNE.

> thl = solvel MB:-GetPosCons( )[1], {RI_theia(1)})

A. B R1 (IZsh 21 H 712

> th2 = solve| MB:-GaiPosCons| |[2], {R2_theta(t)})

B. E#l| R2 Higsh2 LK 7 FE



eq = | RI_theta(t) = arctan( (2 (basel P2 s(t) sin(basel R2 theta(t)) sin(basel R theta(t)) cos{base! R3_thera(r))
— basel P3 s(t) sinl basel R2 theta(t)) cos(basel Ri theta(t)) cos{basel R3 theta(r))
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N RLC, &3 B8 7= 51| % # i ¥ RLCParallel Circuit (MapleSim

Connector Example), £ MapleSim 4] Jf-iZ %7,

e MapleSim 2016 - FasE3
File Edit View Tools Help

=

5

(&

KELAMEH 7 —> RLC A, E@& 1T RG (FATFHEAERIX

Ngs Rm 2 3§ & > o

EXZE

m ¥ Library Components
L

Mo matches

RLC Circuit

RLC Parallel Circuit (FMI Connector Examples)

RLC Parallel Circuit (MapleSim Conpector Examples)
RLC Parallel Circuit (Nl Connector Elgnplesj

MapleSim Connector Examples
. ¥ Help Results = ples)

Definition,RLC circuit (RLCCircuit)
FMIConnector, GenerateCode
MapleSim,LinkModel,GetParameters
MapleSim,LinkModel,GetPorts
MapleSimConnectorG5G,Chapter0l
MapleSimConnectorGSG,Contents
MapleSimFMIConnectorGSG,Chapter0l
MapleSimFMIConnectorGSG,Contents
Maore Search Results...

-

i C A, A — D SHER AN — DA R o

S1

Probe

=77 Vout

A
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B5,

xE\ =T :I, o
e [’:
-

G,

R CAUSS A R T R G, JF A Mt probe 45 R .

EE: LN PEZ MapleSim 2016 H ) —A bug, 7EH AR A H AT UAIE
AT W N ERAE

J&JF Simulation Setting Tk, HUH Plot Events 2%l

— O x
@
Simulation Settings ol
o> =
Initial 11 - %
Hysteresis
[ Index1 Error Control /
Index 1 1 _[}
Tolerance ?ﬁimulation Settings
Minimum |0
Step Size

Maximum 0
Step Size

scaling None hd
[ Minimize Bvents
Plot Bvents
[] solver Diagnostics

[ compiler -

15.4 f#F MapleSim B Code Generation 1A%

1) ASdi Mt Add Apps or Templates > Apps > Code Generation
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Add Apps or Templates
W Apps ~
de Generation

--Data Generation

- Electrochemical Battery Parameter ID
- Equation Extraction

- Equivalent Circuit Battery Parameter I
- Excel Connectivity

- FMU Generation

- Linearization

- Monte Carlo Simulation

- Multibody Analysis

- Optimization

- Parameter Sweep

--Random Data

- Simulink Component Block Generation

e w b Fw

W Templates

- Browse...

--Custom Component

--Custom Port

-External C/library Block

-Hydraulics Custom Component
--Modelica Custom Component

-NI LabVIEW EMI Component Block Gern
-NI VeriStand and LabVIEW SIT Compar
P10 Tuning

~Worksheet

2) Xk EiA 8t i Code Generation, 77 Code Generation Template:

Analysis Window - m} ®
1| code Generation x
R
~
24 . C Code Generation
Subsystem Selection:
‘ Main > ~
Load Selected Subsystem
Configuration: OInputs O Outputs O Parameters ® Code Export Options
Solver Options: Baumgarte Constraint Stabilization: Event Handling Optic
Fixed step solver: [] Apply Baumgarte constraint stabilization Max event iterations: |10
@Eder ORK2 ORK3 (ORK4 (O Implicit Euler Export Baumgarte parameters
viidth of event hysteresis bar
[ RN S N eRppr Y | e
< >
® i C:\Users\lunlin\AppData\Local Temp\s 13a6e8e  775: - #F/E): - Hifl: 100%

3) % T R4 RLC:

Main » l ]

[ Load Selected Subsystem

4) 45 Load Selected Subsystem
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5) # A Configuration X1k, %% 2%, %% Euler Kf# 5

Configuration: OlInputs OOutputs O Parameter5| @® Code Export Options | @

Solver Options: Baumgarte Constraint Stabilization: Event Handling Options:

[] Apply Baumgarte constraint stabilization Max event iterations:
QORrk2 ORK3 QR4 (O Implicit Euler Export Baumgarts parameters
Wt vt rstressts 108 |

[ se single-precision flaating point alpha

Constraint Handling Options:

Error tolerance:

Apply projection during event iterations

Fixed step solver:

6) #tA Output X, AERIFIRAF CAUY, GEFEIRAF AT A -

Export:

Target directory: ‘D: “WorkSpace'\CodeGeneration Browse

C-File: |P\LC

Generate C code [ overwrite file

MapleSim ¥ B a7 X2 i ERT g4 ¢, XN ¢ filan B EA i
BB A A cRLC.c XAt

Generate C cod
A N MY Generate C Code [ —— me]

7) 3t View Code [X3g. C UG SARAE N M I SCA X 45

View Code:

/

* Automatically generated by Maple.
* Created On: Wed Aug 30 12:44:47 2017.

zifdef WMI_WINNT

Zdefine EXP __declspec(dllexport)
Telse

=ifdef XB6_64_WINDOWS

=define BXP __declspec(dllexport)
=else

“define EXP

Zendif

wendif

=include <stdlib.h>

winclude <stdic.h>

=include <math.h>

=ifdef FROM_MAPLE

=include <mplshlib.h>

(7] I 5 2 ORA7 245 52 (1 #6542
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« - v

CodeGeneration ™

> [KFEfE » IfE (D) » WorkSpace » CodeGeneration

~

Iy

b

RLC-CodeGeneral

N5

RLC-CodeGeneration
B cRLC.c

Debug % RLCcircuit.msim

{

}

U[0] = sin(T);

TR TR ARA G RS inpfn() 25

static void inpfn(double T, double *U)

ERIA RIS A 152 2k, (EZARAT PURYE 75 242250 412R MapleSim
APAECEZ AN, Rl S SCF A R UL0], UMM]...Un]#E %€ .

15.5 #E Visual C++ Express 2015 FEE— NI H

7t Visual C++ 2015 Express 1, #£2|3Cf} File > New Project, 1%+ Win32

Console Application. #&E W H 4 MRFALE, )5 s OK > Next.

MNew Project ? 8
I+ Recent Sort by: Default - i = Search Installed Templates (Ctrl+E) O ~
4 Installed LA -
E Win32 Console Application Visual C++ Type: Visual C++
4 Templates - s A project for creating a Win32 console
b Visual C# Win32 Project Visual C++ application
b Visual Basic lq.j
Empty Project Visual C++
i NI
R oy
General 0O I Makefile Project Visual C++
Test
. -
b Online Click here to go online and find templates.
MName: ConsoleApplication1
Location: D:\WorkSpace\CodeGeneration, -| Browse...
Solution: Create new solution -

Solution name:

7t Application Setting % 1 #, &+ Empty project, #fif* Precompiled

ConsoleApplication1

header V& # %+ .
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Create directory for solution
[] Add to Source Contral

]
1




Win32 Application Wizard - ConsoleApplication ? X

=y Application Settings
C\_

Qverview Application type: Add common header files for:
() Windows application

Application Settings
Console application

DL

() static library
Additional options:

Empty project

o

[] security Development Lifecyde (SDL)
checks

| e

m ks 8 A% -
15.5.1 ¥0 MapleSim 2= 5 C RS2 H

7 Solution Explorer /1, 4% 517 Source Files, #RJ5i%# Add > Existing

item...

Solution Explorer - 1 x
- @ o-sam|s =
=
_: Search Solution Explorer (Ctrl+;) P-
&1 Solution 'RLC-CodeGeneration' (1 project)
4[] RLC-CodeGeneration
b =B References
b 15 External Dependencies
4 Header Files
4 Resource Files
Add P %9 New ltem.. Ctrl+Shift+A
g*  Class Wizard... Ctrl+Shift+X %] Existing ltem... Shift+Alt+A
Scope to This #5  New Filter
New Solution Explorer View e Class.. Shift+Alt+C
¥ cut Ctrl+X
0 Copy Ctrl+C Filter Properties -
Paste Ctrl+V
X Delete Del
Rename F2 True
P rti
’ roperies Crirra Filac

W R AL EE MapleSim A=) C RS 4 cRLC.c, IIEMREZALE Visual
Studio Wi H A T C ALY,
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] RLC CadeGeneration - Microsokt 3 Ya £ o a4 P -8 %
Fe ESt View Project Buld Debug Team Toos : s + [
BP9 | Debug - 3

Visual Studio Express 2015 fo

so@| op-
R1 Solution RLC-CodeGeneration' (1 project
<

et wat_uInnt

= KBo_64_WINDOWS

15.5.2 5E X Include 34 RSN B

7€ X Include S A4 375 15 & -

K F32 84 Project > Properties, %% VC++ Directories, £ 45 1 ik 7 A

i Include Directories.

m RLC-CodeGeneration - Microsoft Visual Studio Express 2015 for Windows Des
File Edit View | Project | Build Debug Team Tools Test Window

Q- | i3 2 1 Retarget solution
Rice o x| & AddClass.. Shift+Alt+C I
B RLC-CodeGe g® Class Wizard... Ctrl+Shift+X
1 =14 %7 Add New ltem... Ctrl+Shift+A
; 7 Add Existing Item... Shift+ Alt+A
4 1 Exclude From Project
j 4 @ show All Files
7 =13 Rescan Saolution
g 7 ¥ Add Connected Service...
1o =14 i} Set as StartUp Project
:5 i ff Manage NuGet Packages...
L? f & FRLC-CodeGeneration Properties... . Alt+F7
h L
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RLC-CodeGeneration Property Pages ? X

Configuration: |Active(Debug) ~| Platform: |Active(Win32) ~ Configuration Manager...

4 Configuration Properties » | | v General

General Executable Directories $(VC_ExecutablePath_x86);$(WindowsSDK_ExecutablePath);$(Vs |
Debugging C\Program Files\Maple 2016\extern\include;$(IncludePai -
VC4+ Directories Reference Directories ${VC_ReferencesPath_x86);
4 C/CHt Library Directaries $(VC_LibraryPath_x86):3(WindowsSDK_LibraryPath_x86]:$(NETF.
R Library WinRT Directories $(WindowsSDK MetadataPath);
Optimization Source Directories $(VC SourcePath);
Prepracess Exclude Directories $(VC_IncludePath);$(WindowsSDK_IncludePath);$(MSBuild_Exec

Code Generation
Language
Precompiled Heat
Output Files
Browse Informatic
Advanced
All Options
Command Line
Linker
Manifest Tool

XML Document Gene Include Directories
Browse Information | | Path to use when searching for include files while building a VC++ project. Corresponds to enviranment
< > variable INCLUDE.

v v v v

Bis HIFAA)

N C:\Program Files\Maple 2016\extern\include ##4%. /R Include

Directories #42 ¥ Eonun T

Include Directories ? *

IC:\Program Files\Maple 2016\extern\inc|udel I |

Evaluated value:

C\Program Files\Maple 2016\extern\include ~
C\Program Files (x86)\Microsoft Visual Studio 14.00\VC\include
C:\Program Files (x86)\Microsoft Visual Studio 14.00VChatlmfcinclude

Inherited values:

$(VC_IncludePath)
$(WindowsSDK_IncludePath)

Inherit from parent or project defaults Macros=>

oK Cancel

& #1| Configuration Properties > C/C++ > Advanced. 7EA4ITRB T, 2k
A% Compile As # & & Compile As C Code (/TC)
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Configuration: |Active(Debug) ~ | Platform: |Active(Win32) w Configuration Manager...

4 Configuration Properties ~ Calling Convention cdecl (/Gd)
General mpile As Compile as C Code (/TC) |
Debugging Disable Specific Warnings
VC++ Directories Forced Include File
4 C/C++ Forced #using File
Ty Show Includes No
Optimization Use Full Paths No
rerrEEsssEn Omit Default Library Name No
Internal Compiler Errar Reporting Prompt Immediately (ferrorReport:prompt)

Code Generation . .
Treat Specific Warnings As Errors
Language

Precompiled Heat

Qutput Files
Browse Informatic
Advanced
| All Options
Command Line
| b Linker
| I Manifest Toal
b XML Document Gene calling Convention
I Browse Information Select the default calling convention for your application (can be overridden by function).  (/Gd, /Gr, /Gz,
< > 1Gv)
oy ERE
sl R A5
J .
D
15.5.3 ¥i0 main()3CAZACRG F
N . . > >
v
iR [F1 %) Visual Studio H 1 JEARHS .
m RLC-CodeGeneration - Microsoft Visual Studio Express 2015 for Windows Desktop
File Edit View Project Build Debug Team Tools Test Window Help
ek | gl | - -| Debug - x86 = P Local Windows Debugger'| 5 : =) ‘ = %= | |
[l RLC-CodeGeneration - (Global Scape) ~| @ main(void) -
73 Stypedef struct { +
4 double hj /* Integration step size */ -
75 double *w; /* Float workspace */
76 long *iw; /* Integer workspace */
77 long err; f*
78 char *buf; /* Error message */ N S . -
79 } SolverStruct; @ jn j:‘: E ﬁ maln()
ge
81
82 =lint main(veid) - -
83 b
4 FILE *fd;
85
86 double *ic, *p, *out;
87 char errbuf[1ee];
28 long i, j, outd;
89 long internal = @;
98
91 double t& = 8.8;
92 double dt = 8.1;
93 double tf = 18.8; -
00% - 4 »

AR main() s EEACRS - (Bl cRLC.C 3D

int main(void)

{
FILE *fd;

double *ic, *p, *out;
char errbuf[100];

long i, j, outd;
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long internal = 0;

double t0 = 0.0;
double dt = 0.1;
double tf = 10.0;
long npts = (long)ceil((tf + le-10 - t@) / dt) + 1;

out = (double *)malloc(((npts)*(NOUT + 1) + NOUT + 1) * sizeof(double));

fd = fopen("RLC-Output.dat”, "w");

outd = ParamDriverC(to, dt, npts, NULL, NULL, out, &errbuf, internal);

for (i = @; i<npts; i++)

{
fprintf(fd, "%1f ", out[i*(NOUT + 1)]),;
for (j = @; j<NOUT; j++)
{
fprintf(fd, "%1f ", out[i*(NOUT + 1) + j + 1]);
}
fprintf(fd, "\n");
}
fclose(fd);
return 0;
}

T 10, dt, tf 2 s XA B AP AR ], BEE, Z5HtE], ParamDriverCy()
MRS TIRESERE, @i inpfn() & X .

BuimAE S, Wh:

static void inpfn(double T, double *U)
{

ufe] = 1.;
}

KFEORBPRZSEOLH, 415 512 7 ?GetCompiledProc

11 B 45 5% 5 N\ 3] output.dat U1
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15.5.4 C ARAA% %85

MapleSim £ C AR E 4 AN E E ) ek %L
® SolverSetup(t0, *ic, *u, *p, *y, h, *S)

® SolverStep(*u, *S)
iX §. SolverStep 72 EulerStep, RK2Step, RK3Step ml# RK4Step

® SolverUpdate(*u, *p, first, internal, *S)
® SolverOutputs(*y, *S)

Hvu Z2ANES, p T RASH WINEXAET RZETHLE), ic 2
WIMGE oA, y Zfith, t0 RWILERTH], h2ifEPK. S £2—1A C 4k, af
WS RN H A0 E DL A — 25

4 MapleSim A% 7E HAh 55 = 545 B T B R HATH (40 LabVIEW), B3
LR T I 444 T

® SolverSetup() *if)j LA #1417
® SolverStep () KRB [A]22 _E1IFR 5 3K ik

® SolverUpdate() f1 SolverOutputs() K 53] y
15.5.5 GG

A7 Debug > Starting Debugging . ¥ 7 Visual Studio J&# ) output % 1,
487~ Build BEFE 2 75 I -

Cutput - 1 x
Show outputfrom Debug - | | | E| “‘:l

T T T T T T T T T T T e T T S B R

'RLC—CodeGeneratlon exe' (Win32): Loaded 'C:'WindowshSysWOWE4\KernelBase d11°. Cannot fmd or open the FIE file. -
'RIL—odeGeneration exe’ (#in32): Loaded *C:'Windows\Sy=WOW64iveoruntimeldld d11°. Cannot find or open the FOE file

"RIC—TodeGeneration. exe’ (Win32): Leaded ‘' C:'3Windowsz\SysWOWGdiucrthased d11'. Cannot find or open the PIE fila.

"RIC-TodeGeneration. exe’ (Win32): Leaded *C:'%Windows\SysWOWGd kernel. sppeore. dl1”. Cannot find or open the FIE file

"RLC-CodeGeneration. exe’ (Win32): Leaded 'C:'Windows\SysWOWGd\msvert. d11'. Cannet find or open the FIE file.

'RLCCodeGeneration exe’ (Win32): Loaded 'C:'Windows\SysWOWEd\rpertd. d11'. Cannet find or open the FDE file.

'RLCCodeGeneration exe’ (Win32): Leaded 'C:'Windows\SysWOWE4izspicli. d11°. Cannot find or open the FDE file.

'BLCCodeGeneration exe’ (Wind2): Loaded 'C:'Windows\SysHOW64\crypthase. d11°. Cannot find or open the PIE file.

'BLC—TodeGeneration. exe’ (Win32): Loaded ' C:Windows\SysWOW64\borvptprimitives, d11°. Cannot find or open the PDE file.

'RLC—CodeGeneration. exe’ (#in32): Loaded *C:'Windows\SysWOWG4isechozt. d11’. Cannot find or open the FDE file.

The thread 0x2220 haz exited with code O {0x0).

The thread Oxl7ac has exited with cede O (0x0)

The thread 0xd9e0 haz exited with cods O (Dxd).

The program ' [344] BLC—CodeGeneration. exe’ haz exited with code O (0x0).

-

4 4

Error List [[&ll{ell3
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15.6 24T VC Bl H

BlEA A I H #6421 Debug SCAF, A DAFKE]— Nl $AT 3 AF

BT AT, AT, AT RURBUETE I T —> output.dat 31

RiFEER

ncremental Link...

Program Debug...

DAT i

v P » WEEHRE » TfE (D) » WorkSpace » CodeGeneration » RLC-CodeGeneration » Debug
RLC-CodeGenerat ™ 4 f - B EER Bt
Ve [#5] RLC-CodeGeneration.exe 18
Debug M RLC-CodeGeneration.ilk 18
RLC-CodeGener & RLC-CodeGeneration.pdb 18
Debug @& RLC-Output.dat 18
RLC-Code.57:

Output.dat CfFEL & 0T H &R . 56— 2207 I, )51 =216 B
MapleSim - 5 4t ¥4 i 45

"I RLC-Output.dat - iB=Z - [m] *
SHF) REE) EI0) EENV) EEH)
b.e@e@e@ 0.000000 ©.000000 ©.000000 ~
9.100000 ©.100000 ©.000000 ©.100000
9.200000 ©.190000 ©.010000 ©.190000
9.300000 ©.270000 ©.029000 0.270000
9.400000 ©.340100 ©.056000 0.340100
9.500000 9.400490 ©.090010 0.400490
0.600000 0.451440 0.130059 0.451440
0.700000 0.493290 0.1/5203 0.493290
0.800000 0.526441 0.224532 0.526441
9.900000 0.551344 ©.277176 ©.551344
1.000000 0.568492 ©.332310 0.568492
1.100000 @.578411 ©.389160 ©.578411
1.200000 ©.581654 ©.447001 ©.581654
1.300000 ©.578789 ©.505166 ©.578789
1.400000 ©.578393 ©.563045 0.570393
1.500000 8.557049 0.620034 ©.557049
1.600000 ©.539336 ©.675789 ©.539336
v

15.7 KRELER

i F Excel XX fF$TJF output.dat S0 f£F, FHm A 1 FIAISE 2 5. I~
NFT7R
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RLC-Output.dat - Excel

#HiR il IETHW  ACROBAT  Team

A | e | ¢ | b | E | E | e | w®w | 1 | 3 | k |
1] 0 0 0 0
2 | 01 01 0 01
3| 02 019 001 019 o o o
4 | 03 027 0029 027 EEire
5 | 04| 03401 0056 03401
6 | 05 040049 009001 0.40049 07 0 o 0
7| 06| 045144| 0130058 045144 06
8 | 07| 049329 0175203 0.49329 s .f\..
9 08| 0526441 0224532 0526441 . .
10 09| 0551344 0277176 0551344 e S
11 | 1| 0568492 033231 0568492 Jos |, . Q
12| 11| 0578411| 038916 0578411 029y e >
13| 12| 0581654 0447001 0581654 o1 b 'o,.
14 | 13| 0578789 0505166 0.578789
15 | 14| 0570393 0563045 0570393 0
16 | 15| 0557049 0.620084 0557049 01 s s 1P ¥
17| 16| 0539335 0.675785 0.539336 020 S 5
18| 17| 0517824| 0729723 0517824 4 o 4
19| 18| 0493069 0.781505 0.493069
20| 19| 0465611 0.830812 0.465611
21 | 2| 0.435969| 0.877373 0.435969
22 | 21| 0404635 092097 0.404635

F1FF MapleSim 1 (#] RLCcircuit R 154!, F—A> constant (k=1) Juff#
R A 1) Sine Joft, BT E -

% Probe Plots E[ﬁ
L Bl +aaq o . Ym =

Probel. Vout

0.5 /_\

A/

Probel Vout
= = =
s i o

—__‘_‘_‘_‘_*_‘_‘—-—\.
,//

LI X L5 R LUK B VC 3T 45 R A MapleSim )4 Ha5 R — 2, 4125 H
SEART C RSN VC++I H 2 =1
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