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Ak

1.1 REARE

AURIEHOREH UM BAF3EAT 208 RGUEBA ) J AR . AR
PRI, B R A e A A L G LT, WAL, DL an e i i $f

D5 Bt H 3RS 8)) ) AR R & FpRE 1 i 2k
AURFEIRATW TR — A& U BB AY (52 3% AT DL AE A Hb 2R 12 (UM
Data}\SAMPLES\TUTORIAL\pendulum #EXAEAL) ', X MR i — AR
(Pendulum). —M3h4%; (Rotational Joint) F—4M7 5 (Support) 4%,
WE 1.1 . E5EREEE TR, AT EILG F A 3T HUE ) Jat & .

Support

Pendulum

1.1 BRRR

#VE: UM 8 M5 T {F H 3% {UM Data} # 12 8t & Az T C:\Users\Public\
Documents\UM Software Lab\Universal Mechanism\9, %350 BB, f72cd
SEEEJE H P A BAZE UM Input £2 7 5t T8 H50Z 4% (Tools-Options-Working
directory).

1WA DUNE 77 W3 T 3 http:/www.umlab.ru/download/90/eng/pendulum.zip
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universal / = Tongsuan
E]‘ mechanism g) =] 350
1.2 A FA

PATER W AE M UM BT @B 1, sl b b R B 1, a0
K 1.2 R

HEERE H, XEA MNP ER R, Hd OXoYoZo NAER (&
) AR R (BN SCo)y CiXaYiZi ANAREH GEMARD AR R (IdR SCo)s
R OALT SCo JH A1, SCy JF A B AR AR 0L, B I ARSI & B4R
Ul FRATEF VBB 4 5 A R 5 RCHUAR IS . 7EiX B, BEA4 )R
Ak bR RIM IS — AN A EOE R

B 12 REHE
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1.3 Z4¢

1.3.1 347 UM Input &5 @l

24T UM Input 2%

1. kst FFEE | BrA R | Universal Mechanism 9 x64 | UM Input.
g X 5 PR$E 77 X UM Input.

W — MER

1. I&EFESEH File | New object, HrE— > UM 8, WK 1.3 Fias.
1.3.2 3R UM Input B P BREA®

T S Lo B I 1) 2478 —F UM Input F2/7 @80, WK 1.3 iR,

28w ® MapreTt et Mo CarlAhess

B s AT TETEH YR RAL S50

W&k T w|| (| @gr = — e
e
=
\ e B »
e =23 iy
TR B & H
p——
Sz / = —
$ s B hemrt e
e R N NP
2 oy
" e i
BF S - -
—
—
™S Z

& 1.3 UM ZEFE

R TSmO EE, HT U5 A XA R

SER: AT HRMANTE, AT RRMgmE e R R RRE .

MEFH: LT AES R, HTRREMEIEAAN TR, @HRE R
ERBFRR CEFEND « 2L X, 200yl WO Nz, dd & o b
AL AR ERR AT AT A R . ORI e E, I R A B R T
XA S 55

RESFME: T FmAai, HTmAES AR TR BTa S
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1.3.3 BI& U E R

Z

WAV VO E AT B ) 2 B M LT (GO AT 45 .
1.3.3.1 FRE LA E R

B E— N JLFAEJE: Scene

UM HL{f] Scene FE 235 (FE: UM B AE 1] HME O H T-HI/F 5 2 1 = 4
B, T TR R s 5 (4R AR R B . (8 i
Sp)@— N U ETE, X E N Scene B 1], 157F &, HFIEGNHEAIESFEEE X
Wi, TEAMBIT, 5 LA Support, R MIREEIIH T . W R
ST

1 ek R L Tmages, V)G AR ERE MM Y, we

—/NJUTEE, WE 1.4 i
34

R e ALTER

+

Add graphic u:ul;:l_iect|

B 14 Hm—1PrE
#VE: UM B B IR 2R e 3R LA WA ) o) #A R M7
Haw JTEE

£ UM B — A onRk i, BEran KAz s, s ar e “ 54y
S+ T 7, HIXN TR S X — R on R o EME— 1.

BRI LA B 48 GO1, FATEHFE XN Support (L
s, WK 1.5 Fiw.

L= AN CINEPZ

JUTEEI 447

LIRS Z

MK E 178

Type: + WA EE TR

1.5 E@&JUTER
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HEE TR

£ UM H, B—NJUTERE (GO) nfLLi#E FANEAMER TR (GE) 4
G (GO=GEl + GE2 + ---). HEMTTIEHBIAR, LHFHE LA
fi/Kis S, Pt aT DA e G R 2R U R . iIX 8, JRAT81E — 1M
HEANFEATTEN JLAT1E Support: Ellipsoid (3R{K). Cone (HifK) 1 Box (I
7).

Bl E —NEEITLER: Ellipsoid

R 1.5 Bl “Sm—AMNEEIRR” A GE: B AT, Bl
E-NEEITE GE1 AE, WE 1.6 Firse.

[

Mame: GO1 & o4 fii

CommentsText attribute C

Description | G0 position

(none)

Type: ll]
Comme < Polyhedron
@ Elipse

W Box

0 Helix
@ Elipscid

A cCone

F{’f Parametric
A Profiled
i 7-surface
'-'5 Spring

& Link

# Plate

& GO

B o R

E 1.6 EEFEFTRAER
1. M Type FHizHikstEIE Tt Ellipsoid.
2. Y)#:%| Parameters VL[, X EZ% a=b=c=0.05,
3. V3 Color TiTHI, ¥ &It Diffuse N {0,
BIEE MBI ILE: Cone
1. PaE 1.5 Pl “Sin—NMERTR” &8 GF: B ATmms),
M Type FHig ik F R TR IR Cone.
#VE: B2 REE AT S, BUlstE S —ANUTEE . BIERIMAF
B — A LT Support, & H =ANEITE TR 4L8%: Ellipsoid. Cone F1 Box.

Universal Mechanism 9 5 Getting Started
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2. V13| Parameters T1[, WEZSH R2=0.1; R1=0; h=0.15.
3. VUJ#F] Color T, W EHI Diffuse N

BIRE=TEFITE: Box

1 HEE L5 Fosi “@Sm—NERTER” % GF: FATMme),
M Type FHi3Z LS ETE Tt R LA Box.
P)#: %] Parameters Ui, KBS A=05; B=0.5; C=0.05.
P)#: 3| GE Position 1[I (JE: A2 GO position), ¥ & T[] F5 50 B
Translation | Z 4 0.15, @K 1.7 FioR.

W
Mame: Suppart & 4 i

Comments/Text attribute C

Description | GO position

Box

Type: i Box > =+ i}

Comments Text attribute C

Parameters | Colors | GE position |Materia||

Translation

.
¥
7z 0.15 c

Rotation

11

Shift after rotation
e
UE
z C

17 wEERTEMNE

Universal Mechanism 9 6 Getting Started
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7€ X Support NFE LA

1. & MBI T Object.
2. EAMAZHFAE A General T Scene image 3% H.i% % Support 1F
NARR 5, Wil 1.8 Fis.

[

| Variables | Curves | Attributes
General | Options | SensorsiLSC

[ Transform into subsystem
Path  Ci\Users‘\Public\DocumentsiUM Software L

Object identifier
UMObject

Comments

Train 3D

Generation of equations
() Symbalic
(@ Mumneric-terative

Gravity force direction
ex!

ey

err -1

Characteristic size:

SCene image:

& 1.8 xFEA=E/LAIER
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1.3.3.2 HEKJUTER

BARR LT H AN T e R 4 Ellipsoid #1 Cone.

1. A e LR 1Y) Image.

2. MR EFREEATHRMS A, GEE AT UTEIE.
3. HEW4% N Pendulum.

B BYBSCUARBEUER, & B
4, PMEHEREFEE ATHMS A, - ANEE TR, EEMERIARK
Al Ellipsoid, W EZS%(a=0.05; b=0.2; ¢=0.2, JE&ETENE
i,
5. AR EFAEE ATHIMS A, g AR ITR, SRR EA
K7 Cone, WEZHR2=0.03; R1=0.03; h=1, Fi&EBEHCONE
i,

Ft, BATTERL T EFR LA B AR AR

Universal Mechanism 9 8 Getting Started
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1.3.4 BUERIfE

A AR HACE — NI
i% R 2 MIARZL AR 1) Bodies .

MR E A E IS 1L, A —ARIE, i 1.9 Fros.
b

NP

+ |4n [

Add new eler‘nenti

1.9 RIM—RIE
3. Hir4% N Pendulum (ZLRFH A4,

4, WA H G AH S Image 40 S HIEPE Pendulum LT EJE .
5. WEFESH Mass=1 (kg), WK 1.10 Fizr.

5

Mame: Pendulum + 'h ﬁ

CommentsText attribute C

| Oriented points | Vectors | 3D Contact

Parameters | Posion |  Points
Coordinates (PP): [Quaterniun *]
Go to element =
Image: Visible
[Pendulum ']

[7] compute automatically
Inertia parameters

Mass: 1

Inertia tensor:

C C C
C C
C
Added mass matrix; (none) J

Coordinates of center of mass
C C C

1.10 EXNiFEH

Universal Mechanism 9 9 Getting Started
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1.3.5 AlEs

FNHEBATH 315 (Rotational Joint) #f BFENIA (Pendulum) F1K b
(Base0) #BER.

1. &7 MARZLAR 1) Bodies | Pendulum.
2. EAMAZEFHE L THTFHILHS, HKIKIES Create joint |
Rotational, W& 1.11 Frx.

«  Rotational qp Create joint
= Translational & Image

™ Gdodf.

%% General [

2% Quaternion | c

1.11 G
gt e, B3l T — 40N jPendulum (CGZRFH a4 M)
. Joint points 1 Joint vectors 73 7} F T H3R 3 AN 044 B A7 B DL K 3% 5 il
T, FABKRE N B AR F I SR AR AR .
3. £ Joint points ZEHEE X Pendulum [ Z ABHr Y 1, {FEAFRA FIm

L5 BaseO MR R EH G, A IRFFERE I X B, Wl 1.12 Fios.
[~
Mame: |jPendulum -+ i
AlA Ko
Body1: Body2: X AR
Basel ﬂ Pendulum -
Type: | & Rotational - Y AR
Geometry |Descri|:ntion | Joint forr_e|
Joint points
Basel 7 %*ﬁ?
C
Pendulum
C
Joint vectors
Basel [axis X & (1,0,0) v]
1 nog nopg T,
Pendulum [EKiS X (1,0,0) v]
1 nog nopg T,

112 REHREY

Universal Mechanism 9 10 Getting Started
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1.3.6 fRAFMER

Zl, P TERRTA B TR, AT EEH AR, B aa A
Pendulum (GCFFHICATH )
1. EFSEH. File | Save as....
2. WEMRAFET UM Data}\My models\Pendulum (] [ & X% 1%),
SRJE miids Save FIR(Y), K 1.13 iz,

Save as... X

Path (induding object name):

C:\Users\Public\Documents\UM Software Lab é’.“ v
C:\Users\Public\Documents\UM Software Lab\Universal Mechanism\9\My models\Pendulum

S

Confirmation

Create new directory C\Users\Public, Documents, UM Software
Lab®Universal Mechanism' @My models\Pendulum?

20 =(N)

& 1.13 {R7EER

#%7E: {UM Data} Ay UM HI%#E H =%, A “C:\Users\Public\Documents\UM
Software Lab\Universal Mechanism\9”. &> UM ARG N — NSO, FAY 44 K
Pendulum B[ 342 44 FR o

1.3.7 14T UM Simulation &%

PLAE, AT SRR AT DUEAT 0 ot 5.
1. 1£ UM Input ££/7 5, #EHEFE 5 Object | Simulation, 1217 UM
Simulation 27, Jf HaINECH 1T RAREA
#%7E: 4 UM Simulation 1/f EAZ/FIZITH, &4FFH UM Input 727K, LA%Rp
AN [R] i 7 i [R] — SR 7 2 B TR L

Universal Mechanism 9 11 Getting Started
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L
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14 R
PE, BATELHEN T UM Simulation 15 BLAE /7 541, BATKFTIF—LL3h m
wI, JHESRBR NS EALE RS 1IN, (EARIIRRI:, It ia i it 5.

T shE & O

12 Tools | Animation window, BIP[FJFH—ahE & L (X—2a] LA
AHH, A~ UM Simulation JEETLN 2 B 3037 F 7 ASHEE ). 538
S AR, AREOE S, shiEE SR amE 1,14,

BEERE 9P CTAREND: Ed iz, G ERREIRmE 0, %R
bR BN RSB bR, B HEAT B BB

e U CTRRER: BEER, SRR REE O, 5 R
pRZCBE RIS A2 B B bR, BIEAT TR A

gicte B CLARERD: EAZER, SREOUBAEEE O, T
PR 22 B [ I RS 20 Bl b, RIVHEAT 4 TR A

[ Animation window oo ]

LR AR I

& 1.14 zhiEE O R RV RIEER

#%3E: UM Simulation 27K H 7 & # KK 512 ORGE, HahHE & N #4E 5 UM
Input F£/FREAANIE, A6 I HEZE R P72 BIAR UR R R NIE FOIRES, 3% T Bbs
IR BN, T RAs RN S), 153 RAREE N4 .

Universal Mechanism 9 12 Getting Started
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Tt E
1. I&FEEH Analysis | Simulation, 3 Object simulation inspector /] F
e, wE 115 B,

Object simulation inspector
Solver |Ir1itia| conditions I Object variables | KA | Informaﬁnn|

| Solver options I Type of coordinates for bodies |
Simulation process parameters |
Saolver Type of salution
@ BDF
i) ABM (7 Mull space method (MSM)
(71 Park method
(7 Gear 2
TV RE4 (@ Range space method (RSM)
(7 Park Parallel

Time s @
Step size for animation and data storage

Error tolerance 1E
[(Delay to real ime simulation

i

’ Integration ” Message ” Close J

1.15 {FEEHIFE
WIE KA
N LSRR A IS B, FAT TR LA S B — 8 M 2 X BIRA TG L T TR« 4]
gagkAE” THRAT LL#EAT E o
1. 7E Object simulation inspector 1/j E. % il S [ £ F¢ Initial conditions |

Coordinates.
X BT BB AT AR AR, KT EAREA, A HAH — MR ARAR
2. WEIHAPR Coordinate ¥ 1, AJSEIZE, XFEPBYIMEHAE 1
g5, W 1.16 Ais.

£vE: UM AR E PR EArf] (SD, #ulttih Coordinate £ 5 B A7 NN .

Universal Mechanism 9 13 Getting Started



i = Tongsuan
L:] universal /e - Mk
mechanism g [e) 55

[3] Animation window [roo]eEl @S] object simulation inspecto
| Q [Q]| N @ ors (?é| 0_‘ ® 8w | | Solver Inital conditions Object variables XvA Information

Coordinates | Constraints on initial conditions

SB(@®0 ww ¥
1. v Coordinate Velodity Comment
11 1 0 jPenduium 1a

<

Number of d.o.f. =1

Integration Message Close

116 EXVIRBIRNFIAFME
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HRIE

BUEAR RO AT LT 07 FOTH B, AN ELEERE 10 A0 Tttt

1. f£ Object simulation inspector 1j FL¥ | S (1] si i Integration %4 .

i EFFUH, Process parameters & 12 IR REA N, S 4arit &t
&, i 1.17 Bir.

[

|2] Process parameters IE'

Simulation time {z) 8.96
Duration time (s) 111
Step duration (s) 1,5002E-5
Step size (s) 0.02

Pause (]

1.17 (hE#HE
M EEERES, Pause & <5 H, Wil 1.18 fias. Bbh, A AT PAEAT 4E
Ko A5 BB TR RS AR 9 V5 4

Pause

Process parameters | Solver statistics |

Simulation process parameters | Solver options | Type of coordinates for bodies

Solver Type of solution

@) BOF
ABM () Mull space method (NSM)
Park method
Gear 2
RE4 @ Range space method (RSM)
Park Parallel

Time [ 10
Step size for animation and data storage
Error tolerance

[ pelay to real time simulation

’ Continue ” Message ” Save ” Interrupt

& 118 EiFENO
2. {f Pause & 151 Interrupt #%4fl, X.[F|F] [ Object simulation
inspector {7 ELIE T AT,  SEAHR Y N [R] 2)3% 2 I WILAIRAS o

Universal Mechanism 9 15 Getting Started
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2210 i 2%

FEAT FLHEAT I [EINE P AT DL SEA [ AR S s AR 2k i anfr g . Sl FE .
AR, X E, AR 8 OIS B AR NI 5T Co A AR R ) AE AL o

B IR,

1. %&FESKEH Tools | Graphic window .

Wa, FIIHZERF.

2. EFESCH Tools | Wizard of variables.

Wizard of variables & & [ 1 T 0@ & MR TR, XEABREIET LR
&, W PURREMPUE, SrlELEE OAZhEE O ER, W 1.19 Frs.

Wizard of variables @
a+b Expression User variables ¥+ Reactions J: Coordinates (%) Solver variables =X Al forces
Q Variables for group of bodies B Joint forces A Angular variables 47 Linear variables

= pendulum Selected
Pendulum |Pendulum |

Coordinates of point in the body-fixed frame of reference

| o]| of| 0]

Type

(® Coordinate () Bipolar vector

() velocity () Bipolar velocity

() Acceleration () Bipolar acceleration

Component

Ox @y Oz Olvi Ov

Resolved in SC of body

|BaseD ﬂl

Relative to body

Basel J

0 0 0

riy(Pendulum) | |C00rdinates of paint (0,0,0) of body Pendulum relative to Base(, 5C Based, projection ¥ | iﬁi

riy(Pendulum)

B 119 TEESENQ
T, FRATT R 2 ] AR WA BT oA AR B I AR
1. 1t Wizard of variables 2% & [7] 3 & 1% F¢ Linear variables (NI4T
Rt HEAIE D
2. EFEAE Component ZHHEEIFE Y 70 &

3. UG E A Tl B e e0 T 455 riy(Pendulum),
FEHET F IS B,

Universal Mechanism 9 16 Getting Started
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mechanism g] |’%

AR EHEH 1)AE & riy(Pendulum), R HAEANFRATZ BT EIZERIZ K
wH,

£ Object simulation inspector {/j FL4% il 7 [l 57 Integration %4175
iR, "LAERZEE O EIR T A& riy(Pendulum) [P FEHIZE, 40
Bl 1.20 Fioss

rry(Penduium... ! \":\,n:Pen:_Lr’:l

Plots (o [®

Variables

=]

WA

Bl 1.20 &HIEERIEHZ

Bk Sz, FIPETESS 3 B S AR, SRR S E SR AN T
&I, HHEE rryPendulum) & T Hd, W& ETHE4,

HERENPL

FEATT FLHEAT RIS P 38 AT LAAE Sl i 2 sh A R & X BLERAT s s
] 7R BRI O R R B . E %, AT ZEAE Wizard of variables 42 [7]
T BN R RAS R . W RAE 2 AT AR R AR AR B 17 1 1 5CHT, T AN

;/[Z\EFE;[L\
1.
2.

i1 3 # Tools | Wizard of variables F 3747 JFRI 7],
SE1E Wizard of variables 25 & 7] 5 7 1% +#% Linear variables.
P TE Type ZBHEILEE Velocity #EF & (Bt AL E

Coordinate) -

SR JE1E Component ZHHELFE V 738 (KRR E Vector).

adn T AT Rl B g pmas®, S F e,
IR viv(Pendulum), 3T T I RAE.

Ve BE R 05 B vav(Pendulum), 4 FHE A — 1 O HUZ0 %
.

Universal Mechanism 9 17 Getting Started
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L:]1 mechanism g [e) 55
FAVE: AEShE A L R B RS R NBSECRAS, T2 AT LA S ) B
HgEk it B RERAE.
6. WBhrFEI RIS EE O, AR, 1%L3F Position of vectors list |
Bottom.
L, FRATHEE A AN BT O B AR
7. BHEEVD EJUPEAE GF: 2 Type 4% Coordinate), & T
A & rav(Pendulum) ¥ 36 A\ 2l H E .
8. TE3NEH KT REFIRX 55X THEEL BT, iy o
e MBSO A BB .
9. {E Object simulation inspector 1jj 545 il FL 1 sl Integration $%4H 146
fiF,
X, W] LA BIE B S SR TR O R R IS sh B,
Bl 1.21 Fros. WSR2, Al LOE IS A8 5 Vectors settings 120 & Pk 21 L
B
M AR, ATLMESHEBIE . TPl E, 0] DUESUE R S
(5] Animation window == = |
@[OSk G2 06w

Vectors [ Trajectories

.r:v(Pendqum) - Coordinates of point {0,0,0) of body Pendulum relative to Basel, SC Based, Vector
.?\t:\r(Pendqum) - Velocity of point (0,0,0) of body Pendulum relative to Basel, SC Basel, Vector |

Bl 1.21 ZhSERBEFOEE R E NS ST

Universal Mechanism 9 18 Getting Started



) Ciisi
2. BEfREISEiaRa)

21 REAX

AVRFEVH S AT AE UM ALY B3 ST, ey FH i) ) bR 5 R B I 132 51, BA
FAERISHAI) 775 . FATTEAE H Linear analysis 2814871 T 2+ 5 R G810 F 1l
A, SREHEAMRMRE . sk, FATL2HE| Statisties Fiit TR 148
=R AT,

2.2 A

BATHE— AR RA N B IR A SZa RS A T, fEARRIES,
AT LB 2.1 B BB A i B8 HH 5 S W& Top A1 Brick AT EL
— NERME SR A — NGt P e AR A s . Hor, NiA Top H)I2 302 I [A] pR 2 (IE3%
BRI IR .

B 7] LLFE A HB % 42 {UM Data}\SAMPLES\TUTORIAL \oscillator #% F]ix />
FEAY

L ] I Asin(wt)
Top

u

Brick

1

2.1 A E

2 B AT LAANET 75 W93 R 4% Y hitp://www.umlab.ru/download/90/oscillator.zip
Universal Mechanism 9 19 Getting Started
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2.3 =EAE

2.3.1 4T UM Input FEF M H R

24T UM Input 2%

1. kst FFEE | BrA R | Universal Mechanism 9 x64 | UM Input.
g X 5 PR$E 77 X UM Input.

g — MR
2. EFESEH File | New object, Hrid—/ UM fHA!,
s Al TR ERD.
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2.3.2 BT E#

Top

XA RN — MR FERAE SRR Top (K1) LATEE

1. Seik rPAERI B Images, SRS 38 B 105 4241 t ., oue
—NJUTEE (GO).

2. HHN Top-

3. W™In—AKEEItE (GE), %FHRA Box.
4. % HE Box IR~ (Parameters) F1f7E (GE Position) %, WK 2.2

IV
5. WHEHI NEE.

Marne: Top

Comments,Text atiribute C

Description | G0 position

]

Z + @ @

Box

Type: W Box -

Comments,Text attribute C

+ [+ @

GE position |
Parameters |

Material
Colors

Ay 0.2
B: 0.2
C: 0.01

Universal Mechanism 9

C

C

C

[~
Mame: Top & + i

Comments,Text attribute C
Translation
W C
¥ C
z: 0,005 C
Rotation

Sk c

ek :

Bk :
shift after rotation
W C
¥ C
i C

& 2.2 B3 Top RYJLIATEIF
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Brick

BUERATRANE — DK 0.2m HYIETTAAEINIE Brick 1) LT ETE .

1.

2.
3.
4

WAL (GO
H 44 Brick.
Hm—AEEILER (GE), %K% Box.
W& Box FIR~] (Parameters) FIfiZ & (GE Position) Z4, W& 2.3
FoR
WEBIO VLA,
3
Mame: Brick & + i
Comments,Text attribute C
oo |
Type: W Ex ~ (i
Comments Text attribute C
B
Heames | Brick ﬁ + ﬁ | Parameters | Colors
Comments/Text attribute C GE position | Material
Translation
C

X
Description | GO position [

[Box i
Box |
o -1 £
Type: & Box - + Ei Rotation
C
Comments,Text attribute C [:] o
[ -]o ;
GE position I Material
Parameters | Colors Shift after rotation
. C
A 0.2 £ *
. C
B: 0.2 E ¥z
. C
C: 0.2 £ z

2.3 1)} Brick BJLATEF
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Spring

BUEEBA R B — MR SEs S LT B

1.

ok~ N

wm—A U ETE (GOD.
H A4 Spring.
NIn—NEEIGER (GE), %8257 Spring.
Bt & Spring )X~} (Parameters) %1, WK 2.4 fiis.
wEBE L.
(%
Mame: Spring j&f + m

Comments,Text attribute C

Description | GO position
Spring

Type: 7 Spring - -+ ﬁii

Comments,Text attribute C

| GE pasition |  Material
Parameters | Colors
i Left @ Right

Radius: 0.07 £
Height: 1 c
Bar diameter (d}: 0.02 £
MNumber of coils: 5 Z]
Coil discretization: 20 *_A]
Bar discretization: 10 Z]

& 2.4 B3 Spring B9JLATEI
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Damper

B Ja AR AN P #4811 LT ) Damper, WIE 2.5 Fizx.
L wm—2JUTEE (GO,
2. Hfy4 N Damper.
3. WwE—1TEIEITE (GE), EFHHA Cone.
4. & Cone HMIZHUIT:

R2=0.02;

R1=0.02;

H=1.

5 WHEBIGNER.
6. WIME—ABEIEITER (GE), L&KM Cone, JFBRESHUIIT

R2 =0.04;
R1 = 0.04;
H=0.5.
WEANE 2% (GE position), Translation | Z =0.25, ¥ &EEI NA

.

JN AN

& 2.5 Damper JLIA] &I
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2.3.3 BlEN4E

Top

BATRATE S — WA Top.

W — M

HAr4 N Top.

M Image N3¢ L Top, WK 2.6 P,

fREFFiE (Mass) FIiPE5K & (Inertia tensor) SEHUNE .
[

Mame: Top o= 'h i}

Comments,Text atiribute C

el A

| Oriented points | Vectors | 3D Contact

Farameters | Position | Faints
Coordinates (PP): [Quaterniun V]
o to element [l
Image: Visible
Top b
(RS
Brick
Spring
Darnper
Inertia tensor:

C C C

C C

c

Added mass matrix: {none) J

Coordinates of center of mass
C C C

2.6 BIZNI Top
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Brick

BUERATR AN ZE —AWIE Brick. 7] L ZH4TS (identifier) K& LE )

i .

SRR LI AL T HATT AT AR 5 3t £ 07 FORE Py J T 2 UL, AN

[ B AR 7 A KB WRERFF 5% (SE REBUEIA) A issl i,
SR ERLE RER 1B U A 5 H8T A2 iz 3 7 R I A

1 d#m— Nk,
2. H4 N Bricks
3. M Image TH73€ 5§+ & +% Brick.
4. WEFE (Mass) Am, BEIZE, #HBYIHEWAE (Initialization of
value) & .
5. WEZHUE (Value) N 10, FEEIZEHHI.
6. ML, XAHRISETS m AN L NS EER, WKl 2.7 B
7No
4 15 Initialization of values ¥ | Mame: =+ 'h ﬁ
Identifier  Value Comment Comments,Text attribute C
m 10] | |
Oriented points Vectors 3D Contact
Parameters Position Points
Coordinates (PP): | Quaternion w~
kldd ——— | Go to element [ e
Image: [ visible
- Mo Vl
+ C te automaticall
= B | + 3 |B e i
Whole list Mass: |m £ |
MName Expression Value Inertia tensor:
m 10 C” C|| C|
| 2| |
Added mass matrix: (none) J

Coordinates of center of mass
| =l ‘]

& 2.7 GJZRIHK Brick
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2.3.4 BIER

Witk Top HI4R

R4 Top W% I i IESZIZ 3N, WK RECNAsin(wt). FEIRATRE NI
Top FHXJ K HL Base0 [°FE%E

1. dedeh 72 MIBERY AR 5K NI4A Top.
2. RJEEAMAEFHE LTI, HKIKIER Create joint |

Translational, 1 2.8 (/) FiR. XFEHLAIE T NIE Top AHXT K
Base0 V3% .

3. 1£ Geometry W& E VKIS, WK 2.8 Cf) Fiaw, WIEHNI
& Top HJJi 5B T Base0 ] (0, 0, 0.5) 4, Top #1 Base0 f] Z #Af
H P47, Top AHXF Base0 RJ{E Z Fli77 iz ), 1 HAh 7 [ N ERAR L))

=

Mame: Top + 'h ﬁ_?i

Comments,Text attribute C

3
| Oriented points I Vectors I 3D Contact Name:  fTop + m =
Parameters | positon | Points
Coordinates (PP): [Quaternion ,] Body1: Body2:
S _ Base0 | frop -]
« Rotational op Create joint Type: [_é*_ Translational ,]
' i,
£ Translational m Image Geometry | Desaription
™y 6dof. #f Bipolarforces Joint points
% General ) Basel T@
7% Quaternion | [ c C 05 C
Inertia tensor: Tap EEE
c C C C C C
t t Joint vectors
= Baseld [33*15 Z:(0,0,1) "]
. n mn
Added mass matrix: (none) J 0 0 1
Coordinates of center of mass Top [33*15 Z:1(0,0,1) "]
c C C 0 g noq 7,

2.8 BIEFTR
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4. 1J)#:%| Description T .

5. /n)i% Prescribed function of time £,
element, }i “A2& "

6.

3 H IR HE replace existing

B KR (Type of description) Jy3RIAR Expression, 2851

a*sin(omega*t), 1 2.9 Fix, %,

Mame: jTop

Body1:
Basel

=

Body2:

F @ -

ﬂ Top

Type: [é Translational

Description

Configuration
Rotation:

Shift:

Joint coordinate

@ Expression
() Function
7 Time-table

a=sin{omega™t)

0.000000000000

0.000000000000

Prescribed function of time
Type of description
i) File

71 Curve

& 2.9 &M B8 & BIEED

7. {EVIUETAME (Initialization of values) 7 % & a=0.05 (m),

=10 (rad/s), @WK 2.10 Arx.

omega

|=] Initialization of values >
Identifier  Value Comment
a 0.05
omega 10
Add to the sheet: | Vhole list: o

& 2.10 #ERESQ

Universal Mechanism 9
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R4k Brick B4
1. sk p Ac AR B I MIA Brick.
2. SREIEAMA B A H e,

3. fKIXi%#E Create joint | Translational.

4. 7 Bodyl At FHisEHk FENIA Top, #HeBi4 1) Base0, 1& 2.11 fr
TNo

5. 1f Geometry T & E VKIS, WE 2.11 fias, WILERE WA
Brick HJ 5 58T Top 1 (0, 0, -0.5) Ab, Brick A1 Top 1 Z %h#H .

47, Brick X} Top RI{E Z fhJ5 A&, 1 HAbTy MOy EAHZ HOIR
&

i» o

[L4]

Mame: jBrick == i

Body 1: Body2:
Top j Brick ﬂ
Type: [-é'- Translational v]

Geometry |Descri|:|ﬁon | Joint forv.:e|

Joint points

Top [EE
Brick EEE

[ C [

Joint vectors

Top |axis Z: (0,0,1) -
o] LA N n
Brick [axis Z:(0,0,1) v]
i) LA N n

& 2.11 Brick &85
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2.3.5 GIE ST

BUAERRAT KA & Top A1 Brick /4RI i4 2 8] (5.8 ) RIFHLIE 77« 1% B4 5
¢ FRTRE IO INIE 22, 75 mu FoRFHJE o IR JE R 3.

1. Seadedr 2o AL B 14X jBrick.

2. RJERE A MAZEFE I Joint force.

3. M Type T rik$f Linear 2614 /17T,

4. /3 HI{E Stiffness coef. (¢)— I ATF*5 ¢, Coordinate (x0)— =4 A F5F
5 Length, Damping coef. (d) M ART 5 mu, HEZE, WE 2.12
FiRe. SE0 MK THIME: ¢=250, Length=0.4, mu=5.

b

Mame:  jBrick <+ ﬁ =
Body1: Body2:

Top ﬂ Brick ﬂ

Type: [-é: Translational v]

| Geometry | Description | Joint force

[IZ, Linear v]
F=F0-c*(x- x0) - d*v + Q sin({w*t+a)
Force (FO): 0 c
Stiffness coef, (c): C £
Coordinate (x0): Length C
Damping coef. (d): mu c
Amplitude (Q): ] X
Freguency (w): 0 c
Initial phase {a): 0 c

& 2.12 EXGEEMERNTESH

P47 s BARAT T 7E 52 SCNIA Brick 1 Top BT, BP0k B — I UGEE 5,
{EARAE BRI & X, TEWIEIRES, B4R x=0, #)t Top fEHAE Brick LHIJ1A4
F=-c*(x-x0)=-250%(0-0.4)=100N, Brick F3Z2[f/H /7 G=m*g=10*(-9.81)=-98.1N,
W2 WAE X WIUG A T R P & . % {FH Bipolar force #EAT 24, N
WIEIRAS I x Ronmi SRS, EE e —HER.
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2.3.6 BEAIFHJE SIu T ¥4k

Z

I, NIFAERNTC A e 7R TAE: NIk, 8 Ji7t. 2R
1M, DAL E S A 836, RN E /1 &A Bon, WERIR
REGIHIE. (o) Fiam. AT LIRSS Jo i nl A, AT ZaIEm
A~ Bipolar /170, FFEBEHUEN 0. XE P Bipolar J1 o H T EoniE 1
FHJE, FEAMmIMESER, e RRREISIHRK. ) Fix.

VY
/A

2.13 NTEIAEL

s WATHEAE 2077 AT BLE ARG )3 AR Jé 7776, 1X BRI 2
Joint forces, {HIXFFAZME—HT77%. AT A] LLEEE A Bipolar forces, [A]N il
BEAT ATARAGE S, AN 5 EE ARSI SURAU )76 R X M7 AT e A7 AE — A 11
A, AT EARSE L, AR Brick FUIZ 30 AR KR, AL BRI B 77t
KEERTREAR AN 0. X< T Bipolar /J7uiBWN 0 (FjoMismfiEsE SEE), 1%
PR BT CREAFLE). 1M Joint forces A SAFIEX A M, KA
HJ7 MR 2 B BT )
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1. Seik b 22 UAERIR (1) Bipolar forces.
2. SREEAMAZEAERINPIA Bipolar 1176, JE%E 2.14 Fross 3l

=
P [

MName: |Fin:titinu55pring | == ﬁ s |Fitﬁﬁﬂ'USDE"-'-'I:IEr | + ﬁ

Comments/Text atiribute C Comments/Text attribute C

| | |
Body1: Body2: Bodyl: Body2:

Fron <] [k < [ | [Brick ~|
GO: | Spring w | GO: |Damper e
[ autodetection _l Autodetection

Attachment points Attachment points

% Top: [EE Top:

| | ] o] | | | g

% Brick: [E\\? Brick:

| °]| BICE ] | = ot ‘]
Length 0.4 Length 0.4

a:b Expression « | |2+b Expression w
Description of force/moment Description of forcefmoment

Pascal/C expression: F=F{x,v,t) Pascal {C expression: F=F{x,v,t)

Example: Example:

-cstiff*{x-x0)-cdiss*v +ampl®sin{om*t) -catiff={x-x0)-cdiss *v +ampl®sin{om*t)

F= |[J I:'| F= ||] P

& 2.14 FE#L Bipolar 737T
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2.3.7 Hinz%

UM ELSHAF5 0] AR E LR IR IRIE R o X BLIRAT PRI s A BT 1 5
TR ARG A DR RS A AT E AN PR JE R B XA AR A
P 4 8 5y ERRSRAG HL AT A o

B AR G [ A AR ] A LT 2 (3R A5

c

k= |—
m

Hrb, k2REAEmE, BACN rads;
c e NIEERE, HAN N/m;
m 2RI E, 608 ke
Il S BEJE AT R A«
p = 2vcm
Hep, pwhlRFEE 25, #4078 Ns/m.
AR IR I ST 5.

1. sl 2 NS HERRI T + BRAE S 3 X A e 35K 5 New
identifier, MK 2.15 ffi7R.
bz
=8|+ 86|
Whole list
Name Expression Value
m 10
a 0.05
TS + Ne;v identifier... Ins
;rng'dﬂ Add from subsystem...
mu Insert identifier... Shift+Ins
Edit identifier...
i Delete identifier Del
B Copy value to clipboard Ctrl+C
Copy table to clipboard Ctrl+Ins
Show elements for identifier...
Show unused identifiers...
Y New page
Rename page
Turn on page...
Delete page
Remove from page
v Auto refresh object
Refresh object
< >

2.15 B¥HFSHR
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2. 1ERHE O XSEFA S k (JEEMFR) &FKEAX sqrt(c/m), WK

2.16 7w
Add identifier @
Mame: k
Expression: sgrifc/m) C
Comment: Matural frequency
[ Apply ] [ Cancel ]

E 2.16 B¥HFSk
3. UMHFMIEFHRIN— N85S mu_star (GG RED, © &K
1550 2*%sqrt(e*m), WK 2.17 AR,

Add identifier X
Mame: mu_star
Expression: Z*=grt(c™m) c
Comment: Critical damping coefficient

[ Apply ] [ Cancel

& 2.17 ¥ S mu_star

238 HEEMHH

1. EFESLH File | Save as. . fRAFAA (E1E#E HE UKD, HN
Oscillator .

2. {f UM Input 25 5L IEFEE . Object | Simulation Z% i A i 6
Ctrl+M iz 17 UM Simulation 1/j 5LA2 7 I BI04 ATEAL, 5 UM
Simulation F£/71217 5, HIFH UM Input F2/7 5 H] .
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24 45 A

IEFRAIRA— R oL IR0 5 A e B iRzl JERLE R B Hik
ZAITERLIE (¥ 32 8 PR3 «

2.4.1 HH#R3)

HHEH H BiR3

1. JEHZZH Tools | Animation window, 17—/ MFaNE & 0 (X—3
AR, BRI2h UM Simulation MNEGBEAYE £ 22 B Zh4TF 1 AS) i &
1),

2. EFESEH Tools | Graphic window, I — 2K E .

3. IEFEZEH Tools | Wizard of variables, ] 45 &[5,

4. {EAFEASH) Linear variables T, Ik Brick Wik, #AM1%E
Type & Coordinate (SR F/E), #F Z H/r=E (Component), i

st B loge AR, SR EIEALEE T, IR KRS,

5. JEFESEH Analysis | Simulation, 5 H {7 4% FL 10 Object simulation
inspector, 1% & i FLI [A]2H 25s.

2] UM - Simulati software labwriversal
File Anslysis Scanning Tools Windows Help
22LH 00| EEH APBE Eosldd e DE® = B
chgs WPk P Rors & O
el

TS Animation window
CIECE R XAENICTIR

> v
Step stz o aramation and data stcrage [0.02
Ervr tokrance
ey trest me smiston,
I keep system mairix decompositon
O] Computation of 3acabiars

odk dagonal Jacobian

E 218 (HEEFFE
6. D7 EFEFP S LA G DT BE ROR BN E, il 2.18 iR,
7. B EIEH LU Object simulation inspector [ Identifier
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8. WEZSHra N0, WA, WE 2.19 fix. XERFIE Top HITRIEN

0, ArAIED.

Ohbject simulation inspector

COhject variables I KVA | Information Tools
Solver |  Identifiers | [nitial conditions

= B
MName Expression Value Carmme
m 10
a 0
omega 10
C 250
lenath 0.4
mu 3
k sqrt{c/m) 5 Matural
mu_star 2¥agri{c™m) 100 Critical
4 [l b

[ Integration ” Message ” Close

Universal Mechanism 9

& 219 (HiEESH
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mechanism
R4 FAE I S Object simulation inspector [ Initial conditions, &
NHIEAIEE R 0.1 (m), WE 2.20 Fix. XERRATENIA Brick
VG R — B s, 2 mE P g, XFEA BE RIS BORIE iR

~ ‘

universal = Tongsuan

9) O
9

B
Object simulation inspector
Object variables I KWA | Information I Tools |
Solver | Identifiers Initial conditions

Coordinates | Constraints on initial conditions |

=B & ®0O|x v ¥
dr ¥ Coordinate Velodty C
1.1 0. 1] 0 iB

< [
Cressse ) o= o018 & 01

o= |

’ Integration ” Message

B 220 HEMREHG
10. S H& i A Object simulation inspector ) Integration %4 H 46
5 HAT 5
BAE 0 LA TE R 25 FPEITHE AL, W RAFE S & S NI{A Brick 112 3)
0L, FE2 BB TN Brick B8 (a2 5% I FE 26
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11, L EE HRAR, EHCH Show all, W LLE/RBEAIL, 1K
2.21 s WATLCREOGERTE A1 4 B T TGS, RIS Bl i T B AR 2 E

BRI
Plots EI@

Variables

W

Options...

oosH -4 f1--- Y R
- 1 ' ' Show all
[ : : Show according the ruler pointers
- | /\j /\/\/\V\/ Copy to clipboard —]

Fix tool panel

of ‘}U U U 51 12 Print...

Show ruler
RS ol ) R | R LR EE EEE R LR EEEEEEE EEEEEEEL Show ordinate value
I E : : Save parameters...
Load parameters...

13.89 0.0532999999999999

B 221 £EEONSER
B W EIE O EM AR B ihse, Bt maE s,
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TEFE e B H Be3h

AETRMIBGHEBEE (FEFRJE REGE A 00, KX HLTCRH e FTA B e -5 45
R
1. EPLEE ORA S riz(Brick), SAHE, SRJGIEFSCH Copy as static
variables. XFEFLI I MG REH] 17—k, HIREAEZEE .
2. fii Pause S ) Interrupt 1241, [B] 347 F4% ] S .

FE: BAINEE R PO IHEANEE G O E rizBrick) 23188 &, &
SRR B B N T ARSI E T B R, BAIFER
IR EIATEHRIERE, B NHETE, FARERAREAL,

3. EFA A S Y Identifier .

4. WEZH mau A0, HFZE, XFEHBGH TEE.

5. fiif Integration %41 U617 & .

KAGTHAP RIS 338 v DI LU IR O B g5 5, aniEl 2.22 Fr
No

Bl =)

T

pL L

4.26 -0.0724599999999999

2.22 PRITELERRI
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Il 57 FELJE B B B 3= 30

FR A AT 2075 21 SR JE 2 %0 mu = 100 Ns/m, iEFRATTRAERX AN Tk

1. ‘EHZLHEEHORshE GE—1) & rizBrick), SAHE, REEEFEE
H1 Copy as static variables. XFERAX T FE RS REH 17—k, IF
PREEELEE N (AL ERNEETE).

2. Rl Pause S Interrupt 1241, [0 245 B35 H) S H .

3. PR EEH| S Identifier, B EZS% mu N 100,

4. )5if Integration 240 A1 H .

B 2.23 AT 0L, W44 Brick (12 A7 52 Wk

Plats

I. r (B ick) - Co...

e i v O o B

20 b5

Lt

4.18 -0.0773999999939999

& 2.23 ZR{FEZERRTLE
5. wEATLLETER L EPE, ZRHESCNEMFEE REUE, T
o, XHathai R Gils 726l RS R ATHERE).
6. I, HHFHERE mu HE N 100 (Ns/m).

Universal Mechanism 9 40 Getting Started



. T(m"wan
L:]‘ unlversa_l
mechanism QI ]7‘!“%

2.4.2 GiitoHr

PLAEFRATRA e TR TS Rt

1. &I Tools | Statistics, T — DG E .

2. KLK% O PR B BRI N ARG E .

3. Mg E LRI ZE % E Power spectral density .

M%%‘ﬁ%ﬁﬁﬁﬁﬁﬂuﬁﬁ, RAREEFAA — A, By RS0
A, HFGWEN S rad/s. FHIRATR 8B M, MK 2.24 7 LUE Hig
(BN L HIAIE K208 0.78Hz, BN MA: 0.78%2m = 4.9 rad/s, SfEbTiEd:
R,

ik N TR BCENRSHRNE, 538 AT DUE R R O BoR L, il

LR JRFRTBK o
Statistics - spectral estimations EI@

Variables Histogram Integral law Correlation function Power spectral density  Spectrum module  Spectrum phase  Statistics

.r:z(Brick) -Co...

0.014

0.012

0.008

0.006

s S e e S e e S

0.64 0.68 0.72 0.76 0.8 0.84 0.88 0.92
(0.7314; 0.015798)

2.24 XERBBRRINNFIEERE
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Z

2.4.3 BAERLZMHESHT

N THERATI R 2R S ERAS L 43t (Static and linear analysis) T E ¥ H
o MHRZXATH, WATTUSRERFNPEAE. BAEMBEMRE, UM
Jett,

B, FRATHEERIKSCM] Pause T FAI47 B4 ) S -

1. miili Pause FLHIH Interrupt 3241, [BI2) 45 BA= 6] 51

2. pU T HAEH I E) Close 4%

LS TR D
3. EFFESEH Analysis | Static and linear analysis, 5 H i & F1 2Pk 287 &
M,
PG AL E

e ’1 N Y/t V-2l AN N = AN
4. sk Equilibrium, A Y BT PO E . B R Y
K “Equilibrium position is successfully computed!” ILEf, 2 % 1
TR PR L FHEPIRAS o

Btk T 58 BUR V- B L AR AR A TT BLERAF A SCAF < 56 sl Initial conditions,
s B TR A B A R SLOT IR, MR, WL SO
HEER T, EAIaR %1

B A AR R

N (. R
5. 451l Frequencies/Eigenvalues, i S ifiticl ~ BEAT A Hi% 115

HHEBRMEEMRINEAT DD E R, ATUESR, RGNE D
BE, H0.795775Hz, X/MES EMER Srad/s B 2k

6. iR, WTLUMERA. $E AL EAT IR (Amplitude)
FIEs (Rate). ibA%dl " 8%~ Esc #AT LB 5 HR A 2 m .

PR e

BUEBATRIF LA R G RIR CRFAEED, il en] A 1 R S e
M.
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5 | Identifiers | Initial conditions | Options|
Eigenvalues

7. S’k Bigenvalues 30, P © MEATEHE(E R

Eigenvalues

IUse zero velodties

[ ]skip damping matrix
Re/m e
Sort by: frequency W
Re Im

1 -5 0.000251235

8. HARMAR fﬁfﬁ?ﬂﬁﬂ%f’z?f Al EFE Re/lm (B EHD
TT%ﬁ XFFEE—AULHEAR, X B R BoR i R ROVIERE. TR
H, f%?ﬂEEl’\b&nBj\w\, Iﬁt?@ﬂiﬁmﬁﬁiﬁ%ﬁ%o

KHJE tE

Eigenvalues

IUse zero velodties

[ ]skip damping matrix

Frequency,/Damping ratio b
Sort by: frequency '
f(Hz) Beta(%e)/r

1 399853E 3 100,000

9. %+ Frequency/Damping ratio (Jii%/[HJE L) Bz, nLLE ],
FELJE EL Beta 24 100%, 1ELF%S Mlln AREJE . BRIR b (IR N 1% A
OHz, HEFHETTERE, XEERPZE MR

i WA BRI BE JE L EUE 7T PAE R SRR AU M LB REGE G,
FHJE 2% A BN S HUR & K Z B
10. % ] LAZE Identifier U1 HAT B S mu HIEUE, =B FDIE,
WL R G AN e EL AR A
11, KPABRSFNLZENE S #1 % [ Static and linear analysis.
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2.4.4 ZiEHREN

T FRATRE ST e 1) 2 18 R 3 .

1. MpeEwOhRrastE, RMRrEE -1 aa%E.

2. IEFEEH Analysis | Simulation, 1715 B A% HI FLH

3. i Identifier, WEZH{H: a=0.05, omega=8, mu=0.

4. A5 Integration FFUGfi . ATLLER], WA Top thiEizsl, NIk
Brick T[] {7 4% K AR T 2k an &1 2.25 BT

= = e =
r:;;iﬁﬁﬁaéjﬁﬁiﬁﬁéﬁiﬁZZZIIZ | | I ﬂ (\ n ” (\ ﬂ
e
L

& 2.25 Z1B¥xz) (omega = 8rad/s)
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LR

Wfa, BAPREG MR TOL: MBI R 5 2R 45 [ S A 55
N
1. it Pause & 0 Interrupt %41
o ETEEGIF N, RE S omega N5, HRSEAE.
3. riili Integration JFUG05 5. IEWIFRATIHER), AoMEBURIIMIR Y &
Gl AR ER, REHERAE TIIRILE, WKl 2.26 s,

Plots
Variables

=]

14.3 0.0171

& 226 ZB¥zh: H£RIR
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3. 2R

3.1 REAX

ASURAR I 7 U] A5 P 22 WA VR 8 S SRk 1) 8 B R AR, A Y 2 1k 20 TR
RIGFHAHIALE . A SR ARE,  IF07 AL I 5 A KA AN IR O

3.2 A {A

BATH H 2 IR B 7 1R A — AN B R[] X ARG i 2 B W T 1
T RIERM R, FASRIR 2 18 i b i b . Horp, S F WA R 12,
FFKE N [, I=L/N-1), L NRRIEK, NARPEAFREE . 225 R AT S 5
T [ 28, AHARPANAT E sl B BB, JRsE — AN 9E-B e Jion, HRIE RECh
¢, MERE Na, WA 3.1 Fir.

Bl 3.1 ZERNIMEATLE AR HYSE M RAREY
FEAM A, BATTHIAN B0 B 2 HOR E SCZIRE (E =2.1x10'"Pa, p =

7850kg/m3), HEE AL, BKEL=3m. SEREIHE 11 BNIHAH
i, 2 Al DAZEAS % 4% {UM Datal\SAMPLES\TUTORIAL\cantilever beam F£ |
XA

3 EEE W RLNE F ML iR A www.umlab.ru/download/90/cantilever beam.zip
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3.3 #Z4#

1217 UM Input 27, #— M, ESHERIBINSEEFT 5 BeamLength,
YoungsModulus, 1, d, J, cax, dax, WK 3.1 firr.

* 3.1 RRESY

IG5 Fika #HIE
BeamLength 3 CHIPERIS
YoungsModulus 2.1E+11 W KA &

1 BeamLength/10 GRS

d 2*1/75 R AR

J pi*d*d*d*d/64 2] 8k T 158 1 6
cax YoungsModulus*J/1 Il B AR AL

dax 5 PHJE &%k

3.3.1 BI& e

BT 4 AU : — N THER, =T X AR
Support

1 WI—NJUEIE, 153 Box 2874,
HE AT 44N Support, WESEUIT:
A=0.5;
B =0.05;
C=0.5.
3. 1t GE Position W% EX 3 : Translation | Y 4-0.025,
Translation | Z 4-0.25.
4. {£ Colors VLI % B A R
Rods

1 wm—JUEE, @ Cone K7,
H 4N Rodl, WESHUT:
R2=d/2;
R1 =d/2;
h=1/2.
3. {E GE Position T X EMZIEE: Translation |Y -4, #5hff
[: Rotational | X 4-90, & 3.2 ffis.
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4. {f Material U & B A KL B Density 4 7850
5. {E Colors U [ &P 0 NI .
6. FRM—AJUTER, %5 Cone 25, Han4 N Rod2, ESHN
K
R2=d/2;
R1 =4d/2;
h=1,
7. 1t GE Position T [HIZ B3 : Translation | Y H~-12, %3
J£: Rotational | X }-90, HIfiR,
8. 1t Material U1[f 1% B KL% E Density 24 7850
9. 1£ Colors T & E A NFEA.
10. K JLfTEIE Rod2 Hifil|—ik, Hir4 N Rod3, Bt Nt .

Name:ﬁ;+m

CommentsText attribute C

Description 50 position

Cone
+ @ 6

CommentsText attribute C
| |
Parameters Colors
5E position Material
Translation
x | c]
v |-I,|"4 ':l
z: | '3|
Rotation
X |0 '3|

<

<

| ‘]

& 3.2 % E Rodl I EFI 5[
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kS

3.3.2 AIENHE

Support
A —~ NIl

A

H 174 A Support.
M Image T $7 3¢ B % Support U] B IR ZE RIA
’5)i% Compute automatically £,
A E NI R R E S, WE 3.3 s,

e ot | + 4 @ B

Comments,Text attribute C

Coordinates (PP):
Go to element

Image:

3D Contact
Paints

Oriented points
Parameters

Vectors
Position

Quaternion e

=
Visible
Support

|l Compute automatically

Rods

1. Bhn 1 AR,

439\ 4~ Bodyl, Body2,

Inertia parameters
|97.5

Mass: c |

Inertia tensor:
2.0515625 (C ||

“|

|

°|

|4.n-525 IE?|

2.0515625 €

“]

Added mass matrix: (none)

Coordinates of center of mass
[ Cows o

& 3.3 BamlitERENRE

..., Bodyll.

FEFF AR T LT R AR R R B

3. Hr Bodyl 1 Body11 &+ JL{7T ) Rod1, Body2. Body4. Body6.
Body8 1 Body10 £ )L/ Rod2, HARNIMALEE LA K Rod3.

4. XMW, #Z2)1% Compute automatically 11,

7N o

Universal Mechanism 9
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3.3.3 A&

Mil{& Support FJEZ

Support & —MEERK, BABEBEE. BATTUE MR, iz 5K
(Base0) [#457FE—it.

1. SEfE/ MY L Bodies | Support.

2. R mda A BT R4, 1+ Create joint.

3. FAEHIRFIERE 6 doof., XFEFAIE T —AN/SHHEE

4. BUERERE YK N Base0, 5 41K N Support. SREDIRE, AN

] (CCASPEIR =AM S 1is3h#2 H HI.
5. {1 Coordinates UL [ HHFTH H HE, ik Support 5 KH[E 5, i
3.4 FiRe

Name:+ﬁ =

Body1: Body2:
|BaseD ﬂ| |S|.||:||:u:urt j|
Tyre: | % 6d.o.f. v

Geometry Coordinates

Translational
deqrees of freedom:

[ % |0.000000000000 |
0 v |0.000000000000 2|
[ z |0.000000000000 i
Rotational

degrees of freedom:
Crientation angles

3,1,2 >
[0 1 |0.000000000000 |
[ 2 |0.000000000000 +
[0 3 |0.000000000000 2]

& 3.4 Support BIER
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#FE— Rod 5RIE Support K8
TATSE R AR e v B, 75 B ORAIE A A2 A 3

1. Jefe ek 4 Bodies | Bodyl .
2. WJE REEANAE B TR, AN HHER.
3. Hfw4 A jSupportBodyl .
4. EFENIA Support 157N H I BIER IS — Yk
5. 1t Geometry Ul[H 13 & Body2 [1iEHz 5 Y 45 N-1/4.
6. 1t Coordinates JUIMHGH A HHHZ, {113 Rodl 55 Support NI PEiE
o
Rod Z [A]I148

N E SCRIPERT 2 18] BAT 3 58 BH Je 71 e M 3h

ok~ 0D

JeAE e A AR 1% 1 Bodies | Body2.

SR A A B F AR, B — N3

#H A4y jBodylBody2.

IEFENIE Bodyl % Bl BRI 28— Wik

7395 X Bodyl F1 Body2 [F&EH: i A bR (35 H RERAAAR R, WK 3.5
Fis o
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b —

i jBodyiBody. == i +

Body2:
ﬂ Body2 j

¥pe: ’ ¥ Rotational
\

eometr |Descri|:|ﬁnr1 | Joint Forcel
oint poin
T

dyl
L
If4 £ £
Body2 "'\ EE@
C Y2 C C
Joint wectors
Body1 |axis X : (1,0,0) -
1 nog ™ o n
Body2 |axis X : (1,0,0) -|
11 0 11 0 1

1

& 3.5 REFER

52 Getting Started

Universal Mechanism 9



L.']‘ universal
mechanism

\ Tongsuan
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6. fF Joint force 1| £ FF Linear 2%

JEAH dax, WA 3.6 i,
Mame: C o m i

7. VAREIFERITIE,
NIt GERIE

Universal Mechanism 9

Body1: Body2:

B350, B NI R cax AIFH

|Body1 ﬂ| |E‘Ddy2

~|

Type: | & Rotational
Geometry Description  Joint force

]Z. Linear

T=TO-c*[x-x0) - d* v + @ “sin{w*t+a)

b

Moment (TO) |I] c |
Stiffness coef. (c): |-:ax c |
Coordinate (x0): ||] c |
Damping coef. {d): |dax c |
Amplitude (Q): |I] = |
Frequency (w): |I] c |
Initial phase (a): |I3I c |

& 3.6 REWHEMRREAT

53 B Body3 FI| Body11 AH<EI P~ NIl 2 [A] ()45

EBL AR

53
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ZLE

334 HEMHE

FEENTH AT, AR A — TG ICZ B R EER Bk
Summary (PREERE CtrI+Alt+P) . WIERAZ H 5 W7~ “Errors not found”, i

B LA 1A,
(1, R E AR AR R

Wl 3.7 Pros. AR R AR AT IR, R ASREREAT 7 5
A UL E Shih A B AR R (0T 3 DU

PRAFIESY, A4 Cantilever_beam. JE#¢ . Object | Simulation (%
Ctr+M), #T7F UM Simulation 1j BF2/7, FFHEBMB YR,

[ o |

Universal

w -[@ Object

-1} Object
(B Subsystems

Mgt Images

ﬁ Bodies

-I® Joints
----- ¥ Bipolar forces
(= Scalar torques
----- = Linear forces
----- &® Contact forces
----- D TForces
----- B spedial forces
--ED Connections
----- 123 Indices

----- [ Summary
i, LoOranates

Mechanism 9

El 3.7 ERIUFLIZIEREIR

54
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3.4 45 F

AT RAT I SO R RO E . B, BEESIRIAER G 5 .

3.4.1 HHEPEME

— ORI, E UM BB RA, SRS I AT AL E . Dy 7 S AE D
FOT UG ) — BUR 8] 4 BB 2 i A5 5l A7 e BESE TH SR P B O JOP IR
SIhatiH. BEXLIATHRNE D R PEALEA W N

® ML EESRMETHTIRE

® H{EHVE: WIS REHATINEA 7y, IBP T E

S A5 VR R BB DU HLBE SRS SRR B 1A, ASUREIRTS R ST T o
117 HLREFR 2 I PR AR 1 P B 58 Rk, RSP E IR P B . T,
PAT PRI R IR TT IR

3.4.1.1 fRNTIEEERMBFELE

1. fiil @ P47 B A% %52 5 Analysis | Static and linear analysis, 714k

Pt TR,
2. miif Options | General option, 7E Equilibrium computation type £

# Solving equations, WIE 3.8 AR,
3. Jaridi Equilibrium, FRH4C TFATHE. e, Bl H 8
VRN AL BRI 3.9 s

Equilibrium  Frequencdies/Eigenvalues Rootlocus  Linear vibrations  Identifiers  Initial conditions  Options

General options  Parameters Forces

Equilibrium computation type
(®) Solving equations () Integration of equations of motion

Automatically compute equilibrium

Set zero velocities

Interrupt iterations when singular Jacobian
[ skip animation during equilibrium computation
[ Use equation of 4th order in QR algorithm

B 3.8 &EFITEFEARAMBIGEA
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39 BERNTHAERS
3.4.12 BETEBUER > RE

1. Sl Initial conditions, sdid%4*=2 , FPTAMAIRIKE N 0.
&t Options | General options, 7f Equilibrium computation type HE %
& Integration of equation of motion, U1 3.8 ffiir.
3. Zesidi Equilibrium, FF A d40C FFAHE . WS EE MEshid
o
KIS ) T R L SR i P AL B R, — e RE e E NI B A B
AR . f£— BRI R BhHe 2 T RE&EH, I T4E MEER, W RS
/e B o
i R IX M7 R S A B, AR P2 B Shds b i BELE 77 BUin i Sod 2
I~ SCREJE 735 o B e A B2 471 ) s AR B L

Qaiss = —aM(q)q (3.1

fHJE &% a fT Options | Parameters Ul ] Parameter of additional
damping HE. 737 BEAFME /5, 1: 0.1, 0.5 1 1. 7E3)H & %R
BRI B B T A REUEX B R G0 B B F2 #h e Xt L
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2

Kinetic energy [J1]
-
!

Simulation time [s]

3.10 BRI
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3.4.2 TR BEHFHREMIRNES

MR SCHR2], 2 S 0 A mT DL ek R i 0 2 G SRR 2

_ 12 | EL
fr =A% /mOL (3.2)

Hrp, ERMVERE, LN Pa;
J AR I BVEAE, A ym®
mo & A KIZ IR, AN kg/m;
LK, A8 m;

k RAR

ABHE LT

A = 1875, A, = 4694, A== (k>2) (3.3)
BRI B BT 1

k() = Ky (WKs (%) — Ky (K, (%) (3:4)

Hrb, Kiv Ky Ksv KGN Krylov PR, SR

le (x) = 3 L (cosh(x) + cos(x))

<Kﬂx)=%@mh@)+ﬂn&D
K;(x) = %(cosh(x) — cos(x))

| Ki(x) == (sinh(x) — sin(x))

PUAETRA IR TH H SR BRI A AR AR A . 15 %%, FRATL N A EI0H
=), AR E I EH T KA RS .
1. <[] UM Simulation [15E #2T, 217 UM Input T,
2. SefE e MEERIR % Object.
3. SRIGAEA AL H YL Gravity force direction HE ez — 125 X H ) &%
gravity factor, TR{E N0, W 3.11 s,
4. PRAFEAL, FEH] UM Simulation 7T,

(3.5
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Generation of equations
() 5ymbolic
@ Mumericterative

Gravity force direction
8 |

‘|

‘]

ay: |

ez |gravit5-’_1’acbor ':|
|5 Initialization of values x
Identifier Value Comment

gravity_factor )

:;{ Add to the sheet: | v|
3.11 BUEE NN
FTH A MBS T A, Sl Frequencies/Eigenvalues, /il 4%41C 44
., HHEEE, SERAEDEA R ERELMIIZR, W 3.12 fix. &
il T B S A B AT SR T S, e " B Ese T
-

[3] Static and linear analysis

S » BB E %

Equilibrium ~Frequendes/Eigenvalues Rootlocus  Linear vibrations

Freguencies and modes

Method of analysis
Lanczos Algorithm QR. algorithm

Modes number: m

f (Hz)
0.64543
4.06738
11.4467
22,5318
37.353
55.7343
77.0345
99,435
118.634
162,342

W 00 =] hown W R e

[y
=]

3.12 B2EREHMR
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FEMTIEABUE T F A RN WL 3.2, KM BSIRANIE 3.13 Fis.
% 3.2 BEPMARAEL

k fEMTAE (Hz) HiEfF (Hz) X IRZE (%)
1 0.64311 0.64543 -0.36
2 4.03059 4.06788 -0.93
3 11.2539 11.4467 -1.44
4 22.1165 22.5319 -1.88
5 36.5600 37.3530 2.17

——/—

——/—

& 3.13 EERARMNIESTREX L
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3.4.3 BRHis A7

TR FHAE S LIVl 17 g 2 o FL AT A0 o RS, [ ARG, 2
RGIRAENS , BAPEREN . 2N T R B A E IR . — Bl
01, B RAERRZRE (ElD, MWEEREZEAPTRERS.

MRIESCIR[3], RMIEF 71 (BRAL AT RKom:

m2E]

Pcr - W (3.6)
Hrp, EipfEiiE, $A004 Pa;
J TR B, AL Am®
LRKE, B4 m.
XTEEAGIH I, HilmF I :
P, = m2:2.1x1011-2.01x10~1° — 1158 N (3.7)

(2:3)?
NI, AT R A AN E A7, WIS I AR BE IS RN A R R
(e
1. KM UM Simulation {88 248, 217 UM Input TR
2. TEEMSERBM—AHISEGS Fy, HIRYME 0.
3. WmIn—A T-force, W& 3.14 fir.

w -[E) Object

--F0d Variables

. L8P Attributes
[0 Subsystems

g Images

-%5J Bodies

- B Joints

----- ¥ Bipolar forces
-z Scalar torgues
----- = Linear forces
----- &® Contact forces

----- &2 Connections
----- 123 Indices

& 3.14 #h0 T-force
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4, H4 N ForceY.

5. f£ T-forces %2 H 5[ 1E ¥ Base0 1E A —W1k, 1E+E Bodyll 1F NEE—
Wik, 2% Ri%5%% Base0. JIITER SAkbR (0, 14, 0D, FEAE
Force HE¥ B # A /7-Fy, W&l 3.15 Fis.

6. CRAFEAY, FH UM Simulation 77T

+ @0

CommentsText attribute C
| |
Body 1: Body2:
|BaseEl ﬂ| |B'2'dy 11 ﬂ|
Reference frame |Base[l ﬂ|
Reduction point : Body11
| Jlva 3| ‘]
Type of description
(®) Expression (I File
Farce:
| P
Fy R
P
Moment:

T=|10 | dT=[0.01 |

3.15 & & T-Force
B MLt TR . Sdi Rootlocus, 7E Type of problem HE%E#E
Frequencies, 7t Identifier —#=i%#¥Z 75 Fy. f£ Limits F 7505 A 0
AM12 GHKRTImF 1), 7 Count — 425N 20, XFEFEFFHl 24 Fy HI{EM 0
212 F553 8 20 1, RIKEAT 20 IRITHHE . mid7 Options | General options, £
Equilibrium computation type fEiE# Solving equations 75 1T H - #A &, W

316 Fik. AAHAIO FFATHE . HEEE, e Ll —

PIRFESH Fy B HIZL, #2555 X B2 s AL Xt N & &R g8k fallf FOIR A,
wmE 3.17 fis.
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universal
mechanism

th

| Equilibriuim | Freguencies,Eigenvalues | Root locus |Lir1ear vibrations | Identifiers I Initial conditions I Dptiuns|

Type of problem

(@ Frequendes

Roots

Dependence on parameter

Fy
20

List of frequencies

3.16 HERET

T
'
'
'
'
'
1
T
'
'
'
]
'
'
+
'
'
'
'
'
]
.
'
'
'
'
'
'
L
]
'
]

e e e e
- - mmmm - -

=

||||||||||||||||||||||||||

123

0.3f
0.2f-|
D l ;_

Fy

B 3.17 S—MnRpEENZHRIIE
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Z

3.4.4 K&

BATIAERF LA T ERE RN A HumfEH N /), B Huwm R
K R T W) w AR wo SCRR[4145 HY 13X R RE AR AT A H TR
AR E 2, XEMAFER., —SR Rk TORH RS R IR 3.3, k2
JIIZ2H, w/L M w/L = TJo s 2 2 7] A8 TE AN 7] AR T
TN FRATH UM T E R EUE AR S T Ao L . 5, 76808 3200 B tHm s
=iz A Kigizsh. #EmT:
1. XH] UM Simulation )88 24, 1217 UM Input T FEAY .
2. ELEMSEERR SIS ST S k M Fz, FF&RE Fz FERE
7 k*YoungsModulus*J/(BeamLength*BeamLength) , 15 3.18 fit
7N o
3. W IN—A> T-force, % A ForceZ.
4. 1t T-forces X2 H 5L 1HI 1L FF Base0 /E N —41k, £+ Bodyll 1E N2 —
Yk, 2% R15% Base0. JIMAER S8 bRN (0, 14, 0D, FEAE
Force HEW B (7] /] Fz.
5. fRAFHEAY, FEA UM Simulation 77F.

* 3.3 SR NMERATEERBRRER

k = PL2/E] w/L Wl
0.25 0.083 0.004
0.50 0.162 0.016
0.75 0.235 0.034

1 0.302 0.056
2 0.494 0.160
3 0.603 0.255
4 0.670 0.329
5 0.714 0.388
6 0.744 0.434
7 0.767 0.472
8 0.785 0.504
9 0.799 0.531
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Fy

Mame Expression Value Comment
3 Beam length
YoungsModulus 2. 1000000E+11 Young's modulus
| BeamLength/10 0.3 Lenath of rigid rod
d 2475 0.008 Cross-section diameter
] pi*d*d*d*d/a4 2.0106193E-10  Moment of inertia of cross-section
cax YoungsModulus*3/1 140.74335 Stiffness coeffident
dax 5 Damping coefficent

gravity_factor 0

0

k
Fz

] Load factor
k*foungsModulus*1/{BeamlLength*BeamLength) 0

3.18 S¥MERND

BAETRA 1K 2 A& w/L A /L o

1.
2.

5.

e ESE . Tools | Wizard of variables, ] A& [H 5,
miili Identifiers, M%) IEFEZS ST 5 BeamLength, siiii%4H
Bl .

sl Linear variables, 776|713 %N |14 Bodyll, 7t Coordinates
of point in the body-fixed frame of reference —f=%i \ Y 2£45 0.075,

7E Type FEi%#% Coordinate, ##%4M# Component Z, 7k #:4% oy

AR, X RN A [ LA F

BEER— SR RAE, RERITEESCNY, ﬁ,ﬁﬁiﬁ?’fﬂﬂﬂ

Al R, MAERANSE] T =% E: BeamLength. r:z(Bodyll)#/!

r:y(Bodyll).

i Expression, FHATKEIEE w/i & -

o strilisEsmll],

® 3l AY & r:z(Bodyl1)f1 BeamLength i\ FRyEiE BT A A
21, Wi 3.19 Fis;

o EiHARNw (HH %N Expression), # Aitizan Bl

=N
Ho
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Wizard of variables
ﬁ Variables for group of bodies O TForces B Ioint forces A Angular variables £ Linear variables
b Expression User variables = Reactions [* Coordinates (¥) Salver variables =X Al forces id Identifiers
=|=|| X
+ / Wi= n:z{Body 11} _/ Eeamlength

Px| By Pz |« =

sgrt| | signl |atan | In || exp

A || sin || cos|| abs| | pow

if | if else

i /
C VY Il = s

.
BeamLenng
r:z(Body11
riy{Body11)

W

E 319 gl w/LEE
6. TFHKREIELE u/L:

o fruimI— i mgl s,
® A& riy(Bodyll)A1 BeamLength i A U1 3.20 Fios FI0L & ;

o EauENu W Ad Blogr.
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H Wizard of variables @
Q Variables for group of bodies O TForces B Joint forces A Angular variables gE Linear variables
&b Expression User variables 1 Reactions [* Coordinates () Solver variables = All forces id Identifiers
==X
+ / W= r:z{Body11) f Beamlength
dy:= Beamlength - 3 dy 11
Px Py [Pz |- | ® g \ = riy(Body11)
U= dy /! Beamlength
sgrt | sign| atan | In || exp
L || gin| cos | abs| | pow
if | |if.else
[ | 7 &
BeamLength
r:z(Body11)

riy{Body11)
w

& 3.20 8l u/LETE
N, RATES TR . RS MLESIr TR, A& Equilibrium, %748
= PR w M a HAEEHEAN, WE 3.21 B,

|

1]
I

Equilibrium |Frequendesfﬁgenvalues | Root locus I Linear vibrations | Identifiers | Initial conditions | Dpﬁonsl

Dependence on parameter = E E"'I XEI |=£1|‘ ?f Name I@

Identifier k
Limits
Comment
Count 36 ﬂ u
[] save coordinates and identifiers

3.21 TEHIER
7f Identifier —F2iEFSHFT S k, WE RN 0.25, LR N9, EHUSECH
36, X RE Kk (OHIEHY 025, SO TG, SRR, ST

N, Al EERARE w M e N, WA 3.22 FE 3.23 k.
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g ) 55
AR S RS XS LI 3.4,
* 3.4 BUERSEITEXTLL
e P Wb HlE
w/L u/L w/L u/L
0.25 0.083 0.004 0.082 0.004
0.50 0.162 0.016 0.162 0.016
0.75 0.235 0.034 0.235 0.034
1 0.302 0.056 0.301 0.056
2 0.494 0.160 0.492 0.161
3 0.603 0.255 0.601 0.254
4 0.670 0.329 0.667 0.329
5 0.714 0.388 0.711 0.387
6 0.744 0.434 0.741 0.434
7 0.767 0.472 0.764 0.472
8 0.785 0.504 0.781 0.504
9 0.799 0.531 0.795 0.531
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y -

aEF 3Rz

WEBE M T ARIEE=AB 7 10525, M{EXT UM Base BEEIEA) TR
MINREHA T —5E T .

(UM AN TTRFIBIE) A H e AR 1 B

(UM AN R 5B 02
(UM AN R 51 HHE 03
(UM AN R 5B 04
(UM BAF N1 R I HAR 05:
(UM BAF N1 R I HAR 06:
(UM A N1 R I HAE 07:
(UM BAF NI R FIHAR 08:
(UM BAF NI R S HFE 09:
(UM AT 251 H7E 10:

HEALER A 5D

SR LIRS
MBS P W)
W57 T AT )
BRIE 2Bl S5 0 H
SIEIN RSN F1PTRD
JE A B 1 TR
N SER LIPS )
A A IFAT D

BEAh, JATTENER 1 — S S AR

P FME-LE 07 UM _Simulation Examples.pdf 4444 7 — &b 1 AU i) 4
RUERTTE JUTEDTE . BAI70), 5 X LB RUE B T 2R E 4R UM B/
AR . AZEH P F ML T {UM Data\MANUAL_H 3%, XN AL T {UM
Data)\SAMPLES\LIBRARY H 3.

4 NERBER:: http://www.umlab.ru/download/90/eng/07 um simulation examples.pdf
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5. &EICHk

Slavisa Salinic, Modeling of a light elastic beam by a system of rigid bodies // Theoret.
Appl. Mech. —2004.— V.31(3-4) — P.395-410.

Euler—Bernoulli beam theory,
https://en.wikipedia.org/wiki/Euler%E2%80%93Bernoulli_beam_theory.

Euler's critical load, https://en.wikipedia.org/wiki/Euler%27s_critical_load.

James M. Gere, Stephen P. Timoshenko, Mechanics of materials. Boston PWS Pub Co.
1997. 4th ed..
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