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1.

MR

2. JEEEIEH File | Save as 3 £ ik B, (e,

247 UM Input 725, 33325 File | New object 5 4 i 4 D —

TR B E SRR 4

FRAER 42, dn: {UM Data}\My models\gsTV .

3. FEAMERRE T Subsystems, 54 5 e A IAE H AR S ),
WI—"F 24 (Add element to group of “Subsystems”), ML

Caterpillar JE T 248, ll[llgl 1.2 fIi7R To

# [ Object = |
v -} Object
'395 Curves
FM- Variables
8D Attribytes

i Images

Add element to group "Subsystems"

Q% R |V gy i e

g Bodies
- B Joints
4% Bipolar forces
(= Scalar torques
= Linear forces
- @ Contact forces
-} TForces
-9 Spedal forces
&3 Connections

Type: (none)

included

external

Wheelset

Linear FEM subsystem
Ballast

Caterpillar |

R Inm-~

Flexible Railway Track

| + [ @

LV

123 Indices
E 1.2
4. TEALMAE B ¥ 2 G #H i % Left Track.
Name: I |Lef't track I
Type:  |RE Caterpillar

Comments Text attribute C

Edit subsystem

Parameters  position  Identifiers

Identifier: Subs1

Structure  Track Suspension Rollers  Sprocket

Sprocket position
Rear Front
Track position
@ Left O right
Idler exists
Suspension subsystems: [} "_A]
Supporting wheels:
Tracks: &0 Z]
Additional suspension subsystems:
o X
1.3
Universal Mechanism 9 2
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1. fEAMAZH S, ENAL3E] Parameters | Structure U1, & & EHi4T
B B SRR

2. ZEWEMNA 6 MUE, Joitirie, JLil 108 HE R, 1EKE 1.4
Fir A e R EUE

Narme: |Left1rack | + i}

Type: | €F Caterpillar ~
Comments,Text attribute C

Edit subsystem

Parameters  Position Identifiers

Identifier: Subs1

Structure  Track  Suspension Sprocket Idler

Sprocket position
Rear Front
Track position
@) Left () Right
Idler exists

Suspension subsystems: =1 Z]

Supporting wheels: 0 '_A]
Tracks: 108 Y]
Additional suspension subsystems:
L
[ Track sagaing till road wheels
El 14
Universal Mechanism 9 3
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1.4 HmE&E

1. %% %] Parameters | Suspension Ui[f, SR EHRAGHITFHE. P
WET 6 MERTRE (FRHERSD, FIKXEASIIERER 6 M
AAFR (Xeleeee-Xc6), XFHREL 1.5 %A LIS A TA AR F AL T
Fhke JFE) 0, FIAEIE X HERKRARTD. 1A, 6/
R E M ER PR . EER, XA R A48 m.

Parameters position Identifiers

Identifier: |Subs 1

Structure Track = Suspension  Sprocket Idler

Type of suspension:
torsion_bar_wheel i

Generate

Mumber of subsystems:

Parameter Value
R 0.35
W 0.3

xcl 0.755
¥c2 1.5

xc3 2.245
Xcd 2,85
xeh 3.735
Xeh 4,445

% 1.5
2. s Generate, 4% 6 S T L AC R G0 CHL & P47 I FHLAT 585D, i 1.6
Fr7R o
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3. Ef7Z| Identifiers | Suspension Ti[f, E{Z 75 1_road_arm [F%[E
79 0.36m, TEFHE H S OK, MAHFIFTAE T R4

I5] 1dentifiers of the same name

WAileft Track, road arm (0,36

L_oc |

4. BEHCHEIN AL, XEZHATS rear_arm,

A Left Track.Bogie 1.)_road_arm (0.5)
Left Track.Bogie2.|_road_arm {0.5)
i Left Track.Bogie3.|_road_arm (0.5)
b Left Track.Bogie4.]_road_arm {0.5)
Left Track.Bogie5.|_road_arm {0.5)
A Left Track.Bogies.|_road_arm (0.5)

Cancel

> Edit subsystem
! Parameters Position |Identifiers
Whale list Sprocket Idler
Track Roller Suspension
MName Expression Value
r"'"é‘l';;a stat 20
o _
f_stat 70
f_dyn 110
rear_arm -1
& 17

BESEUE R 1 (PesE 7 A

O, AN, BUEgRERE -4 WA 17 PR, sid OK.

|Z) Identifiers of the same name X

B} =ft Track.Boqied.rear arm (-1}

Left Track.rear_arm (1)

b Left Track.Bogie 1.rear _arm (-1)
1 Left Track.Bogie2.rear_arm (-1)
Left Track.Bogie3.rear_arm (-1)
Left Track.Bogie4.rear_arm (-1)

Edit subsystem

4 oK

Cancel

Universal Mechanism 9

Parameters Position [dentifiers
Whole list Sprocket Idler
Track Raller Suspension
MName Expression Value
|_road_arm 0.3
alpha_stat 20
f_stat 70
f_dyn 110
rear_arm 1
1.8
5 Getting Started
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Universal Mechanism 9 6 Getting Started



n‘ universal ' \ Tongsuan
mechanism g] |

1.5 #ia E Fhid

1. %% Parameters | Sprocket TU[fi, sihBalidt, T Mk gmiEse, FHa
iy %], MAHHSRRINES GBER) UM {UM Data}\
Caterpillar\Profiles \Sprocket1.spf-

@,— spf - Curve edito T — ] E B + m

+ + fij | e v | E B A ‘ & & |G caerpilar v
H | mentsText attribute C
. P R [ N X Y Tun Smoott ‘
H = Curve 1 E
1 -0.0607102 0.0158581  Line Yes L Eelt subsustern
2 00547835  0.0170648  Line Yes fmeters | Position  Icentifiers
3 -0.0315034 -0.0174493  Line ‘fes itifier: |5Ubsl
4 00315034  -0.0174493  Circe Yes  lictre  Track | Suspension Sprocket | fdler
5 0.0547835 0.0170645 Line ‘Yes fle: |Number of paints: 0
| Generate
| oK Cancel rameter Value
cket teeth 15
|5) Read data x|
wet/Track step ratio 1
4 « 9 » Caterpillar » Profiles v | D O g Profiles” | 03
a
EER = o @ 08
~ O OER B =3 Fh
st
1 o abrams.spf 2010/1/5 16:15 UM Document. ... 1KB
1 Sprocket.spf 2009/9/23 10:25 UM Document. ... 1KB
£
-
¥
SEHE(N): |Sprocket].spf V| Sprocket tooth profile(*spf)
FIFF(0) g

2. BEEIHOFEE Ze 0 0.6m, HASHUREARE, HdiEHes T
DA v e = 4EIR

Universal Mechanism 9 7 Getting Started
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[@E] Sprocket view — O X Edit subsystem

= SR | Parameters  positi Identifi

q| Q I_ON _Q | @1{1 @; q? = & | osiion  Identifiers
Identifier: |Sub51

Structure  Track Suspension  Sprocket Idler

Profile: |Number of points: 5

Generate
Estimated radius: 271.7

Parameter value
N sprocket teeth 15
Sprocket/Track step ratio 1
Width 0.3
 { 0

zc

& 1.11
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3. Hiii Generate, ¥ FANFCIRINBIAAIAEAY, ] 1.12 Fion.

1.12
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1.6 FmiFFH

1. Y)#:2| Parameters | Idler T[], K64 75 F B4 idler_crank_simple.
2. 1%E 113 fion, WERLIUTMALE S

Parameters  position  Identifiers

Identifier: |Subsl

Structure Track  Suspension Rollers Sprocket Idler

Type of idler with tension mechanism:

~
Generate

Parameter Value

R 0,255

W 0.3

¥c 5.125

Zc 0,495

1.13

3. fiili Generate, ¥ i SEUSINEI IR, WK 1.14 Fias.

Universal Mechanism 9 10 Getting Started
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1.7 B g 3R

1. VJ#:3] Parameters | Track UU[f], M Track link | 732 Bk #¥
tracklink_bushing 1%, Joint type 1% & & Flexible, 1X & —Fh #4Hz0H:
IR BT o

2. WRIEE 1.15 PRk BIE SR AT RS, By s bt B
WK (249 12m).

Edit subsystem

Parameters  positon  Identifiers

Identifier: |5ubs 1

Structure  Track  Suspension  Rollers  Sprocket Idler
Track envelope

Length of envelope: |:LZ.062

Estimation of link length: |0. 11157

Estimation of error in Iengﬂ140.0002

|
|
|
Current error in length; |-0.0099 |
|

Track link: || tracklink_bushing e
Generate

Joint type

(O Rigid (®) Flexible (O Parallel
Profile: |

Parameter Value

L 0.11167

W 0.3

H 0.03

& 1.15

3. Aiii Generate, AFKJERIN, WK 1.16 A,

Universal Mechanism 9 11 Getting Started
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1.8 BRIk SB

1. i Edit subsystem, 3t NZCER T RSt

Name: |Leﬂ: track | + m
Type: Qg Caterpillar w
CommentsText attribute C

| |

Parameters  Position  Identifiers

Identifier: |Subsl

Structure  Track Suspension Rollers Sprocket Idler
1.17
2. HEFESE Edit | Read from file o TEAEIbR | M A H A
AR AR 7176304 {UM Data}\Caterpillar\Dampers\Damper1 .

I5) UM - Object data input - Left Track
File Object Add Tools Help
0 Copy to clipboard E ‘
To clipboard as component
[T Copy to file...
Save as component...

nsert
v € =| Read from file...

bl |

Undo
Redo

. (B Subsystems
-k

1.18
3. {EHH T 1 ST Accept, IXFEFLET RGHAIN T —> Bipolar force 28
R F376, AR E LA EDEEINE] T Images 7118 H .

|5) Initialization of values X
Identifier Value Comment
frc_damper |0 0.7 Length of damper
bfrc_damper_r 0.05 Typical radius
£ >
Add to the sheet: Whole list w
1.19

Universal Mechanism 9 12 Getting Started
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4. XRFSLMERL N DARLRYERIERES F1ot, Wil 1.20 fro, BET)
AR BARRIERE 52 HICR R 2 (1210 3efL

|5) Curve editor - Force — m] *
. + 5 i |ne enap ¥
E M X A Type Smoothing
E = Cur... A
: 1 0.7 100000 Line Yes
: 2 05 55000 Line Yes
: 3 0.4 37000 Line Yes
; -4 03 21400 Line Yes
04 0 04 -~ 5 0.2 -10000  Line Yes
: : & 01 -3000 Line Yes
; ~7 0 0 Line Yes
- 8 01 3000 Line fes
~9 0.2 10000 Line Yes
10 0.3 21400 Line Yes
=11 0.4 37000 Line fes v
ELAREEEEEEES e ~ABOOBE-- - - e
. . oK Cancel
1.20
qu T K2C > 7 >
A =
10000 / A v
| P 7 7
* 7 ”~
Ry, -
nn —
{ 1
8000 P i ,
-
< \
- | 7/ s Y . =
6000 o ) P - j,\ 2
[ N2 7
N
J

1000

2000 —

05 z}Lb 07 /1?8 09 10y, , m
A 121
5. fEEANIEAIR % - Bipolar forces | BEcDamper, 14511122 H 4 [ & iy %4
79 Rear damper, %% Local hull & Body1, Bogie6 T % 4t [ Road arm
N Body2, FERE WuRIERE PR, B 1.22 s

MName: |RearDamper | + m
Comments/Text attribute C
| |
Body1: Body2:
|Local hull L” |Bogie6.Road arm LI|
GO: | Damper w
[] Autodetection
Attachment points
EE% Local hull:
48 Cll0.27side key  E|[0.7 c]
Road arm:
|0.35 t]lo £]|0.15+dz_damper (|

Length  0.447036

1.22

Universal Mechanism 9 13 Getting Started
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Hri s

ST side_key Fl TH7E /20 B R a8 IR M A B (A RHR), X H
WM 15 dz_damper FJ46 1 E 9 0 BIAT, A SEBRHFARAEH

6. b, HHIE R A Bipolar force, H 74 Front damper, %

£ Bogiel T R4t 1] Road arm £ 4 Body2, % & Mm% fiAbbr, o
Kl 1.23 FiorRe

MName: |Fr0ntDam|:|er | + fﬂi
Comments/Text attribute C
| |
Body1: Body2:
|L0ca| hull ﬂ| |Bogie 1.Road arm j|
GO: | Damper w
[] Autodetection
Attachment points
EE% Local hull:
0.4 Cll0.27side key  E|[0.7 c]
Road arm:
|0.35 t]lo £]|0.15+dz_damper (|

Length  0.447036

& 1.23
7. R Accept, TERNT RGBS, FIREARTE O, W& 1.24 Fix.

Close subsystem

Close subsystem Left track

I Accept I Cancel

AN

8. PRAFRLAL.

Universal Mechanism 9 14 Getting Started
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19 B E £ FR

N, FRATE T EE A E A A ST, R e R A AR
Fri s

) UM BRAFE W] UL RSN B e ASEN . Fer L. sizhil
TR TS T, A g o

1.9.1 #inZfk

1. &P Edit | Read from file, M AHY H S35 N Z 44K T LA T {UM
Data}\Caterpillar\Images\Hull1.img-

1.25
2. fEA AR b Bodies, 2145 152 B 5 iy A 4% 4L, I — N RIA .
3. EHr & A Hull, M Image T Hi3 & RN T B LT B IR 25 WA

Universal Mechanism 9 15 Getting Started



th

universal
mechanism

f) T(musuan

4.

5.

Name: |Hu||

Comments,Text attribute C

% B AL NIRRT & st
+ [ @

S

H
B

AR OALPRZ L, E 1.26 B

Oriented points Vectors 3D Contact
Parameters Position Points
Coordinates (PP): | Quaternion "%
Go to element =
Image: Visible
|goHuII w |
[ compute automatically
Inertia parameters
Mass: |mHuII L |
Inertia tensor:
il £] . . miwl 8000
iyHul & £ ischull 5000
il : iyhul 4,0000000E +4
Added mass matrix: (nene) - izhull 4,0000000E+4
Coordinates of center of mass M 2.605
e 5| =< [ 0.6

1 Base0 F1 Hull,

& 1.
A= 4, 1% Create joint | 6 d.o.f, ZRII—AN N HHER, H3h

26

fJFFt

Oriented points Vectors 3D Contact
Parameters Position Faints
Coordinates (PP): | Quaternion o
Go to elepant =]

Image: « Rotational +
|: i L
oy £ Translational W Image
_= _ 6 d.of.
[compu =
Inertia pi “o General
Mass: | g% Quaternion —C|

Inertia tensor:

|ixHu||

‘]

Added mass matrix:

Coordinates of center of mass

|)(E

&

C C

iyHull c c
izHull c

(none) J

= ]

Universal Mechanism 9

& 1

27
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6. 7t Coordinate VL[, EHF T HMANFKRSIA 3, 1, 2).

MName: |jBaseD_HuII | + m -
Body1: Body2:

|BaseD j| |HuII j|
Type: | ™ ed.of v

Geometry Coordinates

Translational
degrees of freedom:

% [0.000000000000 B
¥ [0.000000000000 |
z  [0.000000000000 bA|
Rotational

degrees of freedom:
Orientation angles

31,2 »
1 [o.000000000000 il
2 |0.000000000000 il
3 |0.000000000000 ]

1.28
BVE:

BATARHESA S RS/ (e 3, 1, 3801, 2, 1%%), BNMEARKE
WA RSN 0° B, BB =ZIRAREMES, aekEdR (BHZ
MNHED; MR/ARFPHE, MRS ZIXAREZ) 90° B, kAR R T EH5)
TR, WAELEH (3, 1, 2) #HEIFHIRARPHH. T — NSRS
R E WA, )55 EAE R P TG 2R

Universal Mechanism 9 17 Getting Started
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1.9.2 EEEAMITIHRE

1.29

VLR, ZEARFNAT sh3E B R IE R e EAER), WKl 1.29 () Fis.

AN BT T R EA —MNERIZAE Local hull, 7525 52BR 1 44k
Hull [#4.

£ UM BLAT DUl 2 R0 o7 v s2 B andsin— 0 B HENE, sSusin—4
ANEEHERT U

1. fEAMIBERIBE % Joints, FA47NA2 B Fbmm sideddll +, Bn—AK.

2. & Hull /£ Bodyl, i%4% Left track 7 % 45 H.1¥) Local hull /£ Body?2.

3. M Type FHiSEfaik#t Generalized 257!, Szt Hm—" ET (3

AARHR), EdF te CPIIEME), HFREBMBEIIEN gauge/2, TEHH
w8 S5 555 gauge IR{H 2.6m.

Name: [Hul_Local hul |+ i -
Body: Body2:

[Fui | |Left track.Local hul -
Type: | %% Generalized w
TCy

[~ Enabled + += i}
ET type: | & tc (translation constant) v

CommentsText attribute C

Translation vector

ex:l C|

ey: |gaugef2 c |

ez:l C|

1.30
KRE, AR e B 5 ARG T

Universal Mechanism 9 18 Getting Started
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1.9.3 HInAM 8 H

N, FATIREE A N E

1. FEAMIBEAR T Left caterpillar T 5 45, 214501132 B 5 1 5 a4k B,

HHIER— N E T RS, HEavs N Right track.
2. {f Parameters | Structure VL[, i%F¢ Track position 24 Right.

Mame: |Right track | + i
Type: |€E Caterpillar “
Comments/Text attribute C

Edit subsystem

Parameters  Position Identifiers

Identifier: Subs11

Structure  Track Suspension Rollers Sprocket Idler

Sprocket position
Rear Front

Track position
Idler exists
Suspension subsystems: 5] ’_A]
Supporting wheels:
Tracks: A
Additional suspension subsystems:

o X
[ Track sagging till road wheels
1.31

3. 1f Identifiers | Whole list U[f, 2| ZH 5 side_key, ¥ HAEHCH-1,
FE T TR B A e M E AT A S 240 (BB Aik), R JE
i OK.

Universal Mechanism 9 19 Getting Started
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Name: |F‘.ight Track | ﬁ
Type: | €3 Caterpillar ~
Comments/Text attribute C
Edit subsystem
Parameters Positon Identifiers
|3) Identifiers of the same name X Right Track L||
Left Track.si '
' Right Track.side key (-1) Track _ Raoller SUSpENSIon
[ [[eft Track.Eoaie 1.side_key (1) Whale list Sprocket Idler
| Left Track.Boaie2.side_key (1) -
| Left Track.Bogie3.side_key (1) Name Expression Value A
|| Left Track.Bogied.side_key (1) aank_angle 0 0
|| Left Track.Bogie5.side_ke i
Left Track.Boaies.side kev (1) 5 sinfcrank_angle_0* 0
Right Track.Bogie 1.side_key (1) ]
Right Track.Bogie2.side_key (1) ca cos(crank_angle 0° 1
& Right Track.Bogie3.side_key (1) y_crank_joint 0.15
Right Track.Bogie4.side_key (1) }
Right Track.Bogie5.side_key (1) rear_drive_key 1
Right Track.Bogies.side_key (1) Iside_key 1 I
1x_idler 7
m_crank 10
ix_crank 1
iy_crank 1
Cancel iz_crank 1
& 132
RN > >y S VY =2 =
4. R —FE R 77 R SRR B Rk GRS ).
—| MName: |jHuII_Lo-:aI hull_1 | =+ ﬁ -
Body 1: Body2:
[l _v||[Right track.Local huil ~|
Type: | %% Generalized w
TCy
[ Enabled + += i
ET type: & tr (franslation constant) -
Comments, Text attribute C
Translation vector
(= | c |
Iey: -gauge/2 I C|
ez c |

1.33

1.9.4 HEEFAE

BEmy, R TAE CIA TSR H2, WAEMEECHLE T LIE B, &4
WA EL TR (Z=0) PR, Wl 1.34 FiR. AP TE TR H AR
Universal Mechanism 9 20 Getting Started
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S AE JEAT IR S i A D, JRATE VR A ik m B ah—E
PR .

IR SRR

Front view

Back view

| Right view |

Left view

Top view

Bottom view

& 1.34
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EEM T TS SR GG, EFKH Add from subsystem, M Left

track ¢ Right track 1 F S5 htracklink, JHEY 0.03m, @i B
WA B FERERK

B
=8 + 8 M
Whole list
Expression Value |
000 I_-LM identifier Ins
ixchul 5000 Add from subsystem...
iyhul 4.0000000E 44 Insert identifier... Shift+Ins
izhil 4.0000000E+4 Edit identifier...
XC 2,605 fii Delete identifier Drel
7c 0.6 2 Copy value to clipboard Ctrl+C
gauge 2.6 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
+~  Auto refresh object
Refresh object

B
+
=B+ @
Whole list
Mame Expression Value
i
v 20
|5) Identifiers >
mhull 3000
ixchul soo0 | 0T Bl m_crank=10 "
----- Bl ix_crank=1
iyhul 4.0000000E+4 | . B iy_crank=1
izhul 4.0000000E+4 | e By iz_crank=1
- 2605 | B d_tension_angle=0
----- B pretension_torque=7500
= e | I N B c_torsional=11250
gauge 26 | b Bl Iracklink=0.11167
hrackiink 003 i (] wirackink=0.3

- htracklink=0.03

..... B nug=

1.35

SENL B ZEAR (Hull) A (Base0) FHIEMIER, 7£ Bodyl ) Z AAFribim A
htracklink. X, SR SR ALFRRIES T 0.03m, H T4 E W 1
R BRI S5, RINES T REMESIME B, oH MK
#H.
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- Mame: |jBaseD_HuII | + i «
Body 1: Body2:
|Base0 ;|| |Hu|| ;I
Type: | ™% 6d.o.f, “

Geometry  Coordinates
Body 1 Body 2

% Visual assignment
Translation

| d

¥: £

Iz: htracklink I

‘]

Rotation

‘]

‘|

‘]

1.36

& 1.37
2, AT LIE, BAmE 1.38 iR

N 1
»
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(Z)t
EREN N ENR

universal
mechanism

2. FBF

2.1 %9

UM JE 5 22 A e AN AR 9 — 75 B e EERIAA, PR e 3 e AR
H R H B AR K. AR 1332 N A BE, RO 2 45585
171157775 Park parallel.

PAVE@EBE R PR 7 S8 75k, BASRSH dn: FRFe. 5

th

T
IN

AR bR S JEHIROR S 4D R FUR TS A BERE B, PUNREESHRE T
RSB SE-N (Ap P
Object simulation inspector
Solver Identifiers Initial conditions Object variables XVA Information Tools Tracked vehide

List of identifiers  Identifier control

(= E |bstv.Lef‘t track ﬂl
Whole list  Sprocket Idler  Track  Rollers  Suspension

Mame Expression Value Comment L4l
wauide 0.02

hguide 0.1

Itracklink. 0.11167

wiradkdink 0.3

htraddink 0.03

n_lug 7

w_lug wiradklink/(n_lug-1, 0.05

I_lug 0.025

pin_key -1

r_pin 0.015

r_pin_in 0.01

wsproket 0

I_lug_p I_lug*1.1 0.0275

lrniida moaT

F At AT i AR i (1) 2 K0 w] LR

21

BRI, ABTE ., B R WIEEAN

FHJE #2205 . 1EERE, BUXESHIFATERE] UM Input F2/7, HEE R
2| FL1H ) Identifiers UL IS ECRI AT, 38 PR AN [E 2 500C B 55 9 PR AT N . par #5720
AE, DT R AN E R B .

Universal Mechanism 9

24 Getting Started



1] universal ﬂﬁ Tongsuan
. -
L mechanism g GiE=A

F P 0] BLIE IS 2% ¥ File | Save configuration #2E RIRF LIACE, /ELUG
£} LA B 3B L 52 . File | Load configuration N# - — A~ THUAC & . X LUiC & 55
WIGHAE . SHAT S REDT. 502 B3 E 5 A0 E 5.

|3] UM - Simulation - chusers\publicidocuments\um software lab\universal mechanism'\@my models\gste
File Analysis Scanning Tools Windows Help

Oper- i ARDE Ee Al &
eopen ? : : :

Close ek E1ESVE B O B 9 g | &

Load configuration » ‘@

& 2.2
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2.2 BRI

8 IE QAT JE 7 2R A0 7 0 AT s — B A S Aa B 3 C a5
THEP AL EAIIRTRED), RAR AL PG o

2.2.1 THEPHEHLE

RS, AT DU TAE R T E B RGN A E
FEFEITaE, AP FRERE LS HE . o2 A ER T
EHECE, ST SN p_stat.

1. 1217 UM Simulation F£/7, MZk gsTV J&E 7 ik,

2. EFESKEH Analysis | Simulation (E3% F9 8, 4T FF 0 B35 1| FLHl (Object
simulation inspector) .

3. JEfLF| Identifiers U1, A\ T H7 g s TR — N A ER R T RS,
HENSHAFTS p_stat, K LB BN T000N, 757 H & 1 RFFER A 141k,
s OKG

Solver Identifiers Initial conditions Object variables XVA Information Tools Tracked vehide
List of identifiers  Identifier control

= B | LlEstv.Lef't track.Bogie 1 =1
Whole list v @ astv
. P gstv
Mame Ex w @ Left track
xbogie 0. B Lefttrack
rear_arm 1 Bogiel
- Bogie2
wauide 0.0 Bogie3
quide_in_key 1 - Bogied
. Bogie5
hguide 0
d Bogiet
rroadwheel 0 @ Right track
wroadwheel 0
|_road_arm_axle 0.
|_road_arm 0.36 {m) Length of torsional arm
f dyn 110 {mm) Dynamic motion
1, 1000000E+4
f_stat 70 {mm} Static motion
alpha_stat 20 (deg) Static angle of torsiona

I‘§l 2.3

4. Efr#| Tracked vehicle | Tests JUH , dk44 A2 1 7 & X% Equilibrium

test. MALH PN T UM, Parameters UL 45 € HIWT R Giik BT/ B
(2, il 2.4 FioR, R8s RGBSR AEIESE 0.5s Z W EB/NT 017,

WA IS 2P, H AR TSR 1s.

5. ‘A)i% Save coordinates when test finishes, f& 72> H 3 ¥ 1T E 15 2 1 T
ARSI AR FRARAE BV 4E 21 Initial conditions, 75 )75 2T Bh{RAF 3L
H.xv A
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Object simulation inspectar

Solver Identifiers Initial conditions Object variables KA

Information Tools Tracked vehide
SHE & B §

Options  Transmission Resistance Tools  Identification Tests
Equilibrium test
Parameters  Variables

Save coordinates when test finishes
Mumeric parameters

MName Value
Kinetic energy for stop (1) 0.1
KE evaluation time interval (s) 0.5
Minimal time {s) 1

2.4
1F Variables T

Object simulation inspectar

Solver Identifiers Initial conditions Object variables NVA

Information Tools Tracked vehide
= = v R S

Options  Transmission Resistance Tools  Identification Tests

Equilibrium test

Parameters Variables

Kinetic energy

% 2.5
&2 Tools | Graphic window, 7 — 124K M.
7. F7A% & Kinetic energy 8 A &K% .
8. fE Solver Ui, BENKMHRSE, WE 2.6 fir.

Object simulation inspector

Solver Identifiers Initial conditions Object variables XVA Information Tools Tracked vehide
Simulation process parameters  Solver options  Type of coordinates for bodies  PP: Options
Solver Type of solution
(CJBDF
O asM (O Null space method {(NSM)
Cipark
(O Gear 2

(®) Range space method (RSM)
(®) Park Parallel

|Distance - Vehide distanceﬂ| = ow | 500

Step size for animation and data storage

ii

Error tolerance ]

[ pelay to real time simulation
Solution method

(@] ®cem
CGM error
Use of threads
Mumber of threads {max=12)
[ use event handler

2.6

TUHA —> Kinetic energy A2 &, ‘& H K& RS 286

9. i Integration, JFUGTHE, HEFTRARGIEDTHAE, RELE3NHE

FPFERZR i 2.7 AT
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Plots

Variables

=]

0.857999999999999 12.2

10. MR pihiB%E, Interrupt, HASE, 2T H 3N ORAFE V-1 7 B 246 5%

Object simulation inspectar

Solver Identifiers Initial conditions Object variables KVA Information Tools Tracked vehide

Coordinates  Constraints on initial conditions
=B|@®O0|ww| ¥
|gstv. j'

[j_r ¥ Coordinate Velodity Comment -~
11 0.00229006930717 a jHull 1c
1.2 1.78247796805E-13 a 3 Hull 2c
1.3 -0.0358732084993 a jHull 3¢
1.4 -6.38078483638E-15 0 jHull 4a
1.5 2.65182714865E-13 a jHull 55
1.6 -0.00378569352703 a jHull 6a
1.7 0.000355465430615 a Left Track.jTension crank 1a
1.8 -0.0673741449436 1] Left Track.jldler_Tension crank 1a
1.9 2.67038829979 1] Left Track.jTrack link1 1c
1.10 1.08551738632E-5 a Left Track.jTrack link1 2c
111 0.012176929102 a Left Track.jTrack link1 3c
112 -1.1929808391E-6 a Left Track.jTrack link1 4a
1.13 2.98551375793E-5 a Left Track.jTrack link1 5a
1.14 -0.0214567041542 0 Left Track.jTrack link1 6a
1.15 2, 73209752148 1] Left Track.jTrack link2 1c
1.16 1.06042917531E-5 a Left Track.jTrack link2 2c
1.17 0.0153543651718 a Left Track.jTrack link2 3c
1.18 -1.01751388808E-6 a Left Track.jTrack link2 4a
1.19 2.74578457889E-5 a Left Track.jTrack link2 5a
120 -0.0352931285297 a Left Track.jTrack link2 6a
1.21 2.89368579493 1] Left Track.jTrack link3 1c
1.22 1.05997811573E-5 a Left Track.jTrack link3 2c
1.23 0.0134792859045 a Left Track.jTrack link3 3c
1.24 -1.8471507526E-7 a Left Track.jTrack link3 4a
1.25 2.42354395498E-5 a Left Track.jTrack link3 5a
1.26 0.0692561114223 a Left Track.jTrack link3 6a
1.27 3.00532136058 a Left Track.jTrack link4 1c W
Message | dbx=| 0.1 @ da=| 0.1 @
Integration Message Close
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ST ALE AT IS X L an & 2.9 Fros

. , 2,
'."\"" = A s '-’.',‘& ﬂ“..i’i"‘ . ..

2,

.o,.,..."“,..,”‘...,'..".;,'..i,,...*“’.;.4;'¢" . 1
.g\.. .A.A.A. .,ﬂ"

2.9
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2.2.2 B TRERR

1 Tests ¥|3& % # “Tension by joint preload”. it i15, B PISKIGHHAR

JE AR 2 (AR BE (Bushing) HITITK /7. 167FE R, FIRHPILE — AN “Track
tension” HIRES, XMITERGEH T RAGEREE (W) MBS,

1. %K 2.10 B, 7t Parameters ULH ¥ BB W ik K S5, SRR

0s FFUEINEL, WILEEAT N 10kN, 27 AN 45kN, BRI EmH=A4

3kN.

Obiject simulation inspector

Solver Identifiers

=1 = o=

Options  Transmission Resistance Tools

Initial conditions Object variables KVA Information Toaols Tracked vehide

Identification Tests
Tension by joint preload

w
Parameters  yariables
Identifiers
Mame

Identifier
Bushing preload (Left track)

Value
Left track. track_tension i}
Bushing preload (Right track)

Right track.track_tension

Mumeric parameters
Mame

TStart (z)

PStart (kM)
PFinish (kM)
PV (kM/s)

Integration Message

Close

& 2.10
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2. T —AN2EE O, 4 Variables T [Y) Joint preload (Left track) #/
Average tension (Left track) PPN BRI,

3. 74 KE O+ 48 &= Joint preload (Left track), SA%E, KFESEH Use
variable for X-axis values, ¥4 J& 77 Tk J11/F AR ALHR

Plots

Variables

1
. Joint preload 3 I
.A\rerage ten = [FlEnE=

Edit...
Open copy in Wizard of Vriables..  d .
i Delete Del
Caopy as diagram to active MS Excel book Ctrl+E
Filter Ctrl+F

Calculate statistical data ~ jrooooooooooooooe
Copy as table to active MS Excel book — Cirl+T
Bl Copy to clipboard Ctrl+C
Copy as static variables Ctrl+5S

Load from file...

Save to file...

At

Use variable for x-axis values |

Use time for x-axis values

Delete all Ctrl+Del
Select all Ctrl+A

Refresh automatically

0.0211 Hide/Show 4

Pasition 4

Add...

Save values for abscissa...

& 2.11
TE7 B4 S 1 ) Solver UL , /ﬁﬂifﬁ%ﬂﬂ, P47y LR Z AV ORI TH]

FF¥CE 1280
A7 Integration (3% F9 #, JTIA1H5.
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Object simulation inspector
Salver Identifiers Initial conditions Object variables XVA Information Tools Tracked vehide

Simulation process parameters  Solver options  Type of coordinates for bodies  PP: Options

Solver Type of solution

(O BOF

() ABM (C)Null space method (MSM)
O Park

Oeear2 (®) Range space method (RSM)

(®) Park Parallel

(Time | t|;=v 2@

Step size for animation and data storage |0.005

1k

Error tolerance

[JDelay to real time simulation
Solution method

(@11 ®cem
CGM error
Use of threads
Mumber of threads (max=12)
[Juse event handler

Ii

Integration Message Close
& 2.12
HREEREARME 213 FraarihZ.
S e
Hblm

61.91 13.25

2.13
SR MR E A ASFERER 2B, 5B (Fk /T
36.5kND, LI 5K BN E 2 /D Tk KMk /1, — BN B, SRR
T IR N R IRES o AEA PR SR LR AU TGK 109 S50kN, Al ANE 2.14 F
o
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FE A LAh S i B S, R 2.14 FIE 2.15 B XAHRAR R, FF%
& Joint preload A ALHT o
LB O EMAREYIR, S8, EESEH Position-Top, 1] LUKAR &%

KRR EIX E#.
LR O AR, PS5 Options, #H22 B 1S4k, #£ Axles-Marking

GUTH ] DL E 8 SORABFR A ALAR B ZIE (SEEUH Automatic scale H B0,

-
& Wizard of variables [2=]
ﬁ Variables for group of bodies @ TForces B Joint forces ﬁ Bipolar forces A Angular variables gE Linear variables
= all forces id Identifiers ;",'! Contact forces * Contact forces for bodies & Bushing
a+0 Expression @& Tracked vehide User variables - Reactions J: Coordinates (V) Salver variables

1+ @ gstw ~ | Selected
[ Ground |]Tensi0n crank
[ iBased_Hul Type
O iHul_Local hul (@ Force () Torque

O jHull_Local hull_1

O jHul_CGBody Component
£ (@] Left track OR Or Oz Qlvi Qv
jTension crank Resolved in 5C of body
[ jidler_Tension crank |BaseD j|
[ jrrack link1
[ jrrack link2 Acts on...
[ jrrack link3 (O body 1: Local hull
= ]‘I’ran:k I|nk4 v || @ body 2: Tension crank
— .
£ >
. |jRFx(Left track. jTension crank) | |Reactive force for joint Left track.jTension crank, projection X | ﬁ [@I
jRFx{Left tradk.j...
Plots oo ]

Variables
.?jRFxﬂ_eFt track.jTension crank) - Reactive force for joint Left track.jTension crank, projection ¥
.Joint preload {Left track)

2.14
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& Wizard of variables @

@ Variables for group of bodies @ TForces B Joint forces :»3’ Bipolar forces A Angular variables g{’: Linear variables

= all forces id Identifiers ;":! Contact forces # Contact forces for bodies & Bushing
&b Expression @& Tracked vehide User variables B Reactions 1% coordinates (V) Solver variables
=-[M] gstw ~ | Selected
=[] jBase0_Hull |1.7
g 11 Type of variable
1.2
13 (®) Coordinate () Velodty () Acceleration
1 1s
s
s

- [m] Left track
= jTension crank

17
=[] jidler_Tension
[ 18
=[] jTrack link1 o
|>{1.? ||Coordinate 7, subsystem 1 | ﬁ @
‘Xl.? |
[~ Plots [ -5 S
Variables 2
.;’x 1.7 - Coordinate 7, subsystem 1:
.Joint preload (Left track) b4
P SO R T . o fommemeeeas [ A e
B S A S SRR SRS IS S A AR .
ooshb . S R, e oo [ [ A
e N L EL -
R S R B S e
1 N i i i i
10 15 0 = 0 E 40 45 50
42.86 0.02%6

& 215
PRI, AR 2.13, BRTK SR E Tk /179 20kN, T JE 7 105K 7128 30kN.
Riifi Interrupt, FWi{iiF, 7E Tracked vehicle | Options | General U1, %

B AT TR /19 30kN .
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Object simulation inspector
Solver Identifiers Initial conditions Object variables AVA Information Toals Tracked vehide
SHM &R §
Options  Transmission Resistance Tools  Identification Tests
General Irregularites  Macrogeometry
Rotation of sprokets
FRET -7.2255
hET -7.2264

S

Track tension parameters

Mame Value
dl, mm (FCFES) ]

dl, mm (5 &) o

F, kN (EERER) 30

F. kN (BER) 30

Hull [ v

Mass of TV {t) Mass of hull () 3.00

& 2.16
AR, UK TT IR/ INRE e WL A R RA SRR L, PR 3R 1)~ 6 B A A A,
R TR A T VA
M Tests T $151 3R 1% FE Equilibrium test.
KL5ER 10s 724 PN IEHE JS , RAEIEEHHPERRES, Wi 2.17 s,

2.17
sl Interrupt-BH5E , FE/F H SIPRE 2145 A B R A RIIR AT o
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2.2.3 TR

T I e o0 — S R A AN AR ) 2 [ 1 IR AT, T DASRAR B 7 A EE R G 2
) JEZEPERFAE o

M Tests 7% H.%EFF Vertical harmonic loading, 7& Parameters U1 [ % &
B IEE A 220kN, S 0.1Hz.

FIH—NLEE I, $ Variables G K MafELEEARLF, FEE
Suspension movement AL R .

THREA R WA 2.18 fis, H5XZAiE XWE7HE 110mm (SHAF5 £ dyn)
NEL/EE

‘Window parameters X |

: . ===
Window A¥eS  Design Fregquency filter Statistics
Varizbles Style  Marking Legend T
.Verﬁa\ force :
.Suspansion movement X-values |Suspenswon movement ‘ !
200} - -~ Ordinate |\-'ertica| force ‘ :
[[JLegend on plot '
Font size 10 '_/;I :
160f---+ :
@ H
o H
é 120 ---1 J
= H
5} H
e H
il H
= '
wf - :
i i i i i
40 50 60 70 80
Suspension movement
24.57 193.4
vy
D
ik

FEL R I A, PR Options, #HHZ K E 2%, 7 Axles-Legend
T AT LA B R AR AN AL AR B IR LB e AR
sty Interrupt, HWTTE, R BI07 BRG]
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2.2.4 THEAIGEE

BT B S5 R IR, EEE IS S ARSI 2, R HE AR P E E R E
HANE o T T B LTI 1T B, — RN — 4 IR T B BT A6
KLt HZHE W —HYIRE T R NIRR AN B R TT 1RD E R (an
Sm/s). IXFE, B2 AT DL B B R HE A 46 1 3 DA — A REGRIHE S0 HE
O

M Tests | $73¢ FHLi% ¥ Computation of initial velocities, 7E Parameters 71 [fi]
WE BIREEZ RN Sm/s GELE T EEFIAEE ALY mis), TIEB AR Ss.

- Speed unit
3 Okmh ® m/fs
2.19
FHH—NMLEE O, ¥ Variables U1 H A brifEAS EH AN .
miifi Integration, FIRTIE, HE4RWE 220 fis.

Plots

Variables

.'\u' sprocket {L...
.'\u' sprocket (Ri...

=)

0.462 1.173

& 2.20
7 Interrupt-2(Y), 27 HIRAF AT ZI PR E 2T (50.tvy
XA, XM ESTA T2 BT 1R, U170 .
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23 A&RITBH A

I T AP A B T AT B A B A LT, e AT A B A T
518 B, A RIE. iEME RS TR

2.3.1 HAREETH

Amplification %, & T 51 AR E A A s B, 17 4E N Neutral 15
1T, ZSEARIEN.

Object simulation inspector

W Tests T $75Z FLi%E $¢ Straight motion test, Parameters U1 [ 1

Solver Identifiers Initial conditions Object variables AVA Information Tools Tracked vehide
SHM & §
Options  Transmission Resistance Tools  Identification Tests
Straight motion test -
Parameters Options Variables
Mumeric parameters
MName Value
Amplifier for speed contral 100000

& 2.21

5E 7% Tracked vehicle | Options | Irregularities U1, 1% 3265 T A1 B 2R Y

S i 2K 7
NEEEFE GEEAD, WEIREN0.2m, #KHN20m, AAMHZE Tm GZEA 0
I, ZEAHSE, TEARALZED.

Object simulation inspector

Solver Identifiers Initial conditions Object variables KVA Information Tools Tracked vehide
SEHE & B F
Options  Transmission Resistance Tools Identification Tests
General Irregulariies  Macrogeometry
Type of irreqularities
() File =.irr (OFile =trp @ & sin(27pi=x/L)

Harmonic irreqularities A*sin (2*pi*(x-x0)/L)
Amplitude A (m)

Phase shift x0 for left track {m)

Wave length L {m)

2.22
s bR, T LLEE A AT 1 B TSR
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Realizations of irregularities \EI

Variables

.Irregularihes for left track

.Irregularihes for right track

200

Ju] SEEES S EEE SRl EI SET EEE SRR (RN S BEE Sht SEE! REE SED Bk (ED SET SE SEE Shi SRl EEE Sl Shts EES EEE SRR subl Bh1 BEE Shiy S il ERE SEiy SRS S BEE EED JEE EE1 EEE Bk i
i}

STs) SEEEEE BT EEE EEE EEE (EEY BRI EEE SET SRR "ER) LR CEF SR EET BRI EER R TEI SR CER EE SERY TR CER SR BRI EEL ERE (R EE| R EEE EE SEE| DEF SEE PR ‘TRl SEL TEE (R B, S8

L e TR FEL TETS S\ Crrr

74.3 -190

2.23
142 Identifiers VU, JGZEWVIEE GEE: 559 v0 T F A SHI
) wEH N 10m/s.
7t Tracked | Vehicle | Tests | Options U1 [, 4G 7% & 754)i% | Take into

account irregularities.

Object simulation inspector
Solver Identifiers Initial conditions Object variables KVA Information Tools Tracked vehide

EHM &R §F

Options  Transmission Resistance Tools  Identification Tests
Straight motion test ~

Parameters Options  Variables

Take into account irregularities

[Jreverse
Type of soil
(®) Linear elastic () with sinking
Longitudinal motion mode

(O Meutral (®) v=const Ovitifvis)

& 2.24
LEBNE T, B SAREhr s B 4k b GEROEh RN anE 2.25 Aras),
mi A, EFE Camera follows Hull, XAEAH 15 20 & 1 15 3k 46 2 ERBE 4214
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2.25

Coordinate system

Grid 4
Rotation style 4
Modes of images 4
Cameras 4
Camera follows Hull I

Look at...

Position of vector list *

Clear list of vectors

Vector settings...

Add characteristic for this body/point *
Show vectors for tracks

Set graphic object 4

Background colar...

Window parameters...

2.26
B AT AN e SO — AR S IR BORE R 1, WERH B 15T N,
WIZEAR BT O IR
&ii5 Integration, FFUR1H .
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2.3.2 BREREERE

sir Interrupt, HHWTOTEC, B0 L] A

/7 % Tracked vehicle | Options| Irregularities U1 [f, %% File #3(, JEM
AHh B S5 B T AP FE S/ {UM Data}\Caterpillar\Irregularities

\jump_25_L.irr, 73HC4ScA B

Object simulation inspector

Solver Identifiers Initial conditions Object variables XVA Information Tools Tracked vehide

GHM B §

Options  Transmission Resistance Tools Identification Tests

General Irregulariies  Macrogeometry

Type of irregularities

(®)File =.irr (OFile =trp O A sin(27pi*x/L)

Irregularity files

Left | C:Weers\Public\Documents\UM Software Lab\Universal Mechanism'@\CaterpillarIrregularities\jump_25_1.irr
Right |

=l
=

| C:Wsers\Public\Documents UM Software Lab\Universal Mechanism'@\CaterpillarIrregularitiesjump_25_1.irr

2.27
s, LA Y A B A B A T

Realizations of irregularities

Variables

=]l 2 s
.Irregularities for left track

.Irregulariﬁes for right track

B 76 1 R el bt b bt
B 11 e (R SRRt EEEEEEE LR e R REEEEEEEEE R
DO oo [ RPREPRRTS RECOREED drrarrasenaenaaas Fesrrasnnannnoaes brosrnasnnnnnaani
: . . Distance, m
0 30 40 50 &0)
11.3 -113
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w7 Integration, JFaG1HE, {7 kRN 2.29 Fr.

& 2.29

225 3k
[1] Crawler transporters / Platonov 'W.F. (Ed.). Moscow: Mashinostroenie. 1972
(Rus).
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