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1.2 ’mBwFAEAA

1. IZ17 UM Input 2/, 432 File | New object 5% 5 i iesf Di it —
MR

2. MEFESEH File | Save as 5 i B, (AR, HiRE H e U 4
FRFIAZ, W: {UM Data}\My models\gsTV .

3. FEA MRS RE  Subsystems, 48 (i 7E A5 0058 B 5 s ),

WIN—"1F A4 (Add element to group of “Subsystems”), M Hi%E#E

Caterpillar JET T &5, WHE 1.2 fix.

/- Obiject o B E Sy | T R vl Bl
v -} Object
fngh Curves
-Fid Variables
8D Attribytes
g Images Add element to group "Subsystems"
-39 Bodies
- B Joints
4% Bipolar forces
(2 Scalar torques
= Linear forces
-—@® Contact forces

Type: (none)

included

external

Wheelset

Linear FEM subsystem

R Inm-~

-y T-Forces Ballast
% Spedal forces Caterpillar |
&3 Connections H :
o Tnes Flexible Railway Track
& 1.2
4. AN TS T RS A %9 Left Track.
Name: I |Lef't track I | + ﬁ_?i
Type: |€F Caterpillar &

Comments Text attribute C

Edit subsystem

Parameters  position  Identifiers

Identifier: Subs1

Structure  Track Suspension Rollers Sprocket Idler

Sprocket position
Rear Front
Track position
@ Left (CJRight
Idler exists
Suspension subsystems: [} "_A]

Supporting wheels:

w
!

Tracks: &0

!

Additional suspension subsystems:

o

2!

iR
U=y
w
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1.3 BwHE

1. fEAMEE B S, ©472] Parameters | Structure VU, & S B 01T
B4 B SRS

2. ZEMEA 6 MMiEL, i, it 108 JE Wk, EILE 1.4
N CE IR P

Narme: |Left track | -+ fii
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 (O Right
Idler exists

Suspension subsystems:
Supporting wheels:
Tracks:

Additional suspension subsystems:
L

[ Track sagaing till road wheels

1.4
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1.4 g

1. % %] Parameters | Suspension T[], Gh&SHREGHMT#E. F—B
KET 6 MERTRA (FRERSD, FILXESHRER 6 MU
AAFR (Xeleeee-Xc6), XFHREL 155N LIS JATA AR F AL T
Fahie 5B 0, BUAESH X MErRxAsD. Ak, &7
BURE M ERN PR HER, X BEPTA R R4 m.

Parameters position Identifiers

Identifier:

Structure Track = Suspension  Sprocket Idler
Type of suspension:

|Subsl

torsion_bar_wheel

Generate

Mumber of subsystems:

Parameter
R

W

¥cl

X2

Xc3

Xt

Xch

Xch

Value
0.35
0.3
0.755
1.5
2.245
2,85
3.735
4,445

& 1.5
2. il Generate, 2E il 6 ST E 50 R o CHLE P AIFAT 32, il 1.6
FrR
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3. Ef7Z| Identifiers | Suspension T[f, Z{ZH 75 1_road_arm [%[H
79 0.36m, TEFHE NS OK, RAHBIA T R4%%.

[*) \dentifiers of the same name X

Mileft tradk.] road arm (0, 38)
b Left track.Bogie 1.]_road_arm (0.5)
kA Left track.Bogie2.|_road_arm (0.5)

17 Left track.Bogie3.|_road_arm (0.5)
b Left track.Bogie4.|_road_arm (0.5)
kA Left track.Bogie5.|_road_arm (0.5)

M Left track.Bogieé.|_road_arm (0.5)

pr

Cancel

o |

4.

Edit subsystem

Parameters Position | [dentifiers

Left tradk ;||
Whole list Sprocket Idler  Track Roller ISUSDEHSiOH I
Mame Expressior Value Comment
|_road_arm (m) Length of torsional arm

l,-—ﬂTiﬁ]ﬁa_sEt 20 (ded) Angle of torsional arm
f_stat 70 (mm) Static motion
f_dyn 110 (mm) Dynamic motion
rear_arm -1 Rear (1) of front {-1) positio
1.7

BUCTE I A, Wi 555 rear_arm, BSEUEN 1 (U J7

B0, fEEBEO, BHEFERE— WK 1.7 Fios, S OK.

() Identifiers of the same name X

Left track.rear_arm (1)

kA Left track.Bogie Lrear_arm (-1)
Left track.Bogie2.rear_arm (-1}
b Left track.Bogie3.rear_arm {-1)
Left tra

OK Cancel

www.universalmechanism.com

Edit subsystem

Parameters Position  [dentifiers

=l

Left track

Wwhole list Sprocket Idler  Track Roller  Suspension

MName Expressior Value Comment

|_road_arm 0.36 (m) Length of torsional arm
alpha_stat 20 (deg) Angle of torsional arm
f_stat 70 (mm) Static motion

f dyn 110 {mm}) Dynamic motion

Rear (1) of front (-1} positio

rear_arm

& 1.8
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1. 3| Parameters | Sprocket U1, i &ailiedl, T gmeE s, FHaA
i 8, MAASHE H SR E3NE (BER) 4B SCAF{UM Data}\
Caterpillar\Profiles \Sprocket1.spf.

«|e F|
2 +® g
B curve editor - Profile: - o X
Type: | Caterpillr |
+ +: fi ‘ Line v ‘EE B ‘ 14 Comments/Text atiribute C
N X Y Tun Smoothing
; B curve 1 Edit subsystem
1 -0.0607102 0.0158691 Line Yes Parameters  position  Identifiers

0.0547835  0.0170645  Line Yes Identifier: Subsi

0.0315034  -D.0174483  Line Yes

'\ / Structure Track  Suspension Rollers Sprocket [dier

2
3
” 0 o 4 0.0315034  0.017493  Cirde Yes
Profie;  [Number of points; 5 [
5 0.0347835 0.0170649 Line Yes =
Generate
Estmated radius

04 2 B Parameter Value
N sprocket teeth 15
oK Cancel Sprocket/Track step ratio 1
Width 0.3
) Read data X | | xe 0
4 [l «8 > Caterpillar > Profiles v[o] [ mmrrofies o 1= 08
|m HEEE = MO @
Bowe ~ zm BaAE m
& abrams.spf 2010/1/51615 UM T
=B8R 2009/9/2310:25 UM
[Efpc] -
A ETI.
T
) a5
W EFE
2 Windows-SSD (C) ™ N
STHE(N): | Sprocket! spf v\ Sprocket tooth profile(*.spf)
5 (0) ]

1.10
2. WEFINRHOEE Ze M 0.6m, EASHGEFFAL, MbE AT
LA o e = 4E IR

[&] Animation window — m] X

Edit subsvstem
Parameters  Position  Identifiers

!‘ Q [O\j ® | 4 @ P ma & | Identifier: |Suhsl

Structure Track Suspension Rollers Sprocket Ider

Profile: Number of points: 5
Generate

Estimated radius: 271.7

Parameter Value
N sprocket teeth 15
Sprocket/Track step ratio 1
Width 0.3
ne 0

1.11
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3. Aiii Generate, F EZNFCASINE AR, WK 1.12 Fias.
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1. VUl#:3] Parameters | Idler VL[, K A4 175 S5 A idler crank simple.
2. %K 113 pox, WEHJUTAALE 24,

Parameters  position  Identifiers

Identifier: |Subsl

Structure Track  Suspension Rollers Sprocket Idler

Type of idler with tension mechanism:

dler crank_simple w

Generate
Parameter Value
R 0,255
W 0.3
¥c 5.125
Zc 0,495

1.13
3. Al Generate, ¥ iFE S INBIAFIAET, WK 1.14 Fi~.

1.14
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1.7 #hJg iR 3R

1. P)#%E] Parameters | Track JU[HI, M Track link T $7 ¢ HLiE+
tracklink_bushing 157, Joint type 1 & 4 Flexible, X & —F 5\
JRJE s o

2. MRAEE 115 Prosw BB E R =7 R RN, B E sl g
AR K (45 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 ~
Generate
Joint type
(O Rigid (®) Flexible (O Parallel
Profile: |
Parameter Value
L 0.11167
W 0.3
H 0.03
& 1.15

3. i Generate, ‘EJEHIA, WK 1.16 Fir.

1.16
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1. A Edit subsystem, BB T RS

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

| |

Parameters  Position  Identifiers

Identifier: |Subs 1

Structure  Track Suspension Rollers Sprocket Idler
& 1.17
2. ML Edit | Read from file 50517 T AR Elbre , M AHL H i
AR % 7170304 {UM Data}\Caterpillar\Dampers\Damper1 .

£2) UM - Object data input - Left track

File [Edit] Object Add Tools Help
0 Copy to clipboard

To clipboard as component

[T Copy to file...
@ c Save as component...
nsert
v "Eb Read from file... I
\n
i Undo
Redo
1.18

3. fEFRHIE M Ay Accept, XFEHUE T RS HININ T —A Bipolar force 3§
) 378, AHRBL AT BTSN 2] T Images #113& H

s Initialization of values *

Identifier Value Comment

bfrc_damper 10 S Length of damper

bfrc_damper_r  0.05 Typical radius

Add to the sheet: | Vhole list w
1.19

www.universalmechanism.com 11 www.tongsuan.cn
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4. XRFSEHERL KDALY ERES F1 0T, Wil 1.20 Fros, BET)
SRR R, 520 R b 2 (B 1.21) 280

B Curve editar - Force O X
+ +: i |[une -
N B T N N X Y Type Smoothing
= cu..
1 07 -100000  Line Yes
2 035 -55000 Line Yes
"""""""""""""""" e Y A 3 04 37000 Line Yes
4 0.3 -21400 Line Yes
5 0.2 -10000 Line Yes
6 -0.1 -3000 Line Yes
70 0 Line Yes
8 041 3000 Line Yes
9 0.2 10000 Line Yes
0.3 21400 Line Yes
0.4 37000 Line Yes
0.5 51000 Line Yes
0.55 30000 Line Yes
0.63 80000 Line Yes
oK Cancel

1.20

1.21
5. fELEAIR % Bipolar forces | BEcDamper, 1451|135 H 5L & iy %
A Rear damper, %% Local hull &y Body1, Bogie6 T~ % 4 . /] Road arm
N Body2, FHiXEBEMImIER A, W& 1.22 iR

MName: |RearDamper | + fﬂ'i

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

www.universalmechanism.com 12 www.tongsuan.cn
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BVE:

SRS side_key T 7€ /o A JE AT AR AS B ) AL B (A RR), X HL
RN 1; dz_damper IR E R 0 BI AT, A SLRHARAEH

6. ik Mk, S HI4 R — A Bipolar force, Ar44 4 Front damper, %

¥ Bogiel T 24t L1 Road arm 14 Body2, ¥ & P& S AL bR, Ul
K 1.23 Fios.

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. Rii Aceept, SERUNT T RGMEEG IR LR E O, WA 1.24 Fror.

Close subsystem
Close subsystem Left track

Accept Cancel

AN

1.24
8. fRAFHLAY,

www.universalmechanism.com 13 www.tongsuan.cn
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19 ZAREFEER

N, BATIE T EIIA MR AN EAR, AR e B G
Hri s

i UM AR VLR SINL. B a A ASENA . Fer L. sizhil
PR T TT A

1.9.1 %k

1. IEPEEH Edit | Read from file, M ZAHE H 315 N ZEA4R LA BT {UM
Data}\Caterpillar\Images\Hull1l.img.

1.25
2. TEJEMIBALR b Bodies, 247 A2 5 i A #H, i m— S RIA
3. EAHN Hull, M Image NHi= LIk FERIA 3 A JLAT B SS FIAA

www.universalmechanism.com 14 www.tongsuan.cn
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4. BWEZERINIAR R B B0 AT ZE, WKl 1.26 .
Mame: |Hu|| | + 'h ﬁi

Comments,Text attribute C

Oriented points Vectors 3D Contact
Parameters Pasition Paints
Coordinates (PP): | Quaternion "%
Go to element =

Image: Visible
|goHuII v |

[ compute automatically
Inertia parameters

Mass: |mHuII c |

Inertia tensor:

il £] . . miwl 8000
iyHul £ £ iachull 5000
izl : iyhul 4,0000000E +4
Added mass matrix: (none) J izhull 4,0000000E +4
Coordinates of center of mass HE 2.605
[xc )l [z 1 0.6
& 1.26

5. AT 4, %% Create joint | 6 d.o.f, IN—A7SHHEEER, HIE
$% Base0 11 Hull.

Criented paints Vectors 3D Contact
Parameters Position Points
Coordinates (PP): | Quaternion ~
Go to el nt I-ml

Image: « Rotational +
@é Translational & Image

B P esar |

Inertia p % General

Mass: | g% Quaternion —C|

Inertia tensor:

|ixHu|| c | c c
iyHull c c
izHull c
Added mass matrix: (none) J
Coordinates of center of mass
[xe | = ]
1.27

www.universalmechanism.com 15 www.tongsuan.cn
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(

6. 1& Coordinate T[], EFET A NKRMA (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
Fri s

WATAHEIZ R A A (e 3, 1, 3801, 2, 1%, FUNSERME
KAEREEN N 0° I, SB— RS =IRAIRESIMES, siakEai (EF2
NG MRARITA, WS KA RES90° I, RAETFE. N+ 4
TIEETE, HEREAEA (3, 1, 2) BEEhPIRARIH A AR
RN B R, )T 2200 A R DU T2 82

www.universalmechanism.com 16 www.tongsuan.cn
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©

192 BEEFHNTIHRE

1.29
BEES, ZEARANAT 3% Bt AR & Bk (B EAER ), WE 1.29 () Fis.
ERNEN T RGEEE DB ZAR Local hull, 75206 H 5 LR 4244
Hull [#]45.

£ UM Ha] DUl 2 MO ESED:  aniiin—A~ 0 B R8RS, sdsm—1
A& BEHERT B

1. TEAMBLARLR % Joints, FA5 03 B A TH s+, W In—1 4.
2. 1£F¥ Hull /£ 4 Bodyl, £ 4% Left track R4t . /) Local hull /£ 4 Body2.
3. M Type FHiZKH.i%FE Generalized 257!, 5wl ¥R n—2 ET (Gt

AR, EFE te CEIEME), HBEMRIZIIEN gauge/2, L7 H
& IA ST 5 gauge TR{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 E:|

ey: |gaugef2 E:|

ez:l E:|
1.30

ZAE, AR B S R AE R T

www.universalmechanism.com 17 www.tongsuan.cn
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1.9.3 &AW EH

@

N, FRAREE A E A -

1. FEAAREAR 2 T Left caterpillar T 45, B 47 1132 B 71 5 i 43k B,

HIER—NEN T RS, Har4 N Right track.
2. {E Parameters | Structure J{[fii, i%+¥ Track position 2y 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
O Left @ right
Idler exists
Suspension subsystems: 5] ’_A]

Supporting wheels:

=]
o2
"~

Tracks: 108

e

Additional suspension subsystems:

i}

<5

[ Track sagging till road wheels

1.31
3. 1F Identifiers | Whole list UL [fi, 2| ZH 555 side_key, ¥ HBE N1,

e D HGE LR A A MBS (B AAIER), SR
i OK.

www.universalmechanism.com 18
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/
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\

Tongsuan

() identifiers of the same name X

[l eft track
% nght track side_key (- 1}

=]
] Lef't track Bogle}‘_ side key [h]
|| Left track.Bogie3.side_key (1)
|| Left track.Bogie4.side_key (1)
|| Left track. Bogie5 side ke

Right track.Bogie1.side_key (1)
k4 Right track. Bogie 2.side_key (1)
bl Right track.Bogie3.side_key (1)
kA Right track.Bogie4.side_key (1)
{1 Right track.Bogie5.side_key (1)
kA Right track.Bogieé.side_key (1)

Cancel

= @

Type: | €F cCaterpillar ~
CommentsText attribute C

Edit subsystem

Mame: |Right track |

Parameters Positon  [dentifiers
Right track ~|
Support roller Suspension Suspension
Whole list Sprocket Idler Caterpillar

Mame Expression Value Con
di_tension_rod 0 Elo
pretension 5.0000000E+4 Pre
¢_tension_spring 5.0000000E+5 St
crank_angle_0 a
53 sin{crank_angle_0* 0
@ cos{crank_angle_0° 1
y_crank_joint 0.15
rear_drive_key 1
side_key -1 I
ine_idler 7
m_crank 10
ix_crank 1
iy_crank 1
iz_crank 1

d_tension_angle  dl_tension_rod/_cr 0
pretension_torgue pretension®_crank 7500

c_torsional c_tension_spring®s 1.1250000E+4
& 1.32
4. FRTTH —FE TR AR AE N E Rk GRS ).,
—| Name: |jHuII_Lo-:aI hull_1 | -+ i
Body 1: Body2:
[l _v||[Right track.Local huil ~|
Type: | %% Generalized w
TCy
Enabled + += i
ET type: | & tc (translation constant) w
Comments, Text attribute C
| |
Translation vector
e | c |
Iey: -gauge/2 I C|
ez c |

& 1.33

www.universalmechanism.com
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1.9.4 AETERE M E

BRI, @A AR QAT . HE, WAEMEBCHIETTLIE S, JEAE b
WAL TR (Z=0) PUF, Wi 1.34 fios. AP EAETHERIE H IR0
S AE BT S i AR D, BATEBOR ik 7 _EAgah—E
PR .

| 99w [0 e er|@F

Front view

Back view
| Right view |

Left view

Top view

Bottom view

1.34
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TERAEM T SHFE SR AAE, KK H Add from subsystem, M Left
track {, Right track T3 FI S5 5 htracklink, F{H v 0.03m, 85t B d#E(F
K HR B E R FZR

/

Whole fst |
Name |Express’on IValue "‘
v0 20
mhul [ New identifer... Ins
sl
iyhul Insert identifier... Shift+Ins
- Edit identifier...
izhull e
Delete identifier Del
xc Copy value to dipboard Ctrl+C
2c Copy table to dipboard Ctrl+Ins
gauge Show elements for identifier. ..
Show unused identifiers...
New tab
Rename tat
Remove from tab
Refresh object
B ix_ider=7 N
B m_crank=10
B ix_crank=1
B iy_crank=1
B iz_crank=1

B d_tension_angle=0 __l
B pretension_torque=7500

B c_torsional=11250

B Itrackiink=0.11167

B wtrackiink=0.3

[ERhtrackiink=0.03

B _n lug=7 L‘

1.35
SENL B ZEAR (HulD It (Base0) AHZEMEL, 7£ Bodyl [ Z A4 Fribim A\
htracklink. XFF, BAEEAMENT SRR RIEE T 0.03m, BT 4 AR E W+
RGN B EARRFE LR, KA ES T REWEasEe B, LR
#H.

Marne: |jBaseD_HuII | -+ m =4
Body1: Body2:

|Base0 ﬂ| |Hu|| j
Type: | ™% 6d.o.f. -

Geometry  Coordinates
Body 1 Body 2
% Visual assignment

Translation
x| ]
¥: £
Iz: htracklink I c |
Rotation
M| g
o ‘]

‘]

1.36
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N

& 1.37
2, RASENRERET/E, BHEWE 1.38 Frx.
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=< g ] 5%
2. BEEWMNNERE

\\I HH

UM J 7 R B h A JE A AR AV E N — 7S B B BE NI, [RGB R AR R 1)
T HEE AR K. ARG 1332 NE B, RAMEEEH 2 L5t
1715777k Park parallel.

BAVE@EBEFEFRA T8, BEYSH dn: FR1E15R. Fit
O AR BT EE) R B SR A R R B ), BONIREESE e |
1T B 2% B S 1

Object simulation inspector

/
/

Solver Identifiers

Initial conditions Object variables XVA Information Tools Tracked vehide

List of identifiers  Identifier control

= A |bst\f.Lef‘th’at:k j|
Whole list Sprocket Idler  Track Rollers Suspension

Mame Expression Value Comment ~
wguide 0.02

hguide 0.1

Itracklink 0.11167

wiracklink 0.3

htracklink 0.03

n_lug 7

w_lug wiracklink{n_lug-1, 0.05

I_lug 0.025

pin_key -1

r_pin 0.015

r_pin_in 0.01

wsproket 1]

I_lug_p I_lug*1.1 0.0275

lw il

HAMASTE R R IE ) S B0 v AR B ), Qi Fesh s

BHJE R % 5E

CAE

www.universalmechanism.com

& 2.1
M1 A

& THER, BURESHIFATEFD] UM Input F2/7, ERANH
A S ) Tdentifiers UUIABLEN AT, 368 ADREAS [F S 5080 E 7
LU T R AR B 05 B 0

AARAT N par K5 5X
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FH P R] DLIE IS 52 B File | Save configuration #2/ERIRAF LG E, 7ELLE
i BB A 3@ L 52 . File | Load configuration JN#CE — AN THLACE o X LUt B B 45
WG AF . SHAFS1E Xﬁ#ﬁéiﬁ\ 5 11 22 B A 2 1 Dﬁ!ﬁﬁ—ff

F||e Analysis Scannmg Tools Wmdows Help

O F3 i

pen ) A[[ S E6 4
Reopen H

Close shiers E1 BB B O M © B
Load configuration » I

Save configuration » Desktop... Ctrl+S

Exit Al All options... Ctrl+Alt+S

2.2
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2.2 AR

FE AR AT B DR 8l 77 50 AT, — R S B (- JE s 5k K
TP AL EANRIIRTE L), KR AL 1kl

221 WHPEMNE

RLTE U, T AT IS — U TR T B RGP A .
EFEIF MR, PR ER B RS Rl . a2 A ER T
R, AT SN p_stat.

1. 1217 UM Simulation F£/7, 1N%L gsTV &7 ik,

2. IEFEEH Analysis | Simulation (5% F9 5), T 7745 545 5| S (Object
simulation inspector)

3. &M% Identifiers TUAT, A\ T i B g R — MEW R ER KT RS,
KREISHTFT p_stat, LB E N T000N, 767 H 5 LRFFEVE 4%,
il OKo

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 i} @ 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 (deq) Static angle of torsiona

2.3

4. 5Ef7 %] Tracked vehicle | Tests UM, B4 52 177 B i35 Equilibrium
test. AL /ST M, Parameters T [ 15 & HIWT R Geik 2V f7 B
P26t WK 2.4 Frs, Ros RGBSR EE S 0.5s < WH/MNT 0.17,
WA AR 21, H v E R [RA 1s.

5. /zJi% Save coordinates when test finishes, /52> [ 5K 545 3 (1) F- 47
ARZS AL AR R AE BIW) UG 64 Initial conditions, 75 W 75 2T {1 AL
HBlxv A
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Object simulation inspectar

'NIVERSAL MECHANIS| g ' Ij
Solver Identifiers Initial conditions Object variables KA

Information Tools Tracked vehide
== o R
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
TUHIA — Kinetic energy 5, & H Kl & RA M 2306

Object simulation inspectar

1F Variables 7

Solver Identifiers Initial conditions
GHM& §

Options  Transmission Resistance Tools  Identification Tests

Object variables NVA Information Tools Tracked vehide

Equilibrium test

Parameters Variables
Kinetic energy
& 2.5
=3
&2 Tools | Graphic window, 17— N2 KEE O,
7. K545 & Kinetic energy #i N2 % 1.
£ Solver T, WENKMHZSE, W& 2.6 Pror.
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

Riils Integration, FFURTHE, BERAPRRGARTHEANE, RGA806E
AFREZR & 2.7 B

www.universalmechanism.com 26
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Plots

Variables

=]

0.857999999999999 12.2

& 2.7
10. KR i RE, Interrupt, THE, PR B3N IRAE-V A7 B 2 VIM6 %A1

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

% 2.8
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| < A
AT PRI P rrepraesresteue i 11 {1 Lithh

it g P e N Yt st 3T Y . A

000,000

& 2.9
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)

2.2.2 B KRR

7E Tests 5K F1iE+$E “ Tension by joint preload 7o TR, ATRARASAEAR
JE AR 2 [A) HE B BE (Bushing) HIFEK /7. 1

R, HERFPEE 4N “Track
tension” AL, XFh AR %)ﬂ?“’ﬁﬁiﬁ

i (NI BB S5 .
1. #%KE 2.10 Fi7s, {E£ Parameters ﬁﬁmﬁ@ﬂ?%%ﬁ%m%ﬁ R M
H f—F" f

Os JFURNE, WIAGEAT N 10KN, 287 3ifify 45kN, R0 II BT BN
3kN.

Object simulation inspectar

Solver

Identifiers Initial conditions Object variables XVA Information Tools Tracked vehicle
GHM &R §
Options  Transmission Resistance Tools Identification Tests
Tension by joint preload w
Parameters  yariables
Identifiers
MName Identifier Value
Bushing preload {Left track) Left track. track_tension 1]
Bushing preload (Right track) Right track. track_tension 1]
Mumeric parameters
MName Value
TStart (=) 1]
PStart (k) 10
PFinish (kM) 45
PV (kM/s) 3
Integration Message Close
2.10
www.universalmechanism.com 29
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2. fIH—AN2KEE O, ¥ Variables TL[H [¥] Joint preload (Left track) 1
Average tension (Left track) PN EEHEAI A,

3. EZK Ak AL & Joint preload (Left track), fiA%E, AL H Use
variable for X-axis values, & TisK JI1E ARALAR o

Plots

Variables

1
| . Joint preload 3 I
..A\rerage ten o=

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

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...

211

P00 LR AR 1) Solver TUET, s ckidiell ], W07 B2 1 4% P 0 B A
HIE 12s.
st Integration B(4% F9 8, AT .
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Object simulation inspectar
Solver Identifiers Initial conditions Object variables XVA Information Tools Tracked vehice

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

Solver Type of solution

(BDF

O M (O Null space method (NSM)
(O Park

OGear 2 (® Range space method (RSM)

(® Park Parallel

[Time == v 12

Step size for animation and data storage

Error tolerance 1E-6

[Jpelay to real time simulation
Solution method

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

Integration Message Close
212
TSR EARINE 2.13 Froi L.
[ Plots [E=8(Ee =
rﬁlj:\nt preload ... :
.Averagetens.‘. :
B S SO P 7~ BN NN S
— o 10 0 30 40 50 &0
& 2.13

SR MR B B ASFERE R 2B, 5B (KN T
36.5kND, BRI 5K KA E 52 /N Tk KSR ik /7, *Elﬁ)\kk—ﬁx, TR
T IRAE N R IRES o AEA PR 5K H R U T5K /1 50kN, af A 2.14 F
.
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QH%

HE A LAWY S, FIRE 2.14 FIE 2.15 fisE AR &, FFi

& Joint preload JHEALFR .
EEE O AN RESR, SAH, EHFRE Position-Top, 1] LLKAZE S

R D22 B X B

TR E T S A, P Options, # HH 2 % 1544, £ Axles-Marking
TUH AT DA 58 SUBEARAR AR I 2 B2 (SEHH Automatic scale H B .

jTension crank

[ jidier_Tension crank

= [=]
g Variables for group of bodies @ T-Forces & Joint forces ﬁf Bipolar forces A Angular variables gl’: Linear variables
= All forces id Identifiers :'),)- Contact forces a Contact forces for bodies & Bushing
ab Expression €& Tracked vehide User variables it Reactions J: Coordinates (® Solver variables
1- W] gstw ~ || Selected
[ Ground |]Tensi0n crank
O ]:BaseD_HuII Type
[ jHul_Local hul @ Farce O Torque
[ jHull_Local hull_1
[ jHull_CGBady C@D)“:{DD”E“ Or 02 O O
C- W] Left track ’ v

Resolved in 5C of body

|BaseD j|

[ jrrack link1
[ jTracklink2 Acts on...
[ jTrack link3 (O body 1: Local hull
= ]Track I|nk4 v (® body 2: Tension crank
—
£ >
| |jRFxU_ef't track.jTension crank) | |Reach’ve force for joint Left track. jTension crank, projection X | ﬁ @l
‘ RFx(Left radk.j... ‘
Plots =R HoR ==
Variables

. .Jolnt preload U_ef't track)

www.universalmechanism.com

2.14
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/

F5e Wizard of variables =]

# Variables for group of bodies @ TForces B Joint forces ﬁf Bipolar forces A Angular variables g{f Linear variables
= All forces id Identifiers ;',1! Contact forces a Contact forces for bodies & Bushing
a+b Expression €& Tracked vehide User variables  Reactions 17 Coordinates (D) Salver variables

= M) gstw A | Selected
B[] jBaseo_Hull |1.?
1.1
1.2
1.3
1.4
1.5
1.6
=M Left track
= jTension crank
1.7
=+ jIdler_Tension
[ 18
=[O jTrack link1

Type of variable
(® Coordinate (O velodity (O Acceleration

ooooono

v

|X1.? | |C00rdinahe 7, subsystem 1 | ﬁ @l

‘xm ‘

Plots (=N EoR

Variables

0.08 - --ooe - D oo R REnEEt FEEEERPEERERN SRR D D o
Y S — S — SRR T R e S -

of e e H i R e -

10 15 20 25 30 35 40 45 50

& 2.15
Ik, ARPEIE 2.13, Bisk 5 B K /108 20kN, JUJE i 5K 7129 30kN.
Riidi Interrupt, FWiffj &, 7E Tracked vehicle | Options | General T, ¥

B A K 179 30kN .
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Object simulation inspectar
Solver Identifiers Initial conditions Object variables XVA Information Tools Tracked vehicle
GHM &R §
Options  Transmission Resistance Tools Identification Tests
General Irregularites  Macrogeometry
Rotation of sprokets
e [-7.2285
RFES |-7.2284

e

Track tension parameters

MName Value
dl, mm (ZFER) 0

dl, mm (HEET) 0

F, kN (I FER) 30

F, kN (GFE) 30

Hull [t v

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

B 2.16
AR, K 771K /N BE R LB i AP st AR B, Rk R e RSP AT o B AN AR [,
R T aa - A o Y VA= 8
M Tests 771K %+ Equilibrium test.
KLTER 10s 24 IO G , REBEHRPERRES, Wi 2.17 s,

& 2.17
sy Interrupt-FARE , R/ B 38 211Vl 07 B IRAF IG5 AF -
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2.2.3 FEE RN

/
/)

T I N — € M AE AN AR AR ) T 1) 1S R AT, P ASRAG B 7 A EcHE R G 3
] FELR AL -

M Tests T 7% Fi%EFE Vertical harmonic loading, 7f Parameters 5[] % &
WU IR E Y 220kN, S 0.1Hz.

FIFF— % 1, ¥ Variables TUR PR ELR AT A, JFRE
Suspension movement i AAFR

THREERWME 2.18 frox, 5ZHiE XMz 110mm (ZHAF5 f_dyn)
EL/RE

Window parameters x| JE——
- = = =]
Window AXeS Design Frequency fiter Statistics
Variables [ Style  Marking Legend
[ [l vertical force
£ [l suspension movemen " K-values ‘Susp nnnnnnnnnnnnn t | '
200f---. Ordinate ‘Verﬁcalfarce | ,,,L,,,,,,,,,,,,,E,,,,,,,,,,,,,‘:,,,,,,,,,,,,,j ,,,,,,,,,,,,,, f,
[JLegend on plot
w4 R e
a
o]
éuﬂ- ————————————————————————————————————————————————————————————————
o
9
t
a
=
P -
-
Suspension movement
2457 193.4

2.18
it
R BRI S A8, SEFEEH Options, #HZ2E & IS4, 1& Axles-Legend
U AT A E 5 AR AR AN A AR B bR 2 A B e A%
Rk Interrupt, WG R, BI04GB 46| FH
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2.2.4 THEAIGEE

/
=/

W B A M R IR, AE IS S AT B N 21, SR A AR R =
HANE o X T B AT BN 120 5, — RN — 45 E IR FE BT 46
KLt A EH R AR CREANIRI A B DT D AR 3 (an
Sm/s). XA, FEFF AT DU F B JE ) 46 1 R 3R DL — A RECGRIHE SV GRH
W= o

M Tests | $7% 1% FE Computation of initial velocities, & Parameters U1 [f]
BeE H RN Sm/s (TS AE T HAINE L ALY m/s), TR Ay 5s.

Speed unit

5 - Cikmbh ® mfs
2.19
FTTH—1N2B%E 0, ¥ Variables UL P PRiEAS i AL,
miilr Integration, FURTIH, FE4iRWE 2.20 fis.

Plots

Variables
.V sprocket (L...
.\u' sprocket (Ri...

2.20
st Interrupt-2(Y), F2/7° B s R4 TN ZI R BRI (50.tvy
AR, iz BE T e T s SO L UIZIER
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T()nﬂsmm

Q/F]

23 HEBITBHA

N I 7 T R A A B T B AT BRI A LB T, B m B B T P
I8, [EA R, HIZME S IE S THL VR

2.3.1 FAREETH

M Tests | 7% 1%k FE Straight motion test, Parameters U [f A

Amplification 25, &M 51 AR H AR R EEIE ], 17 =40k
TR, S HAERIEH .

Object simulation inspectar

J& N Neutral 15

Solver Identifiers Initial conditions Object variables XVA Information Tools
GHM &R §
Options  Transmission Resistance Tools  Identification Tests

Tracked vehide
Straight motion test

~
Parameters  Options  Variables
Mumeric parameters
MName

Value

Amplifier for speed control 100000

2.21

7 F| Tracked vehicle | Options | Irregularities U1, 831 A RE2k

4 NP E=2 S IJ
NE=F GERAD, REEMEN0.2m, WK N 20m, AFHMZE Tm GZEN O
B, A%, THMZE).

Object simulation inspector
Solver Identifiers Initial conditions Object variables XVA Information
=7 ==

Tools

Tracked vehide
Options  Transmission Resistance Tools Identification Tests

General Irregularites  Macrogeometry
Type ofirregularities
(O File =.irr O File = trp (® A sin(25pi=x/L)
Harmonic irregularities A*sin (2*pi*(x-x0)/L)
Amplitude A {m)
Wave length L {m)
Phase shift x0 for left track (m)

2.22
etie bR, DA 2 B A

www.universalmechanism.com
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Realizations of irregularities
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.Irregularihes for left track
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D12 Identifiers TUHT, A5 MPIHEE GERE: 755 vo LT EHHESHS
R) WEN 10m/s,
£ Tracked | Vehicle | Tests | Options U{[f, 227541k | Take into
account irregularities .

Object simulation inspector
Solver Identifiers Initial conditions Object variables XVA Information Tools Tracked vehicle

EH & B F

Options ~ Transmission Resistance Tools  Identification Tests
Straight motion test w

Parameters  Options  yariables

Take into account irregularities

|:| Reverse
Type of soil
(®) Linear elastic (O with sinking
Longitudinal motion mode
(O Neutral (®) v=const O vit)fvls)
& 2.24
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A AR, %% Camera follows Hull, XFEF/E SN B 1 (R85 Sk 0 2 BRI 4E 44,
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Coordinate system

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

Look at...

Pasition of vector list 4

Clear list of vectors

Vector settings...

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

Set graphic object 4
Background color...

Window parameters...

& 2.26
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miid7 Interrupt, HHWFE, [RIE0F B H]FH

5E 7% Tracked vehicle | Options| Irregularities 71, %F¢ File #z0, JfM
A H S N B AN B SC /- {UM Data}\Caterpillar\Irregularities

\jump_25 Ll.irr, 73ECE LB
Object simulation inspectar

Solver Identifiers

M &R §

Options  Transmission Resistance Tools

Initial conditions Object variables AVA Information Tools Tracked vehicle

Identification  Tests
General Irregularites  Macrogeometry

Type of irregularities

(@ File =.irr (O File = trp O A sin(2=pi=x/L)
Irregularity files
Left | C:Wsers\Public\Documents UM Software Lab\Universal Mechanism\8\Caterpillar\Irregularitiesjump_25_1.irr™ @ﬂ
Right |"C'\J_lsers\,PubI|c\,Documents\J_lM Software LabUniversal Mechanism\&'\Caterpillar \Irregularitiesjump_25_1.irr @ﬂ
2.27
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iR, AT LA T 2 B B I AT
Realizations of irregularities EI@
Variables
.Irregulariﬁes for left track

.Irregularities for right track

B L R e SRERRREREEEEEEEE
SBOG e [ R RnnEl EEEEEEE A P R
S [ on e n e n e Rl [ECRRRED R RRITTTERE Fesrmmmmennoeeees R ERTRIERE
| | | Distance, m
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[1] Crawler transporters / Platonov W.F. (Ed.). Moscow: Mashinostroenie. 1972
(Rus).
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