UNIVERSAL MECHANISM 6.0

//\\~ Software

NIVERSAL  MECHANIS

A=

Development of Models
and Dynamic Analysis of
Tracked Vehicles

Getting started

2010

Basic principles of development of models of tracked vehicles and their dynamic are discussed.


http://www.umlab.ru/download/50/rus/gs_um.pdf

Universal Mechanism 6.0 2 Getting started: UM Caterpillar

Contents
Getting started: development and dynamic analysis of tracked vehicles in UM................c............ 3
1.  Development of TV mMOdel ... 4
O O o (0] (01 o[ O PR TP P TTPPPI 4
1.2.  Creating new object and track SUDSYSIEM .........ooiiiiiiiiii i 5
R JO I - Tod (S £ (1 (TSP 6
S o [0 [ g To ISV 0T 3 (o] DR 7
1.5, AdAING SPIOCKEL......ciiiiiiiiie ittt e e e e e st a e e e et e e e e e 10
1.6, AAAING IAIEE ..o 12
1.7, AddiNg traCk ChaiN...........oiiiiiiiii e 13
1.8.  Adding ShoCK albSOrDErS........cvvviiiii 14
1.9.  Development of full TV model .......c..oooiiiiiiiii e 17
191 AdAING hUIL....oooi e 17
1.9.2.  Coupling hull @nd traCK ..........ccuviiiiiiiiic e 19
1.9.3.  Adding the SECON traCK ........ccviiiiiiiiiii e 20
1.9.4.  Correction of vertical TV POSILION........ccoiiiiiiiiiiiiie e 21
2. SIMUIALION OF TV AYNAMICS .....vviiieiiiiii et ssbaa e e 24
2.1, GENEIAl FEIMAIKS. .. ..eiiiiie ittt st e e e e b e e nes 24
2.2, AUXIANY 1SS, ..ttt 25
2.2. 1. Test: eqUIlIDIIUM ... 25
W A N - To) 1 =] 1 Y (o] o PSPPSR 27
2.2.3.  Vertical harmonic l0ading .........ccuuviiiiiiiiieiiiii e 30
2.2.4.  TesSt: INILIAl VEIOCIHIES ....coiiviiiiiie e 31
2.3, Straight MotioN OF TV ... 32
2.3.1.  Motion on sinusoidal road profile............ccooviiiiiiii 32
2.3.2. MOdeling OF JUMP ...viiiiii e 34

References



Universal Mechanism 6.0 3 Getting started: UM Caterpillar

Getting started: development and dynamic analysis of
tracked vehicles in UM

Fig. 1 Model of TV

This document helps the user to get experience in development of models and simulation of
tracked vehicle (TV) in UM. The model, which development is discussed, is shown in Fig. 1.

It is assumed that the user has already studied the document devoted to introduction in UM
(file gs_UM.pdfl) and can create and analyze simple models.

This document does not contain complete information about simulation of TV in UM. More
detailed information can be found in Chapter 18 of the wuser’s manual, file
18_UM_Caterpillar.pdf.

The ready TV model considered in this document is located in the directory

{Path to UM}\Samples\Tracked vehicle\gsTV

! http://mww.umlab.ru/download/50/rus/gs_um.pdf
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1. Development of TV model

1.1. Prototype

T e
| s | THE = 2950 i
f— i Tz ]

Fig. 2 Data on prototype of TV
A Russian light crawler transporter is considered as the prototype of the model. Fig. 2 shows
some geometric data related to the tracks [1].
We would remind that this document is developed to help the user in studying UM Caterpillar
module. That is why we will not follow the exact design data of the prototype.
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1.2. Creating new object and track subsystem

. Object UmObjo

ElaObject A!l%' E’t!q C%‘}@@QHTE @&
=% Ohject _'
Tk Curves
Fi “ariahles
abc Aftribites

E? Subsystems | :
# Images |+ Add element to gro A Type: (None)
i@ Bodies included
% Joints B = external

H wheelset

# Bipolarforces |
#n Scalartorques B Linear FEM subsystam

E Linearfarces |#% Bearing
LI Contactfarces B

1) Run UMiInput.exe and create a new UM object by File | New object menu command or by

the [ button on tool panel.
2) Save the model by the File | Save as command or by the & button.

3) Add atrack as a subsystem of the Caterpillar type

o select the Subsystems item in the element list
e click the right mouse button on this item and select the Add element to group

“Subsystems” | Caterpillar, Fig. 3.

As aresult, the Track wizard appears in the object inspector.

4) Rename the subsystem to Left track.
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1.3. Track structure

s

Name|Leﬂtrack it Ol

=
I
b

Type |&g Caterpillar
Comments/Text attribute C

[ Edit subswstem ]

Farameters | Position | [dentifiers

Identifier SubsT |
Fallers Sprocket Idler
Structure Track Suspensian

Sprocket position

Track position
(@) Lett () Right

Suspension subsystems b A
D +

Follers A]
Track links TEIA

Fig. 4 Parameters of track structure
Open the Parameters | Structure tab of the wizard, Fig. 4.
1) The modeled TV has a torsion bar suspension with six road wheels. Each of the wheels is
described by a standard subsystem, Chapter 18, Sect. Torsion bar suspension. Thus, number six
must be set in the Suspension subsystems box.
2) The TV has no support rollers; zero value is set in the corresponding box.
3) Number of track links is 108.
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1.4. Adding suspension

Structure Track Suspension
Twpe of suspension
torsion_bar_wheel w
Mumber of subsystems
Farameter Yalue
R 0.3k
L 03
*cl 0
p{eld 0
et 0
il 0
®ch 0
*ih 0

Fig. 5 Uninitialized values of suspension geometry parameters
Open the Parameters | Suspension tab, Fig. 6.
1) As we have pointed out six suspension units (subsystems), the table of geometrical parameters
of suspension contains the same number of longitudinal coordinates of the subsystems
(Xcl...Xc6). Besides, the road wheel radius (R) and width (W) must be set in this table. All
parameters are in meters. The suspension unit type is specified on the same tab as
torsion_bar_wheel, i.e. the default value.

Structure Track SUspension
Type of suspension
torsion_bar_wheel W
MNumber of subsystems
Farameter “alue
= 0.335
W 0.3
=l 0.775
bttt 15
3 2.245
i 2.94
*ch 3735
*ch 4.445

Fig. 6 Value of suspension geometry parameters for the MT-L transporter

Following the data in Fig. 2 fill in cells of the tab as in Fig. 6. Note, that the origin of SCO in
the X-direction is located on the level of the sprocket center.

Fig. 7 First variant of suspension
2) Click the Generate button to create the suspension according to the specified parameters; the
suspension appears in the animation window, Fig. 7
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Parameters | Position | [dentifiers

Lefttrack ﬂ|
Whole list Sprocket ldler
Track Rallers SUspension

MName Expression “alue

I_road_arm 0,36
alpha_stat |20

f_stat 70
f_cyn 110
rear_armm -1 |

Fig. 8 Selected identifiers of torsion bar suspension

",'_ Identifiers of the same name B

Wilefttrack | road arm (0.368)
v| Right track |_road_arm (0.5)

v Lefttrack Bogiel |_road_arm
v Lefttrack Bogied |_road_arm
v Lefttrack Bogied.|_road_arm
v Lefttrack Bogied.|_road_arm

v Lefttrack Bogieb |_road_arm
v Lefttrack Bogieb |_road_arm

e e e e

0.5)
0.5)
0.5)
0.5)
0.5)
0.5)

[ oK H Cancel l

Fig. 9 Assignment of numeric values for identifiers in subsystems

3) Now some parameters of the suspension must be modified. Open the Identifiers | Suspension
tab of the wizard, Fig. 8. Set the length of the torsion arm 0.36m (the identifier |_road_arm). All
the suspension subsystems contain identifiers with the same name, a window appears in which the
user must check the subsystems, for which the identifier value will be changed by the new one,
Fig. 9. By default, the new value is assigned to all identifiers of the same name.

We will not change the default values of identifiers, which define the position of the
suspension in static state (alpha_stat) as well as the static and dynamic travel of wheels (f_stat,
f_dyn, Chapter 18, Sect. Torsion bar suspension).

12 Identifiers of the same name @

v Left track.rear_arm (1)

V| Righttrack.rear_arm (1)

v Lefttrack Bogiel.rear_arm
v Lefttrack Bogied.rear_arm
v Lefttrack Bogiel.rear_arm
v Lefttrack Bogied.rear_arm
V| Lefttrack.Bogieb.rear_arm (-1]
Lefttrack Bogiek.rear_arm (-1]

1)
1)
1)
1)

l oK H Cancel ]

Fig. 10 Road arm orientation
As it is shown in Fig. 2, five road arms has a backward orientation but the front one, which
has a forward orientation. So far, all arms in our model are oriented forward. The orientation is
defined by the identifier rear_arm==1. The value +1 corresponds to the backward orientation. To
set the necessary values of this identifier in the subsystems, set rear_arm =+1 in the cell in Fig. 8
and press Enter. Uncheck the assignment of the new value in the lower row, Fig. 10. As a result,
orientation of five road arms will be changed, Fig. 11.
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Fig. 11 Suspension with modified parameters
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1.5. Adding sprocket

Fiollers Sprocket Idler
Frofile |Number0fp0ints:5
[ Generate
Estimated radius ~ |260.6 |
Farameter “alue |
N sprocket teeth 15
SprocketTrack step ratig 1
Wlicdth 0.3
*C 0
Zc 0.6

Fig. 12 Geometric parameters of sprocket

'_.'_ Curve editor

A o= EE
B2

gl 20

-------------------- 95-101 I it Tuwps
1 0.0158691 L

-------------------- B pemcmmmmm e im et caa- 1 | REI-0.05478 35 0.0170649 L
3 |-0.0315034 -0.0174493 L
4 00315034 -0.0174493 &)
5 |0.0547835 0.0170649 5

oK ] [ Cuncel

(00780019 )
Fig. 13 Tooth profile

Open the Parameters | Sprocket tab, Fig. 12.

1) Assign a tooth profile by the built-in curve editor:
e open the editor by the i button, Fig. 13
e read the preliminary created file with profile

{ITyrs k UMHbin\Caterpillar\Profiles\Sprocket1.spf

by the & button.

2) Set number of teeth, t,, /t; ratio and geometric parameter: width of the wheel, the vertical
and longitudinal coordinates of the wheel center, Fig. 12.

3) Use the button to preview the sprocket, Fig. 14. Note the sprocket radius is computed
automatically by the link length, t,, /t; ratio and number of teeth so that the final variant can
differ from the current one.
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2. Sprocket view |Z|[E‘g|
%' B & @ %}i}@g&|i§|

i
| :
Fig. 15 Adding sprocket

4) Add the sprocket to the model by the Generate button, Fig. 15.
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1.6. Adding idler

Rallers

12 Getting started: UM Caterpillar

Sprgcket : Idler

T-TyF:Z.IB of idler with tension mechanism
idler_crank_simple v

Generate

Farametar

Yalue

=3

W

o

Zc

0.255|
0.3

5125
0,495

Fig. 16 Parameters of idler

Open the Parameters | Idler tab, Fig. 16

1) Select a simplified model of the idler on a crank: idler_crank_simple.
2) Set geometrical parameters of the idler in meters as in Fig. 16: radius, width and coordinates

of the center.

3) Add the idle to the model by the Generate button, Fig. 17.

NN C

Fig. 17 Adding idler with tension device
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1.7. Adding track chain
Stuctre | Track [ Suspension |

| ~Track envelope

. Length of envelape
Estimation of link lenath
Estimation of errar in length
Current errar in length
Track link tracklink_bushing ~ |

o

| JEintlype

| ORigid @ Flexble O Parallel

\Profile | =
[Parameter Yalue |

L 011167

W 0.3

H 0.03

Puc. 18 Tack chain parameters
Open the Parameters | Track tab, Fig. 18.

e Use tracklink_bushing joint type.
e Set track link length, which is evaluated by the program in the ‘Estimation of link length’

box.
e Click the Generate button, Fig. 19.

Fig. 19 Adding track chain
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1.8. Adding shock absorbers

Name||—9ﬂtrﬁ3k AF B T

Twpe |€E Caterpillar b |
Comments/Text attribute C

[ Edit subsystern ]

Farameters | Position | Identifiers

(R e [Sike |i
Fig. 20 Button for editing the subsystem

Description of process.
1) Use the Edit subsystem button to open a window with description of the track, Fig. 20.

'_.'_ UM - Object data input - Left track

File B=sis¥ Object Add Tools Help
{ @ To clipboard as component - e

= Fead from file...

Fig. 21 Menu command for adding an element from file
2) Add a shock absorber model from the UM database by the Edit | Read from file
command, Fig. 21. Select the file
{Path to UM}\bin\Caterpillar\Dampers\Damper1.

V2. Curve editor |__ ”D‘ﬁ|
; ; &=
r! ; = g8
: *107 : |
| ! R b Typ »
S (S I S| b-mnnnn L B
; ; llz_|-0s -55000 L
; : EHEE -37000 L
14|03 -21400 L
: : |5 |02 -10000 L
g 5 %3 o ([l8_]-0a 3000 L
7 _|n 0 L
: : 8 [0 3000 L
S e s | [ 10000 s
' | |[10 |03 21400 L pm
{0 ] 5
3 i i i Ok, ] [ Cuncel

Fig. 22 Image and nonlinear characteristics of shock absorber
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Fig. 23 Shock absorbers characteristics form [1]

The file contains the description of a nonlinear shock absorber as well as its image, Fig. 22. The
force vs. velocity characteristics of the element is similar to one of that in [1], Fig. 23.

.......................................................................................................................... JEG [ we i a6 4 S SR 8 £ S AR SR £ 4 8 AR R R A 4 A ARk na i w wam namnn D
Marme |Reardamper |f T -5 MNams |Fruntdamper |; f T
|Cumments,ﬂ'ext attribute C | |CDmments!Te>d attribute C |

Body! Body? Body! Body?

|Local hull v |[Bagiet.Road arm | [Local hul _~ | [Bagiet Road arm ~]
GO |Damper | GO |Damper A

[ ]&utodetection [ ]Autodetection

Attachment paints Attachment points

Local hull Ts Local hull Ta

4. tlo.2side_key  CJ07 RN tlro.side_key  ©Jo7 ]
Road arm EE@ Foad arm T@

0.35 =] “|0.15+dz_damper ©| [0.35 =] E0.15+dz_damper ©|

N

Fig. 24 Assignment of bodies and coordinates

Rename the element; assign bodies and coordinates of attachment points, Fig. 24 left. Note

that the side_key is used for the lateral coordinate to change the coordinate sign in case of the left
and right tracks.

To add the rear shock absorber, copy the front on by the BT putton, rename fit, change the
second body and coordinates of attachment points as in Fig. 24 right.

I Clase subsystem Lefttrack

= =g

e
..--'"--tl-
-

Fig. 25 Model of track with shock absorbers
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To finish the process of adding the shock absorbers, close the subsystem by the Accept
button, Fig. 25.

Save the ready mode of the left track to file.

Remark. We have developed a simplified track model. Several elements are not included in
the model.
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1.9. Development of full TV model
To finish the model development, we must add a hull and the second track.

Fig. 26 Hull image

1.9.1. Adding hull
1) Read an image of the hull from the UM database, Fig. 26 by the Edit | Read from file
command, select the file
{Path to UM}\bin\Caterpillar\Profiles\Hull1.img
Name [ ] & & W

Comments/ Text aftribute C

. Oriented points | Yectors _ 3_D Contact
Parameters | Position | Points |
Goto element =
Irnage: [V]wisible
LgDHuII w
|:| Compute automatically
= & Object Inertia parameters
=" Ohject hass [mHul c]
S Curves et
Fi:) Yanahles .ne 19 fensor
abc Aftributes beHull ¢ " - " I:|
o Subsysterns |inuII C " |:|
&5 Lefttrack ] =
€8 Righttrack
y Images Added mass matrix fnone) J
=R =1Eodies |
CGround Coordinates of center of mass
A Joints e | “Jee 3
PP = T D

2) Add a body to the model:

Fig. 27 Adding a body

o select the Bodies item of the element list, Fig.27;

e create a new body by the =¥ putton in the inspector;

e set a name, image and inertia parameters; mass, moments of inertia relative to central
axes, coordinates of center of mass (gravity).
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mhull 8000

iehull 5000

ivhull  14.0000000E+4
izhull  4.0000000E+4
®C 2 605

Ic 06

Fig. 28 Example of hull inertial parameters

It is recommended to parameterize the inertia parameters like in Fig. 27. An example of
numeric values of inertia parameter is shown in Fig. 28.

NameljBasel_Hull | & % .oy
Body1 Bodyz

[Base0 v ] [Hu =
Type | ®6dof 7

Geometry | Coordinates

Translational
degrees of freedom:

& Obiect w  [0.000000000000 VA
4 ]e
%, Ohject ¥ |n.000000000000 b
“F Curves Z  |0.000000000000 b
i< YYariables
abc Affributes Ruotational
- Subsystems degrees of freedom:
@ L?ﬂ frack Orientation angles
€@ Righttrack
o # Images Cardan (1.2.3) ¥
= @dies 1 [n.000ooooo0000 o
k¥ Ground =
Hull 2 [n.000000000000 A
¥y Joints 3 [0.000000000000 pA
e TP T S

Fig. 29 Adding a joint for hull
3) Add a joint to the model. The joint introduces six degrees of freedom of the hull relative to
Base0 (SCO0):

e select the Joints item in the list of elements, Fig. 29;

e create a new joint by the =¥ button;

e et the joint type 6 d.o.f.

Remark 1. Note that it is important which body in the joint description is the first one
(Bodyl), and which is the second one (Body2). According to the UM rules, the joint introduces
coordinates of the second body relative to the first one, i.e. coordinates of the hull relative to the
inertial frame SCO.

Remark 2. As it is known, any three orientation angles have a singular position. For instance,
the Euler angles are singular for zero values of coordinates, and these angles practically do not
used in technical applications. We do not recommend the user to use the angles, which are
singular at zeroes, i.e. angles corresponding to sequences of rotations in which the first and the
third rotations axis are of the same name: are 3, 1, 3; 1, 2, 1 and so on. In the example in Fig. 29,
we have assigned the Cardan angle with the sequence of rotations 1, 2, 3, which are singular for
the second rotation angle (rotation about the Y-axes) equal to 90 degrees, i.e. in fact by the
overturning of the TV. As well, it is recommended to use the angles 3, 1, 2 (yaw, pitch, and roll
angles).
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1.9.2. Coupling hull and track

Fig. 30 Uncoupled and coupled hull and track

So far, the track in the current model is not connected with the hull, Fig. 30 left.

To connect some elements of the track with the hull, it is necessary to fix the local hull of the
track with the hull body. To do this, we introduce a joint with zero degrees of freedom between
these bodies. There are several ways for adding such the joint: a 6 d.o.f. joint with disabled

coordinates, a generalized joint with one elementary transformation of the tc type (translation on
a constant vector).

MNameliHull_Local hull [
Boch1 Body?

[Hull v ||Lefttrack Local hul + |
Type |Yy_ Generalized v ‘
TCy |

[V Enabled B &
ET type ‘IHI t (translation constant) V‘

Comments/Text attribute C

Translation vector

ex | ‘|
ey |gauge,r’2 C|
| g

Fig. 31 Joint rigidly connecting hull of TV and local hull of left track
e Add a joint.
e Assign connecting bodies (Hull and Left track.Local hull).
e Select the joint type Generalized.
e Add an elementary transformation be the lower = button.
e Set the lateral shift of the track. In example in Fig. 31 the gauge is set by the identifier
gauge=2.6 m.
As a result, we have rigidly connected the local hull of the track with the hull of TV, Fig. 30

right, and now all the joints and force elements connecting track bodies with the local (fictitious)
hull are coupled with the real hull of TV.
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1.9.3. Adding the second track

Name|F’iighttrack iR ARER e

=
I
b

Type |€&g Caterpillar
Comments/Text attribute C

[ Edit subswstem ]

Farameters | Position | [dentifiers

Identifier Subs11 |
Fallers Sprocket Idler
Structure Track Suspension |

Sprocket position

Track position
(Lett (@) Right

Suspension subsystems b A
D +

Rallers A]
Track links 108 f_A]

Fig. 32 The right track

Open the left track subsystem and copy it by the E¥ putton. Rename the subsystem and set the
track position Right, Fig. 32.

MNamejHull_Localhul 1 | & &% .= 3
Boch1 Body?

[Hull ~ |[Righttrack Lacalh v |
Type "ML Generalized v
TCy

[V Enabled B &
ETtype |l=ltc translation constant) n

Comments/Text attribute C

Translation vector

ex | i

By |—gauge,."2 C|

ez| C|

Fig. 33 Joint rigidly connecting the hull of TV with the local hull of the right track
Similar to Sect. Coupling hull and track create a joint fixing he local hull of the right track
with the hull of TV, Fig. 33. Note that in this case the lateral shift is negative.



Universal Mechanism 6.0 21 Getting started: UM Caterpillar

1.9.4. Correction of vertical TV position

Fig. 34 Links are under zero level

Note that track links are still located under the zero level in the vertical direction, in fact they
are ‘under the ground’, Fig. 34. To avoid intensive transient processes by simulation, it is
recommended to shift the TV model upwards on the link height.

Whole list |

MNarne |Expression |Value |Cum“

w0 20 e e idertifier.. Ins L
mhu” 8000 .ﬂ.lﬁjlﬁj ﬁ'li:] il ; e

P(:u |||| jDDDDDDDDDD Insert identifier... Shift+Ins

ivhu . . .

izhul  40000p0p SO identfier.,

. 2 505 Delete identifier Del

- 06 Copy value o cipboard Crl+C

gauge (2.6 Capy table to clipboard Chrl+Ins

Show elements including identfier...
List of unused identifiers...

Mew sheet

Refresh object

'_.'_ Identifiers

B
B

1 [

iz_crank=1
d_tension_angle=0
pretension_torgue=7500
c_torsional=11250
[tracklink=011167
wiracklink=03 b

| lug=0025 i
4 | >

Fig. 35 Adding an identifier from subsystem
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At first note that by default the track link height is set by the identifier htracklink, which is
defined in track subsystems, and not ‘visible’ in the head part of the TV model. It is
recommended to add an identifier with the same name in the head part, Fig. 35:

e click by the right mouse button on the list of identifiers and select the Add from

subsystems command;

o select the htracklink identifier in one of the track subsystems and click on it;

e make sure that the identifier appears in the list.

NameljBasel_Hull | & 2% .o g
Body1 Bodyz

[Base0 v ] [Hu =1
Type | @ 6o 3

Geametry |CDDrdinates-.

Body 1 |Bady 2|

T@ Yisual assignment
Translation

x| i

|

¥
2 | hiracklink | ]

Fig. 36 Vertical shift of TV model

To shift the model upwards, open the joint specifying coordinates of the TV hull relative to
the SCO and set the vertical coordinate in the Geometry | Body1 tab, Fig. 36. The result is shown

in Fig. 37.

Fig. 37 Links are located on zero vertical level

Now we can start dynamic tests with the developed model of TV.
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2. Simulation of TV dynamics

2.1. General remarks

Computer model of TV has usually a large number of degrees of freedom and requires of high
performance computers. For instance, the developed model of TV has 1332 degrees of freedom. It
is recommended to use computers with multi-core physical processors and apply the multithread
solver realized in UM6.0.

As a rule, the model of TV is fully parameterized. It is important that some of the identifiers
cannot be changed in the simulation module and requires regeneration of the track models in
UMInput. These are identifiers, which influence the track chain and sprocket geometry:

- wheel radii;
- coordinates of wheel centers;
- track height.
Object simulation inspector
| WA Infarmation Tools Tracked vehicle |
Solver | Identifiers | Initial conditions | Objectvariables |
= B [getv.Lefttrack, ﬂ:
Whole list Sprocket ldler
Track _ Faollers | Suspension
MName |Expressiun “alue Cornment N
wouide (0.0
hguide 0.1
[tracklink 0.11167
wiracklin 0.3
htracklin 0.03
r_pin_in 0.01
weprokel
I lnr a1 deet 1 nnz7s it |
< >
Integration Message Close

Fig. 38 List of identifiers in UMSimul

Other parameters can be modified without regeneration of the track models. In particular,
these are parameters used in the description of force elements (stiffness, damping constants etc.)
and inertia parameters. To change values of these identifiers, the user must not come back to the
UMInput. Usually, these changes are made on the ldentifiers tab of the Object simulation
inspector, Fig. 38. Modifications in parameter values are saved in special *.par files and can be
used in simulations.

The user can apply the preliminary prepared configurations for each of the tests described
below. The list of configurations is available by the File | Read configuration | {Test name}
command, Fig. 39.
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'_.':, UM - Simulation - d:\um60_work\tests\trackedvehicle

=N Analysis  Advanced analysis Tools  Windows  Help

= Open.. PIEEE EEEE Bk
Feapen P T
B l'.ﬁ =,
Close Shlft+’:4 L HHHHH E % % Ia %
= |oad configuration * [EEBEE S sl Cirl+R
B Save configuration * Computation of velocities
Exit Affay equilibriLim
Jump
last

Motion on sinusoidal irregularites
Track tension
Yertical harmonic loading

Fig. 39 List of configurations for tests

2.2. Auxiliary tests

The auxiliary tests are used for preparing the model to analysis of its dynamics. In particular,
one of such the tests is used for getting a desired tension of track chains.

2.2.1. Test: equilibrium

Consider an auxiliary test «Equilibrium» as the first dynamic test with the TV model. The
objective of the test is to compute positions of bodies near the equilibrium state because the
positions of bodies after the automatic generation of tracks do not correspond to the TV
equilibrium.

Soker | ldentifiers | Initial conditions | Objectvariables

= ™ B |gstv Letttrack Bogiel. ﬂ
| Latestidentifier file: FaeHoeecKe par

Whole list | ) _

Mame |Expressi0n YWalue |C0mment -

xbogie 0.775

rear_arn 1 Rear (1) offrc

wiuide 0.04

guide_ir1

hguide 0.1

rroachwh 0.335 Radius of roa

wroachh 0.3 Width of road

|_road_£0.25

|_road_z0.36 {rm) Length of

fdwn 110 {mm) Dynami

p_stat AL

f stat 70 {mm) Static m

el om0 Folm s T -

Fig. 40 Modification of parameters

Before start of the test, the user must verify numeric values of identifiers and their
correspondence to the real values. In particular, one of the important parameters is the value static
load on a road wheel, which is specified by the identifier pstat. Value of this parameter depends
on the track tension. Let the design value of this parameter be 7 kN. Setting this value to the
identifier can be done on the Identifier tab of the inspector. Note that the pstat identifier is
defined in suspension subsystems. Open the list of identifiers for one of the suspension subsystem
by the drop-down list, Fig. 38.
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Object simulation inspector

[ SDIver-.“-Identifiers.l: Initial c:DnditiDn.s_.__.._D_bj_n_BEt_\_\.firigb_l_ni
| xvA | Information | Tools | Tracked vehicle
& i &

Options Resistance | Toals Identificatinn-ﬁ:

lEquiIibriumtest

[ Parameters | “ariables |

i| Kinetic energy H

Fig. 41 Equilibrium test
1) Load the model of TV in UMSimul. Open the Object simulation inspector by the Analysis |
Simulation menu command. Open the Tracked vehicle | Tests tab. Select the Equilibrium test
from the drop-down list, Fig. 41.
2) Open a graphic window by the & button on the tool panel. Drag the Kinetic energy variable
prom the Variables tab into the graphic window.

e

___________________________________________________________________

: : : 1°
L [l L *lu A tJS

D i ol =, i) 1

Fig. 42 Plot: kinetic energy vs. time
3) Run the simulation by the Integration button in the bottom of the inspector. In our test the
energy value decreases to the value lower than 1 J after 7 seconds of simulation, Fig. 42, i.e. the
TV is nearly the equilibrium.

4) Start the pause mode after 7 s of simulation by the button in the window of integration
process parameters or by the Esc button. Save the final values of coordinates in the *.xv file with
any name by the Save button in the bottom of the pause window. Break simulation by the
Interrupt button.

= VA N Yk § 6 2ol "i.
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Fig. 43 Track before and after the equilibrium test
5) Read the saved file by the @ button on the Initial conditions | Coordinates tab of the
inspector. Set zero values for velocities by the “@ button. It is recommended to save the found
coordinates in a file by the & button for the next tests. Positions of track bodies before and after
the test are shown in Fig. 43. Remember that the necessary track tension is still not set.

2.2.2. Track tension

Options | Resistance | Tools | Identification | Tests
Tension by joint preload

Parameters | “ariahles

Identifiers

MName [dentifier |\falue |
Elongation of tension rod (Left track) Left track track_tensian n
Elongation of tension rod (Righttrack)  |Right track track_tension |0

Mumeric parameters

MNarme Yalue |
TStart () 1]
FStart (k) 10
FFinish (kM) 45
P (kNf=) 3

Puc. 44 Parameters of the test
1) Select the ‘Tension by joint preload’ test. In this test, a value of the preload force in
bushings can be found, which gives the desired value of the track tension. Note that there exists a
test “Track tension” where the tension value is obtained by elongation of the tensions rod, but this
method is usually used for track links with rigid joints.

Test parameters are presented in Fig. 44. First, identifiers of preload force in bushing models
are specified in the Identifiers group. Increase of the value of these identifiers leads to the growth
of the track tension. Note that these identifiers were found automatically because the standard
name track_tension was used.

2) Set numeric parameters of the test as in Fig. 44. A uniforms increase of the preload force in
bushings starts from 10kN to 45 kN with the rate 3 kN/s.

Tension by joint preload

Parameters | Yariables

Joint preload (Lefttrack)
Joint preload (Right track)
Awerage tension (Left track)
Awerage tension (Right track)

Fig. 45 List of standard variables of the test
3) Open a new graphic window and drag two variables from the list by the mouse into the
window: preload and tension, Fig. 45.
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“ariables
Jaint preload (Lefttrackd
Awerage tension  Options...
Edit... I
[ Tension, kM Delete Del ;
Copy to clipboard Cirl+C
Copy to active MS Excel book Cirl+E
o Filter Cirl+F
Copy as static variables Cirl+5 '
Save as text fle Chrl+T
Save as *.ugrfle Cirl+y

Read from text fie...
Read from RSP file..,

Lay off "time" as abscissa

Clear Cirl+Del
Fig. 46 Preload must be laid off as abscissa
Lay off the preload as abscissa: select the variable in the list of graphic window, call the context
menu by the right mouse button and select the menu command, Fig. 46.

Object simulation inspector

| A, Information Tools || '_I'rac:kedvehic:le:.
Sokver | |dentifiers | Initial conditions | Objectvariables |

. B =t T 2]
Simulation process parameters | Solver options |

Sobkver Twpe of solution

(MUl space method (NSh)

(@) Range space method (RS

Simulation time A

Step size for animation and data storage [0.01
Errortalerance 1E-0008 [

[]Delay to real time simulation
Cormputation of accelerations and reaction forces
[]CG iterations

CG error IIZI.1
[ Use threads '
Murmber of threads 4

Fig. 47 Setting simulation time

4) Set simulation time 12 s on the Solver | Simulation process parameters tab and run
simulation by the Integration button.
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[ Lyerage tehsic:n, kH H i . .
i I T
S I e
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; ; ; ; ; Il:'reload, kM
] 10 20 30 40 a0 G0

Fig. 48 Average track tension vs. preload

Let us discuss the main result of the test: dependence of the average track tension on the
preload in bushings, Fig. 48. The plot has two straight sections: the first section (tension is lower
35 kN) when the load on the tension device is less than the tension spring preload and the second
section when the tension spring compressed. In our model the preload of the tension spring is 50

Force in tension device, kN angle of crank rotation, mrad /
50 100

40 / ” /
30
" . »

P | /
,J

Preioad, ki | Preioad, kil
a 10 20 0 40 50 10 20 30 40

Fig. 49 Force in tension spring (left) and angle of the tension crank rotation (right)
vs. bushing preload
These conclusions are confirmed by the plots in Fig. 49.

5) Now the preload in bushings can be evaluated from Fig. 48 by the desired track tension. Let
the track tension must be 20 kN. The corresponding bushing preload is approximately 26.6 kN.
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Options | Resistance | Toals | [dentification | Tests

General | Ireqularities | Macrogeametry

Sprocket rotation

-5.2262 14 52163 pA

Hull Hull ~
Mass of TV () [12.38 | Mass of hull (f) a.00
Elongation of tension rod (mm) 0

Preload in jaint (kM) 6 |

Fig. 50 Setting joint preload for the further use

Break the pause mode and set the found preload value in the Tracked vehicle | Options |
General for use in other tests.

6) Now we must solve the last problem. Positions of TV bodies for the given track tension must
be computed and stored:

e set the Equilibrium test

e run test during 7 seconds

e save coordinates in the pause mode by the Save button;

e break simulation, read the saved coordinates on the Initial conditions tab, set zero values

for velocities, and save the coordinates by the & button.

Use this coordinates any time when the test requires an equilibrium state of the TV by the

given value of the track tension.

2.2.3. Vertical harmonic loading

The test allows the user to get nonlinear vertical characteristics of the suspension by a slow
harmonic excitation
Options | Resistance | Tools | Identification | Tests
“erical harmaonic loading A

Farameters | “ariables

Mumeric parameters

MName “alue |
baximal force (kM) [220)
Frequency (Hz) 0.1

Fig. 51 Test parameters
1) Select the corresponding type of the test and set parameters of the harmonic vertical force,
Fig. 51.

Parameters | Yariables

“ertical force
Suspension movement

Fig. 52 Test variables

2) Open a graphic window and drag in it the test variables, Fig. 52. Lay off the suspension
movement as abscissa.
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Load, kM

' ' '
' ' ' ' ' '
' ' ' ' ' | '
i S —— e dmeeemmaas L Lemmcceemmean Ledmccaceaaas P e e s .
00 : h ' : ! ) ]
' ' ' ' ' ' '
'
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Fig. 53 Test result: Load vs. vertical movement

3) Run the test. The results are shown in Fig. 53. Increase of the suspension stiffness
corresponds to the vertical movement exceeding the road wheel dynamic travel 110 mm
parameterized by the identifier f_dyn, Fig. 40.

2.2.4. Test: initial velocities

The test is necessary for automatic computation of initial velocities of TV bodies by the given
value of the TV speed, when one of the main dynamic tests is executed. As a rule, it is enough to
create a file of initial conditions corresponding to one speed, e.g. 5 m/s. With this file, the
program computes start velocities for any speed of TV using a scale factor.

Options | Resistance | Toals | Identification | Tests
Computation of initial wvelocities v
Farameters | “ariables

Murmeric parameters

Mame Yalue |
Target vehicle speed 5 '

Tirne of acceleration 5

Fig. 54 Test parameters

1) Select the corresponding type of the test; assign the target speed and time interval for
acceleration, Fig. 54.

Parameters | Yariables

W sprocket (Left track)
W sprocket (Right track)

Fig. 55 Test variables

2) Open a graphic window and drag in it the test variables, which are circular velocities of
sprockets, Fig. 55.
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“ariahles

B sprocket (Lefttrack)
B sprocket (Right track)

F Circular velocities '(mfs)

0 I E 3 7 5
Fig. 56 Circular sprocket velocities vs. time

3) Run the test. The plot of circular sprocket velocities vs. time is shown in Fig. 56.

4) Confirm saving the results after finishing the test. The values of coordinates and velocities
of all he bodies are saved in the 50.tvv file and will be used in any main dynamic test, in which
the TV speed differs from zero.

2.3. Straight motion of TV

This is the main test for analysis of dynamics of a TV by straight motion without turn. Here
we consider two examples of such the test.

2.3.1. Motion on sinusoidal road profile

Options | Resistance | Tools | Identification | Tests
Straight motion test hd
Farameters |“ariables

tode of maotion .

() Run-off (@) w=const () wffhbe(s)
Mumeric parameters

MNarne “alue |
Amplification  |100000

Fig. 57 Test parameter
1) Select the corresponding type of the test, Fig. 57. The test parameter is used in control of the

speed history, which will be constant in our test. The amplifier is not used if the ‘Run-off’ speed
mode is set.
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Options |F’iesistanu:e. Toaols | Identification | Tests

| General

| Macrogeometry

Type ofirregularities
{_JFile (@) & sin(2*pi*L)
Harmonic irregularities A*sin (2*px-=x0)/L)

Amplitude A (m) [0.20 |

Wave length L(m)  [20.00 |

Phase shift «0 of wawe for left track
[7.00 |

Fig. 58 Parameters of sinusoidal road profile
2) Use the Tracked vehicle | Options | Irregularities tab to set parameters of sinusoidal
irregularities, Fig. 58. By x0=0, the irregularities for the left and right tracks are equal, by x0>0

the left road curve passes ahead of the right one. Use the &4 button to visualize the curves, Fig. 59.
Irreqularities for left track
Irreqularities for right track

200

200F----S--¥e--vem o Mo AWV

Coordinate system
o Perspective

v Smoothing Jiil
% Simplified drawing
[ Background color... :
: Ny N Window parameters. .. :
g , e L Qrientation v
Z hi . Grid » ol
&‘r‘ Rotation style »
scor=(ag2 : 1.11 : 1.44); m=4.23 gstvHull Modes of body images b
Sawe animation...
Camera follows Hul

Fig. 60 Setting camera motion

3) Open an animation window and assign the camera motion mode to keep the TV within the

window. Move the mouse cursor to the hull image, click the right mouse button, and select the
Camera follows Hull command, Fig. 60.
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Sobver | ldentifiers | Initial conditions | Ohjectvariahles
| B | gstv. ﬂ
Latest identifier file: FaeHoeecKe par
Whale list

Mame |Expressi0n |\falue |C0mment

vl 10

mhull 8000

Fig. 61 TV speed

4) Set 10 m/s speed of the TV on the Identifiers tab of the inspector, Fig. 61.
5) Open a graphic window and create some variables, which could be useful for dynamic

analysis of the TV, e.g. the longitudinal and vertical acceleration of the hull center of gravity.
6) Run simulation.

2.3.2. Modeling of jump

General | Irregqularities | Macrogeometry
Type ofiregularities

(@) Fils () & sin(2*piL)
Irregularity files
Left DALUMBD_Worlhbin\Caterpillat rregularitieshjump_25_1.irr @

Right DALUMBD_Worlhbin\Caterpillat rregularitieshjump_25_1.irr @

Fig. 62 Setting irregularity files

mm

1000 e eeeeeeeene AR A N R S

: . . Path, m
10 20 30 40 a0 aC

Fig. 63 Road profile for the jump

1) Use the preliminary created road profile
{Path to UM}\bin\caterpillar\lrregularities\jump_25_1.irr.
The file must be assigned by the &l buttons to the left and right tracks on the Options |

Irregularities tab, Fig. 62. Use the &4 button to visualize the road profile, Fig. 63.
2) Assign speed 10 m/s and run simulation.
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