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1. BNEEZE VAZ 2019 ThH¥(HE

AR T A H H 55 {UM Data}\SAMPLES\automotive\vaz21 09, i% % J5
GEERY 3% 2 B Alexander Gorobtsov (#3718 il FRUND %1461 %k .

1.1 i EHmER

1. 247 UM Simulation &% .

2. JEFSEH: File | Open Object 5 it T AR B b , T BAR A E1 150
X HH IR {UM Data}\SAMPLES\automotive\vaz21 09.

|3) Open object

Scan the forder:
|C:\Users\°ublic\Documen1s‘n,UM Software Lab\Jniversal Mechanism'g

- My projects ~
B rw
v [ SAMPLES
v [ Automotive
-3 Suspensions
------ Audi A3
------ Audi Q7
------ Audi 54
------ Audis4
------ bdouble
------ BMW3_E36
------ Dodge Dart RT 2013
------ GAZ-66
------ KAMAZ 55111
------ Lada4x4
------ Man TGE
------ MERSEDES BENZ
------ minibus
------ Opel Astra
------ Porsche Cayenne Turbo 2011
------ Red American
------ Subaru Impreza
...... truck
------ trucktrailer
[ UAZ Hunter

| B vaz21 09

-1 CAD
-1 Cosimulation

|C:‘|,Users‘|Puinc‘|Documents‘|,UM Software Lab\Universal Mechanism'3\SAMPLES \Automotivevaz21_03Y |

cance

W
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L.11 ﬁwn ;\cl:ir: r? ils m @ Toﬁ[ngs%’;
12 HEHFHEE

MR G315 07 Bt F— S ER Y6 - AL B, R NI i i A
HEMHT LTHOTE, WFEYIGE— B [ N 2 BB R B S I 30 .
F P8 H UM Simulation F2 7 RJ PLA & TO0ORAFEAH I (1) e B S L4547
FLR M EAZE S O E . SRS E . SRS E . R IR BN AN
AFIRB O ME 7 245 5 TOLRBLE SO, AT LEZ A .
1. &35 File | Load configuration | Equilibrium Test, %5 T {7 &
THE TR E .

13] UM - Simulation - cusers\public\documents\um software lab\universal mechanism\@\samples),

File| Analysis Scanning Tools Windows Help

Open... F3 ] X[ B B
e ’ : z : z
e Shift+F4 EE@E@ HO & O

Desktop...
Save configuration 2sManoeuvre
CamberAdjusting

- - [eaibriomrest ]

last

LinearAnalysis
OpenlLoopCircle

sr5
SteeringWheelRotation
Toehdjusting
trailarmadjusting
Vertical loading
WheelTakeOff

& 1.2

BRI, 07 BT R — D BE & DA — AN B EW H, SEEOAUA LR,
3930 L DY A e R B 7
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2. EFFESZH Analysis | Simulation o it TR R ® g B9 B, 3T

i HAEH| S (Object simulation inspector )
3. EfIF Initial conditions VLI, KIS K3 4R AL AR WG AE #B A2 0.

Object simulation inspector
Solver Identifiers Initial conditions Object variables VA Information Road vehide Tools

Coordinates  Constraints on initial conditions

2B|(@®O ww ¥

|vaz21_0s - B -~
dr ¥ Coordinate Velodity Comment ~

1.1 1] 1] Car.jCar body 1c

1.2 1] 1] Car.jCar body 2c

1.3 1] 1] Car.jCar body 3c

1.4 1] 1] Car.jCar body 4a

1.5 1] 1] Car.jCar body 5a

1.6 1] 1] Car.jCar body 6a

1.7 0.167022302082 1] Car.jCar body - Strut rod left 1c

1.8 1] 1] Car.jCar body - Strut rod left 2a

1.9 -0.0181748219339 1] Car.jCar body - Strut rod left 3a

1.10 1] 1] Car.jCar body - Strut rod left 4a

1.11 1] 1] Car.jStrut rod left-Strut left 1c

1.12 0.167042405756 1] Car.jCar body - Strut rod right 1c

1.13 1] 1] Car.jCar body - Strut rod right 2a

1.14 -0.018189020368 1] Car.jCar body - Strut rod right 3a

1.15 1] 1] Car.jCar body - Strut rod right 4a

1.16 1] 1] Car.jStrut rod right - Strut right 1c

1.17 1] 1] Car.jCar body - Stabilizer left 1c

1.18 o o Car.jCar body - Stabilizer left 23

1.19 1] 1] Car.jCar body - Rear-axle assembly left 1c

1.20 a a Car.jCar body - Rear-axle assembly left 2a

1.21 1] 1] Car.jCar body - Rear-axle assembly left 3a

1.22 1] 1] Car.jCar body - Rear-axle assembly left 4a

1.23 1] 1] Car.jRear-axle assembly left - Rear-axle assembly right 1a
1.24 1] 1] Car.jRear-axle assembly left - Rear-axle assembly right 2a
1.25 1] 1] Car.jRear-axle assembly left - Rear-axle assembly right 3a
1.26 1] 1] Car.jStabilizer left - Stabilizer right 1a

1.27 -0.00155773042186 0 Car.jStabilizer left - Stabilizer right 2c W

Message | d=| 0.1 ﬂ da=| 0.1 ﬂ
Integration Message Close
1.3

4. 3E47%] Road vehicle | Tests 71 [, X5 A —HbrAEM T3 GFE4HT
HIEWH A FMEE 12 %), 417 CiL$E Equilibrium test.

Object simulation inspector

Solver Identifiers Initial conditions Object variables XVA Information Road vehicle Tools

=B

Units Tires  Options and parameters  Tools  Identification TeSt8  Transmission Resistance Scanning

Equilibrium test

q
Steering wheel rotation
Open loop steering
Test with driver

Car simulator

Vertical harmonic loading

Horizontal harmonic loading

Camber adjusting hd

Universal Mechanism 9 3 Getting Started
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5. ¥:3| Solver Tilf, THENKMKE, RIXITHEIKANIH.

Object simulation inspector

Solver Identifiers Initial conditions Object variables XVA Information Road vehide Tools

Simulation process parameters  Solver options  Type of coordinates for bodies

Solver Type of solution

() BDF

(O ABM (O Null space method (NSM)
(® Park

O Gear 2

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

|T|me H| R | 3
Step size for animation and data storage
Error tolerance

[Jpelay to real time simulation

|:| Keep system matrix decomposition

Computation of Jacobian
Block-diagonal Jacobian

Integration Message Close

1.5
6. riili Integration ¥4 8% F9 8, FuafhiE, Wi 1.6 s, DU
TR, "TARFRIEEPPAEPRE .

Plots [ES R S55)

Variables
3 &

M= (Tyre L) - Vertical force
2
MK
| V

jertical load, knl

2 (Tyre RL) - rce
172 (Tyre RR) - Vertic \fwrce

1.6
7. AFHESERE, STHARE, 1E Pause JEIHI AT Save, FRAFMATES ZIFTA BT
ARFRANTE P SO Equilibrium.xy R H 5%,
iy Interrupt, W5 R, R E FAEH R
¥4 2| Initial conditions U, sithElbnky, BEHNIA CRAFE ST

Equilibrium.xv.

Universal Mechanism 9 4 Getting Started
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BEAIEE,

HAREEAAR A1, il 1.7 B

Object simulation inspector
Solver Identifiers

Coordinates

Initial conditions

Constraints on initial conditions

Object variables XVA

Information Road vehide Tools

|vazZl_09 “El%.

{j; ¥ Coordinate

Comment ~

1.1 0.00461784836609 0 Car.jCar body 1c
1.2 0.000150401357644 1) Car.jCar body 2c
1.3 0.00737709409304 1] Car.jCar body 3c
1.4 5.27274231556E-5 0 Car.jCar body 4a
1.5 -0.006184232678 1) Car.jCar body 5a
16 -0.000136587922757 0 Car.jCar body 6a
1.7 0.000537432304201 0 Car.jCar body - Strutrod left 1c
1.8 -0.0114317527206 1} Car.jCar body - Strutrod left 2a
1.5 0.00581348317171 0 Car.jCar body - Strut rod left 3a
1.10 0.0313606173543 0 Car.jCar body - Strutrod left 4a
1.11 0.116644394785 1] Car.jStrutrod left-Strut left 1c
1.12 0.000545607353885 0 Car.jCar body - Strut rod right 1c
1.13 0.0119370257951 1} Car.jCar body - Strutrod right 23
1.14 0.00334768733655 1} Car.jCar body - Strutrod right 3a
1.15 -0.018895936419% ] Car.jCar body - Strut rod right 4a
1.16 0.115402007524 1] Car.jStrut rod right - Strut right 1c
1.17 0.00163745733452 0 Car.jCar body - Stabilizer left 1c
1.18 -0.0614246376793 0 Car.jCar body - Stabilizer left 2a
1.18 5.25788540557E-8 1} Car.jCar body - Rear-axle assembly left 1c
1.20 -0.000276659361617 0 Car.jCar body - Rear-axle assembly left 2a
1.21 0.0313343963531 1} Car.jCar body - Rear-axle assembly left 33
1.22 4.89083014309E-5 1} Car.jCar body -Rear-axle assembly left 43
1.23 0.000541543831926 0 Car,jRear-axle assembly left - Rear-axle assembly right 1a
1.24 -5.80294035223E-5 1} Car.jRear-axle assembly left - Rear-axle assembly right 2a
1.25 7.58812932735E-5 0 Car.jRear-axle assembly left - Rear-axle assembly right 3a
1.26 -0.000496527895362 0 Car.jStabilizer left - Stabilizer right 1a
1.27 3.47986956334E-8 1] Car.jStabilizer left - Stabilizer right 2c v
Message | dx=| 0.1 HJ da= 0.1 Hj
Integration | Message Close
1.7

1. mEB (547 0/ Equilibrium.xy B B3, 8% 4GS0, i
)5 BT iR B IRIUG 25 A A

Universal Mechanism 9 5 Getting Started
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12. LR TAES, AT DGE N e KRBTGS S0 Hesk, F &
KRB, SR A AR AN, Alia Akt Baing. XKD UM

Simulation F£ /7 A iC12ThRE, HBNEM EXECE (last XA BE# ]
JHILSZ 5. Tools | Options, 7i7A Autosave fHK &

Options *

Bug reports Visualization Wear control parameters
General  Autosave  Formatof numbers  Export to MS Excel
Save

Desktop

Identifiers

Rail vehide configuration

Road vehide configuration

Tracked vehicle configuration
Driling configuration

Monorail train configuration

Concel
& 1.8

Universal Mechanism 9 6 Getting Started
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1.3 #mAGRE

1. i Close, %M HA% M i .
2. EFESEH File | Load configuration | SteeringWheelRotation, #5547
IS TS, (fE A E 7 — /3w R A2 B .
3. MG Analysis | Simulation 5 il THA%ER @ sli Fo 2, 7T
i HA%H| S (Object simulation inspector )
4. EfI%E] Road vehicle | Tests Ti[H, AfifR 4 HTEREI4G B TN Steering
wheel rotation.
Object simulation inspectar
Solver Identifiers Initial conditions Object variables XVA Information Road vehicle Tools
2 S-R0
Units Tires  Options and parameters Tools  Identification Tests  Transmission Resistance Scanning
Steering wheel rotation w
Parameters  variables Results
Mumeric parameters
Name
Amplitude (rad)
Frequency {Hz)
& 1.9
5.

st Integration, JF UG5 2, f B 2SS R aniEd 110 A1 1.11 Fiows

1.10

Universal Mechanism 9 7 Getting Started
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Variables

[=1=]r=]

.Sb&er wheel angle
W oe (=)
.Toe (right)

Plats

Variables

.Sbeer wheel angle
Wstee ratio

Steer ratio

‘1 Steer whesl angle, r2d

& 1.11

6. KU THHE . Interrupt, FIHTSHT LI E.

7. Rt Clese, %M ELEZ ] 7 -

Universal Mechanism 9 8
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14 RE#H WAL
1. i%&FEKH File | Load configuration | OpenLoopCircle, HN#kAs A5 [n)4F
PSS TOURCE, 7S E 7 —A-sh i A2 B 5

2. JE¥EILI Analysis | Simulation 5% i T LRk ® i Fo 4, 41T

i HAEH| S (Object simulation inspector )
3. JEf7%] Road vehicle | Tests UL[HI, ifi & 4 AT IEFE 1145 T4 Open loop

steering. il Steer angle plot 7 [ B, W& A 47172 LI
AL, WE 112 Fir.
Open loop steering EI@
Variables

1 MG ioop steering

& 1.12
4. 53 Integration, JFIGMiE, iR RWE 1.13 s, FERATHIERE
RNIFE

it

ELEE OKERX SAAHSE, L5 Options, 7E Axles | Style 71 [ 2)i% Equal
scales, P i B 1o il M\l Oy 5 LU A3

B DR X S ARE, EFE Show all, WKL #h 2R 5 sh4a iR 5 2E 4 &
FRZN.

Universal Mechanism 9 9 Getting Started
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Variables

r:x(Car.Car body) - Coordinates of point (0,0,0) of body Car.Car body relative to Based, 5C Base0, projection X
.r:y(Car.Car body) - Coordinates of point (0,0,0) of body Car.Car body relative to Based, SC Basel, projection Y

# Window parameters

Style  Marking Legend

Equal scales
Logarithmic scale for Y-axis
Logarithmic scale for ¥-axis
Show grid
Additional scale division
Show scale factors
[Hide % values
[Hide ¥ values
Grid style
(O salid (® dotted
Interval for x-values
[setinterval for x

Current options - Default options | =]

T conce

x

! Window AXeS  Design Freguency filter Statistics

0 =] <x< 1 =

9.43499999999999 14.671

1.13

WK S THEHARE . Interrupt, WS HT LA &

sialt Close, 2k P )5 FLyE I i -

Universal Mechanism 9 10
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1.5 3@ 9 X%

Bk

1% # 2 8 File | Load configuration | WheelTakeOff, 32H{4% ] 0] 1F 35056
THEE, (fIEEIRE 7 — i OA— N2 EE O,
e84 Analysis | Simulation 55 i T AR G ® uit% o #, 777

i HAEH| S (Object simulation inspector )
5E 7 ] Road vehicle | Tests UL[HT, ffi & 4 HTIEFE 1147 H T~ Open loop
steering, J H. Terminal control 2T 44 iR .

Object simulation inspectar

Solver Identifiers Initial conditions Object variables XVA Information Road vehide Tools

- %

Units Tires  Options and parameters Tools  Identification TSt Transmission Resistance Scanning
Open loop steering w
Parameters

Longitudinal motion mode

(O Neutral O profile

©v=c0nst

Control type

O Local (@) File (O Identifier

[ use irregularities

Terminal control

Steer angle plot
’i\_ﬂ |"C: Wsers'\Public\Documents\UM Software Lab\Universal Mechanism\3\SAMPLES \Automotive\waz21_09\wheeltakeoff.ols™ @ﬂ

Traction force
[ Limits of traction force

= =]

Integration Message Close

1.14

/2] 14 Terminal control &7~ 1545 € [ #%  BE % 1A f 2648 T 21 ClniEl 1.15

Frs),

2T G RN RT3 (e R 1) B 2 380 1 3 [ I

Universal Mechanism 9 11 Getting Started
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4. fidi Steer angle plot 77 () EIFRED , 0] B 24 1T & SCAHE A 4557 A I A
HhZk, W& 1.15 s

Open loop steering EI@
riablzspen loop st...
& 1.15
5. Aiifi Integration, PG5 E, FEZERWE 1.16 fix.
Plots ==

Variables

3.905 0.00889999939393999

& 1.16
6. UGS LHE. Interrupt, FPIHTSET LG E.
7. K5 Close, <P E4% ] 5L

Universal Mechanism 9 12 Getting Started
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1. %&FESKEH File | Load configuration | 2sManoeuvre, SEHUAS it 4258 1056 T
OUECE, PTEREEE 73 E M= E
2. JEFESEH Analysis | Simulation 55 T 22 s ® stz 19 42, 4TF

i HAEH| S (Object simulation inspector )
3. EAfi%| Road vehicle | Tests TL[H, AR SHTERENIE THA Test with
driver, X —MPARNALS, ELHETE AT HEEAT A 2 Tl DR s i A A

Object simulation inspector

Solver Identifiers Initial conditions Object variables XVA Information Road vehicle

|

Units  Tires  Options and parameters  Tools  Identification TestS  Transmission Resistance  Scanning
Test with driver

Tools

Parameters  yariables

Longitudinal motion mode

(O Neutral (®) v=const O profile

Driver model MacAdam
[ use irregularities

Test secton profile

Macro geometry file

b_ﬂ |C: \Users\Public\Documents\UM Software LabUniversal Mechanism'@\car\macrogeometry\2s.mgf @ﬂ
Test section fille

= | =

Traction force
[CLimits of traction force

= =

Set default control parameters

Mumeric parameters

Name Value
Preview time, s 1
Reaction time delay, s 0.1
MNeuromuscular lag, s 0.1
Mumber of control steps 3
Integration Message Close

& 1.17

Universal Mechanism 9 13 Getting Started
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4. fiii Macro geometry file i {1 EFREY , 0] LA B H AR 2 GKFIHD.

T wacro geomety s

___________________________________________________________________________________________

& 1.18
5. riili Integration, JFUG15H, (i B RWE 1.19 Fiws,
Plots EI@

Variables

10.66 0.905999999999399

(2)

Plots
Variables
] .Compuhed control

] .Dnver control:

Universal Mechanism 9 14 Getting Started
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Qﬁ%

- Plots

Variables

01

Path fallowing emorim

-0.1

6. KUOSTHHAE. Interrupt, FPIHTSHT TG Ee

(c)
1.19

7. Rl Clese, %M HL&Z 6 At

Universal Mechanism 9

15
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1.7 &KW

1.

2.

3.

1% # 2 8 File | Load configuration | Linear Analysis, J1#% 2k 534 100
MLE, FHREMLE 7 — 1 shEE

EPESE . Analysis | Static and linear analysis 5/ 7 T. 24~ B bx Qy, 47
VAN AR ES A s v g D= A

|5] Static and linear analysis EI@
O E =%

Equiibrium ~Frequendes/Figenvalues Rootlocus Linear vibrations Identifiers  Initial conditions  Options

Frequencies and modes [CEigenvalues
Method of analysis Use zero velodties
(CiLanczos Algorithm (@) QR algorithm [ 5kip damping matrix
69 "'_A] Frequency/Damping ratio =
Sort by: frequency w
1.20

MO, R AR S MEA T CEMED

|5] static and linear analysis EI@
o 8m =4

Equilbrium ~ Frequencies,Eigenvalues  Rootlocus  Linear vibrations  Identifiers  Initial conditions  Options

Frequencies and modes [CJeigenvalues
Method of analysis Use zero velocities
Lanczos Algorithm QR algorithm [ skip damping matrix
59 ’_,/4,] Frequency/Damping ratio ~

Sort by: frequency ~

f(Hz) ~
1.36606
1.50786
1.64475
1.64538
2.00277
2.76188
3.18895
4.24284
5.03263
5.03673
5.35406
5.40935
5.56845
14 63729

WG s o L R e

-
[T N )

Animation of modes
Amplitude

Rate

1.21

Universal Mechanism 9 16 Getting Started
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4. AEFERE IR EA R, Sl TREAZA v, B S 2
A NLAR Y, AT S A AT B S AR S R M (A R (Bl R -

& 1.22
5. /)i Eigenvalues, P S4O, 7 LLIHEE 2% & RS 0H JE 1 &
AR, W 1.23 A0 AR
|2] Static and linear analysis EI 1

Equilbrium ~Frequencies/Eigenvalues  Rootlocus  Linear vibrations  Identifiers  Initial conditions  Options

Frequencies and modes Eigenvalues
ebodulaley Use zero velodties
{CJLanczos Algorithm  (®) QR algorithm [ ki damping matrix
Vibar of frEsEress 63 A Frequency,Damping ratio v
Sortby: frequency -
f(Hz) Beta(%)/r
f(Hz) A1 136788  18.327
1 1.36606 2 151076  7.993
2 1.50736 3 1.64289 1.697
3 164476 4 164488  1.603
4 1,64538 5 1.98926 11.279
5 2.00277 ] 276638 5.705
[ 2,765188 7 3.21323 1.786
7 3.18895 8 4.25477  5.292
8 4,24284 9 4.87289 24,999
9 5.03268 10 487876 25.025
10 5.03673 11 5.35023 5.173
11 5.35406 12 5.40301 5.253
12 5.40995 13 592234  45.595
13 5.36845 14 5.81345 41.790
14 5.3729 15 7.39775 7.909
v¥il1e 741338  7.5%0 v

Animation of modes

Amplitude l
Rate I
& 1.23
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