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The harvester vehicle
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The harvester vehicle
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Loading scenario
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Loading scenario

‘srur

Llftlngcyllndre

Suspensmn spring

Cutting unit
Cutting unit

Suspensionarm — Suspensionarm —/
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Load history

T _ 2- '?Eumw
. . _ bump — P
Example: 30 rev/imin — f=0,5 Hz rulle

Equivalent to app. 30 km/t

Modeled using Fourier
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Vehicle modeling — dynamic
beam model

T AN el

Solved using Newmark
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Vehicle modeling — modal system

) I(global
Modal system
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Right wheel | ]

u_dotdot

rl
.
||
.
1 1]
N g
W

NAFEMS World Congress 2009 — Crete — Greece — June 16"-19t 2009



=t

NAFEMSWORLI JCDI\IGHESSHC

Vehicle modeling — modal system

Using the specific damping
T
R+ 3C ot Ty 4 o f ?‘i‘=}—

Modal superposition

™
_ © ,
J-'L;.'.il:.;f:.'l?zﬁ':.‘ - Zul:.'.ilt.;f:.'l;lm:: M

=1

Modal system with modal dof
(modal coordinates)

Coupling element

Wheel contact model

Modal coordinates

=4
i
Transformation

[Hg?pbﬂ] = [T]* - K01 [T]

Coupling
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ANSYS/MatLab implementation

For 30 rev/min - f=0,5 Hz “Eﬂ “F “fﬂ-

[[] = [™? 3™ e 3@ . @00 =|Ys Yz ™ Ug

Filer Rediger Farmater Wis Hijzlp

~
MODE FREQUENCY (HERTZ)

[ I ) w0 . [ Bh )
1 0. 000000000000 “ ol - :L‘E Pl = u -
3 0. 000000000000 ) (13 EL =
3 0.1308906663387E-02
4 3.408200065152
5 7.087011282382
é 14. 69531076444 ™
7 17. 74280055414
g 18. 61305658280 LE [M] EL mf ]' — 'I;I‘;Il ¢ ]mi].
o 27.34653332036
10 31. 04430578412
11 4475244615001 g
12 50, 38647585420 " m
13 78. 57828013839 —
14 99, 66265826185 1 [ﬁ] 1L .r] — k{ E‘i[}.r}
15 110, 6B71746843
1a 119, 76785654 50
17 134.4367747851 E—
18 163. 7490638405 m
15 178. 8415703681 — u
20 185.1393535452 {- —
v
¢ s

I Eigensvingeformer. lew - Not... E@@ & Editor, - D:\Dokumenter\Dokomenter\Aue\P10-projek... E@@

8 Separate Filer Rediger Formater Vis  Hjelp File Edit Text Deskiop ‘Window Help 7 X
Eal ~ -
modeshapesﬂnom; FREQUENCY (HERTZ) DEeE ftRBo~ & &5 HOHIO
39 (Cykliske egenfrelvenser hestemt i Ansys ~
are SeIeCted 1 0. 000000000000 [ﬂ] 40 ff_eig_ansgrs =17 1 0.00anoooooooo
% Qolgggggggggggg - 41 2 0.00anoooooooo
. E-
4 2. 408205065152 42 3 0.13989966633587E-02
i FLORTO1L1ZE2352 | 43 o 4 3.408209065152
g ﬁgggg%gg?iii P 5 7.987011282382
8 18:61305658289 45 & 14. 69531075444
13 %{gjg;gg?égig 46 7 17.74259055414
11 44:?5244615001 47 \ a8 158.613056558289 17 ae
12 0. 38647585420 ¥, < >
sCript Ln 40 Col 1

Experimental found f = 1,32 Hz
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—= ANSYS/MatLab implementation

Normalizing

8 Separate & Editor - D:\Dokumenter\Dokomenter\Aue\P1... g@@
mOdeShapeS File Edit Text Deskkop indow Help A X F
NS H| s Bo o S| Mf o« From
are collected 50 v -
1 51 (De modale svingeformer indleses ﬁi g
In 52 fid 1 = fopeni'l egensvingeform.txt'): o™ = oy = Eﬂ'—ﬁ
53 Phi 1 = fscanf(fid 1,'%g %g',[1 inf]): .
54 Phi 1 = Phi 1';
55 Phi_1(1:7:42042) = []: :
56  foclose(fid 1): Determlne
57
[ﬂ] 5B fid 2 = fopen('Z egensvingeform.txt']; Iﬂl
=g Phi & = focanf(fid Z,'%g g',[1 inf]l);
60 Phi 2 = Phi 2';
61 FPhi 2(1:7:42042) = []:
BE felose(fid 2 ;
A3 M
£ >
zcript I Cal 1
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—= ANSYS/MatLab implementation

.[u]. —] [ﬂ].h] & Editor - D:\Dokumenter\Dokomenter\AueiP10-projekt\Ansys\Solid_modal_P10\Parallelle_bump_modal.m

File Edit Text Desktop Window Help

0= H BB o | S T HOHS O
749 (Flytningerne £il Ansys udskrives i en text fil A
750 file_1 = fopen [ 'Flytninger til Ansys.txt', 'w');

751 fEprintf (file_1, /0L rin'i; |

-1 752 for ii = 1:n:
1L 753 | indx = ii*m+ii-m;
H 754 | for i = 1:knuder:

755 indeks = i*6-5;

756 fprintfifile 1,'D, %1G, ,%6.4f, . . ,U%, , , , . Wrhn! ;i,Ansys_flyt wvektor (indx+indeks-1,:));
757 fprintfifile 1,'D, %1G, ,%6.4f, . . 0%, , , , . Wrhn! ;i,Ansys_flyt_wvektor (indx+indeks,:));

758 fprintfifile 1,'D, %1G, ,%6.4f, . . ,UZ, , , , . Wrhn! ;i,Ansys_flyt wvektor (indx+indeks+1,:));
759 fprintfifile 1,'D, %1G, ,%6.4f, ., ., ,ROTE, , , , , Wrhn! ;i,insys_flyt vektor (indx+indeks+2,:));
760 | |fprinef(file_1,'D, %1G, ,%6.4f, , , ,ROTY, , , , , Arin',i,Ansys_f1yc_vektor (indx+indeks+3,:)):
761 fprintfifile 1,'D, %1G, ,%6.4f, ., . ,ROTZ, , , , , Wrhn! ;i,insys_flyt vektor (indx+indeks+4,:));

=
Nl
|
.
pl

;I‘;q"i TBE end
763 fprintf(file_ 1, 'S0LVE ‘rin'):
764 | end
765 foclose (file 1): .
< >

script Ln 4 Col 5

B! Flytninger_til_Ansys.txt - Notesb... Flytninger_til_Ansys.txt - Notesbh...
Rediger Formater Wis Hijslp Filer Rediger Formater Vis Hjslp
|_ ~

D, 6006, ,-0.0026, , , ,UX, , , , ,» &
D, 1, ,0.0000, , , ,UxX, , , , , D, 6006, ,-0.0472, , , ,UY¥, , , , ,
o, 1, ,0.0000, , , ,Uv, , , , , o, 6006, ,0.0071, , , ,UZ, , , , ,
b, 1, ,0.0000, , , ,UZ, , , , , D, 6006, ,0.0000, , , ,ROTH, , , , ,
D, 1, ,0.0127, , , ,ROTX, , , , , D, 6006, ,0.0000, , , ,ROTY, , , , ,
o, 1, ,-0.0020, , , ,ROTY, , , , , D, 6006, ,0.0000, , , ,ROTZ, , , ,
D, 1, ,-0.0108, , , ,ROTZ, , , , EOLVE
D, 2, ,-0.0010, , , ,UxX, , , , ,

D, 1, ,0.0000, , , ,UX , , , ,
D, 2, ,-0.0215, , , ,U¥, , , ., ., o, 1, ,0.0000 uy
o, 2, c0.0029, .7, 0z,

D, 1, ,0.0000, , , ,UZ, , , , ,
D, 2, ,0.0126, , , ,ROTX, , , , ,

D, 1, ,0.0128, , , ,ROTX, , , , ,
D, 2, ,-0.0020, , , ,ROTY, , , , , -

D, 1, ,-0.0020, , , ,ROTY, , , , ,
D, 2, ,-0.0103, , , ,ROTZ, , , , , -

D, 1, ,-0.0108, , , ,ROTZ, , , , ,
o, 3, ,-0.0036, , , ,U%, , , , , 3 o, 2, .-0.00010, , ., LU¥, . o, . . v
< > < 2
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Fatigue analysis
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Fatigue analysis

Hot-spot stress

7z = [Conpr:[F1 = ZZ%‘E;‘

Fp = CJ.IFXI. +£1‘5FFI. =+ "'+C:EMFT; +E:EME=

Influence matrix
_[€1r Cig Cig Cip Cip Cog
[E!ﬁﬂﬂ]_[(h ‘::i ‘::a ‘::n ‘::n ‘::n]
Sectional forces and moments

FX, FY, FZ, MX, MY, .-wz,]

[F]l = FXgy FYy FZ;, MY MY; MZ;
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Fatigue analysis

01

V'V

VAV VAV "A,m
s

e Influence value found by
applying a moment (z-
axis) in point 2
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Fatigue analysis
* Extrapolation of influence ST !
value |
Influence matrix
[Cinsin] = C1p €z Ciz Cpa Cie C1g I
infiu Coy Cog Cog Coy Cop —2,602FE =6
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According to DNV RP-C203
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Fatigue analysis

N-values

logV = loga —mlogdc A

According to DNV RP-C203 S-N Curve

lcgs = 12,164 m =30 5 .

Y P SR ~t 21,
SNy N Ny Laly, T

™
4

» (Cycles

Ny, Ny, .... N, = 160.000 cycles
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Results

Revolutions pr. min Total damage for Number of cycles at failure
160.000 cycles [D]
15 rev./min 3,66 43,700
30 rev./min 11,8 13.600
60 rev./min 28,7 5.590
120 rev./min 62,1 2.580
70 Example on
- Eg | Experimental
g 45 | found fatigue
o 30 - failure:
-é 20 N = 24500 cycles

10

15 30 60 120
Rev/min
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— Parallel bumps - beam model

ikke-Deformeret skarla=gger
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Deformeret skarlaegger
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Parallel bumps - modal

NAFEMS World Congress 2009 — Crete — Greece — June 16t-19t 2009




NAFEMSWORLDCONGRESSOS

Displaced bumps - modal
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Conclusion

* The importance of modal analysis — recognizing
that the eigenfrequency is the key

* Focus on implementation in smaller company

« Good initial agreement with observations and
test results

« Platform for further development and
improvement of methods
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Future work

 The nonlinear wheel contact model should
be modified to include rotation of
coordinate system

* Adjustment of the chosen fatigue data and
closer comparison with actual testing
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