COBEM 2025

28th International Congress
of Mechanical Engineering

®* PUCPR

J U
%o §  GRUPO MARISTA
I

Unravelling the Complexity of
Vibroimpact Systems

. o N\
Daniil Yurchenko I
Institute of Sound and Vibration Research, University of Southampton, UK al

|

rCOBEM




COBEM 2025

28th International Congress of Mechanical Engineering

TARUE

ISUANDS

-

NORWAY ) . Helsir /Area 0 ﬁ#iverpool‘ 7 .'shebff/ield

\ ndin 25 5 ! =t o [ '
.Bergen | aaut : Peak District @ A
0 0slo - Stockholm i . .Lincoln

¥ National Park

o Chester®
o A Snowdon . Wrexham' \
9 LAT' 3 » Stoke-on-Trent 4
o A « Nottingham
< Derby * 3
~ ru Norfolk Coast
Ngrth DENMARETN P L S éjPar'tnership
- Seeraze" \ : ' . Leicester Norwich
UNITED ‘ Sty . Wolverhampton . Peterborough 7
JRELAND B O0OM .Hamburg & Hills AONB o ' oBlrmlngham
: o Wars ‘ >
OLondon - Wroctaw ..Worcester N, .NOrthampton .Cambridge
st GERMANY Py ol Krako . \ .
RELatuM ke mbrokespire -Hereford, ‘ ‘Milton Keynes * - Ipswich
1 CZECHIA ast o ‘ °
LUXEMBOURG : /'SLOVAKIA~ tional Par ~ Brecon Beacons / \ c
: o J olchester
oParis s Jf - Vienna ™ National Park ‘,vGIoucester ‘ .Luton ‘ 2
M”"""]_; AUSTRIA'Z  HUNGARY “ 'Swansea. Merthyr Tydfil €) Cotswolds'AONB _ 'St Albans , Chelmsford
el et sower €3 &N\ : / N /8
ERANCE Gy N ¢ {SLOVENIA : : _ACardiff’ __«Swindon London . Southend-on-Sea
oLyon 5 ¢ ”';Milan /CROATIA &y ristol ® —~ ..BHStBoalth @North Wessex /7 e Gillinah
S ’ 5 / : . o Gillingham
.Bordeaux & Turin Hss?asz';goc?‘ﬁplx 1vannel (e ) Downs AONB‘ ) ; g & .
¢ ey / €3 Mendip Hills \'Guiidford—" . Canterbury
% ofculouse c,Marseilllle ‘MO'NTE’A“ Natior?axlnlgg(r)l: G } ! . )
\—_'.wmb\m“ | A »AL . Taunton + High'Weald Area
. . : of Qutstanding

Natural Beauty,

.Barcelona
r , 3 . Brighton
PORTUGAL Exeter, Dorset AONB €3 *Eastbourne 2 ,Bou
Jartmoor g3 Strait
onal Park of Dover
[ 4
«Plymouth :3-/' . \

,Tangier_

COBEM ..




COBEM 2025

28th International Congress of Mechanical Engineering

Ccontent

AHistoric overview
Almpact dynamics
AVibro -impact capsule

AComputer -assisted method

AConclusion

COBEM ..



AR /V_,,..,m,,, »7’/»1'.'&«‘ T
R 2R v‘f““ﬁ’ 3ct/-n/ 7.« *: np=ih [ 429

s > Wil Frent 43 .
=L Sebire. S (fiene, Coperie
7 i e nIvE i Vit (
Yoot b » “
‘ Cerpere. RS Aadond d / e
red A prope
A R.S velocifat: P » verdit S
LA : 4 R ¢ & & 6'),-/ Foa pref vélocifads
‘ A R & S S, of
> a s 4 fod ¢ Lt
/ tafrf
C N sl { 1 /. ) Lga ¢ b Al ki
& and ( L3 1wt "o
- of
( + f  ga
( - / # 7 e >
fur sy T Al g
S Egre
2 -
A A SR 3
( R oz e S é R o a [ 5 1
R « e : . ;
R z S ” ok - — Y 2
o R L ¢ 5
fhisiiee . $ § e r.“_‘*-: ........ . 3
° E L 5c 3
= K ¥
Rosives o =8 f to
R 3 corpros I R« S cor
55 ¢ el . z dlacitat drrusy .
Koy valscitag  corpoes iR # «lfum Data. | o
I 1 veloc.crp A3 U ante impulifc m D
SeJ ig§ ; R fec (2 B } 4
Pe
OR R scich 2 S o '
osl! & B : el eRI 3 : RSy Qefta
Rc_;;,r(/:l. T\c Se, fecunt 0R,08: RoSo friwit eSeR .
Legs Sy2ebes [wutmepny “bitfanchug ) Re So oR 4§ wel Ro$u <§eR. wi Lwews emjusliiih feiy
otk e o i
\} Caleulus . R+S:8:Z RajRe—2Ra= oR.| So— 282 =eS |
o RtS:R: Z:Salafadtfe=05|2Ra*tRo=cR |
H
! Naterw odreroag pogredag Biitens &5 Gudgudiond Speciefn,
[ e SR it SRS = SRS

The law of nature

concerning the collision

of bodies
C. Wren, 1668
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Paper on motion
W. Croone, 1668
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On the motion of bodies
resulting from impact
C. Huygens, 1668

A ; and whose ordinate 131) will be as the square ot the line AB. OUn the
same Laws and Corollaries depend those things which have been demon- ™
strated concerning the times of the vibration of pendulums, and are con-
firmed by the daily experiments of pendulum clocks. By the same, to-
gether with the third Law, Sir Christ. Wren, Dr. Wallis, and Mr. Huy-
gens, the greatest gecometers of our times, did severally determine the rules
of the congress and reflexion of hard bodies, and much about the same
time communicated their discoveries to the Royal Society, exactly agreeing
among themselves as to those rules. Dr. Wallis, indeed, was something
more early in the publication; then followed Sir Christopher Wren, and,
lastly, Mr. Huygens. But Sir Christopher Wren confirmed the truth of
the thing before the Royal Society by the experiment of pendulums, which
Mr. Mariotte soon after thought fit to explain in a treatise entirely upon
that subject. But to bring this experiment to an accurate agreement with
the theory, we are to have a due regard as well to the resistance of the air
as to the clastic force of the eon currin? bodics.  Let the spherieal bodies
A, B be suspended by the parallel and g g c D F II
equal strings AC, BD, from the centres
C, DD.  About these centres, with those g
intervals, deseribe the semicircles EAF, :1.
GBH, bisected by the radii CA, DB. V
Bring the body A to any point R of the

arc ISAF, and (withdrawing the body <B

B) let it go from thence, and after one oscillation suppose it to return to
the point V: then RV will be the retardation arising from the resistance
of the air. "Of this RV let S'I' be & fourth part, sitnated in the middle,
to wit, so as RS and T'V may be equal, and RS may be to S'I" as 3 to 2
then \\111 ST represent very nearly the retardation during the descent
from S to A. Rcbtorc the body B to its place: and, suppcsing the body

The Principia (I. Newton, 1686)
Translated by A Motte
1846

LN
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Newton cradle
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Invented byEdme Mariotte
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P. Lieber and D.P. Jensen; 1945

This paper considers some theoretical aspects of the aceelera-

tion damper itself and gives a formula enabling one to use em-

pirical damping data in theoretical investigations of flutter and

vibration phenomena. The elastie rebound between the mass

particle and its container is assumed to be zero.

Lt

S K
----------- § DAMPER
X::O‘-}-(( ------ l\/] PI{’
g o S == .

F=F,Sin wt

Sinal billiard; 1963
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Vibro-impact systems have rich dynamica

behavior

AChaotic motion

APossesses classical and rab@ssical
bifurcations, including Symmetry
breaking, GrazindorderCollision and
Chatteringbifurcations

AUse special methods developed for VI
aeainsSya o6%nKdzNI gf S¢
Mapping approach)

AMotivated targeted energy transfer and

nonlinear energy sinks
SN
il
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# Collisions: 0
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No damping and no friction are

DE membrane assumed
5\, Motion of the tube is:
N o (0 OAIl © Q0O
‘ U

Motion of the ball is:

N\

) a (0 "W E |
- Ry
,;_/.1’/{_/.__._.__ 2
; sMa

The impact conditions are: - _E,IE N
Ya a a iXg forimpacts on the left =Y
Ya o o | ¢ for impacts on the right ﬂ”l
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Attracting (stable) behavior for r<I

Maps approach

Pi:0Bw—ol, P,:0T — dBb.
P;:3B+— 0B, Py:0T — 0T. Il ale
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To understand the
conditions that lead to
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Classical bifurcations, which can be identified from linear analysis, help us
to predict motion stability

(a)
'I L
[_}: 0.5
r?T. 0.5
-1
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Grazing bifurcations

sl | | _cC . y
o (- Ei o ff,x----f e Using the maps and conditions
. o - |
B — Z(te) = 0, Z(te) = —d/2
_“ | a__/ al | It is possible to establish the exact
=0 - set of parameters for grazing.
0.2} D . . .

Unlike PD and FB, the linear
041aT // - stability analysis cannot predict
D A——-T-"" Ae 0T €— D 0B | grazing bifurcation
o ~

P
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b=p/3, r=0.5, A=5N

e

2 -
Y L s s T
L[] feeeesnsge,

D27

W

B F

COBEM 2025

28th International Congress of Mechanical Engineering

0.4

i

0.8

0=p/4, r=0.5, s=0.5m
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First return maps. Over state space:
Use the short sequences of returns-td Sweepgy fixed
return maps as the building blocks
Time series Phase planes
1.25

= 0.2

y e

S o T g

S 0.0 Ny >

+| N \* =

5:‘, 0.25

< —0.2 N 0

0.25 0.75 1.25 0 /2 g

[l
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eturn maps In Relative framework:

2

1.25

Zk+1

O
oo

o
IS

Vi+1

Wk, Pk

Impact phase Impactvelocityxj

(¢

IUTAM, &%QF 532’%’5
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Exchange nosmooth impacts
for non-smooth surfaces

()]

% . .

s potential attracting

g dynamics
o |
. Cobweb
. Logic map
! 3%
R A A AT A COBEM .
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1.25

Region of likely return to same valuesdfi
In phase plane, return near the diagonal

Vi+1(Vk, Ok) = f1(vk, o) =
bo + b1dx + bavr + b3di + badrvr + bsvi + bedrur + brdrvi + bgvy,

Prot1 (Vs Dk) = 91(Vk, Pk) =

2 2 2 2 3
ag + a1 9k + agvk + a3 Qi + a4PKVk + a5V + agPLVK + a7 QUi + agvy.

N 0.4
0. e
1.25 |
. 1.2
0.8 2 ° 08 /2 _
0.4 /4 0.4 /4 1 Y 1 Z
. . : k+1 k+1
7. 0 m Z 0 o ng(d) = (Zkawk) =< <oand = < : <0
0 Vi 0 Zy,

behavior: shape of surface and/or not near

Remainder of the region Is transient BTB 3%
diagonal in phase space m l
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Approximate separabléD maps Iin transient regior{t2, R4, F):

V41 (Vk) = fo(Uk) = baov + bo1v; + boovi + bosv2 + bogvy, + bos,

Dr11(Pk) = 92(Px) = 2005 + 2105 + a220; + a23Pr + a4 + ass.

1.25. T
- 0.8
Y
‘N 04
‘% | =\ % =
NP b 5 N =
S o ™ QS o ™
7 be Pk
1.25
—
+
0.5
% 0.5

1.25

R

bk
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FP case

Wk, Pk

I
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1.0

1.0

Vik+1

I
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Introduce additional R,

P . -
Insufficient Surface too
more polynomial order complex
accurate L | L
. -
polynomial T
0 /2 m NO
e Wi B . Capture transient ﬁ
KT ' P LTe =1 ' = i ™
: | YES
» dynamics on
Subdivide state ancia
_ . Approximate transient K, ) ,
_ﬂpph' return maps space mto Rﬂ . Form
" : < » maps with I :
to time series using return maps . composite map
(frnign) on Ry, \ectrate
and/or refinement Accurate
approximation VES
L y . _ ) L J on attracting R, - . .
Zk ) F
1.25 «e
NO N 2\
R,
R, R ®s Introduce additional R,
¥
0 i3 *
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Worst Case Scenario

N N
(N) _ Prt1 = "71(naz)<(¢k)= where 771(113,2( ‘= MaX, = AN {gn(vk, Pk)},
" Prt+1 = 77511}:2 (¢x), where 771(1112 = minvk c AN {9n (v, Pr) }-

1 (b) n/3

—+— nulge) vx=0.85

—— Eulvk), ¢ =0.2 ¢«=0.54
Eulvi), de=n/3 $=0.71 nlge) v=0.92
¢$x=0.37 e e=0.88 vi=0.7 vi=1.0
4 vie=0.77

¢k+1

P +1

i i
(P 0) 1(R)




