DYNAMICAL MODELING OF IMPACT CRUSHER'’S ROTOR SYSTEM
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Abstract. In this paper is performing a dynamical analysi8Dfforced vibration on a heavy rotor ofimpactstrer.
Dynamical model with three mass and eight degre&emdom has been created. The applied loads amsiént
impulse load. Differential equations of motion at®ained with account of mass, elastic, damping gemmetri cal
properties. The numerical solution of differengguations of motion is obtained with MAT LAB prograiumerical
experiments show influences of dynamical charaaties of crusher are performed.
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1. Introduction allows the entire mass of the system is concemtrate

The purpose of this work is to create of in the rotor’s center of mass. The spring’s stifhe
dynamical model of impact crusher’s rotor systen is equivalent of the shaft’s stifiness. Points o t
described forced vibration excited from impact €lastic suspension are accepted with rotor’s width.
load. Modeling elastically coupled rigid bodies is Electromotor’s rotor and impact crusher's rotor are
an important problem in multibody dynamics. elastic coupled by one degree of freedom (free
Many sources discuss the problem for spatie rotation).
vibration of rigid body with elastic support for The nature of the impact crusher’s working
example [2] and [7]. The problem for determine o' process is a stationary with suddenly applied
the impulse forces is described in [3]. The source impulse forces.
[4] and [5] discuss the problem of measurement ¢ A part of the energy is consumed for
impact forces and related deformation with breakage and transformed in surface energy; other
strainmeter instruments. Other scientists establ part of the rotor’s kinetic energy is accelerated
shed stationary character of working process wit comminuted material. The impact is semi elastic
some noise. and impulse load is determined with equation:

= +

2. Theoretical base Sp =kp e Vp HL+ k) INES] (1)

The study of spatial vibration of impact where: m= 0.0353 [kg] is a mass of a rubble,
crusher’s rotor imposes some simplifications. We¢vp, = 31 [m/s] — peripheral velocity of a rotor’s
consider that continues structure of the rotor an hammer, k — coefficient of elastic restitution
the shatt is discrete. We assume that rotor’s risass (according [3]k = 0.45 for materials with middle
higher and shaft’'s mass is a small. This assumptic hardness). Coefficierk, is related with penetration

n

Fig. 1. Dynamical model ofimpact crusher's rotgstem
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of the rubble in working space, defined with
equation:

kp = 0750k§ E(a—k?d) =091 (2)

where: ks = (2t)/D = 2x0.035/0.03 2.33,
hn 0.035 [m] — the high of impact hammer,
D = 0.03 [m] — average diameter of rubble of the
material.

The applied impact force on the rotor is
determining from impulse valued$, = Fim-dtin).
Assuming that form of impulse is triangle. For
example determining difm is:

Sp:MjFim:Eﬂ’ (3)
2 tim
¢ =Kim = 0905_4 5008333, (4)
vrr‘, 336

where: km and n are variables depended from
material’s propertiekim = 0.005andn=0.5.

S, = 091MD.0353B6L(L + 045 = L676gN (3]
Fim = 40005, W = 40001.677 336 = 4024.34[N]

The computed values of the impact force,
impact impulse and time of impact are given in
table 1. Accounts for four levels of the peripheral
velocity are done. Dynamical model of impact
crusher’s rotor must be solved for all four levefs
the peripheral velocity.

Table 1. Values of impact loads

v [mis] | tmls] | Fw[N] | S, [Ns]
36 0.000833 4024.34 1.6768
31 0.000898 3216.04 1.444
242 0.001 2254 4 1.1272
10.5 0.0016 611.375 0.4891

The dynamical model of the rotor is shown
of figure 1. The dynamical model's parameters are
M = 47.87 kg;C = 0.35635 kg1 A = B
=0.28675kg-Hm L =0.11mk=2.91545"18ON/m;
kx = kl4; kz = 3710 N/m; kys = 2.3311°16 N/rad;
keb = 1.6"°10 N-m/rad.

The vector of the degree of freedom in
dynamical model is described as:

q=[€¢ n ¢ 6 W ¢ ¢, ¢

The common case of vibration of rigid body
is separated absolute motion of two parts: relativ
motion and frame motion. Absolute frameQgnc,
translated frame is 4’11 1( 1, doing frame motion
with degree of freedong,, m, {n translation on axis

0¢&, On, OL. Frame O {1 is rotating about
center Q, i.e. doing frame motion (translatiof,
Nn, { about center ©in relation to center O) and
rotation about centerQuith degree of freedorfl,,
Wn, @n, Wherebn, yn, ¢n are Euler angles.

The relative motion is deriving like on the
frame motion. The frame Qyz is defined as fixed
with rotor's body. Axis @, Oz, Oo; are principal
axis of inertia and center»Qs a center of mass.
Motion of frame Oxyz is expressed in frame
0:&mi&s by six degree of freedog 1, { determine
translation of @ along axis @&, Om: and QG
ando, y, ¢ Euler angles determined rotating of the
body about the center of mass. Defined in this way
frame O1&m1& described frame motion and frame
O2xyz, fixed to body, defined relative motion of
body in relation to fram&1&mil:. The degree of
freedomé&, M, Gn, O Wi 00, &, M, G 6, v, o fully
determined position of the body in fran®Eng. For
the reviewed dynamical model degree of freedom
reduced because few constrains acting over system.
This constrains aré&; = 0,Mn =0, =0,0,=0,yn =0.

The law of motion of the center of mass is:

M e =H +(-M W) (5)

where \¢ is acceleration of the center of mass about
frameO1&mal1, M is a mass of the bodW— frame
acceleration an#l — the main vector of the external
forces.

After projection of equation (5) over axis
01&1, O andO1(; is obtained system differential
equationsthat expressedtranslations of the body:

aVCE
ot

0Ven

at
0V
at

where v, Ven, andve are projections of velocity
vectorve about axi€1&, O andO1l:, andp1, qu
andry are projection of the frame angular velocity
over same axis. They are obtained from Euler
kinematics equations:

PL =W, sind, cosdy, +6,cosp,,
o = W, cosh,, cosB, —6,sind,,
rn=¢,-w,sin6,

M

+ql|]/CZ -n wcr]j: HE

M +r1WC§—plﬁlch:Hn (6)

M

+ oDy ‘qchEJZHZ

(7)

where:w1 = [p1 ot ri™; pr = 0;01 = 0;r1 = @p;
Vox = &; Veh = 1; Vez =C.
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After simplification, equations described directional cosinek. = a-K°, from where:

translations ofthe body are: 0 0 0
Ke =a110K x +a150Ky +a130K7

i .
(E r?ﬁpn) ¢ Ko = 8y (K +ap, Ky +ay30K ) (14)
M (fi+€ @)= Hy, ®) 0 0 0

. Kg =a31lKx +ag,Ky +a33Kz
M |1 = HZ

whereKO%, K%, KO are projections of the angular
The equations that expressed angula momentumK® over principal axis of inertia R,

momentum of the body about center, @re: Oy Oz determined fromthe next expressions:
0 _ . kO = . kO =
Ko M@ 4 x (oM ) (9)  Kx=Alpx; Ky =Bliy; Kz =Clixz (15)
dt A, B andC are principal moments of inertia.
Appling the rule for absolute derivative of Assuming that range of, y and ¢ are
vector and obtain: smaller then 5°. For small, v and¢ rotational
oK matrix a contained directional cosines my take
A 4 gy x Ko =M © (10) linear form and obtained next description:
l —_
When projected equation (10) over axis B o ;U
01&1, Om1 andOa(; is obtained system differential a=| ¢ 1 -
equationsthat expressed rotation of the body abo - 06 1
center @ From where are obtained:
oK =k9 - 0+ 0
atE +q1|:KZ_r1|:|Kn:ME KCE KX ¢|:KY qJEKZ
o Ken =0 K% + Ky —8KD (16)
n — 11
+r1[IKE—p1EKZ—Mn 11 Kd:-q;[}(% +GDK$+K§
K¢ B Projections of the absolute angular velocity
at +p Ky —qp Ky =Mg over principal axis of inertia are expressed with
next equations:
where K¢, Ky andK; are projections oKop:1 over N
axis 01&1, Om1 andO1&, andMg, My andM; are Wox = P+ a0y +ap; [ty +ag;, [y
projections of main vector of moment of externa  |Woy =q+ayLpy +ay, Loy +agy [ (17)
forcesM® about center Qover same axisK:, Kn Woz =T +ay 3P + a3 By +agg 0

andK; are determined from next equations:
Projections of the relative angular velocity
over principal axis of inertia are:

p=y [Sing [t0oB +émos¢

q=ycosh [CoHD-BEind (18)
After projecting of the vector production r=¢-WEino
over principal axis are obtained:

Ke =M N -{m)+Kg

KE :[rc X M VC]E + KCE
an[rcxMVc]n+Kcr] (12
Kz =[rexMve]z +Keg

For small vibrations:

Ky =M TR E-E )+ Koy ay PV
Kg =M QM -n ) +Keg N )

where Ke;, Ken andKg: are projections of angular

momentum over axisQ1, Oh’1 and Qz'1, which Projections of the absolute angular velocity
are parallel of axis ¢4, Ol and Qz and pass over principal axis of inertia are obtained next
through center © Determining ofKe;, Kin andKe;  description:

are made with rotational matrix that containec
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wWox =WH +6-yY b,
woy =W -6[H+600,
woz =6 -Y B+,

(20)

Projections of angular momentum over
principal axis of inertia are given bellow:

KY =AY B+6-uH,)
KO =Bry-6m +00,)
K2 =Co-wmd+,)

(21)

Substitute the projections of angular momentur

in equation (14) and is obtained system (22):

Kee = Aw +0 - ,)- o {Brfw -0 +008,))+
+yrcp -wm+9,)

Ken =0 acp @ +6-w )+ Bl -600 + 015,) -
-efCo -w®+¢n)

Kez = -0 ALY @ +6 -y, )+orBrly -6+ 06, )+
+Cp -YB+6p) (22)

From where with substitute in (13) and is
derived the system (23):

K =M On @ ~20) + Ao +6 -y )
~ofBry -0 +08,))+wdClp-wB+¢y))

K =M 0 - £) + o ATy [+ 6-wipy )+
+Br{y -0 +0®, )-er(Cfp -y B+9,)

Ky =M @& -n 5 -wi{Ady @ +6-w ,))+
+orery-bm+0m,)+Ccp-ywm+o,) (23)

The system of differential equations of
motion (24) that described dynamical model of
impact crusher’srotor has description:

ME-M (9, =Hg

M [ + M [&E(pn =Hp

ML =H;

(C-B)BHZ - ADWOBZ+M B, e -1 &)+
+ADH,B+(C-B)BH, D+
+ (cq1—92)—B—Au1—¢2))an -
~CWB+(A-B+C)p-CBID? +
sM O -2 m)+(a+ B2 B+ cmm +
+((A-B)-C B W)W + 2(B [ B +
+(c-AW-BBDB)BH, =M;

(C-Amw-BBB)D:+
(A+Br+02)-C) B+ (A+C) M By B -
~(A+B+C) B + (2[(A-B)® [d, (-
~C O [y [W+2[CHB I -20AD D+
+((B-C)+ A W)@, +M g E-£E)-
—(A+B)E]>[é—C[9[¢'+(CE(Bz+B—AEI)Z)DI[H
+M @, (i - L)=M,

2(BOG, H-BHH2-BHBHG+2 AL b, O+
+(B-A-C)BOp- AW O+
rlc+Bm2+ AW2), + M i T -niE)-
~ A2 - (AQ +BOGH)B+CH+
+(B®- AD -C®)mp=M,

Jp[q)n:Mq)n

J2 B2 =Mg2 (24)

The main vector of the external forces and
main moment of the external forces consist next
members:

H=H® +H%®" +H);

(25)
M =M€ +M%B@ 4 (1),

They are determined as:
. ou.
o’ on

o -0U.
4 az !

el —

el: =
n

(26)

and:
Mgl =a;; MY +a;,[My' +ay5[M$
Mr(]i‘| :aZlDM)e(I +a22[:|\/|$| +a23|:l\/|§| (27)
el _ el el el
M7 =ag My + a3, My +ag3[M7
where:
ou . ouU
M)e<' =—1[3in¢ [coB +—[COoSD
oy 06

M :a—UEtoab tos -2 3ing (28)
o 08

VE _9U Y e
0p oy
The work of elastic forces U is expressed

with equation (29), wherH is a potential energy of
the system:
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2( P i 2) 2 2 equations (34) in equation (28) are derived
U=M= 1 Z‘iZDkX Wi+ 2 Tky 047 )+ kZ Diwg equations (35) for the moment of the elastic forces
—U=MN==|iz
2 2 2 2
2 2
+kys o1 =0n)" +kop o —02) Msg:_k[éﬁj mpﬁp_k[él‘J [gz_k[ﬁl‘j Q@ +6)
— 2 2 2
¢1=0+6¢, (29) , ) )
The displacements of the support points, foim¢ :—k[ékj mp+k[ﬁ£] [@Ep:—kté—l‘j My -6 )
small vibrations, are: 2 2
=¢ - -+ [E el
E-00 Yy MS __k"’SEquEE j ;) (35)
:n—ell +¢ D(I (30)
-7 _ -+ 00V With substitute and simplification we
W =P ol obtained (36):
The specific coordinates, for the dynamical 2
model, are: e _ 4L 2 2
' Mg —kEE—) [64,! -1-¢ )[(B—kq)sﬁl)l]p
N O 2
X=yi=0;, z=——=; zp,=—. 5
2 2 Me =kt [(“ 2+92)
. g =—ki= ¢ W +kys B 0
From where displacements of the suppon 2
pointsyield next description: | L2 X 5
el _ = —
vi=n-00[% (31 ouU
' ! Mgn =—— = —kps (1 ~0n)l-1)-kep don—¢2) =
w; = (¢ 0 n

=k + - -k - =
The stiffness iskix = kiy = ki4. ) o5 0+ 0n ~0n)- ko lon - ¢2)
The potential energy’s expression yield next =Kps [ =k [&bn B ¢2) (36)
description (32): aU
Ko don - 02) o ):k¢b[ﬁ¢n‘¢2)

02~
2 2 6¢
1 a2 ek [ rn? k) o g
== 2 2 The determining of the damped forces and the

+k, 2 +kys by - & 2, bp -0 2 damped moment is such as determining of the elastic
z ¢S[G 1=4n) kq)b[{ n=¢2) forces and the elastic moment, equation (37):

from where forthe elastic forces follow: (32) H damp _ 0P b H damp _ 09 .
E - - 1] |’] - - 1]
H & :a_U__k[& 0% on
: SR
Hr?I :—:—km (33)
on cam_yy (L {2 1o 9)
d _ou Meg =b 2 —1-6¢°)® - bys [ [
HZ :—:—kz [&
a( )2 ‘ (37)
ou L)? Ui _bE€3j o2+ ety 18
IR
oy 2 g
u L) M= bté j E(tbmu2+¢[e2+¢[e) bys (@
=-k ®
00 Eﬁz] (34) From wherethe system differential equations
U duU of motion are obtained next ended description (38):
a—=a—9?—l=‘k¢sm¢1—¢n)[ﬂ+1)= § .
b 09, 09 ME=MmHG,~kE-bE+Hg ()
= has o 00 ~0n)= s O M 5 ==M ([, =K =R +Hy (1)

For small vibrations the substitution of |\ 7 = ~ky [ ~b, @+ He ()
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- M [ [ + M mt&'+(A+BE¢2)E€5+
+((A-B)d-CHm)W+ComH +
+(c-Am-BBD) B, =M (t)+
+AD WD, -(C-B)BD; -

~M [, (e~ &)~ AD [, (B~
-(c-B)®@N 0 -
—lcrn-62)-B- AT-02) B+
+CU DU -2BHHH -
~(A-B+C)pmW+C B +

”ﬁ‘éfivz—l—d)z)m—msubw

+b[€—;jz fp?-1-92) 0 -bys B W

MIZE-MEL-(A+B) oD+

+(cm2+B—ABp2)m:—CEeE¢+
+((B-C)B+AD W)B =M, () -
~(c-Aw-BOBB)H -

- M, N -2 m)-

—(A+ BE(1+¢2)—C)E(5BEDn—
~(A+C)W @, +(A+B+C)BH -
~(2(A-B)$ B, W +COW P, W -
-2[C OO+ 2[AMD [ O -

”@Zﬂﬁl+¢2+62)w+k¢sw—

—b[ﬁ—;jng ¢2+'92)mp+|%8[¢te

-MME+MEM-(AQp+BHBH)H+

+(BM®- AD [y -C B)mp +
+CE¢+(C+B[®2+Au|p2)[¢n:

=M (t)-2B B, B+BHH*+BBOH -
20AC) [ - (B~ A-C) B+ Al [ [+

2
+A|:¢|]|J2+k|:€%j [(¢|]D2+¢ E(B2+lp|]9)_

2
~ ks Eq”“%) o w2 +0 82+ )by

Jp W =kps [ kop [on —0 ) +bys B — by, o — )
32 = Ko 0 = 02) + by, [0~ 6 2)

For the purpose of solution on the system
differential equations of motion is created a
computer program in the MATLAB environment.
The obtained results are given in graphical form.
Obtaining of the value for the damping constant (b)
is done with the damping ratig)(

The relationship is:

n=—-,; =.|—
2m m
n b

b b
B=—= = = b=2B/km
W Zm\/% 2,ka Byp

For the system with nature damping the
value of the damping ratio is in the ranfiex 0.2%

+ 20%. In this range, with respect sources [6] and
[9] is acceptedd = 0.5% and damping constants
are:by,=4by =b=1180 [N-s/m]b, =3800 [N-s/m].

The different equations for the performance
curve on the electromotor for the different ratios
are given on table 2. Reduced moment of inertia for
the different ratios also given.

Table 2. Equations for the performance curve ofthe
electromotor

[oh J2 :Jeim'iz Meim

251.33 | 0.21250 | M, = 30.875 — 7.74-e w4

216.66 | 0.28594 | A, = 35.815 — 1.63-¢%w™d

168.90 | 047051 | M, =45.942 — 5.65-¢ w4

73.06 | 2.51464 | M., = 106.21 — 3.73-¢C-w™d
3. Results

1. The solution of the system differential equasion
is provided in graphical form by frequency
domain characteristics. The frequency domain
graphics expressed amplitude spectrums are
obtained with Fast Fourier Transformation /
FFT/method.

2. On figure 2 is presented solution of the system
differential equations for the variation of the
angular velocity of the impact crusher’s rotor
and electro motor's rotor.

3. On figures from 3 to 8 are presented amplitude
spectrums for generalized coordinates and
o for the different peripheral velocity of rotor’s
hammers.

4. Conclusion

4.1 Three mass dynamical model with eight degree
of freedom is created. The forced influence
over rotor system is impulse.
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Fig. 6. Amplitude spectrum for the generalized
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4.2 Numerical solutions for the system differential 5, Acknowledgment
equations of motion are obtained with This work was possible with aid of prof.
MATLAB. For the yielding of amplitude Emil Assenov (Mechanical Engineering Faculty,

spectrums on the vibration process is applie Technical University of Sofia, Bulgaria).
FFT.

4.3 The numerical experiments for the influence o
the peripheral velocity on the hammer over
generalized coordinates are carry out.
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