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ABSTRACT

The paper presents a mathematical model for determining the general
movement equations that describe the vibration movement of the tool
bearer spindle at superfinishing operations. There are presented the
specific problems and the work schematics. The mathematical model uses
the axioms of kinetic impulse and moment derivatives. At superfinishing,
the spindle is eccentric and its working position is vertical. A series of
simplifying assumptions are used, such as: Bernoulli’'s hypothesis, the
movement is without shocks, there are no remnant tensions, the strains are
of elastic nature only. There are emphasized the components of the
movement equations under restricted matrix form. The effect of
transversal contraction and the torsion vibrations are neglected.

1. INTRODUCTION

Superfinishing represents a micro finishing technique that uses abrasive bars, executed on special machines
which provide complex movements at reduced grinding speeds and pressures, in the presence of greasing-cooling
liquids. Thus, are processed external and internal cylindrical, plane and complex surfaces.

In such processing, the piece bearer surface increases up to 90%, leading from high pressures on small surfaces
to small pressures on large surfaces, such that the lubricating shell between tool and piece can no longer be
penetrated without stopping the grinding process.

The work schematic and its component elements are presented in figure 1.
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Figure 1: Superfinishing processing schematic

2. METHODOLOGY

In order to determine the initial conditions in which evolves the proposed mathematical model, and which
determine the general movement equations, a series of simplifying assumptions is adopted, such as [1]: the spindle
works only in a given environment; there are no shocks during movement; the strains on the spindle are of elastic
nature only; Bernoulli’s hypothesis is true.

The proposed spindle model is given in figure 2.

In this case, the main spindle is related to two reference systems:
e (TO) - external reference, considered fixed
e (T) - proper reference attached to the spindle

Figure 2: Model for the main spindle ued in case of superfinishing operation
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3. FINDINGS AND DISCUSSION

Considering the equations given by the Hamilton’s principle, we have:

[[iatpas—tp -1}, = 10}

S

[ taspds — tmy —1,34m3 - o, = (03
N

Where:

{a} - matrix corresponding to acceleration of the current point of the spindle section
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{p} - matrix of the linearly distributed load on the spindle axis

{T} - matrix corresponding to the resulting force of tensions in the spindle section
{M} - matrix corresponding to the resulting moment of tensions in the spindle section

{p} = {g:0,0}'
{a} = {51;32;33}t

{m} = {ml;mz;m3}t

The movement equations become:

[[i1taspds, = tm}, ~(1,] [ajpas (1143 - 03 1, = (0}
S

S

Where:

[[atpds = palfagy +11e1 + 10+ 0P
S
(R} + {u} + 20} [Q+ ']+ {ii}))

[[eritatpds = [[rrter + [0+ o T iripds -
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{o} =[Cl{u}, —[D]{6} -[C][r]{6} ,

E g 0
[C1={0 = 0
0 0 E
L 2
E
[D]= B}
0 _E 0
L 2
(1) = [[o1ds = ALCIw} , ~ AIDI {0} @)
N

Based on the analysis of the inertial terms, on the computation of resulting force and moment of the tensions in
section, we can obtain the movement equations under the form [2],[3]:

(A J{u}+ M [{a} + [k, J{u +[k, ]{6) +

_ (5)
+[N J{u}; +[N, 140}, +[R, [} = {f}
Where:
1 0 0
[A]=pA[ll]; [I]=[0 1 0
0 0 1
[M,]=2pA[Q + ']
[k,]= pA[[e] +[Q+ o'T']; [k,]=(A[D]),
[N,]1=—(A[C]);; [N,]=A[D]
[R,]=-A[C] (6)
in Which
pPA 0 0
[Ajl=]| 0 pA 0
0 0 pA
0 0 0
M,]=|0 0 —2pA(Q+w")
0 2pAQ+0') 0
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0 0 0
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I PAQ —pA(Q+0')?
0 0 0
NI=jo o =2
0o —EA
L 2
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Ri=| 0 -=% 0
0 o _EA
L 2
g
{f} =40
0

And

[E,1{ii} +[E, 1{0} +[F, 1{0} , +[G,1{u} +
+[G, 140} +[H, 146} | +[L, 1{u} +[L, {0} +
+[P, ]{6} ; +[V, {6} 5, = th}

Where:
[E;]=-pA[lL]
[Ex]1=[g],
[F;]=[Jg]

[G1]=—2pA[L][Q + 0']

[G,]= —2“ [0+ w’][r]pds]
N

R

[H,] = 2] [[r][© + o/ Jirlpds
S
[L;]=—pAll, J[[e]+[Q+0']*]

[L,]= —[H [r][[s]+[9+m']2][r]pds]
S

1
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[P,]= '” [r][[e]+[Q+ ©']*][r]pds

S,]= 2[ I} [r][C][r]ds]
S 1
[V,] _” 1[r]ds

(h) = [” [FIl[e] +[Q+ '] ]{r}ds] +

1
+1im} ; +pA[l;]

in Which:
0 0 0
[E{]=|0 0 pA
0 —pA 0
pl 0 0
[F,]=0gl={ 0 pI 0
0 0 pI
0 0 0
[G,1=|0 2pA(Q+0) 0
0 0 2pA(Q+ ")
K 0 0
[L,1=]0 PAQ —2pA(Q+0')?
10 2pA(Q+0)° PAQ

~(Q+0)’Ip 0 0

[P,]= 0 00
0 00
_E 0 0
2
[V,]=| 0 =-EI 0
0 0 -EI

my
{h}= epA(o'2 sin ot
epAm‘2 cos ot
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Under reduced matrix form, (5) and (7) become [4],[5]:

[Ela} +[GIHa} +[L1{q} +[V]iq}, = {H} (11)

Where:
W
{q}—{{eﬁl}}
=={ien )
[E,]1 [F;]

[G]= }
[G ] [H;]

[
[L
= {[ [P, ] }

Ry] 0
[V]= {[ []}
[0]
i} .
{H}:{ (12)
{h}
(pA 0 0 0 0]
0 pA 0 0 0 0
0 0 A 0 0 0 13
O po (13)
pl 0 O
0 0 pA 0 pI O
0 -pA 0 0 0 pIf
[0 0 0 0 0 0]
0 0 —2pA(Q+w') 0 0 0
0 2pA(Q+0') 0 0 00
[G]=
0 0 0 0 00
0 2pA(Q+0") 0 0 0 0
10 0 2pA(Q+w) 0 0 0]
Observations:

' represents the constant angular velocity of the eccentric spindle;
the transversal contraction is ignored (v = 0);
there is no torsion vibration (01 = 0);

0 0 0 0 0 0
0 —pA(Q+a')? —pAQ 0 0 %
w=|° PAQ —pA(Q+0')? 0 —% 0
0 0 0 -pl(Q+0)* 0 0
0 PAQ —pA(Q+0')? 0 0 0
0 pAQ+0)’ PAQ 0 0 0|
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U
U,
us
a} =
01,1
0,,
05,
g
0
0
{H} =
my,
epAco'2 sin ot
epAo)'2 cos ot
[EA 0 0 0 0 0]
0 EA O 0O 0 O
0 0 EA 0 0 O
[V]= (14)
0 0 0 EI 0 O
0 0 0 0 EI O
L0 0 0 0 o0 EIf
Observations:

e represents spindle eccentricity;
92 = —U3’1;e3 = u2)1 (Bernoulll effeCt).

The general equations of the vibration movement are:

pAl, —EAu,;, =¢g

pAii; —plii;; +2pA(Q+0' )i, +pAQu, -

—pA(Q+o)')2u3 +Elus ;= epAw'? sin ot

—pAii2+pIii2,11+2pA(Q+m‘)1'13+pAQu3+ (15)
+pA(Q+m‘)2u2 —Elu, ;= epAw'? cos ot

4. CONCLUSIONS AND RECOMMENDATIONS

e Inorder to establish the general equations of the vibration movement of the main spindle at superfinishing,
it is employed Hamilton's variation principle.

e There are also taken into account the specific conditions given by the eccentric shape of the main spindle
which rotates with constant angular speed w'.

e Establishment of the movement equations is performed under simplifying assumptions that define the
initial conditions of the movement.

e Thus, are created the premises for inserting the external strains and for determining the balance
configuration.
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