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ABSTRACT: The physical mechanical properties of a great number of crystals, used in building elements of the electronic industry, the instrument engineering and in
part of the mechanical engineering, place them in the group of the materials that are difficult to be processed. The present article examines one of the methods for
crystal processing, namely the method of abrasive rubbing used in the quartz processing. The purpose of this research is to establish the correlation dependency
between the specific pressure at rubbing, and the processing speed and time.

W3CNEABAHE HA TEXHONOIUs 3A OBPABOTBAHE HA KBAPLIOBU KPUCTAIN
lenadu Takoe!, Munopad Panyuy 2, JeuaH XeneHuy?

T MuHHo-2eonoxku yHugepcumem ,Ce. Mean Puncku”, 1700 Cocgbus

2 Bucwe mexHuyecko yyunuwe, 23000 SpeHaHuH, Penybnuka Cbpbusi

PE3IOME: Ouauko-MexaHU4HUTE KA4ecTBa Ha peauua KpUCTanu 13nonasaHi B rpaivBHU eNEMEHTY OT eNeKTPOHHATA NPOMMLLNEHOCT, NPMBOPOCTPOEHETO U B YacT
oT 06LOTO MALIMHOCTPOEHE, MM KracupaT B rpynaTta Ha TpyaHooGpaGoTBaemuTe MaTepuanu. B HacTosilwaTa cTatusi ce pasrmexga eouH OT MeToguTe 3a
0bpaboTBaHe Ha KpucTanu — MeTofla Ha abpa3vBHO MpWUTPUBAHE, MPUNOXeH NMpu oGpaboTaHeTo Ha kBapl. LlenTa Ha wacnenBaHeTo € fAa Ce YCTaHOBM
KOpenaLyoHHa 3aBUCUMOCT MeXIY CneLdnUyHOTO HansraHe Npu NPUTPUBaHE, CbC CKOPOCTTa U BpeMeTo 3a 06paboTka.

Introduction processed detail — rubbing instrument (grind) at mechanisms,
different in their structure.

Satisfying the needs of the electronic industry for building

elements is a many-sided task. The compositon of a The cyclicly repeatable regularity of the linear speed change
considerable part of such elements includes materials that are and the relative movement acceleration, and therefore their
difficult to be processed, such as quartz and silicon crystals, influence on the shape forming of the processed surfaces,
oxide ceramics and others, as expensive technologies and depends on the type of the cyclic trajectories. The result of
equipment are used for its precise processing. In connection specifying the speed in the relative movement detail — grind, is
with the needs of the instrument engineering and of the shown below.

general mechanical engineering for precise details, made by

materials that are very difficult to be processed, it becomes

clear that the researches of respective technologies and Theoretical Research
equipment for their implementation are topical issues.

The law on the speed and acceleration cyclic change

In connection with the implementation of a technology and a completely depends on the shape of the cyclic trajectories.
number of machines for rubbing quartz crystal plates, there are Whether these changes shall be easy or connected with
many theoretical and experimental researches carried out on sudden transitions depends on the type of wear of the work
the process of “rubbing”. The present paper presents part of surface of the lapping instrument.
the theoretical researches on the process kinematics, which
are in the basis of determining the processing technology. In the property of the computing system for working out the

formulae according to the specification of the polar coordinates
The research on the work mechanisms of the rubbing fh V_ fh ¢ ntC iN
machines has resulted in establishing general geometrical and of the vector VC of the speed of any point C from detail No. 5,

kinematic dependencies, on the basis of which the representing one whole with separator No. 2, (Fig.1), we shall

mathematical type (the geometrical shape) can be determined, use the scheme of the velocities Cb/c/C from the scheme poles
which is of the cycle trajectories in the relative movement, a at point C.
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Fig.1

This scheme of the velocities, obtained on the basis of the
vector equation, which presents the kinematic dependency of
the speed vector of two points on the straight line BC or the
straight line BD, which is part of separator No. 2 :

Ve V. Vg

- =B 4=

v v = a)_B4rB + 6024(1"2)

(1)

where: @y, = Wz — @, ; w21 ws - angular speed of the

separator and respectively of the bar. It is important to notice
that section 2 and section B can be lead, and that in solution of
the set task the value of the preliminary ratio of these sections
with respect to the rubbing instrument is of main importance. If
we accept a simplified symbol for the preliminarily specified
ratio uzs instead of U244, i.€.

. w, —,
Ups-Upapy- —24 = —2 4

Wgy

(2)

Wy — W,
for determining @y, and @,,, with @, and @,, known,

,
[(03 = —1) we use Smirnov-Vilis formula [ 3 ], which
13

presents the law for gearing the cogged couple, as the axis of
its cogged wheels is located on the bar. In case of external
gearing of cogged couple 1-2 and in case of internal gearing of
cogged couple 2-3, we have:

Wy — Wpy _

N, w,,—o r
_ 12 W B4 _ '3 3)

W,y — Wy, Wy — g, r
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Thus, after transformation by taking into consideration

r,— ’
r,=-2 and denotaton - =Kk as wel as
£
@4
= Uy g4 le
W3y
Wy _ O~ 0,
Uygge = = ’ @)

Wy O3~
as we successively have:

o = @, + K, _ a’34(1+ krul4—34). (5)
o 1+k, 1+k, ’

W,y =

@y, — K, _ 6034(1— kru14734)

6
1-k, 1-k, ©

The coefficient K: here is for the relative sizes of the
mechanism. It is important to note that we can change the
values of us-34 by setting the rubbing disk No. 4 a revolution

with angular speed of @, , and thus the shape of the trajectory
of a point of the rubbing disk can change, or vice versa, if we
set the needed quantity of uis34 — to determine @, from the
formula (4):

W3Uyy 34 — @

0)4 =
u14—34 -1

(7
We enter on the scheme — Fig. 1, the angular coordinates of

the vectors \/_B and Vg , read by the axis CX', which is
parallel to OX. These angular coordinates differ from the

coordinates @g, and @,, of the vectors E and /1_r as
we add to each of them 90° because V_B J_E , and
Veg LAr,

We mark the wanted angular coordinate of the vector \/_C

with @y .

We shall obtain the following formula by projecting the vector
outline on the coordinate axes, as this vector outline is marked
by an equation (1), as its left part on the clarity figure is added

by Voy +Vey - a geometrical sum of the projection of Ve of
the X'and Y axes:

Ve = \/V82 +VCZB +2VgVp COS @, = B

2, .2 2
a)B4\/rB + uzs(/lrz) + 2U,g la AT, COS @y



_ V5 COS@gy +Vep COSQ,, _
Vg sin g, +Vg Sin @,

tgec

Iy COS@g, + U5 AL, COS,,
Iy SiN @, + U,g AL, SiN @,

_ Wy
where, as well as above , U, = —=
Wy,

s Pog = Doy — Py

It is evident that the wanted coordinates, which mark the

value and the direction of the vector \/_C are marked by the

main kinematic parameter uzs of the implemented machine
mechanism. Formulae (8) and (9) present the equations of the
cycle change of the speed of any point C of detail No. 5 with
respect to the rubbing disk No. 4.

We analytically establish the vector . - the full

acceleration of point C, by representing the acceleration plan
on the figure in accordance with the vector equation:

— 9 g
O =0+

= @Iy + W AN, (10)

where the vectors, known according to value and direction,

of the right part agDHE and agBIIC_B. By taking into
consideration that @y, and @,, - constant and successive

angular accelerations &,,, &g, of the bar and the separator

2 are equal to zero.
The scheme of the acceleration with a pole in point C is
presented in the figure as a vector outline Cb/'c/C, as the

clarity vector & is represented through its components on

the Xand Y axed, i.e. &c = Oy + 0y

The angular  coordinates (g, +180°)  and

(9,4 —180°) of the vectors az§ and gy, , which differ by
1800 from @z, and @,,, as the wanted angular coordinate

of the vector OTC is represented by @, .

Through the projections of the outline Cb/c/C of the X and Y
axes, and some changes, we obtain formulae for determining
X and Y, the combination of which provides the law on the
cycle change of the full acceleration of point C from detail No.
5 with respect to rubbing disk No. 4, namely:

2
a. = \/(ag) +(0¢§B)2 +2a30d; COSQ, =

= a)é4\/r82 + uzzs(ﬂ’rz)z + 2U§BFB(ﬂr2)COS¢ZB (1)
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tgp,. = ag Sin g, + oSN g,
© ag cospg, + adg COSQ,,
- 2 -
_ TsSN @, + uzs(lrz )Sln Pa
2
Iy COS@p, +Uzp (/1[’2 )COS P4

After we know the full acceleration ., we establish its

main components —the tangential «¢* that is a tangent to the

trajectory of point C and the standard 0{2 J_aé, i.e.

Qe = Qi +ag, we establish o by differentiating the
formula for V¢ (equation No. 8) according to time:

_ @8V SIN Py _
T VC

0,500, Tz AT, SIN Py

Qe

(13)

\/r|32 + UZZB (/1]’2 )2 + 2U,5lp AT, COS @,

2
Vad - (aé ) and the radius of

The trajectory curve of point C according to the formula

Then we figure &g

=_C
Re= e

We obtain extraordinary values for Vc and a. by
consecutively placing values for ¢, = 0 and ¢, =180°
in formulae (8) and (11), namely:

V,

— _ 9 9
Cmex — a)B4(rB +u2|3/1r2) =g T

— 2 ar )= o g ;
O ox = Opa\lg + Uy AL, ) = g + 5 1.e. we obtain
a sym of identical in their direction modules of the vectors

Vel fec|

V

IRVERR Y _ 0 9
cmin = Ve ~Ves i Qe pin = %3 — A

i.e. the difference of the modules of these vectors. When we
have such “extraordinary” positions, the value of aé =0 that
is evident from the formula (13).

C max aC max

We shall note that the ratios and can be

C min aC min
used as indicators for ease in the speed and acceleration cycle
change.

Conclusions

1. The flows occurred as a result of accidental power
microimpulses in the abrasive grains lead to dynamic loading
in the system detail - abrasive layer — supporting surface of the
instrument, as a complex pressure field in the material of these



bodies. The abovesaid determined the importance of the
scheme proposed for the analytical determination.

2. The theoretical research on the work mechanisms of the
rubbing machines, respectively the determination of general
geometrical and kinematic dependencies and the
establishment of a mathematical model, may be used as a
basis for optical researches and as a precondition for
implementing the technology.

lMpenopbyaHa 3a nybnukysaHe om
PeueHsenm douy.0-p B.Tenyes, MEM®

70

References

Karnobatlov I, Takov G., Some studies in the field of rubbing
to quartz crystals, “Contemporaries engineering
technologies”, Varna, 14th-16%, May, 1986.

Oprnos IM.H., CaBenoea A.A. AHanu3 1 BbIGOP NPELU3HbIX
AeTanemn nactamn 1 CycrneHanamm TpaekTopui
OTHOCUTENHOrO ABWMKEHUs aeTanei npu obpaboTke Ha
NMOCKOA0BOLOYHbIXCTaHKaX.M3gecmus 8y308
MawumHocTpoehwe, M., 1972 ., Ne 1

Opnoe T.H., Hectopos .M., Tonyxux B.A. [poueccsi
0oso0ku,MawmHocTpoeHe , M., 1975 .



