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Abstract: This paper presents aspects regarding the totadrsrevhich may occur in technological proc-
essing on machine tools, errors that affect thecpssing accuracy and also the quality of processed
work-piece. In this context, technological devibase an important contribution with a category of e
rors, referred in the literature, installation enr® that refer to work-piece orientation and fixiegors in
devices. Apart from these, a special category mfrergenerated by the precision of execution ofsting-
port elements that are component part of the deweere identified and determined. For the analgsid
calculation of this type of errors, for the shortlong prismatic locators, a cinematic model wasated,

and also on its base a mathematic one.
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1. INTRODUCTION

2. TOTAL PROCESSING ERROR AND
INSTALATION ERROR

In the actual context generated by the world eco-

nomic crises and a serious of problems with whiod t
humanity confront, starting with the natural resms
exhaustion, till serious pollution problems, arepétu-

In the literature a number of works exists, which e
tablish relations for calculating the total erroogessing,
error that influence the dimensional accuracy, shapnd

ously necessary the development and improvement oposition deviations and surface quality of machined

new action directions for the development of alinéins
economic, social and technical. Modern manufacgurin
marked by the accelerated generalization of thienieal
innovation, has determined the accentuation of ybd
and request diversification regarding them perforoes
and imposed demands related to the precision biiga
and productivity of the technologic process. Thelev
tion of manufacturing systems, and of the techriokdg
devices, was marked by the necessity to ensurejhe
propriate level of precision and flexibility as b&r as
possible in order to adapt quickly and effectivety
changes to the production task.

In the manufacturing systems, the technologic de-

vices (for processing, assembly and control) havera
portant place through the two basic functions:miggon
and work-piece fixture. In a technological proceglsich
normally takes place, the determining by statist@cau-
racy requires knowledge of the dispersion range rand
quires that all errors that appear during processit to
exceed tolerances. The analytical method allowsathe
sessment of the errors by calculation and offeespibs-
sibility to reduce the total error by acting on #lements
of technological systems.
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parts.

Thus in [6], for the processing on machine tootdrse
advance, when the dimensions are obtained automati-
cally, the total error is expressed with the relaship:

g =et+el &
where: &” is the total random errogs represents the
total systematic error.

The total randong;” is calculated as a sum of four
random errors with the relationship:

Ee =8 FELFE, TEL 2
where:

* g, installation error, as a resultant of the oriéota
(sor) and fixture &) error; g, tool dimensional error;
€m Measuring errorg,, error because of the cutting
deep variance and of the inhomogeneous material.

In the systematic errors category are included:

* &g error determined by the imprecision of the ma-
chine-tool;

e &g error generated by the construction of the device
component elements constructions, which generate
systematic errors;

* g, error determined by the tool wear;

e &g, error determined by the tool thermal deformations
(g19), Of the machine-toolke(,,) and of the work-piece

(Etp) ;
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« &, error caused by the elastic deformations of theequation. Positioning precision is a first requbst must

technologic system;
* g, errors generated by the tool adjustment;

Total error, taking into consideration the two erro
categories is:

—_ 2 2 2 2
& = V‘Si +Ss+8m+8an +80+

+8d +8u+8ls+8lm+8lp+8e+8r

®3)

As in others works [1, 2, 7], the total error has t

be taken into consideration at the design of thendi
systems and is related to the locators positiopiregi-
sion and them position.

3. ORIENTATION ERROR GENRATED BY THE
DEVICE CONSTRUCTION

At the use of technological devices, in general, bu
more frequently those for precision machining, #&sw
found that although the error of work-piece oriéiotain

same dependence as in the mentioned errors and is ethe device, oe, = 0, the dimensions and conditions are

pressed by:

—_ 2 2 2 2
& = Vei +8v+8r +Sc +8dt+8u+stU ’

where ¢, determines the dispersion intervad) (of the
processed dimensior, (JA).

The processing precision is provided if the follogi
condition is respected:

(4)

&<T,

®)

whereT is the imposed tolerance

The installation errorg(), has included in it the orien-
tation €,), fixture ) and the error related to the device
construction erroreg). It is determined with the relation-

ship:
—_ 2 2 2
€ =,/e; te; tey

For practical calculation in design, the value tioe
admissible installation error approximated withfigignt

precision is: eiadm:(%..%jﬁ and the real installation

(6)

error is:

()

€ <€

iadm *

Because of the factors that have an influence en th

processing precision, it is obviously that the afisig
precision has the greatest influence and requiresna
plete study.

From the installation error component, the origatat
and fixing ones represents one of the importaribfadn
the design and analysis of the fixing systems.

Li and Melkote [8] have presented a model for im-

proving the precision of orientation of the proasks
work-piece in a fixture system using a model with-d
crete contact.

Many others works have developed different method-

ologies for determining the fixing error influenaeagth-
ods for positioning the work-piece on the locaimms the
possibilities to measure them [9].

In work [10], an algorithm is presented for deterasi
tion of the processing errors for a prismatic wpikee,
fixed on the base of the principle3-1 and for a cylin-
drical work-piece using ¥ prism [11].

The work [12] has established and analysed the mo-

dality of error propagation from the disturbancetlie
locators, using a quadratic equation which givéeter
approximation of the errors, in comparison withreedr

not achieved within the acceptable limits due tmmr
generated by construction and operation of thetdmsa
elements, not considered in algorithm design.

In the papers [3, 4, 5] it is proposed the idecifion
and calculation of construction orientation errfos a
mobile bolt the bearing cell typedc9, one of the most
commonly used in construction of the devices.

Are al prﬁented the mobile long or short cylindr
cal bolt (¢ ) which are executed infeiént con-
structive varian?s and involves the same tapesrof®eas
the cylindrical mobile long bolt ), at vehi the spe-
cific error for the cone element is'added.

In both cases, after the analysis of the cinematic
model calculations relationships for the orientat@ror
€ocs are established taking into consideration a serés
parameters related to the construction and funictipaf
the locator.

Another type of locator used for exterior cylindtic
surfaces processed or unprocessed is the | ),
(Fig. 1a) or short prism M ) (Fig. 1b), thainalysis
being presented in the paper.

In Fig. 2, the way of orientation and fixing of k-
piece with exterior cylindrical surface on a prisima
locator is represented.

9 -

b

Fig. 1. Modular prisms:
a. long prismp. short prisms.

Fig. 2. The orientation and fixing for o cylindrical
work-piece on a prism.
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4. CINEMATIC AND MATHEMATIC MODEL X
FOR THE ORIENTATION ERROR Ax =5
CALCULATION FOR THE CONSTRACTION N (10)
OF THE PRISMATIC LOCATOR Ay =EE¢ot§

In the short or long prisms, it is found that théeo-

tation err-Ol'S depend not On!y on the locator eldm where:x — Symmetry deviatiom —the prism open ang|e;
are function of the constructive errors of themprnd, at  Ax — displacement along x axesy — displacement along

a certain moment, they may be added. y axes;
For establishing the cinematic and mathematic mod- b) Also in this case displacements are obtainegt onl
els the following stages are covered: on the axes andy (Fig. 4);
+ Stage | — identification of the prism constructions  |n the rectangulaACBOandACB'O’,
errors;
» Stage Il — calculation of the orientation-positiogi OC=R[ 1

errors for every constructive deviation on eachhef

principal directions, y, z Sinf
» Stage Il — vectorial adding of the results obtdime g
the Stage II.
For the first stage, in the case of the short miglo v~ 1
prismatic locator, four types of constructive déioias O'C=R Coa+Aa’ (11)
were indentified: S5
a) Deviation of symmetry.
b) Deviation from the half-angle of the prism.
c) Deviation from the parallelism with the z axes. CB=RItot> ,
d) Deviation from the parallelism with the bases 2
plane. an
- : +
In the seqond stagare ob_talnln_g for every par‘upular CB = Rtot™ Aa , (12)
case, specific relations, which give values for the
placements on every axis.
a) Only displacement on axesndy are obtained; In . . o o+ Aa
the right triangleCC'P (Fig.3), BB'=00'= Rmcotz - cot )=
. Ao
i 13
tang=CIP=X./2= x , ®) . sin (13)
2 CP CP 2CP = o otha
smE [$in

From were results:

X o In the triangleOO’'C the two formulas are applied
C'P =5 E¢0t§ : 9) known for the area calculation. Thus:

From the triangleCPC and OQO equality the fol- o'coczinl* .
; ; ; P _ 2 _OCOQ
lowing relationships are obtained: A= = .

(14)

2 2

c'
cP

Fig. 3. Mathematic model for the prism Fig. 4. Cinematic model for the deviation from
deviation symmetry. the prism half-angle.
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From the relation (14), we obtain:

Ao,
Aa sin—
OI = 1 H — =
Q=0'Csin > R Y (15)
sin )

In the right triangle OO’Q,

0Q=,/0'0% -0'Q* .

Using the relationships (13) and (15), it results:

Ao
sin—
0Q=R IZ-I—+2A EototE (16)
sin 2 Fig. 6. The rotation cone of the point from the pyramidged
/_' T
The relations for the displacement on the two axes e T~
are: 7 \
A / \
s.n7 Al O, R Ip
AX=RE—=—
sin® *ha D
2 , (17) AT T B
Aa ~ e
sm? ~ -
p— - T _ /
sin® 2%
2 Fig. 7. The base of the rotational cone.
where:
R is the radius of the cylindrical surface, tangenthe ] o )
prism openness; PointsA andB will displace a circle arch equal to the
o — angle of the prism openness: rotation angle and will be materialised in the spadth
Aa — deviation of the prism angle; rotation cone (Fig. 6). , _
Ax — displacement on the x; In the rectangular triangl®’,B,D (Fig. 7),

Ay — displacement on the y;

c) Deviation from the parallelism with the axes, sin(@0- [3)_ _ DB, (18)
which involves a rotation in the three-dimensiosphce o, B R
alongOY axe, which means a displacement on the direcypere-
tionsx, y, z , AR
It can be observed that after the rotation of the t DB, =R E'l;in(90—7)
half of the prism, the cylindrical surface axesll&ngent . , .
to the openness of the (prism axes) will remairaibelrto Thus, inAC",BG, (Fig. 6),
the intersection line of the two lateral surface tbé . ‘
prism (Fig.5). sint =GB _ R
Yy — < 2 OB OB’
where:
R
0B=——=0B, (19)
sin—
In ADB,0O;,
sin(@0- B)
.o _DB
X sin—=——== P
2 OB R /sinE (20)
Fig. 5. Cinematic model for the deviation from the paradieli =sin® E'l;in(90—%).

with z axes.
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Fig. 8. The pyramid of the two planes of the prism.

In Fig. 8 a pyramid is represented formed by the tw

lateral surfaces of the prism, the intersectiore lamd

ZOX plane, rotated with 180for the easiness of the

demonstration.

Also for simplifying the calculation the origin difie
axis system will be translated in the point thatamal-
ised the projection o®’ and O respectively on th&OY
plane.

With these elementspAO;0,0; and AO'O,0O; are
isosceles.

In A O,0,M,
O,M =0,0, Bin% =L Bin%
2 2
and
OM =L m:os% .

The angleO,O'O; is equal to the angla;0.B; and
measurey’. So, inAO,MQO’,

.o _ MO,
Sin— = —
2 00,
It results:
Lsin% Lsin%
00, £ = . (22)
sin:  sin? Etin(QO—%)
2 2 2

From the right triangle\O,0,0’, the following rela-
tions are obtained:

(00 =12+ kT2,

where:
sinA—B
C=

sin% @ino-28)
2 2

Thus, in the right trianglAMO,O':

(OM)? =(0'0,)? -(MO,)? = L2 [TC? - L @inZ% (22)

265
Applying the cosine theorem KO;MO’,
(0,0)*=(O,M)*+(OM)*-2[DO,M [D'M [Eosy

where

y=<0,MO, (23)
2 2rm2_ |2 AB_ 2 2 2 rai 2A75
cOSy:L+L[<D L? [eog ) L* [C? + L? (3in 2 (24)
- 2LcosA—B L -r sinzA—B
2 2
By reduction, we obtain the relationship:
[ E:oszﬁ +12 Bin%

cosy = 2 (25)

—2LcosA—2B L>c? -2 sinA—ZB

The angleO'MO =y . With this notation we have:

vy =180 -y andcosy =-cosy=00/0OM

It results:
OO =O'M [¢osy =
A -2 I]l:o§%+L2 Binzﬁ
:\/LZECZ—LZBinZ—BD 2 2
2
2Lcos% L?[C? -2 sinz%

By simplification it is obtained:

L—Lco§A—2B+Lsin2% sinzﬁ

C_ — 2
00 = =L , (26)
2(:0& co&
2 2
From the rectangulaxMOOQ’, it is calculated
MO? =(O'M)? - (00)?
and we have:
o OB
B sin®—— ‘ 27
MO? = L [T? - L2 it cEP - 2 2y =rwe (27)
2 COS?

From Figs. 8 and 9, displacements on the three axis

are:

Ax=MO, = LsinA7B

Ay=MO=LI[C (28)
sinzA—[3
Az=00'=L— 2
AB
COS?
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[e) X

The mathematic model proposed in the paper presents
a high level of complexity and was created for aggel
case. lts utilization for every particular case alves
important simplifications. Thus, starting from thigath-
ematic model and using the great advantages whieh a
assumed by the computer using, it can be creattadp
ised software which will increase the precision aine
rapidity of the determination and also to perméiraula-

AZ
AX

M

Z

(1]

Fig. 9. The pyramid base representation.

In the relations (28), — is the contact length between
the two half prisms andp is the angular displacement
obtain through the rotation alofgy axes.

d) Deviation from parallelism from the settle pasit
involves o rotation in the three dimensional spacaind
the Ox axes and also a displacement on the principal di{3]
rectionsy, y, z, calculated similarly as in poif.

The deviations presented in the four cases can took
place simultaneously or separately in function x#aal-
tion precision of the two half-prisms.

Because of these, the displacements created by the
three axes must be added. [4]

Because these displacement can take place in both d
rections on every axes for o correct appreciatidhbe
used a vectorial sum and not an algebraic one,huilt
offer the possibility to fulfil the proposed purgosto
take in consideration these errors and to elimiriagen
as much as possible.

It is obtainedA =E<+K/+Ewhere, fori=1-n
identified cases:

(2]

(5]

(6]
(7]

i=1

By=3 Dy, . (29)

pz=) 17 g

5. CONCLUSIONS
9]

Taking into consideration that the device is consid
ered a subsystem of the technological system, itoiast
ing a unit from technologic, constructive and fuocal
point of view, which establishes and maintainsdhien-
tation of the half finished product or of the toalsth
possibilities to assume functions of the machirad-twr
operator, it is necessary a great attention staftom the
design phase regarding the necessary precisiorthend
quality of the component elements. The calculatiohs
the orientations errors generated by the constnuabif
the devices locatorsed.), because of the dimensional
deviation, form and positions of the component elets,
makes it possible the more objective appreciatibthe
orientation errors and also of the installation.one

Failure to take into account the errors generated b
the locators element construction may compromige th
device realization and especially the precision.

tion of the studied phenomena.
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