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INSTALLATION DEVICE FOR FLAT COMPONENT PARTS

When carrying out inside diameter tooling, component parts are fastened directly on the table using simple
adjusting clamping straps and anvils that leads to significant reduce of labour productivity and working accuracy. Design of
machine-tool device, providing a possibility of readjustment of device elements for installation of flat component parts and
plates in certain range of dimensions, provides carrying out of mechanical processing in minimal quantity of placings owing
to increasing of tool availability and provision of multiple-axis machining. For determination of the possibility to achieve size,
shape precision and geometric relationship of “Cover” component part when carrying out surface mechanical processing on
machine accessory, the examination of strain-stress state of “Cover” component part was also realized using SOLIDWORKS
Simulation software. Experimental results of strain-stress state have shown that movement and stress values, originating
during machining process, in offered machine accessory is insignificant, for example, deformations are not greater than 0.3
micron. Device case is the most critical part of the construction that bears all loads, imposed from clamp assembly unit and
all cutting forces during processing. Working accuracy and reliability of force clamp depend on structural robustness,
stiffness and stability of the case. Installation device can be set both on machines table and on mounting plates, included into
different kits of assembly machine-tool devices Thus, manufacturing method is shortened by several operations. Designed
construction of the device for component parts processing provides multicoordinate processing and meets the requirements
of structural robustness, and also significantly reduces expenses of additional and setting-up time.

Keywords: dimensional analysis, positioning, machine accessory, strain-stress state, installation device, flat
component parts.

B.JI. KAPA3EI, K.C. COKOJIAH

XMeNnbHULBKHI HALIOHATBHUH YHIBEPCUTET

YCTAHOBYUM IPUCTPIN AJISI IJIACKHUX JETAJEN

I1id uac 06pobku omeopis demasi Kpinasimucsi 6e3nocepedHb0 HA cmo/i eepcmama 3a doNOM020K0 NPOCMUX YCMAHOBOUHUX
npuxeamieé ma ynopis, wo 3HA4HO 3HUNCYE NpodykmueHicmb npayi i mouHicmb 06pobku. Po3pobka eepcmamHo20 npucmpor, sikuil
3a6e3neyye MoxHCAUBICMb NepeHaNaz00X4CeHHsl eAeMeHmi8 npucmpoio 0151 6CMAHOB8/AeHHsT NJA0CKUX demaseli muny nAocKuxX Kpuwok ma
naum y nesHomy diana3oHi po3mipie dae MocaAusicms 8UKOHy8amu MexaHiuHe o6po6/eHHsl 3a MIHIMAAbHY KiabKicmb yYCMAaHOB0K 3a
PAxXyHOK nideuweHHs iHcmpymeHmanvHoi docmynHocmi ma 3abesneveHHs 6a2amoKoOpOUHAMHO20 06pPOO/eHHA. [lAsi 8U3HAYeHHs
Modkcaugocmi docsizHeHHs: movHocmi po3mipis, hopmMu ma 63aeMHO20 po3mauly8aHHs nosepxoHv demani «Kpuwka» npu nposedeHHi
MEXAHIYHO20 006pO6/IeHHS NOBEPXOHb 3 BUKOPUCMAHHAM 8epCmamHo20 NpUcmpol MAKOXC  BUKOHAHO OO0CAIONCeHHS HAnpyXceHo-
degpopmosaHozo cmany demani «Kpuwka» 3a donomozoio npoepamu SOLIDWORKS Simulation. BeauvuHu nepemiwjeHs i HanpyxceHv, sKi
BUHUKAIOMb Y Npoyeci MexaHi4Ho20 06p0bAeHHS, ¥ 3anpONOHO8AHOMY 8epCMAMHOMY NPUCMPOI € HE3HAYHUMU, Hanpukaad, depopmayii He
nepesuwyroms 0,3 mkm. Kopnyc npucmporo € Hatibinbw 8i0n08idanbHoK 4acmuHow KOHCMPYKYil, Wo cnpuliMae eci HaBaHMaxceHHsl, siKi
npukaadaiomecsi  8i0 esieMeHmMie 8y3/1a 3amMUCKy ma MAakoxc 8ci 3ycuias pi3aHHs npu o6pobaeHHi. Bid miyHnocmi, scopcmkocmi ma
cmilikocmi kopnyca 3a/excumb mo4Hicmb 06po6aeHHs: ma HadiliHicmb 3amuckaHHs demani. 3anponoOHOBAHA KOHCMPYKYIsi npucmpoio
npusHaveHa 0451 6CMAHOB/EHHS MA 3aKpinJAeHHs NPAMOKYMHUX NAUM ma KpUwok, wo 30ilCHIEMbCA 3a donomo2010 npuxsamis.
Yemawnosounuil npucmpiii mMosce 6ymu 8cmaHos/eHull ik Ha cmoji éepcmama, mak i Ha 6a308ux naumax, wo 6xodsimv 00 pi3HUX
KomnJiekmie 36ipHuUx eepcmamuux npucmpois. Takum YuHOM, mexHoA02iYHUl npoyec CKopouyembcsl Ha dekinbka onepayitl. Po3pobaexa
KOHCMpPYKYist hpucmpoio 00380/151€ 8UKOHY8amu 06pobieHHs1 demasell muny naum ma KpuwoKk npu 00HOMY 3aKpin/ieHHi; eidnogidae
YMO08aM MiYHOCMI, @ MAKOHC 3HAYHO CKOPOUYE 8UMPamu 0ONOMINCHO20 Ma nid20moe40-3aKAH1HO20 4acy.

Karwouosi cnoea: posmipHull aHaais, posmiujeHHsl, eepcmamui npucmpoi, HanpysjceHo-depopmosaHull cmaH, ycmaHo8OYHUL
npusad, naacki demadi.

Introduction

Big amount of flat and different thin component parts, such as covers, planes, knee bends, backing blocks,
etc., are used on Krasyliv engineering plant (Krasylivskiy agregatnyi zavod) in product design.

Main operations of manufacturing method during fabrication of component parts are inside diameter
tooling: drilling, hole enlarging, thread forming, reaming.

When carrying out inside diameter tooling, component parts are fastened directly on the table using simple
adjusting clamping straps and anvils that leads to significant reduce of labour productivity and working accuracy.

The goal of this article is design of machine-tool device, providing a possibility of readjustment of device
elements for installation of flat component parts and plates in certain range of dimensions, provides carrying out of
mechanical processing in minimal quantity of placing owing to increasing of tool availability and provision of
multiple-axis machining.

The objective lies in increasing of working accuracy of component parts and in improvement of installation
device for components setting. The construction of machine-tool device, providing realization of part processing of
such component parts as plates and covers under conditions of one fastening, and also shortening time consumptions
for readjustment, is proposed in this article.

Background

Selection of component part locating chart depends on geometric shape and design features of pieces
(existence of flat surfaces, throats, apertures, etc.), size precision, form accuracy and three-dimensional positioning
of surfaces relatively to each other, quality, surface roughness and toughness.

134 Herald of Khmelnytskyi National University, Part 1, Issue 4, 2020 (287)




TexHiuHi HayKu ISSN 2307-5732

Different device locating charts on NC machines were analyzed, and on the grounds of this analysis,
locating chart along three axes was chosen (in coordinate angle). Herewith intermediate product losses all 6 degrees
of freedom. Ground plane, processed to-a-finish, acts as main base, lateral service acts as guiding base and end
surface acts as resting base. Such locating chart is the simplest, the most reliable and accurate.

Inasmuch as inside diameter tooling operation is finishing when manufacturing given component part, its
positioning on supports is carried out via processes bottom surface, which is main base.

Main quality parameters of inside diameter tooling are the accuracy and reliability. Accuracy of machine-
tool device determined realization of indicated size precision parameters, departure from normal and location,
distortion and undulation of processed surfaces of intermediate product.

Objective

Accuracy calculation of machine-tool devices is carried out on the basis of the theory of dimensional
sequences. The last link of dimensional sequence is a requirement to size precision, geometric relationship or
geometric form of processed component part.

We carry out dimensional analysis of

component part when basing it in coordinate O o o O ]
angle foremost for purpose of reaching N 4
processing accuracy of the distance between \\ __,J |
axes [1]. o R
Chart of dimensional chains of
“Cover” component part is indicated on fig. 1. L
Main  process tasks for  this |
component part is receiving accurate via N
openings and distance between axes. In given J
component part the largest requirements are ]
laid down to following surfaces: ﬁ A ‘Y
1) Cylindrical surface @20H70.023), | & 7 | ]
2) Cylindrical surface @10H7¢0.015), ] AT T
3) Distance between axes of openings oy B _ =~
@10H7 and @20H7 30,0 + 0,025 mm (IT7). Q % . AA Q

Hereafter the row A will be under
examination. Number of links in A row is not A2
greater than 4, that is why the calculation will
be done according to the method of complete
interchangeability [2].

Fig. 1. Dimensional chains of “Cover” component part

n m
Nominal value of master linkis A, =Y A,. —> A,
i-1 =1

n m
Clearance of master linkis TA, =Y TA, + > TA,
i=1 j=1
Upper and lower deviation of master link is calculated by following formulas:

ESA, =ESY> A_-EIYA : EIA =EIYA_-ESY A ;
i=1 j=1 i=1 j=1

A =35, m, A, =43£0125mm,

1. A,=A + A =35+43=46,5(mm)

2. TA, =TA +TA,; from whence TA, =TA, —TA =0,25-012=0,13mm -
corresponds to 10 accuracy degree for the dimension A, = 46,5 mm.

3. ESA, =ESA, —EIA ,ESA, =ESA, + ESA, = 0,125 + (—0,12) = 0,005 (mm);

4. EIA, =EIA, —ESA ; EIA, =EIA, + ESA =—-0,125 + 0 =—0,125 (mm).

5. A, :46,5fg"fgg (mm).

6. In a similar manner the calculation of all other links will be done.

Analysis of dimensional chains calculation shows that all unknown technological dimensions, which have
to be carried out when locating component part in the device (in coordinate angle), lie within the limits of tolerance

range from 7% to 13" accuracy degree, and this value is admissible and doesn’t perplex manufacturing method of
processing.
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For determination of the possibility to achieve size, shape precision and geometric relationship of “Cover”
component part when carrying out surface mechanical processing on machine accessory, the examination of strain-
stress state of “Cover” component part was also realized using SOLIDWORKS Simulation software.

The model of component part was approximated by regular grid, consisting of triangle prismatic finite
elements. Component part material is structural steel 45, TOCT 1055-80, elastic modulus is 2x10'! Pa, Poisson’s
ratios is 0.32.

Information about the grid for the component part is indicated in table 1.

Table 1
Information about the grid for component part
Type of grid Grid on solid body
Used spacing Standard grid
Automatic grid seal Off
Jacobian points 4 points
Size of the element 2,9447 mm
Tolerance 0,147235 mm
Total number of units 14596
Total number of elements 8456
Maximal interrelation of sides 2,5999

ESTRN

11420004
1,047e-004
L 9519005
- 8.5636-005
. 7.616e-005
_ 6:6656-005
| 5.714e.005
| 47626-005
L 38116005
| 28606-005
1.5086-005

95716006

5833¢-008

Fig. 2. Component part relocation under the effect of 1000 N cutting force Fig. 3. Stresses in component part under 1000 N cutting force

LT Relocations and stress, originating in component
[ — parts under conditions of different stresses on supporting
surface during processing are determined, and elements of the

system relocations under the action of cutting force are
determined. Cutting force values, effecting on the component
@ @ part are the following: maximal tension of component part
f <) _ drilling is P, =1000 N, minimal tension of component part
A A S drilling is P, =400 N.
&

= Device case is the most critical part of the

3 . .
@ ( construction that bears all loads, imposed from clamp

¢

Working accuracy and reliability of force clamp depend on
structural robustness, stiffness and stability of the case.
A4 Device for flat component parts fastening consists of
i bearer —coordinate plate with dimensions of 400x250x40 mm.

< Accurate via openings with diameter of 12 mm
(O12H6) are made in the plate and they create grid of
openings at 40 mm intervals. Thread bushings are pressed into
the openings on depth of 15 mm, and they serve for setting of
fastening elements (fig. 4).

Accurate cylindrical openings are determined for base
of cylindrical fingers. Flat head cylindrical fingers are chosen

) @)\_] assembly unit and all cutting forces during processing.

a4
[}
A

Falie!
ks M
{137

dgf -

i

M-y as setting element.
_ : : Three setting cylindrical fingers with flat surface
Fig. 4. Segment of installation plate (forming main reference surface) and three cylindrical fingers,

creating coordinate angle, are set on the plate. Component part
is driven to the contact with these elements. Component part fastening is carried out by means of two clamp straps,
fastened on the plate in thread bushing. The plate is based on machine table with the help of two spline keys.
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Device construction in question is designed for setting and fastening rectangular plates and covers, carried
out by clamp straps. Installation device can be set both on machines table and on mounting plates, included into
different kits of assembly machine-tool devices [3].

Results

Experimental results of strain-stress state have shown that movement and stress values, originating during
machining process, in offered machine accessory is insignificant, for example, deformations are not greater than 0.3
micron.

After piece chucking, the unite system, which includes piece, supports and body frame of the device is
created.

Research results of strain-stress state have shown that relocation and stress values, originating during
mechanic processing, in proposed machine-tool device are less than standard ones.

Such technical solution in combination with rotating table of the bench provides realization of all drilling,
milling and boring operations under conditions of stable fastening of the component part in one complex operation,
carried out on processed center with CNC. Thus, manufacturing method is shortened by several operations.

It is confirmed, that designed technical solutions redound to intensification of technological process of
mechanical processing and don’t initiate deterioration of accuracy rate.

Conclusions

Carried out researches of strain-stress state analysis have shown that designed construction of the device
for component parts processing provides multicoordinating processing and meets the requirements of structural
robustness, and also significantly reduces expenses of additional and setting-up time.

The task lies in increasing of the accuracy of component parts processing and in improvement of the
construction of installation machine accessory. The article offers construction of machine accessory, which provides
processing of component parts, such as plates and covers in single fastening and provides shortening of time
consumption for readjustment.
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