TOPANFbIPOB YHUBEPCUTETIHIH
FblJIbIMU XKYPHAIbI

HAYYHbIN XXYPHAN
TOPAUIrbIPOB YHUBEPCUTETA

KASAKCTAH FblJIbIMbI
MEH TEXHUKACHDI

2001 XXblJIOAH BACTAI WbIFAObI

TORAIGHYROV
UNIVERSITY

HAYKA U TEXHUKA
KASAXCTAHA

N3OAETCA C 2001 TOOA

ISSN 2788-8770

Ne 3 (2021)

NABJIOOAP



HAYYHbIA XXYPHAN
TOPAWUIbIPOB YHUBEPCUTET
BbIXOAMT 1 pa3 B KBapTan

CBUOETENLCTBO
0 NMOCTaHOBKE Ha nepeyyeT Nepuoanyeckoro neYaTHoro n3gaHus,
MHMOPMAaLIMOHHOrO areHcTBa 1 CETEBOTO U3aHus
Ne KZ51VPY00036165

BblAaHO
MuHncTepcTBOM MHpopMaL M 1 o6LLECTBEHHOTO Pa3BUTUS
Pecny6nukn KasaxcrtaH

TemaTuyeckas HanpaBneHHOCTb
My6nvkaunsi Hay4YHbIX UCCREeA0BaHMI NO LLMPOKOMY CMEKTPY npobnem
B 06nacTu meTannyprim, MallMHOCTPOEHUS, TpaHCcnopTa, CTPOUTENLCTBA,
XUMUYECKON 1 HeddTerasoBoW MHXEHepum, MPOM3BOACTBA NPOAYKTOP NUTaHWSA

MoanucHon nHaekc — 76129

https://doi.org/10.48081/EZKZ4794

Umnakr-cpaktop PUHL - 0,344

Abuies KanpaTtonna KanponnuHoBmY — K.T.H., Npodheccop (rnaBHbIN peaakTop);

KaceHoB Acbinbek XXymabekoBud — K.T.H., Tpodeccop (3amecTuTeNb rNaBHOro peaakropa);
MycuHa XKaHnapa KepeloBHa — K.T.H., npodeccop (OTBETCTBEHHBIN CeKpeTapb);
LLlokyb6aeBa 3aypeLu XKaHaToBHa — TEXHUYECKUI PefaKTop.

YneHbl peAaKLMOHHOW KOJINerum:

Kannaknapos Antaw 'vHaynnuHoBuy — A.T.H., npodeccop (Hyp-CynrtaH, KasaxcTtan);
Kneuenb Mapk AkoBnesuy — A.7.H., npodeccop (Maenoaap, Kazaxcran);
LLlepos Kapubek Taraesndy — A4.T.H., npodpeccop (Kaparanga, Kaszaxcran);
Boromonoe Anekceln Butanbesuy — k.T.H., accou. npodeccop (Masnogap, KasaxcraH);
Kaxunbaesa Nanus TyneyeBHa — K.T.H., npodpeccop (Masnogap, Kasaxcran);
3apyb6exHble YneHbl peAaKLMOHHOMW KOMnerum:

Baigang Sun — npodeccop (MekuH, Kutan);

Gabriele Comodi — PhD, npodeccop (AHkoHa, MTtanus);

Jianhui Zhao — npodeccop (Xap6buH, Kutan);

Khamid Mahkamov — A.T.H., npodbeccop (Hbtokacn, Benvkobputanus);
Magin Lapuerta — 4.71.H., npodpeccop (Cbtoflag Pean, Vicnanus);

Mareks Mezitis — A.7.H., npodeccop (Pura, llateus);

Petr Bouchner — PhD, npodeccop (IMpara, Yexus);

Ronny Berndtsson — npodpeccop (flyHa, LBeuns);

Bap3os Anekcanap AnekcaHapoBuY — A.T.H., npodeccop (Mocksa, Poccus);
ButBuukuii EBrennn EsreHbeBuy — A.7.H., npodeccop (Omck, Poccus);
MBaHunHa Omunusa mutpuesHa — A4.T.H., npodeccop (Tomck, Poccus);
Ilazapes Bnagucnas EBreHbeBuy — A.T.H., npodeccop (YensbuHck, Poccus);
MsirkoB, JNleonung JIbBoBuY — A.T.H., npodgeccop (Mockea, Poccus);

AntowknH Anekcangp CepreeBud — A.T.H., npodeccop (HYebokcapbl, Poccust)
Pe6esoB Makcum Bopucosuy — a.c/x.H., npodeccop (Mocksa, Poccus).

3a LOCTOBEPHOCTb MaTepurarnoB 1 peknamMbl OTBETCTBEHHOCTb HECYT aBTOPbI U peknaMoaaTtenu
Penakuusa octaBnsieT 3a coboii NpaBo Ha OTKIIOHEHUE MaTepuarnos
Mpu “cnonb3oBaHMK MaTepUarnoB XypHana ccbifika Ha xypHan «Hayka n TexHuka KasaxctaHa» obsizaTenbHa

© TopalirbipoB yHuBepcuTeT



HAYKA N TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 3, 2021

SRSTI 55.19.03; 55.31.29

https://doi.org/10.48081/XQG0Q2851

*A. Zh. Kassenov', A. S. Yanyushkin?, A. V. Mazdubay?,

D. A. Iskakova?, T. L. Yevtushenko®

1343Toraighyrov University, Republic of Kazakhstan, Pavlodar;

*Chuvash State University after I. N. Ulyanov, Chuvash Republic, Cheboksary

DESIGN OF SHAPED CUTTERS

The article proposes an algorithm for designing round shaped cutters by
graphical and analytical methods. Depending on the shaped profile of the part, this
algorithm systematizes the calculation and allows you to apply a unified approach
and easily automate it.

The purpose of the design is the possibility of automating and reducing the
calculation time of shaped cutters and is based on determining the radii of the nodal
points of the shaped cutter through projections between the nodal points on the
horizontal plane.

A feature of the proposed algorithm for calculating shaped cutters is the
consistency and the possibility of automating calculations that are simple and visual.

Keywords: round shaped cutter, graphics, profiling, analytics, design, calculation
algorithm.

Introduction

The existing methods of designing flat form tools [1-5] are not characterized by
universality, and for each cutter profile there is needed a separate diagram of designing.

The purpose of developing a new method of design is the possibility to automate
and to reduce the time of designing flat form tools with a baseline.

The tasks of the new method of design are: developing a methodology of graphical
and analytical design of a flat form tool with a baseline, using it in practice and publishing
articles for the methodology dissemination in the practice of tools manufacturing.

In spite of the wide introducing of CNC machine tools machining complicated part
shapes, the practical use of form tools is widely spread, therefore the new method of
analytical and graphical shaping of form tools with a baseline for more accurate parts
machining is expedient and will be used in future.

Substantiation of the Study Line

There is no graphical shaping of form tools with a baseline in the literature on
cutting tools, namely, on form cutters [2, 4, 6]. In [5, 7] there is presented the design
of a flat form tool based on determining the tool junction points radiuses through the
projections between the junction points on a horizontal plane.

At this the design diagram is not unified but strictly individual for each part profile.
This does not permit to build a unified design algorithm and to automate the design. There
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has been developed a method of graphical and correction analytical design of form tools
with a baseline. A characteristic feature of the suggested method is its system and possibility
to automate designing. Graphical shaping is simple, visual and easy to understand [8—12].

Methodological Approach

In the new method of graphical shaping there are considered three projections of a
flat form tool in the working position and one view by the arrow K, directed at the angle
y (frontal angle) to the horizontal plane perpendicular to the workpiece axis, along the
front surface (Figure 1).

Figure 1 — Graphical shaping of flat form tool

Results and Discussion

For graphical shaping it is necessary at the beginning to draw the baseline on the
frontal projection of the shaping diagram (Figure 1, line 3—6 lying in the horizontal plane
passing through the workpiece axis and coinciding with the generatrix of the workpiece
cone). After this there is begun graphical shaping of a form tool.

First step. There are found points 3’ and 6’ limiting the baseline on the view K. To
do this from points 3 and 6 on the frontal projection at the angle y (by arrow K) there
are drawn lines with arrows marked by figures 1 in a circle for obtaining points 3’ and
6" on the view K at the crossing of the lines with arrows 1 with the boundaries of the
part stepping points.

Second step. Line space 3'-6' stretches to both sides (to the right and to the left on
the view K) for obtaining the extremities of the form tool blade /" and 5'. The obtained
line space /'-35’ (straight line) is a projection of the complicated blade of the form tool on
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the view K coinciding with the trace of the tool frontal surface on the perpendicular to
the plane frontal surface. Points /', 2', 3', 4', 5', 6" are the points obtained at the crossing
of the frontal surface of the corresponding boundaries of the form tool shape stepping
points. They are the junction points on the view K. The lines of the graphical shaping
second step are marked by arrows with figures 2 in a circle on the view K. Points 3’
and 6’ position is defined by the angle ¢ , i.¢. the angle of the frontal surface inclination
along the form tool with a baseline axis. Angle ¢ = ¢ _is determined graphically and is
verified analytically in the correction design of the tool profile.

Figure 2 — Analytical shaping of flat form tool

Third step. From points /" and 5’ there are drawn the lines parallel to the lines with
arrows /, in the opposite direction, till crossing with the circles drawn through the
corresponding junction points for obtaining points / and 5 on the frontal surface of the
design diagram. The third step is marked by lines and arrows with number 3 in a circle.

Fourth step. Through points 3 and 6 on the frontal projection there are draw the
lines parallel to the lines marked by numbers / and 3 (at the angle y) till crossing with
circles of 7, , and r, ; radiuses for obtaining points 2 and 4. These two lines and arrows
are marked by number 4 in a circle.

Fifth step. Points / and 2, 4 and 5 are connected by the segments of circles with
radiuses 7, ,and r, , respectively. Radiuses r,, and r, ; are projections of the cutting
edges of a flat form tool inclined relative to the axis and generatrix due to the frontal
surface grinding at the angle ¢ . To do this the back surfaces finishing when making
a form tool, is to be performed using a grinding wheel-disc shaped by radiuses 7,
and r, .. After the fifth step there is obtained a projection of the complicated cutting
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edge 1-2-3-6-4-5 — of the form tool on the frontal plane. The fifth step is marked by
number 5 in a circle.

Sixth step — defining the profile depth at various stepping points of the form tool.
This step is marked by number 6 in a circle. The remaining steps have the purpose of
building the other projections of the form tool cutting edges. The profile depth for each
point is a distance from a point to the most extruding section of the back surface (at point
) on the frontal plane. From each point there are drawn the lines parallel to the back
surface at the angle o, , and between them there are measured distances 2, h, h,, h, h,
h, which are the result of graphical determining the profile dimensions of the form tool.

On format A4 the diagram in Figure 1 is small, therefore it is recommended to look
at the diagram element (frontal projection, Figure 2) in Figures 2 and 3 where there are
clearly seen all the relations between the diagram elements and the needed dimensions.

Seventh step. From points /7, 2, 4, 5 of the frontal projection (figure 1) there are
drawn horizontal lines for determining points /", 2", 4", 5" on the profile projection by
means of crossing the lines with arrows 7 in a circle with the boundaries of corresponding
stepping points of the form tool (see also figure 3 with the view K).

Eighth step. Point /" is connected with point 2", point 4" is connected with point 5"
— there are obtained blades /”-2" and 4"-5" of the edge stepping points of the form tool
on the profile projection. The eighth step is marked by arrows with number § in a circle.

Ninth step. From points 3 and 6 on the frontal projection there are drawn horizontal
lines (they are combined in one line) for obtaining line space 3"-6"" (baseline projection
on the profile plane). The line of the ninth step due to combining two lines is marked
by a figure with two arrows and marked by number 9 in a circle.

Tenth step. There are connected points 4" and 6", 2" and 3". There is obtained a
projection of the complicated cutting edge of the form tool on the profile projection:
1"-2"-3"-6"-4"-5". The tenth step (drawing lines 4"-6" and 2""-3"") is marked by number
10 in a circle.

Eleventh step. From points /, 2, 3, 4, 5, 6 on the frontal projection there are drawn
vertical lines marked by number // in a circle till crossing with the junction points of
the tool projection on the horizontal plane, there are found points /', 2", 3", 4", 5",
6"" of the complicated cutting edge of the form tool on its horizontal projection.

Twelfth step. There are connected points /" and 2", 2" and 3", 3" and 6", 4"
and 5" by the lines with arrows marked by number /2 in a circle. There is obtained
the projection of the cutting edge of the form tool on its horizontal projection: /"'-2""'-
3"-6""-4""-5"".

The form tool cutting edge in the plane of the frontal surface with inclination ¢
relative to the workpiece cylinder generatrix (horizontal plane) corresponds to the
elliptical line (cylinder section by the inclined plane). The form tool cutting edge is
to be elliptical, concave in this section. To ensure these conditions in the cutting zone
and obtaining the preset cylinder on the workpiece, the form tool final shaping is to be
performed by a finishing wheel-disc with the profile radius equal to the radius of the
workpiece cylindrical segment, with placing the finishing disc axis relative to the form
tool frontal surface at the angle ¢ , or by a wheel — disc specially charged, with another
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diagram of shaping. In this case there is easily ensured theoretical of machining and
there is not introduced any error.

This stage of the form tool designing can be performed, as a rule, only after graphical
shaping and determining the form tool junction points position. Therefore an obligatory
requirement is the form tool graphical shaping. Of course, a design diagram can be built,
if there is enough experience, without graphical shaping but this is for trained specialists.
For the design visualization and simplification of its automation it is divided into five
steps (stages) — Figure 2 and 3.

First step. Determining the distances from the form tool profile junction points
on the frontal surface to the workpiece axial plane parallel to the frontal surface, and
projections of the distances between junction points on the plane parallel to the lateral
sides of the form tool and perpendicular to the workpiece axis, parallel to the frontal
surface (Figure 2).

Projection 1-2=1"-2"=1"-3"=L,- 3" = {"1ge ;

Projection 2°-4’ = 3’-4*=2-6"=3"-6" =L, - 6' = {,"tge ;

Projection 4’-5°=6’-5" =L, — 5 = { "tge ;

Distance D, — 2 = r.sinf ;

Distance D,~3=D,-2=0/-3"=0,/~2"=r siny,

Distance D -~ 1=0,'-1"=(0,~2")—-(1"-2")=(0,'-3")—(1"'-3") =r,siny —  "ige,

Distance D,.—-5=0/-5=(1"-5)+(©O/-1")=(L ,-3)+(L,-4)+([L,-5)+
(rsiny —Lige )= (€ + L+ 0" )ige + rsiny — L lge = (0 '+ 0 )ige +rsiny;

Distance D,~4=D,~6=(0 - 1")+(I’-4)= (0 - 1")+(1’~6") = r,siny — € "1ge
+ (0,1 + €,ge, = rysiny + L 'ige, =r sinf, = r siny,

€, £,, L, —are axial dimensions of the form tool profile; at the end stepping points
there should be taken into account additional cutting edges.

Second step. Determining intermediate angular parameters fi for designing auxiliary
dimensions Ai (figure 2).

Sing, = (D, - )/r, = (O, = 1")/r, = (rssiny — £" tge )/r ;

Sinf, = (D, - 2)/r, = (0, - 2")/r, = (r,siny)/r;

Angular parameters for the baseline points: =y, B, = 7;

Sinf, =[(D,-4)=(D,-6)= (0, - 4))/r, = (r;siny + L "tge )/r,;

Sinf, = [(D,—35) = (0, = 5")]r, = (r;siny + (£* + £,")tge )r;

Third step. Determining auxiliary linear parameters Ai (figure 3).

A =rcosf; A =r.cosf,; A, =r.cosy,

A, =r,cosp; A =rcosp; A, = rcosy.

Fourth step. Determining auxiliary linear parameters Ci

C,=A,—A =rcosf,—rcosp, =r ,(cosp,—cosp);

C,=A,—A =rcos(B,=y)—rcosp,;

C,=A,—A =rcosp,—rcosp;
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C,=A,— A =rcosp.—rcosp;

C,=A,—A =rcos(B,=y)—rcosp,

Fifth step. Determining the tall dimensions of the flat form tool in the direction
perpendicular to the back surface (Figure 3).

Figure 3 — Analytical shaping of flat form tool

Due to a large drop between points / and 2 in figure 2 and scale distortions that
always have place with an abstract workpiece profile, dimension C,, obtained in Figure
2, turned out to be on the left of point /. With reducing line space 2—3 to the left there
will be point /, then the location of Ci and 4i will correspond to each other and Ci sign
will be positive. However, with negative value of the calculated dimension Ci, the Ai
dimension will be correct, as in the Figure it takes a corresponding position and there
are actual ratios between 4, and C,.

h, =C cosc; h, =C,cosc; h, =C,cosoc;

h, =C.cosc; h, =C cosc, 6 =a, +y,.

All the tool parameters have been designed.

Thus, there has been obtained graphical shaping and calculated parameters — twelve
steps; correction analytical shaping of a flat form tool — five steps.

Conclusions

1 There is suggested a simple and visual method of graphical and correction
analytical design of flat form tools with a baseline.

2 Graphical shaping of a flat form tool consists of twelve stages.

3 Correction analytical shaping of a flat form tool includes five steps.
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4 The characteristic feature of the suggested method of designing circular form tool
with a baseline consists in the system and unified approach.

5 The method permits to reduce labor intensity of designing flat form tools with
a baseline.

6 The developed method of graphical and correction analytical design of flat form
tools with a baseline permits to automate the design easily.
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HIMMITHAI KECKIIOTEPAI 7)KOBAJIAY

Maxanaoa epaguranvik HcoHe AHATUMUKATBIK 90ICMEPMER 0OH2eaeK NiUIHOI
Keckiumepoi dHcobanay aneopummi ycoviHvlizan. boruwexmiy niwindencen npoghunine
batinanvicmol Oyn  aneopumm ecenmeyoi Jcyueneuoi dcone Oipvin2ail mocinoi
KOJLOAHY2a JCOHE OHbL OHAU AGMOMAMMAHObIPY2a MYMKIHOIK Oepedi.

Kobanay  maxcamvl —  niwiHOi  KeckiwmepOi — ecenmey  YAKblMbIH
ABMOMAMMAHOBIPY JHCOHE KbICKAPMY MYMKIHOIST JHCOHEe KOIOEHEH JHCa3bIKMbIKmaabl
myUin HyKmenepi apacvlHOazvl NPOEKYUSIAP APKbLIbL NIUIHOI KeCKIUWUmIK myuiHoIiK
HYyKmeaepiniy paouycmapulii aHbIKmayaa He2iz0ecen.

1iwinoi keckiwumepoi ecenmeyOiy YCbIHbLI2ZAH AICOPUMMIHIK epeKueniei — Oy
JHCYUENINIK NeH KapanauvlM JcoHe MYCiHIKmi ecenmeynepoi asmoMmammanoblpy
MYMKIHOIEL.

Kinmmi coe30ep: 0oneenex niwindi keckiw, epaguxa, npogunvoey, anaiumuxa,
acobanay, ecenmey an2opummi.
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IMPOEKTUPOBAHUE ®ACOHHBIX PE3L1OB

B cmamve npeonacaemcs aneopumm npoekmuposanusi Kpyeavlx HacoHHbIX
Pe3y08 epapuyeckum u AHATUMUYecKum cnocobamu. B 3agucumocmu om ¢paconnozo
npouna demanu, OAHHBIL AI2OPUMM, CUCMEMAMUIUPYEM pPACHém, NO360a5em
NpUMEHUMb YHUDUYUPOBAHHBITE NOOX0O U 1E2KO €20 AGMOMAMUUPOSAND.

Llenv npoekmupoganus — 2mo 603MONCHOCMb ABMOMAMUAYUU U COKPAUEHUS
6peMenl pacuéma (HAcoHHBIX pe3yo8 U OCHOBAHA HA ONpedeneHuUu paouycos
V3108bIX MOYEK (PACOHHO20 pe3ya yepe3 NPOeKyun Mexncoy Y3n08blMu MouKAMU Ha
20pU30OHMANLHOU NIIOCKOCTIU.

Ocobennocms npednazaemoco aiopumma pacyéma (acoHuvix pes3yos — dmo
CUCIEMHOCb U BOZMONCHOCHIb ABMOMAMU3AYUL PACYEMO8, KOMOpble ABNAIOMCA
NPOCMBIMU U HALTSAOHBIMIL.

Kniouesvie crosa: xpyenviii gpaconmwiil pesey, epaguka, npo@uiuposauue,
AHATIUMUKA, NPOEKMUPOBAHUe, dI2OPUMM pacyémad.
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