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Abstract: This article shows a principled approach throughpbgation of the method of wrapping the
treated surface in its variety - a method of cogtilesign - to profiling the work of the disc cutter cut-
ting gears with larger modules &hOmm). Their requirements for accuracy and rougbrigghe gears’
side surfaces are not very high, due to the nabirevork, as they are used to drive different types
drums in the cement, mining, food and other indestr

This profiling approach allows to be manufacturegrafabricated disk cutter, which has some very im-
portant advantages, such as lower manufacturind, s ple forms of the body and teeth (usually @lan

and rotational), better productivity, which is astét of sharply ground teeth.
In the paper is also shown a construction of a gieabricated cutter, designed by the authors cilis
used for milling of teeth of a gear with moduler2® (m = 20 mm).
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1. BASICSOF THE METHOD OF STRUCTURAL
WRAPPING

Profiling the teeth of prefabricated disk cutterajs
propriate to use the method of structural wrapgimen-
centroid wrap) [3 and 4].

Profiling the teeth’'s working part of the tool is s
consistently cutting teeth to wrap the tooth peofif the
cutting wheel. Each tooth of the router has a rhffie
profile angle defined so that its side cutting edge
(blades) to touch the face involution surface.

When using this method of profiling the cutter's
blades are accepted as rectilinear [5]. Straigie sut-
ting edges of the cutter can be maintained as suoldss
the rear surface is formed flat, i.e. disc cutesth are
formed as sharp.

To determine the profile angle in any point of @t
of the side cutting edge of disk cutter to a tooftthe
wheel is introduced a coordinate system with or@iof
the sprocket wheel axis and axisyy, which halves its
tooth gap (Fig. 1).

Major influence on the size of the profile anglettod
cutting teeth has the disk cutter teeth nunzger

Contact of the cutting edges of the teeth in qoesti
happens to involute profile at fixed points depend
 radius of the point of the wheel involute profile;

» profile angle of the tooth cutting edge.

When adopted number of teetl) value of thei-th

radius is:
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Fig. 1. Calculation scheme for profile angle determination.
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Profile angleyy of tooth, which contacts in the point g =Pu -5, .
N, is formed between the tangent to this point gblate T ®)
profile and the vertical axi®y, of the wheel's teeth gap. .

It is determined by the relationship: wherep,; andS,; are step and tooth thickness of the core

circle of the wheel.

"IJN :aN +9N +eb1' (2)
2. DETERMINATION OF PROFILE ERROR OF

Parameters in equation (2) are determined by formu- WHEEL TEETH

las given in [1]: To determine the error that will be received by the
B r, ). enveloping surface formed by rectilinear cuttingtieof
o, =arccos-"— 4 (3)  the cutter and theoretical involutes profile of geais
N necessary to determine their mutual dispositioatined

8, =tana, —a,; ) to one another.

y A Rz

Fig. 2. Scheme for error determination of the involutefipgmf the gear.
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Fig. 3. Determination of the involute profile error.

The lateral involute surface of the worked geathpo
which is obtained by the method of coating (nonceedt
wrap), is a result of the successive positionsofilinear
cutting edges of cuttel and/, (Figs. 2 and 3).

The maximum error of the side evolving profile of
the gear cut is obtained from the intersection fpofriwo
adjacent cutting teeth of the tofaland¢, in pointN and
involute line of the tooth M, examined incOy coordi-
nate system (Fig. 3) marked wita.
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The coordinates of poirid; (X, y1) and pointN, (x,,
y») at given development angleg, andvy, are defined
as:

for pointN;

Xy, = Iy, SN0,

le = er ICO£N1’

for pointN,

Xy, = Iy, -SINO,,

yNZ = rN2 CO@NZ’

for the linet;

Yi=a.x+h, 9)
whereb, =y, —a.X,.
- for the linet,
yZ = aZXZ + b2’ (10)
whereb, =y,, — a,.X,,-
The intersection point of two lines (N) is:
. 2hb
%A (11)
y -ha-ha
a-&

The shortest distance from poiNtto the involution
line is the segmemMiM (Fig. 3).

Line ¢, which osculates the involute in poilt, joins
anglevy with the ordinatey axis. According to the theory
of involute gearing, this angle is the angle ofalue
development:

_T_
VM - 2 B! (12)

The equations of two adjacent side cutting edges of

the disk cutter, depicted by linésand¢; are [2]:
for the linet;

Yo~ Ya = (% = %), (6)
T
wherea, = tar(i - le] O
- forthe lines,
Y, " Y :az(xz_XNz)’ (7)
where a, = tar(l; - szj O

Anglesvy; andwvy, (Fig. 3) are the involute develop-
ment for the corresponding points and are detemhine
using the dependence:

(8)

v, =0a, +6,.

wheref3 = arctarE—le Yne J O
Xyy — X

The parameters of sectidh— radiusy, profile angle
ay and involute angl®y, when they are from the invo-
lute line, should be determined in an iterative n&ar{3],
so as to comply the equation (12).

The coordinates of poitl in the coordinate system
xOy are defined as [1]:

NL - N2

X, =T, Sin,,

13
y, =T, cos9,,. (13)

The equation of line, which passes through point M,
is:
y-vy, =a, (x—xN| ) (14)

To obtain the equation (14) in the Cartesian fofm a
ter its processing:
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Fig. 4. Structure of a prefabricated disk cutter: 1 — agttiooth; 2 — pressing cotter;
3 — screw; 4 — body.

y=a,.x+b,, (15)

where a,, =tanp is the angular coefficient of the line
bM = Yu T8y Xy

The distanceNM is the maximum deviation (error)
of R,, which is obtained for the profile of the gear,amh
in profiling of cutting teeth is applied the methadith
noncentroid wrap and is defined as:

RZ —_ yN _aM'XN _bM
Ja, +1

In formula (16) by substituting the value of thegan
lar coefficient of the line, which passes througlinpM,
the discrepancy is obtained:

O (16)

_ Yy —tanB.x, —b,
Jang) +1

0 (17)

Estimated maximum deviation should be less than a o
lowable one, determinate according to the degree of"'®' -

accuracy of the gear:

R=<[R]=T,, (18)

3. APPLICATION

The construction of the prefabricated disc cuttler,
signed by the authors, is shown on Fig. 4. Theiafigc
of this construction is, that the joining surfagesthe
body 4 (Fig. 4) and the cutting tooth 1 are plankeis
gives advantages in the constructive forming, #evis:

< the plate joining surfaces are easy for technoligic
manufacturing;

» universal machine tools are used;

e precise measuring tools are used for their control.

The realization of elementary plane surfaces of the
tooth of cutting part and joining surfaces is méaeugh
using sharpening device, shown on Fig. 5. Grindihall
surfaces is made on a universal flat-grinding maghi
and it is an essentially technological advantagedali-
zation of the tool.

The back surfaces are three — left and right saté b
surfaces and back surface to the top. The lastiotie
same for all teeth of the tool and that's why trare
sharpening simultaneously. The side back surfaces,
which have different profile angle, are sharperasghe
|_basic plate 1 of the device (Fig. 5) is used asusi
This gives the possibility the profile argto be
obtained with high precision.

Using tool for rough working, for which the main
characteristics is that teeth have the same fominsare,
the device is manufactured in such a way whichaabdi
back surfaces of the disc cutter teeth to be shangth.

where f, is the error of involute profile of the gear This guaranteed uniformity of the size received trer

tooth.

possibility to be replaceable during usage, too.
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Fig. 5. Device for sharpening of the teeth of prefabricatisd cutter:
1 - basic plate; 2 — rack.

Fig. 6. Specimen of the disc cutter prefabricated modufe20 mm.

The outer diameter should be selected as highss po  Having general increase of the cutter teeth number
sible anq its maxi'mum \{alue.depen'ds on the_concretwill bring to increase number of simultaneously king
teeth-milling machine. Using higher diameter fogigen  teeth. In this way the dynamic loading of the syste

module, the diameters of the arbors’ holes, resg8yt  throygh the teeth-milling process is improved.
arbors of the machine tool, have to be increaséd i We should not miss the negative influence of insrea

the way to increase the stability of the tool dgriits ing outer diameter, either — it increases the neeithe

work for cut into the tool
Having higher outer diameters, the number of teeth u ol.

could be increased, too. This influenced auspicions 0. When select the outer diameter we have to &im a
the preciseness of the profile of the gear teeticabse its increase, but having in mind the time for aubithe

the number of tool's teeth forming the real profiethe ~ tool, or seeking after a rational variant in outeameter
gear teeth is increased. choice.
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Using a trial model of prefabricated disc cutter fo involute profile are formalized such a level, thas
rough cut (Fig. 6), are made tests in the factofy o possible to develop a software system by which to
heavy engineering — Ruse. It was processed a baar, alleviate iterative process of calculation and iover
ing characteristics as follows: the results.

* module -m=20 mm, 4.2. The developed modular disc cutter could be used for
« number of teeth 2, = 58, clean and rough machining of gears with modules
« wide of teeth ring b = 400 mm, m>15 mm.

« material — steel 45L. 4.3.By rationally constructed basic elements of prefabr

The gear has been cut in milling machine ZFWZz cated disc cutter - cutting teeth and body, enables
2000/20, using working conditions, as follows: \cilp them to be realized using universal machine tools.

V = 20 m/min, minute fee&, = 36 mm/min and cutting
deptht = 40 mm.
The results, which have been received, give goad re
son to accept that the proposed prefabricatedaliger,
which is special in its essence, in technologicahstruc- ~REFERENCES
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