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cotgp = cotg@- cos @y (15)

In triangle BVV' (figures 6a and e):

\YAY
9oy =5 (16)

where @y is the angle which sees the point of tooth V,
being considered from the milling cutter axis in section
G-G (figures 5 and 6).

In triangle AVV' (figure 6a and c):

W'= AV'-tg 6y a7
In triangle ABV' (figure 6a and d):

AV'
BV'=—— (18)
sin@
By replacing relations (17) and (18) into
relation (16) it results that:

tg08'y =196y - Sind (19)

Taking into consideration that the expression
(8) of the angle p has been determined, (relation 14),
the angles of the milling cutter are found through
particularizing in relations (8) and (9) angles which
are defined in transverse and longitudinal planes to
tooth axis, as follows:
o for m1=90°+p it is obtained ys=y'xr respectively
as=a'xr, therefore

97 s =107 nf-COSl p— K5 ) =
tgﬂfxfsm(prK f) ( f) (20)
COtga'xf=COtgaNf'COS(p_Kf)_

tgﬂ,f-sin(p—Kf) @)

o for no=p it is obtained ys=y'yr respectively as=o'yr,
therefore

197" ¢ =197 Nt 'Sin(P— Kf)+

(22)
tgAs-cos|l p— K¢

cotga’ yf = Cotgar N Sin(p— K f)+

(23)
tgA¢ -cos(p— K f)

Relations (20), (21), (22), (23) serve to
determine the geometric parameters of the milling
cutter in transverse plane and longitudinal plane
respectively to tooth axis.

The connection between angles o', ¥, &y, ¥yt
and o'vi, s, &'y, 7'yt 1S established by means of angle
" which is measured in section D-D (figure 5),
between the tooth axis projection on the axis plane and
the projection of the normal on the perpendicular plane
to the tooth axis which passes through the point of the
tooth V, being actually the projection of the angle &' on
section D-D.

In figure 7 a detailed view is presented which
is taken from figure 5 in order to determine angle @'".

Figure 7. Determination of the angle "
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In figure 7a the straight line CV' represents the tooth
axis in section G-G and the straight line AB represents
its projection in section D-D respectively (figure 5).

In triangle V'CV (right-angled in C - figure 7a
and b) we have relation:

CV'=sing' W' (24)
In triangle VAV' (right-angled in A - figure 7a
and c):
AV =WV'-cos @'y (25)
In triangle VAB (right-angled in B - figure 7a
and d):

AB= AV -sing" (26)

The segment AB represents the orthogonal
projection of the segment CV' (figure 5a), therefore:

AB=CV" (27)

By replacing relations (24), (25), (26) in (27)
the result is:

sine''= (28)

From figure 5 section D-D, taking into
account the sign agreement for «", the expressions of
the angles "y and 'y can be determined directly:

a'yt=ayt+a” (29)
ry=ry-o" (30)

Inasmuch as the section F-F (figure 5) in
which the angles '« and o'« are measured is normal
to tooth axis, the angle @'y has a different value from
the angle v measured in a normal plane to the

Figure 8. Relation between d'v and Gv
projection of the tooth axis. The relation between the

two parameters is established on the basis of figure 8
which represents a detail from figure 5 pertaining to
section F-F.

In triangle LV'V (right-angled in V'), figure 8:

- 31
" singy (31

In triangle LEV (right-angled in E), figure 8:

__VE W'cose
S singy sing'y

(32)

By making relations (31) and (32) equal it has
been obtained:

sin@\, =sin@"y, - cosa@ (33)

From section F-F (figure 5) it can be directly
concluded that:

Yxd=7"xt +6'V (34)
axd=a'xi —0'v (35)

In relations (34) and (35) the expressions of
the angles #'x and «''x; are unknown and they are to be
determined in what follows.

In order to determine the relation between the
geometric parameters of the milling cutter and the
tooth in longitudinal plane and transverse plane
respectively, it is written the equation of the tangential
plane to the face through points V, P (section D-D -
figure 5) and Q (section E-E - figure 5), all these
having in the trihedron Vx'wy'iz's the following co-
ordinates:

V (0;0;0)
P (0; 1; -tgy'y)
Q (-1; 0; -tgy'xr)

The determinant which gives the equation of

the tangential plane to the face of the tooth is:

X f Y¢ Z 1

0 0 1

1 ~t97" 1 (70 (39)
-1 0 -tgry 1

This determinant can also be written as:
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X' f Y f ZI f
0 1 -tgy =0 (37)
-1 0 tg }"Xf

By expanding the determinant (37) it is
obtained:

=X W9y s+ Y ¢ 97 s +75=0  (38)

The relation (38) represents the equation of
the tangential plane to the face of the tooth in relation
to the reference trihedron Vx'wy'sz', attached to the
milling cutter, with the axes so defined:

« the axis VX' in the forward motion of tool;

« the axis Vz's tangential to the trajectory described by
the nose V of tool, normal to the principal plane of
milling cutter;

« the axis Vy's specially selected so that the trihedron
VX'iy'i's, should be right-angled triorthogonal, parallel
to the axis of spinning of milling cutter.

The trihedron Vx'wy'iz's, in which are defined
the parameters of the longitudinal and transverse
planes to milling cutter axis is rotated around the axis
VX't with angle @" (considered in positive sense of axis
VX't in section D-D (figure 5), in relation to the
trihedron Vx'y'iz's, and thus the matrix of transition
between the two systems is:

1 0 0
0 cos@" sine" (39
0 —-sin®'" cos®'
from which it is obtained that:
Jxlf=X"f
Yi=Y's-cosa"-2"¢-sina" (40)

Lz‘ f=Y'-sine"+7"¢ - cosw'”

By replacing relation (40) into (38) it results
that:

X' 19y + Y (Cosw"tg 7yt

sin@" )+ 7" (Cos@"—sin@'"-tg Yy )=0 (41)

Relation (41) represents the equation of the
tangential plane to the face of the tooth in the system
VX'fy'fZ'f, .

In order to determine the angle y"x, the
tangential plane to the face has been intersected with

the transverse plane, that is, in relation (41) y"=0,
therefore:

—X"f 197"y + Y ¢ (COS@™ gy g +

sine" )+ Z"¢ (cosw"—sinw"-tgy'yf =0

y"f =0
having as a result:

—Xf-t9y ¢+ 7" ¢ (COS@"'—
sine'tgy’ v )=0
Relation (42) represents the equation of the

'

" | "
s W a Xy

(42)

Figure 9. Determination of tgy"x

tangent to the face in relation to which the rake angle
#'xt has been measured (figure 9). The gradient for the
straight line of equation (42) is given by the equation:

—d Z"f
o CRTO I

By making the calculations in relation (43) it
is found that:

tg 7"xf =

9y
T T (44)
cos@ ™~ sine™1gy"

By calculating the first derivative of function
(44), according to relation (43) it results that:

tgyle
cosa)"—sina)"-tgy'yf

tg }/"Xf = (45)

In relation (45) by making the trigonometric
calculation for tgy'ys and taking into account relation
(30) it is obtained that:

cosy'yf
cosy"yf

In order to determine the angle of clearance
o'y it is proceeded similarly as shown above, but to

make calculations easier, the lip angle £=0°, which
implies:

97" =197 ¢ - (46)
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4 «=90°-a''x¢
7 x=90°-a'xs (47)
7yi=90°-a' ¢

tgy'xr=cotga’"xs
tgy x=cotga’xs (48)
tgyyr=cotga'ye

By replacing relation (48) into (45), (46) and
taking into consideration relation (29), it is obtained:

. cotga’ xf
cotga''yf = -
9 cos@"—sine"-cotga’ vt (49)
and (50) respectively:
I ) sina’yf
co = Y
ga” s =cotga' Sina"yr (50)

In order to determine the angle xq it is
necessary to know the equation of the tangential plane
to the face of the tooth in the system Vx'wy'z's,. The
equation of this surface can be written in points V, P
and Q, but it is easier to take into account relations
(30), (46) which will be replaced into relation (41),
and after making the trigonometric calculations it is
obtained that:

=X Gy e Y 19+ 70 =0 (51)

The geometric parameters of tooth are defined
in system Vxqyqzq (figure 5) whose axis Vyqy is parallel
to tooth axis and axis Vzq is normal to it, system which
has been rotated in relation to the system Vx"y"iz"s,
around the axis Vy":with angle (-@'y - figure 5, section
F-F) and figure 10.

The matrix of transition

from the system Vx"y"'iz"s to the system VXgyazq is:
" Z4
Zf

X

\OIII/ Xq
%
Figure 10. The position of the Vx"wy"z"
system regarding the system VXqydZq

cos@y 0 —sin@'y
0 1 0 (52)
sing'y 0 cos@'y

and thus it is obtained:

X'f=XqC088"\ +2Z4-SING",
ylf = yd (53)
7't =—Xq-Sin@"y + z4-C0SO"y

By replacing relation (53) into relation (51)
and by making the trigonometric calculations and
taking into consideration relation (34), it results
relation.

SiNY yq
'cosy"xf
| C0S¥ yq o

CoSy "y

—Xd +yd-tg}/"yf+
(54)

Zg

Relation (54) represents the equation of the
tangential plane to the face of the tooth in system
VXdyaszq. By intersecting this plane with the longitudinal

plane yqVzq, namely in relation (54) x;=0 and
accordingly:

( Sin}’xd .

—Xq+—— + Y-t +

Xd 00S7" ¢ Ya- 197 yf
1 cos
Z4- 7lf<d -0 (55)
COSY «¢
(Xg=0

having as a result the straight line equation:
COSY yq

tgy" . =
Ya W7 'y +2d- o e (56)
whose gradient according to figure 11 is:
—d Zd |
tg}’xd = W=_[Zd(yd)] (57)

By making the calculation in relation (56) it
results that:

197" v
COS¥ yq

Zg=— cosy" v+ Yy (58)
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Y Ya
od

ayé@ VX4

Figure 11. Determination of tgyyq
By calculating the first derivative of the
function given by relation (58), according to relation
(57), it results that:

CoS ¥y

COS¥ g

197 yg=197"yf - (59)

In order to determine angle ayq it has been
considered that f=0° which implies:

%0=90°-ayq

}’"yf=90°-a"yf

}’"xf=90°‘a"xf
}’xd:90°‘axd

(60)

respectively relation:

tgna=cotgayq
tgy'yr=cotga’ye (61)
cosy "x=sina’'x¢

COSHa=SiNaxd

By replacing relation (61) into relation (59) it
results relation

Sinaxd

t a :t 1] . -
0% = 0O G g

(62)

Relations (46), (34), (50), (35), (29), (59),
(30), (62) enable to determine agles jd, oxd, %d, a OF
the transverse plane and the longitudinal one of the
tooth, but it is also necessary to determine the
inclination angle of the main cutting edge A4 and of
the main angle of approach Kg.

In the literature [2] are demonstrated the
expressions of the angles of the longitudinal and the
transverse planes, which are applicable to the present
paper, both for geometric parameters of the milling
cutter and for the geometric parameters of tooth,

relations which lead to the expressions of the
inclination angle of cutting edge:

tgl:tgyy-sinK—tgyx-cosK (63)
tgA=cotge y- sin K —cotge x - cos K (64)
Inasmuch as relation (63) and relation (64)
refer to the inclination angle of the main cutting edge
A, they can be equated after making the calculation
and therefore it results equation:

197 g — COtg @ xd
97 yg —COg ar yq

tgKy = (65)

Relations (63), (64) and (65) are general and
can be applied to edges of any cutting edge of any tool,
respectively they can be particularized to determine the
geometric parameters of the milling cutter and of its
inserts.

If the angles of the milling cutter are known of
the longitudinal and transverse planes to the
projections of the tooth axis, then the expression of the
main angle of approach of milling cutter can be
deduced under the expression:

tgy' s —cotga’ v
T gy ¢ —Cotgar’ uf

to p- K1) (66)

The relation above will be demonstrated in the
same way as relation (55), but relations (20), (21),
(22) and (23) have been taken into consideration as
well.

In papers [3] and [9] it is defined the position
of the point of the tooth V through distances av, hy, rv,
Ic (figure 2) and angle ov [3], [9], between these
elements the following relations ensue:

1
rv = (a\z/ + h?/)E (67)
ooy = (69)

In the sketch of milling cutter body, the
position of tooth axis is defined through angles @ and
o, diameters D: and D, respectively (figure 1), the
connection between them being determined by
relations:
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D
%:Tf-cosev—av-sindi (69)
Dy= Do+ 2l - cos®- cosaw (70)

In Table 1 the demonstrated relations are
shawn syntetically, which enable to make the
necessary calculations, by means of the method of
succesive equations, with the view of constructing a
milling cutter with inserts and the tooth axis space
positioned in relation to milling cutter body, starting
from the geometric parameters of the milling cutter
and those of the teeth.

Table 1.
Considered known: Ds; Ks; anr; o4 Ar;
D, w; av; hy; Ic; d;a
crt Relation Rel.
nr. nr.
1. |tg@'=tgw-sin@ (5)
singy =2(l¢ - sine't
2. |hy-cosw' )/ Dt 7
3. |tgpy = (69)
ay
2 67
4, rV=(a\2/+h\2/)2 (67)
D, D .
5 71=7f-cosev—av-sm¢ (69)
6. | Do=Dy+2l¢-Ccos®P-cosa' (70)
7. | cotgp = cotg@D- cos By (15)
8. |tg@'y =1g8fy -Sin@ (19)
9. |sin@"= sine 28
= cos @'y (28)
10. | sing@"\, =sing'y - cos @' (33)
11. | A=p-Ks (notation)
12. o'yt =a'yf + o (29)
13. Y=y (30)
o . cosy'yf
14, | 9y" e =197 4 - 057"y (46)
" sina’ yf
co = Y -
16. Yxd =V 'xt+0'Vv (34)
17. axd=a"x—0"v (35)
cosy"'yt
18. =tgy" e ————— 59
97 yq=197" ¢ 057 g (59)

sin
tgy ,—colga
20. |tgK = = X*———= (65)
tg}/y—cotgay
21, | ;< Z-Pf
d+a

Observation: a represents the minimal tooth distance

In the case when the geometric parameters of
teeth are known (Kq, and, 4, Ad) being given ay, Hy,
lc, @, w, Dy, the previous calculations are made with
relations (1)...(10) from table 1, after that the
geometric parameters of milling cutter will be made
with relations given in Table 2.

The relations of Table 2 are valid for any
value of the geometric parameters of teeth, including
when the main cutting edge is parallel to the tooth axis,
namely Kq=90° and Ky=0°.

Table 2.
Considered known: Kg; ang; d; Ad; @, @; av;
hv; Ic; d. Ds
Crt. Relation
nr.
1. |cotge xg =Cotgex g - SIN Ky —tg Aq - cos Ky
2. |19¥ g =19% ng - SINKg —1tg Aq - cos Ky
3. |cotgar yg = COtgar ng - COS Kg +tg Aq - SiN K g
4. |197 ya =197 ng - COS Kg +19 4q - SiNKgy
5. 7"xf=7xd_0"\/
6. |ad"'xf=axd+O'V
tg}’yd 'COS}/Xd
7. |1tgy" s =
97 v 00S 7" ¢
t9a vq - SiNa""yf
8. |tga"yr = yd X

Sing xg
9. |@'yi=a"yi - "
10. |V =7 "y +@"
197" s - COS Y™y
cosy'yf
cotga'ys - Sina™'yt

11. |tg }" xf =

12. |cotga' xs = sina s

(tgy'yf —cotga'yf)
13. |Kf= p—arctg
(tg}/'xf —cotga'xf)
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