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ABSTRACT

This paper presents the profiling method of the cutting edges of a
“Fredascon” hob-tool of ZNI and ZN2 convolute type (STAS 6845-82), by
helical grinding of the teeth flanks, directly on the tool body.

The profiling method by continue helical sharpening of the hob tools of
this kind eliminates the classical relief grid operation and assures other
important advantages like: the increase of profile precision of the finishing
1ool, the increase of the workpiece surface quality, the increase of the tool
edges durability and the sharpening number [1],{2].

1. Introduction
The versions of hob tools with moving teeth of
“Fredascon” type offer the possibility of edges
profiling by continue helical sharpening of top
and side flanks, through one positioning on the
tool body due to the teeth eccentricity related to
the axial plane of the milling cutter.

In the profiling position, by continue
sharpening, the hob tool teeth are brought with
the flanks on the helical surfaces, eliminating the
relief, special machine Lools, which are,
generally, bought from abroad.

After the helical grinding of the flanks of
the hob tool teeth, with profiled grinding disc-
tools, by rotating the teeth 180° around the axis

we are obtaining the necessary cutting angles and’

the corresponding profile of the active edges [1].

The paper presents the profiling method
by helical continue sharpening of “Fredascon”
hob tool of ZN1 and ZN2 convolute type, for the
cylindrical gear with evolvente profile.

2. The hob tool surface

In the mobile svstem of reference
X, Y2 with the origin in the point O (fig.1),
having the X,Z, plane normal to the division
helice of the tool tooth, the parametric equations
of the A; and A; lines that are generating the
helical flanks of the wrapping hob of ZNl
convolute type, are:

| {5y, g0 g
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Fig. 1 Continue generation of helical convolute
surfaces
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For the ZN2 convolute hob, with a linear
profile in the section normal to the tooth, the
equation (1) becomes:

Xy =ucosogy,
1

A5 |, =0; (1

(S .
Z, =+(7"+Rdtgugn —uszncxg,,].

The transformation: X :OLT(md)~Xn, (2)
1 0 0 ‘
r =
where « (md ) = cosw,4 -sthag f, the
sinw g Cos® gy

equations (1) and (1’) are reported to the mobile
system X,YoZo that 1s related to the hob
assembles for the teeth generation. Afler

replacement, we are obtaining:
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Xy =ucosa,,; (3"

S . .
A31,2 Yy = i[?"+ R,,tgag,, —usmam]sm @y,

S .
Z, =I(~5’L+Rdtgagn -usma@jcosa)w

The copvolute helical surfaces of the cutting
edges of the hob teeth are generated at tooth
generation by the A, and A; lines tn the helical
movement of V4 axis and p the helical parameter,
movement described by the equation (4):

xp =0k (@)X + pok )

which u and ¢ are variable parameters of the
surface ,

p= Pa ___"Mn vy = arcsin |,
2 2coswy Ra

S, .
Z,=%F +Rga,, —usma,, [cosw,.
2 after development and replacement, we are
obtaining:
(S, . . .
X, =UCOSA,, COSP+ —é—+Rdtgad"—usmada SIN®, SN @,
A (S, : A
2, 1 Yo SUCOsSQ,, singt L-2—+ Ryga,, —usinoy,, [sinw, cose, (3)
{38, .
z, =H 7+Rdlgadn —using,, (Cos®, + pe.
3 _ (S, : : .
X, =UCOSA, COSP+ > +Ryga,, —usina,, simw,sing,
5 B : S, : . _ ,
o, Yo SUCOSA,, SNt —2—+Rdtgag,, —usInQa,, (S, Ccosy, (5%

&= ;[_i’_’, + Rdtgagn —usin agn]cosa)d + p.
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3. Releasing Surface of the Hob
For the hob with a positiv y, angle, the
equations of the face tooth surfaces situated on
the helical channels for chips, channels that are
normal to the chip helices of the hob tool, are:

£ =.JR3 sin’y, +u’sin’ B, -cosg@,;

T4y =Risin’y, +ulsin’ B, -sing,; (©)
z,=p6.-9.)-u cos B,
where B, = arctg(m] and

Pec
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U, Sin
0, :arctg{-—g——Bc—J with p, = P, :
1go g

R, siny, 2n

4. Cutting edges of the hob teeth
The intersection of the hob surface (convolute

helical surface 2012) with the helical surface of

the channels for the chips X, determine the side

cutting edges of the teeth.
The intersection conditions:;

2
hY
\j;z cos® oy +[?”+ Ratg0 g —usz‘nad,,) sin® 04 —RZ sin® y,

U, = 7
¢ sinP, )
2.2 S " 2 ..
n . ; ¢
u“cos” agy +| — + Ryt —usina sin“ @y —R; sin
' gn [ 5 di8% gn gn) d —fte Tv i
U, = .
& sinf, 7
Sp _
5 —2~+Rdrgadn —USINOLgy |COSO g + PO, —U. cosP,
Pe = ’ (®)
P+t Pc
Wiy .
-~ —2—+Rdtgu:g?l —USINOLgy |COSOg + PO, g cOSB,
Qe = ol
Pt Pe
attached to the g¢quations (5), determines the parametric equations of the curved cutting edges I‘ox 7
s 2
X it coszad,+(7”+Rdtgad,, —usin ad,,) sin’ @, -cos @,
S ’ 2
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i

2
S, ; . 2
X, =\/u2 coszag,, +[—5"-+Rdtgag,, —using,, | S @, - CosP,

2
S
2 2 n . - 2 -
¥ =\/u cos” A, +[-—~2 +Rjiga,, —using, | sin” @, -sing,

S .
pp.6. F pc[?”+Rdrgagn -usmam]cosa)d ~pu_ cosf
Z,=
r0m4 4 p+p::

2
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u” cos ag,,+(-2‘i‘-+Rdtgagn~usmax,, sin“ @, ~Rsin" y,

P+p,
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S .
i(?ﬂ +Ra‘gagu —usma_g,,)coswg +p.0, —u cos B,
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P+ P

5. Helical surface generated by continue and y=aresin|(a +h)/ R, ], we are reporting the

sharpening of the flanks parametric equations of the cutting edges to the
By the coordinate transformation: mobile system of references XYZ, attached to the
T “Fredascon™ hob having the teeth situated in the
X =o0; ()Xo ~4 (10) position necessary for the continue helical
cosy —siny 0O 0 grinding of the flanks.
r ) After calculations and replacement, we
where @y (y)= smy cosy 0 s A= are obtainingj

0 0 i 0

=

Xu =Juzcosza“+[%+ﬂdrgah —usinadﬂ] sin”wd -COS(¢?0+7}

a S . 3 1 1
1%o :JuZCOS'a,,,, +[~2”—+Rgfgad. — usin aa.) sin’ w, -sin(p, +7)-2a;

_ S ;
Ppcgc +pc(_2-"_+Rdrgaﬁ _uslnadﬂ}cos md -—puucms ﬁ:

Zy=
L P+p, (11)
S 2

Ju’coszam+[—2—"—+}?‘,tgab —usin:z&,] sin*@, ~Rlsin’y,

u, =
Ptp,
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s ; a
Xy =\/uzcos’aﬂ +(—2"—+R£,rgagﬂ —usin ag,,j sin? @, -cos(p, +7)

X . b .
1]’0 = Juz cosza'gn +(T+Rdl‘ga£’ — U Sin ax'] sz @, 'Sm(@‘, +;V)— Za.

pp.6.F p,[%’+ R ga,, —usin ag,]cos @, — pu_cos B,

F e
qﬂ ’ p+p,
S 2 a1
u’cos’a,, +( 2” +R,1ga,, —usin ag,J sin“@, - R’ sin’y,
U, =
P+p.
i(—21'~+Rdtgaxn —usin asn]cosa)d +p 6, ~u, cos B,
P.=

Pg+p,

In the helical movement of V axis and helical parameter p, described by the transformation:
x=0% (@)X + pok (12)

the I ,curves will generate the continue sharpening of the flanks of the “Fredascon™ hob on helical
surfaces.

By replacements, we are obtaining:

2
- S . . -
X, = \ﬁz cos’ a,, +[7”+Rdtgad, —usin a*J sin’ @, -cos(p, + +p)+2asin g,

2
hY . .
¥, :\{;2 cos’ a,, +(-§+R6tga&, ~usin ard,] sin? @, -sin(p, +y +@)-2acos

S, .
pp.6. ¥ p, £ + R iga, —usin @y, |cos@, — p,u, cos g,

%

ol p+p HEe
4_1‘1 L £ (13)
S 2
u’ cos® ay, -1—[?"+R‘,a‘gczdﬂ ~usin amJ sin’ @, —R?sin’ y,
W=
P+p.
s, .
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P
X, =\ﬁ‘ cos’ a,, +[£2¥-+R,tgap —us'ma‘_] sin® w, -cos(p, + 7 + @)+ 2asin @

(£—+R,tgap —usinap]eosm‘, — pu, cos S,

-
2

S,
Y. ? cos’ @, + —2-+R Jga,, —usna,, sin® @, - sm(goc+;v+go) 2acos @,

(1379

2
. e = +po
E"l,zﬁ L p+pﬁ
S 2
\j;zcosiam+(£ —usinap] sin@w, -RZsin’ y,
u, =
P+p,
i(i —usin am)oosmd+p¢9=—u,ccs;3=
qj =

L3

pP+p,

The obtained equations can be used for
hob with zero rake angle or with plane teeth
faces.

6. Disc tool profiling for helical
continue sharpening of the hob
The determination of the S revolution
surface of the abrasive tool from the wrapping up

condition with the ZAnsurfauc is supposing

that, S 1s accepting a  characteristic curve
common to the grinding helical surface of the
flanks of the convolute “Fradascon™ hob.
Condition for the determination of the
characteristic curve in the usual case, the axis of
the S disc-tool surface is normal on the helical
line of the exterior diameter of the X, flanks.

The condition for the determination of the C
characteristic is given by the condition that the

NE;\’ Aand T, vectors belong to the same

plane:
Ned Nyg Ny
-sinw,  cosw,| =0 (14)
X4-b y4 24
which is implying that:
x4 b cosw, + N 4 sino, |-
( A yA e zA e) (15)

Ny gcoso, + 24 sina,)=0

Pa 4
where w, = arclg =arctg—.
¢ 7R, R,

The equation (15) associated to the parametric
equations of the side flanks helical surfaces

EA' , (13) determines the characteristic curve on

the S disc-tool surface.

After replacements, for the two side
flanks helical surfaces grinded by continue
helical surfaces with profiled grinding dis¢-tool,
the condition for characleristic tool determination
(15) establishes a relation between the u and @
variable parameters as follows:

Al +Blolu + C(g)= 0 (16)
which can be writlen as:
u = u(op) an

7. The axial profile of the disc-tool
The characteristic curve can be reported to the
X,¥121 system of reference, with S surface, by the
change of coordinates:

¥, 0 0 x,(p)-b
=10 cosw, sinw, |-|y,(e) [ (18
z, -sinw, cosw,| [iz,(@)

The characteristic curve equation becomes:

-10 -
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x7 = x4(@)-b;
Cr{y1 = ya@)coso, +z4(@)sino,;
z; = —yA((p)sinwe + zA(cp)cosme.

(19)

By rotating the characteristic C; around the A
axis we are generating the disc-tool surface, S.
The axial profile of this surface, in a S system of
coordinates, H 1s given by the generating curve:

ol Ry SAGRSAGE

H=Z;(‘P)

where x, v, z, are given by the equation (19).
Knowing the axial section profile of the
revolution surface is used for the control of
profiling precision and the grinding disc-tool, S .
The variation field of the u parameter are:

Upmin =R; /cosa. gy and Wpae =R, /cOSO4,.

(20)

8.Calculation examples
We are presenting an calculation example of the
axial profile of the disc-tool for continue
sharpening of the flanks of the “Fredascon”
convolute hob with the following characteristics:
normal module: m,=10mm;

presure angle: @z, =20°;

exterior diameter: D,=226mm;
pitch diameter: Dy=197mm;

TATRALTOYTY 4 TaT A4 TRl
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tooth eccentricity: a=6mm;

top heightens of tooth: h=10mm;

normal pitch: p, =mm, = [10-n=3/415926 mm
the thickness of the hob tooth on the pitch
diameter;

the angle of the helical line:

wq = arcsinmy /Dg_ = 2°54'39"
U
cosm g

the pitch of the helical channels for the chips
pi =nDyetgw 4 =12176mm.

axial pitch of the hob: p, = =31459mm .
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