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Abstract: The ordinate whirls of surfaces, cylindrical or twall, are generated by enwrapping with worm
type tools. A particular aspect of this problemidsprofile the tool primary peripheral surface. Thias-
sical solution is offered by Olivier second theoreeiferring to a couple of reciprocal enwrapped fair
es, which depend on two independent parametershétdd notice that analytically solving such a prob
lem could involve serious difficulties in calculaisd, further, in results numerical analygssnewly de-
veloped analytical method to profile the primaryipkeral surface of the hob mill used for genergtin
the slitting saw cutter teeth with non-involute il used in the iron & steel industry, is presshtn this
paper. The method was conceived grounded on tieaheiotion de-composing principle and it works in
two steps. The profile of the rack-gear conjugatethe generated profile is firstly determined, actng

to Intermediary surface method, and then, on thiseh the hob mill primary peripheral surface isridu

A specific profiling algorithm is suggested, folldvby a numerical application, in the case of #islj
saw cutter with triangular tooth profile and havitige diameter of 1600 millimeters.

Key words: Hob mill profiling, analytical method, helical mioh de-composition, Disc-tool, Triangular
tooth

1. INTRODUCTION s:F(x,v,z)=0, 1)

The ordinate whirls of surfaces, cylindrical oribal,
are generated by enwrapping with worm type toalss |
the_ case of involute gears with straight or c_u_mﬁﬂh, of (z)aﬁ : F( XvY'Z’O‘*B) =0, @)
helical compressors rotors, flute-shafts, slittsayv cut- ‘
ters with straight teeth, etc.

A particular aspect of this problem is to profileet
primary peripheral surface of the hob mill, meanimg
cylindrical helical surface with constant pitchcigrocal
enwrapped to whirl surfaces.

The enounced problem consists in finding a helical ' '
surface with axis disjoint from the one of the akabso- F, =0; F, =0. 3
ciated to the whirl of surfaces to be generatese@nd
order contact problem — punctiform contact between The envelop is obtained by eliminating the two pa-

which generates a surfaces family

with o andp independent parameters.

The envelop of this surfaces family results, on the
base of the above-mentioned theorem, by associading
family equations the conditions:

enveloped surfaces [1]. rameters from equations (2) and (3), as a surfatle w
The classical solution is offered by Olivier second punctiform contact t&, be it S(X,Y,Z)=O.
theorem, referring to a couple of reciprocal enwexp The analytical solution of the presented problem is

surfaces, which depend on two independent parasieterhard to find, because of the generating processifape
We should notice that analytically solving suchrap  kinematics, which often leads to transcendent éopst

lem could involve serious difficulties in calculesd,  jmposing, eventually, a numerical approach.

further, in results numerical analysis, for findirlge Problem solving can be substantially improved i us

generator hob mill profile. ing the Intermediary surface (here the rack-gesodiat-
_Hereby, the second Olivier theorem [1] is referfimg o4 o profiles ordinate whirl) method4a].

principle, to a surface The problematic of helical surfaces generationalan

so use the helical motion de-composition princifdg
and, from here, a specific manner to profile the hull
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tary theorem [2, 4], as well as an applicationtaf ipro- I(u.p)
filing the hob mill for generating the teeth of thktting

saw cutter used in iron industry (regarded as ertisl), 3 =Rep @Zl
in section 3. In section 4, a numerical simulatisrex- - 3 Y,
posed, while the last section is dedicated to emnwhs. - — — -
G / ‘ \ (u.v)
2. ANALYTICAL METHOD TO PROFILE THE C~ 7 \
HOB MILL v 1%
v
2.1. The conjugated rack-gear ﬂ[ B jL - - LY
The hob mill profiling, in analytical form, has bee . /
done based on Gohman theorem, using the Internyediar \ S ‘
surface method, in the following steps. //
« The surface to generate being known like: “~ Y X /e
—_— —
X = X(u,v); ¢ X
Z(u V)Y = Y(uv); 4 Fig. 1. The centrodes oE(u,v) and I(u,) surfaces.
Z= Z(u,v),

wherel is the translation parameter ©f centrode, asso-
with u, v — independent parameters, in the rolling motion ciated to generator rack-gear.
of the centrodes associated to the surfaces Warid to The contact betweeiz(u,v) and 1(u,¢) surfaces is
the future rack-tool (the intermediary surfacekg sur- linear, being represented througBy, characteristic
faces family (<(u,v)),is determined, Fig. 1p meaning  curve, which in th&YZsystem, has equations like:
the rolling motion parameter.
+ The enveloping condition in its specific form: C..|=Z(uv.0)=0]¢ =ct u=ct. (10)

N: R, =0, (5) 22 Theprimary peripheral surface of the hob mill

Once known the equations of the intermediary sur-
facel (8), the next task is to find the primary perigier
- surface of the hob mill, solidary witK,Y»Z, reference
the normal t(i(u,v) surface, andR, — the speed vector System, see Fig. 2.

in the relative motion between the intermediaryfae| In the relative motion of the intermediary surface
(the rack-gear) anc(u,v) surface. Relation (5) means, |(u.¢) relative toX,Y,Z, system of the future primary
in principle a dependence having the general form: peripheral surface, a family of surfaces is gemerats:

is then associated to the fami(i(u,v))¢, where N; is

Qu,v,¢)=0. ©6) X, =X,(u,6,0,);
(1w.9)),.| Y. =Y (u.0.9.); (11)
* The equations ensemble: Z, = ZZ(U,¢,¢2)-
X(U'V'd)) =0; There is, obviously, the dependence:
(=(wv), | (uv.0)=0; )
Z(U,V,(I)) =0, A= p m)z [Cosw, (12)

where ¢, is the rotation motion parameter, aroug
axis, whilep — the helical parameter of the surface repre-
senting the hob mill primary peripheral surface.

representing, in the reference system of the vdiidur-
faces to generaf€YZ attached to its centrode, the envel-
oping condition (5), enables the elimination of one
. Z,
among the parameters. Therefore, (Ee(u v))q> family oy O 7/‘\ 2

(Pz(;\ -

envelope, representing the intermediary surfacdl wi

0,
result as: —
— |
u,d)Y, =Y. (u,); (8) \H(;b mill
2,22,u8).

The systenX;Y;Z; is associated to the reference rack-
gear centrode (Fig. 1). The rolling motion betwebke
two centrode<C; — circle ofR, radius andC, — straight-
line tangent irP pole toC; circle, lead to the condition:

RIp=A, ©) Fig. 2. The reference system of the hob niY,Z,.



V. Teodor, G. Frunyanu, N. Oancea and S. Berbinschi / ProceedingsanWhcturing Systems, Vol. 10, Iss. 2, 20154761 73

(T/, p) = T(f) + (_A, a). )

The distanca has the expression:

a= pltan@, (18)

wheref is the angle betweewn and t axis, 6 =g -W.

The | surface characteristic, in its composed motion
(17), does not depend on the motion component én th
course of which the surfadds self-generating, so it does

not depend on the translation motion aldngeneratrix.
Therefore, only the rotation motion arourdl axis de-

termines this characteristic.
Fig. 3. The rack-gear normal pitch and the hob mill astap. As it is known [5], the characteristic drsurface re-
sults by projectingA axis on this surface. In this way,
The p parameter value can be determined by imposthe characteristic curve results as:
ing the identity condition between the normal péstof

the intermediary surface (cylindrical surface) athe X, = Xl(u,q));
helical surface (hob mill surface), Fig. 3. c |y-= Y(u ¢). (19)
The normal pitch of the reference rack-gemr,; , is I DA
identical to the circular pitch of the cylindricalirfaces Z,= Zl(“’q’)'
ordinate whirl that we intend to generate, see klgo 2, N
and it can be calculated as: to whom we associate the analytical conditionfofaxis
projection ontd surface, see Fig. 4,
Bner = R (13) S
z (N7 A)=0, (20)

In relation (13),z means the number & surfaces

, equivalent to an analytical form:
from the whirl, equal to the number of "teeth". iderthe q y

hob mill axial stepayis: K = K(u,d>)= 0. (21)
p =P _ 2R - 1 (14) The vectors from (20) mixed product are defined as:
axt b —
co:w z  COw + N, - the normal tol surface, from (8), iX,Y1Z;

The inclination angle of the hob mill axise; meas- reference system
ured relative to the frontal plane of both the gated

surfacesz whirl and rack-geat, can be calculated from i ] K
relation: N, =X, Y, Z,= N, O+N, O+N, k. (22)
sinw= R Dl— , (15) X Yo Zy
z

S

whereR; is the radius of the hob mill rolling cylinder * A —the hob mill axis versor,

(tangent taC, centroide) andR, — the rolling radius of the - . R

cylinder solidary to the surfaces whirl (see Fig. 4 A=coswl] —sinwlk. (23)
The primary peripheral surface of the future holi mi

results as envelop of the surfaces family generaydd-

rack-gear flank, during its relative motignhelical pa- 47,

rameter, around X(Vv) axis,

Poe _R o1 e 9
=== —. 16 ~ 8
P=on =7 torm (16) Y, 2
. “Hobmill
The helical motion(v, p) can be de-composed in two axis </
elementary motions: \1\ ~__/
K 4

« Translation alond surface generatrices, havitgas

versor-— T(’E) , and — Intermediary surface I

* Rotation around an axis parallel to and placed at
the distance from it - (_A, a), Fig. 4. The A axis projection ontd surface.
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. rl

respect an arbitrary point fronA axis,

r=-(R,-a)i+r, (24)

with r - the position vector of | surface (8) current

point, respect the origin of;Y;Z; reference system.

Condition (21), in association with equations (19),

determines the characteristic curve in the helation
of | surface relative to, having in principle the form:

X, = X,(0);
C.|Y, =Y,(0); (25)
Z,=7[9).

The curve (25) must be further transposediv,Z,
system, by applying the transformation:

X, =a(X, -b), (26)
with the following notations:
1 0 0 -R,
a=0 cosw -sinw|andb=| 0 (27)
0 sinw cosw 0
In principle, it will result in the form:
X, = X,(0);
Co|Y, =Y,(0); (28)
z,=7,(9)-

During C,.s characteristic (28) helical motion of ax-

is andp parameter, the shape of the hob mill helical sur-

face can be now determined:

X, X,(6)) (O
Y, [=w, (W) Y,(0) |+| pa|, (29)
Z, z,)) L o

representing a right-worm of helical parameter. In
relation (29),w, means the transformation matrix corre-

sponding to rotation around axis, whiley — the helical
motion angular parameter. After calculus in (2%ute

X, = X, () osy + Z,(¢) Siny;

S|Y, =Y,(0)+ pw;
Z,= _xz(d)) [Sing + ZZ((I))EOSLU.

(30)

- the position vector of | surface current point,

Fig. 5. The slitting saw cutter tooth profile.

profiles are diverse. In the approached applicativa
considered a triangular tooth profile (see Fig. 5).

3.1. The generator rack-gear

In Fig. 5, the reference systems required for sglvi
the approached problem are represented:

e Xxyzis the global system, having saxis in common
with the centrode associated to the tool;

e XYZ- relative system, attached@ centrode and to
the profile to generate;

* &nC — relative system, attached to the profile genera-
tor rack-gear.

Regarding the two centrodes motions, the rotation o
worked piece centrode&;;, is expressed through pa-
rameter, whileC, centrode translation — through Be-
tween the two parameters there is the dependence:

A=RI9, (31)

The equations of the two segments composing the

cutter tooth profile are:

X =-R +u, [tost, ;
i Re ) 1 1 (32)
PAY = -u, $ing,
and
X =-R +u, [tosE, ;
o Re 2 2 (33)
Y =u, $ing,,

with u; andu, variable parameters. Theprofiles fami-
lies have, in the reference system attached tge¢hera-
tor rack-gear, the following equations:

(=),

&= (— R +u, cosel)cosq) +u,sing, sing + R ;
n= (— R +u, Cossl)sinq) —u,sing, cosp + R, [;
(34)

The equations (30) represent, on principle, the hob

mill primary peripheral surface.

3. PROFILING OF THE HOB MILL FOR THE
SLITTER SAW CUTTER TEETH

At the iron mills, the profiles are often cut bying
high diameter disc-tools ("slitter saw cutters")rking

at very high cutting speeds (HI20 m/s). Their teeth

&= (— R +u, Cossz)cosqn —-u,sing,sing + R ;
n= (— R +u, cosez)sinq) +u,sing,cosp +R .
(35)

(=),

The enveloping condition is attached to the two-pro
files families, according to the Plane trajectomesthod

[2]:
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g g ) Hence, relation (22) takes the specific form:
—+ =% and—==-% respectively.  (36)
r]"'l r]¢ r]'-'z n‘b > - -
[ i k
From relations (36), after calculus, the followidg- N, = E¢ No Z¢ =N O+N 0+N;k.(41)
pendences resulted: £ on,
t Ny t
u = Re[cossl - COi(I) - E1)] (37)
and The expressions of the derivatives from this determ
u, = Re[cossl —coiq) + 82)]_ (38) nant result, after calculus, as it follows:

The ensembles formed by the pair of equations (34) E¢ =R sing AL E:os(q) —sl)—ulsin(q) —sl);
and (37), and (35) and (38) respectively give ttfiles dé
composing the generator rack-gear flapkandlpg:

§=-R,cosp+u,codp—¢,)+ R ; ¢ =0

- _ ; ; _o )\ . o T
n=-R sing + ulsm(q) sl) R b; (39) (42)
(=t in the case offpa surface, and

u = Re[Cosel - COid) - 81)]’

n, =—R cosp +(:I—l(;l |__$in((|) - El)"' u, COS((I) - 51)"' R,

PA

£, =R sing + 2% wodp +e,)-u, sin(0 +e,);
£=-R, cosp+u,codp +£,)+R; a

n=-R,sing +u,sin(¢ +¢&,)+ R ; i, = -R, cosp +fj—‘;2&in(¢ +¢€,)+u,codd +€,)+R;

ool =+, (40) s
u, =R [cose, —codd +¢, )| '
. =Rlcose, ~codp +e, ) @3
3.2. Hob mill profiling for |pg surface. For both surfaces we have
Figure 6 shows the following, on principle: ¢ =0
» the rack-gear flank surfaces, irggt system; o
« hob mill axis,v: Ut =0; (44)
Zt = 11

« axis A of the rotation motion, component of the

couple of motions equivalent to the helical o(;ep).

The following reference systems are necessary:
e &ng, representing a mobile system, attached to the
generator rack-gear, and

The position vectorr , necessary to expres% (23),
igure 6 has, according to (40) and (41), the esgio@:

e XoY,Z, — relative system, attached to the hob mill ' =[-R cosp+u,codp ~¢,)+R]i+ (45)
surface and having, axis overlaid t& axis. [_ R sing +u,sin(p —¢,)- R [q,] 0 +tk,

In the previous section, the relations for caldofat ' '
the values of angle, helical parametep and distanc@ i the case off-, surface, foilpg surface respectively:
were mentioned the relations (15), (16) and (18).

In the mentioned conditions, the characteristidten P 5

’ r =|-R,cosb +u,cogd +¢,)+ R, |+

surfacel — the rack-gear flank (here the couple of surfac- [ Re _ p U _ S(q) 2) Re] - . (46)
es (39) and (40)) is defined as the projectionfofaxis [- Resing +u, sin(p +&,) + R, 1] + t k.

onto it, in the form (20), see also Figs. 4 and 6. R
The A axis versor can be expressed as:

47,
_A:coaoﬁ—sinmj(. 47
/ 0,
T~ - The locus of points satisfying the condition (26p+
P i inciple, the characteristic on thek+gear
Y, LY resents, in principle, _ 1ge
\ , 7 flanks surfaces €5 — see (25), iiX,Y,Z, system.
“Hobmill In the motion given by relation (29), the charaister
— axis >
T 7/ C.s generates the helical surfacewofixis and parame-
ey ter, see equations (30)
A ' :
N The equations of the axial section through hob mill
Lo I peripheral primary surface result by associatind30)
A 133 the condition:
Z,=0, (48)

Fig. 6. The hob mill profiling.
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equivalent to P E— - . - " " : :
= X,(0)Biny +2,(¢) eosy = 0. (49) 5

In another form, thé& surface axial section — the hob
mill flank is described by the equations:

E 4.
R=X0)+2.0); s S
H =

Yz(¢)+ P, o

Hob mill profile
S

A

where, according to (49), 1ot

Generated: profile

tmw=?g; (51) S

csi [mm]

Fig. 7. The hob mill profile in axial section S,.
4. NUMERICAL APPLICATION

Further, we present a numerical application devel-5' CONCLUSION
oped in MATLAB on the base of the above-presented A new type of algorithm for profiling the hob mii
profiling algorithm. The values of the input pardele  generate an ordinate whirl of profiles, associa@da
defining the generated surface geometry (see Fig. 5rolling centrode is introduced in this paper. Thigo-
were:g; = 20%¢; = 40% R, = 800 mm;R = 788 mm;  rithm lays on the principle of de-composing theidwl

Rs = 60 mm;z = 200 teethp = 4 mm. motion, on this way enabling to establish morelgabke
The determined coordinates of the points belongingenveloping condition.
to S surface axial section are sampled in Table 1,evhil  The presented numerical example validates the new

the graphical representation of the hob mill peofih  method quality. The required algorithm proves teehsy

axial section together with the generated tootliilprare o apply for solving the approached type of probkemi

shown in Fig. 7. opens the gate for a future development of graphica
profiling methods.
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