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Abstract

This paper proposed solutions for profiling the disc tool in machining a helical cylindrical surface with
constant pitch. A section method has been developed in AutoCAD environment together with a Boolean
operation. Especially, this work presented a computational problem of determining the any section of a
helical surface, while other documents only refer to the section along axis and cross section. The authors
used a combinative method of analytics, graphics and programming to solve that problem, applying in
designing cutting tool for machining helical cylindrical surfaces. The proposed method has been
implemented and verified through subroutines written in Visual C running in AutoCAD. The testing results
have confirmed that the proposed methods achieve high accuracy for variant profiles of helical surfaces in
short time conputation.
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Tém tat

Bai bao dé xuét nhiéu giai phép tao bién dang cu dang dia gia céng mét xodn vit c6 buéc xodn khéng dbi.
Phuwong phép mat cat cung phwong phép str dung toén tr Boolean da duoc trién khai trong méi truong
AutoCAD. Péc biét, cong trinh da trinh bay van dé tinh toén xac dinh tiét dién bat ky clia méat xoan vit trong
khi cac tai liéu khac chi trinh bay tiét dién doc truc va tiét dién ngang. Céc tac gia da két hop phuwong phap
gidi tich, dé hoa va lép trinh dé giadi quyét vén dé, irng dung vao thiét ké dung cu gia cbéng mat xoan vit.
Phuong phép dé xuét da duoc thuc hién va kiém tra théng qua nhiing chuwong trinh con viét bang Visual C
chay trong AotoCAD. Nhu’ng két qua k/em tra da khang dinh phuong phép dé xuét dat do chinh xac cao cho

céc bién dang khéc nhau ctia mét xoan vit trong thoi gian ngan.

Tl khoa: Xoan vit, Tao hinh, Dung cu dang dia.

1. Introduction

Helical cylindrical surfaces with constant pitch
are encountered in practice as helical slots on the
active surfaces of different parts such as helical
screws, worms, helical teeth gears, helical pumps
components etc. or cutting tools such as helical drills,
helical teeth reamers, helical counter bores,
cylindrical mills with helical teeth. Disk tool profiling
for helical surfaces generation involves solving a
specific problem: to find the contact conditions and
the corresponding characteristic curve, at the contact
between a helical cylindrical surface and the tool
primary peripheral surface.

Analytical solutions for profiling tools generated
by surfaces enveloping are common and have been
used for a long time. These solutions are based on the
fundamental theorems of the surfaces enveloping
such as Olivier’s first theorem [1] and Gohman’s
fundamental theorem [1, 2]. Also, frequently used is
Nicolaev’s theorem [3, 4], based on the helical
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movement decomposition. Complementary analytical
methods have also been developed more recently.
Examples include the “minimum distance” method
[5] and the “in-plane generating trajectories” method
[6]. A profiling solution based on the Bezier
approximating polynomials for the helical surfaces
generatrix [2] was also proposed recently. This
solution allows the determination of the tool’s cutting
edge via a finite number of points along the profile to
be generated with an acceptable precision from an
engineering perspective. These methods allow
obtaining solution that is rigorous and suggestive for
the designer.

The development of the graphical design
environment such as AutoCAD or Inventor allows us
to elaborate new methods and dedicated software to
solve the issue of generation of helical surfaces, that
will be presented in this paper.

2. Methods for disk tool profiling
2.1. Fundamental theory in brief

The generating process kinematics in the case of
helical surface generation using a tool delimited by a
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revolution primary peripheral surface — a disc tool —
involves a combination of three motions (see Fig. 1):
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Fig. 1. Disc-tool primary peripheral surface and
helical surface to be generated [2]

I — rotation motion of the worked piece on which the
helical surface to be generated (cylindrical and hav-
ing constant pitch) is placed;

I — translation motion along the worked piece
rotation axis, correlated to the rotation motion, having

as purpose to create a helical motion of V axis and p

parameter identical to the generated surface ones;

III — cutting motion — tool rotation around its axis, A

The following reference systems have to be consi-
dered:

*+ XYZ, meaning a system attached to the helical
surface to be generated, having the Z axis coincident
to V axis of the helical surface.

* XiY1Z; — system attached to the disc-tool axis, A
Nikolaev theorem applied in order to find the charac-
teristic curve owning to both surfaces, X, to be
generated and S — tool primary peripheral surface is
[2]: (see also Fig. 1)

(A,Ns,7)=0 (1)

where: A is the vector of the disc-tool surface S
rotation axis;

Nx - ¥ surface normal, into the XYZ system,;
71 the position vector of the current point from T
surface, referred to XY Z; origin, O1.

2.2. Proposed Methods
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2.2.1. Section method

Use many cutting planes, that is perpendicular to
the axis of the disk tool. For each cutting plane, the
intersection beetwen the plane and the helical surface
(see Fig. 2: EF) must be tangent to the circle, that is
intersection beetwen the cutting plane and the disk
toll, the contact point can be found. The
characteristic curve (BrCr) is specified by a set of
contact points.

Fig. 2. Two intersections are tangent
a) 3D CAD Methode

Using 3D CAD software such as Inventor, it is
easy to draw the intersection between any cutting
plane and 3D solid model of the given detail that
contains helical surfaces (see Fig. 3).

Export Drawing File to AutoCAD, in AutoCAD,
specify contact points by using perpendicular osnap
mode (see also Fig. 3).

Affter specifying a number of contact points, it is not
diffical to specify the axial section of disk tool, then
using Revole command to creeate primary peripheral
surface of the disk tool.

Fig. 3. Specify the contact point P
b) Computation method (see Fig. 4)
Given:

- The profile BC of cross section N-N of helical
surface.

- Position of a cutting plane P-P
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Specify: The section P-P

The profile BC on section N-N is given by a number
of points, as usual, each point of them is given by a
pair 1, & (polar coordinates), it can be translated into
Cartesian coordinates as:

@
3

X =rsin &

y=-rcosd

Fig.4 Specify intersection of a helix and cutting plane

The equations of the helical surface are written as:

x =r sin(d + dd) 4)
y=-rcos (d+dd) (5)
z=pdd (6)

Where p is the parameter of the helix, dd is
angle that the profile N-N rotates about the axis of the
helical surface.

The equation of the cutting plane P-P is written as:
z =k (x-Xo) (7

Where k, x¢ are parameters of the given cutting
plane P-P.

So, the intersection point between cutting plane
P-P and the helix from any point on cross section N-
N, such as Ck, satisfies the equation:
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p dd =k (r sin(d + dd) — Xo) ®)

The equation (8) can not be solve exactly, but it
can be solve approximately by using computer with
the subroutine in ARX language, running in
AutoCAD, its algorithm as follows (see Fig. 5):

Inputr, & xp. k. p.

xe=1 * sin (8); Ax =10;
dreg = &;

T
= E
T

dé = (k *(xc-xg))
Hp-k*r*cos(8))

L]
x= 1 *sin(8 + dé)
z=k*(x xp);
dé=z /p
&=5+ db;

Xc= 1 ¥ sin(8);
xy= x; Ax = xcxy:
ddout = & - éreg;
zout = p * déout;

¥

Fig.5 The algorithm for solving the equation (8)

Using the above subroutine, after specifying a
number points on cutting plane P-P, join them by a
spline and find contact point then create axial section
of disk tool by the way shown in the section 2.2.1.a

2.2.2. Boolean operation method

In this method, CAD approach is used to
simulate generation machining process. For this
purpose, the cutter and work blank are taken as solid
models and simulation is performed using Boolean
operation to remove unwanted material in an
incremental manner, maintaining the kinematic
relationship. (see Fig. 6)
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Fig. 6. Creating the disk tool for helical surfaces in
AutoCAD

3. Testing results, discussion and conclusion

The disk tool created by using the methods
mentioned above and the given helical surface have
been cheeked the tangency condition as follows (see
Fig. 7, 8):
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Fig. 8. Testing tangency condition by using
“constrain” command in Inventor

The Fig. 7 and Fig. 8 have shown that the disk
tool and the given helical surface seem to satisfy
absolutely the contact conditions.

The accuracy of the disk tool profile have been
also tested by the simulative machining, that has used
the Boolean operation in AutoCAD as shown on Fig.
9, 10.
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Fig. 9. Simulative machining in AutoCAD
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(a) Creating two profiles
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(b) Comparison between two profiles

Fig. 10. Testing accuracy of the disk tool by
simulative machining
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The Fig. 9 and Fig. 10 have shown that the
helical surface generated after the simulative
machining have been compared with the given helical
surface, the maximum difference between their cross
sections is 0.0182 mm (see also Fig. 10b, in the
AutoCAD text window).

The testing results have confirmed that the
proposed method achieve high accuracy for variant
profiles of helical surfaces in short consumed time
and have demonstrated the functionality and the
reliability of the proposed methods that confront the
complex problem of disk tool profiling for helical
surfaces generation. The proposed method was
created on implementation point of view while the
most others were conceptual [1,3,4] so the method is
suitable to create application software running in the
AutoCAD which is more popular and cheaper than
CATIA [2,5,6].

In near future, we will complete the method in
order to design more complex cutting tool based on
upgraded envelope technique.
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