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ABSTRACT.

Profiling is one of the important problems in mechanical engineering and industry because of its
large applications in the field of cutting tool. Most papers and researches deal with the problem of
profiling of involute profile. The problem of direct profile design consists in determination of
profile tool if profile of gear is defined. This paper deal with problem of determination non-involute
profile for helical surface in which profile of tool is defines and this problem called the reverse
rofile problem. There are very large applications of this problem in cutting tool. for example
cutting of helical surface (flutes) of twist drill with disc (wheel) tool and generating of helical
surface for hops with disc (wheel) tool. To solve this problem, we will use transformation method
lor determination profile of helical surface and spline — approximate method for describing initial
profile of tool. :
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INTRODUCTION

Direct profile problem consists in determination of profile tool when profile of gear is defined and
this problem we can study in plane such as generation profile of gear by rack cutter (Litvin1997).
Our research deal with problem of determination profile for helical surface which generated by
disk tool and to solve this problem we will study disk tool and helical surface in space.

The problem of the determination profiles for helical surface consists of two categories:
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- Profile of helical surface: Research and determination of profile of helical surface by using
transformation method (Novinkov1956). To solve this problem, we will study profile of helical
surface in normal and axial plane. Also this method make possible to find profile in generation
plane with angle . In which the ordinate axis of profile must be negative and this is the
condition for proper generation of helical surface,

- Profile of dise tool: There are many methods to describing initial profile, these methods use
explicit or implicit equations but have disadvantages, and therefore we will use spline —
approximate method because it have many advantages in discretion of initial profile .

PROFILE OF HELICAL SURFACE: ;

Let’s assume XY, 7, is the coordinate system of disk (wheel) tool S, . as shown in Fig. (1). We

. e ) 5 1-‘I 'T.l- ot . . E .
can write inmual profile of wol as vector F, = i its axial plane and unit vector of its noermal as
K
E e'rh
& 4+
€,

Then the surface of disk (wheel) tool in the coordinate system S, : F, = M, F,, where M A “Matrix
transformation from coordinates system S, to coordinates system S, (Litvin1968).

e 0 Axl

0 cosep —sing 0 .

Mo = 0 sing cosge G' th
TR e
where: @ -Angle of parameter surface for disk tool:
Av - Disphwement Trom original poit €2 i coordingies svstem S, 1o original point (),

coordinates system & the displacement Av ol disk ool woward 1ts axial will be first cutting

machine adjustment to the profile o helical surface.

After solving: E = MMJ:: , we obtain ;

.

X, =x, +Ax ]
Vo= Y,C080) (2)
Sy =Yy sing |
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Fig.(1) Disk tool in coordinate system S, with adjustment of

cutting machine for helica! surface.
R f kD ; % . 1 !
Fhe surlace ol disk wol in coordinates system S, b = M ¥

where M, -matrix transformation from coordinates system S, to coordinates system 3

| 0
|5ir1 y O cosy IJF
gy TR
Where }- is the turn angle of disk tool relative to normal plane of helical surface . This angle

will be the second cutting machine adjustment of the profile of helical surface:
a-"The distance between center of disk ool and center of helical surface can be writien as:
a=R_+r, "y '

lcosy 0 —siny fl

M. =

i

(3)

Where R, - External radius ol the disk toal:

r, - Internal radjus of the helical surlace.
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Multiplying : J" = M-,«;H . we obtain :

X, =X, tow—:ﬁsiny}
5

e LV [

S, =y sinyp+i, u.:us;wJ

We will write surface of disk tool in coordinates system of helical surface S, as indicated in

Fig. (2). System S, rojate relative axis

v and move with displacement pu .

Where: p - helical parameter of helical gear .L: = ng :

in the coordinates system S with the parameter angle

M, - matrix transformation from coordinates system S, to coordinates system S, .

cosv 0 —sinv 0]
!sin L COsSU 0 0 |
.'wl_ = |
: 0 0 0 U
[} 4] sl ]
Y'i Y n

4e P,

g

.

14
T

Fig. (2) Coordinate systems of disk tool and helical surface
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Multiplying obtain:

X, =X, COSU - P, smu]
¥, =X SInU+y, cosu; (6)

r
MR s i o

Finally we will transfer the surface of disk tool to find the gen: ‘1a1m11 plam. with angle A in the
coordinate system S, and obtain: F’ =M ”f

Where: M - matrix translormaion from coordinates svstent 8 1o coordinates svstem S,

lmsl 0 sind {}E
0 1 g
M, = : 7
“Z|sind 0 cosi 0 il
0 RS A |
x,=x.,c084d -z, sind l
=Y. (8)

z, ==x,8indA+3, cosd|
4

To find the profile ol helical gear in the planc X' (. F, . we make Z, =0 and lor cach angle we

obtain: .
~-x, SinA+cosd=0 (9)

For normal plane A = 0. From formula (8) in which Z, = 0. Substituting the value of x,
obtained by formula (6) we obtain:

x, cosv -y, sinv =0 (10)
This can be rearranged to determine v as follows:

X
tanv =L (11)

y,

For generation plane with 4 2 0und 4 # 90 formula (6) can be used to obtain the following
relationship:

—(x, cosp+y, sinu]siniﬂ:r+;:uj{;c552=l} (12)

we can write general tormula for translormanon surface ol disk ool relative surface of helical
gear as following:
A -y
;: o Mh.Mu_rMﬂ.JH:Ul ‘Ph f[‘J}

where:
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‘1 8 0 Ax lcosy 0 -siny Ulf
0. cosgp -sing 0 L0 1 () |
M, = | M,«\ = e
0 sing cose O siny 0 cosy 0O
B iR 0 gl ek A A
L |
lcosu 0  -sinv 0 1 i cosZ 0 sind 0
'sinu cosv 0 0] 0 1 0 aq
M, =| [ Masl ‘
: 0 0 0 pu| Tadrnd O gpsd 0
O A e ool o o8 1
x, =x, +Ax | X, =X, 008¥~2, sin';vﬂf X, =Xx,C08y~2z, sin y]-
v, =y, L‘{J.‘;GJIL I R |‘ Sl Ii
=4 =_L',.i:iiﬂt;'?£ .S =y siny+z, Cosy | I =_'1fﬁ:xiny+-:\+.'ns;/,
z
v=--L A { A =0 normal plane}
P
X :
tany = — { 4 =90 axial plane!
.-]'r-'
—x,sind+cosd =0 {A =90 and A =0 generation plane]

Profile ol helical surlace in the generation plane can be written as: .

X, =x,C084 +z,sin, | (14)

P =¥

NUMERICAL RESULTS

The following steps can be employed to solve the problem of determination of the profile in space:

1- Solve the example of initial profile; by using spline — approximate method we can determine
the initial profile which is defined as rectangle profile (Panakratov2000).

2- Determination profile for helical surface: by using transformation method we can determine
the profile of helical surface for rectangle initial profile.

3- Progran, for design and caleulation profile : to design initial profile of the disk tool and final
profile of the helical surfacea software is build. The program is written in standard PASCAI
2.1 language. The program is developed 1o desien profile of disk tool and helical surface.

Using the writlen program three examples with different parameters ol disc tool and cutling

operation conditions.

. e e i * , ’ : XY
In first example the profile of disk ol is defined as a lincar_profile with turn angle ¥=20 with

internal radius of helical surface », =30 mm. and displacement from original point (), in
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coordinates system S, to original point €, in coordinates sysiem S, Av=10 mm . Fig 3.a shows

the inilial proposed prolile of disk wol in axial direction. The normal and axial sections of the final
generated helical gear prolile are show in Fig (3.b) and ¢,

X g

24 392 543 6985 8468 5.98 115
h

* Fig. (3a) Initial profile of disk tool in axial section

163 517 861 119 149 178 203 225 245 26

Fig. (3b) Final profile of helical surface in normal section.
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Fig. (3¢) Final profile of helical surface in axial section.

In the second example the profile of disk tool is defined as a sine portion with turn angle }’:30]‘
with internal radius of helical surface r, =35 mm, and displacement from original point (2, in
coordinates system S, to original point (), in coordinates system S, Ax =10 mm. Fig 4.a shows

the initial proposed profile of disk tool in axial direction. The resulting final profile of helical gear
in the axial section is shown in figure 4b while the final profile for helical gear in the normal
section is shown in Fig. (4¢).

¥

. 0 04 08 12 18 2 24 E.Bx 3.2
h
Fig.(4a) Initial profile of disk tool in axial section
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Fig. (4b0 Final protile of helieal surlace m normul secton,
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IFig. (4¢) Final profile ol helical surface in axial section

Fig. (5a) shows the profile of the third case studied which composed ol three parts (line, arc.
arc) With }’23[?.5 =35 mm and Ax=10 mm. The final generated helical gear axial and

normal sections are show in fig 6.b and c.

y b =10

08 N B oE . a1 By Vide Vi BB 20 a8 e AP B3RABB 8§ W
‘rh
Fig.(5a) Initial profile of disk tool in axial section
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Fig. (53b) Final profile of helical surface in normal section.
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Fig. (5¢) Final profile of helical surface in axial section

CONCLUSIONS

Fhis paper essentially describes the construction of a general and reliable algorithmic method for

dealing with the problem ol determination @ non involute profile of helical surfaces in which the
profile of the tool is defined. Furthermore, to describe the initial profile. and the spline
approximate method which used the matiix ransformation w0 determine the senerated disk and
tool profiles in normal and axial sections. :

The numerical examples applied in this work constitutes a solid basis for conducting further
studies on any configuration of helical profile.
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NOMENCLATURE

X .Y, Z, -the coordinate svstem of disk (wheel) tool §,:

M ,, - matr* transformation from coordinates system S, to coordinates system S, .
M, - matrix transformation from coordinates system S, to coordinates system S
M, - matrix transfnrm;ﬂiﬂn from coordinates system S, to coordinates system S, .
@ - angle of parameter surface for disk tool:

Ax - displacement from original point O, in coordinates system S, to original point O, in
coordinates system S, 3

7= turn angle of disk twol relative 10 normal plane of helical;

a - distance between center of disk tool and center of helical surface:

R, - External radius of disk tool:

u - distance between center of disk tool. 10 the center of helical surface:

R -external radius oF dish tool:

r, - internal radius ol helical surface,
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