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Abstract

Build a 3d Parametric and feature based design model for a twist drill based on
geometric and manufacturing parameter, which then meshed and used in FE
analysis for drilling, and build a user friendly GUI to change the parameters.

1.0 Objective:

Build a three-dimensional (3D) modeling for a twist drill using CATIA V5.

Using a parametric and feature-based design (FBD) by specify the key parameter
for the design and build relation (function) between them.

As the design of such a complex three dimension cutting tools required a feedback
from actual machining process. we build our model based on:

- Geometrical/ design parameter (helix angle, point angle, clearance angle,
web thickness, back taper, and drill diameter).

- Manufacturing parameter (Angle between drill axis and grinding cone axis,
grinding cone angle, cone shift, and drill skew distance).

We will generate a 3D model of drill with CATIA V5 based on geometrical and
manufacturing parameters of the drill supplied by the user, within an interactive
graphic user interface GUI, so the user has a friendly environment to change both
design and manufacturing parameter to reflect the analysis of FE simulation, and
also give him the opportunity to change the meshing parameter and build the
meshing model.

The user can alter different parameters geometric, manufacturing, and meshing
to suite there need for specific FE simulation for different material, especially when
drilling Fiber reinforced plastic (FRP).



2.0 Introduction:

Drilling is a complex 3D cutting operation with condition varying along the entire cutting
edge. With twist drill the rake angle normal to the cutting lip decreases from the periphery
toward the drill center and cutting action improves along the cutting edge from the axis to
the periphery of the drill. While the outer edge of the drill produces chips by shearing,
workpiece material under the chisel edge of the tool is subject to more sever deformation,
thus required greater thrust forces (i.e. the chisel edge does not cut but only spreads the

material sideways by an indentation mechanism [7]).

The drilling is very old operation, but the process is continually developed to improve and
to gain optimal technological and economic performance, the improved geometrical drill
design with two spiral flutes and a pointed cutting part is credited to Morse, however it was
not until the turn of the century when high speed steel was developed as a tool material ,
with its attendant improvement in wear resistance and tool-life, that the new twist drill

design (Morse design) became economically viable and widely used in hole production[1].

I like to mention here that the Feed per revolution are the same for both HSS and carbon-
steel drills for a given material, HSS produce holes more quickly only because they will

stand up when run at twice the rpm of carbon steel drill.

The geometric parameters of conventional two-flute twist drills are determined by their
manufacturing parameters. Drill manufacturing consists primarily of two grinding steps,
namely grinding the flute faces and grinding the flank faces. The parameters of these

grinding operations determine the geometric parameters of the drill.



3.0 Design geometry and specification:

The geometry of general purpose two-flute twist drills is shown in Figure 1 below:
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Fig (1) [1]
Conventional Drill Geometry and Features
The body of the drill is provided with longitudinal clearance (back taper), and radial
clearance (depth of body clearance) except for a short land or margin at the leading edge

of each flute through the drill outer corner.

4.0 Literature review:

The first person how study several aspects of drilling process was Galloway [2] .Fujii et al
[3, 4] developed algorithms for drill models using a computer; they analyzed the drill
geometry by considering the slicing of the drill by arbitrary planes.

Tsai contributed much in the mathematical equations; he covered the conical drills as well
as the ellipsoidal and hyperboloidal drills in his ASME paper with Wu, Computer analysis
of drill point geometry [5]. I must mention here that Dr. Tsai did his thesis in 1978 in Twist

drill mathematical model. Most of my work builds on his mathematical model.



5.0 Mathematical Model

5.1 Nomenclature

r, 6 : Polar coordinate system.

R

: Drill Radius.

W : Web thickness.

S,

d:

S

: Helix angle.

: Half-point angle.

: grinding cone half angle.

: Angle between drill axis and grinding cone axis.

Cone shift.

: Drill skew distance.

x’,y ’,z’ : grinding cone coordinate system.

X, Y, z : drill coordinate system.

Xoner - X coordinate of the cone vertices .

Y,

one -y coordinate of the cone vertices.

Zcomev -z coordinate of the cone vertices.

Y : Chisel edge angle.

Clo : Clearance angle at the periphery.

T

: Transformation matrix.



5.2 Flute Design:

The helical flute profiles in the plane normal to the drill axis are not fully specified although
the x and y coordinates ( or r and theta for polar coordinate system) of the portion of each
flute which form the ideally straight lip or major cutting edge at the point when the drill is
sharpened have been mathematically defined[1], and depend on the web thickness or core
diameter 2W about the drill axis , the nominal drill diameter D, the helix angle do at the
leading edge of the flute and the required point angle 2P ,when the drill is sharpened we
can Wright the function:

r, 8 = function ( D, 2W, o, 2p, r) (D)

The remaining portions of the flutes which form the drill point heel and heel corner when
the flank is generated during point sharpening have not been specified ,but it should design
such that it make a combination between provide space for chips removal and the body

strength and rigidity.

The analytical equation to use to draw our curve in the plane normal to the drill axis is this

one with polar coordinate system:

6 =sin tan o, cot p 2)

. 71Z+‘V’”2_(W)2
R

v

Where, W is half the web thickness J, is the helix angle and p is the half-point angle.

Here, r is varied from W to R (R=Drill Radius).
Hint: you can verify that when r = W we get =90 deg., and when r = R we get the

minimum angle for this specific drill.



The geometrical interpretation of equation (1) can be drive using fig (2) below
(Note in the fig(2) that Dr. Tsai use  which equal @ in polar coordinate system which I
prefer to use in my model and in CATIA program).

The flute shape can be represented by the polar coordinate (r,8)

Fig (2) [6]

Flute Shape mathematical model

At point P the radial distance is r and the angle € is given by:

0=(a+p) ®)
a=sn" X
= P “4)



The drill flute contour is designed so that if the drill point angles is 2p,the point P of the
drill flute before grinding becomes the point Q on the straight cutting edge:

OP=0Q-=r (5)

The difference of elevation between point P and Q is t, which given by:

Jr2 = /2)

t=———"——cot 6

2 p (6)
The drill flute is rotated by the angle £ since from point P to point Q, the elevation is
changed by t. The angle £ is proportional to z and will equal 27 when ¢=/:

27, tandg,
P=t=—g ! ()

B = tan &, cot p (8)

Jri =W /2)>
R
Equation (2) is the drill flute cross-section for z=0, the drill flute is rotated by the angle

tan & . . . .
( I; 2 z) ,hence the drill flute cross-section for z not equal to zero is got by adding this

part to equation (2).

5.3 Point Design:

Twist drill point geometry is very important feature . The geometry of the point determines
the characteristics of the drills, three cutting edges: the main cutting edges (cutting lips),
the chisel edge, and the marginal cutting edges. The geometry of the main cutting edges
affects the drilling torque, thrust force, radial forces, power consumption, drilling
temperature, and entry and exit burr formation. The chisel edge positions the drill before
the main cutting edges begin to cut, and stabilizes the drill throughout the cutting process,

it also effects the drill centering characteristics and thrust force. The margins guide and
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locate the drill and affect the drill straightness and roundness errors and drill surface finish.

[8]

The drill point geometry is generated by sharpening the point end of the fluted body by two
symmetrical flank surfaces about the drill axis, the intersection of the flanks with the helical
flute surface result in the ideally straight lips and the curved drill point heels terminating
at the heel corners on the periphery of the fluted body surfaces. The two flanks intersect to
form the chisel edge which joins the lips at the chisel edge corners.

The six prominent features commonly used to specify the drill point geometry (see fig-1

above) are:
1. Drill nominal diameter D. 4. Point angle 2p.
2. Web thickness 2W. 5. Chisel edge angle .
3. Helix angle at the periphery o, . 6. Clearance angle at the periphery Clo.

While we use 1,2,3,4 to specify the design geometry of our conical drill point model we

use the manufacturing parameter 8, ¢,S,d ( I will go through it more specific later).

The Chisel angle y, and Clearance angle Clo are implicit function of the manufacturing

parameter:
w = function(¢,0,d,S) 9
Clo = function(¢,60,d,S) (10)

Hence we can see that for a given chisel edge angle (y),or clearance angle (Clo), there are
multiple sets of possible manufacturing parameters.

By combining the 1,2,3,4 from design parameter with the four manufacturing parameter a
unique solution is possible, also the other important but dependent features such as the
rake, clearance, and wedge angles along the chisel edge could be determined from the given

specification.

In general it is interesting to note that in view of the fact that the mean thrusts and torques

for nominally identical drills from one manufacturer are significantly different due to the
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geometrical variability during drill production there is some doubt regarding the
applicability of the empirical equations, and farther doubts when we consider the

geometrical feature from different manufacturer.[1]

Fig (3)[9]
Conical grinding profile
See Fig(3) above , there is four grinding setting parameters required to grind the drill
point geometry:
6 : Grinding cone half angle.

¢ : Angle between drill axis and grinding cone axis.

12



S : Drill skew distance.
d : Cone shift.

We have two coordinate system the grinding cone coordinate (x’,y’,z’),and the drill

coordinate system (X,y,z).

Let find the transformation matrix between these two coordinate:

x' x (i1
Vg
z z
1 1

From quadratic surface representation of the drill flank we can find the equation of a cone

to be, see Fig (4) hereunder:

X X Z .
(8) 24t e =
£ a¢ ¢
Fig(4)[5]
Quadratic Surfaces
x?+y?—(z tan0)’> =0 (12)
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Equation (10) represents a pair of cones connected at their points in an “hourglass” type
configuration. Only the lower one of the cone pair will be considered because it is the one
of concern in drill geometry studies.

Let do the translation first (See Fig (5) hereunder:

x' 1 0 0 dx|xT

V' 0 1 0 dy|yT

z' - 0 0 1 dz|zT (13)
1 000 111

Fig (5)

Translation of coordinate
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Let dy= -S and dz = d ,were S and d are parameters which locate point 0.Then the

corresponding value of dx which makes point 0 lie on the cone Surface can be obtained

from equation (10) then:

X 1 0 0 —vJd*tan*0-8* || xT
Y1 o1 0 -S yT
2 o 01 d zT
1] 1o 0 0 1 L1

Let do the Rotation about y axis, see Fig (6) hereunder:

I

" 7

Fig(6)

Rotation of coordinate

xT cosg 0 sng Ofx
yT 0 1 0 Oy
2T | | =sin ¢ 0 cos¢g Ofz

1 0 0 0 1I]1
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Then we find the equivalent Transformation matrix by Concatenation [10]:

X7 [1 0 0 —Jd*tan?6—-5> [ cosp 0 sing 0fx
»' _ 01 0 -8 0 1 0 01y (16)
z' 0 0 1 d —sin¢g 0 cos¢g 0|z
L] 1o 00 1 0 0 0 1]1
x' _cos¢ 0 sing Jd¥an*6-5* [«
Yo 10 -S y (17)
z'| |-sing 0 cosg d z
Lo 0 O 1 L1
[ T=Transformation matrix 1
From the Fig (6), we can see that the cone vertices are defined at (0, 0, 0) of the cone-
coordinate system.
Then we can define it in the drill coordinate system as:
xconeV O
yconeV — T—l 0 (18)
coneV O
1 1
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We can calculate the inverse transformation matrix to be (Matlab):

[ ; o wp i wp 2o Emp (sin(phi) *d + (d"2 *tan(theta) "2 - 372" (1/2) *cos(phi)) |
cos(phi)/( cos(ph)*2 +sin(ph)*2 ) 0  -sin(ph)/( cos(phi)™2 + sin(phi)*2 ) Hos(ohi) "2+ sinohiy"2 )

0 1 0 S

~(cos(phi) *d -sin(phi) *(d"2 *tan(theta) "2 -SA2)N (1/2)

sin(phi)/{ cos(phi)*2 +sin(phi)*2 ) 0  cos(phi){ cos(phi)™2 + sin(phi)™2 ) Heos(ph) 72 + sin(ohiy’2 )
cos sin

19)

We can simplify the inverse transformation matrix equation (19) by using the
trigonometrically identities (sin > ¢+ cos” ¢ = 1), and substituting into equation (18). Then

we get the coordinate equation of cone:

X oney =—(Id” tan” @ — S* cos(0) + d sin( 0) (20)

YConeV = S (21)

Z e = d cos($) —(d* tan* 0 - S sin( ) (22)
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6.0 Standard Recommendation:

See Table (1) hereunder which gives the recommended nominal or design values for

general purpose drill for diameter ranging from % (3.18mm) to 1"(25.4mm) were

we can see that except for the point angle 2p of 118° the other feature vary over wide
ranges.

With such generous level in table (1), a statistical comparison of the drill geometry for
three different manufacturer showed that the mean values of all the features were
significantly different at 95%, although the mean values were with the range of table (1),
since the drill performance is dependent on the drill point geometry it can be expected that

general purpose drills from different manufacturers can result in different performance.

Diameter | Web Ratio | Helix | Point | Chisel Lip
thickness angle | angle | Edge |clearance

angle | angle

D 2W 2W/D | 6o 2p ¥ Clo
(in) (in) (deg) | (deg) | (deg) | (deg)
1/8-1 | 0.025- [0.12—| 20- | 118 | 115- | 8-16

0.120 0.20 | 32 135
Table (1)[1]

Recommendation for general purpose drill
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7.0 Type of drill point:

As we know that design of Drill point directly affect the drilling performance, for that

reason the researchers continue to produce new design for the drill point the major design

of drill point can be classified in three designs [11]:

Conical Drill point which we already study in the first part of this report, it is fairly
common use; the advantage of this method is the reasonable distribution of flank,
favorable in heat dissipation, and relatively high in strength. Its major defect is an
elongated chisel edge and unfavorable clearance angle distribution, making serious
wear on the flank.

Helical drill point, as we mention above it’s generated by simultaneous rotation
and translation of the drill blank. Its represent effective improvement over the
Conical drill design method, the advantage is smother cutting, lowered axial thrust,
and reduced hole-expansion. Its major defect is acute chisel edge, unsubstantial in
drilling high-strength material.

Complex helical drill point ,as we mention above is ground by a supplementary
swinging, this method improve the drilling performance, its keeping up the helical

drill point merits and strengthen the cutting edge.
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8.0
8.1

Build the model in CATIA VS5:
Algorithm Development:

Based on the mathematical model we but here the step we make to build the model:

8.2

Obtain the geometric and manufacturing parameter from the user. Calculate the
derived variables from these parameters.

Draw the cylindrical blank according to the standard, and build the shatft.

Draw the cross-section of the flute, and apply the slotting operation.

Locate the Cone vertices, and draw the virtual cone on it.

Use the cone to perform a Boolean-remove to generate the flank surfaces of the
drill.

Draw the cross-section of the drill margin, and use slotting operation.

Flute:

Use equation (2) to build the Flute Cross Section (see Fig -7) , by creating a set of point

and then using supline to connect this point and then using equation (7) to Draw the helix

curve(Fig-8), and then build the flute using slotting operation(Fig-9).

\\‘\ : theta

=

I
Fig (7)

Flute Cross Section
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Fig (8)

Helix Curve
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Fig (9)
Solid Flute
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8.3 Flank:

From the analytical formulation we know that the grinding cone axis is located on a plane
parallel to x-z plane. Two separate planes have to be defined as we considering two flank
grinding operation and hence two grinding cones.

First we draw a sketch Fig-10, and then we revolve that sketch about the Cone Axis Fig-
11 (I make the cone transparent for clarity), and then we make a Boolean operation to make

the flank Fig-12.

Fig (10)
Flank Sketch
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- j‘ GrindingRightFlank

=

*- A RightConeSketch
- RightConeAxis
& Fill.1

* Revolute.1
ThickSurface.1

Fig (11)

Cone formation
b P~ :
-{: GrindingRightFlank

) 5%: RightFlank

LeftConePlane
RightConeSketch

RightConeAxis
Fill.1

Revolute.1
[, Angle1=80.000deg
[5]. Angle2=50.000deg

Fig (12)

Flank Grinding after Boolean operation
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8.4 Margin and Relief:

Draw a cross-section on the same plane where the flute was generated (Fig-13), and use a

helix curve (Fig-14), and then perform slotting operation (Fig-15).

Fig (13)

Cross section of Margin and Lip relief cut
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Fig (14)

Helix curve
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Fig (15)
Complete Drill solid model
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Fig (16)

Twist Drill after assigned a material HSS
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9.0 Build visual Basic user interface:

Visual Basics was building to allow the user to input geometric and manufacturing
parameter (see Fig-17 & 18). A schematic of drill with all the dimensions marked is also
shown.

The users can choice from standard parameter or use special parameter.

This is the first version of GUI to build a conical twist point drill and will continue to

improve and extend the ability of it, recently I add an ability to build a mesh for stress

analysis.
=, Drill Geometry Parameter Q@@
Paint Angle (deg): 118 Choice the standard  [1321, v S S T, M
i eri
Wehb Thickness (mm) 18 Back taper 0.2 ggga;jimengg A
Concordia *
Helix Angle (deg) 30 University v ]
Margin (mm) 0.06
Body clerance 0.30
—
D‘[)R!LLER
i CLEARANCE DIAMETER

BODY DIA, GLEA

LIP RELIEF ANGLE W> 7
A

P i S

; _
SHANK | sy — STRAIGHT TR TS i
DIAMETER SHANK
i : ; _/ MARGIN
FLUTES LIP
—_— FLUTE LENGTH
T TLENGTH BODY CHISEL EDGE
OVER-ALL LENGTH

Change theGrinding

Flank Parameter Elldithe Moral

Help

Cancel ‘

Fig (17)

First version of GUI interface
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=, Grinding Flank parameter

Fig (18)
Grinding Flank parameter
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10.0 Conclusion:

The model seek reality by specifying the manufacturing parameter with combination with
design parameter, so the user have a simple and effective environment to alter the different
parameters manufacturing and design to suite there need for specific FE simulation for

different material especially when drilling composite material.

Plus the user can alter the meshing parameter to perform an accurate FE simulation for

critical material. (Fig-19)

Fig(19) FE Simulation
11.0 Future work:

Future work is to model different drill type, i.e. helical drill point and complex helical drill

point.
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