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GRAPHIC ANALYSIS OF HOBBING IN UNFINISHED SPACE*

By Kenichi TERASHIMA**, Taku UENQ***

and Kazunori HIDAKA****

A new graphic method is proposed,

in which the hobbing state in the

unfinished tooth space can be easily illustrated through simple calcu-
lations and with only one tooth profile template.
This method is useful not only in the estimations of the cutting

thickness,

length and zone in various hobbings but also in the forecast

of the chip flowing on the rake face. The tooth wear can be also related
analytically with the cutting amount and the chip flowing. Additionally,
several tooth profiles developed for the anti-wear purpose are discussed.

1. Introduction

In order to reduce the hob wear and
to increase the machining efficiency, many
hobbing tests have been made, but by trial
and error method. Even if good results are
obtained from experiments, the reasons have
often been explained only by conjecture,
because it 1is very difficult to analyze
numerically the hobbing mechanism in the
unfinished space and it is impossible to
observe the cutting behavior in the invisi-
ble hob gash crossed with the gear space.

The hobbing behavior in the unfinished
space 1is influenced by many hobbing fac-
tors, such as module, number of teeth and
helix angle of gear; outside diameter, num-
ber of threads and rake angle of hob; feed
and its direction, etc!’. The hob wear also
varies on each tooth and the chip flow on
the rake face which affects the tooth wear
varies with gear materials, cutting oil
and other factors® Therefore, even if the
effective methods are obtained on one hob-
bing condition, these are not always ef-
fective on the other hobbings.

In the previous paper®, a numerical
analysis method was proposed for the quan-
titative solution of this problem. But, in
this method, a larger capacity computer
must be applied even for the analysis of
standard tooth profile hob, and especially
for the effect analysis of different pro-
files, the larger capacity is required.

This paper demonstrates a new graphic
method which can be easily drawn with the
programmable microcomputer and with only
one template; and by this method the cut-

ting thickness, length and the chip flow
of the hob developed for the anti-wear pur-
pose can be visually understood.

The symbols and the hobbing conditions
used in this paper are shown in Table 1,
and the definitions of +or - sign are shown

* Received 15th August, 1978.
**% Professor, Faculty of Engineering,
Nagasaki University.

*%% Professor, Faculty of Engineering,
Kyushu University.
*%k%*% Agsociate Professor, Sasebo Techni-

cal college, Sasebo-City.

in Table 2.
Table 1 Symbols and hobbing test
Symbols Hobbing test

m : Module * 4 mm
S |ae: Pressure angle * 20°
Eir : Setting angle
8 |a : Center distance

Aa: Addendum shift - * 0

Z : Number of teeth * 33

B : Helix angle * (Spur) 0°
5 |Rk: Outside radius Gear materials
& |Rp: Pitch circle radius S45C-H

Ryp: Root circle radius Hardness

Rg: Base circle radius Hs 250

ry: Outside radius * 50 mm

ry: Pitch circle radius

ry: ro - (dedendum)

Zy: Number of threads * 1 RH

Gy: Number of gashes * In
oy : Lead angle
£ |Yp: Lead angle on re circle

§ : Rake angle * 0°

B : Helix angle of gash * 0°

s7: Whole depth Hob materials

At: Tooth distance on axis SKH55

A6: Tooth division angle HrC 64

N : Tooth profile Standard
@i +f: Conventional cut feed },,
|-t CHmI]J cut feed] . -2 mm
+10 : Revolution angle of gear l_=———]
3S|e : Revolution angle of hob v =51 m/min

Table 2 Definitions of t in symbils
Symbols *

According to * of addendum shift
Right hand : +

Right hand : +

According to * of rake angle
According to t of (8-7)

Righthand rev. of x axis : +

Down ward from horizontal plane : +
Right side from 0-th tooth : +
Conventional cut : +

=<
Emmi

RO o< mg
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2. Graphic analysis method

The hobbing is a complicated three-
dimensional motion which is related to many
items shown in Table 1. Accordingly, the
hobbing cannot be treated without a sort
of simplification so as to illustrate it
on one plane. Fortunately the limit of the
drawing accuracy is up to the four figures,
so that the approximation to such a degree
is allowable.

Figure 1 shows a state in which a gear
having right helix angle B, module m and
number of teeth Z is conventionally hobbed
under feed f and addendum shift Aa with a
hob of outside radius rg, number of right
helical threads Z,, number of gashes Gy
and rake angle §.

Under such conditions, the graphic
method will be described. Tooth number W,
tooth interval Ap, position A¢tN and AOW,
and others also are illustrated in Fig.1.

2.1 The basic theory of graphic
analysis

The conception of this graphic analy-
sis is explained in Fig.4 and Fig.6, where
Nth tooth is one whose cutting behavior
has to be referred to. The top and the bottom
centers V, W[Fig.4(a)] of Nth tooth are re-
spectively in a state where the tooth N cut
down by 67 more after cutting deepest into
the gear. An imaginary cone with the same
axis as the gear one contains V and ¥ on
its surface and revolves with the gear.
Such cones are set by putting 67 =6p, 6;,
02,-++ in order. With the hob revolution,
both centers of Nth tooth pass through the
cone surface at the same time. The hob is
inclined by the setting angle ', so that
when the top center of each tooth reaches
the cone surface, a locus of bottom center
moves as shown in Fig.4(b). To be illus-
trated on a plane, every bottom center is
rotated about the corresponding top center

)

e

Conventional
cut
+f,da

Gear pitch cylinder

Fig.1 Tooth number ¥, position of
Nth tooth (AtN, A6N)

up to the cone surface.
The cone surface P is revolved about
the top center V" cut deepest into the P
surface up to horizontal plane P’, and then
this is projected on a plane P"”. The P"
plane is the drawing one and the center
loci on each cone are obtained on one plane
(Fig.6).
’ After the top and the bottom centers
of the tooth profile template (Fig.5) are
superposed respectively at the correspond-
ing centers on the drawing plane, the whole
template profile is traced. The traced pro-
file can be considered the cutting zone
when the tooth passes through the cone sur-
face. Geometric shapes of the gear and the
hob can be calculated by * symbols given
in Table 1, and the following constants
are found.
Y =sin’ (0.5mZy/r0), Ye = tan® (rotany/reg)
Ap = 21rocosy {1+tanytan (y+8) }/Gy,
At = Apsiny, A8 =ApcosYy/Yo, [=B-7Y
w=sin! (rysind/rp) - 8§, a=Ro+rotha
Ky =2y/2/ A~ fsinB/(mmz) }, Ko =0.5K1f/T
--------- (l)
Here K; is the revolution ratio of
gear and hob, X7 is the feed ratio per unit
revolution (rad.) of hob. The helical gash-
es with helix angle B are treated as the
segments of straight gash arranged in turn
along helix gash. In Figure 2, the gear co-
ordinates Xgygzg are fixed in the hobbing
system, the tooth space coordinates xsysas
exist at the height of Zg=h and rotate
with the gear, and the tooth profile center
line of Oth tooth and the tooth space center
line ys meet with common normal line Yg at
the height Zg=0. If the hob is reversed
by (ABN - 8) from the above state, Nth tooth
comes into a state in which the tooth cuts
down by 6. Then, the center axis yg of
tooth space on a plane of height % exists
at the angular distance O from Yg-axis.
0 =K, (ABN-8) + htanB/Ro seeseeeee(2)
In this case, the gear coordinates of top
center XgtYgtigt and bottom center Tgrygr
zgp are obtained from the ellipse motions
of both centers (Fig.3).

" Unfinished
tooth space

Fig.2 Coordinate systems
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xgt = AtNcosT + rigsinfsinl
Ygt =a - rkcosd
2gt = -AtNsinl + rgksinbcosT
- K> (ABN - 6)
Tgr = AtNcosl' + resin(6 - w)sinl
Ygp=a- recos (6 - w)
3gp = -AtNsinl +regsin(6 - w)cosl
- K, (ABN -96)
~ ...------(3)
Putting N=N and 0 =07, the coefficients &
and b at an intersection z =c_zyg+b [Fig.4
(a)] of cone surface and plane Ygig can be
calculated as follows.
Re=Vxgt? +ygt?, Rp=/zgp?+ygp?
a=(zgp - égt?/(ﬁr -Rt), b=zgt-aygt
hi=ako +b, ¢=tan|al
~ ceeeeeees(4)
When the top center of Nth tooth contacts
the cone surface set as 64, the revolution
angle 6 1s found from Eq.(5), xgtygtagt
from Eq.(3) and ze from R in Eq.(Sg. %ntil
an accurate value of 6 is obtained, the
calculation satisfying |2g¢ - 2¢| < allowable
value € in Eq. (5) must be repeated with the
0 value varied.
R=Vxgt**ygt>, zc=ar+b
l2gt-8c| €+ Top of tooth exists on the
cone face.
|2gt-2c| > € : Eq.(3) and (5) is repeated
in next 6
8 = sin{(AtNsinl + z4)/ (rgcosT) }
ceeeieees(5)
The coordinates of both centers are found
from Eq. (3) under the obtained 0, and then
these are shown on the tooth space coordi-
nates. Here, the tooth space exists at a
directional angle O described by Eq.(2)
where %7 in Eq.(4) and 6 in Eq. (5) are re-
spectively used as % and 6.
g = xgcosO - ygsind, ys = xgsind +ygcosd
ceeeeae(6)
Next, the top center is projected on
a contact plane P of acone generating line
which passes through an intersection of the
space center line yg on the plane kA; and

v—Tooth number—,

9 _Hob axis b o 2_
On \
- fXgr
e le—At.-NeosT— w{ Ygr
W' 2gr
V{xgt
o B -— Ygt
< / gt
d o
is
3 ﬁr
' &
J t=o Rt
= Pe
3 &
¢ Delay angle w
Op Xg due to d

Fig.3 Revolutions of the top
and the bottom centers
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the cone surface set as 67{. The bottom
center is rotated up to P-plane [Fig.4(c)]
and then is revolved again about the top
center whose tooth cuts closest to the cone
vertex up to horizontal plane P' parallel
to xgys plane [Fig.4(b)].

In the coordinates XY (Fig.2) on the
drawing plane P"”, Y axis is the space center
line ys and X is the tangent to the deden-
dum circle. Finally, the above centers are
projected on the plane P"” and are repre-
sented by XY.

AY = (yst - Yst) (1/cosg - 1)
Xt=Xst, Yt=ygt+OY-Rp, Xp=uxsr
Yp=vV6l - (®st - Tsp)? +Yst + LY - Rp
Yst: Yg coordinate of deepest tooth
) cevee e (7)
Thus, the loci of all centers can be plot-
ted on the drawing plane. A flow chart of
this calculation is shown in Table 3.

2.2 The drawing procedure

(1) Magnification of figure

All the drawings are magnified to mod-
ule 80 mm, because these can be drawn on
A3 section paper, which is convenient in
size. Additionally, the drawings and their
analyses become easy and the figure accu-
racy increases by magnifying. Moreover,
drawings in various modules are possible
using only one 80 module template.

(2) Tooth profile template (Fig.5)

A tracing paper on which the tooth
profile of module 80 1is accurately drawn

Tar, VSZZ—(J':&! -xsr)2+y,g

*g ¥ 81

(e

Gear axis /

SY o

o rawing Lo
(a) (b)

Imaginary Fan-shape of the bot-

cone tom centers, and their

revolution
[Some pq?ts of figure are expressed
approximately to the explanation

Fig.4 Imaginary cone and drawing
plane
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is stuck in an A4 sized celluloid holder,
and then two templates are made from both
sides at the same time by using the cutter
and the file. The scales divided along the
tooth profile are convenient for under-
standing the cutting position. The bottom
points 1 and 6 of the raked hob are shifted
by rewtanye in the right or the left direc-
tion. In case of a modified profile, the
same ones are made only as the template.

(3) Selections of the tooth N and

angles 6; setting the cone

In order to analyze the cutting states
of all the teeth, the 0th tooth may be se-
lected as N, and if the cutting state of a
certain fixed tooth is closely examined,
its tooth number must be chosen. The set-
ting angle 67/ of an imaginary cone can be
better increased in 5° steps, until R¢ in
Eq. (4) becomes larger than R%k. The setting
end is generally expected to be within
about 35°.

(4) Tooth space profile before one

revolution of gear (Fig.6)
It is necessary that the profiles of

Table 3 Calculation of center
co-ordinates

Read hobbing conditions

Common : m, oqe
Gear :Z, B
Hob trk, S8, Zy, Gn, B: n

Cutting : £f, Aa
Calculation of basic constants

Gear :Ro, Rk, Rr, Rg, a

Hob S ro, re, Y, Sl Ye

Ap: At, A8, No, Ny, F:w
NO,NIIB)

Setting of imaginary cone
abh with respected to ¥ and 6;

l

Calculation of center co-ordinates
Center co-ordinates of each tooth
are calculated every 6; in cutting
before one revolution and cutting
of this time through Eqs.(3)~(6)

|Draw1‘ng with XY plotter |

Top center  Boundary of

to?th profile

3

FrieWtarnye

t T

/ i
Bottom center 1-6 is

equally divided
Fig.5 Tooth profile template

the unfinished tooth space before one rev-
olution be found on each cone surface. In
the conventional hobbing, the hob before
one gear revolution is higher by feed f than
hob position after one revolution, so that
all the center coordinates before one rev-
olution must be calculated by putting re-
spectively h+f as h in Eq.(1) and ze+f
as ze in Eq. (5). .

These are plotted on the section paper
(symbol e in Fig.6). After both centers of
the template are superposed on the corre-
sponding points, the whole template profile
is traced. An envelope of the traced pro-
files becomes the space profile on each
cone before one revolution.

(5) Cutting section of Nth tooth

(Fig.7)

The center coordinates are calculated
in case that the hob is set at the gener-
ating center, and are plotted on the same
section paper as the space profile was drawn.

Lo,
bH:CU
02‘1( So
h’o,o/hcf

LN Y 0
07 €r
Q%WQ ::::§\-__F__,,f”////

0. e
00 o
"{eﬁ\ 2 \

Q
O
(&
w

Locus of
Top centers

finished tooth
space before
one revolution

Section of un-

=

Fig.6 Center loci before one revo-
lution of gear and sections
of the tooth space on 6; cone

Preceding tooth
-+ WN#)th tooth

removed with

Fig.7 Section to be
Nth tooth
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When the template profiles are traced from
the most preceding tooth to Nth tooth, then
a cutting zone of Nth tooth is a blacked
portion enclosing three profiles F;, Fg3,
F3. F1 is the space section generated before
one revolution, F, is an envelope generated
from the most preceding tooth to (¥+1)th
tooth and F3 is the Nth tooth profile.

(6) Multi-pass hobbing

In the twice pass hobbing, for example,
if the first passing is made under the half
cutting depth whose addendum shift Aa is
equal to 2.25/2 module, - a tooth space re-
moved by the space profile shifted by Aa
is hobbed in the second passing.

2.3 Accuracy of graphic analysis

Figure 8 shows an example (0th tooth
was selected as N ) illustrating the 4th
tooth whose corner wear is very large in
the hobbing of Table 1. Figure 9 shows a
result calculated strictly under the same
condition through the numerical analysis®.

In Fig.8, the hobbing state in the

that of the right edge.

The top and both side edges work sepa-
rately from 15°. These two figures agree
well in the cutting zone, thickness and
others. In the practical hobbing under the
condition shown in Table 1, the rubbing
mark of chips and the cutting zone on the
rake face also agree with the states in
both figures.

According to the principle applied in
this analysis, the smaller the number of
teeth Z is, and the larger the angle B is
and the farther the distance from tooth N
is, the larger the drawing errors are. Be-
cause these errors occur mainly in the di-
rection of tooth thickness, the error in-
fluences are relatively small and their
effects are confirmed even in comparison
of the hobbing tests and the drawn figures.

Accordingly, the calculation can be
made as simple as possible; that is, the
feed less than 2~3 mm may be neglected,
the helical gears less than B=15° may be
replaced by their equivalent spur gear under
the feed f/cosB, the helix gashes less than
B =5° can be regarded as straight ones and

unfinished space is seen from the upper
side in gear axis direction. Figure 9 is
seen in radius direction. The cutting pro-
gresses from 33° to 0° because of climb
hobbing. The top edge only works slightly
from 33° to 25° and the side edges begin
to cut at 25°.

The cutting state in Fig.8 corresponds
nearly to that in Fig.9. Marks V and ¥
denote respectively the right and the left
corner. The cutting width along the tooth
profile becomes widest at 15°. At this
angle, the cutting thickness of the left
side edge is closely two times as thick as

the rake angles less than ¢ =10°
Such approximations are useful

neglected.

may be

enough to analyze the hobbing behaviorf in
the unfinished space.

3. Applications of graphic
analysis

3.1 A cause analysis of the
corner wear

Figure 10 shows the wear state of the

(-2 mm
QA |.__|

' Crater wear -
Rubbing mark

| Rake face

Profile division

43 41 39 37 35 33 31 29 27 25 23 21 19 17 15 13 11 9
1] 0 o 0 ofo o000 00 %0
30:0 0 J0 0] 0 0 O 0 OQ0 »n 0
33°- 5| 2Q0 93107114112 79 ol 0Co 8 0
£ 7] 050 97110120132136108 6¥050 & o
8300_ 9 0 g0 97109117126131108 48| 0V0 -,‘j 0
-~ 11 0.0 75 96108113122124106 |65 OEO = 0
Nad 13 0% 77 95105111118117102 62| 0O = 0
Y 15 o 80 95103109114111 98(55| 0x0 O 0O
N y5-17| 0o 82 94101107110105 90 A3Y 0E o
B 19 0’50 84 94100104106100 83 54)2 [} ‘5 0
c 21 00 86 93 98102102 94 7656129\ 0 (O O
‘9200_23 (o} 87 93 96100 99 88 7045120 0 0
=75 0 89 92 95 97 95 83 64[33/30 2N\ 0 ©
9 27p 0 90 92 93 95 92 79 57|22{30 21 0
a 29| o 91 91 91 93 89 74 51|13]26 25 N\ O

L 15°-31—0 92791 89 9! 86 70 46 7|20 18 6)
S 3 g 93 90 87 89 84 67 41( 2J15 13 1T 1
4-th tooth 2 35 /ﬁ 93 89 85 87 81 63 37 ONLO 20 22 2
gm _3; /é 16 36 /0y 9189 92 87 83 85 79 60 33} o[ 16 20 27 2

3 . . 91 86 81 83 76 56 311 O 18 24
v: Right corner, v: Left corner af [a 21 ol 1jas 88 84 79 81 74 53 28| 0 § 14 20 g
a: Section of unfinished tooth space L43[ (s 22 /c o JoNO 57 78 78 79 71 51 26f of O\12 17 ,0
b: Envelope of preceding teeth =45 | 62370 0 Jo OS5 76 75 76 69 48 23] 0| 011 15 ;0O
47 6 1Y 0 0 4 o 0v913:0
This view is looked from back o /s o o ° g\;’:;/g
side of rake face "Ts3] 00 0 o0 0 000 GC 00 O

Fig.8 Cutting state with 4th tooth
(standard tooth profile)

Fig.9 The numerically analyzed cutting
state with 4th tooth
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4th tooth, where a crater wear extends as
far as the right corner in spite of the
thin cutting thickness, and a gently slop-
ing wear occurs on its flank. The white
mark rubbed by the chip flow becomes narrow
suddenly near the left corner. The cutting
thickness is thicker at this corner and an
unusually large wear occurs triangularly
on this flank.

The growth mechanism of the corner
wear has not been clarified enough. The
rubbing phenomena between the left corner
V¥V and the unfinished space surface before
one revolution can not be considered from
the graphically analyzed result (Fig.8).
The cutting amounts of corners ¥V are re-
spectively about one-third as much as that
of the top, whereas the -wear of corner
flank is several times wider than that of
the top. Moreover, an unusual triangular
wear arises only at the left corner in spite
of the same cutting amount.

Figure 11 illustrates, in relation to

Peripheral
wedar

‘><Hob revolution

£

part

Q : Large interference
D : Small interference

Fig.11 Process generating the chip

Fig.8, a process in which a chip is gener-
ated from the space surface with the 4th
tooth. Since only the top edge works slight-
ly from 33° to 25°, the chip flows out from
the top edge [Fig.(a)]. At 25°, the chip
begins to flow out from both side edges
too, and the cutting width reaches a maximum
at 15°. The chip from the right edge is
thin, so its interference is also small,
and the right chip is pushed aside by the
top chip flow.

But the chip from the left is thick,
so that its interference 1is also larger.
Thus, the chip flows both from the top and
from the left have to stand up folded at
the corner from the rake face. The chip at
the folded lower end is hardened by the
difficult flowing out and the large cutting
force. This is a cause of the corner wear,
which was reported in another paper .

3.2 Tooth profiles modified for
the anti-corner-wear purpose

Figures 12 ~14 show some examples of
the tooth profile developed to reduce the
corner wears by controlling the interfer-
ences of the chips flowing out from the
top and from the side edges. Now these hobs
are said to reduce not only the wear but
the cutting force and the vibration. Three
tooth profiles modified from the standard

I8 1.0§I

Tooth profile of
different nose hob

4-th tooth

Fig.12 Different nose hob
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one in Fig.8, are developed for anti-wear
purpose and are investigated through the
graphic analyses and the hobbing experi-
ments under the condition in Table 1.

(1) Different nose hob (Fig.12)

A tooth profile of this hob has dif-
ferent radii for the right and the left tip
round, and both sides of this profile are
alternately arranged along the hob thread.
Both round edges work alternately in the
right and in the left, so that a chip is
separated into two parts on the larger ra-
dius corner. Thus the chip interference
from the right side edge is prevented.

The smaller radius edge cuts exces-
sively the portion uncut with the large
radius edge of the preceding tooth. The
chip thickness on this corner is thicker,
so that its flowing power becomes strong
and the chip flows diagonally pushed to
both sides. As a result, the chip inter-
ference from large round is removed and the
corner wear 1is also reduced on the small
round flank.

(2) Three chip hob"’ (Fig.13)

This hob is developed through the anal-
yses of the corner wear. Both tip rounds
of its profile have two concaves with dif-
ferent phases. Itwill be easily understood
from the tooth profile that the chip is
separated into three pieces by both con-
caves, and the chip interferences from the
top and both sides are perfectly prevented.

$:ro0.35
Tooth profile of
three chip hob

4-th tooth

Fig.13 Three chip hob

The cutting o0il also will permeate easily
into the cutting portion, so that the cor-
ner wear and the cutting force will be re-
duced too. About 0.05 mm roughness was ex-
pected to remain on the gear tooth fillets,
but this roughness of the produced gears
was difficult to distinguish visibly.

(3) Surfy hob‘” (Fig.14)

This hob has a tooth profile with small
waves touching internally the standard tooth
profile, and is used only in rough hobbing.
It is understood from the toothprofile that
many chips like slender pieces are cut off
by the wave tops. Mutual interference of
the chips is perfectly prevented, and the
cutting oil also infiltrates easily. Ac-
cordingly, needless to mention, the tooth
wear, the cutting force and the cutting
vibration become little.

3.3 Analyses of the cutting
force and the torque

Figure 15 shows the sectional areas to
be cut (the parts blacked in Figs.8 and 14)
and the areamoment of the cut section with
respect to the hob sxis. After each section
is magnified 10 times (module 800) and is
separated into several simple areas, the
sectional areas are measured. Area moment
is obtained by multipiying the sectional
area by radius from hob axis.

The sectional area multiplied by the

(=}
[

$:r0.35
Tooth profile of
surfy hob

4-th tooth

Fig.14 Surfy hob
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specific cutting resistance makes the cut-
ting resistance and the cutting resistance
multiplied by a radius from hob axis to
area center becomes the cutting torque. But
the cutting thickness and the section area
vary every moment by the hob revolution,
and the value of specific cutting resistance
changes widely depending on whether the
chip flow is disturbed by interference or
not.

The specific cutting resistance calcu-
lated from the actually measured torque of
the atandard tooth (Fig.8 and Fig.15) was
in the range of 228 ~347 kgf/mm?.

m: 4
Z : 33
20+ r : 50 mm
= O : Standard
£ %) tooth hob
E £ ® : Surfy
“ Sf- tooth hob
Elst & H0.6e
g E
£ N
£ ) g
—
g ¢\/ ) o
10 /A A 0.4 ¢
8 /NN QO
\ =
5 R N 5
(RS %)
/y ", RO\
P 9 Sen - O o
sk o Ct, & do.2 ¢
/0 Ooc;. =
4 )
g/ Q S
/; .

. 1 1 L !
0 5 10 15 20 25 30 3%
revolution angte

Fig.15 Cutting section area and its area
moment

4. Conclutions

The hobbing state in the unfinished
tooth space has been able to be expressed
graphically through the simple calculation
and with only one template. The conclutions
of this paper are summarized as follows.

(1) This graphic method can be applied
to various hobbings such as hobbing of the
spur gear or the helical onewith the multi-
threaded, the helix gashed, the raked and
the tapered hob under the conventional, the
climb, or the multi-pass cut.

(2) Cutting zone of each tooth, cut-
ting thickness, its width along the tooth
profile, its peripheral length, and so on
can be visibly observed through this anal-
ysis.

(3) The wear causes can be made clear
by connecting the practical wear to the
cutting state figure, and the chip flow
causing a corner wear can be foreseen on
the rake face.

(4) This method will be able to ana-
lyze as well the wear cause, the cutting
torque, the cutting vibration and others.
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