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samenvatting
Uitgaande van het afschuifmodel van Merchant en y
asannemend dat er mechanisch evenwicht bestaat
tussen gemiddelde waarden var de spanningen in
een toestand van vlakke spanning, wordt een
hoofdvergelijking afgeleid door te aanvasarden
dat de richting van de maximale rek van het
materiaal de richting is van de maximale hoofd-
spanning.
Er wordt =aangetoond dat nrast de Huber-Hencky
voorwasrde voor plastische vipei geen verdere
energie voorwaarde noodzakeliik is. De oplossing
van de hoofdvergelijking wordt vastgelegd door
de heersende spanningstoestand, die kan worden
bepsald door de verhouding tussen de waarde van
de maximale schuifspanning en de plasticiteits-
konstante van het materisal. Dit geldt ook als |
vervormingsversteviging optreedt.
De theorie wordt geconfronteerd met experimentele
resultaten en een ware spannings-rek kromme,
gebaseerd op de theorie, wordt afgeleid,
prognose dotum:
1 juni 1968
- oantal blz, L 9
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Summarx

Based cn the Merchart shear plane model and assuming global
mechanical equilibrium tetween average values of stress in
a state of plane ctress, a shear argle relation is derived
byidentifying the direction of maximum strain with the
direction of maximum principal stress.

It is shown that but the von Mises plasticity condition no
partigular assumption as to minimum work has to be intro-
duced, The shear angle solution is fiyed by the prevalent
state of stress, whiclt carn be expressed in terms of the
ratio between the averepse value of the maximum shear stress
ard the plasticity constant of the moterial machined, which
also holds when strain-hardening occurs.

A comparison is made with experimental results and a true
strain-stress curve of the work-plece material, as obtained
from the present theorv is siven. ’
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Resumé

Basé sur le modéle de cisaillement de Merchant et supposé
gu'une équilibre globale existera entre valeurs moyennes
des tensions dans un cas de tension plan, une relatijon 4°
angle de. cisaillement est déduite par identifier la direction
du allongement maximum contre la direction de la tension
maximum principale.

I1 est demontré que ocutre la Mises-Huber-Hencky condition

de plasticité aucune surrosition sueleonque cera besoin
d'introduire. lLa résclution de l'angle de cisaillement est
complétement fixée par ['état de tension rréponderant, étant
calé par l'idee de reistion de 13 valeur movenne de la ten-
sion de cisaillement maximum et la constante de plasticité
du metériel traveillé. Aussi dans le domeine de tremper ce
theoréme reste valable.
Enfin un paralléle est tiré entre les résultats expérimen-
tals et une courbe allongement-tension vrai du matériel de

[

la piéce 8 travailler, obterue de.la théorie présente est
montrée,

werkplaatstechniek ' technische hogeschool eindhoven
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- Zusammenfassung

Gegrindet auf dem Fer~rant'schen Modell des Schervorgengs

bei der Zerspanuns und mit der Annahme dasz ein Gleichgewicht
zwischen mittlere Jerte der Srannungen ipn einem ebenen Spannungszu-
stand hesteke, wird mittels Jdentifizierung der Richtung der
Maximaldehnung mit der-enige Ader maximalen Hauptspsnnung im

system eine JScherwinkaigsleichung abgeleitet.

Es wird'gezeiga drsz auszer die von Mises-Huber-Hencky Bedingune
keine weitere Varaussetzung bezuglich Tie Minimalarbeit not-
wendig ist. ‘
Die Losungen der .chwerwinkeleleichung werder vollig bestimmt

s# von dem herrschenden Spannungzustand wie festgelegt durch das
Verhaltnis zwischen nen Jert der maximalen Scherspannung und
die Flastizitatskonsiarnte des Materials. Auch im Gebiete der
Dehnungsverfestigung tewahrt die Theorie seine Gultigkeit,

Die Voraussage der Ineorie wird verglichen mit Experimental-
ergebnisse und eine Lehnungs-Spannungskurve fiur das bearbeitete
Material, wie aus der Theorie hervor geht, wird dargestellt.

werkplaatstechniek technische hogeschool eindhoven
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Nomenclature and units

. X . -2

average principal stresses in shear zone Nm
T : ' “2

average normal stresses in shear zorne . Nm

. -2

average shear stress in shear plane Nm
. . T

average max.mum shear stress in shear zone Km

N -

shear angle

friction angle

rake angle

direéction of weximum crystal elongation with respect
direction of maximum principsl stress to the shear

- plane

shear strain, nans = tan {9 - ® Jscot @

plasticitr constant N~ ¢
. ‘ , -
true tensilie siress = k\/} Nm
20 .
R ctress parameter
. X :
Y !
max ,
rat o factor
k
feed ' m/rev
depth of cut ‘ n
chip thickness ratio
. -1
cutting speed ms

true strain

natural strain = Pn (1 + &)

werkplaatstechniek
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Contribution to the Mechanics of Machining.

I.

Introduction,

During the past decades a number of theories on the mecha-
nics of machining has heen published. Some of them inves-
tigate the entire state of stress, while otherwise equi-
librium vetween average values of stress is assumed to be
present in a geometric model of the cutting rprocess.

4Al)l theories are directed towards the formulation of a
shear angle relation, which is an accessible equation be-
tween measurable quentities predxct1ng an unigue steady-
state configuration for tool rake™and friction angle.

A hypothesis of minimum work is generally introduced in order
to secure the uniqueness of the shear angle solution,

It even hss been shown (1) that the search for uniqueness
might considered being fruitless, as a range of steady-
state solutions of the Merchant shear-plane type (2) is

to be expected within permissible regions of the characte-
ristic angles describing the geometry and the mechanics of
the cutting process.

The present author reconsidered extant theories based on

the assumption of global equilibrium between sverage values
of stress.

It will be shown that when identifying the direction of
maximum strain with the direction of maximum principal
stress a shear angle relation can be formulated.

As to this it is not required to introduce any energy con-
dition.

However when aiming at a shear angle solution an additional
assumption has to be made with regard to the prevalent state
of stress, which will prove to be equivalent to assuming a
value of the maximum /shear stress in the system in the case
that materials behaving according to the von Mises condition
of plasticity are bveing machined.

As a matter of fact the introduction of the von Mises condi-
tion implies accepting an energy condition, The latter how-

- ever, regarde exclusively the deformetion of the workpiece

material and does not refer to the cutting process as a
whole,

A treatment of the problem along these lines will prove to
be able to acccunt for the strain-hardening rroperties of
the material.

werkplaatstechniek ' technische hogeschool eindhoven
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‘2, The direction of maximum strain (3), and a shesar angle
relation.

. In the present theory the Merchsant shear plane geometric
model according to fig., 1 is accepted. The rroblem will be
treated as a case of plane stress. From fig. 1 follows
the geometric condition:

) Oy 575 tan((p*B - & ) es s e (1)
and hence can be deduced from the Mahr equilibrium condi-
tion as represented in fig. 2:

tan(@ 4‘8 - } 25001'. ZQ (h) ¢o e s e (2)

where the parameter g defines the state of stress.
As is clear from the fzgure this parameter can be expressed
in terms of the prevalent stresses:

b 2%, (3)
Mpw c-o LI R R I 4
¥

x
Thus g = 1 defines a state of pure shear.

Merchant introduces the angle ¥ as the direction of the
maximum value of the crystal elongation in the chip with
respect to the shear plane, which can be interpreted as
the direction of the maximum value of strain and hence
in mechanical respect as the direction of the maximum
(tensile) principal stress in the system.

This is expressed by:
g=g s o rvae (q)

Now, as shown in fig. 3 an element AF of the workpiece
material will be transformed by the cuttinr process into
the state AF'.

Its original position is fixed by an angle p relative to
the coordinate svystem shown in the figure, the position
after deformation is defined by the angle q.

The strain resultine freom the deformation amounts:

AF'- AF co8 p _ 4

[. 4 = Wit AF‘ = o8 q LI I A (5)
Furthermore follows from fig. 3:
taﬁ’! Q = tan Y - + tan p s s 00 (6}

werkplaatstechniek | ' technische hogeschool eindhoven
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P

and hence:

. %
cos P =
L 1+(tan q - tanv)? |

Combining ¢qs. 5 and 7:

1 ‘ 7 1
e = U r e j - 1
cos q L '+(tan q - tanYS)z 4

e e (?)

L N

The direction of the maximum straimin terms of the

angle g by now follows from:

de
dgq = 0
which renders:
tan q, = cot Y =

i

from which easily can be derived:

cot 2V = 3 taﬁys

Using the egs. & and 2 :

tan( 9 +B ~a ) = % g tan¥,

%
+ tany +[1} tan?y + 1\"[ vsee
8 8 _J

¢ ¢ e

s 0900

Substitution of the expliéite expression for the shear

strain in terms of ¢ ard @ according to Merchant results

tan(q&+6-a3:-}g[tan(¢-a)+cotﬁﬂ caes

which is a shear angle relation valid in a state
of stress defired by the parsmeter g,

The value of the maximum strain follows from eqs.

9 and 8:
® max =) 1« teny, [§ tany « (14 tar?‘rs)%}
Hence: L ’

fn-}ln[‘l + tan}{s{% ’can}fs + (1 + ¢ tanaé")

i

By now it is pocsioile to derive the shear angle re-
lation eq.11 in » direct way from the Mohr equilibrium

diagram fig.Z2.
According to eos.v ard 10 the equality holds:

werkplaatstechniek

(8)

)

(1c)

(11)

in:

(12)

(13)
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MP .

PG - cot 280 = % tanys )
and as: MP - 4 PR
follows: < PYR -‘Yﬁ

by which a graphics]l interpretation is obtained of the
relation between the shéar strain and the characteristic
angle (-9 « B ~a).

From this follows the shear angle relation:

; ! QP .
tan(Q»B-a}:ﬁ-—ﬁv}tanrs

and hence: oP

€ = 4ip
as already has been defined in eq. 3.

Finally is remarked that the shear strain which in origin
has been defined merely as a geometric quantity can be expressed
in terms of stress, as zlso can be concluded from fig.2:

; Oy~ Oy ’

tan v s~ ""4"".;‘:;"“"_"

werkplaatstechniek ‘ technische hogeschool eindhoven
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3. The stress parameter g,

In the case that the value of the stress parameter g is
known, the shear angle relation eg. 12 allows for a shear
angle solution, i.e. the determination of the shear angle

in dependance of the friction angle, with the rake angle

as a parameter. '

As eq, 13 predicts thaet the strain in the material can be
expressed merely in terms of the shear strsin, and thus

in terms of the shear angle ¢ , this means that an analytical
formulation will be obtained mccounting for the interaction
between the friction on the rake of 4he tool - whatsoever

the physical backeground of this perticular vrocess might be -
and the deformation of the workpiece material in the shear
zone, Thus it is important to investigate the physical
meaning of the stress psrameter g, apart from its definition
eq. 3.

The general von Miges rlesticity condition reduces to:

2 2 - 2 2
qx oov-axcg + 315 = 3k eees (M)
in the state of rlesne stress,

The plasticity constart k is considered being & function

of the strain e, and hence eq. 14 remeins valid when
strain-hardening osccurs

This means that the plasticitv ellipse, when transferred

to the coordinate system of principal stresses:

2 2 \
L -4 ¢ & 4 ‘i i
0"» 03 0103 31( (15
shows semi-axes of variable magnitude in dependance

of the staste of strain at a given strain rate,

The equilibrium condition according to fig.2 reguires:
[

0 = 0 - 27T_cot 29 e (165
X A2 8

The geometric condition as to the stresses has been
formulated in eq. 1.

Now the solution of egs. 1, 14 and 16 refers to a state of
stress satisfyine simuitaneously the geometric comdition
prescribed by the shear plane model, the condition of
global equilibrium and finally the condition of plastieity
at the given state of strain and strain rate.

werkplaatstechniek ‘ technische hogeschool eindhoven
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The selution is:

x, = s 3 :
£ P) ' ) 2 'T}
rtan'(@ sBealds 2tan( @ +B -t Jcot2R + bLeot™ 20 + 3
L ) N _II OO’(17)
‘o ) . kY3 ten{g +B -a)
y [ten2{ @ «B -~ @)= 2tani{ @ «f - @ Jcot2R + beot?29 o 31,{
L J
while ox'can be solved from eq.lk.
The counterpart of eq.16 alsc goes from fig., 2:
&é = e sipe : e 1)
Te Tmaxvlncg (18)
and:
T = 0 .0
2 max 1 1
Now two different extreme situations of stress meay occur:
1) a state of linear stress:
g, g 0 or g =0
In this case follows from egs. 15 and 18
‘tmax = 3 k\f}
2) a state of pure chesr
03 sE - 0‘ /
where follows from the same equations :
1 = K
max
In general thus can be put:
T = fok
max
and :
Ts = - fk sin2 @
where : ) ‘ o‘-("g)
V3 <

From this it is clear that anv a priori assumption with regard
to the velue of the maximum shear stress in terms of the plas-
ticity constant defines a state of stress. '

werkplaatstechniek ‘ technische hogeschool eindhoven
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In particular the condition ’tmax = k, which is quite common

- in extant theories, detines a state of pure shear,

Substitution of eq. 19 1into ea. 17 end using eqs. 4 and 10
again leads to & shear angle relation:

tan(eep ~a) = [ 2 {3000 2oyl o O] g dany, Lt20)
L tan“Y, f J
Comparison with eq. 71 shows that holds:
g =1 +[ 304 +.m..fi..m.}(m.,.’.mz._ -1 LD
L var’y, f 4

from which it is cbvious that the state of stress defined

in terms of the parameter g at a given state of strain has
its physical origin in the ratio f between the averape. value
of the maximum shesr stress and the plasticityv constant of
the material.

The positive sign in eq. 21 implies:
lo, 1> 0,

the negat jive sign meansf
Io?l<ox

The condition f = 1 i{s compatible with ¢ = 1, and defines a
state of pure shear, as is shown before. )

werkplaatstechniek V technische hogeschool eindhoven
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4. Shear angle solut:ons.

1.

The cace of pure chesr. -

i s

From the foreroing i+ will be clear that the shear angle
relation eq. ~0 or "¢ reduces to

%w(waﬁ—a}:*}rwn(w-a)¢¢mt@7 eee(22)
L ' A :

from which @ car be sclved as a function of B , for
given values of the rake angle a.

The solution has teen plotted in fig. 4, where in the
usual way of representation the shear angle @ appears as
a function of the angle B - a .

A remarkable fzct is that in the present theory the rake
angle operstes as a parameter which definitely influences
the solution obtained. :

This is shown for the velues @ = & 30° and & = 0°,

As a comparison also the Merchant and lee and Shaffer (5)
solutions have bheer wlotted,.

The present theorvy yroves to arrive at valueg intermediate
vetween thoee predicted by the theories mentioned, as it
should do whenever it would have a chance to cover reality.
It is observed that in the interval C€< ¢ € #+ ® , the
theory apparently does not allow frnr unizue solutions,

As to deal with this it is sufficient to remark that the
shear strain rasses throurh 2 minimum value as a function
of the shear angle ¢

d tany 1 1
-] X
——— a e , - s = o
de rog (@ - @) sin ¢

Hence the minimum vazlue of the shear strain is reached at:
w :."‘E”ﬁ ~‘§‘a QOI(ZB)

where the frictior angie B has the value zeroc as can be
checked by substitution of eq.23% into eq. 22.

In this stste the cutting process dissipates energy only
by deformation of the asorkpriece materisl in absence of
friction on the rake of the tool.

It seems obviocus thz+ this never can be a vphysical reality
and thus the urinuerness of the solution of eq. 22 is
secured bv: '

p
P € tnm o+ Fa T -1

)

werkplaatstechniek
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In the figure % the region of physical significance is
restricted to :

20° for a = - 3°, to 9 = hso for @ = 0° and to

1

®
¢ = 60° for @ = + 20°.

The solutions again prove to be unique.

The case of a general state of stress.

-

As discussed tefore the state of weneral stress prevails
when : ;

max<1

f o oemeane

The systemiioverned by the shear angle relation eq.20,
from which after expressing the shear strain in terms

of shear angle and reske angle, shear angle solutions can
be obtained with hoth f and @ as parameters.

As is shown in fig. 5 the ratio f has a very strong in-
fluence on the course of the shear angle solution, and
s0 it does in particular in the region close to f = 1,

“When reading fig. 5 it should be kept in mind that every

value of the parameter f gives to two different shear
angle solutions, corresponding to the choice of the sign
in the egs. 20 and 21, and hence dependent on the modulus
of the ratio between the principal stresses, which can be
expressed in terms of g 3 1 , as shown before.

#hen is accepted that the average value of the maximum

shear stress as a resultant of a hypothetic streas dis~
tributior might differ up to about 2% from the plasticity
constant of the material machined, quite a number of the
observations published in current literature is covered

by the present theorvy.

It even might be tha+ the extreme sensitiviness of the shear
angle solution with respect to the state of stress suggests
a lack of unique solutions of the problem.

A more complete vicrure gives fig. 6 where the effect of
both of the two parameters is shown simultaneously under
the condition & > ', as aprears to be usual in a majority
of the practical cases investigated,

It is observed that the influence of the rake angle decrea-
seg rapidly as the value of f decreases, i.e. when the
average behaviour ol the system moves out of the state of
pure shear,

In conclusion is shown the figure 7 where experi-
mental data as used bv Oxlev (&) as an example are compared
with the present theory.

werkplaatstechniek
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5. Experimental results.

A mejor difficulty in verifying shear-angle solutions arises
from measuring the shear-angle ¢ 1in an accuracy comparahle
with which ¢an be obtained when measuring the friction

engle B by means of dvnamometry. As a rule cutting forces
#i1ll be recorded durins a considerable length of time and
hence an average value of the frxcfzon angle can be deter-
mined with fair precision,

On the contrary determiration of the shear-angle depends on
measuring the chip-ratio from samples of the chiv,

A vest number of samples should be taken in order to arrive
at an accuracy comparahie with the one obtained by dynamo-
metry.

Now, in & program of investigetion of cutting temperstures,
an extensive study has heen made of the behaviour of the
chip contact length in relation to the cutting conditions (7).

W¥hen machining otlique.v an annealed steel C 45 with a car-
bide tool of the grade S 2 (180 - P 20)

8 definite relation between feed, speed and chip ratio proves
to exist:

_— 0,615 t
. =

_.3 . N ‘_3 ' 0400(25)
. 0,205,107 + 0,850 ¢ - 0,029.10 v '

-1

-in the speed range 1¢ v ¢ S ns . in the feed renge

0,2.1072 ¢ t € 1,0.1077 n/rev. , and at the depth of

cut of 4 = 3.10 °m.

As eq.25 has been obtained from the study of the average
behaviour of the chip contact length as recorded in a natural
way in the wear pattern on the rake of the tool, the accuracy
in determining the shear-angle from it proves to be about the
samé in determining the friction-angle from recordings ob-
tained with a sensitive strain-gage dynamometer (&),

Statistical evaluation shows a relative error of 2% in the
shear-angle and a relative error of 2,5% in the angle B - a ,

The experimental results have been plotted in fig. 8, where
both values of the sheasr-angle obtained by use of eq. 25 and
those obtained by direct measurement of the chip ratioc have
been used, The presercz of a systematic error is evident.

The agreement with the present shear-angle relation eq. 22
is pretty good, from whieh it might be concluded that the
material is machined ir. an average state of pure shear, and
probably behaves arccording teo the von Mises condition of
plasticity.

werkplaatstechnisk ' ' technische hogeschool eindhoven
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plotted.

A second series of experiments has been performed with a
negative value of the rake-angle..The results are shown
in fig. 9 from which the conclusion might be the same,

In conclusion it.is remarked that .eq. 17 when used in con-
nection with dynemometric experiments allows for investigation
into the plastic tehaviour of the workpiece material under
machining conditions when assuming validity of the von Mises
conditien. ‘
Adhen using: cot 22 = 4 tan Y oo

-

a8 has been derived earlier. the eq. 17 can be written like:

O¢ = k\/} =T rtanz(w+B-a) - tan( @ +P -a Jtany_ + tanzv +3—T}
SL 8 s _J

.‘."(26)

by which the true stressdg is expressed in dynamomeiric guanti-
ties and hence can te calculated from numerical experimental
values. The amount of ceomputing work is considerably reduced
when is known .that the material is machined in a state of pure
shear, as in this case eq. 17 reduces to ¥_ = k s&in 28

As derived in ea., 13 the true strain can be calculated from
the prevalent value of the shear strain and thus a stress-
strain relation ir the region of machining conditions can be

This is shown in fig. 7C as based on the measurements of fiz. &
when maechining an annealed steel C 45. The mechanical proper-
ties of the material are illustrated in fig. 11, which
represents the true stress-strain relation as obtained from a
stepr by step interrupted tensile test.

The yield goint of the 'material is reached at a true stress
of 3,42.10° Nm™2 (34,2 kgf/mme) and fraction occgrs at a
value of the stress close to_10é Nm~€ (100 kgf/mm<)

In the rerion hetween, the stress-strain curve behaves almost
perfectly in aecrcordance with the power function:

G e c,22

= 1,18 %
O = 1.78.70

From fig. 10 it mav be concluded that in the region of high
straiar ard strain rate, as tvypical for conditions of machining.
aprroximstely hoids:

¢ :1.56.109&1'32

A simultaneous representation o. .. of the two relations
is given in fig. 12.

werkplaatstechniek ’ technische hogeschool eindhoven
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This preliminary investigation into the plastic behaviour of
the material under conditions of machining does -not conclude
to a significant influence of the cutting speed and hence of
the strain rate on tre strain hardening. By far the most.
important fector in rtrain hardening, refering to the particu-
lar material studied, arpears to e -the value of the strain.

30 far, however. rno exvperiments have been performed in the
region of strain which links the ultimate values of the
guasi-static tensile tesr wiith the minimum values achievable
in mechining, in order to investigate wether some continuous
transition from the one region to the other might exist.
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Fig. 1.
»

The Merchant shear plane model and the geometric stress
condition:

(Iy = ‘rstarx(@ B -a)
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Fig. 2
The Mohr equilibrium condition and
b op =9
"WMF T 6 -0

X

o

tan(q;+B-aA) = g cot 20

the stress parameter

= + from which is derived:

If the direction Q of the maximum principal stress is iden-
tified with the direction of meximum strain, it can be shown

that holds:

cot 2R = % tan Y

from which follows:

< { s
PR Ys
and hence the khear angle equation

tan(g +B-a) = 3 g rany =%

»

g[tan(w-“) + cotv:ll .
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Fig. 2
. - f X n n
“etermiratior of the direstion q = = - ¥ = 3 - Q
“

of maximum etrair.

An element of material AF is deformed by the cutting proces
into the state AF' ard is thus strained to the amount

X R
g:AP oo 08 P 4

AF cos q
From the conditicn g«% <~ O, c¢an be derived the direction of

maximum strain:

cet 2Q ¥} tan y_ - cot 2¥
£
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FiE L] L‘

The chear angle soluticr eg, &0 in the state of stress of
rure shear, as defined v the condition 03: - o' and hence
by T =k c¢cr f . g :

max
Shown is the effevct of the rake argie as a parameter,

A comperison 15 made with toth the Merchant ard the Jee znd
schaffer solutions,
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Fig,

The shear angle relstion eq. 20 for the value of the rake angle
r— & = 0O end different values of the ratio
1max

f s
. = " »

shown is the sensitiveness of the solution with respect to
minor changes in f in the region close to £ = 1,

Botn the poss'mle sciutiors have been piotted a»cardmr te the
value { - 0,99, correésrondirng with the two possible differert
states of average shtress, :
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Fig, 6

The shear angle relation »q.20C for different vasues of both the
rake angle @ and the ratio f,

Only the solutions corresronding with the pesitive siegn in
the eqs. 20 and 271 have been plotted, as will refer %o the
majority of the ypracticzl cases,

To be observed is the decreasing importance of the rake angle
as the ratio f decreasesr due to the moving of the system out
of a state of pure shear.

|

'
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figo 7

gccordineg to eq. ZC.

Comparison of a number of shear angle velues as used by
L Oxley {(6) with the predictions of the present theory
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Fig. 8 and fig. &

Comparison of experimental results with the predictions of the
present theorv, eg3. ¢¢ when machining an annealed steel C 45,
speed range 1 - 5 ms~ , feed range Q0,2 = 1,0 mm/rev, denth of
cut 3 mm,

determined indirect v from chiv ratio relatior en 28
measured direct v fram ehip ratio by sampling.

¢
X

L]

i
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!

15

Fig. 1C

The stress-strain relatiorn of an annealed steel C 45 in metal
cutting, according t¢ =gs. 13 and 26 ard based on the measure-
ments of fig. &.
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Fig. 11

The stress-strain relatisn of arn anrealed steel C 45 as

obtairned from a ste

Yield point 3.4z 1C°

-z(v

Nm=¢ (34,2 kgf/mmc),

fracture 1¢Y Nm aele) }:gi,‘mmz).

hv rtep interrupted tersile test.
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Fig. 12

Comparison of strair hzrdening in a tensile test and in the

rrocess of metal

1

cutting,
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ippendix

-

The rake engle is defined in & plane passine throush the direc-
tion of the curting syeed vector and the direction of the rorr=}
to the plane machined,

Tehle

Table

Table

Table

concerning r.mer,cal values ohtained hy dvnamonmetry
when machining stecl O 45 (annealed) with 2 cezrbide
tool grade S20FCO

in these reports fthe fallowing symtols are used:

o IR N
<

P

m | X > A iy

T o

m

W TE TN
7

cutting spzed

feed

main cutt.ng force

force in direction of feed, thrust force
averzge :zhear stress in shear plane
inverse wvoiue nf chip thickness ratio
shear stra n

shear arxle

friction anrle

raks angle

true strain

coefficier of friection

Trug tens. L€ SLress

rake ang.ie . 6°
cleararice angile 50
side cutting edge angle 159
nose radius 1,2 mm
gepth of cut 3 mm
results of calculations refering to observations A,,l
rake angie ‘ + 6°
ciearance angle 50
side cutrting edge angle 0°
nose radius ‘ 1,2 mm
depth of «ur 2 mm

results of calculations refering to observations =y
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Table C1

Table Cz

The machire

rake angle - 6° |
clearance angile 170

side cutting edee angle 0°

rose radius 1,2 mm

deprth of cu 5 mm

resuits of ealculations refering to
ooservations C. -

*onl used is a lathe, type A.I.DR 20C-specisl
irput power 60/80 kW,

Lhumber of revs, O < 5000, continuous control
range of feeds|  0.0025 = 40 mm/rev., continuous

centrol,max. cutting force 1OQN (1000 kef).

The measurements have veen performed by the metal cuttins
research team under the direction of Chr. Bus, ing.

Detailed informa*iun is siver in the laboracory report

WT 138 vy 4

o~

i, Jtrous eand HL Munnecom.
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