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uncut chip thickness, h = 0.25 mm
width of cut, w=2.5mm

cutting speed, V = 200 m/min
Stabler’s Rule applies.

e oblique cutting
o orthogonal rake angle, 3 = 10°
e inclination angle, 4 = 30°

a) Theorthogonal rake angle is measured in the orthogonal plane, i.e., the C-T plane.

b) The normal rake angle is measured in the normal plane, i.e., the C'-T' plane, which is the C-T plane ro-
tated by the inclination angle about the T axis.
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c) Theexpression for normal rake angle, as a function of orthogonal rake angle and inclination angle, is
7o =tan™* (tany, cos).
Substituting known values, the final result is

¥ = tan~* (tan(10°) cos(30°) ) = .

| For the remainder of the problem, assume the answer to part (c) is y = 8.5°. |




d) The expression for effective rake angle, as a function of normal rake angle, inclination angle and chip-
flow angle, is

Ye =sin"*(sinAsinz, +cosAcosny, siny, ).
Substituting known values, including the substitution 77, — A per Stabler’s Rule, the final result is
¥e = sin"*(sin(30°) sin(30°) + cos(30°) cos(30°) Sin(8.5°) ) = .

€) Thisview islooking normal to the rake face, asif your line of sight isthe normal rake-face force vector.
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Given: ‘

oblique cutting width of cut, w=2.5mm
normal rake angle, j, = 10° cutting speed, V =200 m/min
uncut chip thickness, h=0.25 mm orthogonal shear angle, ¢, = 30°
inclination angle, 4 = 20° coefficient of friction, 4 =0.5

e shear yield strength, S, = 375 MPa

a) Theexpression for Armarego’s chip-flow angle solutionis

tan A cosy,
tan (q)n +tan "t (u cosny))

n, =tan™ +siny, tanl|.

The expression is transcendental, requiring iteration to solveit. Substituting known values

tan(20°) cos(10°)

n, =tant
4 tan (30° + tan‘1(0.5c:osny))

+sin(10°) tan(30°) | .

Simplifying as much as possible,

a1 0.358441

n, = tan
7 tan (30° +tan™ (O.5cosny))

+0.063203 | .

A good initial guessisthat of Stabler’'sRule, i.e., 7,= 4 =20°. Thefirstiteration yields



n, =tan™ 0358441 +0.063203 [=17.4°

tan (30° + tan™(0.5c08(20°)) )

Substituting this result, the second iteration yields

n, =tan™ 0358441 +0.063203 | = :
tan (30° + tan’1(0.5cos(17.4°)))

This seemsto be relatively converged, indicating afinal result.

| For the remainder of the problem, assume the answer to part (a) is 7,=17.2°. |

b) The specific shear energy is the product of the shear-yield strength and shear strain, where the shear
strain in oblique cutting is

— cot ¢n + tan(¢n B Yn)
cos7, '

The expression for shear-flow angleis

7, = tan'? tan Acos(@, — 7,) —tann, sing,
¢ cosy, '

Substituting known values,

7, = tant tan(20°) cos(30° —10°) — tan(17.2°) sin(30°)
¢ c0s(10°)

:| =10.8°.

This allows the shear strain to be computed as
_ Cot(30°) + tan(30°-10°)
€0s(10.8°)
Now, substituting this along with the given shear-yield strength, the final result (in N/mm?) is
ug = S, ¥ = 375(2.13) =[800] .

Also of interest is the in-plane shear force, which is simply the product of the shear yield strength
and the shear-plane area:

=213.

F=Sy3,
where

hw
cosAsing,

a¢ =
Substituting known values, the final result (in N) is

~ (0.25)(25)
Fo =305 cos(20°)sin(30°) '

| For the remainder of the problem, assume the answer to part (b) is P;= 500 N. |

¢) The FCD can be used to draw a direct relation between the in-plane shear force known from above and
the in-plane rake-face force, but doing so only in the normal plane. Relations of use include



d)

Rn _ P¢n and Rn — m
cos(B, = ¥ +¢n) sng,

Setting these two expressions yields

sin 8,
M= —— P¢r1 .
COS(ﬁn ~"ht ¢n)
The normal -plane components P, and P,, are related to their resultant counterparts as
P =F,cosn, and P, =P, cosn,.
Combining with the expressions above,
sin 3, cosy,,
cos(f, — 7, +¢,) cosy,
This calculation requires the normal friction angle
B, =tan™ (ucosr, ).
Substituting known values, the normal friction angle is computed to be
B, =tan™* (0.5c0s(17.2°) )= 25.5° .

Yy~ 0"

Substituting this and other known values, the final result (in N) is

- sin(25.5°) cos(10.8°) 500 .
€0s(25.5°—10° + 30°) cos(17.2°)

Another approach that is very direct but perhaps not as obvious is to note that the force component
acting out of the normal plane must be equal on the rake face and shear plane, i.e., Py =P,. therefore,
sin7,

Ps=Pysiny, ad Pg=Psing, = P:sinny
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Rearranging and substituting known values for the two flow angles, the final result (in N) is

sm(lO 8°)
———2500=
7 sin(17.2°) [aa].
By definition, the specific energies are
uc=Fc/a, u=F/a, u =F/a.
The forces required to compute the specific energies, Fc, Fr and F., can be determined from Ny, Py, and

P or N, P,,, and P,. The rake-face force components will be used here; using the shear-plane force
components follows in an identical fashion.

The in-plane rake-face force was found above to be P, = 316 N. The rake-face coefficient of fric-
tion/shear is given to be u = 0.5, so the normal rake-face forceis

P 316

N, =—L=>"—=632.
U 05
The transformation from F¢, Frand F_ to N,, P,, and P,s are given in the text to be
N, Cosy, c0SA —siny, —cosy,snA||Fc . Fe
Pnp=|Siny,cosd cosy, —siny,sind iR t=[R, | {F ¢,
Ps sini 0 cosi F F

where
Pyn = Py cosry, = 316¢0s(17.2°) =302 N



e

and
PyS = Py sinny =316sin(17.2°) =935 N.

To invert the force relation matrix equation, [R;,] is needed. The general expression for the inverse of a
matrix is

(At = AA)
det([A)

Since [R;] " isarotational transformation, it is known that det([R;,)™) = 1. Theadjoint of [Ry] ™ is
r qT

cosy, cosA+ 0-sinysmi —(sinyncoszl+sinynsinzl) 0-Siny-cosA —sinAcosy,
—(-siny, cosA+ 0-cosy;SNA)  cosy,cos’ A+cosy,sn’A  —(0-cosyrcosA +sindsiny, )|

sin?y, sinA+co0s® 7, sin 1 ~(~cosy, cosAsiny, sind cos? 7, cosA +sin? y, cos A

+C0Sy, cosAsiny, sinA)

or
Cosy, cosA  siny,cosA snAi
—-siny, CoSsY, 0
—cosy,sinA —siny,sin1 cosA
The cutting, thrust and lateral forces could be computed through matrix multiplication; they are com-

puted here in a more illustrated fashion by writing each force as a function of the rake-face force
components, i.e., writing the matrix equation as three separate scalar equations. Doing so,

Fc =N, cosy, cosi+PB,siny, cosi+P,sin4,
Fr =-N,siny, + P,, cosy,

and

F.=-N,cosy,sinA—P,siny,sin1+P,cosi.
Substituting known values, the forces (in N) are

Fe = 632c0s(10°) cos(20°) + 302sin(10°) cos(20°) + 93.5sin(20°) = 666,
F; =-632sin(10°) + 302cos(10°) = 188
and
F_ =-632c0s(10°) sin(20°) — 302sin(10°) sin(20°) + 93.5cos(20°) = -143.

Dividing each force value by the chip area, a = (0.25)(2.5) = 0.625 (in mm?), the final results (in N/mm?)
are

U = F /a=666/0.625= ,
U, = F; /a=188/0.625=
and

u =F_/a=|-143|/0.625= :

The cutting power is simply the product of the cutting force and the cutting speed. Substituting known
values, and noting that cutting speed must be converted from 200 m/min to 3.33 nVs, the final result (in
kW) is

% = F.V =666(3.33)/1000 = .



The material removal rate is simply the product of the uncut chip thickness, the width of cut and the cut-
ting speed. Substituting known values, and noting that cutting speed must be converted from 200 m/min
to 200,000 mm/min, the final result (in mm%min) is

v, = hwV = (0.25)(2.5)(200,000) = [125,000] .




