MECH 6511 Due Mon. April 10, 06

Assignment 4 u s
\
Question 1

Derive the force equations for F, N, Fs, and F» as functions of cutting and thrust forces using Merchant’s
circle.

Solution: Eg. (21.93: In Figure 23,11, construct & line st tarting at the intersection of Fy and ¥, that
is perpendicular in lilc,, friction foree F. The construeted line is at an angle o with ¥ The vector F
is divided into two line seoments. one of which = - Foosin o and the other = F, cos o,

Thus, F=Fosin o+ F cos o Q.ED

cﬁmm&md at an &m} o umkf its bzw: 15 at Eh arrow mui of i E s THW m;ﬁ\m ait ang]c o with .
The arrowhead of Fy, will now be at the base of the ranslated base of N. The distance along the
previousty constructed fine between the Fy wrrowhead {base of nranslated N vector) and T is ¥
SHHL.

Henve, N= Fg cos 1 - By sin LED.

. dn Figure 23,11, extend vector Fy in the oppesite direction of its arrowhead. and from
the intersection of Fy and F, construct a Tine that is perpendicular to vector Fo. A right friangle now
exists in which F, is the hypotenuse and the two sides are (1) the extended ¥ s vector skl (2) the

canstructed Tme that runs between B and the intersection of E"c and Fy. “E’hc extended I vector is
refated to Feas Fe cos ¢. The length difference between the extended T, vector and the original
F, vector is F, sin ¢,

Thus F (originad) = Fe cos ¢ - Fysin & (LED

bg, (21,173 Inn Figure 2311, construct a line from the intersection of F yand ¥, tha s
perpendicular m and intersects with vector F. Vector Fy is now divided into two fine segmenis,
one o which= F, cos ¢ and the other = F_sin 6.
Hence, F=F osin g + Fieos ¢ (LE.D,



Question 2

A 200 mm long, 75 mm diameter titanium alloy rod is being reduced in diameter to 6.5 mm by turning
on a lathe. The spindle rotates at 400 rpm, and the tool is traveling at an axial velocity of 250 mm/min.
Calculate the cutting speed, material removal rate, time of cut, power required and cutting force. (hint:
the specific energy of titanium ranges from 3.0 to 4.1 W.s/mm®)
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Question 3

In a surface grinding operation performed on hardened plain carbon steel, the grinding wheel has a
diameter = 200 mm and width = 25 mm. The wheel rotates at 2400 rev/min, with a depth of cut (in-
feed) = 0.05 mm/pass and a cross-feed = 3.50 mm. The reciprocating speed of the work is 6 m/min,
and the operation is performed dry. Determine: (a) the length of contact between the wheel and the
work, (b) the volume rate of metal removed. (c) If C = 0.64 active grits/mm?, estimate the number of
chips formed per unit time. (d) What is the average volume per chip? (e) If the tangential cutting force
on the work = 30 N, compute the specific energy in this operation?

Solution:

Solution: {a) L= {200 x 0.05)"" = 3,16 mm
(b) MRR = vynd = (6 m/miny( 107 mmAn)3.3 mm LS mmi = 1050 mm®/min

(e ng = vw(

e = { 1L.507.904 mm/min)(3.5 mm)0.64 griw'mm™) = 3,377,840 grits/min (= chips/min).

(d) 3.377.840 grit'min, = 3.3

3TT.840 chips/min,
Average volume per chip = (1

050 mm’/minf 3.377.840 chips/miny = 0.00031 mm*/chip

yo= L307.964 mm/min = 1.508 mémin
U =30(1308%1050 = 43.1 N-m/mam’



Question 4

A slab-milling operation is being carried out on a 30 in. long, 6 in. wide high strength steel block at a
feed of 0.01 in./tooth and a depth of cut of 0.15 in. The cutter has a diameter of 3 in. has eight straight
cutting teeth, and rotates at 150 rpm. Calculate the material removal rate and the cutting time, and
estimate the power required.
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Question 5:

An orthogonal cutting operation is being carried out under the following conditions: depth of cut =
0.15 mm, width of cut = 5 mm, chip thickness = 0.2 mm, cutting speed = 2 m/s, rake angle = 15°,
cutting force = 500 N, and thrust force = 200 N. Calculate the percentage of the total energy that is
dissipated in the shear plane during cutting.

Solution:
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Question 6:

i) A series of turning tests are performed to determine the parameters n, m, and K in the expanded version
of the Taylor’s equation. The following data were obtained during the tests: (1) v = 2.0 m/s, f = 0.20
mm/rev, =12 min; (2) v= 1.5 m/s, f= 0.20 mm/rev, 7 = 40 min; and (3)v=2.0 m/s, f= 0.3 mm/rev,
T'=10 min. (a) Determine #, m, and K. (b) Using your equation, compute the tool life when v = 1.5 m/s
and /= 0.3 mm/rev.

if) Using the Taylor equation for tool wear and letting n = 0.4, calculate the percentage increase in tool
life if the cutting speed is reduced by (a) 20% and (b) 50%.

. Solution: Three equations to be solved simultancously:
D (12 x 60(12)%0.2) = K
(2) (1.5 x 6034002 = K
32 x6Im0n" =K
(and 2 In 2050123 m02= %> nndd+mln 0.2
mI20+-nn12=mM90+nln 40
47875 + 24849 n = 44998 + 36889 n
0.2877 = 1.2(4 n n=1239

(NHand B3k 10 12040239 12> mIn 02 = In 1200+ 0239 In 10+ m In 0.3
G339 0 m (-1.0094) = (L5503 + m (-1.2040)

A34054 m o= 0436 m = 4108
(DK =12012)"7%0.2)" " =12001 811 ¥0.8404) = K = 182.65

{byv=15m, =03 mmirev
(1.3 x 60TV %10.33%1% = 182,65
o T %10.8781) = 182.65

{wi}
- ;330 "
T=2311"""=33.3 min.
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Question 7:

A gun-drilling operation is used to drill a 7/16-in diameter hole to a certain depth. It takes 4.5 minutes
to perform the drilling operation using high pressure fluid delivery of coolant to the drill point. The
cutting conditions are: N = 3000 rev/min at a feed = 0.002 in/rev. In order to improve the surface
finish in the hole, it has been decided to increase the speed by 20% and decrease the feed by 25%.
How long will it take to perform the operation at the new cutting conditions?

Solution:

Hole depth d = 4.5 min3.0 in/min = 3.5 in.
New speed v =




