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Lathe Parameters

f

Feed Depth of cut
(mm/rev or in./rev (mm orin.)

S

f or to: feed [in/rev] _
:N: spindle speed [rev/min]:
:Do: original diameter [in]

V. feed rate = f*N [in/min]

Vc: cutting velocity = 7*D*N [in/min]
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Cutting Theory on a Lathe
Shovel Theory

material flow

N

Cutting force F,

material flow

—> material flow
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Forces in Cutting cutting forces: often 10s-100s of N - 1 ®: shear angle

:a: rake angle
e: relief angle
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Thrust F,
Cutting F.
Friction oF

Tool normal N
Shear F.

Chip normal
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Merchant’s Diagram Shear plane forces:

F,=F, -cos(¢)— F, -sin(¢)

F =F, . sin(¢)+ F - cos(¢)

Tool-chip forces:
F.=F,- sin(ar)+ F, - cos(x)

N =F. -cos(a)-F, -sin(a)

=L = an(p)

Typcially : 0.5< u<?2
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Cutting Force UTS" (MPa) o ey angle
Wax 0.86 =
Aluminum 110 :&: relief angle
Aluminum 6061-T6 310 Etc or tchip: thickness of the chip
: or to: feed, terial that
Steel (high strength alloy) 760 Ebce)cr:oomeese theo ::frIrI]s T
ASTMA-514 :
= » | e :d: depth of cut (into the page)
Hankimaloys e “ Chl ES: shear strength :
*UTS o Ultlmate TenSile Strength ) s ssssssEEssEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEY
Shear strength ~0.5*UTS |

d y i

f f =10 Veut ¢ .l}.'."lo

) -

*assumes all the cutting force goes directly into ~
shearing the plane WOl'k plece

underestimate: lower bound
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Material Removal Rate: Lathe

f

Feed Depth of cut
(mm/rev or in./rev (mm orin.)

-

d
Do
;d: depth of cut [in] MR Rtummg = fdv., = fdﬂDavg N
:f or to: feed [in/rev] o |
N: spindle speed [rev/min] Vi feed rate = f*N [in/min]

P,

= uMRR

urning fturning

Do: original diameter [in]
u: specific cutting energy [Ws/mm?]

Ve: cutting velocity = z*D*N [in/min]
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Cutting Force Demo Measuring cutting

Logger Pro + scale calibration
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Cutting Force Activity

F=2F or F/2or *For §F

Rake Spindle Diameter DOC (in) Feed (in/ |Change in Voltage Fc exp Fcthe |Notes
angle speed (in) rev) Force (mV) (1bf) (1bf)
(deq) (RPM) Hypothesis

60 140 0.030 0.0042|F

60 140 0.030 0.0147

0 140 0.030 0.0147

0 330 0.030 0.0147

0 330 0.060 0.0147

0 330 0.060 0.0147
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Cutting Force Activity

Rake Spindle Diameter DOC (in) Feed (in/ |Change in Voltage Fc exp Fcthe [Notes
angle speed (in) rev) Force (mV) (1bf) (1bf)
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Cutting Power Demo




Cutting Power Demo

Rake Tool Spindle Diameter (in) |DOC (in) |Feed (in/ |MRR (in*3/ |Power Observations (chips,
angle speed rev) min) (hp) sounds, etc.)
(deg) (RPM)

HSS 90 3.87 0.050 0.0073

HSS 140 3.87 0.050 0.0073

HSS 330 3.87 0.050 0.0073

Carbide 330 3.87 0.050 0.0147

Carbide 385 3.87 0.050 0.0147

Carbide 585 3.87 0.050 0.0147
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Cutting Power Demo: Discussion
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Cutting Power Demo
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Cutting Power Demo: Discussion
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