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Turning

m Selecting Cutting Conditions & Cutting Resistance

< Selection Of Cutting Conditions >

e Cutting Conditions &
Their Influence

e Selecting Cutting
Parameters

< Cutting Resistance >

e Three Component
Forces Of Cutting
Resistance

e Factors Affecting
Cutting Resistance

e Determination Of
Cutting Resistance

e Determination Of
Power Requirement

T2

(" Item Influencing Matters )
Speed Work Efficiency, Tool Life, Cutting Power Consumption & Surface Roughness
Feed Work Efficiency, Chip Control, Tool Life, Cutting Power Consumption & Surface Roughness
\Depth of Cut | Working Efficiency, Chip Control, Cutting Power Consumption & Dimensional Accuracy

P1: Principal or Tangential Component
Force

P2: Feed Component Force

P3: Back Component Force

(Calculation of Cutting Speed, Table Feed & Cutting Time )
Calculating Rotating speed given the Cutting speed: f
N : Spindle Speed (rpm)
N = M V : Cutting Speed (m/min) al = A 9
nx D D : Work Diameter (mm) = V] L)
m:3.14 . ..L
If extracting the Cutting Speed from the Rotating Speed: . =
_ mxDxN The symbols are as § -
1000 described in the above.
Calculating the actual Table Feed (F)
Where F is in mm/min .
N : Work Rotating speed (rpm)
Finally, Calculating the actual Cutting Time (T) in mins. V : Cutting speed (m/min)
L Where L is the total f: Feedrate (mmirev)
T=—o—r ting lenath d : Depth of cut (mm)
F cutting leng D: Workpiece diameter (mm)
Tool Materials and Cutting Speed Ratio Speed Ratio Related to Surface and
- - Machining Conditions of The Work
HSS Carbide Coated Cermet Ceramic Turned Casting & Continuous | Interuppted
1 3~6 5~15 5~10 10~25 Surface  |Forging Faces| Machining | Machining
1 0.70 1 0.70
o J
(" Three Component Forces: Y\ (Factors Influencing Cutting Resistance )
Factor Decrease <--Cutting Resistance-> Increase
1. Workpiece Low <--Tensile Strength --> High
2. Cutting Area Small <-- Cutting Area --> Large
3. Cutting speed High <-- Cutting Speed --> Low
4. Rake Angle Larige <. Rake Angle Small
(Positive) (Negative)
5. Approach Angle Small <-- Approach angle -=> Large

Relation Between Tensile Strength & Cutting Resistance

Tensile Strength (kg/mm?) |30~40 | 40~50 | 50~60 | 60~70 | 70~80 | 90~100

Cutting Resistance Ratio | 1 1.10 1.18 | 1.29 1.45 1.70

Determination of the Cutting

Resistance
P1: Cutting Resistance (kg)

Ps: Specific Cutting
Resistance (kg/mm?)
q: Area of the chip (mm?)

Determination of Power

Requirement
W : Power Requirement

V.1.d.Ps (kw) ‘
- m V : Speed (m/min)
f : Feedrate (mm/rev)
W d : Depth of Cut (mm)
H=_"—"_ n : Mechanical Efficiency
0.75 H : Required Horsepower

(HP)
Approximate Ps value
Normal Steel : 250~300 kg/mm2
Cast Iron : 150kg/mm2

-
g

Cutting Area & Cutting Cutting Speed & Cutting
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m Influences of Cutting Edge Geometries

e Edge Forms & Their
Influences

e Relation Between Rake
Angle & Cutting
Resistance

e Influence Of
The Approach Angle :

*Relation To The Undeformed
Chip Thickness.

*Chip Thickness & Specific
Cutting Resistance.

*Approach Angle & 3 Component
Forces.

e Influence Of the Nose
Radius :

*Nose Radius & 3 Component
Forces
*Nose Radius & Strength

Turning Guidance
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g @@ é % L 03| = _g 5
Kind Of 222812522 2 (82| & |3
Edge Forms L= %%%@ £3| 8 Eg g |29
9 #O0|0L|0x|0% | R |@iz| © |04
1. Back Rake ° ° °
2.ToporSideRake| @ (@ (@ ® ® e
3. Clearance Angle | @ e @ o o
4. Trail Angle ° o |0
5. Approach Angle | e °
6. Nose Radius | o o
- J
("Relation Between Rake Angle (a°) and Cutting Resistance )
T ] ~ |
3 20 12 R
% a=-f § / 5
S g 3 w® T~
e a = =) o =15
T 100 — ~—— £ / o -
g et — 3 w =% S
s : # u; — —
T 0
e w20 20 0 50 100 180 200 250
— Speed V (m/min) — Speed V (m/min)
- J
(Approach Angle and Chip Thickness Chip Thickness and Specific Cutting )
Resistance for Carbon Steels.
A K 800
=~ |
é Y Tensile Strength
( & —e— | 80kg/mm?
/ E —o~= ] B0kgmm?
2
30° S 500 —--ae-- | A0 kg/mm
Approach Angle and Three Component Forces 3
g
Work Material: 2
D
= l SCM440 (Hs38)| & g
= 00—k _ Insert: TNGA220412| £
Al zoes 1| Conditions: z o~
2 300 Force. V= 100m/min £ \‘,
£ f= 0.45 mm/ 2 T——
%) 200 Feed Cornponent =045 mmirev & 200 --'~--_----_-
s  — Force d=4mm i
3 10
1 T_ Back Component
Force {
0° 18° 30° 45°
— Approach Angle (degree) 0 01 02 0.4
0.04 — Feed (mm/rev)
. J
(Nose Radius and Three Component Forces Relation Between Nose Radius and Strength A
Work Material : SCM440 Life Cutting Time (min)
(HS38)| | pose
Insert: TNGA 220400 Rad 1 2 3 4
5 N/o Holder: PTGNR2525-43 | | "0us
< R Pri Conditions : -X
2 350 Fgrncce‘pa‘ V =100m/min 0.4 ~
g T d=4mm "
2 f =0.45 mm/rev
IR -l 08 X
D
£ 100F e == rvatl
8 =" Back Force 12 >3
L A " .
0.4 08 12 1.8 Workpiece : Grooved Material (Hs38) Conditions : V=100m/min
— Nose Radius (min) Insert : SNGA 1204000 ST10P d=2mm
\_ Holder : PSBNR2525-43 f=0.2 mm/rev)
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m General Guide Lines for Turning Tools

e Surface Roughness

e Growth Of The Built-Up
Edge & Its Remedies

e Different Edge

Treatments & Their

Effects

e Factors That Cause
Chattering & Some Of

Its Remedies

T4

fTheoreticaI (Geometric) Surface

Steps To Improve Finished Surfaces:

1. Enlarge the nose radius.

Roughness
f2 Rmax : Surface Roughness (mm)
Rmax = ____ f: Feed (mm/rev)
r: Nose Radius (mm
8r % (mm) oceur.)
["Rmax
r

Nose Radius

3. Optimise the insert grade

& Feed

2. Optimise the cutting speed and feed.
(To set conditions so that the built-up edge may not

Variation of Surface Roughness According To The

Nose
Radius

In Case of Steels,

Actual Surface Roughness:

Theoretical Roughness x 1.5~3
In Case of Cast irons,
Theoretical Roughness x 3~5

Feed

0.4

08

0.15

ettt

0.26

T

046 |§

-

And Accuracy.

EP performance.

1. Deterioration of Surface Roughness
2. Increase Edge Chipping

Steps to Prevent Built-up Edge
1. Raise the cutting temperature by
increasing the speed and feed.

2. Apply cutting fluids that have a satisfactory

3. Use coated or cermet tools.
4. Enlarge the rake angle.

Cycle of Built-up Edge

Built-up edge is a state that while cutting, a portion of the workpiece piles up and adheres to the cutting
edge due to work hardening. As an excessively harder degenerated substance than the base metal, the
deposited material than acts as the cutting edge.

Influence of Built-up Edge

Falling

Tear

Full Grown Deposit
(Progressively Deep Cutting)

Producing
(Chips)

Cutting

Initial
Deposit

Q%

Negative Land
(Chamfer Honing)

Combined Honing

— Wear (mm)
=

W
vam-

Sharp Edge
(w/o Edge Treatment) 0.1

r: Honing Amount

0 : Angle Of Negative Land
\/: Width Of Negative Land

0
0 01 0.2 0.3

.
ves X0
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\ Failure Rate
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— Failure Rate (%)
— Wear (mm)

0.1 p

\ J
( Different Edge Treatments Influence of the Width of Negative Land | Influence of the Honing Amount )
Figure Description
. Angle of Negative Land: 15° (Constant}
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AW

0 0.05 0.10 0.15
— Honing Amount (mm)

( Poor Workpiece Rigidity Poor Tool Rigidity | Poor Machine Rigidity [Poor Cutting Conditions| Poor Edge Design )
- Improve clamping. - Use a thicker shank. | - Reduce backlash in | - Select correct cutting |- Reduce clearance
- Use fixed steady. - Reduce the overhang| the main spindle conditions. angle.
- Improve rigidity of the | - Use a carbide shank Bearing - Change speed to - Reduce approach
«| tail center. holder. - Eliminate backlash avoid the sympathetic| angle.
% - Check that toolholder| in machine slides vibration point. - Increase the end
Q is held properly. cutting edge angle.
GE, - Reduce the nose
o radius.
- Make the rake angle
larger.
- Hone the cutting
edge slightly.
o




m Tool Life

e Wear Process Curve

e Life Curve (V-T Lines)

e Tool Life Equation

e Alternative Tool Life
Criteria

Turning Guidance

VC : Maximum Wear

of Nose Radius

pattern until a limit is reached.
From that limit point, the wear

centre of the
Crater wear and

4 Flank Wear Crater Wear A
T P
Ve £ £
yn | 2 &£
5 5
I“’ l g Initial Wear %
p z 3
R S Sudden 8
e / Wear s
5 =
= / Steady-State 54
2 Wear o
H KT : Depth of Crater | !

N . e (0] rater
T — Cutting Time T (min) We;)r — Cutting Time T (min)
VB : Width of Flank | Initial wear is very fast. It then EM : \E’)V,'dtth ofland | crater wear is more progressive,
DI ni .
Wear (Mean) evens out to a more gradual bemecr?the there is no sudden breakdown

pattern.

Q/N - Notch Wear increases substantially. Cutting edge. )
(At four speeds V1, V2, V3 and V4, the relative tool lives for a given flank wear )
VB or crater KT are indicated as T1, T2, T3 and T4 respectively, using log-log
graph paper.
Flank Wear Flank Wear
1] — —
%) IS €
] % £ Vi Ve Vs Vi
o 3 g
o & &
£ = =]
8 E 2
(3] = o
§ T — Cutting Time (mm) T — Cutting Time (mm)
= = Vi
= VT =3
[ % Ve x‘ § Ve =
c B Vs 3 V3
3 & Vv s v
] T Ts 0T S Ti T$ T Ti
! — Lifetime (min) t — Lifetime (min)
S _/
(~ Tool Life Equation
(Taylor's Equation)
viN=c
V : Cutting speed
T : Tool Life
n & C : Constants
Determined by the Work
Material, Tool Material,
Tool Design, etc.
\\§ J
( Width of flank wear for general life )
1. When surface finish deteriorates unacceptably. determination for cemented carbides.
2. When a f|?<ed amount of tool wear is reached, Width of Wear (mm) Applications
(see the right hand table) 0.2 Finish Cutting of Nonferrous
3. When work piece dimension is not tolerable. ' Alloys, Fine and Light Cut, etc.
4. When power consumption reaches a limit. 0.4 %ﬁ"lgkof Special Steels and
e LIKe.
5. Sparking or chip discolouration and disfiguration. 0.7 Normal Cutting of Cast Irons,
6. Cutting Time or Number of components produced. i Steels, etc.
1-1.25 Rough Cutting of Common
\_ ’ Cast Irons. )
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m Tool Failures and Their Counter-Measures

e Characteristic Of Tool Failure

-

No.| Failure Cause
1~5 | Flank Wear Due to the scratching effect of hard grains contained within the work material.
6 | Chipping Physical | Fine breakages caused by high pressure cutting, chatter and vibration, etc.
7 | Partial Fracture Due to mechanical impact when an excessive force is applied to the cutting edge.
8 | Crater Wear Due to a combination of galling and welding between the chips and the top rake.
9 | Plastic ) The cutting edge is deformed due to its softening at high temperature.
Deformation
Chemical
10 y:;glz‘al Thermal fatigue from the heating and cooling cycle during interrupted cutting.
11 | Built-up Edge The deposition and adhesion of the hardened work material on the cutting edge. Y,

e Failure & Countermeasures

4 Failure Basic Counter-measures Application Example
Excessive Flank Wear |Tool Material| - Use a more wear-resistant Recommended Insert Grade:
grade Steel Cast Iron
Coated Carbide | | . =
Carbide --> Finishing T110A (Cermet) BN250 (CBN)
Cermet
Rough AC2000 AC500G (Alumina
(Alumina Coated) Coated)
Cutting - Decrease Speed NS260C (Ceramic)
Conditions
Excessive Crater Wear |Tool Material | - Use a crater-resistant grade. Recommended Insert Grade:
. Steel Cast Iron
Carbide —>  Coated
(K-> M-->P) Cermet Finishing T110A (Cermet) BN250 (CBN)
Tool design | - Enlarge the rake angle .
- Select the correct chip breaker Rough AC2000 AC500G (Alumina
Cutting - Decrease speed, reduce the Machining (Alumina Coated) Coated)
Conditions depth of cut and feedrate. -
e Use MU Type Chip Breaker
o | Cutting Edge Chipping | Tool Material | - Use tougher grades. Recommended Insert Grade:
E If carbides: P10 -> P20 -> P30 Steel Cast Iron
® K01 -> K10 -> K20
w . . Finishing T1200A (Cermet) AC500G (Coated)
g Tool design | - If built-up edge occurs, change to a
5 h
w Ies§ susceptible grade €g. cermets._ Rough AC3000 AC500G (Alumina
- Reinforce the cutting edge eg. Honing. o )
Machining (Alumina Coated) Coated)
- Reduce the rake angle. NS2 i
Cutting - Increase speed (If there is edge build- $260 (Ceramic)
Conditions up). o Edge Treatment : All of our inserts have been honed
in advance.
Partial Fracture Of Tool Material | - Use tougher grades. Recommended Insert Grade:
Cutting Edges For carbides: P10 -> P20 -> P30 Steel Cast Iron
_ KO1 ->K10 -> K20 Rough Machining | AC2000 /AC3000 | AC500G (Coated)
Tool design | - Use the holder with a larger approach
ang|e_ NS260C (Ceramic)
- Use a holder with a larger shank size. | o |nsert : Use UX Type Breaker
Cutting - Reduce the depth of cut and feedrate. | , Holder : Use Lever-lock Type
Conditions
Built-up Edge Tool Material | - Change to a grade which is more Recommended Insert Grades : Cermets
adhesion resistant.
Cutting - Increase the cutting speed and feed.
Conditions | - Use cutting fluids.
Plastic Deformation | Tool Material | - Change to high thermal resistant Recommended Insert Grades : AC2000 or AC3000
grades.
Cutting - Reduce the cutting speed and feed.
Conditions
.
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m Analysis of Chip Control on Turning
e Classification Of Chip Formation & Their Influences

Turning Guidance

e Good chip control : Types C and D

e Unsatisfactory chip control: -
Type A : Twines around the tool and work material, causes the machine to stop, quality impairment on the machined surface or problems in safety.
Type B : Causes performance reduction of the chip's automatic transfer system or even edge chipping.
Type E : Causes such troubles as spray of chips, unsatisfactory finished surface due to chattering, chipping of the cutting edges or increase in cutting

resistance and heat generation.

(Shape Categories for Chips Influence Of Chip Shapes )
B C D E Influence Chip Shape |ype A [Type B Type C|Type D |Type E
LI )} ] Tool | Wear Resistance| O o o o o)
_ w petive® W Wy pgmyoga lfe Chipping x X o o <
N b PO B | v b sBoan,| =
| %2 - o o o o X
J) BRGNS . o Fmiivg ity | Finished
. LURE ) L T L L Quality | ¢ o o o o o X
T oy o o o) o X
W ’\f‘ﬂﬁ.‘f I g m 9 i it Transfer Machining X o o o o
; JYN L S Part Chips x | x | o] ol o
PN ’ C - e o S T Power Consumption Cutting] O o o o X
N OV A
] i Resistance Safety X o) 0o o X
E"% . . Up _to and Overall Evaluation X O |Excellent |Excellent| X
S5 No Curling Over 50 mm including 50 mm Below 1 Turn Half Turn
Oa 1to 5 Turns O:Superior  X:Inferior
2 Ci
] Continuous ontinuous Excessively
Good
§ Random Shape Regular Shape Good 00 Broken Chip

o J
e Factors To Determine Chip Formation
(- . : ot N\
(a) If Outlet Angle n = 0 ° (b) If Outlet Angle n = 15° - Factors: Outlet Ang_le and Cutting Direction
- Chip Forms According to The Combination of Factors
Outlet Angle —
Cutting Direction Ifn=0 lfn#0
Upward Only Cylindrical Form
Sideways Only Washer-Like Form Spiral Form
Upward + Sideways Conical Form
o J
e Types Of Chip Breaking e Formation Of Chips
(" Figure of Chip Breaking Type Meanings ) 4 Flow Type Shear Type Tear Type Crack Type
N - Cause by the effect of
N = the upward curl only,
y ),@,/ ‘)‘Q" ‘) D Work if the rake is too small. g
i [
\ \N 7 \ /> Obstructive _ Chip broken because it Workpiece Workpiece Workpiece Workpiece
Type struck against the
work end face. Continuous aA chip is Chip with the | The swarf cracks
Scroll Type | - Caused by the G| Chipand sliced -off at gp_peatrance h?f betftqre re;chin% )
- = h eing torn off. | cutting edge,whic
P upward curling force when 'é satlfsfactfc_)ry h the shear angle The ?Norkpiece then sgepa?ates it
the rake angle is large. 8 suriace inis surface is from parent work
- Rolls in without breaking damaged. piece body.
after striking against the » | Normal Cutting | Low speed Fine Cutting  |Cutting for General
work end face. 2| for Steels, Light cutting for for Steels and |Purpose Cast
£ | Alloys, and Steels ) Cast Irons at |Irons, Rocks, and
- Removed spirally by the < | Alloyed Cast and Stainless | Excessively |Carbonous
Flank mixing of upward and & Irons Steels Low Speed Materials
Obstructive | sideways curls. -
: - Strikes against the @ Large <-- Work Deformation --> Small
ype flank and breaks. S Large <------- Rake Angle ------ > Small
= Slight <------- Depth of cut ------ > Excess
Side Curl |- Occurs if the sideways \= High <----- Cutting Speed ----- > Low )
curling factor is superior.
o Type
\ - Strikes against the flank of
(‘Q,/ the tool and breaks.
o J
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m Factors on Chip Control & Their Influences

e Influence On The
Cutting Speed & Feed

e Influence Of The Feed &

Cutting Depth

e Influence Of The Nose
Radius

e Influence Of The Side
Cutting Edge Angle

e Influence On The Rake
Angle

18

(- The effective range of s i — Workpiece : S45C (Hs38) h
the chip breaker is 05| =% oy | "a ott | 4 %
reduced with the cutting ol | MBe | svat (%, | Insert: SNMG120408N-UX
speed being increased. Epm o | "= '_"‘__ . g Holder : PSBNR2525-43
A s s I

- At high speeds and small| ¢ 0.2 ‘:‘ o+ wr nh‘ 3,‘ ¥ Cutting Conditions:
feedrates, lengthened % o Ja? L roy d=3mm
chips will result. 2 s

[V
2 1. * . - g I %
- At high speeds and large § 88 :,. ‘.. "q. ) | g o | x
feedrates, packed chips v ot * | | i
i 100 151
will result. % ; Cutting Speed (mimin) 2
N\ J
ece - N\

- With small depths and o i [ S . Workpiece : S45C (Hs38)
small feeds, longer chips L A i -
will be formed. 9 P = 40 !“ IR .: o | % Insert : SNMG120408N-UX

£ - . % b ." { ! :’ Holder : PSBNR2525-43

- With deeper depths and | 3 A2 INE . .
larger feeds, short chips | & : S | Cutting CondmOES? _
will result. £ - s | oo V =150 m/min

8 @ p? a . o

20 |, | S| o aos |12

r @ | T - I... -l | * :-c

-“g 1| 32 T % 5

“ ln-:.-' Sy " a

01 ne 0.3 0.4 0.5

— Feed Rate (mm/min)

N\ J
4 - - ~N

- Chips become . hnu\-/,- e Workpiece : S45C (Hs38)
unsusceptible to L. ﬁg‘:} - Ny .
breakage when the nose | E L “' ‘? - ‘v} :—Tsl(ijrt : C;\ICNII_(EJ%QZZOSZEDSD4N3-UX
radius is larger and the < I SN W 5 older:
cutting depth is less. % 0.8 | &4, ’\\‘ T LR ™ Cutting Conditions:

i : T :
2 | - - ;

- Chips become thinner as | & - W<_ \'\. . @ , \ \f/ — (1)230 m/r}ﬁln
the nose radius gets < _ ﬂ" 7 =0U.o mmirev
larger but their control is t o4 % | T+ S e
poor. ; 1228 & *ﬂt e,

0.5 1 0 1.5 20
— Depth of Cut {mm)
N\ J
(- If the side cutting edge Workpiece : S45C (Hs38) A
angle becomes larger, 2 | m » 3 . |
the outlet angle and 25| o | - * s LE Insert : SNMG120408N-UX
chips become largerand | & (mo g | Sow -.‘.- Holder: PSBNR2525-43
thinner respectively i | | 8¢ | "3 w ne (Side Cutting edge angle 15°)
which makes the difficult | £ | | o PSSNR2525-43
to control. a3 | . (Side Cutting edge angle 45°)
o 1 g - . - | e s ¥ a8 ¢
— = | G ! 5 [ S| iazb Cutting Conditions:
3 | el | e = i
t \ | L Ba | - g V =150 m/min
| | ® d =3mm
0.2 FEE 0.3
— Feed Rate (mm/min)
\ J
(- Chips become thicker For Small Top Rake Angle (a1) For Large Top Rake Angle (a2) A
when the rake angle - The shear angle is small (¢1) - The shear angle is large (¢2)
gets smaller but they are | - The chip is thick (t1) - The chip is thin (t2)
easier to control.
\ J
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