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~———— General technical information for turning

/ The functions of each part of turning tools \

1 The names of each part of turning tools
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2 Effects of rake angle

Larger rake angle makes cutting edge sharper, reduces
resistant forces of chip flow, diminishes friction and prevent
deformation, leading to smaller cutting forces and cutting
power, lower cutting temperature, less abrasion and higher
surface quality. However, too large rake angle would reduce
the rigidity and strength of tool. Heat can’t be diffused
easily. Serious breakage and abrasion on tool would occur,
reducing tool life. Please choose rake angle according to
machining conditions.

3 Effects of clearance angle

The main function of clearance angle is to reduce the
friction between the clearance face of tool and the surface
of workpiece. When the rake angle is fixed, larger clearance
angle can increase the sharpness of cutting edge, reduce
cutting forces and friction, and then achieve higher surface
quality. However, if clearance angle is too large, the strength
of cutting edge would decrease. Also, heat can't be diffused
easily and serious abrasion would occur, reducing tool life.

The principle of choosing clearance angle: Choose
small clearance angle if friction is not serious.

4 Effects of inclined angle

Positive or negative inclined angle determines the
direction of chip flow, and also affects the strength and
impact resistance of insert nose.

@®As diagram (1) shows, when the inclined angle is
negative, namely nose is in the lowest point as apposed
to the bottom of tool, chips flow to the machined surface of
workpiece.
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®\When machining brittle and hard materials
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®\When roughing and intermittent cutting

®\When machining plastic or soft materials
®\When finishing

®|n order to increase nose strength when
roughing
®\When machining brittle and hard materials

®In order to reduce friction when finishing
®\When machining materials easy to be
hardened
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@ As diagram (2) shows, when inclined angle is positive,
namely the nose is in the highest point as apposed to the bottom of
the tool, chips flow to the areas of workpiece surface that haven't
been machined.

@ The change of inclined angle also affects insert nose
strength and impact resistance. When the inclined angle is
negative, the nose is in the lowest point of cutting edge. When the
cutting edge enters the workpiece, the contacting point is on the
cutting edge or rake face, protecting the nose from impact and
increase the strength of the nose. Normally, negative inclined angle
should be chosen for tools with big rake angle. This can not only
increase nose strength, but also prevent the impact of entry.

S Effects of approach angle

Reduced approaching angle increases the strength of
tools and enable heat to diffuse easily, improving surface
quality. This is because when the approach angle is small,
cutting edge width is large, and then the unit width of cutting
edge bears less cutting force. Meanwhile, tool life can be
improved.

Normally, select 90°approach angle for turning of
slender and step shaft; select 45° approach angle for
external turning, end surface machining and chamfering.
When approach angle is larger, radial force is reduced,
cutting is stable, cutting thickness is increased, and chip
breaking is excellent.

6 Effects of minor angle

Positive

inclined angle
(+)

Small approach
angle

Big approach angle

Picture (2)

For those materials with high intensity, high
hardness and hardened layer on the surface

When rigidity of the machine is not enough

Minor angle is the main angle that can affect surface quality, and it can also affect tool strength. If the approach angle is too small, the
friction between the secondary flank and machined surface of workpiece will increase, causing vibration.
The principle of selecting minor angle: Select small minor angle when roughing or when the friction is unaffected and there is no

vibration. Select large minor angle when finishing.

7 Nose radius

Nose radius significantly affects nose strength and
surface quality.

Large nose radius means higher cutting edge strength,
and the abrasion on the rake face and clearance face can
be reduced to some extent. However, if the nose radius is
too large, radial force will increase, and vibration is easy to
occur, affecting machining precision and surface quality.

Small nose radius

Large nose radius

®Finishing at small cutting depth

® Machining parts such as slender shaft

®\When the rigidity of the machine is
not enough

®\When roughing

®\When machining hard materials
(intermittent cutting)

®\When the rigidity of the machine
is not enough
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/ Calculation method of turning parameters \

1 Calculation of cutting speed

4 ) txDxn
External turning 1 Ve= W (m/mm)
n
e B N 6 In the formula:  Vc: Cutting speed (m/min)
n: Rotating speed of main axle (rev/min)

[e] D: Diameter of workpiece (mm)

For example: When the rotating speed is 280rev/min and the

. diameter of workpiece is 150mm, the cutting speed should
Internal turning

be:
(@]
S
@ @D
3 7xDXn . .
2 ==—"— (m/min) =]32(m/min
g Ve="Tpgp  (M/min) =132(m/min)
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g 2 Calculation of feed rate
2
N !
4 ! ) f=—— (mm/rev)
n
{;n _ In the formula:  f: Feed rate per rotation (mm/rev)
‘ f I: Cutting length per minute (mm/min)
,U n: Rotating speed of main axle (rev/min)
O For example: When the rgtating speed of main axle is
<: 500rev/min, and the cutting lengtfiyper minute is 100mm/
min, the feed rate per rotation st
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Cutting time calculation of external and internal
turning

T =—l (min)
Jxn
In the formula:  T: Cutting time (min)
I: Length of machined areas (mm)
f: Feed rate (mm/rev)
n: Rotating speed of main axle (rev/min)

For example: When the rotating speed of main axle is 250rev/min,
and the feed rate is 0.2mm/rev, the time needed for a cutting length of
150mm should be:

/ 150

I=fn = 0.2x250 ~3(min)

Time calculation for end surface turning (constant
linear speed)

_ mx(a’-b) .
T=Z000xvcxp ™M

In the formula:  T: Cutting time (min)
Vc: Cutting speed (m/min)
f: Feed rate (mm/rev)

For end surface without hole, b=0, the formula is still valid.

Theoretical value calculation of machined
surface roughness

fZ
R=—¢—=x1000 (um)

In the formula:  R: Theoretical roughness value of machined surface
f: Feed rate (mm/rev)
rc: Nose radius (mm)

For example: When the feed rate is 0.2mm/rev, and the nose radius
is 0.4mm, the theoretical roughness value of machined surface
should be:

[ __02° _
R=—L—x1000= 2 <1000=12.5um)

c

-

External turning

Internal turning
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~———— General technical information for turning

/ Effect of three main turning parameters on machining \

Effects of three main parameters

Normally, short machining time, long tool life and high
machining precision are expected in machining, so the
material quality, hardness, and shape of the workpiece,
and properties of machine should be fully considered, and
then we can select suitable tools and adopt high-efficiency

cutting parameters, namely three parameters.
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Cutting speed (Vc)

When the workpiece is rotating on the machine, the
number of its rotation per minute is defined as Rotating
speed of main axle (n). Because of its rotation, the cutting
speed measured on the contacting point of diameter is
defined as linear speed, m/min. Normally, linear speed
is considered to measure the effect of cutting speed on
machining.

Effect of cutting speed

Cutting speed has significant effect on tool life. When
the cutting speed is increased, cutting temperature will
increase and tool life will be shortened. Cutting speed
varies according to the different types and hardness of
workpiece. The below conclusions are reached after many
cutting experiments:

(1) Normally tool life would be reduced to half when
the cutting speed is increased by 20%. Tool life would
be 20% of the original life if the cutting speed is raised
by 50%.

(2) Low speed (20-40m/min) cutting could easily
cause vibration and shorten tool life.

Feed rate (fn)

Feed rate is defined as the moving distance of tool
after workpiece rotates for one circle, measured by mm/
rotation.

Effect of feed rate

Feed rate is a key factor that determines surface
quality. Meanwhile it also affect the range of chip forming
and the thickness of chips during machining.

In term of the effect on tool life, small feed rate
leads to serious abrasion on clearance face, greatly
reducing tool life.

Cutting depth (ap)

Cutting depth is defined as the difference between
machined surface and unmachined surface, measured
by mm. It is half the difference value between the
original diameter and machined diameter.

Effect of cutting depth
Cutting depth should be determined by the

machining allowance and shape of workpiece, power
and rigidity of machine, and tool rigidity.

The change of cutting depth has little effect on tool
life. If the cutting depth is too low, the cutting nose only
scrapes the hardened layer on the workpiece surface,
reducing tool life. When there is hardened oxide layer
on workpiece surface, higher cutting depth should be
adopted within the possible range of machine’s power
to avoid cutting nose just cutting the hardened layer of
workpiece.
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