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a8 5 XF5K Questions and solutions
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The problem of representation
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Blade wear
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Aboundary wear
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Crater wear
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Phenomenon Reason Countermeasure
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reduction of surface roughness and| High cutting speed results in the Lower cutting speed

size for finishing

end of the cutter working life

Use material with better wear-resistance
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Burrs

Cutting resistance increased
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The amount of feed is too large and
the cutting speed is too high
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Improve the edge sharpness

Lower cutting speed

Use material with better thermal shock
resistance

VB =L
BmIEREEL GEE)
Chip control deterioration

Finishing surface deterioration(Terry)
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Cutting speed is too high
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Lower cutting speed

Use higher cutting speed insert, such as
cermet inserts and Al,O, coating speed

IHR~Z® TH fafend = B RREEE SRR
BT Seim AR IR TE# FEEiR B3 PEARE 7] R FYIR
=2 Workpiece size change Cutting load is too high Use high hardness material
Plastic deformation oo .
Blade damage Cutter material mismatch Reduce the amount of feed and cutting depth
FEIn TRE 2R PIHIRE S S PEARTIR R TN B &6
IHR~8BE The cutting speed is too high 28R i EE AR 1 BE AR R A TR
B ER R The rapid.deterioration of processing Reduce the preset tool life
Wear damage surface,Workpiece size toletance The use of abrasion resistance and better material
HI#IPE 71& 0 BRI X PEARE T R AYIR
FEERERL HIH BT AR 7] 25 R 14 B Y 7140
FEAERE | Cutting resistance increased TIE#HERZE AR EE KR R
Surface roughness | Surface deterioration The amount of feed is too large Reduce the amount of feed and cutting depth
Cutting vibration knife Use higher rigidity tool holder
Blade low toughness. Use better toughness material
FEnLREEL PIENEE 3R IEHNYIHEE
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kil 78178 8 The uting speed istoolow | JEAEFIE (1A, EIA)
Stick tﬁt.h kH,Ff] d buit Finishing surface deterioration Increasing the cutting speed
icking o fhe . n|le anc butt-up Cutting resistance increased Enhance the sharpness ( rake angle, chamfer )
edge cause chipping
e o 12 = s )% 5 KB TR
RAERIR HNERRTA | A ma B
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L1255 Accidental damage The amount of feed and depth of o5 P I 14 BB i ) 7048
Mechanical abrasion o . ) Use better toughness material
Tool life instability cutis too large Increase chamfer
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Thermal cracking damage

BRR
Chipping

Inserts vibration during cutting

Increas the radius of the cutter tip
Use higher rigidity tool holder
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Damaged by thermal cycle
Occurring in intermittent cutting and milling
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The amount of feed is too large and
the cutting speed is too high
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Reduce the amount of feed
Reduce the cutting speed
Use dry-machining

ZHMATEREMEHTEIMT
ZHATHIRTIBTEIMT
Appearing in high hardness material machining
Appearing in machining with inserts vibration
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Blade with low toughness
Tool holder with less ringidity

K RBEERRIMR(TICRIGE —~CBN)
HARIEESH L TE TR
Use higher hardness material

(TiC ceramics and CBN)

Use higher rigidity tool holder, change the blade tip.
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Ik FRi EE B9 2 B F03%E+E Difference and selection between down milling and up milling
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Up milling Down milling
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Climb milling (also called down milling): the feed direction of workpiece is the same as that of the milling rotation at the connecting position.
Conventional milling (also called up milling): the feed direction of workpiece is opposite to the milling rotation at the connecting position.

IsERT, VIR EZEZRRRER D, #gEht, VIHNZRMRNN L. BRE SV EHRERE tbinhi 8 E
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In down milling, the major force of cutting edge is compressive stress; in up milling, cutting edge bears the tensile stress. The compressive strength of
cemented carbide material is larger than its tensile strength. In down milling, chip becomes thin from thick gradually , cutting edge and workpiece
press each other. The friction between edge and workpiece is small, thus can reduce the abrasion of edge , the hardening of workpiece surface and
the surface roughness (Ra). In up milling, chip becomes thick from thin gradually. When insert cutting into the workpiece, it generates strong friction
and more heat than down milling, and make workpiece surface harden.

In up milling, because horizontal direction of cutting force that milling cutter conducting on workpiece is opposite to the feed direction of workpiece,
therefore the lead screw of work table joints closely with one side of screw nut. In down milling,the direction of cutting force is same as the feed
direction. When edge’s radial force on workpiece is big enough to some extend , the work table will bounce left and right, thus make the gap fall
behind. The gap will return to front side along with the continuing rotation of lead screw. At this moment the work table stops motion, however it will
bounce left and right again when the radial cutting force is big enough to some extend again. The periodical bounce of work table will cause poor
surface quality of workpiece and tool breakage.

When use end mills for down milling, every time the edges begin the cutting at workpiece surface, therefore end mills are not suitable for machining
the workpiece with hardened surface.

Up milling is recommended for milling the thin-wall components or square milling with the demand of high precision.
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TIE§EERYIZSE Pitch selection

BHITIBEEERNNERSMT—TINER S ZBMER. SHITNESRE. ZiE. B%E.

Pitch is the distance between one point on one cutting edge and the same point on the next edge. Milling cutters are mainly classified into coarse, close and
extra close pitches,

BRAEFREME Stability of operation

L M H
() (Low) CH) (Medium) (%) (High)
m ol BEE
Coarse pitch Close pitch Extra close pitch

FEEIEIRIT
Differential pitch

KEGHERETSHEAEAN, MIRE RE,
HARERNNERZG EFRE N8, & SERRIRIEFRT N T SERIEARAS, U&Z 8717

BEIEREYE. 1 e = RESSHI, RIREEMESE.

When the milling width is equal to diameter of cutter, the _ﬂlﬁﬁ 1‘%% élﬁugﬁ’“ai# 4 \ When the milling width is less than diameter of cutter,
machining system is stable and main power of machine | General milling function and multiple mixed productions | ¢,ytting by maximum edges can achieve high productive
is sufficient,selecting coarse pitch can achieve high efficiency.

productive efficiency.

1% E WA Selection of approach angle

GHINEMERARBIIA S TIIRR R, EXY BHEHAE Lhai KIEIEE
ERASHEIER . T hRARSE . GAx Approach angle Feed rate per tooth Real maximum cutting depth
HIBART, BUhERA, MEIERE RN, 7 90° fz hex=fzxsinkr
fEYIRI 7] R BITEISERE P 5 T

BN AR £ T 7] B B R A SR s f hex=0.96f:
HIREXE, XEMSELEEHN RIFTT, F
et s ooan s At N . 60° fz hex=0.86xf;
BB E. (BB XHE N, SARENMIE
WETH.

45° fz hex=0.707x1
The approach angle is composed by insert and tool body, Chip
thickness, cutting forces and tool-life are affected especially by e [iC*%(iC-2a0)
the approach thickness and spreads the cutting area between Round insert £ he= %(:ap) xfz

cutting edge and workpiece for a given feed rate.

A smaller approach angle also guarantee that it is stable
entrying into or exiting workpiece,to protect the cutting edge
and extend tool life.However this will increase higher axial
cutting forces on the workpiece, thus is not suitable for
machining thin workpiece such as thin plate.
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EHI 71 B &ERSE91ER Function of each part in face milling
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Main angles of face mills
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Rake angle /«V /\
71 %% E {ZDiameter of cutter N

HE AT A f

Axial rake angle

F 1 FKr
Approach angle

p— TR A s
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Radial rake angle y Inclined angle of cutting edge
TEsk I EERAERRE Main angles of face mills
W 1 e
Designation Function Effect
SHEHT A re REHERRE AEANG: HIBMEELT
Axial rake angle rf Determining the chip direction negative angle, excellent capability of chip removal
EERf REIRIGEIR S & R HIE: IR

Radial rake angle rp

Determining whether the cutting
is light and fast or not

Positive angle, good cutting performance

Inclined angle of cutting edge

ERAKr REBEE ket YIBEEL: ket MEBEE!:
Approach angle Kr Determining the chip direction thickness| Krt, chip thickness?; Kr|, chip thickness|
T84 4t Wiy x_f w2 wis
” REnERSE (AU TNEES DRI RESS D MSE
ATA R Determining whether the cuttinghigh sirengih of high ssengi (=) <0~ (+) |Good cutting performance,
Rake angle R is light and fast or not of cutting edge cutting edge
- , HBMEREE IRITIEE S HEBTEREST, UIHI ISR AR
TR \s REHBEF = Paor cutting performance, |y o, |Good cutting performance,

Determining the Ghip direction |igh strength of high strength

of cutting edge

low strength of cutting edge|

TEIRTfRIZE S45E Characteristics of different rake angles.combined
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BT General formula

Ve: YIEIRE (m/min)
cutting speed(m/min)
Dc: HTIAFER (mm )

nominal diameter of milling tool(mm)

n: EHHEE (rev/min)
spindle speed(rev/min)
Zn: 71
number of teeth

Vf:

Te:

TIERHSE (HBLEE) (mm/m
feed rate of worktable ( feed speed)(mm/min)

D BEHESE (m/z)

feed rate per tooth(mm/z)

FEREE~ 3. 14

circumference ratio~=3. 14

SO TETE (min)

machining time(min)

in)

Q: #EBEMRE (cm*/min)

metal removal rate(cm3/min)
fn: BEHLEE (mn/rev)
feed rate per revolution (mm/rev)

L: BRFETIEEE (mm)
Real cutting distance(mm)

@ 1IHEE Cutting speed

T XDe Xn
Vo= ——— i
c 1000 (m/min)

@ EihEEE Spinde speed

n= 1000 X V¢
m X D¢

(rev/min)

@ IiEaitLEE

A
Feed rate of worktable ( feed speed)

VF=fzXnXzn

CGHEERE) (mm/min)

@ S48 Feed rate per tooth

Vf
nXZn

fz =

(mm/z )

@ St E Feed rate per revolution

fn= ¥ (mm/rev)

&l 1R
Tool minor cutting
edge angele gy,

@ /nIEFE Machining time

L
Tc=— (min)
Vf

i

pe of tooth

L E feed

FEHEE (f2)
Feed rate per tooth

@ £EEFRZE Metal removal rate
a, Xa. XVt
1000

Q= ——— (cm/min)
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REEMmAEHIEIMERE Cutting performances of different approach angles

ES(): TEE AR
Approach angle Schematic diagram Instruction
|J= HMESN&EKR. MIERE4R, THSRERE, S
MITHEEE T MISWEMRIE, 8 FRHLET
45° — BN R
Axial force is the largest. It will bend when machining thin-wall
workpiece, and reduces the precision of workpiece. It is benefit to
avoid fringe breakage of workpiece when machining cast iron
l_ FEWAZREVIEIS N, ETERHEERN—MERA.
75° The main purpose is to resolve the radial cutting force, it is often
used for general face milling.
% Wit LiE 2 N AE, E&TERESEHE.
90° The axial force is»zero in theory, suitable for milling thin plate
workpiece.
& 7171 K Wiper insert
p Hﬂ?ﬂ%fﬂﬂﬁﬁﬁﬂﬁ‘%ﬁ, FREL, It has axial and radial run out because of
£z — ﬂﬁﬁgnaggﬁgggiﬁgg tools and inserts exist manufacturing
1£[e , g J) BY I ] [E PE .
fn BT EEAERET S, EEEE tolrefrance. Thhe axial runout lead to poor
N EEFEIER, surface roughness.
o
IR I
Solution
REEHTITIA
Aassembling wiper insert
2N g~ perinserts The wiper insert must protrude below the
R other inserts by 0.03-0.10 mm at axial
L direction, only that the wiping function can
€ . )
E fEi A B T A LR E 7175 0.03-0. Tnm mfmm?ﬁ“ %xmﬁ”%WQa
= FAREE SR .Cu er can jusf ‘assem e only orlle wiper
7 -/ RN 7] B — PSS 7] 7] B EDE insert. If the diameter of cutter is much
8 - b - | JE ; ra ’ bigger or cutter's feed rate per revolution is
2 11%%?] 7] J;]'- —_ :léﬁjj );I‘- 5 E:ﬂiE{T tt&kﬁ?jnﬁ“%ﬁ%ﬁguﬁk bigger than the length of wiper edge, 2 to 3
Wiper insert Common insert FRATDKER, AE2-35E4 wiper inserts can be assembled.

HSEPES T EVIEIERNEE
Selection of cutting width and tool cutting diameter in face milling

de

de

~

(1.2 - 1.5

{

Dc :

ae:

TIENHEIE TR Tool cutting diameter
PIBIBEE Cutting width

—fEkiE, IHIEE S TTRMVIHIEZR S5

BIKEN: De=(1.2-1.5) ae.

EXRMIhREE G IR0 5 THHLHE

o)

Generally speaking, the relation between
cutting width and tool cutting diameter is
Dc=(1.2—1.5) ae. In the machining practice,
it need to avoid coincidence of tool center
and workpiece center as much as possible.






