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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

REENE

FEARETEEE
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Improve the edge sharpness

Lower cutting speed

Use material with better thermal shock
resistance

VIBIEHIEAL
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Chip control deterioration

Finishing surface deterioration(Terry)

VIHEE S =
Cutting speed is too high

FEART Y

ERESHERENTIFINE
@ﬂ)ﬁu:aﬂc_%:,%)%m#
Lower cutting speed

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

IHR~Z®
Seim AR R
Workpiece size change
Blade damage

YIS fr it S
TNEMRERER
Cutting load is too high
Cutter material mismatch

B RREEE SRR

PEARE 7] AR

Use high hardness material

Reduce the amount of feed and cutting depth
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Wear damage

REEKE

Surface roughness

WNENORBE
SEER T

Sticking to the knife and built-up

edge cause chipping

HUBIE BE 45

Mechanical abrasion

B ZEERIR

Thermal cracking damage

BRR
Chipping

BN TRE2EE N
IHR~S8BE
The rapid deterioration of processing
surface,Workpiece size tolerance
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The cutting speed is too high

PEIRTIE R TN B &G
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Reduce the preset tool life

The use of abrasion resistance and better material

IR 13& 0 BHIEI X PEARE 7] AR
FEERETL HIH BT AR 7] 2 R 1 B Y 7140
Cutting resistance increased TIE#HERE AR EE KRR R
Surface deterioration The amount of feed is too large Reduge 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

PIET DBy
Finishing surface deterioration
Cutting resistance increased

The cutting speed is too low

REEMNE (if, ®/8
Increasing the cutting speed
Enhance the sharpness ( rake angle, chamfer )
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Accidental damage
Tool life instability
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The amount of feed and depth of
cut is too large

Inserts vibration during cutting

B RSN K EY# R
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Use better toughness material
Increase chamfer

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

#I2
for=s
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

ZHATEBEMEHTEIMT
ZHATHERTIBTEIMT
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 5 A& +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.

IsERs, VIHINEZESRRRER D, HEht, PIHNZRMRNN L. BRE SV EHRERE tbinhi 8 E
R5%: gk, VIBHRELHE, NNS5ITHEMEESRE, 7NESMIREHENBITIHER )N, R/NTIE
B, O mIRmEl. B REEEERE. BHH, VIEHETE, TNHRARFERIIBNER, &
IRgEr=4 B R EMEMTREEL.

A, ATSRIIMEREIHNKEVH OB RS ITHELAEER, MATESLFSEFGH—MIER
EME. MRSV SR AN A R SHELEFE—B, HTNNNITHNKEEERNRE—ERERNIESR
SREEY, NMEEREERN, MEELTeEEs), BEXREREM. £X—BE TERFLEE;
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RGNS, TNESXBRHIHEREABTE, FFUARERRMNIEERETH.
GHEREEHIEE RSB A T,

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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TIEGEERYIZSE Pitch selection

GHITIBEEBRNNERSMT—TINER S ZBMER. SEHINESRE. 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,

BRAEFRZEME Stability of operation

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

FEEIEIRIT
Differential pitch

KEGHERETHAEAN, MIRE RE,
HARERNNE RGN EFRE N8, & KRR AT N T SERIERA, L& 8717

BEISREYE. 1 = RE5YIH], AIREGEMESE.

When the milling width is equal to diameter of cutter, the _ﬂlﬁﬁ 1‘%% élﬁugﬁ’“ai# ° . 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

BTV LR R R R B 7] 5 TV AT LAY, iRR | BEERE T A TIBIEE
ERASIEIER . T AR A, GAE Approach angle Feed rate per tooth Real maximum cutting depth
HIBART, BUhERA, NBIEESED, A 90° fz hex=foxsinkr
fEIHI N E RYIHISEE A5 T4k,

SN E R B AT T) K PR 5 AR » & hex=0.96x1:
H7NREEXE, XEMSECEES. RIFTDT, F
et s ooan s At N . 60° fz hex=0.86%f;
BB E. (BB XHE N, SARENMIE
WETH.

45° fz hex=0.707 %1
The approach angle is composed by insert and tool body, Chip
thickness, cutting forces and tool-life are affected especially by B [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 &ERSB9YER Function of each part in face milling

THS®NETEZRE

Main angles of face mills

[
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BIAR
Rake angle /«V /\
71 %% E {ZDiameter of cutter N

M AT A f

Axial rake angle

F 1 FKr
Approach angle

p— TR A s
ZEFfrp J—:_, - A "
Radial rake angle y Inclined angle of cutting edge
TEsk I EERAERRE Main angles of face mills
W 1 7T
Designation Function Effect
SHIEET A re REHERR AEANG: HIBMEELF
Axial rake angle rf Determining the chip direction negative angle, excellent capability of chip removal
EERf REIRIGLIR S & BENE: VI

Radial rake angle rp

Determining whether the cutting
is light and fast or not

Positive angle, good cutting performance

Inclined angle of cutting edge

EwWAKr REVIERE Ket, IBEEt; ket PIBEEL:
Approach angle Kr Determining the chip direction thickness| Krt, chip thickness?; Kr|, chip thickness|
IBIMEEE AN BER HIEREET MBS
= RS T lg]oijr%?tﬁg pﬂﬁéﬁfﬁg THIERET T TR 1R
A F R Determining whether the cuttinghigh strength of high strength| ~° 0+ |Good cutting performance,
Rake angle R is light and fast or not of cutting edge cutting edge
- , HEMREE, MEINBRES HEEERET TR ISR AT
T \s REHBEFE Poor cutting performance, | v o, |Good cutting performance,

Determining the chip direction [nigh strength of high strength

of cutting edge

low strength of cutting edge|

TEIRTFARIZE S 45E Characteristics of different rake angles combined
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Double positivec Double negative One positive, one negative
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Positive rake angle
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Radial rake angle rp
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Applicable material machined
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AT General formula

Feed rate of worktable ( feed speed)

VF=fzXnXzn

@ S5 E Feed rate per tooth

fz= (mm/z )

nXZn

Ve:  HTHBEE (m/min) Vi: TER#%GE GHELEE) (mm/min) Q: EBEKRE (cm/min)
cutting speed(m/min) feed rate of worktable ( feed speed)(mm/min) metal removal rate(cm3/min)
Dc: $ETIAFRERE (mm ) fz: BEHELEE (m/z2) fn: BFHHALE (mm/rev)
nominal diameter of milling tool(mm) feed rate per tooth(mm/z) feed rate per revolution (mm/rev)
n: FHER (rev/min) n: EEAE~3 14 L: EBRETIEEE (mm)
spindle speed(rev/min) circumference ratio~=3. 14 Real cutting distance(mm)
Zn: 7 Te: ALAESE (min)
number of teeth machining time(min)
@ 1IEEE Cutting speed
T XDe Xn
Vo= —— i
c 1000 (m/min)
@ 4H%EE Spindle speed
_ 1000 X V¢ .
n= 22N A Ve
T X De (rev/min)
@ ITEAHAR GHAERED (mm/min)

@ SEHHE

Feed rate per revolution

fn= ¥ (mm/rev)

&l 1R
Tool minor cuttlng R
edge angele gpape of tooth

@ /nIEFE Machining time

L
Tc=—— (min)
Vf

L E feed

FIRHEE (f2)
Feed rate per tooth

@ £EEFRZE Metal removal rate

a, Xa. X Vs
Q= W (cm*/min)
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REEMmAEHIIEIMERE Cutting performances of different approach angles

ES): TEE i AR
Approach angle Schematic diagram Instruction
|J= HWEShEK. MIERTMHE, THSEERS S8
MITHMEETME: MIZWEMRIE, R FRHLET
45° — B 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.
% it FMEA N AT, EETHEMREROSEHE.
90° The axial force is zero in theory, suitable for milling thin plate
workpiece.
& 7171 K Wiper insert
p Bﬂ?ﬂ%fﬂﬂﬁﬁﬁﬁﬂﬁ‘%ﬁ, FREL, It has axial and radial run out because of
£z — ﬂﬁﬁfmﬁﬁﬂ%;ﬁg%;@ﬂ?gg tools and inserts exist manufacturing
12 9] [&] B , ¥ J] BY I ] [E] bE .
fn BT EEAEERET S, EEEE tolffrance. Thhe axial runout lead to poor
N SAREER, surface roughness.
o
IR I
Solution
REBATT R
Aassembling wiper insert
2N gQ 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 1 B T A LR E 7175 0.03-0. Tmm mfmm?ﬁ“ %ﬁmﬁ”%WQa
= FAREE SR . .Cu er can jusf ‘assem e only orl1e wiper
7 ~] RN 7] B — PSS 7] 7] B EDE insert. If the diameter of cutter is much
8 - b - 1 JE ; ra ’ bigger or cutter's feed rate per revolution is
2 1|§ﬁléy] 7] J;]'- —_ :léﬁjj );I‘- HRERHEANNIRNSRTEEX bigger than the length of wiper edge, 2 to 3

Wiper insert

Common insert

FAERTIKER, AI32-3/1EX 7]

HSEPES T EVIEI BRI E
Selection of cutting width and tool cutting diameter in face milling

de

de

~

(1.2 - 1.5

{

Dc :

ae:

TIENEIE TR Tool cutting diameter
PIBIBEE Cutting width

—fEkiE, VIHIEE S TTRMVIHIEZ S5

BIKEN: De=(1.2-1.5) ae.

EXRRMIPREE G IR0 5 THHLE

£y

wiper inserts can be assembled.

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.






