v GTC miling strategies

Efficient milling with the correct strategies
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GTC milling strategies
SHOAREIRStHIN TER

These milling strategies belong to the state-of-the-art and most effective
application methods for current solid carbide milling tools. When applied,
an enormously high metal removal rate ensures a considerable increase
in productivity. Very high cutting parameters can be achieved even with
less powerful machines or unstable machining conditions. With difficult-
to-machine materials or unfavourable diameter-length-ratios of the tools
a massive increase of process reliability can be achieved.
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HIGH PERFORMANCE CUTTING S4sEtIHINT (REmemBiks)
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at high speed/high feed rate = high dynamics; low cutting widths & depths ; low drive power

HIGH SPEED CUTTING S5EREN T (B»EE4EERT) - ESst TN )
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Principles and objectives #Hl|01 THIK[RBIFIBE

Maximum tool utilisation mAREMFBTIA
e utilisation of entire cutting edge length * ZEFIBEEIEITIRE
e full power delivery o A ZIhEREHFIH

e increased tool life
e balanced wear

o MERTIEEH
o JIEEIRERET S

Modification of cutting distribution VIS SEES N T
¢ |ow cutting widths ae o XIEIEE ae

e high cutting depths ap o SHIHEIRE ap

High process reliability SIS EM

¢ low tool wrapping o JEEEIERE

¢ improved thermal conditions at tool o NET) B TIORIEEL

cutting edge
* |ow mechanical stress

o THMIEERIHEMENEE

Maximum metal removal rate RAEBBRE
¢ saving time/machine costs o BN AR B R AL A

HPC max. metal removal rate/time — stable conditions; short de-clamping; high performance; good cooling




Foundations for economically efficient milling

Peripheral requirements

Applicable in every material group

- 9@ EH vEE

e easy to machine materials = increase in productivity

e difficult to machine materials = increase in process reliability

High-dynamic machining centres
e short acceleration distances

e higher speed range

e small to medium tool diameters
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Heavy machines BRIt

o stable feed axes oIETE HYE RSB M2l

¢ high spindle torque o= E#HA
REMAPARTERTIA

* medium to large tool diameters

Unstable to stable workpiece clamping AETHERTH I EHRIFH®R

e stable = vibration-free machining = maximum metal removal rate oFEE = MIRFNNT = BASBERE
¢ unstable = reduction of radial forces = increased process reliability  «Fig%F = FORAT = BN LiERETH

Application parameters T T2 EFEH

Low cutting width a. t0 0.33 x D {EfItEIZEEae E 0.33xD fF—

¢ |ow angle of engagement <70° {EtJHEIEE B<70°

e short time of contact between cutting edge and component
HEI )8 T 14 2 R EEAsrE e < 70°

Very high tooth feed f; = 4 312

¢ reduced chip thickness allows considerably higher f,
tIBEERD - AIEZERS fz

Very high cutting speed v JEE SITIEIEE Ve

e reduced heating up and prolonged cooling down
allow very high v¢ values
StIHERERIR DI TRFEAEL « Wik RIZAIRER

High cutting depth ap S t4iEEap

e improved leverage effect eiZ=Ig1251fE

¢ high metal removal rate SEEZHE

¢ increase in contact points between tool and component
N7 B R4 2 IRV AERS

Tool angle of engagement &
tool contact time

TIEBIEEAE &
T BB

Metal removal rate £ B ( BFRIAM EIBRAIEETR )

The metal removal rate specifies how high the actual chip removal is per minute.
It is especially suitable for comparing different machining strategies.
EERGERREBSEERERUBINE © FhE S A BT ERI I TR

ap (MM) X @e (MM) X V¢ (M/min) = Q (cm3/min)
thiRap t&ae BoEEss BoERREom®
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v GTC milling strategies

Influence on process through tool engagement

JJEYHIE T HRVIERBE S BEH N TBRRENEE
Angle of engagement tJHIES BE
The angle of engagement inscribes the cutting range of the tool from

start of chip formation to exit from the material. With these parameters
the stress impacting on the tool can be assessed. With straight milling

paths the angle is constant, with concave milling paths it increases and 3 0.20xD @

with convex milling paths it decreases. 1

W& AERETE 7 ) ER BRI R AT RIAS T) AR LI HIEEE

FREL2Y - AILFHERETIANT T - EEMSHIREF - AERIEER

EMREZHEIEEH » AEEFANEAN  MAECZatEIRESF » AEAIRRE/

Straight milling path E#Z#tHIEE

e constant angle of engagement M4 AEEE HINE & AR EETE 53°

e constant tool stress JJERIZNEE

Example: ae 0.20 x D = 53° engagement 4JJ&Eae 0.2D=534& &
Engagement remains a constant 53° 53°EEMIWME AE

Angle of engagement with convex contour radii
ShNFEESEE S BEEL
Convex milling path 4| gz s
e decreasing angle of engagement & EER D
e reduced tool stress J1EMZ RS
a: 0.20 x D

Example: ae 0.20 x D = 53° engagement &z 0.2D=531 4 &

Engagement reduces to 45° g4 AER D ZE45°

Measures: ae may be increased

H e t RS b
AEFX f; can be increased & ae kBT fz ALUHIN

M4 BE1LE 53K ZE 45°
ek BIJERE 2 AT LU N)

Angle of engagement with concave contour radii
AU S AR
Concave milling path FJ[UfZ#&ESIRE
e increasing angle of engagement M4 &1L
e increased tool stress JJ B/ F1EN

a: 0.20 x D
Example: ae 0.20 x D = 53° engagement t]J&ae 0.2D=53"W& A

Engagement increases to 74° 14 @EINZET74°

Measures: ae must be reduced

AESEE f, must be reduced in radius e lmmo o
tE acREIJHER fz WERMD BN & AL 5318 NE 74

aeR B IIER z WERD)
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GTC miling strategies W

Influence on process through tool engagement

ZERRI AN ZEESAE" HNTeRENEE

Angle of engagement with 90° corner radii 90°RVEIZ &S AESL

Tool radius = Corner radius JJE 318 = T {f[E[5[F &

e very unfavourable for tool dynamics JFEEFFIAYT] EEPRERRTE
e change of stress direction JJBgy= ks

e abrupt increase in tool stress J] B 5 fZ2sR1n

Example: Increase of engag. angle from 53° to 143° (270°)
EEE S AEH 53°ENE 143°

Measures: v¢ and f; must be heavily reduced

EEE ¢ AIRRMERFE vl fz

Tool radius < Corner radius JJE 3 1&< THEFIH1E
e machine can interpolate the path #2858 a] LIE#HEETE

® no “impact” on tool #JJE#E “FZ&”

¢ lower increase of tool stress [{ETIESH

Example: Increase of engag. angle from 53° to 92° (174°)
EAEM S AR 531EINE 92°

Measures: ae must be reduced )& aeh/BiHD

ST

f, must be heavily reduced in radius
2B JJHEAGHA B AN LRFAJE ANERRK

Ratio of flute width to tool diameter with trochoidal milling

BRStHIEREIAER 2L

Flute width 1.7-2.0xD &% 1.7~2.0xD
e cut in C arc CHZEILIHEI

® as max. 0.10 x D (theor. 37°) & aef2% 0.10D (IBsH_EMEE37°)

e increase of angles of engagement by up to 50%
IEIMES AEEMN&EZZE 50% © (37°x 1.56=55.5°)

Flute width 2.1-3.0xD 1% 2.1~3.0x D
e cutin C arc CHZERNIEI

e a, max. 0.15 x D (theor. 46°) tJ& aef% 0.15D (IBzm_LMEE46°)

e increase of angles of engagement by up to 50%
HEIMEE BEEMNREZE 50% © (46°X 1.56=69°)

Flute width from 3.1 xD &% 3.1 xD
e cutin D arc CHENLIEI

® as max. 0,20 x D (theor. 53°) t]E aeF% 0.20 D (3Bzm_LM&53°)

e increase of angles of engagement by up to 40%
HHIMEBEEM&EZE 40° o (53°x1.4=74.2°)

EEEAS AER 53°EME 143°

o

2. 0.20x D

SHEFERE - LA Vel fz

EEES AER 53°1EME 92°

a: 0.20x D
®,

EEE | READ

WZRAMERFE fz

GUHRING TROCHOIDAL CUTTING
7

EEE S BER 37°EMNE 55°

S AER 46°1EINZE 69°

EEE S BER 53°EME 74°
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V GTC miling strategies & SAIEAS 510 T FE

-
GTL HPC rsc
/24 RS - ANEUREITIRRKRA 3xD aYI1ER MEMEHE
Guide values for increasing the cutting values with cutting edge lengths up to 3 x D
;\GT!; Roughing and finishing #8 - {58t
Material Application radial feed in % of @ v factor * f, factor * Angle of engagement
THmE #EIH AR % ENHIERRE RE BIJER RE TEIEE BE
| Sowing [ to0% [ 1 [ 1 [ 180 |
HPC Roughing 33% 1.5 1.3 70°
HPC Roughing 25% 1.6 1.5 60°
HPC Roughing 20% 1.7 1.6 53°
HPC Roughing 15% 1.8 1.9 46°
HSC Roughing 10% 1.9 2.3 37°
S |HSC Roughing 8% 2.0 2.5 31°
HSC Roughing 5% 2.1 2.5 26°
HSC Finishing 3% 2.0 1.2 20°
HSC Finishing 2% 2.0 1.1 18°
S |HSC Finishing 1% 2.0 1.0 11°
HSC Fine finishing 0.5% 2.2 0.9 8°

*Base value for the calculation with v¢ and fz factors is the value specified in the Giihring Navigator for “slotting” in the respective material group.
{EARA veHl fz REBUETTETERIEARIERELL Glhring Navigator AR A FEMEEHER “BE1E” IBEME

.2_ Base cutting values slotting — RF 100 tools - smooth cutting
Bll BRI - RF 100847) - FIELIH)
Material Hardness Application | v¢ f, (mm/z) with nom. @ &7k TS
THHME AR BHTIR | CIHERE [T 5 4 5 6 8 0] 121 161 20 | 25

M1 < 750N/mm?2 Slotting 120 0.014 | 0.018 | 0.023 | 0.027 | 0.036 | 0.050 | 0.060 | 0.080 | 0.100 | 0.125
M2 750-850 N/mm2 Slotting 80 0.012 | 0.016 | 0.020 | 0.024 | 0.032 | 0.045 | 0.054 | 0.072 | 0.090 | 0.113
M3 > 850 N/mm2 Slotting 70 0.011 [ 0.014 | 0.018 | 0.021 | 0.028 | 0.040 | 0.048 | 0.064 | 0.080 | 0.100
S-Ni < 1300N/mm?2 Slotting 30 0.008 | 0.011 [ 0.014 | 0.017 | 0.022 | 0.032 | 0.038 | 0.051 | 0.064 | 0.080
S-Ti < 1300N/mm?2 Slotting 60 0.012 | 0.016 | 0.020 | 0.024 | 0.032 | 0.045 | 0.054 | 0.072 | 0.090 | 0.113

Non-fer.metals < 850N/mm2 Slotting 250 0.017 [ 0.022 | 0.028 | 0.033 | 0.044 | 0.060 | 0.072 | 0.096 | 0.120 | 0.150

Metal removal rate ap (mm) X ae (mm) X Vi (m/mm) = Q (CmB/min)

BERR . — TN P
(B8 (7RSS Py MR RS BERS) thiRap th&ae (SpaFibits B EBEECM®
Example &{{5l HPC roughing: 15% as; 2 x D ap ; C45 Rt
Tool $#£7] RF 100 U @12mm - 4 flutes
Feed E#5 radial feed ae 1.8mm = 15% of D
Base value slotting t]J4I B2 {g V¢ slotting = 180 m/min, f; slotting= 0.072 mm

V¢ factor = 1.8 = v¢: 180m/min x 1.8 = v¢ 324 m/min
f, factor = 1.9 = f,: 0.072mm x 1.9 = f; 0.137

Ve: 324 m/min / 2 0.137 mm
Increased values (RBUBMEZIHIBH | \“ocos /min / vi: 4740mm/min

Conversion t]JHI{ZE]

Metal removal rate FZ[R2ER Q =203cm3/min
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Technical part — RF 100 Diver @

GENERAL RECOMMENDATION TOOL COOLING

Steel ./

e avoid thermal shock # Gz ELEE T EREE

Cast iron \., Dry machining, compressed air, MQL: e dissipate machining temperature via chip tJ]B3iE & E
e supporting chip removal #Bh#EE

Hardened \Hy
Stainless M e cooling of tool cutting edge 5170440

Emulsion; oil: e preventing built-up edgex B¢ Y [;EF1E/E
Special alloy S e supporting chip removal ZE#EE
Non-ferrous i ¢ preventing built-up edges B %[5 TEE

ﬂ/ Emulsion; MQL: . .

metals e supporting chip removal EEhHEE

EXCEPTIONS FOR MATERIAL RANGES #ii &8 ESMEREIR
® @&

When coolant is not available the cutting speed v_and/or the radial feed a_ should be reduced.

The resulting reduced temperature reduces the risk of thermal shock.

MEBLAEEALE - AIEZRETIHIRE (ve) REREDE (ae) - SEAERERE  RERETINEE
If there are chip removal problems the application of coolant should be taken into consideration,

because poor removal of chips can lead to massive tool wear and even tool breakage.

MRFEAR - AERERLR - FBAREARREHTEEERET] -

In the case of component heating by chip nests, it should be checked whether the component

chips can be removed by a specifically aligned ,,coolant jet“ without hitting the cutting area.

Alternatively, the application of coolant for the entire machining operation is recommended.
SHBARMELREREMEES 0 UFER AR - 2ACHEMAN "LaREE" - o LRHEIIEER
MASHMETHER - 55 - BREREMNTREPFERLARE -

OTHER NOTES EftiF=EI1E

Finishing #&#%Hl
The application of coolant is principally an advantage as a better surface finish can be achieved.
FERLARFER EE—EES  BAUMNEREFNRELRE
Very long tools £ Y] &4 Al
Coolant can result in a smoother process, as the lubricant has a vibration-reducing effect.
FERLAROMENTBREEIRS  FASEEHEERIKER
Alignment of coolant ;% A& % 3# 1N T &5
» as acurate as possible in the cutting area from at least three directions E
« no flushing back of small chips to the cutting area

2OA=EHFRNHRIERE - FEHETHREES =g/ )\ JEEETYES
Solid carbide milling cutter with internal cooling
« optimal chip removal, very good cutting edge cooling, very effective against built-up edges
« to be recommended especially for larger tool diameters and tough materials

RENHEY - FEEFNUIHITIORA - #Be Y LMEEIFEEN

FER B AR EA R W] B2 F/0 2T H #7185 H

Peripheral cooling/Giihrojet Guhrojet 7JJEFE5ME 24l

Best external option: Optimal tool cooling and chip removal

thanks to the direct route from coolant exit to cutting area

B AR EEBEITHEE - ZRRENTIELAMEE 4 IG':'HROJ ETI
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ISO code
- Steel, high-alloyed steel

M Stainless steel
- Grey cast iron, spheroidal graphite ion and malleable cast iron
N Aluminium and other non-ferrous metals
S Special-, super- and titanium-alloys
H Hardened steel and chilled cast iron

Coatings

(O bright finish ® Signum

Pictograms
Tool material .

Solid carbide ultrafine grain (carbide UF)

Tool recommendations regar-
ding the suitability for applica-
tion groups or specifications

of max. tensile strength and
hardness can be found in the
product pages:

@ optimal suitability £z

O limited suitability {#FEHMRHE]

BRI EHE - B TEHEMERNSEAEAEEMNEE
AlfEEREEPHRE

Shank form HA j~HA DHB Dms

to DIN 6535
Type 6527K| |6527L]

to DIN

WN

to Guhring standard
Type N NH
Applications _&_ ;&_‘ Q&' ‘%’ % jlgi ﬂ/

Slotting Roughing Ramping Helix Drilling Finishing Copying
Milling conditions HPC HSC M7C

maximum volume maximum speed unstable conditions

= TORAME - 504

Length S HWEENTR  MAEREERERE

short (DIN) long (DIN)

No. of cutting edges “ﬁsp hgp

4

no. of cutting lips

36° 41°
Helix angle 38° |[)43°
37° 45°

Size of helix angle/no. of different helix angles

: T
Helix angle _,m
heIix;'ngIe of circumference cutting edges
Cutting edge form 45°
corner chamfer
Feed K m»

u

for lateral feed
and oblique plunging
R tERERRIHIFI R M

for lateral feed

THZRETR « REFMRER SRS o

FREERIRTHT] - RESREIFFNA
B PRI REERS

1,

¥

for lateral feed,

for oblique plunging and drilling
RREREERRIE] « RAtIE R





