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ALP-XL Extremely smooth self lubricating surface coupled with the latest coating
(K10 - K25) technology ensures frictionless chip removal resulting in long tool life. Use in

materials with less than 10% silicon content. Also may be used in titanium.

HMF Excellent edge strength and the ability to hold a sharp edge makes this grade a
(HW - K15) perfect choice for machining non-ferrous materials.

MPS PVD TiAlN coating holds up well in high heat applications. This grade is used for
(HC - K25) machining tough materials such as stainless and hardened steel.

MPX Excellent choice for machining dies molds and difficult to machine materials such
(HC - K15) as titanium and nickel alloys. Ideal for high speed and dry machining applications.

PDC Polycrystalline, carbide reinforced diamond of fine grit size, good cutting edge
(DP - N25) sharpness and low cutting pressure allowing close tolerances. Increased flank wear

resistance and toughness.

PDC-L Polycrystalline, carbide reinforced diamond of ultrafine grit size, high cutting edge
(DP - N10) sharpness, minimal cutting pressure allowing close tolerances. Good flank wear

resistance and toughness.

PDC-S Polycrystalline carbide reinforced diamond of coarse grit size, good edge sharpness
(DP - N35) and low cutting pressure allowing close tolerances. Best performances for milling.

High flank wear resistance and toughness.

RK20C Tough carbide substrate layered with ceramic coating gives unsurpassed
(K05 - K20) performance in grey and nodular cast iron applications. The ceramic based coating

allows for high speeds and dry cutting.

RK150 Coated grade for milling cast iron materials. Extremely high wear resistance and
(HC-K15) edge strength provides for long tool life in abrasive materials. Heat resistant coating

allows this grade to be used in dry machining applications.

RM352  TiAlN PVD coating on a tough substrate makes this grade an excellent choice for
(HC - M35 - P35) applications in a broad range of materials where good toughness is needed,

including stainless steel and aerospace alloys.

RP15K Heat resistant Al
2
O

3
 coating allows for higher cutting speeds and long tool life in a

(P10 - P25, M10 - M25) wide range of materials and applications. Four layers of coating are interlocked for
excellent adhesion to the insert. Use in semifinishing to finishing of steel and
stainless steel. Can be used in moderate interrupted cut applications.

Insert Grade Information

Technical Data
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RP25K Universal turning grade with good toughness and excellent wear resistance.
(P15 - P30, M15 - M25) Particularly suited for rough to semifinishing of all steels and stainless steels. May

be used in cast iron as well. First choice for an all purpose grade of carbide.

RP35K The toughest of RTC’s steel turning family. The tough carbide substrate with the MT-
(P25 - P45, M25 - M45) CVD coating guarantees maximum performance in heavily interrupted cutting of

steel and stainless steel.

RP35  Tough uncoated grade for milling steel and cast steel under unfavorable cutting
(HW - TTR) conditions. Low cutting speeds and heavy chip loads, excellent for rough milling.

RP350 CVD coated grade allows for all around successful machining in all the materials
(HC - K25, M35, P35) groups. Runs at higher surface footages and exhibits excellent toughness. First

grade choice for most applications.

RP354 High resistance to oxidation makes this wear resistant grade an excellent choice for
(HC - M35, P35) milling applications where long tool life is required at higher surface footages.

SLK AlTiN coated grade runs at high speed for semi roughing and finishing
(HC - K25, M25, P25) applications. Excellent choice for aerospace materials and 300 series stainless steel

too.

SLX General machining of steel . Excellent impact and wear resistance for use in
(HC - P35) finishing to roughing of all steels.

TK10M Uncoated K10/C2 wear resistant grade, suited for machining of non-ferrous
(HW - K10) materials, high temp. alloys as well as synthetic materials including fibreglass,

graphite and plastic. Recommended to run with coolant only when materials
require wet machining.

TK10MP TiAlN coating. Recommended grade for high speed machining of aluminum and
(HC - K10) non-ferrous materials. Good wear resistance. Designed to be used with coolant.

TK10TB PVD diamond film coating offering greatly extended tool life over conventional
carbide. Recommended specifically for synthetic materials such as graphite.

TK20 Micrograin carbide with excellent edge strength allos these tools to have extremely
(HW - K20) sharp cutting edges. Excellent for use in aluminum alloys and plastic materials.

Usually polished to prevent edge build up.

TP30MC Good balance of toughness and wear resistance makes this a perfect choice for
(HC - P30) milling of steel at high surface footages especially when good toughness is

required.

Insert Grade Information

Technical Data
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Flank Wear
General criteria for the end of tool life, characterized by an admissible amount of flank wear.
(Figures usually relate to a tool life of T=15min.)

Remedy: • select more wear-resistant grade
• reduce cutting speed

Notch Wear
Occurs locally in the area of the primary cutting edge where it contacts the workpiece surface. Caused by
hard surface layers and work-hardened burrs, especially on stainless austenitic steels. Danger of breakage!

Remedy: • strengthen cutting edge
• select smaller cutting edge angle (45°)
• reduce feed

Edge Chipping
Minor chipping along the cutting edge, usually accompanied by flank wear and therefore not always
identifiable. Danger of breakage! Edge chipping outside the cutting area is the result of chip impact due to
unfavourable chip removal.

Remedy: • select tougher grade
• use insert with stronger cutting edge geometry
• reduce feed when starting the cut

In the case of damage due to chip impact:

• vary feed
• change chipbreaker geometry
• change cutting edge angle

Built-Up Edges
Edge build-up occurs on the rake face as a result of work material welding together with the cutting
material, especially when cutting difficult-to-machine materials. From time to time, the built-up edge will
break off and may cause damage to the cutting edge. Also, built-up edges produce poor surface finishes.

Remedy: • increase cutting speed
• use coated hardmetals or cermets
• select positive cutting edge geometry
• use cutting fluid

Troubleshooting

Technical Info.
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Thermal Cracks
Small cracks running across the cutting edge, caused by thermal shock loads in interrupted cutting
operations, particularly in milling.  Danger of breakage!

Remedy: • use grade with greater resistance to thermal shock
• check use of cutting fluid; cutting fluid should not generally be used for milling,

except with special grades for wet milling, e.g. TN450, aluminum, titanium alloys and
high-temperature materials

• use compressed air to remove chips in slot milling

Insert Breakage
Insert breakage usually means damage to tool and workpiece. The causes are varied and also depend on
machine and workpiece. This often originates in notches or other excessive types of wear.

Remedy: • select tougher grade
• reduce feed and possibly also depth of cut
• select chip breaker geometry for heavier chip sections

Burring
Chipping of the workpiece edge when cutter leaves the cut (mainly in cast iron).

Remedy: • select smaller cutting edge angle for the tool
• select more positive cutting edge geometry
• change cutter position relative to workpiece

Workpiece Vibrations
Remedy: • clamp workpiece more rigidly

• change cutter position relative to workpiece
• select a cutter with a different cutting edge angle

Cutter Vibration
Remedy: • minimize cutter overhang

• increase feed
• reduce cutting speed

Use of cutting fluids in milling
Remedy: • cutting fluid should preferably not be used

• if cutting fluid is essential, then in copious amounts at low pressure with TN450 as the
primary grade selection

Troubleshooting

Technical Info.
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Circular and Helical  Interpolation is an application where the cutter rotates on its
own axis together in an orbiting motion around the workpiece (either internally
or externally), while at the same time plunging to the required depth of cut. In
order to accomplish this application, a machine with three-axis control capabilities
is required.

Calculating feed rate: Unlike linear milling applications (face milling) where the
tools cutting edge and centerline is identical, circular and helical interpolation
feed rate is based only on the tools centerline (Vfi). The following formulas should
be used to obtain the optimal running conditions.

Milling Cutter Diameter Selection Calculation:
Note:  all values should be in inch

Minimum Cutter Diameter:

Optimum / maximum Cutter Diameter:

Calculating Feed Rate:
Note: all values should be in inch

Feed Rate Correction for Drill Milling with Round Inserts:

Feed Rate at Centerline of Tool when Drill Milling (Vfi)

or approximately:

Depth of Cut (ap):
max. ap < 0.5 x d   opt.  ap = 0.25 x d   * inv cos = cos -1

Cutter Data:

Cutter description: ..... R360 Face Mill
Diameter (D): ............... 4”
Insert Diameter: .......... .6299 (16mm)
Insert grade: ................. TN5515
No. of teeth (T): ........... 8

Example:

Recommended Machining Conditions:

Surface feet/minute (sfm): ....... 533
Spindle speed (rpm): .................. 509
Feed per tooth (fz): ..................... .008”
Depth of Cut (ap): ........................ .157”  (opt. ap = .25 x .6299)

Machining Programming:
In order to maintain the recommended .008" feed per tooth (fz) for this insert size and application, the machine tool should be programmed
for a feed of 25" per minute (ipm).

1-

Definitions
D = cutter diameter
d = insert diameter

D1 = workpiece bore diameter
ap = depth of cut
fz = feed per tooth

fzkor = correction feed per tooth
Vfi = feed rate at cutters centerline

T = number of cutting teeth
rpm = revolutions per minute

Circular and Helical Interpolation:

Technical Info.
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Milling Cutter Diameter Selection Calculation
Note:  all values should be in inch

Minimum Cutter Diameter:

Optimum / Maximum cutter Diameter:

Calculating Feed Rate:
Note:  all values should be in inch

Feed Rate at the Cutting Edge (Vf) Inches per Minute:

Feed Rate at Centerline of Tool when Drill Milling (Vfi):

Internal Milling Applications: External Milling Applications:

Circular and Helical  Interpolation is an application where the cutter rotates
on its own axis together in an orbiting motion around the workpiece (either
internally or externally), while at the same time plunging to the required
depth of cut. In order to accomplish this application, a machine with three-
axis control capabilities is required.

Calculating feed rate: Unlike linear milling applications (face milling) where
the tools cutting edge and centerline is identical, circular and helical
interpolation feed rate is based only on the tools centerline (Vfi). The
following formulas should be used to obtain the optimal running
conditions.

Example:
Cutter Data:

Cutter description: AP90 Face Mill AP90 End Mill
Diameter (D): 4" 1.5"
Insert number: 222.79.400 222.79.400
Insert grade: TN7525 TN7525
No. of teeth (T): 8 4

ID: Face Mill    Vf  =  .008  x  10  x  358   =  28.6ipm

OD: End Mill   Vf  =  .004  x  4  x  1082   =  17.3ipm

Machining Programming:

Based on the above OD and ID milling calculations, you must program the
machine at the appropriate feed rate (Vfi) for each tools centerline.

Circular and Helical Interpolation

Definitions
D = cutter diameter
d = insert diameter

D1 = workpiece bore diameter
ap = depth of cut
fz = feed per tooth

fzkor = correction feed per tooth
Vfi = feed rate at cutters centerline

T = number of cutting teeth
rpm = revolutions per minute

Technical Info.
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Cutting Ratios and Undeformed Chip Thickness in Milling

Valid for a
e
 < 0.3 d

1

Valid for a
p
 < 0.3 d

1

Valid for a
p
 < 0.3

Technical Info.
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Average Chip Thickness h
m

Up Milling / Down Milling with Face Mills

Approximate Formula

Up Milling / Down Milling with Square Shoulder and Side Face Mills

r *

Technical Info.
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Legend:
p = 3.1416

a
e

= Width of cut
a

p
= Depth of cut

d = Diameter of milling cutter, in inches
d

e
= Effective diameter

f
z

= Feed, inches per tooth
h = Scallop height

ipm = Feed, inches per minute
ipr = Inches per revolution

mrr = Metal removal rate in cubic inches
rpm = Revolutions per minute

s = Stepover value between two cutting passes, in inches
sfm = Surface feet per minute

z = Number of effective teeth

Formulas :

To calculate effective diameter of ball nose tool To calculate inches per revolution

To calculate sfm when rpm is known To calculate f
z
 when ipm, rpm & z are known

To calculate rpm when sfm is known To calculate f
z
 when ipr & z are known

To calculate scallop height (cusp height) To calculate metal removal rate

To calculate inches per minute (table feed)

Technical Info.
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Technical Info.

Hardmetals
Sintered hardmetals are made by powder metallurgy and in the most simple case consist of Tungsten Carbide (WC)
as a source of hardness, and Cobalt (CO), which is primarily responsible for toughness.  Titanium Carbide and/or
tantalum carbide or niobium carbide are added to improve high-temperature properties.  This applies particularly
to oxidation resistance, hot hardness, elevated-temperature strength and diffusion resistance in the presence of
iron-base alloys.  Hardmetals attain their final properties at sintering temperatures of approximantly 1500° C.

Coated Hardmetals (ISO group HC)
Highest wear resistance and good toughness can be combined by appropriate coating techniques.  The preferred
process for hardmetal is Chemical Vapour Deposition.  In the CVD process, extremely hard thin layers of coating
material (e.g. TiC, TiN, Al203) are deposited on tougher hardmetal substrates at temperatur.lower temperature,
850°C instead of 1000°C. The chemical vapour disposition rates are much higher, thereby reducing the time required
for completion. MT-CVD offers minimal diffusion of the substrate and a minimal loss of toughness properties.

The much longer life and higher cutting speeds attainable through coating, boost cost-efficiency and productivity.
Inventory requirements are also reduced, thanks to the wider range of applications for coated grades.

Uncoated Hardmetals (ISO group HW)
The conventional uncoated hardmetals comprise a variety of mature grades.  They are still employed frequently in
milling but to a relatively small extent in turning and drilling.  Their applications mainly include operations involving
light cuts requiring sharp cutting edges and operations demanding very high toughness.  Uncoated hardmetal
grades are also used on nonferrous metals and nonmetallic materials.

In most steel and cast iron applications, coated hardmetals are preferred because they offer much longer life and/or
higher cutting speeds and thus permit more cost effective production.
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SLLIMREDLUOHSERAUQSROFATADGNITTUC detaoC detaocnU

315OSI LAIRETAM/RETTUCGNILLIM
453PR/053PR

CM03PT
253MR 53PR

P

rettuC a.xaM
p

tresnIedibraC htootrepsehcnizfdeeF )1

09A 1) 33. ..3001-THDA --- 200. 400. --- 300. 500. --- 200. 400.

09A )1 55. ..4061-XNPA/TNPA/THPA 300. 600. 900. 300. 700. 010. 300. 600. 900.

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

,leetsnobraC
,leetsdeyollanU

dnaleetstsac
eerf

leetsgnittuc

< C%52.0 delaenna 521 1 3701 318 386 816 635 405 355 884 554

> C%52.0 delaenna 091 2 318 436 355 554 473 853 093 523 392

< C%55.0 detaert-taeh 052 3 386 025 174 473 523 392 523 062 822

> C%55.0 delaenna 022 4 996 355 174 093 853 523 853 672 062

detaert-taeh 003 5 106 324 473 523 672 062 672 822 591

leetsyollawoL
leetstsacdna

delaenna 002 6 087 106 884 554 473 853 093 523 392

detaert-taeh 572 7 106 174 093 853 392 672 392 062 822

detaert-taeh 003 8 025 093 143 392 062 822 062 591 971

detaert-taeh 053 9 174 143 --- 062 971 -- 822 361 ---

,leetsyollahgiH
leetsloot&leetstsac

delaenna 002 01 106 174 324 093 143 392 853 672 062

detaert-taeh 523 11 093 903 --- 062 971 --- 822 361 ---

M

rettuC a.xaM
p

tresnIedibraC htootrepsehcnisazfdeeF )1

09A 1) 33. ..3001-THDA --- 200. 400. --- 200. 400. --- 200. 400.

09A )1 55. ..4061-XNPA/TNPA/THPA 300. 600. 900. 300. 600. 900. 300. 600. 900.

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

leetstsac&sselniatSseires004 .tram/.tirref 002 21 467 965 884 585 934 473 473 392 672

citisnetram 042 31 666 174 093 405 853 392 523 062 822

leetstsac&sselniatSseires003 citinetsua 081 41 386 324 --- 025 523 --- 523 591 ---

SLLIMREDLUOHSERAUQSROFATADGNITTUC detaoC

315OSI LAIRETAM/RETTUCGNILLIM 051KR 053PR

K

rettuC a.xaM
p

tresnIedibraC htootrepsehcnizfdeeF )1

09A 1) 33. ..3001-THDA --- 300. 500. --- 400. 600.

09A )1 55. ..4061-XNPX/TNPX/THPA 400. 700. 010. 400. 900. 210.

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

noritsacyerG .lraep/.tirref 081 51 959 996 106 934 523 672

citilraep 062 61 137 355 174 523 062 822

noritsacraludoN citirref 061 71 318 106 884 093 392 442

citilraep 052 81 106 853 --- 672 591 ---

noritsacelbaellaM citirref 031 91 928 884 --- 093 442 ---

citilraep 032 02 436 604 --- 903 591 ---

SLLIMREDLUOHSERAUQSROFATADGNITTUC detaoC

315OSI LAIRETAM/RETTUCGNILLIM 253MR LX-PLA

N

rettuC a.xaM
p

tresnIedibraC htootrepsehcnizfdeeF )1

09A )1 33. ..3001-THDA --- --- --- --- 400. 600.

09A )1 55. ...4061-XNPA/TNPA/THPA/THPA --- --- --- 400. 900. 210.

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

muinimulatsaC
syolla

< iS%21 57 32 --- --- --- 3672 3891 8561

denedrah-ega 09 42 --- --- --- 0122 5261 1831

> tnatsisertaehiS%21 031 52 --- --- --- 1831 498 386

reppoc&reppoC
syolla

ssarb,ssarBdeR 09 72 --- --- --- 5011 386 0

eznorB 001 82 --- --- --- 928 405 0

SLLIMREDLUOHSERAUQSROFATADGNITTUC detaoC

315OSI LAIRETAM/RETTUCGNILLIM 053PR 253MR

S

rettuC a.xaM
p

tresnIedibraC htootrepsehcnizfdeeF )1

09A )1 33. ..3001-THDA --- 200. 300. --- 200. 300.

09A )1 55. ..4061-XNPA/TNPA/THPA 300. 500. 600. 300. 500. 600.

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

syollaerutarepmet-hgiH denedrah-ega 082 23 401 87 56 57 95 94

desab-oCro-iN delaenna 052 33 18 95 94 95 94 93

denedrah-ega 053 43 56 94 93 94 93 33

syollamuinatiT denedrah-ega 013 73 --- --- --- --- --- ---

oitaR
a

e
d:

1

f
z

rotcaf
MPFS

rotcaf

%2 5.3 6.1

%5 3 5.1

%01 2 4.1

%02 5.1 3.1

> %04 1 1.1

1) The cutting data given is valid for
slot milling with full width of cut ae =
100% of the cutter diameter.

For peripheral and shoulder milling
with the A90 end mill, the figures in
the table should be converted using
the following correction factors:

for A90, HA90, AP75 End & Face Mills

Cutting Data
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SRETTUCGNILLIMTRESNIDNUORROFATADGNITTUC detaoC detaocnU

315OSI LAIRETAM/RETTUCGNILLIM 053PR 453PR 253PR 53PR

P

rettuC a.xaM
p

tresnIedibraC htootrepsehcnizfdeeF )1

063R )1

791./751. TOM3001-..DR/TOM2080-..DR 300. 600. 800. 300. 600. 800. 300. 600. 800. 300. 600. 800.

632. X-TOM4021-..DR 400. 900. 210. 400. 900. 210. 400. 900. 210. 400. 900. 210.

513. X-TOM6061-TMCR 500. 010. 410. 500. 010. 410. 500. 010. 410. 500. 010. 410.

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

,leetsnobraC
,leetsdeyollanU

dnaleetstsac
leetsgnittuceerf

< C%52.0 delaenna 521 1 3331 6501 019 0711 019 087 318 996 056 517 436 585

> C%52.0 delaenna 091 2 6501 318 996 318 816 635 585 884 554 025 324 093

< C%55.0 detaert-taeh 052 3 498 386 106 386 025 554 884 324 093 324 523 392

> C%55.0 delaenna 022 4 019 996 106 996 635 554 025 554 324 554 853 523

detaert-taeh 003 5 467 355 --- 585 324 --- 324 853 --- 853 392 ---

leetsyollawoL
leetstsacdna

delaenna 002 6 4201 467 436 087 585 884 585 884 554 025 324 093

detaert-taeh 572 7 467 106 025 585 554 093 554 093 853 093 523 392

detaert-taeh 003 8 386 025 --- 025 093 --- 093 523 --- 523 062 ---

detaert-taeh 053 9 106 324 --- 554 523 --- 523 822 --- 392 591 ---

,leetsyollahgiH
leetsloot&leetstsac

delaenna 002 01 467 816 355 585 174 324 025 934 093 554 853 523

detaert-taeh 523 11 025 093 --- 093 392 --- 523 822 --- 392 591 ---

M

rettuC a.xaM
p

tresnIedibraC htootrepsehcnisazfdeeF )1

063R )1

791./751. TOM3001-..DR/TOM2080-..DR 300. 600. 700. --- --- --- 300. 600. 700. 300. 600. 700.

632. X-TOM4021-..DR 400. 800. 110. 400. 800. 110. 400. 800. 110. 400. 800. 110.

513. X-TOM5061-..DR/X-TOM6061-TMCR 500. 900. 310. 500. 900. 310. 500. 900. 310. 500. 010. 310.

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

leetstsac&sselniatSseires004 .tram/.tirref 002 21 579 019 436 847 965 884 355 884 554 884 093 853

citisnetram 042 31 548 816 025 056 174 093 554 093 853 324 523 392

leetstsac&sselniatSseires003 citinetsua 081 41 324 062 --- 523 591 --- 822 031 --- 591 031 ---

SRETTUCGNILLIMTRESNIDNUORROFATADGNITTUC detaoC

315OSI LAIRETAM/RETTUCGNILLIM 053PR

K

rettuC a.xaM
p

tresnIedibraC htootrepsehcnizfdeeF )1

063R )1

791./751. TOM3001-..DR/TOM2080-..DR 300. 600. 800. --- --- ---

632. X-TOM4021-..DR 400. 900. 210. --- --- ---

513. X-TOM5061-..DR/X-TOM6061-TMCR 500. 010. 410. --- --- ---

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

noritsacyerG .lraep/.tirref 081 51 5321 019 467 --- --- ---

citilraep 062 61 349 996 106 --- --- ---

tsacraludoN
nori

citirref 061 71 6501 467 436 --- --- ---

citilraep 052 81 467 174 --- --- --- ---

noritsacelbaellaM citirref 031 91 6501 436 --- --- --- ---

citilraep 032 02 549 025 --- --- --- ---

SRETTUCGNILLIMTRESNIDNUORROFATADGNITTUC detaoC detaocnU

315OSI LAIRETAM/RETTUCGNILLIM LX-PLA 02KT

N

rettuC a.xaM
p

tresnIedibraC htootrepsehcnizfdeeF )1

063R )1

791./751. TOM3001-..DR/TOM2080-..DR 300. 600. 800. 300. 600. 800.

632. X-TOM4021-..DR 400. 900. 210. 400. 900. 210.

513. X-TOM5061-..DR/X-TOM6061-TMCR 500. 010. 410. 500. 010. 410.

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

muinimulatsaC
syolla

< iS%21 57 32 0523 0432 0591 0523 0432 0591

denedrah-ega 09 42 0062 8191 5261 0062 8191 5261

> tnatsisertaehiS%21 031 52 5261 6501 318 5261 6501 318

reppoc&reppoC
syolla

ssarb,ssarBdeR 09 72 0031 318 --- 0031 318 ---

eznorB 001 82 579 585 --- 579 585 ---

SRETTUCGNILLIMTRESNIDNUORROFATADGNITTUC detaoC

315OSI LAIRETAM/RETTUCGNILLIM 053PR

S

rettuC a.xaM
p

tresnIedibraC htootrepsehcnizfdeeF )1

063R )1

791./751. TOM3001-..DR/TOM2080-..DR 300. 500. 600. --- --- ---

632. X-TOM4021-..DR 400. 600. 700. --- --- ---

513. X-TOM5061-..DR/X-TOM6061-TMCR 500. 700. 900. --- --- ---

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

syollaerutarepmet-hgiH
desab-oCro-iN

denedrah-ega 082 23 031 89 18 --- --- ---

delaenna 052 33 401 87 56 --- --- ---

denedrah-ega 053 43 58 26 25 --- --- ---

syollamuinatiT denedrah-ega 013 73 --- --- --- --- --- ---

fz aoitarrofsrotcaf e d: 1

fohtpeD
atuc p

ae d: 1

%5 %01 %02 > %04

dfo%5 9 3.6 3.4 2.3

dfo%01 3.6 3.4 2.3 2.2

dfo%02 3.4 2.3 2.2 6.1

dfo%04 2.3 2.2 6.1 1.1

rofsrotcafMPFS
fsuoirav z srotcaf

fz rotcaf rotcafMPFS

9 6.1

3.6 5.1

3.4 4.1

2.3 3.1

2.2 2.1

6.1 1.1

1.1 1

for R360  Milling Cutters

Cutting Data

1) The feeds per tooth fz are valid for
face milling with width of cut ae > 40% of
the cutter diameter and max. depth of cut
ap.  For smaller widths and depths of cut,
the figures in the tables should be
converted using correction factors tables
below. (d = diameter of insert, d1 = cutter
diameter).

The axial feed in plunge milling
should be reduced by approx. 40%.

Legend:
ae - width of cut
ap - depth of cut
d - insert diameter
Ød1 - effective cutter diameter
Ød3 - nominal cutter diameter

R360 Insert
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SRETTUCGNILLIMESONLLABKNBROFATADGNITTUC:AELBAT
noitacilppAlairetaM edarG MPFS )RPI(DEEF

sleetSlooTdnayollA,nobraC XLS 006-053 "610.-"600.

leetStsaC XLS 007-004 "020.-"600.

etihparGdnasnorI,sleetS XPM 0021-006 "020.-"500.

syollAyrotcarfeRdnasleetSsselniatS SPM/XPM 008-004 "010.-"300.

syollAreppoCdnamuinatiT,munimulA XPM 0001-005 "020.-"010.

SRETEMAIDGNITTUCEVITCEFFE:BELBAT
htpeD
tucfo

ap

dretemaidrettucevitceffE 1 ffe
dretemaidlanimonrettucrof 1

213. 573. 005. 526. 057. 000.1 052.1
"010. 011. 121. 041. 751. 271. 991. 322.
"020. 351. 961. 691. 022. 242. 082. 413.
"530. 791. 812. 552. 782. 613. 863. 214.
"050. 922. 552. 003. 933. 473. 634. 094.
"570. 762. 003. 753. 604. 054. 725. 495.
"001. 292. 233. 004. 854. 015. 006. 876.
"521. 603. 453. 334. 005. 955. 166. 057.
"651. 213. 073. 464. 145. 906. 627. 728.
"881. --- 573. 484. 375. 056. 187. 398.
"052. --- --- 005. 216. 707. 688. 000.1
"213. --- --- --- 526. 437. 729. 280.1
"573. --- --- --- --- 057. 869. 641.1
"005. --- --- --- --- --- 000.1 522.1
"526. --- --- --- --- --- --- 052.1

ROTCAFTNEMTSUJDAETARDEEF:CELBAT
htpeD
tucfo

ap

dretemaidlanimonrettucroF 1

213. 573. 005. 526. 057. 000.1 052.1
"010. 08.2 01.3 06.3 00.4 04.4 00.5 06.5
"020. 40.2 22.2 65.2 68.2 31.3 75.3 00.4
"530. 17.1 58.1 11.2 63.2 75.2 29.2 82.3
"050. 73.1 74.1 66.1 58.1 00.2 72.2 65.2
"570. 81.1 52.1 14.1 45.1 66.1 98.1 31.2
"001. 80.1 41.1 52.1 73.1 74.1 66.1 58.1
"521. 20.1 60.1 51.1 52.1 33.1 25.1 76.1
"651. 00.1 10.1 80.1 51.1 32.1 73.1 25.1
"881. --- 00.1 30.1 90.1 51.1 82.1 14.1
"052. --- --- 00.1 20.1 60.1 51.1 52.1
"213. --- --- --- 00.1 10.1 80.1 51.1
"573. --- --- --- --- 00.1 30.1 90.1
"005. --- --- --- --- --- 00.1 20.1
"526. --- --- --- --- --- --- 00.1

for BNK Milling Cutters

Cutting Data

Cutting Data Compensation
1. Select the diameter of the tool to be used

2. Determine the Depth of Cut ( ap ) to be used

3. Refer to Table B to determine the Effective Cutting
Diameter d1-eff

4. Refer to Table A to determine the Surface Footage (SFPM) and
Feed per Revolution (IPR)

5. Calculate the RPM = (SFPM x 3.82) / d1-eff

6. Refer to Table C to determine the Feed Rate Adjustment
Factor IPRADJ = IPR x Feed Rate Adjustment Factor

7. Calculate the IPM (Inches per Minute)

IPM = RPM x IPRADJ

Technical Considerations
• Always ensure that insert pockets are clean and free of debris

or burrs

• Utilize holders that are stable and in good condition

• Clean and recoat screw with anti-seize lubricant during each
index

• For optimum results, replace holders after 100 inserts

• Hold the insert in place during the locking process; check for
interference or damage

• Do not use a pipe or other extensions to tighten the locking
screw

• Generally speaking, drivers supplied with the tools provide
proper torque

• If the torque wrench is available, follow the recommended
torque specifications
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09CT&F54S,54S,CPROFATADGNITTUC

315OSI lairetaM slliMdnE09CT slliMdnE54S slliMecaF54FS

P

GNILLIM MPFS GNILLIM MPFS GNILLIM MPFS

deeF )1 detaoC detaocnU deeF )1 detaoC detaocnU deeF )1 detaoCDVC DVP detaoC detaocnU

deyollanu,leetS
nobracwol

210.-400. 137-523 585-062 210.-400. 137-523 585-062 020.-400. 0011-004 009-053 ---

deyollanu,leetS
yolla-wolro

210.-400. 056-482 025-822 210.-400. 056-482 025-822 310.-300. 009-003 007-003 ---

dnayollaleetS
sleetsloot

010.-400. 965-442 554-591 210.-400. 965-442 554-591 410.-300. 056-052 004-571 ---

sleetselisnethgiH 800.-400. 884-442 093-591 010.-400. 884-442 093-591 600.-300. --- 005-003 ---

M
GNILLIM MPFS GNILLIM MPFS GNILLIM MPFS

deeF )1 detaoC detaocnU deeF )1 detaoC detaocnU deeF )1 detaoCDVC DVP detaoC detaocnU

tnatsiser-noisorroC
leets

800.-400. 965-302 554-361 010.-400. 965-302 554-361 210.-300. 056-052 006-002 ---

,leetstsaC
htgnertsmuidem

800.-400. 884-442 093-591 210.-400. 884-442 093-591 900.-300. 006-003 055-052 ---

K
GNILLIM MPFS GNILLIM MPFS GNILLIM MPFS

deeF )1 detaoC detaocnU deeF )1 detaoC detaocnU deeF )1 detaoCDVC DVP detaoC detaocnU

,noritsacyerG
ssendrahmuidem

010.-400. 884-482 093-822 610.-400. 884-482 093-822 900.-300. --- 009-003 057-052

N

GNILLIM MPFS GNILLIM MPFS GNILLIM MPFS

deeF )1 detaoC detaocnU deeF )1 detaoC detaocnU deeF )1 detaoCDVC DVP detaoC detaocnU

ssarB 010.-400. 137-604 585-523 010.-400. 137-604 585-523 510.-400. --- --- 0002-007

deyolla-gM 600.-400. 0523-9121 0062-579 600.-400. 0523-9121 0062-579 510.-400. --- --- 0002-007

deyolla-iS 600.-200. 8342-6101 0591-318 600.-200. 8342-6101 0591-318 510.-400. --- --- 0002-007

,deyolla-lA
citcetue-opyh

800.-400. 3604-9121 0523-579 800.-400. 3604-9121 0523-579 210.-300. --- --- 0051-007

,deyolla-lA
%21>iScitcetue-repyh

800.-400. 1302-9121 5261-579 800.-400. 1302-9121 5261-579 210.-300. --- --- 0051-007

for PC, S45, S45F, & TC90 Milling Cutters

Cutting Data
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slairetaM
fosnoitidnoC
lavomerpihc

noitacilppafoegnaR
04N-10N

N
slatemsuorrefnoN

syollamunimulA
nocilistuohtiw

gnillimdeeps-hgiH
)CSH(02N-10N )CSH(03N-02N )CPH+CSH(04N-52N

niµ002-niµ001 niµ002-niµ001 niµ002-niµ001

elbatsnu
)htpeddeirav(

S-CDP S-CDP S-CDP

52641-0062 00031-0062 5218-0062

suounitnoc
S-CDP S-CDP S-CDP

52641-0062 00031-0062 5218-0062

ylthgils+ylivaeh
detpurretni

S-CDP S-CDP S-CDP

52641-0062 00031-0062 5218-0062

N
slatemsuorrefnoN

syollamunimulA
%21nahtsselhtiw

nocilis

elbatsnu
)htpeddeirav(

S-CDP S-CDP S-CDP

00031-0062 57311-0062 5778-0062

suounitnoc
S-CDP S-CDP S-CDP

00031-0062 57311-0062 5778-0062

ylthgils+ylivaeh
detpurretni

S-CDP S-CDP S-CDP

00031-0062 57311-0062 5778-0062

N
slatemsuorrefnoN

reppocdnareppoC
syolla

,eznorb,ssarb
slatemsuoicerp

elbatsnu
)htpeddeirav(

S-CDP S-CDP S-CDP

0579-0062 5218-0062 0517-5722

suounitnoc
S-CDP S-CDP S-CDP

0579-0062 5218-0062 0517-5722

ylthgils+ylivaeh
detpurretni

S-CDP S-CDP S-CDP

0579-0062 5218-0062 0517-5722

tnaloochguorhtrodoolf:tnalooC

for CP90 Face Mills

Cutting Data
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SLLIMECAFDNASLLIMDNEV54TROFATADGNITTUC detaoC detaocnU

315OSI LAIRETAM/RETTUCGNILLIM KLS XLS PLS 52PS 53KS

P

rettuC a.xaM
p

tresnIedibraC htootrepsehcnizfdeeF )2

FV/EV54T 041. 34XCER/XCEO --- 010.-300. 010.-300. 010.-300. ---

FV/EV54T 071. 35XCER/XCEO --- 210.-300. 210.-300. 210.-300. ---

FV/EV54T 012. 36XCER/XCEO --- 510.-300. 510.-300. 510.-300. ---

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

,leetsnobraC < C%52.0 delaenna 521 1 --- 0531-008 0001-007 007-053 ---

,leetsdeyollanU > C%52.0 delaenna 091 2 --- 0531-008 0001-007 007-053 ---

eerfdnaleetstsac < C%55.0 detaert-taeh 052 3 --- 0011-007 059-036 576-033 ---

leetsgnittuc > C%55.0 delaenna 022 4 --- 0531-008 0001-007 007-053 ---

detaert-taeh 003 5 --- 0011-007 059-036 576-033 ---

leetsyollawoL delaenna 002 6 --- 0531-008 0001-007 007-053 ---

leetstsacdna detaert-taeh 572 7 --- 0011-007 059-036 576-033 ---

detaert-taeh 003 8 --- 0001-056 009-026 056-003 ---

detaert-taeh 053 9 --- 059-006 085-085 056-003 ---

,leetsyollahgiH delaenna 002 01 --- 0511-008 059-007 056-053 ---

leetsloot&leetstsac detaert-taeh 523 11 --- 0001-007 009-056 006-003 ---

M

rettuC a.xaM
p

tresnIedibraC htootrepsehcnisazfdeeF )2

FV/EV54T 041. 34XCER/XCEO 600.-300. 600.-300. 600.-300. 600.-300. 600.-300.

FV/EV54T 071. 35XCER/XCEO 800.-300. 800.-300. 800.-300. 800.-300. 800.-300.

FV/EV54T 012. 36XCER/XCEO 210.-300. 210.-300. 210.-300. 210.-300. 210.-300.

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

leetstsac&sselniatSseires004 .tram/.tirref 002 21 --- 0021-058 009-065 535-562 ---

citisnetram 042 31 --- 059-085 058-045 005-542 ---

leetstsac&sselniatSseires003 citinetsua 081 41 0011-008 --- --- --- 006-004

SLLIMECAFDNASLLIMDNEV54TRROFATADGNITTUC detaoC detaocnU

315OSI LAIRETAM/RETTUCGNILLIM KLS 53KS RHT

K

rettuC a.xaM
p

tresnIedibraC
repsehcnizfdeeF

htoot )2

FV/EV54T 041. 34XCER/XCEO 010.-300. 010.-300.

FV/EV54T 071. 35XCER/XCEO 210.-300. 210.-300.

FV/EV54T 012. 36XCER/XCEO 510.-300. 510.-300.

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

noritsacyerG .lraep/.tirref 081 51 0001-055 564-032

citilraep 062 61 009-005 564-032

noritsacraludoN citirref 061 71 0001-005 564-032

citilraep 052 81 058-054 564-032

noritsacelbaellaM citirref 031 91 0011-055 005-052

citilraep 032 02 009-005 564-032

N

rettuC a.xaM
p

tresnIedibraC
repsehcnizfdeeF

htoot )2

FV/EV54T 041. 34XCER/XCEO --- 510.-300.

FV/EV54T 071. 35XCER/XCEO --- 810.-300.

FV/EV54T 012. 36XCER/XCEO --- 020.-300.

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

muinimulatsaC < iS%21 57 32 --- 0004-0061

syolla denedrah-ega 09 42 --- 0083-0021

> tnatsisertaehiS%21 031 52 --- 0082-0011

reppoc&reppoC ssarb,ssarBdeR 09 72 --- 0001-006

syolla eznorB 001 82 --- 0001-006

S

rettuC a.xaM
p

tresnIedibraC
repsehcnizfdeeF

htoot )2

FV/EV54T 041. 34XCER/XCEO 400.-200. 400.-200.

FV/EV54T 071. 35XCER/XCEO 400.-200. 400.-200.

FV/EV54T 012. 36XCER/XCEO 400.-200. 400.-200.

lairetaMkroW noitidnoC
ssendraH

BH .rG.taM
MPFSnisdeepSgnittuC

syollaerutarepmet-hgiH denedrah-ega 082 23 011-05 001-05

desab-oCro-iN delaenna 052 33 051-07 011-05

denedrah-ega 053 43 011-05 001-05

syollamuinatiT denedrah-ega 013 73 091-501 021-08

fz aoitarrofsrotcaf e d: 1

fohtpeD
atuc p

ae d: 1

%5 %01 %02 > %04

dfo%5 9 3.6 3.4 2.3

dfo%01 3.6 3.4 2.3 2.2

dfo%02 3.4 2.3 2.2 6.1

dfo%04 2.3 2.2 6.1 1.1

rofsrotcafMPFS
fsuoirav z srotcaf

fz rotcaf rotcafMPFS

9 6.1

3.6 5.1

3.4 4.1

2.3 3.1

2.2 2.1

6.1 1.1

1.1 1

for T45V Face Mills

Cutting Data

FOR USE WITH RECX INSERTS
1) The feeds per tooth fz are valid for
face milling with width of cut ae >
40% of the cutter diameter and max.
depth of cut ap.

For smaller widths and depths of cut,
the figures in the tables should be
converted using correction factors
tables below. (d = diameter of insert,
d1 = cutter diameter).

Legend:
ae - width of cut
ap - depth of cut
d - insert diameter
Ød1 - effective cutter diameter
Ød3 - nominal cutter diameter

RECX Insert
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rofataDgnittuC AGEV slliMdnE retemaiDlooT=D
sloothtgnelgnolgnisunehw%02ybsetardeefecudeR

epyT
tuCfo

laixA
COD

laidaR
COD

fo.oN
setulF

deepS
MFS

)htootrepsehcnI(deeF

8/1 4/1 8/3 2/1 8/5 4/3 1

cR83>sleetSlooT&nobraC

gnittolS Dx5. Dx1 6 572 3000. 7000. 0100. 5100. 9100. 4200. 0300.

hguoR Dx1 Dx5. 6 523 5000. 0100. 5100. 0200. 5200. 0300. 0400.

hsiniF Dx5.1 Dx10. 6 004 6000. 2100. 8100. 5200. 1300. 7300. 0500.

MSH Dx1. Dx1. 6 008 5100. 0300. 5400. 0600. 5700. 0900. 0210.

cR84otcR93sleetSlooT&nobraC

gnittolS Dx5. Dx1 6 002 2000. 5000. 7000. 0100. 3100. 6100. 0200.

hguoR Dx1 Dx5. 6 052 4000. 7000. 1100. 5100. 9100. 4200. 0300.

hsiniF Dx5.1 Dx10. 6 523 4000. 9000. 3100. 8100. 2200. 7200. 6300.

MSH Dx1. Dx1. 6 006 1100. 2200. 3300. 5400. 6500. 8600. 0900.

syollAmuinatiT

gnittolS Dx52. Dx1 6 522 2000. 5000. 7000. 0100. 3100. 6100. 0200.

hguoR Dx1 Dx52. 6 052 3000. 6000. 9000. 3100. 6100. 0200. 6200.

hsiniF Dx5.1 Dx10. 6 053 5000. 0100. 5100. 0200. 5200. 0300. 0400.

,lenocnI,syollA.pmeThgiH
yollapsaW,yollatsaH,etilletS,senyaH

gnittolS Dx52. Dx1 6 07 3000. 7000. 1100. 4100. 7100. 2200. 8200.

hguoR Dx1 Dx52. 6 59 4000. 9000. 3100. 7100. 2200. 6200. 4300.

hsiniF Dx5.1 Dx10. 6 011 5000. 9000. 4100. 9100. 3200. 8200. 8300.

cR75otcR94sleetSlooT&nobraC

gnittolS Dx52. Dx1 6 051 2000. 5000. 7000. 0100. 2100. 5100. 0200.

hguoR Dx1 Dx52 6 002 3000. 7000. 1100. 5100. 8100. 2200. 0300.

hsiniF Dx5.1 Dx10. 6 572 3000. 7000. 1100. 5100. 8100. 2200. 0300.

MSH Dx1. Dx1. 6 005 6000. 2100. 7100. 3200. 8200. 4300. 6400.

cR26otcR85sleetSlooT&nobraC

gnittolS Dx02. Dx1 6 54 2000. 5000. 7000. 0100. 3100. 6100. 0200.

hguoR Dx1 Dx02. 6 56 4000. 7000. 1100. 5100. 9100. 4200. 0300.

hsiniF Dx5.1 Dx10. 6 001 4000. 7000. 1100. 5100. 9100. 4200. 0300.

MSH Dx1. Dx1. 6 004 5000. 0100. 5100. 0200. 5200. 0300. 0400.

rofataDgnittuC SUTARTS slliMdnE

MFS
)htootrepsehcnI(deeF tuCfohtpeDmumixaM

lairetaM 8/1 4/1 2/1 4/3 1
gnittolS

laixA
gniliforP

laixA
gniliforP

laidaR
gniliforP

.jdAdeeF

nobraCwoL-leetS 005-004 0100. 0200. 0400. 0500. 0600. Dx1 Dx1 Dx5. %02+

nobraCmuideM-leetS 004-572 7000. 5100. 5300. 5400. 0600. Dx1 Dx1 Dx5. %02+

cR83<leetSlooT 053-052 5000. 2100. 0300. 0400. 5500. Dx1 Dx1 Dx5. %51+

yarG-norItsaC 055-054 100. 5200. 5300. 5400. 0600. Dx1 Dx1 Dx5. %02+

elitcuDnorItsaC 004-003 7000. 2100. 5200. 0400. 5500. Dx1 Dx1 Dx5. %02+

elbaellaMnorItsaC 003-052 5000. 0100. 0200. 0300. 0400. Dx1 Dx1 Dx5. %51+

sselniatSseireS003 053-052 4000. 0100. 0200. 0300. 0400. Dx1 Dx1 Dx5. %51+

sselniatSseireS004 003-522 4000. 0100. 0200. 0300. 0400. Dx1 Dx1 Dx5. %51+

sselniatSseireSHP 572-002 3000. 8000. 5100. 5200. 0300. Dx1 Dx1 Dx5. %51+

muinatiT 002-021 4000. 0100. 0200. 5200. 0300. Dx1 Dx1 Dx5. %51+

syollA.pmeThgiH 011-06 5000. 0100. 8100. 5200. 0300. Dx1 Dx1 Dx5. %01+

for STRATUS & VEGA End Mills

Cutting Data
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slliMdnEetulF3&2NOIROrofataDgnittuC

foepyT
tuC

laixA
COD

laidaR
COD

fo.oN
setulf

deepS
)MFS(

)htootrepsehcnI(deeF deepS
)nim/m(

)htootrepmm(deeF

lairetaM 8/1 4/1 8/3 2/1 8/5 4/3 1 0.3 0.6 0.9 0.21 0.61 0.91 0.52

syollAmunimulA
5707,1606,4202

tolS Dx1 Dx1 2 008 0200. 0400. 0600. 0800. 0010. 0210. 0610. 442 8050. 6101. 4251. 2302. 0452. 8403. 4604.

hguoR Dx1 Dx57. 3 0001 0200. 0500. 5700. 0010. 0210. 0510. 0020. 503 8050. 0721. 5091. 0452. 8403. 0183. 0805.

hsiniF Dx5.1 Dx10. 3 0021 0300. 0600. 0900. 0210. 0610. 0020. 0520. 663 2670. 4251. 6822. 8403. 4604. 0805. 0536.

nociliShgiH
munimulA

093A,083A

tolS Dx5. Dx1 3 004 0100. 0200. 0300. 0400. 0500. 0600. 0800. 221 4520. 8050. 2670. 6101. 0721. 4251. 2302.

hguoR Dx1 Dx5. 3 006 5100. 0300. 5400. 0600. 5700. 0900. 0210. 381 1830. 2670. 3411. 4251. 5091. 6822. 8403.

hsiniF Dx5.1 Dx10. 3 008 8100. 5300. 5500. 0700. 0900. 0110. 0410. 442 7540. 9880. 7931. 8771. 6822. 4972. 6553.

muisengaM
syollA

tolS Dx1 Dx1 2 008 0200. 0400. 0600. 0800. 0010. 0210. 0610. 442 8050. 6101. 4251. 2302. 0452. 8403. 4604.

hguoR Dx1 Dx57. 3 0001 0200. 0500. 5700. 0010. 0210. 0510. 0020. 503 8050. 0721. 5091. 0452. 8403. 0183. 0805.

hsiniF Dx5.1 Dx10. 3 0021 0300. 0600. 0900. 0210. 0610. 0020. 0520. 663 2670. 4251. 6822. 8403. 4604. 0805. 0536.

syollAreppoC
eznorB,ssarB

tolS Dx57. Dx1 2 004 0100. 0200. 0300. 0400. 0500. 0600. 0800. 221 4520. 8050. 2670. 6101. 0721. 4251. 2302.

hguoR Dx1 Dx57. 3 574 2100. 5200. 4300. 0500. 3600. 5700. 0010. 541 5030. 5360. 0490. 0721. 0061. 5091. 0452.

hsiniF Dx5.1 Dx10. 3 055 5100. 0300. 5400. 0600. 5700. 0900. 0210. 861 1830. 2670. 3411. 4251. 5091. 6822. 8403.

setisopmoC
ssalgrebiF,scitsalP

tolS Dx1 Dx1 3 004 0100. 0200. 0300. 0400. 0500. 0600. 0800. 221 4520. 8050. 2670. 6101. 0721. 4251. 2302.

hguoR Dx1 Dx57. 3 006 5100. 0300. 5400. 0600. 5700. 0900. 0210. 381 1830. 2670. 3411. 4251. 5091. 6822. 8403.

hsiniF Dx5.1 Dx10. 3 008 8100. 5300. 5500. 0700. 0900. 0110. 0410. 442 7540. 9880. 7931. 8771. 6822. 4972. 6553.

.nwohssretemarapgnitratS.sloothtgnelgnolgnisunehw%02ybsetardeefecudeR.retemaidloot=D

for 2 & 3 Flute Orion End Mills

Cutting Data


