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Instructions for using the TTD-Tritan replaceable head drill

1.	 Insert and tighten the special clamping screw
Fit the special clamping screw into the bore on the re-
placeable drill head with the small thread end facing 
forward. Then screw in the special clamping screw 
clockwise to the stop.

Note:
The special clamping screw is already installed on the re-
placeable drill head on delivery. If removed, the special 
clamping screw can be attached to the replaceable drill 
head again by screwing it in.

2.	 Clean with compressed air
Clean the replaceable head holder and replaceable drill 
head using compressed air.

3.	 Fitting the replaceable drill head
Fit the replaceable drill head onto the replaceable head 
holder.

Tool assembly

4.	 Check positioning of the drill head
Check whether chip flute and serrations of replaceable drill head and replaceable head holder are aligned. If they are 
not aligned, turn the replaceable drill head until chip flute and serrations are aligned.

Result:
Chip flute and serrations are aligned (left) | are not aligned (right)
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1

2

3

4

12,00 - 13,99 M3 x 0,5 T6 0,40

14,00 - 17,49 M3,5 x 0,6 T7 0,70

17,50 - 19,49 M4 x 0,7 T8 1,30

19,50 - 24,49 M5 x 0,8 T10 2,00

24,50 - 28,49 M6 x 1,0 T15 3,10
28,50 - 32,49 M6 x 1,0 T15 5,60
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5.	 Tighten the special clamping screw up to the stop
Hold the replaceable drill head lightly against the re-
placeable head holder so that it maintains its fitted po-
sition. Then insert the TORX® wrench in the central 
bore of the replaceable head holder to the threaded 
bore of the special clamping screw. Hand tighten the 
special clamping screw using the TORX® wrench by 
turning it anticlockwise to the stop.

6.	 Tighten the special clamping screw to the prescribed 
tightening torque

Using a suitable torque wrench with internal hexagon 
bit in combination with the TORX® wrench, tighten the 
special clamping screw to the stipulated tightening 
torque.

Note:
The stipulated tightening torque for the special clamping 
screw is noted on the bottom of the replaceable head 
holder.

Result:
The special clamping screw is tightened to the specified 
tightening torque and the replaceable drill head is securely 
connected to the replaceable head holder. Installation is 
complete.

Scope of delivery: 
1	 Handle for TORX® wrench
2	 TTS replaceable head holder
3	 TORX® wrench

Tightening torques for the special clamping screw

Diameter range
[mm]

Thread of
replaceable head holder

TORX® size Permissible transferable 
tightening torque

[Nm]

1	 Handle for TORX® wrench

2	 TTS replaceable head holder

3	 TORX® wrench

4	 Replaceable drill head with special clamping screw
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ML 25°

ME

30°
MF

MG

MY

MC

45°MO

MU

MV

60°

MT

MA 75°

25°

30°

45°

60°

75°

x

x

x

x

x
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Lead geometries and rake angles
Multi-bladed reamers
Series FXR, MOR, MPR, HPR

Rake angle

Name Angle

Cutting material definition

Name Type

HU Carbide uncoated

HP Carbide PVD-coated

HC Carbide CVD-coated

CU Cermet uncoated

CP Cermet PVD-coated

PU PCD

x = lead length

Lead Chip shape / rake angle

Geometry Lead geometry

Name Geometry

0A 0 °

1 F 5 °

1G 6 °

1M 13 °

2A 0° (for blind bore)

2G 6° (for blind bore)

3C -2 °
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FXR

MC

2,81 - 3,35 0,30

3,36 - 4,05 0,40

4,06 - 5,60 0,50

5,61 - 6,60 0,60

6,61 - 7,60 0,70

7,61 - 11,60 0,80

11,61 - 20,10 1,00

MF

2,81 - 3,70 0,70

3,71 - 6,20 0,90

6,21 - 12,20 1,20

12,21 - 20,20 1,50

MG

2,81 - 3,70 0,70

3,71 - 6,20 0,90

6,21 - 12,20 1,20

12,21 - 20,20 1,50

MT

2,81 - 6,20 0,30

6,21 - 10,70 0,40

10,71 - 16,20 0,50

16,21 - 20,20 0,60

MV

2,81 - 6,20 0,30

6,21 - 10,70 0,40

10,71 - 16,20 0,50

16,21 - 20,20 0,60

MOR
MY 7,70 - 40,20 1,00

MU 7,70 - 40,20 0,60

MRP

MG

3,85 - 6,20 0,90

6,21 - 10,70 1,20

10,71 - 20,20 1,50

20,21 - 40,20 1,50

MV

3,85 - 6,20 0,30

6,21 - 10,70 0,40

10,71 - 20,20 0,50

20,21 - 26,20 0,60

26,21 - 40,20 0,80

HPR

MA 7,00 - 65,00 0,40

MC 7,00 - 65,00 0,55

ME 7,00 - 65,00 1,40

MF 7,00 - 65,00 1,40

ML 7,00 - 65,00 1,00

MO 7,00 - 65,00 0,60
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Series overview | diameter range | lead designation | lead length

Series Lead designation Diameter range Lead length x Series Lead designation Diameter range Lead length x
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Instructions for using the HFS® system

MAPAL HFS® system with axial clamping MAPAL HFS® system with radial clamping

Marking

HFS replaceable head holders Threaded 
spindle

HPR replaceable head 
reamer

Fig. 1a Fig. 1b

HFS replaceable head holders Pull stud HPR replaceable head 
reamer

Markings MarkingsFig. 2bFig. 2a

Fig. 3bFig. 3a Fig. 4bFig. 4a

Cleaning
Clean all individual parts and make sure that the internal and external taper as well as the face surface on the HFS taper are free of foreign bodies (e.g. chips).
To clean the internal taper, we recommend the special taper wiper (see page 474).

Clamping Clamping
1.	 Fit the end of the threaded spindle without marking into the HFS replaceable head 	
	 holder, without screwing in the threaded spindle (see Fig. 1a).
2.	� Place the HPR replaceable head reamer onto the threaded spindle.
	 In doing so, align the markings on the HPR replaceable head reamer and the HFS 	
	 replaceable head holder “point to point” (see Fig. 2a). Then fit the HPR replaceable 	
	 head reamer all the way into the HFS replaceable head holder and hold both parts 	
	 firmly.
3.	� Screw together the HPR replaceable head reamer and the HFS replaceable head hold-

er using a hex-wrench and tighten firmly. Make sure that the markings are aligned 
and the face surface touches (see Fig. 3a).
Note: HPR 100, 110, 150 are tightened through the reamer (direction of rotation 
clockwise). HPR 130, 131, 180 are tightened through the tool holder (direction of 
rotation anticlockwise). The directions of rotation are stated on the tool holder.

4	� Note: The HFS replaceable head holders are labelled with the necessary tightening 
torque.
Tighten the HPR replaceable head reamer clockwise using a torque wrench (see 
Fig. 4a). 

1.	� Screw the threaded end of the pull stud into the HPR replaceable head reamer using 
the left-hand thread (see Fig. 1b).

2.	 Fit the HPR replaceable head reamer all the way into the HFS replaceable head 	
	 holder. In doing so, align the markings on the HPR replaceable head reamer and the 	
	 HFS replaceable head holder “point to point” (see Fig. 2b). Then hold both parts firmly.
3.	 Turn the clamping stud clockwise using a hex-wrench (see Fig. 3b). The direction of 	
	 rotation is stated on the HFS replaceable head holders.
4	 Note: The HFS replaceable head holders are labelled with the necessary tightening 	
	 torque.

Tighten the HPR replaceable head reamer clockwise using a torque wrench (see 
Fig. 4b). 

Undoing
1.	� To undo the reamer, turn the clamping stud anticlockwise to the stop using a hex-

wrench.
	  The HPR replaceable head reamer is ejected and can be removed.

1	� Note: The direction of rotation to undo the HPR replaceable head reamer is opposite 
to the direction of rotation for the clamping process.
To undo the HPR replaceable head reamer, turn the threaded spindle using a hex-
wrench.

2.	 Remove the HPR replaceable head reamer.

Undoing

Adjusting the HPR replaceable head reamer with fine adjustment feature
1	 �Note: The opposite pair of cutting edges directly above the round marking points 

on the HFS replaceable head holder and HPR replaceable head reamer serves as a 
reference for measuring and adjusting the tool diameter.
Fasten the HPR replaceable head reamer in the HFS replaceable head holder.

2.	 Set the desired tool diameter by means of the vernier micrometer.
Then place the vernier micrometer against the reference blades. 

3.	 Place the TORX® wrench on the adjusting screw and slowly turn it clockwise. 
	 Set the HPR replaceable head reamer to the desired dimension.

For fine-adjustable HPR replaceable head reamers up to ø 30 mm and HFS size 12 to 20, the HPR replaceable head reamer can only be clamped radially.
From ø 30 mm and HFS size 24, the HPR replaceable head reamer can also be clamped via the threaded spindle.

Please note for HPR variants with adjustment system:

Connection size HFS Tightening torque [Nm]
Axial Radial

10 4 -
12 6 7
14 6 7
16 15 12
20 15 12
24 20 -
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HPR131/231

HPR180/280

HPR130/230

HPR150/250

HPR100/200

HPR110/210
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To fully exploit the high performance of the HPR reamers, the different 
series of replaceable heads each require the appropriate coolant supply. 
The difference in the parts lies in the threaded spindle or the pull studs. 
Depending on the head variant, these are used with coolant through-
bore or without coolant through-bore, so that a direct coolant supply 
is ensured via the connection directly to the cutting edges.

Note:

For all tool holders with HFS size 12, both designs are always included 
in the scope of delivery. When mounting, care must therefore be taken 
to select the system that matches the replaceable head. (see Fig. below)

Coolant supply for the HFS® system

Coolant supply without central through-bore

The reamers must be mounted without a central coolant through-bore.
The coolant is transferred from the tool holder to the replaceable head via the face surface.

Coolant supply with central through-bore

All the listed reamers must be mounted with a central coolant through-bore.
The coolant is transferred centrally and, in the case of the HPR150 and HPR250, additionally via the face surface.

or

HFS replaceable head holders

Threaded spindle

Pull stud

or
Threaded spindle

HFS replaceable head holders

Pull stud
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Instructions for using the HPR400

The HPR400 offers a system where the tool can be reloaded quickly and 
economically directly at the customer’s site. The replaceable indexable 
inserts are pushed axially into the insert seat and fixed stably in the 
tool body with a TORX® screw. The usual µm-accurate machining qual-
ity is always maintained.

Changing the indexable inserts

Note:
When changing the indexable inserts, all indexable inserts must always be completely changed!

Comment:  
For trained personnel only.

1.	�Clean the HPR400 with compressed air and a cloth.
Loosen the TORX® screw by turning it anticlockwise 
with a suitable TORX® screwdriver.
After loosening, remove the TORX® screw.

2.	Carefully push the indexable insert up out of the insert 	
	 seat in the axial direction and remove. Remove the 	
	 remaining indexable inserts by repeating steps 1 and 2.

3.	Note: Clean the contact surfaces of the indexable 	
	 inserts if they are dirty.

Clean the insert seats using compressed air.
Then clean the insert seats properly using alcohol. 

4.	Fit the new indexable insert half-way into the insert 	
	 seat. Then press the indexable insert gently into the in-	
	 sert seat using your thumb and at the same time push 	
	 the insert axially downward into the end position.

To prevent the indexable insert from falling out, fix the 
indexable insert with the TORX® screw. 

5.	Note: Only tighten the TORX® screws using a suitable 	
	 torque wrench.

Tighten the TORX® screws to a tightening torque of 
3.1 Nm.

Result:  
The indexable inserts have been completely changed and 
the HPR400 is ready for use.
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Changing the indexable inserts

Comment:  
For trained personnel only.

1.	�Undo the TORX® PLUS screw using a suitable screw-
driver. To do this, turn the TORX® PLUS screw anticlock-
wise. Then remove the TORX® PLUS screw.

2.	Carefully push the indexable insert up out of the insert 	
	 seat in the axial direction and remove. Remove the	
	  remaining indexable inserts.

Note:
When changing the inserts, all indexable inserts must be 
rotated or changed!

3.	�Clean the insert seats using compressed air and clean 
the insert seats properly using alcohol. Clean the con-
tact surfaces of the indexable inserts using cleaning 
compound.

Note:
When rotating the indexable insert, pay attention to the 
cutting edge sequence with the aid of the marking points 
(one to four points).

4.	�Fit the new or rotated indexable insert half-way into 
the insert seat. Then press the indexable insert gently 
into the insert seat using your thumb and at the same 
time push the insert axially downward into the insert 
seat. Then fix the indexable insert using the TORX® 
PLUS screw.

5.	Tighten TORX® PLUS screw clockwise to the stipulated 	
	 tightening torque.

Note:
Only tighten the TORX® PLUS screws using a suitable 
torque wrench. The tightening torque for TORX® PLUS 
screws is 3.5 Nm.

Result:  
The indexable inserts have been completely changed and 
the tool is ready for use.

Instructions for using the HPR400 plus

The four-edged indexable inserts on the HPR400 plus are manufactured 
so accurately that they can be rotated or changed on site by the custom-
er’s staff without problems. 

Requirements:
Clean the tool before starting to change the indexable inserts.
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Adjustment instructions for 
WP single bladed reamers

1.	� Turn both threaded pins ½ turn anticlockwise. 2.	� Loosen clamping plate: 
Turn the threaded spindle anticlockwise by 2-3 turns 
from both sides (insert points downward).

3.	� Remove the insert. 

4.	� Clean insert und insert seat.

5.	� Ensure that the adjusting wedges are positioned 
straight. 

6.	� Fit the new or rotated insert into the insert seat.

7.	� Hold down the insert and tighten the threaded spindle 
clockwise from both sides to the required tightening 
torque. 

8.	� Turn both threaded pins ¼ turn clockwise. 

9.	 �Adjust the front and rear setting dimensions at alter-
nating intervals using the threaded pins. Back taper to 
the rear approx. 1 µm/mm.

NOTE:
An overview of the tightening torques in PDF format can be found on the MAPAL website:

www.mapal.com  Media  Manuals and instructions  General technical information  Tightening torque for MAPAL clamping screws

1 | �Insert
2 | �Adjusting wedge
3 | �Threaded pin
4 | �Threaded spindle
5 | �Clamping plate

Back Taper Feeler B Feeler A
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Adjustment instructions for HX 
single-bladed reamers
Size 2 and size 3

1. �Turn the front and rear threaded pin 
half a turn to the left.

7. Calibrate the MAPAL MASTERSET with 
setting gauge (must be ordered sepa-
rately). The setting gauge has the mini-
mum size of the bore.

5. �For coarse setting, turn the front and 
rear threaded pin a quarter turn to the 
right.

2. Note: Two wrenches must be used for 
opening. 
To loosen the clamping plate and the 
cassette, turn the threaded spindle 
clockwise and anticlockwise.

8. �Adjust the front and rear setting dimen-
sions at alternating intervals using the 
threaded pins. The back taper to the 
rear is approx. 0.005 to 0.010 mm.

3. Remove the �insert and the cassette.
	 Clean the insert, the cassette and the 

insert seat (do not use compressed air, 
mind the adjusting wedge). Turn the in-
sert 60° or insert a new insert into the 
cassette. Reinstall the cassette.

4. �Note: Two wrenches must be used for 
tightening. 
Press the insert and the cassette against 
the back stop and the adjusting wedge. 
Turn the threaded spindle from the top 
to the right and from the bottom to the 
left and tighten them. 

9. �MAPAL UNISET: MAPAL offers electronic setting fixtures in vertical and horizontal de-
signs to conveniently set reamers.  
You can find more information in the catalogue “SETTING | MEASURING | DISPENSING”.

For the simplest handling and guaranteed reliable setting, we recommend using a MAPAL setting fixture.

Indexable insert change and setting

For detailed setting instructions, see the 
operating manual for the fixture.

1 | Clamping plate
2 | Threaded spindle
3 | HX blades

4 | Cassette
5 | Adjusting wedge
6 | Threaded pin
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Instructions for using the EasyAdjust system

1.	Loosen the adjusting wedge using a hex-wrench and 
turn it half a turn anticlockwise.

3.	Push the cassette together with the adjusting wedge 
forward towards the tool.

2	 Note: Two hex-wrenches are needed to loosen it.

Loosen the clamping jaw by turning hex-wrench 1 an-
ticlockwise while turning hex wrench 2 in a clockwise 
direction.

4.	Remove the insert from the cassette.

The EasyAdjust system permits quick and easy 
indexable insert changes. The inserts are re-
placed and set with µ precision in just a few 
steps. 

Comment:
Only to be used by trained personnel.

Replacing and setting the insert
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5.	Replace or rotate the insert. Then fit the insert into the 
cassette.

6.	Note: Two hex-wrench are needed to tighten it.
 

Tighten the clamping jaw by turning hex-wrench 1 in a 
clockwise direction while turning hex wrench 2 in an 
anticlockwise direction.

7.	Note: You can now proceed with either the protrusion 
measurement or the absolute measurement.

Clamp the tool in the connection of a setting fixture. 
Move the measuring sensor to the highest point of the 
guide pad and zero the measured value at this point.

8.	Move the measuring sensor to the highest point of the 
insert.

9.	Set the protrusion dimension or absolute dimension of the insert by turning the threaded pin in a clockwise direction 
using a hex-wrench.

Result:
The desired protrusion or absolute dimension of the insert is set.

Clamping jaw 
with threaded 
spindle

HX blades with 
clamping groove

Threaded pin and 
adjusting wedgePrecision guide pin

Cassette

Clamping jaw 
with threaded 
spindle

TEC indexable insert with 
clamping groove

Threaded pin and 
adjusting wedgePrecision guide pin

Cassette
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Installation and 
setting instructions 
for external reamer 
with the EA system

1.	�Turn both TORX fastening screws anticlockwise and re-
move the cassette.

2. ��The insert must be reset to the basic setting: Turn back 
the adjusting screw half a turn anticlockwise.

3. ����Turn threaded spindle 1.5 turns anticlockwise.

4. ���� Remove the TEC indexable insert. Clean the insert seat 
and TEC indexable insert.

5.	�Fit the new or rotated insert in the insert seat, 
paying attention to the axial and radial pressure. 
Press the insert cassette back slightly against the 
adjustment direction. 

- �The insert has now been reset to the basic set-
ting.

6.	� Hand tighten the threaded spindle of the clamping jaw 
clockwise.

Replacing the insert
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7.	�Adjust the gauge block according to the marking on the cassette and set the feeler to 
zero.

8.	�Place the feeler onto the highest point of the TEC indexable insert.  
Turn the adjusting screw clockwise until the pointer of the dial gauge shows zero.

9.	� Insert the cassette into the cassette seat. Lightly 
tighten both TORX fastening screws. Then tighten the 
TORX fastening screws to 2.8 Nm.

Adjusting the insert

Assembly
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Causes Solution

Fine boring tool Multi-bladed reamer

Protrusion set too large - Check tool setting / set

- fz too small / vc too large Adjust cutting data (for recommendation see catalogue)

Advance too large Check advance

Causes Solution

Fine boring tool Multi-bladed reamer

Part clamped (polygon typical jaw chuck) Clamping setup / check clamping pressure 

Part with asymmetrical cross sections Reduce cutting pressure (back taper larger, number of teeth 
smaller, lead steeper, feed smaller)

Causes Solution

Fine boring tool Multi-bladed reamer

Radial run-out error too large Check radial run-out / use alignment adapter

Bad positioning Check the position of the bore

Built-up edge Increase vc, check cooling lubricant / check suitability of cutting ma-
terial / check suitability of lead (see catalogue for recommendation)

Vibrations / rattling Adjust cutting parameter / stock removal (see catalogue for 
recommendation)

Protrusion too large - Check / correct setting diameter

- Tool diameter not correct Check diameter

Causes Solution

Fine boring tool Multi-bladed reamer

Radial run-out error too large Check radial run-out / use alignment adapter

Positioning problem / axle misalignment Check position of pre-machining or straightness of axle

- Overrun amount too large Max. lead length +1 mm overrun on bore outlet

Advance too large - Check advance

Coolant pressure too great Reduce coolant pressure

Causes Solution

Fine boring tool Multi-bladed reamer

Cutting edge / cutting edges worn Replace / regrind

Check cutting depth ap (pre-machining) Adjust cutting depth, see catalogue for recommendation

Thin-walled part
(elastic deformation of the part)

Reduce cutting forces (back taper larger, number of teeth 
smaller, lead steeper, feed smaller)

Protrusion too small - Check setting / reset

Bore out of round – random / systematic

Bore out of round – random / systematic

Bore too large

Conical bore entrance | Conical bore exit

Bore too small

Troubleshooting for fine boring tool and fixed reamer
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Causes Solution

Fine boring tool Multi-bladed reamer

Pre-machining incorrect Consultation with specialist department / product specialist

Lead geometry and/or tool unsuitable Consultation with specialist department / product specialist

Machining strategy unsuitable Consultation with specialist department / product specialist

 – generally 

Causes Solution

Fine boring tool Multi-bladed reamer

Axis misalignment / wrong positioning Check bore offset and position

fz too small / vc too large Adjust cut value, (see catalogue for recommendation)

Critical diameter/length ratio Check critical diameter/length ratio

Influences of spindle and drive unit Change cutting parameters

Imbalance Is the combination of connection/adapter and tool sufficiently 
balanced?

Back taper too small Check/set

Protrusion too large Check/set

Causes Solution

Fine boring tool Multi-bladed reamer

Chip removal Increase coolant pressure / cutting edge geometry

Back taper too large/small Check/set

Stock removal ap too big Check/adjust

Wear and tear too high Replace cutting edge / tool

Vibrations Determine cause and stop

Cutting values not correct Adjust cut value, (see catalogue for recommendation)

Advance too large Reduce advance if necessary

Causes Solution

Fine boring tool Multi-bladed reamer

Structure / macroscopic flaws Check, replace tool/cutting edges, if necessary; see catalogue 
recommendation for cutting values

Stock removal too low Check pre-machining und stock removal

Insufficient lubrication/cooling Check coolant/MQL supply and oil content. Check the suitability 
of the coolant/additives for this machining operation

Chip removal disrupted Increase coolant pressure / adjust cutting edge geometry

Wear and tear Replace cutting edge / tool

Imbalance Check the connection / adapter and tool for sufficient balancing

Bore pattern / cylindrical form not correct

Bore surface not correct - regularly

Lead breaks off completely

Bore surface not correct - irregularly
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General machining formulae, boring
Speed and feed

Spindle speed

Cutting speed

Feed rate

Feed/tooth

Feed

Number of blades

Cutting force

Cutting force Fc

Specific cutting 
force

Fc in N 
kc in N/mm2
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Cutting parameters during boring

Along with the specific cutting force for the workpiece material, the cutting cross section A essentially defines the machining force.
The feed element per cutting edge fz and cutting depth ap are key parameters here.

The following relationships apply:

Setting angle

Feed

Cutting width

Chipping thickness

Cutting depth

The figure shows the cutting cross section A during boring.

Cutting cross section for 
boring

or
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Calculation of cutting forces, boring
Simplified

Example calculation: Boring tool ø 80 mm; 
Z = 5; pre-drilled ø 72 mm κ = 90°

Workpiece material: EN-GJL-250
kc1.1* = 1160, Mc = 0.26
vc = 200 m/min, fz = 0.2 mm
Blunting 30%

1. Spindle speed

2. Cutting depth

3. Cutting cross section

4. Chipping thickness

5.	Specific cutting 		
	 force

without blunting 
factor

6. Cutting force

7.	Cutting torque
dm = average diameter 
in metres

8. Cutting power

Note: The efficiency of the main spindle drive is not taken into account.
Corresponding power calculations can be made by MAPAL.* Value for cutting force calculation, WTO GmbH

Basic formula Calculation Result

with 30% blunting:

1763 N/mm2 × 1.3 = 
2292 N/mm2

ø 
72

 p
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-d
ril
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d
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Machine tool selection
Comparison with torque and output power of the machine tool

Two spindle speed/power diagrams follow.
The number of teeth and cutting parameters are to be defined as a 
function of the machine.

In the example calculation the machine with the motor spindle is 
unsuitable, as here at a spindle speed of 800 min-1 only a torque of 
187 Nm and a power of approx. 20 kW are achieved (Figure 1).

Solution:
Reduce number of teeth, reduce cutting speed and feed, divide 
cut between two tools or select a more powerful machine (e.g. 
with geared spindle, Figure 2).

The example diagrams are shown in a simplified form.

Motor spindle (Figure 1)

Torque (Nm)

Torque curve in Nm
Power curve in kW
Line to help read the diagram

Torque (Nm)

Power (kW)

Power (kW)

Spindle speed [min-1]

Spindle speed [min-1]

Geared spindle (Figure 2)
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Guide values for the minimum boring diameter – radial
As a function of the number of teeth and indexable insert

S (90°) Minimum boring diameter at κ 85°

Suitable for through bore

17 25 28 1

17 25 31 2

23 32 39 3

31 43 53 4

51 63 73 5

0602 09T3 1204

C (80°) Minimum boring diameter at κ 90°

Suitable for 90° shoulder machining

17 24 28 1

18 26 33 2

23 34 41 3

31 45 54 4

49 63 77 5

06T1 0902 1102 16T3

T (60°) Minimum boring diameter at κ 90°

Suitable in some situations for through bores
and 90° shoulder machining

15 17 17 24 1

18 21 24 37 2

21 25 28 43 3

27 34 37 57 4

37 51 67 76 5

Radial boring cutting edges without arc shaped land

Indexable insert 
form

Size of indexable insert Number of 
teeth

Comment

0603 09T3 1204

Dimensions in mm.
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C (80°) Minimum boring diameter at κ 80° and 90°

Suitable for through bores and 90° shoulder machining

28 41 54 1

28 41 54 2

30 41 54 3

40 56 64 4

59 84 94 5

Guide values for the minimum boring diameter – tangential
As a function of the number of teeth and indexable insert

Tangential boring cutting edges without arc shaped land

Indexable insert 
form

Size of indexable insert Number of teeth Comment

0603/0604 09T3/0905 1204/1206

C (80°) Minimum boring diameter at κ 80° and 90°

Suitable for through bores and 90° shoulder machining

40 65 78 1

40 65 78 2

40 65 78 3

41 65 78 4

64 86 102 5

Tangential boring cutting edges with arc shaped land

Indexable insert 
form

Size of indexable insert Number of teeth Comment

0604 0905 1206

F (70°) Minimum boring diameter at κ 80° and 90°

Suitable for through bores and 90° shoulder machining

22 30 40 1

22 30 40 2

31 43 53 3

42 56 67 4

64 83 99 5

Tangential boring cutting edges with and without arc shaped land

Indexable insert 
form

Size of indexable insert Number of teeth Comment

0604 0905 1206

Dimensions in mm.
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Clearance surface wear

tangential Radial

Crater wear

tangential Radial

Notch wear

tangential Radial

Built-up edge

tangential Radial

Macroscopic flaws

tangential Radial

Blade breakage

tangential Radial

- Reduce cutting speed
- Select more wear-resistant cutting material type

- Reduce feed 
- Reduce cutting speed
- Select more wear-resistant cutting material type
- Use coolant

- Reduce cutting speed
- Select smaller setting angle
- Reduce feed

- Increase cutting speed
- Increase feed
- Select geometry with lighter cut (sharp cutting edges)

- Increase cutting speed
- Reduce feed
- Select tougher carbide grade
- Select stronger geometry
- Improve stability (for example short tool)
- Cooling, continuous or dry (avoid thermal shock)

- Reduce feed
- Reduce cutting depth
- Select stronger indexable insert geometry
- Select tougher carbide grade
- Select thicker indexable insert

Troubleshooting
Forms of wear on indexable inserts

Form of wear and tear Rectification measures
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Practical application – troubleshooting during boring

Bore becomes 
too large

Bore becomes 
too small

Bore becomes 
conical

Poor surface finish
in the bore

Cause?
-	 Tool diameter possibly too large
-	Cutting speed too high
-	Feed too high
-	Radial run-out error too large
-	 Lead uneven
-	Cooling lubricant unsuitable

Cause?
-	 Tool worn
-	Cutting speed too low
-	Feed too low
-	Workpiece material ductile, 
   pulls together after machining
-	Stock removal too low

Cause?
-	Radial run-out error too large
-	 Lead not correct
-	Pre-machining not correct

Cause?
-	Cooling lubricant unsuitable
-	Build up on the cutting edge
-	Tool blunt, possibly chipping 
   on the cutting edge
-	Chip removal poor
-	Residual imbalance too large

Bore has
chatter marks

Bore shows
signs of feed scoring

Bore becomes 
convex

Cause?
-	Build up on the cutting edge
-	Tool blunt
-	Cooling lubricant unsuitable
-	Radial run-out error too large
-	Residual imbalance too large
-	Clamping setup not correct

Cause?
-	 Tool blunt, possibly chipping
   on the cutting edge
-	Build up on the cutting edge
-	Cooling lubricant unsuitable

Cause?
-	Workpiece not clamped 
   correctly
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HA

DIN 6535

HE

DIN 6535

HE

DIN 6535

HB

DIN 6535

TTS-300

HFC HSC

180°

IT7

IT7

H7

3xDGrind

CONFIG

Grind

HA

DIN 6535

90°DIN
335 C

H7

H7 Stocked preferred  
series in H7

TTS-100

Pictograms

Boring Drilling
from the solid Spot drilling

Stepped 
drilling

Deep 
drilling

Drill 
reaming

Connection 
QTS

Connection 
TTS-300

Connection 
TTS-100

Connection 
CFS

With indexable  
insert

High-feed  
machining

High-speed  
machining

Drilling 
in packages

Flat bottom 
of the bore

Shank form HA
in accordance
with DIN

Shank form HE
in accordance
with DIN

Shank form HE
in accordance
with DIN

Shank form HB
in accordance
with DIN

Cross 
bore

Tapping
bore

Inclined 
bore entrance

Inclined 
bore exit

Pilot 
bore

Maximum
reachable
bore tolerance

Maximum
reachable
bore tolerance

Stocked preferred  
series in H7

Tolerance
tool grinding  
diameter

Internal 
cooling

Maximum  
drilling depth

Configuration Product with 
configurable features

Reaming | Fine Boring

Connection 
HFS

Through bore Blind bore

Tolerance
tool grinding  
diameter

Connection 
Modul

HFS axial  
clamping system

HFS radial  
clamping system

Single-bladed
reamer

Internal coolingWP-blades

Connection with 
morse taper shank
(MK)

Shank form HA
in accordance
with DIN

Cylindrical shank 
with clamping 
surface

Countersinking Countersink 
according to DIN

90° countersinking

HSK-A

Connection 
Shank hollow  
shank taper-A
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N 1.1 1.2 1.3 1.4 2.1 2.2 2.3 3.1 4.1 4.2 4.3 1.1 1.2 1.3 2.1 3.1 4.1 4.2 5.1 5.2 5.3C

P 1 2 3 4 5 6 M 1 2 3 K 1 2 3 N 1 2 3 4 S 1 2 3 4 5 H 1 2 3
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Basic Line:
Universal tools, broad field of application, 
low procurement costs

Performance Line:
High-performance tools, broad field of application, 
high productivity in series production manufacturing

Expert Line:
Specialist tools for selected applications, 
maximum precision and productivity

Product line

Highly suitable Suitable in some situations

E.g. Standard material suitability table

E.g. Material suitability table for non-ferrous metal and lightweight materials

Material suitability

Pictograms
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Machining 
group

Workpiece material Strength/hardness        
[N/mm²] [HRC]

Frequently machined workpiece materials

MAPAL machining groups

* If the alloy parts Cr, Mo, Ni, V, W in total > 8 % then select the next highest MAPAL machining group.

P

P1
P1.1 Structural, free-cutting, case hardened and heat-treated steels, non-alloy < 700 N/mm² 1.0122 (S235/St 37), 1.0401 (C15), 1.0503 (C45), 1.0570 (S355/St 52), 1.1213 (Cf53)

P1.2 Structural, free-cutting, case hardened and heat-treated steels, non-alloy < 1.200 N/mm² 1.1249 (Cf70)

P2
P2.1 Nitrided, case hardened and heat-treated steels, alloy < 900 N/mm² 1.7131 (16MnCr5)

P2.2 Nitrided, case hardened and heat-treated steels, alloy < 1.400 N/mm² 1.7227 (42CrMoS4)

P3

P3.1 Tool, bearing, spring and high-speed steels* < 800 N/mm² 1.2343 (X37CrMoV5-1), 1.2762 (75CrMoNiW6-7)

P3.2 Tool, bearing, spring and high-speed steels* < 1.000 N/mm² 1.2367 (X38CrMoV5-3), 1.2713 (55NiCrMoV6)

P3.3 Tool, bearing, spring and high-speed steels* < 1.500 N/mm² 1.2379 (X153CrMoV12) 1.2738 (40CrMnNiMo8-6-4)

P4 P4.1 Stainless steels, ferritic and martensitic 1.4510 (X3CrTi17), 1.4589 (X5CrNiMoTi15-2)

P5 P5.1 Cast steel 1.7231 (G42CrMo4)

P6 P6.1 Stainless cast steel, ferritic and martensitic

M
M1

M1.1 Stainless steels, austenitic < 700 N/mm² 1.4301 (V2A), 1.4571 (V4A)

M1.2 Stainless steels, ferritic/austenitic (duplex) < 1.000 N/mm² 1.4362 (Alloy 2304), 1.4501, 1.4662 (LDX 2404)

M2 M2.1 Stainless/heat-resistant cast steel, austenitic < 700 N/mm²

M3 M3.1 Stainless cast steel, ferritic/austenitic (duplex) < 1.000 N/mm²

K

K1 K1.1 Cast iron with lamellar graphite (grey cast iron), GJL < 300 N/mm² GJL-250 (GG-25), GJL-260 (GG-26 Cr)

K2

K2.1 Cast iron with spheroidal graphite, GJS < 500 N/mm² GJS-400 (GGG-40), GJS-450 (GGG-45)

K2.2 Cast iron with spheroidal graphite, GJS  ≤ 800 N/mm² GJS-600 (GGG-60), GJS-800-2 (GGG-80), GJS-800-8 (ADI 800)

K2.3 Cast iron with spheroidal graphite, GJS  > 800 N/mm² GJS-900-2 (GGG-90), GJS-1000-5 (ADI 1000), GJS-1200-2 (ADI 1200), GJS-1400-1 (ADI 1400)

K3
K3.1 Cast iron with spheroidal graphite, GJV; malleable cast iron, GJM < 500 N/mm² GJV-300, GJV-400, GJMW-400-5 (GTW-40)

K3.2 Cast iron with spheroidal graphite, GJV; malleable cast iron, GJM > 500 N/mm² GJV-500, GJV-700 

N

N1

N1.1 Aluminium, non-alloy and alloy < 3 % Si Alloy 2024, Alloy 7075, Al99

N1.2 Aluminium, alloy ≤ 7 % Si AlSi7

N1.3 Aluminium, alloy > 7-12 % Si AlSi9, AlSi9Cu

N1.4 Aluminium, alloy > 12 % Si AlSi12, AlSi17

N2

N2.1 Copper, non-alloy and low-alloy < 300 N/mm² SE-Cu

N2.2 Copper, alloy > 300 N/mm² CuSn6

N2.3 Brass, bronze, gunmetal < 1.200 N/mm² CuZn33, CuAl9Mn3

N3
N3.1 Graphite, > 8 µm

N3.2 Graphite, ≤ 8 µm

N4

N4.1 Plastic, thermoplastics PA, PE, PC, PS, PVC, PP, PTFE, POM, PMMA

N4.2 Plastic, thermosets PU, PF, EP, UP, VE, CR

N4.3 Plastic, foams EPS, PUR, PVC-E, PS-E, PP-E

C

C1

C1.1 Plastic matrix, aramide fibre-reinforced (AFRP) Nomex, Kevlar, Twaron, KOREX

C1.2 Plastic matrix (thermosetting), CFRP/GFRP IMS, HTA

C1.3 Plastic matrix (thermoplastic), CFRP/GFRP GMT-PP, PEEK

C2 C2.1 Carbon matrix, carbon fibre-reinforced (CFC) CF222, CF225, CF226, CF227, CF260

C3 C3.1 Metal matrix (MMC) CeramTec AO-403 (AlSi9MgMn-Al2O3), Al/Cu/Mg-SiO2/Al2O3/AlN/TiC/SiC/BN/TiB2

C4
C4.1 Sandwich construction, honeycomb core

C4.2 Sandwich construction, foam core PLASCORE PAMG-XR1 5052, PCGA-XR1 3003, PAMG-XR1 5056, Micro-Cell (core made of alloy 5052/5056)

C5

C5.1 Composite (stack), non-metal - non-ferrous metal composite CFK-aluminium, IMS/HTA + Alloy 2024/6061/7075

C5.2 Composite (stack), non-metal - metal composite CFK-titanium, IMS/HTA + TiAl6V4/AMS4905

C5.3 Composite (stack), non-metal - non-metallic composite CFK-CFK

C5.4 Composite (stack), non-ferrous metal - non-ferrous metal composite Aluminium-aluminium

C5.5 Composite (stack), non-ferrous metal - metal composite Aluminium-titanium

C5.6 Composite (stack), metal - metal composite Titanium Inox

S

S1 S1.1 Titanium, titanium alloys < 400 N/mm²

S2
S2.1 Titanium, titanium alloys < 1.200 N/mm² TiAl6V4

S2.2 Titanium, titanium alloys > 1.200 N/mm²

S3
S3.1 Nickel, non-alloy and alloy  < 900 N/mm² 1.3912 (Invar, Ni36)

S3.2 Nickel, non-alloy and alloy  > 900 N/mm²

S4 S4.1 High-temperature super alloy Ni, Co and Fe-based Hardox, Hastelloy, Incoloy, Inconel, NIMONIC, Stellite, Waspaloy

S5 S5.1 Tungsten and molybdenum alloys

H

H1
H1.1 Hardened steel / cast steel < 44 HRC 1.2738 HH, 1.2085, Toolox 33, Toolox 44

H1.2 Hardened steel / cast steel < 55 HRC 1.2343, 1.2311, 1.2312, 1.2714, 1.2083, 1.2738

H2

H2.1 Hardened steel / cast steel < 60 HRC 1.1730, 1.2379, 1.2358, 1.2767, 1.4112, ASP 2012

H2.2 Hardened steel / cast steel < 65 HRC 1.2379, 1.2363, 1.2436, 1.2842, ASP 2005, Vanadis 23

H2.3 Hardened steel / cast steel < 68 HRC ASP 2017, ASP 2023, Vanadis 30, Vanadis 60

H3 H3.1 Wear-resistant cast/chill casting, GJN 
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