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COMBUSTION ENGINE | Turbocharger

Control pin bore

High-performance reamer

Tool design with specially arranged inserts  
for optimal chip removal, including at the  
highest feeds.

Turbocharger housing connecting surface

NeoMill-16-Face

Maximum number of teeth and indexable  
inserts with 16 cutting edges for maximum  
tool lives and low costs per component.

Exhaust manifold connection machining

Boring tool

Tool design with adjustable indexable inserts  
for short processing times.
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COMBUSTION ENGINE | Turbocharger

Turbocharger – impeller / vane wheel

PROCESS CONDITIONS

The impeller is the key component on the compressor side of a turbocharg-
er. It accelerates the drawn-in air radially outwards, thereby increasing its 
pressure and temperature. 

Modern impellers are mostly made from high-strength aluminium or 
titanium and are produced through 5-axis milling or precision casting. 
The aerodynamically optimised vane geometry is crucial to efficiency 
and boost pressure behaviour. The most stringent requirements for 
balancing quality, strength and dimensional accuracy must be met due 
to high speeds of up to 300,000 rpm.

	■ Workpiece materials that are difficult to machine on the hot side
	■ Material fluctuations and alloy differences
	■ Complex machining in hard-to-reach places
	■ High-precision requirements for radial run-out
	■ Surface requirements of Ra < 0.4 μm

HOT SIDE

Shaft bore Balancing surface

MEGA-Speed-Drill-Titan

Special cutting geometry and coating that reduces the  
formation of built-up edges and optimises chip removal.

Profile milling cutter

Multi-blade, coated solid carbide milling cutter, developed 
for workpiece materials that are difficult to machine.

M S

1 2
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COMBUSTION ENGINE | Turbocharger

COLD SIDE

Shaft bore Balancing surface Vane machining

Tritan-Drill-Alu

Three-blade solid carbide drill for the  
highest feeds.

PCD shoulder milling cutter

Multi-blade PCD-tipped milling cutter for the 
longest tool lives.

Coated form cutters

Form cutters adapted to the component contour  
for roughing, semi-finishing and finishing.

Note:
Geometric design in collaboration 
with the end customer.

z2 z3 z3

N

1 2 3
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4 - 6 µm ±3 µm 60 - 200 µm 5 - 10 µm max. Ra 0,8 µm
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COMBUSTION ENGINE | Connecting rod

Connecting rod

Required dimensional tolerances based on the example of the small end

Connecting rods are subject to high dynamic loads in engine operation. 
High-strength steel materials like 70MnVS4 or C70 are used to meet these 
requirements. Their role: To convert the linear motion of the piston into a 
rotating motion of the crankshaft. To minimise the moving mass, connect-
ing rods are consistently optimised for weight. The result is a wide range of 
variants – from parallel and trapezoidal to step shapes. This variety poses 
stringent requirements for manufacturing, particularly in machining the 
small end of the connecting rod. 

Different geometries result in varying spot drilling situations that must be 
resolved with precision and cost-effectiveness. Cost-effectiveness is a prior-
ity in series production. The high quantities require stable processes, short 
cycle times and maximum tool lives.

Small end 
Wide variety, bell-mouthed shape and 
tolerances down to the µm: Machining the 
small end requires maximum precision and 
flexible tool solutions.

Big end 
High cutting forces and tight shape toler-
ances necessitate sturdy tools and precise 
machining strategies.

 More from page 36  More from page 38
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COMBUSTION ENGINE | Connecting rod

Bolt locating surface 
Precise surface machining for secure 
bolt seating surfaces – high dimensional 
accuracy and defined geometry for varying 
connecting rod shapes.

Bolt hole bore 
Multi-stage bore with tight toleranc-
es – sturdy tools and optimised cutting 
geometries for maximum process reliability 
and tool life.

 More from page 39  More from page 39

Small end in focus – basic procedure

1.	Pre-machining 
Various connecting rod forms 
require flexible tool solutions. A 
special solid drill combines drilling, 
boring and chamfering on both 
sides. The challenge: stable process-
es despite varying geometries.

2.	Semi-finishing 
Radially adjustable ISO inserts 
compensate for shape deviations 
and prepare the bore for the sleeve. 
Dimensional accuracy and even 
material distribution are crucial for 
subsequent fitting.

3.	Finishing 
Fine boring tools with PCD guide 
pads create the best surface quali-
ties and circularities under 10 µm.

PRESSING IN THE SLEEVE
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COMBUSTION ENGINE | Connecting rod

	■ Spot drilling and boring due to different connecting rod shapes 
	■ Surface requirements of maximum Ra 0.8 µm 
	■ Diameter tolerances of 6 µm
	■ Circularities of 5 – 10 µm
	■ Partly specified bore shapes such as the bell-mouthed shape

PROCESS CONDITIONS

Connecting rod – 
small end

HPR replaceable 
head reamer

Multi-blade, regrindable replaceable head for 
short processing times and long tool lives.

WP solid drill

Short, sturdy tool design enables drilling  
from solid, boring and chamfering on both  
sides with just one tool.

Fine boring tool

Pre-machining stage for maximum tool life  
and for the stringent quality requirements  
of the fine boring stage.

1. Pre-machining

SMALL END

2. Semi-finishing and finishing machining

Maximum 
tool life

Maximum 
productivity

The right 
solution

 for every 
requirement

P
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COMBUSTION ENGINE | Connecting rod

Fine boring tool

Pre-machining stage and adjustable WP fine  
machining stage for the most stringent quality  
requirements and maximum tool life.

SMALL END WITH SLEEVE

3. Finishing

Cylindrical shape Bell-mouthed shape

Actuating tool

Additional U axis for semi-finishing and finishing  
machining for big and small end. Maximum contour  
flexibility and simple wear contour.

The right 
solution 
for every 
contour

MAPAL solutions expertise  

BELL-MOUTHED SHAPE

The bell-mouthed shape is used to minimise 

the edge loading and ensure optimal force 

transmission between gudgeon pin and con-

necting rod. This shape helps exploit the ma-

terial properties to the fullest and compensa-

tes for the distortion of the bolt at the end of 

the connecting rod.

Contour

Cylindrical 
shape

Contour

N

More 
on actuating
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COMBUSTION ENGINE | Connecting rod

	■ Wear-resistant carbide on the crack notch
	■ Different stock removal situations 
	■ Highest quality requirements for bore geometry
	■ Circularities of 5 – 8 µm
	■ Diameter tolerances of 10 µm
	■ Defined surface values of ~ Rz 6 µm to Rz 11 µm

PROCESS CONDITIONS

Connecting rod – 
big end

Roughing tool

Stable, multi-blade tool design for the combination  
of multiple process steps (roughing, boring, chamfering).

Fine boring tool

Boring and fine boring for defined stock removal, maximum  
tool life and the most stringent quality requirements.

BIG END

1. Pre-machining 2. Finishing

P
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COMBUSTION ENGINE | Connecting rod

	■ Positional accuracy of +/- 0.10 mm 
	■ Surface finish requirement Ra 3.2 µm
	■ Concentricity 0.20 mm
	■ Diameter tolerances 0.05 mm to 0.10 mm 
	■ Bore design with multiple step changes 
	■ Materials difficult to machine with additional hard-forged  
outer skin

PROCESS CONDITIONS

Connecting rod – 
bolt locating surface / bolt hole bore

Solid carbide milling tool

Face geometry that cuts across the centre  
for milling and grooving contact surfaces.

Solid carbide step drill

Multi-stage one-shot design with optimum  
chip breaking at boring stages.

1. Grooving/milling 1. Pre- and finishing machining

BOLT LOCATING SURFACE BOLT HOLE BOREP P

39



SC 10 SC 2

COMBUSTION ENGINE | Crankshaft

Crankshaft

Example of central relief bore: 
	■ Multiple spot drilling
	■ Bore depths up to 800 mm
	■ Coordinated process parameters for simultaneous drilling  
and deburring

	■ Coaxiality 
	■ Varying machining conditions due to casting fluctuations

PROCESS CONDITIONS

The basic crankshaft design is determined by the number of cylinders and 
engine layout. To reduce emissions, the mostly forged steel shafts must be 
increasingly optimised for weight. This requires additional machining 

steps for already complex components. At the same time, rising combustion 
pressures lead to higher bending and torsional loads – and therefore stricter 
quality requirements for dimensional accuracy, strength and surface quality.

Flange and spigot surface

NeoMill-16-Face

Maximum number of teeth and indexable  
inserts with 16 usable cutting edges for  
low costs per component.

CRANKSHAFT

Oil bore

MEGA-Deep-Drill-Steel

Optimised geography and HiPIMS coating  
for process-reliable deep drilling with high  
feeds.

P
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COMBUSTION ENGINE | Crankshaft

WP drill

Short, stable tool with multiple process 
steps integrated in one tool (roughing, 
boring, chamfering).

Central relief bore

TTD bore deburring tool

Replaceable head system with TTS connection  
and replaceable chamfer insert for forward  
and/or backward chamfering.

High-performance reamer

Multi-blade plug-and-play reamer  
for finishing diameter and chamfer.

1. Pre-machining 2. Finishing

FACE BEARING BORE

MAPAL replaceable head  
system and chamfer insert 
from the company HEULE  
for bore entry and exit.

FUNCTIONFUNCTION

P

More on drilling 
from solid and milling
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COMBUSTION ENGINE | Rocker arm/roller cam follower

Rocker arm / roller cam follower

Bearing bore example: 
	■ Diameter tolerances in H7 range 
	■ Surface requirement in Rz 3 μm range 
	■ Circularity in range of few µm 
	■ Fluctuating casting quality

PROCESS CONDITIONS

Indexable insert  
fine boring tool

Guided fine boring tool with adjustable  
inserts for the most stringent quality  
requirements.

HPR replaceable  
head reamer

Multi-blade regrindable reamer with HFS  
connection for a simplified tool change.

PRECISION FIT BORE

Precise control of inlet and outlet valves is crucial for the performance 
and efficiency of modern combustion engines. In automotive technology, 
four valves per cylinder are usually used – two for the intake of fresh air or 

air-fuel mixture, two for the exhaust gas outlet. Depending on the engine 
concept, rocker arms or (roller) cam followers are used for valve operation. 
The aim is to minimise friction and wear and tear for moving components. 
The valve clearance can be adjusted precisely using built-in setting discs to 
ensure a stable combustion process and prevent engine damage.

1. Finishing

Maximum precision Highest productivity

The right 
solution 
for every 

requirement

P
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COMBUSTION ENGINE | Rocker arm/roller cam follower

Indexable insert fine boring tool

Guide pad and adjustable indexable inserts  
for the most stringent quality requirements.

HPR replaceable head reamer

Multi-blade regrindable replaceable-head reamer  
with HFS connection for rapid tool change in the  
machine.

BEARING BORE

1. Finishing

The right 
solution 
for every 

requirement

Maximum precision

Highest productivity

P
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COMBUSTION ENGINE | Rail

PROCESS CONDITIONS

Pilot drill

Special geometry for the outer forging scale that  
is difficult to machine, perfectly adapted to the  
subsequent deep-hole drill.

Deep drills

Optimised geometry and coating for  
maximum performance and optimal chip  
flow, including at extreme drilling depths.

Rail
Like in diesel engines with common rail systems, fuel is increasingly injected 
straight into the combustion chamber in modern petrol engines, too. The 
mixture formation takes place only in the combustion chamber, boosting 

performance and efficiency and reducing emissions. The increasing injection 
pressures of up to 2,500 bar set stringent requirements on components and 
workpiece materials. Materials that are difficult to machine are used, such as 
cast steel or stainless steel – connected with complex machining processes.

Central rail bore example: 
	■ Extremely hard outer forging scale
	■ Extreme drilling depths of up to 25xD 
	■ Diameter tolerances of 0.20 mm 
	■ Long chipping workpiece materials

1. Pre-machining 2. Drilling from solid

High-pressure connection

Solid drills

Solid carbide drills for the smallest 
bore diameters.

CENTRAL RAIL BORE

RAIL

P

P

44



SC 3

H7
SC 4

SC 5

COMBUSTION ENGINE | Rail

Connection machining

Face counterbore

Monolithic tool design with indexable  
inserts for machining diameter and  
chamfer.

Injector bore

Coated solid carbide step 
reamer

Special tool design for optimal cut distribution 
and chip control at the step changes.

End machining

Face cutter head

Multi-blade combination tool for face  
milling and pre-grooving of the face- 
side chamfers.
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ENGINEERING LOGISTICS MAINTENANCE TRAINING

Individual, 
needs-based 
service
MAPAL’s roots lie in the manufacture of custom tools. The 
focus is therefore always on holistic advice and support for 
machining tasks and processes.

MAPAL provides support in all phases and areas of pro-
duction with an extensive range of services. Regardless of 
whether a new production facility is to be set up, processes 
need to be optimised, new technologies need to be intro-
duced, machines need to be converted to new parts, the 
tool inventory needs to be optimised or the know-how of 
employees needs to be expanded.

With the engineering service module, MAPAL guarantees fast, precise and 
safe manufacturing. Further savings potential can be tapped in the area of 
logistics and maintenance. And in the area of training, MAPAL ensures that 
the specialist know-how it has gathered is transparently and completely 
available to the customer – this gives customers a decisive advantage over 
their competitors.

All of the services offered by MAPAL focus on optimal processes and com-
prehensive support. The goal is to always significantly assist the customer  
in achieving smooth, productive and economical manufacturing.

  CUSTOMER        MAPAL

UNMACHINED PART

MANUFACTURING

MACHINING 
CENTRE

TOOL

FINISHED PART

COMBUSTION ENGINE | MAPAL Services46
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COMBUSTION ENGINE | Pictograms

Manufacturing 
processes

Pictograms

Milling Drilling
Reaming and 
fine boring

Actuating

Cooling
Minimum quantity lubrication
Reduces lubricant consumption and ensures clean, sustainable 
processes – ideal for modern manufacturing concepts.

Fixed blades 
Maximum process reliability due to the highest stability and 
radial run-out accuracy – ideal for series production with high 
cutting data and long tool life.

Replaceable inserts 
Rapid insert replacement without readjustment saves time on main- 
tenance and reduces costs – especially cost-effective for high quanti-
ties and changing materials.

Adjustable – milling cartridge
Adjustable PCD milling cartridges enable a precise Z‑adjustment for 
perfect face surfaces – optionally also for the production of defined 
surface profiles.

Adjustable – MAPAL principle 
High-precision adjustment of diameter and back taper for 
maximum dimensional accuracy – perfect for demanding 
bores with tight tolerances and high accuracy of repetition.

Adjustable – cartridge 
Easy, manual fine adjustment of indexable inserts for precise 
fine boring and boring – universal and cost-efficient.

Cutting technology

PCD 
Offers maximum resistance to wear and the best surfaces for 
non-ferrous metals – ideal for large series.

PcBN 
Ideal for machining wear-resistant and abrasive materials – perfect 
for drilling processes with tight tolerances and high dimensional 
accuracy.

Solid carbide 
Universal application – optimal for medium-sized series with  
a balanced ratio of cost and performance.

Cermet 
Ideal for high dimensional accuracy and surface quality – perfect for 
finish machining steel.

Cutting material

HFS system for replaceable head reamers 
Reliable radial run-out and changeover accuracy of <3 μm and 
simple handling on tool change.

TTS system for replaceable drill head 
Serration with form fit for optimal torque transmission – ideal for 
dynamic machining with flexible tool geometry.

Module adapter 
Alignment accuracy in the µm range to compensate for spindle 
and tool errors – ideal for large projection lengths and complex 
components.

Hydraulic clamping technology 
Consistent radial run-out and changeover accuracy of <3 μm 
with built-in vibration damping – ideal for precise and sustainable 
processes.

Shrinking technology 
Very high initial radial run-out accuracy – ideal for applications 
with high speed and low changing frequency.

Mechanical tool technology 
High clamping force, preventing tool pull-out – optimal for stable 
milling at the limit range.

Arbor 
Robust connection for large milling tools – proven in difficult 
machining situations and with high load.

One 
main cutting edge

Two 
main cutting edges

Three 
main cutting edges

Four 
main cutting edges

Five 
main cutting edges

Six 
main cutting edges

Eight 
main cutting edges

Number of 
main cutting edges

Connection

Adjustable – EA system
Easy and precise adjustment of diameter – the back taper is already 
integrated into the cassette. Minimises operating errors and reduces 
training outlay.

Ten 
main cutting edges
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FOLLOW US

Discover tool and service solutions now that will put you ahead:

BORE MACHINING
REAMING | FINE BORING

DRILLING FROM SOLID | BORING | COUNTERSINKING

MILLING 

CLAMPING

TURNING

ACTUATING

SETTING | MEASURING | DISPENSING

SERVICES
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