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GREATER MARGINS FOR 
Linear Encoder 
Tolerances

L
arge-batch production in the automotive industry is in the midst of a 
change. Over the past years, the purchasing behavior of car drivers has 
distinctly changed. They want ever-more versions of models and engines 
and, at the same time, vehicles with increasingly greater efficiency. The 

automobile manufacturers react with more frequent model changes and more engine 
versions. For example, inflexible transfer lines are increasingly being replaced by lines 
with chained machining centers to improve flexibility in the mechanical machining of 
vehicle powertrain components. For their large-batch production this means shorter 
product cycles, greater diversity, and smaller batches, all of which translates into great-
er all-round flexibility. Linear encoders in a closed-loop configuration help increase 
machining accuracy. This affords margins in the tolerance budget for other errors.

Modern linear encoders for machining centers in automated large-batch 
production contribute to reduced production costs.

Horizontal machining 

center with a HEIDEN-

HAIN linear encoder. 

(photo: GROB-WERKE 

GmbH & Co. KG)
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Lee Self-Retaining Screens Protect 
Components from Rogue Contamination

• All Stainless Steel Insert Design
• Integral Retention System
• 5.5, 8, 10 and 12 mm Dia. Sizes
• 40-300 Microns Absolute

Make last-chance protection your fi rst priority.

Precision Safety 
Screens
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 The Lee Company
2 Pettipaug Road
Westbrook, CT 06498 USA
Tel: 860-399-6281

sitemanm@theleeco.com

www.leeimh.com

Innovation in Miniature

Smallest 6 GPM Check Valve Ever!

• Save Space – Most Compact 
 Design in its Class

• Low Leakage Metal-to-Metal Seat
• 100% Performance Tested
• Easy to Install

High Flow,

Compact Size
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 The Lee Company
2 Pettipaug Road
Westbrook, CT 06498 USA
Tel: 860-399-6281
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www.leeimh.com

Innovation in Miniature

 • Simple One-Piece Construction

 • No O-rings or Threads

 • Slips into a Drilled Hole

 • Press to Lock and Seal

 • Pre-tested for Bubble-Tight Leakage
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Innovation in Miniature

Smallest Shuttle
Valves

Superior Performance, Compact Size

Innovation in Miniature

Designed for 

Installation into Plastics

• 100% Performance Tested

• Simple Press-In Installation

• Wide Range of Cracking Pressures

• 2.5, 5.5, and 8 mm Sizes

• All Stainless Steel

For more information, contact The Lee Company

Cartridge Check
Valves
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 Motion Control

The following example demonstrates the effect of these 
capability tests: a hole in the bearings of a gearbox, for exam-

ple, has a specified tolerance of ±0.1 mm in depth. 
In order to reliably maintain the required speci-
fied tolerance in production, there is a further 
restriction of the tolerance through so-called 
capability values. This restriction means that the 
actual finished depth tolerance of the hole has to 
be in the range of ±0.06 mm for a large number of 
finished parts.

This tolerance is now shared by different 
potential errors of the machine tool and the  
process chain including workpiece clamping, tool  
clamping, thermal axial drift on the ball screw, 
thermal expansion of the ball screw on the  
feed axes, and many more. Furthermore, there 
should be a tolerance reserve left permitting the 
machines and process to compensate unfore- 
seeable influences on production that are difficult 
to control.

FLEXIBILITY THROUGH LINKED  

MACHINING CENTERS

Automobile manufacturers boost flexibility by 
switching to production with linked machining 
centers as seen in the image above. Machining 
centers permit faster reaction to fluctuations and 
changes in demand, the machining of different 
versions of a workpiece without retooling on the 
same production line (version flexibility), and the 
adding or removing of machines relatively easily 
to and from the production line (reuse flexibility).

The produced tolerances of a workpiece depend 
on the individual machines or sub-processes of 
the complete production system. The aim, there-
fore, is to reliably maintain workpiece tolerances 
throughout the entire process. Each single machin-
ing center should only use up as little as possible 
of the available tolerances. Then, the greater the 
remaining tolerance reserve, the greater the margin 
automobile manufacturers have to compensate 
process influences that are hard to control, and to 
optimize the accuracy of their components.

TOLERANCES IN A CLASS OF THEIR OWN

Compared with the demands in other areas of 
production like tool and mold making, the toler-
ances in large-batch production seem quite large. However, the 
required tolerances have to be maintained over a long period 
of time and for large numbers of workpieces at a defined level 
of reliability. To ensure this, the automobile manufacturers 
perform statistical capability tests with the machining centers.

Representation of a modern production line with linked machining 

centers. (photo: MAG IAS GmbH)

Position measurement in semi-closed-loop mode (top) and in 

closed-loop mode (bottom).

Measurement 

of velocity 

and position

Velocity 

Measurement

Position Measurement
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40 South Park Street

Sykesville, PA 15865

814.894.2461

sales@symmco.com

Somaloy® May Be The Best Solution 
For Your Electric Motor 
Applications

w w w . s y m m c o . c o m

Soft Magnetic 
Composites (SMC) Offer:

n High resistivity

n High flux density

n Tight tolerances 

achievable

n Low core losses at 

high frequencies

n High permeability

n 3D flux paths

n Net shape capability

3D properties of Soft Magnetic 
Composites (SMC) make it possible 
to design innovative, compact and 

powerful electric 
motors.

Applications:

n Electric Motors

Claw Pole and Linear
Tubular Pole motors.

n Fast Switching Actuators 
and Power Transformers

Customers worldwide have come to Dynatect 
for their most demanding and tough-to-solve 
applications. Count on us to do the same for you.

PROTECTIVE COVERS CABLE & HOSE CARRIERS

ELASTOMER COMPONENTS



 



MECHANICAL MOTION CONTROL

Bellows, Way Covers, Roll-Up Doors Open & Enclosed Styles, Plastic & Metal

Custom Molded Rubber & UrethaneFriction Slip Clutches, Precision Ball Screws

A HALF MILLION
CUSTOM SOLUTIONS
    AND COUNTING…

Brands:  Gortite®, Gortite Doors® Brands:  Gortrac®, Nylatrac®, Gortube®, Nylatube®

Brands:  Polyclutch®, LSI Brands:  Ro-Lab, MFB-Technik

Friction Slip Clutches, Precision Ball Screws

FOR MORE INFORMATION:
800-298-2066 

sales@dynatect.com
dynatect.com

SEE US IN BOOTH NC-300
September 12-17, 2016
McCormick Place - Chicago

Formerly A&A Manufacturing

www.fixtureworks.net

WORKHOLDING 
& POSITIONING 
GRIPPERS.

• Replaceable contact 
points to protect jigs 
and fixtures

• Serrated, Sof-Top™ and 
diamond grippers

• Round, square, angled 
and edge

• Swivot® swivel-action 
positioners

Call us at 888.794.8687 or 
visit us online for ordering, 
specs and CAD files.

 

way the thermal expansion of the ball screw is determined 
directly on the axis slide and compensated accordingly.

CLOSED LOOP: DETERMINING THERMAL EXPANSION

Evaluations of the error limits show that one of the big-
gest consumers of the available tolerance in the machin-
ing center is the uncontrolled thermal axial expansion of 
the ball screw when using semi-closed loop position mea-
surement. The graph below shows the 
distribution resulting from examina-
tions of the composition of error limits 
based on the example described above 
of a hole with a restricted tolerance of 
±0.06 mm.

The error limits of this machining 
example show that a closed-loop con-
trol practically eliminates the influence 
of thermal expansion and wear of the 
ball screw. In our machining example, 
this increases the tolerance reserve by 
20 µm to 39 µm. This makes about two-
thirds of the tolerance available to com-
pensate unforeseeable influences in the 
production chain that are difficult to 
control, like fluctuations in the shop, 
coolant, and workpiece temperatures, 
for example.

ACTIVELY USING THE TOLERANCE 

RESERVE

To meet future demands for reduced 
exhaust emissions and fuel consump-
tion, design will have to reckon with 
higher part accuracy—in other words, 
tighter workpiece tolerances and more 
stringent surface-quality values. The 
reason is that this will decrease friction 
in the vehicle’s powertrain and there-
fore deliver the desired reductions. The 
tolerance reserve from the closed-loop 
control thus provides the margin for 
large-batch production to implement 
the even tighter design tolerances to be 
expected in the future.

The increased tolerance reserve no 
longer has to be kept exclusively as a 
safety net for all eventualities. It can 
now be actively used to boost produc-
tivity and quality. For example, it would 
be possible to expend part of the tol-
erance reserve for tool wear. For the 
machining of workpieces of cast iron 

(e.g., crank cases) or high-temperature-resistant cast steel 
(e.g., exhaust gas turbochargers) with high levels of tool 
wear, such raising of the wear limit leads to significant sav-
ings and increased productivity. Among other things, this 
is due to longer tool life, reduced testing and compensa-
tion, and longer machine runtimes. Therefore, using linear 
encoders in the feed axes of machining centers contributes to 
reducing production costs. 

POSITION MEASUREMENT ON FEED  

AXES WITH BALL SCREW

The position of an NC feed axis can be measured in prin-
ciple through the ball screw in combination with a rotary 
encoder (semi-closed loop), or through a linear encoder 
(closed loop). Semi-closed loop means the position-control 
loop of the feed axis is closed via the encoder of the feed 
motor. The pitch of the ball-screw drive in conjunction with 
the rotary encoder identifies the position of the axis slide 
here. However, thermal expansion and wear of the ball screw 
are not included as factors in the position measurement. You 
could say that the semi-closed loop control is blind to such 
alterations of the machine tool’s mechanics.

It is therefore recommended also for large-batch produc-
tion with linked machining centers to implement machine 
tools with closed-loop control. In this case, the position of 
the feed-axis slide is measured with a linear encoder and fed 
back into the axis control as actual position value. In this 
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Workpiece clamping
Tool clamping
Position variation range
Thermal drift of ball screw

Thermal drift of position
CMM linear measurement error
Tolerance reserve
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Composition of the evaluated error limits on a machining center 

with Semi-Closed Loop control; thermal expansion of the ball 

screw takes the major share.

In the closed loop, the thermal expansion of the ball screw no 

longer plays a major role. The tolerance reserve increases to over 

half the tolerance.

Motion Control
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