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1. INTRODUCTION

In view of the progress achieved during the past decades in
the field of automotive production technology, the precise
clamping during the production of engine-, fransmission-
and chassis parts has been of majorimportance. Fortunately,
developments in clamping technology have kept pace and
ensure that capacity of the production machinery and the
production techniques are increased to their present high
standard. Highly-developed clamping systems have made it
possible to reduce the machine down-time. Further require-
ments will have to be met to reduce setup fime. Here, too,
developments in the field of clamping fixtures will contribute
to technical progress.

Component manufacturing has had to meetthe demands
of end product manufacture and a large number of com-
ponents must feature diometer-, aligning- and centering
tolerances measured in ten thousands of an inch. The
reasons include an increasing output related to the reduction
of the total cost of the vehicle. However, envircnmental
pollution, i.e., reduction of noise and emissive material as
well as the demands made on the traffic safety of the vehicles
directly control the precision of the individual components.

Improving component tolerances will, of course, raise the
prime cost of the components and it is important that this is
considered for volume production. Exceptionally high
responsibility therefore lies with development and design
engineers, as it is for them to bear in mind the cost of
achieving for example, a true running accuracy of 0.04mm
for as many as a million components. Without full co-
operdation between production- and development engineers
this level of manufacturing technology would be impossible
fo attain.

In the course of this paper, clamping principles featuring
special advantages are examined, with a review of the
increases of locating workpieces on cylindrical clamping
surfaces. Thereafter, using practical examples, methods will
be shown how to select the most suitable clamping device.
Based ontheseillustrations, examples are shown of precision
clamping fixtures from many areas of automobile manu-
facture. Finally, future trends in the development of precision
clamping fixtures are discussed for new manufacturing
technologies.

2. THE CLAMPING FIXTURES

With so many components in the automotive manufacture
process - even when reduced to engine-, power frans-
mission- and suspension components — it is necessary to
define the different versions of clamping which are dealt with
in this paper. The most significant are as follows:

2.1 THE VEHICLE PARTS

Here clamping fixtures are included which are functioning as
parts within the driving equipment, such as engine and
power transmission, the suspension, parts of the steering,
brakes, and wheels. These parts are machined on high-
volume equipment in large numbers.

2.2 THE SHAPE OF CLAMPING SURFACES

Clamping fixtures for cylindrical clamping surfaces are
machined on the workpieces. It is where these cylinders are
very short or if they can be reached only with much difficulty,
are special fixtures used. Occasionally it will be necessary to
use as clamping surfaces two coaxial cylinders with different
diameters. In these situations the efficiency of highly-
developed clamping fixtures is particularly important.

2.3 MANUFACTURING PROCEDURES
Clamping fixtures for the following manufacturing functions
are included:

O Turning

O Grinding

O Drilling

O Milling

O Welding

O Balancing

O Centering

0 Inspection

3. REVIEW OF CLAMPING FIXTURES FOR CYLINDRICAL
CLAMPING SURFACES

High-capacily clamping elements which are currently

available and their benefits as follows:-
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3.1 DEMANDS MADE ON CLAMPING FIXTURES

0 Cylindrical running accuracy to 0.0008" over long
periods.

O Wear-resistance.

0 Resistance to swarf.

[0 Resistance to lubricants and coolants.

0 No workpiece damage.

To ensure a tfrue-running accuracy it is vital that the workpiece

is pulled to true surface by the clamping device. Relatively

few clamping fixtures are available in standard versions to

meet this requirement.

3.2 COMPARISON OF THE MOST COMMON CLAMPING FIXTURES
FOR PARTS WITH CYLINDRICAL SURFACES

Figure 1 shows the various types or groups of clamping
fixtures and their benefits. In figure 1 the five most common
systems are in columns:

O jow chucks

O taper clamping fixtures

O segment clamping fixtures

O lever element clamping fixtures
O expanding mandrels

SYSTEMATIC SURVEY OF CLAMPING FIXTURES FOR WORKPIECES WITH CYLINDRICAL CLAMPING SURFACES

Jaw chucks Segment clamping

Taper clamping

Lever element Expanding mandrels

clamping fixtures

Keyed chuck with anfi-
centrifugal clamping force

Taper mandrel

Compensating chuck with
cenfrifugal compensation

clamp
Collet chuck with
“Rubberflex’ clamp

Keyed chuck with quick
change base jaws

Taper mandrel - form-
locking

4———— —— Complexily

Keyed chuck with
cenfrifugal compensation

Mutti-finger chuck with mandrel
transverse tightening Ty

Segment chuck

Collet chuck

“Tork-Lok™ double taper

Double taper mandrel

| )
. Diaphragm chuck
] m
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Hydro-expanding mandrel

“Rollkup” expanding
mandrel

fot

frwa, revgay

“Spleth” expanding
mandrel
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ILLUSTRATION 1
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Column 1 is the most popular and widely known. The
example given at the top shows a modem collet chuck with
centrifugal force adjustment. The normal practice s to
machine with turned-out ¢clamping jaws. Various alternative
chucks are shown below.
Cclumn 3 taper clamping fixtures; for expanding or com-
pressing a collet on Its diameter by means of axial force.
The principle is similar with the segment clamping fixture in
Column 2 except that here the Individual segments are
subjected to radial displacement by a taper or wedges.
Column 4 shows the lever-element clamping fixtures. The
clamping element is an Ingeniously designed axial-symmetri-
cal part performing rotational motions, as a result of the axial
clamping stroke, thus changing the axial movement into a
radial movement, or an expansion or reduction of the
diameter. The center of rotation of the lever element is seated
at the support diameter of the chuck or the mandrel and,
while clamping, rotates around this point. In other versions, as
inthethird from the top, the rotational center is an elastic joint
of a diaphragm being totally enclosed or slofted from inside.
Column 5 shows an illustration of expanding mandrels
where the elastic deformability of thin-walled tubes is being
utilized. These tubes will be expanded either by hydraulic
pressure, with the aid of a flat taper via rollers, or by lever-type
elements,

3.3 SUMMARY OF CLAMPING FIXTURES

Briefly it can be said that the clamping accuracy increases
from Column 4 to Column 5. The highest true-running perfec-
tion of 0.045mm in Column 1 is improved to 0.04mm in
Columns 2, 3 and 4, whereas the clamping fixtures in Column
5 reach precisions as high as 0.001mm.

From figure 1, it is apparent that while a wide range is
available, limitations do exist. For example, it is very often
impossible with jaw chucks to clamp thin-walled workpieces
if after machining, accurate concentricity is necessary.

The lever-element clamping fixture, in figure 1, Column 4, is
interesting as, in addition to radial clamping, the workpiece
is also being axially located.

While the units illustrated in Figure 1 are components
constructed from the “building block” principle of standard
components specials can be produced for projects where
the existing range is unsuitable.

4, SELECTION OF THE CORRECT CLAMPING FIXTURE

In the course of 20 years, Ringspann have streamlined the
procedure for selecting the optimum clamping fixture. The
following principals apply in most cases for successful
selection.

O Type of workpiece

O Material of workpiece

[0 Type of workpiece loading

Required service life of clamping tool

Required quantity of clamping tools

Required accuracy of surface to be machined

Type and precision of preceding working operations
Type of machined processes to be carried out

Size and position of machining force

Type of machinery

Location of clamping fixture

Dimensions of spindle flanges or tapers

Type of clamping actuation

Quantity of workpleces to be machined

Machining torque

O Applied coolants and lubricants

Ooooooooooood

TABLE 1

REFERENCE VALUES FOR SPECIFIC CUTTING FORCES

Material

Tensile strength
resp.
Brinell hardness

Specific cutt
force in N/mi
at feed in mmy/rev.

N/ron? 01 02 04 08

5t 34, 5t 37, 5t42 o B to 500 3600 2600 1900 1360
5t 50 500 to 400 4000 2900 2400 41520
St 60 600 to 700 4200 3000 2200 45640
St 70 700 to B50 4400 3150 2300 4440
G538, GS45 300 to 500 3200 2300 4700 1240
G5 52, G5 &0 500 to 700 3600 2600 1900 13460
GS 70 over 700 3900 2850 2050 41500
Mn steel, Cr-Ni steel, 700 to B850 4700 3400 2450 41750
Cr-Mo steel and other 850 to 1000 | 5000 3400 2600 41850
steel alloys 1000 fo 1400 | 5300 3800 2750 2000

1400 to 1800 | 5700 4400 3000 2150
stainless steel 600 to 700 5200 23750 2700 41920
tool steel 1500 fo 1800 | 5700 4100 3000 2150
manganese hard steel 6600 4800 3500 2520
GG 10, GG 15 HB to 200 1900 13460 4000 720
GG 20, GG 26 HB 200 to 250 | 2900 2080 41500 41080
cast iron, alloy HB 250 to 400 | 3200 2300 41700 41200
malleable cast iron 2400 1750 1250 920
yellow brass HB B0 to 120 1600 1450 850 600
red brass 1400 1000 700 520
cast bronze 3400 2450 41800 1280
pure aluminium 1050 760 550 400
aluminium alloy with high 1400 1000 700 520
Si-content (11 . .. 13% Si)
piston alloy
A1, Si (tough, 11 ... 13.5% 5i) 4400 1000 700 520
G ASI (11 ... 13% SI) 1250 Q00 650 480
Other Aluminium-cast o B to 300 1450 B40 600 430
and kneaded alloys 300 to 420 1400 1000 700 520

420 to 580 1700 1220 850 &40
magnesium alloys 580 420 300 220
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DIAGRAM FOR DETERMINATION OF FACTOR K FOR

The answers to these guestions will limit the scope of
potential clamping fixtures. An important question will
always be the torque applied during the machining
process or the forces effected on the workpiece and
subsequently on the clamping fixture. The following is an
llustration of an exemplary calculation of torque generated
during machining of parts:

The machining forque M, generated by virtue of a turning

tool, is calculated as follows:
Mow
a= 2000 (NM
The factors of this equation stand for:

F. main cufting force (N)
h ask, (N)

The factors of this equation stand for:

i

-

a = cutting depth (mm)

s = feed indexing/rotation (mm/U)

k, = specific cutting force (N/mm?)
numerical values from Table 1

D, = largest machining diameter (mm)

It will be possible with this torque, depending on the
functional principle and an additional safety margin for
the clamping fixture, to dimension clamping elements
and locating surfaces. This, however, frequently requires
further consideration in addition to the mere machining
torque. Therefore, as an example, a problem frequently
occurring Is illustrated as follows:

It often occurs that the actuation plane ofthe machining
force Is far apart from the clamping surface, thereby
generating a degree of torque causing the workpiece to
filt, so that the maximum torque fransmitted by the clamping
element cannot be fully utilized as machining forque. In
this case it would be appropriate to calculate an equivalent
torque M, which is to be determined as shown below. By
including the machining forque M, which is arrived at as
already shown above, the equivalenttorque M, becomes:

M, = KM, N
The factor K is found by calculating the values for A/D, and
L/D,-and by taking the complementary value for K from
Figure 2. The values stated in Figure 2 have the following
meaning:

m

A = maximum locating surface diameter
D, = clamping diameter

L = filting length

D, = maximum machining diameter

This procedure applies to clamping fixtures having only
one centering- or clamping point and one tool engaged.
The influence of the auxiliary cutting forces has been
disregarded, as this is usually insignificant.

By the aforementioned detailed descriptions of the
calculation of forque transmitted by the clamping element,
an example is given of the working method in the state of
projecting. Based on the above, it would be possible to
choose from a standard programme the most suitable
type of clamping fixture, as shown Iin Figure 3.

The left half of Figure 3 is a selection from the standard
programme of clamping fixtures, while the right half
contains the most important special clamping designs.
The selection tables commence with the column at the
very left, indicating the range of clamping diameters and
clamping diameter radii of length. The centre column has
the preferred ranges of application. The results are indi-
cated in each of the third columns showing the most
suitable clamping tool meeting the principal criteria
referred to above. The upper half of the tables illustrate
clamping tools for internal clamping, e.g. clamping of
drilled holes of workpieces; the bottom half refers to
clamping fixtures for external clamping such as external
diameters of the workpieces.

5. EXAMPLES OF APPLICATIONS

The objective of the above illustrations are the machining

of the most diversified parts in the manufacture of auto-

mobiles. Further it has been demonstrated which of the

clamping fixtures are most commonly used and how to

proceed expediently in order to arrive at the most favour-

able clamping device. These will now be described in

detail, classified under the following headings:

O Type of machining procedure

[0 Special demandsin relation to the workpiece (deforma-
tion-free, aligning, thin-walled, etc.)

O Up-to-date and future manufacturing technologies
(e.g., new production systems, changing equipment).

5.1 TYPE OF MACHINING PROCEDURE

0 Turning

Figure 4 is a chuck to be inserted on a mulfiple-spindle
automatic lathe for the machining of valve bodies for
power steering components in passenger cars. A large
number of similar parts are held by two different clamping
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ILLUSTRATION 3 SELECTION DIAGRAM FOR DETERMINATION OF OPTIMAL CLAMPING FIXTURE
Workplece Preferred fields of RINGSPANN Workplece Preferred fields of RINGSPANN
D/L application standard clamping tools D/L application speclal clamping tools
hardened hardened
clamping ckamping
diameter diameater
D>1L Fitted In taper of milling, Taper mandrel DXL Located between Enclosed centre mandrel
18-80mm tumning, grinding & 20-300mm centres on Inspection (hydraulic)
balancing machines 3 installations, tuming.
e grinding and
: balancing machines.
%y For sensitive
D21 Located between centres Centre mandrel m:ﬁ“ high
18-80mm on controliing devices, o
turning, milling and Opey
grinding machines. D=L Located between Enclosed centre mandrel
Hand operated. 25-205mm centres on special (mechanical)
machines (turning,
milling, grinding)
with high safety
D>1L Located on flange of requirements (no
22-110mm turning, milling, grinding mandrel leakage). Also for
& bobonclng machines. wortp|m made
Hand or power operated. from material not
compatible with oll
or grease. Hand operated.
Dz L Located on a flange. Tapered collef chuck
40-400mm Installed for high dynamic D>1L Located on flange for Enclosed flange mandrel
stresses, Le. forques, and 25-205mm inspection and (mechanical)
also for small clamping machining work on 2
diameters. sensitive, highly
Power operated. accurate workpleces.
Hand or power
operated.
Dz L Short mandrel for tumning, D> 1 Located on flange of
90-375mm milling, grinding or 50-550mm vertical and horizontal
balancing machines. balancing machines,
Hand or power operated. grinding and turning
machines and
machining centres.
D> L Clamping of workpleces Clamping via inherent
70-200mm with short clamping length spring tension.
for balancing, grinding Hand or power operated.
and middle range
machining. D=L Located on flange of
50-550mm vertical and horizontal
balancing machines,
grinding and tumning
Dz L Malinly for grinding and Chuck machines and
10-100mm for light turning machining centres.
operations. Clamping via inharent
Hand operated. spring tension.
Hand or power operated.
D=1 Located on flange,
DzL Narrow chucks for fumning, Fat chuck 3-400mm principally for installation
35-350mm milling, grinding and in Internal grinding
balancing machines. machines, fine turning,
Hand or power operated. 5] precision drills and
= manufacturing centres.
4 L Clamping via inherent
ring tension.
D=L Narrow chucks for tuming. Basket chuck ;geu?naﬂcallv opercted.
40-340mm miiling, grinding and
balancing machines. D2L Located on flange of
Larger clamping depth and 8-150mm turning and grinding
machining of through bores machines. For high
possible. dmdﬂﬂ%;ﬂeﬂes.
Hand or power operated. mass production
- manutacture and
automatic workplece
feed.

diameters. The different clamping diameters require merely
an exchange of the collets located between RINGSPANN
discs and workpiece. This can be done in averyshort time.

Figure 5 is a photograph of the workpiece showing the
chucks as Figure 4. The upper lining allows an identification
of a workpiece, while no workpiece is contained by the
chuck located on the left side.

Figure 6 shows a mandrel for the purpose of machining
brake discs for passenger cars. The clamping is achieved
inthe very short cylindrical bore of the brake disc, resulting
in asimultaneous action at the locating ring. The clamping
is being effected by a disc spring pack and released

mechanically by a move of the pullrod to the left. During
clamping the attenuation pistons are pushed radially
outward by means of springs and an axially aligned slide,
thereby stabilizing the brake disc during machining against

vibrations.



















