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Preface

Since their invention in the late twenties SEEGER rings have attained such
importance that they have become indispensable in mechanical engineering.
Along with screws and nuts, washers, rivets, bearings, seals and similar mass-
produced parts, they are one of the most widely used engineering components.
Because they are comparatively new, no specialised literature is available and
the SEEGER ring is still greatly neglected in most books on engineering
components. To date, only the SEEGER-ORBIS GmbH Company with its Catalo-
gue, and particularly with this Manual, now in its english edition, has supplied
technical information beyond that contained in the standard engineering data
charts. — Concerning the DIN-sheets 471/472/983/984 and 6799, it should be
stressed that their new 1981 edition represents a comprehensive adaptation of
the proven SEEGER data charts.

In the new edition of this Manual and in the Catalogus. Sl-units and recom-
mended symbols according to DIN 1304 are used. Furthermore we have com-
pletely revised the german edition so that this english edition is technically up to
date. Sections 7 and 9 “Special Applications of SEEGER rings” and “Manufac-
ture of Handmade Samples and Small Quantities” have been added. Section 8
“Special Production and Special Requirements” has been supplemeanted.

The SEEGER Manual is accompanied by the SEEGER Catalogue which is
available to anyone interested free of charge from SEEGER-ORBIS GmbH.

Both publications, the SEEGER Catalogue and this Manual comprise the most
detailed literature available on the engineering component SEEGER ring.

We thank all those who have helped in the preparation of this manual by
contributing technical drawings showing application examples.

At the same time our thanks go to all those who have contributed their opinions
and suggestions towards the further arrangement of this manual.

Konigstein/Taunus, Summer 1984
SEEGER-ORBIS GmbH
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The SEEGER-ORBIS GmbH company is the world’s leading manufacturer of
retaining rings. As the inventor of the retaining ring SEEGER-ORBIS has the
greatest experience in production and application and can supply the most
extensive range of volume-produced retaining elements.

As a company of the SKF-Group, the research and laboratory centres of SKF
are available to SEEGER-ORBIS. SEEGER-ORBIS is a member of the “For-
schungsvereinigung Antriebselemente e.V. (FVA)” (= “Research Corporation
Driving Elements“) which carries out, at the Technical Universities of Darm-
stadt and Berlin, new extensive studies on the load carrying capacity of the
SEEGER ring and the notch effect of the groove.



1. Development of the SEEGER Rings

In mechanical engineering, shafts, axles and pins are the most widely used
components and are generally located in the bore of a housing. This explains
why lathes and drilling machines are the oldest and — even today — the most
frequently used machine tools. The axial retention of mechanical parts on shafts
or in bores is, therefore, one of the tasks which is repeatedly set. In earlier times,
axial location was provided by rigid shoulders or collars. Furthermore screw
connections were used, either for direct fastening of the component to be
retained or by using bolts and nuts in connection with washers and plates.
Attention shouid also be drawn to split pins in connection with washers and to
set collars. Beside these positively located components, spring-loaded ones
were also used, i.e. spring dowel sleeves and similar parts.

Apart from the many advantages, all these fastening methods have disadvan-
tages, the main ones being the large axial space requirement, the high price,
back-up locking systems and long assembly times.

As early as at the end of the |ast century the idea of fitting radially elastic rings in
ring grooves was suggested in order to create a shoulder for the purpose of axial
retention of mechanical components. It would have been ideal to fit closed rings
in grooves. The elastic elongation, even of highest quality spring steels, is so low
that the idea of closed rings must be eliminated. Open rings were often
manufactured by splitting or “snapping” a closed ring, which explains why even
today all retaining rings of uniform cross-section are still known as snap rings, a
designation which can lead to much misunderstanding. Much more suitable is
the expression ,Uniform Sectionrings”, used in USA, whereby it does not matter
if the section is round, square or rectangular. This definition of snap rings should
always prevail since it will often play an important role in the following chapters.
A systematic development and volume-production of snap rings did not materia-
lise at first. They were used as and when the need arose. Manufacturers mostly
produced rings in their own workshops. Where snap rings could be applied,
however, they led to the following advantages:

Small axial space requirement.
Savings on material and weight.
Rationalisation of groove machining.
Low price of the snap rings.

An important engineering component whose perfect axial positioning is ctitical
is the piston pin. The SEEGER company, founded at Frankfurt am Main in 1917,
was the first to start cylinder grinding. Cylinder blocks supplied by repair
workshops were reground. SEEGER also participated in the development of
light alloy pistons and were faced with the problem of axial locating and
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retention ofthe piston pin at an early stage. Inadequately retained piston pins led
to severe damage of the cylinder surfaces which could then only be repaired at
great expense.
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Fig. 1: Deformation of a snap ring: a unstressed b stressed ¢ fitted in groove

The piston pins were, at that time, clamped in the piston, tightly fastened, or
retained by means of end plugs of brass or copper located at either end of the
piston pin between it and the cylinder wall. The axial forces acting on the piston
pin were transferred through the plug to the cytinder surface. Other disadvan-
tages were the heavy weight and high cost of the plugs. Beside these methods of
retaining the piston pin, snap rings had already been brought into use. Apart
from the above-mentioned advantages, they also had the following disadvan-
tages:

1. When a snap ring SP according to Fig. 1 (left), which is circular in an
unstressed state, is compressed for assembly in the bore d,, it deforms
according to Fig. 1 (centre) and becomes non-circular. The greatest deforma-
tion occurs at point a, which is opposite to the opening, and where the
bending moment F - h is at its maximum. Towards the free ends the bending
moment, and hence the deformation, decreases. The comparison with circle
K clearly shows the deviation of the shap ring from the ideal shape. Since the
ring also has to fit in the groove d, under tension, it follows that it does not
have an even contact with the whole of the bottom of the groove but will touch
at three points only.

The groove area Ay = 1/4 (d,2 — d,?), which is already very small, is not fully
utilised. Piston pin rings in particular require a high degree of tension due to
the high inertia forces inherent in engines rurining at high speeds. Insufficient
tension ultimately leads to the complete destruction of the grooves cut into
the relatively soft piston material.

2. A ring which has a non-circular deformation must be compressed consider-
ably more than one with circular deformation. The snap ring can only bridge
small diameter differences d; — d;.



3. The bores shown in Fig. 1 for use with pliers would be extremely expensive to
manufacture. Mostly the snap rings had no installation holes, were difficuit to
fit and could hardly be disassembled without damage to themselves and the
piston pin bore.

To eliminate these disadvantages it was necessary to provide a ring which would
deform under tension in the form of a circle and which, as a result, is able to
bridge bigger diameter differences and can be fitted and removed easily and
quickly. The research and experiments resulting from this task led to the
patenting in 1927 of the SEEGER ring which has become famous throughout the
world,

The German Reichspatent Nr. 463684 is a first class example of the rare
innovation of a single, simple element which has found recognition alt over the
world and has becoms a new engineering component, now standardised in
almost every country. its importance has increased steadily throughout the
entire 18 years' life of the patent.

1 i

Fig. 2:
SEEGER ring
as piston

pin retainer

LA

The main claim of the patent reads (Fig. 2):

“Pin retention, especially for piston pins, where an open, elastic, narrow ring
with wide frontal area is fitted in such a way in a corresponding ring groove,
that it protrudes beyond the groove so that shoulder areas are provided for
the pin, thus preventing its lateral displacement in its bearing, characterised
by the cross-section of the ring steadily reducing from the centre of the ring
circumferance towards both ends of the ring and at each and being provided
with a protruding eye for the insertion of pointed pliers or other tools.”.

Initially these SEEGER rings were manufactured by the SEEGER Company only
for the one special purpose of retaining piston pins, i.e. only as bore rings.
However, it was soon realised that the rings were also suitable for axial retention
of other mechanical components. In addition to the SEEGER rings for bores,
SEEGER rings for shafts became available.

The initial form of the SEEGER ring had been found purely empirically, but an
exact mathematical method was quickly developed, as shown below.



The SEEGER ring may be understood as a curved beam. A very close approxima-
tion of the shape change of the beam is provided by the following equation:

— - — = 4P 0

The + -sign is valid for expanded rings (SEEGER rings for shafts) and the — -sign
is for compressed rings (SEEGER rings for bores). This is illustrated in Fig. 3
which shows a SEEGER ring for shafts. The reguirement for the ring with neutral
radius Rj in unstressed state to deform in the shape of a circie to the neutral
radius R, in a stressed state is determined by
1 1 My
Ry R + El constant.

Since the modulus of elasticity E is constant the decisive condition is
My

= constant, or when x is any point on the circumference

be - Mb max

IX |max

When the values for M, and | are inserted

F-x F:D
s-b2 s-:bd
12 12

from which the radial width b, can be calculated from any point of the

circumference as
3
X
oo s

A retaining ring whose radial width b corresponds to the above equation, must
deform with close proximity to the circular form. A ring of this type certainly has
some disadvantages. Producing a stamping tool is extremely expensive. If, for
example, a shaft ring as in Fig. 3 has to be limited by a circle on the inside it is
necessary to design the outer contour point for point, This leads to difficulties
when manufacturing tools. Further, the radial width of the ring near the ringends
would be so narrow that the shouider height would not be adequate. For press
working requirements this is a disadvantage because of the adverse relationship
of b/s. A compromise was, therefore, made by limiting the rings to two circles
whose centres are displaced by a certain excentricity. When the ideal ring is
encompassed with a circle, it can be observed that the variations of both rings
are extremely small over a large section of the circumference. Greater variations
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only occur at the ring ends, where the lugs necessary for the assembly holes
always lead to an increased width, which is also desirable for the improvement of

the tensile strength of the ring.

[ s
Fig. 3: SEEGER ring Fig. 4: Comparison snap ring (left) —
as a curved beam of SEEGER ring (right), top
uniform strength unstressed, bottom stressed.

Fig. 4 shows how favourably such an eccentric SEEGER ring behaves compared
with a concentric snap ring. Shown above on the right is a SEEGER ring and
beside it on the left a snap ring, both in an unstressed state. Below, the rings are
shown fitted in housing bores in a stressed state. The eccentric SEEGER ring has
contact on almost the entire circumference of the housing. Only the rigid ends of
the ring leave a small gap. Completsly different conditions occur with the snap
ring. It touches the housing only at three points, i.e. at the two free ends and at
the area opposite the opening. Between these points the ring lifts off consider-
ably and the already small groove area Ay is not fully utilised.

The photoelastic analysis shown in Fig. 5 clearly demonstrates the advantages of
the eccentrically shaped SEEGER ring. A SEEGER ring and a snap ring are
expanded to such an extent that they can be fitted onto the same shaft diameter
of 142 mm, The resulting maximum bending stress in the snap ring is more than
twice as great as inthe SEEGER ring. The unsatisfactory stress distribution in the
snap ring frequently leads to serious permanent deformation and sven to
fracture.
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Fig. 5:
Photoelastic
analysis of snap
ring (left) and
SEEGER ring (right)
This type of SEEGER ring had become a widely used engineering component by
the thirties. Shortly before the war, and especially during the war, its use
increased even further because of the advantages offered by its material saving
properties. In 1941 the rings for shafts and bores were standardised for the first
time under DIN E 471 and DIN E 472. The final standard was derived from this
quickly introduced E-standard.

2307d 2 F¥Kgsn ,

Before the war, rings were produced in the SEEGER main works in Frankfurt am
Main. When the main works were totally destroyed in 1943 by an air raid,
production of SEEGER rings was moved into barracks near Kdnigstein (Taunus).
Production continued here until 1948 despite the difficult situation. In 1949
SEEGER set up anew factory, not far fromthe old temporary one, in Schneidhain
(Taunus) which, after many extensions, is still the biggest and most modern
factory specialising in the production of retaining rings.

Until the end of the 1940’s virtually only the retaining rings DIN 471/472 were
being manufactured. Then followed the snap rings DIN 5417, the radially
mountable retaining rings ST and retaining rings DIN 6799.

From 1950/51 production of SEEGER V-rings, K-rings DIN 983/984 and the
“heavy duty type” SEEGER rings DIN 471/472 began. Self-tocking SEEGER rings
such as griprings, triangular retainers, circular self-locking rings and the radially
mountable SEEGER rings, in the form of crescent rings and interlocking rings,
were added to the range. L-rings, which compensate axial play, were developed
from K-rings. The retaining rings SL and the dished SEEGER W-rings in this
group came next. With the increased use of needle cages and needle bearings a
demand arose for very narrow retaining elements and was satisfied by the
production of snap rings SW/SB. When snap rings DIN 9045 were replaced by
DIN 7993 the latter was included in the production programme. SEEGER
reinforced circular self-locking rings KS were developed as self-locking rings for
shafts with very high axial loads. The standard DN 988 developed by SEEGER for
shim rings and support washers led to permanent regulation in the field of
washers and to an ever-increasing use of these elements.
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SEEGER now has the most comprehensive programme of volume-produced
retaining rings. Several thousand rings of various types and dimensions are
available from stock for any application. On request, custom made components
with similar production technology will be developed and manufactured to fulfil
special requirements in new applications.

13



2. Types of SEEGER Rings

Due to the large number of various types it is essential to obtain a clear
classification of the main characteristics of the rings. The entire production
programme is classified into 7 groups, each of which has several types, some
with over 300 dimensions. The designer should aiways keep this classification in
mind. The number or numbers of the ring types correspond to the numbers of the
engineering data sharts. Rings manufactured for shafts and bores which are
included in two data charts are, therefore, given two numbers.

Group 1:

Group 2:

Basic Types
1011 SEEGER rings DIN 471/472 (standard type)
12/13 SEEGER rings in inch sizes
14/15 SEEGER V-rings
16/17 SEEGER K-rings DIN 983/984
18/19 Reinforced SEEGER rings DIN 471/472 (heavy duty type)

Deslgnallon

DIN4T | DIN472
Standard

V-Rings
for Shafts

V-Rings DIN 583
{or Housing Borea | K-Rinps

Din 984
K-Rings

DIN47Y |

DIN 472
Heinforced

Data Chart

10 11

14

15 16

17

19

Figure

OO

O

OO

O

O

O

Self-locking SEEGER Rings

21
22
23

SEEGER grip rings
SEEGER triangular retainers*
SEEGER reinforced circular self-locking rings

24/25 SEEGER circular self-locking rings

Degignation

Grip Rings

Triaagular
Retainers

Reintorced Gireutar
Self-Locking Rings

Circular Self-
for Shalts

cking Rings
for Housing Bores

2

22

23

24

25

Oata Chan

Figure

0O

O

&

A

Q

* no standard item, but can be manutactured on request
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Group 3:

Group 4:

Group 5:

Radially mountable SEEGER Rings

31  SEEGER retaining rings ST
32 SEEGER retaining rings DIN 6799
33 SEEGER crescent rings
34 SEEGER interlocking rings*
Designation Retalning Rings ST Hai;l::‘i,nﬁ%;mgs Cresceni Aings Interlacking Rings
Data Chart an 32 3 k2]

Figure

N

O

M

O

SEEGER Rings for Compensation of Axial Play
40/41 SEEGER L-rings
42/43 SEEGER W-rings*

44  SEEGER retaining rings SL
. LAings L-Rings W-Rings W-RI Retaiming Rings 8L
Dasignation {or Shafts for Housing Boras {or Shafts for Hbusir!g;oms clainng Rings
| oas Chant 10 I Q T w N
SN

Flgure

o

1O

)O

) O

Y4

SEEGER Snap Rings

50

SEEGER snap rings DIN 5417

51/52 SEEGER snap rings SW/SB
53/54 SEEGER snap rings DIN 7993

Designallon

Cirelips
DIN 5417

Cirelps.
sw

Cireligs
S8 for

DIN 7823

DIN 78683
Shafts

for Housing Bores

DIN 73180

Data Chant

50

51

52

53 54

55

Figure

O

O

_

O Ol

O

'O

* no standard item, but can be manufactured on request
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Group 6: SEEGER Washers and Rings DIN 988
61 SEEGER support washers DIN 988
62 SEEGER shim rings DIN 988

Group 7: SEEGER Assembly Pliers and Assembly Tools
71  SEEGER assembly pliers
72 SEEGER assembly tools

Support Washers Shim Washers Asgembly Pliers Assembly Tools

Designation DIN 589 OIN 888

62 n 72

‘ |
“olol 4L

The characteristics and use of these rings will now be described with the aid of
examples of their application.

Oata Chanl

Group 1: Basic Types

This group comprises all flat, axially mountable SEEGER rings which are
manufactured in accordance with the SEEGER principle of the curved beam of
uniform strength and are used in grooves,

10/11 Standard SEEGER Rings DIN 471/472 (Fig. 6) for shafts and bores. These
retaining rings, referred to as SEEGER rings, are still the most universally
applicable retainers and represent 60 % of the production capacity. Aimost all
European countries have standards based on DIN 471/472 for these rings and
they are commercially available everywhere,

Fig. 6:
SEEGER rings DIN 471/472
standard type

The earlier DIN 471/472 page 1 for standard type and 471/472 page 2 for the
heavy duty type were superseded by the 1981 edition of DIN 471/472 in a single
sheet. The distinction between pages 1 and 2 thus no longer exists.

At the design stage the possibility of using SEEGER rings DIN 471/472 should
always be checked first. These rings offer the best compromise regarding
thickness and radial width. They are able to transfer great axial forces and are
suitable as shaft rings at high speeds. Only when it is clear that these common
and inexpensive parts cannot be used should the other SEEGER rings be
considered.
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According to “manufacturer’'s choice” SEEGER rings for shafts and bores can be
produced according to DIN 471/472 (Fig. 7) in a shape which is characterised by
a uniform radial space requirement at the lugs and middle section. It follows that
these rings are especially suitable for positive radial location according to
section 6.7.3. Furthermore, the maximum width is smaller and the unbalance is
lower than in the conventional design.

Fig. 7:

Permissible ring shape
for SEEGER ring

DIN 471/472

with circular contour.

Only the nominal dimensions up to and including 300 mm diameter are covered
by DIN 471/472. SEEGER manufactures these rings as standard up to 600 mm
nominal diameter. On request even larger sizes can be manufactured. As the
bigger rings are relatively narrow and the difference between the nominal
diamater d; and the diameter in an unstressed state d, is only small, rings from
650 mm nominal diameter upwards are manufactured as snap rings of uniform
section. Fig, 8 shows, as an example of application, the gearbox of a heavy duty
lathe. The numerous possibilities of application in a restricted area can clearly be
recoghised.

Fig. 8:
SEEGER rings
in the gearbox
of a lathe
(according to
a design by
Industriewerk
Schaeffler)
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12/13 SEEGER Rings in Inch Sizes. For the most common sizes %:" to 74" the
rings are manufactured in the basic type according to DIN 471/472, When using
the rings in inch sizes it must be remembered that the SEEGER ring dimensions
are in accordance with the British standard and not the American standard
measuring systems. The American rings in inch sizes always have a smaller
thickness for a given nominal diameter. In any case they are designed for deeper
grooves.

14/15 SEEGER V-Rings (Fig. 9) for shafts and bores have a uniform shoulder
concentric to the axis of the shaft or housing. Their mean radial width is
considerably smaller than the maximum radial space requirement at the eye
(dimension a) of the SEEGER rings DIN 471/472.

Fig. 9:
SEEGER V-rings

As opposed to those of the standard SEEGER ring, the recesses required to allow
circular deformation of the V-rings are on the groove side. The designation V-
rings is derived from the German word for “inversed”. This design of the V-rings
gives some advantages. They can be used in applications where the permissible
radial space requirement is less than the maximum radial width of the normal
SEEGER ring. The circular form of the circumference allows the ring to
simultaneously transmit axial foces and act as a radial guide. Radial location of
the assembled rings according to 6.7.3 is easily possible. In addition the circular
form is visually more appealing than the eccentric lug type which may be
exposed to view. The outer part of the ring has a greater contact area with
abutting surfaces than the standard ring. Components with chamfers, radiiora
corner distance abut the ring along its whole circumference. Because of their
small radial space requirement, V-rings are frequently used for locating needle
roller bearings. They also have a considerably smaller unbalance than the
SEEGER rings in group 10/11.

The fact that the recesses necessary for the circular deformation are on the
groove side has the disadvantage that the groove surface Ay is used much less
efficiently. The axial forces which can be accommodated by the groove are,
therefore, about 50 % less than with the SEEGER rings DIN 471/472. The V-rings
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are, with the exception of the smallest sizes, exchangeable against group 10/11
with regard to groove diameter and groove width.

The SEEGER V-rings from a nominal diameter 40 mm upwards have been
manufactured for some time in a slightly modified form (see Fig. 10). These not
only offer functional advantages but are easier to manufacture. Under high axial
loads, rings of the old design showed a certain tendency to jump out of the
groove at the point where the ring leaves the base of the groove at a very sharp
angle. The new-design rings seat completely at the base of the groove in the
middle of their circumference in order to then leave the base of the groove at
right angles. Since these rings with the new design are coiled rings they no
longer have a stamping fracture on the lugs and on the middle section.

N
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Fig. 10: Fig. 11: Retention of the outer ring of a
SEEGER V-rings for shaft cylindrical roller bearing with two
“new design” SEEGER V-rings

SEEGER V-rings are not generally supplied in a reinforced design with greater
thickness s.

Fig. 11 shows an application of a V-ring for retaining the outerring of acylindrical
roller bearing in a housing. Later the shaft is inserted with the inner ring and the
rollers. A normal SEEGER ring would, in this case, have too great a radial width
because of the eyes.

Fig. 12:
SEEGER K-rings
DIN 983/984
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16/17 SEEGER K-Rings DIN 983/984 (Fig. 12) for shafts and bores have several
lugs equally distributed on the circumference and are, therefore, able to retain
parts with large corner radii. The contour of the actual ring corresponds to that of
the standard SEEGER ring. The outer extremities of the lugs of the K-rings for
shafts and the inner extremities of the lugs of those for housings are concentric
with the axis of the shaft or housing. The advantage of this concentricity can be
exploited when the rings are mounted in a radially locating assembly, as in the
case of V-rings, to provide a positive protection against radial deformation {see
section 6.7.3). SEEGER K-rings are generally used for locating rolling bearings
with large corner radii. Where high axial forces are present it must be remembe-
red that the hugs and the ring can dish, i.e, snap over. Where the dishing
moments are too great, SEEGER support washers must be provided to reduce
the lever arm and to create a sharp-cornered abutment.

In these cases the K-ring is not required and a normal ring can be used.

The lugs shorten the circumference of the ring which serves towards elastic
deformation. Especially with the smaller rings under greater bending stress, this
leads to a marked reduction of elasticity. These rings are particularly sensitive to
overstressing during assembly.

SEEGER K-rings have the same thickness s and the same diameter d; in an
unstressed state as the SEEGER ringsingroup 10/11 and 14/15. As far as groove
dimensions are concerned, an exchange is, therefore, possible.

With the large K-rings for bores with a nominal diameter over 100 mm the end
lugs are manufactured as shown in Fig. 13. Because of the relatively small
diameter change of the large rings, their stiffness is not a disadvantage.

Fig. 13: SEEGER K-rings DIN 984 Fig. 14: Reduction gear
for bores over 100 mm
nominal diameter

Since March 1965 SEEGER K-rings have been standardised as “retaining rings
with lugs” according to DIN 983/984,

Fig. 14 shows the use of SEEGER K-rings for retention of ball bearings in a
reduction gear.
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18/19 Reinforced SEEGER Rings DIN 471/472 (heavy duty type, Fig. 15) for
shafts and bores have a greater thickness, and for the smaller dimensions also a
larger radial width than the standard rings in group 10/11. As is shown in section
3 the load carrying capacity of the SEEGER rings depends on the square of the
thickness s. The reinforced SEEGER rings sit in the groove with a greater radial
force and can accommodate higher axiai loads without dishing.

Fig. 15:
Reinforced
SEEGER rings
DIN 471/472
(heavy duty type)

They serve towards the transmission of high axial forces, preferably in connec-
tion with larger radii and chamfers of the abutting components,

Since March 1965 the reinforced SEEGER rings have been standardised as
retaining rings “heavy duty type”. In the standard designation the difference
between the standard type rings and the heavy duty type is only shown by
specifying the different thicknesses. Because the DIN-number is the same it is
unfortunately easy to confuse them with the standard type rings.

In the engineering data charts of the reinforced SEEGER rings a load factor B is
mentioned. It shows by how much the load carrying capacity of the reinforced
SEEGER ring is higher than that of the standard ring. In design use of reinforced
rings it must be remembered that their lug height “a” is larger than with standard
rings for manufacturing reasons. Since it is often the case that this greatly limits
their application, SEEGER makes a large part of the rings with the same small lug
height as in the standard rings. This results in certain differences between the
SEEGER engineering data chart 18/19 and DIN 471/472 (heavy duty type).

The reinforced rings for shafts with up to 40 mm nominal diameter partly have a
smaller diameter in an unstressed state d, and thus also permit a smaller groove
diameter d,, This leads to an increased load carrying capacity of the groove.
Some of these smaller shaft rings were originally produced —for manufacturing
reasons — in the so-called hook shape (see Fig. 16). However, it proved easier to
use assembly pliers for rings with assembly holes and now that hole punching
techniques for thicker materials have improved, no new tools for producing the
hook-shape will be made.
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Except in the general case of application under high axial forces, the reinforced
rings are used mainly on splined shafts. The increased groove depth is particu-
larly important as the groove area is reduced through the splined shaft profile by
more than 50 %.

Fig. 16: Reinforced SEEGER ring Fig. 17: Claw coupling (according to a
in "hooked shape” design by Industriewerk Schaeffler)

When a rolling bearing is simultaneously retained on the shaft and in the housing
with the help of SEEGER rings, the shaft ring, which is only about half the size of
the housing ring, has to accommodate the same forces as the latter. Reinforced
SEEGER rings are, therefore, primarily used on shafts. Consequently, the
greatest attention has to be paid to the shaft ring during the design stage.

DIN 471/472 “heavy duty type” includes the rings with a nominal diameter of up
to 100 mm. SEEGER-ORBIS GmbH now also manufactures reinforced rings in
the range 105+ 200 mm nominal diameter with a5 mm thickness. The load factor
is here B = 1.56.~Fig. 17 shows the use of a reinforced SEEGER ring on asplined
shaft in a coupling.

Group 2: Self-Locking SEEGER Rings

SEEGER rings of all other groups transmit the axial forces of the machine
component to be retained on the shaft or in the housing by means of their
positive location in the groove. On the other hand, the self-locking SEEGER rings
are only retained on the shaft or in the housing by their own tension. The
advantages of the self-locking SEEGER rings are:

1. No grooves to machine
2. Possibility of axial location without end play
3. Axial adjustment independent of a groove, split pin hole or similar.

These advantages must be balanced against the relatively low axial retaining
force provided by these types of rings. Furthermore the retaining forces can vary
considerably depending onthe condition and dimensions of the shaft or housing
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surfaces. Ground surfaces, hardened surfaces or surfaces with low coefficients
of friction (phosphated and oiled, lubricating zinc and cadmium coatings), all
reduce retaining forces. Experience shows that when self-locking SEEGER rings
are used, the inertia forces, which are more difficult to calculate than the readily
understandable static axial forces, are often forgotten. Many complaints read:
“No forces are acting but the ring moves®. The fact that it moves is, however,
clear proof that forces are present. Vibrations, impacts etc. result in axial
movement, especially with rings with no axial elasticity (deceleration distance
towards zero). It must also be remembered that machine components which are
not subject to inertia forces whilst in operation may well be subject to them
during transportation.

The result is that self-locking rings must be thoroughly tested before use. Where
their use is possible, there are cost advantages in large quantities, especially in
the manufacture of office equipment and light engineering products.

For the transmission of very high forces two self-locking rings may be installed
one behind the other. This Ieads to a doubling of the retaining forces.

Fig. 18: SEEGER gripring Fig. 19: Lever bearing

21 SEEGER Grip Rings (Fig. 18). While assembling SEEGER rings for shafts,
especially those in the reinforced range, it could be observed that aring fitted on
a shaft of nominal diameter can transmit relatively high axial retaining forces.
Nevertheless, in the years of practical application of SEEGER rings nobody ever
had the idea of using this property systematically. It was an important discovery
that optimally designed rings could transmit relatively high retaining forces
simply through their own adhesive friction on the shaft.

Since the retaining force of a grip-ring at a given bending stress depends on the
square of the width this will be chosen large (see calculation of the grip-rings
section 3.8). This also allows a great thickness for stamping, through which the
retaining force increases linearly. The large width naturally allows only a slight
diameter change d —d,. The grip-rings are relatively rigid. Even small deforma-
tions lead to high tension. Over-expansion during assembly must be avoided at
all costs. With careful handling grip-rings can, nevertheless, be assembled and
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disassembled many times. Due to the firm seating on the shaft, grip-rings can be
used very well as a shoulder for rotating components. Grip-rings that are used
between SEEGER rings located in grooves and rotating machine components
are ideal as support and stop washers. The pins, shafts, axles etc. should have a
tolerance of h 10, The employment of greater undersizes leads, in that case, to a
large reduction of the retaining force.

Grip-rings can be used as “sliding rings™ for an automatic brake adjustment.

Standard grip-rings are manufactured for shaft diameters from 1.5 up to 30 mm.
When there is a demand for even bigger grip-rings, reinforced SEEGER rings for
shatts can be used. In many cases, the retaining force of these elements, which
are weaker than the grip rings, is sufficient. Similarly, reinforced bore rings can
also be used as grip rings. It is not intended to manufacture standard grip-rings
for bores since their retaining forces are considerably weakerfor a given nominal
diameter than those of grip-rings for shafts. With the shaft rings, the wide shape
can be located on the outside. With the bore rings on the other hand, there is only
a limited space available on the inside. Fig. 19 shows the retention of a lever by
means of a SEEGER grip-ring in a small size motor. In operation the motor is
always vertical, so that no forces are applied to the grip-ring. If the motor is
turned upside down i.e. during transport, the grip-ring, with its fully adequate
retaining force, will prevent the lever from falling out.

Fig. 20: SEEGER triangular retainer Fig. 21: Castor

22 SEEGER Triangular Retainers (Fig. 20) represent one of the many types of
self-locking retaining elements which are characterised by the fact that elastic
lugs give way when the retainer is pushed over the shaft during assembly. Forces
working against the direction of assembly will lock the lugs. A disassembly in this
direction is not possible without destruction of the retainer. With the outer
contour of an isosceles triangle with truncated corners, the retainer has three
lugs which are reinforced by ribs. In an unstressed state the retainer has a slightly
spherical shape. In consequence if the ring is flattened during assembly, a
preloaded location will be provided.
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The retaining force of the triangular retainers does not result from a satisfactory
self-locking of the lugs on the shaft. Self-locking necessitates such a sheer
position of the lugs on the shaft that the radial forces transmitted from the lugs to
the retainer would widen the latter because of the acute triangle of forces. This
quickly results in the triangular retainer snapping over. It is, therefore, absolutely
necessary for the function that the hardened spring steel lugs dig into the
material of the shaft. For this reason the retainer is not only held in place by its
owntension. It is, therefore, of great importance for the function of the triangular
retainers that the shaft material is tess hard than the material of the retainer.
Above all, this has to be considered when retainers are used which are made
from special materials. i.e. hard-rolled sheet bronze CuSn 8 F 70. The use of
these retainers on plastic pins is especially satisfactory. The tolerances of the
shafts on which the triangular retainers are used should be h 12. Fig. 21 shows
the application of a SEEGER triangular retainer for securing the swivel pin of a
castor.

Note: SEEGER triangular retainers are not standard items, but can be manufactured on request.

)

Fig. 22: Reinforced SEEGER circuiar Fig. 23: Reinforced SEEGER circular self-
self-locking ring locking ring for retention of a roller

23 Reinforced SEEGER Circular Sel-Locking Rings (Fig. 22) for shafts from 1.5
-+ 10 mm represent a reinforced type of circular self-locking rings for shafts and
can transmit relatively high retaining forces. The latter result primarily from the
large thickness s. The thickness, on the other hand, means great stiffness and
necessitates a shaft diameter tolerance of only h 9. Furthermore, chip formation
has to be taken into account with higher axial forces during assembly and is
dependent on the hardness of the shaft material. Fig. 23 shows the application of
areinforced SEEGER circular self-locking ring on a stepped shaft for retention of
a roller.

24 SEEGER CircularSeif-Locking Rings (Fig. 24) forshafts and bores correspond
in their function and application to the SEEGER triangular retainers. They are,
however, also manufactured for bores. Contrary to elements of similar function
the circular self-locking rings have, owing to their circular form, a frequently
decisive advantage, that of a low radial space requirement, Circular self-locking
rings can also be used in grooves of low depth.

25



Fig. 24: SEEGER circular self-locking rings Fig. 25: Spherical bearing

In mechanical engineering, circular self-locking rings can, if necessary, be used
as an assembly aid for other components and later removed.

Fig. 25 shows the retention of aspherical bearing and an oil impregnated felt pad
with a SEEGER circular self-locking ring.

Group 3: SEEGER Rings for Radial Assembly

The previously described SEEGER rings as well as those still to be mentioned in
groups 4 and 5 are characterised by their assembly in an axial direction. Before
the rings slot into the groove they must be expanded over the shaft. This sort of
assembly is, however, often not possible if the shaft is very long, if it has a
shoulder or a collar with a larger diameter and, finally, if it is already mounted ina
bearing before the retaining rings are fitted. it would then be necessary to use
SEEGER rings which are pressed into the groove directly from the side (radiaily)
in the same plane as the groove. Other than this first advantage of radial
assembly, the radial types have two further decisive advantages. For assembly
and disassembly no special pliers are necessary. The pressing into the grooves
can be performed without any difficulty. A screwdriver is all that is required for
disassembly. Furthermore, all radial types, excluding the interlocking rings, are
suitable for a quick and, if required, automatic, assembly. The groove depth,
which is very limited with the axial types, can be selected relatively deep with the
radial types. Faults in the groove, i.e. especially chamfers, do not have such a
decisive effect as they do with the axial types with grooves of shallower depth.
Apart from special cases, each axial retaining ring is always assigned to only one
shaft or bore diameter. Totally different conditions are present with the radial
types. Here the groove diameter is the nominal diameter. Deviations from this
principle in the case of the retaining rings ST, crescent rings and the interlocking
rings are only introduced for reasons of uniformity. With the retaining rings DIN
6799, however, the standard has been accepted exactly and the groove diameter
is the nominal diameter. Confusion can easily occur as a result of these
seemingly illogical conditions. Careful attention is, therefore, required when the
retaining rings DIN 6799 are compared with the other radial types.
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There is always the possibility of using several sizes of radial types for one shaft
diameter according to the demands on groove depth or shoulder height. Thus it
is not possible, according to the example of calculation 2 section 4, to fit a
SEEGER ring A 14 over ashaft of 15 mm. it is always permissible, however, to use
a retaining ring RS 10 DIN 6789 on a 15 mm shaft when the groove depth of the
retaining ring RS 12 DIN 6799 is not sufficient. The shoulder height is then still
2.5 mm.

Although there are many advantages, there are naturally also disadvantages.
Whatever is gained on the groove depth is lost in connection with utilisation of
the large groove area owing to the fact that the radial types only contact at two or
three points (retaining ring ST, retaining ring DIN 6799). The crescent ring also
only utilises a2 maximum of 50% of the area. The only exception is the
interlocking ring. The large opening of the radial types ST, RS and H can easily
lead to tilting when there is little axial location. The radial types can, furthermore,
only be used on the shaft and not in bores. When a radial retainer is exposed to
stronger, radially acting inertia forces there is a danger that it will fly off,

The advantages of the radial types, particularly with regard to groove depth, are
well exploited, especially with small shaft diameters. They are used in large
quantities, preferably in light engineering and office equipment.

I

Fig. 26: SEEGER Fig. 27: SEEGER Fig. 28: SEEGER Fig. 29: Retention of a
retaining ring ST retaining ring retaining ring bowden cable
DIN 6799 DIN 6799 “New Type"

31 SEEGER Retaining Rings ST (Fig. 26) are manufactured for shaft diameters
from 3=10 mm. Because of their short arms they are relatively rigid and fit with
greater force in the groove. Like the subsequently described retaining rings DIN
6799 they form a relatively high shoulder on small shaft diameters. The inner
contour of the retaining rings ST does not allow stacking on a rectangular
magazine rod. They are, therefore, mainly only supplied loose or tape wrapped.
Fig. 21 shows an application of SEEGER retaining rings ST for retaining the axle
of a castor.

32 SEEGER Retaining Rings DIN 6799 (Fig. 27) represent the oldest and most
widely known radial type. In 1936 they were developed for office machines. This
retaining ring encloses the groove with three lugs. The lug in the middle has also
the function of limiting the movement during assembly and of preventing the
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retaining ring being opened too wide. The conventional type is shown in Fig. 27.
SEEGER has for many years manufactured the rings in the shape shown in
Fig. 28. They have the overall advantage that they have a better hold when
stacked on a magazine rod. An example of application for retaining rings DIN
6799 is shown in Fig. 29. The wire of a bowden cable is axially retained but is still
free to rotate.

N7 7
R s

Fig. 30: SEEGER crascentring Fig. 31: Rollerchain

33 SEEGER Crescent Rings (Fig. 30) differ in several properties from the
previously mentioned retaining rings ST and DIN 6799. The crescent rings are
designed to the SEEGER-principle as curved beams of uniform strength. The
recesses which are necessary for this are on the groove side. The resulting
elasticity allows a wide angle of contact for radial types. The utilisation of the
groove area Ay is relatively favourable. The shoulder height is not so inconve-
niently high as with the previously mentioned radial types. The crescent rings are
manufactured for shaft diameters from 3--55 mm, i.e. for larger diameters too.
The small and medium sized crescent rings are also supplied as stacked types for
efficient assembly. For mechanical engineering the SEEGER crescent rings
represent the most suitable radial type. They are used in large numbers for the
internal locating of needle bushes (Fig. 128, page 128). Fig. 31 shows the
application of crescent rings in a roller chain.

34 SEEGER Interlocking Rings (Fig. 32) consist of two absolutely equal con-
gruent halves which are held together by overlapping hooks positioned on their
free ends. To increase the elasticity which is required for engaging the hooks, the
ring halves have recesses in the middle on the groove side. On account of the
symmetrical construction of the interlocking ring it is the only SEEGER ring
which is balanced in the assembled state. In addition the fully closed ring looks
most appealing. The assembly is carried out by radial compression of both
halves, either by hand or with pliers,

Fig. 33:
Rotating collet

Fig. 32:
SEEGER interlocking ring
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To disassemble one half of the lock is prised sideways by means of a screwdriver.
This is an application of force which is more powerful than the forces occuring
during operation. Finally, the loosening speed of the interlocking rings is
extremely high because they clamp sach other.—In spite of these many apparent
advantages the interlocking ring has not fulfilled the expectations promised
during its development and early introduction. Why is this ring — which is
positively located in the groove —so little used? The disadvantages responsible
forthis are as follows: The halves of the ring, which are only held together by their
own tension have hardly any elasticity of the inner diameter. This means that the
groove diameter must also be kept exact. When the ring is not properly locked it
can easily come apart. An axially mounted SEEGER ring is always retained in the
groove due to its radial tension. Furthermore the assembly of the interlocking
rings often causes more difficulty than would be assumed. A SEEGER ring with
assembly holes can be held in straight or angled pliers and can be fitted in
positions which would be inaccessible by hand. The assembly of the interlocking
ring on a plain shaft is quite easy to achieve. It is, however, more difficult when
the ring has to be fitted near the component to be retained. — The interiocking
rings should always be used in the deepest possible groove. Nevertheless, the
interlocking ring has proved itself where a balanced, high speed and well
designed ring is required. Fig. 33 shows an interlocking ring in a rotating collet
where the above-mentioned properties can be well exploited.

Note: SEEGER interlocking rings are not standard items, but can be manufactured on request.

Group 4: SEEGER Rings for Compensation of End Play

With the help of flat SEEGER rings of group 1,3and 5 it is not possible to retain a
machine component without end play. According to the tolerance of the
thickness of the SEEGER rings and, for example, of the width of the roliing
bearing to be retained, and of the groove, the amount of play will be greater or
lesser. In many applications this may not be significant, but in some design cases
this cannot be permitted. Unless an expensive screw-type fastening system is
prefered, the rings described here can be used. These do not rigidly take up the
end play but do so elastically by providing an axial spring force. Before using the
ring, it is necessary to carefully check whether an axial elasticity of the assembly
is permissible. For further details on compensation of end play see section 6.6.

Fig. 34: SEEGER L-rings Fig. 35: Shaft bearing
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40/41 SEEGER L-Rings (Fig. 34) for shafts and bores, form an axially elastic
shoulder and are, therefore, able to compensate end play. The L-rings are
manufactured by bending the ring and lugs of the flat K-rings. When using L-
rings attention must be paid to the fact that the amount of play to be compen-
sated is limited, that the compensating force varies considerably within the
amount of play to be compensated and that higher axial forces have to be applied
during assembly than those which compensate the play. The spring constants C
for the calculation of the spring force of the L-rings are given in the engineering
data charts of the SEEGER Catalogue.

Apart from the general case of play-free assembly of machine components, the
SEEGER L-rings are primarily used for pressing Nilos-rings against rolling
bearings. For the calculation of SEEGER L-rings see section 8.7. - Fig. 35 shows
the application of SEEGER L-rings in connection with Nilos-rings. L-rings are
also used for retaining the end discs of multiple disc clutches; the axially elastic
rings ensure a soft engagement.

When the existing play is greater than the compensating possibility of the L-ring
(L. — u), shim rings DIN 988 and L-rings can be combined.

42/43 SEEGER W-Rings (Fig. 36) for shafts and bores largely correspond in their
function to the L-rings. They are manufactured by bending SEEGER rings DIN
471/472 about an axis at right angles to the one which halves the ring at its
opening. The W-rings compensate a substantially greater play than the L-rings
but with less spring force. The assembly is, therefore, much easier than with the
L-rings. Nevertheless, the W-ring contacts the groove wall and the retained
machine component attwo points only. Fig. 37 shows the application of SEEGER
W-rings in a cushioned roller.

Fig. 36: SEEGER W-rings
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Fig. 37: Cushioned roller
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The bowed SEEGER rings and aiso the SEEGER L-rings can be advantageously
used for the axial pre-loading of rolling bearings for the purpose of noise
reduction. They then replace an additional ball bearing compensating washer.

Note: SEEGER W-rings are not standard items, but can be manufactured on request.

44 SEEGER Retaining Ring SL (Fig. 38) for shafts have a curved shape, are
assembled radially and elastically compensate end play. For assembly and
disassembly the SL-rings are flattened so that the bent up lugs allow a lateral
displacement into or out of the groove. When the ring has slackened in the
groove its radial location in the latter is positive, thus making it suitable for high
shaft speeds. Fig. 39 shows the retention of a pin with the help of a SL-ring.
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Fig. 38: Fig. 39:
SEEGER retaining ring SL Pin retention

Group 5: Snap Rings

In section 1 the disadvantages of snap rings with constant radial width in
connection with their non-circular deformation and unsatisfactory handling
during assembly and disassembly were mentioned. The non-circular deforma-
tion is only slight and can be taken into account when the diameter change d; —
d; and the radial width b stay small. Furthermore, the first disadvantage is
without significance when the snap rings are held in the groove with the help of a
recessed component (see Fig. 41a). Assembly and disassembly of snap rings for
shafts is still possible with the help of special pliers. Snap rings for bores which
have no assembly holes are difficult to assembie and cannot be disassembled
without damage to the housing. If the SEEGER rings which have been developed
to eliminate these disadvantages cannot be used, snap rings have to be
employed and their disadvantages accepted.

50 SEEGER Snap Rings DIN 5417 (Fig. 40) for rolling bearings with groove.
Rolling bearings of varying types with an outer diameter from 30 mm upwards
can be supplied as standard with a groove in the outer ring. The dimensions of
the groove are standardised according to DIN 616 section 6. Rolling bearings of
this type are described as N-bearings. The snap rings provided for such a bearing
are standardised according to DIN 5417. DIN 5417 corresponds fo the snap rings
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Fig. 40: a Cover presses the b Comparison of the
SEEGER snap rings DIN 5417 bearing against the overall lengths
snap rings

Fig. 41: Grooved bearing with snap rings DIN 5417

i
¢ Grooved bearings arranged in pairs |

S

of 30 < 200 mm nominal diameter with ISO-recommendation R 464. DIN 5417 also
includes the rings up to 250 mm nominal diameter. SEEGER manufactures these
snap rings up to 400 mm nominal diameter in compliance with the suggestions of
the “Rolling Bearing Study Group in the German Standards Committee”.

The application of rolling bearings with groove in connection with snap rings DiN
5417 offers the following advantages (see Fig. 41a):

The housing can be drilled straight through; a collar is dispensed with, as is a
groove for a SEEGER ring which is often very difficult to cut into the housing.
This can be of decisive importance in production engineering.

Furthermore this method allows a narrower housing than would otherwise be
possible. The bearing would normally be pressed in the housing by means of an
end plate, thus retaining it free of end play in two directions. Often the installation
of the snap ring is an open one without a cover (Fig. 41 c). Lastly, attention must
be paid to the application with split housings, in which it is possible to locate the
rolling bearing in both directions with the help of one snap ring (Fig. 113).

When a rolling bearing has to be retained in two directions in a thin-walled
housing without a cover, the arrangement according to Fig. 41b above is
recommended. A thinner snap ring SB retains the snap ring DIN 5417 and hence
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the outer ring of the rolling bearing. The usual retention with two SEEGER rings
would require a considerably larger thickness of the housing (Fig. 41b below).
Snap rings DIN 5417 are mostly used in motor vehicle transmission manufacture
for the retention of grooved rolling bearings. The advantageous applications of
the rings and bearings should also be more widely utilised in general mechanical

engineering (Fig. 41¢). s
AT

AN
Fig. 42: SEEGER snap rings SW/SB /

Fig. 43: Freewheel assembly (according to a design by indu-
striewerk Schaeffler)

51/52 SEEGER Snap Rings SW/SB (Fig. 42) for shafts and bores represent the
retaining elements with the smallest radial width and are intended for applica-
tions in which SEEGER V-rings cannot be used due to their larger space
requirement. They were first developed for retaining needle cages and needle
bearings. Nowadays, however, they are also used for many other purposes, such
as for retaining sealing rings. When using snap rings SW for shafts it must be
remembered that their loosening speed is extremely low, especially forthe larger
sizes. Snap rings SW/SB with cross sectional dimensions frombxs =1.75x1.2
mm can also be manufactured from stainless steel X 12 CrNi 177, material No.
4310. Fig. 43 shows the axial retention of a needle bearing by means of one snap
ring SW and SB each.

Because of the small radial width, snap tings SW/SB can also be used
advantageously as narrow spacers. Such elements are required when using the
“Nilos-rings” manufactured by Ziller & Co., Disseldorf (see section 7.2).

The load carrying capacity figures for snap rings SW/SB do not take into account
a possible dislodging of the narrow rings from the groove.

Fig. 44. SEEGER snap rings DIN 7993 Fig. 45: Pinwith spring plate
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53/54 SEEGER Snap Rings DIN 7993 (Fig. 44) for shafts and bores are of circular
section and are only used for secondary purposes. Open assembly always
imposes the danger of the ring springing out of the groove. The snap rings are,
therefore, mostly used in such a way that they sit in a semi-circular groove and
are radially located by a machine component which has a quadrantal recess. Fig.
45 shows an example of application for the retention of a spring plate on a shaft
with the help of a snap ring DIN 7933. ’

Radial location of the assembled ring is also possible with the help of a 45°
chamfer. ~ In the case of circular-section snap rings it must be remembered that
the radial component resulting from such an assembly leads to an expansion of
the hub and a contraction of the shaft. This can only be calculated with difficulty,
Experiments are necessary befors application.

The snap rings DIN 9045 represented universal rings for shafts and bores. The
same ring with the same nominal diameter can be used both as ashaftand a bore
ring. This has the great disadvantage that the rings fit in the groove practically
without tension. Because the diameter tolerance in an unstressed state has to be
so small, it often cannot be maintained in practice. A ravision of DIN 9045 led to
DIN 7993. This standard lists separate shaft and bore snap rings which fit in a
groove with a depth t = ¥ d, with adequate tension and which can also be used
for an open installation without radial location. The dimensions of the gap are
adapted to the function and with the shaft rings lead to a Iengthening of the
circumference of the ring compared with DIN 9045. After a certain transition
period DIN 9045 will be withdrawn.

Group 6: SEEGER Support Washers and Shim Rings DIN 988 (Fig. 46)
In SEEGER ring applications it is often necessary to use washers. These are,
therefore, manufactured as SEEGER ring accessories.

)
B

Fig. 46: SEEGER support washers and shimrings Fig. 47: Bearing application
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61 SEEGER Suppont Washers DIN 988. In section 3.3 it is shown that the axial
force transmitted by a SEEGER ring is indirectly proportional to the lever arm.
Lever arms are the result of the thrust of abutting components with chamfers,
corner radii or corner distances. Where large axial forces are present in
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connection with such components the lever arms have to be reduced by placing
support washers inbetween. Because they are strongly susceptible to dishing,
the rings should be chosen with relatively large thickness sand a high strength. A
through-hardened spring steel with a hardness of HRC 44-49 is used for their
manufacture. The support washers with a thickness from 2 mm upwards have
ground surfaces.

When the machine components abutting against the support washers have large
corner radii, aslight dishing of the washers is to be expected. The resulting axial
displacement can be calculated according to section 3 equation 9. The coeffi-
cient K is calculated with equation 4. DIN 988 includes washers up to 100 X 120
mm diameter. SEEGER manufactures them up to 170 X 200 mm. Fig. 47 shows
the use of a support washer for reducing the corner distance of a ball bearing.

62 SEEGER Shim Rings. As was shown in the introduction to group 4, it is not
possible with the use of flat SEEGER rings to install a machine component
without end play. The SEEGER rings of group 4 elastically compensate the play.
Often, however, elastic compensation is not permissible. This applies above all
when the forces occurring during operation act on the elastic ring and the
resulting displacement is unacceptable. To reduce the end play, shim rings can
be placed between the component and the retaining ring. Shim rings are
available in a range of thickness which allow combination to provide any desired
gap in 0.1 mm intervalls. SEEGER also manufactures, beyond DIN 988, the
thicknesses 0.15 mm and 0.25 mm.

For the standard range of shim rings, material St 2 K 60 is used, ensuring a
minimum tensile strength of 600 N/mm?. Rings made of spring steel C 75 with a
tensile strength of 900-1000 N/mm? can be supplied on request when larger
quantities are required.

Group 7: SEEGER Assembly Pliers and Assembly Tools

SEEGER rings can only fulfil their function if they have been mounted correctly.
The rings are placed under greater stress while being mounted than when in
position. Incorrect assembling can lead to damage to the ring, the groove or
both. Section 11 shows the selection and application of pliers and assembly tools
for correct mounting.

The standard range of SEEGER rings and SEEGER ring accessories available is
so extensive that it should cover all requirements. Should, however, in excep-
tional circumstances, the required rings not be available, special design or
manufacture must be considered. Thisstepshould only be taken after consulting
with SEEGER at the earliest possible stage of development, thus often prevent-
ing awkward designs and saving cost. Some special rings are described in detail
in section 7.
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3. Calculation of the SEEGER Ring Assembly

3.1 General information

SEEGER rings were specially developed as piston pin retainers, an application in
which no high axial forces are involved. The ariginal designation “SEEGER
retainer” or “Seeger retaining ring” implied that no great demands would be
made regarding the transmission of high forces. This changed when the
retaining rings were used for other purposes. Various load experiments showed
at that time that retaining ring assemblies were, infact, capable of accommodat-
ing quite large forces. These were simple experiments under thrust conditions as
shown in Fig. 48. They were only carried out on sharp-cornered abutments. The
component abutting the SEEGER ring had aright-angled contour and was a tight
fit on the shaft or in the bore.

The question of permissible forces on radiused or chamfered parts remained
open. No precise information was given about the ioad carrying capacity in the
standard sheets or in the manufacturers’ data charts.

In 195354 the tirst scientific research on SEEGER rings was carried out at the
Technical University of Darmstadt (Pahl, G.: Examination of open rings as
retaining elements in mechanical engineering. Dissertation TU Darmstadt 1954).
This work forms the basis of the most frequently used calculations for SEEGER
ring assemblies. As these calculations became known, the rings saw a great
increase in use. The precisely calculated engineering component, the “SEEGER
ring”, was developed from the original retainer. The designation “retaining ring”
or “SEEGER retainer” is not completely accurate because the rings are able to
transmit high axial forces and do not require a secondary retainer. In any case the
designation “retainer” is well sstablished and is in continual use.

The decisive factor for the application of SEEGER rings is the axial load carrying
capacity. It cannot be expressed simply as a number. The load capacity of the
SEEGER ring assembly depends upon many variable factors, the most important
being the strength of the material in which the groove is cut, the groove area, and
the shape of the abutting mechanical component (sharp-cornered, rounded,
chamfered, corner distances). Methods of calculation have to take into account
these variable factors. The displacement occurring under high axial forces and
the permissible shaft speed are also of interest to the designer. The following
calculations are used for the SEEGER ring assembly:

3.2 Calculation of the groove load carrying capacity.

3.3 Calculation of the SEEGER ring load carrying capacity.
3.4 Calculation of the axial displacement.

3.5 Calculation of the loosening speed.

Not all these calculations are necessary for many of the applications. Calculation
of the loosening speed is only of interest for shaft rings and exclusively forthose
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which rotate at high circumferential speeds. Bore rings are not affected by
rotational speeds since they are simply pressed more firmly into the groove by
centrifugal force. The axial displacements are usually small and functionally
insignificant. With sharp-cornered abutment the ring is usually the stronger and
the groove the weaker part. One of the four calculations will often suffice.

The following calculation processes should be referred to where the SEEGER
Catalogue does not give information applicable to the particular conditions, or
where special rings are used.
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Fig. 48: Load arrangement Fig. 49: Designations a shaft ring b bore ring

3.2 Calculation of the load carrying capacity of the groove (Fig. 49)

The load carrying capacity of the groove or, more precisely, of the grooved
machine component depends on:

1. the groove area Ay = % (d2—-dy?)

2. the yield point o, of the material

3. the load factor q taking the collar fength ratio into account
4. the safety factor S.

The precondition for the application of the following equation is a wall thickness
ratio of

With bore rings the wall thickness of the housing must be at least three times as
great as the groove depth t. With shaft rings this condition only applies for hollow
shafts.

The relationship between the load factor q and the collar length ratio n/t is shown
in Fig. 50. As a rule, a collar length ratio of n/t = 3 is preferred in data charts and
standard sheets, giving g = 1.2. When the collar length ratio n/t > 5, i.e. where
grooves are not located at the end of shafts or bores, q tends towards 1. Ifa collar
length ratio n/t < 3 is selected, the load carrying capacity of the groove is
significantly reduced. If the axial force is given, the following equation can be
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ﬂ Relationship between
6 1 the load factor qand the
5 \ =N - collarfength ratio n/t
!
4 ¥ '
3 \\\
2
/ _|
Vi
=/ f
1 2 3

used to solve g and the collarlength ratio can be calculated. if the groove depth t
is given, the collar length must be determined. The load carrying capacity of the
groove is
g, - AN

Fv=—g @
The groove area Ay can be found in the data charts or can be calculated if the
groove depth deviates. The groove can only be stressed statically or dynamically
on its load side. Since with most materials the pulsating fatigue strength is very
close to the yield point, the endurance stress is calculated with the formula. If no
safety factor S is used, no safety is availabie to prevent permanent deformation
when the load is static, or to prevent fracture under fatigue stress. It must be
selected according to the design being used. Under static loads and with a collar
length ratio > 5 the safety factor is 2 + 3 against fracture. Further details
concerning the design and calculation of the groove can be found in section 6.1.

In the data charts of the SEEGER Catalogue the groove load carrying capacity is
stated for given nominal groove diameters and a yield point of 200 N/mm?,

3.3 Calculation of the load carrying capacity of the SEEGER ring

Before the present method of calculation of the SEEGER ring was used, attempts
were frequently made to calculate the ring on the basis of a shearing formula.

7 Fig.51: ’//
// Shearingofa SEEGER ring /

Fig.52:

Usual ratio of groove depth
to groove width
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When a ring is seated in a narrow, deep groove, as in Fig. 51 with a sharp-
cornered component pressing against it, there is the possibility of the ring
shearing at cross-section F. A precondition is of course that the material of the
abutting component and of the grooved component has a strength above that of
the hardened stesl of the SEEGER ring. As this precondition hardly ever exists
and the ratio of groove depth to groove width is selected as in Fig. 52, there are
practically no known cases of a SEEGER ring being destroyed by shearing. When
the ring thickness s is greater than the groove depth t, the ring surface in contact
with the groove wall is submitted to such high pressure before any shearing
takes place, that the material of the ring will stretch. The shaft ring will open and
the bore ring will contract, i.e. they will jump out of the groove.

The methods of calculation developed by SEEGER and successfully applied over
along period assume that when pressure from an abutting component is applied
to the ring, the latter will, as a result of the bending moment, be conically
deformed or, as it can also be expressed, will become dished. In order to explain
this better, Fig. 53 shows the cross-section of an exaggeratedly dished SEEGER
ring (dishing angle W) seated in the groove d, of a shaft d;. A machine
component presses with a force F against the ring. Because of the chamfer g and
the elastic deformation of the groove edge i, an efficient lever arm h comes into
effect. As a result of the dishing of the ring the abutting component displaces
axially by the amount f.

If there is a radius, chamfer or generally a corner distance, the presence of the
lever arm h is obvious. With sharp-cornered contact, the lever arm results from
the elastic and, in certain cases, also from the plastic deformation i of the groove
and of the machine component applying the pressure. When dishing occours,
stresses are created in the SEEGER ring and can, when the dishing angle
becomes too great, eventually lead to permanent conical deformation and even
to fracture of the ring.

If the SEEGER ring is regarded as an axially elastic element, it follows that
Fo = C-f ®

The spring constant C of the SEEGER ring with a mean width b, is calculated as

n-E-g? 2 b,
where b, = b - z;y = d; for shaft rings and y = d, — 2 b, for bore rings. For

support washers use b, = 1/2 (D — d); y = d (D = outer diameter; d = inner
diameter).

Applying the constant value for the individual ring

n-E-§ 2 b,
—s—ln<1+T>—K @
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it follows that C= % ®

The lever arm h is independent of the ring and can vary with any application.
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Fig.53: Dished SEEGER ring Permissible dishing angle for SEEGER rings

According to Fig. 53, the following is valid for small dishing angles W

Y= ®
With the introduction of safety S, the equations @ /® / ® result in:
WK
fe=ts @

The coefficient K is given in the data charts for all SEEGER rings made of spring
steel. When using rings made of materials with a different modulus of elasticity
E’, the calculation value K must be corrected to

K =K ﬁ.o—o . This applies in particular to the following materials:
Cold-rolled tin bronze CuSn 8 F 70 E’ = 115000 N/mm?
Beryllium bronze CuBe 2 E’ = 132000 N/mm?
Hard-rolled brass CuZn 37 F 62 E' = 112000 N/mm?

I

Light alloy AlZnMgCu E' 72000 N/mm?

The maximum permissible dishing angles W for the SEEGER rings in data charts
10/41, 12A18, 14/15, 16/17, 40/41, 42/43, can be obtained from the diagram
Fig. 53 a. With small and medium rings up to 82 mm nominal diameter the dishing
angle is limited by the stresses which result. For functional reasons, a dishing
angle of more than 15" is not permissible in the case of larger rings. With smaller,
rigid rings of relatively great thickness s and width b, even small dishing angles
lead to high tension. With relatively narrow and thin large rings on the other
hand, dishing angles of more than 15° are permissible. For the snap rings in data
charts 50 and 51/52 W, = 0,25, ist to be used for all calculations.
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The coefficient K is proportional to the cube of tha ring thickness s. The dishing
angle W is inversely proportional to the tickness s. The load carrying capacity of
the SEEGER ring Fy is proportional to the square of thickness s. The following is
valid for rings of special thicknass sy

s2q
Frsa = Fg s2

2
For reinforced SEEGER rings DIN 471/472 the ratio SS‘Z" is given in the

data charts as the load factor B. Equation () calculates the fatigue resistance
with the assumption that the ring transmits the forces in one direction. This
assumption is almost always valid. If, however, the ring is stressed in both
directions alternately, as in Fig. 77, the load carrying capacity will be reduced
by 30 %.

When inertia forces have to be accommodated, the resulting force must be either
calculated orestimated. This is not normally simple. Because of the rigidity of the
SEEGER ring (small axial displacement) very high forces are often produced,
even at low inertia values. There is no safety against plastic deformation during
static loading or against fracture during fatigue stress, Suitable safety factors
must be applied according to the respective designs. A precondition for the
applicability of equations @ and @ for the calculation of the ring and groove
respectively is that the axial force is spread equally overthe whole circumference
of the ring and groove. This is not the case when misalignment or incorrect
guidance cause the component in contact with the SEEGER ring to wobble. An
example of this is to be found in motor vehicle gearboxes in which helically-
toothed gears or synchromesh assemblies are fitted with SEEGER rings. Fig. 54
shows the conditions of a gear mounted on a splined shaft. As a result of short
axial guidance 1 and radial play, the gear c can wobble. With every revolution the

Fig.54: SEEGERring onasplined shaft

> e
N————7 |

A) splined shaftwith heli- B) SEEGERringshowing C) splined shaft with wear

calspurgear wear caused by wobble caused by wobble
a. splined shaft a. SEEGERring a, splinedshaft
b. SEEGERring b. wear b. deformationontheside
c. helicalspurgear of the groove
F,. axial force ¢. angleotinclination
d. shaftdiameter
I. length
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force travels around the ring, which dishes in one area only and hence all the
more violently. The ring suffers fatigue and can fracture. Wear on the ring b
caused by wobble is shown in Fig. 54 b. The side of the groove shows a
deformation basin Fig. 54 c. The latter complicates the dismantling of the gearc.
The question arises of how o eliminate these difficulties. In isolated cases some
help is provided by installing reinforced rings (SEEGER rings DIN 471 “heavy
duty type”) in deeper grooves. Often the main cause, i.e. the wobble of the
abutting component, has to be prevented. This can be achieved by avoiding
radial play, e.g. by using an interference fit for the gear or by increasing the
relative length I/d. With this kind of design the ring and groove always require a
larger safety factor.

When calculating the effective lever arm, two distinct types of application must
be considered:

1. Sharp-cornered abutment 2. Abutment faces with chamfer,
faces with very little chamfer, radius or corner distance.
radius or corner distance.

Fig.55:
Sharp-cornered abutment faces

Fig.56:

Abutment faces
with radius or corner
distance g

h=0.3+0.002d, h=0.05+g
dy = 150 mm — h = 0.6 = const.

If the lever arm calculated according to 2. is smaller than that of sharp-cornered
abutment faces, the latter will always apply.

Experience has shown that with large lever arms there is good conformity
between the calculated and the measured dishing angle and lever arm. With a
sharp-cornered abutment, however, there are often variations which only tend to
increase safety.

The older information on calculations recommended a separate treatment of
lever arms for chamfers and radii. Since differences could only have an effect at
greater dishing angles, the calculation has now been simplified and only makesa
distinction between sharp-cornered abutments and abutments with chamfer,
radii or corner distance. In the new data charts of the SEEGER Catalogue the
load carrying capacity of the SEEGER ring is given for
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1. Sharp-cornered abutment faces (Fg)
2. Chamfered or radiused abutment faces (Fpg).

3.4 Calculation of axial displacement

The dishing of a SEEGER ring subjected to pressure from an abutting compo-
nent causes an axial displacement f as in Fig. 53. The displacement is usually
small and has no functional significance. But there are also designs in which the
amount of disptacement caused by load is of interest.

When the displacement is too great, steps must be taken to reduce it. The
calculation of displacement f is performed with the help of equations @) and ():
F K

C =—

=< h

The two equations give

In addition to this theoretical displacement, which does not account for any
deformation of the groove edge or of the abutting component, there is a so-
called initial displacement V. It lies between 0.02 mm and 0.05 mm and accounts
for the displacement occurring until all abutting surfaces are in full contact. Only
small forces are required to overcome this initial displacement which occours in
more or [ess all assemblies not in a preloaded state. it follows that

. h2
f=FKh +V (mm) ®

Calculation of the deformation of the groove edge and the abutting component s
almost impossible. With smalllever armsin which the theoretical displacement is
small and for which the exact dishing angle cannot be determined, the results of
the calculation are unreliable. On the other hand, with large lever arms, the
deformation of the groove and abutting component hardly has any effect as the
axial force is so smal! and the calculated values correspond well with those
obtained expearimentally.

When it appears that with the given force F displacement is too high, either the
quadratically effective lever arm h must be reduced by using asupport washer, or
the coefficient K has to be increased by using a reinforced SEEGER ring.

Where high axial forces are acting in conjunction with large corner distances,
the displacement resulting from dishing of the support washer must be
taken into account. The value K of the support washer can be calculated with
equation @).

Where axially elastic SEEGER L-rings are in use, it is of interest for the designer
to know with what force the play will be compensated. The spring constants of
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the L-rings are, therefore, designated as C in the data charts. This can easily be
calculated by using equation (). For SEEGER L-rings for shafts, the lever arm
should be calculated to h = a and for SEEGER L-rings for boresto h = a - t.

3.5 Calculation of the loosening speed ot SEEGER rings for shafts

At high speeds there is a danger that centrifugal force will cause a SEEGER ring
of any type to loose its seating in the groove base and to ultimately fly off the shaft
in a radial direction. Application of the SEEGER ring for shafts is limited by the
rotational speed at which the groove seating is lost. Since experience shows that
this limit is frequently overlooked it cannot be emphasised too strongly that the
loosening speed has to be precisely calculated or, at least, estimated. Many
serious complaints resuit from shaft rings flying off and damaging the housing.
The only remedy then is a costly redesign. Large and narrow rings are particu-
larly affected by shaft speed, especially the snap rings SW. The SEEGER
Catalogue data charts give the loosening speeds for all standard shaft rings
made of “spring steel” for the respective nominal diameter of the groove. A
mathematical check of the loosening speed is, however, frequently necessary.

The loosening speed niq (r.p.m) can be defined as the speed at which the tension
of the SEEGER ring at any given point on the base of the groove is equalised by
the centrifugal force and the ring begins to unseat itself. If the function of the
SEEGER ring assembly is to be maintained, the loosening speed must not be
exceeded. The SEEGER ring can, however, anly be expected to fly off after the
loosening speed has been exceeded by at least 50 %.

A rough estimate of the loosening speeds of SEEGER rings DIN471 “regular and
heavy duty types” (groups 10, 12, 18) is provided by Fig. 57. The values of
SEEGER K-rings, V-rings and L-rings are 5% lower. It is clear that the smaller
rings have loosening speeds which are seldom exploited to the full extent. The
loosening speeds decrease rapidly, however, as the ring size increases.

105
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4
z \ t
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103 [ Fig.57:
0 20 40 60 89 100 126 140 166 mm 200 L oosening speeds of SEEGER
shait diameter d, rings forshafts
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The SEEGER ring A 140 x 4 is already below the level of 3000 r.p.m. If the
operating speed is close to the curve, an exact calculation is necessary. The
calculation of the loosening speed can be carried out with the following equation
valid for all axially assembled SEEGER rings, including snap rings made of a
material with 2 modulus of elasticity of 210000 N/mm? and a specific weight of
7,85 g/cm?®, i.e. carbon spring steel and, for a close approximation, stainless
steel. Inthe case of SEEGER V-, K-and L-rings the result must be reduced by 5 %.

37200000 b— [ d;—d,
Mo = (g, 1 by |/ g, +p (Pm) ®

For exact calculations, the effective dimensions of the ring {(d; and b) and of the
groove (dj) should be applied. Diameter d; should be measured after expanding
the ring to the shaft diameterd,, in orderto eliminate the effect of fitting stresses.
When using SEEGER rings made of materials with a different modulus of
elasticity and specific weight to those of spring steel, the results of equation @
are to be multiplied by the following values for N:

Cold-rolled tin bronze CuSn 8 N =072
Hardened beryllium bronze CuBe 2 N = 0.75
Light alloy AIZnMgCu N = 0.98
Brass CuZn 37 N = 0.70

SEEGER grip rings cannot be used up to the given theoretical loosening speed
as their retaining force will be drastically reduced. The values shown in the data
charts for these rings are given with approximately % reduction of the theoretical
loosening speed. When calculating loosening speeds of grip rings d; should be
used instead of d; in equation (3.

The calculation of the loosening speeds of the radial types in the range ST, DIN
6799 and H can be carried out after determining the weight force G (N), the
distance of the centre of gravity from the axis r (mm) and the radial extraction

force F, (N).
F.
Nisg = 80O P (r.p.m.)

The radial extraction force F, and the distance of the centre of gravity r can best
be determined experimentally. A spring balance will help in measuring the
extraction force F,. The centre of gravity can be determined by balancing on a
knife edge.

The loosening speeds for radial types given in the Catalogue were determined
experimentally on a speed-testing machine and have a safety factor of 1.5against
radial fly-off.

The necessary measures for the application of SEEGER rings at high shaft
speeds are given in section 6.5.
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3.6 Calculation of the retaining force of SEEGER grip rings

Retaining forces H of the standard grip rings are given in the data charts and have
been derived from the results of toad tests. The grip rings cover a range of
1.5+ 30 mm shaft diameter. As there is aregular demand for grip rings for larger
shaft diameters and bores, the method of calculating the retaining forces is of
interast to the designer in such cases.

|
-

Fig.58:
Symbols for SEEGER grip rings

By applying equation (), page 62, for the calculation of ring opening forces and
considering the tension forces of the grip ring to be the joint effect of the two
forces F, as shown in Fig. 58, the following result will be reached.

H=2-u-F
The forces F act on a lever arm of % (d; + b). Equation @ then becomes
F _ Gb ' bE -8
"~ 8% (d; + b)
2. [T G b2. g
H =-——
3(dy + b) (N) ®

The bending stress o, is calculated according to equation @.
Values exceeding 1800 N/mm? must not be used.

It is clear from equation @ that for a given tension the retaining force depends on
the square of the radial width b. Stamping a large width b also allows a greater
thickness s. According to page 59, equation @), a large width b dictates a small
difference d; — ds and hence a strong dependency on the tolerance of the
nominal diameter d,. ifagrip ring for 12 mm shaft diameter has adiameterofd; =
11.6 mm in an unstressed state, which means a value of d, ~ d; of 0.4 mm, this
ring willaccommodate only half as muchforce onan 11.8 mmdiameterpinason
a12 mmone.ltis clearthatthe tolerance of d,imposes distinct limits on too great
a width b. For grip rings for bores, the increased bending stress allows only a
considerably smaller width and hence lower retaining forces.
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The friction coefficient p has a decisive influence. If the rings are used on steel
pins with a surface such as is normally present on drawn material, a value of y =
0.2 can be expected. It must not be forgotten that the bending stress is
proportional to the modulus of elasticity. With bronze grip rings, for example, the
retaining force is reduced by 115000/210000 = 0.55. The lubricating effect of
galvanised coatings, which adversely affect the retaining force, has already been
pointed out in the description of the self-locking rings in section 2.

3.7 Calculation of the end play compensation of SEEGER L- and SEEGER
W-rings.

L- and W-rings are able to compensate a limited end play as a result of their
conical or convex shape. With these rings it is necessary to check whether the
maximum play resulting from the tolerances of the components to be retained,
and from the SEEGER rings and the groove, can be compensated and whether
the pressing force is sufficiently great. The tolerances must be prescribed
according to the respective compensation possibilities of the rings.

Fig.59: s
SEEGER L-ring for retaining S sk Yy W
pers aball bearing 77 ’/ /)
% // / /
7 1.2 —
T Tha
; Fig. 60: . / // 7
; / 7 SEEGER W-fing for retaining , e
s two machine components Tl

3.7.1 Calculation of the end play compensation

Seeger L-rings: The calculation is explained according to Fig. 59 with the
retention of a ball bearing which is sealed by means of a Nilos ring. The
chamfered washer must be provided so that the L-ring does not press againstthe
angular part of the Nilos ring. The dimension u introduced into the calculation,
considers the fact that the L-ring cannot be completely fiattened for reasons of
assembly. The precondition for using L-rings is that the maximum play resuiting
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from the tolerances A of the individual parts and of the groove is less than
dimension L reduced by u.

ZA<L-u
Fig. 59 shows that

8min = Dmay + Symax + Somax T U T Spax

Amax Amin + Aa

]
I max. preload
|

max = bmin + S1min + Somin + L+ Smin

- min. load
Amin = 8may — Aa f pre

SEEGER-W-rings: The precondition for using these rings is here:
IASW,—W,
Fig. 60 shows that

b1max + meax + w1
an, t+ Aa

A
min max. preload

amax

Qmnax = b1m|n + bomin + W,

= min. prelo
Qmin = Bmax — Aa P ad

————

3.7.2 Calculation of the pressing force

SEEGER-L-rings: The force with which the Seeger L-ring compensates the end
play can be obtained from the data charts showing the spring constant C. The
values for C are valid for "spring steel” and are proportional to the modulus of
elasticity

FL=Cf
frax = L—=U; fqin = L= (ZA + u) (mm)

The axial displacement f lies between zero (unstressed state) and L-u (maximum
preload). When a certain minimum preload is required the possible end play
compensation L ~ u may not be completely exploited. For convenience of
assembly it may also be required to increase dimension u. This also leads to a
reduction in the end play compensation.

SEEGER W-rings: It is not possible here to calculate the pressing force by
guoting the spring constants, since the spring characteristic is not finear but
progressive. The data charts give pressing forces F; at W, and F,at W,. These are
valid for "spring steel” and are proportional to the modulus of elasticity of the
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ring material. The intermediate values should be interpolated bearing in mindthe
rate of ring progression. When using SEEGER W-rings ap;, must first be
established in order to achieve the optimum preload.

The procedure for calculating the load carrying capacity of the grooved compo-
nent and of SEEGER L-rings and W-rings in the flattened state is the same as that
for flat SEEGER rings.

3.8 Examples of calculation

Under normal conditions, the values given in the data charts of the SEEGER
Catalogue make a calculation unnecessary. Consequently only those problems
are shown which cannot be resolved with the help of the Catalogue alone. Only
the first example shows how the values stated in the Catalogue were calcutated
for standard applications.

Fig.61: AS 25%2
SEEGERring A70with — 42)

sharp-cornered abutment face
) ) ___7000M
. Chamfer
Fig.62: ( I~ 1x45°

SEEGERring A25with gl
chamfered abutment face

Example 1:
SEEGER ring A 70 under conditions of sharp-cornered abutment, Fig. 61

a) Load carrying capacity of the groove:
Yield point of the shaft material: o, = 200 N/mm?; groove area according to
the Catalogue chart 10 Ay, = 323 mm?; |oad factor q at a collar length ratio
n/t =3is 1.2

o, - Ay _ 200323 53800
g-S 12§ S

b) Load carrying capacity of SEEGER ring A 70:
Calculation value K according to Catalogue: 241000 N mm; dishing angle W
from the diagram Fig. 54 = 0.245; lever arm for sharp-cornered abutment is
calculated according to the equation on page 42toh = 0.3 + 0.002-d; = 0.3

+0.002 - 70 = 0.44 mm.
W-K _ 0245241000 _ 134200

- K
h-8§ 0.44-S S

FN=

FR=
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c)

d)

Axial displacement: An axial force of 40000 N is assumed.
_F-.h? V= 40000 - 0.442
K ~ 241000

Loosening speed:
Groove diameter d, = 67 mm; diameter d; = 65.5 mm; width b = 6.6 mm.

I 37200000 b d, —dj _ 37200000 - 6.6 67 — 65.5
59 " (d, + b)? d;+b (67 +6.6) 855 + 6.6

= 6500 r.p.m.

f + (0.02 + 0.05) = 0.05 + 0.08 mm

Exampie 2:

SEEGER ring A 25 retaining a machine componentwith achamferg =1 mmand
subjected to an axial force of 7000 N. Firstly, the normal ring must be checked
(Fig. 62).

a)

b)

c)

50

Load carrying capacity of the groove:
The yield point of the shaft material o, = 270 N/mm?; safety factor S =1.5. The
SEEGER Catalogue shows for the ring A 25 at o, = 200 N/mm? avalue of Fy, =
7000 N. With o, = 270 N/mm2 and S = 1.5 it follows that:

270 - 1 . .
Fy = 7000 200 15 =6300 N. The load carrying capacity of a standard
groove is inadequate.

Load carrying capacity ot SEEGER ring A 25:

According to the SEEGER Catalogue the figure without safety factor for a
lever arm g = 1.5 is Fpy = 3700 N. With the axisting chamfer g = 1.0 mm and
the safety factor S=1.5theresultis

, 15-1
Frg = 3700ﬁ- 3700N.
The load carrying capacity of the standard rings is also inadequate, A

stronger ring AS 25 x 2 in a deeper groove should, therefore, be used.

Load carrying capacity of a deeper groove:

The lowest possible groove diameter results from the highest permissible
inner diameter of the ring in an unstressed state dyney. in this instance
23.21 mm. Groove diameter d, = 23.5.5; mm. Calculation of the groove area:

Ay = -‘-:— d2-d? = % (252~ 23.5%) = 57 mm2,
The collar length should be as small as possible. Equation @) is solved for the
value g at a given axial force:

o, Ay 27057
= - = 1.47.
9=F."8 " 700015




From the diagram Fig. 50, page 38 it can be seenthat when g = 1.47,the collar
length ratio n/t = 2.5, and that for a groove deptht = % (d; ~d,) = 0.75,n =
1.9. The deeper groove can accommodate an axial force of 7000 N.

d) Load carrying capacity of the reinforced SEEGER ring AS 25 x 2:
In the SEEGER Catalogue data chart 18, a load carrying capacity Fgy = 10300
N is given for chamfer g = 1.5 mm. For the existing chamfer 1 mm and safety
factor S = 1.5

1,51

1-15

The reinforced ring can accommodate the axial force.

F'rg = 10300 = 10300 N.

e) Axial displacement:
To begin with, the calculation value Kg4 of the reinforced ring shotild be
determined. The calculation value of a standard ring taken from data chart 10
is K= 33400 N - mm.

san 23 . . F * h2
Ksg = K—30= 33400~ = 155000 N - mm; f =+ V =
7 - 1,052

f) Loosening speed:
N 37200000 - b d;~d; _ 37200000 - 3.4— [ 23.5 - 23
T (d, + b)? dy+b (235 + 3.4)2 —V 23 + 3.4

= 24100 r.p.m.

Example 3:

SEEGER ring A 80 made of bronze CuSn 8 and subject to an axial force of 45000
N. The component to be retained has a chamfer g = 0,3 mm (Fig. 63).

a) Load carrying capacity of the groove:
The shaft material, i.e. free cutting steel 22 S 20, has a yield point o,' = 250 N/
mm?2, The safety factor S = 1.5. From the SEEGER Catalogue data chart 10,
when o, = 200 N/mm?2 then Fy = 71600 N.
. . e A 25
For o, = 250 N/mm? it follows that: Fy = Fy 5.5 71 600———20. 5
= 59500 N.

b) Load carrying capacity of the SEEGER ring A 80, material CuSn 8:
According to the equation on page 42 the calculation for a chamfer
g = 0.3 mm, gives alever arm h = g + 0.05 = 0.3 + 0.05 = 0.35 mm. With a
sharp-cornered abutment h = 0.3 + 0.002 - d; = 0.3 + 0.002 - 80 = 0.46 mm
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would be valid. Where the calculated lever arm for sharp-cornered abutment
is larger than that for a chamfer, a radius or a corner distance, the larger
figure is valid. In the SEEGER Catalogue data chart 10 the load carrying
capacity of the spring steel ring with sharp-cornered abutnemt is
Fq = 128400 N. For the bronze ring having a modulus of elasticity of 115000
N/mm? and the safety factor S = 1.5 follows

115000 - 1

c) Axial displacement:
The calculation value K for the spring steel ring must be converted to
115000

F. R 45000 - 0.462 _ ‘
f= K + V = ~ 130000 + (0.02 = 0.05) = 0.09 = 0.12 mm.

d) Loosening speed:
The SEEGER Catalogue data chart 10 gives a value of Nj5g = 6100 r.p.m. for
the spring steel ring. This value must be muitiplied by 0.72 according to
section 3.5 on page 45 for CuSn 8: nj;; = 4400 r.p.m,

f—
— 4
AB0CuSnE A
7 Fig. 64: 7 7
SEEGER L-ring L 52
used forretaining a ball bearing j
ez |t
L 45000/

Fig.63:

SEEGER ring A80
Material CuSn8
chamfered abutment face

24

Sy

Example 4: Increasing the loosening speed.

A SEEGER ring A210 is to be used at a maximum speed of 2000 r.p.m. According
tothe SEEGER Catalogue data chart 10, the loosening speed is only 1835 r.p.m. A
recess as shown in Fig103 aon page 114 is not possible. Producing a special ring
with a greater width is out of the question for reasons of cost. Where there is a
small difference between the loosening speed and the operating speed, the
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simplest solution is to use a smaller ring in the groove of the ring A 210 and to
increase the loosening speed by increasing the tension (d, — dj).

Checking ring A 205: Firstly it must determined whether the bending stress
resulting from the greater expansion is within permissible limits. )
Diameter d, of ring A 205 = 193 mm; b = 14 mm. Equation @ on page 59 gives:

o = (dy—ds)-E-b B (210 - 193) 210000 - 14
B (d, + 0.75b) (d; + 0.75b) (193 + 0.75 - 14) (210 + 0.75 - 14)
= 1120 N/mm?2.

With a minimum ring hardness of HV = 390 kg/mm? corresponding to a tensile
strength of 1255 N/mm? (see SEEGER Catalogue appendix page 67) this bending
stress is permissible. Calculating the loosening speed of ring A 205 withd, = 193
mm in the groove of ring A 210 with d, = 204 mm.

3720000 b d,~ds _ 37200000 - 14— [ 204 — 193
Mo = (4, + b)? dy+ b (204 + 14)? 193 + 14

= 2500 r.p.m.

Example 5:

Application of a SEEGER L-ring for retaining a deep groove ball bearing without
end play as in Fig. 64.

a) Determining whether the L-ring is able to compensate the maximum and

play.

Bearing 6205 width b = 154, A =012 mm
Support washer 42 x 52 x 2.5 gs. A = 0.05 mm
SEEGER L-ring JL 52 x 2s. A = 0.06 mm
Tolerance for groove dimension a: A =015mm

ZA = 0.38 mm

According to section3.7. ZA< L —u s valid for the L-rings. The proposed ring
JL52 x2hasadimensionL=0.65mmandavalueu =0.1mm.XA<0.65-0.1;
0.38 < 0.55 i.e. the application is possible.

b) Dimensioning: According to section 3.7: agin = Prax + Simax + Smax + U
Bnn=15+25+2+ 01 =198 mMm; a5, = 8min + A a = 19.6 + 0.15
8max = 19.756 mm,

¢) Determining the preload: The spring constant of the ring is
C = 2570 N/mm. According to section 3.7; Fa = C . froax = C (L - U)
Frnax = 2570 (0.65 - 0.1) = 1410 N. F;p, = C . fy, = C (L~ (A + u))
Frin = 2570 (0.65 — (0.38 + 0.1) = 436 N.

Example 6:
Retention of a deep groove ball bearing 6008 on a shaft with a bowed SEEGER
ring AW 40 (Fig. 65).
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a) Determining whether the ring is able to compensate the maximum end

play:
Bearing 6008 width b = 15, 5. A =012 mm
Tolerance for groove dimension a: A = 0.20 mm

ZA = 0.32 mm

According to section 3.7: ZA<W, - W, is valid. The SEEGER Catalogue data
chart 42 gives the values W, and W,. ZA=33-2.1=1.2mm. 0.32 < 1,2, i.e. the
application is possible.

b) Dimensioning:
amin = Dpgy + W1 =15+ 21 =171 mm,
Bmax = Bmin + A2 =171 +02=17.3 mm.

:‘ba:'ih‘ Fig.65:
~ SEEGERring AW 40
for retaining aball

bearing

Fig. 66:

Application of a reinforced
SEEGERringJS30x1.5asa
gripringfarbores

Example 7:

Calculation of the retaining force of a SEEGER grip ring G 6:
dy=60mm;d; =57 mm;b=24mm;s=10mm.
Calculation of the bending stress (equation @ on page 59):

o= (di—dg) E-b B (6 —5.7) 210000 - 2.4
P (d+075-b) (dy + 0.75 b) (6 + 0.75-2.4) (5.7 + 0.75 - 2.4)
= 2580 N/mm?2,

As this stress is well overthaelastic limit, avalue of only 1850 N/mm?2 will be used

in the following equation.

Calculation of the retaining force (equation (@):

2-p-0y-b?2-s 2-0.2-1850-2.42-1
3(dy + b) 3(6+24)

In the SEEGER Catalogue a value of 170 N is given.

H= = 169 N.

54



Example 8:

A gripring is required for a bore of d; = 30 mm @. It is not available from standard
production. The possibility of using a reinforced SEEGER ring JS 30 x 1.5 has,
therefore, to be checked (Fig. 66).

Calculation of the bending stress (equation @ on page 59):
d; =321 mm; b= 33mm.

o - (ds—dy)-E-b _ (32.1-30.0) - 210000 - 3.3
b~ (d;=0.7-b) (dz—07-b)  (30.0-0.7-3.3) (32.1 - 0.7 - 3.3)
= 1770 N/mm2.

Calculation of the retaining force (equation @@):

Equation (9, which is only valid for shaft rings, must be convarted when used for
bore rings. In place of the lever arm ¥ (d; + b), a lever arm % (d; — b) must be
applied.

_2'u-o,-byrs  2:02:1770-3.3%2: 1.5
~3{dy~-b) 3(300-3.3)
It is clear from this example that rings which are not designed specifically as grip

rings exert only a low retaining force. This is particularly true in the case of bors
rings.

H = 144 N.

Example 9:

Calculation of the axial disptacement due to the dishing of a SEEGER support
washer SS 70 x 90 x 3.5 loaded by a deep groove ball bearing 6414 with corner
distance g = 5.2 mm. A dishing of SEEGER ring A 70 is not taken into account
because of the sharpcornered abutment. Axial force F = 10kN.

a) Calculation of the coefficient K of the support washer (sguation @).
Thickness s = 3.5 mm; radial width b, = %4 (90 ~ 70) = 10 mm; y = 70 mm);
Lever h = 0.05 4+ g = 0.06 + 5.2 = 5.25 mm.

. .3 53 .
(T 210-358° (1 210

b) Axial displacement (equation (®):
_F:n? o, 10528
T K ~ 1183

With abnormally large lever arms, displacement transmitted through the support
washer must also to bs taken into account.

f + (0.02 + 0.05) = 0.25 + 0.28 mm.
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4. Dimensioning of SEEGER Rings

Calculations for the retaining ring assembly with the help of information made
available by the manufacturer is the responsibility of the user except in special
cases. This concerns the calculation of the load carrying capacity of groove and
ring, the permissible shaft speeds and the axial displacement. The design of the
ring however, i.e. the establishment of its major dimensions, such as the
unstressed diameter d; and the radial width b which in turn depend on the
nominal diameter d; and the groove diameter d, (Fig. 67), is normally the
responsibility of the manufacturer. It should be pointed out, therefore, that in
cases where the user has a design problem concerning the retaining rings which
he cannot resolve himself, the problem should be presented to SEEGER-ORBIS
at the earliest possible stage in development.
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Fig. 87: Retaining ring for shafts (left) and retaining ring for bores (right)

For the designer using standard or catalogue rings on shafts or in bores with
nominal diameters a calculation is not usually necessary. For special applica-
tions of normal rings, however, and particularly for the design of special rings,
the calculation is of paramount importance. Above all, any designer dealing with
SEEGER rings in greater detail should be completely familiar with the relation-
ship between stress, width and deformation. Unfortunately, practice shows that
this is not usually the case. As a result, rings are repeatedly requested which do
not function correctly, the width b ordeformation d;~d; being too great because
the bending stresses greatly exceed the permissibie values. This results in ring
fractures, severe permanent deformation or bad seating with undesirable
stresses in the groove.

The designer's main demand on the SEEGER ring is the greatest possible
transmission of axial forces from the retained component to the groove of the
shaft or the housing. As explained in section 3 the SEEGER ring must have as
great a thickness s and width b as possible and a substantial groove depth t
(Fig. 67) in order to fulfil these demands. Since the ring must grip inthe groove d,
the diameter dj of the ring in an unstressed state is smaller (shaft rings) or bigger
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(bore rings) than the diameter of the groove d,. For assembly, the diameter of the
ring d; must be expanded or contracted until it can be fitted over the shaft orinto
the bore of diameter d,. The flexing of the ring should, at the same time, be as
elastic as possible. The bending stress g, resulting from the change of the
diameter hasto be calculated. The following equation is valid for the deformation
of a straight beam with the cross-sectional height b to a neutral radius of
curvature r:

1 M
R EI
W:b M .
By substituting | = —5 Wb = 0y and 2 R = D the result will be
E-b
oy = £ 2 ®

D
The following two examples will show the apptication of this calculation:

Example 1:

Strip material has to be coiled without permanent deformation so that it can be
uncoiled in a straight line. The thickness of the material is b = 0.6 mm, the
modulus of elasticity is E = 210000 N/mm? and the yield stress og = 450 N/mm?2,
The minimum diameter of the coil D is required.

E-b 210000-0.6

= 280 mm
o/ 450 8

D=

The minimum diameter of the coil must be 280 mm.

Example 2:

The bending stress which occurs when flattening the corrugated spring washer
A 10 DIN 137 (Fig. 68) is required. The radius of curvature has been calculated at
14.2 mm.

E-b _210000-0.8
2-R~  2-142

Compared with the yield point of the tempered spring steel of 1400 N/mm?, this
stress is so high that it must result in severe permanent deformation when the
washer is totally flattened. As also stated in DIN 137, the overall height must only
return to a minimum of 2 mm subsequent to flattening; a permanent deformation
is, therefore, tolerated. ! 18

Op = = 5920 N/mm?

Fig.68: Corrugated Spring i
washer A10DIN 137 {
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Both examples clearly show that relatively little deformation will lead to high
bending stresses.

If an already curved beam (Fig. 69), i.e. a ring with a neutral radius of curvature
Ra, is deformed to a radius R, the following equation (i) already mentioned in
section 1 will provide a very close approximation:

1 1 My

———— =
Ra Ry T E-| @
Using the normal SEEGER ring designation for neutral radii
Ry = Y% Dy
H1 = ‘/2 D1
the result is:
2 2 My
—_—— — i —_—
D3 D, E!

Further inferences can be drawn, on the Isft for shaft rings and on the right for
bore rings. Fig. 69 shows SEEGER rings for shafts and bores with main
dimensions.

Borering
2 2 M J 2 2 M
D; D, El Dy D,  EI
M
Substituting 1= 2b and Wh = 0y the resuit will be
1 1 G ‘ 1 1 Ch
D, Ds E-b Ds Dy E-b
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shaft rings bore rings
D;—-Dj)E:-b Dy~-Dy)E-b
( 1 3) Op = ( 3 1) @
Dy - Dy Dy - D
The size of the neutral diameter depends on the eccentricity z. The correct

choice is an essential criterion for the use of the equation. It is not possible to
give a constant value z for every type and size of ring.

Ub-_—-

Fig. 69 shows that

D3=d3+«g—+-——-—b—222 D3=d3—~;~——-—-——b_222
Dy=d; +b—-2z Dy=dy—(b-2)
Di=d; +b—z Dy =d-(b-2)
After substituting the mean value for the eccentricity:
z=025-b | z=03-b
the result will be
Dy=d; +0.75b Dy=dy-0.7b
D,=d, +075b Dy=d;{~07b

(If the eccentricity z is not known, the equation is
Dy =% (d; + dg) and Dy = Dg £ A d.)
Applied the equation @ these values give the result:
o = (dy—dg) E- b ‘ o, = (ds—d) E-b
{dy +0.75b) (d3 +0.75b) (dy — 0.7 b) (dz —0.7 b)

With the given bending stress and radial width b, and with the existing radius dj,
the ring deformation (D, — D3) = AD can be calcuiated with the following
equation

®

- O+ Dy?
_Eb—ob'Da

OD * D32

AD = P 73
Eb+0b'D3

s .
Before resolving equation @ with the given values of g,,, d; and d; for calculating
the width according to b, it is simpler to estimate the width first and to determine
the tension. After the first result a correction is easily carried out fotlowing the
relation

C,~Ad-b

The equations @ are also applicable to calculations for snap rings. More
accurate results can only be obtained if the deformation of the snap ring is
circular. This criterion does not apply when assembly is carried outwith the help
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of pliers applied at the ring ends. The deformation is, however, more favourable
when tapered mandrels are used, as shown Fig. 173. Any deviations from the
circular shape still existing are compensated in equation @ by the application of
a factor of 1.15. The neutral diameters D, and Ds forsnap ringsare D; =d; X b or
D; = d; & b. The result is then:

shaft rings bore rings
1.15(dy—dz)E b 115(d;—-dy)E:b
O, = C. =
> = d, ¥ b) (dy + B) > = "d, = b) {d~b) ®

When snap rings as in Figs. 175 and 176 are handled in such a way that a
deviation from the circular shape is not possible, the 1.15 factor can be omitted
from the equations @).

Equation @ can also be used for the calculation of radially assembled narrow
rings, such as the SEEGER crescent rings. It is not known with certainty to what
extent the diameter will be enlarged. The diameter under maximumtension must
be determined fromthe enlargement ofthe gap. Fig.70ashows a crescentringin
an unstressed state with its main dimensions. Fig. 70b shows the ring under
maximum stress when the gap is the same as the groove diameter d,.

b

N Fig.70:
SY\ SEEGER crescent

_\~ ring

. k a)unstrassed
bjunderstress
Ne during assembly
&
1
Firstly, there is the possibility of measuring the inner diameter d’ in this state.

With an eccentricity of z = 0.35 b, the neutral diameter D will be; D = d; + 0.65b.
Then the bending stress is calculated as

AD-E-b
(ds + 065b) (dz + AD + 0.65b)

The diameter in a stressed state can also be calculated from the enlargement of
the gap d, — e. Since the transcendent equation to determine A D can only be
resolved approximately by trial and error, the diagram in Fig. 71 shows which
relationship A e / A D is present with the given relationship e/D;.

Obz

The equations @, ® and @ clearly show the limits the permissible bending stress
sets on the spring steel when dimensioning SEEGER rings. One example shouid
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always be kept in mind. If width b of a SEEGER ring amounts to 10% of the
nominal diameter d; and if diameter d; in an unstressed state is 10 % less (shaft
rings) or 10% more (bore rings) than the nominal diameter d4, the stresses with
shaft rings will be slightly less, or with bore rings slightly more, than 0.01 E, i.e.
2100 N/mm2, For many rings these stresses may not be acceptable.

Regarding the permissible bending stress for retaining rings, the following is
relevant: When the rings are dimensioned in such a way that they remain within
the elastic range during deformation, even with the minimum permissible
hardness, they have a very small width b and therefore, for technical reasons,
also a small thickness s, so that the small and medium sized rings are unable to
transmit the necessary axial forces. In addition, such narrow rings would not
form a sufficiently high shoulder. Considerably higher calculated stresses are,
therefore, allowed here and a permaneant deformation will be taken into account
which must always be small enough to allow the ring to still be retained in the
groove by its own tension. This is permitted by the load distribution during
bending and the toughness of the spring steel which is always present despite
the high level of hardness.

With rings of up to about 20 mm nominal diameter, stresses of up to 2500 N/mma,
should be chosen and in the range up to 40 mm, up to 2000 N/mm?, With large
rings this value drops to 400 up to 500 N/mm?, for example with rings of 500 mm
nominal diameter. Also, the hardness values prescribed in DIN 471 and 472 allow
this tendency to be clearly recognised. The result of this is that smaller rings are
hardened to a greater degree than larger ones.

Working from the above equations, i.e. from the basic relationship
gy ~ (dy—d3) b

there are two borderline cases for the dimensioning of SEEGER rings:
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1. Narrow rings with small width b which, as aresult of large deformationd; —d,
can still be used indeep grooves. The small width b requires a small thickness
s for technical reasons. The rings are weak but the grooves are deep.

2. Wide rings which can aiso be stamped with a large thickness s. The smal
deformation d; — d, allows only a small groove depth. The ringsare strong but
the grooves are shallow.

What is then the best compromise regarding the strength of the ring and groove?
This depends above all on the load factor. Here, the design of the component
with which the ring abuts is decisive. If it is sharp-cornered and only a small
dishing moment acts on the ring (see section 3.3), aweak ring is sufficient. In the
case of abutting components with larger chamfers, radii, or generally with corner
distances (e.g. rolling bearings) the ring must be strong enough to accommo-
date the dishing moment. Since SEEGER rings are used in Germany primarily for
retaining rolling bearings, the retaining rings in the standard range according to
DIN 471/472 are kept relatively strong. These standards have been accepted
elsewhere in Europe, practically without modification. Rings according to
American Standards, however, which are used mainly for smaller sizes, are kept
thinner and narrower and are designed for deeper grooves.

Efforts to obtain deep grooves will soon be limited by the fact that the narrow
rings scarcely have a sufficiently high shoulder, i.e. they no longer protrude
beyond the groove at their narrowest zone. The fact that the oosening speed of
the shaft rings as shown in section 3.5 is proportional to the width b, but only
proportional to the root of the ring tension d, — d; also speaks in favour of the
stronger rings.

Comparing the equations for shaft rings and bore rings explains the factthat with
the same nominal diameter d, and the same groove depth t, the shaft rings
always have a larger width b than the bore rings. Or, seen differently, for a given
width b the bore rings are always more susceptible to permanent deformation
than the shaft rings. The shaft ring is better than the bore ring with regard to
stress. For this reason, SEEGER grip rings, for example, are manufactured only
for shafts and not for bores.

For the dimensioning of assembly pliers and especially for special applications
of SEEGER rings it is often important to know the forces which are needed for
elastic deformation.

The above applies especially when using the favourable spring characteristics of
the SEEGER rings as a curved beam of uniform strength in the application as
external closing springs in electrical contacts.

M, F-1-6. Op-b%:s
—2 = that F = —————

W b follows tha 5 ®
The bending stress is calculated according to equations @ or @. If it is higher
than the elastic limit of the material, only the latter should be used. The diameter

From o, =
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change A D is calculated with equation @ with the given stress o, width b and
size D,.

Examples of calculation:

Example 1:
Calculation of the bending stress which occurs when assembling a SEEGER-

ring A 80:
d; = 80 mm; d; = 74.5 mm; b = 7.4 mm; Equation @:

o = (dy—ds)-E-b B (80 — 74.5) 210000 - 7.4
b7 (d,+075-b) (d3 + 0.75-b) (80 + 0.75 7.4) (745 + 0.75 - 7.4)
= 1250 N/mm?

Example 2:
Calculation of the bending stress which occurs when assembling a SEEGER ring
A 14 over a 15 mm shaft:

dy = 15 mm; d; = 12.9 mm; b = 2.1 mm; Equation @

o - (d(~dg) E- b ~ (15 — 12.9) 210000 - 2.1
= (d, +075-b) (ds + 0.75-b) (15 + 0.75 - 2.1) (129 + 0.75 - 2.1)
= 3830 N/mm?

This stress is much too high. It must lead to permanent deformation orto arisk of
fracture. With smaller rings in particular, it is very dangerous and wrong to make
use of the principle “Application of the next smaller shaft ring”. Unfortunately
this principle is a widespread one.

Example 3:

A snap ring SB 25 is to be used in accordance with Fig. 72 as a combined shaft
and bare ring. Firstly, it has to slide over the 25 mm shaft with the help of a
tapered mandrel or a chamfer. The subsequent bending stress has to be
checked, because the ring is normally only intended as a bore ring.

d; =25 mm;b =175 mm; d; = 26.4 -2 b = 22.9 mm; Equation ®:

__115(di-d)E-b _ 115(25-228) 210000-1.75 _ 2
O = 4, 1) (4, + B) (25 +175) (229 % 175 oe0 N/mm

This stress is permissible with a minimum hardness of 45 HRC. The stress
incurred during the subsequent compression of the snap ring when it enters the
25 mm bore does not need to be checked as the ring is normally intended for use
in a bore.
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Fig.72:Snap ring SB as a cornbined Fig.73: Tapered mandrel assembly
shaft and boreting with sleeve
Example 4:

A special snap ring must be assembled according to Fig. 73 aver a 20 mm @ shaft
in such a way that the shaft surface will not be damaged. The first thought is to
use a tapered mandrel with a sleeve as shown in section 11, Fig. 174. The radial
thickness of the sleeve must be at least 0.5 mm i.e.

dy = 21 mm; width b = 2 mm; inner @ d; = 18.5 mm. Equation () results in:

~1.15(21 —18.5) 210000 * 2

= = 2
% (185 + 2) (21 + 2) 2560 N/mm

As this stress leads to permanent deformation it is preferable to fit the ring with
pliers as shown in Fig. 177. The ring is expanded to d; = 20.2 mm and as
deformation has to be circular, the factor 1.15 can be omitted.

(20.2 ~ 18.5) 210000 - 2

= = 1570 N/mm?
O = {85 7 2) (202 + 2) 0 N/mm

This relatively low stress guarantees a groove seating of 18.8 mm & with good
radial tension.

Example 5:
A SEEGER ring A 57 made of bronze CuSn 8 F 70 is to be used for a high speed
application to increase the tension in a groove intended for the ring A 58 x 2.

d, = 58 mm; d; = 52.8 mm; b = 5.5 mm; E = 115000 N/mm?; Equation (@:

. = (d,-dy)E-b B (58 — 52.8) 115000 - 5.5
" (d, + 075-b) (dy + 0.75-5) (58 + 0.75-5.5) (52.8 + 0.75 - 5.5)
= 830 N/mm?2

This bending stress is too high compared with the strength of 700 N/mm? ot the
material. The intended application is not possible.

Example 6:
Calculation of the bending stress of the SEEGER crescent ring H 50:
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dy=44mm;d; =45 mm;e =405 mm;b=62mMm;D;=d; + 065 b =
44 + 0.65 - 6.2 = 48.03 mm; e/D; = 40.5/48.03 = 0.84.

From the diagram in Fig. 71 it can be seen that when e/D; = 0.84, Ae/AD, i.e.(d;—
e)/AD = 1.8; AD = (d, —e)/1.8 = 4.5/1.8 = 2.5,

The equation on page 60 thus results in:
AD-E-b
(d; +0.65-b) (dz+AD+0.65-b)
_ 25210000 - 6.2
T (44 + 065-6.2) (44 + 2.5 + 0.65 - 6.2)

Op =

oy = 1320 N/mm?

Example 7:

Calculation of the elasticity. In an electrical contact a bore ring of reinforced type
JS 30 x 2 which stresses outwards is used as an exiernal closing spring. Because
of the large gap, bore rings are generally used here. The enlargement of the gap
dimension amounts to Ae = 5 mm,

dz=321mm;b=33mm;e=7mm,;s=2mm.

The diameter enlargement is required for the calculation of the bending stress
resulting from the enlargement of the gap. This can be obtained experimentally.
The calculation can again be made with the help of the diagram in Fig. 71. The
neutral diameteris: D; = d;—0.7-b=32,1-0.7-3.3 = 29.79mm. &/Dy = 7/29.79 =
0,235. The diagram shows that Ae/AD = 2.95; AD = 5/2.95 = 1.7 mm,

AD-E-b
(d3—-0.7-b) (dz + AD;—0.7 - b)
. 1,7 - 210000 - 3.3

b (32.1-0.7-3.3) (321 +1.7-0.7-3.3)

Ub=

= 1260 N/mm?
When aésessing this value it must be remembered that the ring has to retain this
tension continually over many years. It should not, therefore, be much higher.
Calculation of the tangential force equation (@: Lever arm | = 29 mm,

o,-b2-s  1260:33%.2
= = — 158 N2
F 61 629 158 N

Example 8:

Calculation of a corrugated snap ring. Corrugated snap rings may be used in a
similar manner to corrugated washers for eliminating end play {see section
6.6.2.7). These rings are often completely flattened by pulsating axial loads. The
consequent bending stress must be calculated. The ring thickness is s = 2.0 mm.
The corrugations are of a circular shape with a diameter of D = 350 mm. If, in
equation @) b is replaced by s, the result is
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E:s _ 2100002
D 350

It can be cleariy recognised that high bending stresses arise from the corruga-

tions even if a large diameter is selected.

Oy = = 1200 N/mm?

Example 9:

A SEEGERring A 28 be used as a spring element. The permissible enlargement of

the gap at a bending strass of 1200 N/mm? has to be found.

dy=251mm;b=32mm;s=15mm;e =25 mm;z =07 mm.

a) Calculation of the diameter enlargement Equation @:

Dy=dy+b-2z=2514+32-07=27.6mm.

0y D2 1200 - 27.6°

" E-b-0,-D; 210000-3.2-1200-27.6

b) Calculation of the enlargement of the gap (Fig. 70):
e/Dy = 2.5/27.6 = 0.09; Ae/AD = 3.1 i.e. Ae = 3.1 - 1.43 = 4.43 mm.

AD = 1,43 mm
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5. Materials and Surface Finish of SEEGER Rings

5.1 Standard rings

SEEGER rings are among the most highly stressed engineering components and
are exploited, in this respect, far more than other elements. During deformation
for assembly purposses, the elongation of the hardened spring steel is far beyond
the elastic limit. Also the stresses resulting from dishing under axial load are very
high. For the production of SEEGERrings it is, therefore, necessary to use spring
steels with a high degree of purity which offer the greatest possible plastic

flexibility beyond the elastic limit.

Table 1 gives the reguirements for SEEGER ring assemblies and the consequent

material properties.

Table 1: Requirements for SEEGER rings and their materials.

Reguirements for SEEGER
ring assemblies:

Consequent material properties:

Large load carrying capacity of the
groove, i.e. rings showing high elas-
tic deformation properties.

Large load carrying capacity of the
ring and small axial displacement,
i.e, rigidity against dishing

High loosening speed of shaft rings

High load carrying capacity with pul-
sating or alternating loads.

Convenient manufacture

Application possible with aggressive
media

Suitability for galvanic treatment

Low price

High elastic elongation &, i.e. high
yield point o, and small modulus of
elasticity

Large modulus of elasticity

Large modulus of elasticity and low
specific weight

High fatigue resistance, i.e. great
toughness despite high degree of
hardness,

Good stamping and cold forming
characteristics; processing possible
in soft state; good hardenability.

High corrosion resistance

Low susceptiblity to
embrittelment

hydrogen

Low price

It must be immedijately realised that the demands placed on the material are
contradictory. For the standard ring types, the most favourable compromise
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must be sought. A large modulus of elasticity, a high yield point, good hardena-
bility and low price as the most important properties indicate the use of a carbon
spring steel. In the course of a long development a special spring steel was
developed which best meets the many requirements. It is a steel of high purity
with a low sulphur and phosphorus content. Today it is standardised as CK 75
DIN 17222, material number 1.1248. The analysis is as follwos:

C = 07-08%
Mn = 06-~08%
Si = 0,15-0.35%
P = 0.035% max.
S = 0.035% max.

For retaining elements which are only subjected to low stress, in particular
radially mountable retaining rings, the quality C 75 DIN 17222 is also used.

The hardness of the rings is determined by their function. Here the stresses must
be taken into account which come, firstly, with the deformation during assembly
and, secondly, with dishing under the influence of axial forces. Beside this, the
main principle is still to keep the hardness at a minimum in order to avoid cracks
from brittleness. The hardness of the larger, relatively narrow rings is, therefore,
always lower than that of the smaller sizes.

Spring steel components such as Seeger rings can be hardened in two basically
different processes. In the traditional method they are mainly quenched from the
austenitic temperature {(approx. 800—820° C) in oil at room temperature. This
leaves a martensitic structure. Next follows tempering in a salt bath or in air until
the required hardness is achieved. This process is referred to as 'martensitic
hardening’.

in the second process, isothermal austempering is used. It is defined according
to DIN 17014 austenitic treatment, then cooling to a specific temperature (in the
salt bath) and soaking at this temperature (approx. 320° C) until the required
degree of transformation is achieved. Further cooling at room temperature can
be carried out as needed.

Compared with martensitic hardening, isothermal austempering offers the
foliowing advantages:

1. Greater toughness and hence better fatigue resistance and less danger of
heat treatment cracks, improved stress relief.

2. Less distortion as a result of smaller differences in temperature,
3. Energy saving (working at one temperature) and generally more economical.
4, Less sensitivity to hydrogen embrittlement.

In order to reach approximately the same yielt points, the austempering parts
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must have a rather higher hardness. On average they are hardened 2 HRC units
higher than the martensitic-treated rings.

All SEEGER rings are principally hardened by austempering.

SEEGER rings should, after the heat treatment, be as free as possible from
decarburisation at the surface. Onthe other hand, there is nodoubt that absolute
freedom from decarburisation is impossible. Even for valve spring wires accord-
ing to DIN 17223 sheet 2, a certain degres of decarburisation is permitted. DIN
50192 (determination of the depth of decarburisation) knows the general
concept of decarburisation (limited reduction of carbon content at the edge
layer) and differentiates between complete decarburisation {decarburisation
with almost total extraction of carbon, i.e. free ferrite) and a partial decarburisa-
tion (reduction of the carbon content, no total decarburisation). Total decarbur-
isation with purely ferritic edge layers is never permissible. A maximum edge
decarburisation (Ret) of 0.05 mm was agreed on with numerous users of
retaining rings. Determination of the decarburisation should be carried out by
using the simplest method possible. We therefore recommend the process
which is also specified in DIN 50182 with the aid of a hardness measurement. The
specification is as follows:

Ret (x HVS) = 0.04 mm

At a depth of 0.04 mm (grinding on a surface grinding machine) the hardness
determined with HV5 must at |least attain the value x which represents the
minimum hardness of the ring. The depth of penetration with a hardness
measurement of 500 HV5 is 0.019 mm, that is, the edge decarburisation (Ret)
cannot exceed approximately 0.05 mm.

Small load measurements are falsified by the slightest decarburisation. For
example, at 500 HV1 the depth of penetration is only 0.0086 mm. It should also be
borne in mind that even at 50 HRC with a load of 150 kg only adepth of 0.1 mm is
reached.

When hardness measurements made with HRC on surfaces which have not been
appreciably ground lead to the specified result, no significant decarburisation is
present.

The measurement for hardness with the high load of 150 kp with Rockwell C is
only possible with cross-sections in which there is no bending and material flow.,
The minimum thickness is 1.0-1.2 mm. For smaller thicknesses the measure-
ment must be carried out with Vickers. But the load selected should not be too
small as the measurement will otherwise be affected too much by the ever-
present edgedecarburised zone, even of the slightest depth. In doubtful cases
the more accurate measurement is always the Vickers one, mostly with 30 kp
load.

As a corrosion protection during transportation and storing before use, and
partly also when in use, if the demands are not too high, the SEEGER rings
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according to DIN 471/472 are phosphated and oiled or biackened and oiled,
according to the manufacturer’s choice. Corrosion resistance is specified as
follows: no sign of corrosion after an 8-hour salt-spray test SS DIN 50021.

With regard to material and surface protection, the standard range of SEEGER
rings is quite adequate for most applications. Where a higher corrosion resist-
ance is required, other executions must be used.

5.2 Special phosphating

The so-called special phosphating is a corrosion protection whose effectivenass
lies between normal phosphating and galvanically applied protective coatings.
As opposed to the galvanic treatment it has the decisive advantage that there is
no danger of hydrogen embrittlement.

With special phosphating a special, high quality coating of phosphate is
produced, which, in a secondary treatment, is compressed in a compression
bath with heavy metal salts, especially tin salts, and then coated with a special
corrosion preventive sealant.

5.3 Electrophoretic Painting

An excellent corrosion protaction is electrophoretic painting applied on a
phosphated surface. No hydrogen is produced at all with this process. The
relatively thick layer of approx. 0.04 mm must certainly not be overlooked as it
has to be added to the normal ring thickness. The process involving baking is
preferred as a surface protection for SEEGER rings serving as external closing
springs in electrical contacts according to section 7.1.1 on page 130.

5.4 Electroplated protective coatings

SEEGER rings made of carbon spring steel with electroplated protective
coatings have a considerably higher corrosion resistance than the phosphated
parts. The most important materials used for the coatings are zinc and cadmium.
The opinions of experts on the merits of both materials still diverge to a great
extent. The fact remains that both materials have an anodic effect on steel in a
normal environment, i.e. they have a sacrificial effect for protection. This is quite
clear in the case of zinc bacause of its position in the galvanic series. In the case
of cadmium the position of the metals in the galvanic series is reversed if the
conditions prevailing in practice are closely examined. Cadmium, with a weak
solution of salt or acid, is clearly baser than iron, thus agreeing with the fact that
as a coating it behaves as a rust inhibitor. No corrosion is caused by slight
scratches and pores in the protective coating. Of course, attention still has to be
paid to non-porosity. As the potential difference between the metals is smaller
with cadmium than with zinc, the sacrificial protection effect is lower with
cadmium than with zinc. When dealing with mass-produced parts which can
easily become entangled, such as SEEGER rings, thin cadmium coatings give
better protection than zinc. Cadmium is considerably more expensive than zinc.
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Coatings of cadmium are more elastic than those of zinc, but zinc is superior to
cadmium in industrial atmospheres and tropical climates. This is reversed for
saline solutions or salt mist, where cadmium behaves better than zinc. For a
given layer thickness, electroplated zinc results in a greater brittleness than
cadmium.

Cadmium is preferable to zinc for galvanising in an open barrel. The advantage of
open barrel treatment compared with treatment in the drum is that any entangle-
ment of the rings can be rectified more easily. Further, cadmium has the
advantage of better 'throwing power’ inside a cluster of entangelt rings.

Due to increasingly stringend environmental protection regulations the use of
cadmium coatings will soon be terminated. The user should, therefore, consider
alternative surface treatments at the design stage. SEEGER-ORBIS will, in
future, only supply cadmium coated rings on special request.

Coatings other than zinc and cadmium, for example nickel and chrome, are not
recommended. Compared to steel they are cathodic and have, accordingly, no
anodic protection effect. Corrosion mostly occurs in pores and scratches.
Especially with nickel a great disadvantage is that an interruption of the
galvanising process for disentangling the rings is not permissible. The layer
applied after an interruption will not adhere to the first. Nickel and chrome
coatings tend, due to their hardness, to detach themselves from the basic metal
when the rings are elastically deformed.

Bright chrome layers peel off particularly easily. A disadvantage here is also the
strong development of hydrogen as a result of very bad current yield. Only
copper-coated steel gives no corrosion protection.

By means of a passivation, the surfaces of the applied metal coatings can be
made more resistant tc corrosive influences, and the pores can be sealed. When
the passivation solution contains the preferred chromium compounds, it is
known as chromating (DIN 50941) and is primarily used with zinc and cadmium.
SEEGER rings are given either a simple chromate (colourless to bluish irides-
cent) or a yellow chromate (yellowish iridescent). The thickness of the coating
will be somewhat reduced by the chromate.

With the electroplating of mass-produced components in the drum or open
barrel it is practically impossible to achieve a uniform coating thickness. This is
especially true of the SEEGER rings, which, as has already been mentioned,
entangle themselves into a cluster after a short time. The inner components
receive too little deposit and the outer ones too much. The contact from one part
to another is more or less accidental. Even with mass-produced parts of a more
suitable shape than SEEGER rings, for instance screws or washers, the scatter of
the coating thickness can be over one hundred percent. DIN 471/472 therefore
states: with electroplated mass-treatment of retaining rings in adrum or barrel, it
is not possible to maintain a uniform coating thickness. In addition, a reliable
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measurement of the thickness is extremely difficult. It is, therefore, aiways
recommended to specify a definite corrosion resistance and to refuse a demand
for a definite coating thickness. Measurement of corrosion resistance in a
laboratory experiment can be carried out with the following methods:

@ Salt spray test (§S DIN 50021).

@ Test in constant hot humidity (DIN 50017).

@® Test in variable humidity in an atmosphere containing sulphur dioxide
(Kesternich test DIN 50018).

There is extensive literature on the merits of the respective tests and their clarity.
There is no doubt that the resuits of the processes in repeated experiments on
components with the same coating thickness differ considerably. The essential
question in all experiments is still the accuracy of the reproductibility of the
results. As long as an experiment cannot be expected to produce the same result
after being repeated under identical conditions, any statement concerning its
results or any generalisation is questionable. Scattering of the results is
undoubtedly considerably greater with the salt spray test (ASTM B 117—64) used,
above all, by manufacturers in the USA, than with the Kesternich test generally
prescribed in Germany. This applies particularly when comparing zinc and
cadmium. It must also be emphasised that the Kesternich test can be carried out
at considerably less expense than the salt spray test which has already been
altered many times.

Zinc behaves better in the artificial industrial atmosphere of the Kesternich test
than cadmium. On the other hand, cadmium is better than zinc for the salt spray
test. Larger SEEGER rings can no longer be treated in a drum, but only in a
stationary bath. Uniform coating thickness can be achieved in such a bath but
the greater expenditure it involves leads to high price increases.

When using SEEGER rings with electroplated protective coatings, it must be
remembered that their thickness is increased according to the coating thick-
ness. The introduction to the data charts gives the following advice:

"The values in the data charts for thickness s apply to rings with a
phosphated or non-coated finish. In the case of electroplated rings, this
thickness will increase according to the thickness of the coating.”

The same advice is also contained in DIN 471/472,

This rule contradicts the requirements of DIN 406 concerning the dimensioning
of drawings, according to which the dimensions for the final state include the
surface treatment. The low thickness tolerances of the rings cannot accommo-
date the corresponding coating thicknesses. The purchase of different materiais
for normal rings and ones with protective coatings of varying thickness is
impractical. When determining groove measurements {(groove width and the
distance between the load side of the groove and the component to be retained),
the thickness of the protective coatings has to be taken into account.
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Apart from the advantage of electroplated protective coatings which provide
adequate corrosion resistance for carbon spring steel rings at low cost, there is
also a major disadvantage. During the preliminary pickling treatment and during
electroplating very reactive atomic hydrogen is produced and is absorbed by the
steel surface, from where it finds its way into the molecular lattice, thus causing
deformation. The resulting inner stresses create additional space for the
accumulation of more hydrogen atoms, which inturn lead to a further increase of
the internal stresses. This leads to an embrittiement of the material, the dreaded
hydrogen embrittiement or, to put it more precisely, to a hydrogen-induced crack
formation. This gives rise to hydrogeninduced, delayed-action fracture due to
brittieness. There are several theories for the exact explanation of hydrogen-
induced brittleness which do not exactly agree. They will not, therefore, be
discussed further here. As a rule it is typical of hydrogen brittleness that under
conditions of long-term stress a fracture will occur without recognisable
deformation. No fracture will occur under conditions of sudden stress and over-
stress. It is not possible to test for hydrogen-induced brittleness of a SEEGER
ring by means of a stress applied with assembly pliers or in a torsion test for
spring rings, as in DIN 127, Fig. 155,

The susceptibility to hydrogen brittleness depends on the hardness of the
material. Relatively soft low-carbon steels are almost completely insensitive. The
highly hardened high carbon spring steels of the SEEGER rings are, however,
very susceptible. Austempered SEEGER rings, thanks to the high toughness of
their structure, are not as susceptible as conventionally hardened and tempered
rings.

As has already been mentioned, hydrogen is created during the preliminary
pickling treatment necessary for electroplating, and during the electroplating
process itself. If the rings are already bright, they should not be pickled. This
however, is seldom the case. If pickling is unavoidable it should be as brief as
possible. Experience has shown that the use of so-called pickling inhibitors
scarcely reduces the danger of hydrogen brittlement. As the quality of the
protective coating depends to a great extent on the quality of the clean,
metallically non-oxidising surface, and the galvaniser's work is judged firstly by
the quality of the protective coating, there is always a danger of over-pickling, i. e.
hydrogen penetrates the material before the electroplating process has even
begun. Rings stamped out of coil are quite bright. On the other hand, snap rings
made of drawn wire have, for example, a scale which has to be removed with
acids. The tumbling process necessary for deburring often leads to a deteriora-
tion of the bright surface due to the embedding of foreign matter as a result ofthe
peening action during tumbling.

In the pickling process a not inconsiderable amount of hydrogen is released, a

part of which penetrates the steel in atomic form. Pickled surfaces are suffi-
ciently porous for the hydrogen to diffuse quickly into a harmless residue.
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Efforts are made In electroplating to achieve one hundred percent cathode
efficiency. The electrolytic process can basically take place in alkali or acid
baths. When acid baths are used almost one hundred percent efficiency is
attained. But they have the disadvantage of a low throwing power and the
coatings are not so fine-grained. This fine grain structure is a pre-condition fora
perfect secondary chromate treatment. Also to be taken into account are the
greater variations in coating thickness. The alkali cyanide baths do not have
these disadvantages and are, therefore, used almost exclusively. The cathode
efficiency is however, considerably worse than with the acid baths. With bright
coatings, not only penetration but also the subsequent escape of hydrogen is
made more difficult. A previously applied coating of copper also serves as a
protection against hydrogen penetration with cadmium or zinc plating. But this
is again dangerous because of chemical corrosion, copper being electro-
negative against steel and cadmium. Scratches on the coating will accelerate
corrosion of the steel.

Tests have indicated that the greater part of the infused hydrogen originates
from the pickling process, since galvanic coatings of 1—-2um act as a diffusion
barrier. However, it is also clear that the cathodic hydrogen absorbed during the
electroplating process is more persistent than that absorbed during pickling.
Practise has shown that steels of the same composition will often become brittle
under identical stress conditions in completely different proportions, and that
this brittleness can return temporarily to a widely varying extent. Only in the
rarest cases can these extremely complex phenomena be explained with
certainty as having a single cause. High current density leads to less hydrogen
absorbtion as a thicker coating will be applied in a shorter time, thus preventing
the hydrogen from reaching the steel surface.

Despite every precaution, hydrogen penetration has to be reckoned with at all
times during pickling and electroplating and must be expelled. According to
recent discoveries, distinction should be made between two cases:

1. The hydrogen atoms diffuse as far as the flaws in the metal lattice and
recombine into an H, molecule, thus producing gas bubbles under high
pressure. This irreversible hydrogen damage cannot be eliminated by heat
treatment,

2. Initially the hydrogen atoms remain harmiess and dissolved in the metal
lattice. This hydrogen can be removed by heat treatment.

During long storage a large part of the hydrogen disperses without any adverse
effect. This occurs in the course of about a quarter of ayear. The best method of
dispersing the hydrogen is by heat treatment immediately after the electroplat-
ing. The most suitable temperature for cadmium and zinc is 200—-220° C. At
200° C the speed of diffusion is about 10 times as great as at room temperature,
Most of the diffusible hydrogen is removed after a short time but a period of at
least two hours should be allowed. To achieve the optimum effect, however, heat
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treatment should be carried out for a period of up to 24 hours. The released
hydrogen can cause blisters to form, especially in the case of hard coatings.

As the results given above show, the application of electroplated coatings brings
with it many problems and difficulties. Only with careful treatment can good
results be expected. A relatively high price increase cannot be avoided. This
applies above all to larger rings which have to be treated individually in the static
bath, rather than in bulk. Users are strongly urged not to undertake the treatment
themselves nor to employ an electroplating workshop which is not familiar with
the difficulties. Serious repercussions, for which the SEEGER rings will initially
be deemed responsible, are inevitable. This applies particularly when the
phosphate coating of standard phosphated SEEGER rings is removed with
acids. The basic rule must be that electroplated SEEGER rings should only be
carried out when it is absolutely necessary. On the other hand, SEEGER rings
fulfil their function perfectly with expertly applied electroplated coatings in
innumerable cases and, when compared with rings of special materials, repre-
sent a considerable cost saving.

The danger of hydrogen-induced delayed brittle fractures with electroplated
surface protection is referred to in DIN 471/472 and DIN 267 part 9, where it is
stated: “With today's well-known process for depositing metal coatings with
agueous solutions ... a hydrogen-induced dslayed brittle fracture cannot be
ruled out with certainty. This is valid for components made of steel with tensile
strengths above 1000 N/mm?. As a rule it can be avoided by choosing a material
specially suitable for the application of electroplated surface protection and by
using modern surface treatment processes with a suitable secondary treatment.
A greater danger of embrittlement is indicated for components with elastic
properties, and with hardnesses over 400 HV, Special measures are, therefore,
necessary with regard to the choice of material and the heat and surface
treatments.”

Future development leads from electroplating, which inherently has the decided
disadvantage of hydrogen embrittlement, to mechanical plating. In a special
process, particles of zinc, cadmium or tin, or compounds thereof, are peened
onto the rings ina drum containing a mixture of weak acidic water and glass balls
of a specific size. Coating is achieved by building up cold-welded particles of
powder, thus providing a certain degree of porosity, but does not give the
corrosion resistance of an electroplated coating. It is, however, sufficiently
porous to allow the hydrogen still active after pickling to diffuse and thus
combines adeqguate corrosion resistance with the greatest safety against hydro-
gen-induced embrittlement.

SEEGER-ORBIS is already employing this modern process successfully for
certain products.

5.5 Tin bronze (CuSn 8 F 70; DIN 17662, material no. 2.1030.34)
When the corrosion resistance of carbon spring steels with electroplated
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protective coatings is no longer effective, it is necessary to resort to special
materials. These must be either hardenable or hardenable by precipitation for
the manufacture of stamped SEEGER rings, or must have a sufficiently high
elasticity in the condition in which they are received. This concerns, in particular,
bronze and stainless steels.

The special material still widely used today is cold-rolled bronze CuSn (formerly
known as SnBz) i.e. a tin bronze which is often called a phosphor-bronze,
because in its molten state phosphorus is added as a deoxidant, although not as
an alloying component. The corrosion resistance of tin bronze is greater than
that of copper. It rises with increased tin content up to 8%, the higher
mechanical strength being an added advantage.

For this reason it is used mostly with 8% tin and a minimum strength of
700 N/mm2, The tin content here may be between 7.5 and 9%. A maximum
phosphorus content of 0.4% is permissible. The following elements are also
permissible: 0.05% lead, 0.3% zinc, 0.2 % other. The rest is copper. Bronze thus
delivered can be worked satisfactorily in the punching tools. The low strength
compared with that of hardened spring steel, which at HRC 48 is about 1750 N/
mm?, is, as far as elasticity is concerned, partly compensated by the smaller
modulus of elasticity of bronze at 115000 N/mm?2, With a yield point of 600 N/mm?
for CuSn 8 and of 1500 N/mm?2 for spring steel with a modulus of 210000 N/mm?,
the elastic elongation will be 0.52 % for CuSn 8 and 0.72 % for spring steel. Even if
it is not quite exact, the yield point rather than the elastic limit wili provide the
basis of comparison of elastic elongations in this Handbook.

When using rings made of bronze it must be borne in mind that, especially with
smaller, highly stressed retainers, permanent deformations can occurif they are
stressed during assembly. However, a seating with tension in the groove is
almost always guaranteed. The use of such rings in deepened grooves can lead
to difficulties, however, and must be checked carefully beforehand. When
calculating the SEEGER ring assembly the relatively small modulus of elasticity
should not be overlooked. This applies to the load carrying capacity of the ring,
to the loosening speed and to the retaining force of grip rings.

SEEGER rings made of bronze CuSn 8 have two advantages in additionto a high
resistance to corrosion. The material is completely anti-magnetic. Bronze rings
are often used, for example, in electromagnetic clutches. Furthermore, there is
no danger of embrittlement when bronze rings are used at low temperatures. The
material is not susceptible to stress corrosion cracking. Bronze is not permiss-
ible in the food industry. Bronze rings electroplated with tin can, however, be
used. When using SEEGER rings made of bronze, contact corrosion must be
considered. It isa disadvantage that the price of tin bronze is not stable due to the
greatly fluctuating price of cooper on the world market. SEEGER rings in the
smaller and medium sizes made of bronze CuSn 8 are usually available for
delivery from stock.
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Bronze SEEGER rings in the size range over 100 up to 200 mm are manufactured
as snap rings in accordance with the remarks in the SEEGER Catalogue, pages
20 and 23.

5.6 Beryllium bronze (CuBe 2; material number 2.1247.75)

A bronze which has all the advantages of tin bronze but without the decided
disadvantage of low elasticity, is beryllium bronze, or as it is also known,
beryllium copper. Because of the unusually high price of beryllium, beryllium
alloys were little used for a long time. Only when beryllium was needed in targer
guantities as a result of increased demand in the aircraft, missile and reactor
industries were production methods improved and were accompanied by a steep
price reduction. Beryllium alloys are marked by an excellent weight strength
ratio in conjunction with good chemical properties.

The decisive property of beryllium bronze for the production of SEEGER rings is
that it can be precipitation hardened. It gives the possivility of optimum
hardness, both for the manufacture (stamping in a soft state) and for the later
function (high strength). The precipitation hardening effect, which is generally
quite limited, is especially marked with beryllium bronze. Beryllium bronze is an
ideal spring material and is superior to non-ferrous metals at all times and
sometimes to spring steels. Precipitation hardening is based on a two-stage heat
treament:

1. Homogenisation at 750—-800° C and immediate, abrupt quenching at room
temperature. The material is then in a condition suitable for precipitation
hardening.

2. Precipitation hardening by tempering between 300 and 350° C.

The hardnesses which can be achieved depend firstly on the beryllium content
and secondly on the cold deformation taking place before the precipitation
hardening. For optimum hardening the beryllium content shoutd be about 2%.
The solubility limit of copper for beryllium lies at 2.1% beryllium. A further
increase brings no advantages. The hardness which can be achieved with
precipitation hardening also increases as the strength is increased during cotd
forming. Material should always be chosen which has the greatest strength the
manufacturing process, i.e. in this case the punching, allows.

2% beryllium bronze is used for the manufacture of SEEGER rings. A great
advantage is the possibility of application over a wide temperature range.
Especially at low temperatures, embrittleament does not arise. As an upper limit, a
temperature which is below the precipitation hardening temperature may be
used for a short time. The range is from —200 to + 280° C.

With beryllium copper CuBe 2, as used for SEEGER rings, the tensile strength in
the precipitation hardened state is more than 1250 N/mm? and the yield point
more than 1150 N/mm?. The modulus of elasticity in the precipitation hardened
state is 130000 to 135000 N/mm?, The relatively high tensile strength combined
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with the low modulus of elasticity gives an elastic elongation of 0.87 %, which is
scarcely attainable with other spring materials.

Like tin bronze, beryllium bronze is non-magnetic. SEEGER rings made of both
materials are almost always used in the bright state. However, electroplating is
always possible, in which case an advantage is offered by the fact that berylium
bronze is not sensitive to hydrogen.

To summarise, beryllium bronze is outstandingly suitable for the production of
SEEGER rings. The only disadvantage is its relatively high price, although this
effect is not too great with smaller rings. The price of betyllium can, however, be
expected to sink in the future as a result of wider use. In the USA and the U.K. the
smali rings of the various ring types are manufactured exclusively from beryllium
bronze. Because of the high price it would be wrong to use CuBe 2 where the
elastic properties of CuSn 8 are adequate. When assessing the price of all
bronzes and, in general, of all copper alloys, it should be remembered that the
scrap value is also relatively high.

5.7 Brass {material no. 2.0321)

Cold-rolled brass, i.e. a copper-zinc alloy, is only rarely used for the manufacture
of SEEGER rings. The strength as well as the yield point are lower than with the
bronzes. The only advantage is that brass, due to its lower copper content,
is cheaper than tin bronze. When processing brass, CuZn 37 F 62 (formerly
Ms 63 F 62) is used. The copper content is 62 —65 %, the rest is zinc. The strength
is 620 N/mm?, the yiueld point is 500 N/mm?2, and the modulus of elasticity
112000 N/mm?2 SEEGER-rings made of brass are usually only used when the
adjacent parts are made of that material too.

5.8 Light metal

Aluminium alloys have, for numeros applications, good corrosion resistance and
low specific weight. The elastic elongation of most aluminjum alloys is neverthe-
less so small that it is unsuitable for the manufacture of SEEGER rings.

Only since the creation of aluminium-zinc-magnesium-copper alloys, harden-
able by precipitation, are light metal materials available with sufficiently high
strength and elasticity which are suitable as SEEGER ring materials. These
materials have the highest strength values attainable today with aluminium
alloys. The following values can be quoted: modulus of elasticity = 72000
N/mm?; strength = 540 N/mm?; yield point = 480 N/mm?. The elastic elongation is
0.67 %. This value is only slightly below that of spring steel. The specific weight is
only 2.8 g/lcm?. Because of its low strength, even in the hardened state, the
material possesses good stamping properties and is, therefore, bought and
processed this state.

The chemical composition of the material standardised according to DIN 1725
and 1745 (material no. 3.4375.71 Al Zn Mg Cu 1.5 pl F 49) is as follows:
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Zn = 51 -66 %
Mg = 21 -29 %
Mh = 00 -03 %
Cu = 12 -20 %
Cr = 0.18-040%
Si = 0.0 -050%
Al = Rest

The corrosion resistance of this material is, because of the copper content,
unfavourably influenced compared with copperfree alloys of the generic type Al
Mg Si. An increase in resistance is, however, achieved by plating the strips with a
copper-free aluminium alloy containing zinc. This plating also protects the
unplated edges with its electrolytic effect. Up to today this material has not been
used in any quantity for the manufacture of SEEGER rings.

5.9 Stainless steels

Because of their outstanding chemical and mechanical properties stainless
steels have found increasing use over the past few decades. To achieve a balance
in the durability of all components in an assembly it may be necessary to make
even the SEEGER rings out of stainless steels.

The basic alloying slement of stainless steels is chrome. With a minimum of 12 %
Cr the alloyed steel adopts properties typical of chrome, that is of allowing a thin
oxide layer to form on its surface and of becoming passive against a large
number of corrosive agents. Building up this thin surface layer is primarily a
question of the quality of the surface. The protective layers can only be formed on
completely smooth and clean surfaces. As the rings can only be polished under
certain conditions, careful pickling is important, followed by a passivation in a
weak nitric acid. The formation of the passive layer takes longest with chrome
steels and shortest with chrome-nickel-mclybdenum steels. Stainless steels are
only superior in the passive range; in the active range (without passive
surface) they are very similar to the normal carbon steels.

The passivity can be lost if the rings are handled in a reducing environment. it is,
therefore, advisable for the user to passivate the rings again in a 20 % nitric acid
solution prior to assembly.

All special stainless steels show a more or less greater tendency towards
intercrystalline corrosion and stress corrosion cracking. Stress corrosion crack-
ing occurs when the steel is subjected to externat and / or internal stresses in a
corrosive environment. The external stresses can easily be reduced by seating
the rings in deeper grooves in accordance with section 6.1.2 page 90. There is
also the advantage here with stainless steels that the elastic elongation is
generally smaller than with carbon spring steels, meaning that the rings deform
more permanently during assembly and therefore seat in the groove with less
tension.
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Concerning the stress corrosion cracking, it has to be pointed out that often miid
corrosive agents, such as distilled water at a high temperature, which depassify
the steel, can be particularly dangerous. This also applies particularly to weak
hydrochloric acids.

The stamping properties of all chrome and chrome-nickel steels are poor
compared with those of carbon spring steels. The high degree of thoughness
required for many other applications is extremely undesirable here. Together
with the higher price of the raw material, this contributes decisively to the
relatively high prices of SEEGER rings made of stainless steels. The condition
that the material is to be processed in its soft state and that the finished SEEGER
ring must have a high elastic elongation restricts the range of applications of
most of the many stainless steels, With regard to their use for the manufacture of
SEEGER rings, stainless steels can be arranged into the following categories:

@® hardenable, martensitic chrome steels,
@& non-hardenable, strain-hardened, austenitic chrome nickel steels,
@ ferro-austenitic chrome nickel steels, hardenable by precipitation.

5.9.1 Hardenable, martensitic chrome steels

These materials have 12 to 18 % chrome and 0.2—-1.0% carbon content. In DIN
17224 "Stainless spring steels” the generic type X 20 Cr 13, material no. 1421,
was formerly standardised as hardenable spring steel. The quality X 40 Cr 13,
material no. 1.4034, was in use over a long period for the manufacture of
SEEGER rings because its higher carbon content allows it to be hardened to a
greater degree. This material attains maximum durability only in the highly-
hardened state. The durability of X 40 Cr 13 is dependent on a smooth, clean
surface to a much greater extent than is the case with the austenitic steels.

For some time now material 1.4034 has been replaced by the steel X35CrMo 17,
material no. 1.4122. Thanks fo its higher chrome and enhanced molybdenum
content it has a greater resistance to chemicals and is the most corrosion-
resistant amongst the martensitic, stainless chrome steels. In a hardened and
lightly tempered state it is also very resistant to sait water. The analysis is as
follows:

C = 0.38%
Cr = 165 %
Mo = 12 %
Ni = 05%

The steels with material nos. 1.4034 and 1.4122 are magnetic. The hardness of
SEEGER rings made of steel 1.4122 is 47—53 HRC, regardiess of ring size.

SEEGER rings of up to 100 mm nominal diameter are manufactured from steel
material no. 1.4122. Rings over 100to 300 mm are available as snap rings made of
steel material no. 1.4310 in accordance with the comments on pages 20 and 23 of
the SEEGER Catalogue.
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The durability of the martensitic chrome steels is considerably lower than that of
the austenitic chrome nickel steels.

5.9.2 Non-hardenable austenitic chrome nickel steels

These materials represent, with their basic composition of 18 % chrome and 8%
nickel, the most frequently used stainless steels. In their quenched state they
have an austenitic structure. While soft, they are completely non-magnetic and
after work hardening they are only slightly magnetic. Because of their nickel
content austenitic chrome nickel steels have a greatly enhanced chemical
resistance compared to pure chrome steels. While chrome only produces
durability through passivation, nickel is effective because it is finerthaniron. The
steels identified briefly as 18/8 according to the basic composition are, however,
not used for the manufacture of SEEGER rings. Processing in the soft state is not
possible as the components cannot be hardened subsequently. The strength can
only be increased by work-hardening, which occurs during rolling and drawing.
Strip which has been work-hardened in this way can, however, no longer be
processed.

The manufacture of snap rings wound from drawn wires is, however, possible
with the material 18/8. Especially with large rings, which show only a relatively
small elastic deformation, the disadvantages of snap rings with regard to non-
circular deformation is acceptable. This applies to snap rings SW/SB larger than
18 mm. The situation is, however, less favourable with the smaller, relatively stiff
snap rings where the disadvantages are more pronounced.

SEEGER-ORBIS usually manufactures stainless steel snap rings from material
X 12 CrNi 177, material no. 1.4310. It is an austenitic stainless steel whose
composition is such that it is especially suited to work-hardening and at the same
time possesses good resilience properties. This steel is also standardised in
DIN 17224, The attainable strengths depend on the degree of cold working and
amount to 1200 to 2000 N/mm?, in certain cases even up to 2400 N/mm?2. Strips
with small thicknesses and wires with small sections have to be brought up to the
higher strengths. By tempering at approx. 400° C, which is anyway necessary to
stress relieve the wound rings, the strength can be increased by approx. 7% and
the yield point by approx. 12%, the latter being of particular importance. The
modulus of elasticity in the work-hardened and tempered state amounts to
185000 N/mm?2,

5.9.3 Ferritic austenitic steels

The situation described above is unsatisfactory inasmuch as the stamped
SEEGER rings used the most can only be manufactured from stainless steel X 35
Cr Mo 17 that is, from a material displaying adequate elastic properties but only
low corrosion resistance. The material X 12 Cr Ni 177 has adequate corrosion
resistance but at the same time has the decided disadvantage that it is not
hardenable. In recent years, steels which combine the advantages of the
martensitic and austenitic qualities have been developed in the USA by the
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Armco Company for use in aircraft construction and in the space industry. These
steels are ferritic-austenitic steels, hardenable by precipitation, which, in the
USA, carry the designation Armco PH 17/7 Mo and PH 15/7 Mo. PH is the
abbreviation for precipitation hardening. Precipitation hardening is achieved by
adding to the alloy Mo, Al, Ti and other elements which, after a double heat
treatment, lead to an increase in strength and to a higheryield point. These steels
are also now available in Germany under the following designations:

@® X 7 Cr Ni Al 17 7, material no. 4568 and
@ X 7 Cr Ni Mo Al 15 7, material no. 4532.

The compositions result from DIN designations, i.e. the steels have over 0.07 %
C, 17% or 15% Cr and 7 % Ni, together with the special additives Al or Mo and
others. The properties of both materials are similar; only the high-temperature
strength of the quality material no. 4532 is somewhat higher.

The relatively unstable austenite can be transformed into martensite with these
materials by:

a. Intermediate tempering at 750° C and cooling to room temperature.

b. Freezing at -73° C after previously heating to 950° C. The transformation
achieved here is more intensive than with a.

¢. Cold-working.

The relatively soft martensite thus achieved is precipitation hardened at approx.
500° C by a tempering treatment. The extent of the increase in hardness or
strength is unfortunately limited. Taking the state described at a there is an
increase in strength of about 35%, with b of about 45%. The yield point is,
howsver, raised to several times its original value, . g. from 400 N/mmZ2to 1250 or
1300 N/mm?, After work-hardening ¢ the increase in strength is about 20%. The
ferritic-austenitic steels are magnetic and have a modulus of elasticity of 197000
N/mm?2. These new materials have not yet been introduced for the mass-
production of SEEGER rings. In the USA, however, the material PH 15/7 Mo has
already almost totally replaced the previously used martensitic steel AISI 420
corresponding to X 40 Cr 13 and has been accepted by US standards. A similar
development can be expected in the future in Germany.

Table 2 shows the most important properties of the matarials mentioned so far.

5.10 Plastic materials

Plastics have gained great popularity in recentyears. This is primarily due to their
formability by injection moulding and their good corrosion resistance and
insulation properties. It would, therefore, seem feasible to use plastics for the
manufacture of SEEGER rings. The reasons why they have not yet been used to
any great extent, gither in Germany or in the USA, are as follows: The modulus of
elasticity and the elastic limit of the plastics in question are considerably lower
than with steel. Rings made of plastic with the same dimensions as steel rings
would be extremely soft. They would dish even at low axial forces and tend to
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Table 2: The most important material propenties

Spezific | Mod. of o . e .

Material Number | weight y | elasticity S 8 Price*
glem® Nfmm2 | N/mm? N/mm? %

Spring steel 1.1248 7.85 |210000| 1500 | 1750 | 0.716 | 1
CuSns8 2.1030.34 | 8.9 115000 600 720 | 0.52 5
CuBe 2 2124775 | 83 132500 1200 1300 | 0.87 |25
CuZn 37 2.0321.34 | 8.41 |112000| 500 620 | 0.45 4
Al Zn Mg Cu 3.4375.71 | 28 72000 480 540 | 0.67 1.6
X40Cr 13 1.4034 7.7 216000 1450 1950 | 0.67 5
X35CrMo17 | 1.4122 7.7 213000 1300 1800 | 0.65 6
X 12 Cr Ni 177 | 1.4310 7.9 195000 1100 1400 | 0.57 8
X7 CrNiAl17 7] 1.4568 7.8 197000, 1300 1550 | 0.66 7.2

* Equivalents related to volume, with a price for spring steel = 1.

jump out of the groove. The manufacturing process designed to suit the
properties of plastics is an injection one using an injection moulding machins,
i.e. a process which is completely different to that used for manufacturing
SEEGER rings from metal. A special tool would be required for each ring size in
the programme, which includes several thousand rings, i.e. large investments
would be necessary. The demand is not great enough to justify these high costs.
Stamping from plastic strips with normal tools is possible, but, as explained
above, these rings would be too weak. The danger of crack formation must also
be considered.

Difficulties arise because of the very great number of plastic materials availabie,
each with completely different properties. Ageing, and resistance to oil and
grease present a further problem. In the light of this situation, the use of plastic
SEEGER rings is hardly feasible at the present time.

5.11 Thermal requirements

Apart from corrosion resistance, a further requirement often placed on SEEGER
rings is that they should operate at particularly high temperatures or particularly
low temperatures, mostly, however, at high temperatures. The effects of the
temperatures depent mainly on the stress state of the SEEGER ring. A distinction
has to be made between the following four states of temperature and stress:

a. Stress-free ring and increased temperatures below the tempering tempera-
ture of spring steel.

b. Stress-free ring and increased temperatures above the tempering tempera-
ture.

c. Ring under stress and increased temperature below the tempering tempera-
ture.

d. Ring under stress and increased temperature above the tempering tempera-
ture.
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For a: When the ring is sitting in the groove with littie or no tension and there are
no great axial forces involved, the increased temperatures below the tempering
temperature are insignificant. The ring hardness will not be reduced.

For b: Temperatures over the tempering temperature lead to a reduction in
hardness, i.e. to a lowering of the breaking strength and yield point of the
material. Where only low stresses occur in the ring its use is possible. During
disassembly, however, parmanent deformations will result from the high bend-
ing stress and from the reduced vield point. The ring cannot be used again.

For c: Even a slight increase in temperature will lead to a reduction, however
small, of the breaking strength, the yield point and the modulus of elasticity while
heat is being applied. As a result of the limited “heat resistance” of the SEEGER
ring spring steel, permanent deformations will occur when the stresses in the
ring increase. The ring will dish permanently, the diameter will be altered
permanently and the tension of the groove seating will be reduced. Increased
temperatures lower the load carrying capacity of the ring. The loosening speed is
also reduced. However, the ring shows no diminished hardness after cooling.

For d: The effects here are the same as for ¢. but to a greater extent. In addition
there is a reduction in hardness.

The diagrams Fig. 74 show the dependency of the breaking strength and the yield
point on increased temperatures for the spring steels used in the manufacture of
SEEGER rings.
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The maximum permissible temperature for rings with protective coatings is
given by the melting temperature ofthe respective coating, which, in most casss,
is very low. It must not be forgotten that high temperatures lead to a lessening of
the durability, i.e. they encourage corrosion.

With most materials, low temperatures lead to brittleness, and hence to adanger
of fracture. As this tendency is almost totally absent with bronzes, they are
especially suitable for use at low temperatures.

Table 3: Maximum permissible temperatures of SEEGER ring materials

Material Max. permissible temperatures
High axial forces Smaller loads
Spring steel 125°C 350°C
Spring steel, zinc-plated 125° C 250°C
Spring steel, cadmium-plated 125°C 200°C
CuSn 8 150° C 200°C
CuBe 2 200° C 280° C
Al Zn Mg Cu 65° C 110°C
X 40Cr 13 250°C 450° C
X 35 Cr Mo 17 300°C 500° C
X12CrNi177 250° C 450° C
X7CrNiAl177 300° C 450° C

In Table 3 maximum permissible temperatures are given forthe materials already
used in the manufacture of SEEGER rings or which are intended for use in the
future. Of course these figures can only represent approximate values, since the
temperature influence does not occur at a definite point. With carbon spring
steels, for example, it can already occur above 50° C. The column for “High axial
forces” is derived mostly from the high-temperature strengths, and the one for
“Smaller loads” from the tempering temperature.

For particularly strict requirements regarding the high-temperature strength,
steels must be used which have been specially developed for that purpose. DIN
17225 gives standards for heat-resisting spring steels. These materials are not,
however, kept in stock. It is normally only possible to obtain these steels by
ordering at least 1000 kg. If additional charges are accepted the minimum
quantity could perhaps be reduced. However it is generally found that the
number of SEEGER rings raquired for such special purposes is so small that it is
not possible to obtain the material. This also app!ies to “special materials” such
as the high percentage nickel alloys Monel, Inconel and nickel beryllium.

5.12 Conclusions

After enumerating all the special materials and the electroplated protective
coatings, the question of the exact resistance to various aggressive media arises.
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If no detailed information is given and no tables of chemical resistance are
reproduced here, it is because it is difficult to give any reliable information at all
on the chemical resistance of the materials. Resistance values determined in the
laboratory are only a reference and are not always decisive for assessing the
probable behaviour in practice. Laboratory test conditions seldom correspond
to the actual operating conditions. Admixtures and pollutants in the aggressive
media can accelerate or delay the corrosive process very considerably. The
degree of corrosion, i.e. the removal of the thickness in a given time depends on
the following continually varying factors;

@ the chemical composition of the aggressive media,

® its level of concentration,

@ the temperature,

@ the pressure,

® the aggregate state (gaseous or fluid) and whether the aggressive medium is
mobile or static,

@ the material of the adjacent parts (contact corrosion),

Since these possibilities give an almost unlimited number of different condi-
tions, it is not possible to give completely reliable information on corrosion
resistance. The user normally already has the greater experience with his own
special applications. The SEEGER ring is not the primary component in the
design, but is required in association with other major components. The
SEEGER ring has to be adapted to these components, the characteristics of
which are usually known. If necessary, the user should carry out tests himself on
the materials available. For this purpose, it is not absolutely necessary to use a
ring of the same size as that which will be needed later. In most cases a SEEGER
ring of the required material is immediately obtainable and is adequate.
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6. Design Details

This section describes the most important design principles to be observed
when using SEEGER rings. Since mistaken views still predominate, special
attention should be given to the following explanations. This section primarily
concerns the axially-mountable SEEGER rings. It can, however, also be used
analogously for the other types in the range.

6.1 Design of the SEEGER ring groove

It is the groove’s function to accommodate the forces transmitted to the SEEGER
ring by the machine component to be located. The forces should be as high as
possible. As was explained in Section 3, the groove is generally the weaker and
hence the decisive element in a sharp-cornered assembly. Fig. 75 shows the
location of a machine component with a chamtsr in relatively deep grooves. In
the figure on the left, only a small axial force is acting; the ring will not dish. The
centre figure shows the ring under a high axial force; it will dish (dishing angle
W). With a further increase in force, the ring dishes more, as shown on the right,
and is supported at K on the groove wall. A further dishing is thus prevented and
the ring is retained between the two sides of the groove.
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The axially-mountable SEEGER rings have only a small, relative groove depth t/
m. If, for the groove width m, the theoretically lowest value of the ring thickness s
is applied, the resultant t/s values for SEEGER rings DIN 471/472 will be
0.17-0.67. These relationships are to be continually kept in mind for the
following observations.

Completely different conditions exist with the radially-mountable SEEGER rings,
especially in the range DIN 6799. Here, the relative minimum groove depth is
based on the mean shaft diameter 0.87-1.7.

The SEEGER ring groove is characterised by its width m, its groove depth t, and
its shape.
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6.1.1 Groove width

The relationship between the groove depth and the groove width of axially-
mountable SEEGER rings makes it practically impossible to prevent dishing with
the ring being supported against the groove walls, as shown in Fig. 75c. For
perfect assembly the minimum groove width must always be somewhat larger
than the maximum ring thickness s. Then there is the necessary tolerance for the
groove width. The ring will, therefore, always be seated in the groove with axial
play, thus allowing a certain degree of dishing. A SEEGER ring with s = 1,0 mm
thickness can dish without hindrance to 15° in a groove of deptht = 0.5 mm and
width m = 1.1 mm. The permissible dishing angle for this ring, however, is only 9°.
Any further dishing will lead to permanent deformation or to fracture. if, with
relatively deep grooves, the permissible dishing angle is greater than the fres,
unhindered dishing angle, it must be remembered that there wilt only be a line
contact between the SEEGER ring and groove edge or groove wall and that with
the small groove depth the supporting moment will only have a small feverarm. A
greater supporting moment due to the possible deformation of the ring and,
particularly, of the groove will only result after dishing angles are reached which
are considerably greater than the theoretical, free dishing angles.

An important principle for the design of the SEEGER ring groove is, therefore,
that:

The groove width m has no effect on the load carrying capacity of the
SEEGER ring assembly.

Since wide grooves are considerably easier to produce with the same precision
than narrow gooves, the selected groove width should always be of the
maximum permissible size. An infinitely wide groove, as in Fig. 76, can be just as
suitable as a narrow one from the strength point-of-view. If this information,
which is so important for manufacturing, has not been generally accepted
inspite of numerous indications in the SEEGER Catalogues, it is primarily
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because the standard, DIN 471/472, applying to the most commonly used
retaining rings, has, for a tong time, been prescribing narrow grooves with rigid
dimensional data.

The 1981 edition of DIN 471/472, retains the tolerance of H 13 for the groove
width. However, it does also explain that the unstressed side of the groove can, if
the need arises, be designed according to the following principles.

How should the groove be selected? It depends on the type of component to be
retained. If it is a rolling bearing with a large chamfer or a machine component
with a long guidance on the shaft or in the housing, a large groove width shouid
be chosen. This does not, however, apply to narrow machine components which
have to be given the best axial guidance, or to thin shim rings abutting the
SEEGER ring. Here the groove width has to be kept small to preventan eccentric
displacement of the shims in the groove. In the rare case of a SEEGER ring
having to transmit forces in both directions (Fig. 77), the groove width must be
such that the end play is kept to a minimum. In this case it is often advantageous
to fit SEEGER rings stocked in different thicknesses. For reasons of cost,
however, the thickest ring should never be thicker than the normal or the
reinforced ring available as standard.

An important principle is that:

It is not possible to give a definite, universally applicable value for the
groove width m. The groove width must be determined individually
according to the mounting conditions in question.

For many years the SEEGER Catalogue has, therefore, only quoted the minimum
value for the groove width. The above principle is stated in a footnote.

6.1.2 Groove depth

In the engineering data charts the groove depth t is derived from the groove
diameter d,. The rings sit in these grooves with a relatively large tension. This
tension is always necessary where inertia forces occur in the same plane as the
rings and counteract the tension of the ring. SEEGER rings which are used on
shafts rotating at high speeds must, therefore, be of high tension so that they will
only loosen from the groove at the highest possible speeds. Atypical example for
bore rings is their use for the axial retention of piston pins in engines running at
high speeds. If the tension is inadequate such rings will be contracted under the
influence of the inertia forces and will quickly damage the grooves in the
relatively soft material of the piston. Where the inertia forces are particularly
great the groove depth must be reduced by sacrificing axial groove area and
hence axial load carrying capacity.

In many designs such inertia forces hardly occur or not at all. In these cases the
groove depth, and hence its [oad carrying capacity, can be increased if the
tension of the ring is sacrificed.
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The limit is set by the diameter d; of the rings in the unstressed state. The
diameter d; and its tolerances are given in the data charts. In extreme cases, the
following should be used:

shaft rings: domin = d3max-
bore rings: damax = damin.

In special cases, whers there is a demand for particularly deep grooves, it is
necessary to clarify, in cooperation with SEEGER-ORBIS, whether the given
tolerances will be fully required for the rings. This is sometimes not the case,
depending on the method of manufacture. Simifar as to the groove width the
following applies to groove depth (the groove diameter):

It is not possible to give a definite, universally applicable value for
groove deptht. The optimum groove depth must be determined individu-
ally from case to case.

This applies to axially-mountable SEEGER rings. Radially-mountable retaining
elements leave only very little room for variations of the groove diameter. Here,
the values given in the data charts will always apply.

6.1.3 Groove shape

In order to transmit large axial forces the groove shouid be shaped so that the
SEEGER ring fills it as completely as possible, i.e. the axially loaded area of the
groove should be at its maximum. On the basis of superficial considerations, the
ring should generally have an exactly rectangular cross-section. Smaller
SEEGER rings, produced by stamping from strip, however, always have a cross-
sectional area as shown in Fig. 78 A. At every sheared edge there is a deformed
zone e {radiusr), a cut zone (cylindrical f) and a fractured zone g (tapered) with a
chamter h, With a small width b the cross-section shown in Fig. 78 B will be

£)

A)

Fig. 78: Cross-sections of SEEGER rings manufactured by differant methods.

A) and B) stamped with a compound die, C) with a follow-up die, D) ring with ground faces
stamped from strip, E) ring with unmachined faces cut from a coiled blank, F) ring with
machined faces cut froma coiled blank.

bradial ring width, e deformed zone, fcutzone, gfractured zone, h,chamfer onthe upper
side (h’ with ground faces), h,chamfer on the lower side, @ angls of dishing, ¥angle of
inclination of the fractured zone.
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obtained in practice. The chamfer on the upper side of the ring is difficuit to
define exactly. The chamfer h, is a result of the necessary die clearance of the
tool, which again is a function of the material thickness s and its strength.

Large thickness s with a small width can necessitate the use of follow-up tools.
This gives a contour as shown in Fig. 78 C. Insufficient clamping pressure results
in dishing (angle ¢).

Fig. 780 shows a ring with ground faces stamped with a compound die. The
chamfer h; resulting from the deformation has been eliminated to a great extent.
The chamfer h,, however, on the lower side of the ring remains unchanged.

SEEGER rings cut from coiled blanks, as shown in Fig. 78 E, have only small radii
r, or are almost completely sharp-edged, as shown in Fig. 78F.

In the course of development various shapes have been produced for SEEGER

ring grooves (Fig. 79).
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Fig.79: Various groove shapes for SEEGER bora rings

A) Rectangular groove with ring as in Fig. 78 A; B) radiused groove with ring as in Fig, 78A;
C) groove chamfered on one side with ring as in Fig. 78 F; D) groove with an inclined base
and large radius with ring as in Fig. 78 F; E) groove with an inclined base with one radiused
and one sharp cornerwith ring asin Fig. 78 F

.

The type of groove most widely used and aspired to is the rectangular groove
(Fig. 79A). But practive shows that because of insufficient service life of the
recessing tools this shape is hardly ever achieved. i.e. the groove in Fig. 79A
becomes the groove in Fig. 79B with appropriate radii. Also, the groove
chamfered to 60° on its unstressed side {(Fig. 79 C), which is recommended forthe
normal one-sided load, cannot be completely sharp-cornered onthe loaded side.
DIN 471/472 generally permits a radius r = 0.1 s.

The deliberate acceptance of the radius then leads to the grooves shown in Fig.
79D and E. The groove shown in Fig. 79D has an effective depth t and a radius
which, on the loaded side, mests with a tangential line inclined at the angle ¢ .
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The penetration depth of the ring depends not only on the groove itself, but also
on the ring thickness. This must be given particular attention when rings with a
range of different thicknesses for compensating end play are used in agroove of
this type.

A definite advantage of the large radius grooves shown in Fig. 79D and E, is the
reduction of the notch effect.

Grooves as in Fig. 79D are generally easier to machine than those in Fig. 79 E but
have the disadvantage of being very wide towards the unloaded side. This can
cause difficulties if the machine components to be located are narrow. The
guidance of such parts is poor; they can easily wobble. The groove shape shown
in Fig. 79E is more suitable in this case.

When a ring manufactured as in Fig. 78A and Fig. 78C is fitted in a sharp-
cornered rectangular groove (Fig. 79A) its upper or lower side will contact the
wall of the groove at a certain corner distance depending on which way round it
is fitted. This information is particularly important for the following reason. A
superficial examination of the rings in Fig. 78 Aand C, shows that there isasharp-
cornered and a rounded side. The following instruction is frequently given: The
ring is to be fitted with the sharp-cornered side to the loaded side of the groove.
But this always overlooks the fact that even the sharp-cornered side will give a
corner distance because of the die clearance of the cutting tool. It is not generally
possible to say which of the two corner distances is the larger, the one on the
radiused side, or the one on the inclined side, This is partly dependent on the
condition of the tool (sharply ground or not) and the ring thickness. Furthermore,
it must be remembered that the corner distance on the upper side (Fig. 78A),
even when it is larger than on the lower side, will not be fully effective. The
question as to when the corner distance becomes dangerous is left open here.
On the other hand, this point is clearly defined on the sharp-cornered side.
However, on the other side a curvature is present which emanates from the
centre with a very large radius and becomes smaller towards the edges (Fig.
78B). For the rings shown in Fig. 78 A and C, which always have a corner distance
on both sides, the relatively high expenditure involved in producing an extremely
sharp-cornered groove is not warranted. Certain radii in the groove are not
detrimental and can even be desirable for reducing the notch effect.

Rings which are sharp-cornered without having a corner distance (Fig. 78 F), or
which have a corner distance smaller than the radius of the groove, slip onto the
groove when subjected to axial load or fail to spring completely into the groove
during assembly {Fig. 79C). They do, however, fully utilise the given groove area
or depth, and that is the decisive factor.

The optimum grooves for sharp-cornered rings are shown in Fig. 79D and E.
They are widely used in motor vehicle gearboxes and are generally produced by
plunge grinding.
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The expression “sharp-cornered” should not be used in design drawings of the
groove and the machine component abutting the SEEGER ring as it is ambigu-
ous. Either data according to DIN 6784 are to be quoted or the maximum radius
has to be specified as in Fig. 80.

@ _

( Fig.80:
Indication of the maximum radius

6.1.4 Notch effect of the groove.
Machining a SEEGER ring groove into a shaft, axle or pin leads to a notch effect.
This applies in particular to the sharp-cornered groove normally provided. The
majority of grooves are machined into rotating components subjected to
bending stresses. Of interest to the designer is the fatigus notch factor By. It is
defined as

Oppw SMooth

Oppw Notched

Bk =

In literature, factors of 2.5 — 4 are still often given for SEEGER-ring gooves but
these are extremely exaggerated. Rotating bending fatigue tests, with sharp-
cornered, rectangular grooves in a hardened shaft, material Ck 45, resulted inthe
following fatigue notch factors:
Shaft diameter 20 mm: By
Shaft diameter 40 mm: By
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These fatigue notch factors can be reduced by special means. Firstly, attention
has to be drawn to a general radius as in Fig. 81a. When dimensioning, care must
be taken to ensure that the necessary groove diameter d,, or the groove area
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resulting from it, is attained. A study of Fig. 81a creates the wish for SEEGER
rings with a radius corresponding to that of the groove so that the ring seats on
the base of the groove. Apart from production engineering reasons, this is
eliminated by the fact that the ring, for a given tension, i.e. with a smaller
diameter d; in the unstressed state, would have to deform much more elastically
during assembly. Normal SEEGER rings are dimensioned in such a way that the
elastic limit of the spring steel is used to the full and is often exceeded. Only the
snap rings DIN 5417, which are always fitted in radiused grooves, have a
matching radius on their inner circumference. The radius can also be as in Fig.
81b. Stress concentrations are best reduced by relief grooves, as in Fig. 81¢. The
width of the relief grooves depends on the design. The left-hand collar can be
dispensed with in the case of machine components with greater cornerdistance,
thus giving the shape shown in Fig. 81d. Relief grooves can reduce the fatigue
notch factor by approximately 25%.

The SEEGER ring groove notch effect is present and limits the use of the rings.
There are numerous designs where the advantageous use of a SEEGER ring has
to be rejected due to the notch effect. On the other hand, it must be remembered
that most SEEGER rings are designed for bearing arrangements in which the
bending stress of the shait is zero. With torsional stress, the notch effect is very
small. On many gearbox shafis there is such an accumulation of stress concent-
ration resulting from other, unavoidable shapes producing a notch effect, that
the influence of the SEEGER ring groove is no longer decisive. In other designs a
compromise is reached by accepting the disadvantages of the notch effect and
designing for ease of manufacture, although the component may well be over-
dimensioned.

6.2 Influence of the lever arm.
In accordance with section 3.3 the calculation of the load carrying capacity

of the SEEGER ring is Fg = ‘l’h_K In order to attain a high load carrying

capacity the smallest possible effective lever arm h should be aimed at. Even
although this has already been mentioned in previous sections, attention should
be drawn to it once again in detail. Although the influence of the lever arm on the
load carrying capacity of SEEGER rings is apparent, it must be particularly
emphasised that long experience has shown this to be a fact which is not given
adequate consideration. The consequence is often very bad damage. When a
complaint is made concerning SEEGER rings, the first question is generally that
of a large lever arm. It is often answered negatively. Nevertheless, investigations
frequently show that the lever arm was too large as the resuit of a totally
unnecessary chamfer or radius.

The influence of the lever arm on the load carrying capacity of the SEEGER ring
is convincingly demonstrated by comparing the columns Fy and Fg, in the
SEEGER Catalogue. The SEEGER ring for 52 mm shaft diameters with sharp-
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cornered abutment has a load carrying capacity of Fg = 73.1 kN, and with
chamfer or radius of 2.5 mm a load carrying capacity of only 11.5 kN! There is a
basic difference between those mechanical components, which are generally
manufactured by the user and can be sharp-cornered, and those bought as
standard components which display a chamfer, radius or corner distance.
Rolling bearings, in particular, fall into the latter category.

General instructions like “sharp corners broken” are to be avoided absolutely.
Corners are often broken without special instructions being given. For the
corner in contact with the SEEGER ring, a limit must, therefore, always be set as
in Fig. 82, This can also occur with data as in DIN 6784.

Lpar=g2

// | Fig.83:

Fig.82: SEEGER ring undsr high axial load.
Indication ofthe sharpness a) normal ring, b) reinforced ring,
ofthe cornerof the abutting component c) normal ring with support washer

When machine components are used which, for manufacturing and technical
reasons, must have a relatively large corner distance, such as that of rolling
bearings, the subsequent calculation must show whether the lever arms are
permissible (Fig. 83a). If this is not the case, the use of reinforced SEEGER rings
must be checked (Fig. 83b). If these are also not acceptable, the lever arm can be
reduced by inserting a SEEGER support washer DIN 988, thus providing the
sharp-cornered abutment (Fig. 83c).

With corner distances on rolling bearings, attention must be paid to the
tolerances. In some cases the following dimensioning of shafts or bores can also
lead to large lever arms. On the assumption that after recessing the grooves a
radial burr persists which will be bent over into the groove when the machine
component is being pushed aver it, thus preventing the ring from subsequently
jumping into the groove, the diameter of the collar will be reduced (shafts) or
increased (bores). Fig. 84 shows a bore created in this way. If this arrangement
cannot be avoided, the difference between diameters d, and ;" should be kept as
small as possible. With regard to breaking the corners, it is often argued that it is
necessary to be able to assemble the component to be located. This argument is
not valid as the face of the machine component facing towards the SEEGER ring
is only at ths front during disassembly.

Larger lever arms of the dishing moment can also result from breaking the
corners of the collar, as in Fig. 84a.
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Every corner distance g' must be taken into account when calculating the load
carrying capacity of the ring (SEEGER Catalogue, page 12).

FF(Q' - FRQ

g

Note: When Fg,' is greater than Fg with low values of g’ apply Fj!
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Fig.84a:
) ) Increase of the dishing moment due to
Fig.84: the broken corners of the groove
Enlarged assembly bore d,’ collar

6.3 SEEGER rings on splined shafts

Shoulders for the axial location of machine componenis often have to be
produced on splined shafts. This applies particularly in the production of motor
vehicle gearboxes. All methods of axial location, except those employing
SEEGER rings, are extremely expensive. It is, therefore, just in such applications
that SEEGER rings are almost always resorted to. Compared with the normal
application, this presents a special situation for the groove as well as for the
SEEGER ring.

Fig.85:

Splined shaft with SEEGER ring.
a.splined shaft, b. SEEGERring,
€. machine component, d,. outer
diameter of the splined shaft, d,.
groove diameter, d,. root circle :
diameter of the splined shaft, F.

applied force, h, t effactive lever Fig. 86: SEEGER ring on a splined shaft under high
lengths. axial load.
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Since the groove depth is almost always smaller than tha height of the splines,
the groove area is reduced by more than 50%. Where possible, the use of
deepened grooves, as in section 6.1, should always be considered first. Because
many splined shafts in gearboxes rotate at high speeds, the resultant reduction
in the loosening speed must not be overlooked. Reinforced SEEGER rings as
shown in data chart 18 of the SEEGER Catalogue are partly intended for deeper
grooves and for this reason are especially suited to splined shafts.

The stress of the SEEGER ring itself on splined shafts is also completely different
to that on smooth shafts, When the machine component abutting the SEEGER
ring is a splined hub, the ring will be contacted by the hub splines across its
whole radial width and will not be subjected to dishing stresses. It will even be
prevented from dishing. A precondition for this important dishing prevention is,
however, that the component ¢ in contact with the SEEGER ring b, as shown in
Fig. 85, has no broken corners and supports the ring with the moment F - 1. But
dishing stress does occur on the splines of the shaft, The free ring is subjected to
an axial bending stress between the spines. Despite the complstely flat surfaces
of the hub and groove, this leads to bending between the splines as a result of
deformations in the ring, groove and hub. Fig. 86 shows a SEEGER ring seated
on a splined shaft during a load test. The general dishing and bending between
the splines can clearly be seen. Figs. 14 and 17 show the application of SEEGER
rings on splined shafts in gearboxes.

6.4 Rotating machine components abutting on SEEGER rings

Direct abutment of rotating machine components on SEEGER rings is always
possible with small axial forces and low demands on the running characteristics.
There are numerous designs in which the SEEGER ring forms an adequate axial

bearing, both directly and in connection with a thrust washer.
i N
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NV |
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Fig. 87 Washer between the rotating . )
machine component and the SEEGER Fig. 88: Grip ting as a thrust washer
ring locked against turning

Care is called for when the rotating contact takes place under high axial forces.
With shaft rings there is a danger of the ring working itself out of the groove as a
result of the irregularfriction. The insertion of a loose thrust washer, als shownin
Fig. 87, provides no help in the case of shafts as the mean friction radius r,
between the machine component and the washer is always larger than that
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between the washer and the SEEGER ring r;. With the same force and friction
coefficient this must lead to rotation of the washer. For bore rings, the situation is
reversed. But these are rarely used for such applications. To prevent the washers
from turning, a stop on the shaft is necessary. This is relatively costly from the
point of view of production. The following possibilities may be considered:

1. Installation of washers with a tab or a splined profile which matches that of the
shatft.

2. Shafts with flats on one or two sides and the use of appropriately shaped
washers.

3. Location of the washer with the help of a pin interlocking the shaft and the
washer.

The options 1 to 3 require washers, which have to be manufactured with costly
special tools, and shafts with special profiles. The following designs utilise round
shafts and, in part, round washers.

4. Replacement of the washer locked against turning by a SEEGER grip ring.
This is possible within the range 1.5—30 mm shaft diameter in which SEEGER
grip-rings are available (Fig. 88).

5. Positive radial retention of the assembled ring as described in section 6.7.3
page 116. Only to be used when assembly takes place onto a SEEGER ring
already in position.

It is almost impossible to calculate above which load it is necessary to secure the
washer against turning.

6.5 SEEGER rings at high shaft speeds

Retaining rings have a disadvantage which must not be overlooked. They are
only retained radially in the groove by their own tension. Radially acting forces
can unseat the ring from the groove. One such force can be the centrifugal force
at high shaft speeds. A further problem is the unbalance caused by the retaining
ring.

The calculation of the loosening speed was described in section 3.5. When the
operating speed exceeds the loosening speed, a check must be made to see
whether an increase in loosening speed is possible with the ring size and ring
type in question. Equation (@ provides the basis for axially mounted SEEGER
rings. The loosening speed is then very close to being

1. directly proportional to the radial width b and
2. proportional to the root of the radial tension d, — dj.

Increasing width b usually necessitates special rings. Only the smaller sizes of
the reinforced SEEGER rings DIN 471 are wider than the standard rings to DIN
471. With the reinforced ring AS 25x2, for example, b = 3.4 mm, as opposed to
3.0 mm for standard rings. The loosening speed increase is 13 %. With larger
SEEGER rings made from precoiled blanks the manufacturing cost for wider
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rings is justifiable. The bending stress occurring with elastic deformation during
assembly is also proportional to width b, and with standard rings is often already
near the upper limit. Betore any enlargement of the width is undertaken a check
must, therefore, be made to see whether it is permissible. In general it can be said
that as far as the smaller rings are concerned there are normally no reserves,
while the larger rings can be stressed still higher. Since the loosening speed for
the small standard rings is very high, there is scarcely a need for special rings
here either.

The increase in the tension d; —~d4 (groove diameter—inner diameter unstressed)
can be attained firstly by increasing the groove diameter d, and secondly by
reducing the inner diameter in the unstressed state d;. With smaller, relatively
stiff rings which cannot be stressed beyond the corresponding shaft diameter
Dy, only the possibility of increasing the groove diameter d, is to be considered.
This, of course, results in a reduction of the groove depth. For example, with the
SEEGER ring A 25 x 1.2 DIN 471, the loosening speed is raised by almost 20 % if
the groove diameter is increased from 23.9 mm to 24.2 mm. In most cases the
reduced groove depth of 0.4 mm is still adequate. With smaller rings a reduction
of the inner diameter d; in the unstressed state can be attained by using the
reinforced range. With some sizes, the smaller reinforced rings have smaller,
even if only a slightly smaller, diameter d; than the standard rings. With the larger
rings a relatively effective reduction of the diameter dg can be attained by using
the next smaller ring for a given shaft diameter. if this shaft diameter is, for
example, 145 mm, the ring A 142 can be used in the groove forthe ring A145. The
loosening speed is then improved by 42 %! Of course, assembling the ring A 142
over the 145 mm shaft leads to a greatly increased bending stress. Insuch casesa
check of the stress is, therefore, always necessary. This can be performed
experimentally with a trial assembly by measuring the extent of the permanent
set, i.e. by measuring the inner diameter dy before and after assembly. A
calculation is shown in example 4, section 3. Increasing the loosening speed by
using a smaller ring has the great advantage of eliminating the need for special
rings.

With radially-mounted SEEGER rings this system will not function because the
smaller ring, if its assembly is indeed at all possible, hardly envelops the larger
groove. On the other hand, the loosening speed of most of the smaller sizes
among the usual radial types is so high that the need for rings which withstand
speed better scarcely exists.

If the increase in loosening speeds does not succeed with the methods shown in
the above section, some protection against opening due to centrifugal force
must be sought with the aid of a positive retention system. This can be achieved
by simple means when the ring is assembled first and the machine componentto
be located is mounted afterwards (Fig. 89 right). The machine component has a
recess which prevents a radial opening of the ring. This system is, however, only
successful when the ring is supported at least on several points of its circumfer-
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ence. The standard SEEGER ring DIN 471 would only be held at the area of
greatest radial width, i.e. in the region of the assembly holes. The ring could
actually lift itself out of the groove. The only rings suitable for positive radial
retention of the already assembled ring are SEEGER rings DIN 471 in the
execution shown in Fig. 7, page 17, the SEEGER K and V-rings, and all snap
rings. The disadvantage of the non-circular deformation of shap rings of uniform
radial width cannot have a negative influence on the retention because they are
held in the groove by the recess. Also, ali radially-mountable retaining elements,
like SEEGER retaining rings ST, SEEGER retaining rings DIN 6799 and SEEGER
crescentrings can, thanksto their concentric outer contour, be radially retained.

Fig. 89: Radial retention of the SEEGER Fig. 90: Radial retention of the SEEGER
ring to prevent it from opening ring by means ef a washer

Axial abutment of the machine component against a previously mounted ring as
in Fig. 89, right, is unfortunately not possible with all designs, whether it be a
shoulder preventing the required pushing back, or the component being located
by two SEEGER rings, i.e. only one ring could be radially located. Here an
arrangement as in Fig. 89, left, will help. It is used mainly in connection with
narrow snap rings. After assembly of the snap ring Sp over the shaft and into the
groove having a minimum depth of t = b, the snap ring is pressed deeply into the
shaft groove and the machine component is pushed over it, either from the left
or, prior to assembly of the SEEGER ring Sg, from the right. Then the machine
component is pressed against the mounted SEEGER ring Sg until the latter is
enclosed. The snap ring Sp then springs into the recess, the depth of which is
generally b/2.

The main problemwith the arrangement shown in Fig. 89, left, is the disassembly.
It is only possible if the snap ring is pressed completely into the groove base and
the machine component is pushed to the left. To facilitate pressing the snap
rings into the groove, the axial recess should only be dsep enough to allow the
snap ring to protrude slightly. If the machine component cannot have the
required recess, for example, if it is a rolling bearing, a washer with the recess
must to be provided (Fig. 90).

Large, narrow snap rings only have low loosening speeds. With the SEEGER
snap ring SW 175, the loosening speed is, for example, only 430 r.p.m. The use of
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such rings at high shaft speeds is made possible by designs as in Fig. 91. In Fig.
91a the snap ring for the shaft is mounted into a relatively deep groove t. An
auxiliary ring in a shallow groove t' retains it radially. The main ring canonly open
tot'.~InFig. 91 b the mainring s is retained by an auxiliary ring 8’ and the latter by
another snap ring seated in the housing groove.

Further possibilities of a positive radial retention are given in section 6.7.3.

%
/ /

s’ Fig.91:

s Retention ofsnap rings for
high shaft speeds

a) with auxiliary snap ring
(design Z.F. Friedrichs-
hafen)

b) with an additional snap
ring for axial location

Before SEEGER rings are used at increased loosening speeds, SEEGER-ORBIS
should always be consulted. As a cautionary example Fig. 92 shows a SEEGER
ring A 50 after it has flown off.

Fig.92:
ASEEGER ring which has flown off

Fig.93:
Balanced SEEGER ring

Bacause of their gap and their eccentricity all retaining rings, excluding the fully
closed and symmetrically-designed interlocking ring, have an unbalance which,
at high speeds, can lead to high centrifugal forces, The uses of SEEGER rings in
machine components which must be precisely balanced requires special atten-
tion.

Balancing the machine component in which the SEEGER ring is mounted gives
rise to some problems. Firstly the tension of the SEEGER ring must be great
enough not to allow turning underthe influence of inertia forces. Afterdisassem-
bly the ring has to be remounted in the same position. If necessary, special
means must be used to prevent its turning. Furthermore, it must be remembered
that the larger SEEGER rings made from coiled blanks have no constant
unbalance. During reassembly it must be ensured that the same ring is used
again.
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Calculation of the centrifugal force C of a SEEGER ring with a weight force G in
kp and a displacement of centre of gravity r in mm at a speed n in r.p.m. is
provided by G

2
‘ren
C:

900000 <P

The radius of the centre of gravity can be found most simply with a test. The ring
is deformed to the diameter of the groove, either by over-stressing or by striking it
with a hammer. The centre of gravity of this ring is determined by balancing it on
a knife edge and comparing with the centre of the inner diameter.

it is also possible to manufacture the SEEGER ring in a balanced excution for
special purposes. The ring ends are widened, thus compensating the mass
which would otherwise be missing. Fig. 93 depicts a balanced SEEGER ring fora
bore. The loosening speed of balanced shaft rings is lower because of the
additional mass of the ring ends. When using balanced SEEGER rings attention
must be paid to the fact that the exact balancing relates only to one diamster
condition; the tolerances of the groove diameter d, must, therefore, be reduced.

The practical significance ot balanced SEEGER rings is small. These rings are
special ones which require special tools and sometimes also special materials.
As the quantities are generally small these costs result in a very high price for the
ring.

Fig. 94 shows an example of balanced rings in use. Here, there is a light plastic
coupling with 2 balanced bore rings.

Of the standard SEEGER rings, the SEEGER V-rings have the smallest unba-
lance.

Fig.94:
Balanced SEEGERringsina

} Bowex coupling (according to
/1 / design data of the firm Kupplungs-
: 1 technik GmbH, Rheine/Westfalia)

i | Fig. 95:

// , 7 Ball bearing located with a
‘ , / SEEGER ring and asupport

washer

6.6 Compensation of end play

Generally, the use of SEEGER rings brings the advantages of a narrow and light
design, easy groove manufacture and fast assembly and disassembly. But the
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standard flat retaining rings have the disadvantage that they cannot locate a
machine component entirely without play. Fig. 95 explains this with a simple
example. A SEEGER ring is intended to locate a deep groove ball bearing. A
support washer serves to bridge the corner distance of the bearing. The distance
a from the loaded flank of the groove to the collar of the shaft must be at least

8min = Dmax T Simax T+ Szmax

Taking into account the required tolerance A a, the result will be
Qmax = nin + A Q.

The maximum play A,y is calculated from the sum of the tolerances:
Amax = Aa + Ab + As1 + ASQ.

Examples of tolerances of

a bearing 6205 Ab =0.12mm
a SEEGER support washer 25 x 35 x 2 As;y =0.05mm
a SEEGER ring A 25 x 1.2 As, =0.06 mm
distance a Aa =0.10mm
Maximum Amax =0.33 mm.

The significance of this play is frequently overestimated; because of the press fit
of the components it is often of little importance. There are, however, designs
where the components have to be assembled free of play. In these cases, the use
of threaded components undoubtedly provides the best solution. They can
equalise a great deal of play rigidly and continuously, but are expensive and
require a special locking device. For a long time efforts have been made to
design retaining rings which not only provide axial location but aiso compensate
end play. Three types of ring are produced by SEEGER and have already been
described in sections 2 and 3.7. All the practical and theoretical possibilities will
now be enumerated and described. The following classification can be made:

6.6.1 Rigid compensation
1. SEEGER Anschitz rings (bevelled retaining rings)
2. Retaining rings in the form of rotatable double-faced wedges
3. Retaining rings with pressure screws
4. Rolling the collar against the SEEGER ring

6.6.2 Elastic compensation
1. Helical SEEGER rings
Bowed SEEGER rings (SEEGER W-rings)
Bowed SEEGER E-rings
SEEGER retaining rings SL
SEEGER L-rings
Corrugated snap rings

B
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7. Elastic elements between SEEGER ring and machine component
a) Cup springs
b) Star washers
c) Corrugated washers
d) Spacer rings made of rubber

6.6.3 Semi-rigid compensation

1, SEEGER rings of various thicknesses
2. Support washers of various thicknesses
3. Shimrings

4. Lamellar washers

6.6.1 Rigid Compensation
1. SEEGER Anschiitz rings (bevelled retaining rings)

These rings were developed jointly by the firms SEEGER and Anschiitz in 1942,
Fig. 96 shows one such ring profiled for playfree assembly of a machine
component. The ring acts as a wedge between the chamfered, loaded side of the
groove and the machine component to be located. The spring force of the ring
allows it to spring deeply enough into the groove to compensate any play which
is present. The axial force acting on the machine component to be located
results from the radial spring force.

The SEEGER bevelled ring is required to compensate the greatest possible
amount of play and at the same time be self-locking.

To meetthe first requirement the penetration depth t and the wedge angle ¢ must
be large; the second requirement, however, lessens angle ¢ . Angle ¢ which is
required for the self-locking, depends on the friction coefficient. Tan ¢ = 2 can
be applied for small angles o.

With the most commonly used angle ¢ = 15°, the friction coefficientisp =0.134
and is adequately high for dry steel-against-steei friction. If the friction is reduced
by using grease oroil, the angle ¢ must be reduced to 10° or less to retain the self-
locking function.

With standard SEEGER rings it is generally always guaranteed thatthering sitsin
the groove with a certain tension but with SEEGER bevelled rings this tension is
sometimes sacrificed in favour of a greater penetration depth. Hare the groove
diameter d, corresponds to the diameter of the unstressed ring.

As a safety precaution, and to guarantee a sufficiently large groove area, the ring
must always sit in at least half the groove depth.

Because of their low radial tension, SEEGER bevelled rings are considerably
more sensitive to speed than standard SEEGER rings. For bores on the other
hand, SEEGER bevelled rings can be used like standard rings up to the highest
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speeds, since they are only pressed all the harder into the groove. SEEGER
bevelled rings are, therefors, more suitable for use in housings than on shafts.

The calculation is explained in Fig. 97. A deep groove ball bearing, sealed with a
Nilos ring, is located by a SEEGER bevelled ring via a support washer. The
support washer is necessary to prevent the Nilos ring from slipping eccentrically
into the groove.

The following applies:

8min = Brmax + Smax + Semax + Kmax + /2 - tan o,

Bmax = 8min T A2 = Bpin + Simin + Somin + Kmin + 1 - tan ¢.
When both the equations are subtracted and A is inserted as the difference
between the maximum and minimum values, the result will be

t/2 - tan ¢ = Ab + Asy + As; + Ak + Aa,
A<VY2- -tan @,

that is, the maximum play resulting from the tolerances must be the same as, or
smaller than, t/2 - tan o.

A bevelled SEEGER ring A 50 for 50 mm shaft diameters can compensate the
following play:

The diameter of the unstressed ring is 45.8 mm. The groove diameter can then be
46,0 mm and the groove depth t = 2.0 mm. With a bevel angle of ¢ = 15°, aplay of
0.268 mm can be compensated and with ¢ = 10° only of 0.176 mm. This value is
already too low for locating a ball bearing having a widthtolerance Ab=0.12mm
with a SEEGER bevelled ring with A k = 0.05 mm and a tolerance for the groove
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recess A a = 0.05 mm. When a rolling bearing is to be located, the bevel angle of
the ring must never be greaterthan 10° because it is only up to this angle that the
ring is self-locking.

The small amount of play which can be compensated should be borne in mind
when applying SEEGER bevelied rings having ring and groove sizes carrespond-
ing to the normal SEEGER rings.

Furthermore, there is a possibility that the bevelled rings work their way out of
the groove under highthrust load even though they are theoretically self-locking.
During assembly it should be checked that the rings are correctly seated in the
groove.

With regard to the small amount of compensation, there is the objection that the
play cannot be fully compensated with the help of these rings but can only be
reduced. The amount of compensation possible can, however, be increased with
the help of shim rings.

Note: SEEGER bevelled rings are not standard items, but will be manufactured on request.

2. Retaining rings in the form of rotatable double-faced wedges

With the DRP 688232 a retaining ring arrangement was protected with which it is
possible to rigidly compensate play. The main claim of the patent is: "adevice for
the axial clamping of machine components on shafts and in bores by means of
radially elastic retaining rings with wide faces fitted into wide ring grooves,
characterised by two retaining rings resting against one another and having a
self-locking wedge function common to rotatable double-faced wedges in order
to provide a shake-proof adjustment.”
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Fig.98: ’
Retaining ring pair inthe form Fig.99:
of arotatable double-faced wedge Retaining ring with pressure screws

Fig. 98, left, shows such a ring pair and, right, a rolling bearing secured with its
help. Apart from the assembly hooks, each rings has a protrusion, this being on
the inside of the bore rings and on the outside of the shaft rings. With the aid of
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assembly pliers for SEEGER bore rings they can be turned against one another
by applying force to the projections {see arrows), with the result that their joint
thickness s increases and the play is compensated. A loosening of the rings
should not be feared as the angle of the wedge surfaces is very small and the
friction force resulting from the radial tension would have to be overcome.

The question as to why these rings, which are able to rigidly compensate a
sufficiently large amount of play, are not being mass-produced is best answered
by explaining that after a higher degree of turning of the rings, the force is only
transmitted onto one part of the circumference. Besides, the manufacture of the
rings is not simple. The inventor proposed an elastic, and hence temporary,
helical deformation of the pre-blanked parallel rings and a subsequent grinding
of the one face at right-angles to its axis.

3. Retalning rings with pressure screws

The advantages of the screw for compensating play and the ease of assembly of a
SEEGER ring into a simple groove can be combined in the way shown in Fig. 899.
The ring, with its screwed-in studs, is opened in the usual manner with assembly
pliers. The studs are then tightened equally until the bearing and the SEEGER
ring are clamped. The ring will dish slightly under the influence of the bending
moment resulting from the tightening of the studs, thus providing a preloaded
assembly. The studs do not need to be locked.

To manufacture retaining rings with pressure screws it is more practical to
proceed from the SEEGER K rings. Whether these retaining rings will ever be
mass-produced is still an open question. They are able to compensate a great
deal of play rigidly — that is except for the slight dishing. Their manufacture,
however, is expensive. The threads must be cut into the material of at least
60 kp/cm? strength before hardening. Since the threads are no longer fres after
hardening it is essential to recut them.

Although the 3 methods described for the rigid compensation of end play have,
to date, been used very little or not at all, they should nevertheless be presented
here to stimulate the ideas of the designer who is unable to reach the objective
with the usual means.

4. Rolling the collar against the SEEGER ring

This process is shown in Fig. 100 and is preferably used for bore rings. After
assembly of the SEEGER ring, the collar m is rolled against the latter, thus
pressing it against the bearing. This application is preferable where disassembly
is seldom undertaken. The material of the grooved component must have the
required toughness.

6.6.2 Elastic compensation

Since rigid compensation of the manufacturing tolerances is not easy to realise
with the help of components similar to SEEGER rings, attempts are often made

107



Fig.100:
Compensation of play
S . : . .—— byrolling ofthe collar

to replace the rigid compensation by an elastic one. This also allows larger
tolerances to be eliminated. The elasticity present under axial stress can often be
accepted.

1. Helical retaining rings

Very soon after the invention of the SEEGER ring an additional patent was issued
protecting a helical retaining ring as shown in Fig. 101. The ends of the ring are
bent away from one another in opposite directions either side of the main plane,
thus allowing compensation of excessively wide grooves and distances from the
groove wall to the component to be located. Helical rings have not been mass-
produced. The main cause of this is their great softness, i. e. the extremely small
force they can exert to compensate the play. In addition, the single point
abutment will cause a tilting of the machine component to be located.

Fig.101: Fig.102:
Helical retaining ring Bowed SEEGERE-ring

All SEEGER rings manufactured by cailing, i.e. mostly the rings upwards of
40 mm nominal diameter, are, for technical reasons, slightly helical. It should be
stressed here that such rings are repeatedly and wrongly rejected by the
inspection department. They spring into the groove at all times and sit under
tension between the groove wall and the machine component. The maximum
permissible helix is given in the SEEGER Catalogue according to DIN 471/472.
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2. Bowed SEEGER rings (SEEGER W-rings, Fig. 36)

Because of the long lever arms the helical rings are too soft. The bowed SEEGER
ring has shorter lever arms and is therefore harder. Reference has already been
made to it in sections 3 and 4. The two-point contact causes an axially
symmetrical pressing of the machine component and thus eliminates the second
disadvantage of the helical SEEGER ring. Bowed SEEGER rings are volume-
produced components.

3. Bowed SEEGER E-rings

The observations up to now have only covered the axially-mountable elements,
or those designated as closed retaining rings because of their enveloping angle
of almost 360°. The radially-mountable retaining washers as in DIN 6798 can be
specially manufactured in a bowed execution, too. Fig. 102 shows the play-free
assembly of a machine component with the help of a bowed SEEGER E-ring. The
principles of the design and calculations given in section 3.7 for bowed SEEGER
rings are also valid for bowed E-rings.

4, SEEGER retaining rings SL (Fig. 38)

The E-rings as in DIN 6799 in flat and bowed executions have the disadvantage of
being retained in the groove only by their own tension and can, therefore, slide
out of the groove if radial forces (centrifugal forces, jolts) are present. The
SEEGER retaining ring SL avoids this disadvantage, positive radial location
being provided by 2 tabs. Because of its convexity the volume-produced SL-ring
already described in section 2, is able to compensate end play.

5. SEEGER L-rings (Fig. 34)

An elastic compensation of play can be achieved with cup springs or similar
elements. It was, therefore, a logical step to give the SEEGER ring itself a conical
shape like a cup spring. As early as 1891 a German patent was issued for an
elastic ring which axially clamps machine components. The patent claimed: "A
split tapered ring fitted in a ring groove to prevent axial displacement and to
provide a self-actuating tightening of gears or pulieys on journals and shafts and
the like."

To provide uniform abutment the rings must be centrically limited internally and
externally. Snap rings meeting this requirement are eliminated because of the
well-known disadvantages of noncircular deformation. Thus SEEGER K-rings
were again in demand. They have the proven shape of the SEEGER ring as a
curved beam of uniform strength. Tabs equally spaced around the circumfer-
ence ensure an almost uniformly spaced abutment when locating machine
components with larger radii or chamfers. When the flat K-rings are deformed
conically, they represent plate-shaped, spring elements. As SEEGER L-rings
they have established themselves well for elastic compensation of end play. See
sections 2 and 3.7 for the use and calculation of SEEGER L-rings.
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6. Corrugated snap rings

Snap rings can be manufactured with a number of axial corrugations. Larger
snap rings are frequently manufactured in this manner. They have a low sectional
height and exert axial pressure at a greater number of points. Particularly in the
case of alternating loads, the number of corrugations and their height should not
be too large, as excessive bending stresses will otherwise occur during flatten-

E-s
D

(see section 4, example 8), where s signifies the thickness of the snap ringand D
the diameter of the corrugation. Every effort must be made to give the corruga-
tions a circular shape as the diameter D is then at its maximum and the bending
stress at its minimum.

ing. The bending stress is calculated by using the equation o =

7. Elastic elements between SEEGER ring and machine component

The end play can also be compensated elastically by placing elastic elements
between the normal flat SEEGER ring and the machine component to be located.
This, however, increases the number of components and usually enlargens the
axial space requirement. The following possibilities may be considered:

a) Cup springs. These are rarely used as elastic compensation elements as they
are too rigid and their large radial space requirement is a hindrance.

b) Star washers, i.e. cup springs with radial slits, are much softer and are
therefore used more often to compensate end play. However, their large
space requirement often necessitates the use of a washer.

¢) Corrugated washers, as in DIN 137, have proved themselves together with the
star washers.

d) Spacers made of rubber and similar materials have the advantage of small
space requirement. Recently they have been used more frequently for this
purpose.

6.6.3 Semi-rigid compensation

In mechanical engineering the play resulting from manufacturing tolerances can
be compensated by using shim rings of various thicknesses, amethod which can
also be employed for SEEGER ring assembilies. The compensation is semi-rigid,
the play being reduced but not completely eliminated. The objsctive of keeping
the remaining play as small as possible is limited by the thickness tolerances of
the material used for the washers (cold strip DIN 1544) or, in the case of washers
having ground faces, by the accuracy of the grinding.

1. SEEGER rings of various thicknesses

in motor vehicle gearboxes, in universal joints and in applications in which
SEEGER rings are used in larger quantities and in which only a small axial play is
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permissible, SEEGER rings with various thicknesses are often used. The rings
are usually manufactured in thickness steps of 0.05 mm, either by grinding or by
punching from strip with appropriately close tolerances. The distance between
the loaded side of the groove and the machine component to be located is
measured and the correct ring selected. The rings are generally colour-coded so
that no mix-up occurs during assembly and disassembly.

The distance between the machine component and the side of the groove can
best be measured with a fork-shaped gauge as in Fig. 103. The steps of the gauge
and the colour codings correspond to those of the rings.

Fig.103:
Gauge for selecting

— ring thickness

In order to be able to compensate a sufficient amount of play and to ensure that
the thickness of the thinnest ring does not become too small, reinforced
SEEGER rings are generally used for the production of thickness-graded rings.
Before finally deciding on the appropriate thicknesses it is always recommended
to consult SEEGER-ORBIS first. In most cases it is possible to then proceed with
the materials available and to save costs. SEEGER rings DIN 471/472, SEEGER K-
rings and radially-mountable SEEGER crescent rings have established them-
selves in many designs as retaining elements with graded thicknesses.

2. Support washers of various thicknesses

The axial location of machine components with larger chamfers or corner
distances, particularly rolling bearings, in applications involving greater forces,
necessitates the use of support washers DIN 988 in order to attain sharp-
cornered abutment. Support washers in various thicknesses can also be used for
semi-rigid compensation.

3. Shim rings

The amount of play can be reduced by using SEEGER shim rings DIN 988, as in
data chart 62, with which any desired combination in steps of 0.1 mm can be
attained. Rings with thicknesses of 0.15 and 0.25 mm are also available in
addition to those in DIN 988.

4, Lamellare washers

For some time a material has been available which consists of a great number of
thin layers (foil) and can be used for the manufacture of washers. When
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assembling, these washers can easily be brought to the required thickness by
removing one or several Jayers as needed. The compressive strength of this
material is sufficient for aimost all purposes. The material used for the layers is
bronze, brass or steel.

6.7 SEEGER rings under high axial loads

When the use of SEEGER rings is being considered in the design stage it is
possible that the calculation of the assembly will show that the axial forces
present are greater than the permissible load carrying capacity of the groove and
the ring. Replacing the SEEGER ring with other mechanical elements usually
leads to high costs. The designer must, therefore, always try to raise the load
carrying capacity of the SEEGER ring assembly by means of special measures.

6.7.1 Load carrying capacity of the groove

The equation @ for the calculation of the groove is Fy =& Ay

q-S

The load carrying capacity of the groove can be raised by:

Selecting a material with a higher yield point g,,
Reducing the load factor q by choosing a large collar length ratio n/t,
Enlarging the groove area Ay.

The influence of the yield point on the load carrying capacity of the groove is
clear. Anincrease can be attained by selecting a material with a higher yield point
or by raising the yield point by hardening the material.

The load factor g can only be reduced to 1.0 when a large collar length ratio is
selected.

The load carrying capacity can be influenced to a relatively great extent by
changing the groove depth and thus enlarging the groove area Ay. The
information given in the data charts of the SEEGER Catalogue for the load
carrying capacity of the groove apply to the nominal diameter of the grove. As
was explained in section 6.1, the choice of a considerably deeper groove is
always available. The enlarged groove area provides an increased load carrying
capacity. On an average, improvements of 35% are obtainable. With larger
SEEGER rings for shafts, which are dimensioned so that bending stresses
arising during assembly remain relatively small, it is also possible to fit the next
size smallerring into a deeper groove. Basically, this method should only be used
after testing the bending stress of the smaller ring.

Example:
Aring A 87 is to be used in a desper groove on a shaft with d; = 88 mm diameter.
Checking the bending stress with the help of equation @®.

dy =88 mm;d; =81.5mm; b =79 mm
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.- (dy~dg) - E-b ~ (88 - 81.5) 210000 - 7.9
T (d, +075-b) (d; + 0.75-b) (88 + 0.75-7.9) (815 + 0.75 - 7.9)

= 1320 N/mm?2.

This tension is still permissible with a minimum hardness of HRC = 44 2 HV 435
£ gg = 1400 N/mm?2. The diameter d; = 81.5 mm of the ring A 87 has a
+ 0.54
-1.08"

The minimum groove diameter can be 82 mm, i.e. the groove depth of 3 mm is
70% greater than that of 1.75 mm with the ring A 88 x 3.

But a limit is set to the increase of the groove depth by the shoulder height of the
SEEGER ring. There is no point in putting a ring into such a deep groove that it
will not protrude from the groove at its narrowest width. As the narrowsst ring
width, dimension c¢, is not noted in the data charts, it is recommended in such
cases to consult the manufacturer beforehand or to check the rings with the aid
of samples. On splined shafts where the hub has the splined shaft profile, there
are no restrictions regarding inadequate shoulder height.

tolerance of

With bore rings, the opposite principle of using the next size larger rings to
obtain an increase in groove depth is not practicable because these rings are
dimensioned in such a way that, in order to prevent overstressing, their gap,
when fully closed, just allows them to enter into the bore of nominal diameter. Of
course it is always possible to use deeper grooves at the expense of a reduction
in tension.

Since SEEGER rings under high loads will aiways dish and thus lift away from the
bottom of the groove, grooves which are too deep will not increase the load
carrying capacity.

6.7.2 Load carrying capacity of the ring

The equation @ forthe calculation of the SEEGERring is Fr= - K

h-S
and derived from that, for rings with variant thickness sgq, the equation

2
Frsa = Fr -Ss—id— The load carrying capacity can be increased by:

Raising the calculation value K, especially by increasing thickness s.
Reducing the lever arm h,

Firstly, it must be emphasised that an increase in the dishing angle W brings no
advantages because it necessitates a reduction of thickness s effective to the
third power.

An increase in the thickness acts quadratically with a Iirﬁited dishing angle.
SEEGER rings are, therefore, produced as standard according to data charts 18/
19 as reinforced SEEGER rings DIN 471/472 (heavy duty). The increase in load
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carrying capacity compared with the standard rings is expressed in the data
charts by the load factor B. It is 1.56—2.78. Complete reference has already been
made to the reduction of the lever arm in section 6.2.

SEEGER rings, which are primarily subjected to alternating or pulsating loads
fracture in those areas in which excessive tensile stresses occur. Afurther cause
of fracture can be the notch effect caused by tool marks. The risk of fracture can
be lessened by reducing the tensile stresses and the notch effacts. The former is
possible if acompressive stress can be applied to the heavily stressed area as this
must first be reduced before tensile stresses can occur.

One way of applying the compressive pre-stress is by shot-peening. The single
ball takes over the function of a hammer; the surface is stretched. The thin work-
piece begins to bend. Compressive stresses occur in the surface. Shot-peening
on the other side restores the state of balance. In addition, shot-peening has a
smoothing effect on possible tool marks and reduces the notch effect. Both long
term experiments and practical applications have shown that shot-peened
SEEGER rings and snap rings have an increased durability. Shot-peened rings
should, therefore, be specified if the SEEGER ring assembly is particularly highly
stressed.

Shot-peening can only be fully effective when carried out at optimum intensity.
Under- or over-peening must be avoided. The intensity can be measured with the
help of sheet metal blanks of a certain size, thickness, quality of material, and
hardness, which are named after the American, Almen, who systematically
researched shot-peening. The Almen blanks have a length of 76 mm and a width
of 19 mm. The blanks A 2 which are most commonly used have a thicknes of
1.3 mm. A thickness of 2.4 mm (blank C 2) can be used for greater peening
intensities.

The blanks are secured in a fixture and shot-peened on one side for the correct
length of time for that work-piece. They deform spherically. The height of the
deformation curve is measured in a testing apparatus and provides a measure of
the peening intensity. SEEGER rings require a height of 0.3—0.4 mm for blank
A2

The possibility of preventing dishing is mentioned in section 7 Fig. 144.
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Fig. 103a: Radial retention of asnap ring (a)
and a round wire snap ring (b)




6.7.3 Positive radial retention of SEEGER rings (Fig. 103 a).

For high safety requirements a positive radial retention is always preferable to
one provided by the tension of the ring alone. Axially, the SEEGER ring assembly
is positively located. Radially however, the elastic SEEGER ring is held in the
groove only by its own tension. As extremely high loads, and impacts in
particular, can cause the SEEGER rings to jump out of the groove, attempts have
been made to design special retainers which prevent shaft rings opening and
bore rings closing. Such measures are particularly important for shaft rings
rotating with high circumferential speeds and to prevent opening due to
centrifugal forces. The possibility of positive radial retention in the groove is
described in section 6.5. Figs. 89, 90 and 81 show the arrangement with a freely-
designed machine component and with a standard component in conjunction
with a special washer. If the machine component has to be located by SEEGER
rings on both sides, the ring sitting on the critical side has to be enclosed in a
recess.

Positive radial retention of the ring in the groove provides five decisive advan-
tages:

@ The ring cannot work its way out of the groove.

@ Use of deeper grooves and hence

@ Greater load carrying capacity of the groove.

@ Circular contact in the groove.

@® Elimination of the speed dependency of the shaft rings.

Two preconditions must be fulfilled for conventional radial retention of a
retaining ring. It must be possible to axially displace the machine component in
order to assemble the ring. Further, the circumference, or at least part of it, must
be concentric with the axis of the shaft or bore. A retaining ring from the usual
standard range, as in Fig. 104a, would only be held on the lugs dimension a. It

Fig. 104:
Retaining rings for
positive radial
retention

a. SEEGER ring DIN471
b. SEEGER snap

ring SW
c.SEEGERK-ring

DIN 983

d.SEEGER V-ring

e.SEEGERring DIN471
“new shape”

i
T
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could leave the groove around the rest of its circumference. All snap rings with a
constant cross-section as in Fig. 104 b, are held around their entire circumfer-
ence. The disadvantage with all snap rings of whatever cross-section, namely
their non-circular deformation under stress, does not apply with positive radial
retention, whether the ring be fitted without tension or whether it be forced, as
mentioned, into the circular shape by the recess. The SEEGER K-rings DIN 983
have a sufficiently large number of tabs to provide location in the recess (Fig.
104 c). Additionally, the SEEGER V-rings as in Fig. 104d have to be mentioned
and, finally, the “new shape” SEEGER rings DIN 471, All these rings can also be
positively radially retained in housing bores.

The pre-condition, however, to be able to axially displace the machine compo-
nent to be located is, unfortunately, rarely encountered. It will now be described
how to proceed when this condition is not given.

Radial retention of bore rings

Bore rings can be prevented from closing more easily than shaft rings from
opening. There are two possible systems for bore rings, according to whether a
standard ring or a special ring is needed.

Retention of bore rings by means of a distance-piece

Bore rings, preferably in the range of DIN 472, can be positively retained in the
groove by means of a distance-piece positioned in the ring opening, (Fig. 105a).
The distance-piece is secured either on the component to be located or, if this is
not possible, on the housing. The cost is relatively high but has often justified
itself for special requirements,

Fig 105b shows a different sclution. The bore ring is retained by a sleeve located
by a shaft ring.

Fig.105: Retention of bore rings, a. with distance-piece, b, with asieeve

Retenticn of snap rings by means of a small gap between the ring ends

Large snap rings with relatively small cross-section often tend to work out of the
groove radially. Automatic motor vehicle gearboxes in particular need many
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large bore snap rings which, because of the small available space have small
cross-sections. In such cases, radial retention has proved successful. The gap of
the snap ring is such that atthe minimum groove diameterthe ring will seatinthe
groove with a small gap. During assembly the ring ends will overlap until the ring
snaps into the groove. Fig. 106 depicts one such ring for 120 mm bore diameter. If
the ring in the groove has the maximum gap of 1.5 mm, the ring ends will come
into contact if the diameter is reduced by about 0.5 mm. Further closing is hot
possible. Disassembly is performed by radially lifting out a ring end, an applica-
tion of forces which would not occur during operation. Manufacture of such
snap rings is possible at any time at relatively low cost if stock materials are used.
Advance consultation with SEEGER-ORBIS is, therefore, recommended. It must
also be pointed out in this connection that for any special rings the groove and
bore or shaft measurements should always be shown next to the ring measure-
ments on the drawings, thus allowing the manufacturer to already check the
function of the ring when the inguiry is made.

The system described above is not for use with rings with relatively large
sections, as these present problems during assembly. On the other hand,
positive radial retention is not necessary here sither, because of the rigidity of the
ring.

Bore rings which seat in the groove with a small gap offer not only a protection
against closing but also a further, often decisive advantage. They are, to a great
extent, balanced. |n automatic motor vehicle gearboxes, for example, this is of
great importance.

Positive radial retention of snap rings for shafts has already been described in
saction 6.5 Fig. 91.
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120%2 ' // Fig. 107: Gompensation of
the displacement by means
of acrescentring

Fig.108: Snap ring with a.machine component, b. recess,
asmall gap between c. retaining ring, d. ring for
theringends radial fitting

Compensation of the displacement with crescent rings as spacers

If a machine component is to be axially located on one side against a shoulder
and on the other with a retaining ring, the radial location can be accomplished on
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the ring side with the arrangement shown in Fig. 107. The machine component
with the recess is fitted over the shaft without the radially mountable ring, after
which the retaining ring is assembled. The machine componentis then dispiaced
to the right so that the retaining ring is enveloped by the recess. Finally, the
crescent ring is fitted. Because the latter is subjected not to dishing stress but
only to pressure, there is no tendenoy for it to jump out. The crescent rings as in
Fig. 30 can be used as spacer rings in the range of up to 65 mm shaft diameter.
For larger dimensions special rings as shown in Fig. 108 are used.

Fig.108: Crescentring as aspacer for
shaft diameters over 55 mm

Retention of snap rings by means of tab washers

Positive radial retention of snap rings can aiso be achieved by means of tab
washers. Fig. 109 shows the most important variants with shaft rings. As shown
in Fig. 1092z a tab washer is placed between the machine component and the
snap ring. The bent tabs ensure, usually with sufficient force, that the snap ring
will not open. If the tab washer is manufactured from the normal lowstrength

Fig. 109: Retention of snap
rings with tab washers

a. benttabs prevent
opening

b. and c. primary retention
with rings . ~__L

N
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Fig.110: Two-piece insertion rings
a. insertion ring retained by means of a recess, b. angled retaining collar, c. machine
component with recess, d. angled insertionring
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material and is, as a result, not capable of transferring radial forces, these must
be accommodated by a closed ring, as shown in Fig. 109b, which is pushed over
the assembled snap ring. The only other function of the tab washer is to hold the
ring axially. Fig. 108 ¢ shows a similar execution. Inthis case, the long tabs ofthe
tab washer are bent round after assembly, the ring is fitted and is then secured
with the bent-up tabs.

The cost of the designs in Fig. 108 is high because of the special manufacturing
tools needed for the tab washers and the fact that closed rings may also be
necessary. In place of snap rings insertion rings can also be used.

Two-piece insertion rings

If, under conditions of high axial forces, the required groove depths are not
attainable with snap rings, these must be replaced by two-piece insertion rings.
This system is not so much intended for bores as they require the use of three-
piece rings. Insertion rings on shafts, on the other hand, have proved themselves
well in many designs. Fig. 110 shows the most important applications.

Fig. 1104, left, shows an insertion ring retained in a recess. On the right, an
insertion ring which is not enclosed by a recess is held together by a retaining
ring. This side is without doubt, the weaker because the holding force of the
retaining ring, even if the heavy-duty type is used, is limited. In Fig. 110b an
angled retaining collar accommodates the radial forces and is axially located by
a SEEGER retaining ring. The machine component in Fig. 110c has been
recessed for retaining the insertion ring. The groove is kept wide enough to allow
the ring to be fitted. The space remaining afterthe insertion ring has been fitted is
filled by a snap ring. If the machine component cannot be recessed as in Fig.
110c¢, the insertion ring must be recessed as shown in Fig. 110d. Here again, a
snap ring fills the remaining space.

The most economical method of manufacturing insertion rings is by means of
ring coiling machines on which the ring halves are cut directly.

Retaining element between two machine components

In motor vehicle gearbox manufacture it is often necessary to provide ashoulder
between two components on a shaft. This is usually achieved with a great
consumption of material by means of a solid coltar. The material waste is,
however, exceedingly large. The use of retaining rings is often not possibie
because of inadequate rigidity. The design shown in Fig. 111 is, therefore, used.
Two ring halves, as shown on the right, are placed in a deep groove. Each one is
secured against turning by a lug which engages in a hole in the shaft. The halves
are retained radially by awasher. If the protection against turning is not required,
the ring halves can be replaced by a snap ring held in a relatively deep groove
with the aid of a washer.

Groove rings as shown in Fig. 124 are also suitable for transmitting high forces.
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Fig. 111: Ring halves between two machine components

Some of the assemblies just described are relatively expensive and hardly
intended for simple designs where low cost is the main factor. But in borderline
casges, in which it is no longer possible to use standard rings, they can,
nevertheless, lead to considerable advantages compared with other systems of
axial location.

6.8 Axial retention of machine components in two directions by means
of a single SEEGER ring

SEEGER rings of the most varied types transmit axial forces from the machine
components to one side of the groove. When retaining rings are used in the
normal way, the forces are transmitted in one direction only. To locate a machine
component it Is, therefore, necessary to use two retaining rings or a collar and
one retaining ring. Fig. 112 shows both these possibilities. This application has
the advantage that the groove is widely recessed and the width from the load side
of the groove can be given generous tolerances. As has already been mentioned,
the recessing operation is thus considerably facilitated. The wide tools have a
greater service life. The use of chamfered grooves, corresponding to the diagram
on the right in Fig. 112, is also possible.

In many designs a machine componentcanbe located intwo directions with only
one ring. Inthe first place, snap rings DIN5417 can be mentioned. Fig. 41 shows a
grooved ball bearing located by one such ring. Adesign as in Fig. 41 stilldoes not
provide location in both directions with only one ring. But it is mentioned as a
transition to the following type of axial location.

Fig. 113: Use of a grooved
" bearing and asnapring

i}—"‘ NN ; DIN 5417 in asplit housing.

! | '

LT

Fig.112:
Use of SEEGER rings where forces !
are accommodated in one direction. ] . —1
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When, as in Fig. 113, a housing is used which is split aiong its axis, roiling
bearings with a ring groove (N bearings) can be located in both directions with a
snap ring DIN 5417, Because of the relatively great axial play of the snap rings in
the bearing groove and the additional play ofthe snap ring in the housing groove,
the bearing will also have a large amount of play. To reduce the play of the
bearing, snap rings are often used which have a greater thickness and thus fill
the groove better. Thay also have the advantage of greater rigidity against
dishing under high axial forces.

The tolerance of the groove widths of bearings according to DIN 616 is
unfortunately very large. With the design shown in Fig. 113, ring halves can be
inserted instead of snap rings. These should only be used if, as a result of very
high axial forces, the radial width of the rings, and hence the groove depth, is so
great that elastically deformable rings can no longer be used because of the
excessive stresses created during assembly into the groove. The manufacture of
two-piece rings is also usually costly. It is aimost impossible to manufacture both
halves with equal thickness. It is, therefore, often necessary to grind the rings as
closed parts and after separation to keep both halves together and assembie
jointly. With snap rings made of drawn wire the variation in thickness of the
individual ring is only small. DIN 5417 prescribes a value of 0.06 mm here. If the
rings have ground faces, the thickness variation of the single ring can be
restricted to an even greater extent,

Fig. 114 shows a design, often called a snap ring assembly, where a ring locates
the machine componentin both directions in a closed housing. The snap ring Sp,
whose inner diameter d; in the unstressed state is somewhat smaller than the
groove diameter d; of the pin, isfirst fitted into the deep groove d, of the housing.
The groove diameter d; is equal to at least the shaft diameter + 2b. The pin is
then pressed into the housing bore. The pin chamfer expands the snap ring to the
point at which its diameter equals that of the pin. After further pressing, the snap
ring jumps into the groove and sits in it under tension, as Fig. 106¢ shows.

Sp
Fig.114:

Axial location of a hub by
means of one snap ring with

52

adeeap groove inthe hub.
a. pinbefore assembly

b. hub with snap ring
already assembled

c.pinassembled inthe hub

Disassembly of the snap ring is not possible with the arrangement shown in Fig.
114. The provision of a radial slit in the hub, as in the cylinder head shown in Fig.
120, allows disassembly with the aid of expanding pliers. If the manufacturs of
the slit presents too great a production problem, or if it cannot be provided for

121



reasons of design, the alternative design shown in Fig. 115 is to be recom-
mended. A lateral opening in the hub allows the ring to be opsned. Fig. 115a
shows a standard snap ring. The designs in Figs. 120 and 115a have the
disadvantage that the ring must be assembled with its gap towards the opening
and must not turn during further assembly.

If necessary, the ring must first be turned so that its ends are accessible for
gripping with pliers through the opening in the hub. This can lead to difficulties.

AN

Fig.115: .
Disassembly openings {deep groove in hub) a. standard snap ring, b. hook snap ring

The disadvantage described can be avoided with a design as in Fig. 115b. A
special snap ring with its ends bent outwards is used with the same disassembly
opening as in Fig. 115a. The hooked ends prevent the ring from turning and
facilitate disassembly. It is a disadvantage to have to design special rings
requiring the manufacture of special tools.

Fig. 116 shows an application related to Fig. 114. Here the deep groove is in the
shaft. First the snap ring is fitted into the groove of the shaft (Fig. 116a) and the
housing is then pressed on. The chamfer closes the ring to the housing diameter.
After further pressing, the ring jumps into the groove of the housing, as Fig. 116 ¢

shows. W

Fig. 116:

Axial locationofahub
using asnapringwitha
: deep groove inthe pin
| a. pinwith snap ring already
' fitted
+ L. . . . . b. hub before assembly

a b c c. pinassembled inthe hub

Normally the arrangement according to Fig. 116 cannot be dismounted. For
special cases a dismounting can be performed with the help of several stesl pins,
radially guided in bores, which compress the snap ring. This method, however,
generally creates some difficulties.

They can be avoided by using a design as in Fig. 117 which is related to the
arrangement shown in Fig. 115b. The ring has bent ends, the hub a lateral
opening reaching as far as the groove. To assemble, the ring is again first fitted
into the shaft groove. Then the hub is pushed on with its opening adjacent to the
gap of the ring, the latter being pressed into the deep shaft groove until it
subsequently jumps into the hub groove, For disassembly, the ring is compres-
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Fig.117:

Disassembly opening for hooked snap ring
(deep groove in shaft)

U

sed by pliers applied at its bent ends until it is clear of the outer groove, after
which the hub can be withdrawn.

Which of the two designs, as shown in Fig. 114 or 116, is to be used, i.e. whether
the deep groove is to be positioned in the housing or in the shaft, depends onthe
load situation. If the housing represents, for example, a wheel rotating at high
speeds, an arrangement as in Fig. 116 is preferred since the centrifugal forces
acting on the snap ring work in addition to the tension of the ring and force it
more into the groove. The weakening of the shaft as a result of the deep groove is
a disadvantage here. The advantage of the arrangement shown in Fig. 114 isthen
apparent. However, the fact that pre-assembly over the shaft is easier than into
the bore speaks in favour of the arrangement in Fig. 116.

Both systems can also be used in applications in which a certain sliding
displacement force has to be created. With the arrangement in Fig. 114 the shaft
groove, or in Fig. 116 the housing groove, can be dispensed with.

If the pre-assembly of an axially-mountable ring as in Fig. 116 proves to be
difficult, a radially-mountable crescent ring or a special ring as in Fig. 108 can be
used.

Fig.118:
Radial pre-assembly
through a lateral slit

A radially-mountable ring can also be used in the design shown in Fig. 118. The
hub is provided with a slit through which the ring is assembled into the groove of
the shaft. Axially-mountable rings can also be pre-assembled through such aslit.
Next, the chamfered shaft is pushed through until the ring snaps into the shaft
groove. The radially-mountable ring can be pulled out through the slit for
disassembly. The axially-mountable ring has to be opened through the slit before
it can be removed. The system in Fig. 118 has the advantage that relatively wide
rings not suited to a pre-assembly as shown in Fig. 114 can be used.

Fig. 119 shows a snap ring connection with a simple method of disassembly. It is
used mainly on shafts or in bores with serrated profiles. A round wire snap ring
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DIN 7993 execution B (for bores) or a similar special ring is used. The groove is
machined into the hub and the shaft. In one of the two components the groove
must be very deep. The shallow groove in which the ring sits after assembly
receives, on one or on both sides, chamfers with an angle a of about 30°. Groove
depth t corresponds approximately to half the wire diameter of the snap ring. On
the other hand, the deep groove recsives a depth t’ which is rather largerthan the
wire diameter.

.

ws---f:. =
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Fig.119:
Round wire snap ring in a chamfered groove

Assembly is carried out as usual with pre-assembly into the deep groove. The hub
is pushed on and the chamfer F presses the ring into the depth of the groove.
When the grooves of the shaft and the hub are aligned, the ring springs outwards
into the groove of the hub as in Fig. 119.

For disassembly, pressure is exerted in the direction of the connection and must
be strong enough for the chamfer a to close the snap ring and to permit a
reciprocal displacement of hub and shaft.

As the operating force with an appropriate safety factor must always be smaller
than the disassembily force, the highest possible disassembly force, i.e. the force
required to unseat the ring, must be provided. This can be attained with snap
rings with high radial tension, with large wire diameter, or by a large difference
between the unstressed outer diameter of the ring and the groove diameter. If the
difference is too great, it will be difficult to insert the ring at the pre-assembly
stage. Secondly, the disassembly force can be increased by making the chamfer
angle of the groove smaller. However, care must be taken here because the self-
locking effect can make disassembly impossible. The presence of dry friction or
fluid friction must always be taken into account.

With the arrangement of the deep groove in the shaft, i.e. when the ring has to be
closed during disassembly, its ends tend to rest on the serrations as a result of
the non-curcular deformation. The ends of the ring must, therefore, be bent
slightly inwards. Before using rings in chamfered grooves for disassembly by
axial pressure, a careful check must be made as to whether the disassembly
forces can be applied without damage to the overall arrangement, and whether
the operating forces with a safety factor are smaller than the disassembly forces.
Thorough tests are recommended before adopting this design principle.

The arrangement in Fig. 114 is important for sealing hydraulic cylinders. Fig. 120
shows this type of design. The deep groove is recessed into the cylinder head. At
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ﬁ Fig.120:
Retention of a cylinder head withasnap ring
oo —{ D whichcanbedisassembled

groove level on the right of the illustration there is a slit for the insertion of
assembly pliers. Firstly the snap ring is fitted into the groove of the cylinder head,
as in the arrangement in Fig. 114. Since larger rings with high tension are
normally used in this case, their free ends are provided with bores for insertion of
assembly pliers to facilitate mounting. It must be ensured that the snap ring gap
is adjacent to the slitin the head. The cylinder head is then placed on the cylinder
together with the pre-assembled snap ring and is pushed on until the snap ring
rests against the cylinder face. The snap ring is opened with the pliers inserted
through the head slit and the cylinder head is pressed down until the snap ring
springs into the cylinder groove. When dismantling the head, the snap ring is
opened through the slit and the head pushed off.

Standard SEEGER snap rings SW/SB as in data charts 51/52 are normally used
for the arrangements shown in Figs. 114 and 116. When smaller axial forces are
expected, the cylinder head can be retained as in Fig. 120, either with snap rings
SB or with reworked snap rings Sp DIN 5417, The dimensions of these snap rings
can be calculated with equation @) section 4.

The flange connection in Fig. 120a is related to the design in Fig. 120.
faeua)

o

1 7, !

277 }E
Fig. 120a:

AN & Flange connection with snap ring DIN 5417
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Locating mechanical components in two directions with one ring is practical if
two components abut against the ring. This system can be used above all with
axially-adjustable rolling bearings in pairs (Fig. 77). Fig. 121 shows the assembly
of a SEEGER ring between two ball bearings, The pulley is located by a retaining
ring fitted between the bearings mounted on the pin.

7, 7 A

A /J - Fig. 122:
Additional location by means of two ring
halves

@r\\\\\\z\\\\\\.
Fig.121:

Location of arope pulley by meansofa
central SEEGERring

In the designs shown so far, radially elastic rings have been used. An arrange-
ment in which not an elastic retaining ring but rigid circular ring halves are used
for locating in both directions is shown in Fig. 122. The hub N is to be axially
located on the shaft W. The shaft is provided with a groove of depth t, which is
somewhat larger than width b of the circular ring halves K. A retaining pin A is
positioned in the groove. There are two bores B, arranged vertically to the axis of
the retaining pin, into which the springs F are inserted. The hub N has two bores
C radially opposite one another at the level of the groove. During assembly the
circular ring halves K are placed into the shaft groove and pressed against the
springs F. Then the hub is fitted. When the hub groove is in line with the shaft
groove and the circular ring halves held by the springs, the ring halves snap into
the hub groove, thus providing axial retention. To disassemble, the hub is
positioned so that the axis of the bores C is at right angles to the axis of the
retaining pin A which is marked on the shaft. Then the circular ring halves are
pressed inwards through the bores C with two needles, and the hub can be
laterally displaced. The retaining pin Ais only necessary for the positioning of the
circular ring halves, especially during disassembly.

With low axial forces it is also possible to use only one circular ring half secured
either by a prong as in Fig. 123 onto which the compression spring is fitted or by
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two pins (for ring halves without prongs) to prevent turning. Manufacture of the
ring halves shown in Fig. 122 is, however, considerably easier. Neither arrange-
ment is sensitive to speed. But they both have the disadvantage of a deep groove

recess in the shaft.
F// . 17/
! l [
i i |

‘ [ . _
Fig.123: Fig.124.

kL

Ring half with prong Location of & hub with groove ring
made of round and rectangular
sectionwire

The designs mentioned so far were characterised by the fact that the axially
locating elements were radially retained by their own tension. Furthermors, one
of the two grooves had to be machined relatively deeply. Now, as a final
possibility, a type of location will be described which, in addition to providing
positive radial retention, allows shallower grooves. Fig. 124 shows the basic
arrangement. A matching ring groove is machined into shaft and hub respec-
tively and the filling element is introduced into the ring groove through and
opening in the hub. In Fig. 124, right, a rectangular and left, a round section wire,
serves as the filling element, Square section wires are also in use. Round section
wires have the advantage of easier recessing, a cheaper ring and easier
assembly. Wires with square and, in particular, rectangular sections lead to a
better surface contact between groove wall and ring.

In the simplest execution, as shown in Fig. 125, a relatively thin wire ~ if necessary
made of soft material — is inserted tangentially through a hub bore and the
opening then closed. Disassembly is not possible. If hardened wires of large
diameter (compared to the diameter of the groove) have to be used, there are
assembly problems regarding insertion. The use of pre-bent wires can help here.
Fig. 126 shows a hub assembly according to DBP 926826. The pre-bent wire has a
pointed and a turned-up end, the latter for disassembly purposes.

Fig.125: Fig.126:
Retention of a hubwith a groove ring Hub ring with pre-bent groove ring
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If the hub can be rotated relative to the shaft, straight wires with pre-bent ends
can be inserted into the groove, Fig. 127. The shaft has a bore into which the bent
end of the wire is inserted. By turning the shaft relative to the hub, the wire is
forced into the groove, if necessary with great force. Even wires with relatively
large cross-sections can be used. It has also been suggested to use balls instead
of wire to fill the groove.

The conventional use of SEEGER rings accommodating forces in one direction
only will continue to be the rule in future. By adopting the methods described in
section 6.8 designs can still, where necessary, be simplified and costs cut.

6.9 SEEGER rings in universal joints

The needle roller bearings of universal joints for cardan shafts used in large
guantities, particularly in the motor vehicle industry, must be axially located in
the bores of the yokes. Basically, this can be achieved by using retaining rings in
two ways:

1. With axially-mountable SEEGER rings on the outside, as in Fig. 128 top
2. With radially-mountable SEEGER rings on the inside, as in Fig. 128 bottom.

Where axially-mountable SEEGER rings are called for, SEEGER K-rings are
normally used, since the outside end of the needle roller bearings often has a
relatively large corner distance. Standard SEEGER rings DIN 472 may also be
used with smaller corner distances. Fig. 129a shows a special ring which was
developed especially for universal joints.

Inserting a groove wire by
turning shaft and hub against
each other

Fig.128:

Universal joint with axially-mount-
able SEEGER ring (top) and
radially-mountable SEEGER cres-
centring (bottom).

128



It is shaped eccentrically, has bstter deforming ends compared with the
sometimes larger, more rigid eyes of retaining rings DIN 472. But its manufacture
is more difficult. Wire rings asin Fig. 129 b can aiso be used. As with all snap rings
of uniform radial width, they have the disadvantage of non-circular deformation.

Fig. 129: Special rings for universal joints Fig. 130:
a.eccentricring Radially-mountable snap ring
b. concentric retaining ring a. coiled
b. bent

SEEGER crescent rings are used mainly for radial assembly, sometimes in the
reinforced range. For lesser requirements coiled rings of uniform radial width as
in Fig. 130a will suffice. Rings with bent ends, as in Fig. 130Db, are often
requested. It is believed that the bent ends are necessary for radial assembily, i.e.
for opening the ring. Practice shows, however, that the type shown in Fig. 130a s
quite sufficient because the cup of the needle roller bearing is always hardened
and no scratching can occur,

The design in Fig. 1304, which does not necessitate the expense of tooling, is
considerably easier to make than that in Fig. 130b which requires a special
bending tool.

Universal joints generally : operate at high speeds and must be perfectly
balanced. A precondition for this is a shaft which is radially free from play, i.e. a
play-free universal joint. To compensate manufacturing tolerances all the above-
mentioned types of retaining rings are usually stocked in various thicknesses, so
that during assembly play can be minimised by choosing the most suitable ring.
The final compensation of play is then provided by the elasticity of the yoke of the
universal joint, i.e. the rings selected are always rather thicker than the distance
between the groove wall and the cup of the needle roller bearing orthe face of the
yoke.
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7. Special Applications of SEEGER Rings

Standard SEEGER rings and the special rings derived from them are used today
to an ever increasing extent for totally different purposes and are successfully
replacing other conventional components. In addition to functional advantages,
it is often of decisive importance that the retaining rings are available directly
from stock in many types and sizes at a reasonable price. In this section reference
will be made to the most important examples of application which are of general
interest. Some special applications have already been discussed in the previous
sections.

7.1 SEEGER rings as spring elements

The advantages of the SEEGER ring as a spring element with constant material
tension and conseqguently with good utilisation of the material and with the two
holes for convenient handling with pliers, have been exploited for along time for
totally different purposes than that of retaining machine components. Such
unconventional applications occur in cases where the spring element has to
fulfil the following requirements:

1. Flat construction

2. Load application in two holes

3. Possibilities of selection from a great number of standard components
available directly from stock without tool costs

4. High quality material

The following demonstrates two typical possible applications of SEEGER rings
as spring elements.

Fig.131:
Low-voltage contacts P
a. without auxiliary closing
spring

b. with auxiliary closing spring
(coil spring)

c. with auxiliary closing spring
(SEEGERing)

7.1.1 SEEGER rings as auxiliary closing springs in low-voltage contacts

In the low-voltage heavy duty contacts shown in Fig. 131a, the spring force F of
the copper material alone is not sufficient to produce the required pressure on
the contact blade M and not enough current is transferred. It is, therefore,
necessary to provide an auxiliary closing spring as shown in Fig. 131b. This
arrangement is, however, expensive bacause it needs firstly the supports G and
secondly the special coil springs S. For such contacts SEEGER rings R can be
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used as auxiliary closing springs, as Fig. 131¢ shows. In the design shown in Fig.
131c a SEEGERring for a bore is used (retaining ring DIN 472), Dependent on the
forces required and the space available, shaft rings and special rings can also be
used as shown in Fig. 132,

Fig. 132: Support of retaining rings in the contacts

a. rivet, b. eccentric retaining ring without assembly holes in an embossed recess,
c. retaining ring DIN 472 in abore, d. special snap ring in a bore, e. retaining ting DIN 471
with pinthrough its assembly hole in abore

If high forces are expected, rings inthe reinforced range are required. As the low-
voltage contacts are usually subjected to immediate industrial atmospheres,
greater demands are placed on resistance to corrosion.

7.1.2 SEEGER rings for blacklash-free gears

The unavoidable backlash in conventional gearboxes is not permissible in
certain designs, be it for reasons of noise or that the backlash causes problems
when the rotational direction is reversed. it is knawn that backlash can be
eliminated by a split gear design using two narrow gears which are torsionally
spring-loaded against one another. Normally, coil springs would be used. A
typical example is the camshaft drive of the Citroen 2 CV.

/h g /f/,b d
L P o— %/\I/ d /{
A
Fig.133:
Backlash-free gear witha SEEGERringasa
spting
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it is, however, often not possible to fit coil springs in narrow gears, or the forces
required for torsioning cannot be produced. Here again, the SEEGER ring offers
an almost ideal spring element forthe given amount of space in the gear. Fig. 133
shows the cross-section and plan view of a split gear for a backlash-free drive.
The SEEGER ring d, attached by the pin e to the gear a, and by the pin f to the
narrower gear b, is positioned in the relief c of the wider gear a. Gear b is fixed
with SEEGER ring g on the hub h of the wider gear a. The flat SEEGER ring in its
almost closed form with its assembly holes, represents, particularly for this
purpose, an optimum element as it makes the best possible use of the space
available.

SEEGER rings used as spring elements are calculated with the equations from
section 4, With the conventional application of SEEGER rings, high bending
stresses are normally permissible as they only occur during assembly, i.e. for
many rings only once.

When SEEGER rings are used as spring elements, the situation is completely
different. Usually they spend their entire lives under full tension, which must,
therefore, be considerably [ower than the assembly stresses for the normal
application. See also section 4, examples 7 and 9,

7.2 Snap rings as spacers

The production of closed washers, irrespective of whether they are used as
spacers, thrust washers or support rings, always inititially necessitates the
manufacture of a cutting tool and the material consumption is extremsly high. If
the scrap is not reused there will be considerable wastage depending on the
radial width of the washers. Every practical person knows the problems of
reusing scrap. There is always a danger that the scrap from which new
manufacture was intended can no longer be used, or that the components made
from the scrap are no longer saleable.

These difficuities can be avoided to a great extent if components can be
manufactured without scrap and without special tools, or if standard compo-
nents available from stock are used. Thess preconditions, as has already been
mentioned in section 2, are provided by SEEGER snap rings SW/SB and DIN
5417. These are standard components. With the exception of the small sizes of
snap rings SW/SB under 15 or 17 mm, they can be manufactured without waste
by coiling.

The snap rings SW/SB are, above all, spacing elements which are distinguished
by their small radial width. Closed washers with such a ratio of thickness to width
are normally not available. There is a demand, for example, where Nilos rings are
used, as in Fig. 134.
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Fig. 134: Nilos ring in a bearing (froma Fig.135: SEEGER grip ring for
design of the firm Ziller & Co., Disseldorf) transmitting torque

The radia!l width of the Nilos rings at the area adjacent to the rolling bearing does
not allow the use of the relatively wide support rings DIN 988.

Compared with closed washers, snap rings used as spacers still have the
considerable advantage of sitting under tension on the shaft or in the housing
bore and are thus free of radial play. If the standard snap rings DIN 5417 and SW/
SB cannot be used, special manufacture is possible if the material cross-sections
are selected in accordance with that of the rings SW/SB or DIN 5417, which are
always available from stock or can be supplied at short notice. The coiling
machines can produce rings of any diameter without special tools.

7.3 SEEGER grip rings for transmitting torque

Everyone concerned with the fitting of SEEGER rings knows that the assembled
ring is easy to turn when the load is applied to one end in one direction, but locks
in the other direction. The amount of permissible torque depends mainly on the
clamping force of the rings, their thickness and the type of force being applied.
The SEEGER rings which best meet these requirements are SEEGER grip rings.
Fig. 135 depicts a grip ring positioned on a shaft. A machine component to be
prevented from turning, for example a ventilator fan of an electric motor, is
locked by the outer contour of the assembly hooks. The point of application of
the force F can be provided in different ways. Fig. 135 shows a gear or hub with a
relief coresponding to the outer contour of the assembled grip ring. The point of
application of the force can also be via two pins.

A disadvantage with these designs is that distance A depends on the tolerances
of the shaft diameter. This dimension A is determined by a trial assembly.

The use of grip rings for transmitting torque should always be tested carefully, as
is always recommended for elements whose radial retention is not positive.
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7.4 SEEGER rings as brake rings

The locking effect described in section 7.3 can also be used for a different
purpose. In numerous mechanical engineering applications, a solution must be
found to the problem of applying a certain torque to an axle, shaft or pin. The
component seating on the shafts should not normally be too easy to turn, so a
brake is required. This must be such that its action remains constant over a long
operating pericd. A small amount of wear should not affect the braking power to
any extent. The spring travel of the braking element should not, therefore, be too
small.

A solution to this problem is the use of SEEGER rings, mostly of special types.
Fig. 136 shows, on the left, the principle of this application. The shaft W ist to be
braked. The brake ring S seats on it under tension and is shown in plan view on
the right of the figure.

The friction between the SEEGER ring, with a hardness of 47 +~ 54 HRC, and the
shaft leads to wear, which is dependent on the hardness of the latter and has to
be taken into account. For higher demands the brake rings are internally ground.

Fig. 136:

Brake ring; left, assembled; right, plan
view

7.5 Oval SEEGER rings

Piston pins are amongst the most highly stressed mechanical components. To
reduce the surface pressure between piston pins and piston pin bores, the piston
pins should be as long as possible. It is assumed that the pins will be located by
SEEGER rings DIN 472 or snap rings DIN 73123 / DIN 73130.

When using standard round SEEGER rings DIN 472, as shown in Fig. 137, the
length | of the piston pin is limited by the given piston diameter D and pin
diameter d, and by the thickness s of the SEEGER ring and the collar length n.
The thickness of the ring is standardised. Special rings with smaller thickness
cannot be used since their rigidity is too low for the dishing moment F - g. The
corner distance g of the piston pins is, for manufacturing reasons, relatively
large. The collar length n selected should not be too small with the relatively soft
material of the pistons.

A small but often decisive lengthening of the piston pin is possible if measure d,
of the assembled ring, as in Fig. 137, can be reduced. This process leads to an
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oval ring as in Fig. 138. It locates in two seatings of radius r and depth t. its small
width B allows a piston pin length I, as in Fig. 138, which is greater than the
length | in Fig. 137. The radius r of the seating is, as a rule, (0.35 + 0.4) d. Groove
depth t is selected at about 70 % greater than for round rings of the same size.

2 TN
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Fig.137: Fig.138:
Piston with piston pin and two SEEGER a, Piston with pistan pin and two oval
rings SEEGERTrings
b. Side-view of the piston with oval
SEEGERring

Nowadays oval rings are used mainly in medium and heavy diesel engines with
piston pin diameters of 50 to 200 mm. Initially, when the quantities were very
small, oval rings were manufactured by deforming round rings. Nowadays two
types are manufactured, as shown in Fig. 139a and b. If the quantities are large,
the rings shown in Fig. 139a are stamped from cold-rolled strip in a compound
tool. The radial width largely corresponds to a beam of uniform strength. In the
area of equal bending moments it is constant and at the radius r it reduces
towards the free ends. Usually the surfaces of these rings are ground.

If demand is small and the manufacture of a cutting tool does not seem justified,
the rings shown in Fig. 139b can be bent from wire with width b and the assembly
holes bored. The deformation of these rings in the area r is not as good as with
the shape in Fig. 139a. The bent rings also normally have ground surfaces. The
tolerance of the thickness s is h 11 in both cases thus corresponding to that of
standard round rings as in DIN 472.

L

Fig.139:
b= b a. Stamped oval ring with smallgape
b.Bentovalringwithlargegape

»
o
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The rings shown in Fig. 139a and b are manufactured in three types in conformity
with the consumers’ needs regarding gap e. A large gap e gives the advantage of
a smaller mass with correspondingly little tendency to close under the influence
of inertia forces. It is a disadvantage that such rings can be closed too much
during assembly. As a result of permanent deformation they then seat in the
groove with inadequate tension and can quickly fly out at high speeds. Even if
during the initial assembly of the engine by trained personnel mistakes of this
kind are unlikely to occur, the possibility of later repairs being carried out by
untrained personnel must also be considered. The handling of the rings normally
used in pistons, which are expected to operate for several thousand hours
without breakdowns, must, therefore, be as foolproof as possible. This is
achieved in two ways. Either the gap e is so dimensioned that the ring, when
closed until both endstouch, has a length 1, enabling itto be inserted directly into
the bore, or, more conveniently, the gap & is kept so small that assembly is only
possible by first tilting the ring and fitting one end into one groove and then, after
aligning the ring, releasing the other end into the second groove. This procedure
gives the least possible deformation. With the given permissible bending stress
o, Width b can be chosen larger, starting from the basic ratio g, ~ AL - b (with AL
= length change). As the width affects the tension to ths third power such rings
are to be used for high piston accelerations. Oval rings with gaps fixed exactly at
a certain length should, as far as possible, be manufactured by stamping, as
showrt in Fig. 139a, as bent rings require greater tolerances for the gap.

Oval SEEGER rings have, as already mentioned, proved themselvas in consider-
able, ever-increasing quantities. In the near future, further applications can be
expected for piston pin diameters from 50 to 200 mm.

7.6 SEEGER grip rings with stop

in the manufacture of electrical equipment it is often necessary to provide an
easily adjustable stop on the spindles of regulators and similar components.
Firstly, the high retaining force of the SEEGER grip ring is utilised, these rings,
when mounted on smooth shafts, being able to transmit great axial forces and
hence torque. If the grip rings in Fig. 140 are provided with a stop they can be

Fig.140:
SEEGER gripring
with stop

Y
1
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Fig.141:
SEEGER ring for spacing tubes
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satisfactorily used for the purposes described above. The ring is easily placed in
the desired position with assembly pliers.

If the retaining force of the grip rings does not adequately transmit the given
torque, the axle must be serrated. The grip ring is provided with the correct
serration on one part of its inside contour and is thus able to transmit high
torgues.

7.7 SEEGER rings for spacing tubes

It is often necessary in heat exchangers and similar devices to space tubes at
equal distances by a simple means. This objective can easily be achieved by
using SEEGER rings of the design shown in Fig. 141. The ring largely corres-
ponds to a SEEGER K-rings for bores (retaining ring with tabs DIN 984). While the
K-rings for bores must have a large gap so that they can be closed enough to
allow a perfect insertion into a bore of nominal diameter, the spacers, in their
unstressed state, must have the smallest possible gap. The inside diameter in the
unstressed state dj is selected smaller than the outside diameter of the tube so
that the ring sits with sufficient tension after assembly. A value of d; = 0.96 d,
(d; = outside diameter of tube) is recommended. Dimension a of the rings
corresponds to the distance between the tubes. If the rings, due to their elasticity,
were able to bridge a greater difference d—dj, it has to be remembered that the
gap changes 1 times as much as the diameter difference. Inthe assembled state,
however, the opening shouid remain as small as possible.

As the spacers must be assembled over long distances, it is absolutely necessary
to use assembly pliers with a stop. Experience shows that using pliers without a
stop causes a great risk of over-expanding the rings, with the result that acute
permanent deformation will occur.

7.8 Stepped rings

Cylindrical roller bearings usually have two flanges on the outer ring. They
severely impede machining of the track, i.e. especially grinding. It is, therefore, a
logical step to replace the flanges by snap rings, particularly in the case of
special cylindrical roller bearings not produced in the normal large guantities.
This considerably facilitates machining and saves material. Snap rings with the
usual rectangular section, as shown on the left of Fig. 142a, should be mentioned
first. Assuming these snap rings must have athickness sand the collarlength nis
given, the bearing width B, will be relatively large. The length n + s should,
however, be as small as possible. Stepped snap rings, as shown in Fig. 142a on
the right, are, therefore, used. Fig. 142b shows the cross-section enlarged. The
angle ¢ is provided in order to keep the ring in full contact with the bearing ring
bore. The groove depth of steppad rings is always selected rather largerthan the
possible immersion depth to ensure that point A will always be in contact with the
housing (outer ring) bore. Dimension s; may be kept considerably smailer than
the thickness s of the rectangular snap ring. This keeps width B, smaller than B,.
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Despite this, the stepped ring is extremely resistant to dishing (conical deforma-
tion caused by axial force), as it has a great thickness s, and the ring would have
fo tilt about point A.
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i Fig. 142:
b a. Roller bearing with, left, a ractangular
snap ring and, right, a stepped ring
- b. Cross-section of a stepped ring
c. Plan view of the chamfered ends of a
a f R E et ) snapring

The application of snap rings as flanges has the disadvantage of the gap as
opposed to the solid flange. However, if the gap can be kept small and without
burrs it has no decisive effect and the disadvantages should not be over-
estimated. There is always a great enough number of rollers in contact with the
ring, i.e. the roller at the gap of the snap ring shows no tendency of being forced
into the gap. Moreover, the gap of the snap ring is considerably smaller than the
effective length chord of the roller.

{n addition, the roller end is spherical. It is not necessary, but often demanded,
that the ends of the snap rings — whatever the type — be refinished at great
expense as shown in Fig. 142¢. The gap of the rings in the diameter range from 40
to 60 mm is usually 1*2 mm in the stressed state. Stepped ring hardness is, as
with standard snap rings, 45—-50 HRC.
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Fig. 143: Retaining ring for 2400 mm bore Fig. 144: Installation of the ring

diameter from Fig. 143
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7.9 SEEGER rings for nominal diameter of over 600 mm

SEEGER rings are standardised in DIN 471/472 up to 300 mm nominal diameter.
SEEGER-ORBIS manufactures them as standard up to 600 mm nominal diame-
ter. They are also produced as specials with diameters up to 2400 mm. A design
will now be described in which these rings are used with the highest safety
requirements. The axial force is 6800 kN. Fig. 143 shows the ring and Fig. 144 the
installation. The ring retains the cover of a large centrifugal pump which was
originaly secured with a large number of screws before the retaining ring was
used. Cleaning the pump requires frequent removal of the cover, an operation
which was extremely time-consuming and incurred high costs. The ring enables
rapid and safe assembly and dismantling. Since the axial forces still exert 6800
kN onto the cover, a high level of safety is required. This is achieved by
preventing the ring from dishing by providing positive location and the fact that
the ring is held in the bottom of the groove by a spacer (Fig. 144).

The usual groove N, is machined into the housing G. The cover D, subjected to
the axial force F has a groove N,. The lug St with its edge K supports the retaining
ring S against dishing. In the area of the gap of the retaining ring the lug St is
absent from the cover. The ring is opened with expanding pliers inserted in the
respective holes in the ring ends and is placed over the lug St into the groove N,
of the cover D. It is then closed until its inside contour is in contact with the
groove N,. At the same time a clip is placed into both the inside holes of the ring
so that the latter is held closed and the pliers can be removed. The cover with the
closed ring is inserted into the housing and the clip is extracted. The ring is
released in the groove N,. Then it is opened again with expanding pliers so that a
spacer can be screwed between the ring ends. Disassembly is carried out in
reverse by removing the spacer, closing the ring, retaining it with a clip in the
closed state and, finally, removing the cover. The procedure is completed
incomparably faster than the removal of numerous screws which was previously
necessary.

These large rings are manufactured with a cross-section of 50 x 20 mm as snap
rings of uniform cross-sectional height, circular deformation, except during pre-
assembly, being given by the contact in the outer and inner groove.

Fig. 145:
Bore ring with hooks for external access
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7.10 SEEGER bore rings with hooks for external access

In the manufacture of motor vehicle gearboxes it is often found that bore rings
with assembly lugs and assembly holes positioned on the inside cannot be
mounted because there is no axial space available for the assembly pliers. In
such cases a design as in Fig. 145 can help. The housing is provided with a relief.
The ring, either a snap ring or an eccentric SEEGER ring, is closed from the
outside and set into the groove. The groove area, compared with that of standard
rings, is slightly reduced by the relief, but is usually acceptable. The arrangement
shown in Fig. 145 is primarily to be used when the ring has to be assembled
together with the bearing on the shaft and with other components,

This section has described the use of standard retaining rings and some special
rings, often used for totally different purposes than for the axial location of
machine components. It must be emphasised that only the most important
special applications could be mentioned. There are many other possibilities
which, however, are of little general intersst. Numerous designs can be improved
by the special application of SEEGER rings. The examples given here should
provide some stimulation.
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8. Special SEEGER Rings and Special Requiremenis

8.1 Introduction

The programme of standard SEEGER rings and washers available from stock is
so extensive and systematically developed that there must be a suitable ring for
almost any requirement. Nevertheless, special sizes cannot be avoided. The
designer requiring special parts must be quite clear about the following
accompanying disadvantages:

a) Tooling or fixture costs

b) Longer delivery times

¢) Obligation to order minimum quantities

d) For rings requiring special raw material, the quantity must be suffiently high
to allow the material to be procured

e) The price per piece is almost always higher than for standard rings because of
the smaller production quantities and the smaller quantities of raw materials.

Before resorting to special rings, a careful check should, therefore, always be
made at the earliest possible stage of development to see whether they are really
necessary, In practice, this check is best entrusted to the expert, i.e. to the
manufacturer of the rings. The designer should inform the manufacturer of the
problem on hand in good time in general terms with possible variations,
preferably with the help of a sketch. The following information is necessary:

a) Nominal diameter, i.e. shaft or bore diamster

b) Axial force present and the nature of its action (static, pulsating)

c) Yieid point of the material into which the groove is to be cut

d) Shape of the component to be located (sharp-edged, radius, chamfer, corner
distance).

Further details could also be of importance:

e) Shaft speed

f) Restrictions on the groove depth

g) Restrictions on the radial space requirement
h) Restrictions on the collar length n

i) Assembly restrictions

On the basis of this information the manufacturer can first check to ses whether
it is possible to use a standard ring. There is also the possibility that a special ring
made for another customer and for which tools and raw material are available,
although perhaps no longer in stock, can be used. Finally, it is almost always
possible to resort to available raw material. With this procedure the customer can
usually save costs and the delivery times can be kept short.

Unfortunately, however, practice shows that a different procedure is adopted
and the designers themseives develop special rings without seeking advice. As
they are not familiar with the calculation process or have no command of this
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special field, defective designs are the frequent result. Normally the function of
special rings cannot be seen from the drawings. Advice or correction cannot,
therefore, be expected from the manufacturer.

Further difficulties arise from the fact that in cases where their function is given,
special rings are usually over-specified. The dimensions, material and hardness
of the rings are clearly stated in the drawing. In addition, a functional test is
described which may read: “Ring may not deform permanently after assembly
over a diameter of ... mm."” If the ring is defined in shape, material and hardness,
the manufacturer has no opportunity of varying any of these to satisfy the
functional test. Either the ring is developed after carrying out tests, i.e. the
functional test specification can be dropped, or the function of the ring is
declared to the manufacturer and the job of its development is given to him.
Many of the rings developed by the users themselves are much too stiff as aresult
of too great a radial width b and lead to acute permanent deformations. it is
detrimental to place requirements on special rings which are unknown with
standard rings. The following can be mentioned here: parallelism, flatness,
surface quality (roughness), ringing test for cracks, roundness, special materials
and much more. In self-designed special rings everything is “included”, faithful
to the principle, which is unfortunately still widely encountered, that “the tighter
the tolerances and the higher the requirements, the better is the design”.

8.2 Principles for the Development of Special rings

The principles to be observed in the development of special rings are described
in this section. Before going into details, the most important rules for dimension-
ing should be stated with the aid of a snap ring design (sse Fig. 146).

1. Snap rings must never be dimensioned with inner and outer diameter, but as
shaft rings with inner diameter and width, and as bore rings with outer
diameter and width.

2. Thetolerated gap is to be tied to the nominal diameter in the unstressed state,
as the permissible changes of the diameter influence the gap it times as much.
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Fig. 146: Dimensioning of snap rings for shafts (left) and bores (right}
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3. The permissible diameter and thickness variations shouid correspond
approximately to those of rings DIN 471/472.

4. Shaft diameter d, and groove diameter d, are always quoted for testing the
performance.

8.2.1 Thickness s

The thickness is the most important dimension for SEEGER rings. Its tolerance is
. decisive for the amount of axial play and the cost of the rings. The thickness of
standard rings had atolerance of h 11, i.e. from 1.0 ~3.0 mm it was 0.06 mm, and
from 3 —6 mm it was 0.075 mm. With DIN 471/472, 1981 edition, the tolerances for
the small thicknesses were tightened and for larger thicknesses somewhat
extended. If the standard thickness tolerances are insufficient, the following is to
be considered: with small rings stamped out of strip the possibilities are limited,
the raw material being the decisive factor. By using special materials with smaller
thicknesses it is possible to reduce the value from 0.06 to 0.03 mm. Normally,
however, rings with ground faces have to be employed. if the rings are to have the
standard nominal thickness, new material has to be acquired in order to provide
the necessary grinding allowance. This is not possible with small quantities.
Consultation with the manufacturer prior to determining the thickness will clarify
whether standard rings with standard thickness or standard rings of the
reinforced type (heavy-duty type DIN 471/472) are to be used as blanks. If, for
example, a SEEGER ring A 25 with areduced thickness tolerance is required, it is
practical to reduce the nominal thickness to 1.0 mm in order to grind down the
standard ring from the 1.2 mm thickness. Alternatively, the nominal thickness
could be raised to 1.75 mm so that the SEEGER ring AS 25 x 2 could be used as a
blank. If this ring is still available for other users with a thickness of 1.5 mm, it
would also be feasible to grind it down to the standard 1.2 mm thickness. Of
course it must be clearly realised that the grinding allowance on the material, the
grinding operation itself and the generally necessary surcharge for minimum
guantities greatly increase the cost. As has already been mentioned, consuita-
tion with the manufacturer is always recommended before determining the
dimensions. In the case of rings which, in their standard form, are anyway
ground, it is possible, if given sufficiently long delivery times, to produce special
rings from the standard blanks. Otherwise rings have to be used which are
already in stock.

Rings with thickness tolerances of 0.03 mm and less can no ionger be phos-
phated against corrosion as the tolerances of the phosphate coating would
restrict the manufacturing tolerances too much.

The thickness tolerance should not be smaller than 0.1 mm for snap rings coiled
from hardened wire and not ground. This tolerance is required for material
manufacture and the thickness change during coiling.

8.2.2 Parallelism of the faces

In most designs the thickness tolerances of standard rings are quite adequate. It
is often of no consequence because the longitudinal play from one side is
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compensated by a screw connection (installation of paired rolling bearings
abutting against a SEEGER ring). There is, however, the worry that the thickness
tolerance will be fully and unfavourably exploited in any given ring. With
standard rings it is theoretically permissible for the thickness to vary within the
full tolerance. This can produce a wedge shape as shown in Fig. 147. {f, for
instance, a rolling bearing abuts such a ring, it might tilt, a condition which is not
permissible. First it must be pointed out that although theoretically possible,
such a shape for a SEEGER ring or washer is hardly ever produced in practice.
This has been confirmed by a great number of inspection measurements carried
out while establishing conditions of acceptance. Furthermore, the position of
the component abutting the SEEGER ring depends not only on the shape of the
SEEGER ring but also on that of the abutting component itself. Elastic and
plastic deformations provide a certain degree of compensation as well. But there
are, of course, bearing arrangements in which the variations bstween the
greatest and smallest thickness of the SEEGER ring have to be reduced.
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Fig.147: Fig. 148:
The most unfavourable wedge-shape Measuring the parallslism

allowed by the thickness tolerance

This restriction on the thickness tolerance comes from the demand for “parallel-
ism of the faces”. The question arises as to what paralielism means and how itis
masured with SEEGER rings. The definition for the variation in parallelism
according to DIN 7184 Sheet 1 is: “The parallelism tolerance of a surface to a
reference surface is the distance t between two planes parallel to the reference
surface between which all points of the tolerated surface must lie” (Fig. 148). The
measurement shown in Fig. 148 is easily possible, for example in the case of a
gearbox which can be clearly located on its reference surface. However, this
precondition is never given with SEEGER rings as such components willwobble.
After one turn the result will be different. Although often found in drawings, it is,
therefore, wrong to specify: “Faces paralle! to one another within 0.08 mm total
indicator deflection.” With relatively thin workpieces like SEEGER rings mention
should not be made of a permissible non-parallelism of the faces, but of a
“thickness deviation in a single ring” or a “thickness varjation”. It can be
measured, like the thickness itself, at any number of diametrically opposed
points. The difference between the greatest and the smallest thickness is the
thickness variation. Thus, for rings with a thickness tolerance of 0.06 mm the
thickness deviation in a single ring could be limited to 0.03 mm.
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8.2.3 Flatness

A further demand placed on special rings is that of flatness. It is frequently
included with non-parallelism as “plan parallelism within ... mm”. Flatness is
defined in DIN 7184: “The flatness tolerance is the distance between two parallel
planes t between which all points of the tolerated surface must lie” (Fig. 149).

The flatness refers then to one surface of the ring only. When measuring flatness
the surface to be measured is to be aligned so that the dial indicator shows the
minimum deflection. Aligning the open, slightly helical ring is difficult; the
pressure from the indicator affects the result and the ring, being very narrow and
convex, complicates the measuring process.

It is easy to realise that helical SEEGER rings (helix V, Fig. 150) or bowed washers
{bow W, Fig. 150) can never be completely aligned on their reference plane. This
also applies when the rings are placed on three supports. Lateral displacement
and tilting will give rise to different results. Moreover, these methods of
measurements are very costly and can only be carried out on a few components.
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Fig.150:
Fig. 149: Side view of abowed ring (left)
Measuring flatness and of ahelical ring (right).

The permissible unevenness (bow, helix) of SEEGER rings and washers must,
therefore, be determined by a clear and easy method of measuring. At this point
is should be mentioned that in order to achieve comparable measuring results it
is always better to precisely define not only the measured value but also the
method of measuring. This is the only way to avoid discrepancies between the
manufacturer’s final inspection and the vendor’s goods inward inspection.

DIN 471/472 prescribes, as SEEGER has done for a long time, two tests which can
be carried out quickly and indisputably.

1. Test for dishing (conical deformation Fig. 151): the SEEGER ring is placed
between two parallel plates and loaded according to the table. The distance
h — s measured unter force F must not exceed the maximum value given.

2. Test for helix (Fig. 152): the SEEGER ring must fall under its own weight
between two parallel, vertical plates spaced at a distance ¢ according to the
table. .

The tables for dish and helix are given in DIN 988, while; DIN 988 does not specify
permissible variations of flatness for support washers or shim rings.
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. Fig.152;

Fig. 151: Measuring the dish ofa
retaining ring ~lvle-  Measuring the helix

Shim rings, especially those with small thickness, are usually slightly bowed or
waved. The effect of this should only be such that the ring can be completely
flattened by hand during assembly. Components requiring greater forces for
flattening appear to have no play when first assembled, this being a disadvan-
tage. f, in later operation, greater forces occur, flattening will take place and
axial play will be the result.

8.2.4 Tension Ad and width b of SEEGER rings and snap rings

When retaining rings have been designed by the users themselves or, more
accurately, have been drawn by them, mistakes are made when determining the
tension Ad and the width b in that the rings are stressed far too much during
assembly and are permanently deformed. The limited elasticity limit, even of the
best spring steels, sets a limit which is not to be exceeded.

The elastic deformation of the rings is given by the basic relationship:
Op ~ b (d1 et dg).

With the given bending stress o, either wide rings (strong rings}) with small
deformation (small groove depth t) or narrow rings (weak rings) with great
deformation (large groove depth t) can be used in the borderline case. It is not
possible to use both, although this is demanded repeatedly. The result is stiff
rings which deform permanently.

For special rings it is recommended to proceed firstly from the relationships of
standard SEEGER rings of the same size. Because of their unfavourable
deformation, snap rings with uniform radial width must be kept narrower, or be
given a smaller tension. The exact calculation is carried out according to section
4,

8.2.5 Diameter tolerance

Too tight diameter tolerance of the rings in the unstressed state make manufac-
ture difficult, lead to heigh costs and are the cause of frequent complaints. When
diameter tolerance are being determined it must be rememberd that narrow,
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open rings are being used, during the manufacture of which diameter changes
occur at almost every operation and have to be taken into account when
determining the initial diameter. Some of these diameter changes are, unfortu-
nately, not constant. This applies in particular to the heat treatment, i.e. the
hardening. The tolerance required depends, irrespective of the ring size, on the
method of manufacture, Wide, stamped rings need only small tolerances, while
narrow, coiled rings require high values. The tolerances of the standard rings
may serve as a reference.

8.2.6 Gap e and shape of the ring ends

The gap of shaft rings should be kept small in order to keep the circumference,
critical forthe load carrying capacity, as large as possible. The gap should not be
given a tolerance; only an approximate dimension should be stated. Bore rings
must have a gap which is large enough to allow closing for assembly into the
nominal bore diameter. Assembly with radial or axial overlapping of the ring ends
is only possible with narrow, thin snap rings having a smaller gap. Because of
their non-circular deformation, all other snap rings must have a larger gap than
the circularly detorming eccentric SEEGER rings.

If the gap of a ring is not dimensioned "“approximately”, the gap and its
tolerances must always be based on a certain diameter condition, normally the
nominal diameter d;. A gap not based on a specific diameter can, in some cases,
lead to a great limitation of the diameter tolerance as the diameter change has an
effect of mtimes on the gap. If, for example, the diametsr has a tolerance of + 0.5
mm and the gap, without reference to the diameter, the same tolerance, the
effective diameter tolerance amounts to only about one third of the above-
mentioned value. This would be an impermissible reduction in the diameter
tolerance.

The shape of the gap, i.e. the shape of the ring ends, is also decisive for the
manufacturing cost of snap rings. This applies mainly to rings manufactured by
coiling out of hardened wire of rectangular section. With such rings, the method
of manufacture should, where possible, always be such that the rings can be cut
out without waste. The shape of the gap required depends on the type of
assembly and disassembly intended.

Fig.153:
Design of the ends of snap rings

The snap ring which can be manufactured most rationally has radially cut ends,
as in Fig. 153a. The rings are cut off on the coiling machine without any wasted

147



material. The bore ring is distinguished from the shaft ring only by the size of the
gap. Therings can be assembled simply with a tapered mandrel or bush (Fig. 173}
placed onto the shaft or the housing respectively. The helical assembly method
can be used for rings with relatively small material cross-section, i.e. usuaily for
larger rings, and with designs in which the distance of the groove from the end of
the shaft or the housing remains smalli. After the ring has been helically deformed
by an amount corresponding to the distance of the groove, one end is inserted in
the groove by hand and the ring subsequently fitted by applying pressure around
its circumference.

Disassembly of these rings is difficult because the usual method of lifting one
end out of the groove is hard to accomplish. If dismantling is necessary, a recess
(Fig. 172) to allow insertion of a tool must be provided, either on the groove, the
shaft, or the housing, uniess of course another design is going to be used

anyway.

Shaft and bore rings can also be produced with the ends shown in Fig. 153b
without wasting material. Where dismantling is necessary, the left end (shaft
ring) or the right end (bore ring) is lifted out by means of a suitable lever and the
ring is prised ouf of the groove along its circumference.

If frequent dismantling is necessary or if tapers cannot be employed, the shape
shown in Fig. 153¢c must be used for shaft rings. The ring is not simply cut but a
piece must be removed; there is a certain material wastage. Assembly is
performed either with a taper or, as in the case of disassembly, with correspond-
ingly shaped pliers (Fig. 170). The disassembly of bore rings, however, remains
inconvenient. A shape as shown in Fig. 153d can be provided for snap rings with
asmall thickness and can be manufactured with no material waste. A lever can be
inserted under the right end without the risk of it slipping. With a larger ratio of
thickness to width the manufacture of this type of ring is difficult.

8.2.7 Sharp edges

The problem of sharp edges with SEEGER rings and snap rings was dealt with
thoroughly in section 6.1. For higher requirements, a maximum radius can be
prescribed. The demand for radius tolerances, for example 0.25+0.35 mm,
usually involves a considerable increase in costs.

8.2.8 Roundness or permissible out-of-roundness

A requirement of a retaining ring is that when it is seated in the groove, it contacts
with the bottom of the groove to the greatest possible extent. With eccentric
SEEGER rings designed &5 curved beams of almost uniform strength, a good
roundness in the groove seating is guaranteed. Small variations which are
present in the unstressed state, are compensated by the tension. Snap rings of
constant radial width, on the other hand, always deform non-circularly under
stress. The higher the tension, i.e. the greater the difference between groove
diameter d, and the diameter in the unstressed state dj, the greater is the

148



deviation from the circular shape. The seating tension of snap rings should nat,
therefore, be too great. In the case of bore rings the lower tension is almost
always permissible. Problems arise with shaft rings if greater shaft speeds are
present which can cause the ring to loosen in its groove seating.

With standard rings no information concerning roundness is given, but for
special rings appropriate information is usually provided on the drawing. Such
specifications, however, are usually unclear and functionally alien. The round-~
ness should be measured not in the unstressed state but under tension when the
ring is seated in the groove. Care must be taken because the ring seating in the
groove is not well-defined. The radial pressing force of the ring ends in
conjunction with the friction between groove and ring allows the ring to adopt
various positions. The roundness can only be measured after the ring has been
radially pressed into the groove. This can, for example, be specified as:
“permissible out-of-roundness 0.4 mm after the application of radial pressure to
ensure a firm seat on the groove diameter." The measurement is performed with
a 0.4 mm feeler gauge. Appropriate tests must be carried out before determining
the roundness.

8.2.9 Function tests

As has already been mentioned, function tests are often specified for special
rings. Attention has also already been drawn to the problem of over-specifica-
tion. if the designer still insists on running a function test, the following must be
observed:

a) a normally dimensioned SEEGER ring always has a small permanent defor-
mation caused during stressing for assembly.

b) the hardness tolerance serves the hardening process and not the accom-
plishement of definite elastic characteristics.

c) the diameter tolerance serves the manufacturing process and not the
accomplishment of a definite tension.

d) the function test is only to be specified after thorough calculation and after
carrying out tests.

The retaining ring should, after being subjected to assembly stresses, sit in the
groove with tension, i.e. the diameter d; after assembly must be smaller than the
minimum diameter of the groove for shaft rings, and for bore rings larger than the
maximum groove diameter. In order to achieve uniform conditions in function
tests, the rings must be opened or closed with the aid of tapers as in Fig. 154. For
a SEEGER ring, for example, for 50 mm shaft diameter, with a diameter

d, = 4581032
and a groove diameter
d2 = 47.0_0'25 mm,

a function test would have to read: “after being pushed over a taper of 50 mm
diameter the ring must seat under tension on a diameter of 46.3 mm.”
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The tension opposed to the minimum groove diameter d, = 46,75 is given with
0.45 mm. A ring which fully utilises the upper tolerance limit and has the lowest
permissible hardness can deform permanently by 0.11 mm in the most unfavour-
able case. Since the deformation of eccentric SEEGER rings is never absolutely
circular and such rings are anyway never entirely circular in their unstressed
state, it would be wrong to measure the diameter after deformation with a calliper
rule. The check must be made on a mandrel or in a bore.

8.2.10 Toughness tests

SEEGER rings are among the hardest of machine components. There is
consequently a fear that brittle fractures can occur during use, and so materials
are required which, despite their high degree of hardness of e.g. HRC 47 + 54,
corresponding to 1525+ 1920 N/mm? strength, still have sufficient toughness.
Only then can it be guaranteed that larger permanent deformations can occur
before fracture.
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The torsion test used for spring washers DIN 127 (Fig. 155) is often specified as a
toughness test. It is not, however, suitable for retaining rings. A toughness test
must be defined in such a way that each test piece is subjected to the same
stresses or elongations. The test in DIN 127, however, results in completely
different elongations with rings of the same size but of different thickness.
Further, the test is not applicable to E-rings, grip rings, interlocking rings and
washers.
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A toughness test, in which the elongation is practically independent of the size,
thickness or width of the ring, is described in the British Standard for retaining
rings. It is shown in Fig. 156. The test piece is bent to an angle of 30° by several
blows with a light hammer. The bending radius corresponds to the thickness of
the material. The test can be used for any components. From the equation forthe
circular deformation of a straight beam (see page 57 equation (D)

1 M E: s

— = N it follows that; ¢ = o7

If the ratio s/r is constant, constant tensions or elongations will also result.

8.3 Washers

The following is to be observed with regard to requirements for special washers.
The most common washers, according to whether they are for use onshafts orin
bores, have only one diameter which has to be kept within a definite, design-
specific tolerance. If the second diameter has to be specified, it is not the specific
diameter which is stated but the full permissible range within which it can lie.
Special manufacture of stamping tools is not then normally necessary as similar
tools are already available. An enquiry for a washer for 26 mm shaft diameter, for
example, should read: washer 26 x 31+36x2. The diameter and thickness
tolerances should correspond to those of simitar shim rings and support
washers DIN 988 according to data chart 61/62.

Extremely high costs are caused by chamfers and radii being specified for
washers and also sometimes for SEEGER rings. They often require the very
expensive process of turning. The abutting component must nearly always be a
turned one and can, therfore, without additional cost, be given such ashape that
sharp cornered washers or SEEGER rings economically manufactured by
stamping can be used. Before special washers are prescribed, a carsful check
must always be made to see if washers DIN 988 can be used.

8.4 Material

Refer first to section 5 concerning the material for special components. The most
economical solution is always to specify the material in general terms, for
example, “spring steel”, and to leave the exact choice of material quality to the
manufacturer. The procurement of special materials is only possible in large
quantities with a minimum order of at least one ton. But the requirement for
special rings often amounts to only a fraction of this amount. The hardness is
selected as for SEEGER rings of the same type and size.

8.5 Conclusions

The main problems sncountered when special rings are used have been
described.
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If, in this section, the design of special types has been dealt with so extensively, it
was not so much to recommend or facilitate their development but rather to issue
an urgent warning. None of the difficulties caused by special parts has been
exaggerated. Each case can be proved seaveral times over. Every day several
enquiries are received for rings designed by the customer. Advance consultation
can lead to cost savings of 5-10%.

The fact that a single copy of a drawing in circulation in a large firm can only be
changed with difficulty should be kept in mind. lt is often argued that an
alteration to a drawing costs some thousand marks and is more expensive than
making a new tool. It is, therefore, always recommended to seek advice in
advance, i.e. before a drawing is finalised,

Finally, it should again be mentioned that an important cost saving pringiple is:
“No designing of special rings by the user, but advance consultation with
SEEGER-ORBIS and an explanation of the existing design problem, so that
either a standard ring or at least an economically viable special ring can be
used.”
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9. Manufacture of Hand-Made Samples and Small
Quantities

Every new design requires trials with a few components and with small batches.
Components needed in small quantities are manufactured by hand as samples,
normally without standard tools. In addition, pilot batches and subsequently
samples from production tooling are required. These latter are checked particu-
larly accurately before the toal is released for production.

The manufacture of such components generally interferes with the smooth
running of the factory because they have to be made urgently by toolmakers
needed for producing standard tools and because, in many cases, machines
urgently required for production have to be utilised. In the following text it has
been assumed that the comments in section 8 have been considered and that a
check has been made to see whether special components are really necessary.

With components of this type a distinction must be drawn between, firstly “pure
hand-made samples” made by hand without stamping tools, by filing and/or
slotting, drilling, milling, eroding, or laser-cutting, and, secondly, components
made primarily on machines which are also used for mass-production. The latter
applies especially to coiled snap rings. These two methods of production are
decisive in terms of cost.

With pure hand-made samples the number of components ordered should
not be greater than the actual requirement. Here the costs are in almost
direct proportion to the quantitiy.

The very high expense for larger quantities of this type of component always
brings up the question of whether it might be more practical to manufacture the
required samples with a temporary tool or even with a new production tool. As
the cost of hand-made components and, to a certain extent, of the temporary tool
is always added to that of the subsequent production tool, a quick decision in
favour of the production tool can save a considerable amount of money. For
instance, the expense of producing 300 hand-made samples of a retaining ring
can be almost as high as for making a tool. On the other hand, it must not be
forgotten that with the ground tools produced today, even the smallest aitera-
tions are either no longer possible or necessitate costly new manufacture of the
main parts. To summarise, it can be stated that after the manufacture of a few
hand-made samples, the transition either to atemporary tool, whose parts can be
used for the production tool, or directly to the production tool, should be as
quick as possible.

Here the question often arises as to whether the tests can be carried out with a
standard component which is designed rather less favourably than the special
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component required. If, forexample, a retaining ring similar to DIN 471 is needed
for a pin of 15.5 mm, a check must be made to see whether the retaining ring 15
DIN 471, which will be subjected to greater assembly forces, can be used for the
tests. What is permissible during careful assembly by highly-qualified staff in the
testing department cannot subsequently be allowed in the production shops
and, above all, in the repair workshops.

Completely different conditions exist when samples are to be made in part, or
totally, on machines used for mass-production. In this case, the expenditure is
dependent only to a small degree on the quantity. Here, the set-up time is the
decisive factor, When a ring coiling machine is being set up for the manufacture
of snap rings, at least 50 to 100 rings will have to be produced until the specified
diameter and the necessary flatness are obtained. After the set-up has been
completed, itis practically insignificant in terms of cost whether 3 or 300 samples
rings are produced.

A similar situation exists when stamping tools are set. Once the tool is set up and
the material is available, it is of no practical importance whether a few or several
hundred parts are stamped. The same situation prevails if rings have to be
ground on double face grinding machines to obtain the required thickness or
thickness tolerance when raw material of not quite the ideal thickness has been
used.

The following applies here:

Where there is a demand for samples to be manufactured by machine, a
generous estimate of the quantity, including reserves, needed for the
entire test period is to be made in advance and, if necessary, for the pilot
batch. If possible the whole quantity should be ordered at one time.

Here it becomes particularly costly if such parts are ordered in small sporadic
quantities from one or several departments (test purchase, purchase).

During the testing of hand-made samples it must be remembered that they might
vary greatly in functionally important details from those components which are
subsequently mass-produced. These differences are often overlooked or not
given enough attention. Hand-made samples produced by filing, milling, drilling,
slotting, eroding, laser cutting and face grinding usually have a completely
different contour on the edges, decisive forthe axial load carrying capacity of the
retaining ring, than the stamped and unground standard components. Thishasa
particularly unfavourable effect as the tests are carried out with theoretically
“better" components than those subsequently delivered in quantity. This often
leads to discrepancies, whether in the use of the first stamped components or
after receipt of the first complaint, for example after a gearbox has broken down
due to the failure of a retaining ring. When the cause of the damage which
occured inspite of lengthy testing is being analysed, the hand-made samples are
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often compared with the production components. improving the latter often
incurs high costs. Even a complete change in design may be necessary.

The above-mentioned difficulties arise simply because the drawings for the
retaining rings or snap rings do not specify the type of manufacture, be it coiling
or stamping. Furthermore, many questions remain open, such as: What does the
common specification “sharp-cornered” mean with regard to stamped compo-
nents? Even when there is agreement about the process, i.e. that the compo-
nents are to be stamped, differences arise as a result of the die clearance which is
important for the corner distances. It must be pointed out here that in most
customer drawings and in the DIN specifications those components which can
only be rationally manufactured by stamping are unfortunately always shown
with completely sharp corners. This often gives rise to differences between
manufacturer and user.

The generally valid principle that only the drawing is decisive for acceptance of
the components also applies to samples. But since, on the other hand, it
frequently occurs that the manufacturer, for reasons of delivery time, can only
undertake production with certain verbally agreed restrictions which do not
necessitate a drawing modification, the goods inward inspection should, after
consuitation with the designer, be more orientated towards the function of the
component. There is often great disappointment when the expensive and quickly
produced components are rejected and sent back because of a slight variation
from the drawing which does not affect the function. in those cases, the
manufacturer should always be consulted before the components are rejected.

Required delivery times for samples are generally extremely short. They are often
even shorter for simple components like retaining rings, as these relatively
simple elements are considered last of all and the time reguired for their
production is underestimated. Then there is often great excitement when, for
example, the manufacturer refers to the long delivery times for new material
procurement which cannot be shortened due to its special quality and dimen-
sions.

A further problem is that sometimes users dictate short delivery times for
samples which include a certain, overstated, safety period. It is often found that
components produced at great expense and trouble within the shortest time and
delivered by express are rejected and sent back after two or three months! As a
support to the manufacturer the customer should only specify delivery times
which are really required.

As it is the interest of both sides to plan, realize and accomplish a project
successfully communication between the partners should start as early as
possible and proceed at least until serial production works fully satisfactory.
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10. Damage Caused by Overstressing

When the load carrying capacity of a SEEGER ring assembly is exceeded, the
ring or groove will be damaged according to which part is first subjected to
excessive forces. In special circumstances damage can occur simultaneousty on
the grooved component and on the ring.

Under conditions of static stress the damage to the grooved machine component
will initially be in the form of a ridge at the extremities of the groove. This can
make dismantling of the secured machine component very difficult. Greater
forces lead to a marked plastic deformation followed by a forced rupture and, if
the load is a pulsating one, to a fatigue fracture without previous deformation,
the development of the fracture depending on the collar length ratio n/t.

The SEEGER ring deforms plastically under conditions of static overstressing.
The type of deformation depends on the stress. Where targe leverarms occur, the
result is permanent dishing. With sharp-cornered contact a plastic stretching of
the ring in the area of the groove occurs. The shaft ring shows a permanent
diameter enlargement and the bore ring a permanent diameter reduction. This
encourages the ring to jump out of the groove. Plastic dishing can also occur in
connection with a permanent change of diameter. Fatigue fracture without
previous deformation occurs when there is a pulsating or alternating overload-
ing of the rings. Figs. 157 to 164 show some typical cases of damage.

OO

Fig. 157: Static stress; collar length ratio Fig. 158: Pulsating stress; n/t < 3; fatigue
n/t < 3; collar sheared; ring undamaged fracture of the collar; ring undamaged
dueto sharp-cornered contact. due to sharp-cornsred contact.
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Fig. 159: Static stress; n/t <3; collar
plastically deformed. Cracking begin-
ning, can be seen especially well atthe
ring gap; SEEGER ring undamaged.

Fig. 161 Static stress; groove undam-
aged; SEEGERring plastically dished
with enlarged diameter; ring stressed too
much as a result of the large leverarmon
the abutting machine component.

Fig. 163: Static stress; groove damaged,
can be seenespeciallyinthe area ofthe
ring gap; ring permanently dished.

Fig. 160: Pulsating stress. Collar length
ratio of no importance asthe groove is
located in the middle of the shaft; part of
the groove broken out; SEEGER ring
jumped out of the damaged groove; ring
itself undamaged.

Fig. 162; Pulsating stress; groove undam-
aged as aresult of high quality material;
fatigue fracture of SEEGER ring.

Fig. 164: Pulsating stress; fatigue fracture
of the collar; ring plastically deformed
regarding diameter and dishing.

157



11. Assembly of SEEGER Rings

SEEGER rings of all types can only fulfil their function if they are assembled
perfectly and are afterwards seated in the groove or on the smooth shaft (self-
locking SEEGER rings) in such a way that the preconditions for the calculations
shown in section 3 are fulfilled. Faulty assembly results in damage to the ring or
to the groove and/or both. Rings not fully seated in the groove or which have
been over-stressed will move out of the groove under conditions of axial forces.
Not only a high degree of safety during assembly is required but the assembly
times must also be short.

A distinction must be made between the assembly of axially mountable and
radially mountable SEEGER rings as their assembly principles are completely
different.

11.1 Axially-mountable SEEGER rings

11.1.1 General

Axially-mountable SEEGER rings must be expanded (shaft rings) or closed (bore
rings) to the point where assembly is possible over the shaft or into the housing
bore. Subsequently they must spring back to such an extent that they sit in the
groove under tension. It was shown in section 4 that very high bending stresses
occur when SEEGER rings deform elasticaily. This is especially true of the
smaller rings. The bending stress is proportional to the diameter change. Any
deformation beyond the necessary level must, therefore, often cause permanent
deformations. The consequences of over-stressing during assembly are shown
conclusively by example 2, section 4. Over-stressed rings sit in the groove with
too little tension or even with radial play. During assembly, SEEGER rings are
usually stressed to a higher degree than at any other time of service. This also
applies, of course, to dismantling. So for the assembly of the rings the important
principle is:

During assembly, the SEEGER ring should be expanded or closed only to
the extent necessary to pass over the shaft or into the bore. Shaft and
bore must be of the same nominal diameter as the ring.

This rule applies mainly to rings made of materials with lower elastic yields such
as bronze and stainless steel.

As arule, the SEEGER rings for bores are provided with a gap calculated so that
when a ring is closed until its ends are in contact, it can be inserted into the bore
without greater radial play. The danger of over-stressing is largely eliminated
here. However, bore rings, too, should only be closed just enough to allow
insertion and need not necessarily be closed until their ends are in complete
contact.
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The situation is different with shaft rings. They have no limit, no stop when they
are expanded. Here the danger of over-expansion is, unfortunately, always
present. With shaft rings, therefors, care must always be taken not to open the
ring more than is necessary to pass it over the shaft. This applies particularly to
the smaller rings with which, as has already been mentioned, higher bending
stresses occur than with the larger ones.

Example 2, section 4 illustrates the unfavourable effect of over-expansion. In this
case the ring expansion was 1 mm greater than the nominal diameter.

1Az Assembling with pliers

The most widely-used assembly system for axially-mountable SEEGER rings is
still the one using pliers. Even if other assembly processes can be employed,
disassembly is still basically only possible with the aid of pliers,

Theoretically it would be advantageous if pliers could be provided for every ring
size with an assembly hole diameter ds and with an opening distance derived
from the difference in diameter d{~ds. This is not, however, possible for
economic reasons and pliers must be used for a greater number of ring sizes.

Pliers are supplied as standard in the size range 3—1000 mm nominal diameter,
both for shaft and for bore rings. All standard pliers are available with straight
and with 90° angle tips. Pliers with 90° angle tips have the advantage that the
angle setting is not changed when the tip is moved.

Assembly pliers for retaining rings have been standardised for some time in DIN
5264 and DIN 5256. A table in the SEEGER Catalogue shows exactly which type
and size of ring is to be fitted with which pliers. The correct pliers for each ring
size are also given in the data charts. The fields of application for the individual
pliers overlap each other.

Fig. 165 shows pliers ZGA 2 with straight tips. Pliers 5 and 8, intended for fitting
large rings of 122-300 mm nominal diameter, have a ratchet. The ratchet locks
the pliers at any required setting and facilitates the positioning of the ring into the
grooves. These pliers also have threaded and interchangeable tips. Apart from

Fig.165: Fig.166:
Assembly pliers ZGA 2 Assembly pliers ZGAS
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the tips, there is no difference between pliers 5 and 6. Fig. 166 shows the pliers
ZGA 5. These large pliers can also be equipped with tips 4 and then used in the
range of pliers 4.

Assembling rings over 300 mm nominal diameter is no longer possible with pliers
having a normal leverage ratio as the forces involved are too great. In this case
the tool ZGAJ 7 is available which has a lever mechanism for easy handling (Fig.
167). This allows the required forces to be easily attained. The tool ZGAJ 7 is
intended for use with shaft or bore rings according to how the lever mechanism
is fitted. The tool can also be used for the smaller rings in the range of 250 to
300 mm nominal diameter. Only the tips have to be changed.

As has already been mentioned, the danger of over-expansion always exists,
especially with shaft rings. When using standard pliers, the simplest method of
preventing over-expansion is as follows: the ring, whether for shaft orbore is not
important, is first held by the assembly pliers and subjected to a slight stress in
order to ensure a firm seating in the pliers. The ring is then brought to the shaft or
housing with the pliers and is opened (shaft ring) or closed (bore ring) until it can
just be fitted over the shaft or into the bore by applying a light axial pressure. As

Fig. 167: Fig. 168:
Assemblytool ZGAJT7 Pliers with stop screw

far as possible, the shaft or bore should be chamfered. It would be wrong to just
place the ring in the pliers and to exert an uncontrolled opening or closing force
while assembling the ring. It has been shown repeatedly that mistakes during
assembly are simply the consequence of unexperienced assembly personnel.

As a solution avoid overstressing, pliers must be used which are fitted with a stop
screw for setting the opening width of the tips (Fig. 168). The stop screw allows
the pliers to be set so that over-expansion can be eliminated with certainty. All
pliers for shaft rings can be delivered ex-stock and bore ring pliers with stop
screw on request.

The stress on the ring is, however, lowest without a stop screw since the setting
of the latter has to take into account manufacturing tolerances and wear. This
already leads to & slightly greater expansion than that occurring when pliers
without a stop screw are correctly used by an experienced fitter.
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The use of pliers with a stop screw is ahsolutely necessary if the rings have to be
placed over longer ground shafts without actually contacting them.

As the elastic force of the ring is large but the diameter of the assembly holes in
the SEEGER rings is limited due to the small radial width a of the eye, the tips of
the pliers are subjected to very high bending stresses and wear. It is, therefore,
absolutely necessary that the correct type and size of pliers is used at all times for
the rings. Standard assembly pliers, which are not optimum for every ring but
which are available for a certain range, represent a compromise with regard to
the diameter and length of the tips.

If & large quantity of rings of the same size has to be assembled at the same place
of work, the use of special pliers is recommended, the diameter and tip length of
which are exactly suited to the actual sizes of the hole diameters and ring
thicknesses, thus resulting in wear-resistant tips of high bending strength. In
addition, the rings are particularly well guided and do not tend to twist during
opening (shaft rings) or closing (bore rings). Also the tips do not protrude too far
beyond the face of the ring and thus allow the ring to be brought into close
abutment with the component to be located. In such cases the user must inform
the manufacturer of the pliers which ring is to be fitted, preferably with the help of
a sample. Since the hole diameters ds are not specified definitely, but are only
given as minimum values, the use of exactly suitable pliers for the assembly of
large quantities of rings is only possible if it can be guaranteed that the same ring
will always be used. in this case the user himself can also rework the tips of the
next larger size pliers.

SEEGER rings can only be held securely in the pliers if the tips protrude slightly
through the holes. When large rings are to be assembled it is recommended to
place them on a thin mat on the floor and to pick them up and tension them with
pliers having protruding tips.

It has already been mentioned that SEEGER rings are submitted to higher stress
during assembly than in subsequent operation. The assembly provides, there-
fore, at the same time, a good quality control to which esach ring must be
subjected. This applies above all to the hardness, whether the rings be too soft or
too hard. Rings which are too hard usually break. Rings which are too soft will be
detected by properly trained personnel with no difficulty. Good personnelisina
position to register difference in hardness of only 3—4 HRC as these result in a
change of plier force.

SEEGER L-rings and W-rings too are first placed onto the shaft or into the
housing with the assembly pliers. Further pressing with a sleeve (shaft rings) or
with a pin (bore rings) is then usually required until the rings spring into the
groove. When SEEGER W-rings are assembled, care must be taken to ensurs
that the concave side of the shaft rings and the convex side of the bore rings
abuts the component to be located. However, if in the case of shaft rings, the
curvature height approximates the minimum value w;,, assembly into the groove
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can be facilitated by placing the convex side towards the machine component
here too. As with bore rings, the ring can first be inserted into the groove at
dimension b, and can then be pressed into the groove around its entire
circumference. If the .- and W-rings do not fully spring into the grooves because
of the frictional force resulting from the axial elastic force, the lacking radial
force is to be exerted as necessary with bore ring pliers for the shaft rings and
with shaft ring pliers for the bore rings.

The assembly of SEEGER grip rings with pliers needs special attention. Over-
expansion of these relatively strong rings with small deformation d;~ d; has a
very unfavourable effect. Any plastic deformation during assembly leads to a
reduced retaining force. How the over-expansion ot aSEEGER gripringG6x1 at
0.2 mm affects the nominal diameter is shown by the following example. The
bending stress with an expansion onto the nominal diameter 6 mm already
amounts to 2580 N/mm? according to section 3, example 7. It is already over the
elastic limit of the spring steel. Normal deformation of the ring d,~dj is 0.3 mm.
With a deformation of 0.5 mm there is a theorstical bending stress of about
2580 - 0.5/0.3 = 4300 N/mm?. This means that large permanent deformation will
occur.

For assembling grip rings only grip ring pliers must be used. Because of their
shorter tips they provide a better leverage ratio than standard pliers. Grip ring
pliers are almost always used with a stop screw. With the larger grip rings there is
often a danger that they will twist at the end of the expansion phase and jump off
the pliers. Grip ring pliers ZGG2 and ZGG3 are, therefore, provided with a stop
face to prevent twisting. The tips of the pliers are offset. Fig. 169 shows the grip
ring pliers.

Snap rings can only be assembled with pliers under certain conditions. The
SEEGER ring was invented to eliminate the wellknown difficulties associated
with fitting snap rings. If the SEEGER ring with its assembly holes for pliers
cannot be used, the disadvantages of the snap ring with regard to assembly and
disassembly have to be accepted.

Where snap rings have assembly holes, the pliers can be used as for SEEGER
rings. But snap rings with holes are only rarely used since they are usually made

Fig.169: Fig.170:
Grip ring assembly pliers ZGP 2 Assembly pliers ZGS 11 forsnap rings SW
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of hardened wire and the provision of holes causes great difficulties. Standard
pliers are available for fitting snap rings on shafts with sharply tapering ends. Fig.
170 shows both ends of a snap ring seated in the recesses of the pliers. The
pointed ends guarantee secure location in the tips of the pliers.

Snap rings for shafts with parallel or radially-limited gaps cannot be heid
perfectly in the pliers. Large snap rings for shafts and also for bores are, because
of their relatively small radial width, so soft that they can easily be assembled by
hand. If the grooves are near the end of the shaft or bore (small collar length n), it
is recommended to assemble the rings helically. This reduces deformationin the
rings. First, one end is placed into the groove, followed by the rest of the ring,
which is pressed in around its whole circumferencs.

Snap rings for bores without assembly holes can neither be fitted nor disassem-
bled with pliers. Assembly must be performed with the aid of tapers as in section
11.1.3. Disassembly is only possible by lifting one of the ring ends of the shape
shown in Fig. 171 out of the groove with the help of a suitable lever tool and then
by removing the whole ring. While this is comparatively easy with the larger rings,
such great difficulties arise with smaller rigid rings that some damage to the ring,
the bore or the groove cannot be avoided and that it must, therefore, be assumed
that dismantling is almost impossible. These difficulties can be overcome with
the following designs. As shown in Fig. 172, the housing is provided with a recess
through which a needle or a lever tool can be inserted and the ring levered out.
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. Fig.172:
Fig. 171: Disassembly recess for levering out the
Shapes of the ends of bore shap rings snapring

11.1.3 Assembly with tapers

Expanding or closing axially-mountable SEEGER rings is also possible with the
aid of tapers placed against the shaft or housing (Fig. 173). When axial pressure
is applied, the ring is expanded or contracted and can then be pushed onto the
shaft or into the housing until it springs into the groove. Assembly with tapers,
besides shortening assembly time, has the great advantage of eliminating over-
expansion.
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Assembly with tapers as shown in Fig. 173 cannot be employed if the surface of
the shaft or housing might be damaged by the sharp corners of the ring, or if
other grooves or recesses are present in front of the ring groove. In such cases,
help can be provided by using tapers with a thin sleeve (Fig. 174) which covers
the shaft and hence the grooves. Since the diameter of the sleeve is larger than
the nominal diameter, a certain over-expansion takes place. Before use, there-
fore, it must be carefully checked by tests or calculations to ensure that the
respective ring can withstand the over-expansion (see section 4, example 4).
Before using an assembly sleeve for bore rings it is necessary to check that the
gap allows the increased closing required. The axially-parallel guidance of the
assembly sleeves or mandrels shown in Fig. 173 is not always necessary.

If narrow snap rings have to be deformed to a great extent, it is not possible to use
rigid sleeves or mandrels because, in the case of a shaft ring, for example
d;+2b is smaller than d,. Instead of the rigid pressure sleeve it is, therefores,
necessary to use one with inwardly acting elastic sptings, as shown in Fig. 175.

The main advantage of the taper assembly with snap rings is the fact that non-
circular deformation ~ a decided disadvantage of snap rings — is kept to a
minimum. When deformation occurs during assembly with the aid of a taper, the
ends and the middle of the snap ring will contact the taper as shown at the
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§ \ Fig. 173:

: Assembly of shaft
| and borerings with
. _l... . . . the aid of tapers

A

bottom left of Fig. 4. Atangential force resulting from the friction at the ring ends
presses the snap ring—be ita bore ring orashaft ring —onto the taper. The design
of the sleeve shown in Fig. 176 isthe best for snap ring assembly. The relief Ais so
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Fig.174. Fig.175: Fig.176:
Assembly taper Assembly over the taper Assembly of asnap ring
with sleeve by means of pressure springs with the aid of ataper

dimensioned that when the ring is fully opened its diameter cannot exceed
dy+2b, i.e. when fully opened it must have an exactly circular contact,

The principle of the assembly system shown in Fig. 176 can also be used for bore
rings.

The same principle of a circular deformation of snap rings for shafts during
assembly can also be adopted when special pliers, as shownin Fig. 177, are used.
The pliers Z expand the snap ring Sp until it makes circular contact in the bush E.

The main significance of the use of tapers for assembly lies in the fact that all
semi- or fully-automatic assembly devices for axially-mountable SEEGER rings
are constructed according to the same principle.

Fig.177: Assembly of asnap ring
forashaft

11.1.4 Assembly tool for axially-mountable SEEGER rings

With the assembly systems previously described, the ring to be assembled had to
be removed by hand from the bag or carton in which it was delivered and then
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placed, again by hand, onto the pliers or on or in the taper. Unfortunately there is
a disadvantage with all SEEGER rings, especially the axially-mountable type,
that they become tangled. When rings are removed from their container, they
must, therefore, first be disentangled, atimeconsuming operation. The assembly
times are lengthened considerably. The first decisive help in assembly is,
therefore, to deliver the rings already stacked. The ring being fitted can be taken
quickly from the stack and placed in the assembly tool. The stacked rings can be
heid together by the following means;

1. Placing the rings on rods, usually of rectangular section. The use of rods has
the advantage that the stacked rings can be easily transferred to tube-shaped
magazines and that even when the stack is very high it will not fall over. A
disadvantage is the large amount of material used for the rods which are
generally not returned to the supplier.

2. Retention of the rings by an adhesive strip drawn along the back of the stack.
This method is particularly suitable for rod-type magazines.

3. Insertion of a U-shaped wire through the assembly holes of the rings. The
advantage here is that the stack can be used for rod-type as well as for tube-
type magazines. The wires are the cheapest ring carriers but the stringing
operation is costly. Only rings with assembly holes can be retained in this way,
thus eliminating the small SEEGER rings under 10 mm nominal diameter, the
SEEGER grip rings and all radially mountable types.

4. Shrink packing, usually employed for rings with a nominal diameter greater
than 40 mm. This is the most effective method for stacking, easy to handle
with low cost.

Apart from the possibility of being able to quickly remove the first ring, the
stacking of SEEGER rings offers further important advantages. [t is of necessity
guaranteed that only rings of one size will be delivered and that during stacking
any twisted or defectively stamped rings have to be removed. Stacking, there-
fore, represents an additional inspection.

Delivery in stacks is also a precondition for use in so-called SEEGER ring
dispensers from which the rings may be taken quickly and safely. Semi- and fully-
automatic assembly machines must also be fed with stacked rings.

The purpose of the SEEGER ring dispenser is to keep the ring in such a position
that it can readily be gripped with the assembly pliers. When a ring is removed,
the next one must move into its position. Fig. 178 shows the SEEGER ring
dispenser. |t canbe used for SEEGER grip rings and small SEEGER rings DIN 471
and DIN 472. The design is simple and robust. The magazine can be swivelled on
a bearing and is held counter-clockwise by spring pressure. When the lowest
ring is extracted, the swivel magazine is carried by the [owest ring to a cam
located below, and the next ring falls into the dispensing position. The ring
dispenser can be loaded with rings held with adhesive strip, foil or wire. It is
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intended for use in conjunction with pliers angled at 90°. Pliers with 45° tips may
sometimes be useful under certain circumstances.

In altthe assembly methods shown so far it was necessary to apply the opening or
closing force by hand. This leads to a reduction in assembly output. To make
assembly easier and faster hands must be replaced by machines. The basis of all
semi- and fully-automatic assembly devices for axial assembly is the taper
principle. Air pressure can easily be used instead of hand pressure to push the
rings into or onto the tapers.

Fig.178: Fig.179:
SEEGERring dispenser Principle of an air-powered assembly tool

Further development leads to devices into which the retaining rings are auto-
matically fed. This principle is shown in Fig. 179. The rings are stacked in a
magazine. A horizontally arranged compressed aircylinderoperates aslidewhich
pushesthe bottomringinthestackoveratapered bush (Fig. 179a). Whileafurther
compressed air cylinder mounted below presses the workpiece against the bush,
the retaining ring is pressed into the tapered bush by a plunger operated by a
third cylinder until it springs into the groove (Fig. 179b). [n a further development
the device in Fig. 179 can be equipped with a vibrator for feeding the rings, which
can then be supplied loose at lower cost as they do not need to be stacked
beforehand.

11.1.5 Assembly of SEEGER ftriangular rings, circular seif-locking rings and
reinforced circular self-locking rings

Triangular rings, circular self-locking rings for shafts and reinforced circular
self-locking rings are fitted with the simplest assembly method using a device
shown in Fig. 180. ASEEGER circular self-locking ring is positioned in the recess
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of the assembly sleeve and then placed over the pin. When setting up the device,
it is important that the tugs of the rings can spring back freely when dishing takes
place.

The rings should be held only on their outside edge. Circular selflocking rings for
bores are assembled according to the same principle but using a pin shaped
device.

To achieve a firmer seating of steel rings in the recess of the bush, the latter can
be magnetised.

Instead of pushing the rings on by hand, a foot or motor operated press can be
used.

All retaining elements producing a self-locking effect through an arrangement of
spting lugs show a tendency for the fugs not to bend uniformly during assembly.
Often one or several lugs on one side dish more strongly than those on the
opposite side. This reduces the retaining forces considerably and the values
given in the data charts specified during the design stage will not be attained.
The tendency of the lugs to dish unevenly occurs all the stronger, the greater the
difference between diameter d; (unstressed) and the nominal diameter d, is.

This disadvantage of uneven dishing of the lugs can be eliminated during the
assembly stage by providing an exact radial guide for the rings. Radial guidance
can be achieved by correctly aligning the pressure sleeve (pressure pin) and
workpiece recess. But it is better to use an assembly tool as shown in Fig. 181 for
circular self-locking rings. [t consists of two sleeves. The inside diameter of the
inner sleeve corresponds to the pin diameter onto which, in this case, the
SEEGER circular self-locking ring for shafts is to be assembled. The wall
thickness and the castellations on the inner sleeve correspond to the lug length
and lug width of the rings. The lower end of the outer sleeve is designed to
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accommodate the circular self-locking ring. Before assembly, the circular self-
locking ring is positioned so that its lugs engage with the castellations of the
inner sleeve.

The device is then placed over the pin so that the latter enters the inner sleeve,
thus providing exact radial guidance between the device and the ring. When the
ring is pushed over the pin any lateral displacement with a consequent uneven
bending of the lugs is precluded. When the inner sleeve contacts the component
to be located it springs back until the circular self-locking ring is fully pressed
down by the outer sleeve, Circular self-locking rings for bores can aiso be
assembled with a similarly designed device. It can also be advantageous if the
lugs, which are free to spring back during assembly, are pressed down again, or
even pressed slightly into the material, after the ring has reached its final
position. This also occurs with an assembly arrangement designed as a double
sleeve, in which first the outer and then the inner sleeve is operative.

During the assembly of triangular retainers, circular self-locking rings and
especially rsinforced circular self-locking rings, some shavings are to be
expected.

.—.‘.?

Fig. 182: Applicator

o 722_—\*_&-:-_: Fig. 183: Dispenser

Y ; T I Fig. 184: Seat of the retaining rings in the applicator

11.2 Radially-mountable SEEGER rings

While the nominal diameter d,, i.e. the shaft or bore diameter, is the decisive
assembly dimension for axially mountable rings, it is the groove diameter d, in
the case of radial types. The great advantage of the radial retainers is that during
assembly they are opened by being pushed radially into the groove in which they
will subsequently sit. The shaft diameter is of no importance. Over-expansion is,
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therefore, not possible. Assembly times are, as a rule, considerably shorter than
those necessary for assembling axially-mountable SEEGER rings with the help
of pliers.

With radially-mountable SEEGER rings, assembly in its simplest form is carried
out by means of the applicator shown in Fig. 182. The ring is held in a recess
under tension, The rings can be placed by hand inthe applicator, with which they
can also be picked up. The rings, a small number of which are unloaded onto an
inclined surface, ars supported against a vertical ledge at the side on which their
gap is located.

The radial types RS DIN 6799, ST and H which today are generally used in larger
quantities, are normally purchased ready stacked and are picked up from so-
called dispensers.

Retaining rings RS DIN 6799 are usually stacked on rods of rectangular section,
their inner contour making them particularly suitable for this method.

The first dispensers worked on the following principle (Fig. 183). Onthe base 1,a
spacer 2 is fitted, the contour of which at its left-hand end corresponds to the
recess in the applicator 3. The thickness of the spacer is the same as that of the
back flange 4 of the applicator. The rod 5 is inserted into the base of the device
through a bore in the spacer 2 and is locked with a screw 6. At its lower end, the
width of the rod 5 is reduced so that the retaining rings can be pulled out from the
left. The width reduction begins at about the height 7 so that the bottom retaining
ring is free while the one on top of it is still retained. On the spacerthereisaguide
plate 8 which, starting af its bent end 9, prevents the bottom rings from turning.
The function of the dispenser is as follows; the rod with the rstaining rings is
inserted into the device and locked with screw 6 or any other suitable clamping
mechanism. The retaining rings drop down onto the spacer 2. The guide piate 8
ensures that the bottom ring 10, which is no longer guided by the rod, does not
turn. Now the applicator 3 resting on the top surface of the base 1 can be pushed
to the right. Lateral guidance is provided by the spacer 2 towards the end of the
travel. If the applicator is pushed further, the bottom retaining ring 10 isengaged
by the swallow-tailed recess 11 of the applicator and is transported out when the
applicator is moved to the left again.

This dispenser has the advantage of very simple design. it has no moving parts or
springs. Manufacturing costs are relatively iow. In its simplest form it is used by
many manufactures everywhere in the world. Apart from the advantages just
mentioned, however, it has a handicap which is shown in Fig. 184. The top figure
shows the front view of an applicator into which a retaining ring 1 has been
inserted. The jaws of the applicator must be recessed in the shape of a swallow
tail to guarantee a firm seating for the retaining ring 2. it is also necessary for the
depth of the recess 3 of the applicator to be greater than the thickness of the
retaining ring 4. Only then will the rings sit securely in the applicator. When an
applicator of this type is introduced into the stack of retaining rings shown in Fig.
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Fig. 185: Dispenserwith slide Fig. 186: Dispenser with spring rail

183, there is a danger of the edges 5, shown at the bottom of Fig. 184, engaging
the second lowsst retaining ring. The applicator will be opened by the second
retaining ring and the one at the bottom will not be gripped. If the applicator is
returned, it will close again without transporting the bottom retaining ring. Even
if on most occasions edge 5 forces itself between the last and the last-but-one
ring, the trouble described can still nevertheless occur. This applies particularly
to the larger sizes of retaining rings.

This disadvantage could only be eliminated by a ciear separation of the bottom
retaining ring from the rest of the rings in the stack. One way of achieving this aim
is to use aslide as is often encountered in light engineering. Used in a dispenser,
it leads to the design shown in Fig. 185. The base 1 again has a clamping facility 2
and 3 for the rod 4. On top of the base there is a recess 5 and a vertical ledge 6 for
locating the retaining ring 7. The width of the recess 5 corresponds to that of the
applicator 8. There is also a guide for the slide 9 on the base. The slide 9 with slot
10 and a recess 11, which is rather larger than the retaining ring, is pressed by a
spring 12 to the right into the position shown in Fig. 185. The bottom retaining
ring 13 of the stack 14 rests onthe slide. A yoke 15 with a projection 16 guides the
slide and the bottom retaining rings. The bottom retaining ring 13 is also
prevented from moving sideways by the step 17 on the rod 4. To withdraw the
retaining ring 7, the applicator 8 with its recess 18 facing downwards is placed on
the surface of the recess 5 and pushed to the left, [nitially the slide 9 is pressed to
the left. After further displacement the applicator 8 engages the retaining ring 7
with its recess 18. Atthe sametime, the recess 11 of the slide is moved far enough
to the left for the retaining ring 13 to slide into it. The movement of the applicator
is ended when the retaining ring 7 is in contact with the ledge 6. When the
applicator is withdrawn to the right, the spring-loaded slide 8 carries the next
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retaining ring 13 over the pick-up position until it drops free from ledge 6 and the
process repeats itself.

Such slide devices were also manufactured in the early days of the development.
When slide dispensers are used, the ring to be picked up is satisfactorily
separated from the rest. The ring to be picked up springs perfectly into the
swallow-tailed rsecess of the applicators. Even so, they have a small drawback.
Due to their low weight, the oiled retaining rings tend to stick to the slide and do
not drop into the pick-up position. The smaliest retaining ring RS 0.8 DIN 6799
weighs 0.003 grammes and the second smallest RS 1.2 only 0.01 grammes.

Further development led to the following solution. The already proved system of
the free ring supporting itself against a ledge so that it can then be withdrawn in
an applicator with its recess facing downwards, should be retained. This led to a
dispenser characterised by the fact that the bottom ring is supported against a
ledge while the remainder of the rings are held in place by spring pressure. Fig.
186 shows the most commonly used variant of this principle. The rod, shown
here as a spring rail 1, is attached to a bracket 2. A stop plate 3 with a stop face 5
rests onthe base 4 of the device. The thickness ofthe stop plate is rather less than
that of the retaining rings. The distance between the end of the spring rail and the
surface of the base, on the other hand, is somewhat greater than the thickness of
the retaining rings. The applicator 6 with its recess 7 facing downwards is pushed
to the left. While the bottom retaining ring 8 supports itself against the ledge 5 of

Fig.187:
SEEGER dispenser
with stacking rod

Fig. 188:
Dispenser with
long spring rail
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the stop plate and is gripped, the front face @ of the applicator pushes the
remaining unrequired retaining rings to the left by spring pressure. When the
applicator is pulled to the right the spring rail returns to its original position and
the ring which is now on the bottom drops with the whole stack into the pick-up
position. Beside this type of device with a spring rail, others are also available
with a rigid rod which can be swivelled or rotated or is mounted on a slide. When
retaining rings stacked on rods are used, they are loaded by placing the end of
the rod against the end of the spring rail. Such a dispenser is shown in Fig. 187.
This type of SEEGER dispenser has been manufactured for many years. To ease
the transfer of rings from the rod to the spring rail stacked rings should be
employed. Then long brackets can be used with correspondingly long spring
rails. Fig. 188 shows a SEEGER ring dispenser mainly for SEEGER crescent rings
held by an adhesive strip. A stop plate is provided to prevent the long elastic part
of the spring rail from being pulled too far forward when the adhesive strip is
removed. At the same time it serves as a rest for the applicator when the latter is
not in use.

SEEGER retaining rings ST cannot be used on rings despensers with spring rails
as their inner contour does not permit support on arectangular profile. The rings
could turn and work loose. A rigid rotatable magazine must be fitted in place of
the spring rail. The ring dispenser shown in Fig. 178 serves as a basic device onto
which are attached the appropriate swivel rod and limit stop plate.

With the devices described above, the retaining rings were brought to the
assembly location. With the device in Fig. 189 the machine component is pressed
against the stationary dispenser. This method is particularly suitable when the
machine component is relatively small and light. The principle of such a device is
shown in Fig. 189. A leaf spring 2is fitted to a supporting bracket, the top of which
is turned 180°, in such a way that the opening of the retaining ring faces to the left.
The bottom retaining ring 3 rests on a fork-shaped support 4. When a workpiece
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Fig. 189: Assembly Device Fig.190: Assembly Device
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6 is positioned in a pick-up 5, and guided onto the device, the bottom retaining
ring 3, held by support 4, slides into the groove 7 of the workpiece. The retaining
rings which are not needed are pushed away by the workpiece to the right with
the leaf spring. This extremely simple device has only one drawback: between
retaining ring 3 and the component to be located 8, there must be a distance
which corresponds to the thickness of the support 4, If this condition is not
fulfilled, the support must be designed as in Fig. 190. On contact with the
workpiece, a spring-loaded slide moves to the right with the retaining rings not
being used. In other designs the slide shown in Fig. 190 is activated by the
retaining rings themselves and not by the workpiece to be located. The rings
which are held together by the leaf spring act directly on a pressure surface of the
slide.

The two-piece SEEGER interlocking rings are fitted as shown in Fig. 191 with a
device which is both simple to produce and suitable for the amount of space
available. First one of the ring halves and then the grooved shaft is placed in a
racess in the bottom part of the device. After the other ring half is positioned into
the lock of the first, the top part of the device, and hence the ring, is closed.

: 7

4 Fig.191:Assembly of aninterlocking ring

11.3 Inspection of assembled rings

The SEEGER rings designed for grooves can only fulfil their purpose after they
have sprung completely into the groove. Their seat in the groove must be
checked after assembly. In the majority of cases the springing of the ring into the
groove can easily be seen. This applies particularly to axial types assembled with
pliers and radial types with applicators. With axial types there is an established
rule that the ring should be slightly turned with the pliers during assembly.
Experienced assembly personnel can feel if the ring has sprung completely into
the groove and if it is seating in the groove under tension. But there are also-
designs where special measures have to be taken to check that the ring is fully
seated in the groove. This applies firstly when highly loaded SEEGER rings are
used in applications in which a breakdown endangers human life. Furthermore,
a check is appropriate when the springing of the ring into the groove is made
difficult by the play of the SEEGER ring being small in the distance between the
load side of the groove and the machine component to be located. Experience

174



shows that this occurs when the axial play is compensated by means of shim
rings or SEEGER rings of various thicknesses. Particular care must be exercised
in the assembly of SEEGER L- or W-rings.

The check for a correct seat in the groove can be carried out by two methods:

1. Measuring the outer respectivly inner diameter of the assembled ring with a
gauge.

2. Measuring the gap between the ring ends with a gauge.

The second method is preferable to the first because diameter differences are it
times as great in the gap. In both methods the groove tolerances have to be taken
into account. It must also be remembered that the width of the gap and the ring
diameters dg are not standardised and may vary. The use of gauges for checking
that the ring has sprung completely into the groove necessitates the supply of
rings from one manufacturer only.

When using tapers for assembly, it is recommended to fit electric checking
devices, which do not release the rings forassembly until the assembly sleeves or
mandrels have reached such a position that the ring can spring correctly into the
groove.

11.4 Summary

The assembly of SEEGER rings can be made safer, easier and quicker by the use
of suitable assembly tools. A large part of the assembly equipment shown is not
produced as standard. The amount of space available for assembly almost
always varies. The assembly devices must, therefors, often be developsd and
buiit by the customer himself. The descriptions and illustrations may serve as a
stimulus to designers who are active in this field. In difficuit cases contact
SEEGER-ORBIS. As the world's biggest retaining ring manufacturer SEEGER-
ORBIS has a wide know-how about ring assembly methods and appliances
including ample information about suitable equipment available on the market.
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12. Definitions and Symbols

SEEGER ring:

Snap ring:

Width (b): .
Thickness (s):

a (mm)
Ay (mm?)
b (mm)
B (mm)
(=)

c (mm)
C (N/mm)
do (mm)
d (mm)
d, {(mm)
ds (mm)
d, (mm)
d41 (mm)
d,, (mm)
ds (mm)
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Retaining ring with a radial width which diminishes towards
the free ends, in accordance with the law of the curved beam
of uniform strength, so that it deforms in a circular manner in
the stressed state.

Retaining ring with constant radial width {am.: uniform sec-
tion ring)

Radial width of the retaining ring

The thickness of the retaining ring measured in the axial
direction of the shaft or housing

Radial width of the eye of the SEEGER ring
Groove area Ay = % (d2 - dy?)
Maximum radial width of the ring

Mean width = b—z

Load factor indicating how many times the load carrying
capacity of the reinforced SEEGER ring is higher than that of
the standard one

Minimum radial width of the SEEGER ring
Spring rate of the axially loaded SEEGER ring

Outer diameter of a housing or inner diameter of a hollow
shaft

Nominal dimension = shaft or bore diameter
Groove diameter

Inner diameter of rings for shafts or outer diameter of rings for
bores in the unstressad state

Centre line diameter of SEEGER rings in the unstressed state
derived from the maximum radial space requirement a or b

Diameter d, during assembly over or into nominal diameter d,
Diameter d, with seat in the groove d,

Diameter of the assembly holes or corresponding semi-circu-
lar recesses
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(mm)

(mm)
(mm)
(mm)
(mm)
(mm)
(N/mm?2)
{(mm)
(N)
(N)
(N)
(N)

(N)
(N)
(N)

(N)

(mm)

(N)
(mm)
(N)
(mm)

(mm?)
(N mm)

(mm)

Outer diameter (shaft ring) or inner diameter (bore ring) of the
eccentric contour of the SEEGER ring in the unstressed state

Wire diameter for round-wire snap rings

Neutral diameter

Neutral diameter with tension on d,

Neutral diameter in the unstressed state

Gap width

Module of elasticity

Axial displacement of the located machine component
Force

Axial spring force of SEEGER L-rings

Load carrying capacity of the groove

Load carrying capacity of the ring with sharp-cornered abut-
ment

Load carrying capacity of the ring abutting a machine compo-
nent with a chamfer, corner distance or radius of g mm.

Axial spring force of SEEGER W-rings and SL-washers at w,
(maximum force)

Axial spring force of SEEGER W-rings and SL-washers at w,
(minimum force)

Centrifugal force

Chamfer, corner distance or radius of the machine compo-
nent abutting the ring

Weight force
Lever arm of the dishing moment
Retaining force of self-locking SEEGER rings

Lever arm resulting from deformation of the groove
extremities

Moment of inertia

Value for calculating the load carrying capacity of the
SEEGER ring

Lever arm
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(mm)

(mm)

(N - mm)
(mm)
(r.p.m.)
(r.p.m.)

(mm)
(mm)

(mm?)

(mm)

(mm)
(=)
(plcm?)

Compensation of play of SEEGER L-rings, W-rings and retain-
ing rings SL

Groove width

Bending moment

Collar length

Rotational speed

Loosening speed of shaft rings

Collar length ratio

Load factor taking into account the collar length ratio
Distance of centre of gravity

Neutrai radius stressed

Neutral radius unstressed

Thickness of rings

Safety factor

Special ring with non-standard thickness, 6.g. As ...
Groove depth t = ¥ (dy — dy)

The required reduction of L for assembly of SEEGER L-rings
Initial displacement of the axially loaded ring

Wall thickness ratio

Curvature of SEEGER W-rings and SL-washers in the unstres-
sed state

Minimum curvature of assembled SEEGER W-rings and of SL-
washers

Maximum curvature of assembled SEEGER W-rings and of
SL-washers

Section modulus

Calculation value Y = d, (shaft rings) and Y = d, - 2b,, (bore
rings)

Eccentricity of the SEEGER ring
Fatigue notch factor

Specific weight
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(mm)
(%)

(-)
(N/mm?2)
(N/mm?)
{(N/mm?2)
{N/mm?)
(N/mm?)
(=)

Tolerance

Elastic slongation
Cosfficient of friction
Stress

Bending stress

Ultimate tensile strength
Yield point

Bending fatigue stress limit

Dishing angle
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