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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Scope

5 document specifies design criteria and features of disc springs, whether as single-disc
tacks of disc springs. It includes the definition of relevant concepts, as well as design for
brs the fatigue life of such springs.

Normative references

following documents are referred to in the text in such a way\that some or all of th
Stitutes requirements of this document. For dated references;yonly the edition cited 3
ated references, the latest edition of the referenced documefit (including any amendmen

16249, Springs — Symbols

269009, Springs — Vocabulary

Terms and definitions
the purposes of this document, the terms and definitions given in ISO 26909 apply.
and IEC maintain terminological databases for use in standardization at the following adg

ISO Online browsing platform: available at www.iso.org/obp

IEC Electropedia: availahlejat www.electropedia.org

Symbols and units

springs or
mulae, and

bir content
pplies. For
[s) applies.

dresses:

the purposes.of this document, the symbols and units given in ISO 16249 and Table 1 apply.
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Table 1 — Symbols and units for design calculation

Symbol Unit Parameter
C1,C2,C3,Cy — coefficients
D mm external diameter of spring
Do mm diameter of centre of rotation
d mm internal diameter of spring
modulus of elasticity of material
E N/mm?2 |(carbon steel and carbon alloy steel: 206 000 N/mm?2)
(other materials: respective modulus of elasticity of material ) ;/\
F N spring load A V
Fe N design spring load when spring is in the flattened position r\V
Fg N spring load at the time of combining springs (\Q'
Fe N spring test load at H; 0\6”
Hi mm height of spring when measuring spring load, Hy = Hp - 9_\7%};
Hy mm free height of spring ‘G’U
ho mm initial cone height of springs without flat bearing;&@}: Ho-t
ho,f mm initial cone height of springs with flat bearinﬁ{(hs',)f =Hy-tf
i — number of springs combined in series 0\)‘
k1, ko — coefficients N N
Lo mm free height at the time of combining;ﬁr\i}flgs
N — number of cycles for fatigue life \‘Qv
n — number of springs piled in pﬁ;&}lel
oM — point at upper surface of thk\“s'f)ring perpendicular to the centre line at point [
P — theoretical centre of y@&ion of disc cross section
R N/mm spring rate \\(\)“~
r mm chamfer radiusqp?‘dge
s mm deflection&\%p’ring
SG mm deflec;i@)\f stack
t mm thiPk{le of spring
tr mm @'éed thickness of single disc spring with flat bearings
%4 mm (\(‘Qe\ngth of lever arms
Ve m£Q~V length of lever arms with flat bearings
\Wﬂ energy capacity of springs
a @L ratio of external diameter to internal diameter
(-f\‘ — Poisson’s ratio of material
ooM T —NAmmi—Istress-atpesition-oM
o] N/mm?2 stress at position |
o1l N/mm?2 stress at position II
o111 N/mm?2 stress at position III
oV N/mm?2 stress at position IV
NOTE N/mm?2 = MPa

2 © IS0 2017 - All rights reserved
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5 Dimensions and designation

5.1 General

Figure 1 illustrates a single disc spring, including the relevant positions of loading.

vV
F F
OM -
/ I |
! ‘)
= IV / |
T g I
\ ’//% 11 ; < g
T | I
p
\ F d F
Dy
D
a) Without flat bearings: group 1 and:group 2
V
F F
OM *
/ |
@ 4 P | *
\ F d F
Dy
D
b) With flat bearings: group 3
Key
D |external diameter.of spring t  thickness of spring
Dy |diameter of centre of rotation V  length of lever arms
d |internal diameter of spring Vs length of lever arms with flat bearings
F |spring load I  positionI
Hp |free height of spring II  position II
OM | point at upper surface of the spring perpendicular III  position III

to-the-centretineatpointP

P theoretical centre of rotation of disc cross section IV  position IV
chamfer radius at edge

tr reduced thickness of single disc spring with flat bearings

Figure 1 — Single disc spring (sectional view), including the relevant positions of loading

5.2 Disc spring groups

Table 2 shows disc spring groups.

© IS0 2017 - All rights reserved 3
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Table 2 — Disc spring groups

Group t (mm) With flat bearings and reduced thickness
1 0,2<t<1,25 No
2 1,25<t<6,0 No
3 6,0<t<14,0 Yes

5.3 Dimensional series

Table 3 shows the dimensional series.

Table 3 — Dimensional series

Dimengional series ho/t te/t D/t
A approximately 0,40 approximately 0,94 approximately 18
B approximately 0,75 approximately 0,94 approximately 28
C approximately 1,30 approximately 0,96 approximately 40

6 Design formulae for springs

6.1 General

The followfng formulae apply to single disc springs with or without flat bearings, where 16 < D/t ¢ 40
and 1,8 <|D/d < 2,5. In the case of other designs or materials, it is recommended that the spfing
manufactufrer should be consulted.

6.2 Test/load

The test lopd of single disc springs, Ft, is designed for a deflection s = 0,75 hg. Single disc springs with
flat bearings shall have the same test load-for a test height, Ht, as ones without, where the prindipal
dimension$ D, d and Hy are the same. Flat bearings have the effect of reducing the length of the lgver
arm. The ifpcreased load which results«can be compensated by reducing the thickness of the disc spifing.
The load/deflection curve of such springs deviates from those without flat bearings, with the excepfion
of the poinf at which the curves intersect.

6.3 Coefficients used in-calculation

Coefficientss can be givén by Formula (1) to Formula (7):

D
o=— 1
p (1)
PA
o-1
1 o
Vnoa+l 2 @)
og-1 hha
1 6 o-1
C, =—X—X -1 (3)
© Ino Ino
3 a-1
t  Ilno
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Int

Int

3132
fr
t
he case of springs without flat bearings, C4 = 1.

he case of springs with flat bearings, C4 shall be calculated using Formula (5) and, in all §

formulae, trshall be substituted for t and hg, (i.e. Ho - tf) for hg.

Gui
give
6.4
The

Int
the

6.5

The
stre

eline values for the reduction in disc spring thickness ds a function of the dimensiona
n in Table 3.

Spring load

load can be calculated using Formula (8). In“the case of springs without flat bearings, C4|

4 h h
F= £ X ‘ ><C42><£>< C42>< U 99 (R AN
1—y2 C1XD2 t t t t 2t
he case of springs where there.is consideration of chamfer radius at edge, and without flz
load can be calculated using‘Formula (9):

- 3 h h
F = b-d X d X L )sx|| LS x| 05 g
(D—-d)—3rcy1 —y,2 ClxDZ t t t 2t

Design Stresses

designstresses can be calculated using Formula (10) to Formula (14). Positive stresses
ss€s.dnd negative stresses are compressive stresses.

=- 4E X t xC ><s><E

1-v?2 Cl><D2 T

Oom

h
o) = 4E X t XCyxsx|—C, xC, X 0_3 -C5
2 2 t 2t
1-v® C;xD

h
oy = 4E X t ><C4><s>< —C4><C2>< o_5 +C3
2 2 2t
1-v® €, xD t

© IS0 2017 - All rights reserved
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) , -

oy =t b e, xsx|C, x(2C5 —Cy)x| 2 +Cy
2 2 2t

1-v* axC;xD i t |

oy =—E b e, xsx|C,x(20, -C)x| 2 -2 |-c,
2 2 2t

1-v® axC;xD i |

6.6 Spring rate

(13)

(14)

(8)

ifferentiating Formula

The spring rate, which is not linear, can he calculated using Formula (15) by d
with respeft to the deflection, s.
2 2
df  4E ¢3 h hy s 3(s
R=—= X ><C42>< C42>< D322 2
dg 1-y?2 C1XD2 t t t 2|t
In the case

+1

15)

of springs where there is consideration of chamfer radius at edge, the spring rate can be

calculated jusing Formula (16):
dA D-d AE t3 ho | 3(s 1
R=—"= — X X )|| 22| 2303 2E T 4 16)
d{ (D-d)-3r 1_y2 C1><D2 t t t 20t
6.7 Energy capacity of springs
The energy capacity of springs can be calculated using Formuaila (17):
N 5 2 h 2
W= [fxds = B ey B o A 17)
0 1-v? C, X D? t t 2t
7 Load|characteristics

7.1 Load characteristics for a'single disc spring

7.1.1 Lo

ad /deflection curve

The load/deflection curve for a single disc spring is not linear, with its shape being rather a functiopn of

the ratio h

Figure 2 illustratesiload/deflection curves as a function of the ratio ho/t or C4 x ho,¢/t.

Jt.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=2a7b80047702541ea8d466d84531a7cb

IS0 19690-1:2017(E)
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0,8
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7 0.4
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0 » s/h
0 02 04 06 os 1o /M

Key
F/F} springload ratio

ho/¢ ratio of initial cone height of spring to thiekness
s/hq deflection ratio

NOTE In the case of springs with flapbearings, C4 x ho,¢/tfis substituted for ho/t.

Figure 2 —(Spring load/deflection curves for various hg/t ratios

7.1{2 Design and actual load characteristics
When measuringithe spring load using a load tester, the spring load is, for example, as shown |n Figure 3.

When s/hg X 0y75, the actual curve will deviate more and more from the design curve becayse the disc
springs will'be in contact with each other or with the support plate, which results in a steady reduction
in the léngth of the lever arm.

© IS0 2017 - All rights reserved 7
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F(N)

25000

20000

15 000 * >
-2
2\ /’/

Key

1 design furve
2 actual qurve
3 s5=0,75

F  spring Joad
s

7.2 Load characteristics for stacks-of disc springs

7.2.1 Gepneral

For springp, various load charaeteristics can be obtained from the various combinations. When

deflection of spring

10 000
///

A

» S (min)

0 0,5 1,0 1,5 2,0 2,5

ho (ho is the initial cone height of springs without flat bearings)

Figure 3 — Example of actual anddesign spring load/deflection curves

the

spring is uped in a stack and.applied to a load, it should be guided by an inner guide or an outer gliide

to keep it ip position. It is(preferable to use an inner guide, but an outer guide is acceptable. When u
the guide, 4 clearance between the spring and the guide shall be made. The amount of clearance sh
be agreed between.cusStomer and supplier.

In the case
single disc

of sptings stacked in series, where ho/t > = 1,25, it may be assumed that the deflection of
springs will not be uniform, which may cause a failure.

bing
uld

the

7.2.2 Stacking in parallel

In the case of stacking disc springs in parallel as shown in Figure 4, the spring load will be in direct
proportion to the number of single disc springs making up the stack. The spring load, the deflection and

free height are calculated using Formula (18) to Formula (20):
Fo=nxF (18)
SG=S$ (19)
Lo=Ho+(n-1)xt (20)

© ISO 2017 - All rights reserved
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NOTE In the case of springs with flat bearings, tris substituted for t.
F(N)
A
4F, n=4 Lo i
=4 ‘
3FC (n )
/ ,
U v_
2F. / n=2 A——%r
(n=2) 1
F. n=1
t \ Hy T
il (=10 )
0 e s (mm)
Key]
F |springload
F. |design spring load when spring is in the flattened position
Hp |free height of spring
ho |initial cone height of springs without flat bearings
Lo |free height at the time of combining springs
n |number of springs piled in parallel
s |deflection of spring
t [thickness of spring
Figure 4 — Variationsin'load/deflection curves when stacking springs in parallel
7.2)3 Stacking in series
In the case of stacking disc springs in series, as shown in Figure 5, the deflection will be in direct
proportion to the'nimber of single disc springs making up the stack. The spring load, the deflection and
fre¢ height are'\Calculated using Formula (21) to Formula (23):
FG = F (21)
SG=IXS (22)
Lo=ixHy (23)
© IS0 2017 - All rights reserved 9
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Key
F  spring
F. design

Lo i
t Ho ) Lo
é?—f% %% !
(i=1) (i=2)
F(N)
FA i=1 i=2 i=4

0 ho 2ho 3ho 4hyo = s (mm)

oad

spring load when spring is in the flattened position

Hpy free height of spring

ho initial done height of springs without flat bearings

i number of springs combined in series

Lo free hejght at the time of combining springs

s deflection of spring

t  thickness of spring

Figure 5 — Variations in load/deflection curves when stacking springs in series

7.2.4 Stacking in parallel and series

In the casq of stacking disc springs in_parallel and series, as shown in Figure 6, the spring load,

deflection

Fg=n

SG:iX

hnd free height are calculated using Formula (24) to Formula (26):

F

Lo=[Hp+ (n-L)xt] xi

NOTE Iln the case of springs with flat bearings, tris substituted for t.

10

the

24)

25)

26)
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