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THE DESIGH _OF GARTTR SPRINGS

by Dinpl., Ing. 3.C. Gross, VDI, A.M,I.iech,E.

A garter spring is a helical spring the ends of which are joined
in such & way that tie free spring is a ring with outside diameter Dro’
meai dlemeter D, and inside diameter Dri(li‘ig. 1). It may operate

in extension or ccunression,

The garter spring in exteinsion

If the soring is fitted over a shaft with dianeter D3>Dri’
D, is increased to DS byoD =D - Dri and Dr by the same amount to
Dr +4D so thet the wean circumference of the ring is lengthened by AxD.

The spring lcad due to this extension is given by
P1 = 7wADS

where S denotes thc spring rate. If the spring is wound with initial
tension, the corresvonding load PO has to be added to P1 so that

P=P_ +P, =P +mADS. (1)

4

The extended spring is exerting a uniform radial pressure on the
shaf't,

If a cylinder with diameter Dr is subject to an internal pressure
Py in pounds mer unit of length of its circumference it can be shown that
the resultant load of the radial pressurec p - acting on half the cylinder
is the same as it P. acted on its diameter. This resultant load P, X Dr
produces a tangential load P in the cylinder so that (see fig. 2)

2P = PrDr
or Pr*~ %‘E 1b/in, (2)
r

If the circular axis of the garter spring with diameter Dr + AD
is considcred as a cylinder, the spring load P produces tne radial
pressure p, on this crylinder., This pressure is given by (2) after

replocing Dr by Dr + AD.



By substituting P from (1), ccuation (2) becones
E i~y
P, =0, DS
¥ pwd T DD (3)
r r
As the circurference 7:1)8 of the shaft is snaller than the
rean circunference «;;(Dr+&D) of the garter spring, the pressure p
exerted on the shaft is larger than Pre Obviouslyr, the magnitudes of
oressure are inversely proportional to the correspending magnitude of

circunference., Then,

. . ’JT;(Dr+ﬂD)

P P T

r D s
o _ D+AD
P . -D. - :pr.
=3

Conseguently, pressure D is obtained by multiplying (3) by (Dr + a,D)/DS.

The resuls is

‘ 1]
p = 2}?9 + oD SI
D D "l
-5 s
or, as AD =D_-D__,
s ri,
S . \
p = 2jlo+ 7((1“111_ o - ()
) D/
=) S -]
L.

2. The garter spriny in couression

= ]

If a gortor spring is fitted into a tube with inside diameter
Dt<Dro’ the mean disneter of the spring is reduced by AD = Dro - Dt‘
As the spring is stressed in coapression, there is no initial load Po.

In this case, the rcdicl nressure exerted on the inside of the tube is

p = &c(?_rg - 1)3- (5)
Pt )

The Stress in Garter Springs

siven by

If a helical soring with mean diameter D, wirc diameter 4,
soring index ¢ = D/d, curvature correction factor K = (e + 0.2)/(c~1)
and numbcer of workiing coils n undergoes a change of length §, the
corresponding corrccied stress is given by

= QK8 .
A1 --ﬁ-m s
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In the case of the garter spring, whcred =7aD, this equation becones
q01 = QP g.‘f .
ne
Tith “he cnds joined, the originally straight cxis of the spring

is a circle, and the syring i3 subject to a bending mouent
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a+:m

TAD (6)

where the + or - cign pertains to the spring in tension or compression,
respectively. The berding stififness of a helical spring with le: ngth L
and spring rate S is given by

1L D%

DT = e mew e
=T 2 YR
or, as in tiis case L =.,t(D1__-I§D), by
D &
I =% (CraD) o2
2 1+QCZI:' DS,
Substituting this toim and S = E,.‘i}/ano3 in (6) gives
M = *ch aG
*1+2¢7L‘ 81'1(3'3
This moment produces the torsional shear stress
16 L K
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which is indepencent of the mean diameter Dr + D of the garter spring in
position as long as contact between the coils does not teke place. (Fig. 1).

For conventicnal spring steels with G = 11.5 x 1061’3/3q.in. and E = 30 x

106 ib/sq.in., the teim 2/(1+2G/8) equals 1.13.
- 4 o o dqm, 'S - 3
The total shear stress q, 1 the sum of % and Ggps 1e€e
— ‘ﬁD + -“2-- - g ::
e TiDT T IR (7
L.
where AD =

Ds - Dri or Dro - Dt according to vhether the spring is stressed

in tension or comurcssion, respectiveldy.

1?, in the {ivst casc, the spring is coiled with initial tension

the stress

_ 8P
Ui = e
na

has toc be added to ase






