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SUMHARY

A number of clock type springs of differing designs have been fatigue

tested in order to detemine the effect of stress level on fatigue life.

The results obtained indicate the need for caution when deciding
acceptable stress levels for a given fatigue life. 1In addition, it was
found that material surface condition can have a greater effect on

spring fatigue life than material edge conditionm.

ALL RIGHTS RESERVED

The information contained in tnis report is confidential and must not be

circulated, published or referred to cutside the Association without prior

permission.

APRIL 1986



CONTENTS

INTRODUCTION

SPRINGS TESTED

PROCEDURE

RESULTS AND DISCUSSION

CONCLUSICONS AND RECQTENDATIONS
REFERENCES

FIGURES

1. Inner Fixing Point

2. Outer Fixing Point

3. Clock Spring Torgue Curve

4. Maximum Stress/Life for Clock Springs
5. Typical Fracture Surface

6. Failure Due to Surface Defect (Pit)
7. Failure Due to Drawing Work

8. Failure Due to Surface Damage
TABLES

l. Spring Design Details

2. VFatigue Test Results

Page No



&=
;
i

&
8
[¥]

ATICUE TESTING OF

&

CLOCK TYPE SPRINGS

2y

C & Ruashton, B.5cC.

joul

- INTHODUOTTION

The designer of clock type sprirgs has tc date been severely liwited in
his ability tc design a clock type spring for a specified life because of

the lack of fatigue data for this type of spring.

+

The biggest hirdle which had tc be overoome to enable any data to he
produced was the lack of suitable commercially available clock spring
fatigue testing equirmment. ¥Por this reason SRAMA wndertook the design and

marufacture of a purpose built machine {1} incorporating modern load

with the successful installation and cormissicning of this machine this

difficulty was removed and as a comsegquence this proiect hag been
undertaken, the cbiect of which ig to determine the fatigue performance of

a range of cc:mrcially_avaﬂable springs.
2. SPRINGS TESTED

m va..\-:f_-::'.l»e sources, twenty springs ware obtained for testing.. Eleven of
these were of random design while the ramainrder were of one specific
design. All springs employed identical end fixing arrangments {see Figs 1
and 2} albeit that the centre mandre]l diameter varied for several of the

randor springs. Table 1 gives all details of the spring designa.
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The springs were all tested in a ‘cage’, fitted to the machine, which
would contain the spring fragments on failure. All springs were tested
suwh that the spring material cooupied as cicseiy as possible 50% of the
available area encompassed by the ocuside diameter. Adjustmert of the
outgide diameter to fulfil! thig requirement was acooeplished by altering
the posgition of the pins within the test cage defining the springs outside

diameter,

3. PROCEEURE

Prelimipary stress values were choser sc that with the fatigue test
resulty it would he posslble ) produce an S-N owrve for the clock springs

r a minimm stress of 200 mez, and stress rances of iC0C, 1300 and

1800 W, ;-,;.-_.2, As testing progressed, and samples were received, there

were several cases of gprings rot being able, even when wound up solid, to
give the targue necessary to set up these stresa ranges. Several springs
therefore had to be tested at lower stress levels. For this reason, an
additional stress range of BOO E/mz- was introduced for the minimam
stress of 200 H]._.M.Z. In addition, four of the random design springs

ooild orly give a torgue corresponding to a maximmm gtress of 630 Nfl!!!‘.z-
To test these springs from the pinime stress of 200 '.\I,fm.z -wm'.‘!.d invoive
a very low stress range cf 450 E/m2= These four springs were therefore

tegsted from a minimm stress of 50 Ef:lmz over a stress range of 600

B/ o to a maximm stress of 650 !‘E/mz.
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For each spring, for the minimwm and maximmm stresses at which it wasg to
e tested, the values of torgue were calculated frar the eqguation:

~
£

T = &t

&

e spring was then set up in the test machine for the sperifiad test

=

range. Values of A, and Az {Fig 3) were noted which correspond to the

caiculated torgues of T, and T,. As can be seen from Fig 3, the

torgue supplied by a clodk spring on wind op in greater than that on wind
down, due to friecticon between the turns. The spring was therefore wound
U v a further amount and urwound, the tomnnes -’1‘3 and 'i‘-4 heing

recorded at positions 52 ami Al {Pig 3}. This then allows values of

the hysterises in the spring due tc friction te be calculated. At

34 PR . — - T 3 - X b 1 =
position Al this is Hl—4 = Tl T, and at position }‘.2, Hy a

'5'2 - '1'-3= To cbtain true values cof deflection which will set up the

caiculared values of Lorgue T, and T?’ allowing for hysterises; the
pring was then wound up to a torgue of T, + 0-5 x H, , and then

urwaand to a tomgue of T, - (0.5 x 151_4. values of angle of rotation

of A, and A, were noted for these toraue vaiues (Fig 3).
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Testing was then commenced by winding the springs up to the first
deflection pesition A, and setting the wachine to autometically cycle

through an angle of {A, - A¢}O=

The failure detection circuit omsists of a systen which compares the
maxim=m value of torgue registered every cycle with a preset value {set to

be just less than T,) and which stops the test should this preset valve

-
F A
rot be registered within a specified time period. Therefore, when a
spring fails and the torgue it gives is reduced, the machine will

autamatically switch off and hold the cycle ocount.

4. RESUUTS AND DISCHSSTON -

The fatigue test resulis are summarised in Table IT along with details
of stress levels and made of failure. Fig 4 shows a plot of maximgm
strese against farigue life for rhose springs tested from a minimuan stress

of 200 E;’m:zz.

The overali lives of springs 1 o 1I were much lower than anticipated, an
immortant result when it iz considered that many cof these springs wevre

miltiple origin fatigue failures rather than defect induced failures.

Tt is however noticeable that the ratic of mandrel diameter to strip
thickness {dft in Table T} is not less than the maximm value of 15 to 25
" recommended for avoiding excessive stress levels in the irmer turns of the
‘gpring. The ratic of strip length to strip thickness {L/t in Table T} is

within the maximae value of 15000 over walich excessive frictioral effects

oan be induced.
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ed Lncreased lives more kypical of what was
expected and in addition tend to exhibit a nommal fatigue trend on the SN
curve despite the fact that the exact failure crigin could not be

determined in many cases.

Tt had been envisaged tha the majority of the failures would occur in the
immer fixing zore due to the stress corcentrating effect of the fixing
pend. However, none of the springs failed at this point, the majority of

the failures cocourring well into the active portion of the spring.

A further notable finding was that all failures had initiated on the

tensile face of the-material rather than or the edge of the strip

suggesting that the importance of edge condition may have been
overestimated. Figure 5 shows a typical fatigue fracture surface -

several trangverse cracks rmning across the gprings tensile surface.

am

igures & and 7 show respectively a surface pit and drawing mark, both of

(5]

witich are possibie fracture ipitiatior sites, Figure 8 shows surface

damage, probably post failure, which has cbscured the failure origin.

Hardness tests, the average results of vhich are given in Tabie I, were
rried out on one spring of each design- Surprisingly the values
obtained show ne obwious corvelation with fatigue life, e the harder

matariais do not necessarily exhibit a greater fatigue life.
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f all the results cbtained seans to imply that when

producing fatigue data for clodk type springs it is not possible to

fda

cagpare unlike springs on an 5-N curve. Differences in spring design

n

ternns of heat treatment, surface quality and material type may affect

1. Based on the fatigue lives obtained, designers should be very cauticus
when deciding upon acceptable gperating stress levels for a given
cperating life. In general, typical gperating stress levels in clock

springs produce very low fatigue lives {average 17,00C cycies).

2. Correctly manufactured immer fixing points of the type used {shown i
Fig 1)} will not fail in fatigue applications. In addition, failure at
the cuter fixing point of the type used {Fig 2) is unlikely due to its

-

irherent lcw stress condition.,

3. The n'pc"tance of meterial edge copdition may previcusly heve been
averestimated - material surface conditicon car have a more

pronounced effect on spring fatigue life.

4. 1in the abser-.ce of design data for clock springs and ir the light of
the '“Fomar.i produced by this gtudy, manufacturers or users of
clock springs would be adviged to life test sample springs for

fatigue performance before going into volume producticn.

5. REFERENCES

Rughtan, C J, *Clock Spring Fatigue Testing Machine®, SRAYA Report
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SCANNING ELECTRON MICROGRAPHS

Fig 5 Mag x 55
Typical fracture surface.

Fig © Mag x 160
Failure due to surface defect
(pit).



Fig 7 Mag x 145
Failure due to drawing mark.

Fig 8 Mag x 160
Failure due to surface damage.



Secticn Size Caged Dia L/, d
{mm} Do {mm} - t
b t

1 | 14.5 1.i19 | 2i6 12816 | 16.3
2 i 44.5 1.19 | 216 12816 | 16.3
3 | 4¢.5 1.15 | 168 7536 | 26.7
[ 4 g 38.1 1.7C : 21 6158 | 29.9
i 5 I 18.0 0.76 | 151 15220 | 25.8
6 | 18.0 ©.76 | 151 15220 | 25.8
7 é 44,5 2.03 | 219 4365 | 22.6
8 ! 38,1 1.25 | 127 3886 | 20.3
9 E 31, 2.64 | 127 gs1 | 12.0
P 44,5 2.03 | 219 4376 | 21.9
28.6 § 2.03 | 260 6170 | 25.9
27.0 | 1.59 | 181 4942 1 18.9
27.0 1.59 | 181 4942 | 18.9
27.0 1.59 | 181 4942 | 18.9
: 27.0 1.50 | 181 4942 | 18.9
' 27.0 1.59 | 181 4542 | 18.9
I 27.0 1.59 [ 181 1942 | 18.9
i 27.c | 1.59 | 181 2242 | 18.9
t27.0 | 1.59 | 181 4942 | 18.9
g 27.0 1.59 | 181 4942 | 18.9




surface,

! | N
i Spring No { Stress Range Life i Mode of | Hardness Value !
i {Cycles} Failure | (5 10} ;
E 1 2C0-1000 84C0 L | 448-466
P2 200~1000 18660 | M [ 435-450
3 50- 650 32774 M | 464-273 !
4 | 200-1200 10628 b | 231-452
5 50- 650 ! 6669 M | 285-323
6 | 50~ 650 % 6c98 | M i 483-638
7 : 200-10C0 i 21081 M 403-425
3 i  50- 650 | 4058 M 387-405
9 200-1200 | 12103 i D 390-411
i0 i 200-1000 14849 g i 405-417
o1l 200-1000 16210 ; G { 530-563 ;
12 200-1200 45646 P 433-435 |
13 | 200-1200 41139 g - '
14 200-1200 40458 i D - :
| 15 200-1800 8355 i D - i
16 200-1800 10996 ! D -
17 | 2c0-1800 8446 | M -
18 i 200-1500 1588% | o - :
19 i 200-1500 12500 i -
20 | 200-1500 [ 10525 i P -
M = Multiple origin fatigque failure
D = Fracture intiated on tensiie surface close o dressed edge -
post failure damage okscurred origin
G = Fracture crigin associated with groove on spring tensile
possible drawing mark, close to dressed edae
P = Fracture origin asscciated with pit on tensile surface
close to dressed edge :



